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Potential energy hypersurfaces of the nitrogen elimination and the Wolff rearrangement were
investigated for both cyclic and open-chain 2-diazokctollcs hy means of semi-empirical MINDO/3
molecular orbital calculations with configuration interaction. In the case of 2-diazobenzen-I-onc,
the nitrogen elimination takes place simultaneously with the WoltT rearrangement in a concerted
fashion and neither ketocarbene nor oxirene is produced. In contrast to the cyclic 2-diazoketone, 2
diazoethan-l-one produces oxirene through nitrogen elimination in a concerted fashion. The
oxirene isomerizes to ketene via the Wolff rearrangement, passing over a second saddle point of 1ow
energy. No kctocarbene intermediate is produced in either case.

Kcywortls--WolIT rearrangement; reaction mechanism; molecular orbital method;
MINDO/3; potential energy hypersurface: lowest energy path; 2-diuzoethan-I-one; 2-diazo
benzcn- J-one; oxirene; ketene

Introduction

4~(2-Aminoethyl)-2-diazobel1zen-l-one is a mutagen recently found by Nagao ct al. to be
formed from 4-(2-aminoethyl)phenol-1, a component of soy sauce, after nitrite treatment.l?'
Experiments on the carcinogenicity of the mutagen are in progress," because a ben
zenediazonium derivative, 4-(hydroxymethyl)benzenediazonium cation, which is a com
ponent of mushrooms, was found to induce glandular stomach tumors in micc.v " Many
carcinogenic alkylating agents are believed to owe their activity to conversion to a highly
reactive diazonium ion. 5 1 Theoretical chemistry confirmed that the benzenediazonium cation
produces a reactive intermediate, phenyl cation, by loss of nitrogen in the first step of its
decomposition." In the decomposition of 2-diazoketone, ketocarbene is postulated to be the
first product, formed by loss of nitrogen, and then migration of the group next to the carbonyl
group takes place to give the corresponding ketene (the Wolff rearrangement)," -20) as shown
in Fig. lea). The ketene formation has been established experimentally. Theoretical studies of
the Wolff rearrangement have been carried out starting from the ketocarbene.? -lO) However,
the ketocarbene has not been isolated, and no theoretical research has been done on the step
of nitrogen elimination from 2-diazoketone: i.e., ketocarbene formation has not yet been
confirmed. Cyclic 2-diazoketones, for example, 2-diazobenzen-I-ones and 2-diazo-



2

(a)

Fig. 1(a). Old Mechanism of the Wolff Rear
rangement'V'?'

Because ketocarbene intermediate plays an im
portant role in the mechanism, oxirene is naturally
produced and the scrambling of 13C must be observed
in every case.•-- refers to both cyclic and open
chain compounds.
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(b)

(1)

(2)

Fig. I(b). New Mechanism of the Wolff Rear
rangement

No ketocarbene intermediate is produced. (l)
Ketene is the one-step reaction product. Therefore, no
scrambling is observed in the cyclic 2-diazoketone. (2)
Oxirene intermediate is produced only in the case of
the open-chain 2-diazoketone, where scrambling is
observed.

naphthalen-l-ones are widely used in the semiconductor industry in the microfabrication
of VLSI (very large scale integrated circuits). One problem with the ketocarbene mecha
nism is why the ketocarbene produced in the first step does not react with atmospheric oxy
gen during the microfabrication process, although a nitrene produced from azide by loss of
nitrogen reacts strongly with atmospheric oxygen under the same conditions.l'"

Another question concerns the participation of the oxirene intermediate in the Wolff
rearrangement mechanism. Strausz showed the importance of the oxirene pathway in the
cases of 3-diazobutan-2-one, 3-diazopropan-2-one and 1,2-diphenyl-2-diazoethan-l-one.14

)

However, the experiments on cyclic compounds, 5-diazohomoadamantan-4-one19l and 2
diazonaphthalen-l-one.i'" excluded the formation of the oxirene intermediate. If 2-ketocar
bene were produced, oxirene would be the subsequent product for both cyclic and open-chain
2-diazoketones. What is the origin of this difference?

If no ketocarbene is formed in the reaction of 2-diazoketone, the mechanism of
carcinogenesis may be different from that in the case ofbenzenediazonium. This paper reports
the lowest potential energy path of the Wolff rearrangment starting from 2-diazoketone to the
final product, ketene, for both cyclic and open-chain 2-diazoketones. The results clearly
explain the experimental findings and resolve the above problems.

Method

Determination of the Lowest Energy Path--The intrinsic reaction co-ordinate (IRC) is the lowest energy path
connecting a reactant and a product through the saddle point (the transition state) on the 3N - 6 dimensional
potential energy hypersurface.i!' For simplicity, the IRC calculations were done on the mass-weighted 3N
dimensional hypersurface. Then, the results were revised in such a manner that the center of mass and the three kinds
of principal axes of inertia in the structure of the reaction system were always fixed throughout the IRC path. Starting
from the saddle point, the IRC path was determined point by point following the procedure proposed by Ishida et
a/.22 )

Geometry Optimization--A systematic method was applied which overcomes the difficulty of finding the stable
and the transition state (TS) structures of the reaction system on the multidimensional hypersurface. The details of
the method were reported elsewhere.P! By this method. we can easily obtain the minima (the stable structures) and
the saddle points (the transition state structures) by using the first and second derivatives of the potential energy with
respect to the structure change for the determinations of the former and the latter, respectively.
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For the potential energy evaluation in the geometry optimization and IRC calculations, the spin-restricted
Hartree Fock (RHF) molecular orbital method was adapted with the semi-empirical MINDOj324

) parametrization,
since ab initio calculations are still prohibitive because of the economical and computational limits. The potential
energy surfaces were elaborated with configuration interaction (CI) calculations.P! which consider the singly and
doubly excited electronic configurations less than l4eV from the ground state (SDCI). In the present cases, however,
the potential energy surfaces with or without CI have the same profile, as shown later. This means that the state
function of the ground state is essentially expressed by a single RHF configuration function in these cases. The
potential energy change obtained here on the reaction path from oxirene to ketene in the case of 2-diazoethan- L-one is
very similar to the results obtained by an ab initio method with configuration interaction."! Thus, the results obtained
in the present calculations should be reliable. at least qualitatively.

Results

Potential Energy Change Following the Lowest Energy Path of the Reaction of 2-Diazobenzen
l-one

Potential energy change following the lowest energy path of the nitrogen loss reaction is
shown in Fig. 2 in the case of 2-diazobenzen-l-one. This result will be astonishing to the
chemist who has accepted the ketocarbene mechanism (Fig. lea»~. The Wolff rearrangement' to
ketene occurs simultaneously with the nitrogen molecule liberation. The reaction takes place
in one step and there is only one saddle point throughout the reaction path. Neither
ketocarbene nor oxirene is formed in the reaction path. Therefore, the experiments which
found no influence of atmospheric oxygen on the ketene formation and no oxirene
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Fig. 2. Potential Energy Change Following the Lowest Energy Path of the
Nitrogen Loss Reaction in the Case of 2-Diazobcllzcn-I-onc

-, by MINDO/3; ------. including SD-CI.

Fig. 3. The Structure at the Saddle Point in the
Reaction Path of 2-Diazobenzen-l-one
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participation are quite reasonable from the theoretical point of view.

Molecular Structure Change FoUowing the Lowest Energy Path of the Reaction of 2
Diazobenzen-l-one

The structure at the saddle point is shown in Fig. 3, and is planar. The unique normal
mode of vibration of imaginary frequency (166.2 iem -1) is shown by an arrow at each of the
atoms. The forward progress of the reaction following the arrows leads to loss of nitrogen and
the backward reaction recovers the reactant, 2-diazoketone.

Molecular structure changes following the lowest energy path are shown in Fig. 4 from
the reactant, 2-diazoketone, to the product, ketene, based on six points on the path of Fig. 2.
With the separation of the diazo group from C6 of the aromatic ring, C6 approaches C2 at the
meta position. Over the saddle point, the bond formation between C2 and C6 proceeds
together with the bond fission between C2 and C1, and finally, ketene is produced. The
reaction takes place in a concerted fashion throughout the process.

N N

N

~
Co C\ 0

ketene

Fig. 4. MOlecular Structure Change Following the Lowest Energy Path from the
Reactant, 2-Diazobenzen-I-onc, to the Product, a Ketene
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Fig. 5. Potential Energy Change Following the Lowest Energy Path of the
Nitrogen Loss Reaction in the Case of 2-Diazoethan-\-one
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Potentia) Energy Change FOUowing the Lowest Energy Path of the Reaction of 2-Diazoethan-l
one

Potential energy change following the lowest energy path of the nitrogen loss reaction of
2-diazoethan-l-one is shown in Fig. 5. In contrast to the case of the cyclic 2-diazoketone, the
first product obtained by loss of nitrogen is oxirene. Ring opening passes over a second saddle
point of low energy to produce the final product, ketene. A ketocarbene-like structure appears
in the process of the ring opening. However, the ketocarbene has no life time for reacting with
any other molecule, since the structure does not exist at a minimum of the potential energy
hypersurface. RHF level calculation using the 4-31G basis set'?' and the same level calculation
using the double-zeta plus polarization basis set (DZ +P)8l gave forrnylmethylene, a
ketocarbene, at a minimum point. However, the minimum disappears in the higher level
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Fig. 6(a). The Structure of the Saddle Point I in Fig. 5
(b). The Structure of the Saddle Point 2 in Fig. 5
(c). The Structure of the Saddle Point in the cis-trans Isomerization of 2

Diazoethan-l-one in Fig. 7
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calculation with CI(DZ+P),8) where the ring opening of oxirene passes over a saddle point of
low energy to give the final product, ketene. The results obtained by CI(DZ+P) agree with
the conclusion of the present MINDO/3 calculation.

Molecular Structure Change Following the Lowest Energy Path of the Reaction of 2
Diazoethan-l-one

The structure at the saddle point 1 is shown in Fig. 6(a), and is non-planar in spite of the
planar structure of the starting reactant, 2-diazoethan-l-one. The non-planar structure is
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Fig. 7. The Lowest Potential Energy Change in the cis-trans Isomerization of 2
Diazoethan-l-one
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essential for oxirene formation. In the case of 2-diazobenzen-l-one, the oxirene formation
may be inhibited because the benzene ring strongly maintains its planar structure. The
produced oxirene is also non-planar. The structure at the saddle point 2 is shown in Fig. 6(b),
and is a non-planar ketocarbene. .

The structure at the saddle point in the cis-trans isomerization of 2-diazoethan- I-one is
shown in Fig. 6(c), and is non-planar. The lowest potential energy change in the isomerization
is shown in Fig. 7.

In Fig. 8, the isomerization process of 2-diazoethan-l-one is shown in the first line, and
then the second and third lines show the molecular structure changes following the lowest
potential energy path in Fig. 6. Starting from a planar trans-2-diazoethan-l-one, loss of a
nitrogen molecule takes place with the torsion of the molecule around the CI-C2 bond, and
oxirene is formed in a concerted fashion. The produced oxirene isomerizes to ketene via a
formylmethylene structure at the saddle point. In contrast to the cyclic 2-diazoketone, the
open-chain 2-diazoethan-I-one produces an oxirene at a minimum point of its potential
energy hypersurface. Therefore, scrambling in the Wolff rearrangement is naturally observed
in experiments by the carbon-I 3 labeling technique in the open-chain case (see Fig. 1), because
of the long life time of the oxirene.

Discussion

The results of many experiments on the Wolff rearrangement'<j?' can be successfully
explained, provided that the reaction proceeds through the lowest potential energy path which
is shown in Fig. 2 for the cyclic 2-diazoketone and in Fig. 5 for the open-chain 2-diazoketone.
These potential energy hypersurfaces are on the ground state where thermolysis occurs.
However, a majority of the experiments involved photolysis. Why are the photochemical
experiments explained by the potential energy hypersurface of the ground state? The reason is
considered to be that the key steps of the photochemical reactions which give the observed
products occur in the ground state and not in the excited states. In the simplest way, we can
explain the results by assuming that the transition from the excited states to the ground state
takes place at the right side of the saddle point of Fig. 2 or the saddle point 1 of Fig. 5. The
elucidation of the exact mechanism of photolysis, however, must wait until1 the potential
energy hypersurfaces of the excited states are calculated.

The highly reactive intermediate produced in the first step of the nitrogen elimination is
ketene in the case of 2-diazobenzen~ l-one, but phenyl cation in the case of benzene
diazonium." However, it is reasonable to consider that both ketene and phenyl cation may
react with the amino group of guanine in deoxyribonucleic acid as the first step of mutagenesis
or carcinogenesis. 26)
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The photocyclcaddition of the dioxopyrroline 1 to olefins with electron donating substituents
proceeded with regie- and stereo-selectivity to give the 7-substituted 2-azabicycJo[3.2.0]heptanc-3,4
diones 2 and 3, together with, in a few instances, the dihydropyridone 4. The stereochemistries of
the [2+2] adducts were dependent on the nature of the olefins. Olefins carrying phenyl, vinyl, and
alkyl substituents afforded the exo-adducts 2. while olefins carrying an O-substituent afforded the
elldo-adducts 3, predominantly. The structures of these cycloadducts were established by X-ray
crystallographic analyses, chemical correlations. and spectroscopic means.

Keywords-photocycloaddition; lH-pyrrole-2.3-dione; dioxopyrroline; 2-azabicyclo[3.2.0]
heptane-3,4-dione; electron rich olefin; stereochemistry; [2+21 cycloadduct; X-ray analysis

9

2H-Pyrrole-2,3-dione (dioxopyrroline) has been proved to be a versatile synthon for a
variety of heterocycles. Diels-Alder reaction of dioxopyrroline with butadienes gave hy
droindoles." providing the key step.in our total syntheses of Amaryllidaceae" and Erythrina'"
alkaloids. [2+2] Photocycloaddition of dioxopyrroline with olefins gave 2-azabicyclo
[3.2.0]heptane-3,4-diones, which are useful intermediates to other heterocycles such as azatro
polones" and dihydropyridines." In this paper, we describe in detail the photocycloaddi
tion reactions of the dioxopyrroline 1 to various acyclic olefins and the structural and stereo
chemical assignment of the photocycloadducts.

Results and Discussion

Irradiation of a solution of the dioxopyrroline 1 with various olefinsin dimethoxyethane
(DME) with ~300nm light gave two stereoisomeric cyclobutanes 2 and 3, together with, in
some instances, a min ute amount of the dihydropyridone 4. The results are collected in Table
I. The ratio of each product was determined by chromatographic isolation or by inspection of
the C7-H signal and/or methyl signal of COOCH2CH3 in the 1H-nuclear magnetic resonance
eH-NMR) spectrum of the product mixture. The yields of cyclobutanes and the ratios of
stereoisomers were found to be greatly affected by the nature of the olefins. Olefins possessing
electron-donating substituents (ethoxyethylene, isobutoxyethylene, cyclohexyloxyethylene,
phenoxyethylene, vinyl acetate, isopropenyl acetate, and phenylthioethylene) smoothly
underwent cycloaddition to 1 giving rise to the ad ducts with complete head-to-tail (HT)
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regioselectivity and with high stereoselectivity. Olefins carrying n-substituents (styrene, (X

methylstyrene, butadiene, cis- and trans-pentadienes, and isoprene) also readily underwent
cycloaddition in a regioselective manner to give the HT adducts, but with less stereoselec
tivity, Simple alkenes with a terminal double bond (l-butene) gave the cycloadducts in.
moderate yields. On the other hand, olefins an possessing electron-withdrawing group (methyl
acrylate) and I,2-substituted olefins (l,2-dichloroethylenes, 2-butenes, and I-methyl-2
phenylethylene) did not undergo cycloaddition to 1 to any significant extent.

The structure and stereochemistry of the [2+2] adducts were elucidated as 'follows.
Similar photoaddition of N-4'-bromophenyldioxopyrroline 5 to styrene gave a cycloadduct 6
as the sole isolable product. Butadiene also underwent cycloaddition to 5, affording 7. The
structures of 6 and 7 were firmly established by X-ray crystallographic analysis as shown in
Figs. I and 2, respectively," which indicate that they are the H'Ivadducts with exo
stereochemistry. Taking them as reference compounds, the IH-NMR spectra of the styrene
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TABLE 1. Yields (%) of Photoadducts of 1 to Olefins

Oletins RI R2 2 3

a Styrene Ph H 40 8

b Butadiene Vinyl H 48 20
c (E)-I,3-Pentadiene (E)-Propenyl H 35 20
d (Z)·I,3-Pentadient> (Z)-Propenyl H 27 18

e l-Butene Et H 27 3
f Phenylthioethylene SPh I-I 36 13

g Ethox.yethylene OEt H 6 62
h Isobutoxyethylene Oisobu H 2 53

I

I Cyclohexyloxyethylene OC6Hu H 67
j Phenoxyethylene OC6H5 H 62
k Vinyl acetate OAc H 6 63
I Isoprene Vinyl Me 60
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TABLE II. Chemical Shifts (e5H) of Cyclobutane Ring Protons in CDC13

Cyclobutanes Rl C",H (e;WI)") C6,H (el/do)") C?-H

6 Ph 2.75 3.72 4.18
28 Ph 2.76 3.56 4.17
38 Ph 2.49 3.39 4.83
7 Vinyl 2.60 3.30 3.60
2b Vinyl 2.47 3.16 3.40
3b Vinyl 2.19 3.19 4.10

a) For details of the assignments, see the accompanying paper.

TABLE III. Product Ratios of 2/3 in Photocycloaddition and
Base-Catalyzed Equilibration

Olefin

a Styrene
g Ethoxyethylene
k Vinyl acetate
n Isopropenyl acetate

Photocycloaddition
2 (e:w)/3 (elldo)

5/1
1/10
1/10
1/60

)

Equilibration
2 (exo)/3 (endo)

1/> 100
1/6.5
1/8

1.5/1")

a) 2: OAc-exo, Me-elldo. 3: OAe-endo, Me-lwo.

adducts and the butadiene adducts to 1 were compared with the spectra of 6 and 7 (Table II).
The major adduct 2a formed from styrene had the same spectral patterns (for Cg-methylene
and C7-methine protons) as those of 6, and the major adduct 2b formed from butadiene had
similar spectral patterns to those of 7. Thus, both products were concluded to be the HT
adducts and exo-isomers 2a and 2b.

The major product from l-butene was also identified as an exo isomer 2e, since it was
identical with the dihydro derivative 2e obtained by catalytic hydrogenation of 2b. The above
assignment of the stereochemistry was supported by the following evidence. Upon base
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Fig. 1. Molecular Structure of Compound 6 Fig. 2. Molecular Structure of Compound 7

treatment, the major adduct 2a epimerized into an isomer which was found to be identical
with the minor photoadduct 3a, thus indicating that the latter is the thermodynamically more
stable endo-isomer (Table Ill). The minor adduct 3b formed from butadiene, when converted
to the imidate 8, underwent a [3,3] sigmatropic rearrangement at room temperature to give an
azanonane derivative 9 exclusively," thus establishing the structure as the endo-isomer 3b.

The exo- and endo-isomers are also distinguishable from their NMR spectra. In the 1H
NMR spectra (Table IV), the C7-H (geminal to the substituent) of the exo-isomer 2a, b (major
product) resonates at higher field than that of the enda-isomer 3a, b (minor product). The 13C_

NMR chemical shift of the 7-carbon also differentiates the two isomers; that of the exo-isomer
resonates at lower field than that of the endo-isomer (Table IV). These relationships held for
the adducts from olefins c, d, e, and f; the major products always gave the C7-H signals at
higher field and 7-carbon signals at lower field than those of the corresponding minor
products. Therefore, the major adducts from these olefins were concluded to be the e.YO

isomers 2 and the minor adducts to be the endo-isomers 3. In contrast, the major adducts from
olefins g, h, and k exhibit C7-H signals at lower field (by 0.6-0.9 ppm) and 7-carbOll signals at
higher field (by 9-10ppm) than those of minor adducts. These olefins the major ad ducts arc
the endo-isomers 3 and the minor ad ducts are the exo-isomers 2. The C7-H signals of the
major adducts from oletins i and j appeared at lower field, comparable to those of 3g and 3h
(c54.93 for 3i and 5.36 for 3j). Thus, they were concluded to be the endo-isomers. The above
conclusion was confirmed by base-catalyzed epimerization experiments, where the major
adduct from the olefins carrying an O-substituent was indicated to be the thermodynamically
more stable endo-O-isomer 3 (Table Ill).

The adducts from 1,l-disubstituted olefins have no C7-H, and the difference of chemical
shifts of the 7-carbon between the two isomers was too small to estimate their stereochemistry.
The stereochemistries of the isopropenyl acetate adducts were clarified on the basis of a base
catalyzed equilibration experiment where the major product was shown to be thermodynami
cally less stable, thus proving that it is the exo-Me-endo-OAc isomer 3nyl This assignment was
supported by comparison of the chemical shift of the OAc group of each isomer with those of
2k and 3k; the signals of 2k and 20 appeared at () 1.76 and 1.73, and those of 3k and 30 were at
£5 2.10 and 2.05, respectively. In addition, the 6-exo-H signal of the minor adduct 20 showed
broadening (W1/2 =1-2 Hz), suggesting the presence of long-range coupling between 't-endo
Me and 6-exo-H, while the C6-protons of the major adduct 3n appeared as a sharp double
doublet showing no long range coupling. The stereochemistry of two photoadducts 2m and
3m from «-methylstyrene was elucidated from the fact that the 6-exo-H signal of 2m showed a
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Chart 3

TAIll.E IV. Chemical Shifts of CJ-H and CJ-C in CDCIJ

(\1 of CJ-H (5c of CJ-C
2 3 ,1()\I (2- 3) 2 3 .!loc (2 -3)

a Ph 4.17 4.85 -0.66 54.3 43.3 II
b Vinyl 3.32 4.13 -0.79 52.1 41.6 10.5
c (E)-Propenyl 3.3 4.04 --0.73 52.0 41.9 10.1
d (Z)-Propenyl 3.5 4.33 -0.83 47.5 37.3 10.2
e Et 2.7 3.3 -0.6 52.1 42.7 9.3
f SPh 4.08 4.78 -0.70 56.1 48.6 7.5
g OEI 4.12 4.75 -0.63 83.3 75.6 7.7
h DisoBu 4.12 4.74 ··0.62 83.2 75.1 8.1
j OC6HlO 4.93
j OPh 5.36
k OAc 5.01 5.89 -0.88

long range coupling, while the Cg-protons of 3m appeared as a sharp double doublet. Isoprene
gave a single adduct, whose 6-exo-H also showed long range coupling, thus suggesting that it
is an exo-vinyl-endo-Me isomer 21. The sole product from I-trirnethylsilyloxybutadiene was a
7-exo-vinyl-7-endo-OTMS derivative 30, the structure of which was unambigously established
by X-ray analysis.l?' Ct-Trimethylsilyloxystyrene also gave a single adduct which was
identified, by analogy, as the 7-exo-phenyl-7-endo-OTMS isomer 3p.

Summarizing the above results, the photocycloaddition of 1 to electron-rich olefins
readily proceeded in a regioselective manner to give [2+2] adducts with H'I-regiochemistry.
The stereochemistry of the adducts is dependent on the nature of the olefins. Olefins carrying
phenyl, vinyl, thiophenyl, and alkyl substituents afforded the exo-adducts 2, while olefins
carrying O-substituents such as alkoxyl, acetoxyl, and silyloxyl groups afforded the endo
isomers 3, predominantly.

The structure of the dihydropyridone 4 was elucidated by spectral comparisons"! with
compound 11, the photoproduct of 10 and cyclopentadiene, whose structure has been
established by X-ray analysis. ll l

EtOOC~

0 hv EtOOC{l
+ ~ H

B)Y ~ ff ~ 0

Br

10 11

Chart 4

The detailed stereochemical pathways of this photocycloaddition reaction will be
discussed in the accompanying paper.
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Unless otherwise stated, the following procedures were adopted. Melting points were taken on a Yanagimoto
micro hot-stage apparatus and are uncorrected. Infrared (IR) spectra were taken in Nujol mulls for solids and as
liquid films for liquids with a Hitachi 260-10 spectrometer and are given in em -I. Ultraviolet (UV) spectra were
recorded in dioxane with a Hitachi 200-10 spectrophotometer. IH-NMR (100 MHz) and l3C-NMR (25.0 MHz)
spectra were taken in CDCl3 solution with tetramethylsilane (TMS) as an internal standard on a lEOL FX-I00
spectrometer. High-resolution mass spectra (MS) were recorded on a lEOL lMS-D300 mass spectrometer. For
column chromatography, silica gel (Wake-gel C-200) was used. Thin layer chromatography (TLC) was performed on
precoated Silica gel 60 Fzs4 plates (Merck). Medium-pressure liquid chromatography was performed on Kusano CIC
prepacked silica gel columns. The photolysis solution was irradiated internally using a 300 W high-pressure mercury
lamp (Eikosha Halos PIH 300) with a Pyrex filter.
General Procedure for the Photocycloaddition of 4-Ethoxycarbonyl-5-pbenyMH-pyrrolc-2,3-dione 1 to Olefins

A solution of 1 (3g, l2mmol) and an olefin (60mmol) in dimethoxyethane (300ml) was irradiated for 45min
under ice cooling. After removal of the solvent, the residue in benzene was chromatographed over silica gel. Elution
with benzene gave the dihydropyridone 4. Further elution with bcnzene-Cri-Cl, (1: I) gave a mixture of 2 and 3,
which were separated and purified by repeated recrystallization from hexane-CHzClz-MeOH or by medium-pressure
liquid column chromatography using hexane-AcOEt (3: 1 and I: 1) as elucnts.
Styrene Photoproducts

rei~(lS,5R,7R)-5-Ethoxycarbony1-1,7-diphenyl-2-azabicyclo[3.2.0]heptane-3,4-dione (2n)-Colorless prisms,
mp 202-204°C. 1700mg, 40%. IR: 1770, 1730, 1720. UV z,..nm (6): 260 (3900). IH-NMR 0: 0.64 (3H, t, J=
7Hz, COOCH2CH3), 2.70 (lH, dd, /=10, 11 Hz, C6-H), 3.56 (lH, t, /=11 Hz, Cc.-H), 3.74 (2H, q, J=7Hz,
COOCHzCH 3) , 4.17 (IH, t, J= 10Hz, C7-H), 7.1 (lOH, m, Ar-H). 13C-NMR (ppm): 13.4 (q), 24.8 (t, C(,), 54.3 (d,
C7), 58.6.(s, Cs), 61.9 (t), 69,4 (s, C1) . 126.4 (d, 2C), 126.9 (d). 127.3 (d, 2C), 128.0 (d, 3C). 128.3 (d, 2C), 133.3 (s),
136.7 (s), 162.8 (s, C3), 165.7 (s), 196.7 (s, C4). Anal. Calcd for CZIHI9N04: C, 72.19; H. 5,48; N, 4.01. MS mjz:
349.1313. Found: C, 72.12; H, 5.28; N, 3.98. MS mjz: 349.1310.

rel-(IS,5R,7S)-5-EthoxycarbonyJ-l,7-dipbenyl-2-azabicyclo[3.2.0] tieptane-3,4-d ione (311)---Colorless prisms,
mp i80-183°C. 380mg, 8%. IR: 1780,1745,1720. UV .1.mox nm (I:): 255 (3600). IH-NMR 0: 0.73 (3H, t, J=7Hz,
COOCHzCH 3) , 2.49 (lH, dd, J=9, 13Hz, CIl-H), 3.39 (lH, dd, J=9, 13Hz, CIl-H). 3.79 (2H, q, J=7Hz,
COOCHzCH 3) , 4.83 (IH, t, J=9Hz, C7-H), 7.1 (10H, m, Ar-H). 13C-NMR (ppm): 13.5 (q), 26.3 «, C/;), 43.3 (d, C7),
58.9 (s, Cs), 62.1 (t), 66.8 (s, C1), 126.3 (d), 126.5 (d), 127.2 (d), 127.3 (d), 128.8 (d, 3C). 128.9 (d, 3C), 136.1 (s), 137.0
(s), 161.4 (s, C3) , 166,4 (s), 193.7 (s, C4). Anal. Calcd for CZ1H19N04: C, 72.19; H. 5.48; N, 4.01. MS mjz: 349.1313.
Found: C, 72.43; H, 5,40; N, 3.81. MS mjz: 349.1310.

5-Ethoxycnrbonyl-3,6-dipllenyl-3,4-dihydropyridin-2(lH)-onc (4a)--Colorless needles, mp 134-·--136"C. 92rng,
7%. IR: 3200, 3100,1690,1670,1640,1600. UV )'maKnm (s): 230 (10400), 283 (10300). lH_NMR 0: 0.90 (3H. t,.I=
7 Hz, COOCHzCH3 ) , 3.08 {IH, d, J= 10Hz. C4-H). 3.14 (IH, d. l=7.5 Hz, C4-H), 3.81 (1H, dd, J=7.5, 10 Hz. C3

H), 3.93 (2H, q, J =7Hz, COOCH2CH3), 7.3 (lOH, m, Ar-H). Anal. Calcd for C2oHI9N03: C, 74.74; H, 5.96; N, 4.36.
MS mlz: 321.1356. Found: C, 74.56; H, 5.75; N, 4.28. MS mjz: 321.1366.
Butadiene Photoproducts

rel-(IS,5R,7R)-S-Ethoxycarbonyl-I-pbenyl-7-vinyl-2-azabicyc1o[3.2.0]heptanc-3,4-dionc (2b)-----Colorless
plates, mp 165-166'·C. I740mg, 47.5%. IR: 3250,1770,1760.1745,1705. UV .1.m ll . nm (/:): 262 (6800). 'H-NMR
8: 0.68 (3H, t, J=7Hz, COOCHzCH3), 2.47 (lH, dd, J=9, 12Hz, Cb-H), 3.16 (lH,dd,J= 10, 12Hz. C<o·H), 3.3--3.5
(lH, m, C7-H), 3.72 (2H, q, J =7 Hz, COOCHlCH3) , 5.12 (l H, d, J == 10Hz), 5.12 (I H. d, J::::: 18Hz). 5.74 (I H, ddd,
J=5, 10, 18 Hz) olefinic-H. 7.2-7.4 (5H. m, Ar-H). 13C-NMR (ppm): 13.4 (q), 25.8 (t, C<o)' 52.1 (d, C7). 58.8 (s, C.d.
61.9 (t), 68.2 (s, c.i 117.3 (t), 126.3 (d, 2C), 128.3 (d, 3C), 133.9 (s), 135.4 (d), 162.3 (5. C3). 165.9 (s), 196.7 (s, C4).
Anal. Calcd for C 17HI7N04 : C, 68.21; H, 5.73; N, 4.68. MS mlz: 299.1158. Found: C, 68.18; H, 5.61; N, 4.66. MS mjz:
299.1163.

rel-(IS,5R,7S)-5-Ethoxycarbonyl-1-phenyl-7-vinyl-2-azabicydo[3.2.0] heptane-Ld-diene (3b)--_·Colorless
prisms, mp 134-136 "C. 732mg, 20%. IR: 3160, 3060,1765,1740,1720. UV .1.m ll . nm (1:): 257 (3500). IH-NMR i5:
0.72 (3H. t, J=7 Hz, COOCH2CH3), 2.19 (IH, dd, J==8, 13Hz, CIl-H), 3.19 (IH, dd, J=9, 13Hz, Cb-H), 3.75 (2H,
oct., J= 1, 7Hz, COOCH2C-!i3)' 3.98-4.24 (lH, m,C7-H ), 5.18 (lH, d,J= 17Hz), 5.28 (IH, d, J=11 Hz), 5.94 (IH,
ddd, J=6, 11, 17 Hz) olefinic-H; 7.3-7.4 (5H, m, Ar-H). 13C-NMR (ppm): 13.4 (q), 26.2 (t, C6) , 42.7 (d, C7) , 58.5 (s,
Cs), 61.9 (t), 66.2 (s, Cd, 119.1 (t), 126.1 (d, 2C), 128.8 (d, 2C), 128.9 (d), 133.6 (d), 136.6 (s), 162.2 (s, C3) , 166.2 (s),
194.4 (s, C4). Anal. Calcd for CI7HI7N04: C, 68.21; H, 5.73; N, 4.68. MS mlz: 299.1158. Found: C. 68.27; H, 5.69; N,
4.69. MS mlz: 299.1178.

5-Ethoxycarbonyl-6-phenyl-3-vinyl-3,4-dihydropyridin-2(lH)-one (4b}---Colorless needles, mp 111-112 "C.
22mg, 2%. IR: 3350, 3300, 1715, 1660, 1600. UV Amunm (c): 286 (9600). IH-NMR 0: 0.93 (3H, t, J=7Hz,
COOCHzCH3) , 2.7-2.8 (2B, m, C4-H), 3.1-3.4 (lH, m, C3-H), 3.93 (2H, q, J = 7 Hz, COOCHzCH 3), 5.1-5.4 (2H,
m), 5.8-6.3 (IH, m) olefinic-H. 7.35 (5H, m, Ar-H). MS mlz: M+ Calcd for ClllHI7N03 271.1206. Found: 271.1190.
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(E)-Penta-l,3-diene Pbotoproducts

rel-(IS,5R,7R)-5-Ethoxycarbonyl-l-phenyl-7-(E)-propenyl-2-azabicyclo[3.2.0]heptane-3,4-dione (2c)-Col

orless needles, mp 165-166 DC. 1340mg, 35%. IR: 1770,1735 sh, 1725. UV A.~I~Hnm (8): 264 (2900). IH-NMR 15:
0.70 (3H, t, J=7Rz, COOCH2CH3) , 1.47 (3H, d, J=6Hz, C-CH3) , 2.56 (IR, dd, J= 10, 13Hz, C6-H), 3.02 (IH, dd,
J=10, 13Hz, C6-H), 3.4-3.6 (I H, m, C7·H), 3.72 (2H, q, J = 7 Hz, COOCH2CH3) , 5.4-5.5 (2H, m, olefinic-H), 7.35
(5H, s, Ar-H). 13C-NMR (ppm): 13.4 (q), 17.9 (q), 26.6 (t, C6 ) , 52.0 (d, C7) , 58.8 (s, Cs), 61.9 (t), 68.4 (s, C

1
) , 126.2 (d,

2C), 128.2 (d), 128.3 (d, 3C), 128.9 (d), 133.9 (5), 162.1 (s, C3), 166.0 (s), 196.6 (s, C4). Anal. Calcd for C,sH,yN04: C,
68.99; H, 6.11; N, 4.47. MS mjz: 313.1314. Found: C, 68.86; H, 6.08; N, 4.40. MS mlz: 313.1299.

rel-(IS,SR,7S)-S-Ethexycarbonyl-f-phenyl-7-(E)-propenyl-2-azabicyclo[3.2.0]heptane-3,4-dione (3c)-Col
orless needles, mp 152-156°C. 770mg; 20%. IR: 1760, 1740, 1720. UV A.~~Hnm (s): 258 (3200). 'H-NMR 0: 0.73
(m, t, J=7 Hz, COOCH2CH3) . 1.62 (3H, d. J=7Hz, C-CH3) , 2.07 (IH, dd, J=8, 13 Hz, C6-H), 3.32 (lH, dd, J=
10, 13Hz, Co-H), 3.82 (2H, q, J=7 Hz, COOCH2CH3), 4.33 (IH, m, C7-H), 5.3-5.8 (2H, m, olefinic-H), 7.39 (5H,
br s, Ar-H), 8.53 (IH. br s, NH). ,.1C-NMR (ppm): 13.4 (q), 18.0 (q), 27.4 (t, C6 ) , 41.9 (d, C7) , 58.8 (s, Cs), 61.9 (t),
66.4 (5, c.), 126.2 (d, 2C), 126.6 (d), 128.8 (d, 2C). 128.9 (d), 130.6 (d), 137.0 (5), 161.9 (s, C3), 166.3 (s), 194.4 (s, C4).
Anal. Calcd for C 1sH\gN04 : C, 68.99; H, 6.11; N, 4.47. MS mlz: 313.1314. Found: C, 69.05; H, 6.06; N, 4.40. MS mjz:
313.1322.
(Z)-Penta-I,3-diene Photoproducts

rel-t;IS,SR, 7R).5-Ethoxycarbonyl-I-phenyl,7-(Z).propenyl-2-nzabicyclo[3.2.0]heptane-3,4-dione (2d)--Col
orless needles, mp 158-162 "C. 1034mg, 27%. IR: 1770, 1740, 1720. UV A~'~H nm (e): 262 (3200). 'H-NMR 8: 0.68
(3H, t, J=7Hz, COOCH2CH3) , 1.60 (3H, d, J=5Hz, C-CH3) , 2.45 (IH, dd, J=9, 12Hz, C6-H), 3.08 (lH, dd, J=
10, 12Hz, C6-H), 3.2-3.4 (IH, m, C7-H), 3.78 (2H, q, J=7Hz, COOCH2CH3) , 5.2-5.7 (2H, m, olefinic-H), 7.35
(5H, s, Ar-H). '3C-NMR (ppm): 13.4 (q), 14.1 (q), 28.3 (t, C6), 47.5 (d, C7), 59.0 (5, Cs), 61.9 (t), 69.5 (5, C,), 126.0
(d,2C), 128.3 (d, 4C), 128.7 (d), 134.0 (5), 162.3 (s, C3), 166.0 (5), 196.7 (s, C4). Anal. Calcd for C1sH'9N 0 4: C, 68.99;
H, 6.11; N, 4.47. MS miz: 313.1315. Found: C, 68.91; H, 6Jl5; N, 4.39. MS mjz: 313.1297.

rel-( IS,5R,7S)-5-Ethoxycarbonyl-I-phenyl-7.(Z)-propenyI-:Z-azabicyclo[3.2.0] heptane-3,4-dione (3d)--Co1
orless needles, mp 121-125"C. 690mg, 18~/~. IR: 1760, 1735, 1715. UV A~~~Hnm (c): 259 (3100). II-I.NMR 15: 0.73
(3H, t, J=7Hz, COOCH2CH3), 1.71 (3H, d, J==5 Hz, C-eHJ ) , 2.14(lH,dd, J==8.5,13Hz, C6-H), 3.20 (JH, dd, J=
9.5, 13 Hz, C6-H), 3.85 (2H, q. J=7 Hz, COOCH2CH3) , 4.03 (IH, m, C7-H), 5.3-5.8 (2H, m, olefinic-H), 7.37 (5H, s,
Ar-H), 8.52 (IH, br s, NH). 13C-NMR (ppm): 13.3 (q), 14.1 (q), 28.9 (t, C6), 37.3 (d, C7) , 58.9 (s, Cs), 61.9 (t), 66.6 (5,

C,), 125.9 (d, 2C), 126,4 (d), 128.2 (d), 128.8 (d, 2C), 129.8 (d), 136.9 (s), 162.0 (s, CJ ) , 166.3 (s), 194.6 (5, C4). MS mlz:
M+ Calcd for C\KH,,)N04 331.1056. Found: 331.1071.
l-Butene Photoproducts

rel-( IS,SR,7S)-S·Ethoxycarbonyl-1-ethyl-l-pltenyl-2-azalJicyc!o[3.2.0] heptane-3,4-dione (2e)--Colorless
prisms, mp 156--158 "C. 1365 mg, 27~•. IR: 3170, 1775, 1740, 1720. UV Amex11m (s): 262 (3200). l H-NMR 15: 0.66
(3H. t, J= 7 Hz, CH 2CH3 ) , 0.73 (3H, t, J= 7 Hz, COOCH2CH:~), 1.39 (2H, quint, J == 7 Hz, CH2CH3), 2.3-2.8 (3H,
m, Co-H, C7-H), 3.85 (2H, q, J==7Hz, COOCH2CH3) , 7.4 (5H, In, Ar-H). 13C-NMR (ppm): 10.9 (q), 13.4 (q), 24.1
(t), 27.5 (t, Co), 52.1 (d, C7), 58.5 (5, C5), 61.8 (t), 67.8 (5, CJ) , 125.6 (d, 2C), 128.3 (d, 3C), 134.0 (s), 162.4 (s, C3), 166.3
(5), 197.0 (s, C4). Anal. Calcd for C17H,gN04: C, 67.76; B, 6.36; N, 4.65. MS m[z: 301.1315. Found: C, 67.50; H, 6.42;
N, 4,64. MS mjz: 301.1330.

ret-t IS,5R,7R)-5-EthoxyclIrbonyl.7-ethyl-l-phenyl.2-azalJicyclo[3.2.Q] heptane-Ld-dione (3e)· ..··--Colorless
prisms, mp 136-·140 DC. 140mg, 2.8%. IR: 3150, 1760, 1735sh, 1720. UV A.m•• nm (6): 258 (3550). IH·NMR 8: 0.72
(3H, t, J==7Hz, CH 2CH;\), 0.90 (3H, t, J=7Hz, COOCH2CH3) , 1.4-1.9 (2H, In, CH 2CH3) , 1.65 (IB, m, Co-H),
3.20 (1H, m, Co-H), 3.33 (lH, m, C,·H), 3.74 (2H, q, J == 7 Hz, COOCH2CH3) , 7.4 (5H, S, Ar-H). '3C-NMR (ppm):
11.0 (q), 13.4 (q), 24.2 (t), 27.5 «, C(,),41.6 (d, C7) , 58.7 (s, Cs), 61.9 (t), 65.7 (s, C1), 126.0 (d, 3C), 128.7 (d, 2C), 137.1.
(s), 162.7 (s, C3), 166.3 (s), 195.0 (5, C4-)' Anal. Calcd for C17H,9N04: C, 67.76; H, 6.36; N, 4.65. MS miz: 301.1315.
Found: C, 67.45; H, 6.39; N, 4.74. MS mlz: 301.1337.
Phenylthioethylcne Photoproducts

rel-(IS,5R,7S)-5-Ethoxycllrbonyl-l-phenyl-7-phenylthio-2-azlibicyclo[3.2.0]heptane-3,4-dione (2f)---Colorless
needles, mp 183-186 DC. 1680 rng, 36%. IR: 1770, 1740, 1720. UV ),mul nm (s): 256 (5400). 'H-NMR s. 0.67 (3H, t,
J=7 Hz, COOCH2CH3), 3.14 (IH, dd, J== 10,13.5 Hz, C6-H), 3.80 (2H, q, J=7Hz, COOCH2CH3) , 4.08 (IH, t, J=
10Hz, C7-H), 7.0-7.2 (5H, m, Ar-H), 7.4 (5H, br s, Ar-H). 13C·NMR (ppm): 13.4 (q), 29.4 (5, C6) , 56.1 (d, C,), 59.1
(s, Cs), 62.2 (t), 69.5 (s, C,), 126.5 (d, 2C), 127.4 (d), 128.2 (d, 2C), 128.9 (d), 129.2 (d, 2C), 130.7 (d, 2C), 132.7 (5),
134.3 (s), 161.7 (s, C3), 165.3 (s), 195.4 (5, C4). Anal. Calcd for C.21H,9N04S: C, 66.12; H, 5.02; N, 3.67. MS mlz:
381.1035. Found: C, 66.04; H, 4.81; N, 3.58. MS mlz: 381.1058.

rel-(1S;SR,7R)-5-Ethoxycarbonyl-I-phenyl-7-phenylthio-2-azabicyclo[3.2.0]heptane-3,4-dione (3f)--Colorless
prisms, mp 157-159°C. 605mg, 13%.IR: 1770, 1740sh.1725. UV A.m"nm (8): 253 (6000).IH-NMRc5: 0.73 (3H, t,
J=7 Hz, COOCH2CH3) , 2.16 (IH, dd, J=7, 14Hz, C6-H), 3.53 (IH, dd, J=9.5, 14Hz, C6-H), 3.76 (2H, q, J=7Hz,

. '3COOCH2CH3), 4.78 (lH, dd, J=9.5, 14Hz, C,-H), 7.18(5H, s,Ar-H), 7.36 (5H,s. Ar-H),8.80(lH, br s, NH). C-
NMR (ppm): 13.4 (q), 29.9 (t, C6) , 48.6 (d, C7) , 59.1 (s, Cs), 62.1 (t), 67.0 (s, C,), 125.9 (d, 2C), 127.5 (d), 129.0 (d, 2C),
129.2 (d), 129.4 (d, 2C), 130.6 (d, 2C), 133.6 (s), 136.0 (s), 161.7 (s, C3), 165.7 (5), 193.6 (5, C4). Anal. Calcd for
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C2IHI9N04S: C, 66.12; H, 5.02; N, 3.67. MS mlz: 381.1035. Found: C, 66.07; H, 4.92; N, 3.39. MS mjz: 381.1036.
Ethoxyethylene Photoproducts

rel-(lS,5R,7S)-7-Ethoxy-5-ethoxycarbonyl-I-phenyl-z-azabicyclo[3.2.0]heptane-3,4-dione (2g)--Colorless
prisms, mp 1.49-152°C. 225mg, 5.8~~. IR: 1760, 1740, 1725. UV Ama•om (e): 262 (2300).1H-NMR «5: 0.68 (3H, J =
7Hz, COOCHzCH3), 0.94 (3H, r, J=7Hz, OCH 2CH3),2.59 (lH, dd, J=8, 14Hz, C6-H), 3.15 (lH, dd, J=8, 14Hz,
C6-H), 3.16 (2H, m, OCH2CH3 ) , 3.81 (2H, q, J=7Hz, COOCH2CH3), 4.12 (IH, t, J=8Hz, C7-H), 7.4 (5H, m, Ar
H). 13C-NMR (ppm): 13.5 (q), ]4.6 (q), 29.7 «, C6 ) , 56.2 (s, co, 62.2 (t), 65.6 (t), 69.7 (s, Cl ) , 83.3 (d, C7 ) , 126.4 (d,
2C), 128.4 (d, 3C), 132.3 (s), 161.7 (s, C3) , 165.4 (s), 196.0 (s, C4). MS mlz: M+ Calcd for C17HI9NOs 317.1261.
Found: 317.1250.

rel-i IS,5R,7R)-7-Ethoxy-5-ethoxycarbonyl-l-phenyl-2-azabicyclo[3.2.0]heptanc-3,4-dione (3g)--Colorless
prisms, mp 149-152°C. 2395mg, 62%. IR: 1760,1740,1720. UV Ama.Om (s): 255 (3300). IH-NMR 0: 0.72 (3H, t,
J=7Hz, COOCH2CH3) , 1.17 (3H, t, J=7Hz, OCH 2CH3) , 2.17 (l H, dd, J=6, 14Hz, C6-H), 3.33 (l H, dd, J=8,
14Hz, C6-H), 3.47 (2H, q, J=7Hz, OCH2CH3), 3.73 (2H, q, J=7Hz, COOCHzCH3) , 4.75 (lH, dd, J=6, 8 Hz, C7

H), 7.3 (SH, br s, Ar-H). 13C-NMR (ppm): 13.4 (q), 15.0 (q), 31.5 (t. C6 ) , 56.3 (s, Cs), 61.9 (t), 65.5 (t), 67.3 (s, C1),
75.6 (d, C7), 125.6 (d, 2C), 128.9 (d, 3C), 136.9 (s), 162.7 (s, C3), 166.1 (s), 193.9 (5, C4). Anal. Calcd for C17HI9NOs:
C, 64.34; H, 6.04; N, 4.41. Found: C, 64.40; H, 6.06; N, 4.66.

3-Ethoxy-5-ethoxycarbonyl-6-phenyl-3,4-dibydropyridin-2(IH)-one (4g)--Colorless needles, mp 112-113 DC.
140mg, 4%. IR: 3250,1700,1620,1600. UV A~t~Hnm (s): 228 (8400), 284 (10500).IH~NMR 0: 0.93 (3H, t, J=7Hz,
COOCH2CH3), 1.23 (3H, t, J=7Hz, OCH2CH3) , 2.88 (IH, d, J= 10Hz, C4-H), 2.92 (lH, d, J=7Hz, C4-H), 3.78
(2H, q, J=7Hz, OCH zCH3 ) , 3.83 (2H, m, COOCH2CH3) , 3.97 (lH, dd, J=7, 10Hz, C3-H), 7.2 (5H, s, Ar-H). MS
mjz: M + Calcd for C16H19N04 289.1312. Found: 289.1252.
Isobutoxyethylene Photoproducts

rel-(IS,5R,7S)-5- Ethoxycarbonyl-7-isobutoxy-I-phenyl-2-azabicyc!o[3.2.0]heptane-3,4-dione (2h)-Colorless
prisms, mp 148-150.5°C. 75mg, 1.8%. IR: 3150,1775,1750,1730. UV A.ma.om (e): 262 (2700). IH-NMR 0: 0.66
(3H, d, J=5Hz, C-eH3), 0.66 (3H, t, J=7Hz, COOCH1CH3) , 0.73 (3H, d, J=5Hz, C-eH3), 1.63 (IH, hept, J=
6Hz, C-eH), 2.59 (Ill, dd, J=8, 13.5Hz, C6-H), 2.95 (2H, m, OCH2-C), 3.15 (IH, dd, J=8, 13.5Hz, C6-H), 3.50
(2H, dq, J=2, 7Hz, COOCH2CH3), 4.12 (IH, t, J=8Hz, C7-H), 7.3-7.4 (3H, m, Ar-H), 7.5-7.6 (2H, ill, Ar-H).
13C-NMR (ppm): 13.4 (q), 19.2 (q, 2C), 28.3 (d), 29.5 (t, C6) , 56.0 (s, Cs), 61.0 (5, Cd, 62.1 ro, 77.0 (t), 83.2 (d, C7) ,

126.0 (d, 2C), 128.3 (d, 2C), 131.9 (s), 132.0 (d), 162.0 (s, C3), 165.4 (s), 196.4 (5, C4-)' MS mlz: M+ Caled for
Cl9H23NOs 345.1577. Found: 345.1613.

rel-(IS,5R,7R)-5-Ethoxycarbony1-7-isobutoxy-I-phenyl-2-azabicyclo[3.2.0] heptane-3,4-dione (3h)--Colorlcss
prisms, mp 133-136 DC. 2338 mg, 50.3%. lR: 3170, 1780, 1750, 1730. UV J'mnx om (e): 259 (3000). IH-NMR 15: 0.71
(3H, t, J=7 Hz, COOCH2CH3) , 0.87 (6H, d, J=7 Hz, 2C-CH3), 1.18(IH, quint, J=7Hz, C-eH), 2.15 (IH, dd, J=
6, 14Hz, C6-H), 3.19 (2H, hept, J=7Hz, OCHz-e), 3.33 (IH, dd, J=8, 14Hz, C6-H), 3.75 (2H, g, J=7 Hz,
COOCH 2CH3) , 4.74 (I H, dd, J= 6,8 Hz, C7·H), 7.40 (5H, 5, Ar-H). 13C-NMR (ppm): ]3.4 (g), 19.2 (q, 2C), 28.5 (d),
31.2 (t, C6) , 56.3 (s, Cs), 67.3 (s, Cl ) , 76.5 (d, C7) , 76.5 (t), 128.6(d, 2C), 128.9(d, 3C), 136.0(s), 162.8 (5, C3), 166.0(5),

194.1 (5, C4-)' MS mjz: M+ Caled for CI9H23NOs 345.1574. Found: 345.1571.
5-Ethoxycarbonyl-3-isobutoxy-6-phcnyl-3,4-dihydropyridin-2(IH)-one (4h)-Colorless prisms, mp 100--l04

"C. 80mg, 2.1%. IR: 3200, 1700, 1660, 1620. UV A",",om (s): 283 (10500). IH-NMR 0: 0.90 (3H, t, J=7Hz,
COOCH2CH3), 0.93 (6H, d, J= 13Hz, 2C-CH3) , 1.88 (IH, hept, J=7Hz, C-CH), 2.90 (IH, d, J=9 Hz, C4-H), 2.90
(IH, d, J=8Hz, C4-H), 3.40 (lH, dd, J=8, 9Hz, C3-H), 3.17-3.67 (2H, m, OCH 2-e), 3.87 (2H, q, J=7Hz.
COOCH 2CH3 ) , 7.33 (5H, s, Ar-H). MS mlz: M+ Calcd for CIHH23N04 317.]624. Found: 317.1622.
CyciohexyJoxyethylene Photoproducts

rell-( IS,5R,7R)-7-Cyclohexyloxy-5-ethoxycarbonyl-I-phenyl-2-azabicyclo[3.2.0] hcptane-3,4-dione (3i)----...C01
orless prisms, mp 195-197 "C. 3048 mg, 67.2%. IR: 3170, 1780, 1750, 1720. UV A.ma• nm (e): 260 (3000). lH-NMR 0:
0.72 (3H, r, J=7Hz, COOCH2CH3 ) , 1.1-1.8 (IOH, m, 5C-eHz), 2.18 (lH, dd, J=6, 13.5Hz, Cl,·H), 3.32 (lB, dd,
J=8, 13.5Hz, C6-H), 3.3 (lH, m, OCH), 3.77 (2H, g,J=7Hz, COOCH2CH3),4.93 (lH, dd, J=6, 8 Hz, C7-H), 7.38
(5H, 5, Ar-H). MS mlz: M + Calcd for C21H2SNOs 371.1731. Found: 371.1725.

3-Cyclohexyloxy-5-ethoxycarbonyl-6-phenyl-3,4-dihydropyridin-2(IH)-one (4i)--Colorless needles, mp
194-196"C. 170mg, 4~~. IR: 1660, 1640. UV AmuxOm (e): 283 (9200). lH-NMR 0: 0,90 (3H, t, J=7Hz,
COOCH2CH3), 1.3-2.1 (IOH, m, 5C-eH2),2.58 (IH, d, J= 10Hz, C4-H), ~.60 (lH, d, J=8Hz, C4~H), 3.6 (!H, m,
OCH), 3.92 (2H, q, J=7Hz, COOCH2CH3) , 4.15 (IH, dd, J=8, 10Hz, C3-H), 7.3 (5H, m), MS mjz: M+ Calcd for
C2oH2SN04 343.1781. Found: 343.1775.
.Phenoxyethylene Photoproducts.

rel-{IS,5R,7R)-5-Ethoxycarbonyl-7-phenoxy-I-phenyl-2-azabicyco[3.2.0]heptane-3,4-dione (3j)--ColorIess
prisms, mp 177-182°C. 2294mg, 61.6%. IR: 3150,1770,1730,1605. UV Am",nm (e): 259 (3000). IH-NMR 15: 0.73
(3H, t, J=7Hz, COOCH2CH3 ) , 2.36 (lH, dd, J=5, 14Hz, C6-H), 3.59 (IH, dd, J=7.5, 14Hz, C6-H), 3.77 (2H, q,
J=7Hz, COOCH2CH3), 5.36 (tH, dd, J=5, 7.5Hz, C7-H), 6.6--7.3 (5H, m, Ar-H), 7.40 (5H, s, Ar-H). MS mjz: M+
Caled for C21HI9NOs 365.1261. Found: 365.1260.

S-EthoxycarboDyl-3-phenoxy-6-phenyl.3,4-dihydropyridin-2(IH)-one (4j)--Colorless needles, mp 117-
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120~C. 84mg, 2,4~;'. IR: 1720,1680,1640,1600. UV A.m,,,nm (e): 278 (10700). IH-NMR /5: 0.93 (3H, t, J=7Hz,
COOCH2CHJ), 3.13 (IH, d, J=9.5Hz, C4-H), 3.15 (IH, d, J=8Hz, C4--R). 3.93 (2H, q, J=7Hz, COOCH

2CH.1)'
4.90 (lH, dd, J=8, 9.5 Hz, CJ-H), 7.0-7.5 (lOH, rn, Ar-H). MS mjz: M+ Calcd for C2oRI9N04 337.1314. Found:
337.1321.
Vinyl Acetate Photoproducts

rel-(IS,5R,7S)-7-Acetoxy-S-ethoxycarbonyl-l-phenyI-2-azabicyc lor3.2.0] heptllne-3,4-dione (2k)---Co]or less
prisms, mp 170--173 "C. 243 rug, 6~~;. IR: ~4()O, 1780, 1640. UV A.m" . nm (s): 257 (3500). 'H-NMR <5: 0.62 (3H, t, J=
7Hz, COOCH2CH.I). 1.82 (3H; s, OAe), 2.66 (IH. dd, J=9, 14Hz, Cc.-H), 3.33 (IH, dd, J=9. 14Hz, CI,-H). 3.72
(2H, q, J=7Hz, COOCH2CHJ ) , 4.97 (IH, t, J=9Hz. C7-H), 7,4 (5H, s, Ar-I-I). MS III/Z: M+ Calcd for
C17H17N0c. 331.1056. Found: 331.1071.
. rel-(IS,5R,7R)-7-Acetoxy-S-ethoxycarbonyl-l-phenyl-2-azabicyclo[3.2.0] heptane-3,4-dione (3k)--Colorless
gum. 1460mg, 36%. JR (CH 2CI2) : 3400,1780,1740. UV A.m ", l1In (s): 250 (3500). tH-NMR 6: 0.73 (3H, t, J=7Hz,
COOCH2CHJ ) , 2.09 (3H, s, OAe), 2.31 (IH, dd, J=6, 14Hz, Cli-H), 3.46 (lB, dd, J=8, 14Hz, C6-H), 3.77 (2H, q,
J=7Hz, COOCH2CH.1) , 5.89 (IH, dd, .1=6, 8Hz, C7-B), 7.4 (5H. s, Ar-H). MS mit: M" Calcd for C17Ht7N0c.
331.1055. Found: 331.1075.

3-Acetoxy-5-ethoxycarbonyJ.6-phenyl-3,4-dihydropyridin-2(IH)-one (4k)--Colorless needles. mp 142--146 "c.
40 mg, I ~I;;. IR: 3200, 3100, 1750, 1700, 1680. UV Amu, nm (I:): 228 (12300), 282 (13200). lI-I-NMR s. 0.95 (3H, t, J =
7Hz, COOCH2CHj), 2.20 (3H, s, OAe), 2.89 (IH, dd, J= 14, 16Hz, C4-H), 3.13 (IH, dd, J=7.5, 16Hz, C4-1-I), 3.96
(2H, q, J =7 Hz, COOCH2CHJ ), 5.58 (I H, dd• .r= 7.5, 14Hz, Cj-H), 7.3 (SH, Ill, Ar-H). MS mlz: M t Calcd for
C tr,H 17NO" 303.1105. Found: 303.1093.
Isoprene Photoproduct
. rel-OS,SR,7R)->Ethoxycarbonyl-7-methyl-l-phcnyl.7-vinyl-2-azabicyclo[3.2.0]heptane-3,4-dione (21)--~Col

orless needles, mp 164··-169"C. 23110mg, 60~~. IR: 1760, 1740, 1690. UV A:~',~~Hnm (I;): 260 (3500). lH-NMR (5: 0.75
(3H. l, J= 7 Hz, COOCH2CHJ ) , 1,19 (3H. br s, C-CH j ) , 224 (IH, d. J =7 Hz, C6-H), 3.42 (J H, brd, J=7 Hz, Cfi-H),
3.86 (2H, q, '/=7 Hz, COOCH2CH j ) , 5.04 (Il-l, d, J= 12 Hz), 5. I! (1H, d, J= 16Hz) and 5.56 (l H, dd, J"" 12, 16 Hz)
olefinic-H. 7.33 (5H. s, Ar-H). t3C_NMR (ppm): 13.4 (q), 25.3 (q), 34.6 (t, C6 ) , 50.4 (s, C7), 57.4 (s, Cs), 62.0 (t), 69.4
'(s, C1) , 113.9 (1),126.5 (d, 2C). 128.0 (d, 3C), 134.4 (s), I42'() (d), 163.6 (s, C3) , 166.3 (s), 196.3 (s, C4). AI/a!. Calcd for
CIHHt9N04: C, 68.99; H. 6.J I; N, 4.47. MS 11/1:::: 313.l312. Found: C, 68.76; H, 6.09; N, 4.40. MS mlz: 313.1300.
ce-Mcthylstyrene Photoproducts

ret-t; IS, SR,7R)-5-Ethoxycarbonyl-7-mcthyl-l,7-diphcnyl-2-azabicyclo[3.2.0]hcptllnc-3,4-dione (2m)--

Colorless needles, mp 185--188 "c.533 mg, 12'~{,. IR: 1762, 1735. 1no, 1605. UV A.~;;'.::II nm (I:): 262 (3800). IH-NM R
(5: 0.60 (3H, t, J=7 Hz, COOCH2CH.,), 1,40 (3H, br s, (-CH 3 ) , 2.45 (IH, d, J= 12Hz, Cc,-H), 3.60 (2H, q, J:=7Hz,
COOCH2CH~1)'3.68 (lH, br d, .1= 12 Hz, C,,-H). 7.0---7.2 (I0H, m, Ar-H). 13C-NMR (ppm): 13.3 (q), 30.6 (q), 35.9
(I, C,.), 53.5 (s, C7) . 57.4 (s, C5) , 62.0 (t), 70.5 (s, Cl)' 126.1 (d), 126.3 (d, 2C), 126.4 (d, 2C), 127.8 (d, 3C), 128.1 (d,
2e). 1]4.7 (s), 143.7 (s), 164.4 (s, C.\), 165.7 (s), 196.6 (s, C.\). MS mlz: M I Cnled for CzzH21N04 363.1469. Found:
363.1459.

rel-( 1S,5R,7S)-5-Ethoxycarbonyl-7-mcthyl-l,7-diphcnyl-2-azabicyclo(3.2.0]hcl)tane-3,4.dionc (3m)
Colorless needles, mp )96-200"C. 670mg, 15'~j:. IR: 1770, 1725, 1605. UV A.~,'r:~1I111l1 (I:): 255 (4100). 'H·NMR 6:
1.16 (3H, I, .1=7 Hz. COOCH 2CH3) , 1.43 (3H, S, C--CH.I)' 2.K2 (IB, d,):= 13Hz, Ct,-H), 3.18 (IH, d, .1= 13Hz. CIi
H). 4.18 (2H, q, J = 7 Hz, COOCH 2CH.\), 6.9--7.6 (I OH, 111, Ar·H). 1;IC-NMR (ppm): 13.7 (g). 2lU (q), 33.5 (t, C/o),
51.8 (s, ('7)' 57,4 (s, C~). 62.3 (t). 69.9 (s, ( 1), 125.8 (d, 2C), J26.7 (d, 2C), 126.9 (d), 12H.4 (d, 3C), 129.1 (d, 2C), 135.0
(s), 142.8 (s). 160.6 (s, C.1)' 167.7 (s), 195.4(s, C4 ) . Anal. Calcd for C2 2H2IN04: C, 72.71; H, 5.82: N, 3.85. MS miz:
363.1470. Found: C. 72.62; H, 5.76; N, :Ull. MS 1111=: 363.1460.

5-Ethoxycllrbonyl-3-mcthyl-3,6-diphcoyl-3,4-dihydropyridin-2( IH)-onc (4m) , ,'.. Colorless prisms. mp 156--
160"C. 82 mg, 2(~,,;. IR: ]7(10, 1680, 1640. UV ).~;';::Illlln (I:): 226 (10200),284 (940q). lH-NMR 0: 1.29 (31-1, t,'/=7 Hz,
COOCH2CH.\), 1.95 (3H. s, C-CH.,), 3.15 (I H, d, J= 16 Hz, C4-H), 3.39 (IB, d, J= J6Hz, C4-H). 4.43 (2H, q, J""
7Hz, COOCH2CH.I), 7.2-7.7 (1OJ;I, rn, Ar-H). MS mjz: M' Culcd for CZ1HzINO.I 335.1520. Found: 335.1508.
Isopropenyl Acetate Photoproducts

ret-iIS,5R,7S)-7.Acctoxy-5-ethoxycarbonyl-7-methyl~l-phellyl·2-azabieyelo[3,2.0]heptllne-3,4-dione (20)
Colorless needles, mp 181-184 -c. 250 mg, 6~{,. I R: 1780, J750, 1730. UV Am". nm (I:): 258 (3500). t H-NMR 6: 0.60
(3H, t, J= 7 Hz, COOCH2CH3) , 1.51 (3H, s, C-CH.\), 1.74(m, s, OAe), 2.44 (IH, d. J =14 Hz, C6-H), 3,44 (I H, be d,
J =14 Hz, Cb-H), 3.63 (2H, qd, J = 2, 7 Hz, COOCH2CH 3) , 7.34 (5H, s, Ar-H). DC-NMR (ppm): 13.3('1), 20.8 (q),
22.5 (q), 38.2 (t, C6) , 55.7 (s, Cs), 62.1 (t), 70.5 (s, C1 ) , 82.4 (s, C7) , 125.8 (d, 2C), 128.0 (d, 2C), 128.3 (d), 133.6 (s),
161.9 (s, C3 ) , 162.2 (s), 170.0 (s), ]95.3 (s, C4 ) . Anal. Caled for CI8HI9NOb: C, 62.60; H, 5.55; N, 4.06. Found: C,
62.70; H, 5.60; N, 4.20.

rel-(t S,SR,7R)-7-Acetoxy-S-ethoxycarbonyl-7-methyl-Lphenyl-z-azabieyclo[3.2.0]heptane-3,4-dione (30)
Colorless prisms. mp 164-166"C. 1520 mg, 36%. IR: 1780, 1750sh, 1730. UV An••' nm (I:): 258 (3400). lH-NMR 8:
0.90 (3H, t, J =7 Hz, COOCH2CH3) . 1.49 (3H, s, C-eH3 ). 2.05 (3H, S, OAc). 2.59 (I H. d. J = 14 Hz, C6·H), 3.17 (lH.
d, J =14 Hz, CIi-H), 4.01 (2H, q, J = 7 Hz. COOCH2CH3) . 7.37 (5H, s, Ar-H). 13C_NMR (ppm): 13.6 (q). 21.3 (q, 2C),
38.2 «, Cli)' 56.8 (s, co, 62.4 (t), 70.1 (s, c,x84.5 (s, C7), 126.0 (d, 2C), 128.8 (d, 3C), 133.7 (s), 161.3 (s, C3), 166.3 (8),
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170.8 (s), 194.3 (s, C4). Anal. Calcd for CIsHI9N06: C, 62.60; H, 5.55; N, 4.06. Found: C, 62.71; H, 5.S7; N, 4.06.
3-Acetoxy-S-ethoxycarbonyl-3-methyl-6-phenyl-3,4-dihydropyridin-2(lH)-one (4n)--Colorless gum. 13Smg,

3.5%. JR (CH1CI1): 1750, 1730, 1640. UV ;'~I~Hnm (8):·225 sh (9100), 282 (8600). IH-NMR c5: 0.90 (3H, t, J= 7 Hz,
COOCH1CM3), 1.60 (3H, s, C-eH3) , 2.10 (3H, s, OAc), 2.77 (IH, d, J= 16Hz, C4-H), 3.53 (IH, d, J= 16Hz, C

4-H),
3.95 (2H, q, J=7Hz, COOCHzCH3) , 7.32 (5H, s, Ar-H). MSm/z: M+ -CH3COOH Calcdfor CIsHISN03 301.0012.
Found: 301.0050.
0:-Trimethylsilyloxystyrene Photoproduct

rel-(lS,SR.7S)-5-EthoxycarboDyl-l,7-diphenyl-7-trimetbylsilyloxy-2-azabicyclo[3.2.0]heptane-3.4-dione (3p)
--Colorelss prisms, mp 201-206°C. 3480mg, 65%. JR: 1770,1745,1725. IH-NMR c5: 0.11 (9H, s, OSi(CH3h ),
0.83 (3H, J=7Hz, COOCH2CH3), 2.84 (IH, s, J= 13Hz, C6-H), 3.93 (2H, oct, J=dHz, COOCH2CH3) , 4.01 (IH, d,
J = 13Hz, C6-H), 7.3 (lOH, m, Ar-H). 13C-NMR (ppm): 13.5 (q), 38.7 (t, C6) , 57.5 (s, Cs), 61.8 (t), 73.2 (s, C1) , 84.5 (s,
C7) , 126.3 (d, 2C), 127.8 (d, 3C), 128.0 (d, 2C), 128.2 (d, 3C), 133.4 (s), 138.7 (s), 165.9 (s, C3 and C*OOEt), 195.4 (8,
C4). MS mlz: M+ Calcd for C14HnNOsSi 437.1658. Found: 437.1723.
Catalytic Hydrogenation of 2b

A solution of 2b (473 mg) in EtOH (30 ml) was hydrogenated over S% Pd/C (500mg) for I h at room
temperature. After removal of the catalyst by filtration, the filtrate was evaporated, and the residue in CH1Cl1 was
purified through a short column ofsilica gel to give 2e (377 mg, 80%). Colorless prisms from CHzCI2-Et10, mp IS6
158"C.
Base Treatment of 2a.

A solution of2a (100mg) and triethylamine (2g) in benzene (20mI) was refluxed for 4h. Chromatography of the
products over Si01 gave 3a (50 mg, 50%) from the benzene-CffyCl, (I: 1) eluate and 4-ethoxycarbonyl-3-hydroxy
6,7-diphenyl-l,5-dihydro-2H-azepin-2-one (lOmg, 10%) from the CH2CI2 eluate.l'" Pale yellow needles, mp 226
236°C. IR: 3200, 1670, 1600. UV A.m.. nm (e): 226 (19200), 269 (17600). IH-NMR !J: 1.03 (3H, t, J = 7 Hz,
COOCH2CH3), 3.43 (2H, s, Cs-H), 4.13 (2H, q, J = 7 Hz, COOCH2CH3) , 7.12 (5H, s, Ar-H), 7.17 (SH. s, Ar-H). DC_
NMR (ppm): 13.7 (q). 29.4 (t, Cs), 61.6 (t), 109.4 (s, C4) , 127.0 (d), 128.1 (d,2C), 128.4 (d, 2C), 128.6 (s), 128.8 (d),
129.3 (d, 2C), 129.9 (d, 2C), 132.5 (s), 135.6 (s, C6 ) , 139.1 (s, C7 ) , 157:8(s, C3) , 164.2 (5, Cz), 170.4 (5). Anal. Calcd for
Cl1H19N04: C, 72.19; H, 5.48; N, 4.01. MS mlz: 349.1313. Found: C, 71.90; H, 5.37; N, 4.02. MS mlz: 349.1313.

, Equilibration between 2 and 3 under Basic ConditioDs--General Procedure: A solution of 2 or 3 (lOOmg) in
10% (w/v) triethylamine-benzene (40 ml) was refluxed for an appropriate time. After evaporation of the solvent, each
reaction mixture was subjected to IH-NMR measurement. The ratios of 2 and 3 were calculated from the intensity
ratios of the methyl signals of COOEt. The ratios of2k and 3k was calculated from the intensities of OAc signals. The
results are given in Table III.
1-(4' -Bromophenyl)-4-ethoxycarbonyl-5-phenyl-1H-pyrrole-2,3-dione (5)

A mixture of ethyl benzoylacetate (10 g) and p-bromoaniline (27 g) in ethanol (100 ml) was heated under reflux
for 4 h. After evaporation of the solvent in vacuo, the residue was taken up in CH2CI2 and the organic layer was
washed with 5% HCI and water, then dried over NaZS04, and evaporated. Recrystallization of the residue from
CH2CI2-Et20 gave ethyl 3-(4'-bromophenylamino)-3-phenyl-2-propenoate (12g, 62%) as pale yellow prisms, mp
108-112 -c. IR: 1660, 1605.

Oxalyl chloride (2.93 g) was slowly added to the propenoate (8.0 g) in dry ether (10 ml) at O°C under stirring.
After addition of dioxane (lOml), the reaction mixture was slowly warmed to SO"C, and the ether was slowly distilled
off to remove hydrogen chloride evolved during the reaction. Recrystallization of the product from CH1Clcbenzene
gave the dioxopyrroline 5 (6.Sg, 70%) as red prisms. mp 168-169 "C. JR: 1775, 1722, 1710. UV A.m••nm (8): 250
(17200),307 (5300), 405 (2700). MS mlz: M+ Calcd for C19HI4BrN04 399.0106 and 401.0085. Found: 399.0158 and
401.0155.
Photocycloaddition of 5 to Styrene

A solution ofS (lg) and styrene (2.6g, IOeq) in dioxane-EtyO (1: I) (300ml) was irradiated for 40min and
worked up as described in the general procedure to give rel-(IS,5R,7R)-2-(4'-bromophenyl)-5-ethoxycarbonyl-I,7
diphenyl-2-azabicyclo[3.2.0]heptane-3,4-dione (6, 252mg, 20%). Colorless prisms from MeOH, mp 181-183 "C. JR:
1762, 1740, 1718. UV A.m••nm (e): 223 (19000), 260sh (4800), 310 (6200). IH-NMR s. 0.85 (3H, t, J=7Hz,
COOCHzCH3) , 2.75 (IH, dd, J=IO, 13Hz, C6-H), 3.72 (IH, dd, J= 10, 13Hz, C6-H), 3.73 (2H, m, COOCHzCH3) ,

4.18 (1H, t, J= 10Hz, C7-H), 6.9-7.5 (I4H, m, Ar-H). MS mlz: M+ Calcd for CnHl1BrNOoj. 503.0728 and 505.0711.
Found: S03.0671 and 505.0700. This product was subjected to X-ray analysis.
PbotocycloadditioD of 5 to ButadieDe

Irradiation of 5 (I g) and butadiene (5ml) as above gave rel-(lS,5R,7R)-2-(4'-bromophenyl)-S-ethoxy
carbonyJ-I-phenyJ-7-vinyJ-2-azabicyclo[3.2.0]heptane-3,4-dione (7, 272 rng, 24%). Colorless prisms from MeOH, mp
193-195°C. IR: 1772, 1741, 1720. IH-NMR c5: 0.72 (3H, t,J=7Hz, COOCHzCH3), 2.60 (IH, dd,J=9, 12Hz, C6

H), 3.3 (lH, m, C6-H), 3.6 (3H, m, COOCH2CH3, C7-H), 5.1-5.5 (2H, m), 6.25-6.48 (JH, m) olefinic-H, 7.2
7.6 (9H, m, Ar-H). MS m]z: M+ Calcd for C23Hl0BrN04 453.0574 and 455.0522. Found: 453.0629 and 455.0490.
This product was subjected to X-ray analysis.
Crystallographic Measurement
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The crystal data were collected on a Rigaku Denki computer-controlled four-circle diffractometer using Cu-K«
radiation. The intensities of all the reflections with 28 values up to 140" of (hkl), (likl), (hkl) and (likT) were measured
by the w-28 scanning technique at a scan rate of 2 per minute. The scan range of OJ for each reflection was calculate
by using the formula ill = 1.10; 0.5 tan 0, and the backgrounds were measured at both ends of the scan range for 10.0s.
Three standard reflections were measured every 50 measurements, and showed to significant variation with time. The
intensity data were corrected for the background count and for the usual Lorentz and polarization effects. In total,
1982 (for 6) and 2329 (for 7) independent non-zero reflections were measured visually.

Crystal Data--6: Cz7H22BrN0 4 • Mr=504.38. Triclinic, a""I1.384(5)A, b=11.851(6)A, c=9.32I(1)A, ex=
109.49(IW, p=9I.91(8)D, r=103.06(13)", V=1146.7A3, do == I.43gfcm, dc = I.464 gfcm, Z=2. Space group PI.
Crystal size, 0.25 x 0.20 xO.20mm 3

• 7: C23H20BrN04 • M r == 454.314. Triclinic. a=1l.566(4)A, b=12.238(7)A, c=
8.228(3)A, ex =96.98(7), p= 103.45(52), y == 104.90(60), V = 1033.8A3, do = 1.44g/cm3 , de = I.456gjcm3, Z =2. Space
group Pl. Crystal size, 0.30 x 0.25 x 0.25 mrrr'.
Structure Analysis and Refinement

The structures were established by the heavy atom method. From the Patterson map the position of the brom
atom was determined and the whole structure of the molecule except for the hydrogen atoms was revealed from an
electron density map calculated by the heavy atom method. At this stage, the R value was 0.54 for 6 and 0.48 for 7.

TABLE V. Positional Parameters (x 104
) with Their Estimated Standard Deviations (in Parentheses)

and Equivalent Isotropic Thermal Parameters (A) of 6 and 7

Compound 6 Compound 7
Atom s.; Atom' B.q/B1,o

x y z x y z

Br 6203 (l) -4280 (2) -1557 (2) 5.5 Br 901 (1) 871 (I) 2231 (2) 6.0
01 4450 (6) 549 (8) 3608 (8) 4.5 01 3947 (6) 766 (6) 10382 (8) 5.0
02 5595 (8) 2821 (8) 6079 (9) 5.4 02 6371 (7) 1194 (7) 12780 (9) 5.8
03 8531 (8) 4919 (9) 5454 (10) 6.0 03 9137 (7) 3713 (7) 12748 (10) 7.1
04 6709 (7) 4369 (8) 4096 (9) 4.8 04 7190 (7) 3848 (6) 12810 (9) 6.0
N 6269 (7) 926 (8) 2599 (8) 2.6 N 5134 (6) 1882 (6) 8848 (8) 2.9
CI 7501 (8) 1803 (10) 3122 (9) 2.3 CI 6498 (7) 2479 (7) 9038 (10) 2.8
C2 5457 (9) 1195 (1.\) 3682 (10) 3.2 C2 4937 (8) 1347 (8) 10195 (12) 4.0
C3 6068 (10) 2346 (II) 4952 (I I) 3.4 C3 6221 (9) 1579 (9) 11474 (12) 4.4
C4 7384 (9) 2837 (11) 4686 (10) 2.9 C4 7251 (8) 2327 (8) 10861 (11) 3.2
C5 8393 (II) 2521 (13) 5549 (I I) 4.8 C5 8075 (9) 1724 (8) 10035 (II) 3.7
C6 8291 (9) J306 (12) 4098 (10) 3.5 C6 7221 (8) 1679 (8) 8230 (12) 3.4
C7 8005 (9) 2335 (1[) 1936 (HI) 2.7 C7 671l (7) 3723 (7) 8807 (lJ) 2.9
C8 9242 (10) 2905 (12) 2104 (Jl) 3.7 C8 7975 (9) 4384 (8) 8918 (12) 4.0
C9 9711 (II) 3518 (13) 1088 (12) 5.0 C9 8211 (10) 5448 (9) 8790 (14) 5.2
CIO 8914 (13) 3538 (13) -76 (12) 4.8 CIO 7207 (11) 6060 (9) 8506(15) 5.5
CII 7661(11) 2992 (12) -223 (12) 4.5 CII 5974 (11) 5391 (9) 8439 (17) 5.8
CI2 7192 (10) 2409 (II) 812 (10) 3.4 CI2 5716 (9) 4226 (9) 8540 (14) 4.8
CI3 6157 (8) -306 (/1) 1569 (10) 2.8 CI3 4139 (8) 1641 (7) 7311 (II) 3.2
CI4 6412 (9) -532 (12) 43 (II) 3.8 CI4 4451 (8) 1659 (8) 5764(11) 3.7
CI5 6398 (10) - 1723 (I l ) -898 (l I) 3.5 C15 3491 (9) 1400 (9) 4241 (12) 4.3
Cl6 6147 (9) -2658 (11) -309 (II) 3.5 Cl6 2215 (8) 1185 (8) 4295 (12) 3.7
Cl7 5844 (10) -2456 (12) 1203 (I I) 3.9 CI7 1896 (8) 1163 (8) 5816 (13) 4.2
CI8 5859 (9) - 1288 (11) 2117 (l I) 3.3 CIS 2847 (9) 1425 (8) 7341 (13) 4.1
CI9 7626 (9) 4153 (11) 4807 (II) 3.5 CI9 7981 (9) 3408 (9) 12211 (12) 4.4
C20 6867 (13) 5690 (12) 4184 (16) 4.9 C20 7150 (16) 4815 (II) 14345 (18) 9.3
C21 7481 (14) 5792 (15) 2765 (15) 6.4 C21 7911 (18) 5830 (12) 13844 (22) 11.9
C22 9441 (8) 935 (11) 3588 (10) 3.0 C22 7850 (9) 2032 (9) 6874 (13) 4.4
C23 10492 (10) 1387 (12) 4606 (12) 4.2 C23 9081 (10) 2157 (10) 6900 (15) 5.5
C24 11548 (10) 974 (13) 4201 (14) 4.7
C25 11513 (10) 82 (13) 2805 (13) 4.8
C26 10453 (12) -384 (15) 1772(14) 5.7

4»;=)LI r.JfJij(l/(lJ
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TABLE VI. Bond Lengths (A) and Bond Angles (0) with Estimated
Standard Deviations in Parentheses of 6 and 7

Compound 6
Atoms Distance (A) Atoms Distance (A) Atoms Distance (A)

Br-C(16) 1.902 (12) O(l)-C(2) 1.213 (12) O(2)-C(3) 1.221 (13)
O(3)-C(19) 1.193 (12) O(4)-C(l9) 1.336 (15) O(4)--C(20) 1.508 (18)
N-C(l) 1.449 (11) N-C(2) 1.339 (12) N-C(13) J,428 (13)
C(1)-C(4) 1.593 (12) C(1)-C(6) 1.590 (17) C(I)--C(7) 1.515 (15)
C(2)-C(3) 1.477 (13) C(3)-C(4) 1.542 (14) C(4)-C(5) 1.563 (19)
C(4)-C(l9) 1.489 (19) C(5)-C(6) 1.590 (15) C(6)-C(22) 1.516 (15)
C(7)-C(8) 1.397 (14) C(7)-C(12) 1.413 (16) C(8)--C(9) 1.424 (19)
C(9)-C(10) lAO I (19) C( lO)-CO I) 1.410 (17) C( I I)-C(l2) 1.416 (18)
C(13)-C(14) 1.416 (14) C(13)-C(18) 1.400 (19) C( 14)-C(l5) 1.386 (17)
C( 15)-C(I6) 1.372 (20) C( 16)-C( 17) 1.417 (15) C(17)-C( 18) 1.356 (17)
C(20)-C(21) 1.545 (22) C(22)-C(23) 1.385 (14) C(22)-C(27) 1.391 (14)
C(23)-C(24) 1.416 (18) C(24)-C(25) 1.367(16) C(25)-C(26) 1.399 (16)
C(26)-C(27) 1.403 (20)

Compound 6
Atoms Angle n Atoms Angle (")

C(19)-O(4)-C(20) 115.3 (9) C( I)-N-C(2) l12.2 un
C(I)-N-C(13) 119.4 (8) C{2)-N-C(13) 121.5 (8)
C(4)-C(I)-N 106.22 (7) C(4)-C(l)-C(6) 87.88 (7)
C(4)-C(I )-C(7) 113.0 (8) N-C(I)-C(6) 109.50 (8)
N-C( I)-C(7) 113.67 (8) C(6)-C(I )-C(7) 122.8 (8)
C(3)-C(2)-O( I) 126.65 (II) C(3)-C(2)-N 108.2 (9)
O(I)-C(2)-N 124.9 (12) C(4)-C(3)-O(2) 124.9 (11 )
C(4)-C(3)-C(2) 111.1 (9) O(2)-C(3)-C(2) 124.0 (II)
C(5)-C(4)-C(1) 90.8 (8) C(5)·-C(4)-C(3) 116.2 (9)
C(5)-C(4)-C(19) 114.8 (9) C(l )-C(4)-C(3) IOU~ (9)
C(1)-C(4)-C(19) 120.2 (9) C(3)-C(4)-C(19) 111.3 (9)
C(6)-C(5)-C(4) 88_9 (8) C(22)-C(6)--C( I) 122.2 (9)
C(22)-C(6)-C(5) 119.0 (9) C(8)--C(7)--C(I) 119.4 (9)
C(l)-C(6)-C(5) 89.9 (8) C(8)-C(7}-C( [2) 120.9 (10)
C( I)-C(7)-C(12) 119.1 (9) C(9)-C(8)-'C(7) 120.2 (II)
C(10)-C(9)-C(8) 118.9 (12) C( II )-C( 10)--('(9) 121.0 ( 13)
C(12)-C(11)-C(1 0) 119.9 (II) C(14)-C(l3)-N 120.9 (9)
C(14)-C(l3)-C(18) 119.9 (10) N-C(l3)-C(18) 119.1 (9)
C( 15)-C( 14}-C(l3) 119.9 (10) C( 16)-C(15)-C(14) IUU~ (II)
C(17)-C(16)-Br 118.7 (8) C(17)-C( 16)-C( I5) 122.1 (10)
Br-C(16)-C(I 5) 119.2 (9) C( 18)--C(17)-C( 16) 118.3 ( 10)
C(21)-C(20)-O(4) 106.2 (12) C(23)-C(22)-C(6) 119.9 (II)
C(23)-C(22)-C(27) 119.6 (13) C(6)-C(22)-C(27) 120.1 (10)
C(24)-C(23)-C(22) 121.0 (11) C(25)-C(24)-C(23) 119.3 (10)
C(26)-C(25)--C(24) 120.1 (12) C(27)-C(26)-C(25) 120.6 (II)
O(3)-C(19)-0(4) 124.3 (12) O(3)-C(l9)-C(4) 124.0 (10)
O(4)-C(19)-C(4) 111.7 (9) C(7)-C(I 2)-C(lI) 118.9 (II)
C(I3)-C(18)-C(17) 120.5 (12) C(22)-C(27}-C(26) 119.4 (II)

The structure was refined by a diagonal-matrix least-squares procedure with isotropic temperature factors, until R
values of 0.15 for 6 and 0.14 for 7 were reached. Further refinement was carried out by least-squares block-diagonal
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TABLE VI. (continued)

Compound 7
Atoms Distance (A) Atoms Distance (A) Atoms Distance (A)

Br-C(16) 1.887 (8) C(1)-C(4) l.598 (12) C(1)-C(6) 1.597 (14)
C(1)-C(7) 1.520 (13) C(I)-N 1.471 (10) C(2)-C(3) 1.500 (12)
C(2)-O(I) 1.213 (11) C(2)-N I.385 (13) C(3)-C(4) 1.502 (14)
C(3)-O(2) I.217 (13) C(4)-C(5) 1.540 (15) C(4)-C(19) 1.521 (12)
C(5}--C(6) 1.550 (12) C(6)-C(22) 1.499 (15) C(7)-C(8) 1.409 (12)
C(7)-C(12) 1.388 (15) C(8)-C(9) 1.409 (15) C(9)-C(10) 1.405 (18)
C(IO)-C(1 I) 1.393 (16) C(11)-C(I2) 1.396 (16) C( 13)-C( (4) 1.395. (14)
C(13)-C( 18) 1.403 (13) C(13)-N 1.414 (10) C( 14)-C( 15) 1.384 (12)
C( 15)-C( 16) 1.392 (14) C(16)-C( 17) 1.379 (15) C( 17)-C( 18) 1.380 (12)
C(l9)-O(3) 1.201 (12) C(19)-O(4) 1.301 (15) C(20)-C(2 1) 1.337 (22)
C(20)-O(4) 1.506 (14) C(22)-C(23) 1.337 (16)

Atoms
Compound 7

Angle (") Atoms Angle (0)

C(4)-C( I)-C(6)
C(4)-C(I )-N
C(6)-C(1 )-N
C(3)-C(2)-O(l)
0(1)-C(2)-;-N
C(4)-C(3)-0(2)
C(5)-C(4)-C(I )
C(5)-C(4}-C(19)
C(I )-C(4)-C(l9)
C(6)-C(5)--C(4)
C(22)--C«')C(5)
C(8)-C(7}-C( ] )
C(I)-C(7)-C(12)

C( 1OH.'(9)·Cnn
C(12)--C(lI)·C(IO)
C(14)·-C( 13)-N
C( 15)-C( 14)--C(13)
C(17)-C(l6)··BI'
Br--C(16) ·C(15)
O(3)·-C(l9)·-C(4)
C(4)-C(19)--0(4)
C(23 )--C(22)-C(6)
C(1)--N··C(13)
C(7)-C( 12)·-C( II)
C(19)-O(4)·-C(20)

87.2 (6)
104.7 (7)
[13.1 (7)
122.8 (9)
129.1 (9)
126.9 (9)
90.6 (7)

116.3 (8)
117.9 (8)
90.8 (7)

119.4 (II)
118.1 (8)
122.3 (H)

121.3 (LO)
121.5 (II)
119.6 (8)
120.6 (9)
119.8 (7)
118.9 (7)
122.4 (9)

1I I.0 (8)
126.8 (10)
124.2 (7)
120.2 (10)
118.1 (9)

cc4)-C(1 )-C(7)
C(6)-C( 1)-C(7)

C(7)-C(J)-N
C(3)-C(2)-N
C(4)-C(3)-C(2)
C(2)-C(3)-O(2)
C(5)-C(4)-C(3)
C( I )-C(4)-C(3)
C(3)-C(4)-C(l9)
C(22)-C(6)-C(1)
C( 1)-C(6)-C(5)
C(8 )--e(7)-C( 12)
C(9)-C(8) -e(7)
C( II )-C(1O)-C(9)
C(14)-C( 13)-C(l8l
C(l8)C(13)-N
C( 16)-C(15)--C( 14)
C( 17)--('( 16)-('( 15)
C( 18)-C( 17)-C(16)
0(3)-C( 19)-0(4)
C(21 )..q20)--0(4)
CCl)-N-C(2)
C(2)-N··C( 13)
C(l3)-C(l8)-C(l7)

114.6 (7)
121.1 (7)
112.4 (7)
108.1 (8)
109.2 (8)
123.8 (9)
116.9 (8)
104.1 (7)
109.5 (8)
119.8 (8)
90.1 (7)

119.6 (9)
119.4 (9)
118.0 (lJ)
120.0 (8)
120.4 (S)
I1S.5 (9)
121.2 (9)
120.5 (9)
126.1 (10)
109.9 (13)
113.6 (7)
120.7 (7)
119.0 (9)

matrix approximations with anisotropic temperature factors, using 1928 (for 6) and 2292 (for 7) reflections. The R
values were reduced to 0.085 for 6 and 0.078 for 7. The atomic parameters, bond lengths, and bond angles are given in
Tables V and VI, and the structures are illustrated in Figs. 1 and 2.
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Photocycloaddition of Enone-Olefin Pairs
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The photocycloaddition of 4-ethoxycarbonyl-S-phenyl-2H-pyrrole-2,3-dione 1 to (2)- and
(E)-d-styrenes proceeded in a stereoselective manner to give the compounds in which the styrene
component added to t antarafacially as the major products. Including these results, the observed
exo- or (!ndo-stereoselectivity in the photocycloaddition of 1 to various acyclic olefins is well
explained by assuming plural transition states, stepwise C-C bond formation, and a stereo
selection rule which may be stated as follows: I) the first C-C bond formation always occurs
suprafacially: 2) the second C-C bond formation in a polar enone-olefin pair (an enone and an
olefin with a weak electron donating substituent) occurs untara-selectively from the favored rt

complex. while it occurs supra-selectively from the less favored transition state; and 3) in a very
polar enone-olcfin pair (an enone and an olefin with a strong electron donating group), the second
C-C bond formation occurs supra-selectively from the favored x-complex and antara-selectively
from the less-favored transition state. Many other stereochemical results hitherto reported can be
rationalized in terms of this stereo-selection rule.

Keywords--[2 +2] photocycloaddition; IH-pyrrole-2,3-dionc; dioxopyrroline: (2j-d-styrene;
(Ej-tl-styrene; enone-olefin pair; stereochemistry; stereo-selection rule
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The [2+2] photocycloaddition reaction of enones to olefins has been widely utilized for
the construction of complex polycyclic compounds and many exampleswere reviewed." The
broad outline of the reaction pathway appears to be generally accepted as shown in Chart
1.20

, 3 ) The reaction involves a triplet excited state of the enone, which forms an excited 7t~

complex with an olefin. This reactive species (an exciplex) then gives a 1,4-biradical by the
formation of a covalent bond between either Co: or efl of the enone and one of the olefin
carbons. The high regioselectivity in the formation of the head to tail (HT) adduct from an
enone and an olefin (with an electron-donating substituent) pair is well explained by assuming
that an "oriented n-complex or oriented exciplex" is formed from the encounter complex
between the triplet excited enone and ground state olefin."

On the other hand, the stereochemical features of the reaction have remained obscure,
although stereoselective addition of acyclic olefins to cyclic enones has often been observed

o
JE • [JED]

~. """

'E(n.' or ",,') / j ""'"
~ E+O - [·EO·] - EO

Chart I. Generally Accepted Reaction Path
way of Enone-Olefln [2+2] Photocycloaddi
tion Reaction

E: enone, 0: olefin
I E: singlet excited enone
3E: triplet enone
[3EO]: exciplex
l:EO']: 1,4-biradical intermediate
EO: cyclobutane product
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(see below). In the photocycloaddition of 2-eyclohexenone to acylic olefins, trans~fused

bicyclo[4.2.0Joctanes were usually obtained as the major product.t" As the reason for the
formation of this strained product, the idea of rotational equilibration of the intermediate 1,4~

biradicals"? is hardly acceptable for such a cyclic compound. Instead of this idea, a
mechanism involving initial complexation of a twisted enone triplet and the olefin leading to
a twisted 1,4-biradical was suggested.v' However, the occurrence of this sort of highly strain
ed intermediate is still uncertain.

Epiotis and Shaik theoretically concluded that the triplet [2+ 2] photoaddition of an
enone-olefin pair preferentially occurs in a concerted [2s+ 2a]manner and suggested that the
enone plays the role of the antarafacial component." From theoretical analyses of spin
inversion mechanisms leading to a final product, Shaik7b) further elaborated the above
conclusion, indicating tha t the stereochemistry of olefin-olefin [2+ 2] photoaddition varies
depending on the polarity (donor-acceptor relationship) of the olefin pair. When the olefin
pair is nonpolar (i.e. both olefins are electron donors or electron acceptors) the [2s+2sJ
adduct is the main product. When the olefin pair is polar, the [2s+2aJ adduct becomes the
major product. When the olefin pair is very polar, the [2s+ 2sJ adduct again becomes the main
product. The formations of trans-fused and cis-fused cyclobutanes (shown in Chart 2) have
been presented as examples of photocyc1oaddition of the polar"? and very polar olefin-olefin
pairs."

6=t-M'Me

A 0

U R+MeO~M-e--+' QtO"'
ROMe

R= eN, Ph

Chart 2. Examples of Polar and Very Polar Olefin-Olefin Pairs and Their
Photocycloaddition (after Shaik)7bJ

Few experimental data are available on the stereochemical pathway of the olefin
component in photocycloaddition. This can only be elucidated when the stereochemistry of
two termini of the olefin component in the product is established. One of the pioneering
studies by de Mayo and Loutfy?' showed that the photoaddition of cyclopentenone to cis- and
trans-dichloroethylenes afforded four stereoisomers in relative ratios shown in Chart 3. The
result, as pointed out by the original authors," can not be rationalized in terms of rotational
equilibration of l,4-biradicals produced by bond formation at either the C" or Cp position of
the enone, since such an idea gives no adequate explanation for the preferred stereochemical
inversions in the olefin component. Although their tentative interpretation is that both IX- and
/3- bond formation pathways are operative, the data in Chart 3 rather imply that the reaction
is controlled by some stereochemical selection rule. Contrary to de Mayo's result, both cis
and trans-2-butenes, in cycloaddition with a cyclohexenone derivative, often gave a mixture of
the stereoisomers with almost identical relative ratios from either compound.t-'?' The failure
to retain the stereochemistry of the olefin moiety in the product was explained in terms of
rotational equilibration of the 1,4-biradicals.4 l

We have shown in the preceding paper" that the photocycloaddition of the dioxopyr
roline 1 to electron-rich olefins proceeds with high regio- and stereoselectivity to give the cis
fused cyc1obutanes, 5-ethoxycarbonyl-l-phenyl-7-substituted-2-azabicyc10[3.2.O]heptane-3,4
diones 2 and 3, with HT regiochemistry. The stereoselectivity in this reaction varies depending
on the nature of the substituents of the olefins; olefins carrying phenyl, vinyl,thiophenyl, and
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ill ill ill illI I

hI.' • H • I CI I I H I Cl
) +

CI + +
H H crI I I I

I I
I I, I . I II I H CI .

cl Cl
H H H CI H H

\d 50.20 11.17 19.56 19.07

Cl

~ 18.35 23.011 52.62 6.00
CI

Chart 3. Photocycloaddition of Cyclopentenone to cis- and trans-Dichloroethylene
(after Lautfy and de Mayo)?'

EtOO~O

pjlN~O
H

1

Ill.'

2

('xo-adduct
for R:-o Ph, vinyl. SPh. Et

+ &
h COOEt

H 0

R N
H

3

tmdo-adduct
for R==OEt, OAt:

Chart 4. Photocycloaddition of Dioxopyrroline 1 to Acyclic Olefins!'

alkyl substituents gave the exv-adduct 2, while olefins having O-substituents afforded the
endv-adduct 3 as the major product. The endo-adduct 3, irrespective of the nature of the C7 

substituent, is thermodynamically more stable than the exo-isomer 2.11 Therefore. the
stereoselective formation of the thermodynamically less stable exo-isomer 2 can not be
explained as a result of product developing control, but implies that the reaction is governed
by some stereochemical selection rule.

It must be emphasized that in this cycloaddition reaction the stereochemistry of the ring
junction and that of the Cs-substituent in the adducts 2 and 3 do not disclose how the olefinic
component underwent cycloaddition to the enone molecule. This can be established only
when the stereochemistry at C, in the adduct is determined at the same time. In order to
clarify this point we have carried out experiments using (2)- and (E)-d-styrene. 1 1

)

In this paper we describe the stereochemical assignment of the photocycloadducts of
dioxopyrroline to d~styrenes and discuss the stereochemical pathways of the dioxopyrroline
olefin photoannelation. We propose an empirical stereochemical selection rule for the enone
olefin photocycloaddition.

Photocycloaddition of Dioxopyrroline to (Z)- and (£)-d-Styrenes
Irradiation of 1 and (Z)-d-styrene in dimethoxyethane as described in the preceding

paper!' afforded the exo-adduct 42 (22%) and the endo-adduct S2 (3%). That the deuterium is
not lost in this photoreaction was evidenced by the mass and 1H-nuclear magnetic resonance
eH-NMR) spectra of the products 4Z and 52. On the basis of the intensity ratio of the C6 

exo-H and C6-endo-H signals (for stereochemical assignment, see below), 4Z and 52 were
identified as a 6: 4 mixture of 4a and 4b and a 4: 6 mixture of Sa and 5b, respectively, as shown
in Fig. 1. The similar photoaddition of 1 to (E)-d-styrene afforded 4£ (40%) with 4: 6 ratio of
4a and 4b, and 5£ (4%) with 6 : 4 ratio of Sa and 5b. Thus, the product distributions shown in
Table I clearly indicate that the addition of (Z)- and (£)-d-styrene to 1 has proceeded in the
same stereochemical manner.
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P,>=<D(H)
H COOEt D COOEt 0 COOEt H COOEt..aau a--+t~c H--1=ttaH--t=hr a--+tx:H H(D)

Ph--
Ph 0 )oW· 0 H-- N 0 Ph-- ~ 0 N 0

H hv in OME Ph Ph H ph ph H H Ph H ph H

1 4a 4b 5a 5b

4b
phSCD

hJ.J in DME

1-- -,loD~ 10% Pd-C/H,

ph Ph H

6

Chart 5. Photocycloaddition of 1 to (2)- and (E)-d-Styrene

TABLE 1. Product Ratios (%) of Photoadducts

Olefin 4a 4b Sa Sb

(Z)-d-Styrene
(E)-d-Styrene

53
36

36
54

7
4

4
6

b)

4 2 ppm
I
5 4 3 2 ppm

Fig. I. 1H-NMR Spectra of rel-(JS,5R, 7R)-6-Deutero-5-ethoxycarboriyl- 1,7
diphenyl-2-azabicyclo[3.2.0]heptane-3,4-dione (42) and rel-i; 1S,5R,7S)-6
Deutero-Svethoxycarbonyl-I,7-diphenyl-2-azabicyclo[3.2.0]heptane-3,4-dionc
(52)

a) 4Z. b) 5Z.

Formation of two isomers relating to the C6-deuterium stereochemistry in 42 and 52
could not arise from either photo-isomerization of the olefin prior to photoaddition or that of
the adducts, since (2)-d-styrene did not isomerize to (E)-d-styrene under similar irradiation,
and the ratio of 4a and 4b was independent of the reaction time. The above results therefore
indicate that styrene undergoes cycloaddition to 1 in an antarafacial manner (or with
inversion of configuration).

The stereochemical assignments of6-exo- and 6-endo-H in 42 and 52 (and also in 4E and
5E) were achieved by nuclear Overhauser effect (NOE) observation as follows. The deuterated
exo-adduct 42 exhibits the C7·H (endo) signal at 04.19 and C6-H signals at 02.68 (d) and 3.53
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(d). Irradiation of the C7-endo-H at c5 4.19 enhanced the intensity of the C6-H signal at c5 2.68
by 16%, but had no effect on the intensity of the other C6-H signal at c5 3.53, indicating that
the former proton is in cis relationship with C7 -endo-H and the latter proton is trans to C7-H,
corresponding to C6-H of 4a and 4b, respectively.

Similarly, the two C6-H signals at (52.48 and 3.36 in 52 were assigned as endo and exo,
respectively, which correspond to the C6-H of Sa and 5b. When the signal at (j 4.83 due to the
C7 -exo-H was irradiated, an NOE enhancement (36%) was observed only in the signal at
c5 3.36, indicating that it is in a ci.Nelationship with the Cs-exo-H.

The above assignment was supported by the following chemical synthesis of 4b. The
photoaddition of 1 to deuterated phenylacetylene afforded the deuterated cyclobutene 6.
Catalytic hydrogenation of 6 over Pd-C afforded 4b as a sole product, which showed the C6-H

signal only at () 2.69, confirming that in 4b the stereochemistry of the C{j-deuteriuffi and C7

phenyl is cis.

Stereoselection of Enone-Olefin Photocycloaddition
The regiochemistry of dioxopyrroline-olefin photocycloaddition is well explained by the

concept of the oriented z-cornplex known for a usual enone-olefin photocycloaddition,"! Here
we propose the following three assumptions to explain the stereochemical results of our,
'reactions, which, we believe, are applicable not only to dioxopyrroline-olefin pairs but also to
other enone-olefin pairs hitherto reported, as shown below.

I) The reaction proceeds through two or more transition states, equally or differently
favored, which originate from (positionally or stereochemically) different modes of approach
of the two components.

2) The two C-C bond formations in the oriented z-complex occur stepwise (though
maybe only formally), at either the C, or Cll-position of the enone in such a way tha t the first
bond formation results in the formation of the most stable 1,4-biradical.

3) Selection rule of stereochemistry.
i) The first C-C bond formation always occurs suprafacially (or with retention of

configuration in the n-complex). ii) In a polar pair (i.e. an enone and an olefin having weak
an electron-donating group such as an alkene), the second C-C bond formation at the other
terminus occurs antara-selectively (or with inversion of configuration) from the favored
complex, and supra-selectively from the less favored transition. iii) In a very polar enone
olefin pair (i.e. an enone and an olefin having an O-substituent such as alkoxyethylene), the
second bond formation occurs in a supra-selective manner from the favored complex and in
an antara-selective manner from the less favored transition.

The first two assumptions may be a priori acceptable. The presence of plural transition
states in photocycloaddition has often been considered or recognized."? Concomitant
formations of regie-isomeric HH and HT adduct in some photocycloadditions are typical
examples.'?' The formations of .\YI1- and anti-adduct in cyc1oaddition of a cyclic enone to a
cycloalkene are examples where two assumed transitions are only stereochemically dif
ferent.':" Those are considered to be endo- and exo-complexes, respectively.

The energy levels of the transition state are dependent on electronic factors such as
orbital overlapping and dipole-dipole interaction and on steric hindrance to the approach.
Generally the endo isomer would be favored because it would gain maximum orbital
overlapping, unless steric interaction is excessive.'?' The preferred formation of the cis-syn-cis
adduct from the reaction of uracil and vinylene carbonate pair,13a) and the exclusive
formation of the cis-syn-cis adduct from 4-hydroxycoumarin and cyclopentene pairl 51 show
that the endo-complex is favored by the molecular orbital interaction. On the other hand, the
adduct from cyclopentenone-cyclopentene pairl 6

) usually has the cis-anti-cis stereochemistry,
suggesting that the endo-complex is less favored than the exc-complex. The addition of 2-
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acetoxycyclopentenone to 4,4-dimethylcyclopentene16d
) leads to the nearly exclusive for

mation of the adduct with cis-anti-cis configuration, while dihydrofuran gives nearly equal
amounts of the syn- and anti-isomers?c) The presence of an oxygen atom in the ring system
may reduce the steric hindrance and increase the molecular orbital interaction.

We should to point out that in the reaction ofa cyclic enone with monosubstituted olefins
two stereoisomeric exo- and endo-exciplexes both leading to HT regiochemistry are possibly
present. This has been overlooked in most cases, probably because the stereochemistry of the
olefin moiety has seldom been established rigidly,

The second assumption is well known for the 1,4-biradical mechanism, although we do
not envisage a clear biradical species but only assume the order of bond formation', The 1,4
biradical (A) formed from a complex of an enone and an olefin monosubstituted by an
electron donating group due to coupling at Ca , where the pair always gives the HT adduct, is
obviously a more stable species than that formed by C'l-coupling (B). In this case the first
bond formation occurs at C~. The 1,4-biradical (C) formed by Cp-coupling from a complex of
an enone and an olefin 1,2-disubstituted by groups of the same or nearly the same electronic
properties should be more stable than the biradical formed by Cce-coupling (D), where the first
bond formation would be at C/I' although the energy differences between these two species
might be small. [In the reaction of an enone and olefins monosubstituted by an electron
withdrawing group, the first bond formation would occur at Cp, since the 1,4-biradical (E)
derived from the oriented n-complex leading to the HH adduct must be more stable than that
in the case of Ca-coupling (F). In some instances a re-orientation mechanism was proposed.l?']
Our assumption does not conflict with the concerted mechanism. Even if the reaction is
concerted, as suggested by Epiotis and Shaik,":" the interpretation remains valid when a very
short-lived biradical is considered in the course of a stepwise mechanism.

In contrast to assumptions l) and 2), the third assumption (selection rule of stereochem
istry) is purely empirical. The next section deals with this subject. Here we only point out the
fact that trans stereochemistry in a cyclobutane adduct appears not only at the enone

i)

ii)

ii i)

~o

(A)

oa--c:
( C)

~~w
(E)

>

>

>

(B)

(0 )

o

\~w

( F)

Chart 6. The Order of C-C Bond Formation

i) Olefin monosubstituted by an electron-donating group.
ii) Olefin 1,2-disubstituted by groups of the same or nearly the same electronic

properties.
iii) Olefin monosubstituted by an electron-withdrawing group.
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component, but also, in some instances, at the olefin component.' tl) In cyclohexenone-olefin
reactions, the antarafacial component, if present, is always the cyclohexenone. The triplet
species in the encounter complex is undoubtedly the enone. However, in the oriented TC

complex after intersystem crossing, either the enone or the olefin can be an antarafacial
component. In fact, the reaction ofcyclopentenones with cyclohexenes' Bo) and that of bicyclic
enones with cyclohexenes.P'" where the enones are geometrically such that it is difficult or
impossible to adopt transconfiguration, afford the cyclobutanes having trans-stereochemistry
at the olefin component.

Interpretations of Stereochemical Results in Enone-Olefin Pairs
By adopting the above three assumptions, the stereochemical results of the enone-olefin

photoannelations can be well interpreted. For the dioxopyrroline-t Z)- and (E)-d-styrene
pairs, the product distribution can be explained as shown in Chart 7. The endo-complex 7
should be more favored than the exo-complex 8 as the oriented transition state formed from
an encounter complex, because it has the least steric hindrance at the endo face and because of
an orbital overlapping effect between the electron deficient dioxopyrroline ring and phenyl
group, although the exo-complex 8 is not much less favored, because of phenyl-phenyl n-n
overlapping. These product are assumed to be formed in a ratio of 6; 4. From the favored
endo-complex 7, the first C--C bond formation occurs suprafacially at C

el
, then the following

bond formation at e'l with antara-selectivity fa give the exo-adduct 4a with 8-foId preference
over Sb, while from the less favored exo-complex 8, supra-selective addition at ell gives the
exo-adduct 4b with 8-fold preference over Sa. The exo-selectivity observed in l-butene,
butadienes, and phenylthioethylene!' can be similarly rationalized in terms of the supra-

0, COOEt
C l3-antara

Ph~Et04> 8
Ph I 0

I I N ph
I I I C 4a (53 ~)H" H (1

6 HZD supra

ph DeS:<, 0
(!IU/II -exclplex 7

c
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- sup ra
" NPh ph Ii

PhXH 5b (7 %)
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o H
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EtO~
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I N a 41> (36 %)

~
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I H

Ph COOEt
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, 0

Ph' I

Ph H

Sa (II fl.)

Chart 7. Interpretation of the Stereochemical Results of the Photocycloaddition
Reaction of J to (Z)-d-Styrene in Tenus of the Stereo-Selection Rule
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selective addition at C, and antara-selective addition at Cp from the favored endo-complex.
For those pairs, inversion always occurs at the olefin component, since the enone component
can not invert its configuration due to the great strain of the five membered ring system.

Another explanation may be possible for this styrene addition; that is, either the 1,4
biradical 9 or 10 formed from the endo or exo-complex comes into rotational equilibrium to
give the phenyl exo-oriented product 4Z (4£) with 8-fold preference over 52 (5£) due to a
phenyl-phenyl attractive interaction which produces a parallel array of the two phenyl
groups. This mechanism can explain the exo-selectivity observed with butadiene, in which
phenyl-vinyl attractive interaction is expected to operate in the biradical, leading to the exo
adduct 2. However, this idea provides no basis for explaining the exo-selectivityobserved with
l-butene and phenylthioethylene.

endo -exciplex

1 +

6
7

Etoo~

------ Ph-4~~o----I

H ~D
--:<::Ph

9

B
4a

5b

4b

4
8

exo -excipJex
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0----1

5a

Chart 8. Attempted Interpretation of the Stereochemical Results of the
Photocycloaddition Reaction of 1 to (Z)-d-Styrene in Terms of Rotational
Equilibration of the Intermediate l,4-Biradical
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Chart 9. Photocycloaddition Reaction of 1 to Cyclopentadiene (after Tsuda et al.l31
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endo-Selectivity of the olefins carrying an O-substituene) can be explained by considering
that the pair is very polar, because the electron rich O-substituent and the dioxopyrroline ring
are expected to have strong attractive interactions. Thus, the endo-adduct 3 is formed supra
selectively from the favored endo-complex. An alternative explanation is that the intermediate
formed from these pairs is a long lived biradical, so that the product is the thermodynamically
more stable endo-isomer 3. If we take this approach, the more stereo-selective addition of
isopropenyl acetate (endo-O: exo-O = 6 : I) in contrast to the thermodynamic equilibration
tendo-O: exo-O =2: 3)1) in the above product is still to be explained. The intermediate from
phenylthioethylene should be a similarly long-lived biradical. However, the result is different.
Consequently, we can predict that as the polarity of the enone-olefin pair increases, the
formation of the endo-adduct becomes preferred. In fact, ethoxyethylene affords the endo-
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Chart 10. Interpretation of Loutfy and de Mayo's Results in Terms of the Stereo-
Selection Rule
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adduct 3 in lO-fold excess, while phenylthioethylene affords the exo-adduct 2 in 1.5-fold
excess. The polarity of the latter pair is not as large as that of the former pair. In accordance
with this interpretation a I, l-disubstituted olefin carrying the O-tetramethylsilane (0-TMS)
group exclusively afforded the endo-O adduct.'?'

We have previously reported'?' that the photoaddition of 1 to cyclopentadiene gave the
dihydropyridone 11 as a major product, together with a cyclobutane 1221) and a hydroindole
13 (Chart 9). This implies the intermediary formation of the unstable trans-fused cyclobutane
1422) as a result of antarafacial addition of the cyclopentadiene component. This highly
strained species would undergo. 1,3-shift (either photochemically or thermally) of the C1-C7

bond, followed by cheletropic loss of CO to afford 11. Cyclopentene and indene also gave this
type of photoadduct as a major product.P!

The above assumptions also give a reasonable explanation for the results of Loutfy and
de Mayo (Chart 10).9) The cyclopentenone-czs- and trnas- dichloroethylene pairs are
considered to be polar. The favored oriented IT-complexes formed from these pairs are those
of 15 and 17, where one chlorine atom is close to the carbonyl group, since the dipole-dipole
interaction between C = 0 of the excited enone and C-Cl of the ground state olefin should be
attractive. The product distributions indicate that the ratio of favored to less favored
complexes (15(16 and 17/18) is 7/3 in both reactions. The first C-C bond formation occurs
supra-selectively at Cp in all complexes, since both termini of the olefin are substituted by the
same group. In cis-diehloroethylene the favored complex 15 yields cyclobutanes 19 and 20
with antara-selective coupling (2.6 times) at the z-position, while the less favored complex 16
gives 21 and 22 with supra-selective coupling (1.7 times) at the z-position. In the case of trans
dichloroethylene, 17 and 18 similarly form cyclobutanes with an tara- (21/22=2.3) and supra
selectivity (19/20 = 3.1) at Ca , respectively.

The stereo-selection rule that we proposed here seems to work reliably for predicting the
stereochemistry of [2+2] photocycloaddition of enone-olefin pairs. Although there are some
exceptions.l'P'" many examples hitherto reported in the literature, i.e. the exo- or endo
selectivity in photo-cycloaddition of cyclic enones to monosubstituted oIetins,13.23) the trans
addition of cyclohexenes to cyclopentcnones'f":" and the trans addition of cyclohexenones to
cyclopentenes." can be rationalized in terms of this rule. However, we have to emphasize that
at the present stage this rule is an empirical one, for which a theoretical background is
awaited.

Experimental

Unless otherwise stated, the following procedures were adopted. Melting points were taken on a Yanagimoto
micro hot-stage apparatus, and are uncorrected. Infrared (lR) spectra were taken in NujoJ mulls with a Hitachi 260
10 spectrometer and are given in cm- I. Ultraviolet (UV) spectra were recorded in dioxane with a Hitachi 200-10
spectrophotometer. 1H-NMR (100 MHz) spectra were taken in CDCI) solution with TMS as an internal standard on
a lEOL FX-IOO spectrometer. High-resolution mass spectra eMS) were recorded on a JEOL JMS-D300 mass
spectrometer. For column chromatography, silica gel (Wake-gel C-200) was used. Thin layer chromatography (TLC)
was performed on precoated Silica gel 60 F254- plates (Merck). The photolysis solution was irradiated internally using
a 300 W high-pressure mercury lamp (Eikosha Halos PIH 300) with a Pyrex filter.
The Photocycloaddition of 1 to (Z)- and (E)-d-Styrene

(i) (Z)-d-8tyrene-----A solution of 1 (lg, 4mmol) and (Z)-d-styrene (J.3g, 12mmol) in dimethoxyethane
(DME) (300 ml) was irradiated for 45 min under ice cooling. The residue obtained by evaporation of the solvent was
crystallized from CH2CI2-Et20 to give 42. Chromatography of the mother liquor over Si02 in CH 2C12 and
crystallization of the eluate from CH 2CI2-Et20 gave another crop of 42 and 52.

42: Yield 310mg, 22%. colorless prisms, mp 215-223°C. IR: 1765, 1740sh, 1720. IH-NMR ti: 0,63 (3H, t, J=
7Hz, COOCH2CH3 ) , 2.68 (OAH. d, J=lOHz, C6-H), 3.53 (0.6H, d, J=lOHz, C6-H), 3.73 (2H, q, J=7Hz.
COOCH2CH3) . 4.19 (lH, d, J= 10 Hz. C,-H), 7.1 (IOH. m, Ar-H). MS mlz: M + Calcd for C21H1SDN04 350.1377.
Found: 350.1372.

52: Yield 43mg, 3%, colorless prisms, mp 173-185 -c. IR: 3310, 1765,1735,1710. IH-NMR ti: 0.72 (3H, t, J=
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7Hz. COOCHlCH3) . 2.48 (OAH, d. J=9Hz, C6-H), 3.36 (O.6H, d, J==9Hz, C6-H), 3.78 (2H, q, J=7Hz,
COOCH1CH3) , 4.83 (I H. d. J = 9 Hz, C7-H). 7.0-7.5 (I OH. m, Ar-H). MS mlz: M + Calcd for C:u H'RDN04

350.1378. Found: 350.1415.
(Ii) (E)-d-8tyrene--A solution of 1 (I g. 4010101) and (E)-d-styrene (1.3g, 12mmol) in DME (300ml) was

irradiated as above. Work-up as above gave 4£ and 5£.
4£: Yield 570mg. 40~~, colorless prisms. mp 213-223"C, 'H-NMR (5: 0.63 (3H, t• .I=7Hz. COOCH2CH3 ) .

2.68 (0.6H. d. J= 10Hz, C(,-H). 3.53 (OAH, d. .1= 10Hz, Co-H), 3.73 (2H, q, ./ =7 Hz. COOCH2CH.,), 4.19 (I H. d,
J=10Hz, C1-H), 7.1 (lOH, Ill. Ar-H).

5£: Yield 57 rng, 4'/;', colorless prisms, mp 173-185 "e. IH-NMR (~: 0.72 (3H. r. J= 7Hz, COOCH2Cl'! 3)' 2.48
(O.6H, d, J=9 Hz. Ct>-H), 3.36 (O.4H, d. J=9Hz, Ch-H), 3.78 (2H, q. J=7Hz, COOCH2CH3) , 4.83 (lH. d.J=9 Hz.
C7-H), 7.0--7.5 (lOH, 01, Ar-H).

Photocycloaddition of 1 to d-Phenylacetylene---A solution of ] (l g, 4mmol) and d-phenylacctylcne (1.3 g,
12mmol) in DME (300 ml) was irradiated for 45 min under icc cooling. After evaporation of the solvent, the residue
in CH 2C12 was chromatographed over SiOl to give rel-(1 S,5R)-6-deutero-5-ethoxycarbonyl-I,7-diphenyl-2
azabicyclo[3.2.0]hept-6-ene-3,4-dione 6 (200mg, 14~';') as pale yellow prisms from CH1CI1-Et20 , mp 165--175''C.
lR: 1770. 1740, 1710. lH-NMR (5: 0.79 (3H, t, J=7Hz, COOC2CH3 ) , 3.73 (2H. q, J=7Hz, COOCH2CH.,), 7,27
(5H, hI'S, aromatic-H), 7.31 (5H. hI'S. Ar-H). UV Amux nrn (s): 253 (15900). MS mlz: M+ Calcd for C'2,H It,DN04

348. \220. Found: 34H.1267.
Catalytic Hydrogenation ()f6---The deutcrated cyclobutene 6 (700 mg) in EtOH (40 ml) was hydrogenated over

10% Pd-C under 4.2 atmospheres pressure for 3It at room temperature. The product in CH1CI2 was passed through a
short column of Si02 and recrystallized from CH 2Clr McOH to give rel-t, IS,5R,6R, 7R)-6-deutero-5-ethoxycarbonyl
I;7-diphenyl-2-azabicyclo[3.2.0]heptanc-3,4-dione 4b (450 mg, 6.3~';') as colorless prisms. mp 200-212 -c. IR: 1765,
1740sh, 1720. IH-NMR 6: 0.63 (3H. t• .1= 7 Hz, COOCH2CH 3) . 2.68 (I H, d,./"" 10Hz, C6 -H). 3.73 (21-1, q, J = 7 Hz,
COOCH1CH3 ) . 4.19 (IH, d. J= 10Hz, C1-H), 7.1 (IOH, m, Ar-H). MS miz: M' Calcd forC2IH'RDN04 350.1377.
Found: 350.13H4.
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1,3·Dipolar Cycloaddition Reactions of Thiazolo[S,4-d]pyrimidine
I-Oxides with Acetylenic Esters Involving New Ring

Transformations of the Thiazole Nucleus1)
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The reaction of 2-(methoxycarbonyl)·4,6-dimethylthiazolo[5,4-d]pyrimidine-5,7(4H,6H)
dione l-oxide (1) with dimethyl acetylenedicarboxylate resulted in a new ring transformation of the
thiazole nucleus to give 5-[2-methoxalyl-l,2-bislmethoxyc"itrbonyJ )vinyJ]imino-I,3-dimethyl-6
thiobarbituric acid (4), 6,7-bis(methoxycarbonyl)·I,3-dimcthylpyrimido[4,5-b][I,4]thiazine-2,4-
(IH,3H)-dione (8), 6,7-his(methoxycarbonyl )-1 ,3-dimethylpyrrolo[3,2-d]pyrimidine-2,4(IH,3HJ
dione (9), and anhydro-2-[I-methoxalyl-l-(O-sudiummethoxycarbonyl)]methyl-4,6-dimethyl.
thiazolo[5,4-d]pyrimidine-5,7(4H,6HJ-dione hydroxide (11). Analogously, the reaction of 1 with
ethyl phenylpropiolate gave 5-[2-benzoyl-2-(ethoxycarbonyl l-l-fmethcxycarbonyl )vinyl]imino-I ,3
dirnethyl-o-thiobarbituric acid (22), 5-benzoyl-7-(ethoxycarbonyl)-6-(methoxycarbonyI)-I,3
dimethylpyrimido[4,5-h][1 ,4jthiazine·2,4( lH,3H)-dione (23), and 7-(ethoxycarbonyl)-6-(methoxy
carbonyl)-1,3-dimethylpyrrolo[3,2-d]pyrimidine-2,4(IH,3H j-dione (24). The structures of these
products were supported by their spectral [infrared (IR), mass (MS), ultraviolet (UV), proton
nuclear magnetic resonance eH-NM R) or carbon-I 3 nuclear magnetic resonance (13C-NMR)] data
or by single-crystal X-ray dilTraction analysis as well as by chemical transformations. The ring
transformation of the thiazo!e nucleus can be best explained by taking into account the initial
involvement of a 1,3-dipo[ar cycloaddition reaction.

Keywords--·thiazolo[S,4-d]pyrimidine l-oxide; acetylenic ester; 1,3-dipolar cycloaddition
reaction; ring transformation: pyrimido[4.5-hJ[I,4]thiazine; pyrrolo[3,Z-dJpyrimidine; crystal
structure

35

The l,3-dipolar cycloaddition reaction is a well known reaction for the construction of
heterocyclic systems and its usefulness is comparable to that of the Diels-Alder reaction for
the formation of carbocyclic systems." Although extensive studies have been carried out in
this area, the 1,3-dipoJar cycloaddition reactions of heterocyclic Nsoxides, particularly those
involving ring transformations, seem to be most important from the practical and mechanistic
viewpoints." As one such reaction, we have previously reported that the reaction of
pyrimido[5,4-e]-as-triazine 4-oxides with acetylenic esters resulted in the ring contraction of
the as-triazine moiety to yield a variety of pyrrolo[3,2-d]pyrirnidines (9-deazapurines)
depending on the dipolarophile and solvent employed, as well as on the substituent at position
3 of the starting material."

On the basis of these findings, we were interested in the reactions of thiazolo[5,4-d]
pyrimidine l-oxides with acetylenic esters as a logical extension, since this heteroaromatic
N-oxide system retains a conjugated x-system similar to that of the pyrimidotriazine N-oxide,
though the zr-electron deficient as-triazine nucleus is replaced by the z-electron excessive
thiazole nucleus. We present here a detailed account of synthetic and mechanistic aspects of
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the reactions of 2-(alkoxycarbonyl)-4,6-dimethylthiazolo[5,4-d}pyrimidine-5,7(4H,6H)-dione
l-oxides" with dimethyl acetylenedicarboxylate (DMAD) and ethyl phenylpropiolate (EPP)
as well as with diethyl acetylenedicarboxylate (DEAD), in which the thiazole nucleus
undergoes' various hitherto-unknown transformations such as ring expansion and opening.!)

Results and Discussion

As depicted in Chart 1, heating of 2-(methoxycarbonyI)-4,6-dimethylthiazolo[5,4-d}
pyrimidine-5,7(4H,6H)-dione I-oxide (1)5) with 2 eq of DMAD in MeOH for 7 h resulted in
the formation of five products, i.e., 6-thiobarbituric acid (4; 27%), pyrimido[4,5-b][1 ,4]thiazine
(8; 21%), pyrrolo[3,2-dlpyrimidine (9; 10%), and thiazolo[5,4-d]pyrimidine salt (11; 3%)
along with the deoxygenated starting material (12; 2%).6) Among these compounds, 4 and 9
were readily precipitated from the reaction solution, while 8 and 12 were obtained by
concentration of the filtrate, and 11 was isolated by column chromatography through
activated alumina with MeOH.

Analogously, brief treatment of 1 with DEAD afforded the corresponding 6-thiobar
bituric acid (13; 14%) and pyrrolo[3,2-d}pyrimidine (14; 26%), while the reaction of the
thiazolo[5,4-d}pyrimidine l-oxide (15)5) with DMAD gave the corresponding 6-thiobarbituric
acid (16; 29%), pyrimido[4,5-b][I,4]thiazine (17; 16%), and pyrrolo[3,2-d]pyrimidine (18;
12%).

The structures of 9 and 12 were confirmed by spectral (infrared: IR) comparison with the
respective authentic samples,4a.S) while those of others (4, 8, and 11) were supported by the
following evidence. Namely, compound 4 was estimated as a 6-thiobarbituric acid derivative,
particularly by the presence of an M + -44 ion (base peak) corresponding to the elimination
of the C=S fragment in the mass spectrum (MS)7) as well as by the observation ofa signal at
179.05 ppm assignable to the C = S carbon in the 13C nuclear magnetic resonance e3C-N M R)
spectrum (MezSO-d6 ) . As shown in Chart 2, the structure was confirmed by the facts that the

11

o COC02Me

)X~Me-N I rCO~MeaA J.LC02Me
~ S
Me

7 (when toluene)

1: R1=Me
15: R1=Et

13: RI=Me, R2=Et 17: RI=Et, R2=Me
16: Rl=Et, R2=Me

Chart 1

14: RI ==Me, R2=Et
18: RI==Et, R2=Me
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activated
alumina

Chart 2
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11

8

9

~

21

Chart 3

ring contraction of 4 occurred thermally under reflux in dimethylformamide (DMF) to give
the parabanic acid derivative (19; 24~~;.). Moreover, the presence of a 2~methoxalyl-I,2

bis(methoxycarbonyl)vinyl group was supported by the formation of the known 2
methylthiazolo(5,4-d]pyrimidine (20~ 87~,~YI' on hea ting with ethanolic HCl.9)

Compound 8 was assigned as a pyrimido[4,5-b][l,4]thiazine derivative on the basis of the
observation of an NH absorption at 3275 em -1 in the IR spectrum (Nujol), as well as the
presence of an M" - 32 ion (base peak), attributable to the elimination of sulfur to give the
pyrrolo[3,2-d]pyrimidine (9), in the MS. '

In fact, as expected from the main characteristic of 1,3-dialkylpyrimido[4,5-b]
[I ,4]thiazine-2,4(lH,3H)-diones, Ult refluxing of 8 in MeOH caused ring contraction accom
panied with desulfurization to give 9 (75/~) (Chart 3). Moreover, heating of 8 with
dimethylforrnamide dimethylacetal (DMFDMA) resulted in desulfurization and alkylation to
give the known 5-methylpyrrolo[3,2-d]pyrimidine (21: 74%)...".11 1 Theoretically, 8 could exist
in either 5-H or 7-H tautomeric form,12) but no signal arising from the 7-H form could be
observed in the lH-NMR spectrum (Me2SO-d(,) and the signal attributable to the 5-H proton
appeared at 9.13 ppm as a D20 exchangeable sharp singlet. The preference for 5-H form may
be due to the methoxycarbonyl group at position 7, since the 7-unsubstituted pyrimido[4,5-h]
[1,4]thiazines, which are closely related 10 8, have been reported to. exist in the 7-1-1
form.'?: 13) The predominance of 5-H form was also reported in the case of 2-(ethoxycar
bonyl)-3-methyl-4H-l ,4-benzothiazine. 14)

Although it was found that compound 11 could alternatively be obtained by the column
chromatography of 4 in 24~% yield, difficulties were encountered in the structural elucidation
of 11. For example, the 1H-NMR spectrum (Me2SO-dfi) only showed two sets of OMe and
N-Me groups, and the MS did not exhibit appreciable parent or fragment ions, probably
because of the low volatility of the compound. Therefore, a single-crystal X-ray diffraction
study was undertaken.

As depicted in Fig. 1, the ORTEp15) drawing of 11. indicated that the compound is an
unexpected sodium salt ofthiazolo[5,4-d]pyrimidine in which the sodium binds tothe oxygen
of an extranuclear methoxycarbonyl group. However, consideration of the planarity and
bond lengths of this molecule (shown in Fig. 2) did not rule out the possibility of additional
interaction between N(3) and/or 0(6) and sodium. The bonds N(7)-C(7a), C(3a)-C(4),
C(3a)-N(3), N(3)-C(2), C(2)-S(l), S(l)-C(7a), C(2)-C(8), and C(8)-C(9) were considered to
have double bond character, since the observed bond lengths are shorter than those expected
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Fig. 1. An ORTEP Drawing of 11 with Thermal Ellipsoids at the 50% Probability
Level

Fig. 2. Bond Angles and Bond Lengths of 11

for single bonds. The crystal data, final atomic parameters and equivalent thermal para
meters, and anisotropic thermal parameters are listed in Tables I, II, and III, respectively.

In order to elucidate the mechanism of this reaction, we also investigated the influence of
reaction solvent. Refluxing of 1 with OMAO in the presence of aqueous MeOH for 1h caused
a marked improvement in the yieldof8 (56%), and when the reaction period was prolonged to
10h, the yield of 9 increased to 71%, apparently via the thermal desulfurization of 8 .as
described above. These findings suggested that a solvolytic process is involved in the
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Formula
Formula weight
Crystal system
Cell dimensions

Cell volume
Space group
Calculated density
Number of formula units

in the unit cell

CI3HI2N3Na07S
377.32
Monoclinic
a= 12.674 (I0)A
h= 15.101 (9) A
c= 14.738 (13)A
C(=90.03 (8)"
/J= 146.94 (5)"
')"= 89.99 (7)"
1538.7 (28)N
ri.«:
1.63 gcm-·I

2=4

a) Final refinement value: R= 0.0777 (the highest peak in the final difference Fourier was below
0.25e/k l

) .

TABLE n. Final Atomic Parameters (x 104 ) and Equivalent Thermal Parameters
with Estimated Standard Deviations in Parentheses

Atom x y : »;

S( I) 6765 (3) 4086 (2) 2154 (3) 2.35
Na 11676 (5) 4222 (3) 8227 (4) 2.82
C(2) n05 (13) 4449 (6) 3895 (11) 2.02
C(3a) 10074 (14) 3599 (6) 5117(11) 2.02
C(4) 11878 (13) 3130 (7) 6453 (11) 2.29
C(6) J097l (13) 2431 (7) 4332 (12) 2.44
('(7a) 8878 (14) 3484 (7) 3533 OJ) 2.68
C(8) 6S80 (13) 5035 (7) 3638 (II) 2.39
C(9) 7428 (13) 5381 (7) 50R6 (II) 2.50
C(10) 6951 (19) 6362 (9) 5986 (15) 4.99
C(ll) 4670 (13) 5289 (6) 2026 (II) 2.25
C(l2) 3325 (4) 5757 (7) 1663(11) 2.98
C(13) 1424 (20) 5761 (10) 1627 (19) 6.26
C(14) 13997 (14) 2032 (8) 7241 (13) 3.39
C(l5) 7949 (17) 285H (9) 1373 (12) 4.51
0(1) 8893 (10) 5J16 (6) 6504 (8) 4.19
0(2) 6456 (t 1) 6065 (5) 4730 (9) 4.28
0(3) 3910 (9) 4990 (5) 743 (7) 3.05
0(4) 2755 (12) 6486 (5) 1083 (10) 4.75
0(5) 2752 (II) 5281 (5) 1946 (10) 4.28
0(6) 13032 (9) 3220 (5) 7908 (7) 2.90

0(7) 11346 (9) /925 (5) 3999 (8) 3.17

N(3) 9421 (II) 4135 (6) 5317 (9) 2.65

N(5) 12177 (10) 2561 (6) 5948 (9) 2.37

N(7) 9310 (I2) 2940 (6) 3134 (10) 2.61

formation of 8. On the basis of this speculation, we- next examined the effect of an aprotic
solvent. Namely, heating of 1 with DMAD in toluene for 2h resulted in the isolation ofa new
product, 5-methoxalylpyrimido[4,5~b][1,4]thiazine (7), albeit in a low yield (9%), along with 8
(41 %). Compound 7 is highly susceptible to protic solvents, and heating of 7 in MeOH, for
example, led to the ready formation of 8. Because of its lability, the purification of 7 was not
successful. However, the spectral (IR and MS) similarity to the pyrimido[4,5-b][1,4]thiazine



40 Vol. 35 (1987)

TABLE III. Anisotropic Thermal Parameters (x 104) with Estimated
Standard Deviations in Parentheses

.Atorn #11 1322 /333 fJI2 PI3 (J2 3

S(J) 97 (5) 36 (I) 55 (4) 9 (2) 58 (4) -I (2)
Na 120 (8) 41 (2) 69 (6) -3 (4) 72 (7) -2 (3)
C(2) 113 (21) 27 (5) 77 (15) 14 (8) 82 (17) 5 (7)
C(3a) 96 (20) 25 (5) 65 (15) 4 (8) 65 (16) 0 (7)
C(4) 119 (22) 32 (5) 75 (16) -9 (9) 82 (18) -6 (7)
C(6) 118 (22) 27 (5) 92 (16) -8 (9) 85 (18) -2 (7)
C(7a) 107 (22) 38 (6) 59 (15) 2 (9) 60 (17) -3 (8)
C(8) 113 (22) 29 (5) 83 (16) -3 (9) 79 (17) -2 (8)
C(9) 121 (22) 36 (5) 101 (17) -28 (9) 99 (18) -24 (8)
C(10) 318 (38) 64 (8) 17I (24) -1 (14) 209 (28) -30 (II)
C(ll) 117 (22) 28 (5) 66 (15) -17 (8) 73 (17) -12 (7)
C(12) 112 (23) 46 (6) 69 (16) 12 (10) 67 (18) II (8)
C(13) 318 (41) 73 (9) 348 (37) 33 (16) 308 (37) I (15)
C(14) 146 (26) 43 (6) 111(19) 26 (10) 102 (21) 6 (9)
C(15) 222 (31) 70 (8) 47 (17) 40 (13) 89 (21) 6 (9)

00) 185 (18) 68 (5) 80 (12) 44 (8) 99 (14) 12 (6)
0(2) 221 (20) 51 (5) 121 (13) 30 (8) (33 (15) -7 (6)
0(3) 108 (15) 43 (4) 77 (II) 7 (6) 67 (12) - 6 (5)
0(4) 308 (24) 47 (5) 197 (17) 54 (9) 215 (19) 40 (7)
0(5) 195 (19) 51 (5) 1% (16) 23 (8) 171 (16) 21 (7)
0(6) 114 (15) 43 (4) 66 (II) 8 (7) 67 (12) 4 (5)
0(7) 159 (17) 39 (4) 91 (12) 18 (7) 97 (13) -I (5)
N(3) 121 (18) 38 (4) 70 (13) 13 (8) 75 (14) 7 (6)
N(5) 79 (17) 40 (5) 51 (12) 5 (7) 48 (13) -I (6)
N(7) 161 (20) 33 (4) 89 (13) 8 (8) 106 (15) -2 (6)

(23) (vide tnfra), particularly the occurrence of a intense M + -87 ion due to the loss of a
methoxalyl radical and the absence of an NH absorption, supported the indicated structure.

On the basis of these findings, we assumed that the reaction proceeds through the
mechanism shown in Chart 4. Namely, the reaction of I with DMAD would produce the
adduct (2) by 1,3-dipolar cycloaddition. The cleavage of the isoxazoline ring accompanied
with C-S bond fission of 216 ) to 3, and subsequent disproportionation by either path a 17) or b
would yield 5 and 4, respectively. The cleavage of the cyclopropane ring of 5 to give 6,
followed by 1,2-migration of the methoxalyl group to 7. and subsequent liberation of the
methoxalyl group by the action of the pro tic solvent would yield 8. Thus formed 8 would then
undergo desulfurization to give 9 as a final product. Presumably, the last step can he regarded
as stabilization by the transformation of the formally anti-aromatic l,4-thiazine ring into the
formally aromatic pyrrole ring. The anti-aromatic character of the 1,4-thiazine nucleus has
been reported in certain pyrimido[4,S-b][1,4]thiazinesPI The formation of 12 would proceed
by the thermal deoxygenation of I.2

e) In contrast to these products, the formation of the salt
(11) is apparently an artifact arising during the purification on activated alumina, as observed
in the column chromatography of 4, giving 11_ The reaction presumably proceeds through the
initial cyclization to 10, followed by liberation of the methoxycarbonyl group, and subsequent
salt formation by the action of Na + present in the alumina. Peculiar salt formation of this
type has also been reported recently on the silica gel column chromatography ofcertain 1,2,4
triazines.l'"

In order to support the mechanism shown in Chart 4, we have also investigated the
reaction of I with EPP, which can be considered as a less reactive dipolarophile than DMAD.
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Namely, as depicted in Chart 5, healing of I with 2 eq of EPP in EtOH [or 10h gave the 6
thiobarbituric acid (22; 5~/;'), pyrimido[4,5~hJ[1 ,4Jthiazine (23; 3()~·~), and pyrrolo[3,2-d]
pyrimidine (24; trace) along with the deoxygenated starting material (12; trace). In contrast
to 7, compound 23 was stable enough to permit recrystallization, even from protic solvents.

The structure of22 was supported by the presence ofan M + -44 ion in the MS and by its
conversion to 20 as in the case of 4, while that of 24 was corroborated by the spectral (IR and
MS) resemblance to 9. On the other hand, the structure of23 was deduced from the following
evidence. Namely, the IR spectrum (Nujol) lacked an NH absorption and the MS showed a
strong M + -105 fragment ion attributable to the liberation of a benzoyl radical. Moreover,
the 13C~NMR spectrum (Me2SO-d6) showed a signal at 188.6ppm which is attributable to
a carbonyl carbon of the benzamide structure. The successful isolation of 23 supported the
validity of the proposed mechanism (Chart 4).

Experimental

Melting points were taken on a Yanaco micro-hot-stage melting point apparatus and are uncorrected. JR spectra
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TABLE IV. Analytical Data

Compd.
Calcd (%) Found (%)

Formula
No.

C H N C H N

4 CisH1SN309S 43.58 3.66 10.17 43.50 3.63 10.19
8 C12H13N306S 44.03 4.01 12.84 44.23 4.00 12.57

11 CI'3H12NJNa07S 41.38 3.21 11.14 41.58 3.16 11.15
13 C17Hl9NJ09S 46.25 4.35 9.52 46.53 4.39 9.47
16 CI6H17N3O"S 44.96 4.02 9.83 44.81 3.92 9.71
17 C13HlSNJ06S 45.73 4.43 12.31 45.50 4.35 12.17
18 CIJHISN306 50.48 4.89 13.59 50.37 4.75 13.73
19 CI4HlSN309"J 44.44 4.27 11.11 44.83 3.97 11.35
20 CgHgNJ02S 45.48 4.30 19.89 45.66 4.26 20.02
22 C20Hl9NJ07S 53.92 4.31 9.43 53.88 4.35 9.67
23 C20H19NJ07S 53.92 4.31 9.43 53.66 4.21 9.43
24 ClJH1SNJOo 50.48 4.90 13.59 50.47 4.87 13.56

a) As a hemihydrate.

were recorded on a lASCO A-IOO spectrophotometer from samples mulled in Nujol. IH-NMR spectra were
determined at 90 MHz with a Varian EM-390 spectrometer with tetramethy!silane as an internal standard and 13C_
NMR spectra were measured on a lEOL lMS-PS-IOO spectrometer by using tetramethylsilane as an internal
standard. Ultraviolet (UV) spectra were obtained on a Hitachi 124 spectrophotometer in EtOH. The molecular
weights of all compounds were confirmed by mass spectroscopy with a lEOL lMS 0-300 spectrometer with a direct
inlet system at 70eV. Elemental analyses (C, H, and N) for all new compounds were in agreement with the assigned
structures to within±O.4% as shown in Table IV.

Reaction of 1 with DMAD in MeOH--A mixture of 2-(methoxycarbonyl)-4,6-dimethylthiazolo[5,4-d]
pyrimidine-5,7(4H,6H)-dione l-oxide (I)S) (0.542g, 0.002mol) and OMAO (0.568g, 0.004mol) in MeOH (l Oml)
was refluxed for 7 h, then left to stand overnight at room temperature. The precipitates were filtered olf and the
products were separated into three parts depending on the color and shape of crystals.

The pale yellow powder was recrystallized from EtOH to give 5-[2-methoxalyl-I,2-bis(methoxycarbonyl)
vinyIJimino-I.3-dimethyl-6-thiobarbituric acid (4: 0.227 g, 27%), as colorless prisms, mp 194--196 "c. lH-NMR
(Me2SO-d6) c5: 3.28 (s, 3H, Me), 3.55 (s, 3H, Me), 3.87 (5, 3H, Me), 3.92 (s, 3H, Me), 4.00 (s, 3H, Me). UV Amux nm
(loge); 280 (3.65), 345 (4.33). MS mlz: 413 (M+), 369 (M+ -C=S).

The off-white crystals were recrystallized from EtOH to give 6,7-bis(methoxyearbonyl)-1,3-dimethylpyrrolo[3,2
d]pyrimidine-2,4(IH,3H)-dione (9: 0.06g, 10%) as colorless needles, mp 248-249 "C. This product was identical
with an authentic sample by the reaction of fervenulin 4-oxide with OMAO in EtOH.41l)

The pale yellow globules (trace) were identified as sulfur from the IR spectrum.
The filtrate after removal of 4, 9, and sulfur was evaporated in vacuo and the residue was covered with MeOH

(5 ml). The insoluble violet crystals were recrystallized from EtOAe to give 6,7-bis(methoxycarbonyl)-1 ,3
dimethylpyrimido[4,5-bJ[I,4Jthiazine-2,4(1H,3H)-dione (8: 0.135 g, 21~~) as violet needles, rnp 168---169"C. IH
NMR (Me2SO-d6) £5; 3.13 (s, 3H, Me), 3.26 (s, 3H, Me), 3.59 (s, 3H, Me), 3.70 (s, 3H, Me), 9.13 (s, 1H, NH, 0 20
exchangeable). UV Amoxnm (loge): 258 (3.89), 313 (3.89), 370 (3.43). MS mlz: 327 (M+), 295 (M+ -S).

The filtrate after removal of 8 was again evaporated in vacuo and the residue was eovered with MeOH (5 ml), The
insoluble material was filtered off and recrystallized from EtOH to give 2-(methoxycarbonyl)-4,6-dimethylthiazolo
[5,4-dJpyrimidine-5,7(4H,6H)-dione (12: 0.008g. 2%) as colorless needles. This product was identical with an
authentic sarnple.I'

The filtrate was evaporated in vacuo and the residue was chromatographed through activated alumina using
MeOH as an eluent. The eluate (ca. 50 ml) was evaporated in vacuo and the resulting residue was recrystallized
from MeOH to give anhydro-2-[I-methoxalyl-I-(O-sodiummethoxycarbonyl)Jmethyl-4,6-dimethylthiazolo[5,4-dJpy_
rimidine-5,7(4H,6H).dione hydroxide (11: 0;023g, 3%) as colorless prisms, mp >300°C. IH-NMR (MezSO-d6) £5:
3.28 (5, 3H, Me), 3.50 (s, 3H, Me), 3.57 (s, 3H, Me), 3.68 (s, 3H. Me), UV Am•• nm (loge): 322.5 (5.08), 282.5
(4.88).

4-[2.Methoxalyl-l.2.bis(methoxycarbonyl)vinyl]imin~I,3-dimethylparabanic Acid (19)--A solution of 4
(0.08g, 0.00019mol) in DMF (1.5ml) was refiuxed for 2h. The reaction mixture was evaporated in vacuo and the
residue was covered with EtOH. The insoluble material was filtered off and reerystallized from MeOH to give 19
(0.OI7g, 24%), mp 267-268°C. MS mjz: 369 (M+).
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2,4,6-TrimethylthiazoJo[S,4-d]pyrimidine-5,1(4H,6H)-dione (20)--A suspension of 4 (0.124g, 0.0003 mol) in a
mixture of IN HCI (Sml) and EtOH (S ml) was refluxed for 10h. The reaction mixture was evaporated in vacuo and
the residue was covered with EtOH. The insoluble material was filtered off and recrystallized from EtOH to give 20
(O.055g. 87·%)81 as colorless needles, mp 202-203 ~C. IH-NMR (MezSO-d6) D: 2.63 (s, 3H, Me), 3.21 (s, 3H, Me),
3.43 (s, 3H, Me). MS mjz: 211 (M+).

Similar treatment of 22 (0.128 g. 0.0003 mol) in a mixture of 1N HCI and EtOH gave 20 (0.047 g, 75%).
Conversion of 8 to 9--A suspension of 8 (0.327 g, 0.001 mol) in MeO H (5 ml) was refluxed for 3 h and the

reaction mixture was evaporated in vacuo. The residue was recrystallized from EtOH to give 9 (0.22 g, 75%) as
colorless needles, mp 248-249 "C. This product was identical with an authentic sample.?"

6,7-Bis(methoxycarbonyl)-J,3,5-trimethylpyrrolo[3,2-tljpyrimidine-2,4(IH,3H)-dione (21)--A mixture of 8
(0.327g, 0.001 mol) and DMFDMA (2ml) was heated at 95"C for I h and the reaction mixture was evaporated in
vacuo. The residue was recrystallized from EtOH to give 21 (0.229g. 74%), mp 149-150 Q C. This product was
identical with an authentic sample.?"

Column Chromatography of 4--A CHCI3 solution of 4 (0.083 g, 0.002 mol) was chromatographed through
activated alumina 14) with MeOH. The eluate (ca. 50ml) was collected and evaporated in vacuo. The resulting residue
was recrystallized from MeOH to give 11 (0.018 g, 24%). This product was identical with the sample obtained by the
reaction of 1 with DMAD.

Reaction of 1 with OMAD in Aqueous MeOH--A mixture of 1 (0.271 g, 0.001 mol) and DMAD (O.J42g,
0.001 mol) in MeOH (3 ml) containing H20 (0.05 ml) was refluxed for 8 h. After cooling, the precipitates were filtered
off and recrystallized from EtOAc to give 8 (0.18 g, 56~~). This product was identical with the sample obtained by the
reaction of 1 with DMAD in McOH.

- When the reaction was carried out for 10h, 9 was obtained in 71~{, yield.
Reaction of 1 with DMAD in Teluene-c-e-A mixture of 1(0.136g, 0.0005 mol) and DMAD (0.071 g, O.OOOS mol) in

dry toluene (2 ml) was heated at 95 "C for 2 h. After cooling to the ambient temperature, the precipitates were filtered
off to give 5-methoxalyl-6,7-bis(methoxycarbonyl)-1.3-dimethyipyrimido[4,5-b][1 ,4]thiazine-2,4( 1H,311)-dione (7:
0.OI9g. 9%) as a yellow powder, mp 205--206 "C. MS mjz: 413 (M+), 326 (M+ -COCOzMe).

This compound is quite unstable toward various organic solvents, therefore, further purification could not be
achieved.

The filtrate after removal of 7 was evaporated in \'/:tCU(} and the residue was recrystallized from EtOAc to give 8
(0.067 g, 41~~). This product was identical with the sample obtained by the reaction of 1 with DMAD.

Reliction of 1 with DEAD--A mixture of 1 (0.27 I g, 0.00 I mol) and DEAD (0.34 g, 0.002 mol) in EtOH (15 ml)
was refluxed for 7 h. The reaction mixture was evaporated ill vacuo and the residue was covered with MeOH. The
insoluble material was filtered off and recrystallized from EtOH to give 5-[2-ethoxalyl-2-(ethoxycarbonyl)-I
(methoxycurbonyl)vinyl]imino-I,3-dimethyl-6-thiobarbituric acid (13: 0.06 g, 14j;,) as colorless needles, mp 170-
172"c. MS miz: 441 (M +), 397 (M + - C =8).

The filtrate after removal of 13 was again evaporated in VUCIIO and the residue wascovered with MeOH to obtain
the insoluble material. This operation was repeated 5 times and the resulting crystals were recrystallized from EtOH
to give 5-benzoyl-7-(ethoxycarbonylj-f-Imethoxycarbonyl)-1,3-dimethylpyrimido[4,5-h][1 ,4]thiazine-2,4(l H,3H)
of 1 with EPP.

Reaction of 1 with EPp··---A mixture of 1(0.271 g, n.OOI mol) and EPP (O.34H g. 0.002 mol) in EtOH (20 ml) was
refIuxed for 20h and the reaction mixture was evaporated in VIl/·1I0. The residue was recrystallized from EIOH to give
5-[2-benzoyl-2-(ethoxycul'bonyl)-I-(methoxycarbonyl)vinyl]imino-I ,3-dimethyl-6-thiobarbituric acid (22: 0.02 g, 5%)
as colorless needles. mp 205--206 "C. J H-NMR (Me2SO-dr.) I~: 1.03(t, 31-1, Me. 1:::= 7 Hz), 3.30 (s, 3H, Me), 3.54 (s,
3H, Me), 4.17 (q, 2H. CH z, J=7Hz), 7.52 (5, 5H, Ph). UV ..tnlRXnm (loge): 331 (4.59). MS mjz: 445 (M+), 401
(M+ -C=S).

The mother liquor of this recrystallization was evaporated in vacuoand the residue was recrystallized from EIOH
to give 5-benzoyl-7-(ethoxycarbonyl)-6-(mcthoxycarbonyl)-I, 3-dimcthylpyrimido[4, S-h][1,4]thiazine-2,4(1H,31/)
dione (23: 0.13g, 30~~) as yellow needles, mp 175--176'·C. IH-NMR (Me,2S0-d6) 8: 1.03 (t, 3H, Me, J=7Hz), 3.23
(s, 3H, Me), 3.78 (s, 3H, Me), 4.23 (q, 2H, CH~, J = 7 Hz), 7.33---·7.93(rn, 5H. Ph). UV Amax nm (log e): 366 (4.68), 256
(4.68). MS miz: 455 (M +), 350 (M + - COPh).

The filtrate was again evaporated ill vacuo and the residue was chromatographed through activated alumina with
CHCI 3 • The first eluate was collected and evaporated in vacuo to give a trace of 12, which was identical with an
authentic sample." The second eluate was similarly treated to give a trace of 7-(ethoxycarbonyl)-6-(rnethoxy
carbonyl)-1,3-dimethylpyrrolo[3,2-d]pyrimidlne-2,4(lH,3H}dione (24), which was identical with the sample ob
tained by the reaction of 1 with DEAD (vide infra).

Reaction of 15 with DMAD--A mixture of 2-(ethoxycarbonyl)-4,6-dimethylthiazolo[5,4-d]pyrimidine
5,7(4H.6H)-dione l-oxide (15: 0.57 g, 0.002 mol)S) and OMAD (0.284 g. 0.002 mol) in MeOH (5 ml) was refluxed for
2 h. After standing overnight at room temperature, the precipitates were filtered off and recrystallized from EtOH to
give 5-[1-(ethoxycarbonyl)-2-methoxalyl-2-(methoxycarbonyljvinyllimino-I,3-dimethyl-6-thiobarbituric acid (16:
0.245g. 29%) as colorless needles, rnp 173-175 QC. lH-NMR (Me2S0-d6) t5: 1.33 (t, 3H, Me, J=;6Hz), 3.25 (s, 3H,
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A

Me), 3.50 (s, 3H, Me), 3.82 (s, 3H, Me), 3.87 (s, 3H, Me), 4.39 (q, 2H, CH z, J = 6 Hz). MS 111/::: 427 (M +), 383
(M+ -C=S).

The filtrate after removal of 16 was evaporated in vacuo and the residue was covered with MeOH (3 ml). The
insoluble material was filtered off and recrystallized from EtOAc to give 6-(ethoxycarbonyl)-7-(methoxycarbonyl)-1 ,3
dimethylpyrimido[4,5-b][1 ,4]thiazine-2,4(l H,3H)-dione (17: 0.11 g, 16'j;;) as orange plates, I11p 173-175 "e. lH_
NMR (Me2SO-d6 ) (j: 1.23 (t, 3H, Me, J = 6 Hz), 3.13 (s, 3H, Me), 3.28 (s, 3H, Me), 3.60 (s, 3H, Me), 4.17 (q, 2H, CHz,
J=6 Hz), 9.13 (s, IH, NH, D2 0 exchangeable). MS mjz: 341 (M "), 309 (M + -S).

The filtrate after removal of 17was again evaporated ill \'acuo and the residue was recrystallized from EtOH to
give 6-(ethoxycarbonyl)-7-(methoxycarbonyl)-1 ,3-dimethylpyrrolo[3,2-d]pyrimidinc-2,4(1 H,3H)-dione (18: 0.075 g,

12~~) as colorless needles, mp 143-145 "C. IH-NMR (MezSO-d(,) ii: 1.30 «, 3H, Me, J = 6 Hz), 3.30 (s, 3H, Me), 3.37
(5, 3H, Me), 3.87 (5, JR, Me), 12.90 (br, IH, NH, D20 exchangeable). UV )'m;lx nm (loge): 228 (4.55),273 (4.27), 305
(4.20). MS 111/::': 309 (M +).

X-Ray Crystallographic Analysis of ll--A single crystal (colorless prism) of 11 was 'obtained by re
crystallization from MeOH. The crystal data, final atomic parameters and equivalent thermal parameters, and
anisotropic thermal parameters arc listed in Tables I, II, and III, respectively. The lattice constants and intensity data
were measured by using gruphite-monochrornated Mo K. radiation (lO.71070A) on a Rigaku AFC-5 four-circle
diffractometer at 293 K. A total of 2028 unique reflections with [IF" I> 3(1 F01)] were obtained by using the () - 20
scanning method with a 2IJ scan speed of 4 "/min up to 2lJ=45 ", The structure was solved by the direct method with
the MULTAN program'?' and refined by the block-matrix least squares method. The structure and bond lengths and
angles are shown in Figs. I and 2, respectively.i?' The contribution of H atoms was not considered in the ORTEP
drawing.

Acknowledgement We are indebted to Dr. K. Nagahara of Kitasato University 1'01' the J H- and DC-NMR
spectra and to Dr. K. Saito and Mr. H. Yamanaka of this school for the MS.
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A new triterpenoid saponin, gymnocladus saponin G (1), having a glycosyl rnonoterpene
carboxyl moiety and a 2-methylbutyloyl group, was isolated from the fruits of Gymnocladus
chinensis BAILLON. On the basis of chemical and physicochemical evidence, its structure was
characterized as 2fJ,23-dihydroxy-3-0-[fJ-D-xylopyranosyl-(1->2)-ct:-L-arabinopyranosyl-( t ->6)-fJ
D-glucopyranosyl]-21-0-{ (68 )-2-trans-2,6-di methyl-6-[3-0-(fJ-D-glucopyranosyl )-4-0-(2
methylbutyroyl )-IX-l.-arabinopyranosyloxy]-2,7-cctadienoyl}acacic acid 28-0-fJ-o-xylopyranosyl
(1-> 3)-,B-D-xylopyranosyl-(1-+4)-IX-L-rhamnopyranosyl-(1->2)-[IX-L-rhamnopyranosyl-( 1-...6 )]-fJ-o
glucopyranoside.

Keywords-Gymnocladus chinensis; Leguminosae; gyrnnocladus saponin G; 2f/,23-dihy
droxyacacic acid; triterpenoid; saponin; monoterpene glycoside

In previous papers,' -3) we reported the structure elucidations of two monoterpene
glycosides (2 and 3), and four triterpenoid saponins, gymnocladus sapon ins A (4), B (5), C (6)
and 0 (7), isolated from the fruits of Gymnocladus chinensis BAILLON. Compounds 4, 5 and 6
were 3-0~glycosidesof 2,B,23-dihydroxyacacic acid lactone (8), and 7 was a 3,2g-bisglycosidc
of 2,B,23-dihydroxyacacic acid (9), as shown in Chart 1. A new saponin, named gymnocladus
saponin G (1) has now been isolated from the most polar fraction of the same source, and
characterized as a 3,28-bisglycoside of 9, bearing a glycosyl monoterpene carboxylate as an
acyl side-chain, on the basis of carbon-IS nuclear magnetic resonance e3C-N M R) spectrom
etry and some chemical degradations.

Gymnocladus saponin G (1) was isolated from the crude saponin fraction by repeated
chromatography on silica gel columns, gel filtration on Sephadex LH20, and finally high
performance liquid chromatography (HPLC), as a white powder, ClOoH160053'H20, [a]f)6
_4.8°.

In the infrared (IR) spectrum (I680cm -1) and the ultraviolet (UV) spectrum ()'mnx

217 nm), the saponin G (1) showed the presence of a conjugated acyl group, and in the 13C_
NMR spectrum, 1 showed three singlet signals of carbonyl carbons at 0 176.7, 174.7 and
167.8, and four olefinic carbons at 0143.7, 142.2, 128.6 and 115.2, in addition to 0123.9 (C
12) and 143.3 (C-13). On acid hydrolysis of 1 with 10% H2S04 , 2,B,23-dihydroxyacacic acid
lactone (8)3) and four kinds of sugars, glucose, xylose, arbinose and rhamnose, were obtained
and identified by comparison with authentic samples.

On alkaline hydrolysis of 1 with 2% NaHC03 in ethanol, a partially deacylated
compound (10) was obtained as a white powder, C95H152052' 3H20, [0:]57 -23.2°. The IR
spectrum (1680cm- 1), the UV spectrum (A'rnax 216nm) and the 13C-NMR spectrum (signals at
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b 174.7 and 167.8 due to carbonyl carbons, and at b 144.0, 142.3, 128.5 and 115.1 due to
olefinic carbons) of 10 suggested the presence of a conjugated acyl group, which was not
hydrolysed under the conditions used.

On hydrolysis of 1 with 10% KOH in ethanol, two prosapogenins, (6) and (11), and a
monoterpene- glycoside (12) were obtained. The prosapogenin (6) was found to be identical
with gymnocladus saponin C,3) based on thin layer chromatography (TLC), IR and l3C_
NMR. In the 13C-NMR of 11, a signal assingned to carbonyl carbon at fJ 179.6 was found
instead of the signal due to the lactone group in 4,5 and 6, and the chemical shifts of the sugar
carbons and the A, B ring residue of the triterpene moiety closely resembled those of 6:')
Therefore, 6 is a cyclization product of 11. The sugar moiety at C-3 of the saponin G (1)
was also characterized as a fJ-D-xylopyranosyl-( I ~2)-a-L-arabinopyranosyl-(1-+6)-f3-D
glucopyranosyl group. The monoterpene glycoside (12) showed four olefinic carbons at
D144.0, 141.5, 129.6 and 115.0, and two anomeric carbons at D106.0 and 99.9 in the 13C_
NMR, and was identical with the deacyl monoterpene glycoside" obtained from 3 by alkaline
hydrolysis with 1%KOH.

On methylation by Hakomori's method;" 1 and 10 gave the same permethylate (13),
showing an absorption maximum at 212nm in the UV spectrum, and signals due to a terminal
olefin at b5.l3 (dd, J=18.0, 2.5 Hz), 5.20 (dd, J=I1.5, 2.5Hz) and 5.82 (dd, J=18.0,
11.5 Hz), and ten anomeric protons of sugars at 04.19 (d, J=7.5 Hz), 4.24 (d, J=7.5 Hz), 4.43
(d, J =6.5 Hz), 4.45 (d, J = 7.0 Hz), 4.54 (d,.l =3.5 Hz), 4.61 (d, J = 7.0 Hz), 4.69 (d, J =7.5 Hz,
4.83 (brs), 5.10 (brs) and 5.58 (d, J=7.0Hz) in the IH-NMR spectrum.

On reduction with lithium aluminum hydride (LiA1H-t-), 13 gave a mixture of a
monoterpene glycoside (14), a triterpene glycoside (15) and an oligosaccharide alcohol (16).
On the basis of spectral comparisons, the monoterpene glycoside (14) was shown to be
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identical with the permethylate of (6S)-2-trans-6-[,B-D-glucopyranosyl-(l--+3)-rx-L-arabino
pyranosyloxy]-2,6-dimethyl-2,7-octadienol, which was derived from the acid (3),2)

The triterpene glycoside (15) was methanolyzed with 2 N hydrogen chloride (HCl) in
methanol to afford methyl 2,3,4-tri-O-methyl-D-xylopyranoside, methyl 3,4-di-O-methyl-L
arabinopyranoside, methyl 2,3,4-tri-O-methyl-D-glucopyranoside and a triterpene alcohol
(17). The triterpene alcohol (17) was identical with an authentic sample of olean-l Z-ene
2p,16p,23-tri-O-methyl-3f3,21,B,28-triol (17) derived from the saponin D (7),1) on the basis of
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TABLE 1. lJC-NMR Chemical Shifts «(I) of the Triterpene Moiety and Sugars at C·3 in Pyridinc-ds"l

Carbon 11 to I1 r51O-11 I L1<5I-10 Carbon 11 10 ,1(510 - Jl U(5 1-10

44.0 44.0 (±O) 44.1 (+0.1) 26 17.6'} 17.5rl ( --0.1) 17.5"1 (±O)
2 70.4 70.4 (±O) 70.4 (±O) 27 27.3 27.2 (-D.l) 27.1 (-0.1)
3 83.3 83.5 (+0.2) S3,5 ( ±O) 28 179.6 174.7 174.7 (±O)
4 42.7 42.7 (± 0) 42.7 (±O) 29 30.0 29.2 ( -0.8) 29.1 ( -0.1)
5 47.61>1 47.5"1 (-0.1) 47.5"1 (±O) 30 IS.4 19.2 (+0.8) 19.2 UO)
6 18.0 18.2 ( +0.2) IIU (+0.1) glc
7 33.2 33.2 (± 0) 33.2 (±O) 1 105.6 105.6 aO) 105.6 (±O)
8 40;1l 40.2 (+ 0.2) 40.2 (±O) 2 75.4 75.4 (±O) 75.4 (± 0)
9 47.7~1 47.S"1 ( -1- O.! ) 47.7"1 (-0.1) .3 78.1 78. t (± 0) 78.1 (± 0)

10 36.9 37.0 (+0.1) 37.0 ( ±O) 4 71.6 71.6 ( to) 71.5 (-,0. t)
11 24.1 24.1 (±D) 24.1 aD) 5 75.9 76.0 (+D.I ) 75.9 (-0.1)
12 122.8 123.9 (+1.1) 123.9 (±O) 6 68.4 68.4 ( :t D) 68.3 (-O.ll
13 144.5 143.3 (-·1.2) 143.3 (±O) ara
14 42.2 42.2 (±O) 42.2 (±O) 101.6 101.5 ( ·-0.1) 101.5 (± 0)
15 35.8 35.9 (+ 0.1) 35.9 ( ±O) 2 79.3 79.4 (+O.!) 79.3 (-0.1)
16 73.6 73.4 (-0.2) 73.4 (±O) 3 72.2 72.2 (±O) 72.2 liO)
17 51.8 51.8 (± 0) 51.7 ( -0.1) 4 67.3 67.4 (+0.1) 67.3 (-0.1)
18 41.0 40.9 (-0.1) 40.S ( -.0.1) 5 63.6 63.6 (±O) 63.6 ( ±O)
19 48.5 47.9 r- 0.(1) 48.0 ( +0.1) xyl
20 36.7 35.4 ( -- 1.3) 35.3 ( -0.1) I 105.7 105.8 (+0.1) 105.7 ( -0.1)
21 74.7 77.0 (+2.6) 77.0 ( ±O) 2 75.0 75.0 (±D) 74.9 ( -- D.I)
22 41.8 36.4 ( .- 5.4) 36.5 (+0.1) 3 77.9 77.9 (±()) 77.9 (±O)
23 65.4 65.5 ( +0.1) 65.6 (+0.1) 4 70.8 70.7 (-0,]) 70.7 (t 0)
24 IS.O 15.0 ( ±O) 15.0 ( ±O) 5 67.0 67.0 (±O) 67.0 (to)
25 17.3" 17.3<') ( ±O) 17.3'·} (±O)

---- --.-.~--

II) Measured with TMS as an internal standard. at 75.0 MHz. "11 a Varian XL 300. h. r] Assignments may be interchanged in
each column.

TLC behavior, and IR and 1H-NMR spectral comparisons. These observations indicate the
position of the glycosyl monoterpene carboxylate group in the saponin G (l) to be C-21.

The 1H-N MR spectrum of the methylated oligosaccharide (16) showed four anomeric
protons at (54.59 Cd, J=S.OHz), 4.70 (d, J=:H.3Hz), 4.88 (d, .1=2.1 Hz) and 5.06 (d,.I=
3.2 Hz). On partial methanolysis of 16 with I N HCI in methanol, two oligosaccharides, 18 and
19 were obtained. In the 1H-NMR spectrum, 18 showed two signals of anomeric protons at
() 4.87 (d, J= 1.7Hz) and 5.08 (d, J = 1.6 Hz), and 19 showed three signals of anorneric protons
at ()4.67 (d, J=7.5Hz), 4.87 (d, J=1.5Hz) and 5.05 (d, J=1.5Hz). Comparisons ofTLC,
optical rotation, and IR and 1H-NMR spectra showed that 16, 18 and 19 were identical with
authentic samples obtained from gleditsia saponin C, which was isolated from the fruits of
Gleditsia japonicai" The oligosaccharide moiety at C-28 in the saponin G (1) was thus
characterized as j3-D-xylopyranosyl-( 1-+3H/-D-xylopyranosyl-( !-l-4)-et-L-rhamnopyranosyl
(l-2)-[a-L-rhamnopyranosyl-(l-76)]-{1-D-glucopyranosyl. It has been noted from the bio
genetic point of view that the saponin G (1) and gleditsia saponin C have the same sugar moie
ties, including configurations and sequences, at C-3 and C-28.

As shown in Tabies I and II, in the 13C-NMR spectrum of I, the signals assigned to the
triterpene moiety, and the oligosaccharide moieties at C-3 and C-28, were superimposable
with those of 10 within ± 0.1 ppm, except for the signals of the glycosy1ated monoterpene
moiety. The 13C-NMR spectrum of3 was very similar to those of the monoterpene glycoside
moiety of the saponin 0 (1). The signals attributable to C-3, C-4 and C-5 of the arabinose at
(j 83.9,69.1 and 66.6, respectively, in 10, were found to be shifted - 2.7, +2.6 and - 2.4 ppm,
respectively, in the saponin 0(1). The :five prominent signals at 8176.7, 41.2, 27.0, 11.5 and
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TABLE II. Carbon-13 NMR Chemical Shifts (0) of the Monoterpene Glycoside Moiety
and Sugars at C-28 in Pyridine-zz,"

Carbon 3' 0) 12 10 LJeS10-I2 1 .do 1-10 Carbon 10 1 LlOl-IO

C-28 glc

I 168.4 171.2 167.8 (-3.4) 167.8 (±O) I 95.0 95.0 C±O)

2 127.7 129.6 128.5 (- 1.1) 128.6 (+0.1) 2 78.9 78.9 (±O)

3 143.0 141.5 142.3 (+0.8) 142.2 (-0.1) 3 77.8 77.9 (+0.1)
4 23.6 23.7 23.6 (-0.1) 23.6 (±O) 4 71.3 71.4 (+0.1)
5 40.3 40.6 40.4 (-0.2) 40.3 (-0.1) 5 76.6 76.5(-0.1)

6 79.8 79.7 79.7 (±O) 79.9 (+0.2) 6 66.8 66.8 (±O)

7 143.0 144.0 144.0 (±O) 143.7 (-0.3) rham
8 115.2 115.0 115.1 (+0.1) 115.2 ( + 0.1) I 101.4 101,4 C±O)

9 12,4 12.9 12.7 (-0.2) 12.7 (±O) 2 71.7 71.8 C+0.1)
10 23.7 23.7 23.7 (±O) 23.7 (±O) 3 72,4 72,4 (±O)

ara 4 84.1 84.1 (±O)
I 99.7 99.9 99.9 (±O) 99.8 (-0.1) 5 68.3 68.2 (-0.1)

2 71.7 71.5 71.5 (±O) 71.7(+0.2) 6 18.6 18.6 (±O)

3 81.4 84.0 83.9 (-0.1) 81.2 (-2.7) xyl
4' 71.6 69.1 69.1 (+0) 71.7 (+2.6) I 106.3 106.2 ( - 0.1)
5 64.1 66.6 66.6 (+0) 64.2 (-2.4) 2 75.0 74.9 (-0.1)

glc 3 87.7 87.7 (±O)

1 106.1 106.0 106.0 (±O) 106.1 (+0.1) 4 68.9 68.9 (±O)

2 75.5 75.6 75.6 (±O) 75.6 (±O) 5 67.1 67.1 (±O)

3 78,4 78.6 78.5 (-0.1) 78.3 (-0.2) xyl
4' 71.5 71.5 71.5 (±O) 71.6 (+0.1) I 105.9 106.0 (+0.1)

5 78.2 78.2 78.2 (±O) 78.2 (±D) 2 75.1 75.1 (±O)

6 62.9 62.6 62.6 (±O) 63.0 (+0.4) 3 78.1 78.1 (±O)

2-Methylbutyroy1 4 70.7 70.7 (±O)

1 176.7 176.6 5 67.3 67.2 (-0.1)

2 41.2 41.2 rham
3 27.0 27.0 I 102.0 101.9 (-0.1)
4 11.5 11.5 2 72.0 72.0 (±O)

5 16.5 16.5 3 72.6 72.6 (± 0)

4 73.9 73.9 (±O)
5 69.6 69.6 (±O)

6 18.6 18.6 (±O)

a) Measured with TMS as an internal standard, at 75.0 MHz, 011 a Varian XL 300. b) Methyl ester of 3 (diazomethnne).

16.6 in 1 correspond to the 2-methylbutyroyl group of 3.2 ) On the basis of the acylation shift
rule," it was concluded that the 2-methylbutyroyl group was located at C-4 of the arabinose,
as in 3.

Based on all of the above results, the structure of gymnocladus saponin G (1) was
characterized as 2f3 ,23-diaydroxy-3-0-[!3-D-xylopyranosyl-( I -+2)-0:-L-arabinopyranosyl
(1-+ 6)-!3-D-glucopyranosyI}21-0-{ (6S)-2~trans-2,6-dimethyl-6-[3-0-(!3-D-glucopyranosy1)
4-0-(2-methylbutyroylj-«-L-ara binopyranosyloxy]-2,7-octadienoy1}acacic acid 28-0-[3
D-xylopyranosyl-(l ~3)-!3-D-xylopyranosyl-(l-+4)-0:-L-rhamnopyranosyl-(1-+2)-[0:-L
rhamnopyranosyl-(1-+6)]-j3-D-glucopyranoside.

Experimental

Unless otherwise stated, IH-NMR spectra were measured on a Varian XL-300 NMR spectrometer in CDCl3 at
300 MHz with tetramethylsilane (TMS) as an internal standard. UV spectra were measured on a Shimadzu UV 240
spectrometer in 95% EtOH. HPLC were carried out on u-Bondepak C-18 (Waters Ltd.), 7.8 mm x 30cm. solvent flow
rate 1.6mljmin. Conditions of TLC and gas liquid chromatography (GLC) for identification of methylated
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monosaccharides were reported in the previous papers.3.5)

Purification and Properties of Gymnocladus Saponin G (1)----The crude saponin fraction" was chromatograph
ed repeatedly on silica gel columns with CHCI3 : MeOH: H20 == 65: 35: 10 (lower layer). The major fraction was
subjected to gel filtration on Sephadex LH20 with MeOH, and purified by preparative HPLC with MeOH: H20 ==
68; 32 to afford 1 as a hygroscopic white powder (Yield: O.OI5~;; from the dried fruits). [0:]57

- 4.8 0 (c= 1.20, ML{)H).
IR l'~>~~cm-l: 3400-3600 (OH). 1680. \730 (COOR). UV A.~;I~llnm (e): 217 (18000). 13C-NMR: Tables I and If.
AIlUl, Culcd for CluoH((IUO~.,· H20: C, 53.90: H. 7.33. Found: C, 53.74; H, 7.50.

Hydrolysis of I with 10~\; H2S0~·--A solution of 1 (IOOmg) in EtOH (10m!) and IO~~ H1SO~ (lOrnl) was
refluxed for 2.5 h and neutralized with Amberlite IRA 450. The reaction mixture was concentrated to half the initial
volume ill vacuo, and then extracted with EtOAc. The organic layer was evaporated, and the residue was
recrystullized from MeOH-H20 to afford 2{i,23-dihydroxyacacic acid lactone (8, 20mg) as colorless needles (mp
187 -189 'C); this product was identical with an authentic sample- obtained from gyrnnocladus saponin A (4);\) on the
basis of Tl.C, IR and IH·NMR comparisons and mixed melting point determination. From the water layer, glucose,
xylose. rhamnose and arabinose were identified by paper partition chromatography (ppe).

Hydrolysis of I with 2% NaHC0.1,---A solution of l (160 mg) in EtOH (30ml) and 2~{, NaHC03 (30 ml) was
refluxed for 1.5 h. The reaction mixture was neutralized with Dowex 50W x 8, and evaporated to dryness in vat·IlIJ.

The residue showed two major spots on TLC (l~/: 0.20 and 0.15) (CHCl.1 : MeOH ; H20 = 65: 35 : 10, lower layer). The
mixture was separated and purified by HPLC (MeOH : H20 = 7 : 3) to give 40 mg of I (RIO.20) and 80 mg of 10 (Rf
0.15) as a hygroscopic white powder. [cc]f,t' -23.2 q (c=0.64. McOH). IR 1,,~~,l: em -I: 34{)0--3600 (OB), 1680, 1720

(COOR). UV A.~,~~llnm: 216. 13C·NMR: Tables I and II. Anal, Calcd for C95HI5Z052'3HzO: C, 52.32: H, 7.30.
Found: C, 52.11; H, 7.48.

'Hydrolysis of 1 with lO~;; KOH----A solution oft (500111g) in EtOH (15 rnl) and KOH (l5ml) was rcfluxed for
3 h, and neutralized with Dowex SOW x 8. The solution was evaporated 10 ha II' the initial volume. and extracted with
n-BuOH saturated with H20. The organic layer was evaporated to dryness 10 give a brown oily residue (280 mg). The
residue showed three major spots on TLC (R]: ().55. 0.45 and U.:2I, CHell: MeOH: H20==65: 35; 10, lower layer).
The mixture was su bjected to chromatography on a silica gel column (CHCl.l : McOH : H;).O == 8: 3 : I, lower layer) to
afford three major fractions, lind each fraction was purified by HPLC (MeOH; H20 =66: 34) to give 45 mg of 6,
corresponding to the product of RIO.55. This product was identified with an authentic sample of gyrnnocladus
saponin C on the basis ofTLC. IR and I"C-NMR, comparisons. From the second fraction, 12 (35 mg) was obtained
as a white amorphous powder. [o:]r;i -4.8" «('=0:81, MeOH). UV ).~~I~Hnm: 215. IR v~,::;cm-I: 3400--3500 (OH),
1680 (COOR). llC_NMR: Table II. This product was identical with all authentic sample or deacyl monoterpene
glycoside (12) obtained from 3 on the basis or TLC. IR and I.1C-NM RZI comparisons. From the third fraction,
compound Jl (ll0mg) corresponding to the product of 1?1'O.21 was obtained as a while powder. [0:][16 -l.S" k=
0.74, MeOH). IR v~~:;Clll'l: 3400--3500 (OH). !68() (COOH). I.1C_NMR: Tuble I. Anal. Calcd for
C'lbH?40ZI>' 2HzO: C, 56.20; H, H.()(). Found: C, 56.49; 1'1, 8.09.

Pcrmethylation of land lO·--Aecording to Hakomori's method," the reagent mixture (20ml) [prepared from
NuH (2 g) and DMSO (50 ml)] was added to a solution or 1 (4()() mg) in DMSO (10 ml). The mixture was stirred for
I It at room temperature under an N2 stream. After addition ofCHJI (25 ml), the reaction mixture was stirred for J h
at room temperature, then poured into icc-water and extracted with Et~O. The Et20 layer was washed with H20,

dried over MgS04 and evaporutcd to give a yellow oily product (505mg). This oily product was purified by
chromatography 011 a silica gel column (benzene: acetone ~'" 7 ; 3) to give the permethylate (13, 150 mg) as a colorless
syrup. [o:]~: -9.5" (c=0.85, CHCI). IR v~~~'lJcm-t: 1720 (COOR), 1100 (G-G-C). IH·NMR (5: 0.76, O.H3, 0.92,
1.00,1.20,1.25 (3H, each S, cu, x 6), 4.19 (IH.d, J=7.5Hz, anorneric H), 4.24 (lH,d, J=7.5Hz, anorncric H), 4.43
(IH, d, J=6.5Hz, unomerie H). 4.45 (lB. d, J=7.0H7.. anomeric H), 4.54(1H, d, J:;d.5 Hz, anomeric H), 4.61 un,
d, J:: 7.0 Hz, anomeric H), 4.69 (I H, d, J = 7.5 Hz. anomeric H). 4.83 (\ H, hI'S, anorneric H). 5.\0 (l H. br s, unorneric

H), 5.13 (IH, dd, J= 18.0,2.5 Hz, ~ ;C=C.:: ~), 5.20 (lH, dd, J= 11.5, 205Hz, ~ ~C=C'::~), 5.58 (IH, d, 1=7.0 Hz,

anomcric H), 5.82 (I H, dd, J = 18.0, 11.5 Hz, ~;C == C':: ~). Anal, Calcd for Cl1~H2J(P~.'· H20: C, 58.02; H. 8.32.

Found: C, 57.85; H, 8.30. This pcrmethylate (13) was also obtained from 10 in the same manner.
Methanolysis of IJ-A solution of 13 (20 mg) in 2 N methanolic HCI (20 ml) was refluxed for 3 h, then

neutralized with Ag1COl and filtered. The filtrate was evaporated and residue was examined by TlC and Gl.C, Nine
different methylated monosaccharides, methyl 2,3,4-tri-O-methyl'D-xylopyranoside, methyl 2,4-di-O·methyl·D
x.ylopyranoside, methyl' 2,4-d i-O-methyl-L-arabinopyranoside, methyl 3,4-di-O-methyl-L-ambincpyranoside, methyl
2,3,4-tri.O-methyl-L-rhamnopyranoside, methyl 2,3-di-Q-methyl-L-rhumnopyranosidc, methyl 2,3,4,6-tetra-O
methyl-n-glucopyranoside, methyl 2,3,4-tri·O-melhyl-D-glucopyranoside and methyl 3,4-di.O-methyl-o-glucQ
pyranoside were identified by comparison with authentic samples.

Reductive Cleavage of Permethylate (13) with LiAIH~---A solution of the permethylate (13, 200 mg) in
anhydrous tetrahydrofuran (THF) (\5 rnl) was treated with LiA1H4 (150 mg), and the mixture was refluxed for 3 h.
The excess LiAlH~ was decomposed with wet Et20 and the mixture was ex.tracted with Et20 and EtOAc successively.
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The Et20 extract was chromatographed on a silica gel column (benzene: acetone = 7: 3), and purified by preparative
TLC (benzene:acetone==5:4) to give 30mg of 14 as a colorless syrup. [1X]~5 +17.1" (c=1.70,CHCI3) . IR
v~~~"cm-I: 3500 (OH), I 100 (C-O-C). IH-NMR 0: 0.98 (3H, d, .1= 1.9Hz, cth), 1.3:2 (3H,s, C.tb), 3.36, 3.44, 3.52,
3.58,3.62, .3.63 (3H, each s, OCth x 6),4.26 (IH, d, .1=7.1 Hz, anomeric H), 4.44 (IH, d, .1=6.8 Hz, anorneric H),

5.15(1H, dd, .1=18.0, 2.0 Hz, ~'::C=C:':), 5.21 (IH, dd, .1=11.2, 2.0Hz, ~::C=C::~), 5.84 (lH, dd, .1=18.0,

11.2 Hz, B::C =C:::
H).

From the second fraction, a triterpenoid glycoside alcohol (15. 35 mg) was obtained as an
R H

amorphous powder. IR \,~~~~I'cm-I: 3450 (OH), 1100 (C-O-C). IH-NMR (5: 0.87, 0.91, 0.94, 0.96, 1.22, 1.29 (3H,
each s, CB3 x 6), 3.23, 3.31,3.35, 3.41,3.45,3.47,3.53,3.58,3.61,3.62, 3.63 (3H, each s, OQh xII), 4.19 (I H, d, .I =
8.0 Hz, anomeric H), 4.43 (IH, d, J=7.3 Hz, anomeric H), 4.53 (IB, d, .1=4.8 Hz, anomeric B), 5.28 (IB, t like, C-12
tl), 4.12 (I H, dd, .I=15.0, 7.3 Hz, C-18-H). The EtOAc extract was purified by preparative TLC (benzene: acetone =
9: 10) to give an oligosaccharide alcohol (16, 15mg) as a colorless oil. [1X1r: -67.4" (c:= lAO, CBCI3).IR \'~;,~;I"ctn-1:
3450 (OH), 1100 (C-O-C). lH_N MR ti: 1.30, 1.32 (m, each d, .I == 6.3 Hz, CH3 x 2), 3045,3046,3.48,3049(m, each s,
OC.\j3 x 4),3.50 (6H, S, OCH3 x 2),3.51,3.55,3.75,3.61 (3B, each s, OCH3 x 4),3.62 (6H, s, OCth x 2), 4.59 (IH, d,
.I= 8.0 Hz, anorneric H). 4.70 (IH, d. J =8.3 Hz, anomeric H); 4.88 (IH, d, .1=2.1 Hz, anomeric H), 5.06 (IH, d, .1=
3.2 Hz, anomeric H).

Methanolysis of IS-A solution of 15 (10 mg) in 2N methanolic HCI (f Ornl) was refluxed 1'01' 3 h. The reliction
mixture was treated in the same manner as described above, to give three different methylated monosaccharides and a
triterpene alcohol (17. 5mg), 17 was identical with the corresponding alcohol, 0Iean-12-ene-2J1,16{j,23-tri-O-methyl
3/l,21/l,28-triol, obtained from gymnoeladus saponin D (7) in the same manner, on the basis of Tl.C, IR and IH_
NMR 1) comparisons.

Partial Methanolysis of 16--A solution of 16 (90mg) in 2 N methanolic HCl (30 rnl) was allowed to stand at
room temperature for 24 h. After being neutralized with Ag2C03, the mixture was filtered, the filtrate was evaporated
and the residue was purified by preparative TLC (benzene: acetone = 5: 4) to give 18and 19 as colorless syrups. These
methylated oligosaccharides were identical with the previously reported samples."

Methanolysis of 16--A solution of 16 in methanolic HCI was refluxed for 2 h, and treated in the usual manner
as described above. All of the methylated monosaccharides were identical with authentic samples on the basis ofTLC
and GLC comparisons."
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Three new sesquiterpencs, isozcdonrondiol (8), mcthylzedoarondiol (9) and ueocurdione (10),
were isolated along with gcrrnacronc (1), curdionc (2), (4S',5S)-gcrmncrol1l~ 4,5·cpoxidc (3),
dchydrocurdione (4), procurcumenol (5), zcdoarondiol (6) and curcumenone (71 from Curcuma
arotnatica SALISD. The absolute configuration of 6 was determined by X-ray analysis and chemical
correlation with 3. The structures or 8, 9 and 10 were also determined.

Keywords-Curcuma aromatica: scsquiterpcne; germacrane-type sesquiterpene: guaiane
type sesquiterpene; zcdourondiol; isozedoarondiol; neocurdiouc; (4S.5S!-gcrmacrolle 45-cpoxide;
X-ray analysis

53

Rhizomes of Curcuma spp. (Zingiberaceae), such as Ci longa, C. zedoaria, C. xanthorhiza
and C. aromatica, are used as oriental traditional medicines in China, Japan and southeastern
Asia. From these plants, many kinds of sesquiterpcnes have been isolated, but there have been
few reports on the constituents of C. aroinatica SI\I.ISB. t)

The fresh rhizomes of the title plant, cultivated at the medicinal plants garden of this
college, were extracted and treated as described in the experimental section to give three new
scsquiterpenes, isozedoarondiol (8), methylzedoarondiol (9) and neocurdione (to), along with
germacrone (1), curdione (2), (4S,5S)-gcrrnacrone 4,5-epoxide (3), dehydrocurdionc (4),
procurcumenol (5), zedoarondiol (6) and curcumcnone (7).2) This paper deals with the
isolation and structural elucidation of these sesquitcrpcncs. Further, the absolute con
figuration of 6 was determined by Xvruy analysis and chemical derivatization from 3.

The proton and carbon-13 nuclear magnetic resonance eH- and l.\C-N MR) spectra, and
the other physicochemical data of 1, 3, 4 and 5 showed that these compounds were identical
with germacrone." (4S5S)~gcrmacrone 4.5-epoxide.4

) dchydrocurdione'" and procurcu
menol,"' respectively.

The spectral data ofZ, mp 61..··62 "C, ClsH240Z' indicated that it was curdione.?' and 2
was confirmed to be identical with an authentic sample. The 1H- and uC-NMR spectra of 10,
mp 45---47 "C, CtSH2402' showed signal patterns similar to those of 2, including three
secondary methyl groups [() 0.97 (3H. d, J=6.8 Hz), 1.03 (3H, d, J =6.8 Hz), 0.92 (3H, d, J =
6.6 Hz)], a vinyl methyl group [c5 1.67 (3H, s)], a tri-substituted olefin group [{~ 5.18 (H, br t, J =
7.0 Hz)] and two carbonyl groups (8210.2, 212.5). These results indicated that 2 and 10 are
diastereomers. The olefin .groups of 2 and 10 were determined to be trans by nuclear
Overhauser effect (NOE) experiments; in both compounds. irradiation at 9-CHz gave a 14~~

increase in the intensity of I-H. Therefore, 2 and 10 might be epimers at C-4 or at C-7. The
absolute structure of curdione has been reported as 2,7) The circular dichroism (CD) spectra
of 2 and 10 are shown in Fig. I. Curdione and neocurdione showed opposite CD Cotton
effects attributable to the /J,y-unsaturated ketone groups'" (Fig. 1). An isopropyl group has a
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greater effect than a methyl group on the conformation so the isopropyl group at C-7 of 10
may have the opposite configuration from that of2,7) but unequivocal confirmation is needed
for the determination of the configurations at C-4 and C-7 of 10.

The 1H-NMR spectrum of compound 7, mp 28°C, ClsHzzOz, showed that the structure
of 7 was identical with that of curcumenone isolated from C. zedoaria by Asakawa et al.91

The enantiomer of 7 has been isolated from Asarum caulescense MAXIM .10) This seco
guaiane-type compound having a cyclopropane ring is the secondary case after carabrone""
isolated from Carpesium abrotanoides.

The lH_ and 13C-NMR spectra ofzedoarondiol (6), mp 134°C, ClsHz403, [ex]o -44.0 0
,

showed the presence of two tertiary methyl groups [15 1.18 (s), 1.20 (s), and 20.6, 22.7] on
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TABLE 1. I.\C-NMR Data for the Sesquiterpenes'"

2 3 4 5 6 7 8 9 10

C-I 132.5 131.5 129.7 132.7 50.5 55.9 29.8 53.4 51.6 131.1
C-2 24.0 26.4 24.5 26.2 26.9 22.9 24.2 25.2 22.9 25.5
C-3 38.0 34.1 37.7 34.1 28.6 28.5 43.8 27.4 28.7 32.8
C-4 126.7 46.8 60.4 46.4 80.2 79.9 208.2 82.4 79.7 45.8
C-5 125.4 211.0 64.3 210.6 54.0 52.0 24.3 51.7 48.4 210.2
C-6 29.1 44.2 29.7 43.4 39.9 39.7 28.0 37.0 39.9 42.J
C-7 129.0 53.5 126.7 129.4 136.6/0) 134.6 128.0 134.0 135.0 52.6
C-8 207.2 214.2 204.3 206.4 199.0 202.9 201.2 203.0 203.3 212.5
C-9 55.8 55.9 55.4 56.8 129.2 59.H 48.9 50.2 53.9 55.3
C-1O 134.7 129.8 133.7 130.0 136,3/0) 72.7 20.0 73.2 76.8 129.1
C-li 137.3 30.0 133.9 136.9 155.1 142.1 146.9 143.7 141.5 30.9
C-12 19.8 19.9") 20.3 20.9 21.2 21.9 23.4 22.1 21.9 20.2")
C-13 22.2 21.1/0) 22.6 22.0 22.4 22.2 23.4 22.S 22.2 21Y'
C-14 15.5 18.5"1 15.8 18.3 23.3 22.7 23.2 25.0 22.6 18.2"1

C-15 16.6 16.6'1' 17.0 16.2 24.3 20.6 18.9 32.2 17.1 18.2")

OMe 53.4

a) Measured in CDCI 3 . h) Assignments may be interchanged in each column,

~
,'OH

; ~

HO '·.H

6 3
Chart 2

8

carbinyl carbons (~ 79.9, 72.7), and an isopropylidcne group [01.84 (1'), 1.94 (s), and 21.9,22.2,
134.6, 142.1] conjugated with a carbonyl group «(~ 202.9). The presence of conjugated enone
system was supported by the ultraviolet (UV) spectrum [1258 nm (3.86)]. The 1H- and 13C~

NMR of isozedoarondiol (8), mp 150---156'jC, C1..;l-I24 0 3, [all> -147.2 '" UV 252nm (3.94),
also showed the presence of the same functional groups as in 6 [6 1.23 (s), 1.42 (1'), 1.86 (5),
2.03 (5), and 22.1, 22.8, 25.0,32.2,134.0,143.7,203.0] C3C-N M R data for 6 and 8 are listed in
Table 1). These data suggested that 6 and 8 had the same plane structure, having a guaiane
type skeleton, and might be diastereorners. From the transannular cyclization reaction
mechanism, 6 and 8 should be formed from 3 as shown in Chart 2.

To elucidate the relative stereostructure of 6, X-ray analysis was carried out. The X-ray
crystallographical data are as follows: ClsH2403' M r==252.4, monoclinic. P21, a=9.397(l),
b =8.405(1), c= 10.201(2) A, /1 = 110.44(1) ", U=754.9 A·\ Z =2, D; = 1.11 g- em -3. Intensity
data to 0= 64 0 were recorded on a Rigaku AFC-5R diffractometer, using graphite
monochromated CuKI1 radiation. A total of 1346 independent reflections were corrected for
Lorentz and polarization factors but not for absorption. The structure was solved by
MULTAN12

) and refined by block-diagonal least-squares methods. Hydrogen atoms were
located in difference syntheses. The final least-squares refinement with anisotropic tempera
ture factors for the non-hydrogen atoms and isotropic temperature factors for the hydrogen
atoms lowered the R-value to 0.076 for 1153 observed reflections (Po 2rrFo)'

The geometry of the molecule thus obtained is shown in Fig. 2 with the atomic
numbering. Compound 6 is biosynthesized from 3 in the plant. Zedoarondiol was formed
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from 3 along with 8 by treatment with H2S04 in dioxane-water. Thus, its absolute
configuration is that shown in 6.

The five-membered ring occurs in an envelope conformation with C(4) as the flap at
- 0.65 (4) A out of the best plane formed by the other four atoms. The fusion to the seven
membered ring is trans with torsion angles of 30.0 (9)" and -76.0 (10)" for C(4)-C(5)-C(l)
C(2) and C(lO)-C(1)-C(5)-C(6), respectively. The seven-membered ring has a twist-chair
conformation. The torsion angles agree well with the theoretical values for the twist-chair
form of the cycloheptane ring.l " The two hydroxyl groups attached to C(4) and C( 10) are cis
with respect to the neighboring bridgehead H atom, and participate in intermolecular
hydrogen bonds: 0(1) H·· '0(2) (0(1)" ·0(2)=2.81O(II)A) and O(3)H" '0(1)
(0(3)' . '0(1) =2.826(10) A), respectively.

The 1H-NMR spectrum of 6 showed the presence of a long-range coupling between 15
CH3 [e51.18 (3H, s)] and 9/X-H [()2.98 (H, d, J= 13.0Hz)], which was confirmed by a
decoupling experiment. Thus, 15-CH3 was decoupJed to sharpen the broad doublet of 9tX-H,
while 9o:-H was decoupled to increase the height of the 15-CH 3 signal. The CD spectrum of 6
showed a negative Cotton effect (Fig. 3) ([tJ],321 - 6463) attributed to n -+n* transition of an
a,p-unsaturated ketone.':" These data accord with the absolute structure 0 btained from the x
ray analysis (Fig. 2). The 1H-NMR spectrum of8 showed the presence of long-range coupling
between 15-CH3 [81.42 (3H, s)] and 9f3-H [c5 2.42 (H, d, J = 16.0 Hz)]. The CD spectrum of 8
also showed negative Cotton effect (Fig. 3) ([eh13 - 6323). These data suggested that the
absolute configuration of isozedoarondiol is 8 and its conformation might be as shown in 8a,
having an antiparallel relationship between 15-CH3 and 9P-H, and anticlockwise helicity of
the conjugated enone system.

Endo and Itokawa'?' isolated the ent-type compounds 6 and 8, from A. caulescens
MAXIM. The 1H-NMR data and infrared (IR) data of6 and 8 were identical with those of ent
6 and ent-S, but the optical properties, such as optical rotations and CD spectra, were
opposite. The structures of ent-6 and ent-8 have been reported to be the interchanged
structures, so they should be revised as shown in Chart 1.

Methylzedoarondiol (9), mp 83-85 "C, C16H2603' showed the presence of a methoxyl
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group [b 3.20 (3H, s) and 51.9] and the same functional groups as those of 6 (Table 1), which
indicated that 9 was a mono-rnethylether of 6. In the t H-NMR spectrum, the carbon at C-lO
was shifted to lower field and the carbons at C-I and C-9 were shifted to higher field compared
with those of 6 (c572.7----t76.8 for C-IO, 55.9~51.9 for C-l and 59.8~53.9 for e-9,
respectively). Other carbon signals were almost the same as those 0[6. These results indicated
that the structure of9 was the methyl ether of6 at C-lO. Methylzedoarondiol also showed the
same negative optical rotation ([a]D -43.1°) and CD spectrum (Fig. 3) ([Oh22-6742) as 6.
Further, 9 was derived from 3 by treatment with H2S0 4/MeOH. The synthetic 9 was identical
with the natural one CH-NMR, 13C-NMR, thin layer chromatography (TLC), high
performance liquid chromatography (HPLC) and optical rotation).

Kawano and Kouno isolated zedoarondiol, t 5) from C. zedoaria, but the optical
properties have not been reported. From C. ze doaria, (4S,5S)-germacrone 4,5-epoxide (3) has
also been isolated, so the absolute configuration of zedoarondiol, isolated by Kawano and
Kouno might be identical with that of 6, isolated from C. aromatica,

The biogenetic pathway of these sesquiterpenes, isolated from C. aromatica. was
considered to be as follows, (4S,5S)-germacrone 4~5~epoxide (3) acts as a key intermediate in
the pathway. Germacrone (1) is epoxidated to give the key intermediate (3). Then hydrolysis
and dehydration of 3 give dehydrocurdione (4), which is further hydrogenated to give
curdione (2) and neocurdione (10). On the other hand 3 is also transformed by transannular
cyclization pia a cationic intermediate to procurcurnenol (5), zedoarondiol (6), isozcdoaron
diol (8), methylzedoarondiol (9) and curcumenone (7).

Experhnental

All melting points were determined on a Yanagimoto micro melting point apparatus and are uncorrected. IR
spectra were recorded on a JASeO A-202 grating infrared spectrometer. UV spectra were recorded on a Hitachi
model 200-10 spectrometer. Optical rotations Were recorded on II .IASeO DIP-14() digital polarimeter. CD spectra
were recorded on a JASC'OJ-20A spectropolarimeter. lH_and l.1C_NMR spectra were recorded on a JEOL JNM-FX
90Q NMR spectrometer with tetramcthylsilanc us an intcrual standard (c) value. ppm). Mass spectra (MS) were
recorded on JEOL J MS 1)-100 and J EOL JMS 01SO·2 mussspectrometers. TLC was performed on precoatcd Silica
gc160F254 plates (Merck). Prepurativc thin layer chromatography (PTLC) was performed on Silica gel PF2~4 (Merck.
200 x 200 x 0.7 111m). Column chromatography was performed on Silica gel type 00 (Merck).

Isolation of the Constltueuts-v-v-The fresh rhizomes of C. uromatlca (2 kg) were extracted with MeOH
at room temperature to give the MeOH extract. The residue was extracted with chloroform (CHCIJ ) at room
temperature to give the CHel., extract. The MeOH extract W,IS suspended in water and extracted with CHCl.1 to
give the CHCI.,-solllhic lruction. The CHCl.1 fraction and ('He]., extract were combined to give the CHC1;\-SO]llblc
extract (37 g). The extract was chromntogrnphed on a silica gel column using a benzene-ethyl acetate (AcOEt)
gradient solvent system to give live fractions, Fr. I (3.8 g), II (1t1.2 g). III (SAg), IV (5.9 g) and V (6.2 g). Fraction II
was chromatographcd (lila silica gel column using the hexlIlIe·AcOEt gradient solvent system to give germacronc (ll
(550 mg), curdioue (2) (720 mg) and (4S.5S)-germacrone 4,5-epoxide (3) (300 mg). Fructiou III was chromntogruphed
on a silica gel column using the same solven t system to give dehydrocurdione (4) (90 rng), neocurdione (to) (ISO rug)
and cureumenone (7) ([{OO mg). Fraction IV was repeatedly chromutographcd on a silica gel column using CHCI.1"·
MeOH gradient and hexane AcOEt gradient solvent systems to give procurcumcnol (5) (210 mg) and methyl
zedoarondiol (9) (160 mg). Fraction V was chromnrographed on a silica gel column using the CHCIJ-MeOH gradient
solvent system, followed by PTLe using henzcne-AcOEt-MeOH (2:2: I) to give zcdoarondiol (6) (250mg) and
isozedoarondiol (8) (RO mg).

Gerrnacronc (1): Colorless prisms. mp 53-54"C (MeOH). MS 111/:: 218 (M+) (ClSH220 ). IR \'~~~cm-l: 1679,
1665, 1445, 1294. 1135. 13C-NMR was shown in Table I.

Curdione (2): Colorless prisms. mp 61-62~C (pet. ether). MS mlz: 236 (M+) (C\SH240 2). IR v~~~cmJ: 1690,

1460,1420, 1170. 1060. (lX]fil +214.0" (c= 1.6, MeOH). CD k=O.033, CHCIJ ) :' [OhulJ +26655. I"C-NMR data are
shown in Table I.

(4S,5S)-Oermacrone 4,5-Epoxide (3): Colorless prisms. mp 63.5-64 DC (hexane). MS mlz: 234 (M +)
(ClsHzzOz)' [a}f;' -1-306.)" «("=0.5. MeOH). IR v~~~cm-I: 1710. 1694, 1662, 1440. 1250. CD (c=0.006. MeOH):
[0]309 + 14900. [O]m + 14900, [O]m -13590. 13C-NMR data are shown ill Table I. .

Dehydrocurdicne (4): Colorless needles. mp 40-42 -c (hexane). MS mlz: 234 (M +) (ClsH2Z02)' [1X]f;\ + 147.5"
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(c=l.l, MeOH). CD (c=0.004, MeOH): [Oh03 + 13671. 13C-NMR data are shown in Table I.
Procurcumenol (5): Viscous oil. MS mjz: 234 (M+) (CISH220Z) ' IR v~~xcrn-I: 3430, 1650, 1440, 1377. [£l:];f

+60.9° (c=0.8, CHCI3). 13C-NMR data are shown in Table 1.
Zedoarondiol (6): Colorless needles. rnp 134°C.cCHCI3). MS mtz: 252 (M+) (ClsHz403)' IR v~~~cm-l: 3420,

1662,1604. UV A.~~~Hnm (log e): 258 (3.86).. [£l:]~3 _44° (c= 1.0, MeOH). CD (c=0.03, MeOH): [8]321 -6468. IH_
NMR (CDCI3): 1.18 (3H, s, 14 or 15-CH3), 1.20 (3H, s, 15 or 14-CH3) , 1.84 (3H, s, 12 or 13-CH3), 1.94 (3H, s, 13 or
12-CH3) , 2.60 (H, d, J=13.0Hz, 9{j-H), 2.98 (H, d, J=13.0Hz, 9£l:-H). 13C-NMR data are shown in Table 1.

Curcumenone (7): Colorless needles. mp 28°C (hexane). MS mjz: 234.1621 (M+) (Calcd, for CI5H220Z

234.1618). IR v~~~cm-l: 1718, 1675, 1600, 1360, 1170. UV A.~:~H nm (loge): 234 (3.82). [£l:]&3 -6.1° (c=O.5, MeOH).
CD (c=0.007, MeOH): [Oh14 +1884. 13C-NMR data are shown in Table 1.

Isozedoarondiol (8): Colorless needles. mp 150-156°C (CHCI3). IR v~~~cm-l: 3500, 3330, 1662, 1598, 1378,
1304, 1170. UV ).~~~Hnm (loge): 252 (3.94). [1X]r? - 147.20 (c=O.8, MeOH). CD (c=0.003, MeOH): [Oh13 -6323.
Anal. Calcd for C15Hz403: C, 71.39; H, 9.59. Found: C, 71.65; H, 9.52. lH-NMR (CDCI3): 1.23(3H, s, 14-CH3), 1.42
(3H, s, 15-CH3) , 1.86(m, s, 12or 13-CH3) , 2.03 (3H, s, 13 or 12-CH3),2.42 (H, d, J= 16.0Hz, 9ft-H), 3.21 (H, d, J =

16.0Hz, 9o:-H). 13C-NMR data are shown in Table 1.
Methylzedoarondiol (9): Colorless needles, mp 83-85 "C (hexane). IR v~~~ em-I: 3330, 3300, 1676, 1652, 1579,

1300. [cxl~ -43.1 ° (c=O.2, MeOH). CD (c=0.007, MeOH): [(-J]m -6742. Anal. Calcd for C16H2603: C, 72.14; H,
9.84. Found: C, 72.29; H, 9.89. lH-NMR (CDCl3): 1.12(3H. s, 14 or 15-CH3) . 1.20(3H, s, IS or 14-CH3), 1.84(3H, s,
12 or 13-CH3), 1.95 (3H, s, 13 or 12-CH3),3.20 (3H, s, OMe). 13C-NMR data are shown in Table 1.

Neocurdione (10): Colorless needles. mp 45-47°C (hexane). MS mjz: 236.1763 (M +)(Calcd for CIsHz40Z
236.1777). IR v~~~ cm T ": 1696, 1682, 1395, 1282. UV A.~:?H nm (loge): 203 (3.73). [CX]fil - 190.6" (c=2.1, CHCI3). CD
(c=0.022, MeOH): [Ohol -29230. IH-NMR (CDC13): 0.92 (3H, d, J=6.6Hz, 14-CH3), 0.98 (3H, d, J=6.8Hz, 12
or 13-CH3) . 1.03 (3H, d, J=6.8 Hz, 13 or 12-CH3), 1.67 (3H, s, 15-CH3 ) , 5.18 (IH, br t, J= 7.0Hz). 13C-NMR data
are shown in Table I.

Transformation from 3 to 1O---0ne drop of cone. H2S04 was added to 280mg of 3 in MeOH (4ml). The
reaction solution was stirred for 1h at room temperature. The reaction solution was poured into ice-water and
extracted with CHCl3• The CHCI3 solution was dried and evaporated. The reaction products were purified by PLC to
give 9 '(80mg), which was identical with the natural compound in terms of spectra.

Transformation from 3 to 6 and 8,--One drop of cone. H2S04 was added to 234mg of 3 in dioxane (2 ml) and
water (2ml). The solution Was stirred for 4 h at room temperature. The reaction solution was poured into ice-water
and extracted with CHC13• The CHC13 solution was dried and evaporated. The reaction products were purified with
PTLC to give 6 (19 mg) and 8 (15 mg). The synthetic 6 and 8 were identical with the natural compounds in terms of
TLC behavior, IH-NMR signals and optical rotation.
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The heptatriacontapeptide amide corresponding to the entire amino acid sequence of «-form of
rat calcitonin gene-related peptide (e<-rCGRP) was synthesized by the conventional solution
method. All protecting groups employed were removed by treatment with I M trifluorornethune
sulfonic acid-thioanisole-trifluoroacetic acid, and the deprotected peptide was subjected to air
oxidation to form the intramolecular disulfide bond. After purification by gel-filtration on
Sephadex 0-50, followed by reversed-phase high performance liquid chromatography, a highly
purified sample of synthetic D:-rCGRP was obtained. In terms of suppression of bone 45Ca-releasc
stimulated by synthetic human parathyroid hormone (1-34), synthetic D:-rCGRP was as active us
synthetic human CGRP~

Keywords-rat calcitonin gene-related peptide synthesis: arniuosuccinimide formation; {J
cycloheptylaspartate; thioanisole-mediated acidolysls; trifluoromethanesulfonic acid deprotection;
intramolecular disulfide bond formation; 45Ca-release suppression

The existence of a novel peptide, referred to as calcitonin gene-related peptide (CORP),
was predicted on the basis of structural analysis of the rat calcitonin gene by Rosenfeld et a/. 21

Subsequently, human CORP (hCORP)3) and porcine CGRp4> were isolated from human
medullary thyroid carcinoma and porcine spinal cord, respectively. It has become evident that
the calcitonin gene generates at least two messenger ribonucleic acids (mRNAs), one encoding
the precursor of calcitonin in thyroid C-cells and the second encoding the precursor of a novel
structurally related neuropeptide, CGRP, which predominates in the brain. In 1984,
Rosenfeld et al.,s> detected the presence of yet another CORP, referred to as fJ-CGRP in the
rat, and thus raised the possibility that a single neuropeptide gene generates multiple RNA
products. This [3-form of rat CORP (p-rCGRP) differs in sequence from Gt-rCORP by an
internal amino acid residue at position 35 (Lys instead of Glu), as shown in Fig. I.

Following the synthesis of hCGRP,6} which was conducted in collaboration with Fujii et
al., we wish to report the solution synthesis of a 37-residue peptide corresponding to the entire
amino acid sequence of ct-rCGRP, the sequence of which was first deduced from the rat gene
by Rosenfeld et al., in 1983.2d}

The TFA-Iabile Z(OMe) or Boe group was employed for NIX-protection, and amino acid
derivatives bearing protecting groups removable by 1M TFMSA-thioanisole in TFA7

) were
employed, i.e., Asp(OChp),8} Glu(OBzl), Ser(BzI), Lys(Z), Arg(Mts),91 and Cys(MBzI).
Structurally different from hCGRP, rCORP contains the Asp-Asn linkage at position 25-26,
which is known to be particularly susceptible to base-catalyzed succinimide formation. 101

Thus, Asp(OChp), which is known to suppress this side reaction, was employed. In the



No.1

I I
H- 1 -Cys- 3 -Thr-Ala-Thr-Cys-Val-Thr-His-Arg-Leu-Ala-

Gly-Leu-Leu-Ser-Arg-Scr-Gly-Gly-Val-Val-Lys- 25 -Asn
Phe-Val-Pro-Thr-Asn-Val-Gly-Ser- 35 -Ala-Phc-NHz
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3 25 35

rat Q

rat f3

human

Ser Asn Asp Glu

Ser Asn Asp Lys

Ala Asp Asn Lys

Fig. I. Amino Acid Sequences or Rat and Human CGRf's

Bzl MBzl
I I

[5] Z(OMc)-Ser-Cys-Asn-Thr-Ala-NHNHz- - - - - - - --,

MBzl Mts
I I

[4] Z(OMe)-Thr-Cys-Val-Thr-His-Arg-Leu-Ala-Nl-Ibll-l,

[3] Z(OMe)-Gly-Leu-Leu-NHNHz- - - - - - - -.,

Bzl Mts BzI
I I I

[2] Z(OMeh-Ser-Arg-Scr-Gly-NHNHz- - - - - ---,

Z OChp
I I

II] Z(OMe)-Gly-Val-Val-Lys-Asp-Asn-Phe-Val--

BzI ODzl
I I

Pro-Thr-Asn-Val-GlY-Ser-Glu-Ala-Phe-NHz

fully protected rCGRP(1-37)-NHz f-------'

j I) 1 M TFMSA-thioanisole-TFA
2) air-oxidation

«-rCGRP

Fig. 2. Synthetic Route to Rat a-CORP

heGRP synthesis. the Svadamantyl group 11) was employed for the protection of the
sulfhydryl function of Cys. However, in the present synthesis, a readily available derivative,
Cystlvl Bzl).':" was employed.

In order to construct the entire peptide backbone of a-rCG RP, five fragments were
prepared as building blocks, as shown in Fig. 2. Of these, fragments [2] and [3] are identical
with those employed for the synthesis of heG RP.h) Fragments [1], [4] and [5], which cover the
areas of species variation between these CORPs (positions J, 3, 25, and 35 in Fig. J), were
newly synthesized.

Fragment [l] was prepared according to the scheme shown in Fig. 3. First, the Cvtcrminal
dodecapeptide amide was prepared by the azide condensation':" of two subunits, the hepta
and pentapeptide units. The former heptapeptide amide, Boc·-Asn-Val-Gly-Ser(Bzl)
Glu(OBzl)-Ala-Phe--NH2 , was prepared in a stepwise manner starting with H-Phe-NH2 •

J
4-)

The active ester procedure, such as SU I 5) or NpICI) procedure, was employed for elongation of
the peptide chain. To prepare the latter peptide unit, Bcc-Phe-Val-Pro-Thr-OMe was first
synthesized by the DCC+HO BtI 7l condensation of the known tripeptide, Boc-Phe-Val-Pro
OHHl) and H-Thr-OMe. After the usual TFA treatment, Boc-Asn-OlI was introduced by
the Np method to afford Boc-Asn-Phe-Val-Pro-Thr-Olvle, which was converted to the
corresponding hydrazide by the usual hydrazinolysis. The dodecapeptide amide thus con
structed was further elongated to [I} in a stepwise manner by the active ester procedure.
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Z(OMe)-Gly-OH

Z(OMe)-Val-OH

Z(OMe)-Val-OH

Z(OMe)-Lys(Z)-GH

Boc-Asp(OChp)-OH

Boc-Asn-OH

Boc-Phe-Val-Pro-OH

H-Thr-OMe

Boc-Asn-OH

Boc-Val-OR

Z(OMe)-Gly-OH

Boc-Ser(Bzl)-OH

Boc-Glu(OBz1)-OH

Z(OMe)-Ala-OH iii

H-Phe-NHz

iii

iii
ii

iii

ii

iii

azide

iii

iii
ii

iii

iii
ii

iii

Vol. 35 (1987) .

Z(OMe)-Gly-Val-Val-Lys(Z)-Asp(OChp)-Asn-Phe-Val-Pro-Thr
Asn-Val-Gly-Ser(Bzl)-Glu(OBzl)-Ala-Phe-NHz

Fig. 3. Synthetic Scheme for the Protected Heptapeptide Amide; Fragment [J]

i, Np; ii. Su; iii, TFA; iv, DCC+ HOBt; v, NH 2NH2•

Preliminarily, after introduction of the Asp(OChp) residue, we tried the azide condensation of
Z(OMe)-Gly-Val-Val-Lys(Z)-NHNHz, a fragment used in the hCGRP synthesis," with this
tridecapeptide amide. However, despite the use of the acyl component in excess (l 0 to 15 eq)
and a long reaction time (7 d), amino acid analysis of the product showed an insufficient
incorporation of the acyl component (ca. 65%). The bulkiness of the Chp group at the N
terminal residue of the amino component may account for this unsatisfactory azide reaction.
On the other hand, the satisfactory incorporation of Z(OMe)-Lys(Z)-OH into the tride
capeptide amide by the Su method was ascertained by thin layer chromatography (TLC) and
amino acid analysis. Each product was purified by reprecipitation from DMSO-DMF with
MeOH and its homogeneity was confirmed by TLC, elemental analysis, and amino acid
analysis. In the latter instance, after the incorporation of the bulky Val-Val sequence
(positions 22-23), the recovery of Val on amino acid analysis became slightly low, due to the
resistance to acid hydrolysis.

Fragment [4J was synthesized according to the scheme shown in Fig. 4. In the hCGRP
synthesis, to construct the peptide backbone corresponding to positions 6 to 13, two
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Z(OMe)-Thr-NHNH2,- - - - - - - - - - - - - _

Boc-Cys(MBzl)-OH-------,
1) Np

1) azide

1) azide

2) TFA
TFA

Z(OMe)-His-Arg(Mts)-Leu-Ala-OMe,------J

Z(OMe)-Val-OH 1) DeC-HOBt 2) NH2NH2

.H-Thr-OMe---J 2) TFA

Z(OMe)-Thr-Cys(MBzI)-Val-Thr-His-Arg(Mts)-Leu-Ala-NHt'lH2

Fig. 4. Synthetic Scheme for the Protected Octapeptide Hydrazide; Fragment [4]

fragments, (6-9) and (l0-13), were employed." Considering the good solubility of
Z(OMe)-His-Arg(Mts)-Leu-Ala-OMe,ti) we decided to elongate this peptide chain and
establish the peptide backbone by condensation of one fragment, [4]. Z(OMe)-Cys(MBzI)
Val-Thr-OMe, prepared by DCC+HOBt condensation followed by the Np method, was
converted to the corresponding hydrazide and the resulting hydrazide was next condensed
with a TFA-treated sample of Z(OMe)-His-Arg(Mts)-L<m-Ala-OMe6) by the azide method
to afford Boc-Cys(MBzl)-Val-Thr-His-Arg(MlS)-Leu-Ala-OMe. Subsequent introduction
of Z(OMe)-Thr-NHNHz, via the azide, afforded Z(OMe)-Thr-Cys(MBzI)-VaI-Thr-His
Arg(Mts)-Leu-Ala-OMe, which was smoothly converted to [4] by the -usual .hydrazine
treatment. In the previous hCG RP synthesis, the azide condensation of Z(OMe)-Thr
Cys(Ad)-Val-Thr-NHNH2 with the relatively large amino component (positions 10-37)
was performed at lower temperature (-15 "C) than usual ( - 4 CC) in order to minimize the
Curtius rearrangement.'?' In this fragment synthesis, the condensation between Thr (position
9) and His (position 10) could be performed as usual without particular attention. The
employment of the altered fragment, namely that corresponding to positions 6 to 13 of the
peptide backbone, was effective to avoid the problem of the Curtius rearrangement at the
larger peptide level.

The synthetic scheme for fragment [5] is shown in Fig. 5. Z(OMe)-Ser(BzI)-Cys(MBzI)
Asn-Thr-OMe, prepared in a stepwise manner by the Np or the Su active ester procedures,
was converted to the corresponding hydrazide. The azide condensation of the resulting
hydrazide with H-Ala-OMe afforded Z(OMe)--Ser(Bzl)-Cys(MBzl)-Asn-Thr-Ala-OMe,
which was converted to the corresponding hydrazide [5] as usual.

The five fragments thus obtained, [1] to [5], were successively assembled by the azide
procedure according to the scheme shown in Fig. 2. Each condensation was performed in a
mixture of HMPA-DMF (5: I) at -4 "C and the amount of acyl component was increased
from 6 to 10 eq as the peptide chain was elongated in order to ensure completion of the
coupling reaction. Each product was purified by precipitation from HMPA-DMF (5: 1) with
MeOH and its homogeneity was confirmed by amino acid analysis after 6N HCl hydrolysis, in
which Phe was selected as a diagnostic amino acid. By comparison of the recovery of Phe with
those of newly incorporated amino acids, satisfactory incorporation of each fragment was
ascertained in each condensation step. The results of amino acid analyses are listed in Table I.

In the final step, the fully protected a-rCGRP was treated with 1M TFMSA-thioanisole
in TFA in the presence of m-cresoI20 ) (O°C, 4 h) to remove all protecting groups. The
deprotected peptide was reduced with 2-mercaptoethanol in Tris-H'Cl buffer containing 6 M

guanidine-H'Cl (pH 8.0) and applied to a column of Sephadex G-25. The main fraction was
submitted to air-oxidation to form the intramolecular disulfide bond as follows: a diluted
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Z(OMe)-Ser(Bzl)-OH-------,

1) Su
Boc-Cys(MBzl)'-OH.-----,

1) Np

1) Np 2) TFA

H-Thr-OMe---' 2) TFA

H-Ala-OMe:----------------

1) azide
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Z(OMe)-Ser(Bzl)-Cys(MBzl)-Asn-Thr-Ala-NHNH2

Fig. 5. Synthetic Scheme for the Protected Pentapeptide Hydrazide; Fragment [5}

TABLE I. Amino Acid Ratios in 6 N H'Cl Hydrolysates of Synthetic
a-reGRP and Its Intermediates

Protected peptides
Synthetic

Amino acid
20-37 17-37 14-37 6--37 1-37

o;-rCGRP

Asp 2.73 (3) 2.93 (3) 3.00 (3) 3.00 (3) 4.09 (4) 4.02 (4)
Thr 0.77 (1) 0.94 (I) 0.87 (i) 2.76 (3) 3.82 (4) 3.85 (4)
Ser 0.73 (1) 2.23 (3) 2.19(3) 2.68 (3) 3.56 (4) 3.89 (4)
Glu 1.06 (J) 1.05 (I) 1.04 (I) l.06 (J) 1.22 (1) 1.18 (1)

Pro 1.00 (I) 0.97 (l) 0.92 (I) 0.90 (1) 1.05 (I) 1.08 (I)

Gly 1.89 (2) 2.61 (3) 3.59 (4) 4.00 (4) 4.22 (4) 4.37 (4)
Ala 1.00 (I) 1.04 (I) 1.03 (I) 2.25 (2) 3.40 (3) 3.23 (3)
Cys N.D. 0.75 (I)

Val 3.34 (4) 3.32 (4) 3.63 (4) 4.64 (5) 4.74 (5) 4.48 (5)
Leu 1.76 (2) 3.32 (3) 3.44 (3) 3.17 (3)

Phe 2.00 (2) 2.00 (2) 2.00 (2) 2.00 (2) 2.00 (2) 2.00 (2)
Lys 0.88 (I) 0.95 (I) 0.87 (I) 0.95 (I) 1.00 (I) 1.07 (!)

His 1.20 (J) 1.18 (I) 1.05 OJ
Arg 0.87 (I) 0.90 (I) 2.33 (2) 2.09 (2) 2.05 (2)

Recovery (~;;) 88 83 83 85 82 90

solution of the desired eluate (l 1) in 5% AcONH4 (pH 7.5) was kept standing at room
temperature for 4 d, while the progress of air-oxidation was monitored by the use of Ellman's
reagent."! The oxidized product, after removal of the solvent by lyophilization, was purified
by gel-filtration on Sephadex 0-50, followed by reversed-phase high performance liquid
chromatography (HPLC) on a Nucleosil 7C 18 column using gradient elution with CH"CN
(30% to 40% for 50 min) in O.2/~ TFA (Fig. 7-a). The purity of the product thus obtained was
confirmed by analytical HPLC (Fig. 7-b), TLC in three different solvent systems, amino acid
analyses after acid hydrolysis (Table I) and enzymic hydrolysis (papain +LAP). The excellent
recoveries of Asp (1.02) and Asn (3.03) in enzymic hydrolysate confirm the absence of the
contaminant derived from ring closure at the Asp25-Asn 26 linkage. In addition, our synthetic
a:-rCGRP was confirmed to be monomeric by HPLC using a TSKgel G 2000SW column (Fig.
8).

Synthetic cx-rCGRP (1 x 10- 7 M) suppressed the 45Ca-release from bone stimulated by a
synthetic sample of human parathyroid hormone (1-34),22) purchased from Toyo Jozo Co.
Its potency was estimated to be at the same level as that of synthetic hCGRP.
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General experimental procedures employed ill this study were as follows.
N"·Deprotcction--The N'-protecting group, Z(OMe) or Boc, was removed with TFA (ca. 2-:'3011 per 1g of

the protected peptide) in the presence of anisole (2 mol eq or more) under ice-cooling for 60 min. After evaporation of
TFA in vacuo at 30°C or less, the residue was treated with dry ether. If a powder was obtained, it was collected by
filtration, dried over KOH pellets in vacuoand used for the next coupling reaction. If an oily precipitate was obtained,
it was washed with II-hexane, dried over KOH pellets in vacuo and used for the coupling reaction.

Coupling Reactions--The DCC and the active ester couplings were carried out at room temperature. The azide
coupling was carried out according to the method of Honzl and Rudinger'"! using isoamyl nitrite with stirring in a
cold room (-4 "C). Mixed anhydrides were prepared using ethyl chloroforrnate.

Purification-----Unless otherwise mentioned, products were purified by one of the following procedures.
Procedure A; for the purification of protected peptide esters soluble in AcOEt, the extract was washed with 5~\; citric
acid, 5~{, Na 2C03 and H20-NaCI, dried over Na2S04 and concentrated. The residue was crystallized or precipitated
froin appropriate solvents. Procedure B; for the purification of protected pep tides less soluble in AcOEt, the crude
product was washed with 5,/';; citric acid, 5~':1 NaHC03 and H20 , then crystallized or precipitated 1'1'0111 appropriate
solvents.

The melting points are uncorrected. Optical rotations were determined with a Union PM·201 polarimeter. Acid
hydrolyses were carried out in 6 N HCI in a scaled tube, and amino acid analyses were performed on an IRJCA model
A-3300 amino acid analyzer. LAP (Lot. 15F-0402) and papain (Lot. 102F-8160) were purchased from Sigma
Chemical Co.

TLC was curried out on silica gel (precoated Silica gel 60 F2~'l' Merck) or cellulose (precoated Cellulose F,
Merck). Solvent systems used were as follows; 19; = CHClrMeOH-H20 (8: 3: I), lY~ = n-BuOH-AcOH-pyridine
H20 (4: I : I : 2), ~/; = Il-BuOH-AcOH-pyridine-H20 (3D:20: 6: 24), and '«/>=n-BuOH-AcOH-pyridine-H20
(30: 6: 20 : 24).

HPLC was conducted with a Shimadzu LC 4A instrument equipped with a Chernopak column (Nucleosil 7C1H,
4.8 x 250 mm).

Z(OMc)-Alll-Phe-NHr,---A TFA-treated sample of Z(OMe)-Phe-NH2 (6.60 g, 20010101) was dissolved in
DMF (lOamI), together with Et 3N (5.601111, 40mmol) and Z{OMe)-Ala-OSu (7.70g, 22mmol). The mixture was
stirred for 24h, and DMF was removed by evaporation. The residue was triturated with MeOH and the resulting
solid was purified by procedure B, followed by recrystallization from MeOH with ether. Yield 6.70 g (84~~{,), mp 220--,··
222 "C, [!X)r/ -20.2 r (c= 1.0, DMF), R,I; 0.60. Anal, Calcd for CHH2~N305: C, 63.14; H, 6.31; N, 10.52. Found: C,
62.79; H, 6.28; N, IOA7.

Boc-Glu(OBzl)-Ala-Phe-NH2,··,····A Tf'Aetreated sample of Z(OMe)-Ala..-Phe-·NH2 (8.00g, 20mmClI) was
dissolved in DMF (100m!), together with EtJN (6.20mI, 44mml)l) and Boc-Glu(OBzl)··ONp (ll.Og, 241Il111ol). The
mixture was stirred 1'01' 48 h, and DMF was removed by evaporution, Addition of MeOH to the residue afforded a
powder, which was purified by procedure B, followed by reprccipitation from DMF with ether. Yield 10.0 g (90~;,),

mp 174--1 77"C, [IXJrl' -30.0" (e=", 1.0, MeOH), .«1; 0.5&. Anal. Calcd for C2OlH.IHN407: C, 62.80; H, 6.91; N, 10.10.
Found: C, 62.70; H, 6.97; N, 10.2R.

Boc-Ser(Bzl)-Glu(OBzl)-Ala-Phe-NB2,,····A TFA-trcatcd sample of Boe-Glu(0J3z1)-Ala-PhcNH2 (li.90g,
16 mmol) was dissolved in DMF (1001111), together with Et;lN (5.00 ml, 35.2 mmol) and Boc-SerfBzl}- OSu n.S3 g,
19.2 mmol). The mixture was stirred for 24 h, and DMF was removed by evaporation. The residue was triturated with
ether and the resulting solid was purified by procedure B, followed by reprecipituticn from DMF with ether. Yield
11.l2g (95~;), mp 199-··201 "C, [1Y.]ri' -14.0" (l'''-'' 1.0, MeOHl, R.j; 0.74. Anal. Calcd for C.I,IH4-9N~O,,: C, 64.0(); H,
6.75; N, 9.57. Found: C, 63.77; H. 6.65; N. 9.40.

Z(OMe)-Gly-8cr(Bzl)-Glu(OBzl)-Ala-Phe-NH2- A TFA-treated sample of Boc-Ser(Bzl) ~Glu(OBzl)
Ala-Phe-NlI, (9.60 g, 13rnmol) was dissolved in DMF (200011), together with Et.,N (4.00 ml, 2H.6mlTIol) and
Z(OMe)-Gly-ONp (5.60 g, 15.6 mmol). The mixture was stirred for 24h, and DMF was removed by evaporation.
The residue was triturated with ether and the resulting solid was purified by procedure B, followed by reprecipitation
from DMF with ether. Yield 10.42g (94~;,), 111p 203--206 GC, [!X)rls - 16.1 0 (c= 1.1, DMF), Rj; 0.67. Anal. Oilcd for
C4~HS2N601l'1/2H20: C, 62.70; H, 6.20; N, 9.75. Found: C, 62.66; H, 6.04; N, 9.47.

Boc-Val-Gly-8cr(Bzl)-Glu(OBzl)-Ala-Phe-NH2--A TFA-treated sample of Z(OMe)-Gly-Scr(Bzl)-Glu
(OBzI)-Ala-Phe-NH2 (9.00 g, 11010101) was dissolved in DMF (150ml), together with Et3N (3.40ml, 25.3 mmol) and
Boc-Val-OSu (4.30g, 14.3mmol). The mixture was stirred for 2411, and DMF was removed by evaporation. The
residue was triturated with ether and the resulting solid was purified by procedure B, followed by reprecipitation from
DMF with ether. Yield 8.50g (91~,~),mp 23 I-234°C, [a][>s "':5.5" (c=1.3, DMF), Rf, 0.85. Anal. Calcd for
C46H6IN70Ii: C, 62.21; H, 6.92; N, 10.93. Found: C, 62.06; H, 6.86; N, 11.26.

Boc-Asn-Val-Gly-Ser(Bzl}-Glu(OBzl)-Ala-Phe-NH2---A TFA-treated sample of Boc-Val-G ly-Ser(Bzl)
GJu(OBzl)-Ala-Phe-NH 2 (4.50 g 5 mmol) was dissolved in DMF (lOamI), together with Et3N (0.70 ml, 5 mmol),
Boc-Asn-ONp (2.30g, 6.5010101),HOBt (0.68g, 5mmol), and NMM (1.27011, Il.5mmol). The mixture WIts stirred
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for 5 h, and the solution was poured into cold MeOH (500ml). The precipitate was purified by procedure B, followed
by reprecipitation from DMF with cold MeOH. Yield 4.00 g (80%), mp >240 DC (dec.), [a]ti _14,0° «('=0.6, DMF),
RJ; 0.58. Anal. Calcd for CSOH67N9013: C, 59.92; H, 6.74; N, 12.58. Found: C, 59.61; H, 6.68; N, 12.21. Amino acid
ratios in 6 N HCl hydrolysate: Asp 0.98, Ser 0.97, Glv. 1.00, Gly 0.93, Ala 1.00, Val 0.87, Phe 1.09 (recovery of Ala;
92%).

- Boc-Phe-Val-Pro-Thr-oMe--Boc-Phe-Val-Pro-OH1SI (3.30g, 7.1mmol) was dissolved in AcOEt (50ml)
and, to this ice-chilled solution, DCC (1.70g, 8.17mmol), HOBt (0.92g, 7.1 mmol) and H-Thr-OMe [prepared from
1.50g (8.52mmol) of the hydrochloride with Et3N (1.20ml, 8.52mmol) in DMF (20ml)] were added. The mixture
was stirred at room temperature for 24h, the precipitated urea derivative was removed by filtration, and the filtrate
was concentrated ill vacuo. The residue was purified by procedure A, followed by recrystallization from AcOEt with
petroleum ether. Yield 3.50g (87%), mp 96-lOloC, [o:Jti -85.0 r, (c= 1.0, MeOH), R.f; 0.73. Anal. Calcd for
C29H44N40S: C, 60.40; H, 7.69; N, 9.72. Found: C, 60.27; H, 7.91; N, 9.64.

Boc-Asn-Phe-Val-Pro-Thr-DMe--A TFA-treated sample of Boc-Phe-Val-Pro-Thr-OMe (l0.90g, 17
mmol) was dissolved in DMF (100ml), together with Et3N (2.40 ml, 17mmol), Boc-Asn-ONp (7.20g, 2004 mmol),
HOBt (2.20g, 17mmol) and NMM (4.00ml, 37.4mmol). The mixture was stirred for 2411, and DMF was removed by
evaporation. The product was purified by procedure A, followed by recrystallization from AcOEt with ether twice.
Yield 9.70g (83%), mp 124-1 34°C, [o:J~s -75.0" (c= 1.0, MeOH), R.f; 0.73. Anal. Calcd forC33HsoN601O·1/2H20:
C, 56.64; H, 7.35; N, 12.01. Found: C, 56.79; H, 7.30; N, 12.00.

Boc-Asn-Phe-Val-Pro-Tbr-NHNH2--Boc-Asn-Phe-Val-Pro-Thr-OMe (6.90g, 10mmol) dissolved in
MeOH (100ml) was treated with 80~~ hydrazine hydrate (6.20ml, 100ml) at room temperature for 24h. The MeOH
was evaporated off in I'acuo and the residue was dissolved in n-BuOH and washed with H20-NaC!. The solution was
dried over MgS04,and n-BuOH was removed by evaporation. The residue was triturated with ether and the resulting
solid was recrystallized from MeOH with ether twice. Yield 4.00g (59%), mp 198-201 T, [IXJf;~ -44.0" (c= 1.0,
DMF), Rfl 0.60. Anal. Calcd for CnHsoNs09·H20: C, 54.22; H, 7.40; N, 15.81. Found: C, 54.10; H, 7.52; N,.15.89.
Amino acid ratios in 6 N HCI hydrolysate: Asp 0.95, Thr 0.92, Pro 0.90, Val 0.83, Phe 1.00 (recovery of Phe: 87~;').

Boc-Asn-Phe-Val-Pro-Tbr-Asn-Vlll-Gly-8er(Bzl)-Glu(OBzl)-Ala-Phe-NH2--A TFA-treated sample of
Boc-Asn-Val-Gly-Ser(Bzl)-Glu(OBzl)-Ala-Phe-NH2 (4.00g, 4mmol) was dissolved in DMF-DMSO (2: I, 50ml)
containing Et3N (0.56ml, 4 mrnol). To this ice-chilledsolution, the azide [prepared from 5.60g (8mmol) of Boc-Asn
Phe-Val-Pro-Thr-NHNH2 in DMF (50ml)] and NMM (1.30ml, 12mmol) wereadded, The mixture was stirred at
-4 "C for 48 h, then additional azide (2 rnmol) and NMM (3.6 mmol) were added and the reaction mixture was
further stirred at _4°C for 48 h. DMF was removed by evaporation and the residue was poured into H20 (500ml).
The precipitate was collected and washed with hot MeOH well, then reprecipitated from DMSO with MeOH. Yield
5:20g (83%), mp >200°C (dec.), [o:J~ -13.5 D Cc=0.5, DMSO), RJ; 0.44. Anal. Caled for CnHtosN IS020 ·2HzO: C,
57.92; H, 6.88; N, 13.16. Found: C, 58.18; H, 6.99; N, 13.12.Amino acid ratios in 6 NHC] hydrolysate: Asp 1.97,Thr
0.95, SCI' 0.99, Glu 1.06, Pro 1.01, Gly 1.04, Ala 1.06, Val 1.84, Phe 2.00 (recovery of Phe, 89~/;').

Boc-AspfOChp)-Asn-Phe-Val-Pro-Thr-Asn-Vlll-Gly-8er(Bzl)-Glu(OBzI)-Ala-Phe-NH2-----A TFA -treated
sample of the above-prepared dodecapeptide amide (4.20g, 2.7mmol) was dissolved in DMF-DMSO (1: I, 100ml),
together with Et3N (0.38ml, 2.7mmol), Boc-Asp(OChp)-OSu (1.60g, 3.7m11101), HOBt (0.35g, 2.7mmol) and
NMM (0.75ml, 6.8mmol). The mixture was stirred for 48h, and this solution was poured into H20 (500ml). The
precipitate was collected and washed with hot MeOH, then reprecipitated from DMSO with MeOH. Yield 4.QOg
(89~;'), mp >230 DC (dec.), [aJ~ -7.8" (c=O.6, DMSO), Rj; 0.53. Anal. Caled for C~~HI22N16023 '2H20: C, 58.46;
H, 7.02; N, 12.40. Found: C, 58.15; H, 7.02; N, 12.63.Amino acid ratios in 6N HCI hydrolysate: Asp 2.75, Till' 0.92,
Ser 0.98, Glu 1.07, Pro 1.03, Gly 0.98, Ala 1.04, Val 2.14, Phe 2.00 (recovery of Phe, 86~{,).

Z(OMe)-Lys(Z)-Asp(OChp}-Asn-Phe-VaJ-Pro-Thr-Asn-Val-Gly-8er(Bzl)-Glu(OBzl)-Ala-Phe-NH2,-·--
A TFA-treated sample of the above-prepared tridecapeptide amide (4.20 g, 2Ammol) was dissolved in DMF..DMSO
(I: 4, 100rnl), together with Et3N (0.34 ml, 2.4 rnmol), Z(OMe)-Lys(Z)-OSu (2.00g, 3.6 mmol) and NMM (0.60ml,
3.6mmol). The mixture was stirred for 48 h, and the solution was poured into H20 (200ml), The precipitate was
collected and washed with hot MeOH, then reprecipitated from DMSO with MeOH. Yield 4.00g (80~>;;), mp > 250 DC
(dec.), [al~S +90.8 0 (c=0.8, DMSO), Rfl 0.64. Anal. Caled for CI06HI40NISOZ7 '5H20: C, 58.17; H, 6.91; N, 11.53.
Found: C, 58.09; H, 6.66; N, 11.64. Amino acid ratios in6 N HCI hydrolysate; Asp 2.71, Thr 0.86, Ser 0.89, Glu 1.08,
Pro l.07, Gly 1.05, Ala 1.05, Val 2.00, Phe 2.00, Lys 0.89 (recovery of Phe, 90%).

Z(OMe)-Val-Lys(Z)-.'\,sp(OChp)-Asn-Phe-Val-Pro-Thr-Asn-Val-Gly-8cr(Bzl)-Glu(OBzl)-Ala-Phe-NH2
--A TFA-treated sample of the above-prepared tetradecapeptide amide (4.00'g, 1.9mmol) was dissolved in DMF
DMSO(I :4, IOOml), together with Et3N (O.80ml, 5.7mmol) and Z(OMe)-Val-ONp (1.60g, 3.8mmol). The mixture
was stirred for 48 h, and the solution was poured into H20 (500 ml), The precipitate was collected and washed well
with hot MeOH, then reprecipitated from DMSO with MeOH. Yield 3.20 g (79%),mp > 250('C(dee.), [1X]f>s + 112.1 c

(c=0.6, DMSO), RfL 0.59. Anal. Calcd for ClllH149N1902S'3H20: C, 59.21; H, 6.94; N, 11.82. Found: C, 58.80; H,
6.63; N, 11.95. Amino acid ratios in 6N HCI hydrolysate: Asp 2.92, Thr1.01, Ser 1.01, Glu 1.07, Pro 1.09, Gly 0.98,
Ala 1.09, Val 2.85, Phe 2.00, Lys 0.91 (recovery of Phe, 87%).

Z(OMe)-Val-Val-Lys(Z)-Asp(OChp)-Asn-Phe-Val-Pro-Tllr-Asn-Val-Gly-8er(Bzl)-Glu(OBzl)-Alll-Phe-
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NH2--A TFA-treated sample of the above-prepared pentadecapeptide amide (3.20 g, 1.5mrnol) was dissolved in
DMF-DMSO (I: 4, IOOm1), together with Et3N (0.63 ml, 4.5mmol) and Z(OMe)-Vul-ONp (1.20g, 3.0 mmol). The
mixture was stirred for 48 h, and the solution was POll red into H20 (500 ml). The precipitate was collected and
washed well with hot MeOH, then reprecipitated from DMSO with MeOH. Yield 2.70g (80:~~), mp >250C (dec.),
[cx]~)s +71.4° (c=0.2, DMSO), R.I; 0.80. Anal. OIled for C'1IfiHmN;w029'3 J/2H 20: C. 59.04; H, 7.05; N, 11.87.
Found: C, 59.09; H, 6.93; N, 12.05. Amino acid ratios in 6 N HCI hydrolysate; Asp 2.80, Thr 0.92, SCI' 0.83, Glu 1.00,
Pro 1.17, Gly 1.00, Ala 0.94, Val 3.40, Pile 2.00, Lys 0.76 (recovery of Phe, 86/;;).

Z(OMe)-Gly-Vnl-Vlll-Lys(Z)-Asp(OChp)-Asn-Phc-Vlll-Pro-Thr-Asn-Val-Gly-Ser(Bzl)-Glu(OBzl)-AIIl
Phe-NH2; [l]--A TFA-trcated sample of the above-prepared hexadecapeptide amide (2.70g, 1.2 mmol) was
dissolved in DMF-DMSO (I :4, 100m]), together with EtJN (0.67ml, 4.8mmol) and Z(OMe)-Gly-ONp (UOg,
3.6 mmol). The mixture was stirred for 48 h, and the solution was poured into MeOH (500 ml), The precipitate was
collected and washed well with hot MeOH, then reprecipitated from DMSO with MeOH. Yield 2.20g (78%), mp
>250"C (dec.), laW +60.1" (c=0.3, DMSO), RJ~ 0.60. Anal. Caled for ClISHtr,IN;!I0;lO'3H20: C, 58.86; H, 6.94;
N, 12.22. Found: C. 58.73: H, 6.96; N, 12.26.

Boc-Cys(MBzl)-VaJ-Thr-OMc-A TFA-treated sample of Z(OMe)-Val-Thr--OMe6
) (4.80g, l2mmol) was

dissolved in DMF (30 ml), together with Et,N (3.36 rnl, 24 mmol) and Boc-Cys(MBzl)-ONp (5.36g, l2111mol). The
mixture was stirred for 24h, and DMF was removed by evaporation. The product was purified by procedure A.
followed by recrystallization from AcOEt with petroleum ether. Yield 5.75 g (86~,·~), mp 130-132 'C, [o:]t;~ _ 8.2" (c=
0.9, DMF), R.I; 0.69. Anal. Caled for C~hl-I.l-1N30HS: C. 56.19; H. 7.43; N. 7.56. Found: C, 56.24; H, 7.54; N. 7.55.

Boc-Cys(MBzl)-Val-Thr-NHNH~----Boc-Cys(MBzl)-Val-Thr-OMc (9.50g, 17mmol) dissolved ill MeOH
(150 ml) was treated with 80~{. hydrazine hydrate (10.0 ml, 170mrnol) at room temperature for 72h. The precipitate
was collected aud washed well with cold MeOH. Yield 8.50 g (89':{), mp 205-207 "C, [o:]~S _2.0° (c = 1.0, DMSO),
Rj; 0.68. Anal. Calcd for C2,H-l1N,07S' 1/2H20: C. 53:17; H. 7.50: N, 12.40. Found: C. 53.55; H, 7.46; N, 12.35.

Boc-Cys(MBzl)-Val-Thr-His-Arg(Mts)-Lcu-AJa-OMc----A TFA-treated .sumple of Z(OMe)--His-Arg
(Mts)-Leu-Ala-OMeb ' (4.30g, 5rnmol) was dissolved ill DMF (.5()ml) containing Et.,N (O.70ml, 5mmol). To this
ice-chilled solution, the azide [prepared from 2.50 g (5 0111101) of Hoc--Cys(MBzl)-Val--Thr--NHNHz in DMF (30 mil]
and Et3N (0.70ml, 5.0mmol) were added. The mixture was stirred at -4"C for 4811, and DMF was removed by
evaporation. The residue was dissolved in /l-BuQ}-1 and washed with 1O~~ citric acid, 5~~',; NaHCO) and H20--NaCI.

The solution was dried over MgS04 , and II-BuOH was removed by evaporation. The residue was triturated with ether
and the resulting solid was recrystallized from McOH with ether twice. Yield 3.80g (49~j;.), I11p 195-199"C, [O:]~J~

-6.9" (c=1.0, DMSO), R.f; 0.68. Anal, Cil!cd for Cjl,H/;"NI2016S,1·H20: C, 54..53; H, 7.13: N, 13.63. Found: C,
54.44; H, 7.30; N, 12.91\.

Z(OMe)-Thr-Cys(MBzl)-Vlll-Thr-Uis-Arg(Mts)-Lcu-Ala-OMe-----A TFA-treated sample of Boc-Cys
(MBzl)--Val-Thr-His-Arg(Mts)'Lcu-Ala-OMe (7.00 g. 5.1\ mmol) was dissolved in DMF (50 rnl) containing Et3N
(0.81 ml, 5.8 mmol), To this ice-chilled solution, the azide [prepared from 2.10 g (14 mmol) or Z(OMe)-Thr-NHNH,1
in DMF (30 ml)] and Et.\N (2.001111, 14mrncl) were added. The mixture was stirred at -4 C for 48 h. and DMF was
removed by evaporation. The residue was triturated with ether and the resulting solid was purified by procedure B,
followed by rcprecipitatiou from DMF with ether. Yield 5.00 g (71~;;), I11p 178-·-180"C, [cxlr;' ··1.4" (c :=0.7, DMSO),
RJ; 0.69. Anal. Cil1cd for Ch4H'I,lN 1.\01TSZ ,41-1 2°:C, 52.91; H, 7.00; N. 12.54. Found: C, 53.05; H, 6.79; N, 12.35.

Z(OMe)-Thr-Cys(MBzI)-V111-Thr-His-ArgtMtsj-Leu-Ala-N HNH z; [4}--Thc above-prepared methyl ester
(5.00 g, 3.6 mmol) dissolved in DMF (50 ml) was treated with RO':;, hydruzine hydrate (2.20 ml, 35 mmol) at room
temperature for 24 h. DM F was removed by evaporation and the residue was triturated with H20. The resulting solid
was collected and washed well with H20 and cold MeOH. Yield 4.50g (90,/;;), mp 216-2IR'C, [IX]f;' +3.9" (ccc=O.8,
DMSO), R,f; 0.49. Anal. Calcd for c•.IH'l.lN\,OH,S;Z .21/211'20: C, 53.rn; H, 6.92; N, 14.74. Found: C. 53.34; H, 6.83;
N, 14.46. Amino acid ratios ill 6N HC) hydrolysate: Thr l.55, Ala 1.00, Val 1.08, Leu 1.00. His 1.00, Arg 1.03
(recovery of Leu, 87:~.;,).

Z(OMe)-Asn-Thr-OMc~~"--Z(OMc)-Asn-ONp (8.40g, 20mmol) and NMM (2.50ml, 23.0mmol) were added
to a solution of H--Thr--OMe [prepared from 4.30 g (25 mrnol) of the hydrochloride with 3.50 ml (25 mrnol) of Et.IN in
DMF (75 ml)J, and the reaction mixture was stirred for 24 h. DMF was removed by evaporation and the residue was
dissolved in n-BuOH. The organic layer was washed with 5\ citric acid, 5/;, NaHCO;\ and H20-NuCI. The solution
was dried over MgS04 , and II-BuOH was removed by evaporation. The residue was triturated with ether and the
resulting solid was recrystallized from McOH with ether twice. Yield 4.60 g (55/~), mp )36---137 "C, [ex]&s - 3.0" (c=
1.0, MeOH), Rj; 0.58. Anal. Caled for CUIHzsN30a: C, 52.55; H, 6.13; N. 10.21. Found: C, 52.26; H, 5.R5; N, 10.16.

Boc-Cys(MBzl)-Asn-Thr-OMc--A TFA-treated sample of Z(OMe)-Asn-Thr-OMe (4.lOg, !Ommol) was
dissolved in DMF (50 ml), together with EtlN (1.40 ml, 10mmol), Boc-Cys(MBzl)-ONp (5.40 g, 10mrnol) and
NMM (1.30 ml, 12mmol). The mixture was stirred for 24 h, and D MF was removed by evaporation. The residue was
triturated with ether and the resulting solid was purified by procedure B, followed by recrystallization from MeOH
with ether. Yield 5.80g (92%). mp 202-203 "C, [o:]r)~ -19.0" (c=J.O, DMF), Rj; 0.66. Anal. Calcd for
C29H3SN401OS: C, 54.88; rI, 6.04; N, 8.83. Found: C, 54.99; H, 6.15; N, 8.83.

Z(OMe)-Ser(Bzl)-Cys(MBzl)-Asn-Thr-DMe-A TFA-treated sample of Boc-Cys(MBzl)-Asn--Thr-OMe
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(5.00 g, 8mrnol) was dissolved in DMF (50011), together with Et3N (1.20 ml, 8 mmol), Z(OMe)-Ser(BzI)-OSu (3.65 g,
Srnmol) and NMM (I.OOml, 9.0mmol). The mixture was stirred for 24h, and DMF was removed by evaporation.
The residue was triturated with ether and the resulting solid was purified by procedure B,followed by recrystallization
from DMF with ether. Yield 5.20g (94~~,), mp 196-199 QC, [o:]~5 _8.0" (c= 1.0, DMF), ~t; 0.72. Anal. Calcd for
C.,gH49N50IzS·I/2H20: C, 57.06; H, 6.14; N, 8.53. Found: C, 57.06; H, 6.13; N, 8.24.

Z(OMc)-Ser(Bzl)-Cys(MBzl)-Asn-Thr-NHNHz--The above-prepared methyl ester (4.50 g, 3.7 mmol) dis
solved in DMF-DMSO (I: I, 70 ml) was treated with 80% hydrazine hydrate (3.50 ml, 37 mmol) at room temperature
for 24h. The solvent was concentrated {II \'acuo and poured into H20 (200 ml), The precipitate was collected aud
washed well with H20 and MeOH. Yield 4.00 g (89%), mp 219-221 "C, [o:]f)5 + 6.0" (c =0.5, DMF), ~/; 0.48. AI/Ill.
Calcd for C.1HH49N701lS '1/2H2 0 ; C, 55.60; H, 6.14; N, 11.94. Found; C, 55.36; H, 6.19; N. II.!O.

Z(OMc)-8er(Bzl)-Cys(MBzl)-Asn-Thr-Ala-OMc--The azide [prepared from 2.00 g (2.5 rnmol) of Z(OMe)-
Ser(Bzl)-Cys(MBzl)-Asn-Thr-NHNH2 in DMF (30 ml)] and Et"N (0.35 ml, 2.5 m1110]) were added to an ice-chilled
solution of H-Ala-OMe [prepared from 0.52g (3.7 mmol) of the hydrochloride with Et3N (0.52 ml, 3.7 mmol) in
DMF (50 mlj]. The mixture was stirred at 4 "C for 24 h, and DMF was removed by evaporation. The residue was
triturated with H20 and the resulting solid was purified by procedure B, followed by recrystallization from DMF with
ether. Yield 1.80g (81°i~), mp 203-205 DC, [Cl]&5 -13.9 0 (c= 1.0, DMSO). R.t; 0.61. Anal. Calcd for C42H5~Nh0I3S:
C, 57.13; H, 6.16; N, 9.52. Found: C. 57.05; H, 6.40; N, 9.28.

Z(OMe)-Scr(Bzl)-Cys(MBzl)-Asn-Thr-Ala-NHNH2; [5]-~Z(OMe)-Ser(Bzl)-Cys(MBzl)-Asn-Thr-Ala
OMe (1.70 g, 2.1 mmol) dissolved in DMF-DMSO (I : 1, 50 ml) was treated with 80':,;; hydrazine hydrate (1.2ml,
20 mmol) and the mixture was stirred at room temperature for 24 h, then concentrated ill vacuo, The residue was
poured into H20 (200 ml). The precipitate was collected and washed well with H20 and MeOH. Yield 1.50 g (88~{,),

mp >225'C (dec.), [CC]~5 -7.9" (c=0.9, DMSOl, R./; 0.49. Anal. Calcd for C~I H5~N~01ZS' 3H20: C. 52.55; H. 6.45;
N, 11.96. Found: C, 52.38; H, 6.10; N, 11.77. Amino acid ratios in 6 N HCl hydrolysate: Asp 0.97. Till' 0.90, Ser 0.75,
Ala 1.00 (recovery of Ala, 85~~).

Z(OMc)-8er(Bzl)-Arg(Mts)-8er(Bzl)-Gly-G1y-Val-VaJ-Lys(Z)-Asp(OChp)-Asn-Phc-Vlll-Pro-Thr-Asn-Val
Gly-8er(Bzl)-Glu(OBzl)-Ala-Phe-NH2 ; Z(OMe)-rCGRP(I7-~37)-NH2~--'A TFA-treated sample of the protected
heptadecapeptide amide [I](1.00g, 0.42 mmol) was dissolved in HMPA-DMF (5: 1,50 rnl)containing Et3N (0.06 ml,
0.42rnmoJ). To this ice-chilled solution, the azide [prepared fr0111 J.IOg (1.311111101) of Z(OMe)-Ser(Bzl)-Arg(Mts)
Ser(Bzl)-Gly-NHNH/') in DMF (30ml)] and Et3N (0.18ml, 1.4mmol) were added. The mixture was stirred at
- 4'C for 48 h, then additional azide (1.30mmol) and Et,N (1.4mmol) were added, and stirring was continued for
48 h. The reaction mixture was poured into H20 (300 1111> a~d the precipitate was collected and washed with hot
MeOH, then reprecipitated from HMPA-DMF (5: 1) with MeOH. Yield 1.10g (83",;). mp >230'C (dec.), [o:]f)'
-2.1 0 (c=0.5, DMSO), N; 0.60. Anal. Calcd for C\55H2()8N2~0]8S' 3HP: C, Sl).96; H, 6.1\3; N, 12.46. Found: C,
59.03; H, 6.84; N, 12.29.

Z(OMe)-Gly-Leu-Leu-Ser(Bzl)-Arg(Mts)-Scr(Bzl)-Gly-Gly-Val-Val-Lys(Z)-Asp(OChp)-Asn-Phc-VlIl
Pro-Thr-Asn-Val-Gly-Ser(Bzl)-Glu(OBzlj-Ala-Phe-NH2 ; Z(OMe)-rCG RP( 14·--37)-N Ih "-'," A TFA-treu ted
sample ofZ(OMe)-rCGRP(17-37)-NH2 (1.10 g, O.35mmol) was dissolved in HMPA-DMF (5: I, 50 rnl) containing
Et3N (0.05 ml, 0.35 mmol). To this ice-chilled solution, the azide [prepared from 0.84 g (1.75 mmol) of Z(OMe), Gly
Leu-Leu-NHNI-I2

h
) in DMF (20 ml)] and Et]N (0.24 ml, 1.75 mmol) were added. The mixture was stirred lit .- 4 "C for

48 h, additional azide (1.75 mmol) and Et3N (1.75 mmol) were added, and stirring WlIS continued for 4H h. The re
action mixture was poured into cold H20'(300ml) and the precipitate was collected and washed with hot McOH,
then reprecipitatcd from HMPA-DMF (5: I) with MeOH. Yield LOOg (H4':;;). JIll' >235"C (dec.), [alfi' +IUl"
«('=0.3, DMSO), R;f; 0.65. Anal. Calcd for C169HmN3\041S, 3H20: C, 58.99; H, 7.00; N, 12.62. Found: C. 58.79; H,
7.02; N, 12.84.

Z(0Me)--Thr-Cys(MBzl)-Val-'Thr-His-Arg(Mts )-Leu-Ala-Gly-Lcu-Lcu-Scr(Bzl)-Arg(Mts )-Scr(BzI)-Gly
Gly-Val-Val-Lys(Z)-Asp(OChp)-Asn-Phe-Val-Pro-Tbr-Asn-Val-Gly-Ser(Hzl)-Glu(OBzl)-Alll-Phc-NHz;
Z(OMe)-rCGRP(6-·37)-NH2--The above-prepared Z(OMe)-rCGRP( 14-·-37)--NHz «(J.3S g, U.l I ml11(1) WlIS

treated with TFA-anisole (1.0 ml-0.2 ml) for 60 min with ice-cooling twice and dried over KOH pellets {II \'{U·ZW. The
dried TFA salt was dissolved in HMPA-DMF (5: 1,30 ml) containing Et3N (IS fd, G.Ll nuuol) and, to this ice-chilled
solution, the azide [prepared from 0.69 g (0.5 mmol)of Z(OMe)-Thr-Cysflvl Bzlj-Val,-Thr--J-lis-Arg{Mts)-Leu'-Ala-
NHNH2 in DMF (lOml)] and Et.,N (70JlI, 0.5mmol) were added. The mixture was stirred at -4"C for 48h,
additional azide (0.5 mmol) and 'Et3N (0.5 mmol) were added, and stirring was continued for 48 h. The reaction
mixture was poured into cold H20 (200 ml) and the precipitate was collected and washed with hot MeOH, then
reprecipitated from HMPA-DMF (5: 1) with MeOH. Yield 0.32g (68~{), mp >235"C (dec.), [a]t5 +25.0" (c=OA,
DMSO), RJ; 0.54, Anal. Calcd for CmH314NoI4054S3'IOH20: C, 56.37: H, 7.09; N. 12.97. Found: C, 56.72; H. 7.03;
N, 12.89.

Z(OMe)-8er(Bzl)-Cys(MBzJ)-Asn-Thr-Ala-Thr-Cys(MBzI)-Val-Thr-His-Arg(Mts)-Leu-Ala-Gly-Lcu
Leu-Ser(Bzl)-Arg(Mts)-S er(Bzl)-Gly-Gly-Val-Val-Lys(Z)-Asp(OChp)-Asn-Phe-Val-Pro-Thr-Asn-Vlll
Gly-Ser(Bzl)-Glu(OBzl)-Ala-Phe-NH2; Z(OMe)-rCGRP(I-37)-NH2-The above-prepared Z(OMe)-rCGRP
(6':'-37)-NH2 (0.30 g, 70 tlmol) was treated with TFA-anisole (1.0 ml-Oil ml) for 60 min with ice-cooling twice and
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then dried over KOH pellets in WICUO. The dried TFA salt was dissolved in HMPA-DMF(5: I, 30ml) containing
Et3N (9.8 pI, 70 tlmol) and. to this ice-chilled solution. the azide [prepared from 0.29 g(350 ~mol) ofZ(OMe)-Scr(Bzl)
Cys(MBzl)-Asn-Thr-Ala-NHNH~ in DMF (10 mlj] and EtJN (50 ttl, 350 tlmol) were added. The mixture was
stirred at - 4 "C for 48 h. additional azide (350 limo!) and Et,N (350/tmol) were added, and stirring Was continued
for 48h. The reaction mixture was poured into H20 (200ml) and the precipitate was collected and washed well

with hot MeOH. Yield 0.19 g (52~'~), mp > 250 "C {dec.), [IX]~' - 12.1 o (c =0.3. D MSO). Rf, 0.59. Anal. CaIed
for CmH356N50063S4'71/2H,O: C. 56.79; H. 6.93; N. 12.99. Found: C. 56.77; H. 6,58; N. 12.81.

t 1
H-Ser-Cys-Asn-Thr-Ala-Thr-Cys-Val-Thr-His-Arg-Leu-Ala-Gly-Lell-Lcu-Scr-Arg-8cr-Gly-Gly-Val-

Vlll-Lys-Asp-Asn-Pbe-Val-Pro-Thr-Asn-Val-Gly-Ser-Glu-Ala-Phc-NHz; lX-rCGRP----The above-prepared
Z(OMc)-rCORP(I-37)-NH~ (95mg. 18p11l01) was treated with 1M TFMSA-thiDanisole in TFA (7.30m1) in the
presence of Ill-cresol (0.38 ml, 200 eq) for 4 h with ice-cooling. then dry ether was added. The precipitate was collected
by centrifugation, washed with ether three times and dissolved in a solution of 0.1 M Tris-HCI buffer containing 6 M

guanidine-HCl (pH 8.0. 4ml). After the pH was adjusted to 8.0 with 5'X methylamine, the solution was incubated
with 2-mercaptoethanol (0.20 ml) at 30 "C for 24h under an N2 gas atmosphere, The insoluble material formed during
incubation was removed by centrifugation lind the supernatant solution was applied to a column of Sephudex 0-25
(2.2 x l IOcm), which was eluted with IN AcOH. The ultraviolet (UV) absorption at 27511111 was determined in each
fraction (7.0 ml) and the fractions corresponding to the main peak (tube Nos. 32-43) were combined. The combined
solution was diluted with icc-chilled H20 (1000 rnl, peptide concentration 0.07 mg/ml). The pH of this solution was
adjusted La 7.5 with 5~{, NH40 H and the solution WlIS kept standing at room temperature for 4 d; during this time. the
Ellman test value (U V absorption at 412 nm) dropped from 0.153 to a constant value of 0.013. The solution was thCII
stirred gently for an additional 24 h. The pH was adjusted to 6.6 with I N AcOH. and the solution was lyophilized.
The residue was dissolved in I N AcOH (4.0 ml) and applied to a column ofSephadex 0·50 (2.7 x 100cm). which was
eluted with IN AeOH. The UV absorption at 275 nm was determined in each fraction (fi.Ornl], then the fractions
corresponding to the main peak (tube Nos, 66-· 97. Fig. 6) were combined and the solvent was removed by
lyophilization to atford a white fluffy powder. 33 mg (4{\~'" from deprotcction l,

A part of this sample (25mg, ca. 0.7 rng each) was purified by HPLC on II Nucleosil 7C1H l4.8 x 250 mm) column
using a gradient of CH,CN (1'1'0111 30';.;; to 40~{. ill 50 min) in 0.2:~;J TFA. The eluate corresponding to the main peak
(lit: 39.80 min, Fig. 7-a) was pooled. The rest of the sample was similarly purified and the combined eluates were
repeatedly lyophilized to afford u white fluffy powder. 7.5 mg (30~.:) recovery on I-lPLC). [o:lb5 -44.0" (c::::0.4, 5~';)

AcOH). Rj; 1>.21, R/.~ 0.41, Rf.~ 0.84. Amino acid ratios in tile (, N HCI hydrolysate arc listed in Table I. Amino acid
ratios in papain plus LAP digest (numbers in parentheses arc theoretical values): Asp 1.02(1). Thr 3.73 (4). SCI' 3.54
(4), Asn 3.03 (3). Glu 1.00 (I), Gly 4.3S (4). Ala 3.15 (:I), YlI14.41 (5). Leu 3.38 (3), Phe 2,O() (2). Lys 1.03 (I). His 0.94
(I). Arg 2.18 (2), Pro 0.76 (I), Cys was not determined (recovery or Phe, 75:~;;). HPLC Itt: 39.80min (Fig. 7-b).
Molecular weight estimation was conducted by HPLC un a TSKgd G 2000SW column (7.5 x 600Il1J11). upon which

0.15

5010

(n)

1\
.J '... _.._.....--- .....__..•..-"'-
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(h)

20 30 40
Time (min)

Fig. 7. HPLC of Sephadex G-SO Purified
Product (a) and Finally Purified !X-rCGRP (b)

HPLC was performed 011 a reversed-phase column
(Chcmopak, Nucleosil 7C IK • 4.fS x 250mm), Isocratic
elution with (A) (10min) .was followed by linear
gradient elution from (A) to (B) (50min) at allow
rate I ml/min. (A): 30%; CH~CN (0.2~~ TFA). (B):
40~~·. CH 3CN (O.2~~ TFA).

10040 60 80
Tube No.

Fig. 6. Purification of the Air-Oxidized Crude
Peptide on Sephadex 0-50

0.10

0.05



70

43.17

.----L
start

Vol. 35 (1987)

Fig. 8. Elution of Synthetic iX-rCGRP from a
TSKgel G 2000SW Column (7.5 x 600mm)

Sample, synthetic a-rCGRP (M,=ca. 3800, 50llg);
eluent, 0.1 M AcONH4 (pH 4.2); flow rate, 0.5 mljrnin;
absorbance, 230 nrn.

synthetic lX-rCGRP (M, = ca. 3800, tR 43.17min) was eluted between human growth hormone releasing factor
(hGRF) derivative (M,=ca. 4500, tR 42.18min) and human atrial natriuretic peptide (hANP) derivative (M,=ca.
2000, tR 49.72min) (Fig. 8).
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Direct C·S Lithiation of Naturally-Occurrmg Purine Nucleosides.
A Simple Method for the Synthesis of 8·Carbon·Substituted

Purine N ucleosides1
)
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The sugar moiety of adenosine, inosine. or guanosine was protected with a tel'/-butyldimethyl
silyl group. The C-8 Jithiation of these protected nucleosides was carried out with lithium
diisopropylamide in tetrahydrofuran at below - 70°C. The reactions of the C-8-lithiated species
with Mel, HC02Me, and ClC01Me were examined. The resulting products having a carbon
substituent at the C-8 position were converted to the corresponding 8-carbon-substituted purine
nucleosides by treatment with tetrabutylammonium fluoride. The whole sequence constitutes a
simple method for the preparation of 8-carbon-substituted purine nucleosides from intact purine
nucleosides,

Keywords--lithiation; purine nucleoside; LDA; 8-carbon-substituted purine nucleoside;
tert-butyldimethylsilyl group

Our recent studies on the lithiation of nucleosides" have demonstrated the effectiveness
of this approach for the introduction of a variety of functionalities into the base moiety. In
an earlier paper, we reported the use of 6-chloro-9-(2,3-0-isopropylidene-fJ-D-ribo
furanosyl)purine as a starting material in the lithiation approach to the synthesis of 8
carbon-substituted adenosines, 6-thioinosines, and nebularines.v"

In connection with our continuing studies on the lithiation chemistry of nucleosides,
we would like to report here the direct e-8 metallation of naturally-occurring purine
nucleosides-adenosine (1), inosine (2), and guanosine (3)-which provides a simple method
for the preparation of their 8-carbon-substituted derivatives.

Although the preparation of purine nucleosides having carbon substituent at the e-8
position has ample precedent in the literature, most methods are based on either radical
reaction, which suffers from the problem of regiospecificity," or nucleophilic displacement, in
which only cyanide ion or ethyl sodioacetoacetate can be used as a nucleophile." An
alternative method, palladium-catalyzed condensation of Grignard reagents with trimethyl-
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6: R=TBDMS

Fig. 3



No.1 73

silyl derivatives of 8-bromopurine nucleosides," is far from satisfactory in synthesis due to its
poor yields.

The above facts prompted us to carry out the present work. There have been two reports
on the lithiation of purine nucleosides other than those cited in references 3 and 4. Barton and
his co-workers described, for the first time in studies on the lithiation of purine nucleosides,
the C-8 metallation and successive methylation of N6-methyl-2J,3'-O-isopropylidene
adenosine to obtain N 6 ,N6-di methyl-8-methyl-2' ,3'-O-isopropylideneadenosine in 35%
yield." Halogen-lithium exchange reaction of 8-bromopurine nucleosides has also been
used for the modification of the C-8 position." However, the direct C-8 lithiation of "intact
purine nucleosides" is unprecedented to our knowledge.

A major concern in the lithiation of nucleosides is the problem of protection of hydroxyl
groups and selection of a suitable lithiating agent. In our previous studies, the use of a
combination of acid-labile protecting groups such as 5'-O-methoxymethyl/2',3'-O-iso
propylidene and 5'-O-tert-butyldimethylsilyl (TBO MS)/2',3'-O-methoxymethylidene was
successful in effecting lithiation of uridinef" and an imidazole nucleoside.i'" However, these
are not suitable for purine nucleosides, since their glycosidic bonds undergo acid-catalyzed
hydrolysis.'?' The TBDMS group would meet our requirements because of its stability under
strongly basic conditions and its easy cleavage under neu tral conditions with fluoride anion. II J

When adenosine (1), inosine (2), and guanosine (3) were treated with TBDMSCI (3.5,
5.0, and 6.0 eq, respectively) in N,N-dimethylformamide (OMF) containing imidazole (7
IOeq) at room "temperature overnight, the corresponding 2J,3',5'-tris-O-TBDMS derivatives
(4,12) 5, and 613

» were obtained as crystals in high yields. We then examined the C-8 lithiation
of these protected nuc1eosides (4-6). As purine nucleosides are known to undergo hydrogen
exchange at the C-8 position':" and as the C-8 hydrogen was considered to be rather acidic,
lithium diisopropylamide (LDA)151 was used in the present investigation.

When 4 in tetrahydrofuran (THF) was added to a THF solution of LDA (3 eq) at below
- 70"C. a clear solution of the lithiated species resulted. After keeping the mixture below
-70 DC for 1.5h, CD)OD was added to the solution and the resulting deuterated product was
isolated by short-column chromatography on silica gel. The proton nuclear magnetic
resonance CH-NMR) spectrum of the deuterated 4 in CDCl3 showed, by comparison of the
integrals of the H-2 (c)8.33ppm) and H-8 (c'58.15ppm) signals with that or the H_l J signal
(c)6.02 ppm), that the metallation took place at the C-8 position in a regiospecific manner in
68% yield. As can be seen from Table I, a higher deuterium incorporation was observed when
the above reaction was performed by using 5cq of LOA. In a similar manner, LDA lithiation
of 5 and 6 was examined by deuteration and the results are summarized. in Table 1. In an
attempt to increase the lithiation levels, lithium 2,2,6,6-tetramethYlpiperidide (LTMP), which
is a more basic lithiating agent than LOA/Ill was also examined but no practical advantage
could be found in the use of this expensive reagent. Thus, throughout this study, 5eq of LDA
was used for the C-B lithiation of 4--6.

Methylation at the C-8 position of 4 was first carried out. When the lithiated 4 prepared
by using 5eq of LDA as mentioned above was reacted, with Mel (3 eq) for 2 h at below
-70 "C, 2',3',5'-tris-O-TBDMS-8-methyladenosine (7) was isolated in 45% yield and most of
the starting material (4) was left unchanged after quenching with AcOH. Although Barton et
al.B) have reported the simultaneous methylation at the N-6 and C-8 positions in the reaction
of lithiated N6-methyl-2',3J-O-isopropylideneadenosine, the N'<rnethylated product of 7 was
not detected even in a trace amount in our reaction. The absence of such an undesired product
could be attributed to the lower reaction temperature, which decreases the nucleophilicity of
the N 6-anion. Treatment of 7 with tetrabutylammonium fluoride (TBAF) in THF for 2 h at
room temperature gave 8-methyladenosine (8)54) in 85% yield.

A similar methylation of the lithia ted 5 (5 eq of Mel, 3 h), on the other hand, gave a



TABLE 1. Deuterium Incorporation (~~)

at the C-8 Position of 4-6

LDA
Compd. ---------

74

4
5
6

3 eq

68
75
42

4 eq

67
89
45

5 eq

77
91
66

LTMP

5 eq

83
87
57
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mixture of products which could not be separated at this stage. After removal of the TBDMS
groups, 8-methyl- (9),5d) S-ethyl- (10), and 8-isopropy1inosines (11) were obtained by
preparative thin layer chromatography (TLC) in 21%, 16%, and 15% yields, respectively. The
formation of 10 and 11 apparently results from further methylation of the initially formed 8
methyl derivative and this is in accord with our earlier observation in the case of 6
chloropurine nucleoside."

A functionalized alkyl group, the hydroxymethyl group, can be introduced by elec
trophilic reaction of HC02Me followed by reduction of the resulting formyl derivative with
NaBH4 • Thus, when HC02Me (5 eq, 3 h) was added to the lithiated 4, the 8-formyladenosine
derivative (12) was produced. Subsequent reduction of 12 with NaBH4 in MeOH gave the 8
hydroxymethyladenosine derivative (13) in 62% yield from 4. Deprotection of 13 gave 8
hydroxymethyladenosine (14) in 87% yield as crystals (mp 209-210 DC). This compound has
been reported recently but not in a crystalline form.?" The lithiated 5 also followed the above
reaction sequence, giving the 8-formylinosine derivative (15) in 71% yield and then its 8
hydroxymethyl derivative (16) in 92% yield. 8-Hydroxymethylinosine (17) was obtained as
crystals (mp >290 "C) upon TBAF treatment of 16. Similarly, the 8-formyl derivative (18) of
guanosine was prepared in 41% yield. Although the yield of 18 was not quite satisfactory, it is
noteworthy that the lithiation reaction could work with such a polar substrate as 6. Reduction
of 18 followed by deprotection gave 8-hydroxymethylguanosine (19: 86% from 18, mp 212-
214°C).

The reactions with CIC02Me were next examined. Treatment of the lithiated 4 with 5 eq
of ClC02Me (3 h, below -70°C) gave two products. Both products, isolated by column
chromatography, had one D20-exchangeable proton and one aromatic proton in their 1H_
NMR spectra measured in CDC13 , indicating that one amino proton and a proton at the C-8
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H2N~N N>-

R~R0\:j
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RO~
R ORRO OR

12: R=TBDMS, 15: R=TBDMS, 18: R=TBDMS,
X=CHO X=CHO X=CHO

13: R=TBDMS, 16: R=TBDMS, 19: R=H,
X=CH2OH X=CHzOH X=CHzOH

14: R=H, 17: R=H, Fig. 8
X=CHzOH X=CH2OH

Fig. 6 Fig. 7
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position had been displaced during this reaction. The IH-NMR spectrum of the slower
moving product showed two C02Me signals at 3.88 and 4.07 ppm, which was suggestive of the
structure 20, while that of the faster-moving one indicated the presence of two fixed isopropyl
groups (1.24 and 1.57 ppm, each as a double doublet) and one C02Me group (3.89 ppm,
singlet).

Since LDA was apparently the origin of the two isopropyl groups and since such
nucleophilic attack ofdiisopropylamide anion was considered to be less favored at N 6•

C02Me than at C8-C0
2Me, the structure 21 was assigned to the latter product. The yield of20

and 21 were 27% and 50%, respectively.
From the result of methylation of the lithiated 4, we assumed that regioselective reaction

at the C-8 position might be possible by using a limited amount ofCIC02Me. However, when
this reaction was conducted with 1eq of the electrophile, 21 was the sole product (20~1o yield).
The structures of 20 and 21 were eventually further confirmed by NH3/MeOH treatment (at
room temperature, overnight) which gave 22 (24%) plus 23 (46%) and 24 (79%), respectively,
as shown in Chart 1.

Although we have no clear explanation for the attack of diisopropylamide anion in the
above methoxycarbonylation of 4, the acylation at the N-6 position should be responsible for
this result, since LDA (5 eq) treatment of 22 under similar conditions did not furnish 24.
Compounds 22-24 were converted to the corresponding free nucleosides (25-27) in high
yields by TBAF treatment.

Finally, the reaction of the lithiated 5 with CIC02 Me (3 eq, 2 h, below -70 QC) was
carried out. The corresponding 8-methoxycarbonyl derivative (28) was isolated in 61 %yield
as the sole product. In contrast to the case of adenosine, it is interesting that the 8-C02Me

group survived completely during this reaction. Deprotection of 28 gave 8-methoxycarbonyl-

,CC; l5'S-C02M'
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inosine (29) in 73% yield.

Experimental

Vol. 350987)

Melting points were determined with a' Yanagimoto micro melting point apparatus and are uncorrected. 'H
NMR spectra were measured with tetramethylsilane (TMS) as an internal standard, with a lEOL lNM-FX 100
NMR spectrometer. The abbreviations used are as follows: s, singlet; d, doublet; dd, double doublet; t, triplet; m,
multiplet; br, broad. Mass spectra (MS) were taken on a lEOL lMS-D 300 spectrometer. Ultraviolet (UV) spectra
were recorded on a Shimadzu UV-240 spectrophotometer. Reactions at low temperature were performed using a
CryoCool CC-IOO (NESLAB Instrument, Inc.). Butyllithium in hexane was titrated before use by using diphenyl
acetic acid in THF. THF was distilled from sodium benzophenone ketyJ. Column chromatography was carried out
either on silica gel (Wakogel® C-200) or on magnesium silicate (Florisil®). TLC was performed on silica gel
(precoated Silica gel plates 60 F2S4 ' Merck).

2',3',5'-Tris-O-(terf-butyldimethylsilyl)adenosine (4)--Compound 1 (267 mg, 1.0mrnol) was added to a mixture
of TBDMSC I (528 mg 3.5 mrnol) and imidazole (340 mg, 5.0 mmol) in DMF (2 ml), and the resulting solution was
stirred at room temperature overnight. The mixture was poured into EtOAc-H20 and the organic layer was
separated, dried (Na2S04 ) and evaporated to dryness. Column chromatographic purification (benzene: EtOAc =
4: I) of the residue gave 4 (532 mg, 86%). Crystallization from MeOH-H20 gave an analytical sample (mp 143
144"C, 1it.12) mp 142-144"C). Anal. Calcd for C2sHssNs04Si3: C, 55.16; H, 9.09; N, 11.49. Found: C, 55.10; H, 9.15;
N, 11.41. MS mlz: 594 (M-Me), 552 (M-Bu-tert), 135 (B+l). UV A~~~Hnm (e): 260 (15600), J..~~.?llnm (e): 229
(2900). 'H-NMR (CDCI3) 8: 0.10-0.13 (ISH, m, SiMe), 0.79-0.95 (27H, m, SiBu-tert), 3.80 (lH, rn, H-4'), 3.96
4.18 (2H, m, CH2-5' ), 4.32 (IH, dd, H-3'), 4.69 (lH, dd, H-2'), 5.80 (2H, br, NH2), 6.02 (lH, d, H-I '),8.15 (IH, s, H
8), 8.33 (IH, s, H-2).

2',3',5'-Tris-O-(tert-butyldimethylsilyl)inosine (S)--This compound was prepared from 2 (1.07 g, 4.0 mmol),
TBDMSCI (3.02 g, 20 mmol), and imidazole (1.91 g, 28 mmol) in DMF (5 ml) by the same procedure as used for the
preparation of 4. Silica gel column chromatography (benzene: EtOAc =2: I) gave 5 (2.21 g, 91%). Crystallization
from MeOH gave an analytical sample (mp 248-249 "C), Anal. Calcd for C28Hs4N40sSi3: C, 55.07; H, 8;91; N, 9.17.
Found: C, 55.29; H, 9.15 N, 9.40. MS mlz: 595 (M-Me), 553 (M-Bu-tm), 136 (B+I). UV J..~~~Hnm (e): 247
(11300), J..~~~I~.rnm (e): 260 (6500), A~~.?Hnm (e): 225 (4500). IH-NMR (CDCI3) (5: 0.10-0.15 (l8H, m, SiMe),
0.82-0.97 (27H, m, SiBu-tert), 3.74-4.56 (5H, m,H-2', H-3', H-4', CHz-5'), 6.02 (lH, d, J=4.9Hz, H-I'), 8.17
(lH, s, H-2), 8.24 (lH, s, H-8), 13.21 (lH, br, NH).

2',3',5'-Tris-O-(tert-butyldimetbylsilyl)guanosine (6)--This compound was prepared from 3 (1.13 g, 4.0 mmol),
TBDMSC1 (3.62g, 24mmol), and imidazole (2.72g, 40mmo!) in DMF (20ml) by the procedure as used for the
preparation of 4. Silica gel column chromatography (6% ptOH in CHCI3) gave 6 (2.10 g, 86%). Crystallization from
MeOH-H20 gave an analytical sample (rnp 255-257 "C, lit.13)mp > 245 "C, dec.). Anal. Calcd for CzsHssNsOsSi3'
1/2HzO: C, 52.97; H, 8.89; N, 11.03. Found: C, 53.09; H, 8.97; N, 11.13. MS mjz: 568 (M-Bu-rert), 151 (B+I). UV
..1.~:~H nrn (e): 256 (20000), J..~~~r~er nm (I:): 266 (16200), ..1. ~f.?1l nm (e): 223 (1900). J H-NMR (CDC]3) (): 0.02---0.14
(l8H, m, SiMe), 0.87-0.96 (27H, m, SiBu-lert), 3.74-4.49 (5H, rn, H-2', 1-1-3', H-4', CH2-5'), 5.83 (IH, d, J=
3.9 Hz, H-I'), 6.29 (2H, br, NH2) , 7.90 nn, s, H-8),·12.03 (IH, br, NH).

2',3',5'-Tris-O-(terf-butyldimethylsilyl)-8-methyJadenosine (7)--LDA (7.5mmol) in THF (l Srnl) was placed in
a three-necked flask equipped with a gas-inlet adaptor, thermometer, and rubber septum. To this, a solution of 4
(915mg, 1.5mmol) in THF (15ml) was added, under positive pressure of dry argon, at such a rate that the
temperature did not exceed - 70 "C. The mixture was stirred for 1.5h at below - 70 "C, Mel (0.28 ml, 4.5 mmo1) was
added and the whole was stirred for a further 3 h. The reaction was then quenched by adding AcOH (0.43 rnl,
7.5 mmol). Evaporation of the solvent followed by chromatography on a silica gel column (O.5~; EtOH in CHCI3)
gave 7 (417mg, 45%). Crystallization from EtOH gave an analytical sample (mp 170·-172 "C). Anal. Calcd for
CZ9H57Ns04Si3: C, 55.85; H, 9.21; N, 11.23. Found: C, 55.80; H, 9.33; N, 1L10. MS mlz: 567 (M-Btl-tert), 149
(B+ I). UV\Ji~~?"nm (e): 260 (17100), A~f.?Hmn (e): 229 (4100). IH-NMR (CDCI3 ) 0: 0.04--0.16 (l8H. m, SiMe),
0.77-0.97 (27H, m, Sillu-rerr), 2.62 (3H, s, 8-Me), 3.76 (I H, m, H-4'), 3.98-4.12 (2H, m, CHz-5'), 4.51 (IH, dd, H
3'),5.43-5.53 (3H, rn, B-2', NH2), 5.79 (lH, d, J =6.3 Hz, H-I '), 8.24 (lH, s, H-2).

8-Methyladenosine (8)--TBAF·3HzO (265mg, 0.84mmol) was added to a solution of7 (I50mg, 0.24mmol)
in THF (7 ml) and the mixture was stirred at room temperature for 2 h. After evaporation of the solvent, the resulting
residue was chromatographed on a Florisil column (15% EtOH in CHCI3). This afforded 8 (58 mg, 86%), which was
crystallized from MeOH-HzO to give an analytical sample (mp 199-202 "C, sintering at 132°C; Iit. Sd

) mp 130
133-ci Anal. Caled for Cl l H JSNs04: C, 46.97; H, 5.37; N, 24.90. Found: C, 46.91; H, 5.38; N, 24.63. MS mlz: 149
(B+ 1). UV ).~i~nm (e): 261 (14500), J..~l~nm (e): 227 (800). IH-NMR (CD 30D) (j: 2.64 (JR, s, 8-Me), 3.75-3.85
(2H, m, CH2-5' ), 4.18 (lH, m, H-4'), 4.31 (IH, m, H-3'), 4.92 (IH, dd, H-2'), 5.90 (lH, d, J= 3.9 Hz, H-I '),8./0 (tH,
s, H-2).

8-Alkylinosines (9,10, and ll)---The C-g alkylation of5 (916 mg, 1.5 mmol) with Mel (0,47 ml, 7.5 mmol) was
carried out for 3 h by the same procedure as used for the preparation of 7. Silica gel column chromatography (2%
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EtOH in CHCIJ) gave a mixture of products, which was treated with TBAF· 3HzO (1.66g, 5.3 rnrnol) in THF (IS ml)
for 2 h. Column chromatography on Florisil (40% EtOH in CHCIJ) gave a mixture of 9, 10, and 11. Purification by
preparative TLC (silica gel, 6% EtOH in CHC13) gave 9 (91 mg, 21 ~~), 10 (72mg, 16%), and 11 (71 mg, 15%).

PhysicaLdata for 9 are as follows. mp 163-165 ~C (MeOH-HzO). Anal. 'Calcd for CII HI4N40S' H20: C, 44.00;
H, 5.37; N, 18.66. Found: C, 43.98; H, 5.18;.N, 18.52. MS I1I/Z: ISO (B+ I). UV A~~~nm (c): 251 (12400), A~~r~nm (e):
226 (4600). IH-NMR (DMSO-d6 ) b: 2.51 (overlapped with DMSO, 8~Me), 3.58-3.62 (2B, m, CH2-5'), 3.91-3.94
(IH, m, H-4'), 4.13 (1H, m, H~3'), 4.65-4.84 (1 H, m, H-2'), 5.04--5.42 (3H, m, 2'-OH, 3' -OH, 5'-OH), 5.78 (lH, d,
J=6.8Hz, H-1'), 8.01 (lH, s, H-2), 12.37 (IH, br, NH).

Physical data for 10 (obtained as a foam) are as follows. MS mjz: 164 (B+ 1). UV A~~~ nm: 250, ;'~;;,~ nm: 232.
IH-NMR (OMSO-d6 ) t5: 1.28 (3H, t, CHzCli.l)' 2.86 (2H, q, q:hCHJ), 3.58-3.62 (2H, rn, CH z-5'), 3.94 (lH, m, H
4'),4.15 (lH, dd, H-3'), 4.82 (l H, dd, H-2'), 5.11 (3H, br, 2'-OH, 3'-OH, 5'-OH), 5.78 (lH, d, J=6.8 Hz, H-I '), 8.01
(IH, s, H-2). Compound 10 was converted to its triacetate, whose high-resolution MS was measured. High-resolution
MS mjz: 422.1436 (M+) Calcd for CIBHzzN40S 422.1436. IH-NMR (COCIJ) 8: 1.46 (3H, t, 8-CH2Cth), 2.06, 2.09,
and 2.16 (9H; each as s, Ac), 2.91 (2H, q, 8-ClilCHJ ) , 4.30-4.39 (2H, m, CH l-5'), 4.49 (IB, m, H·4'), 5.79 (l H, dd,
H-3'), 5.96 (1H, d, J=5.1 Hz, H-I '),6.19 (lH, dd, H-2'), 8.03 (IH, s, H~2), 12.80 (lH, br, NH).

Physical data for 11 are as follows. mp 143-145 "C (MeOH-H20). Anal. Calcd for CIJHIMN40S' 1/2HlO: C,
48.89; H, 5.99; N, 17.55. Found: C, 48.63; H, 6.07; N, 17.31. MS mlz: 178 (8 + I), 163 (B + I-Me). UV ;.~~?nm (I:):
252 (14000), A~l~nm (e): 224 (3800). IH-NMR (OMSO-d6 , after addition of 0lO) (,: 1.30 (6H, d, CHM~..2)' 3.14
3.48 (2H, m, CH l-5'), 3.63 (IH, q, C.ijMe2 ) , 3.95 (IH, m, H·4'), 4.17 (IB, dd, H-3'), 4.90 (IH, dd, H-2'), 5.82 (IH, d,
J=6.8 Hz, H-I '), 8.02 (lH, s, H-2).

2',3',5'-Tris-O-(tert-butyJdimethylsilyl)-8-hydroxymethyladellQsine (13)-The C-S formylation of 4 (766 mg,
1,26mmol) with HC02Me (0.46 ml, 7.5 mrnol) was carried out for 3 h by the same procedure as used for the
preparation of 7. The reaction mixture containing 12 was diluted with MeOH and treated with NaBH4-' After being
quenched with AcOH, the mixture was evaporated to dryness. The resulting mixture was taken up into CHCIJ-H20.
The organic layer was separated, dried (Nu2S04 ) , and chromatographcd on a silica gel column (4% EtOH in CHCI3)

to give 13 (245 mg, 61%) as a foam. Anal. calcd for C2'lHs7Ns07Si3: C, 54.45; H, 8.98; N, 10.95. Found: C, 54.74; H,
9.20; N, 10.75. MS mlz: 583 (M - Bu-zerz), 165 (B+ I). UV ).~~~Il nm (1:): 262 (I 5900), l~i~1I nm (e): 231 (4100). 1H
NMR (COCI3) b: 0.02-0.16 (ISH, m, SiMc), 0.75-0.83 (27H, m, SiBu-/crt), 3.57-3.80 (I H, rn, H-4'), 3.94-4.07
(2H, m, CH z-5' ), 4.50 (lH, dd, H-3'), 4.91 (2H, s, 8-CI.:hOH), 5.34 (lH, dd, H-2'), 5,92 (IH, d, J=5.9 Hz, H-I 'l, 8.27
(IH, s, H-2),

8-Hydroxymethyladenosine (14)--Compoulld 13 (176 mg, 0.28 mmol) was deprotected with TBAF· 3HlO

(309 mg, 0.96 mrnol) in THF (15 rnl) as described for the preparation of 8. Florisil column chromatography (30%
EtOH in CHCIJ) gave 14 (72 mg, 87%). Crystallization from EtOH-H20 gave an analytical sample (mp 209·
210 "C). Anal. Calcd for CltH1SN505: C, 44.44; 1'1,5,09; N, 23.56. Found: C, 44.56; H, 5.1 I; N, 23.30. MS 1Il/;;: l66
(B+2). UV ).~;,~)nm (n): 263 (15000), A~f,~)nlll (E:): 230 (2500). IH·NMR (DMSO-l!". after addition ofOP) 0: 3.58
(2H, rn, CH2-5'), 4.01 (IH, m, H-4'), 4.18 (IH, dd, H-3'), 4,61. 4.72 (2H, each as d, g-CthOH), 4.82 (lH, dd, H-2'),
6.02 (IH, d, J=7.3Hz, H-J'), 8.10 (IH, s, H-2),

2',3',5'-Tris-O-(tert-butyldimethylsilyl)-8-formylinosinc (15)-The C-B forrnylation of 5 (916mg, l.Smmol)
with HC02Mc·(0.46 ml, 7.5 mmol) was carried out for 3h by the same procedure as used for the preparation of 7.
Silica gel column chromatography (benzene: EtOAt: =4: 1) gave 15 (68[1 mg, 71 ~:';;), which was crystallized from
MeOH (rnp 2J(}-·212"C). Anal. Calcd for Cl,)H54-N4-0/oSi3: C, 54.53; H. 8.52; N, 8.77. Found: C, 54.84; H, 1\.85;N,
8.49. MS mlz: 581 (M-Bu-tert), 164 (8+1). IR (CHCI 3) cm - l : 1690 (CHO). UV ,t~:~JIInm (e): 251 (8600),
).~~,~I:'cr nm (s): 263 (6900), ,1.~I~)fl nm (I:): 226 (5100). IH-NMR (CDCl3) i5: 0.04---0.16 (ISH, In, SiMe), 0.76-·0.98
(27H, m, SiBu-tert), 3.69--4.06 (3H, m, H-4', CH l-5'), 4.51 (lH, m, H-3'), 5.20 (lB, dd, H-2'), 6.86 (lB. d, J=
6.1 Hz, H-l'), 8.28 (IH, s, H-2), 9.99 un, s, 8-CHO), 12.95 (lH. br, NH).

2' ,3' ,5'-Trls-O-(tert-butyldimethylsilyl)-8-ltydroxymethylinosine (16)--Compollnd 15 (639 rng, 1.0mmol) in
MeOH (20 ml) was treated with NaBH4- (82 mg, 2.2I11mol) at room temperature for IS min. After being quenched
with AcOH, the mixture was evaporated to dryness. Chromatographic purification of the residue (2~:~; EtOH
in CHCIJ ) gave 16 (589mg, 92%), which was crystallized from MeOH (rnp 250--251 "c). Anal. Calcd for
CZ9Hs6N4-06SiJ: C, 54.36; H, 8.8 I; N, 8.74. Found: C, 54.48; H, 8.99; N. 8.74. MS mlz: 584 (M - BU-Im), 166 (B+ I).
UV ).~:~H nm (e): 252 (13400), ;.~~~t,\.r nm (c): 264 (7700), A.~I~H nm (e): 227 (6000). lH-NMR (CDCI 3) 6: 0.06--0.15
(l8H, m, SiMe), 0.76-0.96 (27H, m, SiBu·tert), H9-3.94 (3H, m, CHl-5', 8-CH zO.tJ), 4.11 (IH, m, H-4'), 4.40
(IH, dd, H-3'), 4.91-5.04 (3H, m, H-2', 8-Cli20H), 6.00 (lH, d, J=6,4Hz, H-I '),8.15 (IH, S, H·2), 13.06 (lH, br,
NH).

8-Hydroxymethylinosine (17}--Compound 16 (322mg, 0.5mmoI) was deprotected with TBAF·3HzO (552
rng, I.75mmol) in THF (15ml) as described for the preparation of 8. Florisil column chromatography (50%
EtOH in CHCI3) gave 17 (122 rng, 82%), which was crystallized from MeOH (mp > 290 "c). Anal. calcd for
CIlIi14N406·2/3HzO: C. 42.58; H, 4.98; N, 18.05. Found: C, 42.60; H, 4.68; N, 17.78. MS mlz: 152 (B+ I). UV
A~;~ nm (e): 252 (12000), A~I~ nm (e): 225 (3400).1 H-NMR (DMSO-d6, after addition ofDzO) 5: 3.46--3.50 (2H, m,
CH2-5'), 3.94 (lB, m, H-4'), 4.16 (lH, m, H-3'), 4.59,4.67 (2H, each as d, 8-cthOH), 4.74 (IH, dd, H·2'), 5.99 (IH,
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d, J:= 6.3 Hz, H-I'), 8.05 (JH, s, H-2).
2',3',5'-Tris-O-(rert.butyldimethylsUyl)-8-formylguanosine (18)--The C·g formylation of 6 (614 mg. 1.0mmol)

with HC02Me (0.3 ml, 5.0 mmol) was carried out for 2 h by the same procedure as used for the preparation of7. Silica
gel column chromatography (3% EtOH in CHCI3) gave 18 (262mg, 41%). MS mjz: 596 (M-Bu~tert), 179 (B+ I).
UV ,i~:?Hnm: 337, 258, l~~~~ernm: 266, ,i~f.?Hnm: 291, 231. lH·NMR (COC13) s. 0.04-0.16 (18H, m, SiMe),
0.78-0.98 (27H, m, SiBu-terl), 3.71-3.94 (2H, m, CH2-5'), 4.05 (1H, m, H-4'), 4.46 (1H, m, H.3'), 5.09 (1H, t, H-2'),
6.64 (JH, d, J=5.6Hz, H-I'), 6.79 (2H, br, NHz), 9.98 (1H, s, 8-CHO), 12.15 (IH, s, NH).

8-Hydroxymethylgllanosine (19}---Compound 18 (134mg, 0.21mmol) in MeOH (4ml) and THF (I ml) was
treated with NaBH4 (22rrig, 0.6mmol) at room temperature for 15min. After being quenched with AcOH, the
mixture was evaporated to dryness. The resulting residue was dissolved in CHCI 3 and the solution was washed with
H20. The organic layer was separated, dried (Na2S04)' filtered, and evaporated. The residue thus obtained was
treated with TBAF· 3H:zO (231 mg, 0.73 mmol) in THF (5 ml) as described for the preparation of 8. Florisil column
chromatography (40% EtOH in CHCI3) gave 19 (57mg, 86%), which was crystallized from MeOH'-H20 (mp 212
214°C). Anal. Calcd for CuHlsNs06'1/2H20: C, 40.99; H, 5.17; N, 21.73. Found: C, 41.22; H, 5.39; N, 21.43. MS
miz: 181 (B+I). UV A.~i~nm (e): 259 (7200), A.~h2'~ldernm (e): 270 (5900), A.~t~nm (e): 226 (2300). lH·NMR (DMSO
d6 , after addition ofOzO) s.2.53-2.57 (2H, m, CH2-5'), 3.89 (IH, m, H-4'), 4.13 (IH, dd, H-3'), 4.43, 4.61 (2H, each
as d, 8-CthOH), 5.84 (lH, d, J=6.8Hz, H-I').

2',3',5'-Tris-O.(tert-butyldimethylsilyl)-N6,8-bis(methoxycarbonyl)adenosine (20) and 2',3',5'-Tris-O-(tert
butyldirnethylsilyl)-8-(N,N-diisopropylcarbamoyl)-N6-metaoxycarbonyladenosine (21}---The methoxycarbonylation
of 4 (915mg, 1.5 mmoI) with CIC02Me (0.58 ml, 7.5 mmol) was carried out for 3 h by the same procedure as used for
the preparation of 7. Silica gel column chromatography (CHCI 3) gave 20 (288 mg, a syrup, 27%) and 21 (503 mg, a
foam, 50%).

Physical data for 20 are as follows. MS mjz: 670 (M+I-Bu-tert), 638 (M+I-Bu-tert-OMe), 220
(B+I-0Me). UV A~~?Hnm: 280, A~i.?Hnm: 242. lH-NMR (CDCI 3) 15: 0.03--0.16 (l8H, m, SiMe), 0.77--Q.97
(27H, rn,SiBu-lert), 3.67-4.19 (3H, m, H-4', CH 2-5' ). 3.88, 4.07 (6H, each as s, N6-C0

2Me, 8-C02Me), 4.57 (1H; rn,
H-31, 5.58 (IR, dd, R-2'), 6.83 (IH, d, H-I'), 8.24 (IH, br, NH), 8.79 (IH, s, H-2).

Physical data for 21 are as follows. MS mlz: 320 (B+ I), 261 (B+ I-C02Me). UV A.~~?H nm: 270, A.~f.?H nm:
235. IH-NMR (COCI3 ) 15: 0.08-0.23 (I8H, m, SiMe), 0.78-0.94 (27H, m, SiBu-tert), 1.24, 1.57 (I2H, each as dd,
CH~), 3.53--4.07 (SH, m, H-4', CH2-5', CBMe2), 4.59 (IH, m, H-3'), 5.53 (IH, dd, H-2'), 5.85 (IH, d, J=5.9Hz,
H-I'), 8.01 (IH, br, NH), 8.73 (IH, s, H-2).

2',3',5'-Tris-o-(tert-butyldimethylsilyl)-8-metboxycarbonyladenosine (22) and 2',3',5'-Tris-O-(tert-blltyldimethyl
silyl)adenosine-8-earboxamide (23)--Compound 20 (288 mg, 0.4 rnmol) was treated with NH3/MeOH (15 ml)
overnight. After evaporation of the solvent, the residue was chromatographed on a silica gel column (1-2% EtOH in
CHC1J ) . This afforded 22 (63 rng, a foam, 24%) and 23 (119 rng, a powder, 46%).

Physical data for 22 are as follows. MS mtz: 611 (M - Bu-tert), 162 (B+ I-OMe). UV A.~~?H nm: 278, A.~f.?H nm:
244. lH-NMR (CDCI 3 ) f!: 0.02-0.16 (l8H, m, SiMe), 0.77-0.96 (27H, rn, SiBu-tert), 3.61-4.09 (3H, m, H-4', CH2

5'),3.91 (3H, s, 8-C02Me), 4.62 (lH, m, H-3'), 5.51 (1H, dd, H-2'), 5.76 (2H, br, NH2) , 7.16 (IH, d, J=5.4Hz, H-I '),
8.76 (IH, s, H-2).

Physical data for 23 are as follows. MS mlz: 176 (B+ 1). UV A.~:?Hnm: 285, A~~f.?unm: 246. lH-NMR (CDC!:\)
Ii: 0.02--0.16 (18H, rn, SiMe), 0,79-0.97 (27H, m, SiBu-tert), 3.74 (IH,.m, H-4'), 4.05 (2H, m, CH r5'), 4.67 (lH, dd,
H-3'), 5.51 (lH, dd, H-2'), 5.78 (2H, br, NH 2) , 7.13 (IH, d, J=4.9 Hz, H-l '),8.34 (IH, s, H-2).

2',3' ,5'-Tris-O-(tert-butyldimetllylsilyl)-8-(N,N-diisopropylcarbamoyl)adenosine (24)--Compound 21 (503mg,
0.68 mmol) was treated with NH3/MeOH (20ml) overnight. After evaporation of the solvent, the residue was
chromatographed on a silica gel column (I % EtOH in CHCI 3) . This afforded 24 (393 mg, 79%) as a foam. MS m]z:
680 (M+I-Bu-terl), 263 (8+2),162 (B+I-NPr2) . UV A.~:?Hnro: 270, A~f,?Hllm: 235. lH-NMR (CDCJ3) ,5:
0.08-0.23 (l8H, m, SiMe), 0.89-1.02 (27H, m, SiBu-ferl), 1.29,1.65 (l2H, each as dd, CHM.Q:z), 3.67-4.24 (5H, m,
H-4', CH 2-5', G\:JMe2) , 4.72 (IH, rn, H-3'), 5.62 (lB, dd, H-2'), 5.77 (2H, br, NH 2), 5.90 (lH, d, J=5.9 Hz, H-I '),
8.38 (IB, s, B-2).

8-Metboxycarbonyladenosine (25)--Compound 22 (39 mg, 0.06 mmol) was deprotected with TBAF· 3H20
(66rng, 0.21 mrnol) in THF (4ml) as described for the preparation of 8. Florisil column chromatography (8% EtOH
in CHCI3) gave 25 (16mg, 82%), which was crystallized from MeOH (mp 200-201 °C,lit.6h

) mp 199-200°C). UV
A.~?Hnm: 278, ).~f~Hnm; 246. lH_NMR (OMSO-d6, after addition of O2° ) 8: 2.54 (3H, s, 8-COzMe), 3.51-3.64
(2B, m, CH2-5') , 4.00 (IH, m, H-4'), 4.14 (IH, m, H-3'), 4.83 (IH, dd, H-2'), 5.77 (1H, d, J=:7.3Hz, H·l '),8.05 (IH,
s, H-2).

Adenosine-8-earboxamide (26)-Compound 23 (93mg, 0.14mmol) was deprotected with TBAF'3H20

(155mg, 0,49mmol) in THF (5 ml) as described for the preparation of 8. Florisil column chromatography (40%
EtOH in CHCI3) gave 26 (38rog, 86%), which was crystallized from BtOH (mp 250-251 DC, lit.6b

) mp 249-251 DC).
MS mlz: 181 (B+ 1). UV ).~i~nm: 289, A~l~nm: 245. 1H-NMR (DMSO-d6) fJ: 3.49~3.71·(2H, m, CH 2-5'), 3.94 (IH,
m, B-4'), 4.17-4.20 (lH, rn, H-3'), 4.94--4.98 (IH, m, H-2'), 5.08-5.60 (3H, m, 2'-OB, 3'-OH, 5'-OH), 6.77 (lH, d,
J=6.6Hz, H·I'), 7.58 (2H, br, NH2) , 8.00 (2H, br, 8-CONH2) , 8.18 (IH, s, H-2).
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Adenosine-~N,N--diisopropyl)carboxamide (27)--------Compound 24 (153 mg, 0.2 mmol) was deprotected with
TBAF·3HzO (221mg, 0.7 mmol) in THF (7ml) as described for the preparation of 8. Florisil column chroma
tography (8% EtOH in CHCI 3) gave 27 (64mg, 81%), which was crystallized from EtOH-H20 (mp 238-240°C).
Anal. Calcd for Cl1H26N60S: C, 51.77; H, 6.64; N, 21.31. Found: C, 52.02; H, 6.83; N,21.37. MS mlz: 263 (B+2),
262 (B+ 1), 162 (B+ I-NPrz). UV A~~~nm'(6): 268 (15600), A.~t.?nm (e): 239 (7400). IH-NMR (DMSO-clr" after
addition of DzO) 0: 1.21, 1.49 (12H, each as dd, CHMe,), 3.59-3.81 (4H, m, CH r 5' , CtlMe2), 4.01 (I H, m, H-4'),
4.19 (IH, dd, H-3'), 4.97 (lH, dd, H-2'), 5.65 (lH, d, J=6.8 Hz, H-I'), 8.20 (lH, s, H-2).

2',3',5'-Tris-O..(tert -butyldimethylsily1)-8-methoxycarbonylinosine (28)--The methoxycarbonylation of 5 (6il
mg, 1.0 mmol) with CICOzMe (0.39 rnl, 5.0 mmol) was carried out for I h by the same procedure as used for the
preparation of7. Silica gel column chromatography (1% EtOH in CHC1~) gave 28 (418 mg, 61%) as a syrup. MS mjz:
612 (M-Bu-tert), 208 (B+I). UV ).~~?Ilnm: 287, ).~i,?lInm: 240. IH-NMR (CDC13) 0: 0.02-0.16 (18H, rn,
SiMe), 0.80-0.97 (27H, rn, SiBu-tert), 3.78 (IH, m, H-4'), 4.01 (3H, s, 8-C02Me), 4.03 (2H, m, CH2-5'), 4.51 (IH, m,
H-3'), 5.38 (IH, dd, H-2'), 6.84 (lH, d, H-I'), 8.26 (IH, s, H-2), 12.89 (lH, br, NH).

8-Methoxycarbonylinosine (29)--Compound 28 (305 mg, 0.46 rnmol) was deprotected with TBAF· 3HzO
(497mg, 1.6mmol) in THF (IOml) as described for the preparation of 8. Florisil column chromatography (15%
EtOH in CHCI3) gave 29 (109 mg, 73%), which was crystallized from EtOH (mp 189-190 DC, dec.). Anal, calcd for
C12H14N407: C, 44.18; H, 4.32; N, 17.11. Found: C. 44.51; H, 4.50; N, 16.81. MS mjz: 194 (B+I), 134
(B+ 1-COzMe). UV A~~~ nm (e): 284 (13200), i!.~l~ nm (e):240 (3500). 1H-NMR (OMSO-d6 ) 0: 3.50-·3.63 (2H, m,
CH z-5'), 3.93 (3H, s, 8-C02Me), 4.19-"--4.27 (2H, rn, H~3', H-4'), 4.87--4.96 (2H, m, H~2', 5'-OH), 5.13,5.33 (2B,
each as d, 2'-OH, 3'-OH), 6.58 (lH, d. J=5.9Hz, H-I'), 8.20 (IH, s, H-2), 12.69 (lH, br, NH).
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In connection with the known antisecretory activity of the benzotriazepinone (1) and the
pyridylurea (2), novel pyridotriazepinones (3 and 4) have been synthesized. They were prepared
from aminopyridinecarboxylic acids via several steps, and their structures were confirmed by X-ray
crystallographic analysis. Attempts to synthesize the positional isomer (24) resulted in formation of
the pyridotriazine (25 or 26). Some of these compounds showed moderate antisecretory activity in
rats.

Keywords--pyrid o[2,3~n-1,2,4-triazepinone; pyrido[2,3-e}-1 ,2,4-triazepinone; X-ray analy
sis; 1,3,4-oxadiazole; pyridotriazine; anti secretory activity; ring contraction

Some antisecretory compounds have their origins in psychotropic agents." Among such
compounds, 1,4-dihydro-4-methyl-5H-benzo-l,2,4-triazepin-5-one (1) is known to have anti
secretory activity with diminished central nervous system (CNS) activity." On the other hand,
a number ofpyridine derivatives were recently reported to inhibit gastric acid secretion, as
exemplified by the pyridylurea derivative (2).3) In the course of our continuing studies on
antisecretory agents, we were interested in the activities of 1,4-dihydro-4~methyl-5H

pyrido[2,3-f]-1,2,4-triazepin-5-one (3) and 1A-dihydro-4-methyl-5H-pyrido[2,3-e]-1 ,2A
triazepin-5-one (4), which are pyrido analogues of 1. No reports have appeared on the
synthesis and biological activity of pyridotriazepinones, in contrast with benzotriazepinone
derivatives." We describe here the syntheses of the new pyridotriazepinones (3, 4) and the
results of several attempts to synthesize the other positional isomer (24). Since structural
assignment for benzotriazepinones has sometimes been erroneous and has been intensively
discussed in recent papers." the structures of the pyrido analogues (3, 4) and related products
in this study were confirmed by X-ray crystallographic analysis. The antisecretory activity of
the resulting compounds determined in rats is also presented.

The pyrido[2,3-fJ-I,2,4-triazepinone (3) was synthesized through the sequence of re
actions outlined in Chart'l . 3-Aminopicolinic acid (5a) was converted to the N-carbo
benzyloxy (CBZ) derivative (5b), which in turn was condensed with dimethyl methyl amino
malonate by the use of lH-benzotriazol-l-ol (HOBt) and dicyclohexylcarbodiimide (DCC)
to give the amide (6a). Reductive removal of the CBZ group afforded the amino-amide (6b)
as an unstable oil. On diazotization by the method of Bianchi et al.,2) 6b readily under
went cyclization, giving the 1,2,4-triazepinone (7) in 77% yield. Treatment of 7 with 2
molar equivalents of aqueous NaOH in MeOH gave the monocarboxylic acid (8) in 52%
yield. Decarboxylation of 8 readily occurred in dioxane at 80 °C'and gave the desired 1,2A
triazepinone (3) in 94% yield. The structure of 3 was unequivocally confirmed by X-ray
crystallographic analysis. A perspective drawing of 3 is shown in Fig. I.
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Fig. I. A Perspective Drawing of 3

The results of other unsuccessful attempts to obtain 3 from 7 are summarized in Chart 2.
On heating at 110"C in dimethylsulfoxide (DMSO) in the presence of NaCl,li) 7 gave only the
ring-contracted product (9) in 26% yield. In the mass spectrum (MS), 9 showed the molecular
ion peak at m]e 264 indicating loss of a nitrogen molecule from 7. The proton nuclear
magnetic resonance eH-NMR) spectrum of9 showed signals due to the geminal methoxycar
bonyl groups at 03.82 (6H, s) and the N-methyl group at () 3.29 (3H, s) together with three
aromatic protons at () 7.46~8.82. In the infrared spectrum (IR), a five-membered lactam
carbonyl band appeared at 1725em -1 together with ester carbonyl bands at 1740em -t.

On treatment with I molar equivalent of NaOH in MeOH, 7 gave a mixture of the
monoester (10), the ring-fissioned product (11), and the triazepinone (3) in yields of 6,4.3, and
13%, respectively. The spectral data and elemental analysis of 10 were compatible with the
assigned structure and are given in the experimental section. The 1H-NMR spectrum of 11
showed, in addition to two OMe signals (04.06 and 4.10), the signal due to the NMe group in
the secondary amide at () 2.95 as a doublet, which collapsed to a singlet on addition ofD20 . In
its IR spectrum, 11 showed strong carbonyl bands at 1675 and 1720em -1 assignable to amide
and ester groups. Compound 11 was correctly analyzed for CllH14N404 and showed the
molecular ion peak at m!e 266. On the basis of these data, we tentatively assigned the ring
fissioned structure (11) to this compound. Susceptibility to cleavage of the C3- N4 bond of
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1,2,4~triazepinones was also observed for the dihydro derivative (12), obtained by catalytic
hydrogenation of 7. When heated in boiling EtOH for 7 h, 12 readily gave the ring-fissioned
product (13) in 89% yield. Compound 13 showed spectroscopic data similar to those of 11 (see
Experimental).

The·pyrido[2,3-e]-l,2,4-triazepinone (4), a positional isomer of3, was synthesized from 2
aminonicotinic acid (14a) (Chart 3). Treatment of 14a with methylhydrazine by the use of
HOBt arid DCC yielded the amide (15). Reaction of 15 with triethyl orthoformate
(HC(OEth) in boiling EtOH gave the desired product (4) in 52% yield. Since the pyridopy
rimidone (17) is also a possible product of this sequence of reactions," 17 was synthesized
independently. Heating of ethyl 2-aminonicotinate (14b) with methylhydrazine yielded the
secondary amide (16), which is isomeric with 15. The lH-NMR spectrum of 16 showed the
NMe signal at b2.71 as a doublet, which collapsed to a singlet on addition of D20. On the
other hand, the NMe signal of 15 appeared at ~ 3.25 as a singlet." Cyclization of 16 with
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HC(OEth gave 17 in 79% yield. The difference between the IH-NMR spectra of 4 and 17 is
consistent with their assigned structures. While the signal due to the NMe group of4 appeared
at b3.17 as a singlet, that of 17 appeared at 02.92 as a doublet and collapsed to a singlet on
addition of D20. The vinyl proton signal of 4 was observed at fJ 6.92 as a doublet, which
changed to a sjnglet on addition of DzO. On the other hand, the vinyl proton of 17 appeared
at b 8.49 as a singlet. Further structural confirmation of 4, including the position of the double
bond, was obtained by X-ray crystallographic analysis (Fig. 2).

We next planned to prepare pyrido-Lz.d-triazepinones (19a, b) having an amino group
at Cz by the cyclodesulfurization'" of the thiosemicarbazide (18a, b). However, treatment of
18a, blO) with DCC in pyridine only yielded the 1,3,4-oxadiazole (20a, b) (Chart 4). Similar
formation of oxadiazole derivatives was reported for the corresponding benzo analogues by
Peet et a/. ll ) The structural assignments of 20a, b were based on the presence of signals due to
a primary amino group in the IH-NMR spectra and the characteristic MS fragmentation
pattern. These spectral data are quite similar to those reported for 2-(2-aminophenyl)-1,3,4
oxadiazole derivatives.!"

Synthesis of the 3-substituted pyrido-Lz.S-triazepinone (24) was also attempted (Chart
5). Condensation of 3-nitro-2-pyridylhydrazines (21a, b)12) with ethyl pyruvate or ethyl
phenylglyoxylate gave the corresponding nitro-hydrazones (22a-d)Y> Catalytic hydrogen
ation of the nitro-hydrazones (22a, b) afforded a mixture of the corresponding amino-

Fig. 2. A Perspective Drawing of 4
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Fig. 4. A Perspective Drawing of 26d Fig. 5. A Perspective Drawing of 28

hydrazones (23a, b) and pyrido[2,l-c]triazines (2Sa, b) instead of the desired triazepinone (24).
Since the formation of 25a, b from 23a, b might be due to a tautomeric contribution of the
hydrogen on the hydrazone group, catalytic hydrogenation of the corresponding N-methyl
derivative (22c) was attempted. In this case, however, the aminal (26c) was obtained in 87%
yield. Several attempts to convert 26c to 24 (R1 = R2 = Me) under acidic or alkaline conditions
were unsuccessful. Similarly, catalytic hydrogenation of 22d gave 26d in 59% yield.
Alternatively, 26d could be obtained by the reaction of l-(3-amino-2-pyridyl)-1
methylhydrazine (27b)12) with ethyl phenylglyoxylate in 68% yield.
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TABLE I. The Antisecretory Activity of Pyridotriazepinones

85

Compound
No.

3
4
7
8

10
12
1

Antisecretory activity
%inhibition rat i.p.

at 30 rug/kg at 100 mg/kg

31 59
51 59

15
44
o

-16
48

TABLE II. Crystal Data

3 4 25a 26d 28

Crystal system Monoclinic Monoclinic Orthorhombic Monoclinic Orthorhombic
Space group P2 J/c ri..« Pbcu Cc: P2 12121

tI(A) 1l.190 (1) 14.183 (3) 14.446 (4) 8.735 (I) 12.810 (2)
b (A) 7.210 (4) 14.967 (3) 12.881 (3) 22.005 (5) 14.686 (3)
c (A) 10.677 (7) 3.788 (I) 8.674 (2) 9.136(1) 5.889 (I)
{J (") lDI.128 (4) 99.58 tn 118.99 (1)

Volume (A3) 845.2 (I) 792.9 (3) 1614.0 (4) 1536.0 (3) 1107.9 (2)
Z 4 4 8 4 4

o, (gcm -3) 1.384 1.476 1.450 1.290 1.428

No. of unique
1448 J351 1071 1109 1119

reflections
No. of reliable

reflections 1187 1047 1068 1086 1099
IFoI;:du(I}~) I)

Final R 0.051 0.073 0.063 0.049 0.073
,...,,_._-

As an alternative route to 24 (R l = H, R2 =Ph), condensation of the aminohydrazine
(27a)12) with ethyl phenylglyoxylate was also attempted. The major product (51~;:) in this
reaction, however, was the pyrido[2,3-b]pyrazine (28), compounds 23b and 25b being also
isolated in low yields. The presence of the primary amino group in 28 was demonstrated by its
conversion to the isopropylidene derivative (29) and the Nsacetate (30). The structures of the
pyridotriazines (25a and 26d) and the pyridopyrazine (28) were unequivocally confirmed by
X-ray crystallographic analysis, and perspective drawings are shown in Figs. 3, 4, and 5,
respectively.

Pharmacology
The pyridotriazepinone derivatives and related compounds obtained in this study were

tested for antisecretory activity in rats after intraperitoneal (i.p.) administration by the
method reported previously.!"' The results are summarized in Table I together with
comparative data for the benzotriazepinone (1). The antisecretory activity of the pyrido
triazepinones (3 and 4) is of the same order as that of the benzo analogue (1).

Experlmental

All melting points are uncorrected. IR spectra were recorded in Nujol mulls on a Hitachi IR-215 spectrometer.
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IH-NMR spectra were taken in CDCI 3 or DMSO-d6 at 60 MHz on a lEOL PMX-60 spectrometer with
tetrarnethylsilane (TMS) as an internal reference. The following abbreviations are used: s=singlet, d=doublet,
t=trip]et, q e quartet. m e multiplet, and br=broad. MS were measured with a Hitachi RMU-6M instrument.
Ultraviolet (UV) spectra were measured with a Hitachi 323 spectrometer. X-Ray crystallographic analyses were
performed on a Rigaku AFC-5 diffractometer.

3-Benzyloxycarbonylaminopicolinic Acid (5b)--A solution of benzyl chloroformate (1.30g. 7.71mmol) in
tetrahydrofuran (THF, 2 ml) and an aqueous (aq.) solution of LiOH (0.9 N, 9 ml) were added alternately to an ice
cooled mixture of 3-aminopicolinic acid (Sa, 0.691 g, 5 mmol), aq. LiOH (0.9 N, 6 ml), and THF (8 ml) over a period of
30 min. After being stirred at 0-5 DC for I h and then at room temperature for 4 h, the mixture was diluted with H20
and washed with Etp. The aq. solution was then acidified (pH 2-3) with dil. HCI and extracted with CHCI3 • The
CHC13 extracts were dried over Na2S04 and concentrated. The residue was recrystallized from benzene to give 5b
(1.137 g, 83~~), mp 174-177 DC. lR (Nujol): 1730, 1660cm-i. MS m]e: 272 (M+), 228, 166. Anal. Calcd for
C14Hl2N204: C, 61.76; H, 4.44; N, 10.29. Found: C, 61.66; H, 4.26; N, 10.41.

Dimethyl [3-(Benzyloxycarbonylamino)-N-methylpicolinamido]malonate (6a)--DCC (21.95 g, 106.38mmol)
and HOBt (16.3g, 106.4mmol) were added to an ice-cold solution of5b (28.95 g, 106.3mmol) in dimethylformamide
(DMF, 250rnl), and the mixture was stirred at 0 DC for 30min. A soltuion of dimethyl methylaminomalonate (20.6 g,
127,8mmol) in DMF (30ml) was then added dropwise, After the mixture had been stirred at room temperature for
62 h, insoluble materials were filtered off, and the filtrate was concentrated ill vacuo.The residue was diluted with H20
and extracted with EtOAc. The EtOAc extracts were dried over MgS04 , and concentrated. The residue was purified
by chromatography (Si02, hexane: EtOAc= I: 1) and recrystallized from Et20 to give 6a (33.9g, 76.7%), mp 95
96 "C. IR (Nujol): 3300,1740, 1635em -I. MS m]e: 415 (M +),384,356, 165. IH-NMR (CDCl.;) (j: 3.17 (3H, s, N-Me),
3.81 (6H, s, OMe). Anal. Caled for C2oH21N301: C, 57,83; H, 5.10; N, 10.12. Found: C, 57,81; H, 5.05; N, 9.91.

Dimethyl (3-Amino-N-methylpicolinamido)ml\lonate (6b}---A mixture of 6a (0.89 g, 2.14 mmol), 10% Pd-C
(0.1 g), and MeOH (20ml) was stirred for 2 h at room temperature under a stream of hydrogen. After removal of
Pd-C, the mixture was evaporated ill vacl/o below 40 DC to give 6b (0.69 g) as an oil. IR (Iiq.): 3460-3230, 1740,
1635cm- 1

• MS m]e: 281 (M+).
Dimethyl 4,5-Dihydro-4-methyl-5-oxo-3H-pyrido[2,3:f]-1,2,4-triazepine-3,3-dicarboxylate (7)~-A solution of

NaN02(0.15g, 2.17 mrnol) in Hz0(2 ml) was added dropwise to a mixture of cone. HCI (4.2rnl) and ice-sticks (17 g).
Next, a solution of6b (O.6g, 2.12mmol) in MeOH (6ml) was added dropwise at -IO"C. After being stirred at O"C
for 2 h and then at room temperature for 2h, the mixture was made alkaline (pH 9) with cone. NH40H and extracted
with CHCI3. The CHCI3 extracts were dried over Na2S04, and concentrated ill vacuo. The residue was purified by
chromatography (Si02, CHCI3) and recrystallized from hexane-benzene to give 7 (0.48g, 77%), mp 138-140 "C
(dec.), JR (Nujo!): 1750, 1680cm -I. MS mle: 294 (M ++2),264. Anal. Calcd for CI2H12N40~: C, 49.31; H, 4.14; N,
19.17. Found: C, 49.61; H, 4.05; N, 18.95.

4,5-Dihydro-4-methyl-5-oxo-IH-pyrido[2,3-f]-1,2,4-triazepine-3-carboxylic Acid (8)---Aqueous NaOH solu
tion (10%, 1.7ml, 4.25mmol) was added to a solution of 7 (0,64g, 2.19mmol) in MeOH (7m!) under ice-cooling
(below 8 "c). The solvent was removed (below 18"C), then the residue was diluted with H20 and acidified with cold
aq. 10% HCI (pH 2). The yellow crystalline precipitate was collected by filtration, washed with H20, and dried to give
8 (0.3g, 52%), mp 100-102°C (dec.). IR (Nujol): 3500-3280, 1710, 1665cm -I. MS m]e: 176(M +-C02), 135, 107.
IH-NMR (CDCI3) (j: 3.08 (3H, s), 9.16 (lH, s, NH). Anal. Calcd for C'IHHN40.\· 2H20: C, 42.19: H, 4.72; N, 21.87.
Found: C, 42.28; H, 4.49; N, 21.56.

1,4-Dihydro-4-methyl-5H-pyrido[2,3-J1-1,2,4-triazepin-5-one (3)---Compound 8 (O.2g, 0.91 mmol) was sus
pended in dioxane (10ml), and the mixture was heated at 80 DC for 20 min. The solvent was removed and the residue
was recrystallized from EtOAc to give 3 (O.15g, 94%) as yellow needles, mp 179"C (dec.). JR (Nujol): 3275,
1650cm- l

• MS m]e: 176 (M+), 135, 107. IH-NMR (CDCI3+DMSO-d6 ) 5: 3.25 (3H, s), 6.71 (1 H, s), 7.48 (lH, br s).
UV ..l~I~H nm (8): 247 (6300), 288 (4100). Anal. Calcd for CsHaN40: C, 54.54; H, 4.58; N, 31.80. Found: C, 54.42; H,
4.47; N, 31.79.

Dimethyl 6,7-Dihydro-6-methyl-7-oxo-5H-pyrrolo[3,4-h]pyridine-5,5-dicarboxylate (9)--A mixture of 7
(0.292g, I mmol), NaCl (0.117 g, 2 mmol), and DMSO (3ml) was heated at 1 (0"C for 10mill. After cooling, the
mixture was diluted with H20 (10 ml) and extracted with EtOAc. The EtOAc extracts were dried over MgS04 and
evaporated. The residue was purified by chromatography (SiOz, hexane : EtOAc= 1: I) and digested with hexane
Et20 to give 9 (0.07g, 26%), mp 105 DC (dec.). IR (Nujol): 1740, 1725cm- l

. MS m]e: 264 (M +),220,205, 177. IH_
NMR (CDCIJ ) <5: 3.29 (3H, s), 3.82 (6H, s), 7.46 (JH, dd, J1 =4.6 Hz, J2 = 7.6 Hz), 8.05 (IH, dd, J1 = 1.5Hz, J2 =
7.6 Hz), 8.82 (I H, dd, J1 = 1.5Hz, J2 =4.6 Hz). Anal. Caled for C12H12N20 S: C, 54.54; H, 4.58; N, 10.60. Found: C,
54.21; H. 4.47; N, 11.04.

Treatment of 7 with NaOH (I eq)--Aqueous NaOH (10%, 1.95ml, 4.87 mmol) was added dropwise to a
solution of 7 (1.47g, 5.03 mmol) in MeOH (20ml) under ice-cooling (below 8"C). The solvent was removed, and the
residue was acidified with 10% aq. HCI and then made alkaline with cone. NH40H. The aqueous layer was extracted
with CHCI3 , and the CHCI3 extracts were dried over MgS04 and concentrated. The residue was purified by
chromatography (Si02, CHC13 : MeOH=50: I) to yield methyl 4,5-dihydro-4-methyl-5-oxo-1 H-pyrido[2,3-j]-1 ,2,4-
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triazepine-3-carboxylate (10,0;071 g, 6~,;') and methyI2-methoxy-2-(2-methylcarbamoyJ-3-pyridylhydrazono)acetate
(11, 0.058 g, 4.3~~;J.

Physical data for 10, mp 168°C (dec.) (from MeOH-Et20-hexane): IR (Nujol): 3200, 1730, 1670, 1650em -I.
MS 1I11e: 234 (M+), 219, 206, 203, 175. IH-NMR (DMSO-df, ) 8: 3.07 (3H, s), 3.82 (3H, s), 9.32 un, s, NH). Anal.
Calcd for CIOH wN40.\: C, 51.28; H, 4.30; N, 23.92. Found: C. 53.20; H, 5.23; N,21.73.

Physical data for II, mp 147-148 "C (from benzene-hexane): IR (Nujol): 3450, 3300, 1720, 1675cm --I. MS m]e:
266 (M+), 234,207,193,175,152,148. IH-NMR (CDCI.\) 6: 2.95 (3H, d, 1=:::5 Hz; s, in O2°'NH-Me), 4.06 (3H, s),
4.10 (3H,s), 4.79 (lH, brs, NH). UV ..l~~~:~11 nm (I:); 262(6400), 367 (15400). Anal. Calcd forCIlHl4N.j.04: C, 49.62; H,
5.30; N, 21.04. Found: C, 49.26; H, 5.14; N, 20.8 I.

The aqueous layer described above was evaporated to dryness and extracted with a mixture of boilding EtOH
Me2CO. The EtOH··Me2CO extracts were concentrated, lind the residue was purified by chromatography (Si02,

CHCI.\) to give 3 (0.117 g, 13~/:'),

Dimethyl 1,2,4,5-Tctrahydro-4-mcthyl-S-oxo-3H-pyrido[2,31'}-1 ,2,4-triazepine-3,3-dicarboxylate (12)---
Compound 7 (2.92g, IOrnmol) was hydrogenated in MeOH (160m1) in the presence of IO~;' Pd-C (0.2g) under
ordinary pressure and temperature. After I molar equivalent of hydrogen had been absorbed, Pd-C and the solvent
were removed. The residue was recrystallized from EtzO·-MeOH to give 12 (2.5 g, 85\,), mp 176"C (dec.), IR (Nujol):
3260,1750, 16IOcm- 1

• MS m]e: 294 (M t), 263, 235, 204. 1H-NMR (CDC13 +DMSO-(Ic,) ,5: 3.10 (3H, s), 3.85 (6H, s),
5.02 (IH, s, NH), 7.19 (IH, s, NH). Anal. Calcd for C12HI.j.N40~: C, 48.98; H, 4.80; N, 19.04. Found: C, 49.08; H,
4.82; N, 19.08.

Dimethyl 2-[2-(Methylcarbamoyl)-3-pyridylhydrazono]malonatc (13)--A solution of 12 (0.81 g, 2.75 mrnol) in
EtOH (20 ml) was heated under reflux for 7 h. The solvent was removed, and the residue was purified by
chromatography (SiOz, CHCIJ ) and recrystallized from CHCI3-MeOH to yield 13 (0.723 g, 89~~;) as needles, mp
200-20rC. IR (Nujol): 3350, 3120, 1740. 1650cm- 1• MS mle: 294, 263, 234,204, 175. 150, 149, 136, 121. 1H-NMR
(CDCl]) 6: 3.0 (3H. d. 1=5.1 Hz; s in D10), 3.87,3.90 (each 3H, s). VV ;'~II.~Hnm (I:): 342 (26000). Anal. Calce! for
C I2H l.j.N.j.O,: C. 48.98; H, 4.80; N, 19.04. Found: C. 49.03; H, 4.81; N, 19.07.

2-Aminonicotino-N-methylhydnlzide (15)·--2-Aminol1icotinic acid (14a, 2.76g. 20mmol) was condensed with
methylhydrazine (1.11 g, 24mmol) using HOBt (3.37g. 22mmol). DeC (4.54g, 22xnlTIol), Et]N (4.05g, 40mmol),
and OMF (30 rnl) in the same manner as described for 6a to yield 15 (0.72 g, 22%) as an oil. IR (liq.): 345()---3200,
1610, 1570cm-· I • MS mle: 166 (M». IH-NMR (CDCI3 ) (5: 3.25 (3H, s).

1,4-Dihyuro-4-mcthyl-SH-pyrido[2,3-e]-l,2,4-trinzcpin-5-one (4)---·-A solution of 15 (0.64g, 3.85 mmol), and
HC(OEt), (I.72g, 11.61 mmol) in EtOH (30 ml) was refluxed for 2 h. After cooling, separated crystals were collected
by filtration to give 4 (0.351 g, 52:~) us yellow needles, mp 229--231 "C (from £101-1). IR (Nujol): 3220·--3075, 1675
(w), 1630, 1610cm -I. MS m]e: 176 (M I), 14R, 133. IH-NMR (DMSO-tl,,) (~: 3.17 (3H, s), 6.92 (lH, d, J=4.R Hz; sin
0 20),6.99 (I H, dd, .11 =4.8 Hz. /2 ==7.6 Hz), 8.08 (lH, dd,il = 1.9 Hz. ,12 == 7.8 Hz), 8.23 (IH, dd, 11= 1.9 Hz. J2 ==
4.8 Hz), 9.21 (IB, br s, NH). UV A~;~~~l1l1m(I:): 251 (6700),285 (3700). Anal, Caicd fOI'CHHIlN.j.O: C, 54.54; B,4.5S; N.
31.80. Found: C. 54.05; H, 4.50; N, 31.67.

2-Aminonicotillo-N'-methylhydrazidc (16)--·-A mixture of ethyl 2-aminonicolinate (2.36g, 14.2mmol) and
methylhydrazine (I.3g, 211mmol) was heated at 150"C for 4h and then at 120"C for 16h. Volatile materials were
removed by evaporation, and the residue was purified by chromatography (Si02 , CHCI.\: MeOH ,"" 20: I) and
recrystallized from hexane-EtOAc to give 16 (0.753 g. 32'~;;), mp 122--124 'C. IR (Nujol): 3280, 1630. 1575em I. MS
m]e: 166 (M+). IH-NMR (COCI.\) 6: 2.71 (3H, d; s in D20). Anal. Calcd for C7HlON,jO: C, 50.59; H, 6.07; N, 33.72.
Found: 50.62; H. 6.02; N, 33.73.

3-Mcthylamino-pyrido[2,3-tl]pyrimidin-4(3J1)-onc (l7)---A solution of 16 (0.68 g, 4.0\)rnmol) and HC(OEt)J
(1.82 g, 12.28mmol) in EtOH ( IS rnl) was rcfluxed for 19h. After cooling, the solution was treated with charcoal and
concentrated to yield 17 (0.57g, 79~.~.;), mp IS7"C (from EtOH). IR (Nujol): 3250, 1680, 1590c1l1- 1

• MS mle: 176
(M+), 147, 133. lH-NMR (COCl.,) /5: 2.92 (m, d, J"'S.3Hz; s in D20), 5.73 (11-1, d, J=5.3Hz, NH), 8.49 (IH, s).
Anal. Calcd for CHHHN40: C. 54.54; H, 4.58; N, 31.80. Found: C. 54.29; H, 4.51; N, 31.66.

3-(5-Methylnmino-I,3,4-oxadinzol-2-yl )-2-pyridinaminc (20a)---A mixture of IRn (2.65 g, 11.76mmol), OCC
(3.64g, 17.64mmol), and pyridine (200ml) was heated at 80'''C for 29h. After cooling, the separated solid was
collected by filtration and extracted with MeOB. The MeOH was removed by evaporation, and the residue was
crystallized from benzene to yield 20a (O.7S7g, 33%), mp 197-199°C. IR (Nujol): 3420, 3220,1680, 1640cm- 1• MS
m]e: 191 (M t), 175, 134, 121, 119, 105. IH-NMR (DMSO-dc;) 0; 2.88 (3H, d, J=4.6 Hz; sin D20), 7.05 (2H, br s,
NH2). Anal. Caled for CHHgN,O: C, 50.25; H, 4.74; N, 36.63. Found: C, 50.27; H, 4.75; N, 36.64.

3-(S-Phenylamino-l,3,4-oxadiazol-2-yl)-2-pyridinamine (20b)-~A mixture of 18b (2.94 g, 10.23mmol), DCC
(3.17 g, 15.36mmol), and pyridine (50 ml) was heated at 60"C for I h. The pyridine was evaporated off, and the
residue was recrystallized from benzene, and then from McOH to give 20b (2.15 g, 83'%,), mp 237-239 "C (dec.). IR
(Nujol): 3460, 3360, 1670, 1630cm -I. MS m]e: 253 (M+), 237, 211, 196, 169, 161, 134, 121, 119. lH-NMR (DMSO
df,) 0: 7.20 (2H, br s, NH 2) , 10.70 (lH, s, NH). Anal. Calcd for C1]H11NsO: C, 61.65; H, 4.38; N, 27.66. Found: C,
61.48; H, 4.25; N, 27.60.

EthyI2-(3-Nitro-2-pyridylhydrazono)propionatc (22a)--A solution of3-nitro-l-pyridylhydrazine121(2In, 6.17 g,
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40 mmol), ethyl pyruvate (4.75 g, 40 mmol), H3P04 (85%, 4 mI), and EtOH (60 ml) was heated for 2 h under reflux.
After cooling, the separated crystalline solid was collected by filtration and recrystallized from EtOH to yield 22a
(7.56g, 75~~), mp 121-127°C. lR (Nujol): 3225, 3080, 1690, 1600em -I. MS mle: 253 (M ++ I), 207. Anal. Calcd for
C lOH12N404: C, 47.62; H, 4.80; N, 22.22. Found: C, 47.41; H, 4.76; N, 22.21.

EthyI2-(3-Nitro-2-pyridylhydrazono)phenylacetate(22b~This compound was prepared by the reaction of21a
and ethyl phenylglyoxylate in the same manner as described above to give 22b (68~{), mp 135-137 °C (from EtOH).
IR (Nujol): 3220, 1725, 1705, 1680, 1590cm -I. MS m]e: 315 (M ++ I), 269, 241. Anal. Calcd for ClsH14N404: C,
57.32; H, 4.49; N, 17.83. Found: C, 57.03; H, 4.42; N, 17.80.

Ethyl 2-[MethyJ(3-nitro-2-pyridyl)hydrazono]propionate (22c)--A mixture of 21b12) (3.37 g, 20 mrnol), ethyl
pyruvate (2.37 g, 20 rnmol), H3P04 (85%, 2 ml), and EtOH (30 ml) was stirred at room temperature for 15h and then
poured onto ice-sticks. The mixture was extracted with CHCI J • The CHCI3 extracts were washed with aq. NaCI and
dried over Na2S04. The solvent was evaporated, and the residue was recrystallized from aq. EtOH to give 22c (4.14 g,
78~~), mp 76-82 "c. IR (Nujol): 1700, 1580, 1560cm -1. MS m]e: 267 (M + + 1),251,236. 'H-NMR (CDCI) 15: 2.31
(3H, s), 3.58 (3H, s), Anal. Calcd for ClIH14N404: C, 49.62; H, 5.30; N, 21.04. Found: C, 49.66; H, 5.34; N, 21.27.

Ethyl 2-[Methyl(3-nitro-2-pyridyl)hydrazono]phenylacetate (22d)13L-Compound 2] b (2,53 g. 15mmol) and
H3P04 (85~~, 1.5ml) were added to a solution of ethyl phenylglyoxylate (2.68 g, 15mmol) in EtOH (25 ml). After
being stirred for 3.5 h at room temperature and then heated for 50min under reflux, the mixture was poured onto
H20 and extracted with CHC1J • The CHCI3extracts were washed with aq. NaCI and dried over Na 2S0ol-' The solvent
was evaporated off, and the residue was chromatographed (Si02, benzene: CHC1) = 1: I) repeatedly to yield 22d (C/.
isomer, 1.76g, 36~~) and 22d (P isomer, 1.45g, 29~'-;;). Physical data for 22d-0:. rnp 75-78"C (recrystallized from
hexane-iso-PryO): IR (Nujol): 1720, 1595, I560cm -1. MS m]e: 329 (M' + 1),298, 283, 255. IH-NMR (CDC)3) il:
1.45 (3H, t, .1=7.1 Hz), 3.75 (3H, s), 4.50 (2H, q, .1=7.1 Hz), 7.30--7.47 (5H, m), 6.99 (IH, dd, .11 =4.8Hz, .12=

8.I Hz), 7.85 (1H, dd, J1 = 1.7 Hz, J2 = 8. I Hz), 8,40 (lH, dd. J1 = 1.7 Hz, .12=4.8 Hz). Anal. Calcd for Cl/,H1fiNol-04:
C, 58.53; H, 4.91; N, 17.07. Found: C, 58.49; H, 4.93; N, 17.00.

Physical data for 22d-{J, mp 134-]35"C (recrystallized from aq. EtOH): IR (Nujol): 1700, 1590, 1560cm- l. MS
tn!e: 329 (M + + I), 298,283,255. 'H-NMR (CDCI) <5: 1.36 (3H, t, J = 7.2 Hz), 3.16 (3H, s), 4.29 (2H, q, .1= 7.2 Hz),
7.45 (5H. s-like), 7.02 (1H, dd, J, = 4.8 Hz, J2 =7.8 Hz), 8.0 (1H, dd, J1 = 1.8 Hz, J2 = 8.0 Hz), 8.38 (1H, dd,.I1 = 1.8 Hz,
J2 = 4.8 Hz).

Ethyl 2-(3-Amino-2-pyridylhydrazono)propionate (239) and 9-Amino-3-mcthyl-4H-pyrido[2, I-t:]-1 ,2,4-triazill
4-one (25a)--Compound 22a (1.88 g, 7.45 rnmol) was hydrogenated in EtOH (50 ml) in the presence of IO'.~·;' Pd-C
(0.15g) under 2.5 atrn pressure. After 50min, Pd-C and the solvent were removed. The residue was purified by
chromatography (Si02 • CHCI J ; MeOH = 100: I) to yield 23a (0.312 g, I9~,{,) and 25a (0.304 g, 23~~J

Physical data for 23a, mp 93 "C (from benzene-hexane): IR (Nujol): 3460-3255, 1700cm -I. MS mle: 222 (M "),
207, 177, 176. NMR (CDCI) <5: 2.13 (3H, s). Anal. Calcd for CluH14N402: C, 54.04; H, 6.35; N, 25.21. Found: C,
53.95; H, 6.34; N, 25.18.

Physical data for 25a, mp 193--19S'C (from benzene): IR (Nujol): 3480, 3340, 1670, 1620, 160()cm--I. I H-NMR
(DMSO-dfi) 0: 2.67 (3H, s), 5.78 (2H, br s, NH 2), 6.82--7.19 (2H, rn), 8.20 (I H, dd, J1 = 1.6Hz, .12=6.4 Hz). UV
A.:~~~11 nm (I:): 286 (3300),342 (8900), 400 (10000). Anal. Calcd for CHHHN40: C, 54.54; 1-1,4.58; N, 3I.KO. Found: C,
54.37; H, 4.50; N, 31.59.

Ethyl 2-(3-Amino-2-pyridylhydrazono)pbenylacctatc (23b) and 9-Amino-3-phcnyl-4H-pyrido[2,I-c]-1 ,2,4-triazin
4-one (25b)--These compounds were prepared from 22b (0.3 g. 0.96 mmol) in the same manner as described above
to give 23b (0.08 g, 30:~'~) and 25b (0.08 g, 30~~{;).

Physical data for 23b, mp 151-153"'C (from benzene-hexane): IR (Nujol): 3400----3150, 1700em - I. MS 1111":
284 (M +).238,212,21 I. Anal. Calcd for C1sHI(,N402: C, 63.36; H. 5.67; N, 19.71. Found: C, 63.56; H, 5.5X; N. 1'1.65.

Physical data for 25b, mp 181-182 "C (from benzene): IR (Nujol): 3430--3200,1670, 1630em I. MS m!e: 238
(M+), 210, 181. IH-NMR (CDCI) + DMSO-d6 ) D: 5.77 (2H, br s, NH 2), 6.8-~7.7 (5H, aromatic H), 8.20--l{.46 (3H).
UV .A.:;,~~Hnm (e): 222sh. (l3100), 250 (8500),309 (6800).352 (9600), 427 (17200). Anal. Calcd for C13HIUNol-0; C,
65.53; H, 4.23; N, 23.52. Found: C, 65.31; H, 4.02; N, 23.54.

Ethyl 1,2,3,4-Tetrahydro-l,3-dimethyIpyrido[3,2-e]-I,2,4-triazinc-3-carboxylatc (26c)--This compound was
prepared by hydrogenation of 22c (3.52 g, 13.32 mmol) in the same manner as described for 25a to give 26c (2.7 g,
87%), mp liS-117°C (from benzene-hexane). IR (Nujol): 3370, 3160, 1720cm- l. MS mle: 236 (Mr). 'H-NMR
(CDCI3) 8: 1.28 (3H, t, J =7. I Hz), 1.52 (3H, s), 3.22 (3H, s), 4.24 (2H, q, J =7.1 Hz). UV A. ~,:~~H nrn (I:): 266 (6500),
326 (9700). Anal. Calcd for C\lH I6N402 : C, 55.91; H, 6.83; N, 23.72. Found: C, 56.03; H, 6.88; N, 23.74.

Ethyl 1,2,3,4-Tetrahydro-l-methyl-3-phenylpyrido[3,2-e]-1 ,2,4-triazine-3-carboxyIate (26d)--This compound
was prepared by hydrogenation of 22d-0: (3.28 g, 10mmol) in the same manner as described for 25a to give 26d (1.76 g,
59%), mp 113-1 16°C (from iSO-Pr20). IR (Nujol): 3380, 3140, 1720cm- '. MS m]e: 298 (M+), 225, 122. IH-NMR
(CDCI3) D: 1.22 (3H, t, .1=7 Hz), 3.21 (3H, s), 4.20 (2H, dd, J = 7 Hz). 4.20, 5.10 (each IH, br s, NH 2), 6.56 (I H, dd•
.11 =5Hz, .12=8 Hz), 6.87 (lH, dd• .11 =2Hz, J2 =8 Hz), 7.28-7.75 (6H, m). UV A.;'~~Hnm (s): 262 (5400),328 (8000).
Anal. Calcd for CI6H!tlN402: C, 64.41; H, 6.08; N, 18.78. Found: C, 64.26; H, 6.03; N, 18.78.

Hydrogenation of 22d-0: also gave 26d in comparable yield.
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Compound 26d was also prepared as follows. Ethyl phenylglyoxylate (1.53 g, 8.59 mmol) and AcOH (0.3 ml)
were added to a cold solution of 1-(3-amino-2-pyridyl)-I-methylhydrazine (27b, LI8 g. 8.54 mmol) in EtOH (15 ml).
The mixture Was stirred at room temperature for 4d under all argon atmosphere, then the solvent was removed. The
residue was dissolved in iso-PryO, treated with charcoal, and concentrated to give 26d (1.73 g. 68'~\;l. which hus
physical data identical with those described above.

4-Amino-2-phcnylpyrido[2,3-b]pyrazin-3(4H)-onc (28)·-·· ~3-Amil1o-2-pyridylhydrazine!" (27a, 3.73 g. 30 mmol)
and AcOH (0.5 ml) were added to a solution of ethyl phenylglyoxylate (5.35 g. 30 mmol) in EtOH (5 ml), A ncr being
heated at 50 "C for 3 min, the mixture was concentrated. The residue was diluted with H20 and extracted with CHCIJ •

The CHCI.1 extracts were washed with uq. NuHCO.1 and aq. NaCl successively and dried over Na2SO.j.' Evaporation
of the solvent and purification of the residue by chromatography (SiO.;!, eHCI.\ : McOH = I()O: I) gave 23b (0.716 g,
8.4~~;;). 2Sb (0.86 g, l2~,~), and 28 (3.65 g, 51'\). mp 155---15(} "C (from benzene). IR (N ujol): 3300, 3230, lMfh:m' '.
MS nile: 238 (M'). UV A~,';~H om (1:): 230 (12200), 265 sh, (4300),303 (4200), 372 (7800). Anal. Calcd.Ior C'I.\HwN.j.O:
C, 65.53; H, 4.23; N. 23.52. Found: C, 65.42; H, 4.15; N. 23.71.

4-Isopropylidcnamino-2-phenylpyrido[2,3-b]pyrllzin-3(4H)-one (29)--- --A mixture of 28 (0.1 g, 0.421111110[),

Me2CO (5 ml), and AeOH (0.5 ml) was healed for 2 h under reflux. After cooling, the mixture was concentrated, and
the residue was recrystallized from Me 2CO--hcxane to give 29 (0.07 g. 60(;~» as pale yellow needles, mp 151--152 T.
[R (Nujol): 1650. 1580cI11 --I. MS m]e: 278 (M" ),235. Anal, Calcd for CIC,H1.,N.j.O: C, 69~05; H, 5.07; N. 20.13. Found:
C, 68.70; H, 4.98; N, 20.22.

4-Acctamido-2-phellylpyrido[2,3-b]pyra7jn-3(4H)-one (30)----Compound 28 (0.784 g, 3.29I11mol) was dissolved
in Ac20 (30ml), and the mixture was stirred at room temperature overnight, Ac20 was evaporated, and the residue
was recrystallized from a mixture of AeO Et and hexane to yield 30 (0.732 g, 79'~,:.), mp ]76.._·178 "c. IR (Nujol): 3250.
1690, 1645cm- l

• MS /II!e: 280(M t).238. Anal. CalcdforCI~HJ:N402: C', 64.27; H,4.32; N,19.99. Found: C. M.20:
H, 4.31: N, 19.77.

X-Ray Crystallographic Analysis----Tlle structures (If compounds 3. 4, 25ll, 26d and 28 were solved by the direct
method using MULTAN and relined by the block-diagonal least-squares method. The crystal datu are summurizcd in
Table II.
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10) These compounds were prepared by the method or Omar e/ III. (see reference 9).
11) S. Sunder, N. P. Pect, and R. J. Burbuch, J. Heterocycl. Chcm., 18, 1601 (1981).
12) A. Lewis and R. G. Shepherd,.I. Heteracycl. Cliem., 8, 41 (1971).
13) Isolation of the geometrical isomers (.1:1'11 and anti)of these hydrazones (22a-c) was unsuccessfu I. In the case of

22d, two isomers (e; p) could be isolated, but their geometry was not ascertained. See Experimental,
14) H. Wada, S. Kodato, M. Kawamori, T. Morikawa, H. Nakai, M. Takeda, S. Saito, Y. Onoda, and H. Tnmuki,

Chem. Pltarm. sua; 33, 1472 (1985).
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Synthesis and Reactions of 2,3-Dibydrotbiazolo[3,2-a]pyrimidine Derivatives
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YASUFUMI YOSHIDA, and SUNAO FURUKAWA

Faculty of Pharmaceutical Sciences, Nagasaki University,
1-14 Bunkyo-machi, Nagasaki 852, Japan

(Received June 9, 1986)

The reaction of 2-amino-2-thiazoline (l) with acetylene carboxylates (2) afforded 5-substitutcd .
2,3-dihydro-7H-thiazolo[3,2-a]pyrimidin-7-ones (3). 7-Bromomethyl-2,3-dihydro-5H-thiazolo
[3,2-a]pyrimidin-S-one (10) was obtained by the reaction of 1 with v-bromoacetoacetyl bromide.
Treatment of 10 with N-bromosuccinimide provided the 6-bromo compound (12). The 7
bromomethyl compounds (10 and 12) were converted to 7-morpholinomethyl derivatives by
treatment with morpholine. When 38 (unsubstituted-), 3b (5-ethoxycarbonyl-), and 3c (5
hydroxymethyl-) were treated with 5% hydrochloric acid, covalent hydration occurred across the
S,6-carbon-carbon bond, giving S-hydroxy-2,3,S,6-tetrahydro-7H-thiazolo[3,2-a]pyrimidin-7-one
derivatives (168, 16b, and 16c). On the other hand, in the case of 11 (7-methyt-) and 17 (5-phenyl-),
the dihydrothiazole ring was cleaved to give 3(and 1)-(2-mercaptoethyl)-6-methyl(and phenyl)
2,4(lH,3H)-pyrimidinedione (19 and 18).

Keywords---dihydrothiazolo[3,2-a]pyrimidine; y-bromoacetoacetyl bromide; 2-amino-2
thiazoline; covalent hydration; ring cleavage; bromination; cyclization; acetylene carboxylate

Various syntheses have been reported of 2,3-dihydrothiazolo[3,2-a]pyrimidine deri
vatives, some of which have analgesic, antithrombic and antiinflammatory activities. The
compounds have been synthesized in two ways, when classified in terms of the starting
materials. One involves cyclization of 2-thiouracil with 1,2-dibromoethane,1) ethyl y-chloro
acetoacetate," or ethyl chloroacetate." or intramolecular cyclization of 1-(2-hydroxy
ethylj-thiouracil with methanesulfonyl chloride'? or of l-allylthiouracil with iodine." The
other consists of the reaction of 2-amino-2-thiazoline (1) with diketene.?' acetoacetic es
ters," ethoxymethylenemalonic esters/h) ethoxyrnethylenecyanoacetamide." acetylene car
boxylic ester.?' ethyl malonyl chloride'?' or diethyl malonate.'!' In this paper we describe the
synthesis of 2,3-dihydrothiazolo[3,2-a]pyrimidine derivatives from 2-amino-2-thiazoline (1) as
a starting material, and some reactions of the thiazolopyrimidines.

The reaction of 2-amino-2-thiazoline (1) with ethyl propiolate (2a, R = H) and diethyl
acetylenedicarboxylate (2b, R = COOEt) gave unsubstituted 2,3-dihydro-7H-thiazolo[3,2
a]pyrimidin-7-one (3a) and 2,3-dihydro-5-ethoxycarbonyl-7H-thiazoloI3,2-a]pyrimidin-7-one
(3b). Similarly, the 5-hydroxymethyl compound (3c) was obtained in 62.0% yield by treatment
with ethyl y-hydroxytetrolate (2C)121 in ethanol. The structures of the above products (3a, 3b,
and 3c) are supported by the infrared (IR) and ultraviolet (UV) spectral data.!"

Compound 3b was converted to the carboxamide (4) by reaction with ethanolic ammonia
in a flask sealed by a stopcock at room temperature. The reaction of 3c with acetic anhydride
afforded the corresponding acetoxy compound (5). For the preparation of the 5-halomethyl
compounds (8 and 10'), 3c was treated with thionyl chloride, phosphorus oxychloride or
phosphorus tribromide under various conditions; however, no reaction occurred and the
starting material was recovered.

6-Hydroxymethyl-2-thioxo-l,3-thiazin-4-one (6)12) was converted to 2,3-dihydro-l-(2-
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Chart 1

hydroxyethyl)-6-hydroxymethyl-2-thioxo-4( 1H)-pyrimidinone (7) by reaction with 2-al11ino
ethanol. In order to prepare 1-(2-chloroethyl)-6-chloromethyl-2-thioxo-4(3H)-pyrimidi
none, 7 was treated with thionyl chloride, but the cyclized product 8 was obtained.

It has been reported that the reaction of acid chlorides with 2-aminoethiazole or 2
amino-2-thiazoline (1) gives 2-acylaminothiazole13) or 2-acylamino-2-thiazoline. 12

) Therefore
we expected that the reaction of y-bromoacetoacetyl bromide (9)14) with 1 would afford 2-(}/
bromoacetoacetylamino)-2-thiazoline, followed by ring closure to yield 5-bromomethyl-2,3
dihydro-7H-thiazolo[3,2-a]pyrimidin-7-one (l0'). However, we found that the product is 7
bromomethyl-2,3-dihydro-5H-thiazolo[3,2-a]pyrimidin-5-one (10). The structure of 10 was
confirmed by IR and UV spectral data and chemical evidence. Compound 10 was converted
to 7-methyl-2,3-dihydro-5H-thiazolo[3,2-a]pyrimidin-5-one (1l)11J.6) by catalytic hydrogen
olysis over palladium-carbon catalyst.

With N-bromosuccinimide in ethanol, 10 was converted to the corresponding o-brorno
compound 12. Similarly, 11 was converted to the 6-bromo compound 13 by treatment with N
bromosuccinimide or bromine in acetic acid."? The position of the bromine substituent was
determined from the proton nuclear magnetic resonance (IH-NMR) spectra of 12 and 13, in
which no olefinic protons were not observed. It is well known that 5-bromo-I,3-disubstituted-
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6-methyl-2,4(l H,3H)-pyrimidinediones are converted to the o-bromomethyl derivatives by
reaction with bromine in acetic acid. IS) However, in the case of 13, no reaction occurred under
these conditions. The reaction of the 7~broI11omethyl compound (to and 12) with morpholine
yielded the corresponding 7-morpholinomcthyl derivatives (14 and 15).

For the preparation of 1-(2-mercaptoethyl)-6-hydroxymcthyl-2,4( IH,3H j-pyrimidine
dione, 3c was treated with 5~'~ hydrochloric acid according to Falch and Natvig.'?' The prod
uct (16) was found to have the molecular formula C7H\I)NzO] by elemental microanalysis,
but the UV spectrum showed no absorption maximum-and was different from those of 2,4~

(I H,3H)-pyrimidinedione derivatives.'?'
The carbon-I 3 nuclear magnetic resonance (IJC-NMR) spectrum of 16b indicated the

presence of three methylene groups at 648.93, 40.80, and 28.77. The former two signals are
assignable to the carbons of the dihydrothiazole ring by comparison with those of the starting
material (3b). Further structural assignment was possible from the JH-NMR (270 MHz)
spectrum, which exhibited signals due to one isolated methylene moiety at 63.70 and 3.18 as
doublets, complicated ethylene signals at 64.32,4.13, and 3.5-3.3 and a characteristic broad
singlet signal at (j 9.48 due to a hydroxyl group.

The structure of 16b, based on the above spectral data, was assumed to S-carboxy-S
hydroxy-2,3,5,6-tetrahydro-7H-thiazolo[3,2-aJpyrimidin-7-one, which corresponded to cova
lent hydration across the 5,6-carbon--carbon double bond of 3b. Similarly, 3a and 3c were
converted to the covalent hydration products 16a and 16c. However, under the same reaction
conditions, no covalent hydration was observed in the case of compounds 17 and 11; instead,
the dihydrothiazoJe ring was cleaved to afford 18 and 19, as described by Falch and Natvig.'?'
The UV spectra of the reaction products (18 and 19) showed absorption maxima at 275 and
264 nm, and the IR spectra showed SH stretching absorptions at 2530 and 2555 em -I. The
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tH-NMR spectrum of 18 showed signals at () 1.48,2.80, and 4.14 due to NCHzCHSH and
c5 5.91 due to ring proton. Similarly, 19 exhibited signals at () 1.19, 2.64, and 3.83 due to
NCH2CH2SH and () 5.63 due to a ring proton in the I H-NMR spectrum. On the basis of the
above data, the structures of 18 and 19 were concluded to be 1-(2-mercaptoethyl)-6-phenyl
2,4-() H,3H)-pyrimidinediolle and 3-(2-mercaptoethyl)-6-methyl-2,4-( 1H,3H)-pyrimidine
dione, respectively. When 11 was treated with 5'\; hydrochloric acid for 7 h, an alternative
product 20 was obtained which showed an absorption maximum at 263 11m in the UV spec
trum (similar to that of 19). The tH-NMR spectrum exhibited two double-doublet signals
due to an ethylene group (() 4.33 and 2.97) and no peak due to an SH group. Further
more, fast atom bombardment mass spectrometry (FAB-MS) showed the hydrogen
ated molecular ion peak [(M+ I)"r] at m]: 371. Therefore, 20 was concluded to be 3,3'-bis[6
methyl-I ,2,3,4-tctrahydro-2,4-dioxopyrimidinyl]diethyldisulfide. When 19 was treated with
iodine in ethanol, 20 was obtained in good yield.

Experimental

Melting points reported here arc uncorrected. IR spectra were recorded on JASCO IRA-2 and IR-810
spectrophotometer. UV spectra were recorded in ethanol on a Hitachi 323 spectrophotometer. The NMR spectra
were obtained on Hitachi R·WO (60 MHz, 1'01' IH). JEOL JNM FX-90Q (90 MHz I'llI'I Hand 22.5 MHz for l.1e) and
jEOL JNM GX-270 (270 M Hz, lor 1H) spectrometers. Chemical shifts arc reported in ppm (M relative to
tetramethylsilane as an internal standard. Mass spectra were obtained on a lEOL .JMS-DX-303 spectrometer by the
electron impact (EI) or fast atom bombardment (FAB) ionizntion method.

2,3-Dihydro-7H.thiazolo[3,2-fl]pyrimidin-7-one (3a)--···A solution of 2-amino-2-thiazoline (I) (0.51 g,
5.0 mmol) and ethyl propiolatc (211) (0.5 g, 5.0mrnol) in EtOH (20 ml) was rcfluxed for l) h. The reaction mixture was
concentrated to dryness ill I'l/CI/(i and the residue was washed with ether. The insoluble material was crystallized from
MeOH, giving 0.53 g (6H.X~,» ofcolorless needles, mp 225 C (JiLI/'j mp 227··-228 "C). 1H-N MR (CDCl j ) ci: 7.27 (IH,
d, J==7.8Hz, C(5)-B), 6.02 (IH, d, .1=7.8 Hz, C(6)-H), 4.34 (2B, t, .1=6.8 Hz. N ..CI-12 ) , 3.50 (2H, t, J=6.8Hz,
S-CH2) . MS mjz: 154 (M').

2,3-Dihydro-5-ethoxycarbonyl-7H-thiazolo[3,2~a]pyrilllidin-7-ollc(3b) -·--A solution of 1 (0.5g, 5.011101(1) and
diethyl ucetylcncdicarboxylntc (2b) (O.S5g, 5.0 mmol) in EtOH (20 ml) was refluxed for J h. The reaction mixture was
concentrated to dryness in I'W'UO, and the residue was recrystallized from AcOEt, giving n.(ll g (61.0~)/,;) or colorless
needles. mp 121-_·122 C. AliI/I. Ca1cd for c./[-J!UNlO.1S: C. 47.79; H. 4.42; N, 12.39; S. 14.t6. Found: C. 47.53; H,
4.43; N. 12.43; S, 14.27. IR (KBr): 1724, 1625 (C ==O)CI11 I. LJV ),~,~::~n"l nm (log I:): 239 (4.34),29(1 (3.68). J H-NMR
(CDCI) ci: 6.70 (I H, s, C(6)-11). 4.lW (2H, t, J ",,7.5 Hz, NCH.1) , 4.38 {2H, q, J =7.2 Ilz, CtbCI-I.d, 3.48 (2B, t, .I""
7.5 Hz. SCH!), 1.39 (JH, t. J"'" 7.2 Hz, CH!Ctl.d. fAIl-.MS mlz: 227 [(M .j. I)'].

2,3-Dihydro-5-hydroxymethyl-7JI..thin:1OIo[3,2-a]pyrimidin- 7-(me (3c)- .. A solution of 1 (0.25 g, 2.5 mruol) and
ethyl l'·hydl'Oxytctrol:lte (2c) (0.321:\, 2.5 mmol) in MeOH (J() 1111) was refluxed for 3 h. TIJe reaction mixture was
concentrated to dryness in vacuo, and the residue was crystallized lrom MeOH, giving 0.28 g (62.0';";))01' colorless
need lcs, I11p 267··-269'(', Anal, Culcd for C7HHN202S: C. 45.65; H, 4.3H; N, [5.2J; S. 17.40. Found: C, 45.7Y; H, 4.50;
N, J5.14; S, 17.32. IR (KBr): 3210 (DB), 1632 «: =O)cm I. UV A~~~~:"")I nm (log s): 232.5 (4.45), ca. 26H(sh, 4.(0). 11'1_
NMR (DMSO·d,,~CF.\(,OOI·1 '" I; I): 6.27 (lH. s, C(6H\), 5.411 (IB, s, 01-1), 4.78 (:lB, dd,.k 7.6, H.3 Hz, NCHl),
4.74 (2H, s, 0('[12) , J.X5 (21-1. dd, J~7.6, 8.3 Hz, S-CH!). FAB·MS mlz: 185 [(M + I)'].

5-Cllrbamoyl-2,3-dihydro-7lI-thillzolo[3,2-a]pyrimidill-7-ol1c (4)--'-A solution or 3b (0.1 g. 0.4411Jmol) in
NH.,-EtOH (saturated, 20 ml) was scaled in a flask with a stopcock and allowed to stand lit room temperature
overnight. The separated crystalline mass was collected and recrystallized from McOH, giving 70 mg (6J.(J~~',;) of
colorless needle" mp 289---290'C. Anal. Oiled for C7H7Nl)2S: C, 42.63; H, 3.58; N. 21.30; S. 16.26. Found: C,

42.33: H, 3.64; N, 21.08: S, 16.04. IR (KBr): 3440, 3320 (NH2) , 1695 (Cw Oj crn " '. uv ;.~::;~n)\lnm (log I:): 236 (4.42),
286 (sh, 3.88). lH-NMR (DMSO-tlt.-CF3COOH=1:1) (5: 8.41 rur, br s, NH), S.OO (lH, hI'S, NH), 6.77 (IB, s,
C(6)-H), 4.87 {2B, t, .1=7.9 Hz, N--CHJ, 3.74 (21-1, r, J'='7.9Hz, S-CHl). FAB-MS mlz: 198 [{M+ 1)+].

5-Acctoxymethyl-2,3-dihydro-711-thiazolo[3,2-a]pyrimidin-7-one (5)--A mixture of 3c (1.8 g, 9.8 rnmol) and
acetic anhydride (30 rnl) was refluxed for 3 h. The reaction mixture was concentrated to dryness in vacuo, und the
residue was crystallized from acetone, giving 2.0 g (90.3'/;') of colorless needles, mp 137-138 "C. Anal. Cal cd for
C,H lIINz0 3S: C, 47.77; H, 4.46; N, 12.38; S, 14.17. Found: C, 47.84; H, 4.44; N, 12.49; S, 13.88. IR (KBr): 1740, 1630
(C=O)cm -1. UV A~:~:~r1"1 nrn (leg e): 233 (4.38), ca. 268 (sh, 3.82). lH-NMR (CDC!.,P: 6.00 (1 H, s, C(6)-H), 4.58
(lH, s, O-CHl), 4.38 (2H, dd, J=6.8, 7.9Hz, N-CH2) , 3.49 (2H. dd, J=6.8, 7.9 Hz, S-CH2 ) . 2.17 (3H. s, CO··CH:1) .

FAB·MS ml z: 227 [(M+I)'J.
2,3-Dihydro-l-(2-hydroxycthyl)-6-hydroxymethyl-2-thioxo-4(IH)-pyrimidinone (7)·---A solution of 612

) (2.4 g,
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13.7 mmol) and ethanolamine ( 1.6 g, 26.5 mmol) in EtOH (IO ml) was refluxed for I h. After cooling, the mixture was
acidified with 10% HCI, and left to stand in a refrigerator overnight. After concentration, the separated crystalline
mass was collected and recrystallized from EtOH, giving 1.05 g (37.9%) of colorless prisms, mp 199-200°C, Anal.
Calcd for C,HI()Nz03S: C, 41.58; H, 4.98; N, 13.85; S, 15.85. Found: C, 41.45; H, 4.99; N, 13.71; S, 15.78. IR (KBr):
1650 (C=O)cm- 1

• UV ;.~~:nolnm (loge): 221 (4.25),278 (4.21). IH-NMR (CDCI3) 15: 12.44 (IH, br s, NH), 5.98
(I H, s, ring), 4.51 (2H, br s, C( 6)-CHz), 4.29 (2H, t, J = 5.5 Hz, N.:.cH2) , 3.74 (m, q, J = 5.5 Hz, S-CHz).

5-Chloromethyl-2,3-dihydro-7H-thiazolo[3,2-a]pyrimidin-7-one (8)--A mixture of 7 (0.3g, 14.9mmol) and
thionyl chloride (4.9 g, 41.2mmol) with 2 drops of pyridine as a catalyst was stirred at room temperature for 5 h. The
reaction mixture was poured onto ice, then neutralized with 5~-;; NaHC03 • The mixture was extracted with CHCI3,

and the extract was dried over Na2S04 . After evaporation of the solvent, the residue was crystallized from acetone,
giving 50mg (16.7 'i~) of colorless needles, mp 174-175"c' A,nal. Caled for C,H,CINzOS: C, 41.49; H, 3.48; N,
13.82; S, 15.82. Found: C, 41.74; H, 3.68; N, 13.57; S, 15.74. UV A~:~:"11lnm (Iog s): 234 (4.40), ca. 270 (sh, 3.85). IH_
NMR (CDCI3) 0: 6.30 (IH, s, C(6)-H), 4.59 (2H, t, J=7.5Hz, N-CHz), 3.55 (2H, t. J=7.5Hz, S-CHz), 3.06 (2H, s,
CHz-CI).

7-Bromomethyl-2,3-dihydro-5H-thiazolo[3,2-a]pyrimidin-5-one (1O)---A solution of bromine (6.4g, 40mmol)
in CCI4 (15 ml) was added to a solution of diketene (3.36 g, 40 mmol) in CCI4 (30 ml) under ice cooling with stirring,
and the temperature was maintained for 2 h. The reaction mixture was added to a solution of 1 (2,04 g, 20 rnmol) in
CHCIJ (30 rnl) under ice cooling with stirring, and the whole was maintained at the same temperature for 2 h, then at
room temperature for 3 h. The separated crystalline mass was collected and recrystallized from MeOH, giving 2.4 g
(36.5%) of brown prisms, rnp 299-300°C (HBr salt). These crystals were dissolved in 5;;; NaHC03 , and the solution
was extracted with CHCI3 . The extract was dried over MgS0-l-' After evaporation of the solvent, the residue was
crystallized from MeOH,giving 0.9 g (18.2%) of colorless needles, mp 98--99 "C. Anal. Calcd for C,H7BrN;?OS: C,
34.02; H, 2.85; Br, 32.34; N, 11.34; S, 12.97. Found: C, 34.18; H, 2.87; Br, 31.87; N, 11.32; S, 12.97. IR (KBr): 1660
(C===O)cm -1. UV .l..~~~noll1ln (loge): 233 (3.94), 298 (3.81). IH-NMR (CDCI3) c>: 6.25 (IH, s, C(6)-H), 4.47 (2H, t, J =

7.5Hz, N-CH2) , 4.14 (2H, s, eHz-Br), 3.47 (2H, t, J=7.5Hz, S-CH2) . MS 1111:: 248 and 246 (M+).
Hydrogenolysis of 10--A mixture of 10 (60mg, 0.24 mmol) and 5;1,{, Pd-C (SO mg) in EtOH (20 ml) was stirred

under a hydrogen atmosphere at room temperature for 8h. The reaction mixture was filtered, and the filtrate was
concentrated to dryness in vacuo. The residue was treated with 5/~ NaHC03, then extracted with CHCI3 • The extract
was dried over MgS04 and filtered. The filtrate. was evaporated to dryness and the residue was crystallized from
AcOEt, giving II, 40 mg (99.2~6) of colorless needles, mp 126-127 DC (litY) mp 127-128 vCI.

6-Bromo-7-bromomethyl-2,3-dihydro-SH-thiazolo[3,2-aJpyrimidine-5-one (I2)--A solution of 10 (247 mg,
1.00mmol) and N-bromosuccinimide (200 mg, 1.12 mmol) in EtOH (20 rnl) was refluxed for 9 h. The reaction mixture
was concentrated to dryness in vacuo, and the residue was crystallized from MeOH, giving 200mg (61.3;'{.) as
colorless needles, I11p 166-167"C, Anal. Calcd for C,H6BrzN10S: C, 25.79; H, 1.86; N, 8.59; Br, 49.02. Found: C,
25.96; H, 2.00; N, 8.57; Br, 48.57. IR (KBr): 1661 (C=O)cm- 1 . UV .l..~~~:~nllinm (log c): 245 (3.94),317 (3.94). tH_
NMR (CDCI 3) <5: 4.52 (2H, t, J=7.9 Hz, N-CHz), 4.39 (2H, s, CHz-Br), 3.52 (2H, t, J=7.9Hz, S-CH 2) . MS mjz:
328, 326, and 324 (M +).

6--Bromo-2,3-dihydro-7-methyl-5H-thiazolo[3,2-aJpyrimidin-5-one (13)-------a) A solution of II (168 mg, 1.00
mmol) and N-bromosuccinimide (200 mg, 1.12 mmol) in EtOH (20 ml) was refluxcd for 4.5 h. The reaction mixture
was ice-cooled and the separated crystalline mass was collected, then crystallized from MeOH, giving 100 mg (40.0'};;)
of colorless prisms, mp 209-210 "c. Anal. Calcd for C,H,BrN20S: C, 34.02; 1-1, 2.86; Br, 32.34; N, 11.34; S, 12.97.
Found: C, 33.90; H, 2.93; Br, 32.34; N, 11.26; S, 13.06. IR (KBr): 1662 (C=O)cm-- t

• UV ..l.~:~:""lnm (log 1:): 2S0
(3.78),304 (3.99). IH-NMR (CDCIJ ) 6: 4.51 (2H, t, J= 7.5 Hz, N-CHz), 3.50 (2H, t, J=7.5 Hz, S·CHz), 2.43 (3H, s,
CH3). MS mjz: 248 and 246 (M+).

b) A solution of bromine (0.3 ml) in acetic acid (I ml) was added to a solution of 11 (340 rug, 2.02 mmol) in acetic
acid (7 ml) with stirring; a reddish brown crystalline mass immediately separated. The mixture was heated at 90--
95 "C for 2 h. After cooling, the separated crystalline mass was collected and recrystallized from MeOH, giving
340 mg (68.1 %) of colorless prisms, mp 209-210 'C.

2,3-Dihydro-7-morpholinomethyl-SH-thiazolo[3,2-a]pyrimidin-S-one (l4)--A solution of 10 (\.O g, 4.0 mmol)
and morpholine (0.7 g, 8.0 mmol) in EtOH (80 ml) was refluxed for 6 h. The reaction mixture was concentrated to
dryness in vacuo. The residue was crystallized from MeOH, giving 0:9 g (87 .9~~) of colorless plates, mp 163--164 °C.
Anal, Calcd for CIlH1SN30ZS: C, 52.15; H, 5.97; N, 16.59; S, 12.66. Found: C, 51.94; H. 6.00; N, 16.55; S, 12.72. IR
(KBr): 1675, 1653 (C=O) em-I. UV A.~~:nolnm (loge): 230 (3.89),292 (3.85). IH-NMR (CDCI 3) 15: 6.29 (I H, s. C(6)
H), 4.47 (2H, t, J=7.9Hz, N-CHz), 3.74 (4H, m, 2xO-CH2) , 3.46 (2H, t, J=7.9Hz, S-CH1), 3.33 (2H, s, C(7)
CHz), 2.52 (4H. rn, 2xN-CH1) . MS m]z: 253 (M+).

6-Bromo-2.3-dihydro-7-morpholinomethyl-5H-thiazolo[3,2-a]pyrimidin-5-one (I5)--A solution of 12 (652 mg,
2.0 mmol) and morpholine (348 mg, 4.0 mmol) in EtOH (60 ml) was refluxed for 3 h. The reaction mixture was
concentrated, and the separated crystalline mass was collected and recrystallized from MeOH-AcOEt, giving 300 mg
(45.2%) of colorless needles, mp 141-I42°C. Anal. Calcd forCIIHI4BrN301S: C, 39.77; H, 4.25; N, 12.65. Found:
C, 39.85; H, 4.07; N, I2.53. IR (KBr): 1661 (C=O)cm- l

. UV ,l.~~:"olnm (loge): 242 (3.84), 308 (3.94). IH-NMR
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(CDCIJ ) s.4.52 (2H, t, J = 7.8 Hz, N-CH1 ), 3.74 (4H, m, 2 x O-CH2), 3.61 (2H, S, C(7)-CH2) , 3.49 (2H, t, J= 7.8 Hz,
S-CH2), 2.60 (4H, m, 2 x N-eH2) . MS mlz: 333 and 331 (M +).

5-Hydroxy~2,3,5,6-tetrahydro-7H-thiazolo[3,2-aJpyrimidin-7-one (16a)--A solu tion of3a (1.0 g, 6.49 mmol) in
5~; HCI (20 ml) was heated at 95-100 "C for 9 h. The reaction mixture was concentrated to dryness in vacuo. Water
was added to the residue, and the mixture was evaporated to dryness in vacuo. The crystalline residue was
recrystallized from H20, giving nOmg (64.5~.~)of'colorlcss prisms, mp 211-213 "C. Anal. Calcd for C fiHHN202S: C,
41.85; H, 4.68; N, 16.27; S, 18.62. Found: C, 41.86; H, 4.48; N, 16.16; S, 18.81. IR (KBr): 3400, 3170 (OH), 1700 (br)
(C=O)cm -I. UV: no absorption maximum, 1H-NMR (270 MHz: CDCI] and 3 drops ol'CF3COOH) 0: 9.23 (H-I, s,
OH), 5.02 (IH, dd, J=4.4, 12.6 Hz, C(5)-H), 4.16 (lH, dt, J=6.6, 6.6, 11.5 Hz. N-CH). 3.85 (IH, quintet, J=5.5, 5.5,
11.5 Hz, N-eH), 3.3--3.15 (2H, m, S-CHz)' 3.14 (IH, dd, 1=4.4. 17.0Hz, C(6)-H), 2.92 (IH, dd,J= 12.6, 17.0Hz,
C(6)-H). l.IC-NMR (pyridine-d.) b: 169.29 (s, C(7 or 1a). 151.33 (s, C( la or 7».57.43 (d, C(5», 48.82 (t. C(3)). 38.44
(t, C(2», 29.28 «, C(6». FAB-MS ml» 173 [(M+ 1)+].

5-Carboxy-2,3,5,6-tctrahydro-5-hydroxy-7H-thiazolo[3,2-a]pyriroidin.7-one (16b)----A solution of 3b (0.56 g.
2.48 mrnol) in 5% HCI (6rnl) was heated at 90-95 "C for 8 h. The reaction mixture was worked up :.IS described
above, giving 0.4 g (74.7'\,. BiO), of colorless powder, mp 236 "C (bub.). Anal. Calcd for C7HHNP4S: C, 38.88; H.
3.73; N, 12.96; S. 14.83. Found: C, 38.18; H, 3.66; N, 12.98; S, 14.88. IR (KBr): 3245 (011),1738, l720 (sh), 1659
(C=O)cm- 1

. UV: no absorption maximum. IH·NMR (270 MHz: CDCI3 and 3 drops ofCF.\COOH) 8: 9.48 (IH. s,
OH), 4.32 (l H, dt, J=6.9, 6.9, I J.5 Hz. N-CH), 4.13 [l H, ddd, .1=5.0, 6.9, 11.5 Hz. N--CH), 3.70 (IB, d. J",,
17.0 Hz, C(6)-H), 3.5-3.3 (2H, m, S-CH2) , 3.18 (lH, d, J", 17.0 Hz, C(6)-H). J3C_NMR (DMSO-dt» (~: /71.43 (s,
cooH), 167.47 (s, C(7 or la). 149.43 (s, COa or 7)),67.08 (s, C(5)}, 48.93 (t. C(3)). 40.80 (t, C(2», 28.77 (t, C(6».
FAB-MS ml»: 217 [(M + 1)+].

5-Hydroxy-5-hydroxymethyl-2,3,5,6-tetrahydro-7H-thiazolo[3,2.a:]pyrimidin-7-one (16c)--A solution of 3c
(300 rng, 1.63mmol) in 5~{. HCI (8 rnl) was heated at 95,--100"C for 6 h. The reaction mixture was worked up as
described above, giving 190mg (57.7~{, H20 ) of colorless prisms, mp 210-212 CoC. Anal. Calcd for C7HIllNz0 3S: C,
41.58; H, 4.98; N, 13.85. Found: C. 41.50; H, 4.85; N. 13.71. IR (KBr): 33LJS, 3190 (OH), 1710 (sh), 1695
(C=O) ern-1. UV A~~,;n"l nrn (log I:): 262 (sh, 3.45). IH-NMR (270 MHz: CDCl3 and 3 drops ofCF3COOH) (5: 9.32
(l H, S, OH), 4.44 (IH, ddd • .1= 5.0,7.0, 12.1 Hz, N-CH). 3.96 (1H, d, J= 12.6 Hz, C(6)·H). 3.80 (lH, dt• .1=6.6, 7.0,
12.1 Hz. N-CH), 3.78 (IH, d, J=12.6Hz, C(6)-H), 3.3--3.15 (2H, rn, S-CH2), 3.23 (2H, 5, O-CHz). 13C·NMR
(pyridine-n.) ii: [69.4 (5, C(7», 151.5 (s, C(la), 71.5 (s, C(S», 69.0 (t, CHzOH), 48.4 (t, C(3», 41.8 (t, C(2). FAB-MS
mlz: 203 [(M+ 1)+].

1-(2-Mercaptoethyl)-6-phenyl-2,4(lH,3H)-pyrimidinedionc (18}----A solution of 17 (0.5 g. 2.17 rnmol) in 5~!-;;

HCI (Ill rnl) was refluxed for 4 h. The reaction mixture was worked up as described above, giving 0.30 g (55.H~~,

AcOEt) of colorless needles, mp 164--165"C. Anal. Calcd for CI2HIZNz02S: C, 58.05; H, 4.87; N, 11.28. Found: C,
58.35; H, 4.97; N. 11.06. IR (KBr): 2530 (SH), 17()2 (C,=,O)cm- 1• UV ).~:~~nlllnm [log c): 275 (4.05). IH-NMR
(CDCI]) 6: 9.4 (IH, br s, NH:), 7.6--7.2 (5H, 111, Cl>H~), 5.63 (I H' s, ring), 3.83 (2B, dd, .1=7.25, 5.27 Hz, N·..CH2) ,

2.63 (2H, rn, S-CH2 ), l.J9 (IH, t, .1=8.8 Hz, SH).
J.{2-Mercl1pt()ethyl)-6~mcthyJ-2,4(IJl,3H)-pyrimidincdione (l9),--·-A solution of II (1.0 g, 5.95ml11o!) in 5~~;

HCl (20 rul) was refluxed for 2 h. The reaction mixture was worked lip as described above, giving 0.65 g (58.1 (~;,. H20)

of colorless prisms, rnp 203 "C. Anal, Calcd for C7HwN202S·1/[OH20: C, 44.71; H, 5.47; N, 14.90. Found: C. 44.76;
H, 5.30; N, 14.67. lR (KBr): 2555 (S.H), 1725. l705, 1642 (C =0) em '1. UV A~:~~rll'lll\l1 (log I:): 264 (4.08). FAB-MS
1/11=: 11I7 [(M + I) ']. 'H-NMR (CDCl.\ and 5 drops ofer.ICOOl-r) (~: 10.37 (1H. hI'S, NH), 5.91 (lB, q, J"-'0.88 Hz,
ring), 4.14 (2H, cld,.J = 7.03,5.71 Hz, N-CH2) , 2.80 (2H, In, S..·CH 2 ) , 2.26 (3H, d. J ~."O.811 Hz, CCH31, 1.41 (I H, t,.1""
8.7 Hz. CHzSIj). 13C_NMR (DMSO-df,) 8: 162.43 (C(4», 151.27 (C(2 or 6», 151. [6 «'(6 or 2)), 91U8 (<:(5)). 41.77
(CH2N), 21.02 (CH 2SH), 17.93 (CI-I3).

3,3'-Bis[ 6-mcthyl- t ,2,3,4-tetruhydro-2,4-dioxopyrimldinyl]diethyhlisulfidc (20)· A solu tion of 11 (336 mg,
2.00 mrnol) in 5::/;; HCI (30 ml) was heated <It LJ5-1 OOJC for 7 h. The reaction mixture was concentrated to dryness in
vacuo, Water was added to the residue, and the mixture was evaporated to dryness ln l'IIC/IO. The residue was treated
with 5,/~ NaHCOJ , and thc insoluble crystalline mass was collected and recrystallized from MeOH, giving IOU mg
(26.6~{,) of colorless powder, mp 283-285 "C. Anal. Culcd for CJ4HIHN4,04S2·0.3H20: C, 44.74; H. 4.99; N, 14.91.
Found: C, 44.69; H. 4.95; N, 14.50. IR (KBr): 3550.3430 (NH), 1730,1707 (sh), 1645 (C=0)cm- 1. UV ,l~~:~Ill'lnm

(log e): 263 (4.36). FAB~MS mlz:371[(M + n"l. IH-NMR (CDCI J and 3 drops ofCF.1COOH) 8: 5.92(2H, s, 2 x ring),
4.33 (4H. dd, J=7.91, 6.59 Hz, 2xN-CH2) , 2.97 (4H, dd, J=7.9I, 6.59 Hz, 2xS-CH2) , 2.28 (6H, s, 2xCH3) .
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measuring the IH-NMR (270 MHz) spectra. Thanks are also due to Mrs. H. Mazume, Mr. M. Ohwatari, Mr. K.
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New Acylated Flavonol Glucosides in Allium tuberosum ROTTLER
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Six flavouoids (I~) were isolated from the leaves of Allium tuberosum ROTTLER (Liliaceuc].
Their structures were characterized as3-0·fi-sophorosyl-7-0-{J-D-(2·0·feruloyl}glucosylkaempfcrol
(1), 3,4'-di·O-fi·p-glllcosyl-7-0-fJ'D-(2-0~feruloyl)glucosy]kaempferol (2), 3-0-/J-D-(2-0-fcruloyl)
glucosyl-7,4'·di-O·/J-D-g]ucosylkaemplerol (3), 3,4'-di-O-fJ~D-glucosylkacmpfcrol (4), 3,4'-di·(j·jl·
n-glucosylquercetin (5) and 3-0~P-sophorosylkaempferol(6) by examination of their physico
chemical properties. On partial acid hydrolysis, 1 gave 7-0-{I-D-(2-0·feruloyl)glucosylkaempfcrol
(10), and on enzymatic hydrolysis, I and 3 afforded 3-0-fJ-D-glucosyl-7-0-ft-D-(2-0-fcruloyl)·
glucosylkaempferol (11) and 3-0·{J-D-(2-p-fcru!oyl)glucosylkaempferol (14), respectively. At pH
7.0 or at pH 11.0, or both, the 2-a-feruloyl group of 1, 2, 10 and 11 migrated to give the
corresponding 6-0-fcruloyl derivatives (15, 17, 16 and 18). Compounds 1--3 lind their derivatives
10, 11, 14, 15, 16, 17 and 18 are new acylated flavonol glucosides.

Keywords--Al/iulIl tuberosum; Liliaceac; flavonol; kaernpferol; quercetin; ferulic acid;
glucoside; acylated flavonol glucoside; acyl migration

Allium tuberosum ROTTLER (Liliaceae) is a perennial herb which has been cultivated
widely and whose leaves have been used as food. Various sulfide derivatives, 1 ) linaloo j 1) and 3~

O-rhamnogalactosyl~7-0-rhamnosylkaempfero12l have been isolated from the leaves of A.
tuberosum. According to the dictionary of Chinese drugs." they have been used for treatment
of abdominal pain, diarrhea, hematemesis, snake-bite and asthma. We.have attempted to
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isolate anti-allergic agents from A. tuberosum, and have obtained three new acylated flavonol
glucosides together with three known flavonol glucosides. This paper deals with the isolation
and structural elucidation of these compounds, and the acyl migration of acylated flavonol
glucosides.

Commercially available fresh leaves of A. tuberosum were extracted with 80% methanol,
and the extract was treated as shown in Chart 1 to isolate compounds 1-6.

Compound 1 exhibited absorption maxima at 233, 269 and 333 nm in the ultraviolet
(UV) spectrum, and its field desorption mass spectrum (FD-MS) showed [M + +K] at mjz 987
and [M+ +Na] at mlz 971. On acid hydrolysis, 1 gave kaempferol and n-glucose, and on
alkaline hydrolysis it afforded ferulic acid and kaempferol glucoside (8). Methylation of 1
according to Hakomori's method'" followed by hydrolysis gave, in a ratio' of 2: 1, 2,3,4,6
tetra-O-methylglucose and 3,4,6-tri-0-methylglucose, which were identified as alditol acetates
by gas liquid chromatography (GLC) and GLC-mass spectrometry (GLC-MS). Acetylation
of 1 afforded a tridecaacetate, the proton nuclear magnetic resonance etH-NMR) spectrum of
which showed the signals of three aromatic and ten aliphatic acetoxyl protons. From these
data 1 was found to contain a n-glucosyl (l-l-2)-D-glucose moiety and a n-glucose moiety
attached to kaempferol, and a feruloyl moiety attached to D-glucose.

In the UV spectrum the diagnostic shifts" of 8 on addition of sodium acetate, sodium
methoxide or aluminum chloride showed that glucose was linked to kaempferol at C-3 and
_7.6

) The IH-NMR spectrum of 8, as shown in Table I, exhibited the signals of p-anomeric
protons at 4.66, 5.10 and 5.72 ppm, which could be assigned to the anomeric protons of
glucose linked to C-2 of glucose, and to C-3 and -7 of kaempferol, respectively, In the l3C_
nuclear magnetic resonance (l3C-NMR) spectrum, as shown in Table II, the signals due to C
3 and -7 were shifted up:field, and the signals due to C-2, -4, -6, -8 and -10 were shifted
downfield from those of kaempferol." On partial acid hydrolysis with 1%sulfuric acid, 8 gave
7-0-p-D-glucosylkaempferol (9) and sophorose.vv'" On enzymatic hydrolysis with p-gluco
sidase, 8 afforded 3-0-p-sophorosylkaempferol (6).8a,hl These results suggested that 8 is 3-0
,B-sophorosyl-7-O-,B-D-glucosylkaempferol.Bh)

The linkage between the feruloyl group and glucose in 1 was determined from the 1H-

RO ~Oa.

#'H~'- OH~ R20 0 OR4

Rz H OR,' 0
I" H 0

H OH

OR1

R l R2 R3 R4 R1 R2 R3 R4

1 -Ole -Fer -H -H 4 -Gle -H -H -Gle
2 -H -Fer -H -Gle 5 -Gle -H -OH -Gle
3 -Fer -H -H -Gle 6 -GIcLGle -H -H -H
8 '-Ole -H -H -H 7 -H -H -H -H

11 -H -Fer -H -H 9 -H -Gle -H -H
12 -H -H -H -H 10 -H -GleLFer -H -H
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17 -H -H -Fer -Gle Gle: !J-D-glueosyl
18 -H -H -Fer -H

-C~CH3Fer: o OH
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TABLE I. lH-NMR Spectral Data for Kaempferol Glucosides (in DMSO-d6- D20, J=Hz)

Kaempferol moiety Sugar moiety Feruloyl moiety

6 8 2',6' 3',5' l-K3') 2-K3 I-G2 l-K7 2-K7 6-K7 l-K4' 2 3 2' 5' 6' OMe
d, J=2 d, J=2 d, J=8 d,J=8 d, J=8 t, J=8 d, J=8 d, J=8 t, J=8 dd, db} d, J=8 d, J= 16 d, J= 16 d, J=2 d, J=8 ddt) s

1 6.41 6.80 8.11 6.95 5.6~J 4.65 5.46 4.97 6.50 7.64 7.31 6.83 7.16dl 3.80
2 3.42 6.83 8.16 7.19 5.50 5.48 4.97 5.05 6.49 7.62 7.32 6.81 7.14d} 3.80
3 6049 6.86 8.18 7.21 5.80 4.92 5.10 5.10 6.53 7.64 7.34 6.84 7.16 3.83
4 6.29 6.53 8.16 7.20 5.51 5.06
6 6.27 6.51 8.10 6.96 5.71d) 4.65
7 6.28 6.54 8.10 7.00
8 6.48 6.84 8.12 6.97 5.72d

) 4.66 5.10
9 6.48 6.86 8.12 6.99 5.09

10 6.40 6.81 8.11 6.98 5.47 4.98 6.47 7.64 7.30 6.82 7.15 3.80
11 6.42 6.80 8.10 6.93 5.48 5.48 4.98 6.50 7.64 7.32 6.82 7.15 3.80
12 6.49 6.84 8.10 6.94 5.51 S.lO
13 6.51 6.87 8.19 7.21 5.54 5.12 5.07
14 6.22 6.46 8.07 6.94 5.79 4.90 6.51 7.62 7.32 6.83 7.14 3.83
15 6.55 6.85 8.12 6.93 5.70d l 4.66 5.18 4.21,4.52 6.47 7.59 7.27 6.82 7.08 3.80
16 6.52 6.82 8.09 6.94 5.18 4.19,4.54 6.42 7.53 6.94 6.72 7.18 3.76
17 6.59 6.85 8.16 7.18 5,48 5.19 4.21,4.51 5.03 6.46 7.57 7.23 6.82 7.06d} 3.81
18 6.57 6.82 8.09 6.92 5.49 5.19 4.20,4.49 6.47 7.56 7.27 6.80 7.06d) 3.80

a) Position of glucose proton; the linkage position of glucose to kaempferol (K) or glucose (G) is shown after the hyphen. b) Coupling constant: dd, J=12, 8; d, J=8.
c) J=8, 2. d) Broad.

Z
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and 13C-NMR spectra. The 1H-NMR spectrum of 1 exhibited signals ascribable to
kaempferol and feruloyl moieties, along with those of three ,B-anomeric protons of glucose
linked to C-2", -7 and -3 at 4.65, 5.46 and 5.69 ppm, respectively, and a triplet signal due to a
proton on carbon bearing an acyl group at 4.97 ppm. This triplet signal was found to be
coupled with H-I'" by spin decoupling. The acylation shifts":" in 13C-NMR spectroscopy are
useful for determining the positions of acyl groups in partially acylated glycosides. In the 13C_
NMR spectrum of 1, the signals due to C-I'" and -3'" were shifted upfield in comparison
with those 0[8, while other signals remained almost unaffected. These data suggested that the
feruloyl group was linked to C_2 IT

' . ln order to confirm this assumption, partial and
enzymatic hydrolyses of 1 were examined.

On partial acid hydrolysis with 5/,~~ sulfuric acid. 1 afforded kaempferol glucoside (10).
On hydrolysis with 1%potassium hydroxide, 10 gave fcrulic acid and 9. Acetylation of 10
gave a heptaacetate, the 1H-NMR spectrum of which showed the signals of four aromatic and
three aliphatic acetoxyl protons. The IH-NMR spectrum of 10 exhibited the signal of a fJ
anomeric proton of glucose attached to C-7 at 5,47ppm and a triplet due to a proton on
carbon bearing an acyl group at 4,98 ppm, coupled with each other. Consequently, 10 was
established to be 7-0-{3-D-(2-0-feruloyl)glucosylkaempferol.

On enzymatic hydrolysis with crude hesperidinase, 1 afforded kaempferol glucoside (11).
Treatment of 11 with 1~~; potassium hydroxide gave ferulie acid and 3,7-di-O-/i-D
glucosylkaempferol (12), which was identified 011 the basis of the diagnostic shifts?' in the UV
spectrum, and the 1H-NMR spectrum. Acetylation of 11 afforded a decaacetate, the I H-NMR
spectrum of which showed the signals of three aromatic and seven aliphatic acetoxyl protons.
The 1H-NMR spectrum of 11 exhibited the signals of two {J-anomeric protons and a triplet
due to a proton on carbon bearing an acyl group. Therefore, 11 was established to be 3-0-/J-D
glucosyl-7-0-fJ-D-(2-0-feruloyl)glucosylkaempferol.

On the basis of the above results, the structure of compound 1 was established as 3-0-/1
sophorosyl-7-0-fi-D-(2-0-feruloyl)glucosylkaempferol.

Compounds 2 and 3 exhibited similar absorption maxima in the UV spectrum, and their
FD-MS showed [M + + 1] at tn]z 949. On acetylation 2 and 3 afforded a tridecaacetate, whose
IH-NMR spectra showed the signals of two aromatic and eleven aliphatic acetoxyl protons.
Acid hydrolysis of 2 and 3 gave kacmpferol and n-glucose, and alkaline hydrolysis afforded
ferulic acid and kaempferol glucoside (13). These observations indicated that 2 and 3 are
isomers in which the positions of the feruloyl group on 13 differ.

Enzymatic hydrolysis of 13 with /i-glucosidase gave kaempferol. In the 1H-NMR
spectrum of 13, the signals of three /hlllomcric protons of glucose linked to phenolic oxygen
were observed at 5.07, 5.12 and 5.54ppm, the H-3' and -5' signals were shifted downficld in
comparison with those of 8. and u hydrogen-bonded 5-0H proton signal was observed at
12.61 ppm in dimethyl sulfoxide-a, (DMSO-d6 ) . In the IJC-NMR spectrum, the C-I' signal
was shifted upfield?' from that of 8. From these results and the diagnostic shifts in the U V
spectrum, 13 was established to be 3,7,4'-tri-O-/I-D-glucosylkaempferol, a rare flavonol
glycoside that has been isolated only as the p-coumarate from Crambe cordifolia. WI

The 1H-NMR spectrum of 2 showed the signals of fj-anomeric protons at 5.05, 5.48 and
5.50 ppm, and a triplet due to a proton on carbon bearing an acyl group at 4.97 ppm. coupled
with the anomeric proton at 5.48 ppm. In the 13C-NMR spectrum of 2, the signals due to C-l
and -3 of glucose linked to C-7 or -4' were shifted upfield compared with those of 13.
Moreover, partial acid hydrolysis of 2 afforded 5. These data suggested that a feruloyl group
is linked to C-2"'. Thus, compound 2 was deduced to be 3,4'-di-O-fJ-D-glucosyl-7-0-/I-D-(2
O-feruloyl)glucosylkaempferol.

The IH-NMR spectrum of 3 exhibited three ,B-anomeric signals, and a triplet due to a
proton on carbon bearing an acyl group, coupled with the H-I" proton. In the 13C-NMR
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spectrum, the signals due to C-l" and -3" were shifted upfield in comparison with those of 13,
while other signals remained almost unaffected.

Enzymatic hydrolysis of 3 with .B-glucosidase yielded kaempferol glucoside (14), and its
FD-MS showed [M+ + I] at m]z 625. Acetylation of 14 afforded a heptaacetate, the lH-NMR
spectrum of which exhibited the signals of four aromatic and three aliphatic acetoxyl protons.
These results showed the elimination of two glucose molecules from 3. The 1H-NMR
spectrum of 14 exhibited the signal of a fJ-anomeric proton of glucose attached to C-3 at
5.79 ppm, coupled with the triplet signal at 4.90 ppm. In this way, 14was deduced to be 3-0-/3
D-(2-0-feruloyl)glucosylkaempferol.

The above results established compound 3 as '3-0-P-D-(2-0-feruloyl)glucosyl-7,4'-di-O
[3-D-glucosylkaempferol.

Compound 4 exhibited absorption maxima at 267 and 344nm in the UV spectrum, and
its FD-MS showed [M + + 1] at mjz 611. Acid hydrolysis of 3 afforded kaempferol and D
glucose. In the IH-NMR spectrum two (:J-anomeric proton signals were observed at 5.06 and
5.51 ppm, and the signals due to H-3' and -5' were shifted downfield in comparison with those
of 7. From these data and the diagnostic shifts in the UV spectrum, glucose is linked to C-3
and -4'. Compound 4 was thus established to be 3,4'-di-O-P-D-glucosylkaempferol. l1

)

Compound 5 exhibited absorption maxima at 267 and 348nm in the UV spectrum, and
its FD-MS showed [M + + 1] at mjz 627. On acid hydrolysis, 5 afforded quercetin and D
glucose. In the 1H-NMR spectrum two fJ-anomeric proton signals were observed at 4.92 and
5.53 ppm, and the signal due to H-5' was shifted downfield from that of quercetin. These data
and the diagnostic shifts in the UV spectrum showed that glucose is linked to quercetin atC-3
and -4'. Consequently, compound 5 was established to be 3,4'-di-O-fJ-D-glucosylquercetin,
which has been isolated from Allium cl!pa,8l1,12) Allium ascalonicum.r" and Ribes species.l"!

Compound 6 was identified as 3-0-j3-sophorosylkaempferol, which was obtained from 8
by enzymatic hydrolysis with j3-glucosidase.

As compound 1 seemed to be unstable during the process of separation, the stability of 1
was examined. Compound 1 was dissolved in pH 3.2. 7.0 and 8.0 buffer solutions and the
stability at 100 DC was checked by high-performance liquid chromatography (HPLC). After
heating for 3 h, the chromatogram of the pH 3.2 solution was not changed, but at pI I 7.0, as
shown in Fig. 1, the peak of I at til. 7.8 min disappeared. and peaks a and b were observed at til.

3.7 and 11.7 min. At pH 8.0, the peak of 1 disappeared and peak a. which was identified as 8
formed by alkaline hydrolysis of 1. was recognized.

The product in peak b was obtained as colorless needles (15), whose UV spectrum
closely resembled that of 1. The lH-NMR spectrum of its acetate showed the signals of three
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aromatic and ten aliphatic acetoxyl protons. On alkaline hydrolysis, 15 afforded ferulic acid
and 8. These results indicated that 15 is an isomer of 1 whose feruloyl position on 8 differs
from that of 1. In the IH-NMR spectrum of 15, doublet and double doublet proton signals
at 4.21 and 4.52 ppm coupled with each other (J=12Hz) were observed instead ofa triplet
signal in the IH-NMR spectrum of 1. Inthe 13C-NMR spectrum, the signals due to C-5 and
-6 of one of the glucosyl moieties were shifted upfield and downfield, respectively, from
those of 8. These data suggested that the feruloyl group was linked to C-6 of glucose.

In order to clarify the linkage between the feruloyl and glucose moieties, partial acid
hydrolysis of 15 was performed. Hydrolysis of 15 with 5% sulfuric acid afforded kaempferol
glucoside (16). Acetylation of 16 gave a heptaacetate, the I H-NMR spectrum of which showed
the signals of four aromatic and three aliphatic acetoxyl protons. On alkaline hydrolysis, 16
yielded ferulic acid and 9. In the I H-NMR spectrum of 16, doublet and double doublet proton
signals due to H-6" were observed at 4.19 and 4.54ppm. Compound 16 was thus deduced to
be 7-0-{3-o-(6-0-feruloyl)glucosylkaempferol.

From the above, 15 was established to be 3-0-/J-sophorosyl-7-0-j/-o-(6-0-feruloyl)
glucosylkaempferol, so that the feruloyl group had migrated from C-2'" to C-6'" of the
same molecule. Acyl migration in partially acylated carbohydrates is known':" under
various conditions, especially under mild alkaline conditions. Therefore, 1 was treated with
pH 11.0 buffer at room temperature to afford 15.

A similar acyl migration was observed in 2, 10and l1---in the case of 10 and 11, only in
buffer at pH 11.0, on account of the low solubility of these compounds in pH 7.0 buffer
solution--to afford the corresponding 6-0-feruloylates 17, 16 and 18, respectively. The
structures of these substances were elucidated by FD-MS, UV spectra and 1H-NMR spectra.

Six flavonol glycosides were isolated from A. tuberosum, four of them being rare C-4'
glycosides. Compounds 1, 2, 3, 10, 11, 14, 15, 16, 17 and 18 are new acylated flavonol
glucosides. Compounds 1, 2, 10, 11, 15 and 16 have significant inhibitory effects on the
homologous passive cutaneous anaphylaxis reaction in rats at the dose of 2.5 mg/kg (i.v.),
Further biological studies are in progress.

Experimental

All melting points were determined on a Yanagimoto micrornelting point apparatus and arc uncorrected. UV
spectra were measured on a Hitachi 323 or 22& spectrophotometer. I H- and 13C·NMR spectra were taken at 200 and
50.3 MHz. respectively. with a Varian XL-200 spectrometer, and chemical shifts me expressed in 5(ppm) values with
tetramethylsilane as an internal standard (s, singlet; d. doublet; t, triplet; rn, multiplet; br, broad). FD·MS were
obtained on a lEOL JMS·01SG2 spectrometer. Optical rotation was measured 011 a Perkin-Elmer 141 or Horiba
SEPA 200 polarimeter. GLC was performed on a Hitachi 163apparatus with a flame ionization detector usinga glass
column (3 mrn i.d. x 2m) packed with 3% OV-225 on Gas Chrom Q(100"-200 mesh); injection temperature, 280 "C;
column temperature, 170°C; carrier gas, N2 55ml/min, GLC mass spectrometry (GLC·MS) was performed with the
chromatographic column coupled to a JEOL JMS 0-300 mass spectrometer. HPLC was carried out on a Hewlett
Packard I084B apparatus. TLC was performed on Kieselgel60F254 (Merck) using the following solvents: (A) EtOAc
saturated with H20; (B) BuOH-AcOH-H20 (4: I : 5, upper); (C) BuOH-iso·PrOH-H20 (5: 3: I). The spots were
detected by UV irradiation, FeCI3 reagent or p-anisaldehyde-H2S04 reagent. n-Glucose was detected by using
glucose oxidase (Sigma) followed by bromphenol blue. Acetylation was carried out with acetic anhydride-pyridine in
the usual way.

Extraction and Separation-Commercially available fresh leaves of Allium tuberosum ROTILER (Liliaceae,
59 kg) were extracted with 80% MeOH (300 I) at room temperature for 12d, and the extract was concentrated in
order to remove MeOH. The residual solution was allowed to stand overnight, and the resulting precipitate was
filtered off. The filtrate was passed through a Diaion HP20 (Mitsubishi Chemical Industry Ltd.) column. The column
was washed with H20 and then eluted with an H20-MeOH stepwise gradient. The 60% MeOH eluate was repeatedly
chromatographed on MCI GEL CHP20P (Mitsubishi Chemical Industry Ltd.) with a linear gradient from 40%
MeOH to 80% MeOH, and on Sephadex LH-20 with 50% MeOH to yield 1 (1.04 g) and 2 (0.29 g). The 50% MeOH
eluate was rechromatographed on MCI GEL CHP20P with a linear gradient from 30% MeOH to 60% MeOH to give
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three fractions (fractions I to III). Fraction III was concentrated to afford 3 (0.24 g). Fractions I and II were
rechromatographed on Sephadex LH-20 with 50% MeOH to yield 4 (0.25 g) and 5 (0.14 g) from fraction I. and 6
(0.13 g) from fraction 11.

Properties of l--Yellow amorphous powder, mp 212-215 °C (H20 - EtOH). [CC]&2 - 84.9" (c = 1.00. pyridine).
Anal. Calcd for C43H4S024·H20: C. 53.42; H, 5.21. Found: C, 53.27; H. 4.98. FD-MS mjz: 987 (M+ +K), 971
(M ++Na). UV ,l~~~11 nm (log e): 233 (4.36), 246 (4.27),269 (4.31),333 (4.42). IH-NMR: Table 1.13C_NMR: Table II.

Acetate of l--Colorless amorphous powder, mp 129-130°C (EtOH). Anal. Calcd for C69H74037'H20: C.
54.76; H, 5.06. Found: C, 54.38; H, 4.88. IH-NMR (CDCI3) i5: 1.89-2.10 (30H, each s, OAc x 10),2.34,2.36,2.44
(each 3H, s, Ar-OAc). 3.88 (3H. s, OCH3), 5.82 (IH, d, J=8Hz, H-I" anomeric), 6.38 (IH, d. J=16Hz, CH=

CljCO), 6.70 (1H, d, J=2 Hz. H-6), 7.00 (IH. d. J=2 Hz, H-8), 7.25 (2H, d, J= 8 Hz. H-3',5'), 7.73 (lH, d,J= 16Hz,
Clj =CHCO), 8.0 I (2H. d. J = 8 Hz. H-2',6').

Acid Hydrolysis of l--A solution of 1 (3 mg) in I N HCI (I ml) was heated at 100°C for 5 h. After cooling, the
reaction mixture was extracted with EtOAc. The organic layer was washed with H20 and dried over Na2S04 , then
concentrated to dryness to yield a yellow powder, which was identified as kaempferol by comparison with an
authentic sample. The aqueous layer was neutralized with Dowex I-X2 (CO~ -) and concentrated to obtain n-glucose
which was identified by TLC comparison with an authentic sample.

Alkaline Hydrolysis of l--A solution of 1 (20 mg) in 1% KOH was allowed to stand overnight. After
acidification with I N HCl, the reaction mixture was extracted with ether. The organic layer was concentrated to
dryness and the residue was recrystallized from H20 to yield colorless needles (2 mg), which were identified as ferulic
acid by comparison with an authentic sample. The aqueous layer was passed through an MCI GEL CHP20P column
(pH 3.0 HCI), which was washed successively with pH 3.0 HCl and H20, then eluted with 80~~ MeOH. The eluate
was concentrated to dryness and the residue was recrystallized from EtOH to yield a pale yellow amorphous powder 8
(13 mg), mp 207-209 c C. Anal. Calcd for C.UH40021·3H20: C. 47.94; H, 5.61. Found: C, 48.33; H, 5.27. FD-MS
mlz: 811 (M++K), 795 (M++Na). UV ,l~;~Hnm (loge): 267 (4.42). 349 (4.38);',l+NuOAc: 267 (4.42), 351 (4.35);
,l+NUOMc: 276 (4.41),395 (4.46);,l +AlC1,: 275 (4.41), 302 (4.13).348 (4.33),395 (4.21). lH-NMR: Table 1. 13C-NMR:
Table n.

Partial Acid Hydrolysis of 8--A solution of8 (30mg) in I~{ H2S04 (2011) was heated at 100"C for 45 min,
After cooling, the reaction mixture was extracted with EtOAc. The organic layer was chromatographed on silica gel
with EtOAc-EtOH (I: I) to yield 7-0-,a-p-glucosylkaempferol (9, 4mg) as a yellow amorphous powder, which was
identified on the basis of diagnostic shifts in the UV spectrum/" and the 1H-NMR spectrum (Table I). The aqueous
layer was neutralized with Dowex I-X2 (CO~ -) and concentrated to obtain sophorose which was identified by TLC
comparison with an authentic sample.

Enzymatic Hydrolysis of8--A solution of8 (20mg) and IJ-glucosidase (20mg, from almond, Sigma) in pH 5.0
Macllvaine buffer (20 ml) was incubated at 37°C for 5 h. After cooling, the reaction mixture was extracted with
BuOH. The organic layer was washed with water and concentrated to dryness to yield 3-0-{J-sophorosylkaempferol
(6, 12mg) as a yellow amorphous powder which was identified on the basis of the diagnostic shifts in the UV
spectrum,"! and the IH·NMR spectrum (Table I).

Methylation Analysis of l--A solution of 1 (3 mg) and sodium methylsulfinylmethidc (0.5 rna) in DMSO
(0.5011) was allowed to stand overnight at room temperature. Methyl iodide (0.1 ml) was added and the reaction
mixture was stirred at room temperature for 90 min. After dilution with water. the reaction mixture was extracted
with CHCI 3, and the dried organic layer was concentrated to dryness. The residue was hydrolyzed with 90~~ formic
acid at 100 DC for 2 h, and with 0.5 N H2S04 (I ml) at 100°C for 16h. After neutralization with BaC03 solution. the
reaction mixture was centrifuged and the supernatant was concentrated to dryness. The residue was reduced with
0.5% sodium borohydride (0.5 ml) at room temperature for I h. Boric acid was removed by distillation with MeOH
and the residue was acetylated with acetic anhydride-pyridine (I : I, 0.5 ml) at 100 "C for 2 h. The reaction mixture
was concentrated to dryness and the residue was examined by OLC and OLC-MS, which indicated the presence of
2,3.4,6-tetra-O-methyl-l,5-0-diacetylglycitol (tR 7.1 min) and 3.4,6-tri-O-methyl-I,2,5-0-triacetylglycitol UR 12.9
min) in a ratio of 2: 1.

Partial Acid Hydrolysis of l--A solution of 1 (50 mg) in 5% H2S0 4 was heated at 100"C for 100 min. After
cooling, the resulting precipitate was filtered to give a yellow-brown powder, which was recrystallized from EtOH to
afford 10 (lOmg) as a pale yellow amorphous powder, mp 215-217 "C. [C(]~2 + 32.0 n (c=0.20, pyridine). Anai. Calcd
for C31H2B014' 2H20: C, 56.37; H, 4.88. Found: C, 56.82; H, 4.71. FD-MS mjz: 625 (M ++ I). UV ,l~t~H nm (log c):
235 (4.26), 248 (4.34), 271 (4.26),330(4.41), 378sh (4.28). IH·NMR: Table I. Alkaline hydrolysis of 10 afforded
ferulic acid and 9.

Acetate of lO--Colorless amorphous powder, mp 131-133 "C (EtOH). Anal. Calcd for C4SH42021·lj2H20:
C, 58.25; H, 4.67. Found: C, 58.21; H, 4.83. 1H-NMR (CDCI3 ) s, 2.04, 2.07, 2.08 (each 3H, s, OAc), 2.31, 2.32, 2.36,
2.42 (each 3H, s, Ar-OAc), 3.88 (3H, s, OCH3 ) , 6.38 (IH, d, J= 16 Hz, CH =Clj.CO), 6.76 (IH, d. J=2 Hz, H·6), 7.02
(lH,d, J=2Hz, H-8), 7.37 (2H, d,J=8Hz, H-3',5'), 7.73 (JH, d, J= 16 Hz, Clj=CHCO). 7.84 (2H. d, J=8Hz. H-
2',6'). '

Enzymatic Hydrolysis of l--A solution of 1 (100 mg) and crude hesperidinase (200 mg, Tanabe Seiyaku Co.,
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Ltd.) in pH 4.0 MacIlvaine buffer (25011) was incubated at 37 "C for 40 h. After cooling, the resulting precipitate was
collected and washed with water to yield II (61 mg) as a yellow amorphous powder, mp 200-205"C. [1X]52 -48.7"
(c=0.27, 0.1 N NaOH). Anal. Calcd for CnH.\HOI9·2H20: C, 54.02; H, 5.15. Found: C, 53.77; H, 5.03. FD-MS mlz:
787 (M+ + I). UV ,l,~~~lInm (loge): 233 (4.39), 246 (4.33), 269 (4.34), 333 (4.47). tH.NMR: Table I. Alkaline
hydrolysis of 11 atTorded ferulic acid and 3,7-di-O-p-D-glucosylkaempferol (12). l H-N MR: Table I.

Acetate of II--Colorless amorphous powder, mp 155-157 "C (EtOH). Anal. Calcd for C;7H5H02'l' 2H20: C,
55.07; H, 5.03. Found: C, 55.38; H, 4.64. IH-NMR (CDCI3 ) ~: 1.91, 1.99,2.01,2.04.2.08,2.08,2.10 (each 3H, s,
OAc), 2.32, 2.34, 2.43 (each m,s, Ar-OAe), 3.87 (3H, s, OCH3), 5.56 (IH, d, J =8 Hz, H-I" anomeric), 6.36 (IH, d,
J= 16Hz, CH =CtiCO), 6.70 (IH, d, J= 2 Hz, H-6), 7.00 (IH, d, J=2 Hz, H-8), 7.23 (2H, d, J=8 Hz, H-3',5'), 7.71
(lH. d, J= 16Hz, Cij=CHCO), 8.03 (2H, d, .1=8 Hz, H-2',6').

Properties of 2--Pale yellow amorphous powder, mp ,214--217"C (H20-EtOH). [lXlf)2 -39.9" «('=0.26,
pyridine). Anal. Calcd forC43H4S024·2H20: C, 52.44; H, 5.32. Found: C, 52.75; H,5.52. FD-MS m]z: 949(M· +1).
UV ).~;',~Hnm (logs): 232 (4.38),268 (4.37), 328 (4.47). lH-NMR: Table 1. 13C-NMR: Table II. Acid hydrolysis of 2
gave kaempferol and n-glucose, and partial acid hydrolysis afforded 10.

Acetate of 2--Colorless needles, rnp 201-205"C (EtOH). Anal. Caled for C(,C)H'40.1,·1/2H20: C, 55.09; H,
5.03. Found: C, 54.81; H, 5.56. lH-NMR (CDCt.1) Cl: 1.90--2.12 (33H, each s, OAcx 11),2.34,2.44 leach 3Ii, s,
Ar-OAc), 3.88 (3H, s, OCH3), 5.82 (lH, d, J =8 Hz, H-I" ancmeric), 6.38 (IH, d, J= 16 Hz, CH =CtiCO), 6.70 (lH,
d, J=2 Hz, 1-1-6), 7.00 (I H, d, J =2 Hz, H-8), 7.25 (2H, d, J:=8 Hz, H-3',5'), 7.73 (lH, d, J = 16Hz, CIj =CHCO),
8.01 (2B, d, J=8Hz, H-2',6').

Properties of 3--Colorless amorphous powder, mp 235--238 "C (H 20). [1X]r; - 206' (c= 0.22, pyridine). Anal.
Caled for C4.\H4H024·3H20: C, 51.50; H, 5.43. Found: C, 51.64; H, 5.31. FD-MS 111/:: 949 (M' + I). UV ,l,~"',;~Hnm

(loge): 232 (4.47). 269 (4.55), 327 (4.66). lH-NMR: Tuble I. 13C-NMR: Table II. Acid hydrolysis of 3 afforded
kaernpferol and n-glucose.

Acetate of 3--Colorless amorphous powder, rnp 186--188 PC (EtOH). Anal. Calcd for Ch'lH740J7' H20: C,
54.76; H, 5.06. Found: C, 54.55; H, 4.91. IH-NMR (CDClJ ) (): 1.94--·2.14 (33H, each s, OAc xII), 2.35, 2.43 (each
3H, s, Ar-OAe), 3.90 (3H, s, OCH.1), 5.86 (IH, d, J=8 Hz, H-i" anomcric), 6.38 (IH, d, J = 16Hz, CH =CijCO),
6.69 (IH, d, J=2Hz, H-6), 6.95 (lH, d, J=2Hz, H-8), 7.70 (tH, d,J= 16 Hz, Cij =CHCO), 8.02 (2H, d, J=8 Hz, H
2',6').

Alkaline Hydrolysis of 3--A solution of3 (158 mg) was hydrolyzed with 1%KOH (30 ml) and worked up in the
same way as I to obtain ferulic acid and 13 (61 mg) as a pale yellow amorphous powder, mp 210--213"C (H20 ·
EtOH). [1X]t)2 -91.0" (1' =0.22, pyridine). Anal. Calcd for C33H4H021' 2H20: C, 49.0 l; H, 5.48. Found: C, 49.41; H,
5.35. FD-MS 1Il/::: 773 (M'+l). UV ,l,~;'~~lInm (logs): 268 (4.35),321 (4.18),347 (4.18); ,l,/NuDAc: 268 (4.36), 32l
(4.21), 347 (4.18); ;.+NuOMc: 287 (4.35), 391 (3.88); A+AIt·I.l: 278 (4.30), 338 (4.23), 394 (3.96). I H-NMR (DMSO-db ) (~:

12.61 (I H, s, 5-01-1); (DMSO-dli--D20): Table I. l.lC_NMR: Tnble II. Enzymatic hydrolysis of 13 with {i-glucosidasc
afforded kaempferol.

Alkaline Hydrolysis of 2·----A solution 01"2 was hydrolyzed with I::·;; KOH and worked up in the same way as 1
to identify fcrulic acid and 13.

Enzymatic Hydrolysis of 3-·--·-A solution of 3 (40 mg) and It-glucosidase (l20mg) in pH 5.0 Macllvaine buffer
(80 ml) was incubnted at 37 "C for 3 d. The reaction mixture was extracted with EtOAe and the orgunic layer W~IS

concentrated to yield a brown residue, which was chromntographed on a Sephadcx LH-20 column with McOH to
yield 10 (7mg) as pale yellow prisms, mp 183-185"C (ELOH). Anal. Calcd for C31HzHOt4 ·2Hp: C, 56.37; H, 4.8ll.
Found: C, 56.17; H, 4.83. FD-MS 111/=: 625 (M' +1). UV A.~;',~;llnm (log s): 236 (4.32),268 (4.31),330 (4.45). IrI_
NMR: Table 1.

Properties of 4--,-Plilc yellow amorphous powder, mp 207-··-210"C. Anal. Calcd for CnH.1rPI6·HJO: C, 51.60;
H, 5.13. Found: C. 51.37; H, 5.13. FD-MS 1Il1=: 611 (M I + I). UV ;'~~~111 nrn (log s): 267 (4.39), 344 (4.19); A. +NUOA":
276 (4.54), 371 (4.11); z+NU()M,·: 276 (4.51), 372 l4.14}; ,l,h\lt'll: 276 (4.35), 302 (4.17), 343 (4.24), 393 (4.10). 1H·NMR:
Table I. Acid hydrolysis of 4 afforded kaempferol and o-glucosc.

Properties of 5----Yellow amorphous powder, rnp 208-·-212 "c. Anal. Calcd for C27H.1001'· H20: C, 50.32; H,
5.00. Found: C, 50.26; H, 4.86. FD-MS tnlz: 627 (M+ + 1). UV A.~;',:~llnm (log e): 268 (4.31), 349 (4.24); X'NuDAc: 276
(4.45),323 (4.13) 366 (4.16); ,l.+NuOMc: 275 (4.46), 382 (4.14); Xt AlC1,,: 277 (4.34), 298 (4.10),351 (4.18),396 (4.13);
,l,+NuoAc+u,no,: 268 (4.21),353 (4.20); ..l.'AIC1.,+I1C'I: 278 (4.35),347 (4'.21), 395 (4.08). IH-NMR (DMSO-dh·-D20) (~:

4.92 (l H, d. J=8 Hz, H-I'" anomeric), 5.53 (tH, d, J=8 Hz, H-I" anorneric), 6.25 (lH, d, J=2Hz, H-6), 6.49 (IH.
d, J=2Hz, H-8), 7.25 (IH, d, J=8 Hz, H-5'), 7.65 (IH, brdd, .1=8, 2Hz, H-6'), 7.68 (IH, d, J=2Hz, H·2'). Acid
hydrolysis of 5 afforded quercetin and n-glucose.

Properties of 6--Yellow needles, mp 195-198"C (EtOH). Anal. Calcd for C27HJuO!c,'2H20: C, 50.16; H,
5.30. Found: C, 50.50; H, 4.96. FD-MS mlz: 61 t (M+ + I). UV ;'~',~11 nm (log s): 267 (4.38),350 (4.30); ,l,'NnOAc: 275
(4.33),300 (4.11), 365 (4.10); A. +NDOMo: 276 (4.54), 328 (4.29),406 (4.52); ;. +A1CI,: 277 (4.38),304 (4.21), 348 (4.30), 397
(4.26). 1H-NMR: Table 1.

Stability Test of Compound I--A 0.1%solution of compound I at pH· 3.2 (0.1 M acetate buffer), pH 7.0 or pH
8.0 (0.1 M phosphate buffer) was heated at 100°C for 3 h, and the stability of 1 was checked by HPLC.
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Procedures of Acyl Migration--i) A solution of 1% 2-0-acylated flavonol glucoside in 0.1 MpH 7.0 phosphate
buffer was heated at 100 DC for 3 h, and allowed to stand overnight at 5 DC. The resulting precipitate was collected by
centrifugation and washed with water to alford 6-0-acylated flavonol glucoside.

ii) A solution of 0.1% 2-0-acylated flavonol glucoside in 0.1 MpH 11.0 Na zHP04-NaOH buffer was allowed to
stand at room temperature for 3-8 h, and the solution was acidified with I N HCI. The resulting precipitate was
collected by centrifugation and washed with water to afford 6-0-acylated flavonol glucoside.

Properties of 15---Compound 15 was obtained from 1 by methods i and ii above. Colorless needles, mp 214
217DC (MeOH-HzO). [aJbz -212 D(c=0.26, pyridine). Anal. Calcd for C43H480Z4'2HzO: C, 52.44; H, 5.32. Found:
C, 52.38; H, 5.09. FD·MS mjz: 987 (M + + K), 971 (M+ +Na). UV J.;~~H nm (log B): 233 (4.31), 247 (4.21), 268 (4.22),
333 (4.33). IH-NMR: Table I. 13C-NMR: Table II. Alkaline hydrolysis of 15 afforded ferulic acid and 8.

Acetate of 15---Colorless amorphous powder, mp 129-131 DC (EtOH). Anal. Calcd for C69H74037 .2HzO: C,
54.12; H, 5.13. Found: C, 53.93; H, 4.64. IH·NMR (CDCI3) ~: 1.90-2.11 (30H, each S, OAc x 10), 2.34, 2.36, 2.41
(each 3H, s, Ar-GAc), 3.88 (3H, S, OCH3), 5.79 (IH, d, J=8Hz, H-I" anomeric), 6.40 (lH, d, J=16Hz, CH=
CijCO), 6.70 (lH, d, J =2Hz, H-6), 6.98 (lH, d, J=2 Hz, H-8), 7.24 (2H, d, J=8 Hz, H-3',5'), 7.68 (IH, d, J= 16Hz,
Cij=CHCO), 8.02 (2H, d, J=8Hz, H-2',6').

Partial Acid Hydrolysis of 15---A solution of 15 (78mg) in 5% HzS04-EtOH (I: I, 20ml) was refluxed for
100min, then the reaction mixture was concentrated and the resulting precipitate was filtered and recrystallized from
EtOH to afford 16 (23 mg) as yellow needles, mp 238-243 DC. [aJ~z - 128D (c= 0.13, MeOH). Anal. Calcd for
C31Hz8014 '2HzO: C, 56.37; H, 4.88. Found: C, 56.73; H, 4.44. FD·MS mlz: 625 (M+ + I). UV 2;,'~llnm (loge): 235
(4.35),247 (4.35),270 (4.45),329 (4.57), 376sh (4.47). IH-NMR: Table I. Compound 16 was also obtained from 10 by
acyl migration by method ii. Alkaline hydrolysis of 16 afforded ferulic acid and 9.

Acetate of 16---Colorless needles, mp 189-191 DC (EtOH). Anal. Calcdfor C4sH4Z0Z1 ·2H20: C, 56.61; H,
4.86. Found: C, 57.06; H, 4.43. lH-NMR (CDCI3) fJ: 2.06 (3H, s, OAc), 2.09 (6H. s, OAc x 2),2.32,2.34,2.36,2.38
(each 3H,s, Ar-OAc), 3.84 (3H, S, OCH3) , 6.37 (IH, d, J= 16Hz, CH =CtlCO), 6.7,6 (lH, d,J=2 Hz, H-6), 7.22 (2H,
d, J=8Hz, H-3',5'), 7.65 (IH, d. J= 16Hz, Ctl=CHCO), 7.82 (2H, d, J=8Hz, H-2'.6').

Properties of 17--17 was obtained from 2 by acyl migration by methods i and ii. Pale yellow amorphous
powder, mp 233-236 DC (MeOH). [0!]~2 -149° (c=0.20, pyridine). Anal. Calcd for C43H48024'4HzO: C. 50.59; H,
5.53. Found: C, 50.23; H, 5.09. FD-MS mlz: 949 (M + + I). UV ..1.;:':;H nm (loge): 232 (4.59), 243 (4.59), 269 (4.63).328
(4.71). IH-NMR: Table 1. 13C_NMR: Table II.

Acetate of 17--Colorless amorphous powder, mp 179-180"C (EtOH). Anal. Calcd for C69H74037: C, 55.40;
H, 4.99. Found: C, 55.18; H, 4.93. lH-NMR (CDCI3) fJ: 1.90-2.13 (33H, each s, OAc x II), 2.36, 2.39 (each 3H, s,
Ar-OAc), 3.88 (3H, s, OCH3), 5.63 (IH, d, J=8Hz. H-I" anomeric), 6.43 (tH, d, J= 16Hz, CH=CBCO), 6.73 (IH,
d. J=2Hz, H-6), 7.02 (IH, d, J=2Hz. H-8), 7.70 (lH, d, J= 16Hz, Ctl=CHCO), 8.02 (2H, d, J=8 Hz, H-2'.6').

Properties of 18--Compound 18 was obtained from 11 by acyl migration by method i. Colorless amorphous
powder, mp 253-255°C (EtOH). [Cl]~ -157° (c=O.20. pyridine). Anal. Calcd for C37H3S019'4HzO: C, 51.75; H,
5.40. Found: C, 51.45; H, 5.40. FD-MS m]z: 787 (M+ + 1). UV 2~'.~Hnm (loge): 234 (4.32), 244(4.34), 267 (4.31),332
(4.43). IH-NMR: Table 1.'

Acetate of 18--Colorless amorphous powder, mp 128-132 DC (EtOH). Anal. Calcd.for CS7HssOzQ' H20: C,
54.29; H, 5.12. Found: C,'54.06; H, 4.72. IH-NMR (CDCI3) 15: 1.92,2.00,2.02,2.06,2.08,2.08, 2.11 (each 3H, s,
OAe), 2.33, 2.34, 2.38 (each 3H, s, Ar-OAc), 3.86 (3H, s, OCH3 ) , 5.56 (lH, d. J = 8 Hz, H·I" anomeric), 6.38 (I H, d,
J=16Hz, CH=CHCO), 6.70 (lH, d, J=2Hz, H-6), 6.98 (lH. d, J=2Hz, H-8), 7.66 (tH, d, J=16Hz, Ctl=
CHCO), 8.02 (2H, d, J=8Hz, H-2',6').
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Constituents of Wikstroemia sikokiana: 11.1I Absolute Configurations
of 1,5~Diphenylpentane-l,3-diols

MASATAKE NIWA,* PEI~FENG JIANG,2 1 and YOSHIMASA HIRATA

Faculty of Pharmacy, Meijo University, Tempaku-ku, Nagoya 468, Japan

(Received June 20. 1986)

Further examination of the chemical constituents of Wikstroemia sikokiana FRANCH. et SAY.
(Thymelaeaceae) afforded (+ j-chamaejasmenin B (C-3/C-3"-biflavanone) and (- )-erythl'o-I.5
diphenylpentane-Ls-diol. The unsettled absolute configuration of the 1.3-diol was established as
1($) and 3(8) on the basis of a synthesis using chiral styrene oxide as a starting material.

Keywords--Thymelaeaceae; Wikstroemia sikokiana; biflavanone; chamaejasrnenin B; 1.5
diphenylpentane-Ld-diol; absolute configuration; (R)-styrene oxide; chiral epoxide

Introduction

In the previous paper, I) we reported two new C-3jC-3"-biflavanones from the roots of
Wikstroemia sikokiana FRANCH. et SAV. (Ganpi in Japanese) (Thymelaeaceae). We further
examined the chemical constituents of the same plant and isolated two known compounds:
(+ j-chamaejasmenin B (1), which is a C-3/C-3"-biflavanone,31 and (- )-erythro-l,5
diphenylpentane-l,3-diol (2).4) In order to establish the absolute configuration of the latter
compound, a chiral synthesis was carried out. In this paper, we wish to report the isolation of
(+)-chamaejasmenin Band (- )-erythro-1,5-diphenylpentane-l ,3-diol from the above plant
and the syntheses of optically active (- )-erythro-l ,S-diphenylpentane-l ,3-diol and its epimer
using the commercially available chiral epoxide as a starting material.

Results and Discussion

Isolation and Identification
The benzene-soluble fraction described in the previous paper!' was separated by a

combination of column chromatography and preparative thin layer chromatography (TLC)
to give two compounds. One was identified as chamaejasmenin B (1), a C-3jC-3"-biflavanone
isolated from the root of Stellera chamaejasme L. (Thymelaeaceae), by direct comparison of
the infrared (IR) and proton nuclear magnetic resonance cr H-NMR) spectra with those of an
authentic sample."

The IR, IH-NMR and 13C-NMR spectra of the other compound, mp 91-92 DC, [C(]D
- 19.2 0 and its diacetate (4) suggested that it was erythro-i ,5-diphenylpentane-1 ,3-diol (2)
isolated from the wood of Flindersia laevicarpa C. T. WHITEet FRANCIS (Rutaceae)" or threo
l,5-diphenylpentane-l,3-diol (3) isolated from the bark of the same plant." The stereochem
istry between the Col and C-3 positions was established by the following experiments.
Treatment of the natural diol (2) with acetone in the presence of camphorsulfonic acid
afforded the corresponding acetonide (5). The IH-NMR spectrum of 5 showed two methyl
protons at lJ 1.53 (3H, s) and 1.54 (3H, s) and two methine protons at b 3.96 (l H, m) and 4.86
(Hl, dd, J = 11.7, 2.7 Hz). The coupling constant (J= 11.7 Hz) indicated that I-H must be in
an axial configuration. In a nuclear Overhauser effect (NOE) experiment on the acetonide (5),
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irradiation of the methine signal at 15 3.96 (3-H) caused a 9.4% enhancement of the signal at
/54.86 (I-H). This result suggested the relationship between I-H and 3-H in 5 to be syn.
Therefore, the original diol should be erythro-l,5-diphenylpentane-l,3-diol (2).

Synthesis
In order- to establish the absolute configuration of the erythro-diol, an asymmetric

synthesis of the diol was carried out as follows. Dithiane (6),6) which was prepared from 3
phenylpropionaldehyde and propane-l,3-dithiol by using chloroform as a solvent and boron
trifluoride etherate as a catalyst, was converted into 2-lithiodithiane by adding a l.I-fold
molar excess of n-butyllithium to a tetrahydrofuran (THF) solution of 6, and then the 2
lithiodithiane was reacted with the commercially available chiral epoxide, (R)-styrene oxide
(7), [o:]~ +32.5 (7) to afford the adduct (8). The presence of a hydroxy group was indicated by
the following spectral data; v 3570 and 3460cm-1; <55.10 (1H, dt, .J= 9, 4 Hz, changed to a
double doublet (J =9, 2 Hz) on addition of deuterium oxide). The adduct was subjected to
hydrolysis with mercuric chloride and mercuric oxide in aqueous methanol to give a mixture
of the dimethylacetal (9), mp 66-67"C, [ct]D -8.5 D and the ketone (10) as an oil, [o:Jo -28 o in
38 and 57% yields, respectively. The IH-NMR spectrum of 9 showed two methoxyl groups
(03.18 (3H, s) and 3.25 (3H, s). The structure of the ketone (10) was supported by the IR and
~H-NMR data (v3450 and 17IOcm- 1

, ~5.10 (LH, m, changed to a double doublet (J=5,
7 Hz) on addition of deuterium oxide). Next, the ketone (10) was reduced with sodium
borohydride in THF to afford a mixture of two diols separable by reversed-phase high
performance liquid chromatography (HPLC). One, mp 89.5 -91 DC, [bJD -23.0°, having the
larger retention time (tR) on HPLC, was identical with natural (- )-erythro-l ,5-diphenyl-

H
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OH 0 H

MeD

1

2:R=H
4: R=COCHa

3
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9 : R1=R2=OCH:1
10: R1=R2=:O

11 : R.=:H. R2=OH·
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pentane-Ls-diol (2) isolated from Wikstroemia sikokiana, by JR, IH-NMR, and HPLC
comparisons. Consequently, the stereochemistry of 2 should be 1(8) and 3(8). Finally, the
other diol, mp 91-92"'C, [a]D -23.3°, having the smaller tR on HPLC should be the
threo-isomer (11). The sign of the optical rotation of the natural threo-diol (3) ([a]D +29.8 D)
isolated from the bark of Flindersia laevicarpa C. T. WHITE et FRANCIS5) was opposite to that
of the optical rotation of the synthetic diol (11) ([a]D - 23.3°), whose absolute configuration
should be 1(8) and 3(R). Consequently, the absolute configuration of natural (+ )-threo-l,5
diphenylpentane-l,3-diol (3) is 1(R) and 3(8).

Experimental

Optical rotations were measured on JASCO DIP-181 and DIP-360 digital polarimeters. Infrared (IR) spectra
were taken on a JASCO IR-2 spectrometer. IH_ and 13C-NMR spectra were taken on JEOL GX-400 and/or FX-I00
spectrometers in CDCIJ unless otherwise stated. Chemical shifts are given in ppm relative to internal tetramethyl
silane (TMS). Mass spectra (MS) were obtained on a Hitachi M-80 spectrometer operating at an ionization potential
of70eV. Column chromatography (CC) and preparative TLC were performed with silica gel. HPLC was carried out
with a JASCO TRIROTAR-V (detector: JASCO UVIDEC-IOO-V, 254nm).

Isolation--The benzene soluble fraction (7.5 g) reported in the previous paper.'? was chrornatographed (Merck
7734, 200 g) with mixtures of benzene and AcOEt (9: I, 7: 3 and S: 5) (each 1000rnl) to afford five fractions (0.67,
~ .93, 2.14, 0.53 and 0.28 g). The second fraction (\.93 g) eluted with the first half (500 ml) of benzene-AcOEt (7: 3)
was subsequently separated by CC (Merck 7734, 60g, CHCIJ-AcOEt (9: I», medium-pressure liquid chromatog
raphy (MPLC) (Fuji gel, CQ-3, 0/3x 23em, CHCI3-AcOEt (7: 3» and preparative TLC (Merck 13895, CHCI3
AcOEt (l: I) to afford 1,5-diphenylpentane-I,3-diol (2) (lOOmg, 0.003%) as colorless needles. mp 91-92 "C
(hexane-Et.O). [cxlo -19.2" (c=0.52, MeOH). MS mlz: 238 (M" -H20). IR \I~l~;: 33lOcm- 1. IH-NMR ,5: \.6-
1.9 (4H, complex), 2.5-2.& (2H, complex), 3.44 (2H, br s, OH, disappeared on addition of D20). 3.90 (l H, complex),
4,&9 (tH, dd, J=IO.O, 2.9 Hz), 7.0-7.4 (IOH, complex). 13C-NMR 15: 3\.6 (t), 39.5 (t), 45.2 ro. 71.8 (d), 75.1 (d),
125.6 (d x 2), 125,8 (d), 127.5 (d), 128.4 (d x 6), 14\.9 (s), 144.4 (s). Anal. Calcd for C17H2IP 2: C, 79.65; H, 7.87.
Found: C, 79.30; H, 7.93. The third fraction (2.14g) eluted with the latter half (500ml) ofCHCI3-AcOEt (7: 3) was
subsequently separated by CC (Katayama Chemical K230, 60g, CHCI3-AcOEt (7: 3» and preparative TLC (Merck
13895, CHC13-AcOEt (l : I) to afford chamaejasmenin B (1) (51mg, 0.006~1u) as an amorphous powder, [et]D
+ 143.90 c=O,57, MeOH), which was identified by comparison of the IR and IH-NMR spectra with those of an
authentic sample."

Acetylation of the Diol (2)--A mixture of 2 (5 mg), Ac20 (0.5 ml) and pyridine (0.5 ml) was left to stand at
room temperature overnight. After concentration, the residue was purified by preparative TLC (Merck 5715, CHCI3)
to afford 4 (4mg) as a colorless oil. High-resolution MS Found 111/;:: 280.1459 (M -. -CH3COOH); CIlJH2002 requires
280.1461. IR \I~:~: 1735cm- 1. lH-NMR b: 1.95 (3H, s), 2.01 (3H, s), 4.85 (IH, m), 5.79 (lH, t, J=7Hz), 7.0--·7.4
(WH, complex).

Acetalization of tile Diol (2)--A solution of 2 (13 mg) and camphorsulfonic acid (2 mg) in acetone (3 ml) Was

left to stand at room temperature overnight. After evaporation of acetone, the residue was separated by preparative
TLC (Merck 5715, CHCl3-hexane (2: I» to afford an acetonide (5) (6 rng) as a colorless oil. High-resolution MS
Found mlz: 281.1555 (M+ -CHJ); CI9H2102 requires 271.1541. IR \I~I.~: 1600, 1495cm -'1. lH·NMR (): 1.53 (3H, s),
1.54 (3H, s), 3.96 (IH, m), 4.86 (IH, dd, J= 11.7,2.7 Hz), 7.1-7.4 (IOH, complex).

Preparation of 2-(2-Phenylethyl)-1,3-dithiane (6)--A solution of 3-phenylpropionaldehydc (2.56 g, 18.5mmol),
propane-Ls-dithiol (2.20g, 20.3mrnol) and BF3· Et20 (\.Oml) in CHCI3 (SOml) was kept at -10 "C for 30 min and
then at room temperature for 3 h. The CHCl 3 solution was washed with brine, dried over Na2S04 and evaporated
under reduced pressure. The residue was purified by CC (Merck 7734, 190g, hexane-benzene (2: 1» to afford 6
(4.21 g, 81%). The spectral data were in good agreement with the reported values."

Reaction of (R)-Styrene Oxide (7) with 6---A solution of 6 (2.028 g, 8.9 mrnol) in THF (50 ml) was cooled to
-40°C under argon, treated with 15% n-butyllithium in hexane (4.2ml, 9.7mmol) and kept at -40"C for 30min
and then at _20 0 for 30min. The solution was cooled to -50°C, treated with (R)-styrene oxide (7) (1.068g,
8.9 mmol) in THF (10 ml), kept at - 50 DC for 30min and at - 20° at I h, and diluted with AcOEt (100 ml), The
solution was successively washed with aqueous NH4C1, water and brine. The organic phase was dried over Na2S04
and concentrated. The residue was separated by CC (Merck 7734, ]50g, CHCI3) to alford the unreacted dithiane (6)
(0.610g, 30.1%) and the adduct (8) (l.996g, 65.0%) as colorless needles, mp 103-104 0C from hexane-ether. [ce]d
_31.3 0 (c=0.54, MeOH). IR v~:;: 3570, 3460cm- l . lH-NMR b: 3.52 (IH, d, J=2Hz, disappeared on addition of
D20), 5.10 (IH, dt, J =9, 4Hz, changed to a double doublet (J =9,2 Hz) on addition of D20). 13C-NMR fJ: 24.9 (t),
26.0 (t), 26.3 (t), 30.7 (t), 41,7 (t) 47.2 (t), 52.2 (s), 71.2 (d), 125.6 (d x 2), 125.9 (d), 127.4 (d), 128.4 (d x 6),141.6 (s),
144.7 (s). Anal. Calcd for C2oH240S2: C, 69.72; H, 7.02. Found: C, 69.72; H, 7.14.



No.1 ill

Hydrolysis of the Adduct (8)---Mercuric oxide (820 mg, 3.8 mmol) and mercuric chloride (1030 mg, 3.8 mmol)
were added to an efficiently stirred solution of 8 (800 mg, 2.3 mmol) in aqueous 90% MeOH at room temperature. The
mixture was stirred at the same temperature for 2h and filtered through Super Cel. The filter cake was washed
thoroughly with MeOH and the filtrate was concentrated. The residue was separated by CC (Merck 7734, 50 g,
CHCI3-AcOEt (IS: 1» to afford the dimethylacetal (9) (260mg, 38%) as colorless needles and the ketone (10)
(330 mg, 57%) as an oil.

The Dimethylacetal (9)---CoJoriess needles from hexane-ether, mp 66--67 PC. [a]\) -8.5 P(c= 1.0, MeOH). IR
v~~~: 3480cm- l

• IH-NMR (5: 3.18 (3H, s), 3.25 (m, s), 3.95 (IH. d. J=d Hz, disappeared on addition of DzO). 4.90
(IH, brd, J= 10Hz, changed to a sharp double doublet (J= 10, 3Hz) on addition of O2°).Anal. CaJcd for C!<jH240 3:

C, 75.97; H, 8.05. Found: C, 75.94; H. S.25.
The Ketone (lO)--[cx]D -28.0" (c= 1.0, MeOH). High-resolution MS Found mlz: 254.1340 (M+); C 17H 1K02

requires 254.1306. IR v~~~: 3450, 1710cm -I. I H-NMR (5: 3.21 (lH, d. J =3 Hz, disappeared on addition of D20 ).
5.10 (1H, m, changed to a double doublet (J =7, 5 Hz) on addition of 0 20).

Reduction of the Ketone (10)--10 (300mg) in THF (20ml) was reduced with NaBH4 (20mg) at room
temperature for 2h. The mixture was concentrated under reduced pressure. diluted with AcOEt (40ml) and washed
with water and then with brine. The organic phase was dried over Nu 2S0 4 and concentrated under reduced pressure.
The residue was roughly separated by preparative TLC (Merck 13895. CHCI3-AcOEt (10: I» using the method of
repeated developments (3 times) to afford two fractions. Each fraction was further separated by preparative HPLC
(Develosil ODS-5, ¢IO x 2S0mm. MeOH-H20 (75: 25) to afford thediols 11 (61 mg) and 2 (118 mg), as colorless
needles, respectively. HPLC analyses of the synthetic diols 2 and 11 were performed under the following conditions:
column. Wakogel ODS-5K, t/14.6 x 250 mm; solvent, MeOH-H20 (70: 30); flow rate, 0.7 ml/min; chart speed,
.lOrnm/min.

2: mp 89.5-91 °C from hexane-ether. [IX]\) -23.0" (c= 1.0, MeOH). lR 12.6min.
11: mp 91-92 "C from hexane-ether. [alD -23.3" (c= 1.0, MeOH). tR 12.1min. MS 111/::: 238 (M -t- -H20 ). lR

I'~~~: 3350cm- 1
• IH-NMR 0: 1.65-1.95 (4H, complex), 2.56 (IK complex), 2,70 (lH. complex). 3.13 (lH,brs,

disappeared on addition of 0 20 ), 3.6 1 (1 H. br s, disappeared all addition of 0 20 ), 3.84 (IH, complex), 4.97 (I H, ddt
J =8.2. 3.4Hz), 7.10.-7.30 (lOH, complex). 13C-NMR (S: 32.0 (t), 39.0 (t), 44.7 (t), 68.6 (d), 71.4 (d). 125,5 (d x 2),
125.8 (d), 127.2 (d). 128.4 (d x 6), 141.9 (s), 144.4 (5). Anal. Calcd for C 17H2002: C, 79.65; H, 7.87. Found: C, 79.50;
H.7.93.
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Irradiation of 4-allyloxy-2-quinolone and 4-(pent-4-enyloxy)-2-quinolone gave corresponding
cross and parallel adducts specifically, whereas 4-(but-3-enyloxy)-2-quinolone led to a mixture of
cross and parallel adducts. Regioselectivity in these photoreactions was not affected by the
introduction of substituents into 4-(w-alkenyloxy)-2-quinolones.

These cross adducts were transformed to 2-substituted 1,2-dihydrocyc1obuta[c]quinolin-3(4H)
ones, whose synthesis could not be achieved by using so-far known intermolecular photocyclo
addition of 4-alkoxy-2-quinolone to olefins (the Kaneko-Naito method). Preliminary experiments
demonstrated that these 2-substituted derivatives could be used as synthons for 7,8-disubstituted
phenanthridin-6(5H)-ones by an application of the benzocyclobutene method.

Keywords--photocycloaddition; photochemical synthesis; cyclobuta[c]quinolin-3(4H)-one,
2-substituted; 2-oxabicyclo[2.I.l ]hexane; long-range coupling; 4-(w-1l1kenyloxy)·2-quinolone;
benzooyclobutene method; phenanthridin-6(5H j-one, 7,8-disubstituted

Previously, we have developed a novel synthetic method for 1,2-dihydrocyclobuta
[c]quinolin-3(4H)-one and its l-substituted derivatives (C), through regioselective photo
addition of 4-alkoxy-2-quinolones (A) to olefins followed by an elimination of the alcohol
from the adducts (B),3 -5) and we termed this two-step cyclobutane annelation to 2-quinolone
and related heteroaromatic compounds as the Kaneko-Naito method.v" These l-substi
tuted cyclobuta[c]quinolin-3(4H)-ones (C) can be converted to a variety of polycyclic com
pounds (D-G) mostly by the use of the so-called benzocyclobutene method.f
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Since the synthesis of corresponding 2-substituted derivatives of 1,2-dihydrocyclo
buta[cJquinolin-3(4H)-one has not been attained by this method, we examined the photo
chemical behavior of 4-(w-alkenyloxy)-2-quinolones and the reactions of the photo-adducts
thus obtained.

In this paper, we report the intramolecular photoaddition of 4-(w-alkel1yloxy)-2
quinolones in detail." A facile and efficient synthesis of 2-substituted 1,2-dihydrocyclo
buta[cJquinolin-3(4H)-ones from 4-allyloxy-2-quinolone and its derivatives is also describ
ed. A successful use of these compounds in the synthesis of 7,8-disubstituted phenanthridin
6(5H)-ones is presented.

Intramolecular Photocycloaddition of 4-(ro-Alkenyloxy)-2-quinolones
4-(w-Alkenyloxy)-2-quinolones (1-3) were prepared from 4-chloroquinoJine-l-oxide by

replacing the chlorine atom with the corresponding primary and secondary «i-alkenol
followed by 2-quinolone formation either by thermal'!" or photochemical rearrangement
reaction: ll l Because photochemical rearrangement of 4-alkoxyquinoline-I-oxides to the
corresponding 4-alkoxy-2-quinolones proceeded in almost quantitative yield in a protic
solvent,l1·12) one can directly use these l-oxidcs as the starting materials.

In general, a solution of 4-(w-alkenyloxy)-2-quinolones (1-3) in a transparent solvent
was irradiated by a 400 W high-pressure mercury lamp with a Pyrex filter until the starting
material disappeared [the reaction was followed by thin-layer chromatography (TLC)]. If the
l-oxides were used as the starting material, methanol is the solvent of choicel1.12l and the
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irradiation should be continued until the 2-quinolones formed as the primary product have
disappeared. After removal of the solvent, the crude material was directly recrystallized from
an appropriate solvent or if necessary, subjected to column chromatography.

Irradiation of 4-allyloxy-2-quinolone (la) in methanol resulted in regio- and stereo
specific formation of the tetracyclic compound (Sa) in 93% yield. If the corresponding l-oxide
was used as the starting material, the same product (Sa) was obtained in 88% yield, showing
that the photochemical 2-quinolone formation from the l-oxide in methanol proceeded
almost quantitatively. The structure of 5a was assigned to be the cross adduct on the basis of
the proton nuclear magnetic resonance eH-NMR) spectrum showing the presence of a typical
2-oxabicyc10[2.l.l]hexane system (see formula in Table I). A long-range coupling between H,
and H, (lac = 9.5Hz) shows clearly that these two protons are in a W-configuration in the
cyclobutane ring.13) In contrast to the regiospecific addition observed with Ia, irradiation of

5a

Chemical shift Coupling const.?
(8) (Hz)

Ha Hb He Hd He J ac Jab J bd

1.68 dd 2.66 dd 2.79 d 3.47 d 4.14 s 9.5 8,5 3.0
1.57 dd 2.46 dd 2.60 d 3.33 d 4.00 s 9.5 8.0 3.0
1.69 dd 2.44d 2.60 d 3.87 s 9.5 8.5
1.56 dd 2.47 d 3.19 d 4.00 s 8.5 3.0
1.73 t 2.51 dd 2.87 d 3.18 d 4.49 q 9.0 9.0 3.0

Compd.

TABLE 1. IH-NMR Spectral Data for the Cross Adducts (Sa-il) in CDCI 3
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4-(but-3-enyloxy)-2~quinolone (2) in methanol led to a mixture of two adducts (6 and 7, in a
ratio of ca. I : 7) in 81~~ yield. Only the minor adduct (6) was the cross adduct as evidenced
from the NMR spectrum, in which the same long-range coupling was observed.

Irradiation of 4-(pent-4-enyloxy)-2-quinolone (3) again afforded a single product (8) in
high yield. However, it was the parallel adduct. Its NMR spectrum was similar to that of 7
and did not show the long-range coupling.

The regioselectivity of la was not affected by the introduction of a substituent either on
the 2-quinolone ring or in the side-chain. Thus, as shown in Table 1, all of the adducts (5)
obtained from 1 have the 2-oxabicyclo[2.1.1]hexane system.

The above results revealed clearly that the regioselectivity of the intramolecular addition
reactions of 4-(w-alkenyloxy)-2-quinolones was dependent only upon the length of the
methylene chain in the alkenyloxy group and not upon the substituent pattern either on the
side chain or in the quinolone ring.'?' We feel it reasonable to assume that selective formation
of the cross adduct (5) from 1 occurs via the unstable biradical intermediate (H or H')151 which
is formed under kinetic control with favorable entropy assistance. The regiospecific formation
of the cross adducts (5) from 1 fits well to the so-called "rule of five," which states that the
preferred orientation of the adduct formed from I,5-diene systems in photochemical reactions
is the cross adduct rather than the parallel adduct.P'

The selective formation of the parallel adduct (8) from 3 may be due to the presence of
two extra methylenes in the chain as compared to 1 which may facilitate the formation of a
stable biradical intermediate (I: n = 3), owing to the steric flexibility of 3. Thus, just as in the
corresponding intermolecular addition reactions':" which proceed via a stable biradical (J),
the parallel adduct (8) is formed selectively. Concomitant formation of both cross (6) and
parallel adducts (7) from 2 supports this view.

Synthesis of 2-8ubstituted 1,2~Dihydrocycl()buta[c]quinolin-3(4H)-ones
Just as was found with the intermolecular adducts obtained from 4-methoxy-2:quil1olone

and olefins, all of the adducts (5-8) obtained from 1--3 afforded upon treatment with base
the corresponding cyclobuta[c]quinolin-3(4H)-ones (9-12) in almost quantitative yields.
From the cross adducts (5 and 6), 2-substituted derivatives (9 and 10) were obtained, whereas
l-substituted ones (11 and 12) were obtained from the parallel adducts (7 and 8). The products
from the parallel adducts are identical with those (11 and 12) synthesized from 4-methoxy~2-
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quinolone by the application of the Kaneko-Naito method (Chart 4). This fact as well as the
non-identity between 9a and 16 shows clearly that the structure assignments of 5---:8 made by
IH-NMR spectroscopy (vide supra) are valid.

We chose compound Sa as a representative of the cross adducts and the following
reactions were carried out in order to obtain 2-substituted cyclobuta[c]quinolin-3(4H)-ones.

When the adduct (Sa) was treated with cone. hydrobromic acid at room temperature, the
2-bromomethyl derivative (17a) was obtained as the major product. With hydrochloric acid,
the corresponding chloro derivative (18a) was obtained. In both reactions, 2-hydroxymethyl
derivative (9a) was obtained as a by-product. Since 9a was stable under these conditions, it is
clear that the reactions proceeded via the intermediate (K) formed by acid-catalyzed SN2
replacement at the C-3 position by a halide ion (X-) followed by elimination of water. On
treatment with potassium tert-butoxide in dimethylformamide (DMF) at room temperature,
the 2-chloromethyl derivatives (18a) afforded the exocyclic methylene compound (19a) in high
yield. This compound (19a) on methylation under usual conditions gave the N-methyl
derivative (19b). Though 19b was obtained previously from 4-methoxy-l-methyl-2-quinolone
(4b) by an application of the Kaneko-Naito method using allene (or diketene) as an olefin,
the yield was less than 10%.17) This is because the major product in the photoaddition step is
the l-methylene derivative (reminiscent of the intermolecular addition reactions of 4). The
halogen atom in these 2-halomethyl derivatives (17 and 18) could also be replaced with an
appropriate nucleophiJe. Thus, by usual operation (treatment by potassium phthalimide in
DMF, followed by reaction with hydrazine), I8b was converted to the 2-aminomethyl
derivative (20b). As is evident from theabove experiments, the cross adduct (5) obtained from
4-allyloxy-2-quinolone (1) serves as an effective nice synthon for l,2-dihydrocyclo
buta[c]quinolin-3(4H)-ones having a variety of Cj-units at the 2-position.

Finally, in order to clarify the effect of the substituent at the 2-position of 1,2
dihydrocyclobuta[c]quinolin-3(4H)-ones in the reaction with olefins (the so-called benzocyc
lobutene method), reaction of the 2-acetoxymethyl derivative (21) with methyl methacrylate
was examined. When 21 was heated in xylene in the presence of the acrylate, three products
(22cis, 22trails, and 23) were obtained in high yield in a ratio of ca. 35, 8, and 4. Though the
chromatographic separation of the former two compounds (epimeric to each other) had
failed, treatment of the mixture with 10% hydrochloric acid at 80 "C afforded the cyclized
product, again as an inseparable mixture of two stereoisomers (24ci.~ and 24lran.d in ca. 4: I
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ratio. The infrared (lR) spectrum of the mixture showed the carbonyl absorption at
1765cm -1 due to the 5~membered lactone. The stereochemistries of the two adducts (24ci.\· and
24trull.v) were assigned on the basis of 1H~NMR signals due to the Cvmethyl protons. The
methyl protons in the major isomer (24cis) appear at (51.38, While those of the minor isomer
(24trans) are in the shielding cone of the aromatic ring and the signal appears at the relatively
highfield position of c:5 1.t 1.1B) Hence, it is evident that the cycloadditions of the quinodi
methane species (26) derived from 21 to the acrylate proceed through the endo transition state
(Lendo) in preference to the exo transition state (Lexo). The same endo-selectivity was also
evident in the selective formation of 23, because 23 cyclized to the ()~lactone (25) under the
same conditions,

The high regioselectivity in this reaction to give 22 deserves comment. Previously we have
demonstrated that, while 1,2-dihydrocyclobuta[c]quinolin-3(4H)-onc'cycloadds to olefins to
give two regio-isomers in ca. I : I ratio, l-substituted derivatives afford only the head-to-head
adduct [9,10-disubstituted phenanthridin-6(5H)-ones: D] regioselectively, and we pointed
out that the presence of the l-substituent plays an important role in this selectivity.?": 19) In the
present case, it is clearly demonstrated that the presence of the acetoxymethyl group at the 2
position is essential for the formation of 7,8-disubstituted phenanthridone (22). The 7,9
disubstituted product (23), though obtained, was only the minor product (ca. 1/10 of the
major regio-isomer).
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The present study has shown that intramolecular photoaddition of 4-(w-alkenyloxy)-2
quinolones proceeds to give either the cross or parallel adducts and the regioselectivity of
these addition reactions is dependent solely upon the length of the methylene chain in the
alkenyloxy side chain. The cross adducts (5) obtained from 4-allyloxy-2-quinolones (1) were
converted successfully to the cyclobuta[c]quinolin-3(4H)-ones having a variety ofC-1 units at
the 2-position, whose synthesis could not be achieved by the known method. Further, as
evidenced by the cycloaddition of 21 to methyl methacrylate, these 2-substituted derivatives
could be effective as nice synthons for 7,8-substituted phenanthridin-6(5H)-one derivatives.

Experimental

All melting points were determined on a micro-hot stage (Yanagirnoto) and are uncorrected. IR spectra were
recorded on a Shimadzu IR-420 spectrometer, ultraviolet (UV) spectra with a Hitachi 323 spectrometer, and lH_
NMR spectra on a JEOL JNM-PMX60 or lEOL JNM-FX-IOO spectrometer (with tetramethylsilane as an internal
standard). Mass spectra (MS) were taken either with a Hitachi M-80 spectrometer or with a lEOL JMS-OISG-2
spectrometer.

Silica gel used for column chromatography was 100-200 mesh, purchased from Kanto Chemical Co., Inc .. and
alumina was ca. 300 mesh from Wako Junyaku Co., Ltd. Preparative thin-layer chromatography (PTLC) was
performed on Merck Aluminium Oxide GF Z54 (type 60jE, Alz03 ) or Silica Gel GFZ54 (type 60, SiOz)'

Irradiation Conditions--a) Irradiation at ~ 300 nm: The photolyses were carried out in II Pyrex immersion
apparatus equipped with an Ushio 400W or Toshiba 400P high-pressure mercury lamp.

b) Irradiation at 300 nm (for small-scale intramolecular photoaddition reactions): The photolyses were
performed in a quartz vessel using a Rayonet photochemical reactor lamp (RPR-3000A).

Synthesis of 4-(w-Alkenyloxy)quinoline I-Oxldes by Reaction of 4-Chloroquinolinc I-Oxides with Primary
Alcohols--Synthesis of 4-Allyloxy-3-methylquinoline I-Oxide as a Typical Example: A solution of 4-chloro-3
methylquinoline l-oxide'?' (500 mg, 2.58 mmol) and allyl alcohol (600 mg, 4 mol eq) in tetrahydrofuran (THF 10 ml)
containing powdered KOH (290mg, 2mol eq) was refluxed for IOh. After evaporation of the solvent in vacua, the
residue was taken up in CH2C12 • washed with water and dried over Na 2S04. The crude product was chroma
tographed on alumina. Elution with CH 2Clz afforded 390mg (70%) of the 4-allyloxyquinolinc l-oxide, Colorless
prisms, mp 93-94°C (EtzO). l H-NMR (CDCI J ) 0: 2.34 (3R. s), 4,49 (2H, dt, J = 5.2, 1.0 Hz), 5.25 (I H. ddt, J =9.5,
2.0,1.0 Hz), 5.32 (lH, ddt, J= 16.5, 2.0, 1.0 Hz), 6. IO(IH, ddt, J= 16.5, 9.5, 5.2 Hz), 7.35-8.10 (4H, m), 8.28 (IH, s),
&.45-8.70 (IH, rn). Anal. Calcd for C13H13N02 : C, 72.54; H, 6.09; N, 6.51. Found: C, 72,48; H, 6.01; N, />.38.

The following compounds were prepared in the same manner from 4-chloroquinoJine l-oxide'?' and their
structures were supported by acceptable spectral data and combustion or accurate muss data.

4-AlIyIoxyquinoIine I-Oxide: Yield 78%. Colorless prisms, mp I33--136"C (hexane-acetone). Anal, Calcd for
C12HllN02: C, 71.62; H, 5.51; N, 6.96. Found: C, 71.58; H, 5.49; N, 6.99.

4-(2-Methylallyloxy)quinoline l-Oxide: Yield 95%. Colorless needles, mp 87--87.5"C (hexane-acetone). UV
A.~:~H nm (log r.):222 (4. 16),247(4.24),340 (4.03). 1H-NMR (CDCI J ) (5: 1.75 (3H, s), 4.61 (2H, s), 5.09 (2H, br s), 6.56
(IH, d, J= 7.0 Hz), 7.35-7.90 (2H, m), 8.05-8.40 (lH, rn), 8.34 (IH, d, J=7.0 Hz), 8.66 (Hl, brd,.I= 7.0 Hz). Anal.
Calcd for C1JHJ3N02'I/2HzO: C, 69.62; H, 6.29; N, 6.25. Found: C, 69.22; H, 6.24; N, 6.06.

4-(3.Butenyloxy)quinoline l-Oxide: Yield 76%. Colorless oil. 'H-NMR (CDCI) 0: 2.70 (2H, br q, J",,6.5Hz),
4.23 (2H, t, j= 6.5 Hz), 5.16 (IH, br d, J=9.2 Hz), 5.21 (IH, br d, J= 17.2 Hz), 5.93 (IH, ddt, J= 17.2,9.2,6.5 Hz),
6.61 (IH, d, J=6.8Hz), 8.44 (lH, d, J=6.&Hz), 7.35-7.90 (3H, s), 8.67 (IB, brd, J=7.0Hz). High-resolution MS
mlz: M+ Caled C13HuN02 : 215.0946. Found: 215.0930.

4-(4-Pentenyloxy)quinoline I-Oxide: Yield 81%. Colorless oil. lH·NMR (CDCI 3) 0: 1.70-2.60 (4H, m),
4.15 (2H, t, J= 6.0 Hz), 5.00 (IH, br d, J=9.0Hz), 5.07 (l H, br d, J= 17.5 Hz), 5.84 (IH, ddd, J =17.5,9.0,5.5 Hz),
6.53 (lH, d, J=7.0Hz), 7.30-7.90 (2H, m), 8.14 (tH, m), 8.34 (lH, d, J=7.0Hz), 8.63 (IH, br d, J=7.0Hz). High
resolution MS mlz: M+ Calcd C14H13NOz: 229.1102. Found: 229.IIOI.

4-(l-MethylaUyloxY)l)uinoline I-Oxide---A solution of 3-buten-2-01 (l02mg, 1.4mol eq) in hexarnethyl
phosphoramide (HMPA, 2ml) containing 60% NaH (50mg, I.2mol eq) was stirred for I h at room temperature.
Under stirring, 4-chloroquinoline I-oxide (180 mg, I mmol) was added to the above solution and the whole was
stirred for 15h at room temperature. After evaporation of the solvent in vacuo, the residue was taken up in CH1Cl z.
The organic layer was washed with water, and dried over MgS04. The residue obtained after evaporation of the
solvent was chromatographed on silica gel. Elution w'ith MeOH-CH2Clz (5: 95, vlv) gave 99mg (46%) or the l-oxide
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as an oil. High-resolution MS mlz: M + Calcd C13H13N02:215.0946. Found: 215.0948.
4-(w-Alkenyloxy)quinolin-2(lH)-ones--a) By Photochemical Rearrangement of the l-Oxides: A solution of 4

(2-methylallyloxy)quinoline-l-oxide (506 mg) in MeOH (230ml) was irradiated at ;::300nm for 5min under an argon
atmosphere. The residue obtained after evaporation of the solvent was chromatographed on alumina. Elution with
CH2C12 gave first 18mg (4%) of 5c (vide infra) and then 404mg (83%) of 4-(2-methylallyloxy)quinolin-2(lH)-one
(lc). Colorless prisms, mp 132.5-133 °C (MeOH-EtlO). UVA~~~Hnm (loge): 227 (4.68), 266 (3.83), 275 (3.82),315
(3.77), 328 (3.67). IH-NMR (CDC13) e5: 1.90 (3H, s), 4.54 (2H, s), 5.15 (2H. brs), 5.94 (I H, s), 6.90-7.60 (3H, m),
7.86 (tH, br d, J=7.0Hz), 12.24 (IH, br sl. IR (CHCI3)cm-

1: 3400-2700, 1650 (br), 1610. Anal. Caled for
CI3HI3N02: C, 72.54; H, 6.09; N, 6.51. Found: C, 72.52; H, 6.00; N, 6.81.

The following compounds were prepared in the same manner and the structures were supported by acceptable
spectroscopic data.

4-Allyloxyquinolin-2(IH)-one (Ia): Yield 85% WI.; of Sa was obtained at the same time). Colorless prisms, mp
173--I74"C (MeOH). Anal. Calcd for C 12.HlIN02: C, 71.62; H, 5.51; N, 6.96. Found: C. 71.52; H, 5.38: N. 6.74.

4-(3-Butenyloxy)quinolin-2(1H)-one (2): Yield 82~; (6~~ of a mixture of 6 and 7 was also obtained). Colorless
prisms, mp 186-186.5"C (MeOH). Anal. Calcd for Cl.lHI3N02: C, 72.54; H, 6.09; N, 6.51. Found: C, 72.34; H, 6.25;
N,6.65.

b) By Rearrangement under Thermal Conditions: Tosyl chloride (l60 mg, 1.1 mol eq) was added to a solution
of 4-allyloxy-3-methylquinoline l-oxidef163mg) in CHCl 3 (3ml) and the whole was refluxed for 5min. After cooling,
5m] of 10% Na2C03 was added and the mixture was stirred for 30min. The precipitates were collected by filtration
and washed with water to give III mg (68');',) of 4-allyloxy-3-methylquinolin-2(IH)-one (Id). Colorless needles, mp
133-134°C (AcOEt-MeOH).121

4-(4-Pentenyloxy)quinolin-2( IH)-one (3) was prepared in the same manner. Yield 77/~' Colorless prisms, mp
149~I50 "C (MeOH-EtzO)' High-resolution MS mjz: M + Calcd CI4HlSN02: 229.1102. Found: 229.1100.

I-Methyl-4-(allyloxy)quinolin-2(IH}oonc (lb)----Powdercd NaOH (350mg) and Mel (OAml) were added to a
solution of 1a (416 mg) in iso-PrOH (15 ml) and the whole was refluxed for 2 h. After evaporation of the solvent in
vacuo and addition of water, the product was taken up in CB/::12 ,mddricd over Na2S04• Short column
chromatography on silica gel (3'1-;' MeOH-CH2C12)afforded 440mg (quant.) of lb. mp 86---86.5'·C (hexane--Et20).12)

Synthesis of 3,3a,4,5-Tetrahydro-3,9b-methanofuro[3,2-L']quinolin-4(2H)-ones (5a·..-c)-----A) Irradiation of 4
AlIyloxyquinolin-2(lH)·one and Its Derivatives (la--d): A solution of 4-allyloxyquinolin-2{IH)-one (Ia: 604mg) in
MeOH (305ml) was irradiated at ~ 300nm for 25min. The residue obtained after evaporation of the solvent was
chromatographed on alumina. Elution with CH2Cl2 gave 561 mg (93~{,) of the cross adduct (Sa). Colorless needles,
mp 178-179"C (MeOH). UV A~:~)IlnU1 (log I:): 215 (4.47), 259 (3.89), 269 (3.83). IR (KBr)cm'"I: 1670. IH-NMR
(CDCI3) 8: 6.80--7.50 (4H, m), 9.60 (l H, br s) and signals shown in Table I. Anal, Calcd 1"01' C12HIJN02:C, 71.62;H,
5.51; N. 6.96. Found: C, 71.88; H, 5.33: N, 7.12.

The following compounds were obtained in the same manner and their structures were supported by acceptable
NMR (Table I) and other spectral data.

5b: Yield 851.,. Colorless prisms, mp 64--65 "C (hexane EtzO). Anal. Calcd for CtJH oN02: C, 72.54; H, 6.09;
N. 6.5!. Found: C, 72.66; H, 6.22; N, 6.38.

5c: Yield 67~:'. Colorless needles, mp 209·..--211 "C (Meol-l). Anal. Calcd for Ct;lH13N02: C, 72.54; H. 6.09: N,
6.51. Found: C, 72.64; H. 6.14; N, 6.50.

5d: Yield 77~'I,.. Colorless oil. High-resolution MS mlz: M' Calcd for C13H I3N02: 2IS,C)946. Found: 215.0936.
b) Irradiation of 4-( l-Methylallyloxylquinoline l-Oxide (Ie): A solution of le (70 mg) in MeOH (40 nil) was

irradiated at 300nm for 1h. The residue obtained after evaporation of the solvent was chromatographed on silica gel.
Elution with AcOEt-hexane (l : I, v/v) afforded 67mg (96%) of ca. 4: 1 mixture of the cross adducrs (5e), from which
the major isomer was obtained in pure form by recrystallization from a mixture of acetone-hexane. Major isomer of
5e. Colorless needles, mp 165--I68'·C. lH-NMR (CDCI3) t'l: 1.31 (3H, d, J:=: 6.0 Hz) and other signals shown in
Table I. I H-NMR of the minor isomer of 5e (CDCI3) 0: 1.28(3H, d, J = 6.0 Hi) and other signals shown in Table I,
among which two signals due to H. and H. appear downfield from those of the major isomer by 0.03 and 0.05 ppm,
respectively.

In the same manner, the cross adduct (Sa) was obtained in 88% yield, when 4-allyloxyquinoline l-oxide was used
as the starting material.

Irradiation of 4-(3-ButenyIoxy)quinolin-2(IH)-one (2)--A solution of 2 (216mg) in MeOH (320ml) was
irradiated at ;::300nm for 25min. The residue obtained after evaporation of the solvent was chromatographed on
silica gel. Elution with CH lCl2 gave 20 mg (9%) of the cross adduct (6). Elution with 0.5% MeOH-CH2CI2 gave
148mg (69~~) of the parallel adduct (7) and then the recovered 2.quinolone [2.6mg (3%)J.

2,3,4,4a,6,IOb-Hexahydro-4,lOb-methanopyrano[3,2-c]quinolin-5(5H)-one (6): Colorless prisms, mp 193
194"C (MeOH). UV A~:~H nm (loge): 213 (4.46), 248sh (3.86),258 (3.91), 268sh (3.84), 283sh (3.49). IR (KBr) em -1:
1675. IH-NMR (CDCI3) s, 2.10-2.25 (2H, m), 2.17 (IH, dd, J= 11.0,7.8 Hz), 2.58 (IH, dd, J= 11.0, 5.5Hz), 2.91
(IH. d, J=7.8Hz), 3.10 (tH, m), 4.10-4.55 (2H, m), 6.75-7.45 (4H, m), 9.50 (IH, br s), Anal, Caled for
C13H13N02: C, 72.54; H, 6.09; N, 6.51. Found: C, 72.54; H, 5.88; N, 6.39.
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1,9,10,tOa-Tetrahydro-3H-furo[2',3': 2,3]cycJobuta[I,2-clquinolin-2{laH)-one (7): Colorless prisms,mp 195
195.5°C (MeOH). UV A~~~Hnm (log s): 215 (4.46), 248 (3.91), 257 (3.92), 268 sh (3.79), 288 (3.45). IR (KBr) em -1:
1682. IH-NMR (CDCI3) 0: 1.70-1.95 (lB, m), 1.95-2.55 (3H, m), 2.92 (IH, rn), 3.34 (IH, ddd, J=11.0, 7.0,
1.5Hz), 4.05--4.55 (2H, m), 6.70-7.30 (4H, m), 9.30 (IH, br s). Anal. Calcd for CI3H13NOi : C, 72.54; H, 6.09; N,
6.51. Found: C, 72.40; H, 6.02; N, 6.35.

Irradiation of 4-(4-Pentenyloxy)quinolin-2(lH)-one (3}--A solution of 3 (132mg) in MeOH (2IOm1) was
irradiated at ~300 nm for 20 min. The residue obtained after chromatography (Si02 , I;;; MeOH-CH2CI2 ) gave
116mg (88~{,) of the parallel adduct (8: benz[k]-IO-aza-2-oxatricyclo[6.4.0.01.olundecan-9-one). Colorless prisms, mp
204.5-205.5 °C (MeOH). UV ;'~~?Hnm (log s): 250 (4.05),284 (3.45), 293sh (3.35). IR (KBr) em -I: 1675. IH-NMR
(CDC1.d c'5: 1.50-2.10 (SH, Ill), 2.10-2.65 (2B, m), 3.60-4.05 (3H, m), 6.70--7.50 (4H, rn), 9.50 (lH, br s). Anal,
Calcd for C14H1SN02: C, 73.34; H, 6.59; N, 6.11. Found: C. 73.28; H, 6.65; N, 5.93.

2-Substituted 1,2-Dihydrocyclobuta[c]quinolin-3(4H)-ones (9 and lO)--By Base Treatment of the Cross
Adducts (5 and 6): Synthesis of the 2-Hydrox.ymethyl Derivative (9a) as a Typical Example: A solution of' 5a (6Img)
in NaOMe-MeOH [prepared from Na (60 mg) and MeOH (7 mlj] was refluxed for 2 h. After evaporation of the
solvent and addition of water, the product was taken up in 2~;, MeOH-CH2Clz and dried over Na2S04 • The residue
obtained after evaporation of the solvent was chromatographed on silica gel. Elution with 2/;,.MeOJ-I-CH2CI2
afforded 60mg (quant.) of9a. Colorless needles, mp 198-199"C (MeOH). UV A~:~~lHnm (log e): 228 (4.56), 245
(4.05),272 (3.84), 281 (3.80). 323 (3.92), 336 (3.81).IR (KBI')cm -I: 3350, 1645. IH-NMR (CD;l0D-CDCI3: I : IO) (~:

2.80-3.50 (2H, rn), 3.55-4.20 (3H, rn), 6.95-7.65 (4H, m). Anal. Calcd for CuHJI NOzi C. 71.62; H, 5.51; N, 6.96.
Found: C, 71.88; H, 5.33; N, 7.12.

The following compounds were prepared in the same manner.
9b: Yield 95~-;). Colorless needles, rnp 180-181 T (hexane-CH~Clz). Anal. Calcd for C I3HuN02: C, 72.54; H,

6.09; N, 6.51. Found: C, 72.45; H. 5.82; N, 6.43.
9c: Yield quant. Colorless prisms, mp 216-216.5 'C (MeOH). Anal. Calcd for'C'.lHl.lNOz: C, 72.54; H, 6.09; N,

65J. Found: C, 72.54; H, 6.22; N, 6.36.
10: Yield quant. Colorless prisms, mp 174-175 'C (acetone). High-resolution MS /1//::: M + Calcd CI.1HuNOz:

215.0946. Found: 215.0945.
Synthesis of l-Substituted 1,2-Dihydrocyclobuta[c]quinolin-3(4H)-ones----a) By Base Treatment of the Parallel

Adducts (7 and 8): A solution of7(103mg) in NaOMejMeOH [prepared from Na (50mg) in MeOH (10m!)] was
refluxed for 2 h. After evaporation of the solvent in vaCHO, the residue was acidified by the addition of 1O~~;' HCI. The
precipitates were collected by filtration to give 83 mg (81 ~/~) of the 1-(2-hydroxyethyl)cyclobutaquinolone (11).
Colorless needles, mp 190-191 -c (McOH). UV }.~~?II nm: 226, 245. 271, 280,322,334. IR (KBI')em --l: 3370, 1655.
lH-NMR (DMSO-d(,) 6: 2.00 (2H, q, .1=6.5 Hz), 2.62 (IH, dd, J= 14.0, I.5Hz), 3.16 (IH, dd,.I== 14.0, 4.0 Hz), 3.50
(lB, m), 6.90-7.60 (4H, rn), 11.35 (IH, br s). Anal. Calcd for C13Hl.\N02: C, 72.54; H, 6.09; N, 6.51. Found: C.
72.38; B, 5.82; N, 6.33.

The 1-(3-hydroxypropyl)derivative (12) was prepared from 8 in the same manner. Yield quant. Colorless needles,
1111' J80-180.5'"C (MeOH). Anal. Calcd for CJ4HlSN02: C, 73.34; H, 6.59; N, 6.\ I. Found: C, 73.19; H, 6.52; N,
6.02.

b) By the Kaneko-Naito Method Using 4-Methoxyguinolin-2tJH)-one (4)~11 as the Starting Material:
Synthesis of I-Hydrox.ymethyl-I.2-dihydrocyclobuta[c]quinolin-3(4H j-one (16) as a Typical Example: A solution 01'4
(l79mg) in MeOH (l70ml) containing allyl acetate 86.0ml, 50mol eq) was irradiated at ~300nm Ior 30min. The
residue after evaporation of the solvent was recrystallized from acetone to give IgO mg of the major stereoisomer of 13
(R == Ac). The mother liquor was chrornatographed on silica gel. Elution with 9~,;. MeOH-CH2CI~ afforded 54 mg of a
mixture of' diastereoisorners of 13 (R=Ac) in a ratio of ca. 5: I. Total yield of the adduct (13: R =: Ac) was 2341llg
(83~/;'). The major adduct had the (1xo-acetoxymethyl group at the l-position (vide injra). Colorless prisms, mp 174
175°C (acetone). 1H-NMR (CDCl]) (): 1.80-2.40 (2H, m), 2.07 (3H, s), 2.65----2.95(I H, m), 2.93 (3H, s), 3.3H (I H, I,

J=9.5Hz), 4.30 (tH, dd, J=: I 1.5,7.6 Hz), 9.60 (lH, brs). Anal. CaJcd for C1sH 17N04 : C, 65.44; H, 6.22; N, S.O\).
Found: C, 65.29; H, 6.35; N, 5.05.

The exo-adduct (13: 59mg) was refluxed in NaOMe-MeOH [prepared from Na (50mg) and MeOH (6m/}J for
45 min. After evaporation of the solvent and addition of 10/0 flC!, the precipitates were collected by filtration and
washed with water to give 36mg (84~~/;') of 16. Colorless prisms, mp 231-232"C (MeOH). lR (KBr)em -I: 3300,
1650. IH-NMR (CD30D) 0: 2.83 (lH, dd, J=14.2, I.5Hz), 3.21 (IH, dd, J=14.2, 4.5 Hz). 3.65--4.05 (3H, m),
7.00-7.55 (3H. 111), 7.67 (tH, br d, J=7.2Hz). Anal. Calcd for CI2HJIN01: C, 71.62; H, 5.51; N, 6.96. Found: C,
71.58; H. 5.24; N, 6.80. The same product (16) was als~ obtained in a comparable yield (80~1.;) when the mixture of
stereoisomers (13: R =Ac) was used as the.starting material.

The following compounds were prepared in the same manner.
14 [obtained as a single monoacetate by photoaddition of 4 to 3-buten-l-ol, followed by acetylation (AC20

pyridinej]: Yield 78%. Colorless prisms, mp 128-131 DC (hexane-EtjO). IH-NMR (CDCI 3) c5: 1.55--2.30 (4H. 00),

1.99 (3H, s), 2.30-;2.75 (Il-l, m), 2.90 (3H, s), 3.28 (Hl, t, J=9.3 Hz), 4.14 (2H, t, J=6.3Hz), 6.70--7.45 (4H. m),
9.70 (l H, br s). MS mlz: 289 (M +).
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11: Yield 87~~~. The compound was identical with] 1 obtained from the parallel adduct (7).
15 (obtained as a single isomer): Yield, quant. Colorless oil. IH-NMR (CDC!3) (): 1.10-4.20 (1OH,m), 2.90 (3H,

s), 6.70-7.50 (4H, m), 9.01 (IH, br s). Treatment of 15 with Ac.O and pyridine afforded the acetate of 15. Yield 94~:,;.

Colorless needles, mp 127--l28"C (hexane-acetone). IH-NMR (CDCl3) (5: 1.30--2.85 (7H, m), 2.03 (3H, s), 2.91
(3H, s), 3.29 (IH, t, J=9.5Hz), 4.04 (2H, I, J=6.0Hz), 6.75--7.45 (4H, 111), 9.78 (IH, brs). Anal. Cilcd for
C17H21NOl: C. 67.31; H, 6.98; N, 4.62. Found: C, 67.30: H, 7.12; N, 4.41.

12: Yield 90~';;' This compound was identical with 12 obtained from the parallel adduct (8).
Synthesis of 2-Hydroxymethyl-4-ntcthyl-l.2-dihydfocyclobuta[cJl)uinolin-3(4H)-onc (9b) from 4-Methoxy-l

mcthylquinolin-2(IH)-one and Allyl Alcohol by the Kaneko-Naito Method-·--·-'l) Photocyclouddition Step: A solu
tion of 4-methoxy-I-methylquinolin-2( IH)-one (290 rug, 1.5mmol)221 in MeOH (130 ml) containing allyl alcohol
(1.8 g, 30 mmol) was irradiated at :2: 300 nm for 2.5 h. After evaporation of the solvent, the residue was chromate
graphed on silica gel. Elution with hexane-ether (1 : I, v/v) afforded lirst 343mg (90~\.) of the (.'.\'o-adduet and then
21mg (6~{.) of the ('lido-adduct.

"xo-Adduet: Colorless prisms, mp 100---- (()O.5 L'C (hcxanc-Acfilit). IH_N MR (CDCl,,) ii: 1.55----2.3 (2H, m),
2.4--3.0 (I H, m), 2.89 (3H, s), 3.35 (3H, s), 3.45 (IH, I. .I ",,9.8 Hz), 3.5--4.3 (2H, 111), 6.75- 7.55 (4H, 111).

'>lIdo-Adduct: Colorless prisms, mp ISI--152C (hcxunc-Acfrlit). IH-NMR (CDCl.~) (): 1.0----1.8 (2H. 111), 2.0
3.0 (lH, 111), 2.90 (3H, s), 3.0--3.7 (2H. Ill), 3.24 (IB, r, J",,9.0Hz), 3.33 (3H, s), 6.8---7.6 (4H, m),

Both adducts were converted to the known acctates.P' In their N MR spectra, the CtbOAe signal of the endo
adduct appeared at a higher field region {8: 3.SO, d. ,I = (\.~ Hz) than that (I) : 4.21. dd, J = I 1.0 and 7.2 Hz and 4.50, dd,
J = 11.0 and 6.8 Hz) of the ,·xo-adduct.

b) Base Treatment of the Adducts: Treatment of the adducts with 2~-;, NaOH-McOH (reflux. 2 h) afforded 9b
in almost quantitative yield, irrespective or the stereo-chemistry. Colorless needles, I11p 145 --147 "C (CH2CI2 

hexane). lH~NMR (CDC1.I) I): 2.53 (IH. s), 2.78 (1\-1, dd, J = 13.5. 1.5 Hz.), 3.21 (IH, dd, J= 13.5, 3.8 Hz), 3.50---4.20
(3H, m), 3.59 (3H, s), 6.90-7.45 (3H. m), 7.54 (I H, br d, .1=7.0 Hz). AlIlI/. Cah:.~d for CI3HI3NOl: C, 72.54; H, 6.09;
N, 6.51. Found: C, 72.55; H, 6.23; N, 6.40.

2-Bromomcthyl-l,2-dihydrocyclobuta[c]quinolin-3(4fJ)-olle (17a)-- A solution of Sa (IOU mg) in 48~;'~ HBr
(2 ml) was stirred at room temperature for I h. Alter evaporation of the solvent and addition of sat. NaHCO,l' the
product was taken lip in 5~\, MeOH-CHlCll and dried over MgS04 , The product obtained after evaporation of the
solvent W'IS chromatographed on silica gel. Elution with hexane-AcOEt (I : 2, v!v) gave 126mg (9«';,) of 17a. Elution
with AeOEt afforded a trace amount of 911.

17a: Colorless needles, mp 208---20l)"C (AcOEI), IH-NMR (DMSO-d1i) (~: 2.7---4.3 (5I-!, m), 6.9---IW (4H, m),

11.63 (IH, br s, NH). Anal. Caled 1'01' CIlH10BrNOl: C, 54.57; H, 3.82: Br, 30.25; N. 5.30. Found: C, 54.53; H, 3.59;
Br, 30.65; N. 5.42.

A mixture of 17n (lJ2mg), Mel (0.5g), K;~CO.l (0.5 g) and acetone (IOml) was stirred at room temperature
overnight. Next day. the same amounts or Mel and K2COJ were added and the whole was again stirred for I d. After
evaporation or the solvent, the product was taken up in CHzCI l , washed with water and dried over MgSO",. The
residue obtained after evaporation or the solvent was chromatogruphcd Oil silica gel. Elution with hexane..AcOEt
(5: I) afforded 115mg (97 ..... ) or 17b. Col orbs needles, mp 13K 13l) "C (acetone-hexane]. Anal. Caled for
C1•1H12 BrN O: C, 56.16; H, 4.35: Br, 28.73; N, 5.04. Found: C, 56.16;n, 4.11: 131',28.57; N,4.9S. IH-NMR (CDC1.l) (~:

2.7-4.2 (5\-1, 111).3.70 (311, s), 7.0-7,9 (4H, Ill).

2-Chloruml'thyl-I,2-dihydrocyclobutll [(']quinolin-3(4lJ)-ollc (I Ha) and Its 4-Mcthyl Derivative (1Hb)----A solu
tion or 5a (I. I 7 g) in cone. Hel (10 lUI) was heated ut IW"C on a water bath for 2 h. After evaporation or the solven t
and addition of sat. NaHCO.\, the product was taken lip ill 5'\, McOH..CH~CI2 and dried over MgSo.p The residue
obtained after evaporation or the solvent W.IS chromutographed on silica gel. Elution with hexanc-AcOEt (I : 2, vfv)
afforded 972mg (76~;,) of IBn. Further elution with ethyl acetate afforded I08mg (9.3/~,) of 911.

18a: Colorless needles, mp 195-196 "C (McOl-l), High-resolution MS mlz: M ' Calcd C,~HIltCINO: 219.0451.
Found: 219.0454.

The methylation of 18a as above gave Ihe 4-mcthyl derivative (18b) in nearly quantitative yield. Colorless
needles, mp 13/---132 C (CH zCI1- hexane). lI-J-NMR (CDCI:J ,): 3.05 (I H, br d, J=: 14.0 Hz). 3.45 (l H, dd, J= 14.n,
3.0 Hz), 3.5---4.6 (3H, 111), 3.73 (3H, s), 7.D-7.R (4H, m). High-resolution MS 111/;;; M' Odcd CuH1lCINO:
233.0604. Found: 233.0601.

2-Mcthylcnc-I.2-dihydroeyclobuta[c]quinolin-3(4Jl)-one (l9a)-..A solution of 18a (404mg) in DMF (lOml)
containing lel'I-BuOK (0.62 g) was stirred at room temperature for 2 h. After addition of water (I ml), the solvent was
evaporated off ill V(lCI/O and the residue was dissolved in 5~~ MeOH-CH2Cll, washed with water and dried over
MgS04 . The product obtained alter evaporation of the solvent was recrystallized from MeOH to give 252 mg (75~~;)

of 19a. Colorless prisms, mp >300'C (turns brown when heated lit about 230"C) (MeOH). IH-NMR (CDCI3- 

DMSO-d6 , 2: 1, v/v) I): 3.61 (2H, s), 4.95 (I H, s), 5.33 (IH, s), 7.0-8.1 (4H. 111), 11.6 (IH, br s, N H). Anal. Calcd for
C I 2H9NO: C, 78.68; H, 4.95; N. 7.65. Found: C, 78.32; H, 4.94; N, 7.24.

The methylation of 1911 'IS above afforded the 4-methyl derivative (19b: mp 132---134"C)111 in almost
quantitative yield.
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2-Aminomethyl-4-methyl-l,2-dihydrocyclobuta[c]quinolin-3{4H)-oDe (20b)--a) A solution of 18b (260 mg,
1.1 mmol) and potassium phthalimide (257mg, 1.2 mol eq) in DMF (10 ml) was heated at 80°C for 5 h and then at
110°C for 12 h. After evaporation of the solvent, the product was taken up in CH 2CI2 and dried over MgS04. The
residue obtained after evaporation of the solvent was chromatographed on silica gel. Elution with hexane-AcOEt
(3: 1, v/v) afforded 88mg (40%) of 19b. Elution with hexane-AcOEt (1: I, v/v) gave 202mg (58~~) of the phthalimide.
Colorless needles, mp 201-202 -c (CH2CI2-hexane). Anal. Calcd for C21H16N203: C, 73.24; H, 4.68: N, 8.13.
Found: C, 73.07; H, 4.46; N, 7.91.

b) Treatment of the Phthalimide with Hydrazine: A solution of the phthalimide (240 mg, 0.7 mmol) and
hydrazine hydrate (42mg, 1.2mmol) in EtOH (5ml) was refluxed for 4.5h. After cooling, the precipitates were
removed by filtration. The residue obtained after evaporation of the solvent was chromatographed on a short
alumina column. Elution with 5% MeOH-CH2CI2 gave 120mg (80%) of 20b as a semi-solid. 1H-NMR (CDCI3) i5:
1.30 (2H, s, NH2), 2.6-3.9 (5H, rn), 3.71 (3H, s), 6.9-7.8 (4H, m). High-resolution MS m]z: M+ C13H14N20:
214.1105. Found: 214.l097.

2-Acetoxymethyl-4-metbyl-1,2-dihydrocyclobuta[c]quinolin-3(4H )-one (21)--'A solution of9b (60 mg) in acetic
anhydride (2 ml) containing 2 drops of pyridine was warmed slightly and then kept standing at room temperature for
3h. After evaporation of the solvent, the residue was taken up in CH2CI2, washed with sat. NaHC03 , and dried over
MgS04 • The product obtained after evaporation of the solvent was chromatographed on silica gel. Elution with
hexane-AcOEt (3: I, v/v) afforded 61 mg (85%) of 21. Colorless needles, mp 114--115 C'C (CH 2Cl2-hexane). lH_
NMR (CDCI3) 8: 2.08 (3H, s), 2.92 (IH, dd, J= 14.5, 2.0 Hz), 3.35 (I H, dd, J= 14.5, 4.0 Hz), 3.67 (3R, s), 3.8-4. I
(IH, m), 4.2-4.9 (2H, rn), 7.1-7.9 (4H, m). Anal. Calcd for ClsHISN03: C, 70.02; H, 5.88; N, 5.44. Found: C, 70.05;
H, 5.81; N, 5.35.

Reaction of 21 with Methyl Methacrylate--A solution of 21 (45 mg) and methyl methacrylate (530 mg, 30 mol
eq) in xylene (10 ml) was refluxed for IOh. The residue obtained after evaporation of the solvent was chroma
tographed on silica gel. Elution with hexane-AcOEt (3: I, v/v) gave first a mixture of 23 and 22 and then 30mg of
pure 22. The mixture was separated by PTLC (developing solvent: hexane-AcOEt, 2: I, v/v) to give 4 mg of 23 (the
less polar adduct) and 13mg of 22 (the more polar adduct). The combined yields of 22 and 23 are 43 mg (69/;,,) and
4mg (6.5%). The NMR spectra of22 and 23 showed that the former was a mixture of two isomers. (cis/trails ratio: ca.
4: I) and the latter was a single isomer.

22: Oil. IR (CHCI3)cm -I: 1725, 1635. 1H-NMR (CDCI3) t~: 1.20 (2.4H, s, C-CH3 ) , lAO (0.6H, s, C-CH3), 1.97
(2.4H, s, COCH3) , 1.99 (0.6H, s, COCH3) , 3.56 (0.6H, s, OCH3 ) , 3.74 (0.6H, s, N-CH3) , 3.77 and 3.79 (each 2AH, s,
OCR3 and N-CH3) . High-resolution MS mjz: M+ Calcd C2oH23NOs: 357.1574. Found: 357.1557.

23: Colorless needles, mp 139-]41 "C (CR2CI2-hexane). IR (CHCI3)cm--
1: 1725, 1630. IH-NMR (CDCI.,) 6:

1.29 (3H, s, C-eH3) , 2.02 (3H, s, COCH3), 1.8-204 (2H, m), 2.83 un, d, J == 18.0 Hz), 3.3--3.7 (IH, m), 3.40 (IH, d,
J==18.0Hz), 3.75 (6H, S, OCH3 and N-CH3), 4.20 (l H, dd, J= 11.0, 8.0 Hz), 4.56 (IH, dd, J== 11.0, 4.0 Hz), 7.1---7.7
(3H, m), 7.82 (IH, br d, J=8.0Hz). High-resolution MS mjz: M+ Calcd CZUHZ3NOs: 357.1574. Found: 357.1542.

Conversion of the Adducts (22 and 23) to the Lnctones (24 and 25)--Formation of 24 as a Typical Example: A
solution of22 (ca. 4: I mixture ofcis and trans isomers: 30 mg) in 1O'f~ HCI (3 ml) was heated at 80 "C for 5 h. After the
reaction, the mixture was basified by addition of sat. NaHC03, extracted with CH2C12, and dried over MgS04 •

Evaporation of the solvent afforded the I'-Iactone (24) in a quantitative yield as a mixture of two inseparable isomers
(the cis/trans ratio was ca. 4: 1as judged from the NMR spectrum). IR (CHCI3) em - 1: 1765, 1635. I H-NMR (CDCI3 )

8: L.Il (0.6H, s, C-CH3), 1.38 (2.4H, s, C-eH3 ), 3.72 (0.6H, s, N-CH3) , 3.75 (2.4H, N-CH3) ·

Recrystallization of the product from acetone-hexane afforded 24 (cis/trans ratio: ca. 3: I) as colorless needles.
mp 158-169°C. High-resolution MS mlz: M+ Calcd C 17H17N0 3: 283.1209. Found: 283.1212.

Under the same conditions as above, 23 gave the 8-lactone (25) in a quantitative yield. Colorless needles, mp
268-270°C (CH2CI2-hexane). IR (CHCI 3)cm-

1: 1723, 1635. lH-NMR (CDCI 3 ) 0: 1.60 (3H, s, C-CH.,), 1.89 (IH,
br d,J == 13.0 Hz), 2.27 (I H, brd,J=no Hz), 2.80 (1H, d, J =19.0 Hz), 3.35 (I H, d, J == J9.0 Hz), 3.70 (br s), 3.77 (3H,
s, N-eH3), 4.56 (2H, rn), 7.1-7.8 (4H, m). High-resolution MS m]z: M+ Calcd C 17H17N03 : 283.1209. Found:
283.1196.
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A new cytotoxic hydroperoxy-gerrnacrane sesquiterpene named nephtheoxydiol (8) and
several related sesquiterpenoids, em-oplopanone (2), nephthenol (6), and nephthediol (9), were
isolated from an Okinawan soft coral of Nephthea sp, (Nephtheidae), together with a new cadinane
type sesquiterpene named nephthene (17), Based on chemical reactions and physical data analyses,
the absolute stereostructures of ent-oplopanone (2), nephthenol (6), nephtheoxydiol (8), neph
thediol (9), and nephthene (17) have been determined as (+ )-oplopanon~ (2), (4R,7S)-germacra
I (I 0)E,5E-dien-4-o1 (6), (IS,4R,7S)-I-hydroperoxygermacra-5E, lOt 15)-dien-4-o1 (8), (J S,4R,7S)
germacra-5E, 1O(15)-diene-1 A-diol (9), and (I S,7R,I OS)-cadina-4(14 ),5-diene (17), respectively.

Keywords-soft coral; Nephthea sp.; Nephtheidae; nephtheoxydiol: gerrnacrane sesquiter
pene hydroperoxylated: nephthenol; nephthediol; t'1lI-oplopanone; nephthene; cytotoxic activity

During the course of our studies on bioactive constituents of marine organisms." we
isolated a trinorsesquiterpene named clavukerin C (1) from the Okinawan stoloniferan soft
coral Clavularia koellikeri and determined the absolute stereostructure, which was charac
terized by the presence of a hydroperoxy function." In a continuing study on chemical
constituents of an Okinawan soft coral of Nephthea sp. (family: Nephtheidae, order: Al
cyonacea), we have isolated a new cytotoxic gerrnacrane-sesquiterpene named nephthe
oxydiol (8) and several related sesquiterpenoids, ent-oplopanone (2), nephthenol (6), and
nephthediol (9), together with a new cadinane-type sesquiterpene named nephthene (17).
This paper deals with the structure elucidation of these sesquiterpenoids."

The acetone extract of a fresh soft coral, collected in July 1984 at Iriornote-jima, Okinawa
Prefecture, was partitioned into an ethyl acetate-water mixture. The ethyl acetate-soluble
portion was subjected to silica gel column chromatography and high-performance liquid
chromatography (HPLC) to furnish nephthene (17), nephthenol (6), nephtheoxydiol (8), ent
oplopanone (2), and nephthediol (9) in 11.0, 6.5, 1.5, 0.4, and 0.5% yields (from the ethyl
acetate-soluble portion),

ent-Oplopanone (2) was obtained as colorless needles. The physicochemical properties of
2 except for the sign of its specific rotation were found to be identical with those reported for
oplopanone (3), which was previously isolated from a terrestrial plant, Oplopanax japonicus
(Araliaceae)." Furthermore, a dehydration product (4), which was prepared by phosphorus
oxychloride treatment of ent-oplopanone (2), was found to be identical with ( - j-anhydro
oplopanone (5), previously isolated from another terrestrial plant, Rugelia nudicaulis
(Compositaej/" in all respects except for the sign of the specific rotation. Therefore, we
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concluded that ent-oplopanone (2) isolated from a soft coral of Nephthea sp. is an enantiomer
of oplopanone (3) found in a terrestrial plant.

Nephthenol (6) is a sesquiterpene alcohol. The proton nuclear magnetic resonance eH
NMR) spectrum of 6 showed the presence of a transoid disubstituted double bond «'55.25,
IH, d. J= 16.0Hz; () 5.18, IH, dd, J =16.0,9.5 Hz), a trisubstituted double bond (04.95, IH,
br d, J =ca. 11.5Hz), an olefinic methyl group (£51.54, 3H, s), a tertiary methyl group geminal
to a hydroxyl group (£51.19, 3H, s), and an isopropyl moiety (c> 0.79, 0.83, both 3H, d, J =

7.0Hz). In addition to these findings, detailed analysis of the carbon-IS nuclear magnetic
resonance (13C-NMR) spectrum of 6 led us to formulate nephthenol as 6, except for its
configuration.

Oxidation of nephthenol (6) with m-chloroperbenzoic acid (m-CI-PBA).in chloroform
provided ent-oplopallone (2). This conversion is considered to proceed successively "ill: i)
epoxidation at the 1(10) double bond, ii) epoxide-ring opening concerted with the 1(6) bond
formation, followed by another epoxide-riug formation, and iii) ring contraction constructing
a five-membered ring with a methylketone moiety icf, i, ii). Therefore, it has become clear that
nephthenol (6) is a germacrane-type sesquiterpene having a 1(10)E,5E-dien-4-01 moiety and a
7S configuration.

In order to determine the C-4 configuration of nephthenol (6),6 was oxidized with tert
butyl hydroperoxide in the presence of vanadium(IV) oxyacetylacetonate [VO(acachr) to
afford an a-glycol derivative (7). The ex-glycol (7) was presumably formed via: i) initial 0:

epoxidation at the 5(6) double bond, ii) epoxide-ring opening followed by 1(6) bond
formation, and finally iii) deprotonation at C-15 to generate the 10(15) terminal methylene
moiety (4 iii).

In a nuclear Overhauser effect (NOE) experiment on 7, irradiation of 4-CH3 «() 1.07)
resulted in increased signal intensities of lf3-H «() 1.40, dd-like, J = ca. 12.0, 10.0Hz) (9~.~) and

nephthediol (9)iii

ill
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Fig. I. NOE (%) of 7

Bz= benzene.

Fig. 2. The CD Curve of a Mixture of 7 (1.5 x
10-4M) and Eu(fodh (1.5 x IO-4 M)

5P-H (02.85, br dd-like) (15%), whereas irradiation of 6o:-H (<51.29, ddd, J6 , l =J6 , 5 =9.0 Hz,
J6 ,7 = 10.5Hz) resulted in a 5% increase of l l-H (02.67, m) and a 4% increase was observed
for 6-H upon irradiation of 11-H (Fig. I), These findings show that the A-ring with the IX

glycol moiety in 7 takes a boat-like conformation in solution. The circular dichroism (CD)
spectrum of 7 taken by the c-glycol chirality method'" showed a.positive first Cotton effect:
[8hl1 + 10000 (Fig. 2), indicating the 4R configuration in 7 and consequently in nephthenol
(6). Thus, we concluded that the structure ofnephthenol is 4R,7S-germacra-l(l0)E, 5E-dien
4-01 (6).

Nephtheoxydiol (8) has a hydroperoxy residue in its molecule as shown by its positive
responses to the N,N-dimethyl-p-phenylenediammonium dichloride reagenr''?' and the fer
rous thiocyanate reagent. 3.1O

) The chemical ionization mass spectrum (CI-MS) of 8 gave the
(M+ +H) ion peak at m]z 255, which shows that 8 is a sesquiterpene having one hydroxyl
group and one hydroperoxyl group.

The lH-NMR spectrum of nephtheoxydiol (8) showed the presence of a transoid
disubstituted double bond (<55.38, l H, d, J=15.5Hz; <55.70, l H, dd, J= 15.5, 1O.0Hz), a
tertiary methyl residue geminal to a hydroxyl group (01.47, 3H, s), an isopropyl residue
(bO.83, 0.87, both 3H, d, J=6.5Hz), a terminal methylene moiety «(55.14,5.42, both IH, s),
and a secondary hydroperoxyl residue (b4.55, IH, brd, .1= ca. 6.5 Hz). The 13C-NMR
spectrum of 8 also showed signals due to a carbon bearing a secondary hydroperoxyl residue
[bc 93.0 (d)].3) It was presumed therefore that nephtheoxydiol (8) is an oxygenated derivative
of nephthenol (6). In order to verify this presumption, nephthenol (6) was subjected to
photosensitized oxygenation in the presence of Rose Bengal in a Pyrex tube.3

•
11

) The product
obtained in high yield was shown to be identical with nephtheoxydiol (8). Thus, it has become
clear that the structure of nephtheoxydiol corresponds to 8 having a l-hydroperoxy-lO(l5)
ene moiety, except for its C-l configuration.

Nephthediol (9) is a sesquiterpene diol. The lH_ and 13C-NMR spectra of 9 were very
similar to those of nephtheoxydiol (8) except that the former showed signals due to H-I and
c-i at s3.93 (lH, dd, J=9.0, 3.0 Hz) and s, 78.7 (d), respectively. Therefore, nephthediol (9)
appears to be the l-hydroxy counterpart of nephtheoxydiol (8). In fact, sodium borohydride
reduction of8 afforded 9 quantitatively. Thus, the structure ofnephthediol can be formulated
as 9, except for the C-l configuration. This formulation of9 was further supported by the fact
that oxidation of nephthediol under Moffatt conditions'F' provided 4, the anhydro derivative
of ent-oplopanone (2). The conversion from nephthediol (9) to 4 is considered to proceed via:
i) initial elimination of the l-OH group followed by 1(6) bond formation and epoxide-ring
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formation, and ii) ring contraction constructing a five-membered ring with a methylketone
moiety (cf. iv, v).

In order to determine the C~4 configuration ofnephthedio1 (9), 9 was epoxidized with m
CI-PBA to afford the 5,6-epoxide (10). In the NOE experiments on 10, irradiation of 4-CH"
(<5 1.27) increased by II /'~ the signal intensity of 5-H (62.54, d, J = 2.0 Hz) whereas irradiation
of 5-H increased by 7~;, the signal intensity of7-H (81.18, m). Furthermore, irradiation of7-H
resulted in 9!jt~ NOE for 5-H while irradiation of the two ll-CH3 signals (c50.97, 3H, d, J=
6.5 Hz; 60.98, 3H, d, J=7.0Hz) caused 7/'~ NOE for 6-H «52.93, dd, J=9.5, 2.0 Hz). These
results substantiate the 4R configuration in nephthediol (9) and consequently in nephtheno1
(6) and nephtheoxydio1 (8).

Next, the C-l configuration in nephtheoxydiol (8) and nephthediol (9) was investigated.
Acetylation of nephthedio1 (9) followed by dehydration with phosphorus oxychloride
afforded a trienol acetate (11). Deacetylation of 11 furnished the trieno1 (12). Examination in
detail of the 1H-NMR spectrum of 12 allowed us to assign all the proton signals (see
Experimental). Furthermore, in the NOE experiments on 12, irradiation of I-H (D4.08, dd,
.1= 11.5,4.0 Hz) caused 5~>~ increases of5-H «56.01, d, J= 16.0Hz) and 9-Hb «51.79, ddd, J=
14.0, 12.0, ca. 2.0 Hz), whereas irradiation of 5-H increased signals due to l-H (3~~), 14-Ha
(64.96, s) (5~.~), and 7-H (<51.67, dddd, J= 10.5, 10.5,6.5,4.5 Hz) (8(),;J Further detailed NOE
experiments on 12, indicated that the conformation of 12 is as shown in Fig. 3, and
consequently the IS configuration has been determined. This conclusion was further
supported by applying Horeau's method':" to nephthediol (9) and 12, where recovered a
phenylbutyric acid showed [lX]D -13.5 0 (from 9) and [a]D -2.5 ,) (from 12).

Based on the above evidence, the absolute stereostructures of nephtheoxydiol and
nephthediol were concluded to be (1 S,4R, 7S)-1-hydroperoxygermacra-5E, 1O(15)~dien-4-01
(8) and (1S,4R,7S)-germacra-5E,l O(15)-diene-1A-diol (9), respectively.

A sesquiterpene dienediol (13) was isolated from the red alga Laurencia suboppositar"

12
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16: R=H

14

aq, MeOH

11
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IH-NMR [500 MHz, Bz-d 6,- P y-ds (l : 1)]

Fig, 3, NOE (~',;) of 12
Pye pyridine

Vol. 35 (1987)

IH-NMR (500 MHz, Bz-d6 or Py-ds)

Fig. 4. NOE (~~{.) of 21

and a sesquiterpene dienol (14) was isolated from the soft coral Lemnalia africana, IS) and their
relative configurations were proposed to be as shown. 14

( 15 ) Physical data reported for 13 and
14 including the signs of [cc]n values were found to be identical with those of present
nephthediol (9) and nephthenol (6), respectively. Therefore, re-examination of the structures
proposed for 13 and 14 seems to be necessary. Furthermore, there was a report on the
structure elucidation of a germacrane-type trienol acetate (15), which was isolated from the
brown alga Dilophusfasciola.i'" The structures proposed for 15 and its deacetylated product
(16) are diastereorneric to the present trienol acetate (11) and its deacetylated product (12),
respectively. Since there is some ambiguity in the presentation'?' and the reported data for 15
and 16 are similar to those for 11 and 12 except for the sign of the specific rotation, re
examination of the structure proposed for 15 also seems to be appropriate.

Nephthene (17) is a cadinane-type sesquiterpene having a conjugated dienc chromo
phore, as shown by its ultraviolet (UV) maximum at 240nm ([;=20000). The IH-NMR
spectrum of nephthene (17) showed the presence of a terminal methylene moiety (/> 4.63, 4.68,
both lH, s), a trisubstituted double bond (c) 5.99, IH, s), an isopropyl residue (c) 0.76, 0.93,
both 3H, d, J=6.5 Hz), and a secondary methyl residue (c50.87, 3H, d, .J=6.0Hz). Thus,
nephthene (17) has a bicarbocyclic skeleton.

Dehydrogenation of nephthene (17) with lO;{, palladium- ..carbon in boiling diethylene
glycol dimethyl ether provided cadalene (18).17) Oxidation of nephthene (17) with osmium
tetroxide-sodium periodate yielded the norenone (19). In the I H-NMR spectrum of 19,
irradiation of lCY.-H (i> 2.59, dddd, J = 5.0, 5.0, 5.0, 2.0 Hz) resulted in 5% NOE for 10CY.-H
(J2.l7, m) whereas irradiation of lOCY.-H caused 7% NOE for lex-H. Thus, the relative
configurations of Ia-H and 101X-H were determined.

Hydroboration-oxidation of nephthene (17) furnished a diol (20). In the IH-NMR
spectrum of 20, both J4 , 5 and J5•6 were observed at 9.5 Hz, so that the tral1s-diaxial
correlations of 4-H/5-H and 5-H/6-H were established. Mild acetylation of 20 followed by
pyridinium chlorochromate (PCC) oxidation yielded a keto-alcohol acetate (21). In the 1H
NMR spectrum of 21, the coupling constant between 6f3-H and lu-H was 12.5 Hz whereas
the J value between 6fJ-H and 7fJ-H was 3.5 Hz, so that the trans-diaxial correlation of lCY.-H
and 6f3-H and the axial-equatorial correlation of 6f3-H and 7{J-H were proven. Further
more, irradiation of 6f3-H caused 4/~ NOE for 7f3-H and irradiation of 7f3-H resulted in 9%
NOE for 6P-H (in benzene-sa). Irradiation of 10P-CH3 (60.80, d, J =7.0 Hz) caused 6% NOE
for 6,B-H (62.18, dd, J = 12.5, 3.5 Hz) in pyridine-z/, (Fig. 4). The CD spectrum of 21 showed
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a positive maximum: [Oh97 +4000 due to the 5-CO moiety. These results established the IS,
4S, 68, 7R, and lOS configurations in 21.

Reduction of the noreuone (19) with sodium borohydride in the presence of cerous
chloride hydrate and subsequent hydroboration-oxidation, provided the nor-trans-a-glycol
(22). The IH-NMR spectrum of 22 showed signals due to Ix-H (r'> 1.63, ddd, J= 12.0. 10.5,
4.5 Hz), 4{J-H (63.34, ddd, J = 11.0, 10.0, 4.5 Hz), 5a-H (I) 3.40, dd, J = 10.0, 9.0 Hz), 6{J-H
«(j 1.54, ddd, J= 12.0,9.0,5.0 Hz), and 7fJ-H «(51.79,111). The coupling constants between 4-H
and 5-H (10.0 Hz), between 5-H and 6-H (9.0 Hz), between I-H and 6-H (12.0 Hz), and
between 6-H and 7-H (5.0 Hz), indicated trofl.l'-diaxial correlations of 4-H/5-H, 5-H/6-H, and
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I-H/6-H, and the axial-equatorial correlation of 6-Hj7-H. Furthermore, irradiation of 10
CH3 (00.87, d, J = 7.0 Hz) caused 7% NOE for 6-H (Fig. 5). The CD spectrum of 22 taken by
the a-glycol chirality rnethod'" showed a negative first Cotton effect ([ehl1 - 29000) (Fig. 6).
Thus, 22 has IS, 4R, 5R, 6S, 7R, and lOS configurations, and consequently, the absolute
configuration of 21 has been further substantiated.

Based on the above evidence, the absolute stereostructure of nephthene is 1S,7R, I 08
cadina-4(14),5-diene (17).

Several examples of naturally occurring sesquiterpenes having a cadina-4(l4),5-diene
structure are known: e.g. bicyclosesquiphellandrene (23)18) from the terrestrial plant Piper
cubeba (Piperaceae)'?' and l-epi-bicyclosesquiphellandrene (24)18) from the terrestrial plant
Ocimum basilicum (Labiatae)'?' and from the brown alga Dilophus fasciola. 21l)0Jt should be
pointed out here that nephtheoxydiol (8) having a hydroperoxyl function was found to exhibit
a significant growth-inhibitory effect on B-16 melanoma cells (ICso O.I.ug/ml). However, the
other four sesquiterpenes described in this paper did not exhibit such an effect, so that the
physiological function of the hydroperoxyl residue may be an interesting subject for future
study.

Experimental

The instruments used to obtain physical data and the experimental conditions for chromatography were the
same as described in our previous paper.'!

Isolation of Nephthene (17), Nephthenol (6), Nephtheoxydiol (8), ent-Oplopanone (2), and Nephthediol (9)--The
fresh, soft coral (360g) of Nephthea sp. (Neph-84-IRI-I),21) which was collected at Iriornote-jima, Okinawa
Prefecture, in July 1984, was cut finely and immersed in acetone at room temperature (25 Qq. The acetone solution
was concentrated under reduced pressure at below 30"C. The acetone extract thus obtained was partitioned into an
AcOEt-H20 mixture. Removal of the solvent under reduced pressure from the AcOEt-soluble portion afforded the
AcOEt extract (4 g). Column chromatography (Si02 200g, 60-230 mesh, Merck) of the AcOEt extract furnished a
nephthene fraction (600 rng) (by eluting with n-hexane), a nephthenol fraction (300 mg) (by eluting with zr-hexane
AcOEt=20: 1), a nephtheoxydiol fraction (100 mg) and an ellt-oplopanone fraction (BO mg) (by eluting with n
hexane-AcOEt==2: I), and a nephthediol fraction (60 mg) (by eluting with n-hexane-AcOEt== 1: I). The fraction
containing nephthene (600 mg) was purified with a Lobar column [LiChroprep Si 60 (40-63 tun), rr-hexane] to
furnish nephthene (17) (460 mg). The nephthenol containing fraction (300 rng) was purified by HPLC (Semi Prep
Zorbax SIL, n-hexane-AcOEt=20: 1) to furnish nephthenol (6) (270mg). The fraction containing nephtheoxydiol
(100 mg) was purified by column chromatography (SiO~ 40 g, n-hexane-AcOEt == 2: I) again and then by HPLC
(Semi Prep Zorbax ODS, MeOH-HzO==8: I) to afford nephtheoxydiol (8) (60rng). The ent-oplopanone fraction
(80 mg) was also purified by column chromatography (Si02 30 g, n-hexane-AcOEt == 2: I) again and then by HPLC
(Semi Prep Zorbax ODS, MeOH-H20==6: I) to afford ent-oplopanone (2) (14mg). The nephthediol fraction (60 mg)
was purified again by column chromatography (Si02 20g, n-hexane-AcOEt = I : I) and then by HPLC (Semi Prep
Zorbax SIL, n-hexane-AcOEt = I : I) to furnish nephthediol (9) (20 mg). Nephthene (17), colorless oil, [ct]~~) - 9 -, (c ==
5.3, CHCIJ). High-resolution MS: Found 204.188. Calcd for C1;H24 (M+)==204.188. IR v~;~~~I'cm"l: 1637, 1600,
893. UV A.~~?tlnm (1:): 240 (20000). CD (c=3.3x 10- 2, MeOH): [Ohhs 0, [Oh4o -17000 (neg. max.), [()]215 0, [Ohoo
+21000! IH-NMR (500 MHz, CDCI3 , 0): 2.33 (2H, overlapped, 1,7-H), 5.99 (lH, s, 5-H), 1.96 (IH, m, IO-H), 0.76,
0.93 [both 3H, d, J == 6.5 Hz, 11-(CHJ)z], 0.87 (3H, d, J == 6.0 Hz, IO-CH3 ) , 4.63, 4.68 (both IH, s, 14-H2). uC-NMR
(22.5 MHz, CDC]J, 0e): 144.2 (s), 144.0 (s), 126.8 (d), 51.3 (d), 37.2 (d), 34.9 (d), 27.4 (d), 108.1 (t), 29.7 (t), 29.5 (t),
27.3 (t), 22.9 (t), 21.8 (q), 21.3 (q), 14.8 (q). MS m]: (~~): 204 (M+, 18), 161 (M +-C3H1, 100). Nephthenol (6),
colorless oil, [et]~O + 1840 (c:==3.1, CHCI 3) . High-resolution MS: Found 222.196. Calcd for C1sH260 (M +)=222.198.
IR v~~cm-J: 3470. CD (c=3.7x JO-2, MeOH): [0]26S 0, [Oh29 +48000 (pos. max.), [Ohoo + 10000! IH-NMR
(500 MHz, CDCIJ, il): 4.95 (lH, br d, J == 11.5Hz, I-H), 5.25 ua. d, J == 16.0 Hz, 5-H), 5.18 (lH, dd, J =16.0,9.5 Hz,
6-H), 1.19 (3H, s, 4-CH,), 1.54 (3H, s, IO-CHJ), 0.79,0.83 [both 3R, d, J = 7.0 Hz, II-(CH3hl. 13C-NMR (22.5 MHz,
CDCI 3,oe): 129.0 (d, e-n, 23.7 (t, C-2), 41.3 (t, C-3), 72.9 (s, C-4), 140.0 (d, C-5), 125.9 (d. C-6), 52.9 (d, C-7),39.7 (t,
C-8), 26.1 (t, Cog), 132.3 (s, C-lO), 33.0 (d, e-rn, 19.0 (q, C-12), 20.6 (q, C-13), 30.9 (q, C-14), 16.6 (q, C-15). MS mlz
(%): 222 (M +,4), 207 (M +-CH3 , 16), 204 (M +-H20, 11), 179 (M+ -C3H1 , 5), 161 (M+ - H20 -C3H7 , 30), 81
(100). Nephtheoxydiol (8), colorless amorphous, [ct]~1 + 14" (c= 1.2, CHCI3) . High-resolution MS: Found 236.180.
Calcd for CIsH2402 (M+ -H20) =236.178. IR v~~~bcm-l: 3600, 3530, 3312 (br). CD (c=2.9 x 10- 2, MeOH): [Oh48
0, [0]215 -21000 (neg. max.), [Oboe o. IH-NMR (500 MHz, pyridine-ds, 0): 4.55 (IH, brd, J=ca. 6.5 Hz, I-H), 5.38'
(IH, d, J= 15.5 Hz, 5-H),5.70(lH, dd, J= 15.5, 10.0Hz, 6-H), 5.14,5.42 (both tH, s, 15-H2),0.83, 0.87 [both 3H, d,
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J=6.5 Hz, lI-(CHJ}z], 1.47 (3H, s, 4-CHJ). IJC-NMR (22.5 MHz, CDCI3, (\): 149.1 (s, C-IO), 72.5 (5, C-4), 137~O,

131.3 (both d, C-5, 6), 93.0 (d, C-I), 50.9 (d, C-7), 32.3 (d. C-II), 114.8 (t. C-15), 40.3, 33.0, 32.3,25.5 (all t. C-2, 3, 8,
9),29.8 (q, C-14), 20.7, 20.3 (both q, C-12, 13). CI·MS (isobutaue) tn]z (%): 255 (M ++H. 2), 237 (255 - H20 , 17),221
(255 - H202, 22), 219 (255 - 2H 20, 35). em-Oplopanone (2). colorless needles (from petr. ether), mp 83--84 "C, [iX]r;
+ J9" (c=0.8, dioxane). High-resolution MS: Found 238.195. Calcd for Ct,H26 0 2 (M+) =238.193. IR v~;IJJ~'t'cm-l:

3600.1700. CD (1'= 1.3 x 10- 1, dioxane): [OhMb +3400 (pels. max.), [Oh.\? O. IH-NMR (500MHz, CDCI3 , c): 2.65
(lH, ddd, J= 10.5, 10.5,5.5 Hz, 3-B), 2,19 (3H. s, 4-CHJ), 1.20 (3H. s, 9-CHJ), 0.69, 0.89 [both 3H. d, J= 7,0 Hz, 11
(CHJhJ. IJC-NMR (22.5 MHz, CDCIJ, ,)<1: 211.2 (5, C-4), 73.0 (s, C-9), 57.2,55.9,46.8 (all d, C-3, 5, 10),49.6 (d, C
6),29.6 (d, C-II), 42.2, 28.7, 25.4,23.1 (all t, C-I, 2, 7, iI), 29.5 (q, C-14), 22.0,15.7 (both q, C-l2, 13),20.4 (4, C-15).
MS m]z (':~;): 238 (M +,8),223 (M + -CHJ ) , 220 (M + - H20 , 2),205 (M + -CH.\ - H20 , 2). 177 (M + -C,IH7 - H 20 ,
7), 153 (100). Nephthediol (9), colorless amorphous, [iXJi/ .+ 82 0 (e= 1.2, CHClJ). High-resolution MS: Found
238.195. Caled for CI.1H1602 (M +) = 231\.193. IR v~~l,t~'I\cm "1: 3600. 3440 (br), CD (c == 2.7 x 10"2. MeOH): [IJ]2.l0 0,
[O]m - 5000 (neg. mux.), [IJ)m O.IH-NMR (500 MHz. CDClJ , I): 3.93 (I H. dd, J :::9.0,3.0 Hz, I-H), 5.21 (IH. d, J =

J5.5 Hz. 5-H), 5.29 (IH, dd, J =15.5, 10.0 Hz, 6-H). 4.89, 5.12 (both IH, s, l5-Hz). 1.26 (3H. s, 4-CH,l)' 0.84, 0.89
[both 3H, d, J=6.5Hz, 11-(CHJhJ. 13C-NMR (22.5 MHz. CDCI.~, f\); 15I.l (s, C-IO), 72.3 (s, C-4), 137.7, 129.9
(both d. C-5, 6), 78.7 (d. C-l ). 49.9 (d, C-7). 32.4 (d, C-II). /11.4 (t, C-15), 38.7, 30.0,28.4, 28.4 (aJJ t, C-2. 3, 8, 9).29.5
(q, C-14), 20.6, 20.6 (both q, C-12. 13). MS /1//= e~;): 238 (M +,2).220 (M + - H20 . 10),205 (M + - H20 - CH J, 9). 202
(M+ -2H20 , 7),177 (M' -C.\H7 - H 20 , 49),81 (100).

Dehydration of enr-Oplopanonc (2) Giving (+)-Anhydrooplopanone (4)--An icc-cooled solution of 2 (13 mg) in
dry pyridine (I ml) was treated with POCl3 (3 drops) under a nitrogen atmosphere and stirred for 30min. The reaction
mixture was stirred at room temperature (IS'C) fora further 811, then poured into water. The whole was extracted
with AcOEt. The AcOEt extract was washed with aq. sat. NnCl and dried over MgS04 • Removal of the solvent under
'reduced pressure from the AcOEt extract afforded a product. which was purified by column chromatography (Si02

2 g, n-hexane-AeOEt =:= 8: 1) to furnish ( + )-anhydrooplopanone (4) (9 mg), 4, colorless needles (from petr, ether), mp
70-71 "C, [o:]J)H + 14 (e = 0.5, CHClJ ) . High-resolution MS: Found 220.182. Caled for Ct,H240 (M +) =220.1 83. IR
l'~~~'cm-l: 3075. 1711,1651,891. IH-NMR (500 MHz, CDCI,I> (): 4.56,4.67 (both IH. d, J=2.0Hz, 15-HJ, 2.19
(3H, s, 4-CHJ ) , 0.91 (3H, d, J = 7.0 Hz, I I-CH J ). 0.66 (31-1. d• .r=6.5 Hz. ll-CHJ). 1,1C-NMR (22;5 MHz, CDCI.\, c\):
211.6 (s, C-4), 150.9 (s, C-9), 56.2 (d, C-3). 52.2(d, C-5), 52.0 (d, C-IO), 49.5 (d, C-6), 29.7 (d, C-lI), 103.6 (t, C-15),
35.4 (t. C-8), 28.6 (t, C-2), 27.4 «. C-I). 26.7 (t; C-7), 28.9 (q, C-14), 22.0,15.8 (both q, C-12, 13). MS m]z (%): 220
(M+, 12),205 (M+ -CH.\. 7),187 (M+ -CH,-H20), 177 (M' -C3H7 , 85), 43 (100).

Oxidation of Nephthenol (6) with I1I-CI-PBAGiving ent-Oplopanone (2}--An icc-cooled solution of 6 (40 mg) in
CHCI J (l ml) was treated with m-CI-PBA (118mg, I.5cq) and stirred for 2h. The reaction mixture was poured into
icc-water and the whole was extracted with AcOEt. The ArOEt extract was washed with nq. sat. NaCI and dried over
MgS04-' Removal or the solvent under reduced pressure !'1'O1ll the AcOEt extract gave a product. which was purified
first by column chroma tography (Si02 5 g, n-hexanc-At,:OEt =2: l ) and then with a Lobar column (LrChroprep Si
60, n-hexane-Acofa > 2: 1) to furnish elll-oplopanone (2) (Rmg), 2 thus obtained was shown to be identical with an
authentic sample by mixed melting point determination and [iX]Il' lH-NMR (90 MHz, CDCI,), and l.\C-NMR
(22.5 MHz. CDC1.\) comparisons.

Oxidation of Nephthenol (6) with VO(acaeh-tcrt-lluOOl-l Giving 7·-----A solution or 6 (50 mg) in benzene (I ml)
was treated with VO(acac)2 (0.6 mg, O.lll eq) and then with u solution of aq. 70:~i; 1t'1'I-BlIOOH (32lT1g. I. t eq) in
benzene (I ml) and the whole mixture was stirred at room temperature (25"C) Ior 3 h. Work-up of till': reaction
mixture as described above for rn-CI-PBA oxidation yielded a product. which was purified by column chromatog
raphy (Si02 6 g, l1-hexane·AcOEt =7: I) and HPLC (Semi Prep Zorbax ODS, MeOHI'120:=< 10: 1) to furnish the x
glycol (7) (15 mg). 7, colorless amorphous, [o:]~~ +4.5" (c'""0.9, CHCI.d. High-resolution MS: Found 220.1H4. Calcd
for Ct,H14-0 (M+-H20)=220.183. IR \'~~~~<cm-l: :1620, 3560 (br), 3457 (br), 1644,891 IH-NMR (500MHz.
benzene-{~., J): lAO ( IH. dd-like• .J= ca. 12.0. 1O.D Hz, I-H), 2.85 ( I I-I, br dd-like, H-I), 1.29 (I H, ddd, .J~ Io.s, l),O.
9.0 Hz, 6-H), 1.22 (I H, dddd, .J""10.5, 10.5, 3.0. 3.0 Hz. 7-1-1), 2.67 (I H. 111, II-H), 0.98 (3H, d, .J= 7.0 Hz, II-CH3).
0.86 (3H, d, J =6.5 Hz, I )-CH.1)' 4.69, 4.77 (both tH, d, .h: 1.5 Hz, 15-H2) , 1.07 (3H, s, 4-CH.1). lH-NMR (SOO MHz,
CDCl.1, il): 1.64 (2H overlapped, I-H), 3.22 (IH, dd, J = 9.0, !l.5 Hz, 5-H), 2.15 (llf, d, J "'"8.5 Hz, 5-01-1). IJC-NMR
(22.5 MHz, CDCI J, (\): 152.2 (s), 72.3 (s), 79.2 (d), 49.3 (d), 48.4 (d), 45.5 (d), 28.6 (d). 104.5 (tl, 37.2 (t). 35.5 (t), 26.0
(t), 23.2 (t), 28.0 (q), 22.3 (q), 16.8 (q). MS 1/1/= e':,l: .220 (M+ -H~O, 1(0), 202 (M +-2H20, 25), 177
(M+ -H20-CJH 7 , 25), 159 (M+ -2H20-C"H7, 51). •

CD Spectrum of 7 Taken by the lX~Glycol Chirality Method--7 (0.357 mg. 1.5x 10-4 M) was dissolved in a
solution of tris(6,6,7,7.8,8,8-heptafluoro-2,2-dimethyt-3.5-octane-dionato)eul'Opiul1l [Euffodjj] (1.5 x 10-'4 M) in CCI4

(10 ml) [prepared from Eu(fodh (155 mg) and dry CCI4 ( 10mlj], After 30 min, the CD spectrum of the solution was
measured. CD (e= 1.6 x 10- I, CCI4 ) : [01111 + 10000 (pos, rnax.), [O]m 0, [Ob6 - I1000 (neg. max.), [81m O.

Photosensitized Oxygenation of Nephthcnol(6) Giving Nephtheoxydiol (8)--A solution of 6 (20 mg) and Rose
Bengal (5 mg) in MeOH (5 ml) was put in a Pyrex tube and cooled (0 "'C). While bubbling with 11 stream ofoxygen, the
cooled solution was irradiated with a 100 W high-pressure Hg lamp for 10 min. The residue, obtained by removal of
the solvent, was purified by column chromatography (Si02 5 g, ll-hexane-AcOEt:::: 2: 1) and then with II Lobar
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column [LiChroprep Si 60 (40--63 tim), n-hcxanc-AcOEt == 3: I) to furnish nephthcoxydiol (8) (20 mg).
Nephtheoxydiol (8) thus obtained was shown to be identical with an authentic sample by [IX]I)' MS, IH-NMR
(90 MHz, CDC1,,), and 1

3C_N M R (22.5 MHz, CDCI.1) comparisons.
NaBH4 Reduction of Nephtheoxydiol (8) Giving Nephthediol (9)---An ice-cooled solution of 8 (20 mg) in

tetrahydrofuran (THF)-MeOH (2: I) (l rnl) was treated under a nitrogen atmosphere with NaBH4 (lOmg) and
stirred for 30 min. The reaction mixture was poured into ice-water and the whole was extracted with AcOEt. The
AeOEt extract was washed with aq. sat. NaCI and dried over MgS04 • Removal of the solvent under reduced pressure
from the AcOEt extract gave a product, which W,tS purified by column chromatography (SiO~ 5 g. II-hexane
AcOEt = I : I) to furnish nepht hediol (9) (14 I11g). Nephthediol (9) obtained here was shown to be identical with an
authentic sample by [IXh" MS, IH-NMR (90MHz. CDCl,,), and l:IC-NMR (22.5MHz, CDC'I) comparisons.

Oxidation of Nephthediol (9) under Moffatt Conditions Giving (+ j-Anhydrooplopanonc (4)----Under u nitrogen
atmosphere, 9 (50mg) was dissolved in dry CH2Cl2 (850/d) and the solution was treated successively with dimethyl
sulfoxide (distilled before use. 850 til), pyridine (distilled before use, 15 ,tI), CF,lCOOH (10 Ill), and dicyclohcxylcarbo
diimide (DCC) (125mg), The whole was stirred at room temperature (25"C) for 10h. The reaction mixture WlIS

concentrated under reduced pressure, and the resulting product was purified by column chromatography (Si02 109.
n-hexane-AcOEt = 10: I) and then with a Lobar column (LiChroprep Si 60. ll-hexanc--AeOEt == Ill: I) to furnish ( +)
anhydrooplopanone (4) (33 rng). 4 thus obtained was shown to be identical wit h an authentic sample (prepared
above) by mixed melting point determination and by [0:]1>' MS, IH-NMR (90MHz, CDCI,1), lind I.IC-NMR
(22.5 MHz, CDCI3 ) comparisons.

Epoxidation of Nephthediol (9) Giving lO----A solution 01'9 (60 mg) in CHCf" (2 ml) was treated with I1I-CI-PBA
(86mg) and the whole mixture was stirred at room temperature (24 'C) for 611. Work-up 01' the reaction mixture as
described above for m-Cl-PBA oxidation of ncphthenol (6) gave a product, which was purified by column
chromatography (Si02 109. n-hexane-AcOEt = I : I) and HPLC (Semi Prep Zorbux ODS. MeOn·1I20 == 3: I) lind
then with a Lobar column (Li Chroprcp Si 60, ll-hexane--AeOEt = 2: 1) to furnish the 5,6-cpoxide (10) ( 16 ing). Ill,
colorless amorphous. [tl]~' +48 c. (c = 0.7. CHC1,,). High-resolution MS: Found 236.1SO. Culcd for C 151-[24°1
(M -t - HP) =236.178. IR I'~;~. em -j: 3410 (br}, 900. I H-NMR (500 MHz. CDCJJ , (l); 4.15 (I H. dd..!=9.0, 3.5 Hz, 1
H), 254 (lH. d. .T =2,0 Hz. 5-H). 2.93 (I H. dd,J = 9.5. z.o Hz, 6-H), 1.18 (I H. 111, 7-I-l). 5.08,4,98 (both IH, s, IS-H,).
1.27 (3H, s, 4·CH3) , 0.98 (3H. d, 1=7,OHz, 1I -CH.l)' 0.97 (3H, d, 1=6.5 Hz, II-CH,l). LlC-NMR (22.5 MHz, CDci.1,

6J; 149.8 (s). 69.0 (5), 77.2 (d), 65.4 (d), 57.3 (d), 45_5(d). 30.6 (d), 111.3 (t). 33.5 (t), 27.7 (t), 27.7 (t), 13.1 (t), 28.4 (4).
20.1 (q), 18.2 (g), MS 111/;: C'~): 236 (M+ -Hp, 1).221 (M' -H20 - C I-I,\, 3). 203 (M' -2HP-CH;I' 3), 81 (lOOl.

Acetylation of Nephthediol (9) Followed by Dehydration Giving the Trienol Acetate (11)---- ---A solution of9 (II mg)
in pyridine (I ml) was treated with Ac.O (2 drops) and the whole mixture was stirred at roOI11 temperature (20 'C)
for 6h. Work-up of the reaction mixture in the usual manner gave a product which was purilicd by column
chromatography (Si02 2 g, tI-hexane--AcOEt = 5: I) to furnish the monoacetute (8mg) and 4 (recovered, 3111g). The
monoacctate (8 mg) was dissolved in dry pyridine (1m/) and under a nitrogen atmosphere, the icc-cooled solution was
treated with poct3 (2 drops). The whole was stirred lit room temperature 1'01' 3 h. The reaction mixture was poured
into water and the whole was extracted with AcOEl. Work-up of the AcOEt extract in the usuul manner gave a
product, which was purified by column chromatography (SiO~ 2 g, n·hcxaneAcOEt "" I(): I) ro furnish the trienul
acetate (11) (2mg). 1], colorless oil, [cxJf)1 + 102' (1'=0.35, CHel.1) . High-resolution MS: Found 262.1l)4. Culcd fill'
C 17H2h0 2 (M+)=262,193. IR v~;~~;'I'CI111: 1720.1243 (br), l.IV ;.~:~~JIInm (I:): 237 (\7000). IH-NMR (500Mllz,
CDCI.1• ci): 5.05 (1H, dd, 1:= 12.0. 4.0 Hz, I-H). 6.10 (I H, d, .T= 16.0 Hz, S-II), 5.44 (HI, dd, :T "" 1(d). 10.5 Hz, 6-10,
0.82.0.90 [both 3R, d. J=6.5Hz, 11-(CH3h]. 4.89, 5.14 (both ur. s, 15-H~), 4.93, 5.36 (both Ill, x, 14-H~), l.ln OIL
s,OCOCH,d. LJC-NMR (225 MHz, CDCI", c\,l: 170.4 (s.' O~OCH,1)' WU (s, c-un, 146.1 (s, ('·4), 13K.2 (d, Coli),
129,6 (d. C-5), 77.5 (d. C-I), 52.5 (d. C-7), J UlCd. C- Il I, I! 3.9. I J3.3 (hoth r,C-14, J5),35. IJ. 34.5.33.0, 2().7 (all r. C
2, 3,8,9),21.4,20.7,20.5 (all q, c.u, 13, OCOCH,I)' MS 11I/;: (";;l: 262 (M', 1),202 (M ',AcOIl, 29). IX7
(M'-AcOH-CH,1' 131, 159(M>-AcOH-CJH 7,lOO).

Dcacetylation of Trienol Acetate (11) Giving the Trienol (12)-· -A solution or t I (I Kmg) in 0.1 M K 2CO.1 (uq.
85'>:' MeOH) (1 ml) was stirred at room temperature (20'(') for 3 h. The reaction mixture W<lS poured into water and
the whole was extracted with AeOEt. The AcOEt extract was washed with uq. sat. NaCI and dried over MgS04 • A
product, obtained by evaporation of the solvent under reduced pressure. was purified by column chromatography
(Si02 5 g, n-hexane-AeOEt = 3: I) to furnish the trienol (12) (13 mg). 12, colorless solid, [aW' +200' (e = 0,5. CHC1,1)'
High-resolution MS: Found 220.182. Caled for Cl~H240 (M')=220.J82. IR \,~;II~;'ltCI11-I: 3600. 3425 (br). UV

},:;:~~Ii nm (e): 238 (J6000). IH-NMR (500 MHz. benzene-a; (5); 3.71 (I H, dd, J= I J.5, 4.0 Hz, I-H), J.H6 (1 H, dddd,
J= 13.0, U.5, 5.0, 3.0 Hz, 2-H.), 1.68 (lH, dddd, J = 13.0,13.0,55.4.0 Hz, 2-H h) , 2.34 (I H, ddd,J= 13.0,13.0,5.0 Hz,
3-H n) , 2.04 (tH, ddd, J= 13.0. 5.5, 3.0 Hz, 3-H b) , 5.87 (lH, d. J:= 16.0 Hz. 5-H), 5.37 (I H. dd, J= 16.0. 105 Hz, 6-H).
1.55 (2H. overlapped, 7-H, 9-Hb) , 1.77 (l H. dddd• .l= 13.0, 65. 4.5, 2,0 Hz, 8-H.), 1.42 (I H. dddd, J:= u.o, 12.0, 10.5,
2.0 Hz, 8-H b ) , 2.47 un, ddd, J= 14.0. 6.5, 2.0Hz, 9.H

ll
) , 1.33 (IH, oct, 1==6.5 Hz, II-H). O.lW, 0.li3 [both 3H. d. J=

65Hz, II-(CHJh]. 4.84, 4.88 (both IH, S, 14-Hz). 4.77,5.03 (both IH. s, 15-H2). 'H-NMR (500Ml-lz, benzene-de.
pyridine-a, (I: 1),15]: 4.08 (lH, dd. J== 11.5, 4.0Hz, I-H). 2.31 (lH, dddd, J= 13.0. 11.5,5.0,3,0 Hz, 2-H,.), 1.98 (1 H,
dddd, 1= 13.0, B.o, 5,5, 4.0 Hz. 2-Hb) , 2.54 (I H. ddd, J= 13.0, 13.0. 5.0 Hz, J-H,,). 2.20 (I H, ddd, J= D.O. 5.5.
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3.0 Hz, 3-Hb) , 6.01 (I H, d, J = 16.0 Hz, 5-H), 5.56 (I H, dd, J = 16.0, j 0.5 Hz, 6-H), 1.67 (lH, dddd, J"" 10.5, 10.5,6.5,
4.5 Hz, 7-H), 1.87 (I H, dddd, J =13.0, 6.5, 4.5, 2.0 Hz, 8-H,,), 1.58 (I H, dddd, J =13.0, l2.0, 10.5,2.0 Hz, !S-H,,), 2.66
(lH, ddd, J= 14.0, 6.5, 2.0Hz, 9-HJ, 1.79 (IH, ddd, J= 14.0, I:!.O,ca. 2.0 Hz, 9-Hb ) , 1.39 (IH,oct, J""{).5Hz, II-H),
0.81, 0.85 [both 3H, d,.! =' 6.5 Hz, I I-(CHJh], 4.96, 4.90 (both IH, s, 14-H2 ) , 5.37, 5.02 (both I H, s, IS-Hz). I"C-NMR
(22.5 MHz, COCl", (\): 153.6 (s, C-lO), j 46.8 Is, C-4), 137.9 (d, C-6), 129.7 (d, C-5), 76.0 (d, C-I), 52.6 (1I, C·7). 3Ui
(d, C-I I), 112.8, 110.5 (both t, C·14, 15),36.2,36.2,34.5,30.0 (all t. C-2, 3, 8, 9), 20.7,20.5 (both q, C-12, 131. MS 111/'::

<'X,): 220 (M ->, 7), 202 (M + - HzO, 25), In (M I -C.,H 7 , 29), J59 (M" -C.1H, - 'H 20, 51), J09 (100).
Application of Horenu's Method to Nephthediol (9)----A solution 01'9 (29mg) ill pyridine ( I rnl) was treated with

(± )-cx-phcnylbutyric anhydride (42mg) and the whole mixture was stirred under a nitrogen atmosphre at 1'00111

temperature (21 'C) for 14h. The reaction mixture was then treated with H20 ( l ml) and stirred further lor I h. The
whole mixture was partitioned into an AcOEt-aq. sat. NaHCO.1 mixture. The AeOEt phase was washed with
nq. sat. NaCI and dried over MgSO... A product, obtained after work-up in the usual manner, was purified by column
chromatography (SiO~ 5 g, n-hexane .. AeOEt =5: I) to furnish the ester (2~ mg) and 9 (recovered. 121l1g). The
at}. NaHCO.1 phase was acidified with at]. 2 N HCI and the whole was extracted with AcOEt. Work-up (If the AcOEt
extract in the USU~I! manner afforded the recovered acid, which was purified by HPLC (Semi Prep Cusmosil SetH'
MeOH =' H~0·-8: I) to furnish ce-phcnylbutyric acid (26mg) of [a]r} -13.5" «('''''U.N, benzene). The ester. colorless
oil. High-resolution MS: Found 3S4.267. Caled for CZSH360,1 (M ')=384.266. IR 1'~~~:~'I\cm J: 3600, ]720,1265. Il-J_

NMR (90 MHz, CDCI,1' ri): 5.07 (3H, overlapped. I-H, 15-I-1~), 5.30 (2H, overlapped, 5, 6-H), l.27 (3}[, s, 4-CH:I ) ,

0.86 (9H, overlapped), 7.26 (5H, s). 3.38 (IH, t, J'-=' 7.5 Hz). MS /11/= ('~;;): 384 (M '. OA), 341 (M + -C\ H." 0.4), 91
(100).

Applicatlon of Horeau's Method to the 'I'rleuol (12)----· A solution or 12 (13 mg) in pyridine (1 ml) was treated
with ( ± )-a-phcnylbutyric anhydride (21 rug) and tile whole mixture was stirred under a nitrogen atmosphere a t room

temperature (l9C) for 19 h. Work-up of' the reaction mixture as described above furnished the ester (10 I11g), 12
(recovered,S mg) and .:t-phcnylhutyric acid (15mg).x-Phcnylbutyrie acid: [aWl -1.S· (i':- 0.4. benzene). The ester,
colorless oil. High-resolution MS: Found 366.254. Culcd [or C",I·IJ~O.~ (M' )='.366.256, IR l'~~~~~'IICI11 I: 171R, 12M.
IH-NMR (90 MHz, COCl", i»: 5.00 (l 1-1.111, I-H), 5.49 (I H, d, .k'j.O Hz, 5·H), :'U I (l H. dd, .1=9.0, ca. 3.n Hz, 6-Hl,
0.80, D.SS [both 31-1, d. .I = 7.0 Hz, 11-(CH.I)z], 5.99, 6.16 (both I H, s, 14-H~), 4.87, 5.l-J( both 1Ii, s, 15-H~), 3.36 (I H,
t, .1=7.5 Hz), 0.N5 (3H, t, J = 7.5 Hz), 7.26 (5H, s). MS 111/:: (U,,): 366 (M', 3). 323 (M ' ·-C.,H7 , 0.5), 1St) (100).

Dehydrogenation or Nephthene (17)···· A solution or 17 (SOmg.) in dicthylcncglycol dimethyl ether (3ml) was
treated with 1O~~; Pd-C (I0mg) and the whole mixture was heated under reflux for 15 h. Arter cooling 10 room
temperature (25 C), the reaction mixture was filtered. The filtrate was poured into water and the whole was extracted
with AcOEt. The AcOEt extract was washed with water several times und with nq, sat. NaCI, then dried over MgSO*.
A product, obtained lifter removal or the solvent under reduced pressure, was purified by column chrornutogruphy
(SiOz 5 g, n-hcxane) to furnish cadulcne (18) (9 mg). 18, colorless oil. High-resolution MS: Found 198.143. (,''1 led 1'01'

C\; H," (M' ) = j YS.141. rR I':,:~::I el\1': 1625, 16()O, 1508. U V ;,:,,',~;" nm (I:): 23 I (45000), 290 (60nO), 325 (HO[J). 1H
NMR (90 MHz, cci, (J): 2.54 (3H, s), 2,(Ji (31-1, s), Ull (Mi. d, .T"" 7.0 Hz), 7.K1 (.2H, overlapped). 7.20 (.HI,
overlapped). I.'C-N M R (22.5 M liz, CDCI", 1\): 142.2 (s), U4.7 (s), I~"j 1.9 (s), U 1.6 (s), 131.1 (s). 127.2 (d), 125.11 (d),
124.S (d), 123.0 (d), 121.5 (d), 28.3 (d), 23.7 (q), 2'3.7 (q), 22.0 (q), 19.4 (LJI. MS 111/= C';;): II)S (M I, 33), IS.1
(M I -CH.\. 1(0), 16H (M' -2<'11.\,41), 155 1M I -C.Ji 7, 12), 153 (M '··.K'II.I' .'OJ.

Oxidutio» of Nephthene (17) with OSO.I-NH}O.~ Gjvin~ the Norenone (19)·· A solution of 17 (30 mg) in
dioxane ··IV) ( I.H: 0.5) (2.3 ml) was treated with a solution of' ()sO.~ (12 mg) in pyridine H~O (I : I) (0.5 ml) and the
whole mixture was stirred at room tempcrarure (20 "C) for 10 mill. The reaction mixture was then treated with Na 10,1
(llJOmg) ill small portions over a period of' IOmin and stirred at room temperature for lurther 2h, The reaction
mixture was poured into water untl the whole was extracted with AcOEt. The AcOEt extract was washed with
at]. sat. Nael and worked up in the usuul munner, A product thus obtained was purified by column chromatography
(SiOz 7 g. II-hexane· AeOEt = 5: I) t o furnish the norenonc (19) (J :\ mg). 19, colorless nil,lCllIr +45" (C'"' J ,5, CI1Cl.\).
High-resolution MS: Found 206.166. Culcd for Clol-H~lO (M I),,":!OI,.167. I R I' ~l~;~" em ': 1675, 161I. UV ).~::;~)lIntn

(I:): 244 (15000). CD (c=" Ui x 10 z, McOH): [Oh211 +30()D (pns. mux.). [lIh"H n, [1I.b.~1 -·15000 (neg. mux.), lOb" o.
ItlhnK +30000 (po«. mux.), [Ohlin +::!OOOO! I H-NMR (500 MHz, CDCI J , (S): 2.59 (Ill, dddd, .1=:5.0, s.o, 5.0,2.0 Hz, 1
H), 5.92 (I H, d, J = 2.0 Hz, 5-1-1), 2.17 (I H, m, lO-H), 0.95 (3H, d, .! =7.S Hz, 10-CH.J ) , D.76, 0.98 [both 3]1, d, .! <0'

6.0 Hz, 11-(CH.\hJ. I.lC-NMR (22.5 MH7.. CDCl." (\): 199.7 (s), 16U (s), 127.6 (d), 52.0 (d), 37.7 (d), .l(d) (d), 27.8
(d), 36:0 (I), 29.0 (I), 25.5 (t), 23.1 (t), 21.6 (q), 21.1 (q), 14.9 (q). MS 111/':: (",;): 20(i (M' ,49), 19! (M + - ('H.1, 1J), 1M

(M· -CJHI>' 100), 163 (M+ -CJH 7, 46),149 (MI + I-C.1H7-CH.l' 4~).

Hydroboratlon-Oxidution of Nephthene (17) Giving the Dlol (20)·-·-Undcr a nitrogen atmosphere, n solution of
17 (40 mg) in dry THF (I ml) was treated with NlIBH.J, (23111g) :tnd then cooled to - 25 "c.The cooled mixture was
then treated with a solution of BFJ-etheratc (0.5 m]) in THF (Iml) over a period or 10 min. The rCllction mixturc was
stirred at room temperature (20 "C) for a further I.5 h, then treated with HzO (0.5 mI). After adjusting weakly
alk:tline with aq. 2 N NaOH (1.5 ml), the rCllction mixture WllS treated with aq.30':" H 201 (0.5 ml) and the whole
mixture was stirred at 1'00111 tcmpernturc for J h, then potm'd inlo water. The whole W.IS cxtrtu;tcd with AcOEt and

work-up of the AcOEt cxtract in the usual manner gave a product. Purilicution of the pmduct by column
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chromatography (SiOz 109, n-hexane-AcOEt == 2: I) and HPLC (Semi Prep Zorbax SIL, n-hexane-AcOEt == 2 : I)
gave the diol (20) (II mg). 20, colorless solid, [o:JbB +66 0 (c=0.6, CHCI3 ) . High-resolution MS: Found 222.200. Calcd
for C1sHz60 (M+ -HzO)=222.198. IR ,,~~;I)cm-l: 3455 (br). lH-NMR (500 MHz, CDCI.\, 6): 3.58 (IH, dd, J=9.5,
9.5 Hz, 5-H), 2.02 (IH, rn, II-H), 0.89 (3H, d, J=7.0 Hz, 10-CH3 ) , 1.05, 1.01 [both 3H, d, J=6.5 Hz, 11-(CHJ}z], 3.68
(2H, overlapped, 14-Hz), 13C-NMR (22.5 MHz, CDCl3 , CiJ: 76.9 (d), 46.5 (d), 45.6 (d), 37.9 (d), 37.3 (d), 32.0 (d), 26.3
(d), 69.0 (t), 30.6 (t), 30.3 (t), 26.4 (t), 21.3 (t), 25.0 (q), 22.1 (q), 13.2 (q). MS 111/:: (~~): 222 (M+ -HzO, 16), 191
(222-CHzOH, 21), 179 (222-CJH 7, 33), 161 (222-CJH7-HZO, 36).

Acetylation of the Diol (20) Followed by Oxidation Giving 21--Under a nitrogen atmosphere, a solution of 20
(30mg) in CHzClz-pyridine (2: I) (3m!) was treated with AczO (5 drops) at -20"C.

The mixture was stirred for 3h while the reaction temperature was raised from - 20°C to room temperature
(25"c). The reaction mixture was poured into water and the whole was extracted with AcOEt. Work-up of the AcOEt
extract in the usual manner gave a product, which was purified by column chromatography (SiOz 7g, n-hexane
AcOEt = 4: I) to furnish the monoacetate (22 mg) and 20 (recovered, 5 rug). The monoacetate (22 mg) was dissolved
in CHzCI2 (1ml) and the solution was treated with PCC (30mg). The mixture was stirred at room temperature for
30 h and filtered. The filtrate was poured into water and the whole was extracted with AcOEt. Work-up of the AcOEt
extract in the usual manner gave a product, which was purified by column chromatography (SiOz 7 g, z-hexane
AcOEt=7: 1-..5: I) to furnish the keto-alcohol acetate (21) (5mg) and the monoacetate (recovered, 14mg). 21,
colorless oil, [rx]~g + 112" (c==0.9, CHCl J ) . High-resolution MS: Found 280.205. Calcd for C1,HzM0 3 (M +) =280.204.
IR v~l~;hcm-J: 1737(sh), 1725, 1250 (br). CD (c=4.0 x IO-J, MeOH): [(JJm 0, [Obn +4000 (pos. mux.), [01m O. lH_
NMR (500 MHz, benzene-zg, 0): 1.65 (I H, overlapped, I-H), 2.57 (lH, dddd, J = 7.0, 7.0, 6.0, 5.5 Hz, 4-H), 1.96 (I H,
dd, J= 12.5, 3.5 Hz, 6-H), 2.26 (I H, dddd, J = 10.0, 3.5, 3.0, 2.5 Hz, 7-H), 4.30 (A in ABX, JAil= 11.0, JAX = 6.0 Hz,
14-H.), 4.15 (B in ABX, JAil =I1.0, Jnx =7.0Hz. 14-Hb) , 0.66 (3H, d, J=7.0Hz, IO-CHJ ) , 0.76,0.89 [both 3H. d, J=
6.5 Hz, 11-(CH.lh], 1.67 (3H, s, OCOCHJ ) . lH-NMR (500 MHz, pyridine-rz., ii): 1.91 (I H, dddd, J == 12.5, 11.5, 4.5,
4.5 Hz, I-H), 2.83 (lH, dddd, J=7.0. 7.0,6.0,5.5 Hz, 4-H), 2.18 (lH, dd, J= 12.5,3.5 Hz, 6-H), 2.23 (lH, dddd, J=
10.0,3.5,3.0,2.5 Hz. 7-H), 4.43 (A in ABX, JAD == 11.0,JAX =6.0 Hz, 14-Hll ) , 4.29 (B in ABX, JAil== 11.0, J IlX = 7.0 Hz,
14-Hb) , 0.80 (3H, d, J == 7.0 Hz. IO-CH:l)'0.76, 0.88 [both 3H, d, J =6.5 Hz, 11-(CH]hJ, 2.00 (3H, s, OCOCH]). lJC_
NMR (22.5 MHz, CDCI" (50): 213.7 (s), 170.9 (s), 51.2 (d), 46.5 (d), 41.9 (d), 36.5 (d), 32.3 (d), 26.0 (d), 65.1 (t), 28.1
(t), 25.2 (t), 24.8 (t), 24.2 (t), 23.6 (q), 22.0 (q), 20.9 (q), 12.5 (q). MS mi: CIu): 280 (M ". 10),220 (M +- AcOH, 80),
177 (M+ -AcOH-C]H7 , 14), 109 (100).

Synthesis of the Nor-trans-cc-Glycol (22) from the Norenone (19)--Under a nitrogen atmosphere, a solution of
19 (100 mg) in dry THF-MeOH (2: I) (2 ml) was treated with CeCI3 ' 7HzO (18] mg) and NaBH4 (30 mg) and the
mixture was stirred at room temperature (22 "C) for 1 h. The reaction mixture was poured into water and the whole
was extracted with AcOEt. Work-up of the AcOEt extract in the usual manner gave a mixture of 4-01-5-enederivatives
(100 mg). The product (100 mg) was dissolved in dry THF (2 ml) and the solution was treated under a nitrogen
atmosphere with NaBH" (28 mg) and then with a solution of BF,-etherate (0.3 mil in THF (2 ml) at -70 'Co The
reaction mixture was stirred for 4 h while the reaction temperature was raised from - 70"C to room temperature
(25 "C), then treated with HzO (l mI). the reaction mixture was made weakly alkaline with aq, 2 N NaOH, and treated
with aq. 30~~ HzOz (0.5 rnl). The whole mixture was stirred at room temperature for 4 hand poured into water. The
whole was then extracted with AcOEt and the AcOEt extract was worked up in the usual manner. The product was
purified by column chromatography (SiOz 30g, n-hexane-AcOEt = 2: I) and HPLC (Semi Prep Zorbax ODS, MeOH
H20 = 7: I) to furnish the nor-rreus-o-glycol (22) (10 mg). 22, colorless oil. [cr]t)2 +43' (c= D.7, CHClJ ) . High
resolution MS: Found 208.183. Caled for C14Hz40 (M + -HzO) =208.183. rR \,~~~~~'I\cm -1: 3586, 3425 (br). CD ('=
1.6x 10- 1, cci,» [O]J\l -29000 (neg. max.), [Ob7 0, [Ohaz +29000 (pos, max.), IH-NMR (500 MHz, COCl" (i):
1.63(I H, ddd, J"", 12.0, 10.5,4.5 Hz, I-H). 3.34 (lR, ddd, J= [1.0, 10.0,4.5 Hz, 4-H), 3.40 (IH, dd,.l= ro.o, 9.0 Hz. 5
H), 1.54(IH, ddd, J= 12.0, 9.0,5.0 Hz, 6-H), 1.79 (lH, m, 7-H), 1.82 (I H, m, IO-H), 2.01 (I H, rn, II-H), 0.87 (3H. d.
J=7.0Hz, IO-CHJ), 1.00, 1.04 [both JR, d, J=7.0Hz, I1-(CH3h ]. IJC-NMR (22.5 MHz, CDC1J , c\): 76.4 (d), 76.3
(d), 43.2 (d), 37.9 (d), 37.8 (d), 31.8 (d), 26.4 (d), 31.8 (t), 30.2 (t). 28.9 (t), 21.1 rn, 25.0 (q), 22.2 (q), 13.2 (q). Cr-MS
(isobutane) mjz (%): 227 (M+ + H, 0.3),209 (227-HzO, 43), 191 (127 -2HzO, 47).

CD Spectrum of 22 Measured by the IX-Glycol Chirality Method--22 (0.339 mg) was dissolved in a 1.5 x 10-4 M

solution of Eutfod), in CCI" (10m!) [prepared from Eutfod), U5mg in CCl4 IOml] and after 30min, the CO
spectrum of the solution (1.5 x 10-" M 12) was measured. CD (c "'"1.6 X 10- 1, CCI4) : [Ohll - 29000 (neg. max.), [Ob97
0, [0]282 + 29000 (pos. max.).
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Dibenzojr.sjxanthone and halogen- and methyl-substituted xanthones have been synthesized
by the oxidation of novel spirolactones of dibenzo[c,h]xanthene and xanthene, which were prepared
by a new condensation reaction of l-naphthol or phenol derivatives with oxalic aeid in the presence
of sulfuric acid. The oxidation was carried out by using potassium pennungauate in the presence of
aqueous potassium hydroxide. The dibenzojc.sjxanthone and xanthones were identical with
samples obtained by another synthetic route.

Kcywords--spirolactone; dibenzo[c,h]xanthonc; xanthone; l-naphthol; phenol; X-ray
analysis

In previous papers,I-51 it has been reported that the reaction of l-naphthol (1) with
oxalic and sulfuric acids occurred with the loss of four molecules of water to give a novel
spirolactone (2) of dibenzo[c,h]xanthene in excellent yield (70-75/~). The molecular structure
of 2 has been established by the X-ray diffraction method (Fig. I). In the course of further
investigation of this novel reaction, we found that the reaction proceeds when substituted
phenols are used in place of I-naphthol to give novel spirolactones (6, 10, 14 and 18) of
xanthene as shown in Chart 1. The molecular structure of 14 was also determined by the X
ray diffraction method (Fig. 2).3) Recently, we have found that these nove] spirolactoncs give
the dibenzo[c,h]xanthone (3) and xanthones (7, 11, 15 and 19) on potassium perrnanganate

8

Fig. I. ORTEP Drawing of Compound 21•2) Fig. 2. ORTEP Drawing of Compound 1431
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(KMn04-) oxidation in the presence of aqueous potassium hydroxide. This reaction appears to
have generality to form xanthone derivatives bearing various substituents, which can not be
obtained easily by the other synthetic method, that is, the use of the Ullmann reaction"!
followed by cyclization using sulfuric acid, polyphosphoric acid (PPA), or phosphoric acid.
The structures of the resulting dibenzo[c,hJxanthone and xanthones were proved by confirm
ing their identity with authentic samples obtained via another synthetic method, i.e., the
cyclization reaction of diphenyl ether derivatives obtained by the Ullmann reaction"! of 2
chlorobenzoic acid and phenol derivatives by the use of PPA, phosphoric acid, or sulfuric
acid. 5•6 )

Results and Discussion

The spirolactones (2. 6, 10. 14 and 18) prepared in this study are outlined in Charts I, 2
and 3. The reactions were carried out by treating I mol of l-naphthol (1) or substituted
phenols (5, 9, 13 and 17) with I mol or less of oxalic acid in the presence of 1mol or sulfuric
acid at 130-145 ('C for 3--5 h. The reactions were also successfully carried out by using
mesitylene or xylene as solvents, but generally the use of no solvent led to a good yield of the
desired spirolactone. The spirolactones were detected easily by thin-layer chromatography
(TLC) after the reaction because of their high RIvalues, as mentioned in the experimental
section. The resulting reaction mixtures were purified by column chromatography on silica gel
using chloroform or ethyl acetate as an eluent. or by preparative TLC (silica gel and
chloroform eluate). and then recrystallized from xylene, toluene, benzene, chloroform or
nitrobenzene. Regarding the formation of the spirolactones, the yields were high except for
some cases involving sterically hindered substitucnts or halides on the phenol ring. A methyl
group attached to the 3- or 4~position in the phenol ring (5 and 9) did not particularly affect
the formation of the spirolactones. However, this reaction did not result in the formation of
the desired spirolactone when the unsubstituted phenol was used, because the sulfonatiou
reaction of phenol proceeded initially. In addition. a bulky substituent in the phenol ring. such
as ethyl, propyl, tert-butyl. trimethylene, or phenyl, prevented the formation of the desired
spirolactones.

The structures of the spirolactones were supported by the results of infrared OR),proton
and carbon-IS nuclear magnetic resonance eH~ and uC-NMR) spectroscopy as well U~ mass
(MS) spectrometry after isolation of the products. The I R spectra of the spirolactoncs showed
the strong absorption (l790~--181Oern~ 1) characteristic of the lactone moiety. In the I H
NMR spectra, the presence of sharp singlet signals in the runge of () 2.()·· 2.5 confirmed the

OH 0

00 lOOH ¥O4 KMn04
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~ h OOH -4HZO
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presence of a methyl groups on a benzene ring. The 13C-NMR spectra contained three kinds
of signals: the aromatic carbons appear at ca. () 105-150, the spiro carbon (C-3) is observed
at ca. 851, and the carbonyl carbon is observed at ca. 0 175. With regard to MS spectrometry,
all the compounds exhibited a common fragmentation pattern corresponding to the molecular
ion (M+), M + -CO, and M + -CO-OH, which assisted in confirming the structures. The
elemental analyses and high-resolution mass (HR-MS)' spectra of the spirolactones were in
good agreement with the calculated values.

According to the molecular structure established by X-ray analysis, compound 2
possesses a I/J-like shape composed of three naphthalene rings fused by the spirolactone, The
most interesting feature may be the dihedral angles of the naphthalene planes; 5.9 t, between
rings A and B, 86.9 0 between rings A and C, and 81.4 0 between rings Bjmd C. These dihedral
angles may be compared with the corresponding values in the reported molecular structure of
2',5,7'-trichlorospiro[benzofuran-3(2H),9'-[9H]xanthen]-2:-one (14)3): 22.8, 83.6, and 73.6 '"
respectively. The great difference in the butterfly angles of the benzoxanthene ring in 2 and 14
(5.9 and 22.8°) seems to be caused by the interaction between the carbonyl group of the
lactone moiety and the oxygen atom of the xanthene ring, which is induced by the electron
withdrawing effects of the chloride atoms. Another reason may be the lesser steric hindrance
of the phenyl ring of 14 in comparison with the bulky naphthalene ring of 2.

The preparation of dibenzo[c,h]xanthone (3) and xanthones (7, 11, 15, and 19) was
successfully carried out by refluxing 1mol of the spirolactone with 9mol of potassium
permanganate in aqueous potassium hydroxide solution for 15-20 h. The termination of the
reaction could be checked by fading of the red color of potassium permanganate, or by
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TLC (lower Rf values than the corresponding spiroJactones). The structures of the desired
xanthones (3, 7, 11, 15 and 19) were established by JR, lH-NMR, 13C-NMR and MS spectral
investiga tion.

The molecular structure of 3 was proved by its identity with the unequivocal product
obtained by cyclization 7) of l-ethoxycarbonyloxynaphthalene (4), which was obtained from 1
naphthol (1) and ethyl chloroformate as shown in Chart 1. Spirolactone (to) was also oxidized
to 3,6-dimethylxanthone (11), which was proved by reference to unequivocal product
obtained by cyclization of 2-hydroXy-4-methylbenzoic acid (12) under reflux with acetic
anhydride, as shown in Chart 2. On the other hand, spirolactoncs (6, 14 and 18) of xanthenes
formed by the condensation of the corresponding phenols (5, 13 and 17) with oxalic and
sulfuric acids gave the corresponding xanthones (7, 15 and 19) by a similar procedure using
potassium permanganate oxidation in the presence of aqueous potassium hydroxide. The
structures of these xanthones were proved by reference to unequivocal materials obtained in
high yields by cyclization of substituted 2-carboxy diphenyl ethers, which were formed by
Ullmann condensation of 2-chlorobenzoic acids with phenol derivatives." This cyclization to
xanthones was carried out successfully by using PPA, sulfuric acid or phosphoric acid.

The main advantage of this route for the synthesis of dibenzo[c,h]xanthone and
xanthones is the use of simple starting materials, such as phenol derivatives, and the ease of
manipulation.This route is particularly suitable for the synthesis of symmetrically substituted
xanthones, which are not obtainable in good yields by other synthetic methods, as described
in the experimental sections. The present method should also be effective for obtaining
symmetrical thioxanthones.



140

Experimental

Vol. 35 (1.987)

Spectroscopy--The IH-NMR, totally decoupled and off-resonance decoupled l3C-NMR spectra were
measured in CDCI) solution in 5mm tubes on a JEOL FX-200 spectrometer. Chemical shifts are relative to
tetrarnethylsilane. The IR spectra were measured on a JASCO A-3 spectrometer. The electron impact (EI) MS spectra
were obtained on a Hitachi RMU-7M mass spectrometer.

Chromatography--The TLC was performed on Merck KieselgeJ 60 F254 strips, 9.5 x 3.5cm, and thickness,
0.25 mrn with CHCI3 or ethyl acetate (EtOAc). The preparative TLC was carried out on Merck Kieselgel 60 F254

plate, 20x 20em, and thickness 2 mm with CHCI3 as an eluent.
Melting Points--The melting points were measured with a Yanagimoto micro-melting point apparatus and

are uncorrected.
Spiro[7H-dibenzo[c,"] xanthen-7,3'(2'H)-naphtho[1,2-b]furan]-2'-one (2)·-The reported method r.z) was used

to obtain 2 from 7 g of l-naphthol (0.04911101), 3.5g of oxalic acid (0.039 mol) and 4.4g of cone. sulfuric acid
(0.046 g).

2',5,7'-Trimethylspiro[benzofuran-3(2H),9'-[9H]xanthen-2-one (6)--The reported method':" was used to
obtain 6 from II g of 4-methylphenol (0.1 mol), 8 g of oxalic acid (0.09 mol), and 8g of cone. sulfuric acid (O'()8 mol).

3',6,6'-Trimethylspiro[benzofuran-3(2H),9'-[9H]xanthen]-2--one (10)--Compound 10 (23.3 g; 65~c; yield) was
synthesized from I 1g of 3-methylphenol (0.1 mol) and 8 g of oxalic acid (0.09 mol) with 8 g of cone. sulfuric acid
(0.08 mol) by the same procedure as above except that the product was isolated by preparative TLC with CHCl 3 as
the developer. mp 205-208 -c. IR (KBr): 2920, 1810(C=O), 1620, 1600, 1500cm-1. lH-NMR (COCl.1) (): 2.31 (5,
6H), 2.42 (5, 3H), 6.50 (d, 2H), 6.72 (d, 2H), 6.84-7.40 (rn, 5H). I.1C-NMR (COCI.I) (5: 21.09,21.75,51.13 (C-3),
108.17,111.26,117.20,117.68,117.76,124.59,124.71, 125.05, 126.15,126.68, 126.83, 127.20, 129.73, 140.01, 140.11,
140.43. 150.89, 153.86, 176.55 (C =0). MS mjz (relative intensity, 'i;'): 342 (35, M "I, 314 (97, M 1 - CO), 299 (100),
269 (5). HR-MS 1/1/=: Calcd for C23H 1S0.1 342.1241. Found: 342.1254. TLC (CHCI3) R/=O.72.

3',6,6'-TrichloTospiro[benzofuran-3(2H),9'[9H]xanthen]-2-onc (J8)----Compound 18 (7.9 g: ;!3:~;; yield) was
synthesized from II g of 3-chlorophenol (0.17 mol) and 8 g of oxalic acid (0.0911101) with 8 g of sulfuric acid (0.08 mol)
by the same procedure as above. mp 233-235 -c. IR (KBr): 1810, 1610, 1590, 1470, 1400cl11 -I. I H-NMR (CDCI.1)
{$: 6.29 (d, IH), 6.48 (d. IH), 6.49 (d, 1H), 7.08-7.20 (rn, 6H for aromatic ring protons). IJC-NMR (C0Cl.I) i5; 50.74
(C-3), 112.11, 117.64,118.00,124.71, 126.25,12~.34,128.34,129.87, 135,83,136.17, 151.08,154.05, 174.48 (C=O).
MS miz (relative intensity, 'I~): 402 (lO, M+), 374 (50, M+ -CO), 339 uoo, Me -CO-OH-H~O),276 (15),162
(23),106 (25). TLC (CHCI)) Rf=0.60. Anal. Calcd for C20H~CI.10.1: C, 59.51; H, 2.25; CI, 26.35. Found: C. 59.30; H,
2.40; Cl. 26.13.

Dibenzo[c,h]xanthone (3)--A solution of 10g (0.063mol) of potassium permangunate in 200 ml of water was
added dropwise at 100"C to a mixture of 3g (0.007 mol) of spiro[7H-dibcnzolc,h]xanthen-7,3 '(2'H )-naphtho[ 1,2-b]
furan]-2'-one (2) and 3 g (0.053 mol) of potassium hydroxide in 50ml of water, and the whole W<lS refluxcd Ior 13 h.
The reaction mixture was then allowed to cool to room temperature, lind 501111 of ethanol was added to the reaction
mixture. The precipitates were collected, washed with water, and extracted with 100ml 01' ethanol. The liltrate WlIS

kept at room temperature for a further 5 h, and the precipitates that appeared were collected to obtain 3. The ethanol
extract was concentrated to obtain the residual products, including 3. The combined crude 3 was recrystallized from
ethanol to obtain pure crystals of 3,0.66 g (31'I:.>. The melting point Was 248-·250"C alone and on admixture with
unequivocal material obtained from l-ethoxycarbonyloxynaphthalene (4) by Bender's method. 'I (lit.7), mp 245 "C;
Jn~ in yield). They showed identical IR, 'H-NMR, 13C-NMR. and MS spectra as follows. IR (KBr): 3050, 1650,
l630, 1620, 1500, 1460cm- l • 'I-I-NMR (CDC1J ) (~; 7.48··-7.60 (rn, 6H), 7.7 (q, 2Hl, 8.12 (d, 21-1), 8.46 (q, 2H). DC_
NMR (CDC13) 8: 118.20(C-6a), 121.31, 122.40, 124.06(C-2a), 124.30, 126.83, 127.97, 129.21,136.12 (C-Ia), 152.66
(C-I4a), 176.23 (C=O). MS mjz: 296 (100, M+), 268 (10, M+ -CO), 267 (8, M' -CHO).

2,7-Dimethylxanthone (7)---Compound 7 (1.79g; 34.7~:, yield) was synthesized from 8 g of 2',5,7'
trimethylspiro[benzofuran-3(2H),9'-[9H]xanthen]-2-one (6) (0.023mol) and J() g (0.0179mol) of potassium hy
droxide in 160ml of water, and 35.2g (0.22311101) of potassium permanganatc in 6701111 of wnter, by the same
procedure as described above. The melting point was 150-151 ('C ,110ne and on admixture with an authentic sample
obtained by the cyclization of2-carboxy-4,4'-dimethyldiphenyl ether (8) with sulfuric acid according to Granoth and
Pownall" (Iit.s l , mp 141°C; 65% yield). They showed identical IR,.IH-NMR, 13C_NMR and MS spectrometry as
follows. IR (KBr): 1660, 1620, 1610, 1480cm -1. lH-NMR (CDCI 3)D : 2.42 (6H, s, 2 x CH 3) . 7.30 (2H, d, );;,:9 Hz, H
4, H~5), 7.45 (2H, dd, J=9, 2Hz, H-3, H-6), 8.08 (2H, d, J=2Hz, H-I, H-8). 13C-NMR (CDCI.1) (5: 20.77 (CH J ) ,

117.68,121.43 (C-2), 125.98,133.37 (C-Ia),135.81, 154.39 (C-4a), 177.21 (C-9). MS 111/= (relative intensity, ~';',): 224
(M+), 195 (23, M+ -CHO), 181 (13, M+ -CO-CH3 ) .

3,6-Dimethylxanthone (ll)--Compound 11 (0.3 g; 35.2?~ yield) was synthesized from 1.8 g of 3',6,6'
trimethylspiro[benzofuran-3(2H),9'-[9H]xanthen]-2-one (10) (0.005 mol) and 2.2 g (0.039 mol) of potassium hy
droxide in 36 ml of water, and 7.8 g (0.049 mol) of potassium permanganate in 150m1 of water, by the same procedure
as described above. The melting point was 169-171 °C alone and in admixture with unequivocal materials obtained
from 2-hydroxy-4-methylbenzoic acid (l2tl by Weber's method (lit,'!) mp 166'''C; 4% yield). Both are also identified
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by means ofIR, IH-NMR, IJC_NMR and MS spectrometry as follows. IR (KBr): 1650, 1620, 1610, J420cm- J • IH_
NMR (CDCI3) (): 2.44 (6H, s, 2 x CH3) , 7.18 (2H, dd, J =9, 1.5Hz, H-2 and H-7), 7.26 (2H, d, J= 1.5Hz, H-4 and H
5),8.12 (2H, d,J=9 Hz, H-I and H-B). l"C-NMR (CDCIJ) (5: 21.87, 117.61, 119.58 (C-3), 125.18, 126.32, 145.88 (C
Ia), 156.12 (C-4a), 176.62 (C-9). TLC (benzene) ~r=O.19.

2,7-Dichloroxantbone (1S)-·~Compollnd 15 (0.7g; 24.8~;' yield) was synthesized from 5g of 2',5,7'
trichlorospiro[benzofuran-3(2H),9'-[9H]xallthell]-2-onc (14)31 (0.0 12 mol) and 5.1 g (D.091 mol) of potassium hy
droxide in 851111 of water, and 17 g (0.11 mol) of potassium pcrmanganate in 3401111 of water. by the same procedure
as described above. The melting point was 228---230 "C alone and in admixture with an authentic sample obtained by
the cyclization of 4,4'-dichlorodiphenyl ether according to Granoth and Pownall"! (Iit.H) mp 219 "C; 45~~ yield). Both
were identified by means of JR, JH-NMR, IJC-NMR and MS spectrometry as follows. IR (KBr): 3080,1670,1610,
1600, 1460cm -1.1 H-NMR (CDC1.d (): 7.42 (21-1, d, J= 9Hz, H-4 and H-5), 7.65 «2H. dd, J=9. 2Hz, 1-1-3 and H-6).
8.24 (2H, d, J=2 Hz, H-l and H-8). I"C-NM R (CDC)J) (): 119.78,122.3 j (C-2), 126.08, 130.19 (C-Ia), 135.28, J54.34
(C-4a), 174.95 (C-9). TLC (benzene) ~r=O.48,

3,6-Dichloroxanthollc (l9)--···Compound 19 (0.84 g: 26.3~y'; yield) was synthesized from 5 g of 3',6,6'
trichlorospirojbenzofuran-Stz/f ),9' -[9H]xanthen]-2-011e (18) (0,0 12mol) and 5.1 g (0.09 mol) of potassium hydroxide
in 85 ml of water, and 17g (0.11 mol) of potassium permanganate ill 340 ml of water, by the same procedure as
described above. The melting point was 190--191 '''C alone and in admixture with unequivocal material obtained
from 3,3'-dichloro-c-carboxydipbenyl ether according to Goldberg and Wragt l (lit.'? mp 184-H~6DC; 211~i; yield).
Both were also identified by means oflR, I H-NMR, J.lC-NMR and MS spectrometry as follows. IR (KBr): 3JOO,
1670, 1610, 1600, 1420cm 1.1 H-NMR (CDCI1)t';: 7,33 (2H, dd, J=9, 2 Hz, H-2 and H-7), 7.44 (2H, d, J= 2 Hz, H-4
and H-5), 8.20 (2H, d, J=9Hz. H-l and H-8). 'l JC-NMR (CDCIJ) e5: 11Ii.00, 120.32 (C-3), 125.20, 128.10, 141.16 (C
Ia). 156.12 (C-4a), 175.29 (C-9). TLC (benzene) ~r=().41.

I) Part III: M, Kimura, J. Hetcrocyci. Chetn., in press.
2) M. Kimma and 1. Okubayashi, Chem. Pharni, BtllI., 31,3357 (19113),
3) M. Kimura, Bull. Chern, Soc. Jpn., 58,905 (/985).
4) F. Jourdan. se«, 18, 1444 (1885); F. Ullmann, ibid., 36,2382 (11)03): 1. Goldberg, ibid., 39, 1691 (1906): id"III,

tua.. 40, 4541 (\907); A. A. Goldberg and A. H. Walker, J. Chcm. se; 1953. 1348.
5) A. A. Goldberg and A. H. Wragg, .T. Chern, Soc., 1958,4227.
6) A. A. Goldberg and A. H. Wragg, J. Chem. Soc., 1958.4234.
7) G. Bender, Ber.• 13, 696 (I g80); idem, ibid., 19, 2265 (1886).
8) 1. Granolh and H. J. Pownall, J. Org. ('Iwin., 40, 20g8 (\ 975).
9) O. Weber.BC'f.,25,17J7(1892).

10) H. E. Faith, M. E. Bahler and H. J. Florestano, J. 11m. Chem. Snc., 77, 543 (1955).
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trans-2-Quinolizidinone (I) was treated with methyl 2-pyrrolidylacetate (III) to give a mixture
of two isomers, 5,14-diaza-l ,6-cyclo-l, 1O-secogon-8-en-l L-one (IV) and 5,L4-diazagon-8-en-ll-one
(Va) in 8.6 and 2.7% yields, respectively. 1,2,3,3a,4,5,6, 7,8,9-Decahydro-7-benzoylpyrrolo[1,2-a]
[l,6]-naphthyridin-5-one (VIb) [prepared from l-benzoyl-c-piperidone (Ilb) and III] was hydro
lyzed and then allowed to react with methyl vinyl ketone to give a Michael adduct (VId). It was
treated with mercuric acetate to afford regio- and stereoselectively 5,14-diazagoll-S-ene-2,1l-dione
[Vb), whose angular protons at the CIO and C l3 were anti to each other. The structure of Vb
was determined by X-ray crystallographic analysis. Compound Vb was converted to Va via a thio
ketal (Vc).

Keywords--diazasteroid; 5,14-diazasteroid; oxidative cyc1ization; mercuric acetate; X-ray
crystallographic analysis

In our laboratory, a variety of diazasteroids have been synthesized for examination of
their biological activity.l ' In this paper, we will describe a synthesis of the 5,14-diazasteroid
system which has not hitherto been synthesized, starting with trans-Z-quinolizidinone (I) or 1
substituted 4-piperidone (II) and methyl 2-pyrrolidylacetate (III), as shown in Chart 1.
Compound I was prepared by the known method." in two steps from piperidine and methyl
vinyl ketone (MVK). Compound III was synthesized in four steps from 2-pyrrolidone.4

) A
solution of I and III in toluene was refluxed in the presence of a catalytic amount of
trifluoroacetic acid (TFA), using a Dean-Stark water separator. The reaction mixture showed
four spots on thin layer chromatography (TLC), and each product was separated by column
chromatography and preparative TLC. The first-eluted product was the starting material. I
(34.9%), and the second-eluted product, mp 143-144 "C, was suggested to be 5,14-diaza-l ,6
cyclo-I, lOssecogon-Scen-Ll-one (IV), which exhibited characteristic AB-type (J = 14Hz)
signals at 1J 2.72 and 3.74 in the nuclear magnetic resonance (NMR) spectrum due to the C IO 

protons interposed between the nitrogen atom and carbonyl group. Compound IV exhibited
in the mass spectrum (MS) a strong peak at m]e 163 due to the fragment produced by retro
Diels-Alder reaction (extrusion of piperidene). The third-eluted product, mp 148-151 "C,
showed similar physical data to IV and was considered to be a diastereomer ofIV. The last
eluted product, which could not be crystallized, showed a strong peak due to M + (parent
peak)-l, but a weak fragment peak at m]e 163 in the MS. This product was supposed to be a
crude 5,14-diazagon-8-en-ll-one (Va), which was confirmed later (vide infi·a). The yields of
IV, a diastereomer of IV, and Va were 6.3, 2.3, and 2.7%, respectively. The poor yield of Va
was ascribed to the formation of 2-(2-methoxycarbonylmethylpyrrolidyl)-trans-quinolizidin
2-ene in preference to the corresponding quinolizidin-l-ene as an intermediate. The pre
ferential formation of 2-ene rather than l-ene has already been found in trans-2-decalone. 5 l

Because of the preferential formation of IV rather than Va and the poor yields of IV and
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Chart 1

Va, we tried to obtain the 5,14-diazasteroid system from II. l-Benzyl-c-piperidone (Ila) is
commercially available and was treated with III in the presence of TFA as a catalyst in
benzene to give I,2,3,3a,4,5,6,7,8,9-decahydro~7-benzylpyrrolo[1 ,2-a][1 ,6]naphthyridin-5-one
(VIa) in 33.3~~ yield accompanied with recovery of lIa (49.2%). The NMR spectrum of VIa
showed an AB-type signal at () 2.99 and 3.47due to the C6-methylene protons, and a carbonyl
band at 1605cm- 1 was detected in the infrared (IR) spectrum. When p-toluenesulfonic
acid(p-TsOH) was used as a catalyst, the yield of VIa was 28.4%, and the recovery of Ila was
40.9%. Trials of catalytic debenzylation using Adams' catalyst?' gave an inseparable mixture
and the catalytic reduction of Vla-hydrochloride using palladium-carbon"! gave a perhydro
compound, 7-benzylperhydropyrrolo[1 ,2~a][1 ,6]naphthyridin-5-one (VII). I11p 107··108 "C.
which exhibited a carbonyl band at 1705em --1 in the IR spectrum. The stereochemistry of the
ring junctures could not be determined.

As attempts to debenzylate VIa failed, a similar reaction was carried out by using 1
benzoyl-4-piperidone (Hb) instead of IIa. Compound IIb was prepared in live steps starting
with ethyl acrylate and liquid ammonia." Compound Ilb was treated with III in the presence
of a catalytic amount of TFA in benzene to give Vlb in 55.6% yield accompanied with
recovery of lIb (34.6~%;). When acetic acid was used as a catalyst, Vlb was obtained in better
yield in a reasonably pure state without using column chromatography. The NMR spectrum
of Vlb showed AB-type signals at () 4.04 and 4.33 due to the C6-meLhylene protons and
multiplet signals at () 4.3-4.6 due to the C3u proton. Debenzoylation of VIb was performed
with 20% sodium hydroxide-ethanol solution under reflux to give VIc in 98.4~~ yield.
Compound VIc was treated with MVK at room temperature to afford a Michael addition
product (VId), which showed a singlet signal at () 2.17 due to the methyl protons in the NMR
spectrum and a carbonyl band at 1705 and 1605 ern-1 in the IR spectrum. The cyclization 'of
Vld was effected by mercuric acetate in 10% acetic acid followed by treatment with hydrogen
sulfide to give a cyclized product, mp 190-191 °C. in 86.4% yield. Analyses using carbon-IS
nuclear magnetic resonance e3C-NMR) spectroscopy and high-performance liquid chroma-
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tography (HPLC) revealed that the product was diastereornerically pure. The NMR spectrum
exhibited an octet-like signal at b3.5-3.8 due to the C I 3 proton. This product showed
absorptions at 2880-2770, 1710, and 1605em -I due to the Bohlmann, carbonyl, and
vinylogous lactarn bands, respectively, in the IR spectrum. The Bohlmann bands suggested
that the fusion of the AlB ring is trans. To establish the structure of the cyclized. product,
dehydrogenation was carried out. When treated with mercuric acetate for a long time, Vb
gave a product in 70.5/~ yield, whose NMR spectrum showed a sharp singlet signal at () 6.61
due to the vinylic proton. From the above data, the cyclized product and its dehydrogenation
product were suggested to 'be 5,14-diazagon-8-ene-2,II-dione (Vb) and 5,14-diazagona
I(lO).8-diene-2,II-dione (VIII), respectively. X-Ray crystallographic analysis of Vb was
carried out to determine the stereochemistry, and it was revealed that the angular protons at
the C IO and C\3 were anti to each other, as shown in Fig. 1. Thus, the cyclization reaction of
VId using mercuric acetate proceeded regio- and stereoselectively to afford Vb. We considered
that the conformer of the intermediate in the oxidative ring closure on Vld is probably A,
which may involve less steric repulsion between C 1 and C, methylene protons than in B, and
the enolate may approach the iminium ion from the sterically less hindered side, or the same
side with respect to the C3a-proton, maintaining maximum overlap of the orbitals of the
enolate and iminium ion.?'

Fig. I. ORTEP Drawing or Compound V"

Compound Vb was treated with ethanedithiol and borontrifluoride ethcrate at 60'C for
2 h to afford a thioketal (Vc) in 93.4% yield. Compound Vc was then desulfurized with Raney
nickel in dry ethanol at 60 "C for 2 h to give Va in 67.3% yield. The product was identified as
the target compound on the basis of the elemental analysis, MS, and IR and NM R spectra.
These physical data were nearly identical with those of the minor product obtained from I and
III.

The biological activities of these synthesized compounds are now being examined.

Experimental

All melting points (taken on a Kofler block) and boiling points (bath temperature) arc uncorrected. IR spectra
were determined for solutions in CHCl3 by using a JASCO A 102 diffraction grating spectrophotometer; absorption
data are given in em-I. Ultraviolet (UV) spectra were obtained in'MeOH with a Hitachi 220 spectrometer, and
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absorption maxima are given in nm. HPLC was carried out on a Shimadzu LC-3A apparatus equipped with a column
packed with RP-select Band MeOH/O.035 M phosphate buffer (pH 6.9) ==60/40 as the eluent (now rate: 1.0ml/min).
NMR spectra measured in CDClJ were recorded on a Varian XL-20l) spectrometer with tetramethylsilane as an
internal standard. The chemical shifts and coupling constants tJ) are given in 8 and Hz, respectively. MS were
measured with a lEOL D·200 or D-300 (70cY. direct inlet system) spectrometer. All solvents were removed by
evaporation under reduced pressure after drying of the solution over anhydrous K2CO;\.

Condensation of trans-Z-Quinolizidinollc (I) and Methyl Z-Pyrrolidylacetate (Ill}-----A mixture of 1.11 (0.766 g,
5 mmol) and m4} (0.939 g, 6.6 mrnol), TFA (0.0861111. 1.1 11111101), and toluene (30 ml) was heated to boiling ill a Husk
equipped with a Dean-Stark water separator. After about 4 h, the mixture was cooled and washed with saturated
aq. NaHC03 and brine. The oily product obtained after removal of the solvent was fractionated through an Si02
column. 1 (267 mg. 34.9~~,:.). 5.14-diaza-l.6-cyclo-l.lO-secogon-8-en-1 J-one (IY. 77.6 mg, 6.3','~,), a diastereoisomcr of
IV (28.2 mg. 2.3~Y,,), and 5.14.diazagol1-8-en-ll-one (Yll, 33.5 rng, 2.7;,;;) were eluted with 2. 3. 3. and 5'\. McOH··
CHCI J• respectively. IV: mp 143--144"C (recrystallized from isopropyl ether), lR: I'c-o 1620, 1560. UV A.m" , : 336.
NMR: 1.1---2.8 (17H. m), 2.72 (1H. d. J= 14, C,o-H). 3.11 (lH. d. .I=--= 12).3.2---3.9 (2B. m, Ch-H and C,;\-H). 3.74
(IH. d. J=14. Cw-H). MS mjc e,o}: 246 (M+, 53), 245 (M'-l. 100).203 (M+-I-CHJCO. 1M. 163
(M +- piperidene, 29). Anal. Calcd for C 15 H22N20· 2/5H 20: C. 71.06; H. 9.06; N. 11.05. Found: C. 71.02; H. 9.11: N,
10.94. High resolution MS. Calccl for C,~H22N20: 246.1731. Found: 246.1718. Diustercomer er rv. mp 148,-·151 "C
(recrystallized from petr. ether). IR: l'c"() 1625, IS65. UV ..1.ena, : 334. NMR: 1.1---·2.8 (l7H. 111). 2,74 ( l H, d. J= 14.
CIO-H), 3.11 (lH. d. J = 12), 3.3---3.S (I H, 111, Cfi-H). 3.4--3.9 (lB, 111, CD-H). 3.75 (lB, d, J =14, Cw-H). MS mic
(%): 246 (M +. 53). 245 tM' -I, 100). 203 (M t -1-CH3CO. 20). 163 (M' -vpipcridene, 24). Anal. Celled for
Cl~H22N.O· O. J5H20: C. 72.34; H. 9.03; N. 11.25. Found: C. 72.35: H, 8.86; N, 11.06. Va (crude, vide ill/i'a): lR: "rll

2810,2750 (Bohlmann band), I'('~() 1600, MS m/e (,,',;): 246 (M', 53). 245 (M +- I, 1(0),217 (M t -I-CO. 39). 204
(M+ -CHJCO. 12). 190 (M+ -C4H", 29). 163 (M I -piperidclIc, 4). High-resolution MS, calcd for ClsH22N20:
246.1731. Found: 246.1704.

Condensation of L-Bcnzyl-a-piperldone (I1a) and HI . -·A benzene solution of l Ia (2.64 g, 14mmol), III (2 g.
14mmol), and TFA (0.1 mi. L3mmol) was refluxed in a flask equipped with a Dean-Stark water separutor for 20h.
The reaction mixture was cooled and washed with saturated NaHCO_\ and brine. The crude product obtained alter
removal of the solvent W,\S fractionated by Si02column chromatography. lIa (1.30 g, 49.2~\·,) and 1,2,3,3uA.5,6.7.H,9
decahydro-7-benzylpyrrolo[I.2-a][1.6]naphthyridirl-S-onc (Vla, 1.31 g. 33.3~\.) were eluted with CHCI.\ and 2',:,;;
MeOH--CHCI", respectively. VIa: bp 112"C (1.5mmHg). IR: VC~{) 1605. UY A"",,: 331'L NMR: 1.4--2.H (IOH. Ill).
2.99 (I H, d, J = 13. Ch-H), 3.34 (2H. t. J = H, CH-J-1). 3.47 (1H, d, J = J3, eh-I-O. 3.56 (2H. d like. h= 14, PhCH2-),
3.6---3.7 (lH. m, C.lll-H).7, I -7.4(5H. 111, Ph). MS m!d";,): 2H2 (M". 24), 281 (M I, _. 1.22).191 (M I· -PhCH2 , 1(0).
91 (PhCH;, 82). Anal. Caled I'DI' CIHH22N20'1/IOl-lP: C. 76.08: H. 7.'t.7: N. 9.86. Found: C, 75.97: H. 7.9X;N. 9.90.

Catalytic Reduction of VhI--··Yla·-hydrochlnride. prepared from Vla (200 mg. n. 7m11101) and HCl gus in £t 20.
was dissolved in dry Me()f·l. The methanolic solution was stirred in the presence of Pd..C (10~,-;;. 0.3 g) at room
temperature under high pressure (80at111) for 14h. The filtrate was basified with Et~N and concentrated. The residue
was tractionated through an SiO. column. 7-Benzylperhydropyrrolo[ 1,2-al[ 1,6Inaphthyridin-5-one (VII) was eluted
with 2'\. MeOH-CHCI3, 43 mg (21.3:~i;). mp 107-·-1OW'C (recrystallized from H20). IR: 1'(,11 2970, 2800, Vc· o 170S.
NMR: 1.4---2.1 (IOH, 111),2.23,0 (4H, 111). 3.0--3.3 (21-1. 11l. C'i1-H and c,.. -1-1), 3.4 3.6 (1 H. ll1.'-\;,-H). :1.50 (21-1. d
like• .I=4.CH2-Phl. 6.16.3 (5H. Ill. Ph). MS m/e (:';;): 2K4 (M 1 ,37), It)3 (M • ·,.CH 2_..Ph, (3), 91 (PhCH 2• 100).
Anal. Calcd for C,~H24NP ·1/1 OH20: C. 75.54; H. 8.52: N. 9.79. Found: C. 75.46: H. X.36; N. 9.73.

Condensation of l-Benzoyl-d-piperidone (lIb) with 111 ... --' A benzene solution (100 ml) of 11 b'" (12.7 g. H9 mmul),
III (16 g. 79 mmol), and AcO H (20 ml) was refluxed using t IlC SH1l1e apparatus as mentioned ubove f{}[' 15h. The
cooled mixture was washed with saturated uq, NaHCO.\ and brine. The solid obtained after removal of the organic
solvent was recrystallized from acetone to give 7-hcnzoyl-l.2.3.3a,4,5.6.7,K,9-deealtydropyrrolo[J .2-0][1.6J
naphthyridin-f-ouo (Vlb). The mother liquor was concentrated and fractionated by Si02 column ehromatogra
phy. IIh (0.94 g. 5.9::;;) and Vlb were eluted with CH 2e l2 and 3~,:. McOH --CH2C12• respc..ctively. The combined yield
of Vlb was 17g (72.9',~~). mp 144-145 "C (colorless needles). IR: vt'~u 1605, 1545. NMR: 1.5.. -2.7 (SH, Ill). 3.1-3.4
(1H. rn, C4-H), 3.44 (2H. I, .I ='/1,. CM-I-\). 3_5---3.8 (I H, 111. C,~-H), 4.04 and 4.33 (each IH. d, J = 14, Cb-H), 4.3--4.6
(1H, m, C3,,-H), 7.38 (5H, br s, aromatic H). MS mil' C,:';'}: 296 (M I, 29). 191 (M ,. - PhCO, 63). 149 (mit'
191-C2H4N. 100). 105 (PhCO+. 50). Anal, Ca\cd Cor C1HH2C1N202: C. 72.95; H, 6.KO; N. 9.45. Found: C, 72.90; H.
6.79; N, 9.45.

1,Z,3,3a,4,5,6,7,8,9"Dccahydropyrrolo[1,Z-a][1,6]naphthyridin-5-one (Vlc)--·-NaO H (20~1; aq. solution, 20 ml)
was added to an ethanolic solution (20 rnl) ofYlb (4.5 g. 15.3 mmol), and then the mixture was heated under reflux for
2 h. The residue obtained after removal of the solvent was dissolved in CH 2C12• and the solution was washed with
water, The residue obtained after removal of the solvent was recrystallized from CHJCI2 to give pure VIc. mp 119·
120"C (colorless needles). The yield was 2.9 g (98.4'~;;). NMR: 1.0-2.8 (9H, 111). 2.97 and 3.07 (each 1H, d. J= 13,C/,
H). 3.2--4.3 (5H. m). MS mle (~~): 192 (M+, 61).191 (M+-I. 100). 163 (M+-I-CO, 25).

7-(3-0xo-I-butyl)-1,2,3,3a,4,5,6,7,8,9-dccahydropyrrolo[1,Z-a][1,6]naphthyridin-5"one (Vld)---M VK (1.05 g.
15.1 mmol) was added to a solution of'Vlc (2:9g. 15.1 mmol) in CHzClz ( luml), and the mixture was stirred at room'
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temperature for 12h. The residue obtained after removal of the solvent was recrystallized from isopropyl alcohol to
give Vld (2.9g, 74%). mp 73-75 QC. IR: VCH 2880,2810,2770 (Bohlmann band), Vc=o 1705, 1605. NMR: 1.5-2.5
(6H, m), 2.17 (3H, s, CH3CO), 2A7 and 2.74 (each 2H, t, J=5, -COCH2CH2N::), 2.6-2.8 (4H, m, C4 - and C9-H).

2.96 and 3.47 (each IH, d, J =13, C6-H), 3.3-3.6 (2H, m, Cs-H), 3.5-3.8 (IH, octet like, CJ.-H). MS m!e (%): 262
(M+, 33),261 (M+ -1, 82), 204 (M + -acetone, 84), 192(VIc, 45),191 (100). Anal. Calcd for CIsH22N202: C, 68.07;
H, 8.45; N, 10.68. Found: C, 68.61; H, 8.22; N, 10.54.

5,14-Diazagon-8-ene-2,Il-dione (Vb~Vld (0.49g, 1.9mmol) was added to a solution of Hg (OAch (2.4g,
7.5mmol) in 10% AcOH (35ml). The mixture was heated at lOO°C for 2.5h. The precipitated Hg2 (OAC)2 was
filtered off and then H2S gas was bubbled into the filtrate. The resulting mixture was filtered through celite and
concentrated. The residue was treated with aq. NH 3 and the alkaline solution was extracted with CH2CI2 (20ml x
3). The combined organic layer was washed with brine and concentrated. The residue was recrystallized from ace
tone to give Vb (0.42g, 86.4%). mp 190-191 DC (colorless needles). HPLC: In 3.71min. IR: Veil 2880, 2820, 2770
(Bohlmann band), Vc=o 1710, 1605. UV 2m.. (e): 332 (16000). NMR: 1.4-3.2 (l6H, m), 3.32 and 3.50 (each IH, dd,
J= 15,5, C1-H), 3.46 (rH, m, ClO-H). 3.5-3.8 (IH, octet like, CD-H). 13C-NMR: 212.2 (C2), 188.0(CIl ) , 157.4(CN) ,

106.1 (Cg ) , 58.7,57.4,53.9,48.5,47.1,46.6,42.3,41.0,32.5,29.0, 23.8. MS mle e~;): 260 (M+, 51). 259 (M+ -I, 100),
217 (M+....:I-CH2CO, 31), 190 (M+-C4H60, 86), 175 (41), 163 (M+-piperidenone, 4). Anal. Calcd for
ClsHnNz02: C, 69.20; H, 7.74; N. 10.76. Found: C. 69.05; H' 7.78; N, 10.61.

5,14-Diazagona-l(IO),8-diene-2,11-dione (VIII)--Vb (I g. 3.9mmol) was added to a solution of Hg (OAch
(4.9g, 15mmol) in 10% AcOH (50 ml), and then the mixture was heated at I00 ~C for 8.5 h. The resulting mixture was
saturated with H2Sand filtered through celite. The filtrate was concentrated and basified with aq. NH J • The alkaline
solution was extracted with CH 2Cl2 (50ml x 3). The organic layer was washed with brine and concentrated. The
residue was fractionated through an Si02 column. Vb (110mg, ILl ~{,) and VIII (700mg, 70.5%) were eluted
successively with CHCI3• VIII: mp 223-225 °C (recrystallized from CH2CI2, colorless needles). IR: 1'<:=0 1625, 1600.
UV r,.. (e): 355 (36000). NMR: 1.7-3.8 (l6H, m), 3.7-4.0 (IH, octet like, C\3-H), 6.61 (lH, s, C1-H). MS mfe C%;):
259 (M -I- + 1,20),258 (M +, 100),257 (M+ -1,35),230 (M+ -CO, 40), 229 (75), 175(M' -2-mcthylenepyrrolidine,
25), 108(N-methylene-4-pyridone, 27). Anal. Calcd for ClsH1SN202: C, 69.74; H, 7.02; N, 10.85. Found: C. 69.47; H,
7.15; N, 10.60.

Vb-2-ethanedithioketal (Vc)--BF3' Et20 (47/~, 3.5 ml 32.2 mmol) was added at O°C to a mixture of Vb (0.5g,
1.9mmol) and ethanedithiol (2 ml, 23.8 mmol), and then the mixture was heated at 60"C for 2 h. The reaction mixture
basified with 5% K2COJ was extracted with CH2Clz (50 m1 x 3). The organic layer was washed with brine and then
dried over CaS04 • The viscous syrup obtained after removal of the solvent was fractionated through an SiOz column.
Vc (0.6g, 93.4%) was eluted with 1% MeOH-CHCI3 and recrystallized from acetone. mp 230----235 "C (colorless
needles). IR: VCH 2950,2830,2770 (Bohlmann band), Ve=o 1600. 1540. NMR: 3.35 (4H, s like, -CHz'-S--), lJC_NMR:
189.2 (Cll ) , 158.4 (Cs) ' 106.8 (C9 ) . MS mle (%): 336 (M +, 33), 275 (M +-C2HsS, 63), 243 (M +-:C2HsS2, 39), 204
im]« 243-C3H3 , 100). Anal. Calcd for C17H24N20S2: C, 60.68; H, 7.19; N, 8.32. Found: C, 60.38; H, 7.24; N, 8.09.

5,1~Diazagon-8-en-11-one (Va)--An ethanolic solution of Vc (0.49g, 2.0mmol) and Raney-Ni (9.8 g) was
heated at 50"C for 9 h. The catalyst was removed and the filtrate was concentrated to give a viscous syrup, which was
fractionated through an Al z03 column. Va (238mg, 67.3~,:» was eluted with CHCI" and recrystallized from EtzO. mp
104-106 "C (colorless needles). JR: VCH 2810, 2750 (Bohlmann band), Vc=o 1600. UV A.mux (s): 332 (11000). NMR:
0.9-2.7 (l2H, m), 2.78 (2H, t, J=:6, C7-H), 2.94 (2H, br s, C12-H), 3.46 (2H, t, J=6, ell-H), 3.4--3.6 (IH. m, CIf)"H),
3.4-3.8 (lH, octet like, CwH). 13C-NMR: 188.7 (Cll ) , 158.0 (Ca), 9S.8 (Cq ) , 61.1, 57.2, 56,3,50.0,46.5,42.9.32.5.
31.3,29.1,25.9,25.2,23.9. MS mle (%): 246 (M+, 57), 245 (M +- 1, 100),217 (M+ - I-CO or M +-1-CzH4 , 39),
204(M +-CH2CO, 12), 190 (M+ -C4H9 , 25), 163 (M+ -vpiperidene, null), Anal. Calcd for ClsHzzN20: C, 73.13; H,
9.00; N, 11.37. Found: C. 73.07; H, 8.99; N, 11.19.

X-Ray Analysis of Compound Vb--Jntensity measurements were performed with a Rigaku AFC 5R automatic

TABLE I. Crystal Data for Compound Vb

Molecular formula
Molecular weight
Crystal system
Space group
Cell dimensions

Final R value

ClsH20N202
260.33
Triclinic
p-I

a 11.80 (3)A
b 13.56 (9)
c 8.55 (7)
v 1332.5 (4)A
z 4
D, 1.298gem"?

5.1%
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TABLE II. Fractional Coordinates of Non-hydrogen Atoms with
Estimated Standard Deviations in Parenthesis

147

Atom x y z B

C(I) -0.618 (3) -0.405 (9) -0.160 (3) 0.006 (5)
C(2) -0.707 (0) -0.381 (8) -0.059 (4) 0.007 (9)
C(3) -0.659 (3) -0.353 (2) 0.113 (6) 0,010(1)
C(4) -0.556 (2) -0.288 (3) 0.136 (8) o.o: 1 (2)
N(5) -0.469 (7) -0.332 (3) 0.050 (5) 0,008 (3)
C(6) -0.362 (4) -0.280 (2) 0.089 (7) 0.010 (6)

Cm -0.267 (7) -0.340 (8) 0.028 (2) 0.007 (7)
C(8) -0.310 (4) - 0.375 (7) -0.144 (8) 0.006 (7)
C(9) -0.426 (7) -0.364 (I) -0.218 (2) 0.006 (4)
C(lO) -0.518 (4) -0.334 (5) -0.123 (2) 0.007 (0)
C(ll) -0.459 (4) -0.365 (9) -0.391 (4) 0.007 (0)
C(l2) -0.362 (9) -0.391 (7) -0.480 (7) 0.007 (8)

C(13) -0.270 (6) -0.460 (1) - 0.387 (3) 0.006 (6)
N(l4) -0.231 (7) -0.416 (0) ·-0.224 (0) (),ODS (7)

C(15) -0.107(0) -0.434 (4) -0.160 (5) 0.005 (7)
C(16) - 0.069 (2) -0.503 (0) -0.289 (8) 0.006 (3)

C(l7) -0.157 (I) -0.480 (2) -0.444 (0) 0.007 (4)
0(2) -0.810 (5) -0.387 (8) -0.114 (0) 0.007 (3)

0(10) - Cl,55S (3) -0.342 (0) -OAM (2) 0.007 (6)
_.w___.._~___

TAll!.E III. Bond Distances (A.) for the Non-hydrogen Atoms
::..~--=-=

C(1)--C(2) 1.505 (3) C(1)-C(lO) 1.538 (2) C(2)··C(3) 1.497 (3)
C(2)-O(2) 1.214 (2) C(3)-C(4) 1.515 (3) C(4)···N(5) 1.462 (3)
N(5)-C(6) 1.450 (3) N(5)-C( JO) 1.471 (2) C(6)--C(7) 1.513 (3)

C(7)-C(8) 1.508 (2) C(8)--C(9) 1.383 (2) C(8)·-N( 14) l.337 (2)
C(9)-C(lO) 1.511 (.~) C(9)-C( 11) 1.446 (2) C(lI)-C(12) 1.516 (3)
C(ll)-O(ll) 1.238 (2) C( 12)-C(13) 1.511 (2) ('( 13)- N( 14) 1.469 (2)
C(D)-C(I7) 1.525 (;I) N(l4)--C~(l5) 1.466 (2) qI5)..C(16) I.520 (4)
C(16)-C(l7) 1.526 (3)

"'~"--'''''''-''''''-'-'....--.._,-----.. -"----_._------_.~._ ......._.. ._.~.,~ ...,,~,~--,--

TAllI.E IV. Valence Angles (") for the Non-hydrogen Atoms

C(10)-C( [)-C(2)
CO )--C(2)-0(2)
C(2)-C(3)-C(4)
C(4)--N(5)-C( I0)
C(6)--N(5)-C(lOI
C(6)-C(7)-C(8)
C(7)-C(8)-N(l4)
C(8)-C(9)-C( 10)
C(1O)-C(9)-C(11)
C(1)-C(1O)-N(5)
C(9)-C(11)-C(12)
C(12)-C(11)-0(11)
C(12)-C( B)-CO 7)
N(14)-C( I3)-C(l 7)
C(8)-N( 14)-C(15)
N(14)-C( 15)--e( [6)
C(16)-C( 17)-C(13)

112.82 (15)
122.04(18)
112.43 (19)
109.66 (13)
110.47 (14)
110.51 (14)
117.52(14)
121.69 (14)
118.60 (14)
107.77 (14)
116.43 (14)
120.08 (15)
1I8.39 (17)
102.89 (14)
127.40 (15)
103.38 (16)
103.09 (19)

q 1)·-C(2)..C(3)
('(3 )·('(2)-0(2)
C(3l'-C(4)--N(5)
C(4)-N(5)-·C(6)
N(5)--C(6)--C(7)
C(7}-C(8)-·C(9)
C(9)-C(S)-N(14)
C(B)-C(9)-C(ll)
q 1)-C( IO)-C(9)
C(9)-C( 10)-N(5)
C(9)--C(lI)-0(J I)
C(11)-C(l2)-C(13)
C(12)-C(13)-N(14)
C(B)-N(l4)-C(13)
C(l)-N(14)-C(15)
C( 15)-C( 16)-C( 17)

111.43 (19)

122.21 (21)
110.82 (16)
112.23 (14)
1Hl.03 (15)
120.69 (16)
121.77 (14)
119.07 (16)
111.76(13)
111.60(13)
123.33 (17)
111.00 (15)
108.84(15)
119.44 (13)
112.64 (16)
104.86 (19)
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4-circle diffractometer using monochromated Cu-K. radiation. Colorless single crystals of Vb for X-ray study were
obtained from acetone. The crystal data for Vb are listed in Table 1. Intramolecular bond distances (A) and valence
angles (0) for the non-hydrogen atoms are given in Tables II and III, respectively.

Acknowledgement The authors thank Dr. C. Katayama of the analytical center of Rigaku Oenki Co., Ltd.,
and also Mr. M. Morikoshi and Mr. M. Ogawa for the measurements of !3C-NMR spectra and elemental analyses,
respectively.

References and Notes

I) K. Matoba, M. Shibata, and T. Yamazaki, Clwm. Pharm. Bull., 30,1718 (1982).
2) A part of this work was presented at the 64th Meeting of the Hokuriku Branch of the Pharmaceutical Society of

Japan, Kanazawa, November 1984.
3) S. F. Mason, K. Schofield, and R. J. Wells, J. Chem. Soc. (C), 1967,626.
4) T. Yamazaki, K. Matoba, M. Yajima, and M. Nagata, J. Heterocycl. Chem., 12, 973 (1975).
5) H. O. House and B. M. Trost, J. Org. Chem., 30, 1341 (1965).
6) J. S. Buck and R. Baltzly, J. Am. Chem. Soc., 63, 1964 (1941).
7) T. Shono, H. Hamaguchi, M. Sasaki, S. Fujita, and K. Nagarni, J. Org, Ciiem., 48, 1621 (l983).
8) S. M. McElvain and R. E. McMahon, J. Am. Chern. Soc., 71, 901 (1949).
9) P. Deslongchamps, "Streoelectronic Effects in Organic Chemistry," Pergamon Press, Inc., New York, 1983, pp.

211-221.



No.1

[
Chem. Pha r rn. BUlL]
3S( 1) 149-155 (1981)
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The structures of proanthocyanidin A-I (2) and two related proanthocyanidins, tentatively
named A-4 (3) and A-5' (4), have been established unambiguously on the basis of spectroscopic
evidence and chemical correlations with the structurally known proanthocyunidin A-2 (1).
Chemical transformation of singly linked proanthocyanidin 8-1 (6) into 2 also confirmed the
stereostructure of 2.

Keywords--proanthocyanidin A-I; A-type proauthocyanidin: chemical correlation; cpi
rnerization; enantiomer; diastereoisorner: polyphcuol: flavan-)-ol; catechin
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Proanthocyanidins, the oligorners and polymers of which have long been referred to as
"condensed tannins or non-hydrolyzable tannins," fall into three distinct classes. One of these
consists of flavan-3-ol units linked singly through carbon-carbon linkages at C(4)··C(X) or
C(4)-C(6), and is readily convertible by heating with mineral acids into the common
anthocyanidins, pelargonidin, cyanidin and delphinidin (the dimers and trimers of this class
are designated as proanthocyanidin B_2

) and Cstypes." respectively, and are the most
commonly present in the vegetable tissues of plants). Another class possesses structures in
which two flavan-3-ol units arc joined doubly by ether and carbon-carbon linkages. and itis
decomposed by acid treatment with the production of a mixture of uncharacterized Ilavylium
salts (the dimers arc designated as proanthocyanidin Avtypc);" The third class. related to the
second in complex anthocyanidin formation, includes a series of compounds containing a
substituent. such as u ChC,\ or a chalcan moiety, which is attached to the flavun-Jvol
framework ie.g .• cinchonains,"! kandelins" and gumbiriins)."

The chemistry and structures of the lower-molecular-weight proanthocyanidins of the
first class, especially those of the dimers and trimers. have been almost entirely elucidated
during the past few years:,,5,7'9) In contrast, much of the chemistry of the second group of
proanthocyanidins still remains unclarified, although proanthocyauidins of this type ure
found as relatively common constituents among plant polyphenolics,

The Avtype proanthocyanidins (A-I, A-2 and A-3) were first isolated as methyl ethers by
Weinges and his collaborators from Vaccinium vitis-idaea and Aesculus hippocastanum." The
structure 1 of proanthocyanidin A~2 was later deduced by Haslam and his co-workers based
mainly on spectroscopic evidence.!'" and more recently, the structure was unequivocally
established by X-ray crystallography. til As for proanthocyanidins A-I and A-3, there is no
report on their structures except that the same structure 1 as that of A-2 was formerly
proposed for A_1.12 }

In the course of chemical examination of vegetable tannins, we have isolated pro
anthocyanidin A-I (2) and two related proanthocyanidins (3 and 4) (tentatively named A-4



150

3

Chart 1

2

Ho~D~~O "" '0
OH ' ... OH

" DOH

4

Vol. 35 (1987)

and A-5 1
) from various plant sources, and chemical correlations between A-2 (1) and these

compounds have now established their structures. Here, we wish to present unequivocal proof
of the structures.

Proanthocyanidin A-I (2) was isolated in a crystalline form from Areca catechu."
Vaccinium vitis-idaea, Cinnamomum sieboldii and C. camphora. The proton-nulcear magnetic
resonance eH~NMR) spectrum of 2 resembled that of A-2 (1), but differed in flavan C-ring
signals. The appearance of a doublet (J =8 Hz) ato 4.73 due to C(2)-H suggested the presence
of a flavan-S-ol moiety with 2,3-trans (catechin-type) stereochemistry. This was supported by
the carbon-IS nuclear magnetic resonance (l3C-NMR) chemical shift (l'> 84.1) ofC(2), which is
consistent with that (15 82.3) observed in catechin." Methylation of 2 with diazornethane
yielded the heptamethyl ether (2a). The 1H-NMR spectrum of 2a showed, together with six
methoxyl signals at 15 3.6-3.9, one upfield methoxyl signal at <53.32 assignable to the C(5")
methoxyl on the basis of nuclear Overhauser effect (NOE) measurements. This unusual
upfield shift may be interpreted in terms of a through-space interaction of the lower flavan B
ring, thus suggesting that the two fiavan units are linked through the C(4")- and C(8)
positions. The chemical shift of the above-mentioned C(2)-H signal in 2 also supports the
location of the interflavanoid linkage at C(4")-C(8); a lower field shift of this signal than that
of catechin (£5 4.57) implies the presence of steric interaction between C(2)-H and the upper
fiavan aromatic ring." On the basis of these observations, A-I was presumed to be formulated
as 2.

To determine the structure unequivocally, derivation of A-I from A-2 (1) was attempted.
Selective oxidation of one of two alcoholic hydroxyl groups in the heptamethyl ether (la) was
achieved by the modified Oppenauer method using potassium tert-butoxide and 9-fluo
renone.P' Other oxidation methods using chromium trioxide, dimethyl sulfoxide-acetic
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TABLE I. IJC-NMR Chemical Shifts of A. CoRing Carbons in A-Type Proanthocyanidins

Carbon No. 1<1) 2<1) 3") 4<1) la hl 2a~' 33"1 4ab) Sb) 71,\

2 81.1 84.1 83.6 80.6 78.3 80.8 81.4 78.1 83.6 83.1
3 65.7 66.9 67.9 66.6 65.5 67.1 68.7 66.6 205.2 205.9
4 28.5 28.6 "I _iiI 28.7 29.1 28.4 28.1 33.0 34.3
2" 103.6 103.5 103.8 103.9 103.9 103.6 103.4 104.0 103.3 103.5"1
3" 67.1 67.3 67.2 67.3 67.5 67.1 67.1 67.2 67.2 67.2
4~' 28.7 29.5 ___iiI __ Ii)

27.7 27.4 27.4 27.6 27.6 27.6
4a 99.5 99.6 100.0 100.1 99.0 99.0 99.0 99.2 99.4 99.3
4a" 102.0 102.8 102.6 101.7 1Ol.7 101.4 102.8 101.3 102.1 103.7")
6,8,6" 96.0 (2C) 96.0 (2C) 96.2 96.2 92.1 91.6 91.8 92.2 92.6 93.0

97.7 97.6 96.5 96.4 93.2 92.5 92.3 92.7 93.2 93.4
97.9 97.7 93.5 92.9 92.8 93.1 93.4 94.1

8" 106.3 106.2 106.3 106.5 106.7 105.8 106.0 106.5 107.3 108.2
5,7,9, 151.2 (2C) 150.8 150.5 150.9 151.2 152.4 150.8 151.0 151.2 151.3
5" ..7",9 11 153.4 151.3 151.8 151.6 151.6 153.1 151.2 151.3 151.9 152.2

155.6 153.5 153.9 154.0 152.9 154.9 152.8 153.1 153.3 152.9
156.0 155.2 155.6 156.1 157.6 157.0 156.g 157.7 156.5 156.4
157.2 155.8 156.4 156.6 159.0 158.2 158.3 158.7 158.5 158.6

157.3 157.9 157.9 159.9 159.5 159.5 159.8 160.1 160.1

a) Measured in acetone-s', + D!O. b) Measured in ('DCI.,. r) Assignments may be interchanged. d) Overlapped with
solvent signals.
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anhydride. dimethyl sulfoxide-dicyclohexylcarbodiimide and phosphorus pentoxide-dimethyl
formamide, yielded a complex mixture of products. The structure of the mono-ketone (5) was
confirmed by IH_ and 13C-NMR measurements, which clearly indicate the presence of a
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carbonyl (0205.2), an isolated methine (6 5.31, s) and a methylene (6 3.32 and 3.59, each d, J =
16Hz). Subsequent reduction of 5 with sodium borohydride afforded two products in the
ratio of ca. 1: 3, found to be identical with 2a and 1a. Thus, the structure of A-I was
established unequivocally to be 2.

It should be noted that 2 was obtainable from procyanidin B-1 (6), a singly linked
proanthocyanidin, by oxidation with hydrogen peroxide in a weakly alkaline medium. This
fact clearly indicates that the stereostructure including absolute configuration can be
represented as 2.

The new dimeric proanthocyanidin, A-4 (3), was obtained as colorless prisms from the
seed shells of Aesculus hippocastanum. It formed a heptamethyl ether (3a) on methylation with
diazomethane. The 1H-NMR spectrum of 3 was almost indistinguishable from that of 2, but
comparison of the 1H- NMR spectra of their methyl ethers 3a and 2a permitted the
differentiation of these compounds. The chemical shifts for the methoxyls and the lower C
ring protons in 3a were different from those in 2a. The unusual upfie1d shift (t'> 3.12) of one
methoxyl group, similar to that observed in 2a, was consistent with the C(4")-C(8) linkage of
two flavan units. From these observations, 3 was assumed to be a diastereoisomer of 2. The
structure of 3 was further confirmed by successful epimerization of C(l) in 1 with weak alkali
(potassium carbonate in acetone), providing 3 in a fairly good yield.

Another new proanthocyanidin, A-5' (4) was isolated from a commercial Ephedra plant
(Japanese name: Mao). The IH-NMR spectrum was closely correlated with that of 1, showing
a similar broad singlet due to C(2)-H at i5 5.08. A characteristic upfield shift of one methoxyl
signal was also observed at b 3.14 in the 1H-NMR spectrum of the heptamethyl ether (4a).
Accordingly, 4 was considered to be an epimer of 1 with respect to the C(2)- and C(3)-

6
Chart 3
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positions.
Further structural confirmation was obtained by similar synthetic methods. The methyl

ether (3a) was subjected to the above-mentioned modified Oppenauer oxidation followed by
sodium borohydride reduction to yield two products, of which one was identified as the
starting material3a. Although the I H- and 13C-NMRspectra of the other product were found
to be identical with those of the heptamethyl ether (4a) of A-5', the specific optical rotation
and the Cotton effects in the circular dichroism (CD) spectrum (Fig. I) showed opposite signs,
indicating that the synthetic sample is an enantiomer of 4a. Based on these chemical and
spectroscopic findings, the structure of A-5' was established to be 4.

The enantiomers (3' and I') of proanthccyanidins A-4 and A-2, though I' is slightly
racemic, were also obtained from the Ephedra plant. It is interesting from the viewpoint of
plant physiology that only the plant belonging to Gymnosperrnac characteristically produces
such enantiomorphic compounds in the secondary metabolism.

Experimental

Melting points were determined on a Yanagimoto micro-melting point apparatus lind arc uncorrected. Optical
rotations were measured with a JASCO DIP-4 digital polarimeter (cell length: 0.5 dm). Field-desorption (FD-) and
electron-impact (EI-) mass spectra (MS) were recorded with lEaL 0-300 and lEOL DX-300 spectrometers. I H
(IOOMHz)- and BC (25.05MHz)-NMR spectra were taken with lEOL PS-IOO and lEOL FX-IOO spectrometers,
respectively, with tctrarnethylsilanc as an internal standard; chemical shifts are given 011 a o(ppm) scale. CD data
were obtained in methanol with a JASCO J·20 spcctropolurimcrer. Column chromatography was carried out with
Scphadex LH-20 (25-100 p, Phurmacia Fine Chemical Co., Ltd.), BondapakjC 1M Porasil b (37--7511, Waters
Associates, Inc.) and Kieselgel (i0 (70-,-230 mesh, Merck). Thin-layer chromatography (TLC) was performed on
precoated Kiesclgel (i0 F25.J. plates (0.20 rnm, Merck) with benzene-ethyl formate-formic acid (2: 7: I) (for phenolics)
and benzene-acetone (4: l) (for methyl ethers), and the spots were detected by observing their fluorescence under
ultraviolet (UV) light and by the usc of IO~'" sulfuric acid and ferric chloride reagent sprays.

Pronnthocyunidin A-I (2)----·This compound was isolated from the seeds of Are('a catechu." the leaves of
Vaccinium vitis-idaea, the root bark of Cinnamotnum sieboldii and the bark of Cinnamomum l'1/I11pllOrrI,141 and its
identity with authentic A-I was confirmed by comparison or the physical data and the JI-I-NMR spectrum of its
heptamethyl diacetyl derivative with those reported in the literature." Colorless needles (H20). mp > 300; C, [exlf!'
+62.9" (c'= 1.4. acetone). I H-N M R (acetoue-rz.): 2.58 (l H, dd, .r=dl, 16Hz, 4-H), :U)4 (1 H, dd, J =6, 16Hz. 4-H).
4.15 (lH, d, J =4 Hz, J"-H), 4.22 (I H, d, J::::4 HI.. 4"-H). 4.30 (II':!, m, 3-H), 4.73(IH. d, J= HHz, H-l), 5.'J711H, d,
J=2Hz, 6"-1-1). 6.09 (IH, d, ,l",';Hlz, H"-H), 6.15 (IH, s, 6·B), 6.7--7.3 (6B ill total, B.W-ring H).

Methylation of 2·----2 (100 rng) was methylated overnight with ethereal diazomcthune. Work-up was done as
usual. and the product was purified by silica gel chromutogruphy with benzene-acetone (17: 3) to yield the
heptumethyl ether (2a) (60mg), A white amorphous powder.' [exJf/ + 12.5" (c::; 1.2. acetone). I H-NMR (CDCl.\):
2.64-2.76 (2H, In, 4-H), 3.32, 3.62,3.72,3.74. 3.H6, 3.89, 3.90 (OMe), 4.22 (IH, 111, 3-1-1), 4.l\7 (1H, d, .h 4 Hz, 4"·
H), 4.9!\ (I I-I, d. J = 6 Hz, 2-H), 6.03 (LH, d, .I= 2 Hz. 6"-H), 6.20 (IH, s, 6-H), 6.2l) ( 11-1, d, J = 2 Hz, g"·H), 6.7 ,7.3
(61-1 in total, B,B'-ring 1-1).

Methylation of I----Pro:lnthocyanidin A-2 (1), colorless needles (H 20 ), mp > 300 "C, [lXlI;' +51.2' (c ~c 1.1,
acetone), isolated from the seed shells of A£'.I'ClI!U,V hippocastanum, was methylated with ethereal diazomethane. Work
up as described above yielded the hcptamethyl ether (Ill). Colorless needles (n-hex.ane-,ethyl acetate), rnp 212'C,
[aIr/ +31.2' (c= 1.I, acetone). I H-NMR (CDCU: 2.70 (I H, dd, ,/",4, 16 Hz, 4-H), 2.95 (I H, dd, .1=5, 16Hz, 4-H).
3.45,3.72 (x2), HO, 3.98 (x2), 3.99 (OMe). 4.22 (l H, <1 • .1=4 Hz, 3"·H), 4.44 (IB, Ill, 3·H), 4.92 (IH. d• .I=-~4Hz,
4"-H), 4.99 (1 H. s, 2-H). 6.05 (I Ii, d, .I ==2 Hz, 6"-H), 6,20 (11-1, S, 6-H J. 6.29 (I H, d,.1 == 2 Hz, g"_H), 6.Hl'i'··7.36 (6H
in total, B.B'-ring H).

Oxidation of la--A mixture of III (300 mg), 9-fluorcnone (1.0 g) and potassium tert-butoxide (160 mg) in dry
benzene (40 rnl) was heated under rcllux for 9 h. The reaction mixture was neutralized with I N hydrochloric acid, and
the benzene layer was washed with water, dried over sodium sulfate and concentrated under reduced pressure. The
residue was chromatographed over silica gel with benzene-acetone (7: I) to give the mono-ketone (5) (l50mg). A
white amorphous powder, [lXlr,l -12.5" (t·", 1.1, acetone). AI/Ill. Calcd for C37H)(,oIl: C, 66.06; H, 5.39. Found: C.
66.00: H, 5.60. EI-MS mjz: 672 (M ~). I H-NMR (CDCI.1) : 3.32 (I H, d, .I = 16 Hz, 4·H), 3.59 (I H. d. .1= 16Hz, 4·H),
3.29,3.60, 3.73 (x 2),3.83,3.88,3.90 (OMe), 4.25 (IH, t-like, J =4 Hz, 3"-H, on addition of °20, this signal changed
into II doublet, .1=4 Hz), 4.91 (I H, d, .1= 4 Hz, 4"-H), 5.31 (IH, s, 2-H), 5.96 (I H, d, .I ==2 Hz, 6"-H), 6.30 (2H, br s,
11"- and 6-H), 6.7-7.4 (6H in total, B, B'-ring H).

Reduction of5--A solution 01'5 (I00mg) in methanol was treated with sodium borohydride (20mg) at room
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temperature for 5 min. The reaction mixture was neutralized with AmberJite IR-120B (H + form), and concentrated to
dryness under reduced pressure. The residue was subjected to silica gel chromatography with benzene-acetone (17: 3)
to furnish the A-I heptamethyl ether (2a) (15 mg) and the A-2 methyl ether (Ia) (48 mg).

Oxidation of 6--A mixture of 6 (200 mg), sodium bicarbonate (50 mg) and hydrogen peroxide (0.5 ml) in
ethanol (20 rnl) was left at room temperature for 13h. The reaction mixture was neutralized with Amberlite IR-120B
(H + form), and the solvent was evaporated off under reduced pressure. The residue was chrornarographed over
Sephadex LH-20 with 80~~ aqueous methanol to give A-I (I) (25mg).

Proanthocyanidin A-4 (3)--This compound was isolated from the seed shells of Aesculus hippocastaman.:"
Colorless needles (H 20 ), mp > 300 "C, [a:Jt./ +63.2 0 (c= 1.1, acetone). Anal. Calcd for C30H24012' 5/2H 20: C,
57.97; H, 4.70. Found: C, 57.78; H, 4.34. FD-MS m[z: 576 (M+). lH-NMR (acetone-d6+D20): 2.58 (lH, dd, J".,8,
16Hz, 4-H), 3.01 (I H, dd,.J =6, 16 Hz, 4-H), 4.10 (I H, rn, 3"-H), 4.24 (2H, br s, 3- and 4"-H), 4.77 (I H, d, J=8 Hz,
2-H), 5.95 (IH, d, J =2 Hz, 6"-H), 6.10 (IH, d, J =2 Hz, 8"-H), 6.16 (IH, s, 6-H), 6.76--7.24 (6H in total, B,S'-ring
H).

Methylation of 3--3 (300mg) was methylated with ethereal diazomethane. Work-up as before yielded the
heptamethyl ether (3a) (220mg). Colorless needles (EtOH), mp 173-174 "C, [a]fi +80.2" (c=l.l, acetone). Anal.

Calcd for C.I7H.1S012· 1/2H20: C, 65.00; H, 5.75. Found: C, 65.16; H, 6.04. EI-MS mlz: 674 (M +). I H-NMR (CDCJ3):
2.53 (IH, dd, ./=9, 16Hz, 4-H), 112 (lH, dd, J=6, 16Hz, 4-H), 3.12, 3.72, 3.74, 3.91 (x4) (OMe), 4.28 (IH, t-like,
J=4 Hz, 3"~H, Oil addition of D20, this signal changed into a doublet, J=4 Hz), 4.54 (IH, d. J= 8 Hz, 2-H), 4.87
(lH, ct, .1=4 Hz, 4"-H), 5.99 (IH, d, J=2 Hz, 6"-H), 6.19 (I H, s, 6-H), 6.26 (1 H, d, J=2 Hz, 8"-H), 6.84-7.40 (6H
in total, B,B'-ring H).

Epimerization of l--A mixture of 1(600 mg) and potassium carbonate (150mg) in acetone (30ml) was heated
under reflux for 10min. After removal of potassium carbonate by filtration, the filtrate was concentrated to dryness
under reduced pressure. The residue was subjected to Bondapak/Cj ; Porasil B chromatography to alford A-4 (3)
(450mg).

Proanthocyanidin A-5' (4)--This compound was isolated from a commercial Ephedra plant (Mao). Colorless
fine needle~ (H20 ), mp > 300 .oC, [a]~6 - ] 11.0" (I' = 1.6, MeOH). Anal. Calcd for C30H24011'2H20: C, 58.82; H,
4.61. Found: C, 5~.13; H, 4.88. FD·MS mjz: 576 (M +). 1H-NMR (acetone-a, + O2° ): 2.88 (2H, br s, .1= 3 Hz, 4-H),
4.24 (l H, d, J = 4 Hz, 3"-H), 4.28 (IH, br s, 3-H), 4.36 (I H, d, J=4 Hz, 4"-H), 5.08 (IH, s, 2-H), 5.90 (I H, d, .1=2 Hz,
6"-H), 6.07 (IH, d, J=2Hz, 8"-H), 6.14 (IH, s, 6-H), 6.7-7.3 (6H in total, B,B'-ring H).

Methylation of 4---4 was methylated in the same way as described above to give the heptamethyl ether (4a).
Colorless needles (MeOH), nip 151-153 "C, [Ct]~6 -12.3 0 (c= 1.3, acetone). Anal. Calcd for C37H3H012' 1/2H 20 :
65.00: H, 5.75. Found: C, 64.74; H, 5.67. EI-MS mlz: 674 (M of'), 494, 465, 342 (base peak). IH-NMR (COCl] +D 20 ):
2.92 (2H, br s, 4-H), 3.14,3.72 (x 2), 3.92 (x 4) (OMe), 4.24 (lH, rn, 3-H), 4.32 (IH, d, J=4 Hz, J"-H), 4.94 (IH, s, 2
H), 4.99 (I H, d,.1 =4 Hz, 4"-H), 5.99 (I H, d, .1=2 Hz, 6".H), 6.20 (IH, s, 6-H), 6.27 (I H, d, J =2 Hz, 8"-H), 6.8-7.4
(6H in total, B, B'-ring H).

Oxidation of 3a--A mixture of 3a (200mg), 9-f1uorenone (700mg) and potassium lel'l·butoxjd~ (400mg) in
dry benzene (30 ml) was heated under reflux for 9 h. The reaction mixture was worked-up as above to yield the
mono-ketone (7) (105 mg). A white amorphous powder, [rx]~2 + 11.2 0 (c=: 1.2, acetone). Anal. Calcd tor
C37HJfi012: C, 66.06; H, 5.39. Found: C, 66.35; H, 5.00. EI-MS mlz: 672 (M +). J H-NMR (CDCI J): 3.34 (I H, d, J =
16 Hz, 4-H), 3.7l (lH, d, J= 16 Hz, 4-H), 3.37, 3.75 (x 2), 3.89, 3.92 (x 2), 3.93 (OMe), 4.28 (I H, dd, J= 4, 6 Hz,
3"-H, on addition ofD20, this signal changed into a doublet, J=4Hz), 5.00 (lH, d, J=4Hz, 4"-H), 5.12 (IH, S,

2-H), 6.07 (IH, d, J=2Hz, 6"-H), 6.30 (lB, d, J=2Hz, 8"-H), 6.32 (IH, s, 6-H), 6.86---7.40 (6H in total, B,B'
ring H).

Reduction of7--A solution of7 (lOOmg) in methanol was treated with sodium borohydride (2Ilmg) at room
temperature for IOmin. Work-up as described above yielded the enantiomer (4a') (14 mg) of 4a and the A-4
heptamethyl ether (3a) (24 mg). 4a': Colorless needles (EtOH), mp 151-152 "C, [1X}r)l + 10.5" (c = 1.1, acetone).
Anal. CalcdforC.17HJ8012·1/2H20: C, 65.00; H, 5.75. Found: C, 65.16; H, 5.62. EI-MS 111/:: 674(M+). The 'H- and
1.1C_NMR spectra of 4a' were identical with those of 4a.
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Preparation of New Nitrogen-Bridged Heterocycles. X1V.1 ) Further
Investigation of the Desulfurization and the Rearrangement

of Pyrido[1,t·d]-1,3,4-thiadiazine Intermediates

AKIKAZU KAKEHI,* SUKETAKA ITO, KENJI NAGATA,
NAOSUMI KINOSHITA, and NOBORU KAKINUMA

Department of Industrial Chemistry. Faculty of Engineering.
Shit/shu University, Wakasata, Nagano 380. Japan
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The formation of pyrazolo[1,5-a}pyridine derivatives via the desulfurization and the rear
rangement of pyrido[l,2-d}-1 ,3,4-thiadiazine intermediates having various substituents at the 2- and
4-positions was investigated, and the wide applicability of this approach to the syntheses of
pyrazolo[ I,5-a}pyridines was established. The substituent effect in these reactions was also clarified.
The possibility of the extension of this reaction to other heterocyclic systems such as pyrido[l,2-h]
pyridazine and pyrido[2, I~f1- I,2,4-triazine was examined, but only pyridinium l-aminide and
1,2,4-triazolo[l,5-a]pyridine were obtained instead of the expected heterocyclic compounds.

Keywords--desulfurization; rearrangement; pyrazolo[1,5-a}pyridine; pyrido[I,2-d]-I,3A
thiadiazine; pyridinium l-tthiocarbonyllaminide; 1,2,4-triazolo[l,5-a}pyridine; pyridinium 1
arninide: 1-[(methyl thio )methyleneamino}pyridinium bromide

Recently, we developed a new convenient method for the preparation of 2-alkylthio-3
cyano-, 3-acyl- and 3-(aroylthio)pyrazolo[ 1,5-a]pyridine derivatives, involving the desulfuri
zation and the rearrangement of transient pyrido[1 ,2-d]-1 ,3,4-thiadiazines generated in situ by
the alkaline treatment of l-Isubstituted (methylthio)methyleneaminoJpyridinium halides.")
Mechanistically, this reaction can be considered to be the same as that described in the
conversion of a l,3,4-thiadiazinyl anion to the desulfurized pyrazole and the rearranged 5
mercaptopyrazole." since the neutral pyrido[l ,2-d]-1,3,4-thiadiazine (A) is a high-energy 12n
bicyclic species and has a contributing structure (B) isoelectronic with the 1,3,4-thiaziadinyl
anion (C), as shown in Fig. I.

In particular. we were interested in the generality of this reaction and the substituent
effect, since there is no precedent for the migration of a group other than a hydrogen onto the
sulfur atom in this type of reaction, and the factors affecting this reaction are still uncertain. In
this paper we wish to report the generations of pyrido[ 1,2-d]-1,3,4-thiadiazine intermediates
possessing various substituents at the 2- and 4-positions, and an examination of the behavior
of the desulfurization and the rearrangement. Some attempts to extend the reaction to other
heterocyclic systems such as pyrido[I,2-b]pyridazine and pyrido[2, I·l]- I,2,4-triazine are also
described.

00---- q)
A

Fig. 1

B c
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Preparation of Pyridinium l-Aminides
We selected alkyl. aryl, amino, alkoxyJ groups as the 2-substituent of pyrido[l ,2-d]

I,3,4-thiadiazine and cyano, ester, and aroyl groups as the 4-substituent, in order to examine
the generality of this reaction and the substituent effect. From the nature of the reaction," the
2-substituent is generally derived from pyridiniurn l-aminide as a starting material. We pre
pared the corresponding pyridinium l-Ithiocarbonyljaminides (8-19) in good yields from
the reactions of N-unsubstiluted pyridinium l-arninides, generated in situ by the alkaline
treatment of l-aminopyridinium iodides (1-3), with methyl dithiocarboxylates (4.5, and 7),
and thiocarbamoyl chloride (6) (Chart I). The structures of these 'pyridinium 1
(thiocarbonyl)aminides (8--19) were determined on the basis of elementary analyses, spectral
comparisons with other pyridinium l-aminides,"! and the comparison of 17 with an authentic
sample."

Preparation and Reaction of l-[(Suhstituted Methylthio)methyleneamino]pyridinium Bromides
Since the 4-substituent of the pyridothiadiazine is derived from the alkylating agent used,

we employed brornoncetonitrile (20), ethyl bromoacetate (21), phenacyl bromide (22), and P:
chlorophenacyl bromide (23) as alkylating agents for the purpose of introducing cyano, ester,
and aroyl groups. Treatment of pyridinium l-[(ethyl)thiocarbonyl]aminides (8-10) with
alkylating agents (20---23) in chloroform at room temperature gave the corresponding 1
[(substituted methylthio)methylcneamino]pyridinium bromides (24--35) in quantitative
yields. The reactions of the pyridinium salts (24·_·35) with excess anhydrous potassium car
bonate in chloroform at room temperature for I d afforded the desulfurized 3-cyano- (36--38)
and 3-ethoxycarbonyl-2-ethylpyrazolo[1,5-a]pyridines (39-41) and the rearranged 3-aroyl
thio-2-cthylpyrazolo[l,S-a]pyridincs (42-47), respectively. Similarly, the alkylations of
pyridinium 1-[(phenyl)thiocarbonyl]aminides (11-·-13) and 1-[(dimcthylaminojthiocarbon
yl]aminides (14--16) with 20---23 followed by the alkaline treatment of the resulting
pyridinium bromides (48-59 and 72--83) at room temperature provided 2-phenyl- (60·-71)
and 2-(dimethylamino)pyrazolo[1,5-a]pyridine derivatives (84--95) in good yields (Chart 2).
On the other hand, the reactions of pyridinium salts (96--107), obtained from pyridinium 1
[(cthoxy)thiocarbonyl]aminidcs (17--19) and 20-23, with base at room temperature gave
only complex mixtures and no pyrnzolopyridine product could be isolated. When the alkaline
treatment of pyridinium salts (96·--107) was performed in an ice bath under stirring for 3 d,
however, the expected 2~cthoxypyrazolo[J,5-(/]pyridines (108---113 and 120-..--125) were

R2
RZ

R,9 K2C03 or EtONa R9+ RCSX -
4--7NH2 -y

R
1-3 8--19

Rj R2 R X R1 R1 R R1 R2 R
1 H H 4 Et SMc 8 H H Et 14 H H NMc2

2 Me H 5 Ph SMc 9 Me H Et 15 Me H NMe2

3 H Me 6 NMc2 CJ 10 H Me Et 16 H Me NMe~

7 GEt SMe 11 H H Ph 17 H H GEt

12 Me H Ph 18 Me H GEt

13 H Me Ph 19 H Me GEt

Chart I
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o [2 R R R!O '2
C

"s ICHC'. "¢OXldo o¢ o~l
R1 + ... - -
~CH2~ R.T. +_

_ R, R, R,
Br R

24-35, 48-59, 72-83

!R.T. In CHC13

R3-CN.COOEt R3"COAr
-s acyl mig.

R2

0,9 ~
SCOAr

+ Bl"'CH2Ra ~
~ 20-23 R, R,

R
8-16 36-41, 60-65, 84-89 42-47, 66-71, 90-95

R) prod. salt R R] Rl RJ prod. salt R R1 R2 Ar
20 CN 36 24 Et H H CN 42 30 Et H H Ph
21 COOEl 37 25 Et Me H CN 43 31 El Me H Ph
22 COPh 38 26 Et H Me CN 44 32 Et H Me Ph
23 COC(.H4Cl~p 39 27 Et H H CaOEl 45 33 Et H H C"H 4CI-p

40 28 Et Me H CaOEt 46 34 Et Me H C(Jl~Cl-p

41 29 Et H Me COOEt 47 35 Et H Me C"H4Cl~p

60 48 Ph H H CN 66 54 Ph H H Ph
6] 49 Ph Me H CN 67 55 Ph Me H Ph
62 50 Ph H Me CN 68 56 Ph H Me Ph
63 51 Ph H H COOEt 69 57 Ph H H Ct>H~CI-p

64 52 Ph Me H COOEt 70 58 Ph Me H C(,H4CI-p

65 53 Ph H Me COOEt 71 59 Ph H Me C"H 4CI-p

84 72 NMez H H CN 90 78 NMc2 H H Ph
R.T.: room 85 73 NMcz Me H CN 9] 79 NMez Me H Ph
temperature 86 74 NMe z H Me CN 92 SO NMez H Me Ph

87 75 NMcz H H COOEt 93 8L NMez H H C't>H4('I-p
88 76 NMe;] Me H COOEt 94 82 NMc;] Me H C,JI4Cl-p

89 77 NMc2 H Me COOEt 95 83 NMcz H Me C(,1-I.~Cl-p

Chart 2

obtained in low yields, together with pyridinium l-[(substituted methylthiojcarbonyljaminides
(114-119 and 126-131). The same pyridinium l-arninides (114---119 and 126-,-131) were
also formed in good yields by keeping the corresponding salts (96-'0,107) in chloroform aL
room temperature or by heating them at 50-060 "C in a water bath, respectively (Chart 3).

The structures of these pyrazolo[1,5-a]pyridines were determined from their molecular
compositions and their infrared (IR) and proton nuclear magnetic resonance eH-NMR)
spectra. For example, the IR spectra eaeh exhibit characteristic absorption bands at 2196--
2210cm- 1 (a,f3-unsaturated cyana group), at l670-1708cm- 1 (a,li-unsaturated ester car
bonyl group), and at 1654-1688 em - 1 (aryl carbonyl group). In particular, the positions of
the absorption bands due to the eyano or the carbonyl group in the 3-substituents on the
pyrazolopyridine skeleton are almost the same as those of 2-(alkylthio)pyrazolopyridines
reported earlier by US.21 As can be seen in Table I. the chemical shifts and the signal patterns
are very similar to those of 2-(alkylthio)pyrazolo[1,5-a]pyridines21 and other pyrazolo[1,5
a]pyridines,4/1.6} Furthermore, ethyl 2-phellylpyrazolo[l,5-aJpyridine-3-carboxylates (63 and
65) were identical with authentic samples prepared independently."

The extent of the desulfurization and the rearrangement observed above were all the



No. J

~ R.T.
R~ + BrCH2R3---

~ 20-2:J
OEt

17--19

120-·-125

products salt R1 R! R.I products salt R, R!
108+ 114 96 H H eN 120+ 126 102 H H
109+ lIS 97 Me H eN 121+ 127 103 Me II
110+ 1I6 98 H Me eN 122+ 128 J04 H Me
11I+1l7 99 H H CaGEt 123+ I2l) JOS H H
112+ us 100 Me H CaGEt 124+130 106 Me H
113+ 119 101 H Me CaGEt 12S+ I3l H)? H Me

Chart 3

R2

.,9
~

SCH2COt\r
126-131

Ar
p
P
Ph
CIIH4Cl-p

C/lH4 Cl-p
C"H4 Cl-p
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same as in the case of the 2-(alkylthio)pyrazolo[ J,5-a]pyridines described earlier by US,2. and
this indicates that the course of this reaction depends on only the 4-substituent in the
pyridothiadiazine intermediates but not at all on the 2-substituent.

On the other hand, the structural assignment of pyridinium l-jsubstitutcd
(methylthio )carbonyl]aminides (tI4- ·-119 and 126-131) was accomplished 011 the basis of
elementary a 11(\ lyses and I H-N I\!I R spectral inspection. In particular, the chemical shifts and
the signal patterns due to the protons on the pyridine ring in the lI-I-NMR spectra (Table (1)

of these compounds (114 ·-119 and 126·131) are quite different from those in the
pyrazolo] I,5-a]pyridine derivatives (36-47, 6()·· -71.84-··89. 108·,,··113, and t20·· ·-125) but the
same as those (Table II) of pyridiniurn l-Ithiocarbonyljarninidcs (8--19) and other pyridinium
J-arninides." The absence or ethoxy proton signals and the presence of the proton signals
derived from the S'-alkyl moiety also represent strong evidence for the proposed ylidic
structure.

Attempts to Extend, the Reaction to Other Heterocyclic Systems
Since the generality and wide applicability of this reaction were well established, its

extension to other heterocyclic systems containing no sulfur atom was examined. Pyrido[J ,2
h]pyridazine and pyrido[2,J ':I']-l ,2,4-triazillc were selected as model compounds, and the
corresponding pyridinium salts (135-138) were prepared by alkylations of pyridinium 1
viny1aminides (132 and 133)Hl and l-imidoylaminide (134t' with bromoacetonitrile (20) and
ethyl bromoacetate (21). The alkaline treatment of these pyridinium salts (135---138),
however, did not give the expected compounds (139) and/or the pyrazolopyridines formed via
139 at all: for example, the reaction of the salt 135 with base gave only the N-unsubstitutcd
pyridinium l-aminide (140), whose structure was confirmed by formation of its N-benzoyl
derivative (142, 13%, mp 177---179 "C). while the similar treatment of salt 136 afforded only
an intractable tarry product. On the other hand, the treatment of the salts 137 and 138 with
I,8-diazabicyclo[5.4.0]-7-undecene (DBU) yielded the same product. 7-methyl-2-phenyl-1 ,2.4-



160 Vol. 35 (1987)

TABLE I. IH-NMR Spectral Data for Pyrazolo[I,5-a]pyridines in CDCI3

Compd." C~4 C-5 C-6 C-7 R R3

36 7.75 7.48 7.00 8.56 1.42 2.99
brd brt dt brd t q

37 7.62 7.47 6.80 2.79 1.41 3.01
brd q brd s t q

38 7.49 2.49 6.81 8.41 1.42 2.99
bI's s dd d t q

39 8.]8 7.41 6.90 8.51 1.38 3.16 1.43 4.42
brd brt dt brd t q t q

40 8.08 7.38 6.75 2.77 1.38 3.18 1.43 4.42
d q brd s t q t q

41 7.93 2.43 6.72 8.37 1.32 3.10 1.40 4.39
brs s dd d t q t q

42 ~I 7.21 6.81 8.52 1.33 2.89 7.3-8.3
brt dt br d t q m

43 b) 7.09 6.60 2.70 1.33 2.90 7.6-8.3
q brt s t q m

44 7.18 2.31 6.58 8.36 1.33 2.85 7.3-8.3
brs s dd d 1 q ill

45 b) 7.23 6.82 8.51 1.32 2.87 7.3-8.3
brt dt brd t q m

46 7.40 7.18 6.70 2.78 1.33 2.89 7.4-8.3

d q brd s t q m

47 7.20 2.37 6.67 8.39 1.32 2.83 7.4-8.3
brs dd d t q III

60 1>1 I>} 6.97 8.54 7.2-8.3
dt brd m

61 /'1 Iq 6.83 2.82 7.1-8.4
brd rn

62 1>1 2.47 6.83 8.47 7.3--8.3
dd d III

63 8.27 /!) 6.97 8.55 7.3---8..0 1.33 4.33
brd dt br d III t q

64 8.15 I,} 6.78 2.79 7.1-·-8.0 1.27 4.28
d brd s 111 t q

65 8.03 2.47 6.79 8.45 7.3--8.0 1.28 4.31
brd dd d III t q

66 II) I,) 6.85 8.56 7.0--8.3 7.()·-!U
dt brd In 111

67 I,) 7.10 6.64 2.75 7.2---8.3 7.2-8.3
q brd s m m

68 7.27 2.42 6.71 8.47 7.2--IU 7.2·--8.3
brs dd d m III

69 1>1 1» 6.85 8.55 7.0-8.3 7.0-8.3
dl brd In III

70 bl b) 6.73 2.81 7.0-·8.3 7.0-8.3
brd s m III

71 7.27 2.37 6.73 8.48 7.2-8.3 7.2-8.3
brs s dd d m III

84 7.0-7.5 6.76 8.21 3.18
m dt brd s

85 7.0-7.4 6.59 2.62 3.19
m brd s s

86 7.14 2.36 6.55 8.05 3.14
brs s dd d s
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TABLE 1. (continued)

Compd." C-4 c-s C-6 c-? R R.\

87 8.03 7.33 6.80 8.36 3.09 1.42 4.39

brd brt tit br d s t q
88 7.91 7.24 6.66 2.67 3.08 1.40 4.38

brd q brd s s l q
89 7.77 2.39 ('.56 8.22 3.06 1.40 4.36

br S S dd d s t q
90 ,,) /') 6.67 8.32 3.13 7.1--8.3

dt brd s ill

91 6.9-7.4 6.57 2.70 3.16 7.48.3
m brd s S m

92 6.98 2.32 6.47 II} 3.12 7.4---8.3
hI's s dd s 111

93 ,,) 1>1 6.67 8.33 3.12 7.1-8.2
dt br d s m

94 6.8-7.3 6.54 2.66 3.1\ 7.3--8.3
m brd s s 111

95 6.98 2.33 6.49 8.18 3. ]I 7.3---8.3
brs s dd d s In

108 7.64 7.47 6.92 iUS 1.49 4.49
brd brt dt br d t q

109 7.1·-7.7 6.76 2NJ 1.48 4.51
In brd s t q

110 7.29 2.43 6.67 8.16 1.47 4.42
bl's s dd d t q

HI 7.98 7.34 6.80 8.2/\ 1.50 4.49 lAO 4.37
hrd bl't dt d t t] t q

112 7.88 7.27 6.65 2.65 1.49 4.52 1.37 4.37
br d q brd s t q t q

113 7.80 2.41 6.65 8.19 1.51 4.49 lAO 4.38
hI'S s tid d t q I q

120 1>1 1'1 6.71 /\.33 \.45 4.47 7.0 -S.3
dt brd I q J11

121 6.9··7.4 6.63 2.71 1.46 4.55 7:3 8.3
111 hrd s t q 111

122 7.10 2.36 6.60 hJ 1.44 4.47 7.0-- 1\.3
hI'S S dd t q 111

123 "1 101 6.76 lU3 1.44 4.47 7.0!U
III brd t q 111

124 (-1.9 7.4 6.61 2.69 1.46 4.53 7J -ID
m brd S t q 111

125 7.04 2.33 6.55 S.20 1.41 4.44 7.3 -X.3
hI'S S dd d t q III

---_..-..........._---~--~._._-"~-, ..__..__.._-......--,._------_._~-----.,-~-~ ... ,'.......,---...._.--._-
II) The coupling constants are 'IS follows: .1.1.' '''' 'J.O. .I".,. ,-,,,.I,,.-,,~ 7.0, J,,-,'~ 2.0. and .1",=

7.0Hz. /J) Overlapped with the phenyl proton signals.

triazolo[I,5-a]pyridine (143), in 11 % and 72"/c; yields, respectively, together with ethyl cya
noacetate (144) and diethyl malonate (145) (confirmed by gas chromatographic (OLC)
monitoring of the reaction mixtures). The use of potassium carbonate as a base in the reaction
of 137 also afforded the same product (143) in II i~ yield.

Compounds 142 and 143 were identical with authentic samples.v?'

Reaction Mechanisms
The mechanism for the formations of 2~ethyl- (36--47), 2-phenyl- (60-71), 2-



162 Vol. 35 (1987)

TABLE II. IH~NMRSpectral Data for Pyridinium l-Aminides in CD03

Compd." C-2 C-3 C-4 C-5 C-6 Others

8 8.42 7.6-8.3 8.45 1.36 2.85
brd m brd t q

9 2.61 7.5-8.2 8.28 1.40 2.88
s m brd t q

10 8.29 7.63 2.59 7.63 8.29 1.34 2.82
brd brd s brd brd t q

It 7.3-9.3
m

12 2.66 7.3-8.4
s m

13 7.2-8.5 2.51 7.2-8.5
m s m

14 8.38 7.4-8.2---- 8.38 3.30
brd m brd s

15 2.58 ---7.3-8.1--- 8.28 3.30
s m brd s

16 8.21 7.40 2.50 7.40 8.21 3.29
brd brd s brd brd s

17 8.69 7.8-8.6 8.69 1.41 4.55
brd m brd t q

18 2.70 7.6-8.4 8.50 1.43 4.51
s m brd t q

19 8.51 7.74 2.67 7.74 8.51 1.43 4.56
brd brd s brd brd t q

114 8.85 7.5-8.1 8.85 3.68
br d m brd s

115 2.73 7.3-8.3 8.64 3.72
s m brd

116 8.62 7.51 2.55 7.51 8.62 3.65
brd brd s brd br d s

117 8.86 ---7.5-8.2--- 8.86 3.73 1.30 4.22
br d m brd s t q

118 2.71 ----7.4-8.2--- 8.66 3.72 1.27 4.21
TIl brd s t q

119 8.68 7.51 2.56 7.51 8.68 3.71 1.27 4.21
brd brd s brd brd s t q

126 8.83 ---7.3-8.3 8.83 4.37 7.3-·8.3
br d TIl brd s In

127 2.67 7.3-8.3--- 8.63 4.39 7.3--8.3
s TIl brd s In

128 8.65 /.) 2.55 /.) 8.65 4.38 7.3--8.3
brd s brd s TIl

]29 8.84 7.3-8.3 8.84 4.31 7.3---8.3
brd TIl brd s m

130 2.68 7.3-8.3 8.61 4.32 7.3-8.3
s TIl brd s TIl

13] 8.66 b) 2.55 b) 8.66 4.33 7.3-8.3
brd s brd s m

a) The coupling constants are as follows: J2.J""J~.6=7.0. and h,=7.0Hz. b) Overlapped with the
phenyl proton signals.

dimethylamino- (84--95), and 2-ethoxypyrazolo[1,5-a]pyridines (108-113 and 120-125)
must be the same as that proposed for the formation of 2-(alkylthio)pyrazolo[1,5-a]pyridine
derivatives.2I On the other hand, the formation of pyridinium l-aminides (114-119 and
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R R;t X R R2 R, X 140: R2-H132 I-J H CMe 135 H H CGOEt CMe
133 H Me CMe 136 H Me CGOEt CMe DBU or K2C0:31

(141 : R2- Me)

134 Ph Me N 137 Ph Me eN N CHCl3 M~138 Ph Me COOEl N +
X-N

14:1 : R-Ph

Chart 4
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X-N

R3CH2COOEt
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~OOEt.
Br- R

1:35--1:~H

Chart 5

126-131) from the salts (96--107) seems to proceed via the nucleophilic dealkylation of the
corresponding pyridinium salts (96-107) by the bromide ion and not via hydrolysis, since
these reactions could be carried out in dry chloroform, and similar dealkylations of
pyridinium salts" and sulfonium salts'?' have been reported recently. Interestingly, pyri
dinium l-aminides (114-119 and 126-131) could not be alkylated at all by usual alkyl
halides such as 20--23 and methyl iodide even under more drastic conditions (refluxing in
chloroform for a week).

The possible mechanisms of formation of pyridinium l-aminide (140) and 1,2,4
triazolo[I,5-a]pyridine (143) are summarized in Chart 5. Pyridinium l-aminide (140) must be
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formed by the hydrolysis of the carbon-nitrogen double bond in the l-substituent of the salt
135, though its counterpart, malonaldehydic ester, could not be detected in the reaction
mix.ture. The low yield of 140 and the absence of 141 in the reaction of the salt 136, however,
mean that this route is not predominant. Finally, it seems that the main route in the reactions
of salts 135 and 136 can not lead to any stabilized system such as aromatic pyrazolo[1,5
a]pyridine. On the other hand, 1,2,4-triazolo[1,5-a]pyridine (143) should be produced via the
initial formation of the 1,6-zwitterion (146) followed by the migration of the ester group to the
anionic center (path b) rather than the cyclization of 146 to 4,4a-dihydropyrido[2,1"::f1-1,2,4
triazine (139) (path a), and the subsequent 1,5-dipolar cyclization of 147 and the aromatiza
tion of 1,8a-dihydro-l,2,4-triazolo[1,5-a]pyridine (148) to the final product (143) with the
elimination of active methylene compounds (144 and 145).

Since anionic 1,2-sigmatropic suprafacial shift in this mechanism is a symmetry
forbidden process,'!' an aziridine intermediate may be involved via the nucleophilic attack of
the anionic center on the ester carbonyl carbon in 146. However, it is still uncertain why the
ester rearrangement (path b) took place prior to the 1,6-cyclization (path a) to 139.

Experimental I2 )

Pyridinium l-Amioides (8-19 and 132-134}-General Method A: An ethanolic solution (60ml) of 1
aminopyridinium iodide (l 0 mrnol) and methyl dithiopropionate (4, 12mmol)131 or N,N-dimethylthiocarbamoyl
chloride (6, 12 mmol) was treated with ethanolic sodium ethoxide (10 mmol in 10 ml of ethanol or 20 mmol in 20 ml of
ethanol) under stirring a room temperature for I d. The resulting solution was filtered to remove insoluble inorganic
substances and the filtrate was concentrated under reduced pressure. The residue was separated by column
chromatography on alumina using ether and chloroform as eluents, and the chloroform layer was concentrated under
reduced pressure. The crude pyridinium l-arninide thus obtained was purified by recrystallization from chloroform-

TABLE III. Some Data for Pyridinium 1-(Thiocarbonyl)aminides

Analysis (~:':.)

Cornpd.
Reactants

Yield mp
v~~~~ em - t Formula

Calcd (Found)
No. ( ~I,;;) C'C)

C H N

8 1 4 62 116-118 1421 1169 CMH lO N2S II)

9 2 4 64 115-116 1425 1170 C9H12N 2S II)

10 3 4 72 114-116 1406 1164 C9H12 N2S III

11 1 5 75 152-153 1382 986 C I2H J(JN 2S 67.26 4.70 13.(\7

(67.30 4.53 /3.(7)
12 2 5 76 110--112 1400 982 C1JH12N 2S 68.39 5.30 12.27

(68.18 5.55 12.33)
13 3 5 96 135-137 1382 988 CJJH 12N 2S 68.39 5.30 /2.27

(68.31 5.34 12.31)
14 1 6 70 137-138 1325 1114 CMH11NJS 53.01 6.12 23.18

(53.32 6.11 22.88)
15 2 6 87 98-99 13371117 C9 H lJ NJS 55.35 6.71 21.52

(55.25 6.67 21.66)
16 3 6 88 136-137 13301103 Cg HuN3S 55.35 6.71 21.52

(55.51 6.79 21.28)
17 1 7 92 129-J30~l 1401 1199 Known compound"!
18 2 7 93 105-106 14341200 Cq H 12 NzOS 54.79 6.13 14.20

(54.96 6.05 14.36)
19 3 7 99 135-136 1411 1182 C9 H12N2OS 54.79 6.13 14.20

(54.98 6.30 14.34)

a) Elemental analysis could not be performed because the compound sublimed readily. b) 130-
131 "C. see ref. 5.
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TABLE IV. Some Data for Pyrazolo[l,5-a]pyridines

Analysis (~};;)

Product")
Salt (S.M.bJ)

Yield !Up
V~l~~~ ern" t Formula

Calcd (Found)
No. Cit;) r'C}

C H N
_.,---_--.._-

36 24 (8,20) 87 74·-76 2206 C l UH 9NJ 70.l6 5.30 24,54
(70.17 5,21 24.(3)

37 25 (9,20) 79 HO--82 22()J CI1HI1N.\ 71.33 5.99 22,69
(71.46 6,01 22.54)

38 26 (10, 20) 89 74--76 2208 CI1HI1N\ 71.33 5.99 22.6tJ
(71.03 6.12 22.H6)

39 27 (8, 21) 92 l)5-·97 1670 CI2HI4N202 66.04 6.47 12.H4
(66.23 6.5(1 12.55)

40 28 (9,21) 81 54·-56 16R5 CI.1 HI<,N1OZ 67.22 6,94 12.06
(67.14 7.05 12.03)

41 29 (10, 21) 85 83-85 1690 ClJH1toN 201 67.22 6.94 12.06
(67.30 6.95 11.97)

42 30 (8,22) 71 109·-111 1675 Clf,H1oI-NZOS 68.06 5,00 9.92
(67.90 5.13 9.95)

43 31 (9,22) 68 116--·-J J8 J660 CI7H1i>N2OS r)

44 32 (10, 22) 79 106-108 1676 CJ.)H1toN1OS 68.89 5.44 9.45
(68.96 5.5H 9.37)

45 33 (8,23) 78 136-·-137 16t\K ClhHI.\CIN2OS 60.66 4.14 H.loI4
(60.67 4.03 1\.94)

46 34 (9,23) 75 97 98 J671 Cl1HlSCIN20S 61.72 4.57 loIA7
(61.69 4.64 8.43)

47 35 (10, 23) 71 JII 113 1672 CJ7 HISC1N/ ) S 61.72 4.57 8.47
(61.47 4.67 R.(2)

60 48 (II. 20) 90 J43 --J45 2210 CIo).H"N J 76.70 4.14 1\>.1 7
(76.71 4.J4 19.26)

61 49 (12, 20) 91 96 97 2196 CISI-IJIN.\ 77.23 4.75 (fUll
{77.29 4.6CJ lX.04j

62 50 (13. 20) 9(i 143 145 2202 C'jsH"N, 77.23 4.75 HUll
(77.40 4.60 17,76)

63 51(11,21) 97 1\2 S4,II 1700 Known compound")
64 52 (12, 21) 95 97· 9H 1675 ('17Hll,N~()~ 72.X4 5.75 9,99

(nH2 5,71 10.05)
65 53 (13. 21) 78 9() lJ)") I70S K nown compound"
66 54 (II, 22) 67 97 ·1)9 1670 C2111·I 1.\NZOS 72.70 4.27 SAS

(72.oS 4,27 K,Il(,)
67 55 (12, 22) 65 71) Kl 1675 ('11 HI"N20~ 73.23 4.IiX K,D

(73.07 4.70 X.27)
68 56 (13. 22) 73 128 129 1673 C'21 H1"N1()S 73.23 4.6H X.U

(73.27 4.67 tUO)
69 57 (I J. 23) 80 J41 143 1673 C111H t.\CJN2OS 65.84 3.59 7.6H

(65.71) 3.62 7,70)
70 S8 (12, 23) 72 HIl--Sl:\ 1671 C.1I H I 5C1N/ )S 66.57 3.99 7.3()

(66.61 4.20 7.24)
71 59 (13, 23) 67 172--174 1654 C.11 HI5CIN,10S 66.57 3.99 7.39

(66.87 3.96 7.13)
84 72 (14, 20) 86 127--128 2200 CWHIONo). 64.50 5.41 30.09

(64.55 5.59 29.86)
85 73 (15, 20) 75 127 2199 CllH1.1N4 65.98 6.04 27.98

(65.90 5.89 28.20)
86 74 (13, 21) 85 121--123 2200 C1 1H12N" 65.98 6.04 27.98

(65.79 5.94 28.27)
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TABLE IV. (continued)

Analysis (~~)

Product")
Salt (8.M.b)

Yield mp
v~e~cm-l Formula

Calcd (Found)
No. (',%;) (DC)

C H N

87 75 (14, 21) 93 79-80 1686 ClzHlSNJ02 61.79 6.48 18.01
(61.56 6.53 18. (9)

88 76 (15, 21) 88 78-79 1681 C IJH1,NJ02 63.14 6.93 16.99
(62.89 6.91 17.27)

89 77 (16, 21) 82 81-83 1673 CIJHliNJOz 63.14 6.93 16.99
(63.17 7.02 16.87)

90 78 (14, 22) 65 125-127 1675 CI(,H1SNJOS 64.62 5.08 14.13
(64.60 5.10 14.12)

91 79 (IS, 22) 78 102-103 1672 C17H17NJOS 65.57 5.50 13.49
(65.77 5.49 13.30)

92 80 (16, 22) 83 129-131 1670 C17H17NJOS 65.57 5.50 13.49
(65.54 5.45 13.57)

93 81 (14, 23) 76 138-140 1675 CI6H14CINJOS 57.91 4.25 12.66
(57.69 4.27 12.87)

94 82 (15, 23) 73 140-142 1670 C1,HI 6CINJOS 59.04 4.66 12. [5
(58.74 4.74 12.37)

95 83 (16, 23) 84 148-149 1672 C17HI 6C1NJOS 59.04 4.66 12.15
(58.74 4.84 12.37)

108 (114) 96 (17, 20) 26 (6) 126-127 2205 CwH!JNJO 64.16 4.85 22.45
(63.98 4.93 22.56)

109 (115) 97 (18, 20) 22 (34) 109--111 2203 C11HllN3O 65.66 5.51 20.88
(65.43 5.56 21.06)

110 (116) 98 (19, 20) 22 (36) 101-103 2207 CllHllN30 65.66 5.51 20.88
(65.64 5.68 20.73)

III (117) 99 (17, 21) 37 (33) 85-86 1705 ClzHl4NZOJ 61.53 6.02 11.96
(65:35 6.03 11.67)

III (118) 100 (18, 21) 27 (J8) 87-89 1703 Cl.lHI(,NZO~ 62.89 6.50 11.28
(63.17 6.48 11.02)

113 (119) 101 (19. 21) 33 (29) 63--64 1697 C 13Hll,N/)J 62.89 6.50 11.28
(62.60 6.39 11.05)

120 (126) 102 (17, 22) 36 (13) 82·-84 1671 Cll;HI4-Nz02S 64.41 4.73 9.39
(64.46 4.72 9.21)

121 (127) 103 (18,22) 34 (24) 95--97 1672 Cl,HlhNzOzS 65.36 5.16 8.97
(65.39 5.26 9.03)

122 (128) 104 (19,22) 33 (20) 89---90 1671 Cl7HlhNzOzS 65.36 5.16 S.97
(65.52 5.15 8.82)

123 (129) 105 (17, 23) 48 (35) 136--138 1669 C16HnClNzOzS 57.74 3.94 8.42
(57.98 3.n 8.34)

124 (130) 106 (18, 23) 22 (40) 137-139 1674 CI7HISClN20ZS 58.87 4.36 8.08
(58.77 4.28 8.22)

125 (131) 107 (19, 23) 39 (30) 116-118 1670 C17H1SCINzOzS 58.87 4.36 8.08
(58.86 4.31 8.14)

a) Physical and analytical datil for pyridinium l-aminides (114-119 and 126-131) are listed in Table V. b) Starting
materials. c) The elementaryanalysis of thiscompound could not be performed becauseit sublimed readily. d) 73--75 "C, see ref.
6. e) 88-90"C, see ref. 6.

ether. Pyridinium l-(thiocarbonyl)aminides (8-10 and 14~16) were prepared by this method.
General Method B: An ethanolic solution (60ml) of I-aminopyridinium iodide (Iflmmol) and methyl

dithiobenzoate!" (5, 12mmol) or methyl xanthogenate (7. 12 rnmol)" was treated- with anhydrous potassium
carbonate (lOg) as a base at room temperature for I d under stirring. The isolation and the purification of pyridinium
l-arninide from the reaction mixture were accomplished according to the procedure mentioned in method A. By this
method, pyridiniurn I-(thiocarbonyl)aminides (11-13 and 17-19) were prepared.
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These pyridinium I-(thiocarbonyl)aminides were obtained as colorless prisms (8-10) or colorless needles (11
19), and compound 17was identical with an authentic sample." Some data for these compounds (8-19) are listed in
Tables II and m.

On the other hand, pyridinium l-vinylaminides (132 and 133) and l-imidoylarninide (134) were prepared
according to the literature.v"

l-[(Substituted Methylthio)methyleneamino]pyridinium Bromides (24--35, 48-59, 72--83, and 96--107)---
General Method: A chloroform solution (20 ml] of pyridinium l-aminide (2 mmo!) and an alkylating agent
(2.5mmol) such as brornoacetonitrile (20), ethyl bromoacetate (21), phenacyl bromide (22), or p-chlorophenacyl
bromide (23) was kept at room temperature for 1-10 d until the pyridinium l-aminide employed here was completely
consumed (determined by thin layer chromatographic (TLC) monitoring). The resulting solution was concentrated
under reduced pressure and the residue was washed three times with ether to remove the excessalkylating agent. Since
all of the pyridinium salts were obtained quantitatively in an almost pure state. they were used directly for a
subsequent reaction without further purification.

2-Ethyl- (36-47), 2-Phenyl- (60--71), 2-Dirnethylamino- (84-95), and 2-Ethoxypyrllzolo[I,5-a]pyridines (108-
113 and 12o-125)--General Method A: Pyridinium salt (2mmol) was dissolved in chloroform (40ml) and
anhydrous potassium carbonate (5 g) was added. The reaction solution was stirred at room temprature for I d and
then filtered to remove inorganic substances. The filtrate was concentrated under reduced pressure and the residue
was separated by column chromatography (alumina) using hexane, ether, and chloroform as cluents, The combined
ether and chloroform layer was concentrated under reduced pressure and the crude pyrazolopyridinc was
recrystallized from ethanol. By this route, 2-ethyl (36--47), 2-phcny)- (60--71), and 2-(dimcthylamino)pyruzo)o
[l,5-a]pyridines (84-95) were prepared.

General Method B: A chloroform solution (40 ml) of pyridinium salt (2 mmol) was treated with anhydrous
potassium carbonate (5 g) in an ice bath under stirring for 3d. Work-up of the resulting reaction mixture was carried
out according to the procedure described in general method A. By this method, 2-cthoxypyrazolo[J ,5-a]pyridines
(lOS-113 and 120-125) were formed together with pyridiniuml-jlsubstituted methylthio)carbonyJ]aminides (114----
119 and 126-131).

TABLE V. Some Data for Pyridinium l-Arninides

Analysis C>:')

Compd, Salt
Yield mp

\'~~~cm-I Formula
Calcd (Found)

e/~) C'C) ----
C H N

114 96 79 130--132 22J3 1603 CBH'IN~PS 49.73 3.65 21.75
(49.47 3.57 21.63)

115 97 99 87-·g'-.l 2241 1609 C,I-I"N 3OS 52.1(~ 4.38 20.28
(52.47 4.46 20.02)

116 98 100 156--157 2238 1605 C.,H,JN.PS 52.16 4.3H 20.28
(5I.87 4.32 20.33)

117 99 80 61--62 1729 1603 CIIIHllNlO3S 49.9'-.1 5.03 11.66
(50.20 4.R4 11.64)

118 100 95 58---59 1734 1601 CIIHI4N203S 51.95 5.55 11.02
(51.65 5.47 11.30)

119 101 89 122---123 1741 1609 CIIHI4-N203S 5[,95 5.55 11.02
(51.73 5.47 11.32)

126 102 83 142~-143 169{) 1600 Cl4HI2N202S 61.75 4.44 10.29
(61.74 4.50 10,24)

127 103 93 146-148") 1682 1594") C211-117N~OI/S") 48.93 3.32 13.59
(48.7l 3.25 13.43)

128 104 77 139---140 1690 1598 CI~H14N202S 62.92 4.93 9.78
(63.21 4.88 9.48)

129 105 87 125--126 1684 1580 CI4HIlCIN20lS 54.81 3.61 9.13
(54.71 3.60 9.J9)

130 106 63 113-114 1693 1598 ClsHl3CIN202S 56.16 4,08 8.73
(55.89 4.03 8.53)

131 107 82 138-140 1690 1601 CISH13CINz02S 56.16 4.08 8.73
(56.00 4.02 8.84)

a) Its picrate. b) Neat.
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The application of method A to I-(ethoxymethyleneamino)pyridinium bromides (96-107) gave only small
amounts of pyridinium l-aminides (114-119 and 126-131); the desulfurized 2-ethoxypyrazolopyridines (108-113)
and the rearranged products, 2-aroylthio-2-ethoxypyrazolopyridines (120-125), could not be obtained.

The products were obtained as colorless needles (36--41, 44, 60--68, 84-89, and 108-113) or pale yellow
needles (42,43,45-47,69-71,90-95, and 120-125) and some data for the products other than pyridinium 1
aminides (114-119 and 126-131, see Tables II and V) are summarized in Tables I and IV.

Pyridinium 1-[Substituted (Methylthio)carbonyl]aminides (114-119 and 126-131)--General Method: A
chloroform solution (30ml) of pyridinium salt (2 mmol) was heated at 50-60 'C in a water bath until the spot of the
salt had completely disappeared (about 5-lOd, by TLC monitoring). The reaction mixtures were purified by work
up as mentioned above to afford the corresponding pyridinium l-arninides (117-119 and 126--13]). On the other
hand, the reactions of pyridinium salts (96-98) possessing a cyano group could be accomplished only by keeping
them at room temperature for 2d.

These compounds were obtained as colorless needles (114-117,126,128,129, and 131) and colorless prisms (118,
119, and 130) from chloroform-ether. Some data are summarized in Tables II and V.

I-Propylideneamino- (135 and 136) and 1-(Aminomethyleneamino)pyridinium Bromides (137 and 138)-
Pyridinium l-vinylarninides (132 and 133) and l-irnidoylaminide (134) did not react at all with alkylating agents such
as 2()-'23 under the conditions described for the preparations of l-[(substituted mcthylrhiojmethyleneamino]
pyridinium bromides. However, the alkylations of 132--134 (2mmol) with 20 or 21 (10 mmol) were accomplished in
refluxing chloroform to afford the corresponding pyridinium salts (135-138) in quantitative yields. These salts were
used in the next reactions without further purification.

Pyridlnium 1-Aminide and Pyridinium I-Benzoylaminide--A chloroform solution (30ml) of l-propylidene
aminopyridinium bromide (135) (2 mmo!) was treated with anhydrous potassium carbonate (5 g) under stirring at
room temperature for 3 h. The reaction solution gradually turned blue, indicating the generation of pyridinium 1
aminide (140). When benzoyl chloride (0.28 g, 2 mmol) was added to the blue solution. the color changed to red. The
solution was stirred for a further 2 h and then filtered. The filtrate was concentrated and the residual oil was separated
by column chromatography on alumina using ether and chloroform. The chloroform layer was concentrated and
recrystallization of the residue from ether-chloroform gave pyridinium l-benzoylarninide (142, 52 mg, 13~~;;, mp
177-179"C (lit. 4

'·) !79-180.5°C». Compound 142 was identical with an authentic samples."?
On the other hand, the reaction of the salt 136 with base afforded only a polymeric tar and no significant product

could be isolated.
1,2,4-Triazolo[I,5-a]pyridine--General Method: A chloroform solution (30m!) of l-Iamincmethyleneamino)

pyridinium bromide (2 rnmol) was treated with DBU (0.30 g, 2 mmol) under stirring at room temperature for I d and
the dark brown solution was concentrated under reduced pressure. The residue was separated by column
chromatography on alumina using hexane and ether. The ether layer was concentrated and recrystallization of the
residue from hexane gave 7-methyl-2-phenyl-1 ,2,4-triazolo[l,5-a]pyridine (143, mp 140---J42 "C (lit. 4 1 140---142 "C'»_
Concentration of the hexane layer yielded an active methylene compound 144 or 145 which could be identified by
GLC monitoring.

By this method, 143 was formed in I] '~{) and 72~:,;. yields from the salts 137 and 138. respectively. In the reaction
of 137 with potassium carbonate as a base, triazolopyridine (143) was obtained in II I:,; yield.
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A quantitative treatment of proton spin-lattice relaxation time (T1J and nuclear Overhauser
effect (NOE) has been applied to the conformational analysis of two ML-236B (mevastatin)
metabolites, 4{J,6a-dihydroxy ML-236B (1) and 3ft-hydroxy ML-236B (2) in solution. The T, values
and NOE factors predicted for several candidate conformers were compared with the observed
ones.

For 1, the best agreements between observed and calculated values were obtained when the A
ring of its octalin moiety was assumed to adopt a chair conformation, and the B ring, a 7fJ-sofa
conformation. In addition it was found that the b-lactone side chain should be confined to some
limited orientations to give calculated values consistent with the observed T, values and NOEs.
Based on the X-ray derived geometry, a similar analysis was done for 2, to check the validity of the
method and to characterize the conformation of the c)-lactone side chain in solution. The 8-lactone
side chain of 2 was concluded to have the same conformation as in the crystal state.

The applicability of the distance geometry method to calculate the coordinates of small organic
molecules was confirmed.

Keywords~-ML-236Bmetabolite; mevastatin; I H-NMR; spin-lattice relaxation time; NOE;
distance geometry; conformation analysis

Introduction

Nuclear Overhauser effect (NOE) and spin-lattice relaxation time (T1) reflect the inter
nuclear distances in a molecule through the dipole-dipole relaxation mechanism, and the
quantitative analysis of these relaxation parameters has been expected to provide the three
dimensional geometries of the molecules in solution.'? The recent development of supercon
ducting high-resolution nuclear magnetic resonance (NMR) spectrometers, has made it
possible to apply this method to rather complex natural products. In a previous paper, we
have reported an application of this method to structural studies of saframycin A. 2

l

In a study of the metabolism of ML-236B,3) a competitive inhibitor of 3-hydroxy-3
methyl gultaryl coenzyme A (HMG-CoA) reductase, two metabolites (4p,6a-dihydroxy ML
236B (1) and 3p-hydroxy ML-236B (2), have been isolated from the urine of ML-236B
treated dogs." These compounds were also obtained by microbial conversion of ML-236B. 5

l

These metabolites inhibit HMG-CoA reductase, but their potencies are quite different. The
metabolite 2 shows a more potent inhibitory activity against HMG-CoA reductase than does
the parent compound ML-236B, while the potency of 1 is only one-fifth of that ofML-236B.3

1

This suggests that the hexalin portion of ML-236B should play an important role in binding
to HMG-CoA reductase,"! and prompted us to examine the conformational differences
between 1 and 2.
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Chart I

The X-ray analysis of ML~236B7) and 24
) has been already done, but that of 1 has not

been possible due to the unavailability of good crystals. We will show here that in such u case
the quantitative analysis of T1 values and NOE factors can provide the three-dimensional
geometry of the molecule in a quantitative manner which is substantially equivalent to X-ray
analysis.

For the analysis of 1, the distance geometry method"! has been applied with some
modification to generate possible and chemically reasonable geometries of the octalin ring
moiety. TIs and NOEs expected for these geometries were calculated and compared with the
observed values. The following conclusions were reached: (I) the S configurations of the two
hydroxyl groups at C4 and C6 have been confirmed?'; (2) in the octalin ring moiety, the Bring
adopted a 7/i-sofa conformation, while the A ring took a chair conformation; (3) the dihedral
angles which determine the orientation of the ()-Iactone side chain, l/J I (= CS,--Cc,,--C7,-CH) and
1/12 (= C6,··C7,--Cfj-C7 ) , were estimated to be 180 '" and 120 ", respectively.

The above conclusions were supported by the satisfactory agreement between observed
and calculated TI values of 2, for which the calculation was carried out with the coordinates
derived from Xvray analysis." The two dihedral angles, tilt and t/lz, were varied to search for
the optimal agreement. The final values, 1//1 = 180') and l/Iz :::::: 50 '', are very similar to the values
observed in the crystal (ifI I = 176.3" and t/12:::;:: 55.1 ").

Experimental

Samplcs-i-v-Di (l}-, and mono (2)-hydroxyt.\ted derivatives obtained by microbial conversion of ML-2J6B~)

were supplied by Dr. Serizawa, Bio-science Research Laboratories of Sunkyo Co.
A small amount ofCD.l0D was added [0 the samples and freeze-dried two or three times to substitute deuterium

for each labile proton. The samples for I H-NMR measurements were prepared at concentrations, oro.os M for J and
a.OJ M for 2 in CD.IOD, and they were scaled after five freeze-pump-thaw cycles. A similar method was applied to a
chloroform solution of ML-236B (0.1 M) for IJC_T, measurement.

Spcctroscopy--.. IH- and IJC-NMR spectra were obtained on a JEOL GX-400 spectrometer operating at
399.6MHz eH) and 100.5MHz (DC), respectively. The measurements of IH-Tl were made by the inversion recovery
method (180"+90 n pulse sequence) at ambient temperature (24.5±0.5 ''C} while varying the variable t in runge from
0.1 to 2.0 s. Sixty-four free induction decays (FIDs) were accumulated for each experiment with 16K data points and
TIS were obtained by linear least-squares fitting to the initial purt of the recovery curves (up to 50~~). !.Ie-TIS were
obtained by a similar procedure. where 640 FIDs were accumulated and non-linear least-squares fitting wns applied.

The NOE was measured in the difference spectral mode.") The eight FIDs irradiated off-resonance were
subtracted from the eight FIDs irradiated at a certain signal, and the resulting difference FID wasaccumulated until a
sufficient SIN ratio could be attained. The pre-irradiation time, Ts; was used for complete saturation. Signal
enhancement was given by the ratio of the integrated intensity of the observed signal ill the difference spectra to that
of the saturated one.

Geometry Generation by the Distance Geometry Method---·The distance geometry (DGJ method is an algorithm
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to calculate the three-dimensional coordinates of a molecule which satisfy constraints given in the form of upper and
lower bounds to interatomic distances." A distance matrix, the elements of which are interatomic distances randomly
given, satisfying the preliminary bounds, was prepared for a certain model conformation and was converted to a
metric matrix, the elements of which are scalar products of the vectors I'i and "r The three-dimensional coordinates of
the model conformation were calculated from the largest three eigenvalues and eigenvectors of this metric matrix. At
this stage, the resulting coordinates do not always satisfy the preliminarily given constraints, and corrections were
made by minimizing appropriate error functions.

In the present work, four different conditions of interatomic bounds were used. A typical set of constraints and
one of the resulting geometries is explained in Table III. The applied error function Ferr is given by Eq. 1.

1" 2 2 2 1" ([2 d 2)2F ;:- L, (d.-u ..) +- L, ir: kt
err 2 i<j I) 'J 2 k</

+ 2: (j~b-gh)2+I(cPI-tp)2+DqJu-cp)2
eh lral If tp

(I)

The last two terms of Fcrr was newly added to ensure the convergence to chemically reasonable structures. These
terms act so as to maintain the planarity of the double bonds and to set the dihedral angles in the range, CPI ~ cP ~ Cpu
including signs. The definitions of the other terms were given in the literature."

The minimization of Fer, Was done in two steps. At the first step, the chirality and dihedral constraints (third to
fifth terms) were minimized and at the second step, all of the terms were minimized. The resulting geometries were
further optimized by molecular mechanics calculation.'?'

Calculation of the Relaxation Parametcrs--Except for the treatment of the internal rotation of the methyl
group, TIS and NOEs were calculated by the same procedure as described previously." The effective correlation time
of methyl protons (T~n) and the effective interproton distances between the methyl protons and other protons in the
rigid part of the molecules were defined according to the formulation of Heatley et alP I as shown in Eqs. 2 and 3,
respectivel v.

(2)

(3J

J

A = I (rlj))-f>
m::;;l

In Eq. 2, () is the angle between the interatomic vectors and the axis of internal rotation (0 = 90 ", for the relaxation
of methyl protons and 0 = 109.5' for the relaxation of methyl carbons), and C( is the ratio of the correlation time for
overall molecular tumbling (To) to that for internal rotation of the methyl group ('in,). In Eq. 3, r~~!,) is the interproton
distance between Hi and Hj' where Hi is one of the methyl protons in one of the three different potential minima while
H j is a proton on a rigid molecular frame, and II~jnl is the angle between rlj") and r~j').

Results and Discussion

4p,6a-Dihydroxy ML-236B (1)
1H-NMR--Most of the proton signals of the L14 a octalin ring moiety have been

assigned" on the basis of extensive decoupling experiments as shown in Fig. 1. A large
coupling constant of 14Hz between Hza (2.08 ppm) and H3b (1.83 ppm) requires their
antiperiplanar arrangement, and relatively small coupling constants between HI and adjacent
vicinal protons, HSa ' H2a and H2 b, suggest that HI is in a gauche relation to these protons.

The above observations are consistent with a chair conformation of the A ring, while
some ambiguity exists concerning the B ring conformation. For the B ring, a 7[3, Set half-chair
or half-boat conformation is possible, while the possibility of a Ta, 8f3 half-chair conformation
can be ruled out, because the vicinal coupling constant between H, and Hfja (J = 7.4 Hz)
indicates that these two protons should be in quasi-axial positions. Further information about



No. I 173

Fig. I. Vicinal Coupling Constants and NOEs
for the OctaIin Ring Moiety of 1

--"--, indicating the presence of vicinal coupling;
-----, indicating the presence of NOE. The values in
the figure are the vicinal coupling constants (Hz).
Those enclosed by parentheses are till' calculated
values bused Oil the Karplus equation, assliming the
GI-SS geometry.
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Fig. 2. Non-selective Partially Relaxed Spectra for I
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Fig. 3. NOE Difference Spectra for I

(a), control; (b), (Cl, and (d), HI' 7·Me, and H4 were irradiated.

the conformation of the B ring could be obtained from the quantitative analysis of TIS and
NOEs.

Figure 2 shows typical partially relaxed Fourier transform spectra for I, and the observed
T1 values are given in the first column of Table I. Figure 3 shows NOE difference spectra, and
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the results are summarized in Table II. The 10% signal enhancement of H6 on irradiating the
7-methyl protons suggests (1 configuration of the hydroxyl group at C6 • The large NOE
observed between H4 and H, supports f3 configuration of another hydroxyl group at C4 • The
quantitative analysis of these data was carried out by the following procedure.

Geometry--The conformations of the octalin ring moiety and the ()-lactone side chain
should be taken into account for the quantitative interpretation of the above relaxation

TABLE I. Observed and Calculated T I Values for I

HI H4 H s H6 H7 Hll ll 7-Me q"l

Obs. 0.60 1.00 1.28 1.08 0.72 0.65 0.57

Calc.
Gl-SS 0.66 0.92 1.27 1.21 0.74 0.67 0.54 0.07
Gl-SR 0.66 0.91 1.59 1.49 0.72 0.67 0.56 0.14
GI-RR 0.66 1.42 3.91 1.48 0.72 0.6] 0.56 0,30
Gl-RS 0.66 1.42 2.55 1.19 0.74 0.61 0.54 0.23
G2-SS 0.60 0.98 1.26 1.23 0.67 0.59 0.50 0.09
G2-SR 0.60 0.97 1.43 1.37 0.62 0.59 0.52 0.12
G2-RR 0.60 1.39 3.36 1.35 0.62 0.55 0.52 0.29
G2-RS 0,60 1.38 2.64 1.21 0.67 0.55 0.50 0.24
G3-SS 0.54 1.23 1.66 1.17 0.80 0.57 0.51 0,15
G3-SR 0.54 1.23 1.77 1.34 0.69 0.57 0.54 0.16
G3-RR 0.53 1.40 3.33 1.33 0.69 0.52 0.54 0.29
G3-RS 0.53 1.40 2.98 1.16 0.80 0.52 0.52 0,27
G4-SS 0.58 1.23 I. 75 1.09 0.75 0.56 0.48 0.16
G4-SR 0.58 1.23 1.73 1.33 0.62 0.56 0.50 0.17
G4-RR 0.58 1.41 3.22 1.32 0.62 0.50 0.50 0.30
G4-RS 0.58 1.40 3.27 1.09 0.75 0.50 0.48 0.29
G5-SS 0.62 1.41 2.77 0.99 0.84 0.74 0.52 0,25
G5-SR 0.62 1.43 1.91 1.43 0.71 1.22 0.52 0.26
G5-RR 0.61 1.51 2.53 1.38 0.72 1.13 0.50 0.29
GS-RS 0.62 \.50 4.18 1.04 0.86 0.70 0.50 0.30

JI " II i I 2a) 11"" - L [(l/Tl.uh,-l/TI.CIlI) I/TJ.obJ
II l~ I

for details of the definition, see reference."

TABLE II. Observed and Calculated NOE Factors for 1

Irr. 7-Me H4 H,
Obs. Hs H6 H7 Hll ll Hs H(, Hila HHlI H2u HI,'"

Obs. 0.00 0.10 0.11 0.06 0.16 -0.02 0.00 0.08 0.03 0.06

Calc.
Gl-SS 0.00 0.14 0.11 0.07 0.25 -0.03 0.00 0.05 0.03 0.08
Gl-SR 0.03 0.00 0.12 0.07 0.30 -0.02 0.00 0.05 0.03 0.08
Gl-RR 0.08 0.00 0.12 0.06 0.07 0.00 0.04 0.05 0.04 0.08
Gl-RS om 0.14 0.11 0.06 0.05 0.00 0.04 0.05 0.04 0.08
G2·SS 0.00 0.15 0.10 0.11 0.26 -0.03 0.00 0.06 0.04 0.04
G3-SS -0.01 0.19 O.ll 0.18 0.26 -0.03 0.00 0.05 0.03 0.04
G4-SS -0.02 0.21 0.11 0.18 0.22 -0.02 0.00 0,05 0.04 0.04
G5-SS 0.00 0.05 0.17 0.00 0.22 0.00 0.00 0.12 0.Q3 0.02
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TABl.E Ill. Typical Constraints Applied to the Distance Geometry
Generated Structure for the L1""-Octalin Unit of 1
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Bond lengths (A)
C,pJ-C,pJ
C,pJ-C,pJ

C'J,J-C"l,J
Bond angles C')

C"p"-C,,p-,-Csp.l
C"pJ-C,pJ-C,p.'

Inter atomic distances (A)
Ct-C4

C2-C4 l1

C.cCKlI
C4 l1-C7

CrCs
C3-C7

C3-C (7-Me)
Dihedral angles n

CH,,-C411·-CS-C/,

C2-Ct-CH,,- C4 •

C1-,C;l-C.,-C4

Ct>-C7·-CH-CHlI

CHlI-Ct -C2-C.;

Chirality constraint
i; (CHJ

Fe"

Constraints

1.54
1.53
1.34

110.0
120.0

2.B-3.0
2.8--3.0
2.8-3.0
2.9---3.1
4.5-5.5
4.5-5.5
5.8--6.2

-5.0---5.0
50.0--70.0
50.0--70.0
50.0-..-70.0

-70.0---- 50.0

·-8.8

Results

J.56±0.04
1.45± 0.09
1.49

I lO.9±4.9
122.2±2.7

2.86
2.96
2.98
2.91
4,35
5.15
6.41

3.3
33.3
64,2
65.5

-54.0

0.440

(1.55±O.Ol)U)
(l.53 ±0.03)")
(J35)"·

(l10.8± 1.7),,)

(122.9)"1

----_..•...•- ..._---._--_.__._---_....

0) Values after energy minimization.

parameters. Generally it is difficult to construct three-dimensional structural models,
especially for cyclic systems. In the present work, instead or the conventional model
projection technique, the distance geometry method was applied to the preparation of the
coordinates for the possible octalin ring conformations, and the ()-lactone side chain was
added later.

Figure 4 shows the 13 atoms of the octalin ring moiety with the numbering scheme, to
which the distance geometry method was applied. A typical set of constraints is presented in
Table III. Standard bond lengths and bond angles were used to specify the 1-2 (bond length)
and 1-3 (separated by two bonds) distances.

To keep the A ring in chair form and to maintain the planarity of the double bond, C4 11

Cs, the ranges of several dihedral angles were explicitly given. These values could be easily
converted to upper and lower bounds of the corresponding 1-4 distances (separated by three
successive bonds). For the other 1-4 distances, the dihedral angles were not explicitly given,
but the lower and upper bound distances were set to the distance between the two end atoms
in the cis and trans forms, respectively.

For the non-bonded distances separated more than four bonds, the lower default bound
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was set to 2.0 A and the upper bound to the fully extended bond lengths. Several non-bonded
distances estimated from Dreiding models were explicitly given as constraints, which were
proved to be essential to generate chemically reasonable geometries.':" The chirality
constraints are given for CBa only.

The constraint values after applying the distance geometry method are also given in
Table III. The bond lengths and bond angles of the resulting geometry are within normal
values. Four of the five dihedral angles converged within the initially given range. To correct

+0.10 +0.74

---L:
7

"
Ba~;r-5-6

-0.24 +0.51

,,7,
~B/ 5->6

-0.51 +0.26

G4

-0.53 +0.11

G5

B8-4a=5-6

~B-7/
-1.21 -1.19

Fig. 5. Five Possible Conformers of the Octalin
Ring Moiety of 1

Steroscopic drawing of the conformers (left), and
the deviation of the atoms C, and eN from the least
squares plane through C4 1l• C~. C". and CH" (right).

TABLE IV. Geometries Generated by the Distance Geometry
Method for the LJ4l1-0ctalin Unit of 1

Gt G2 G3 G4 05
---_.~-

Bond lengths (A)

C,pJ-CspJ 1.56 1.52 1.55 1.55 1.55

C.W,-CSp' 1.53 L51 1.53 1.52 1.52

C.'P,-Csp' 1.35 1.32 1.35 1.35 1.35
Bond angles (")

Csp.1-C,p,-C.,P' 111.6 110.9 110.8 111.5 111..1
C.,p.,-C,p,-Csp., 123.5 123.8 122.9 122.9 115.7
C4-C411-CHlI 114.7 ] 15.5 113.2 1[3.2 118.2

Dihedral angles C)
C1-C2-CJ-C4 52.0 60.0 57.5 57.5 M.Y
C2-C)-C4-C4 11 -45.3 -52.4 -56.1 -- 56.1 -55.9
C3-C4-C4l1-Call 46.0 47.7 56.2 56.2 31.9
C4-C4.-CHn-Ct -51.2 -47.7 -55.0 -55.0 -19.4
C4l1-CHn-Cj-C2 60.1 54.7 55.6 55.6 32.4
Cau-Ct-CrCJ -61.5 -62.3 -58.1 -58.1 -54.9
CSlI-C4,,-CS-C(, -2.0 5.5 3.8 3.6 -2.0
C4u-CS-C6-C7 32.1 15.3 6.5 0.4 -53.6
CS-C6-C7-Ca -55.5 -·47.9 -38.0 -27.9 50.4
C6-C7-Cs-Ca• 54.4 62.2 61.8 52.7 1.0
C7-CS-CB.-C4• -25.0 -40.2 -52.1 -48.6 -51.3
CB-CSn-C4.-CS -2..4 7.5 18.8 20.1 22.8

Gl; 7p-sofa, GZ, G3; 7p,81X-half-ehair, G4; 81X-sofa, and G5; half-boat. S.D. for bond !ellgths=O.OI-·-
o.ozA, S.D. for bond angles = 1.0-3.0".
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the distortion of the geometry, energy minimization was carried out after hydrogen atoms
were added.

The processes described above were applied to four sets of constraints. 14) For each set,
about ten different distance matrixes were generated. Among the resulting geometries, those
shown in Fig. 5 were selected as candidates for the possible octalin ring conformations. The B
ring of these geometries adopts half-chair conformations with different extents of distortion
or a half-boat conformation, while the A ring adopts a chair conformation. The geometrical
parameters are summarized in Table IV.

Correlation Time-c->-The calculation of the relaxation parameters was carried out on the
assumption that the motion of the octalin ring moiety can be described by a single correlation
time, except for the 7-methyl group. The t" =0.8 x \0-10 s gave a satisfactory agreement
between observed and calculated T] values of methylene protons, H2 0l and HJ h, which are
insensitive to the geometry, while the effective "cc value of the 7-methyl group, T~rr ==
0.32x la-IDs, was obtained on the assumption that the IH-T1 value of methyl protons is
practically determined by the mutual dipole-dipole interaction. L~. Putting the correlation
times, Ie and I~rr, into Eq. 2, the ratio of rc!Tinl (=:::: IX) was calculated as 4.0.

To check the validity of the above treatment, J3C~TI measurements of ML-236B were
made and the correlation times for the individual C-H vectors were calculated (Fig. 6). The
averaged correlation times for the octalin ring moiety, the c'5-lactone side chain, and the 2
methyl butanoyl group arc O.69±O.1 x W-w s, 0.43±O.1 x to-HIs and 0.20±O.1 x lO-w s,
respectively. This supports the assumption of a localized correlation time for the octalin ring
moiety.

Putting the correlation time, ." =0.69 x l() -10 s, and the effective correlation time of the
7-methyl group, T~rr= 0.16 x 10'- 10 s, into Eq. 2, the ratio IX was calculated as 6.4. The effective
interproton distances between 7-methyl protons and the protons on the rigid molecular frame
were calculated by introducing cx=4.0 into Eq. 3, or alternatively by introducing a:=6.4. As
the difference of the calculated interproton distances between these two cases were very small,
C( =6.4 was used in the following analysis, which gave a better agreement of the observed and
calculated T, value for the 7-mcthyl protons.

Calculation of TIS and NOEs-------Relax<:ltional parameters were calculated for twenty
cases, which arc combinations of the five possible octalin ring conformations and the lour
configurations about two hydroxyl groups at C4- and Cc,' The motional parameters, r, ~
O.8x 10'los and the ratio c.:=TJrint=6.4, were used. Interproton distances were directly
obtained from the geometries given above except those between the 7-methyl protons and
protons 011 the rigid molecular frame, to which the effective values were given as described
above.

The TI value of a certain proton given by the initial slope approximation is practically
determined by the dipolar contribution from the neighboring protons located within 3.01\.
This means that the observed set of T( values reflects the overall spatia! distribution of the
protons, i.e., the conllguration and the con/ormation of the molecule.

023

0.77 0.73

Fig. 6. Correlation Times of the C-H Vectors
of ML-236B ( x 1010 !»

The values were derived from uC-T. values (IC

cording 10 Eq. 4.
lIT,e:Ie)=- NII}'hf,rrT,,(CH)lr~'1l (4)

where Nil is the number of directly bonded protons
and 'ljCH) is the rotational correlation time for the
CH internuclear vector. Taking the internuclear dis
1.l\\lCC I'CIl= I.loA. r.(CHl can be obtained from the
observed T,(IJC) values.
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As can bereadily understood from an inspection of the geometries, T, values for H4 , Hs,
and H6 are expected to depend on the configuration of the two hydroxyl groups and the
conformation of the octalin ring, while T, values for Hj , H7 > Ha, and Hsa should receive
significant contributions from the protons on the c5-lactone side chain. In fact, T, values for
HI> H7 , and Hsa could not be explained in a preliminary calculation which neglected the
contribution of the c5-lactone side chain. On the other hand. the contribution of the 2
methylbutanoyl group should be negligible, because the protons on 2-methylbutanoyl group
are always more than 3.0A from the protons on the octalin ring moiety.

Therefore, calculation was carried out for the spin-system consisting of the non
exchangeable protons on the octalin ring, including the methylene protons on C6 , and C7 ••

Two dihedral angles l{t. =CS·-C6·-C7,-CS and 1/12 =C6,-C7,-CS-C7 were varied in the ranges
given in Fig. 8 to search for values which give satisfactory agreement between the observed
and calculated T1 values. The results of the calculations are summarized in Table I together
with q values, as an index of the agreement between the observed and calculated T, values. In
Fig. 7, the q values are presented as a function of the geometries. Figure 8 is a q-value map
relating the two dihedral angles and the resulting q values. The NOE factors were calculated
by using the same motional and geometrical parameters. The results are given in Table n.

The Configuration of the Hydroxyl Groups--The interproton distance, dH4,H~' was
estimated as ca. 2.3 A in the case of 4f3-hydroxyl configuration, while it becomes more than
3.0A in the case of 4 ex-hydroxyl configuration. Similarly, dH6.7-Mc depends on the con
figuration of the 6-hydroxyl group. Therefore, T1 values for H4 , Hs, and HI> are sensitive to
the configurations at C4 and C6 •

Configuration dependence of the agreement factors is clearly displayed in Fig. 7, which
shows that most satisfactory agreement has been obtained for the geometry G l-SS. The S
configurations of the two hydroxyl groups at C4 and C6 could be confirmed. The NOEs
observed between H6 and 7-Me, and between H4 and Hs, support this conclusion quanti
tatively (see Table II).

I-

l~
r- r-r- I-Jr-

I-
r-

l- I

....,
r-

- i- --Ff- I- - - 1-. - -- ---'r -

r

0-4

0.3

0.2

0.1

88 RR
5R RS

G1

58 RR
8R R5

G2

55 RR
SR R5

G3

55RR
5R 1/8

G4

55 RR
5R 1/5

G5

SR¢Ceo.
OH

RRC(:(
1 H
OHRS0

W ..··....OH
s
OH

Fig. 7. Dependance of the q-Values on the Configuration and the Conformation of
the Octalin Ring Moiety of 1

01 to 05 refer to the oetalin ring conformations presented in Fig. 5. In each conformer,
four possible diastereomers about two hydroxyl groups at C4 and C6 were assumed.
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== ~-value scanning --

VP 1 CO~' -- C06' -- C07' -- C008 from 0.0000 to 300.0003 by 30.0000

VP 2 C06' -- C07' -- cooa -- C007 from -60.0000 to 180.0002 by 30.0000
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0.144 0.210 0.399 2.179 1.182 0.438 0.564 2.200 1.190 0.355 0.209

0.143 0.157 0.381 0.979 0.994 2.032 0.978 1.159 1. 000 1.965 0.508 0.172

0.137 0.193 0.618 1. 684 0.764 1.053 0.723 1.692 0.732 0.128

0.132 0.165 0.265 1.103 ***** 0.770 0.372 1.118 "'**** 0.123 j,P2
0.141 0.140 0.300 0.618 0.334 0.177 0.315 0.613 0.315 0.143

0.136 0.133 0.138 0.138 0.134 0.131 0.131 0.136 0.135 0.135

0.121 0.131 0.133 0.131 0.118(0.082 0.064 0.080 0.066 0.093

0.117 0.135 0.130~ 0.245 0.935 0.520 0.930 0.505 0.066

0.148 0.147 0.150 1.145 ***** ***** 0.401 1.185 ***** ***** 0.201 0.099

end of T1 calc 22:19:44 9?1 ~
Fig. 8. Contour Plot of the q-Values as a Function of Dihedral Angles tI't and IJ'2

'1'1(",(\,,-C(o'-('7'-('H) and '1'2("'('I"·C",,CH- ('7) were varied in the runge given in the
figure in steps at' 30"C.

The Conformation of the Octalin Ring-------Figurc 7 shows clearly that the agreement
between observed and calculated T I values also depends on the octalin ring conformation.
The possibility that the B ring adopts a half-boat conformation could be completely excluded
because of the poor agreement between the observed and calculated TI values. Among the
half-chair conformations of the B ring affording relatively good agreements, the most
satisfactory result has been given by the G l-conforrnation (7/i-sofa), This' suggests tha t the B
ring favors the 7jJ-sofa conformation. The calculation, assuming a boat conformation of the
A ring, gave a poor agreement (data not shown). Thus, the A ring may be concluded to adopt
a chair conformation.

The deviation of the B ring conformation from normal half chair to 7fi-sofa may be
ascribed to the non-bonding repulsion between Hila and the 7-methyl protons, which can be
reduced in the B ring with 7li-sofa conformation.

The Conformation of the 15-Lactone Side Chain-c-c--I t is found fr0111 Fig. 8 that the 1// 1 and
the 1/12' which reproduce the observed TI values, are restricted to narrow ranges, The best
agreement was achieved at III1 = 120(, and '112 = 180"', In this conformation, HI is so close to
H6 ,u that NOE between HI and Ht)'(' might be expected. Actually, 6~{; signal enhancement of
H6 ,u was observed on irradiation of HI' and this was quantitatively reproduced by the
calculation (Table II).\6)

An inspection of the CPK model of this configuration reveals that the motional freedom
of the (5-lactone side chain is significantly reduced by the presence of the 2-methylbutanoyl
group at C\ and the methyl group at C7 • This is consistent with the above observation that the
orientation of the o-lactone side chain seems to be restricted in solution.

3p-Hydroxy ML-236B (2)
To check the validity of the above discussion as well as to compare the conformation of
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TABLE V. Observed and Calculated T1 Values for 2

H] H2 HJ H4 Hs a, 7-Me

Obs. 0.60 0.42 1.87 2.09 1.55 1.39 0.61

Calc.
c-r 0.60 0.40 1.80 1.73 1.35 1.36 0.53
C-2 0.54 0,42 1.15 1.74 1.35 1.36 0.53

Col, 3{J-hydroxyl; C-2, 3IX-hydroxyJ.

Vol. 35 (1987)

q

0.11
0.26

the D-lactone side chain in solution with that in the crystal, the same analysis 'of T1 values was
applied to compound 2, although its X-ray analysis has already been done."! The calculation
was carried out on the spin system consisting of the non-exchangeable protons on the
bisdehydroxy-decalin ling, including methylene protons on C6 , and C7, (on the (i-lactone side
chain). Two dihedral angles, !/Jf=Cs,-C6,--C7,-CB and l{J2=C6,-C7,- C",- C7, were changed to
search for the values minimizing the q-index. The 2-methylbutanoyl group was neglected, as in
the analysis of 1. Ring conformation was assumed to be similar to that in the crystal. The
correlation times, r c = 0,8 x 10-10 sand rc!r in1= 6.4 were used as in the case of 1.

Table V shows the results of the calculation carried out for two epimers about the 3
hydroxyl group, In each case, the dihedral angles t/J 1 and 1{/2 have been optimized to the values
giving the most satisfactory agreement. The agreement between observed and calculated T1

value for H3 , which was sensitive to the configuration at 'C3 , was found to be satisfactory for
the epimer with the 3.8-hydroxyl group. This is consistent with the configuration established
by the X-ray analysis." Additionally, the optimal dihedral angles, l/J I = 180" and tP2 = 50 ", are
very similar to the values observed in the crystal, t/JI = 176.3 o and tP2 = 55.1 ", This indicates
that the motional freedom of the I)-lactone side chain is also restricted in solution, as in the
case of 1.

According to the currently accepted interaction mode of ML-236B derivatives with
HMG-CoA reductase presented by Nakamura et (1/.,61 the ()-lactone part, which is cleaved to
3{3-hydroxyheptanoic acid by hydrolysis and binds to the active site of the enzyme, must be
connected in a specified orientation to the decalin moiety to exert its activity, because the
decalin moiety is supposed to act as an anchor by binding to a hydrophobic pocket assumed
to be located near the active site. Thus, the relative position of these two parts in space must
be optimal in a potent inhibitor. The observed conformational difference of the decalin moiety
between 1 and 2 necessarily leads to a difference of the location of the i)-lactone side chain in
space relative to the decalin moiety. This must be responsible for the observed difference in the
inhibitory potency between these two compounds. The diminished activity of ML-236A may
be explained along the same line; the a-lactone side chain may not be kept in a proper
orientation due to the loss of the 2-methylbutanoyl group at C\.

Conclusion

A quantitative evaluation of spin-lattice relaxation times and steady-state NOB factors
has been made. By comparing the observed relaxation parameters with those calculated for
several possible geometries, the configurations of the two hydroxyl groups at C4 and Ce;, as
well as the most probable conformation of the octalin ring system in 1, could be determined.
The motional freedom of the e>-lactone side chain was proved to be restricted; the dihedral
angles, t/Jl and 1/12' which characterize the conformation of the (}-lactone side chain, are
consistent with the observed relaxation parameters only when they are limited to narrow
ranges of values.
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The validity of the above conclusion was confirmed by the results of a similar analysis
carried out on 2. The availability of the distance geometry method to generate coordinates for
small molecules was confirmed.

Acknowledgement The authors wish to thank Dr. Nobufusa Serizawa for supplying the materials. ML·236B,
4p.6a-dihydroxy ML-236B and 3/J-hydfllxy ML·236B.
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Pseudotutin previously isolated from Coriaria japonica A. GRAY was revealed to be a
molecular compound consisting of equimolar tutin (2) and a new related sesquiterpene lactone,
corianin (3). Corianin was also isolated together with coriamyrtin (1), tutin (2) and coriatin (4),
from Loranthus parasiticus MERR., a parasitic plant that grows on the twigs or Coriaria sinica
MAXIM. The structure of corianin was elucidated on the basis or nuclear magnetic resonance and
chemical evidence. The previously proposed structure (4) for coriatin was also substantiated.

Keywords--Coriaria japonica; Coriariaceae; Loranthus parasiticus; Loranthaceae; pseudo
tutin; corianin; turin: molecular compound; coriatin

. Coriaria japonica A. ORAY (Coriariaceae) is known to produce several sesquiterpene
lactones including coriamyrtin (1) and tutin (2), which are the main toxic principles. I ) Among
them, 'pseudotutin, which was previously isolated from the fruit extract and analyzed as
CIsH1806/l was reexamined and shown to be a molecular compound composed of tutin (2)
and a new related sesquiterpene lactone named corianin (3),3)

We have also isolated corianin, together with three sesquiterpene lactones, during an
investigation of the active principles of Loranthus parasiticus MERR. (Chinese t:ame: ma sang
jisheng, baso-kisei in Japanese pronunciation) (Loranthaceae), a parasitic plant that grows on
the twigs of Coriaria sinica MAXIM. (Chinese name: ma sang, baso in Japanese pro
nunciation) (Coriariaceae), which is distributed in the south and southwest parts of China and
is a folk medicine used as a shock therapy for schizophrenia in the southwest area of China. In
this paper we present a detailed account of the isolation and characterization of sesquiterpene
lactones of L. parasiticus, and of the structure elucidation of corianin (3).

Although pseudotutin obtained by recrystallization from water has a constant, sharp
melting point (184 °C)2) and was regarded as a single compound, it has been found to give two
spots on a thin-layer chromatogram (TLC), and two constituents have been separated by
recrystallization from chloroform. The one which crystallized first was identified as tutin (2),
and the other component, corianin (3), deposited from the mother liquor, showed mp 214
216°C and analyzed as ClsHlS06 (M + 294.1160). Comparisons of the melting points of 2, 3
and their mixtures indicated that pseudotutin is a molecular compound composed of
equimolar 2 and 3 as found for picrotoxin." Namely, the crystals obtained upon evaporation
of the aqueous solution of 1: 1 mixture of2 and 3 displayed a melting point and infrared (lR)
spectrum identical with those of pseudotutin, while the mixtures of different ratios near I: 1
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showed lower melting points.
The sesquiterpene lactones including corianin of L. parasiticus were isolated from the

chloroform-soluble portion of the ethanol extract of the' dried leaves. The mixture of
sesquiterpene lactones was separated into four compounds by column chromatography over
polyamide and then on silicic acid, followed by recrystallization. Among them, two
components which showed strong convulsive action in mice, were identified as coriarnyrtin (1)
and tutin (2) and the other two were identified as corianin (3) and coriatin (4), by direct
comparison with authentic specimens obtained from Coriaria japonica. The aqueous extrac
tive of the plant, or a mixture of these crystalline sesquiterpenes including nontoxic corianin
and coriatin, which gives effects comparable to insulin or electric shock, is currently used by
muscle injection for the treatment of catatonia in hospitals in diverse areas of China.S

) The
results described above show that coriamyrtin and tutin are the active ingredients of L.
parasiticus for this therapy. The isolation of these sesquiterpenoids from Coriaria sinica'"
suggests that these compounds have been transported from the host plant to the parasitic one,
and accumulated in the latter without being metabolized.

Coriatin (4), C1sHzo06' a hydroxycoriamyrtin, was first isolated from the fruit juice of
Coriaria japonica in 1961, and its structure (4) was proposed based mainly on the IR
spectrum." Further evidence of the structure has now been provided by the proton and
carbon-I 3 nuclear magnetic resonance CH- and 13C-NMR (Table I)) spectra which are very
similar to those of coriamyrtin (1)8) except that they show three tertiary methyl signals [011
1.16, 1.30 and 1.43; be 22.97, 30.17 and 28.39}, and that the signals attributable to the

5

Chart I

TAJILE I. I.lC_NMR Data 1'01' Coriurnyrtin (1), Tutin (2), Corianin
(3) and Coria tin (4) in Pyridine-r/,

. __-:~,:==--~~:-:,",..-...w •• _ .

Carbon 4 2 3
._----,.-

39.71 (5) 39.98 (s) 45.94 (s) 55.58 (s)

2 30.93 (t) 31.80 (t) 72.16 (d) 81.86 (d)

3 78.61 (d) 78.82 (d) 84.40 (d) 85.38 (<I)

4 48.59 (d) 49.57 (d) 49.95 (d) 48.HI (d)

5 50.06 (d) 52.60 (d) 50.76 (d) 50.17 (d)

6 76.38 (s) 75.41 (s) 77.90 (s) 75.30 (s)

7 23.35 ('I) 22.97 ('I) 22.97 ('I) 22.86 ('I)

s 142.58 (s) 68.37 (s) 142.69 (s) 140.69 (s)

9 110.46 ro 30.17 ('I) 110.46 (t) 112.36(t)

10 23.02 ('I) 28.39 ('I) 21.29 ('I) 22.21 ('I)

II 61.54 (d) 61.22 (d) 61.00 (d) 63.92 (d)

12 58.89 (d) 58.45 (d) 60.19 (d) 60.78 (d)

13 66.36 (s) 67.07 (s) 65.98 (s) 90.20 (s)

14 52.17 (t) 52.17 ro 52.06 (I) 77.74 (I)

15 175.20 (s) 175.36 (5) 175.63 (s) 175.68 (s)



184 Vol. 35 (1987)

isopropenyl group are missing. The mass spectrum (MS) exhibited a fragment ion peak
[(MehC=OHJ+ at mjz 59 as the base peak, whereas the base peak in coriamyrtin is at mjz 4]
[CH3C = CH2] +. Finally, the structure 4 was proved by the chemical conversion ofcoriatin into
apocoriarnyrtin (5)9) by treatment with POCI3 • Therefore, the established structure ofcoriatin,
including the absolute configuration, is represented by 4.

The structure 3 is assigned to corianin on the basis of the following observations. The IR
spectrum (KBr) shows absorption bands at 3450 (hydroxyl), 1760 and ]740 [1750ern -] in
CHCl3 ; y-lactone], and 1640cm- 1 (double bond). The lJC~NMR spectrum exhibits the
lactone carbonyl carbon signal at (j 175.68 and resonances due to a terminal methylene at
(j 140.69 (8) and 112.36 (t), and does not show any other signals in the Sp2 carbon region (Table
I). The terminal methylene signal in the IH-NMR spectrum (pyridine-z.) is a 2H broad singlet
at 64.94, which is coupled with a methyl signal at 62.08. The double bond is thus in the
isopropenyl group. An AB quartet at b 3.84 and 4.27 (J = 3 Hz), which is analogous to the
epoxide protons at C-l1 and C-12 of tutin (2), is observed. The rest of the proton signals of 3
are also similar to those of 2, with the exception that the AB quartet of the terminal epoxide

OH
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. ' "
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.....//0
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o V- 0
../""-CH2Br
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TABLE II. l H-NMR Data for Tutin (2) and Coriunin (3) in Pyridine-z/,

Proton

H-2
H-3
H-4
H-5
H-7 (CH))
H-9 (CH 2)

H-lD (CH 3 )

H-1l
H-12
H-14

a) Overlapped.

Tutin (2)

4.75 l1l

5.23 (dt, J=4. 1 Hz)

3.43 (m)

1.93 (s)
4.75 0

)

4.91 (br s)
2.13 (brs)
3.53 (d, J=3Hz)
4.11 (d,J=3Hz)
3.10 (d, J=6Hz)
4.70 (d, J=6Hz)

Corianin (3)

4.65 (d, J=4Hz)
5.28 (dt, .1=4, I Hz)
3.40(ml
3.48 (dd, J=o4, 1 Hz)
1.60 (s)
4.94 (2H, br s)

2.08 (br s)
3.84 (d, J = 3 Hz)
4.27 (d, J = 3Hz)
4.32 (d, J= 10Hz)
4.46 (d. J= 10 Hz)
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[c54.70 and 3.10 (J=6 Hzj] in 2 is replaced in 3 by an AB quartet [c') 4.32 and 4.46] with a larger
coupling constant J = 10Hz (Table II).

Hydrogenation of corianin (3) over Adams catalyst afforded dihydrocorianin (6),
ClsHzo06 (M+ 296), whose lH-NMR spectrum (CDCl,3) shows doublets at c50.98 (.J=6Hz)
and 1.08 (J=6 Hz) due to an isopropyl group. Upon the treatment of corianin with bromine
water, bromocorianin (7), C15H1106Br (M+ 372 and 374) was produced. Formation of an
ether ring between the isopropenyl and a hydroxyl group upon the bromination is indicated
by the 1H-NMR spectrum of 7, wherein the methyl and olefinic proton signals of the
isopropenyl group observed' in 3 are replaced by a methyl singlet at c) 1.56 and a singlet at
1J 4.02 attributable to the bromomethyl group. These chemical and spectroscopic analogies
between corianin and tutin lead to the assumption that corianin possesses a structure similar
to tutin, on the same carbon skeleton. The difference between corianin and tutin is in the
region of the terminal epoxide and C-2 oxygen function in tutin: in the 1'~C-NMR spectrum of
3 (Table I), the signals due to C-13 and C-14 appear at (590.20 and 77.74, respectively, which
are shifted downfield by 24.22 and 25.68 ppm from the corresponding signals of 2, indicating
the absence of the "spiro" epoxide ring in corianin. Significant downfield shifts of C-I and C-2
in 3 compared with 2 are also observed. The other signals are virtually identical in chemical
shifts as well as multiplicity with the signals of 2.

In the 1H-NMR spectrum measured in DMSO-d(i, the protons which are replaced by
deuterium upon addition of D:P appear as two singlets at i5 5.14 and 5.09 for corianin, while
they appear as a singlet at c)5.60 and a doublet at () 5.16 for tutin. Corianin, therefore. should
have two tertiary hydroxyl groups, the locations of which should be C-6 and C-13. Chemical
evidence for this assumption was provided by the fairly high resistance to acetylation in a
usual manner and to Jones oxidation. However, upon acetylation at an elevated temperature
(80 "C), corianin gave a monoacetate (9), C17H2007 (M -i- 336.1180). The 1H-NMR spectrum
(CDCI3 ) of 9 showed relatively large downfield shifts of one of the C-14 methylene proton
signals and the H-12 signal, which can be explained by the deshielding effect of the acetyl
group which is located spatially dose to the hydrogens concerned.

As the presence of the oxygen function at C-2 and C-14 is evidenced by the 1H- and DC_
NMR spectra, these carbons should he in the five-membered ether ring, as in the structure 3,
which is compatible with the previously mentioned large coupling constant (J = 10Hz) of the
C-14 proton signals.

The stereochemical relationship among the functional groups, i.e., i'·lactone, C-4
isopropenyl group and C-6 hydroxyl group, 011 the cyelohexane ring has been esta blished to
be identical with that of tutin, as demonstrated by the formation of the ether bridge at C-6··
O--C-8 on bromination, and also by the coupling constants of the H-2·· --H-5 signals which arc
analogous to those of tutin. The epoxide at C-ll··C-12 in corianin (3) is hardly available for
intermolecular nucleophilic attack. as found for tutin and coriamyrtin." This stability can be
rationalized in terms of protection of the epoxide moiety from backside attack by the }'.
lactone group, and hence the epoxide at C-ll-C-12 is trans to the y-lactone. This assignment
was chemically supported as follows: brornination of corianin afforded, in addition to 7, a

~
- /)?~

- 0 "'OH
HO-\

o ~

H:lC 6.
BrH2C CH3

7

Chart 3
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byproduct, isobromocorianin (8), ClsH1907Br (M + 390, 392), which retains the j-lactone as
indicated by an IR absorption band at l750cm- 1. The IH-NMR spectrum (CDCl3) of
8 indicates the presence of the C-6-0-e-8 ether bridge [AB quartet at [) 3.46 and 3.56 (J=
14Hz) (CH2Br); 1.54 (3H, s»). The H-3 signal is shifted upfield by O.64ppm from the
corresponding signal of 7, while a part of the AB quartet due to H-ll and H-12 showed a
significant downfield shift. These spectral data, considered in conjunction with a molecular
model, are consistent with the structure 8 for isobromocorianin. The transesterification during
bromination is presumed to occur by intramolecular rearward attack on the epoxide by the
lactone carbonyl oxygen, as illustrated in Chart 3.

The optical rotatory dispersion (ORD) curve of corianin is almost superposable on that
of tutin. The absolute configuration of corianin is consequently represented by 3.

Experimental

IR spectra Were recorded on a Perkin-Elmer 683 spectrometer, optical rotations on a Perkin-Elmer 241
polarimeter, and MS on a ZAB-2F mass spectrometer or a Shimadzu LKB-9000 GC-MS spectrometer. NMR spectra
were recorded on a Hitachi R-22FTS or a lEOL FX-90Q, with tetrarnethylsilane (TMS) as internal standard.
Chemica! shifts are given in i5 (ppm) values. TLC was performed on Kieselgel PFZ~4 plates (Merck), and spots were
visuallized under ultraviolet (UV) light or by exposure to iodine vapor.

Separation of Tutin (2) and Corianin (3) from Pseudotutin--Pseudotutin, 184-185 "C, was recrystallized twice
from CHCI3 to give white crystals of mp 208-210 0C, which were identical with tutin (mixed melting point and IR
comparison). Repeated recrystallization of the crystals obtained from the mother liquor afforded corianin (3), as
colorless needles, mp 214"":'-216 DC (CHCI3). mp 224-225"C (from EtOH), [O:]D +26.8" (c= 1.1, EtOH-HzO). IR
(KBr)cm- l : 3500, 3080,1760,1740,1640,1230,1190,1170,1050,917,900, 860, 820. Accurate MS m]z: Calcd for
CIsH1806: 294.1103; Found: 294.1160. MS mlz (relative intensity, %): 279 (4), 248 (8), 250 (13), 217 (6),205 (8), 165
(20), 125 (30), 124 (28), 95 (100), 41 (75). The IH_ and 13C-NMR spectra; sec Tables I and II. ORD (c=0.08,
MeOH); [M]237 +4185 b

• Anal. Calcd for CISHIR06: C, 61.21; H, 6.17. Found: C, 61.47; H, 6.16.
Relation of the Composition and Melting Point of Tunn (2) and Corianin (3)·--·-A mixture of 2 and 3 in several

amount ratios was dissolved in hot H20, and then the solvent was evaporated oIT. The melting point of each
crystalline mixture thus obtained was determined and compared with those of2, 3 and pseudotutin. The results arc as
follows: mp 209-212 DC (2: 3, 10: 0); mp 152-160"C (2: 3,7: 3); mp 184--186 "C (2: 3, I: 1); mp 160·_·-170 "C (2 :3,
3: 7); mp 215-216 "C (2: 3, 0: 10). The crystals consisting of equirnolar 2 and 3 were identical with pseudotutin as
judged by comparison of the IR spectra.

Isolation of the Sesquiterpene Lactones from Loranthusparasiticu.r----··Dricd leaves (32kg) of L. parasiticus,
collected at Ning nan Xian, Sichuan, China, were percolated in 95~;, EtOH (125 I) for 3 months. The solvent was
concentrated under reduced pressure, and the precipitate was filtered oIT. The filtrate was extracted with CHCI3 • The
CHCI3 layer was evaporated to give a residue (50.5g) which was chromatographed over polyamide (5.6 x 106cm).
The eluates with H20 and H20-EtOH (9: I) were combined and concentrated. The deposited crystals (24.5g) were
recrystallized from EtOH to give coriatin (4) (6 g). The mother liquor of the crude crystals and also of the
recrystallization gave tutin (2) (ll.2 g) after concentration followed by crystallization from EtOH. The residue
obtained from this mother liquor was finally purified by column chromatography on silicicacid to alford coriarnyrtin
(1) (2.7 g) and corianin (3) (0.45 g). The identities of these compounds were confirmed by direct comparisons of the
physico-chemical data with those of authentic samples.

Preparation of Apocoriamyrtin (5) from Coriatin (4)-·A mixture of 4 (145 mg) and POCI3 (0.45 ml) in pyridine
(10ml) was left stading at room temperature for 24 h. The reaction mixture was poured into ice-water, and extracted
with CHCI3. The CHC13 layer was washed with 10% HCI and 5% NaZCO), and dried over NaZS04. Removal of the
solvent gave an orange oily residue (90mg). Purification by prep. TLC using cyclohexane-EtOAc-MeOH (8: 2: n.5)
gave apocoriamyrtin (5) (20 rng), mp 207-21O"C, which was identical with an authentic sample."

Dihydrocorianin (6)--A solution of corianin (3) (43 mg) in AcOH (10 ml) was hydrogenated over prehy
drogenated Pt02 (10 mg) at room temperature for I h. After removal of the catalyst by filtration, the solvent was
removed to give a crystalline residue. Recrystallization from EtOH afforded dihydrocorianin (4) (36mg) as colorless
needles, mp 249-251 °C. IR (KBr) ern-I: 3450,1735,916,770. IH-NMR (CDCIJ)O: 1.20(m, 8, C1-CH.l ), 0.98, 1.08
[3H each, d, J=7Hz, C8-(CH3h], 1.70-2.04 [l H, m, H-8), 2.10-2.30 (IH, rn, H-5), 3.62,4.16 (AB q, J=3Hz, H-II
and H-12), 4.02 (2H, s, H-14), 3.88 (lH, d, J=4Hz, H-2), 4.80 (lH, t, J=4Hz, H-3), 3.00 (lH, d, J=4Hz, H-5),
1.70-2.36 (OH). MS mjz (relative intensity, %): 296 (M+, 15),276 (15),253 (78),235 (18),124 (42), III (36),97 (78),
85 (38), 43 (80), 41 (l00). Anal. Calcd for CIsH2006: C, 60.80; H, 6.80. Found: C, 61.03; H, 6.78.

Bromination of Corlanin (3)---Bromine water was added to a solution of corianin (3) (27mg) in hot water (I ml)
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until the color of bromine was persistent, and the reaction mixture was heated at JOO PC for 30min, then allowed to
stand further at room temperature for 2 d. The products were extracted with EtOAc and purified by prep. TLC
(cyclohexane-EtOAc-MeOH 5: 5: 0.8). Fractions of Rf 0.65 and 0.45 yielded brornocorianin (7) and isobromo
corianin (8), respectively. Bromocorianin (7): white needles, mp 129-131 °C from MeOH. I H-NMR (CDCI3) (~:

1.30 (3H, s, CJ-CHJ ) , 1.56 (3H, s, CH-CH.1) , 3.44, 3.56 (ABq, J= 10Hz, CI\-CHzBr). 3.58, 3.84 (ABq, J == 3Hz, H-II
"and H-I2), 4.02 (2H, s, H-14), 4.06 (tH, d, J=4.5 Hz, H-2), 5.02 (IH, dt, J=4.5, 2Hz, H·3), 3.22 (lH, r, .1=4.5 Hz,
H-4), 3.32 (tH, d, J =4.5 Hz, H-5). MS 11'1/= (relative intensity, %): 372 (2), 374 (2) (M +), 344 (l7), 346 (17). 293 (8),
265 (70),219 (17), 95 (80),43 (100). Anal. Calcd for ClsH17BrOb: C, 48.27; H, 4.59. Found: C, 48,(H; H, 4.87.
Isobromocorianin (8): white long plates from MeOH, mp 180-183 "C (dec.). IR (KBr)cm- 1: 3520, 3380, 1740, 1720,
1360,1155, 1045,825. IR (CHCIJ ) cm- J : 1750. IH·NMR (CDCI J ) ,5: !.I 8 (3H, s, C1-CH;\), 1.54 (3H, s, CIl-CH.1} . 3.46,
3.56 (ABq, J= 14Hz, CI\·CH2Br), 3.44, 4.34 (ABq, J =3 Hz, H-Il and B-12), 3.83,4.26 (ABq, J=7 Hz, H·I4). 4.43
(IH, s. H-2), 4.38 (lH, d, J=4Hz, H-3), 2.84 (lH. t, J=4Hz, H-4), 2.98 (lH. d, .I=4Hz, H·5). MS mi: (relative
intensity, %): 390 (1.5),392 (1.5) (M+), 372 (11), 374 (11), 293 (13), 195 (20), 82 (93),80 (tOO).

Acetylcorianin (9)--Corianin (3) (27 mg) was dissolved in pyridine (0.5 ml), and AC20 (1 ml) was added. After
2 d at room temperature, the reaction mixture was further allowed to stand at 80 0Cfor 5h, and then poured into ice
water. The crystals deposited were collected and recrystallized from aq. EtOH to give colorless needles of
acetylcorianin (7) (15mg), mp 95-97''C. JH·NMR (CDCJ3 ) 8: 1.16 (3H, s, CcCH.,), 1.92 (3H, s, C8-CH.d, 2./2 (m.
s, OAc), 3.97, 4.20 (ABq, J::=3Hz, H-II and H-12), 4.06, 4.32 (ABq, J = II Hz, H-14), 4.82, 5.00 (IH each, br s, H-9).
4.25 (IH, d, J=4Hz, H-2), 3.18--3.22 (2H, m,H-4 and H·5), 5.02 (IH, t, }::=4 Hz, H·3). Accurate MS mlz; Calcd for
C17HzIl07 : 336.1208; Found: 336.1180. MS mlz (relative intensity, %): 276 (58), 43 (100), 41 (46).
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Two-dimensional nuclear magnetic resonance (20 NMR) spectroscopy has been used to assign
13C spectra of the tricyclic antidepressants imipramine and chlorirnipramine. The 20
INADEQUATE method was used to unambiguously assign the aromatic spectral region for the
former compound. Errors in previous literature assignments based on 10 methods were corrected.
For chlorimipramine the pitfalls of classical substituent chemical shift arguments for DC
assignments and the difficulties of 10 selective IH irradiation in overlapped systems are contrasted
with the power and relative simplicity of the 2D·13C, 'Hscorrelated and J.lC, JH RELA Y methods.

Keywords--NMR; 20 NMR; imipramine; chlorirniprarnine; antidepressants; spectral as
signment; l3C-NMR

Introduction

Tricyclic antidepressants (TCA's) are widely used in the treatment of depression. This
action is thought to be related, at least in part, to their ability to inhibit re-uptake of amine
neurotransmitters into presynaptic nerve endings, although the detailed mechanism by which
TeA'5 exert their effects remains unknown. Nuclear magnetic resonance (NMR) spectros
copy has the potential to increase our knowledge of the molecular events involved in
antidepressant action, since it provides a means of examining interactions between drugs and
membranes or receptor proteins. l

) However, before such studies can be contemplated a
thorough understanding of the solution properties and spectral assignments of the antide
pressants is required. Unfortunately, some of the early studies in this area2

,3 ) have been
marred by incorrect assignments due largely to the inadequacies of conventional assignment
techniques. In this paper these errors are corrected and the power of modern two-dimensional
(20) methods in the assignment of tH~ and 13C-NMR spectra of representative antide
pressants is discussed.

The 2D NMR methods of interest are 2D-INADEQUATE,4) carbon-hydrogen cor
related spectroscopy" and carbon-hydrogen relayed coherence transfer (RELAy).6)

The 2D-INADEQUATE4
) experiment is potentially the most powerful technique

available for deducing connectivities in molecular frameworks as it provides direct detection
of one-bond carbon-earbon couplings. Such couplings are observable only in molecules
containing two adjacent 13C nuclei (i.e., I in every 10000 molecules at natural abundance) and
thus in a conventional 13C spectrum would appear as satellite signals centred about the
hundred-fold stronger resonance arising from molecules containing a single 13C nucleus.
Limitations of dynamic range and resolution make observation of these satellite signals
difficult in practical cases, except with a technique such as INADEQUATE,7) which uses
phase cycling of the applied radio frequency pulses to suppress the strong central band. For
carbons attached to more than one other carbon, significant overlap of the separate satellites
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could be expected in a ID experiment, but in the 2D-INADEQUATE method an appropriate
pulse sequence separates the satellites according to the double quantum frequency of the
coupled nuclei. The resultant 2D spectrum has the carbon chemical shift as one axis (F2) and
the double quantum frequency, which is the sum of the chemical shifts of the coupled nuclei
(relative to the carrier frequency) as the second axis (FJ) . While this technique provides very
direct connectivity information, it has the disadvantage of being time-consuming in terms of
data acquisition because only molecules containing two adjacent Be nuclei arc detected.

The heteronuclear shift-correlated 2D pulse experiment provides a rapid method for
correlating the chemical shift of proton-bearing carbons with the chemical shirt of their
respective protons. Heteronuclear shift-correlated 2D spectra are normally represented in
contour form, with the 13e chemical shift «)C) along the horizontal (Fz) axis and the proton
chemical shift «)H) along the vertical (FJ ) axis. Correlations appear at «)C, ()H). A major
advantage of this method is that it uses the carbon chemical shift dispersion to resolve the
proton spectrum and in so doing, it has the potential to reveal overlapping proton
multiplicities and coupling constants.

Detection of remote carbon-proton connectivities may be achieved by the 2D technique
of relayed coherence transfer heteronuclear correlated spectroscopy (RELAY). The resultant
2D spectrum correlates the chemical shifts of uC nuclei (along the F2 axis) with the 1H
chemical shifts of both directly coupled neighbouring protons and the remote protons which
are coupled to the neighbouring protons. The 2D spectrum therefore displays not only
neighbouring cross-peaks of two protonated carbons, A and B, at «~CA' 8H A) and «'SCn, (SHn),
similar to the CH correlated 2D spectrum, but in addition relayed cross-peaks at «)CA, ()Hu)
and «(lCn, l)HA) . These four signals appear at the corners of a rectangle in the 2D spectrum and
provide evidence that the two carbon signals at 8CA and ()en are from sites in the immediate
vicinity of each other within the molecular framework. The method thus directly provides
connectivity information, as does 2D-INADEQUATE, but is more sensitive since it does not
rely on natural abundance double-PC labelling.

Expenmenral

Materials- ·-"Imipramine hydrochloride was a generous gift from Ciba-Gcigy. Chlorirnipranunc hydrochlo
dride was kindly donated by Dr. D. Taylor, Victorian College of Pharmacy Ltd. Deutcriochloroform (l)9.8~.;) D)
was supplied hy Aldrich Chemical Co .. Michigan, U.S.A.

NMR Spcctroscopy_·_1 H- and '.lC_NMR spectra were recorded on a Bruker AM 30()WB spectrometer operat
ing at 300.13 and 7S.411 MHz respectively. Fourier transform (FT) lH-NMR spectra were normally recorded with
a 60" pulse (31IS), repetition time 3 s, spectral width 3 kl-Iz, and 16k data points. !6 transients were accumulated.
Chemical shifts arc referenced to the residual chloroform resouance at 7.24 parts per million (ppm).

JD LlC_N MR spectra were obtained with a 45,Jpulse (6/IS). repetition time 2 S, spectral width 16kl-lz and 1I K
data points. Proton dccoupling was achieved using low-power Waltz decoupling." Free-induction decays (ElD's]
were zero-tilled to 16K data points, and 2 Hz exponential line-broadening was applied before Fourier transforma
tion. Chemical shifts were referenced to the centre peak of deutcriochloroform ut 77.0 ppm.

2D-INADEQUATE spectra" were obtained with the pulse sequence 90"-r-180"-r-l)O"-II-J35' FlD (/2) with
spectral widths FI := soon, F2 ;:; 250() Hz, a 90" pulse of 13.5,us. quadrature detection in both dimensions, Waltz
proton decoupling, r:::: 1(4J(C·-C)=4.2 ms, u repetition time of 1.2S, a 12H x 204H word data matrix, and a total
acquisition time of 12 h. The data was processed as a 256 x 2048 word data matrix with a sine-bell window function in
both dimensions.

The 2D-1H, IlC CORRELATED spectra'? were acquired with the pulse sequence

IH: 90-Itl2- -/I/2-r\-90-rz-Waltz decoupling

I,IC: 180 90

with spectral widths F 1 ±100Hz, F2 ==2000 Hz, quadrature detection in both dimensions, t 1 = t z:::: 1(2 J(CH)=3 rns, a
128x 2048 word data matrix, and a repetition time of 4s. The data were processed as a 512 x 2048 word data matrix
with a sine-bell window in F I and 2 Hz exponential line-broadening in F2 •
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The 2D· 1H, 1H, 13C RELAYED spectra'? were acquired with the pulse sequence

IH: 90-ttJ2- -tt/2-90-1"J2-180-/m/2-'1-90-'2-Waltz decoupling
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with the same spectral and acquisition parameters used in the I H, 1JC correlated spectra. The mixing time, 1m, was
16ms and total acquisition time ISh. The data were processed as a 256 x 2048 word data matrix with a sine-bell
window in F1 and, a 2Hz exponential line-broadening in F2•

Results and Discussion

Imipramine (1) was the first of the TCA's to be developed and it is still in widespread
clinical use.

1

Its I3C-NMR spectrum in the aromatic region is shown in Fig. I with proposed assignments
of Abraham et aU) and Saito and coworkers. I) The original assignments of Abraham, which
were presumably based on model compounds, appear to be plausible; however, very recently
Saito and coworkers used selective I H decoupling to reassign the l3C shifts for protonated
carbons. In this technique each proton is separately irradiated during acquisition of the DC
spectrum and hence only the carbon attached to the irradiated proton appears as a sharp
singlet. Other carbons are only partially decoupled and appear as multiplets or broadened
peaks. The results of these experiments suggested that the original C2 and C4 assignments
should be reversed.

This 13C assignment technique of course requires a prior assignment of the aromatic
region of the I H-NMR spectrum, which in the case of imipramine consists of two doublets
and two triplets due to ortho coupling (meta coupling was not resolved in the spectra shown
by Saito and coworkers). The doublets were assigned to H, and H4 and the connectivity of the
peaks wasdetermined by selective IH homonuclear decoupling. To complete the assignment a
determination of which of the doublets was H, and which H4 was required, and this was made
from chemical shift arguments relating to the central nitrogen's effect on HI' Such arguments
must, however, be used with caution since the substituent effect of a nitrogen varies markedly
with its state of protonation (e.g., NH2 induces an upfield shift of -0.8 ppm at the ortho
proton in aniline relative to benzene, while for NHt the shift is opposite in sign, +0.4 ppm."!
To some extent this ambiguity was resolved by noting that on treatment with DCI, the I H
NMR signals from H2 and H4 disappeared, as expected for sites ortho and para to the
nitrogen, but again this relies on assumptions about the chemical-directing effect of this
group, which may well change with protonation.

Another difficulty with Saito's assignment is that Cia is shown to be themost downfield
peak, in contrast to Abraham's assignment and to expectations based on the inductive effect
of the nitrogen having its major effect on C4 a o In Saito and coworkers' discussion of this
assignment, it was suggested that the peak assigned to CIa is broadened by unresolved long
range coupling to the benzylic bridge protons. While this is reasonable, it would be equally
valid to argue that C4 a should be broadened due to rapid quadrupolar relaxation of the
adjacent nitrogen, and hence peak broadening cannot be used as an assignment criterion.
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To overcome the difficulties noted above, and to resolve the anomalies in the two
literature assignments of imipramine, we have applied a technique which requires no
assumptions and does not require specific isotope labelling. This is the 2D-INADEQUATE
method. A contour plot of the 2D-INADEQUATE spectrum for the aromatic region of
imipramine is shown in Fig. 2. In this figure the F2 dimension shows pairs of AX doublets
arising from molecules containing two adjacent 13C nuclei, while the F, dimension resolves
these doublet pairs according to their double quantum frequency (equal to the sum of the
shifts of A and X with respect to the radio frequency carrier).

The assignment proceeds by noting that the only doublet (marked X on Fig. 2) which has
a coupling partner outside the spectral range must be CloP since it is the only aromatic carbon
coupled to an aliphatic carbon. In addition. this peak shows couplings to two aromatic
carbons, one of which is a quaternary carbon and thus must be C4u' and the other is thus Ct.
The coupling network can be further traced around the ring, as shown in the figure, to provide
a completely unambiguous assignment. Our results show that the assignments of Saito et al.
are correct for the protonated aromatic carbons but that the non-protonated aromatic carbon
assignments should be reversed to correspond with the original assignment of Abraham et al.
The correct assignments are summarized in Fig. 1.

Imipramine represents a favourable case for the 2D-INADEQUATE experiment in that
it has a low molecular weight and is relatively soluble, so that sensitivity problems can be
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Fig. 1. The Aromatic Region of the l"C-NMR
Spectrum or Imipramine with Proposed As
signments of (a) Saito and Coworkers, I) (b)
Abraham et at.•~) and (c) This Work. Based on
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Fig. 2. 2D-INADEQUATE 13C Spectrum of the Aromatic Region of Imipramine
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TABLE I. Predicted 1JC Shifts for Chlorimipramine

Carbon Imipramine Cl-SCS
Predicted Observed

chlorimipramine chlorimiprarnine
number shifts (ppm) (ppm)

shifts (ppm) shifts (ppm)

129.9 1.3 131.2 131.4

2 123.1 0.4 123.5 122.7
3 126.5 6.2 132.7 131.4
4 119.5 0.4 119.9 119.4

6 119.5 119.5 120:2

7 [26.5 126.5 126.8
8 123.1 123.1 124.0
9 129.9 129.9 129.7
la 133.9 -1.9 132.0 131.7
4a 147.1 I.3 148.4 148.2
6a 147.1 147.1 146.5
9a 133.9 133.9 134.9

150 140 130 120
ppm

1972846
1978264

SCS predicted shifts
this work

Fig. 3. 13C_NMR Spectrum of the Aromatic Region 01' Chlorimipramine

alleviated by using relatively concentrated solutions. (In the case above the concentration was
150mgjml.) The symmetry of the molecule on the NMR time-scale also doubles the effective
concentration of each aromatic carbon, thus reducing the accumulation time by a factor of
four relative to a similarly sized non-symmetrical TCA such as chlorimipramine.

In this case, the relative insensitivity of the 2D-INADEQUATE technique is com
pounded by chlorimipramine's lower solubility relative to imipramine and thus alternative
assignment methods are of interest. The usual technique for assignment of a substituted
derivative when that of the parent is available, as in this case, is the use of substituent chemical
shifts'?' (SCS) to predict J3C shifts in the substituted derivative. Using standard SCS values
(derived from chlorobenzene) for a Cl substituent, the predicted shifts for chlorimipramine
are shown in Table 1. It can be seen that predicted shifts produced in this way are sufficiently
close to observed shifts (Figure 3) to assign the non-protonated carbons as well as Cp C3 , C7

and Cg , but the pairs C2 • C, and C4 , C6 remain ambiguous. Indeed, when the shifts are
compared with those established to be correct by 2D NMR (see below), it is seen (Table I) that
predictions that C2 should be downfield of Cg , and C4 downfield of C6 are incorrect. This
occurs because SCS values of a given substituent may be significantly different in a
polysubstituted benzene from those in mono-substituted benzenes. I I)

It is interesting to note. for example, that better predictions for C2 , CB and C4 , C() can
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be obtained by using chlorine SCS increments derived from aniline and m-chloro
aniline.V' These SCS values are shown in structure (2).

NH2

~-O'20 2

U C1
-0.10

Using these values, the predicted shifts (C2, 123.0: Ca, 123.1: C4 , 119.3; CCj' 119.5) now
show the correct order. Even with these improvements, however, SCS values are not generally
a totally conclusive assignment aid and other methods to distinguish the pairs C2' Cg and
C4 , C6 are required. The 2D_13C, IH correlated spectrum in Fig. 4 provides this distinction.

In the F 1 eH) dimension, H4 should be the only peak to show just meta coupling and
hence this unique coupling pattern in the contour plot identifies the most upfield peak
(119.4 ppm) as being due to the carbon correlated with H4 , i.e., C4 . The peak at 120.2 ppm
must therefore be due to C6• Similarly, of the remaining ambiguous peaks for C2/H2 • C!dHB at
122.7 and 124.0ppm, the lower field carbon signal appears as an ortho doublet with meta
coupling, i.e., it is connected to H2 and is hence C2 • The peak at 124.0ppm is thus CB•

The projection ofthe 2D-1 3C , 1H correlated spectrum in the proton dimension provides the
conventional proton spectrum (Fig. 4), which is heavily overlapped in the HH' HI' H4 , H,
region. This would make the traditional technique of selective 1H irradiation to assign the
carbon spectrum difficult and, indeed, is the reason why Saito et {II. were unable to
unambiguously assign the spectra of the structurally related compound chlorpromazine. The
2D- 13C, IH-correlated technique overcomes the problem of overlap in the IH spectrum by
spreading it into a second dimension based on UC chemical shifts.

It should be noted that although the 2D-DC,
1H-correlated technique was extremely

valuable in distinguishing between C2 and CK, and between C4 and C(" the assignment is not
without assumption, since chemical shift arguments were used to roughly predict shifts for C1,

C<j' C" CH/C2 and C()C4 . Such chemical shift arguments can break down and, for example,
the 2D-correJated spectrum alone could not be used to distinguish between C, and CH, since
both have similar lH multiplicity. In principle IDsselcctivc homonuclear decoupling experi
ments could be used 10 further assign the ID proton spectrum, which would then lead to an
assignment of the DC spectrum via the 2D·l.'C, IH-corrclated spectrum. However, in the

I I

T3Ioi30~li9.0i28~Ojf7.Q1i6.0 125.0124.0 i23.iimoifJ.o 120.0119.0
ppm F2-

Fig. 4. 2D-Carbon-Hydrogen-Correlatcd Spectrum of the Aromatic Region of
Chlorimipramine
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Fig. 5. 2D-RELAY Spectrum of the Aromatic Region of Chlorimiprarnine

current case the ID 1H spectrum is significantly overlapped, making the selective I H
irradiation time-consuming and subject to substantial interpretation.

The RELAY technique can be used to overcome these difficulties and provides an
assignment essentially free of assumption. The RELAY spectrum of the aromatic region of
chlorimipramine shown in Fig. 5 displays all of the peaks noted in Fig. 4, but in addition
contains cross-peaks indicative of two carbons sharing a common I H coupling partner. The
way in which this provides connectivity information can be seen by noting that once, say, C6 is
assigned, then connection to, and hence assignment of, C7 , then Cg , and then C9 is
immediately established. Similarly, connection between the protonated carbons C1 and C2 is
established.

In summary, it can be seen that even for relatively simple compounds of pharmaceutical
interest, 1D methods are often inadequate for NMR spectral assignment. On the other hand,
2D methods are now easy to implement and have proven useful in correcting previous
ambiguous assignments.
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Chemical Transformation of Protoberberines. XI.1) A Novel Synthesis
of 2,3,lO,1l-Tetraoxygenated Protoberberine Alkaloids from

Corresponding 2,3,9,10-Tetraoxygenated
Protoberberine Alkaloids"
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and CHISATO MUKAI

Faculty (11' Pharmaceutical Sciences, Kanazawa University,
Takara-machi. Kanazawa 920, Japan
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2,3,9, IO-Tetraoxygenated protoberberin alkaloids, berberine (Ia), palmatine (1b), and copti
sine (Ic), were efficiently converted into the corresponding 12-hydroxy-2,3,IO,Il-tetraoxygenatcd
protoberberines (6a, 6b, 6c) through an oxidative Cij-CSa bond cleavage with »i-chlcroperbenzolc
acid, followed by the enarnide photo-cyclization. On successive treatment with diethyl chlorophos
phate and sodium in liquid ammonia, the 12-hydroxy derivatives (611, 6b, 6c) underwent reductive
dehydroxylation \0 produce the corresponding 2,3.IO,II-tctriloxygclIated protoberherines, tetrahy
dropscudoberberine (4a), (± )-xylopinine (4b), and tctruhydropseudocoptisine (4c), respectively.

Kcywords--2.3,9, IO-tetmoxygenated protobcrberine; 2,3,IO,II-tctraoxygenated pro tober
berine; berberine; palmatine: coptisine; tetrahydropseudobcrberine; xylopinine: tctrahydropseudo
coptisine; photo-induced cyclization; oxidative Ca-Cs• bond fission

195

Tetraoxygenated protoberberine alkaloids Can be classified into two groups, naturally
abundant 2,3,9, l Ovtetraoxygenated protoberberines and 2,3.1O,1l-tetraoxygenated ones,
according to the substitution patterns of oxygen functions in ring A as well as ring D>\) Some
of the latter type of alkaloids, pseudoberberine (2a), pseudocoptisine (2c), etc., have recently
been isolated." 1,2,I0,11-Tetraoxygenated protoberberine alkaloids." caseadine and case
amine, are also known. These protoberberine alkaloids have been shown to be the bio
genetic precursors of related alkaloids such as benzojcjphenanthridine," spirobenzyliso
quinoline," and phthalideisoquinoline'" alkaloids.

2,3,9,lO-tetraoxygcnatcd
protoberberine

2,3,1O,11-tetraoxygenllted
proto berberine

a: R 1 +R2=CH
2, RJ=:R4=Mc b: RJ =R2::;RJ=R4=Me e: RI +R2=RJ+R4=CH

2

Chart 1

In the course of our continuing studies':" on the transformation of protoberberines to
benzo[c]phenanthridine alkaloids via a proposed biogenetic route,?' we required the pseudo
berberine (2a), a 2,3,10, l l-tetraoxygenated protoberberine, for a synthesis of nitidine,10.ll}
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which has attracted much attention because of its strong antileukemic activity. Although
several methods for the synthesis of protoberberines have so far been developed'r" and
pseudoberberine (2a) has been synthesized by conventional means.P' a simple conversion of
berberine (la) into 2a would be of great value as an alternative synthesis of 2a because of the
easy access to the. starting material.

The strategy of our transformation is outlined in Chart 2, and is based on the
consideration that pseudoberberine (2a) is the ring D-inverted product':" of berberine (la).
Therefore, conversion of 1a to 3 via CS-Csa bond cleavage followed by recyclization between
the original Cs and C12 positions and subsequent removal of the substituent X at CRa will
afford tetrahydropseudoberberine (4a).

la

OMe

OMe X
3

OMe
OM€'

Chart 2

Polyberbine has recently been isolated from Berberis valdiviana PHIL,ISI and found to be
the oxidative C8-CSII bond cleavage product (3: C8 =CHO, X=OH) of berberine. Though
polyberbine has been derived from la by treatment with »z-chloroperbenzoic acid (m-CPBA)
only in low yield (20%),16.17) this product seems to be a suitable candidate for our strategy.

Treatment of well-dried berberine (la) with 1.3 eq of m-CPBA in dry tetrahydrofuran
(THF) in the presence of 2 eq of sodium hydride in a stream of nitrogen at room temperature
for 1h afforded polyberbine (5a) in 76% yield. The yield was considerably improved by
adjusting the reaction conditions. The spectral data of5a thus obtained are in good agreement
with those described in the literature.l'" Irradiatiori'P' of polyberbine (5a) in ethanol with a
400 W high-pressure mercury lamp in a stream of nitrogen for 2 h, followed by reduction of
the resulting quaternary base with sodium borohydride (NaBH4 ) , afforded 12-hydroxytetra
hydropseudoberberine (6a) in 79% yield. The salient feature of6a in the mass spectrum (MS)
is the peaks at m]z 176 and 180 arising from the retro Diels-Alder reaction.l " The proton
nuclear magnetic resonance eH-N MR) spectrum showed only three signals at () 6.81, 6.57,
and 6.20 ppm as singlets in the aromatic region. The hydroxy group at the C12 position in 6a
was, as expected, easily methylated with diazomethane to produce a novel protoberberine, 12
methoxytetrahydropseudoberberine (7a) in 91!<1 yield; the structure or this product was
supported by spectral evidence.

Finally reductive removal of the hydroxy group at the C l2 position in 6a was realized via
the corresponding phosphate (8a). A solution of 6a in THF was treated with dicthyl
chlorophosphate to provide the phosphate (8a) which, without purification. was exposed to
sodium in liquid ammonia'?' at -70 DC to furnish tetrahydropseudoberberine (4a) in 53~;

overall yield from 6a. The synthetic tetrahydropseudoberberine was proved to be identical
with an authentic specimen!" by comparison of their spectra and thin-layer chromatographic
behavior. Thus, we have succeeded in the development of a convenient method for the
synthesis of tetrahydropseudoberberine from easily available berberine.

We next examined the generality of the above transformation method. Similar treatment
of palmatine (lb) and coptisine (Ic) with m-CPBA in THF yielded polycarpine (5b)16.20} and
the enamide (5cfl) in 44 and 39% yields.P' respectively, though these yields are lower than
that in the case of Sa. The structures of 5b and 5c were easily determined on the basis of
spectral evidence. On exposure to sequential irradiation with a high-pressure mercury lamp
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Chart 3

and reduction with NaBH4 l polycarpine (5b) and 5c underwent photo-induced cyclization to
give 12-hydroxyxylopinine (6b) and 12-hydroxytetrahydropseudocoptisine (6c) in 70 and 6YX;
yields, respectively. Both tetrahydroprotoberberines (6b and 6c) exhibited diagnostic frag
mentation peaks at m]z 180 and 192, and at m]z 164 and 176, respectively, in their MS. The
hydroxy group at the e12 position in 6b and 6c was reductively removed via 8b and 8c by the
same procedure as described for conversion of 6a to 4a, to afford (± j-xylopiniue (4b) and
tetrahydropseudocoptisine (4c) in 62 and 44~~ overall yields from 6b and 6c, respectively. The
synthetic (±)-xylopinine and tetrahydropscudocoptisine were identical with authentic
samples.2 3 ,24 }

Thus, we have accomplished a novel and convenient synthesis of 2,3,10, l l-tetraoxy
genated protoberberine alkaloids from the corresponding 2,3,9, lC-tetraoxygenated ones. The
present method provides an alternative route for the synthesis of 2.3.10, l l-tetraoxygenated
protoberberines, especially pseudoberberine (2a). because of the easy access to the starting
material, berberine (ta).

Experimental

Melting points were determined on a Yanagimoto micro melting point apparatus and arc uncorrected. Alumina
(Aluminiumoxid 90. Aktivitatsstufe II-Ill, 70-230 mesh, Merck) and silica gel (Kieselgel Sv, 7()····230mesh, Merck)
were used for column chromatography. Organic extracts were dried over anhydrous Na2S04' Infrared (IR) spectra
were measured with a JASeO A-102 spectrometer. MS with 1I Hitachi M-80 muss spectrometer, ultraviolet (UV)
spectra with a Hitachi 323 spectrometer in McOH, and IH-NMR spectra with II JEOL FX-100 spectrometer in
CDCI3 using tetramethylsilaue as an internal standard, unless otherwise stated. Irradiation was carried nut with a !OO
or 400 W high-pressure mercury lump equipped with a Pyrex filter (Riko Kaguku Co.).

Polyberbine (Sa) ... Well-dried berberine chloride (Ia) (2.1 g, 5.7 mmo1) was added portionwisc 10 a stirred
suspension of sodium hydride (5()~/:, in oil; 550 mg, 11.4 rumol) in dry THF (70 ml) in a stream or nitrogen ut room
temperature. After 1h. m-CPBA (1.6 g, 7.4 mmol) in dry THF (30 ml) was added to the reaction mixture at 0 'Co and
the solution was stirred at room temperature for an addi: ional I h. Saturated sodium thiosulfate solution (15 mil and
saturated sodium bicarbonate solution (15 ml) were added at once to the reaction mixture and the 1'1-11" layer was
separated. The water layer was extracted with chloroform. and the combined organic layers were washed with water
and brine, dried, lind concentrated to dryness. Chromatography of the residue Oil silica gel with ethyl acetate-hexane
(I: I) gave polyberbine (Su, 1.59g. 76~~';;), mp 165-166 'C (MeOl·I). IR \'~,~~~l.1em·-t: 3500 (OH), 16bO (amide). IH_
NMR 6: 8.10 (lH. s, CHOl, 7.27 (IB, S, olefinic proton), (1.99,6.46 (2H, AB-q,,I:,. 9 Hz, Cli,-H and C,,-H), 6.gS, 6.Sl.{
(each IH, S, Ca-H and C\-H), 5.96 (2H, s, OeHzO), 3.95 (2H. t, j=: 6 Hz, CI-IzC:thN). 3,R9, 3.85 (each 3H.s, OMex 2),
2.85 (2H, t, J = 6 Hz, CIjzCHzN). UV A.m" . nm (log I:): 335 (4.30), 221 (4.56). MS 1111::: 369 (M", 1001~), 352 (30). 341
(41),326 (35),324 (36),308 (54). A1It~1. Culed for CZOH1I)NOf>: C, 65.03; H, 5.19; N, 3.79. Found: C, 65.20; 1'1,5.36; N,
3.76.

Polycarpine (5b)--,-Pahnatine chloride (Ib) (379 mg, 1.0 mrnol) was oxidized with m-CPBA (280 mg, 1.3 mmol)
in THF (total 70ml) in the presence of sodium hydride (60'~;) in oil; 82 mg, 2.1 mrnol). The reaction mixture was
treated as described for 5a to give 5b (175 mg. 44%), mp 176..--177 "C (MeOH) (lit.ll» 179---180 "C). IR V~l~~~1.1 em" ':
3500 (OH), 1660 (amide). IH-NMR Ii: 8.13 (lH, s, CHO), 7.26 (IH. s, olefinic proton), 7.01, 6.71 (2H, AB-q, .1=9 Hz,
C6·-H and Cs·-H) 6.88, 6.60 (each IH, s, Ca-H and Cs-H), 3.98. (2H. t• .1= 6 Hz, CHzClJ,zN), 3.94, 3.90,3.89,3.85
(each 3H, s, OMex4), 2.88 (2H, t, J=6Hz, cthCHzN). UV Anl.,nm (log c): 330 (4.32), 268 (4.12), 222 (4.56). MS
mlz: 385 (M +, 100%),368 (37),357 (53), 342 (48),340,143),324 (82). Anal, Caled for C'zIHz:,NO/>: C, 65.44; H. 6.02; N,
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3.63. Found: C, 65.30; R, 6.08; N, 3.51.
(Z)-1 ,2,3,4-T etrabydro-l-(2- hyd ro xy-3,4-methyIen edioxyphen ylethylid ene )-2-formy1-6,7-methylened i

oxyisoquinolioe (5c)--Coptisine chloride (Ic) (195 mg, 0.55 mmo!) was oxidized with m-CPBA (593 mg, 2.75
mmol) in THF (total 40 ml) in' the presence of sodium hydride (60% in oil; 113mg, 2.81 mmol). The reaction
mixture was treated as described for Sa to give 5c (75 mg, 39%) as an amorphous mass. IR V~;13 cm -I; 3200 (OH),
1660 (amide). lH-NMR t5: 8.03 (IH, s, CHO), 7.24 (lR, s, olefinic proton), 6.78, 6.58 (each IH, s, CH-H and Cs·H),
6.76,6.44 (2H, AB-q, J=8Hz, C6,·H and C5·-H), 5.96, 5.90 (each 2H, s, OCH20x2), 3.90 (2H, t, J=6Hz,
CH2cthN), 2.84 (2H, t, J =6 Hz, cthCH2N). MS (chemical ionization mass) mjz: 354 (M + + I, 81%), 353 (M + ,65),
336 (36), 326 (100), 325 (99), 308 (56).

5,8,13,14-Tetrabydro-I2-hydroxy-l0,I1-dimethoxy-2,3-methylenedioxy-6H-dibenzo[a,g]quinolizine (6a)--A
solution of5a (553mg, 1.5 mmol) in ethanol (500ml) was irradiated with a 400W high-pressure mercury lamp in a
stream of nitrogen at room temperature for 2 h. The solution was concentrated to half volume (about 250 ml), and
NaBH4 (635 mg, 17mmol) was added. The reaction mixture was stirred at room temperature for 2 h. After

evaporation of the solvent, the residue was neutralized with IO~{; hydrochloric acid solution and extracted with
methylene chloride. The extract was washed with water and brine, dried, and concentrated to dryness. The residue
was chromatographed on silica gel with ethyl acetate-hexane (1 : 1) to afford 6a (429 mg, 79%), mp 219-220 "C
(MeOH). IR \l~;t3cm-l: 3550 (OH). IH-NMR 6: 6.81,6.57,6.20 (each IH, s, aromatic protons), 5.91 (2H, s,
OCH20 ), 3.86, 3.83 (each 3H, s, OMe x 2). UV Amux nm (log e): 292 (3.79), 234 (4.13). MS mjz: 355 (M +,41 %), 180
(61), 176 (100). Anal. Calcd for C2oH2INOs: C, 67.59; H, 5.96; N, 3.94. Found: C, 67.36; H, 6.02; N, 3.89.

5,8,13,14-Tetrahydro-12-hydroxy-2,3,10,11-tetramethoxy-6H-dibenzo[a,g]quinolizinc (6b)--Polycarpine (5b)
(170 mg, 0.44 mmol) in ethanol (250 ml) was irradiated with a 100W high-pressure mercury lamp and reduced with
NaBH4 (202mg, 5.46mmol) as described for 6a to give 6b (115 mg, 70%) as an oil. IR I'~l~~hcm-I; 3520 (OH). lH_
NMR c5; 6.80,6.61,6.20 (each lH, s, aromatic protons), 3.89, 3.83 (each 3H, s, OMe x 2),3.86 (6H, s, OMe x 2). MS
mjz: 371 (M+, 32%), 192 (100), 180 (62). High-resolution mass Calcd for C2IH2SNOs: 371.1731. Found: 371.1711.

5,8,13,14-Tetrabydro-12-hydroxy-2,3,10,11-bismethylenedioxy-6H-dibcnzo[Il ,y]quinolizine (6c)--A solution of
5c (169 mg, 0.48 mmol) in ethanol (250 ml) was irradiated with a 100W high-pressure mercury lamp and reduced with

, NaBH4 (283 mg, 7.56 mmol) as described for 6a to give the crude product, which was chrornatographed on silica gel
with ethyl acetate-methanol (99: I) to afford 6c (105 mg, 65%), mp 232-233 °C (dec.) (AcOEt). IR v~,~i"cm-l: 3400
(OH). 1H-NMR 8 [(CDJ)2S0]: 6.88, 6.65, 6.22 (each 'm, s, aromatic protons), 5.93 (2H, s, OCHzO), 5.90, 5.89 (2H,
AB-q, J= I Hz, OCHzO). MS mjz: 339 (M", 41%), 176 (100), 164 (43). Anal. Calcd for C19HI7NOs: C, 67.25; H,
5.05; N, 4.13. Found: C, 67.42; H, 5.03; N, 4.24.

5,8,13,14-Tetrahydro-l0,11,12-trimethoxy-2,3-methylenedioxy-6H-dibenzO[Q,~1Jquinolizinc (7a)--A solution of
diazomethane in ether (ca. 2% solution; 10ml) was added dropwise to a solution of 6a (40 mg, 0.11 mmol) in
methanol (20 ml) at room temperature and the reaction mixture was allowed to stand for 6 h. The solvent was
evaporated off and the resulting solid was recrystallized from methanol to give 711 (38 mg, 91~{.), mp 127--128 "C. 'H_
NMR 15; 6.79,6.59,6.40 (each IH, s, aromatic protons), 5.92 (2H, S, OCH20), 3.86, 3.85, 3.83 (each 3H, s, OMc x 3).
UV ,.lmD.nm (log e): 285 (3.72), 231 (sh, 4.14). MS mjz: 369 (M+, 36%), 194 (lOO), 179 (36). Anal. Calcd for
C21HuNOs ·1/2MeOH: C, 67.00; H, 6.53; N, 3.63. Found: C, 67.17; H, 6.26; N, 3.60.

Tetrahydropseudoberberine (4a)---A solution of6a (201 mg, 0.57 rnmol) in dry TH F (10 ml) was added dropwlse
to a stirred suspension of sodium hydride (60% in oil; 38 rng, 0.94 mmol) in dry THF (10 rnl) at 0 "C and the resulting
THF solution was stirred for 30 min at the same temperature. A solution of diethyl chlorophosphate (149 rng,
0.87 mmol) was added to the THF solution and stirring was continued for 1 h. Saturated ammonium chloride
solution was added to the reaction mixture and the THF layer was separated. The water layer was extracted with
methylene chloride, and the combined organic layers were washed with water and brine, dried. and concentrated to
leave the crude phosphate (Sa), A solution of 8a in dry THF (10 ml) was added to liquid ammonia (50 ml) at -70 "C,
and then sodium (58 mg, 2.5 mmol) was added. The reaction mixture was stirred for 4 h at the same temperature and
solid ammonium chloride (1.5 g) was added to the reaction mixture, which was then warmed to room temperature.
Water was added to the THF solution and the THF layer was separated. The water layer was extracted with
methylene chloride, and the combined organic layers were washed with water and brine, dried, and concentrated to
dryness. Chromatography of the residue on silica gel with methylene chloride-methanol (98 : 2) provided 4a (100 mg,
53%), mp 177-178.5 °C (MeOH) (lit.B) 177 0C). The synthetic tetrahydropseudoberberine was proved to be identical
with. an authentic speclmen'P' by comparison of their IR and IH-NMR spectra, and thin-layer chromatographic
behavior.

(± )-Xylopinine (4b)--A solution of 6b (l44mg, 0.39 mmol) in THF was treated with sodium hydride (60% in
oil; 24 mg, 0.59 mmol) and diethyl chlorophosphate (110 mg, 0.63 mmol) and then with sodium (16 mg x 2, total
U8mmol) in liquid ammonia as described for 48 to give 4b (95mg, 62%), mp 157-159°C (BtOH) (lit. 23) 156
159°C). The synthetic (± )-xylopinine was proved to be identical with an authentic sample23) by comparison of their
IR and IH-NMR spectra, and thin-layer chromatographic behavior.

Tetrabydropseudocoptisine (4c}--A solution of 6c (42 mg, 0.12 mmol) in THF was treated with n-BuLi in
hexane(O.7 ml, 1.1 mmol) (instead of sodium hydride) and diethyl chlorophosphate (20 mg, 1.2 mmol) and then with
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sodium (10 mg x 2, total 0.9 mmol) in liquid ammonia as described for 4a to give 4c (22 mg, 44%), mp 213-214°C
(EtOH) (lit.24

) 214-215°C). The synthetic tetrahydropseudocoptisine was proved to be identical with an authentic
sample24

) by comparison of their IR and lH-NMR spectra, and thin-layer chromatographic behavior.

Acknowledgement The authors are grateful to Mr. Y. Itatani and Misses K. Handa and E. Fukui of this
Faculty for elemental analyses and mass spectral measurements. Financial support from the Ministry of Education,
Science, and Culture of Japan in the form of a Grant-in-Aid for Scientific Research is also gratefully acknowledged.

References and Notes

1) Part X: M. Hanaoka, N. Kobayashi, K. Shimada, and C. Mukai, J. Chern. Soc., Perkin Trans. 1, 1987, in press.
2) A part of this work was published in a preliminary communication: M. Hanaoka, M. Marutani, K. Saitoh, and

C. Mukai, Heterocycles, 23, 2927 (1985).
3) T. Kametani, "The Chemistry of the lsoquinoline Alkaloids," Vol. 2, Kinkodo Publishing Company. Sendai,

1974, pp. 189-209.
4) C. Moulis, J. Gleye, and E. Stanislas, Phytochemistry, 16, 1283 (1977).
5) C. Y. Chen, D. B. Macl.ean, and R. H. F. Manske, Tetrahedron Lett., 1968, 349.
6) E. Leete and S. J. B. Murrill, Phytochemistry, 6, 231 (1967); A. Vagi. G. Nonaka, S. Nakayama, and I.

Nishioka, ibid., 16, 1197 (1977); A. R. Battersby, 1. Staunton, H. C. Summers, and R. Southgate, J. Chem. Soc.,
Perkin Trans. 1. 1979,45; N. Takae, M. Kamigauchi, and M. Okada. He/v. Chim. Acta. 66, 473 (1983) and
references cited therein.

7) H. L. Holland, M. Castillo, D. B. Macl.ean, and I. D. Spenser, Can. J. Chem., 52, 2818 (1974); H. L. Holland, P.
W. Jeffs, T. M. Capps, and D. B. MacLean, ihid., 57, 1588 (1979).

8) A. R. Battersby, J. Staunton, H. R. Wiltshire, R. J. Francis, and R. Southgate, J. Chem. Soc .• Perkin Trans. 1,
1975, 1147.

9) M. Hanaoka, T. Motonishi, and C. Mukai. J. Chem. Soc., Chern. Commun., 1984, 718; idem. J. Chern. Soc.,
Perkin Trans. 1, 1986,2253; M. Hanaoka, H. Yamagishi, M. Marutani, and C. Mukai, Tetrahedron Lett., 25,
5169 (1984); M. Hanaoka, H. Yamagishi, and C. Mukai, Chem. Pharm. Bul!., 33, 1763 (1985).

10) M. E. Wall, M. C. Wani, and H. L. Taylor, 162nd American Chemical Society National Meeting, Washington,
D.C., MEDI-34, 1971.

11) M. Suffness and G. A, Cordell, "The Alkaloids," VoL 25, ed. by A. Brossi, Academic Press, New York, 1985,
pp. 333-338.

12) T. Kametani, "The Total Synthesis of Natural Products," Vol. 3,ed. by J. ApSimon,John Wiley and Sons, New
York, 1977,p. 1.

J 3) R. D. Haworth. W. H. Perkin, Jr.• lind J. Rankin, .1. Chern. Soc., 125, 1686 (1924).
14) M. Hanaoka, M. Inoue, M. Takahashi, and S. Yasuda, Chern. Pharm, sau; 32,4431 (1984).
15) S. Firdous, A. J. Freyer, M. Sharnma, and A. Ur;r.IH\, J. Am. Chem. Soc., 106, 6099 (1984).
16) a) N. Murugesan and M. Shamrna, Tetrahedron Lett.. 1979, 4521; b) Cf. H. Ishii, TvIshikawa, S.-T. Lu, and I.-S.

Chen, ibid., 1976. 1203; H. Ishii and T. Ishikawa, J. Chem. ss«. Perkin TrailS. I, 1984, 1769.
17) The reaction was carried out in methylene chloride at ""78'''C in the presence or sodium bicarbonate.'?"
18) G. R. Lenz, J. O/,!:. Chcm., 42, 1117 (1977).
19) R. A. Rossi and J. K. Bunnett, J. Org. Chem., 38, 2314 (1973).
20) A. Jossang, M. Leboeuf, A. Cava, M. Dumak, and C. Riche, C. R. Acad. Sri., S£'/'. C, 284, 467 (1977).
21) N. Murugesan and M. Shnrnma, Heterocycles, 14, 585 (1980).
22) M. Shamma obtained 5b'f>II) and 5c2

l) in 40 and 40·-S0j·~ yields, respectively.
23) T. Kametani, M. Takeshita, F. Satoh, and K. Nyu, Yukugaku Zasshi, 94, 478 (1974).
24) R. M. Sotelo and D. Giacopello, Aust. J. cse«, 25, 385 (1972).



200

[
C h em. Pharm. BUll.]
35( I ) 200-210 11987L

Vol. 35 (1987)
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(Received July 25, 1986)

The C-24 stereochemistry of cyc1ohomonervilol, a non-conventional side chain triterpene
isolated from Nervilia purpurea, was determined to be 248 by chemical transformation to 24S
dihydrocyclofuntumienol. Separation of a 24-epimeric mixture of chemically synthesized 24
isopropenylcholesterol was effectively achieved by reversed-phase high-performance liquid chro
matography (HPLC), and theC-24 stereochemistry ofeach epimer was determined on the basis of
chemical correlation with sitosterol orclionasterol. Then, 24e-isopropeny1cholesterol, isolated from
N. purpurea, was identified as 24S-isopropeny[cho[esterol by proton nuclear magnetic resonance
and HPLC comparisons with the synthetic sample.

Keywords--Nervi/ia purpurea; Orchidaceae; cyclohomonervilol; 24S-isopropenylcholcsterol;
reversed-phase HPLC; stereochemistry; triterpene; sterol; 2D-NMR

In previous papers," we reported the isolation of cyclohomonervilol and 24~-isopro

penylcholesterol, non-conventional side chain triterpene and sterol, from Nervilia pur
purea SCHLECHTER (Orchidaceae) and proposed the structures 1a and 3a, respectively,
but the stereochemistry at the C-24 position of these compounds remained uncertain.
Isopropenylcholesterol has recently been obtained as a 24-epimeric mixture (4a) from
Caribbean sponge, Verongia cauriformis, by a combination of silver nitrate-silica gel thin
layer chromatography (TLC), reversed-phase high-performance liquid chromatography
(HPLC), and preparative gas chromatography (aC) by Djerassi and co-workers," who also
synthesized 4a starting from fucosterol (Sa) and isolated one of the C-24 epimers in an almost
pure state. However, the stereochemistry at the C-24 position of that epimer was not
determined. In this paper we wish to present full details of the stereochemical assignments of
cyclohornonervilol (la) and 24~-isopropenylcholesterol (3a) and also to describe the effective
separation of an epimeric mixture of 24-isopropenylcholesterol.

Cyclohomonervilol (Ia) was converted to the benzoate (lb) for practical convenience for
TLC and HPLC analyses. Oxidation of Ib with osmium tetroxide gave a diol (6) as an
amorphous material, which showed the molecular ion peak at mjz 592 (C39H6004) in the mass
spectrum (MS). Brief treatment of 6 with hydrogen periodate in aqueous dioxane and
subsequent reduction with sodium borohydride afforded a mixture of epimeric alcohols,
which could be separated by preparative TLC to give 7a, mp 144.5-146.5°C, MS mjz: 562
(M + ; C38Hs803)' and 8a, mp 150-152 "C, MS mjz: 562 (M + , C3sHss03)' Then, we examined
the transformation of the alcohols, 7a and 8a, into the 24-ethyl compound (9), which is
distinguishable from its C-24 epimer by the chemical shift difference of the 29-methyl signals
and the reversed-phase HPLC behavior.v'-"

First, an attempt at the reductive desulfurization of7a mesylate with sodium iodide-zinc
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powder'? did not give the desired compound. but only a mixture of elimination products.
Then, the alcohol 7a was derived to the phenoxythiocarbonate (7b) and subsequently reduced
with tributyltin hydride" in toluene to yield a crystalline material, which showed four peaks
(in an approximate ratio of 7: 8 : 7 : 78) on HPLC with a reversed-phase column using
chloroform-acetonitrile (2: 8) as the eluting solvent (Fig. I). Each of these peaks could be
isolated by repeated preparative HPLC; the fourth peak (main product) was found to be
identical with 24S-dihydrocyclofuntumienol benzoate (9),3/1) prepared from cyclofuntumienol
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Fig. I. HPLC Chromatogram of the Reductive Deoxygenation Products of the
Thiocarbonate (7b)

Conditions: column, TSK-GEL ODS-120A (25cm x 4.6mm i.d.); solvent, CHCI)
CH3CN (2:8); flow rate, O.6ml/min; temperature. 20"C; detector setting, UV 240nm.

beozoate (10), by MS, proton nuclear magnetic resonance eH-NMR), and HPLC com
parisons. The other peaks were considered to be elimination products on the basis of their MS
data (M + peak at mlz 544). Among them, the third peak was assigned to 10by MS and HPLC
analyses.

The other alcohol (8a) was also deoxygenated in the same way as above and the products
were separated by preparative HPLC to give 9 as the main product and 10 as a minor product.
Identification of these compounds was achieved by MS and HPLC comparisons with
authentic samples.

From the above results, the stereochemistry at the C-24 position of cyclohomonervilol
(1a) was determined to be S.
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Chart 3

Next, we examined the effective separation of a C-24 epimeric mixture of 24-isopropenyl
cholesterol (4a) and the stereochemical assignment of each eimer.

24-Isopropenylcholesterol (4a) was prepared from fucosterol (Sa) according to Djerassi's
description." Benzoylation of 4a yielded the benzoate (4b), which showed two peaks in an
approximate ratio of 51 :49 on reversed-phase HPLC using a TSK-GEL ODS-120A column
(developed with chloroform-acetonitrile 2 : 8) as illustrated in Fig. 2. Thus, preparative HPLC
of this mixture gave each epimer; the more mobile epimer (2b) showed mp 130-131 °C and
the less mobile one (3b), mp 150-151°C.

Alkaline hydrolyses of these epimeric benzoates (2b and 3b) afforded the corresponding
alcohols, 2a, 141-142°C, [a]D - 38.8° (chloroform), and 3a, 135-135.5 ClC, [CX]D - 39.8 0

(chloroform), respectively, whose MS patterns were identical with each other. Further, the
1H-NMR spectra of 2a and 3a, and those of 2b and 3b closely resembled each other, except for



TABLE 1. 200 MHz 1H-NMR Spectral Data for Synthetic 24R- and 24S-Isopropenylcholesterols and Natural 24S-Isopropenylcholesterol
from Nervilia purpurea and Their Benzoates CD Values in CDCI3 and Coupling Constants in Hz)

Compound
3-H 6-H 18-CH3 19-H3 21-CH3 26-CH3, 27-CH/l 29-CH3 30-H2 Others

(C-24 config.)

2a (syntheticj'" 3.53 5.36 0.673 1.006 0.906 0.904, 0.798 1.560 4.62, 4.74
(RIa.) m brd s s d d d brs brs brs

(5.4) (5.8) (6.6) (6.4)

3a (synthetic) 3.52 5.35 0.666 1.006 0.922 0.911, 0.802 1.565 4.60, 4.74

(SIP) m brd s d d d brs brs brs
(5.1) (6.6) (6.0) (6.0)

3a (natural) 3.52 5.35 0.666 1.006 0.922 0.911, 0.802 1.566 4.60, 4.73

(SIP) m brd s s d d d brs brs brs
(5.5) (6.2) (5.8) (6.4)

2b (synthetic) 4.89 5.44 0.684 1.067 0.911 0.911, 0.802 1.563 4.63, 4.76 7.47, 8.08 (phenyl)
(RIa.) m brd s 5 d d d brs brs brs m m

(4.3) (6.0) (6.0) (6.2)

3b (synthetic) 4.88 5.44 0.676 1.067 0.929 0.914, 0.804 1.566 4.61, 4.75 7.47, 8.08 (phenyl)
(SIP) m brd s s d d d brs brs bIS m m

(4.3) (6.4) (6.0) (6.2)

3b (natural) 4.88 5.44 0.678 1.068 0.930 0.915, 0.806 1.569 4.61, 4.75 7.47, 8.08 (phenyl)
(SIP) m br d s s d d d brs brs bIS m m

(4.5) (6.4) (6.0) (6.2)

0) The' higher-field signal was arbitrarily assigned to the 27-melhyl gTOUp. b) The 'H-NMR signals of this compound are identical with those of Djerassi's synthetic 24';-
isopropenylcholesterol obtained in an almost pure state: see ref. 4.

z
p
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Fig. 2. HPLC Chromatogram of 24-lsopropen
ylcholesterol Benzoate (4b)

Conditions: the same as given in Fig. I.

" ,~..·· ;$H._._ ..&<1.~:: .p

Fig. 3. Contour Map of the IH_1H Shift Correlated Spectrum of 248
lsopropenylcholesterol (3a) in the Upfield Region

very slight differences between the chemical shifts of their methyl signals, as shown in Table I.
Assignments of three sec-methyl signals in these compounds were done with the aid of the
two-dimensional I H_1H shift correlation spectrum of 3a (Fig. 3), in which two doublets at
lJ 0.911 and 0.802, correlated with a proton multiplet at (j 1.51,were assigned to the 26- and 27
methyls, and the remaining doublet at b0.922 was assigned to the Zl-methyl.

In order to determine the stereochemistry at the C-24 position in 2a and 3a, we then
examined the transformation of 2b and 3b into the corresponding 24-ethyl compounds,
sitosterol benzoate (17) and clionasterol benzoate (21), respectively. These sterols (17 and 21)
are distinguishable from each other by their relative HPLC mobilities, as reported in our
previous paper."

Osmium tetroxide oxidation of 2b under controlled conditions gave a diol (14), whose
MS showed the molecular ion peak at mlz 564 (C37H5604)' Treatment of 14 with hydrogen
period ate in aqueous dioxane for a short time, followed by reduction with sodium
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borohydride, gave the 28-epimcric alcohols, 1Sa and 16a, which could be separated by
preparative TLC.

The less polar alcohol (15a), mp 131-133"C, was converted to the phenoxythiocar
bonate (ISb) and subsequently reduced with tributyltin hydride to yield a crystalline material,
which showed three peaks (in an approximate ratio (.11' 25: 38: 37) on HPLC (Fig. 4a).
Separation of these products was successfully performed by preparative HPLC; the third peak
was proved to be identical with sitosterol benzoate (17) by MS and HPLC comparisons. The
other peaks must be elimination products, based on their MS data (M + - C6HsCOOH peak at
m]z 396). Of these, the second peak was assigned to fucosterol benzoate (Sb) by HPLC
analysis.

The more polar alcohol (16a) was also deoxygenated in the same manner and the crude
product was separated by preparative HPLC to give 17 (the major product) and Sb.
Identification of these compounds was done by MS and HPLC comparisons with authentic
samples.

Similarly, treatment of the less mobile epimer (3b) with osmium tetroxide in pyridine
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Fig. 4. HPLC Chromatograms of the Reductive Deoxygenation Products of the
Phenoxythiocarbonates (15b and 19b)

a) Deoxygenation products of ISb (at 18"C) and b) deoxygenation products of 19b (at
17"C).

Conditions: the same as given in Fig. I, except for the operating temperature.

gave a diol (18), MS m[z: 564 (M + , C37Hs604)' Subsequent oxidation of 18 with hydrogen
periodate, followed by sodium borohydride reduction, led to a mixture of 28-epimeric
alcohols, which on preparative TLC gave 19a (less polar), mp 161-161.5 "C, and 20a (more
polar), mp 132-132.5 "C.

When both of 19a and 20a were subjected to the deoxygenation reaction in the same
manner as above and the crude products were separated by preparative HPLC (Fig. 4b), the
same compound (21) was obtained as the major product; it was found to be identical with
authentic. clionasterol benzoate (21) by means of MS and HPLC. Also, one of the minor
products in both cases was identified as 5b.

From the foregoing results, the stereochemistry at the C-24 position of 2a and 3a was
proved to be 24 (Ria) and 24 (SIP)) respectively. It is noteworthy that the 24a-epimer (2b) is
eluted faster than the corresponding 24f3-isomer (3b), as in the case of typical C-24 epimers of
sterol benzoate.f

Turning now to the stereochemistry of 24~-isopropenylcholesterol (3a) isolated from
Nervilia purpurea, the MS and IH"NMR spectra of the free sterol and the benzoate (3b) were
found to be identical with those ofthe synthetic 3a and 3b, respectively (see Table I). This was
further substantiated by comparison of the HPLC behaviors of both benzoates. Therefore, the,
natural sterol was proved to be 24(S/P)-isopropenylcholesterol (3a). On the other hand,
Djerassi's synthetic specimen," obtained in an almost pure state, must be the 24 (R/a)-epimer
(2a), since the reported IH-NMR data are substantially identical with those of our synthetic
2a.

It is of interest from the biosynthetic viewpoint that no trace of the epimeric counterparts
of la and 3a could be found in the extracts of Nervilia species, while both of the 24-epimers
occur" in the marine sterol.
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Melting points were determined with a Kofler-type apparatus and are uncorrected. Optical rotations were
measured in chloroform solutions on a JASCO DIP-4 automatic polarimeter at 22 "C. N MR spectra were taken 011

Varian Associates XL-200 and JEOL JNM·GX 400 spectrometers in CDCI; solutions with tetramethylsilane as an
internal standard; chemical shifts are recorded in i) values. MS measurements were done on a lEOL D-300 mass
spectrometer using a direct inlet system; ionization energy, 70eY; accelerating voltage, 3kY. HPLC and preparative
HPLC were performed on a Waters Associates ALCjGPC 201 D compact-type liquid chromatograph using a TSK
GEL ODS-120A column (column size 25cm x 4.6mm i.d.; detector setting, UY 240nm) with CHCl3··CH3CN (2: &)
as the eluent (flow rate 0.6 ml/min). Preparative TLC was carried out on Merck Kieselgel GF~S4 with CHCJ3 or
CHCl3-hexane (I: 1 and 2: 8) and plates were examined under ultraviolet (UY)light (for Uv-absorbing material).
Extraction of substances from silica gel was done with MeOH-CHCI,l (l : 9) and solutions were concentrated in
vacuo. Mallinckrodt silica gel was used for ordinary column chromatography. For drying of organic solutions,
anhydrous MgS04 was used.

Benzoylation of Cyclohomonervllol (la)---Cyclohomonervilol (Ia) (401g) was treated with benzoyl chloride
(0.01ml) and pyridine (0.2ml) overnight at room temperature and the reaction mixture was worked up as usual.
Recrystallization of the product from MeOH gave cyclohomonervilol benzoate (lb)(5 mg), colorless needles, mp
156-158 "C. MSm/=: 558(M+, C3QHsHO),436(M+ -C6H~COOH),421, 381,283. lH-NMR (j :0.20,0.45 (each IH, d,
J=4.0Hz, 19-H2) , 0.82 PH, d, J=6.0Hz, 26- or 27-CH3) , 0.B5 (3H, d, J=6.0Hz, 21-CH3 ) , 0.92 (3H, d, J=6.0Hz,
26- or 27-CH3),0.90 (3H, s, 32-CH3),0.96 (3H, S, 18-CH3) , 1.57(3H, brs, 29-CH~I)' 4.62, 4.75 (each IH, 01, C=CH2),
4.76 (IH, m, 3-H), 7.50 (3H, m, phenyl), 8.0& (2H, m, phenyl).

Osmium Tetroxide Oxidation of CyclohomonervilolBenzoate (lb)--Osmiu1U tetroxide (10 rug) was added to a
solution of Ib (5mg) in pyridine (0.5 ml) and the mixture was allowed to stand overnight with stirring at room
temperature. Then, a solution of sodium bisulfite (0.2 g) in water (1 ml) was added and the whole was stirred for I h,
poured into ice water, basified with Na 2C03, and extracted with CH~Clz. The CH ZCJ2 solution was washed
successively with 2% HCI and dil. Na2C03 , dried, and concentrated ill vacuo. Silica gel column chromatography of
the residue with MeOH-CH2Cl~ (5: 95) gave a diol (6) (5.5mg), an amorphous material. MS m]z: 592 (M +,

C39Hno04)' 470 (M+ -CnHsCOOH), 452 (M+ -C6HsCOOH -'H20)(base peak), 437, 410,344,283.
Periedate Oxidation of the Dlol (6) Followed by Sodium Borohydride Reducrion-c-s-The above diol (6)(5.5 mg)

was dissolved in dioxane (0.5 ml) and the solution was cooled in an ice-water bath. To this solution was added a
solution of H104 (3 mg) in H20 (30 JLl) under vigorous stirring, and the stirring was continued for 8min. Then,
MeO H (0.2 ml) and NaBH4 (7 mg) were added and the stirring was continued for a further 30min. Acetic acid (3() J~l)

was added to the above reaction mixture and the solution was concentrated jn vacuo, The residue was extracted with
CH1Clz and the CH 2Clz extract was washed with brine, dried, and concentrated to give a crystalline residue (9 mg),
which was separated by preparative TLC with hexane-Cl'K'l, (I : I) into two fractions, The less polar fraction
(I.H mg) was recrystallized from MoOB to give colorless needles (7a), mp 144.5-·-146.5"c. MS mlz: 562 (M I ,

C3HH~H03)' 544,529,422 (base peak), 407, 283. 'H·NMR (5: 0.194, 0.449 (each IH, d, J=::4.2Hz, 19·Hz), O.1l90···
0.960 (CH3 x 5), 0.983 (3H, s, !8-CH.,), 1.193 (3H, d, J= 6.3 Hz, 29-CH3) , 3.97 (I H, m, 28·1-1),4.80 (tH, m, 3-H), 7.50
(3H, m, phenyl), B.08 (2H, m, phenyl).

The more polar fraction (2.0rng) was recrystallized from MeOB to give colorless needles (8al, mp 150--152 'C.
MS mjz: 562 (M +, C.IHH5HOJ)' 544,529,422 (base peak), 407,283. I H·N MR c5: 0.193,0.450 (each IH, d, J==4.0 Hz,
19-Hz), 0,890·-0.924 (CH 3 x 5), 0.979 (3H, S, IS-CH3), 3.84 (I H, rn, 28·H), 4.78 (In, m 3-~i), 7.50 (3H, m, phenyl),
8.08 (2H, In, phenyl).

Conversion of the Alcohols,7a and 8a, to 24S-DlhydrocycJofuntumienol Benzoate (9)-··The alcohol 79. (1.0 mg)
was treated with phenyl chlorothionocarbonate (5 Jll) in pyridine (0.1 ml) with stirring for 12h at room temperature.
The reaction mixture was separated by preparative TLC to give the thiocarbonate (7b)(3.5 mg). MS mjz: 560 (M' 
CnHSOCS - H), 544 (M+ - C6HsOCSOH), 529,440, 422, 407, 2B3. This was dissolved in toluene (O.S ml), tributyltin
hydride (40 J~I) was added, and the mixture was heated at 130"C in an oil bath for 4 h. Evaporation of the solvent in
I'{/C/W gave an oily residue, which was purified by preparative TLC with CHCl3-hexane (2: 8) to give a crystalline
mass (1.0 rng). This product was subjected to preparative HPLC on a TSK-GEL ODS·1120A column with CHC13-CH 3

CN (2: 8) as the eluent to give four components. The first peak (0.01mg), MS miz: 544 (M+), and the second peak
(0.01mg), MS miz: 544 (M+). were unidentified, and the third peak (0.01 mg), MS mfz: 544 (M+), was identified as
cyclofuntumienol benzoate (10) by MS and HPLC analyses. The fourth peak gave colorless needles (9)(0.5mg), mp
149-151 "C. MS mjz: 546 (M+, C38H~802)' IH·NMR 8: 0.19, 0.45 (each IH, d, J=4.0Hz. 19-H2) , 0.82, 0.84 (each
3H. d, J=6.8Hz, 26- and 27-CH3 ) , 0.86 (3H,t. J=7.5Hz, 29·CH3) , 0.88 (3H, d. J=6.6Hz, 21-CH3) , 0.91 (3H, d,
J=6.4 Hz, 30·CH3) , 0.92, 0.98 (each 3H, s, 32- and 18·CH J ) , 4.80 (IH, m, 3-H), 7.50 (3H, Ill, phenyl), 8.08 (2H, m,
phenyl). This compound was found to be identical with 24S-dihydrocyclofuntumienol benzoate (9)30) by MS, IH·
NMR. and HPLC comparisons.

The other alcohol (8a)(l.Omg) was also deoxygenated in the same manner as above and the product was
separated by preparative HPLC to give 10 (0.01 mg) and 9 (0.2 mg), Identification of these compounds was confirmed



208 Vol. 35 (1987)

by MS and HPLC comparisons with authentic samples.
Hydroboration of i-Fucosterol Methyl Ether (11) Followed by Collins Oxidation--Fucosterol (Sa) was derived

to the i-methyl ether (11) in the usual way. To a solution of 11 (l98mg) in tetrahydrofuran (THF) (l3ml), 1M
borane-THF complex (4 ml) was added slowly under stirring. Stirring was continued for 10h at room temperature,
and water was added to destroy the excess reagent. Then. 6N aq. NaOH and 30% H202 (3ml) were added dropwise
over a period for 10min with stirring under ice-cooling. and the mixture was stirred for a further 1.5h at room
temperature. The mixture was saturated with K2C03 (10g) and the organic layer was separated from the aqueous
layer, which was washed with ether. The combined organic layer was dried over MgS0 4 and concentrated. The
residue (256mg) was chromatographed on silica gel (4g) with hexane and CHCl3-hexane (4:6) to give the alcohol
(180 mg) as a colorless oil.

Collins reagent (I g) was added to a solution of the above alcohol (180 mg) in dry CH2C12(5 ml) and the mixture
was stirred for 16h at room temperature. After removal of the reagent, the product was chromatographed on silica
gel (5 g) with CH 2CI2 to afford the ketone (12)(160mg) as an oil. MS mjz: 442 (M +, C30Hso02)' 427. 410. 387, 255.
JH-NMR s. 0.7-1.05 (CH3 x 5).2.10 (3H. s, CHrCO-), 2.75 (IH, m, 6-H), 3.33 (3H, s, OCH3) .

Witting Reaction of the Ketone (12}--A solution of methyltriphenylphosphonium bromide (5g) in dimethyl
sulfoxide (DMSO 5 ml) was added to a solution of oil-free KH (570 mg) in DMSO (5 ml) under argon gas and the
mixture was stirred for I h. Then, a solution of 12 (l30mg) in ether-DMSO (I: I) (1 ml) was added slowly under
vigorous stirring, and the whole was stirred for 3h at room temperature. Silica gel column chromatography of the
reaction mixture with hexane and ether-hexane (5: 95) gave the olefin (13) (97mg) as an oil. MS mlz: 440 (M ".
C3JHS20), 425, 408, 385, 255, 253.

Acid Hydrolysis of the Olefin (13)--A solution of 13'(97mg) and p-toluenesulfonic acid (3mg) in aqueous
dioxane (10 ml) was refluxed for 30min. After cooling, the mixture was neutralized with aq. Na2CO.1 and extracted
with CHzClz. The extract was dried and concentrated. The residue was purified by preparative TLC [developed with
MeOH-CHCI3 (I: 99)1 to give 24-isopropenylcholesterol (4a) (56 mg), colorless needles (from MeOH). mp 119
122'Co MS I11/Z: 426 (M ". C30HsoO), 408, 393, 383, 328,314, 299. 271,255.

Benzoate (4b): colorless needles (from MeOH-isopropyl ether), mp 123-126 'CO MS mlz: 530 (M +, CJ7H5oj.02)'
408. 368, 253.

Separation of the Epimeric Mixture of 24-Isopropenylcholesterol Benzoate (4b) by HPLC--The benzoate
mixture (4b) (43 rng)was subjected repeatedly to preparative HPLC on a TSK-GEL ODS-120Acolumn with CHCI3
CH3CN (2: 8) as the eluent at 20 "c. The more mobile fraction afforded 24 (R/IX)-isopropenylcholesterol benzoate
(2b) (19mg), colorless needles (from MeOH-isopropyl ether), mp 130-131 "C, [0:)0 - 15.40 Cc=0.82). 1H-NMR i5:see
Table L The less mobile fraction gave the 24 (S/P) epirner (3b)(18mg), colorless needles (from MeOH-isopropyl
ether), mp 150-151 "C, [IX]D -19.2" «('=0.78). IH-NMR 15: see Table I.

24(R/~Hsopropenylcholesterol (2a}--Compound 2b (9 mg) was refluxed with 5~; KOH--MeOH (0.5 ml) for
1.5 h and the reaction mixture was worked up as usual. Recrystallization of the product from MeOH gave 2a (6.5 mg),
colorless needles, mp 141-142'·C. [ex]o -38.8' (c",O.4). MS miz: 426 (M+). 408, 393. 383. 328, 314, 299, 271. 255.
High-resolution MS mjz: Found 426.3910, Calcd for C)oHsoO (M+) 426.3861. IH-NMR c5: see Table 1.

24(S/P)-Isopropenylcholesterol (3a)--The benzoate 3b (7.5mg) was hydrolyzed in the same manner as above
and the product was recrystallized from MeOH to give 311 (5.4 mg), colorless plates, mp 135--135.3 'C, [IX]I) - 39,8'
(c=0.44). MS mlz: 426 (M+), 408, 393, 3&3. 328, 314,299,271,255. High-resolution MS mjz: Found 426.3910, Calcd
for C.l(JH~"O (M+) 426.3861. IH-NMR ci: see Table 1.

Osmium Tetroxide Oxidation of 24(R I~)-IsopropenylcholestcrolBenzoate (2b)---Osmium tetroxide (20 rug) was
added to a solution of2b (l01l1g) in anhydrous ether (200 Ill) and anhydrous benzene (I 00 Id) and the mixture was
aJlowed to stand overnight with stirring at room temperature. After removal of the solvent by evaporation. a solution
of sodium bisulfite (0.2g) in water (I ml) and ethyl alcohol (I ml) was added to the reaction mixture Bud the whole was
stirred for I h. Then, the mixture was concentrated in vacuo, and the product was taken up in CH2CI2• The CHzClz
solution was concentrated and the residue was purified by preparative TLC (developed with CHCl3 ) to give a diol
(14) (IOmg) as an amorphous material. MS mjz: 564 (M+, CJ7HS(04)' 442 (M+ -C6H.,COOH), 440 (M+-
C6HsCOOH - H2); 424, 410, 395, 255. '.

Periodate Oxidation of the Diol (14) Followedby Sodium Borohydride Reduction--A solution of HrO; (4.5 mg)
in H20 (45 JlI) was added to a stirred solution of the diol14 (10 mg) in dioxane (0.5 ml) and the mixture was stirred for
5 min under ice-cooling. Then, MeOH (0.2 ml) and NaBH 4 (10 mg) were added to the mixture and stirring was
continued for 30 min. After decomposition of the excess reagent by addition of acetic acid (30 Ill) under stirring, the
reaction mixture was concentrated in vacuo. The product was taken up in CHzCI2• and the CH 2CI2 solution was
washed with brine, dried, and concentrated. The residue (3.2 mg) was separated by preparative TLC with CHCIJ into
two fractions. The less polar fraction (0.8 mg) was recrystallized from MeOH to give the alcohol 15a, colorless
needles, mp 131-133"C. tH-NMR t5: 0.692 (3H, s, 18-CH3) , 0.890 (3H, d, J=6.7 Hz, 27-CH3), 0.943 (3H, d,
J=6.8 Hz, 26-CH3) , 0.965 (3H, d, J= 6.3 Hz, 21-CH3) , 1.070(3H, s, 19-CH3) , 1.188(3H, d, J=6.4Hz, 29-CH3) , 3.95
(lH, m, 28-H), 4.89 (IH, m, 3-H), 5.45 (lH. br d, J=5.1 Hz, 6·H), 7.47 (3H, m, phenyl), 8.08 (2H, m, phenyl).

The more polar fraction (1.2mg) was recrystallized from MeOH to give colorless needles (161\), mp 136-138 "c.
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IH-NMR 6: 0.693 (3H, s, 18-CH 3 ), 0.885 (3H, d,J==6.6 HZ, 27-CH3 ). 0.913 (m, d, J=: 6.7 Hz, 26-CHJ ) , 0.954 (3H, d.
j = 7.0 Hz, 2l-CH3) , 1.071 (3H, s, 19-CH), 1.194 (3H. d, J =6.3 Hz, 29.('H3) , 3.83 (I H, m, 2S-H), 4.89 (lB, m, 3-H),
5.44 (IH, brd, J==5.1 Hz. 6-H), 7.47 (3H, m, phenyl), 8.08 (2H, m, phenyl).

Conversion of the Alcohols, 15a and 16a, to Sitosterol Benzoate (17)·--The alcohol15a (0.8 mg) was dissolved in
pyridine (40 til) and treated with phenyl chlorothionocarbonate (20 til) for 14 h under stirring at room temperature.
The reaction mixture was separated by preparative TLC to give the thiocarbonate (ISb) (2.9 mg). MS mjz: 548 (M I 
C6HsCOOH), 516 (M+ -C6HsOCSOH), 394,296,283.255. This W.IS reduced with tributyltin hydride (60tl1) in
toluene (0.5ml)at 130 "C in an oil bath for 5 h. Evaporation of the solvent ill vacuo gave an oily residue, which was
purified by preparative TLC with hcxane-Cftt.l, (I: 1) to give a crystalline material (l mg), This product was
subjected to preparative HPLC on a TSK-GEL ODS·120A column with CHCI3-CH;lCN (2; 8) to give three
components. The first eluate (ca. 0.08 mg) was considered to be an elimination product on the basis of the MS data.
MS mlz: 394 (M" -C6H jCOOH), but was not identified. The second eluate (m. 0.1 mg), MS mlz: 394
(M+ -ChHsCOOH), was identified as fucosterol benzoate (5b) by MS and HPLC analyses. The third eluate gave
sitosterol benzoate (17)(0.1 rng), MS mlz: 518(M+),396 (M + -C6HsCOOH). Its identity wasconfirmed by MS lind
HPLC comparisons with an authentic sample,

The alcohol 168 (1.2 mg) was also treated with phenyl chlorothionocurbonute (20 til) in pyridine (40 ILl) and the
resulted thiocarbonate (16b) (2.5 mg) was deoxygenated with tributyltln hydride (60 t~[) in the same manner as above.
Separation of the product by HPLC gave fucosterol benzoate (5b) (0.2 mg) and sitosterol benzoate (17) (0.3 rng).
Their identities were confirmed by MS and HPLC comparisons with authentic samples.

Osmium Tetroxide Oxidation of 24(SI JJ)-lsopropenylcholcsterol Benzoate (3b)---The benzoate 3b (10 mg) was
allowed to react with osmium tetroxide (20 mg) in anhydrous ether (200)11) and anhydrous benzene (IDO til) overnight
at room temperature and the reaction mixture was treated in the same manner as described for 2b. Purification <11' the
product by preparative TLC (developed with CHCI3) afforded a diol (18) (7 mg) as an amorphous material, MS /III:::
564 (M +, C37Hsc,0 ol-)' 442 (MI' -Cf>HsCOOH), 440, 424, 410,395,255.

Periodate Oxidatlon of the Diol (18) Followed by Sodium Borohydride Reduction--..-The above diol (18)(7mg)
was dissolved in dioxane (OAml) and a solution of HI0<l- (4,Omg) in H~O (4Uttl) was added under vigorous stirring.
Stirring was continued for 5 min under icc-cooling, then McOH (0.16ml) and NaBH4 (7 mg) were added and the
mixture was stirred for 30 min. Then, the excess reagent was decomposed by addition of acetic acid (30 ttl) and the
reaction mixture was concentrated in vacuo, The product wus extracted with CH2C12 and the CH2CI 2 extract was
washed with brine, dried; and concentrated. The residue (5.1 mg) was separated by preparative TLC with CHCI., into
two fractions. The less polar fraction (O.9mg) wus recrystallized from MeOH to give the alcohol 1911. colorless
needles, mp 161---161.5"C. IH-NMR D: 0.6H9 (3H, s, IR-CH3 ). 0.905 (3H, d. .!=6.8Hz. 27-CH3). 0.941 (31-1, d.
J =7.1 Hz, 26.CH 3) , 0,960 (m, d, J = 6.2 Hz, 21-CH.\), 1.068 (m. s, 19-CH.\), i.rs: (3H, d,.l ",,6.5 Hz, 2lj.CH3) , 3.95
(IB, 111, 2K·H), 4.R7 (l H, Ill, 3-H), 5.43 (l H, hr d, J=5.0 Hz, 6-H), 7.47 (3H, m, phenyl), It()X (2H, m, phenyl).

The more polar [ruction (1.0 mg) was recrystallized from McOH to give the alcohol 2011, colorless needles, mp
132 132.5' C. IH-NMR ~): 0.6&8 (3H, s, IS.eli,,). 0,903 (3H, d, ,/:=6.'1. Hz, 27-CH.1) , O.l)13 UH'I, d, '/=:6.9I-1z, 26
eH..), 0.955 (3H,d, .1=6.4 Hz, 21-CH.,), 1.069(3H. s, 19.CH,\), J.183 (3H, d, J =6.4 Hz, 2Y-CH:I ) , 3.84 (lB. m, 2H-Hl,
4.89 (l H, Ill, 3-H), 5A4(lH, br d, J=5.0Hz, 6-B), 7.47 (31:1, m, phenyl), ROH (2H, Ill, phenyl).

Conversion of the Alcohols, 19a and 20a, to Clienasterol Benzoate (21) ····..Phenyl chlorothionocnrbonate (20,11)
was added to a solution of the alcohol19a (O.9ing) in pyridine (4Otll) and tile mixture was stirred for 18h at room
temperature, The reaction mixture was separated by preparative TLC to give the thiocarbonatc (1;%)(3.0 mg), This
was dissolved in toluene (0.5 ml), then tributyltin hydride (50 Ill) was added and the mixture was heated at 130 'C in
all oil bath for 5 h. Evaporation of the solvent ill vacuo gave an oily residue, which was purified by preparative 1'1.('
with hexane··CHCI3 (I : 1) to give 11 crystalline material W6 mg). This was subjected to preparative HPLC on a TSK
GEL ODS·120A column with CHClrCH.,CN (2: 8) as the eluent to give lour components, The first and second
eluates (m. 0.1 mg each) were considered to be elimination products on the basis or the MS data, MS mlz: 3LJ4
(M" - C(\HSCOOH), but were not identified. The third eluate (ca, n.ns mg), MS 117/::: 394 (M" -ChH~COOI-I),was
identified as Iucosterol benzoate (5b) by MS and HPLC analyses. The fourth eluate gave clionasterol benzoate
(21) (0.2 mg), MS mjz: 518 (M"), 396 (M + -C/iHsCOOH), which was identified by MS and HPLC comparisons with
an authentic sample.

The more polar alcohol (20a) (0.8 rng) was also treated with phenyl chlorothionocarbonate (20 ttl) in pyridine
(40 tll) and the resulting thiocarbonate (20b) (2.5 mg) was deoxygenated with tributyltin hydride (50 ILl) in the same
manner as above, Separation of the products by HPLC gave fucosterol benzoate (5b) (0.1 mg) and clionasterol
benzoate (21) (0.15mg). Their identities were confirmed by MS and HPLC comparisons with authentic samples.
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In order to examine the biological role of the A/B-ring functional groups of plant-growth
promoting brassinosteroids, twenty-three brassinosteroids with some modifications at rings A and
B (1~15 and 22~29) were bioassayed by means of the rice-lamina inclination test. The results
showed that I) removal of one or two hydroxyl groups from the A-ring reduced the biological
activity of the steroids; 2) the 7-oxalactonc brassinosteroids were almost as active as the
corresponding 6-oxo steroids and they were much more active than their regioisorncric 6
oxalactone counterparts; 3) introduction of a double bond at the C-7 position and a hydroxyl group
at the C-5 position of 6-oxo brassinosteroids significuntly decreased the biological activity of the
hormonal steroids. These data suggest that the presence of a 2CJ:,3ct-dioI, 7-oxlllactonc or 6-oxo
group, and the A/B-tralls ring junction arc important for high biological activity.

Keywords··-plant growth promoter; brassincsteroid; structure-activity relationship; rice
lamina inclination test

Introduction

211

Since the discovery of brassinolide as a new plant growth promoter, a number of related
steroids have been isolated and identified in higher plants." These steroids and their synthetic
analogues (termed brassinosteroids) constitute It new class of plant growth promoters.
Recently, our group and the USDA scientists have independently investigated the structure
activity relationship of brassinosteroids with particular emphasis on the 22,23-vicinal diol and
the 24-alkyl group, and disclosed some stringent structural requirements for high activity.")

However, little is known about the importance of the AlB ring functional groups of the
steroids. Wada et al. have examined this point by employing several brassinosteroids with the
unnatural (22S,23S)-stereochemistry in the side chain."! To obtain further insight into the
structural requirements for the AlB ring part, we have synthesized fifteen (22R,23R)~28

homobrassinosteroids (1-15)5) (Fig. 1) and four new 24-epibrassinosteroids (22--25) (Fig.
2). In this paper we report the structure-activity relationship of these brassinosteroids with
respect to the AlB-ring functional groups examined by means of the rice-lamina inclination
test.

Experimental

Melting points were determined on a hot stage microscope and arc uncorrected. Proton nuclear magnetic
resonance eH-NMR) spectra were recorded on a Hitachi R-24A (60 MHz) spectrometer with tetramethylsilane as an
internal standard. Mass spectra (MS) were taken with a Shimadzu LKB-9000S mass spectrometer at 70 eV. Ultraviolet
(UV) spectra were run with a Shimadzu UV-200 double beam spectrophotometer. Column chromatography was
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effected with silica gel (Merck, Kieselgel 60, 70-230 mesh), and preparative and analytical thin layer chromatog
raphies (TLC) were carried out on precoated silica gel plates (Merck, Kieselgel 60 FZ54 ' 0.25 mm thickness). Work -up
refers to dilution with water, extraction with the organic solvent indicated in parenthesis, washing of the extract to
neutrality. drying over anhydrous MgS04, filtration, and removal of the solvent under reduced pressure.

(22E,24R)-5<x.-Hydroxyergosta~2,7,22-trien-6-one (20)--The known (22£,24R)·3It·acetoxy-51X~hydroxyergosta

7,22-dj~n-6-one (16)6) (1.17 g, 2.49 mmol) in tetrahydrofuran (THF, 50 ml) was treated with 5'X, KOH/MeOH (10 ml)
at roomtemperature for I h. Work-up (CHzCI2) and recrystallization from EtOAe gave the 3/J,5a-diol 17 (439mg).
The mother liquor was concentrated and chromatographed on silica gel (40g) with CHCI)··MeOH (20: I) to give
additional diol17 (240 rng), The total amount of 17 was 679mg (64%), mp 252-253 "C (EtOAe). UV A:;:I~~lI: 248nm.
IH-NMR (CDCI 3) 0: 0.68 (3H, s, 18-H3) , 0.86 (3H, s, 19-H3) , 3.90 (IH, m, 3-H), 5.20 (2H, rn, 22-J-I and 23-H), 5.62
(IH, m, 7-H). The diol 17 (626mg, 1.46mmol) in pyridine (l()ml) was treated with p-tolucm;suJronyl chloride
(800mg, 4.2mmol) at room temperature overnight. Work-up (EtOAc) gave the tosylate 18 (82Xmg), which was
further treated with lithium carbonate (400mg, 5.41mmol) and dimethylforrnamide (Itl rnl) at 150"C tor 45min.
Work-up (EtOAc) and chromatography on silica gel (50g) with benzene-EtOAc (80: 1) gave the trienone 20 (227 mg.
38%), mp 204-205 °C (MeOH). UV A~~~H : 248 nm (c 11500). IH-NMR (CDCI3) 8: 0.70 (3H, S, 18-1-13) , 0.87 (3H, s,
19-H3 ) , 5.20 (2H, m, 22-H and 23-H), 5.68 (3H, m, 2-H, 3-H, and 7-B). Anal. Calcd lor C2HH4202: C, 8 i .90; H, 10.31.
Found: C, 82.19; H, 10.26.

(22E,24R)-5<t-Ergosta-2,7,22-trien-6-one (21)--The known (22£, 24R)-3IJ~,\cetoxy-5a-ergosta-7,22-dicn-6-onc
(5a)61 (1.8 g, 3.96 mmol) was transformed, as described for 16, into the trienone 21 (455mg, 41/;;). mp 138--·140 "C
(MeOH). UV A.~I~H: 244nm (s 11100). IB-NMR (CDC1J) b: 0.89 (3H, S, 18-H3), 1.00 (3H, s, 19-HJ), 5.25 (2H, m, 22
Hand 23-H), 5.65 (2-H, m, 2-H and 3-B), 5.83 (IH, d, J= 3 Hz, 7-H). Anal. Calcd for CZSH420: C, 85.22; H, 10.73.
Found: C, 85.10; H, 10.77.

(22R,23R,23R)- and (22S,23S,24R)-21X,3«,5«,22,23-Pentahydroxyergost~7-en-6-one (22 and 23)--The trienone
20 (251 mg, 0.611 mmol) in tert-BuOH-THF-H20 (10: 3: 1, 10ml) was treated with osmium tetroxide (20 mg) and N
methylmorpholine N-oxide (420mg, 3.11mrnol) at room temperature for 63 h. Work-up (CH 2Cl2) gave crude
products (290mg), which showed two main spots on TLC (CHCIJ-MeOH, 10: I, developed twice) with Rfvalues of
0.26 and 0.20. These two products were purified by preparative TLC (CHCI 3-MeOH, 10: I, developed three times) to
give the less polar (22S,23S)-pentaol 23 (75 mg, 26%), mp 229-231 "C (dec., EtOAc), UV A.;:~H : 248 nm (8 11100),
IH-NMR (CDC13-CD30D) s.0.72 (3H, S, 18-H3) , 0.88 (3H, s, 19-H3) , 5.70 (tH, m, 7-H), Anal. CaJcd for C2HH4606:
C, 70.26; H, 9.69. Found: C, 70.09; H, 9.81, and the more polar (22R,23R)-pentaoI22 (68mg, 23%), mp 245-246 "C
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(EtOAc), UV ;.~,t,~:If: 24Rnll1 (/: 11100), lH·NMR (CDCI.r·CD.IOD)c5: 0.71 (31-1, S, IS·H.I ) , (Un (3H, S, 19-H;\). 5,61\
(lB. m, 7-1-1), Anal, Calcd for C2HH4t.O(i: C, 70.26; H, 9.69. Found: C, 70.12: H, 9.72.

(22R,23R,24R)- and (22S,23S,24R)-2~,30(,22,23-Tdrnhydroxy-5iX-ergQst-7-en.6.onc (24 and 25)-··-The trienone
21 (20 I mg, 0.509 mmol) was hydroxylated with OSmiLIn1 tetroxide, as described for 20, to give the less polar'
(22S,23S)-tetraol 25 (42 mg. 18~,;'), amorphous solid, UV ..1.:;:,~:lJ : 244nm (/; 11100), 1H-NMR (CDCI 3,·CD30 l» (5:
U.71 (3H, S, 18-1-1 3) , 5.82 (l H, 01, 7-H), and the more polar (22R,23R)-tctraol 24 (40mg, In;;), mp 250 .. 251 "C
(EtQAc), UV A:;,I,~:II : 244 nm (I: 11100), 1H-NMR (CDCI3-CD30 D) c5: 0.72 (3H, s, 18·H.~), 5.H2 (11-1, m, 7-H>. Gas
chromatography-mass spectrometry (GC-MS) analysis of the bismethaneboronatcs?' of 24 and 25 was carried out;
Shimadzu LKB 9000S; column, 1~~~; OV-17 (3mm i.d, x I m]; column temp., 280 "C, carrier gas, helium; flow rate,
30 rnl/min. The retention times of the bisrnethaneboronates of 24 and 25 were 17.0 and t5.5 min, respectively.
Electron impact-mass spectra (El-MS) of the bisrnethaneboronates of 24 and 25 were identical and were as follows;
mt: SID (M ". 23~~;), 495 (6), 468 (13),450 (4),439 (3),411 (5),397 (10), 367 (7),356 (6), 355 (6), 327 (29), 301 (42}.285
(6),233 (15), 155 (36), 95 (100), 85 (68), 71 (39),43 (88).

It is well known that upon osmium tetroxide oxidation of a 5a:-2-ene steroid, the bulky osmium tetroxide
approaches stereoselectively from the less hindered ee-face to afford the 2cx,3o:-diol steroid." However, the
stereochemical assignment of 22, 23, 24, and 25 at the C-22,23 position was only tentative, based on the mobilities on
TLC. Many examples have been reported showing that (22S,23S)·brassinosteroids arc less polar than their
(22R,23R)-stereoisomers on normal-phase TLC. J~JI

Brassinosteroids--The (22R,23R)-28-homobrassinosteroids 1-15 and the 24·epibrassinosteroids 26-·29 were
prepared as described in our previous papers.':"

Rice-Lamina Inclination Test--The bioassay was carried out according to the reported methode" using



214

etiolated seedlings of rice iOryza sativa L. cv Arborio 11).

Results and Discussion

Vol. 35 (19S7)

For the investigation of the importance of the AlB-ring functionalities of brassinos
teroids, fifteen (22R,23R,24S)-28-homobrassinosteroids with modifications at rings A and B
were synthesized as described in our previous paper." They have the same stereochemistry in
the side chain that brassinolide has. The bioassay was carried out using the rice-lamina
inclination test, which was originally developed as an auxin bioassay system and has recently
been found to be a highly sensitive and specific bioassay for brassinosteroids.v-?' The results
are summarized in Table 1.28-Homobrassinolide (1), having the same activity as brassinolide
in this bioassay.v" was used as a standard compound and 28-homobrassinolide (1), giving ca.
140 0 bending angle between laminae and sheaths at 0.01 ,ug/ml, showed the strongest activity
among the 28-homobrassinosteroids tested. The tetrahydroxy steroid 2 having a 3o:,4lX-diol
moiety instead of 2o:,31X-diol was slightly less active than 28-homobrassinolide (1), judging
from the concentration giving ca. 140 0 bending angle. The 2-deoxy-3a-hydroxylactone 3

TABLE 1. Activities of 28-Homobrassinosteroids in the Rice-Lamina Inclination Test

Concentration
Compounds

(pg/mJ)
1 2 3 4 5 6 7 8,

10 J8D 180 J80 180
I 180 163± 13 171 ± 15 149± 9 180 164± 23 ISO 165±21
0.1 ISO 169± II 128± 16 13S± 19 127± 5 127± 5 173± 9 141± 12
0.01 142± 17 1l9± 17 120± 19 101± II 114± II 99± 3 J44±23 123± 15

0.001 129± 16 117± 9 120± 9 100± 11 97± 10 102± Hl 126± 10 121± 12
Control 102± 16

-~::::::;:;;;;::;==::;=.;.~~=

Concentration
Compounds

-----~_._~-~~..-'_._--_...._-
(Itg/ml)

9 10 11 12 13 14 15
._._-----_.~.»,_...._.

10 ISO 144± S 180 163± 15 ISO IHO .
I 180 138 ±20 IIH 15 180 140±23 161 ± 13 154± 10
0.1 146± II I03± 9 IIS± II 117±19 130± 13 120± 10 114± 12
0.01 II'S± II IOO± 13 109± 17 117±18 IIO±II 117± II 124± II
0.001 119± 14 94± 6 10S± 9 J09±12 100± 14 117± 12 IIS± 15

Control 102± 16
----_.

-;;'..7.:.'::':::'~

Concentration
Compounds

(Itg/ml)
26 27 28 29 22 23 24 25

10 135± 6 114± 10 180 l44± 12
I ISO 180 180 106± 7 IOJ ± 6 170± II 11O± 4
0.1 159± 5 180 175± 9 140±18 109± 8 93± 2 13fi±22 107± 7
0.01 139± 2 131± 2 146±11 105± 10 98± 6 117± 12
0.001 121±J2 lOO± 1 128± 7 104± 5

Control 97± 5

Values in the table are angles (in degrees) between the lamina and sheath (± standard error).
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showed almost the same activity as its 3f3-isomer 4 and they were about one-tenth as active as
the standard 1, indicating that the hydroxyl group at 2o:-position is not indispensable to elicit
the biological activity, although its absence reduced the activity. It is of interest that the 3
ketolactone 5 and the 2,3-dideoxylactone 6 possessed ca. 5% of the activity of the native
steroidal lactone 1. Among the 6-oxo steroids, the 28-homologue 7 of castasterone induced
the strongest response, the activity being almost equal to that of 28-homograssinolide (1). The
30:- and 3f3-hydroxy ketones 8 and 9 were equally active and were about one-tenth as active as
the reference steroid 1. These ketones have similar activity to the corresponding 7-oxalactones
3 and 4. The 3-keto steroid 10 was ca. 10 times less active than the corresponding 30:- and 3{3
hydroxy steroids 8 and 9. The activity of the 2,3-dideoxy ketone 11 was ca. 100 times less than
that of the 2,3-dideoxylactone 6, suggesting that the 7-oxalactone group plays a more
important role in the plant growth-promoting activity than the 6-oxo group. In the case of 28
homocastasterone (7), it may bind to the receptor as effectively as 28-homobrassinolidc (1)
and may be rapidly metabolized to the corresponding lactone 1, exhibiting high biological
activity. The regioisomeric 6-oxalactone compounds 12 and 13 were found to be less active
than the corresponding 7-oxalactones 1 and 2, respectively, indicating that the 7-oxalactone
group in the B-ring, as in brassinolide, cannot be replaced by the 6~oxalactone group.
However, it is interest to note that the 2-deoxy o-oxalactones 14 and 15 were almost as active
as the 2-deoxy 7-oxalactone counterparts 3 and 4, respectively.

The biological activity of the new 24-epibrassinosteroids 22-25 prepared in this paper
was also evaluated by using the rice-lamina inclination test. The results are summarized in
Table I, along with the biological results for 24-epibrassinolide (26), 24-epicastasterone (28),
and their (22S,23S)-stereoisomers 27, and 29. 24-Epibrassinolide (26), giving ca. 140 0 bending
angle at 0.01 Itg/ml, was several times more active than the (22S,23S)-lactone stereoisomer 27.
24-Epicastasterone (28) was found to be as highly active as 24-epibrassinolide (26), while its
(22S,23S)-stereoisomer 29 was about ten times less active than the corresponding lactone 27.
These relations are in good agreement with our previous findings, in which a number of
brassinosteroids with modified side chains were bioassayed by using the rice-lamina in
clination test. 30)

It is of interest that the (22R,23 R)-7-en-6-one compound 24, which has an additional
dou hie bond at the C-7 position, gave ca. 140' bending angle at O.ll/g/ml and was estimated
to be ahout ten times less active than 24-epicastasteronc (28), because these two steroidal
ketones could be considered to be almost identical in terms of steric and conformational
factors. The (22R,23R)-5a-hydroxyenonc 22 was found to be ca. 10:'1 times less active than the
native 24-epicastasterone (28), judging from the concentration giving ca. 140 (; bending angle.
The (22S,235)-brassinosteroids 23 and 25 were weakly active and were less active than the
corresponding (22R,23R)-stcreoisomers 22 and 23, respectively. These results showed that
introduction of a double bond at the C-7 position and a hydroxyl group at the C-5 position
markedly decreased the activity of brassinosteroids.

On the other hand, Yokota et al. have recently isolated 6-deoxocastastcrone, which lacks
the 6-oxo functional group of castasterone, and they reported that it was ca. 100 times less
active than castasterone in the rice-lamina inclination test.!"! Our present results and the
reported data lead us to conclude that the 7-oxalactone or 6-oxo functionality, as in
brassinolide or castasterone, is allowed as a B-ring functionality of brassinosteroids for high
plant growth-promoting activity, in addition to the presence of the 20:,30:-diol in the A-ring
and the A/B trans ring junction.
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The chirality of the uonahydruxytriphenoyl group in castalagin (1) and vescalagin (2) was
determined to be in the S,S-series on the basis of circular dichroism analysis. In addition, a new
ellagitannin (4) has been isolated from the leaves or DUlSr'llill granilis (Myrtaceae), lind the structure
was established to he t-O-galloyl castalagln 011 the basis of chemical and spectroscopic evidence.

Kcywortls------caslalagin; vcscalugin; C-glyeosidic cllagitannin; atropisomcrisrn: absolute
stereochemistry: nonahydroxytriphcnoyl group: flavogullonic acid; Eugenia grundis; I-O-galloyl
castalagin

217

Castalagin (t) and vescalagin (2) are hydrolyzable tannins which were first isolated from
the woods of the Fagaceous plants, Castanea saliva and Quercus sessettfiora." and have now
been found to be distributed widely in the plant kingdom. Their structures were elucidated on
the basis of hydrolytic studies combined with I Hvnuclear magnetic resonance eH-NMR)
analysis as novel C-glycosidic ellagitannins possessing an open-chain gl ucose core and a
unique nonahydroxytriphenoyl group in each molecule;') although the atropisomerism or the
triphenoyl moiety remains to be solved. Previously, we isolated from the leaves of Terminulia
catappa (Combretaceac) a novel cllagitannin, terflavin A (3), which contains a similar
triphenoyl (flavogallonyl) group in the molecule." During this work, the chirality of the
tlavogallonyl group was determined by circular dichroism (CD) analysis. Comparison of the
CD data of the triphenoyl derivatives prepared individually from J and 3 has now established
the atropisornerism of the triphcnoyl group in 1. This paper presents the results of these
experiments. In addition. the isolation and characterization of a new cllugiiannin (4) from the
leaves of Eugenia grandis are described.

The model triphenoyl compound (5) of known absolute stereochemistry, as well as the
accompanying optically inactive meso-type compound (6). was prepared by three-step
methylation (involving hydrolysis) of 3 as shown in Chart 2. The molecular formula of 5 was
confirmed by electron-impact mass spectrometry (EI-MS) (M+ mjz: 674) and elemental
analysis. The IH-NMR data were consistent with the structure 5, showing a symmetrical
signal pattern. Since the chirality of the flavogallonyl group in 3 had formerly been shown to
be in the S-series,4 l the symmetrical pattern of the molecule, coupled with the fact that 5 is
optically active [- 25.1 o (acetone)], indicated that 5 possesses the 8.S-configuration.

On the other hand. the triphenoyl derivative (7) was obtained by drastic methylation of
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castalagin pentadecamethyl ether with dimethyl sulfate in a strongly alkaline medium,
followed by diazomethane methylation. The field-desorption mass spectrum (FD-MS) and
1H-NMR data were consistent with the proposed structure. It should be noted that all
attempts to cleave the remaining ester linkage (at the glucose C-2 position) were unsuccessful.
The CD spectrum of 7 showed a strong negative couplet at 230nm and a positive one at
252 nm, which were in agreement with those found in 5 (Fig. 1). Based on these observations,
the atropisomerism of the triphenoyl group in 1 was concluded to be in the S,S-series. Since
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earlier work had demonstrated that 2. is obtainable from I upon heating in an aqueous
solution (only epimerization at the glucose C-l position takes place)," the triphenoyl moiety
in 2 is also shown to have the same S,S-configuration.

A new ellagitannin (4) was isolated, together with 2 and a large quantity of 1, as colorless
needles, mp 230°C (dec.), [a]l) -105.0" (MeOH). from the leaves of Eugenia grandis
(Myrtaceae). The IH-NMR spectrum showed well-defined lowfield signals due to sugar
protons, and their coupling pattern was closely related to that of I. Aromatic signals appeared
at ()6.57, 6.61 and 6.78 as one-proton singlets and at ci7.l2 as a two-proton singlet. The
former three signals were assignable to the protons of hexahydroxydiphenoyl and nona
hydroxytriphenoyl groups, and the latter to those of a galloyl group. These observations
~ere supported by the results of negative fast atom bombardment mass spectrometry (FAB
MS) [(M - H) - mlz: 1085] and also by l3C-nuclear magnetic resonance eJC-NMR)spectros
copy which showed the presence of six ester carbonyl groups. The presence of the above
mentioned odd aromatic one-proton singlets in the IH-NMR spectrum suggested that 4 is a
C:'glycosidic ellagitannin related to 1 and 2.

The constitution was confirmed by enzymatic hydrolysis of 4 with tannase, which
afforded 1 and gallic acid, together with a small amount of castalin (9).5) The notable lowfleld
shift (l) 6.82) of the glucose Col proton signal in the 1H-N M R spectrum of 4 established the
position of the galloyl group. Thus, 4 was characterized as 1-0-galloy] castalagin.

Details of the instruments and chromatographic conditions used in this work were essentially the same us
described in the previous paper.?'

Preparation of the Triphenoyl Compounds (5 and 6)-··--A mixture of terflavin A hcptadecametbyl ether"
(223 mg) and dimethyl sulfate (2 ml) in 1O~~ NaOH was heated under reflux for 40 min. After cooling, the reaction
mixture was acidified with 1N Hel and extracted with ether. The ether layer was washed with H20 and dried over
Na2S04 . Evaporation of the solvent left a residue, which was treated with ethereal diazornethune for 10min. After
removal of the solvent by evaporation, the residue was chrornatographed on a silica gel. Elution with benzene
acetone (97 : 3) yielded methyl trimet hoxybenzoate as colorless prisms (MeOH) (32 mg), mp 81-82 "C, dimethyl (8)
hexarnethoxydiphenoate as a colorless syrup (61 mg), [oc]tO -27.3° (c= 1.0, CHCI 3) and the trimethyl nona
methoxytriphenoates [5(17mg) and 6 (13 mg)]. 5: Colorless syrup, Iocl~8 -25.1" (c= 1.0, acetone). Anal. Calcd for
C33H3801~: C, 58.75; H, 5.68. Found: C, 58.98; H, 5.83. EI-MS mjz: 674 (M+). UV A~:?II nm: 293,220. lH-NMR
(CDCI3) : 3.58,3.68,3.76,3.88,3.92,3.96 (12 x OMe), 7.24 (2H, s, aromatic H}. 6: Colorless prisms, mp 130--132 ('C
(MeOH}. [iX]~8 0" (c= 1.3, acetone). Anal. Calcd for C33H3B01S: C, 58.75; H, 5.68. Found: C, 58.82; H, 5.66. El-MS
mjz: 674 (M+). IH-NMR (CDCI3 }: 3.62, 3.68,3.78,3.90,3.92,3.96 (l2xOMe). 7.24 (2H. s, aromatic H).

Preparation of the Triphenoyl Compound (7)-A mixture of castalagin pentadecamethyl ether" (1.0 g} and
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dimethyl sulfate (6 ml) in 40~'i, NaOH (10 ml) was refJuxed for I h. The reaction mixture was made acidic by adding
6 N HCI, and extracted with ether. The ether layer was washed with H20, dried over Na2S04 and concentrated to
yield a pale brown residue, which was subjected to silica gel chromatography. Elution with benzene-acetone (9: I)
afforded dimethyl (S)-hexamethoxydiphenoate (180 mg). Further elution with benzene-acetone (4: I) furnished the
hexadecarnethyl ether (7) (32 rng) and the tetradecamethyl ether (8) (120 mg). 7: A white amorphous powder, [CiJt)~

-46.0 t> (c=O.7, acetone). Anal. Ca1cd for C43Hsfi020: C, 57.83; H, 6.32. Found:' C, 57.44; H, 6.30. FO-MS miz: 892
(M+). UV A~~?Hllm: 297, 219. lH-NMR (CDCIJ ) : 3.08, 3.20, 3.34, 3.46, 3.48, 3.64, 3.68, 3.72, 3.76, 3.86, 3.92
(16 x OMe), 5.28 (IH, d, J=4 Hz, glc. 2-H), 7.36 (l H, s. aromatic H). 8: A white amorphous powder, [aJr: +20.9"
(c= 1.6, acetone). Anal. Calcd for C4oHso0I!): C, 57.54; H, 6.03. Found: C, 57.81; H, 5.85. FD-MS mjz: 846 (M +).
UV ;.~~?Hnm: 300,218. lH-NMR (CDCI3): 3.16,3.32,3.46,3.52,3.60,3.62,3.68,3.70,3.74, 3.90, 3.92, 3.94, 3.96
(14 x OMe), 4.10-4.36 (3H, m. glc. 1-,4- and 5-H),4.90 (IH, br d, J=4Hz, glc. 3-H), 5.32 (IH, d. J =4 Hz, glc. 2-H),
7.32 (I H, s, aromatic H).

Isolation of the Ellagitannin (4)--The air-dried leaves (2.3 kg) of Eugenia gram/is (collected in Singapore) were
extracted with 60% aqueous acetone at room temperature. The acetone was removed by evaporation under reduced
pressure (ca. 40 "C). and the resulting precipitates, consisting mainly of chlorophylls and waxes, were removed by
filtration. The filtrate was concentrated under reduced pressure, and applied to a column of'Sephadex LH-20. Elution
with H20 containing increasing amounts of MeOH furnished five fractions (l--V). Fraction III was subjected to
rechromatography over Sephadex LH-20 with EtOH to yield castalagin (1) as colorless fine needles (H20) (fa. 9 g).
Fraction IV was cbromatographed successively over Sephadex LH-20 (EtOH), MCI-gel CHP-20P (H2o-MeOHl,
Fuji-gel 00S-G3 (H 2o-MeOH) and Bondapak C1s/Porasil B (H 20-MeOH) to give vescalagin (2) as colorless fine
needles (H20) (0.5 g) and the ellagitannin (4) as colorless needles (H20) (0.15 g). 4: mp 230°C (dec.), [aJ~~ -105.0"
(c==1.0, MeOH). Anal. Caled for C4RH3003o·7HP: C, 47.53; H, 3.82. Found: C, 47.33; H, 3.53. Negative FAB-MS
mlz: lO85 (M-H)-, 915 (M -gallic acid}". IH-NMR (acetone-zi.): 4.03 (l H, d,.I= 12'Hz, glc. 6-H), 4.87 (IH, dd,
J=3, 12Hz, glc. 6-H), 5.19 (l H, s, glc. 3-H), 5.22(IH,d,J=5 Hz, glc. 4-H), 5.37 (IH, d,J=6 Hz. glc. 2-H), 5.66(IH,
dd-Iike, .I=3, 6 Hz, glc. 5-H), 6.51. 6.61, 6.78 (each 1H, s, aromatic H), 6.82 (I H, d, .1=6 Hz, glc. I-H), 7.12 (2H. s,
galloyl H), 13C-NMR (acetone-d.): 65.6 (t, glc. 6-C), 66.9, 67.9,69.7, 71.1, 71.5 (each d. glc, C), 107.8, 108.3, 108.9
(each d, aromatic C), 110.5 (d, galloyl.C), 163.6, 165.4, 165.6, 166.4, 166.9, 169.0 (-COO-).

Enzymatic Hydrolysis of 4 with Tannase-e-v-A solution of 4 (50 mg) in H20 was incubated with tannase at 37 "C
tor 2h. Evaporation of the solvent afforded a gum, which was treated with EtOH. The EtOH-soluble portion was
chrornatographed over MCl-gel CHP-20P with H20 containing increasing amounts of MeOH to yield gallic acid,
castalagin (1) (15 mg) and castalin (9) (5 mg).
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New JR,2R-cyclohexl\nediamine(:= IR,2R-dach l Pt(l!) complexes containing dicarboxylate
ions, i.e., ketomulonute, malate, saccharate, gluturate, diphenate, and a,IJ-diphenylsllcdnate were
synthesized and tested against leukemia L 121 0 in vivo, All of the dicarbcxylato Pttl l) complexes
showed relatively high antitumor activities with T/C~;; values of more than 200 at optimal doses. In
particular, mucato and IX.IJ-diphenylsllceinato Pt(llj complexes exhibited excellent antitumor
activities with T/(,~,; values of 348 and 369, respectively. with .3 cured mice out of six.

The dicurboxylato Ptlll) complexes were determined by elemental analyses to contain
dicarboxylates : Pt : IR,2R-dach ill a ratio of I : I : I. The molecular secondary ion mass spectra or
saccharate and gluturuto Pt(1l l complexes indicate that these complexes exist in a binuclear form
together with a mononuclear form in aqueous solution.

Keywords-c-c-dicarboxylatc Pttl l ] complex; JR,2R-cycinhexutlcdiamil1Ll Ptfll ) complex;
mass spectrum; binuclear complex; antitumor activity
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ds-Diamminedichloroplutinum(I1) (cisplatin) has been used clinically as an antitumor
agent effective against testicular, ovarian, and bladder cancers, although it L;ilUSCS severe renal
toxicity, nausea and vomiting. 1

l Recently, much effort has been devoted to developing more
antitumor-active Pt complexes with less toxicity. New antitumor Pt complexes, diarnminet 1,1
cyclobutanedicarboxylatojpla tinumrll):" and ci.,'-dichloro-trcllls-dihydl'oxohis(isopropyl
amincjplatinumtl v)," are now under clinical trial.

We have reported that Pt(lI) complexes containing: IR,2R-cydohexanediaminc
(=IR,2R-dach) showed the highest antitumor activity against leukemia LI2lO and P 3XK
among Pt(Il) complexes containing 18,28· or IR,2S-dach as a carrier ligand.":" We have
introduced n-glucuronate and o-gluconate as leaving groups into dach Pt(U) complexes in
order to increase the water-solubility, since antitumor dach Pttl l) complexes containing
chloride, oxalate, or malonate ions arc difficult to dissolve in water. These water-soluble Pt( 11)
complexes showed remarkable antitumor activity against leukemia L 1210 in vivo, but they arc
relatively unstable in water.":":"

Thus, we have designed more water-stable Pt(II) complexes by introducing dicar
boxylates as leaving groups. The dicarboxylates adopted were ketomalonate, malate, sac
charate and glutarate anions. Such compounds were expected to show moderate water
solubility. Diphenate and IX,,B-diphenylsuccinate anions were also used as leaving groups,
and were expected to provide lipo-solubility.

In this paper, syntheses and antitumor activities or the dicarboxylato Pt(Il) complexes of



222 Vol. 35 (1987)

IR,2R-dach are described and the structures of these compounds are discussed on the basis of
the infrared IR and molecular secondary ion mass (SIMS) spectral data.

Experimental

Syntheses of Pt(Il) Complexes

Ketomalonato- or Saccharato(IR,2R-dach)platinum(II); [Pt(kctomal) (lR,2R-dach)] or [Pt(sac)(lR,2R-dach)]
--Pt (N03hOR,2R-dach) (l.Og) was dissolved in 10m! of H20 by heating, then an equimolar amount of
ketomalonic acid monohydrate (0.31 g) or potassium hydrogen saccharate (0.57 g) dissolved in 10ml of H20 was
added. The resultant solution was filtered and the pH of the filtrate was adjusted to 5 with a 5% NaOH solution. After
several days at room temperature, white precipitates deposited were collected by filtration, and washed with H20 and
EtOH.

Mucato(l R,2R-dach)platinum(Il); [Pt(muc)(lR,2R-dach)]--Pt(N03h( IR,2R-dach) (1.0 g) was dissolved in
J0 ml of H 20 by heating, then an equimolar amount of mucic acid (0.49 g) dissolved in 10 ml of H20 with a minimum
amount of a 5% NaOH solution was added. The pH of the resultant solution was adjusted to 5 with a 5~';' NuOH
solution. After 4d of standing at room temperature, white precipitates gradually deposited and they were collected by
filtration and washed with H20 and EtOH.

Malate- or Glutarato(IR,2R-dach)platinum(I1); [pt(mala)(1R,2R-dach)] or [Pt(glut)(lR,2R-dach)]--
Pt(N03hO R,2R-dach)( 1.0g) was dissolved in 10ml of H20 by heating, then 2 eq of malic acid (0.62 g) or glutaric
acid (0.61 g) dissolved in 15ml of H20 was added. The resultant solution was adjusted to pH 5 with a 5'>~ NuOI-l
solution. and after 2 weeks at room temperature. white precipitates gradually deposited and were collected by
filtration. They were washed with H20 and EtOH.

Diphenato- or iX,p~Diphenylsuccinato(IR,2R-dach)platinum(II); [Pt(diphen)(IR,2R-dach)] or [Pt(diphsuc)~

(IR,2R-dach)]--One gram of Pt(N03h(lR,2R-dt\ch) was dissolved in 10 ml of H20 by heating. An equimolar
amount ofdiphenic acid (0.56 g) ordiphenylsuccinic acid (0.62 g) was dissolved in 100ml of H20 by the addition of a
5~·;; NaOH solution under pH 7. These solutions were mixed and the pH of the resultant solution was adjusted to ca.
7. After standing overnight at room temperature, white precipitates were collected by filtration.

All Pt(Il) complexes thus synthesized were. dried under reduced pressure at 60'·C. The results of elemental
analyses are shown in Table I together with the yields.
Measurements

The solubilities of the dicarboxylato Pt(Il) complexes in H20 were measured by suspending them in 5 ml of H20

with constant agitation at 37C. After incubation for 2 d. the suspensions were filtered and the Pt contents of thc
filtrates were determined with a Shirnadzu AA-607G flameless atomic absorption spectrometer,

MS spectrometry---SIMS spectrometry was performed using a double focusing Hitachi M-SO B mass
spectrometer fitted with a high-field magnet (M-8089), SIMS source and M-O 10I data system. Operating conditions
were; primary ion, Xe ": accelerating voltage, 8 kV (primary) and 3 kV (secondary): $OUTCC temperature, 35 "C'.
Samples were dissolved in H20 in the concentration range of 0.9---3.4mgjmJ. Each sample solution (0.5· 1111) was
loaded on a silver target. About l.ul of matrix material was added to the sample on the target. Culibrution was
achieved by using glycerol-derived oligorners. Linked-field scanning was performed in the HjE mode with a Hitachi
linked-scan unit (M-8084).

TABLE I. Elemental Analyses of IR,2R-Cyclohexanediaminc Pt(ll) Complexes Containing Dicarboxylatcs

5.63 30
5.65 50
5.65 60
5,77 50
5.89 21
5.23 67
4.90 58
4.64 30
4.43 48

Found e:,)
Complexes

C H N

Pttketomalonntohdach)- 4H 2O 21.93 4.32 5.92
Pt(dJ-malto)(dach)' 3H 1O 24.12 4.76 5.61
Pt(d-malato)(dach)·3HlO 24.09 4.77 5.40
Pt(l-m,alato)(dach)·2.5H2O 24.52 4.76 5.94
Pt(glutarato)(daeh)' 2Hl O 27.76 4.69 6.04
Pnsaccharatojtdach) H2O 26.95 4.60 5.15
Pt(mucato)(dach)' 3H1O 25.10 4.81 5.03
Pudiphenatojtdach)- 3H 2O 39.88 4.36 4.94
Pt(oc.{J-diphenylsuccinato)(dach)· 3H 2O 41.96 4.81 4.72

dach == 1R,2R-cyclohcxanediamine.

Oiled ell)

C H

21.73 4.46
24.24 4.88
24.24 4.88
24.70 4,77
27.78 5.09
26,92 4.52
25.22 4.94
39.80 4.68
41.84 5.11

N

Yield
til,,)
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Evaluation of Antitumor Activity
Antitumor activities of the Pt(Il) complexes were tested according to the protocols for routine screening at the

National Cancer Institute (Bethesda. Md.). Ll2LO cells (lOs) were transplanted intraperitoneally into CDF j mice
(each group consisted of6 mice) on day O. and the samples were given intraperitoneally on days 1. 5. and 9. From the
mean survival times (d) of treated (T) and control (C) mice. T(C% values were calculated. Samples with T(C% values
that exceeded 125 were evaluated as antitumor-active. A dose at which the T(C~.~ value was Jess than 85/;' was
designated as a toxic dose.

Results and Discussion

Judging [rom the elemental analyses shown in Table 1, these dicarboxylato Pt(ll)
complexes were composed of the dicarboxylates, IR,2R-cyclohexanediamil1c( = IR,2R-dach),
and Pt(II) in a ratio of I : I : 1. Based upon the infrared spectral data shown in Table II, the
dicarboxylates and dach coordinated through the carboxyl and amino groups, respectively.
For example, the IR spectrum ofPt(sac)(1R,2R-dach) exhibited absorption peaks at 3200 and
3100 em - 1 due to the asymmetric and symmetric stretching frequencies of the amino groups,
being shifted toward higher frequencies compared with those of the hydrogen chloride sait of
lR,2R-dach. Two strong peaks at 1610 and 1340cm-- 1 were assigned to asymmetric and
symmetric stretching frequencies of the carboxyl groups, respectively, being shifted toward
the lower frequency side due to the coordination to the central metal ions, compared with
those of saccharic acid.

Other dicarboxylato Pt(II) complexes showed IR spectral behavior .similar to that of
Pt(sac)(lR,2R-dach), exhibiting coordination of the carboxyl and amino groups.

Solubility of the DicarboxyJato Pt(lI) Complexes in Water
Expecting water-solubility, we had chosen saccharic and mucic acids, which have four

hydroxyl groups, as leaving groups, but in fact the solubilities of the complexes in H20 were
rather poor (3.38 and 2.58 mg/ml at 37 "C, respectively, as shown in Table Ill).

However, the glutarato Pt(lI) complex has a solubility of 2.91 mg/rnl in H20, indicating
that the water-solubility is not proportional to the numbers of hydroxyl groups.

The diphenato and a,{1-dipbcnylstlccinato(mixturc of meso and racemic forms) Pt(II)
complexes were hardly soluble in either .1"1 20 or organic solvents such as chloroform benzene,
and ethanol.

TAIlI.E II. Vibrational Frequencies or Dicarboxylato Pt(lI) complcxes ol' J R,2R-Cy<.:!llhcxancdial11inc
(em - I)

Complexes \'011 \'CII "('_0

......'---_..._------._--, .._.~. ....."..-., ",.._.-.-~ ._.....~ .........,.~ ..__-. ....-----_..'.'''''_''_''',""..'~ ,.~.....,~.",..__.,~.---.-,--
-"..,.~ --,..,..'•.,,--.••••._..~ ....¥.-.."'._.•__.-.....<. -,'''' ',,<

Pt(ketomalonuto)(dach) :1400 (s, br) 3200(s) 292() (m) 161O (s) 1350 (s)

3100 (s) 2850 (w)

Pumalutoudach) 340() (s, br) 3200 (s. br) 2920 (m) l (lOO (8) 1370 (!»

2850 (w)

Pt(glutarato)(dach) 3400 (!>, br) 3200 (s) 2920 (m) J600 o» 1350 (8)

3100 (s) 2850 (w)

Ptfsaccharuto)(dach) 340() (s, br) 3200 (s) 2920 (m) 1610 (s) 1340 (s)

3100 (5) 2850 (w)

Pt(mucato)(dach) 3400 (s, br) 3200 (s) 2920 (111) 16lO (8) 1340 (~)

3100 (s) 2850 (w)

Pt(diphenato)(dach) 3400 (s, br) 3200 (s) 2920 (m) 1600 (8) J350 (8)

3100(5) 2850 (w)

Pt(rx.P-diphcnylsuccinato)(dach) 3400 (s, br) 3250 (8) 2920 (m) 1600 (8) 1340 (8)

2850 (w)

Abbreviations: s, m, w. and br mean strong, medium. weak. and broad.
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TABLE III. Solubilities of Dicarboxylato Pt(lI) Complexes in H20 (37 "C)

Vol. 35 (1987)

Complexes

Pt(ketomalonato )(dach)
Pt(l-mala to}(dach)
Pttglutaratcudach]
Pttsaccharatojtdach}
Ptunucaroudnch)
Pt(diphenato)(dach)
Pt(rx,ff-diphcnylsllccimlto)(dach)

Solubility
(rng/rnl)

2.7
0.9
2.9
3.4
2.6
0.1
0.2

TAGLE IV. Antitumor Activities of Dicarboxylato Pt(ll) Complexes of'
IR.:lR-Cyclohex:.tncdiaminc against Leukemia L J2J0

Complexes 100

Pt(ketomalonato)(dach} 0
Pt(dl-malato )(dach)
Pt(d-malato )(dacll)
Pt(l-lIlalato)(dach)
Pttglutarutojfdach)
Pusaccharatojtdach) l~")

Ptunucatuudachj 112"1
Pttdiphenato}(dach)
PI(rJ.,fl-d ipheu Ylsuccinato)(dach)
pte I. J-cyclobutanedicurboxylato)(c1ach)

Dose (mgjkg)
50 25 12.5 6.25 3.12

TIC'.';,

0 ~9 (2)

HZ (/) J.~~ (1) ~~. (I)
78") ~1(l) 210

1~.~ (I) n.J (I) 214
~3R (I) 176 172
23~ (2) 30~ (l) ~19 (/) 134 118
348 (3) 247 240 148 132
nli (I) 2.~~ (2) 133
E§ 3Q(~ (3) l.4.5

~l? 177 p~
._-----~----_..,.,--_._'_._._-"-_.~ ..._._.

Underlined figures indicate significant autitumor activit)' (T/C""ii;; 125). tI) indicates toxicity. Ill'; cells/mouse were transplun
ted i.p. into CDr, mice (6 mice/group), uno the test samples were administered i.p, Oil days I, 5 and 'J.

Antitumor Activity
The antitumor activities of the dicarboxylato Pt(l\) complexes of IR,2R-dach were tested

against leukemia Ll21O, and the results are shown in Table IV, together with those of 1,1
cyclobutanedicarboxylatot IR,2R-cylohex.anecliamine)platinlltn(II). All of the Pt(lI) com
plexes exhibited relatively high antitumor activities as compared with cisplatin, with T/C""
values of more than 200 at the optimal doses. The optical isomers of malic acids as leaving
groups did not show much difference as far as antitumor activities were concerned. but Pt(d
malato)( lR,2R-dach) showed toxicity at the dose of 50 mg/kg, while I-malato Pt(JI) did not.
However, mucato and saccharate are diastereorners and their Pul l) complexes showed
different antitumor activities with T/C/~ values of 348 and 302 al the optimal doses,
respectively.

Among the dicarboxylato Pt(Il) complexes examined, a,fi-diphenylsuccinato Pttl I)
complex showed the highest antitumor activity against Ll2lO with a Tiel:. value of 369, and
gave three cured mice out of six.

MS Spectra by Molecular SIMS Method
The dicarboxylato Pt(II) complexes were suspended in H20 and continuously stirred

overnight at room temperature. The suspensions were filtered. portions of the filtrates were
mixed well with glycerol, and the mixtures were introduced to a MS spectrometer as samples.
Among 7 dicarboxylato Pt(II) complexes examined, only 3 complexes, i.c., saccharate.
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Fig. I. Structure of IPt(ox)(IR.2R-dach)] Dc
[ermined by X-Ray Anomalous Scattering
Techniques

TABLE V. MS Spectral Datu for Dicarboxylato PI(l!) Complexes
of I R,2R-Cyclohexancdi'll1line

========== -----c=-=-=-=-====

Complexes
111/:: values and relative ion abundances (I»

[PILCIC~I' [pt2LCl C' ,J' [Pt2L~CIC.d'
"------ -_.-_._---._~-_._--_.._------_._-_.--._--_._.__."_.

Pt(ox)( I R,2R-daeh)

Pt(l-ma1<1)( IR,2R-dach)

Pt(sac)(1R,2R-dllCh)

PI(glut)( I R,2R-dach)

401 (24)
31,)9 (79)

~s. (100)
397 (82)

443 (130)

~<!2. (1(0)
441 (120)

519(07)
5.l~ (J (0)
517 (SO)

441 (94)
4_40 (100)
431) (100)

707 (0.6)
706 (0.7)
705 (0.1')

704(0.7)
70J (004)

751 (7)

750 (14)
749 (17)
748 (11)
1\27 (28)
82Cl (31)
82.5 (45)
824 (3J)
823 (12)
74<J (13)
748(13)
747 (12)
74(J (4)

745 (:~)

7117 (004)
7% (0.5)
795 (O,S)
794 (OA)
793 (0.2)

Ion (30)
lO3(, (3t )
1035 ((,0)
lIU4 (43)
lO.n (IK)
XXI (9)

XIi() (Ill
1i?1) (I I)

!\7X (X)
1'77 (5)

L denotes dicarbnxylute unions. ('J represents neutral 111.2/1,":1,:1\ « 'J I",N /). 1:'/ dCIHII,·;. pl'lllllllal~d

IR.2R-dadl (C"H J,N,). C,1 dCl\t1(CS deprotonuu-d IR.2R-dildl (t ',,111.1 N..). Numbers in I'lll·t·lIllws(;~ indicute
ion abundances ill per cent. Hiking mouonuclcur ions containing ""'1'1 t1~ a stundanl.

gluturato. and malate Pt(II) exhibited MS spectra. The other complexes did not show 11K'
spectra due to their low solubilities in H;p.

Pt( oxatato)( lR,2R-dach)
As a standard sample, Pt(ox)(l R,2R-daeh)(ox=oxalatc) was taken since it is stable in an

aqueous solution. Its absolute structure was determined by X-ray delruction analyses to be
square planar and monomeric, as shown in Fig. l.'" PI(ox)(J R,2R-duch) exhibited MS
spectrum with 4 peaks at tn]: values or 40 I, 399, 39g, and 397: such a pattern is expected for a
complex containing naturally abundant Pt isotopes, i.e.; Pllipt (7.2'\;), l'IIlPt (25.2~~;,),

1115Pt(33.8~,;;) and 11/4Pt (32.9':.;;>. These peaks were assigned to the molecular ion or
[Pt(ox)(1 R,2R-dachH)] ~ (dachH denotes protonated dach). The peaks due to the Jess
abundant Pt isotopes, i.e., J90Pl(O.()I ~.~,;') and I'll Pt(O.8~~;), were not observed in the spectrum.

In addition, the oxalato complex showed two groups of penh around m]: values of 705
and 795 with very low intensities, each of which consists of 5 peaks. Their patterns were
characteristic of binuclear Pt complexes. Since the solubility of the complex in H20 was
limited, the peaks due to the less abundant Pt isotopes. i.e., ICJUPt, 191pt. and 19Hpt were not
observed. These peaks may be assigned to binuclear complexes, where an oxalate ion bridges
two Pt ions through the carboxyl groups. The mass number of P9 5Pt2(oxh<JR,2R-dach)-
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(IR,2R-dachH)]+ is 795 and that of [195Ptiox)(lR,2R-dach)(lR,2R-dach-H)J+ (dach-H de
notes deprotonated dach) is 705. These binuclear Pt complexes may be formed by recombi
nations of fragments, judging from their extremely low intensities.

The MS spectral data of oxalate Pt(lI) complex are summarized in Table V, together
with those of other dicarboxylato Pt(lI) complexes; relative peak intensities are expressed in
per cent taking the corresponding mononuclear species containing 1QSPt as a standard.

Pt(sac)(IR,2R-dach)
In contrast to the oxalato Pt(Il) complex, Pt(sac)(lR,2R-dach) gave a somewhat different

MS spectrum as shown in Fig. 2. Three peaks were observed at m]z values of 517, 518, and
519, which may be assignable to mononuclear [Pt(sac){1R,2R-dach)(lR,2R-dachH)]+ con
taining 194pt, 195Pt, and 196pt isotopes, respectively. In the higher mass region, two groups of
peaks each consisting of five peaks were also observed around m]z values of 1035 and 825 with
high relative intensities, and these may be assignable to binuclear Pt complexes. The peaks at
mjz values of 1033, 1034, 1035, 1036, 1037 correspond to [PtisachOR,2R-dach)(lR,2R
dachl-lj] " and the peaks at mlz values of 823, 824, 825, 826, and 827 are assignable to
[ptisac)(l R,2R-dach)(l R,2R-dach-H)] +, which may be formed by cleavage of a saccharate
ion from the former complex. In both binuclear complexes, saccharate ions bridge two different
Pt ions.

Fragmentation of a binuclear complex, i.e.. [Pt2(sach)2(1 R,2R-dach)( IR,2R-dachH)] +,

may occur as shown in Fig. 3, where a saccharate anion was cleaved first with resultant
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+
[Pt <C1iHaOa)(~~ SN2)]

518

Fig. 3. Proposed Fragmentation of Pt(sac)(1R,2R-ctach) Complex and the
Positions of Bond Breakages
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formation of [Pt2(sac)(lR,2R-dach)(l R,2R-dach-H)J +. The latter ion was decomposed into
the mononuclear [Pt(sac)(lR,2R-dachH)J+ with further dissociation of a sac ion. However,
there is a possibility that the binuclear complex dissociates into [pt2(sac)( I R,2R-dachh] and
[pt(sac)(1R,2R-dach)] in a dilute aqueous solution, and these complexes are expected to show
MS spectra similar to that illustrated in Fig. 2. In reality, both processes may contribute to the
observed MS spectrum.

At this stage we can not distinguish whether the solid saccharato Pt(lI) complex exists as
a binuclear form or a mixture of mono- and binuclear forms, since in both cases similar
spectra will be obtained. However, considering its low solubility in H 20 and the very slow
formation of its precipitates in the process of synthesis, we speculate that saccharate Pt(Il)
complex exists as a binuclear form.

Pt(glut)(lR,2R-dach)
Glutarato Pt(II) complex exhibited u MS spectrum similar to that or succharato Pt(lI)

complex, except that the peak intensities around miz values of 879 and 747 (originated from
the binuclear glutarato Pt(II) complexes) were lower than those of saccharate complex.
Moreover, the peak intensities of [Ptiglut)(l R,2R-dach)(1R,2R-dach-H)]1 were less than
those of [Pt2(glutMIR,2R-dach)(1R,2R-dachH)]+, indicating a lower abundance of the
former complex in an aqueous solution. The most intense peaks were observed at m]: values
of 439.440, and 441, which were assigned to the mononuclear [Pl(glut)(l R.21~-dachH)]+ ions.

Pt(1~mala)(lR,2R-dach)

In the case of the I-malato PT(II) complex, its MS spectrum lacked the expected peaks
at mjz values around 883, which may be assignable to binuclear species, i.e., [Pt2( / 

malahClR,2R-dach)(lR,2R-dachH)]+, but only exhibited four peaks around m]z values of
749, which may originate from [Pt2(/-mala)(l R,2R-dach)(l R,2R-dach-H)] +. The mononuc
lear species showed three peaks at m]z values of 441, 442, and 443, whose intensities were not
proportional to the natural abundances of Pt isotopes; this may be due to over-lapping
background peaks.

These SIMS spectral data give very important information as to the species existing in
aqueous solutions. In the case of saccharato Pt(II) complex. the binuclear species is relatively
abundant in an aqueous solution (comparable to the mononuclear species). From the MS
spectral data we could not confirm whether the saccharate Pt(II) complex exists as a
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mononuclear or binuclear species in the solid state, but in an aqueous solution it may coexist
in three states, i.e., [Pt2(sac)iIR,2R-dach)2]' [pt 2(sac)(l R,2R-dach)2J, and [Pt(sac)(lR,2R
dach)], of which the last species is the most stable. The I-malato Pt(II) complex did not exist in
the form of [pt2(l-mala)2(lR,2R-dachhJ, which may be unstable in an aqueous solution and
may dissociate mainly into [Pt(l-mala)(lR,2R-dach)J and partly into [Pt2U-mala)(lR,2R

dachj.]. These SIMS spectral data offer valuable information as to the species of the
dicarboxylato Pt(II) complexes exisiting in aqueous solutions, and may help to identify the
antitumor-active Pt(II) species.
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From the pollen grains of Cedrus deodara LOlJD., live known compounds, dchydronhictic acid
(l J. 15-hydroxydehydroabietic acid (II), 7iX.l R-dihydroxyclehydrna bictunol (I VI, naringcnin (VI)
and /J.silostcryl/f-D-g]ucoside (VII), and two new compounds, 7/1, 15·dihydroxydehydl'llahictic ucid
(III I and hcxadecunc-Ll o-diol 7-cafl'coyl ester IV I, were isolated. The structures of HI and V were
elucidated on the basis of spectroscopic studies and chemical evidence.

Keywords---Ccdru.l' deodara; Pinncene: pollen grains; 7/i,15-dihydroxydchydl'OabiL~licacid:
hexadccane-Llti-diol 7-call'coyl ester
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As a part of our continuing studies on pollen grains, this paper deals with the chemical
constituents of the pollen grains or Cedrus dcodara LOUD. (Himarayasugi in Japanese).
Cedrus deodara LOUD. is an evergreen monoecious tree of the family Pinaceue, which is
distributed in the southernmost states and in the tropics. The constituents so far isolated from
the wood arc ccntdarol.!' isocentdarol." himachulol and ullohimachalol." and lrom the stern
bark, deodarirr" and its 4J~glucoside. In part VIol' this series,") we reported the isolation of
several amino acids, hydrocarbons, campcstcrol, fJ~sitoswroL d~pinitol. and others.

The pollen grains of Cedrus dcodaru Lou D. were extract cd with ether and fractionated
into acidic, phenolic and neutral Iructions. Column chrornatography of the acidic fraction
resulted ill the isolation of compounds I Ill. Two 01' them were identical with the known
diterpenoids, dehydroabictic acid (1)"') and IS-hydroxydchydroabietic acid (II),H) on the basis
or infrared OR) and proton nuclear magnetic resonance ('H~NMR) data. The phenolic
fraction. on column chromatography, yielded compound V. The neutral fraction. on column
chromatography, furnished 70:,IH-dihydroxydehydroabiclanol (IV). The methanol extract of
the pollen grains which had been extracted with ether was subjected to column chrornutog
raphy to give uaringcnin (VI) and jJ-sitostcry[ fJ-D-glucoskk (Vll ).
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TABLE 1. IJC-NMR Chemical Shifts ofla, II, III and lIla

Carbon No. la") lIb) III'I IlIa"!

1 38.0 38.5 39.4 38.0
2 18.6 18.2 19:5 18.4
3 36.7 37.1 37.8 36.5
4 47.7 47.4 47.4 47.3
5 44.9 45.3 45.0 43.5
6 21.7 22.1 33.4 32.7
7 30.0 30.5 72.9 70.5
8 134.7 136.2 138.8 137.7
9 146.9 148.2 148.7 147.6

10 37.0 37.3 38.7 37.6
II 124.1 124.2 124.9 124.0
12 123.9 122.9 124.9 123.4
13 145.7 147.7 148.1 146.9
14 126.9 125.7 124.9 128.4
15 33.5 71.3 71.3 72.5
16 24,0 32.5 31.9 31.6
17 24.0 32.5 31.9 31.6
18 179.1 l80.8 182.2 118.8
19 16.5 17.0 17.0 16.5
20 25.1 25.2 25.8 25.5

-OCHJ 51.9 52. [

Il) Run at 100MHz: in CDCJ 3 solution. b) Run at 100MHz in (\D~N solution. e) Run III IOOMHz
in CDolOD solution.

Compound III was obtained as colorless needles, mp 166---168 "C, and had the
composition C2oH2S04 on the basis of the high-resolution mass spectrum (MS) (M +, m]z
332.2022). The ultraviolet (UV) spectrum showed absorption maxima at 216, 266 and 274 nm.
The IR spectrum showed hydroxyl (3400 em -1) and carbonyl group (1700em -) absorptions.
The carbon-I3 nuclear magnetic resonance eJC-NMR) spectrum of III showed a pattern
similar to that of II, except for C-6 to C-8 (Table I). Detailed examination of these data
suggested that III might be a dehydroabietic acid derivative possessing two hydroxyl groups.
On methylation with diazomethane, III gave a monomethylcster (Il la) as colorless needles,
mp 90-92 "C. The acetylation of IlIa yielded a monoacetate (IlIb) as a white powder, mp
9l-93°C, whose IR spectrum showed an absorption due to a tertiary hydroxyl group
(3500em -1). From this result and the diagnostic MS fragment ion peaks at m]z 51:> and 43, the
presence of a hydroxyisopropyl group was established. Oxidation of IlIa with chromium
trioxide in pyridine afforded a colorless oil (IIIe), which showed a bathochrornic shift to 296
from 274 nm due to a newly formed conjugated carbonyl, indicating that the secondary
hydroxyl group was located at C-7. The If-configuration of the hydroxyl group at C~7 was
determined from the 1H-NMR spectrum, in which a IH triplet at (54.72 (.1= 8.5 Hz) due to a
hydroxymethine proton was observed'? (Table II). From the above results, III was identified
as 7{f, I5-dihydroxydehydroabietic acid.

Compound IV was obtained as colorless needles, mp 89 r·c, and had the composition
CZOH300Z on the basis of the high-resolution MS (M +, m]z 302.2246). Comparison of the
spectral data of IV with those of III indicated that both compounds possess the same skeleton.
The 1H-NMR spectrum of IV also exhibited signals due to a carbinol proton. Spectral data of
the diacetate (IVa) suggested that IV was dehydroabietane, having primary and secondary
hydroxyl groups. Oxidation of IV with chromium trioxide in pyridine afforded a monoketone
(IVb), whose UV spectrum showed absorption maxima at 216, 252, and 298 mn. The
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TABLE II. tH-NMR Spectral Data for Compounds I-Ill and Illa (ppm) (J in Hz)

Proton 1") W) II/h) IIIaltl
No.

7 2.94 2.93 4.72 4.75
(2H, t, J=3) (2B. m) (I H, t, .1= 8.5) nu, t, .I=lU)

11 7.16 7.16 7.18
(I H. d• .1=9) (I H, d. h= 9) (lH. d, J=9)

12 6.94 7.24 7.31 7.35
(I H. dd • .1=2, 9) (l H x 3. d, .1= 7.5) (IB, dd, .1=2, 9) (I H. dd, .I=2, [)}

14 6.88 7.59 7.62
(lH. d, J=2) (l H, d, J=2) (IH. d, i-o:

16 { 1.26 1.53 1.4~ 1.51
17 (3Hx2,d,J=2) (3Hx2,s) (3H x 2, s) (3H x 2, s)

19 1.21 1.30
(3H. s) (3H. s) 1.26 !.30

20 1.18 l.23 (m x 2, s] (3H x 2, s)
(3H. s) (3H. s)

-OCH 3.683

(3H. s)
,_••••_0__-

a) Run at 1)0 MHz in CDCI,I solution. n) RUIl at 90MHz ill CD"OD solution.
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secondary hydroxyl group was located at C-7, and its «-configuration was indicated by the
lH-NMR spectrum, to) based on the observation of the hydroxyrnethine proton signal at
(54.61 (l H, br s, W1/2 =7 Hz). Thus IV was identified as 7rJ., 18-dihydroxydehydroabietanol.
Compound IV is known as a synthetic intermediate,' 11 but this is the first time that IV has
been isolated from a natural source.

Compound V was obtained as an yellow oil, which was positive in the FeCI.\ reaction.
The UV spectrum showed absorption maxima at 220, 23!{, 246, 316 and 334 nm. The lR
spectrum showed hydroxyl (3320cm- 1) and ester (1690, 1260cm- 1) absorptions. The IH_
NMR spectrum showed a broad singlet at c) 1.30 due to the mcthylenes, a triplet at () 3.53
(2H x 2, J =6 Hz) due to the primary alcohols, and a triplet at {j 4.98 (l H, J::;::, 7 Hz) due to the
methine bearing the ester group, as well as signals due to the l,2,4-trisuhstituted benzene
protons at i>6.86 (lH, d, J=9Hz), 7.01 (IH, del, J=2, 9Hz) and 7.06 (1I-I, d, J=-,.,2Hz), and
two I H doublets at c)6.25 (J =161"fz) and 7.54 (J = 16Hz) d Ul) to trans olefinic protons. The
acetylation of V yielded a tetraacetatc (Va). Thus, V was deduced to be an ester of caffeic acid
with a secondary hydroxyl group of an aliphatic trio!' Compound V was methylated with
diazomethane and then hydrolyzed with alkali. Subsequent methylation yielded Vb, which
was identified as 3,4-dimethoxycalTcic acid methyl ester by comparison with an authentic
sample on gas liquid chromatography (0 LC). Alkaline hydrolysis of V gave an alcohol (Vc),
which was acetylated by the usual method at room temperature to give a diacetate (Vd), On
heating with acetic anhydride at 130 "C, Vc gave a trincetate (Vc). Compound Vc was
oxygenated with chromium trioxide and then methylated with diazornethane to give Vf, whose
MS showed characteristic peaks at m]z 129, ]57, 171 and 199, as shown in Chart 1. These
results indicated that caffeic acid might be linked by an ester bond to C-7 of Vc. Therefore, V
was determined to be hexadecane-I, le-diol 7-cafTeoyl ester.

Compounds VI and VII were identified as naringenin and f3~sitosteryl fJ-D-glucoside by
direct comparison of the IR spectra with those of corresponding authentic samples.P:!" and
by mixed melting point determination.

In conclusion, seven compounds (I-VII) were isolated from the pollen grains of Cedrus
deodara. In comparison with the constituents of other parts of the tree, it is interesting that
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AczO/Py
,------~ tetraacetate (Va)

1) CHzNz
2) KOH
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Chart I

diterpenes of dehydroabietane type were isolated from the pollen grains, whereas the
sesquiterpenes have been mainly reported from wood and stem-bark.

Experimental

AlI melting points were determined on a Yanagimoto micro melting point apparatus and are uncorrected. The
UV and IR spectra were recorded with Hitachi 139 and Hitachi 295 spectrophotometers, respectively. The field
desorption mass spectra (FD-MS) and MS were run on JEOL JMS-OI-SO·2 lind JEOL JMS·[)·300 mass
spectrometers, respectively. The lH_ and JJC·NMR spectra were measured with Hitachi R·9[)() and lEOL GX-4()()
spectrometers. Chemical shifts are expressed in 15 (ppm) downlield from tetramethylsilane as an internal standard. and
coupling constants in Hz. Optical rotations were measured with a lASCO DIPA digital polarimeter. GLC was curried
out on a Hitachi 063 gas liquid chromatograph using It stainless steel column (3 mrn x 1m) packed with nj; SE-)O and
10% SE~30 on Chromosorb-W (60-·80mesh) with Nz carrier gas at a flow rate of 30ml/min. Alumina (Wuku,
300mesh) and silica gel (Wake, C-2(0) were used for column chromatography. Thin layer chromatography ('1"1.(')

was performed on precoated silica gel plates (Merck, silica gel). which were generally developed with CHCI.I Ac:OEl
(1 :4, vJv) for IV, CHClrMeOH (9: I. v/v) for I. II, VI and VII, CHClrMeOH (7 : I, vtv) for IIi and CHC1.lMcOH
(5: I, vjv) for V. The spots were detected by spraying of 5~;J FeCJ3 or 1O~;) H2S04 followed by heating.

Extraction and Fractionation ofComponents--PolIen grains (4090g) of Cedrus dcodara collected in November.
1979 and 1980, at Toho University, were extracted with ether in a Soxhlet apparatus for 2711, then the residue was
extracted with hot MeOH. The ether extract (686g) was dissolved in ether and shaken with 5~~'" N,IHCO.\. 5'\.
Na2C03 and 5'.Y~ NaOH successively.

Isolation of I-III--The 5% Na2C03 extract was acidified with dil.HCI and extracted with ether. The ether
extract was dried over NU2S04,and the ether was evaporated off. The residue (172 g) was chromatographcd on silica
gel (200 g, upper layer) and alumina (500 g, bottom layer). The column was eluted successivelywith hexane. benzene,
CHe}3 and MeOH. The fraction (7.6 g) eluted with hexane-benzene (I : I) was rechrornatographed on silica gel with
hexane-benzene (1:1) to give I (2.1 g). The fraction (6g) eluted with CHCI3-MeOH (99:1) was subjected to
rechromatography on silica gel with benzene-Clffll, (7: 3) and CHCl3 to give 1I (210 mg) and III (110 mg),

Dehydroabietic Acid (1)--1 was recrystallized from ether and MeOH to give colorless needles. mp 174··C. [IXW'
+66 0 (c=0.60, EtOH). High-resolution MS mlz: Calcd for C2oH2S02: 300.2082. Found: 300.2049. UV A.~,:~Hnm:

218,243, 252. 270,278. IR v~~~ cm -I: 3400. 1695, 1492, 1275. 878, 814. MS mlz: 300 (M +, 39), 286 (23), 285 (100).
240 (12), 197 (20), 47 (10). IH-NMR: Table I.

Methylation of 1--1 was dissolved in MeOH and methylated with diazomethane for 14h. After removal of the
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solvent, the residue was recrystallized from benzene to give colorless needles (Ia), mp 61-61.5 n C. lR v~~: em -I:
1750, 1490, 1244,884,818. MS m!z : 314 (M +.22).299 (17),239 (100), 197 (32). IH-NMR (CDCI3 ) <'5: 1.21 (3H, s),
1.23 (3H, s), 1.27 (3H x 2. d, J=2 Hz), 2.93 (2H, t, J= 3 Hz). 3.66 (3H, s), 6.88 (IH, d, J=2 Hz), 6.99 (IH, dd. J=2.
9Hz). 7.18 (lH. d, J= 9 Hz). 13C-NMR: Table II,

15-Hydroxydebydroabietic Acid (I1}-I1 was recrystallized from acetone to give colorless needles, mp 191-·
192 "C. [cx]bO + 57.6 "(c= 1.04, MeOH). High-resolution MS mjz: Ollcd for CZOH2SO): 316.2038. Found: 316.2020.
UV .:l~II~H nm: 216, 268.276. IR v~~~cm-I: 3420, 1690. 1490,878.820. MS mjz: 316 (M+, 29), 301 (IO()), 255 (24), 197
(41), 131 (25).59 (35), 43 (67). IH_ and lJC-NMR: Tables 1 and II,

7P,15-Dihydroxydehydroabietic Acid (I1I)_.II1 was recrystallized from benzene-Cl-K'l, (1 : I) to give colorless
needles. mp 166-168"C. [cx]rJI +24.1" (c=0.28, EtOH). High-resolution MS.m(z: Calcd for C2nHZH04: 332.2022.
Found: 332.1988. UV A~~~Hnm: 216, 266, 274, IR v~~;cm-'l: 3400,1700,1500,880,830. MS miz: 332 (M+, 19),317
(100),314 (32). 235 (28),195 (32),59 (24). 43 (51). IH_ and 13C·NMR: Tables I and II.

Methylation of II1-,-III (30 mg) was dissolved in MeOH and methylated with diazornethane for 14 h. After
removal of the solvent, the residue was recrystallized from benzene to give colorless needles (l [hi, 28 mg), mp 90-·
92 "C. [cx]t)o + 57.5" «('=0.11, MeOH). High-resolution MS mlz: Calcd for C21H31)04: 346.2144. Found: 346.2170. UV
A~\~H nm: 216, 268, 276. IR v~~~ em -I: 3350, 1720, 1490, 1250, 890. 820. MS miz: 346 (M+ • 29), 332 (35). 331 (100),
328 (32), 253 (41). 195 (20), 59 (27), 43 (49). I H- and lJC-NMR: Tables I and J1.

Acetylation of7p,15-Dibydroxydchydroahietlc Acid Methyl Ester (lIla)---HIa (20 mg) was ncctylated with AC20
(I ml) in pyridine (I ml) at room temperature for 10 h. The product (21 mg) was recrystallized from hexane and CHCI:1

to give the monoacetate (IIIb) as a while powder. mp 91--93 "C. IR v~:~~ em-I: 3500, 1720, 1240, IH-NMR
(CDCIJ)o: 1.28 (3H, s, H-20), 1.30 (3H, s, H-19). 1.55 (3H x 2. s, H-16, H-I7), 2,13 (3R, s,-OAe), 3.69 (m. s,
-OCH). 6.07 (lH, t. J=8.5Hz, H-7), 7.23 (IH, d, J:=9Hz. H-I 1),7,30 (lH, d, J=2Hz, R-14), 7.36 (lH, dd, J=2,
9 Hz, H-12).

Oxidation of IlIa-·--lIIa (8 mg) was dissolved in pyridine: (1M ml) and allowed to stand with CrOJ-pyridine
(27mg in I ml) overnight at room temperature. then poured into aq, McOH. The product gave Hie (7mg) as a
colorless oil. UV ).~:,?xll nm:' 216,250.296. JR V~,I~'X ern-I: 3450, 1720, 16HO, 1250. MS miz: 344 (M', 13).330 (28), 329
(100).269 (20), 59 (11),43 (29). lH-NMR (CDCl;\) (5: 1.28 (3H, s, H-20), 1.35 (3H, s, H-19), 1.59 (3H x 2, s. rI·16, H
17),3.66 (3H, s, -OCHJ), 7.36 (lH, d, J=9 Hz. H-II). 7,74 (lH, dd, J =2,9 Hz, H-12). 8.06 (11-1, d . .r = 2 Hz, H-14).

Isolation ofIV--···The ether layerwas washed with water, dried over Na ZS04 • and concentrated to give a neutral
fraction (I 109) which was passed through a column packed with alumina (IOOOg). The column was eluted
successively with hexane. benzene. CHCI:1 and MeOH. The fraction (6.6 g) eluted with benzene ~CHCIJ (2; 3) was
rechromatographed on silica gel with beuzene-Cbi'Cl, (7: 3) to give IV (40mg).

7ex,18-Dihydroxydehydroabietanol (l V)-----IV was recrystallized from acetone to give colorless needles. mp
R9'C. [cx]t)n -3.3" (£,,,,,0.46. EtOH). High-resolution MS miz: Culcd I'MC'2nHJn()2: 302,2246. Found: 302,2254, UV
).:;,\~:Il nm: 216, 266, 274, IR v~~~em-I: 3300, 1500, 1460. 13S0. 1050. H711. 820. MS mlz: 302 (M I. ltl), 254 (97), 251
(4H). 197 (29),155 (22). 85 (72), fB (100), 47 (31),43 (18). IH-NMR (CDC1:\) li: 0.72 (3H,s), i.u (3H. s), l.23 (3H x 2.
d, J =6 Hz), 2.87 (I H, d. J=9 Hz), 3.45 (IH, d, )"",9 Hz). 4,61 (IH, hI'S. W112 "", 7 Hz), 6.98 (2H, br s), 7.24 (l H, hI'S).
\.lC-NMR (CDCIJ) j): 147.4 (C-9), 146.2 (C-l3). 136.0 (C-R), 128,0 (C· 14). J26,4 (C-II), 124.4 (C·12), 70.4 (C-IS).
6R.2 (C-7), 3R.2 (C-5), 37.7 «(,-4), 37.4 rc.n, 37.1 (C-IO), 34,6 (C-3), :13.6 (C-15). 27.9 (C-6), 24,4 (C-20), 23.9 (C-lo,
ColT), 18.7 (C-2), 17.8 (C-19).

Acetylation of IV···IV (30 mg) wus acetylated with Ac2() (0,5 ml) and pyridine (1 ml) to give a dincetute (IVa,
32,6mg) as a colorless powder. mp C)7"C. IR v~~~cm' 1: 1720,1270. lWO, 1060.880. IH-NMR (C.l)CI.1) I): 0.91 (3B,
s). 1.15 (3H, s), 1.20 (3H x 2, d, .r""6Hz), 2.<1\ (3H x2. s, --OAe), 3,Cl5 (lB. d, h:,9 Hz), 3.93 (IH, d. J,,,,9Hz), 5.96
(lH. t, J=3Hz), 6.99 (2B, hI'S). 7.IH (Ill. br s),

Oxidation of IV·· - ·IV (15 mg) was dissolved in pyridine (Lml) und allowed to stand with ('rO,I·pyridine (27 mg
in I ml) overnight at room temperature, then poured into aq, McOH to give IVb (2 mg) as .1 colorless oil. UV
J. ~;,'.~~Il nrn: 216, 252. 29K. IR v~:,'A~ em I: 3420, 1730, 1680. MS mlz: } 14(M', 3). 3()() (37). 285 (24), 267 (32), 187 (100),
43 (25).

Isolation of V- ......The 5~~,;; NaOH extract was acidified with dil.HCI and extracted with ether. Tile ether extract
was dried over Nu2SO", and the ether was evaporated oil'. The residue (148 g) was chromatogrnphed nil silica gel
(150 g, upper layer) and alumina (500 g, bottom layer). The column W.kS eluted successively with hexane. benzene,
CHCI 3 and MeOH. The fraction (5.3g) eluted with CHCI3~McOH (4: I) W~lS rechromatographed on silica gel with
CHClrMeOH (4: I) to give V (l.2g).

Hexadecane-l,16-diol 7-Caffeoyl Ester (V)---Yellow oil. [cx]~(l +- 3.6" (c == 0~28, MeOH). UV ).~~Il om: 220, 238,
246,316.334.IR,,~~~cm-l:3320, 1690, 1600, 1515, 1445, 1260, MSml:: 436 (M+.4). 257(10), 180(100),173(28),
163 (34), 131 (44),95 (89), 81 (45).69 (46),57 (36), 55 (51), 43 (38). IH-NMR (CD30D) i5: 1.30 (br s), 3.53 (2H x 2, t,
J=6 Hz. H-I, H-16), 4.98 (lH, t, J=7 Hz, H-7), 6.25 (] H, d, J= 16 Hz, H-7'), 6.86 (IH, d, J=9 Hz. H-5'), 7.01 (IH,
dd, J=2, 9 Hz. H-6'). 7.06 (I H, d, J=2 Hz, H-2'), 7.54 (l H, d, J= 16Hz, H·8'). LJC-NMR (CDJ0D)15 : 168.9 (C-9'),
149.2 (C-4'), 146.5 (C-3', C-7'),127.4(C-I'), 122.7 (C-6'), 116.3 (C-5'). 115.3 (C-S'), 115.0 (C-2'), 75.2 (C-7), 62,8 (C
I, C-16).
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Acetylation of V--V (116 mg) was acetylated with AC20 (I ml) in pyridine (1 ml) at room temperature for 10 h
to give atetracetate (Va 121rng) as a colorless oil. MS m/z: 604 (M +, 2), 562 (25), 520 (59), 341 (100), 180 (62), 163
(42),95 (25),83 (22),69 (25), 43 (42). IH·NMR (CDCI 3) 8: 1.28 (br s), 2.02 (3H x 2, S, -OAe), 2.28 (3H x 2, S, -OAe),
4.03 (2H x 2, t, J 0=; 5 Hz, H-I, H-16), 4.98 (lB, t, J=6Hz, H-7), 6.36 (lH, d, J= 16Hz, H-7'), 7.19 (lH, dd, J=2.
9Hz, H-6'), 7.34 (lH, d, J=9Hz, H-S'), 7.37 (IH, d, J=2Hz, H-2'), 7.58 (lH, d, J= 16Hz, H-8').

Identification of 3,4-Dimethoxycaffeic Acid Methyl Ester (Vb)--V (26 mg) was methylated with diazomethane
and a solution of the product (10.5 mg) in EtOH (1 ml) containing KOH-EtOH (ISO mg in 2 rn!) was refluxed for 3 h.
The reaction mixture was acidified with dil. HCI and extracted wih ether. Methylation of the ether extract with
diazomethane yielded Vb (4rng), which was identified as 3,4-dimethoxycaffeic acid methyl ester by comparison with
an authentic sample on GLe.

Hydrolysis of V--A solution of V (50mg) in EtOH (I ml) containing KOH-EtOH (250mg in 4ml) was
refluxed for 3 h. The reaction mixture was acidified with dil.HCI and extracted with ether. The ether extract gave
hexadecane-l.Lle-triol (Vc) as a colorless oil. FD-MS mjz: 274 (M+). IH-NMR (CD30D) <5:' 1.32 (brs), 3.53
(2H>< 2, t, J =6 Hz).

Acetylaticm of Vc--i) Diacetate of Vc: Vc (12 mg) was acetylated with Ac20 (0.5 ml) in pyridine (I ml) at room
temperature to give a diacetate (Vd, 13.2 mg) as a colorless oil. MS mlz: 358 (M +,3),357 (17), 2S0 (31),257 (27), 215
(97), 173 (67), 95 (55), 8J (45), 69 (48), 55 (44), 43 (JOO). 18 (29). I H-NMR (CDCI;1) s. 1.27 (br s), 2.03 (3H x 2, s,
-OAc), 4.03 (2H x 2, t, J=6 Hz, H-1,H-16), 4.85 (IH, t, J= 6 Hz, H-7). 13C_NMR (CDCI) ,5: 171.2 (-OC;OCH3 ) ,

171.0 (-O~OCH3)' 74.3 (C-7), 64.6 (C-I, C-I6), 21.3 (-OCOCH3) , 21.0 (-OCOCH3) .

ii) Triacetate of'Vc: Vc (JOrng) was dissolved in AC20 (3 rnl) and heated at 130 DC for 3 h to give a triacetate (Ve,
12.6mg) as a colorless oil. FD-MS mlz: 400 (M+). IH-NMR (CDCI 3) 8: 1.28 (br s), 2.04 (3Hx3, s, -OAc). 4.01
(2H x 2, t, J=6Hz, H-I, H-16), 4.80 (lH, t, J=6 Hz, H-7).

Oxidation of Vc--Vc (6 mg) was dissolved in pyridine (0.5 ml) and allowed to stand with CrOJ-pyridinc (15 mg
in I ml) overnight at room temperature, then poured into aq.MeOH to give 7-ketohexadecane-I,16-diearboxylic acid.
This acid was methylated wih diazomethane to give 7-ketohexadecanc-l,16-dicarboxylic add methyl ester (VI) as a
colorless oil. MS mjz: 328'(M+, 3), 214 (57),199 (30),185 {I 7), 172 (100),171 (18), 157 (48),140 (62),129 (31).

Isolation of VI and VIl--The MeOH extract (16.7 g) was chromatographed on silica gel with hexane, benzene,
CHCI3 and MeOH. successively. The eRCl3 eluate gave VI (20 mg), and the CHCIJ-MeOH (9: 1) eluate gave VII
(102mg).

Naringenin (VI)--Pale yellow needles. mp 249-250"e. IR \'~~~cm-l: 3200,1640, 1600, 1515, 1490, 1460,
1310, 1250, 1160, 1080, 890, 830. The melting point on admixture of VI with an authentic sample of naringenin
showed no depression, and the IR spectra and TLC properties of the two samples were identical.

{l-Sitosteryl {l.D-Glucoside (VII)---·White powder. mp 264---265 "C (dec.). IR v ~,~~ em -I: 3430, 3000, 2960,
2900, 1470, 1380, 1370, 1170, 1120, 1090, ]040. The IR spectrum was identical with that of an authentic sample of /1·
sitosteryl ,B-D-glucoside.
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A simple and highly sensitive method for the determination or 1.-3.4-dihydroxyphcnylalaninc
(L-DOPA) in human plasma and urine is described which employs high-performance liquid
chromatography with fluorescence detection. After cation-exchange chromatography on a Toyo
pak IC-SP S cartridge, L-DOPA and IX-methyldopa (an internal standard l ill 300 )llllf plasma 01'

10J.l1 of urine are converted into the corresponding fluorescent compounds by reaction with 1,2
diphenylethylenediarnine. These compounds arc separated by reversed-phase chromatography on a
TSK gel ODS-120T column with isocratic elution. The detection limit for I.-DOPA is 10 tmol in a
JOO-J.llinjectioll volume.

Keywords--L-3,4-dihydroxyphenylalanine; z-methyldopa: 1,2-diphcnylcthyhmcdiaminc;
HPLC; fluorescence detection; human plasma; urine
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L-3.4-Dihydroxyphenylalanine (I.-DOPA). a catcchol x-amino acid, is synthesized by the
hydroxylation of tyrosine, and it acts as an important intermediate in the catecholamine
biosynthetic pathway.l-" As L-DOPA has been introduced for the treatment of Parkinson's
disease," many methods for the determination of L-DOPA in biological materials have been
developed: colorimetric." fluorimetric.t"?' gas chrornatographic.v'" radiocnzymatic'" '''131
and high-performance liquid chromatographic (HPLC) methods with ultraviolet, I'll fluores
cence (FID)15) and electrochemical (ECD) detections.16

"· 'z31 Although those methods permit
the monitoring of therapeutic L-DOPA, endogenous L-DOPA in plasma C~l11 be determined
only by radioenzymatic'{r P' and HPLC-ECD methods.i": 2J) The radioenzyrnatic methods
are complicated and time-consuming to carry out, and the HPLC-ECD methods are sensitive
but require rather complicated sample clean-up procedures.

We have developed a highly sensitive and simple HPLC-FID method for the de
termination of L-DOPA. based on precolurnn derivatization with l.z-diphcnylethylene
diamine (DPE), a fluorogenic reagent for catechol compounds.24 •

2S
) L-DOPA in plasma and

urine, (with a-methyldopa as an internal standard), after cation-exchange chromatography on
a cartridge for sample clean-up. are converted into the corresponding fluorescent compounds
by reaction with OPE. These products are separated by reversed-phase HPLC with isocratic
elution.

Experimental

Reagents and Solutions----L-DOPA and ee-methyldopa were purchased from Sigma (St. Louis. U.S.A.), DPE
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was synthesized as described previously.'?' All other chemicals were of reagent grade. Deionized and distilled water
was used. DPE solution (0.1 M; pH 6.5-6.7) was prepared in 0.1 M hydrochloric acid. A Toyopak IC-SP S (strong
cation-exchanger, sulfopropyl resin, Na + form; Toyo Soda, Tokyo, Japan) cartridge (35 x 4mm i.d.) was washed
successively with I ml of 2 M sodium hydroxide, 5ml of water, 1ml of 2 M hydrochloric acid and 5ml of water, and
equilibrated with 2mJ of 0.2 M sodium phosphate buffer (pH 6.0). The used cartridge could be regenerated by treating
in the same way, and could be used more than five times. Heparinized blood (Sml) from healthy volunteers (21-55
years of age) was taken into chilled polyethylene tubes and centrifuged at 1000g for 20 min at 4°C. The plasma was
stored at -70"C until assay.

Apparatus and HPLC Conditions--An Eyela LP-I liquid chromatograph (Tokyo Rika, Tokyo, Japan) was
used, equipped with a Rheodyne 7125 sample injector valve (I OO-/llloop)and a Hitachi 650-10 LC spectrofluorimeter
fitted with a 18-.u1 flow cell operated at an emission wavelength of 475 nm and an excitation wavelength of 350nm;
spectral bandwidths of 10nm were used both for excitation and emission. For the measurement of uncorrected
fluorescence excitation and emission spectra of the eluate, a Hitachi 850 fluorescence spectrophotometer fitted with a
20·/-d flow cell was used; the spectral bandwidths in the excitation and emission rnonochrornators were both 5 nrn. A
TSK gel ODS-120T column (particle size 5 tIm, ISO x 4.6 mm i.d.; Toyo Soda) was used. The column temperature was
ambient (20-25"C). The mobile phase was a mixture of acetonitrile, methanol and 0.1 M acetate buffer (pH 5.0)
(I: 1:2, v/v) and the flow-rate was l.Ornl/min,

When conventional spectrofluorimetry was required, uncorrected fluorescence excitation and emission spectra
and intensities were measured with a Hitachi MPF-4 spectrofluorimeter using quartz cells (ca. J.2-ml cell volume;
0.3 x 1.0cm optical pathlengths). The excitation and emission bandwidths were both set at 10nm.

Procedures for Clean-up ofSamples--a) Plasma: A 300-pl aliquot of plasma was mixed with 30 III of I nmol/ml
o-methyldopa (internal standard) and 500.ul of 0.5 M perchloric acid, and the mixture was centrifuged at 1000g for
IOmin at 4"C. The supernatant (600,u1) was poured onto a Toyopak IC-SP S cartridge. The cartridge was washed
with 5 ml of water. I ml ofO.02M sodium phosphate buffer (pH 6.0); I ml of water and I ml of aqueous 60~{, ethanol.
The adsorbed L-DOPA and «-methyldopa were eluted with I ml of a mixture of ethanol, 2 M sodium perchlorate and
2 M sodium hydroxide (7 : 3 :0.1, v/v). The eluate was used for the fluorescence derivatization.

b) Urine: A 10-td aliquot of urine was mixed with 30,u1 of I nmol/ml ex-methyldopaand 500.ulof 0.5 M perchloric
acid. The mixture was poured onto a Toyopak IC-SP S cartridge and then treated as described for plasma.

Procedure for the Fluorescence Derivatization--The eluate (ca. I ml) from the Toyopak IC-SP S cartridge was
mixed with 200 It! of DPE solution, 20ltl of 0.5 M sodium carbonate (to adjust the pH to 6.5-6.9) and 50pi of 0.6 mM
potassium hexacyanoferrate (Ill). The mixture was allowed to stand at 25 "C for 20 min and then IOO.uI of 0.4 M

sodium sulfite was added to decompose the excess hexacyanoferrate. A 100-tlialiquot of the mixture was injected into
the chromatograph. The amount of L-DOPA was calculated by the internal standard method.

Results and Discussion

Fluorescence Derivatization
L~DOPA and ex-methyldopa did not give very intense fluorescence under the conditions

used for the reaction of catecholamines (epinephrine, norepinephrine and dopamine) with
DPE.24

•
25

) Therefore, the reaction conditions for the derivatization of L-DOPA and ex
methyldopa were investigated, mostly by conventional spectrofluorimetry.

The derivatization reaction of L-DOPA was strongly affected by the concentration of
potassium hexacyanoferrate (III) and the reaction temperature (Fig. 1). At higher con
centrations of potassium hexacyanoferrate (III) the reaction proceeded more rapidly. At
200JlM, however, the fluorescence intensity decreased more rapidly. The reaction occurred
even at 0 "c. Higher temperatures allowed the fluorescence to develop more rapidly, but
caused a decrease in the intensity with time. Maximum and constant fluorescence intensity
was attained by warming at 20-25 DC for 20-40 min in the presence of 15-30 Il-M potassium
hexacyanoferrate (III) in the reaction mixture: warming for 20 min at 25 CJC and a potassium
hexacyanoferrate (III) concentration of 25 JlM gave reproducible results.

Ethanol accelerated the derivatization reaction of L-DOPA and gave maximum intensity
at conceritrations of 50-65% (vjv) in the reaction mixture: 55% was selected. Ethanol was
actually used as a component of the eluent in the chromatography for sample clean-up. The
optimum pH for the reaction of L~DOPA was 6.5-7.0. DPE in the concentration range of
10-30mM in the reaction mixture gave almost maximum fluorescence intensity: 15mM was
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Fig. 1. Effects of (A) the Concentration of' Potassium Hexacyanoferrutell ll) and
the Reaction Time, and (B) the Reaction Temperature and the Time on the
Fluorescence Development from f.-DOPA

Aliquots (I ml) of u mixture of ethanol and sodium perchlorate (7: 3. v/v) containing 1.

DOPA (l nmol) were treated according to the procedure Jill' the derivatization.
(A) Concentrations of'potassium hcxucynnoferratetlfl) (JIM) in the reaction mixtures: a. 5:

b. 24; c, 100; d, 200; e, the reagent blanks for a-d. (B) Reaction temperatures IT): a, 0; ll.
20; c. 25: d, 37;e, the reagent blanks for u-i-d.

selected. The optimum conditions for the derivatization reaction of «-methyldopa were closely
similar to those for L-DOPA.

The excitation and emission maxima for the fluorescent products from L-DOPA and IX

methyldopa were at 350 and 47511m, respectively, in each case. The fluorescence intensities
from I.-DOPA and a-methyldopa decreased slightly with time if potassium hexacyanoferratc
(III) that remained unreacted was not decomposed with sodium sulfite. The fluorescence
obtained under the recommended derivatization conditions was stable for at least 12h at
room temperature, even in daylight.

HPLC Conditions
Figure 2 shows a typical chromatogram obtained with a standard mixture of I.-DOPA

and a-methyldopa. The retention times for the OPE derivatives of I.-DOPA and IX

methyldopa were 3.6 and 4.7 min, respectively. The DPE derivatives in the eluates from peaks
1 and 2 showed the fluorescence excitation and emission maxima at 350 and 475 nm,
respectively.

A mixture of methanol and 0.1 M acetate buffer (pH 5'(») (1 : 1, v/v) as a mobile phase
resulted in relatively long elution times with broadening of the peaks (retention times for L

DOPA and a-methyldopa, 12 and 19.3min, respectively). A mixture of acetonitrile and the
buffer (4: 6, v/v) afforded short elution times but did not give satisfactory resolution of the
peaks (retention times for L-DOPA and e-methyldopa. 2.6 and 2.9 min, respectively). In these
solvent systems, the pH values (5.0-6.0) and concentrations (0.05-1.0 M) of acetate buffer
had almost no effect on the retention times and peak heights for L-DOPA and ex-methyldopa.
However, at lower pH values (3.0-4.0) of the buffer, the peak heights were lowered with
broadening of the peaks and delay of the elution. Finally, a mixture of acetonitrile, methanol
and 0.1 M acetate buffer (pH 5.0) (l: 1 : 2, v/v) was found to give rapid and complete
separation.
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Fig. 2. Chromatogram Obtained with a Stan
dard Mixture of L-DOPA and c-Methyldopa

An aliquot (I ml) ofa standard mixture of L-DOPA
and IX-methyldopa (0.1 nrnol/ml each) in the eluent lor
the chromatography in the clean-up procedure was
treated according to the standard procedures for
derivatization and HPLC. Peaks: I. L-DOPA; 2, IX

methyldopa; 3, unidentified. Detector sensitivity: I.
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DPE also reacts with catecholamines-?' under the derivatization conditions, though their
peaks in the chromatogram are small. The DPE derivatives of these compounds could be
separated under the HPLC conditions: the retention times (min) were 6.1. (norepinephrine),
15.8 (epinephrine), 17.6 (dopamine).

Determination of L-DOPA in Plasma and Urine
Figure 3 (A) and (B) shows typical chromatograms obtained with a normal plasma and a

normal urine, respectively. The peaks for L-DOPA, norepinephrine, epinephrine and
dopamine (peaks 1, 5, 6 and 7) were identified on the basis of their retention times and
the fluorescence excitation and emission spectra of the eluates in comparison with those
of standard compounds and also by co-chromatography of the standards and the samples.
The peaks for epinephrine and dopamine could not be clearly detected in normal plasma be
cause their concentrations are extremely low as compared with those in urine and the deriva
tization conditions are not suitable for the catecholamines.

A Toyopak Ie-Sp S cartridge was easily applied for the sample clean-up after being
equilibrated with 0.2 M sodium phosphate buffer (pH 6.0). The adsorbed amincs could be
eluted by using a mixture of ethanol, 2M sodium perchlorate and 2M sodium hydroxide
(7: 3 : 0.1, v/v). Sodium chloride (2 M) has an elution power comparable to 2 M sodium
perchlorate, but it caused turbidity in the final reaction mixture in the fluorescence
derivatization procedure.

Recoveries of L-DOPA (30pmol per the prescribed sample sizes) added to plasma and
urine (n=5 in each case) were 61.1 ±4.2 and 61.3±2.7%, respectively. In addition, the values
for e-methyldopa (30 pmol) added to plasma and urine (n = 5 in each case) were almost the
same as those for L-DOPA (60.0 ± 1.8 and 65.4 ±2.5%, respectively). This result indicates that
o-methyldopa is suitable as an internal standard.

The calibration plots between the peak height ratios of L-DOPA and z-methyldopa and
the amounts of L-DOPA added to plasma and urine were linear in the range of 0.5-150 pmol.

The detection limit for L-DOPA was 0.66 pmol/rnl in plasma and 20 pmol/ml in urine
(lOfmol per lOO-,u1 injection volume, respectively) at a signal-to-noise ratio of 2. This
sensitivity is comparable to the best sensitivity in the HPLC-ECD method.V' The precision
was established by repeated determinations using a normal plasma and a normal urine, The
coefficients of variation for L-DOPA were 4.6 and 6.2% at mean concentrations of
9.8 pmol/rnl of plasma and 280 pmol/ml of urine, respectively (n = 7 in each case).

The L-DOPA concentrations in plasma from healthy volunteers were assayed by the
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Fig. 3. Chromatograms Obtained with (A) Plasma and (B) Urine

Peaks: I, 2 and 3, see Fig. 2; 4, unidentified; 5, norepinephrine; 6, epinephrine; 7,
dopamine. Detector sensitivity: lO, Concentrations (pmol/ml) or l..DOPA; A. 18.4; B. :l 13.

TADI.E I. Concentrations of t.-DOPA in Plasma"

ScxM Age Concentration (pmol/rnl)"
------

M 55 17.6
M 39 IlU
M 34 14.7
M 31 9.9
M 29 18,4
M 27 J2.8
M 26 JO.2
M 23 11.5
M 23 17.11
F 23 14,4
F 22 19.0
F 21 IH.7

Mcan±S.D. 153:0.5

a) Blood samples werecollected at 9: ()() .. J(): ()O a.m. from healthy volunteers WIlD had a light hreakfas;
at cu. H: 00 a.m, fJ) M. male; F, female. c) Mean of duplicate detcrtninuticns.

present method (Table I). The values are in good agreement with data obtained by other
workers20.231 but slightly higher than other reported data. 11,J3,21.22) The L-DOPA con
centrations in urine samples from six healthy, non-fasted men (23--31 years of age) were
41O± 164prnol/rnl.

This method is highly sensitive and simple enough to allow the assay of ten samples
within 4 h, with small sample sizes of plasma and urine. The method should be useful for
biological, biomedical and clinical investigations of L-DOPA.

Acknowledgement We thank Miss M. Kuroki for her skillful assistance and also Toyo Soda for the generous
gifts of Toyopak IC-SP S cartridge and TSK gel ODS-120T column.
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Chronic Effects of Ginseng Saponin, Glycyrrhizin and Flavin Adenine
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The effects of chronic treatment with ginseng saponin, saikosaponin, glycyrrhizin and flavin
adenine dinucleotide (FAD) on the adrenal and thymus weight, and the size of the adrenal cortex
and medulla were determined in intact or hypophysectomized nits. A high dose of ginseng saponin
significantly decreased the thymus weight, although ginseng saponin and a low dose of adrenocor
ticotropin (ACTH) induced insignificant hypertrophy of the adrcnals. Ginseng saponin evoked a
significant increase in the relative thickness of the adrenal cortex. Suikosapouin d increased the area
of the adrenal cortex, but not that of the medulla. and induced ndreual hypertrophy and thymus
atrophy, whereas saikosaponln c did not affect the weight' ,)1' either. A high dose of glycyrrhctinic
acid, like ginseng saponin, induced thymus atrophy, but not adrenal hypertrophy. FAD evoked
adrenal hypertrophy in dexarnethusone-trcuted rats but not in control rats. In hypophysectomized
rats these effects of ginseng saponin, salkosaponin d and FAD disappeared, while a low dose of
dexamethasone or ACTH induced thymus atrophy or adrenal hypertrophy, respectively.

Keywords-e-e--ginseng saponin; saikosaponin; glycyrrhizin; glycyrrhetinic acid; Havill adenine
dinucleotide; ACTH; adrenal hypertrophy; adrenal cortex thickness; thymus atrophy; hypo
physectomized rat
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A number of studies on the effects of Punax ginsengC.A. MEYER on wet weight and the
function of the adrenal cortex have been done. Petkov and Staneva reported that repeated
administration of ginseng extract increased the relative weight of the adrenals, reduced
eosinophils in peripheral blood in intact or unilaterally adrenalectomized rats, and increased
urinary corticosteroid.') In anti-stress studies Brekhrnan and Dardymov showed that
punaxosidc C or ginseng saponin inhibited stress-induced increase in the wet weight of the
adrenals." Kim et al. found that in normal rats, extract of ginseng did not affect adrenal
weight, and it induced an insignificant increase in the thickness of the adrenal cortex but
induced a significant increase in the thickness of the zona fasciculata at the expense of the
zona reticularis." Recently Bombardelli et al. observed that a purified mixture of ginseng
saponin evoked a decrease in the wet weight of the thymus and a decrease in body weight gain
accompanied with a decrease in food and water intake." Tanizawa et al. showed that total
saponin of ginseng antagonized the cortisone acetate-induced decrease in both remaining
adrenal weight and relative weight of the thymus in unilaterally adrenalectomized and
cortisone-treated rats."

Saikosaponin d (but not c) of Bupleurum falcatum L. had an antigranulomatous action,"!
and a potentiating action on the antigranulomatous action of dexamethasone," whereas it did
not affect the relative weight of the adrenals or the basal level of plasma II-OH cortico
steroid," and it was slightly hypertrophic to the adrenals in control rats, but atrophic in
dexamethasone-treated rats." Glycyrrhizin of Glycyrhiza sp. induced inhibition of jj4-5f3-
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reduction of corticoids in the liver, which "potentiated" and prolonged the action of
corticosteroids.V" Glycyrrhizin antagonized cortisone-induced suppression of adrenocorti
cotropin (ACTH) synthesis in adrenalectomized rats, and cortisone-induced suppression of
compensatory adrenal hypertrophy in unilaterally adrenalectomized rats.'?' Tanizawa et al.
showed that glycyrrhizin antagonized cortisone-induced atrophy of both adrenal and thymus
in unilaterally adrenalectomized and cortisone-treated rats." In 'intact rats, glycyrrhetinic acid
sapogenin ofglycyrrhizin evoked marked inhibition of 5,B-reductase9) and antigranulomatous
action. 111 Ono et al. reported that flavin adenine dinucleotide (FAD) simultaneously
administered with dexamethasone phosphate prevented the dexamethasone-induced decrease
in relative weight of the adrenals in intact rats,I2} and FAD did not affect the relative weight of
the adrenals in hypophysectomized rats, which had not been treated with dexamethasone.B)

Triterpenoidal saponins from P. ginseng,14-16} B. [alcatum'" .18) and Platyeodon grandi
fiorum A. Dc.19

} and total saponins from several other crude drugs''?' increased plasma
ACTH and corticosterone in acute experiments, whereas a high dose of saikosaponin c from
Bi falcatum'?' or glycyrrhizin'P' did not. A high dose of ginseng saponin partially antagonized
dexamethasone-induced blocking of (ACTH and) corticosterone secretion,"? and a high dose
of saikosaponin a or d completely released dexamethasone-induced blocking of the pituitary
in an acute experiment.F" Chronic treatment with a moderate dose of saikosaponin d induced
hypertrophy of the adrenals and atrophy of the thymus, and in rats treated with a high dose of
saikosaponin alone long term or with a high dose of dexamethasone, saikosaponin induced
slight atrophy of the adrenals and marked atrophy of the thymus.F" The present study was
undertaken to examine the effect of ginseng saponin, saikosaponins d and c, glycyrrhizin,
glycyrrhetinic acid, and FAD on the wet weight of the adrenal and thymus, the histologically
determined size of the cortex and medulla of the adrenal gland, and the body weight in rats.

Materials and Methods

Four-week-oJd Wistar male rats initially weighing 85-95 g were used. Hypophysectomized male Wistar rats
weighing 135-155 (S-week-old) or 95-l15g (4-week-old) were from Nippon Hypox, Yarnanashi. They were fed
on laboratory chow (CE-2, CLEA Japan Inc., Tokyo) and tap water ad libitum, and maintained with artificial light
(light on: 0700 to 1900 h) for more than 7 or 12 d. Rats were "gentled" by handling and weighing every morning and
evening. After conditioning for 3 or 7 d they were injected intraperitoneally with 5 ml/kg of saline (pyrogen-free saline
or 2.5% ethanol-saline) or test substance once a day in the evening just after weighing for 4 or 5 successive days; this
time was chosen in relation to the circadian rhythm of plasma corticosterone level in rats. At 15 or 24 h lifter the final
injection, they were decapitated with a guillotine. Immediately after this, the adrenal glands lind thymus were rapidly
excised, put into ice-cold saline, and then weighed after being cleaned in cold saline and blotted on filter paper.

Immediately after weighing, the adrenal gland was fixed with formalin-acetic acid-ethanol solution (10: 5: 85),
then dehydrated, embedded in paraffin and sectioned serially at 20 Jlm according to routine procedures. Serial secions
were stained with Delafield's hematoxylin and eosin. The area of the adrenal cortex and medulla of one specified
section among the serial sections was measured by the use of a camera lucida essentially as described in the previous
paper.P"

Ginseng saponin fraction 4 or 6 contained 36 and 45% protopanaxadiol equivalent sapogenin, respectively, and
ginsenosides Rb., Rb2 , Rc, Rc2 , Rd, Re and Rg1. They were obtained as described in the previous paper.lS )

Saikosaponins d and c were kindly supplied by Drs. K. Takeda and K. Sakurai of Shionogi Research Laboratories,
Shionogi and Co., Ltd., Osaka. Glycyrrhizin and glycyrrhetinic acid were from Tokyo Kasei Kogyo Co., Ltd. and
Fluka AG Chemische Fabrik, Switzerland, respectively; they were dissolved in an appropriate volume of ethanol and
neutralizd with NaOH solution, and then saline was added to the solution just before use to form a gel-like
suspension. The disodium salt of flavin adenine dinucleotide was from Nakarai Chemicals Ltd., Kyoto. Cortrosyn
z injection as corticotropin was from N. V. Organon, Netherlands. Other chemicals were of reagent grade.

Results

Effect of Ginseng Saponin on Body Weight Gain, and Adrenal and Thymus Weight
In order to avoid possible superficial influence on the weight of the adrenals and thymus
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due to differences of body weight and body weight change during the experimental period, the
relative weight with respect to the initial body weight in the evening of day 0 was adopted as a
criterion.F" As shown in Table Ia in rats treated with ginseng saponin mixture fraction 4 for
4d, a low dose of ginseng saponin (30 or 60mg/kg/d) did not affect body weight gain, or the
relative weight of theadrenals and thymus. In dexamethasone-treated rats, 60mg/kg/d of
ginseng saponin also insignificantly affected body weight gain', and the relative weight of the
adrenals and thymus.

The EDso value of fraction 6 saponin on corticosterone secretion-inducing activity was
ISmg/kg. l S

) In rats treated with a high dose of fraction 6 saponin (125mg/kgjd) for Sd,
ginseng saponin significantly decreased the daily body weight gain. tended to increase the
relative weight of the adrenals, but significantly decreased the relative weight of the thymus
(Table Ia). The decrease in body weight gain was probably a result of the decrease in food
intake, which was observed with ginseng saponin mixture by Bornbardelli et al.4 ) and with
ginsenoside Rb, by Takagi, 26) In dexamethasone-treated tats, ginseng saponin induced a
significant decrease in body weight gain, as in dexamethasone-untreated rats, but it tended to
evoke adrenal hypertrophy and thymus atrophy. ACTH (4 U or 0.1 mg/kg/d) tended to
increase adrenal weight and to decrease thymus weight. Dexamethasone (0.025 mg/kg/d) was
atrophic on both the adrenals and thymus (in experiment 2. vs. saline, p <0.05 and p <0.01).

TABl.E Ia. Effect of Ginseng Saponin (OS) on Adrenal and Thymus Weight

Treatment") Body weight (g) Weight (mg/lOOg BWi"I)
(mgjkg/d) Initial Final Adrenal Thymus

.._--
Exp. I: 4-d treatment
Saline (6) 105,6±2.3 B3.0±3.J 29.6±O.7 385± 25

+GS 30 (6) 105.4± 1.7 132.6±2.4 30,5±1.3 41 I:J: 14
+GS 60 (6) 106.8±2.3 132.4±4.1 29.0±1.4 406± 31

Dex 0.025 (6) 107.9±2.2 129.3±2,4 26,9±I.O 335 ± 15
+GS 60 (6) 109.J±2.2 126.5±2.5 27,O± 1.1 301::!; 14

Exp. 2: 5-d treatment
Saline (6) 97.3±0.9 128.8±1.5 32,1 ± 1.1 509 :l~ Jl)

+GS 125 (6) 95.6± 1.6 I09.0± 1.2") 35.5± 1.6 359± 17'11

+ACTH 0.1 (6) 95.5± 1.3 125.6± 1.7 34.4± 0.9 432±25
Dex 0.025 (6) 96.5± 1.7 122.8± 2.9 21{,2:t J.2 318::\: 16

+GS 125 (6) 96.8± l.8 108.3± 2.1dl 29.6:t 1.3 2H6± 19
'.A_'4_~____• .....-..........- -~--.

/1) Numbers or rats are shown in pnrenthescs. Each valueis the meun :t S.E. Saline: 5mJ/kgld or saline.
GS: fraction 4 lind fraction (, saponin in experiments lund 2. respectively. Dcx: dexamethasone. h) BWi:
body weight in the evening of day O. I') pdUXIJ. ell p<O.OI V.I. saline or dexamethasone.

TABLE lb. Histologica1Estimation of the Effects of Ginseng Saponin (as)
on the Adrenal Cortex (C) and Medulla (M)

===============-
Treatment") Area (rnm-) Length Volume

(mgjkgjd x 5 d) Cortex Medulla .JC+M/M jC:t--f\J.iM·'

Saline (6) 2.97±0.13 0;313±O.024 3.1I ± o.io« 30.5±2.gb
)

+GS 125 (6) 3.12±0.19 0.266 ± 0.026 3.61l±O.W) 48.6± 5.0t
)

+ ACTH 0.1 (6) 3.38± O. J6dl 0.323±0.012 3.39± 0.08dJ 39.4±3.J d l

Dex 0.025 (6) 2.79±0.15 0.338±O.039 3.1O±0.11 30.7±3.7
+GS 125 (6) 2.85±0.ll 0.313±O.O22 3.20±0.1l 33.5±3.8

a) For detailsc see Table Ia, bl N=5. 1·)p<O.05.d)p<O.1.
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Quantitative Histological Study of Ginseng Saponin Action on the Adrenal Cortex and MeduIJa
One section of the adrenal gland, which had the largest area, was selected among the

serial sections on the basis of microscopic determination of the length and width. Because the
thickness of the adrenal cortex was markedly uneven even in the same section, the area of the
adrenal cortex of the section was determined by using a camera lucida, and its square root was
calculated to estimate the mean thickness equivalent of the adrenal cortex. In addition to this,
in order to avoid superficial influence due to difference of body weight, the relative thickness
of the cortex with respect to the thickness or radius of the medulla as an internal standard in
the same section was adopted.

In control and dexamethasone-treated rats, ginseng saponin and ACTH tended to
increase the cortex area of the adrenal but did not affect the medulla area (Table Ib). In
control rats, ginseng saponin significantly increased the relative thickness and volume of the
cortex, but in dexamethasone-treated rats, the effect of the same dose of ginseng saponin on
both length and volume was insignificant. These results suggested that effect of ginseng
saponin on the adrenal cortex was roughly parallel to that on the relative weight of the
adrenals (Table Ia and b).

Effect of Saikosaponins d and c on the Adrenal Cortex
The EDso value of saikosaponin d on corticosterone secretion-inducing activity was

0.33 mg/kg, but 100mg/kg of saikosaponin c was not effective.F'!" Treatment with
2.5 mg/kg/d of saikosaponin d for 5 d significantly increased the adrenal weight and decreased
the thymus weight.P! The same treatment with saikosaponin d significantly increased the area
of the cortex but not that of the medulla (Table II).

TABLE II. Histological Estimation of the Effects of Saikosaponin d (Sd)
on Growth of the Adrenal Cortex (C) and Medulla (M)

Treatment" Area (mm") Length Volm~._.3
(mgjkg'd x 5d) Cortex Medulla -/C+M/M .jC+M/M

Saline (6) 3.24±O.O9 0.392± 0.021 3.05±0,07 28.8 ± 2.0
+Sd 2.5 (6) 3.68±0.12bl 00405 ± 0.026 3.l9±O.08 32.9±2.7
+ACTH 0.1(6) 3.49 ±0.22 0.353± 0.036 3.32 ± 0.07'" 37.2±2.5"1

Dex 0.025 (5) 3.05±0.21 0.382 ± 0.028 3.00±O.O3 27.1±1.0
+Sd (5) 3.0&±0.06 0.380±0.029 3.04±O.12 28.8±3.7

a) For details. see Table la. b) p <0.05.

TABLE Ill. Effects of Saikosaponins d and c (Sd and Sc) on the Adrenal
and Thymus Weight

Treatment") Body weight (g) Weight (mg/IOO g BWi/»)
(mg/kg/d x 4d) Initial Final Adrenal Thymus

Saline (6) 103.4± 1.8 129.0±2.9 30.4± 1.3 449± 14
+Sd 1.0 (6) 103.4± 1.5 124.9±2.l 31.1 ± 1.1 394±29
+Sd 2.5 (6) 101.6±2.4 I16.0±2.5~) 37.7± D.7d l 275± 18'"

Saline (5) 1D1.0±3.& l29.9±4.5 27.1 ±0.9 376± 12
+Sc 7.5 (6) lDO.8±2;& l27.0± 3.8 25.7±D.5 384±22

Dex 0,025 (6) 1D1.6± 1.7 124.2± 1.5 21.0±0.5 294±15
+Sc 7.5 (5) 1D1.8±2.9 124.2± 3.2 23.0 ± 0.&") 280± 8
+ACTH 0.2 (6) IDL8±2.3 12J.5±2.7 28.6±O.8d

) 224± 13<)

a,b) For details, see Table Ia, c) p<O.Ol, d)p<O.OOI, e) p<O.J.
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In the experiment with the 4-d treatment, 2.5 mg/kg/d of saikosaponin d significantly
increased the adrenal weight and decreased the thymus weight, while 7.5 mg/kg/d of
saikosaponin c did not affect body weight gain, or the adrenal or thymus weight in control or
dexamethasone-treated rats. A high dose of ACTH induced marked adrenal hypertrophy and
thymus atrophy in dexamethasone-treated rats (Table III).

Effects of Glycyrrhizin and Glycyrrhetinic Acid on the Adrenal and Thymus Weight
Acute treatment with 100mg/kg of glycyrrhizin induced no increase in plasma cortico

sterone.P' Treatment with] 00 mg/kg/d of glycyrrhizin for 4 d also did not affect body weight,
the adrenal weight or the thymus weights in control or dexamethasone-treated rats. A high
dose of dexamethasone (0.05 rug/kg/d) markedly reduced both adrenal and thymus weights
(p<O.OOI,p<O.OOI vs. saline, Table IV).

In chronic treatment with glycyrrhetinic acid, the sapogenin of glycyrrhizin, for 4d, low
doses had no effect, but the high dose (50 mg/kg/d) significantly decreased daily body weight
gain and the thymus weight, but it did not induce adrenal hypertrophy as saik osaponin d did.
The decrease in body weight gain was accompanied with a decrease in food and water intake
(144 gjkg body weight and 210 ml/kg body weight to 7J gjkg and 120m1jkg, respectively,
during the 1st 24 h period, and 141g/kg and 205 ml/kg to 126g/kg and 200 OIl/kg, respectively,
during the 2nd 24 h period).

Effect of FAD on the Adrenal and Thymus Weight in Control and Dexamethasone-Treated Rats
In rats treated with 70 mg/kg/d of FAD for 4 d, FAD did not affect body weight gain,

and it tended to increase the adrenal weight and to decrease the thymus weight (Table V). In
another experiment, treatment with 70mg/kg/d of FAD induced a decrease in daily body

TABLE IV. Effects or Glycyrrhizin (OL) and Glycyrrhetinic Acid (GA)
on the Adrenal and Thymus Weight

======- -'---=_..======.,,'-'--''''-'..-''
Treatment">

(mg/kgjd x 4 d)
Body weight (g)

I~l~1 Fin~

Weight (mgjlOO g llWilo l)

Adrenal Thymus
----_."---_._,-_.,.__._-_.",•..,."_.,,-_._-----,,,,,-,..,,'-"" ..""--,-

Saline (6)
+GL IDa (6)

Dcx 0.05 (6)

+GL IDa (6)
Saline (6)

+GA 2 (6)
+GA 10 (6)
+GA 50'(6)

J06.(I :t 2.5
107.2±2.2
100U:!:1.8
107.6i: 1.6
103.1 :t 2.4
102.5:t 2.3
103.0:t 3.4
103.3±3.3

136.3±4.2
132.9±2.0
126.0±2.0
127.3±2.K
J33.0±3.l-i
130.3±3.2
132.6±4.4
119.4±4.3"1

211.0 :to.9
2X.9±2.3
21.6:tO.7
21.5±1.1
30.(ii: 1.6
32.2:t:0.5
n.3:U).9
33.3:t 1,5

3lJO;t17
342:1: 15')
IH:l :t' )3
11)3:t IH
4211:.19
416;!': 14
425 J:2~

331 J:.32'1J

a.b) For detuilsv sec Tuble la. c)I'<O.I, dll'd),05.

TABLE V. Effect or Flavin Adenine Dinucleotide (FAD) on the Adrenal
and Thymus Weight

Treatment")
(mg/kgjd x 4d)

Body weight (g)
Initial Final

Weight (mg/IOOg BWi~»

Adrenal Thymus

Saline (6)
+FAD 70 (6)

Dex 0.05 (6)
+FAD 14 (6)
+FAD 70 (6)

III.9±2.0
111.4± 3.0
113.6± 1.9
112.0± 1.9
llL.l±lA

136.2± 3.2
134.8±2.2
135.3±2.7
127.0±2.7'·'
126.2 ±2.5d l

28.2± 1.1
30.3± r.o
23.7±0.5
25.3±O.8
26.8± 1.2J1

415±33
347± II")
226± 7
237± 9
215± 12

a.h) For details. seeTable Ia. (')1'<:0.1. d)p<O.05.



246 Vol. 35 (1987)

TABLE VI. Effects of Ginseng Saponin (GS) and Flavin Adenine Dinucleotide (FAD)
on the Adrenal and Thymus Weight in Hypophysectomized Rats

Treatment") Body weight (g) Weight (mg/IOO g BWih)

(mg/kgJd x 5d) Initial Final Adrenal Thymus

Exp. I
Saline (7) 130.6± 3.8 129.1 ±4.2 12.3±O.6 256±28

+Sd 2.5 (6) 132.2±2.9 126.1 ±3.2 12.9±O.4 250± 8
+ACTH 0.1 (6) 134.0±3.9 132.3±3.5 16.1 ±0.6fl 256.± 18
+Dex 0,025 (7) 130.6±3.9 123.1 ±3.2 12.2±0.5 139± IY)

Exp.2"
Saline (6) 109.0±3.7 111.4±2.9 13.9±O.S 263± 13

+GS 120 (3)d) IIO.6±5.7 IOI.5±7.2 15.4± 0.4 265± 14
+FAD 70 (5) I 13.4± 1.2 IlO.9±3.4 ·15.l±0.2 257±28
+Dex 0.05 (6) 109.9±2.9 I07.0±2.3 15.8± 0.6°) 125± 8")
+ACTH 0.2 (5)") I09.0±3.0 113.4± 1.8 20.8 ± 0.7") 238 ± 13

a,b) For details, see Table lao c) During conditioning for 7d, one rat among 35 lost body weight and
died. After 7d of conditioning, 29 rats whose body weights did not increase or decrease markedly during the
conditioning were selected among 34 and used. d) Fraction 4 saponin. One rat lost body weight and died on
day 4. Two rats lost body weight and died on day 5. e) One rat among 6 showed a marked decrease of body
weight and died on day 5. f)p<O.OI, g) p<O.05, h)p<O.OOI.

weight gain, which was accompanied with a slight decrease in food intake (1st 24 h, 123g/kg
body weight to I 15g/kg; 2nd 24h, 138 to 14lg/kg; 3rd 24h, 134 to 110g/kg). In
dexamethasone-treated rats, FAD simultaneously administered with dexamethasone induced
a significant decrease in daily body weight gain, and clearly antagonized the atrophic effect of
dexamethasone on the adrenals, though it did not affect thymus weight (Table V).

Effects of Ginseng Saponin, FAD and Dexamethasone on the Adrenal and Thymus Weight in
Hypophysectomized Rats

In hypophysectomized rats, 2.5 mg/kg/d of saikosaponin d did not affect adrenal or
thymus weight, but 0.1 mg/kgjd of ACTH markedly increased adrenal weight, whereas in
intact rats the former was more effective than the latter (Tables VI, III and Ia). In
hypophysectomized rats, treatment with a high dose of ginseng saponin markedly decreased
the body weight, as in intact rats. In hypophysectomized rats, a high dose of ginseng saponin
or FAD had no effect on adrenal or thymus weight, while in intact rats they markedly
decreased the thymus weight (Tables VI, Ia and V). In hypophysectomized rats, a high dose of
dexamethasone (0.05 mg/kg/d) did not decrease the adrenal weight, but a low dose decreased
the thymus weight, while a high dose of ACTH did not decrease the thymus weight (Table
VI).

Discussion

Daily treatment with ginseng saponin, saikosaponin d, glycyrrhetinic acid, and FAD, but
not saikosaponin c or glycyrrhizin, for 4 or 5d induced thymus atrophy resembling that
observed with dexamethasone, and a tendency for adrenal hypertrophy like that caused by
ACTH in intact rats. In hypophysectomized rats, however, these effects of ginseng saponin
and FAD as well as saikosaponin d were completely lost, whereas the effect of ACTH on the
adrenal weight was exaggerated. These results suggested that ginseng saponin and FAD as
well as saikosaponin d primarily acted on the hypothalamic-pituitary system to secrete
ACTH, which stimulated adrenal growth, and the secretion and synthesis of corticosterone in
the adrenal cortex, which ultimately resulted in thymus atrophy.
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In the acute experiment, in fact, ginseng saponin increased plasma ACTH and
corticosterone, IS) and adrenal cyclic adenosine monophosphate (cAMP) in intact rats but not
in hypophysectomized rats.27

) These acute and chronic effects of ginseng saponin coincided
with those of ginseng extract and saponin reported by Petkov and Staneva,!' Kim et a1.3

) and
Bombardelli et al.,4) but not with those on the thymus weight reported by Tanizawa et ai.S)or
on the adrenal weight found by Brekhman and Dardymov." In the report of Tanizawa et al.
the adrenal weight was expressed relative to the adrenal initially excised, but the thymus
weight seemed to be expressed as the relative weight with respect to final body weight in
cortisone-treated and unilaterally adrenalectomized rats. This may be the main cause of the
difference between their results and ours. Brekhman and Dardyrnov reported that ginseng
panaxoside antagonized stress-induced adrenal hypertrophy. In previous papers we showed
that saikosaponin d induced secretion of ACTH and corticosterone.P' and had a hyper
trophic action on the adrenals.r" while it was rather atrophic to the adrenals and its action
was additive to the atrophic effect of dexamethasone in dexamethasone-treated rats. l " )

Therefore, if ginseng panaxoside, like saikosaponin d. was hypertrophic to the adrenals in
non-stressed rats, and if stress markedly stimulated secretion of corticosterone and ACTH,
the contradiction can be resolved.

It may be suggested that ginseng saponin and saikosaponin d, which induced secretion of
ACTH and corticosterone,' 5.17) stimulated hypertrophy and hyperplasia of the cortex, but not
the medulla, of the adrenals through N-terminal peptides of proopiomelanocortinf" co
secreted with ACTH from the corticotroph, and that ginseng saponin- and saikosaponin d
induced thymus atrophy resulted from atimulation of the function of the cortex but not the
medulla. Tanizawa et ai. showed in a histological section that ginseng saponin antagonized
the cortisone-induced decrease in thickness of the adrenal cortex in a cortisone-treated and
unilaterally adrenalectomized rats. In a quantitative histological study Kim et al. observed
that ginseng extract induced a significant increase in the thickness of the zona fasciculata at
the expense of the zona reticularis, while it induced no increase in the adrenal weight and
induced an insignificant increase in the thickness ofthc adrenal cortex." In the present study,
we determined the area of the cortex and medulla or one specified section of the adrenal by a
quantitative histological method, and estimated the mean thickness of the cortex in the
section, and then the relative thickness of the cortex to the radius or the medulla in the section.
The effect of ginseng saponin and saikosaponin d on the histological size of the cortex was
determined by this method. From the results it was clear that the ginseng saponin- and
saikosaponin d-induced increase in the adrenal weight was accompanied with an increase in
the size of the cortex of the adrenals but not the medulla.

In rats treated with glycyrrhizin for 4 d, glycyrrhizin tended to induce thymus atrophy.
This result is compatible with the inhibition of 5/J reduction of corticoids in the liver?' and
stimulation of the pituitary-adrenal cortex system. However, glycyrrhizin did not induce
corticosterone secretion, IS) so it probably did not induce ACTH secretion. Therefore, the
glycyrrhizin-induced tendency for thymus atrophy may be due to inhibition of 5,8~reductasc

by glycyrrhizin. In rats treated with glycyrrhetinic acid, glycyrrhetinic acid clearly induced
thymus atrophy and a tendency for adrenal hypertrophy. These effects of glycyrrhetinic acid
were compatible with both the inhibition of 5(3-reductase and antigranulomatous action of
glycyrrhetinic acid,11) but they seemed to reflect stimulation of the pituitary-adrenal cortex
system. However, it remains to be determined whether the mechanism of action of
glycyrrhetinic acid differs from that of glycyrrhizin.

FAD induced thymus atrophy and a tendency for adrenal hypertrophy in rats not treated
with dexamethasone, while it evoked significant adrenal hypertrophy in dexamethasone
treated rats. These effects of FAD disappeared in hypophysectomized rats. The results were in
agreement with those of One et aiY·13) This suggested that FAD as well as saikosaponin d
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and ginseng saponin acted on the hypothalamic-pituitary system. However, in riboflavin
deficient baboons, Foy et al.29J observed a decrease in urinary corticosteroids, a markedly
diminished response of plasma and urinary steroids to ACTH, and a fibrotic state of the
adrenals. This suggested that riboflavin and also FAD have some direct action on the
adrenals, which may differ from that of ACTH. Therefore, the mechanism of action of FAD
on histological and functional changes in the adrenal cortex remains to be elucidated.
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The chemical structure of a glycoprotein secreted from conidia of Mycosphaerella pinodes into
the medium during germination was investigated, and its elicitor activity to induce pisatin synthesis
in peas was examined. The glycoprotein showed a higher elicitor activity than the intra-conidial
polysaccharide. The glycoprotein, whose molecular weight is about 130x 104, hus a partial
structure in which a reducing terminal mannosyl residue of a trisaccharide I Man6!.. 1Mt\1lh l!.IGlu is
O-glycosidically attached to serine in the' protein portion.

Keywords-'-s-Mycosphaerella pinodes; fungal spore; conidia; glycoprotein; .pisatin; phyto
alexin; elicitor activity
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Plants sometimes synthesize de novo antibiotic substances, when exposed to invasion by
certain species of microbes. An antibiotic substance accumulated in the plant by this
protecting mechanism is called a phytoalexin, while the microbial component which induces
its synthesis is called an elicitor. It was shown in the previous paper!' that a polysaccharide
extracted and purified from conidia of Mycosphaerella pinodes, a pathogen of peas causing
brown spots, acts as an elicitor for peas to synthesize a phytoalexin, pisatin. Oku et al. 2

) have
reported that the germinating conidia of this microbe secrete a substance having a higher
elicitor activity into the culture medium. The authors, therefore, tried to isolate and elucidate
the structure of the elicitor-active substance secreted by the germinating conidia of this
microbe into its culture medium.

Materials lind Methods

Microorganism·----Thc strain of fungus (Mycosphaerella pinodes) and the harvesting procedure of the conidia
were as described previously.I)

Germination of Conidia----·Conidia, suspended in a small amount of water, were put on a large Petri dish and
allowed to stand at 26"C for 24h. The germination culture broth was filtered through Toyo No. 5B filter paper and
the filtrate was freeze-dried.

Purification of Glycoprotcin-c-e--The freeze-dried substance was dissolved in a small amount of distilled water
and subjected to Sepharose 4B column chromatography (2.5 x 40em). The column was eluted with distilled water,
and fractions (5ml) werecollected. Fractions containing both sugars and proteins simultaneously eluted immediately
after the void volume were collected, and freeze-dried. The crude secretion was dissolved in 10mM phosphate buffer
(pH 7.0) and charged on a diethylaminoethyl (DEAE) Sephadex A-50 column (2.5 x 20cm). The column was eluted
with phosphate buffer and fractions (5 ml) were collected. After the removal of non-absorbed materials by washing
out with the same buffer, absorbed materials were eluted with the same buffer containing 0.1 M Nae!. The fractions
containing both sugars and proteins were collected, freeze-dried and rechromatographed on a Sepharose 48 column
(2.5 x 40cm). The column was eluted with distilled water and fractions (5 rnl) were collected. The freeze-dried
precipitate served as the glycoprotein fraction, amounting to about 0.20% of the freeze-dried weight of secretion
during germination.

Release of Sugar Chains--The glycoprotein was dissolved in 0.1 N NaOH at a concentration of 0.03%. the
solution was allowed to stand at 26"C for 20 h and, after evaporation, the residue was subjected to Sephadex 0"25
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column chromatography (2.5 x 25 em).The column was eluted with distilled water and fractions (5 rnl) were collected.
Determination of Sugar and Protein--Sugar content was determined by the phenol-sulfuric acid method, and

protein content was determined either by measuring the absorbance at 280nm or by Lowry's method.
Electropboresis--i) Paper Electrophoresis: The same procedures as reported in the previous paper'? were

employed.
ii) Disk Electrophoresis: A well known method described in a technical book" was employed. For staining sugar

and protein, Schiff's reagent and I%amide black lOB, respectively, were used.
Paper Chromatography--The filter paper sheet (Whatman No.1) was developed with n-BuOH-pyridine-H20

(6 :4: 3). The spots were made visible by heating the paper after spraying with aniline hydrogen phthalic acid.
Methylation Analysis--The same method as reported in the previous paper!' was used.
Enzyme Digestion--The same method as reported in the previous paper!' was used. The reaction conditions of

f1-glucosidase were as follows: substrate. 1.0 mg; p~glucosjdase (from almonds, Sigma) 1.0 mg; 0.05 M acetate buffer
(pH 5.25), 0.5 ml; 37 "C for 18h.

Amino Acid Analysis--A portion of the glycoprotein was hydrolyzed by heating in a sealed tube with 6 N HCI
at 105°C for 24 h and analyzed for amino acid composition. Another portion was mixed with 0.1 N NaOH and
allowed to stand at 26"C for 20 h to release sugar-chains, and, after being neutralized, was hydrolyzed in a similar
way and analyzed. The amino acid analysis was conducted using a Hitachi 835-30 amino acid analyzer.

Measurement of Molecular Weight--The molecular weight was measured by gel filtration using Sepharose 4B
and Sephadex G-1O columns as shown in Figs. 3 and 4. Field desorption-mass spectrum (FD-MS) was also used.
FD~MS analysis was carried out in a Hitachi M-80 apparatus with a carbon emitter at 20mA.

Methanolysis. Reduction and Acetylation--A sample was methanolyzed with 5% HCI in MeOH in a sealed
tube at 100°C for 5h. HCl was removedby evaporation with toluene-ethanol (1 : 1). The methanolyzed sample was
then dissolved in distilled water (J mgJ250).ll), and a 50ttl aliquot was mixed with 0.22 M NaBH4 (50 ILl) and allowed to
stand at 26 DC for 3h. Excess NaBH4 was decomposed with AcOH,·then MeOH was added, and AcOH was removed
by evaporation. The dried .sarnple was acetylated by heating with 50 III of pyridine and 50 III of anhydrous acetic acid
at 100°C for 30 min.

Gas Chromatography and GLC·MS Analysis--The methanolyzed and acetylated sample was analyzed for
sugar composition by gas liquid chromatography (OLC). The chromatographic conditions were as follows: column
length, 3 mm x 1.0 m: column temp., 150°C (I min) then 1DC/minto max. 200 "C; packing, 5% SE-30 on Shimalite W;
N2 flow rate, 4Dml/min; detector, flame ionization detector (FID);detector temp., 250"C; injection temp., 250"C; H2
flow rate, 40 ml/min, On OLC analysis. methyl 2,3,4,6-tetra-O-acetyl mannoside (tR: 30 min) and methyl 2.3,4,6
tetra-O-acetyl glucoside (tR: 31.2 min) were identified. For analysis of the methylated sugar, tin aliquot of the
methylated oligosaccharide, after hydrolysis with 1.5N HC! at 100"C for 4h. was reduced, acetylated and then
subjected to GLC under the conditions shown in Fig. 6. Another aliquot was used for GLC-MS analysis (JMS-OISG.
Nihon Denshi Co.). For examination of the bonding of the sugars to the protein, the glycoprotein sample was divided
into two portions. One portion, after the sugar chains had been released by alkali treatment, was reduced.
methanolyzed and acetylated, and then subjected to GLC under the conditions shown in Fig. 5. The other portion
was subjected to OLC after reduction. alkali treatment, mcthanolysis and acetylation in the order mentioned.

Elicitor Activity--The activity was measured under the conditions shown in Chart l.

pea hypocotyl grown in the dark

"- harvest at diameter 0.25cm, length l.Ocm
"- cut lengthwise
"- layer on test solution (600 ppm)
"- leave for 23 h at 25°C
"- extract with EtOH (5.0ml) at 60"C for 30min
"-- centrifuge at 3000 x g for 10min

supernatant

1"-- concentrate at 60°C

thin layer chromatography

plate: Kieselgel 60 F 254
solvent: benzene-ethyl acetate-isopropyl a)cohol (90: 10: I)

~ collect gel corresponding to position of pisatin (R/=0.50)

"- elute with BtOH 2.0 ml

assay at 307 nm

Chart l. Method of Bioassay for Elicitor Activity
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Figure 1 shows a Sepharose 4B column chromatogram of the glycoprotein from culture
filtrate of the germinating M. pinodes conidia. Fractions in which sugars and proteins
coexisted were collected (Nos. 11--16) and assayed for elicitor activity. The results are
presented in Table I. The activity of glycoprotein from germinating conidia was about 6.5
times higher than that of the intraconidial polysaccharide.'! Thus, a chemical structural
analysis of the substances contained in this fraction was undertaken. This fraction gave a
single spot in high-pressure paper electrophoresis and also gave a single band at the same
position in disk electrophoresis after being stained with Schiff's reagent or with 1%amide
black 10 B, respectively, suggesting that the chemical nature of the substance in this fraction is
glycoprotein. The optical rotation was [CXJf)5 -122 c' (c= 1, water). The ratio of the sugar
moiety to the protein moiety of this glycoprotein was determined to be I : 2.8. For the purpose
of estimating the linkages of this glycoprotein, it was dissolved in 0.1 N NaOH to give a
concentration of 0.02% .and the change of OD at 241 nm during standing at 26"C was
followed. An O-glycosidic glycoprotein, under weakly alkaline conditions, readily undergoes
afJ-elimination reaction releasing sugar chains, whereby double bonds are newly formed at
the linking sites of the protein portion, resulting in an increased absorbance at 241 nm. As can
be seen in Fig. 2, the absorbance at 241 nm of the weakly alkaline solution 'of this glycoprotein
continued to increase' over a period of about 17h. No glycoprotein was detected when this
substance was subjected to disk electrophoresis after treatment with alkali for 20 h. Therefore,
all the sugar-chain portion of this glycoprotein is O-gIycosidically linked to the protein. The
molecular weight was estimated to be about 1.3 x 106 by gel filtration. On GLe analysis after
methanolysis, mannose (t R: 30min) and glucose (tR: 31.2 min) were detected in the ratio of

OD
II

1.0

o
OD

b1.0

o

20

10 20
Fraction number

30

30 40

Fig. 1. Sepharose 4B Column Chromatogra
phy of the Crude lind Purified Secreted Mute
rials from Conidia

a, crude material: h. purified material. The column
(2.5x 40ctn) was eluted with distilled water and fruc
tions (5011) were collected. Carbohydrutc contents
were determined by the phenol,·112~()4 method
(.' .). Protein contents were determined hy mea
suring OD2«1I (,.. -j,

TARLH r. Elicitor Activities of Glycoprotein Fractions Obtained from
Conidia of Mycosphacrella plnodes

Fraction

H20 (control)
Endogenous polysaccharide or conidia
Secreted glycoprotein from germinating conidia

Accumulated pisatin
Ilg/cm 2 hypocotyl

17.9
37.4

241.1
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Fig. 3. Estimation of the Molecular Weight of
the Glycoprotein by Column Chromatography

Glycoprotein (0) and dextran [(., M, 200 x 104 ) ;
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were placed on a Sepharose 4B column (2.5 x 40 em,
5 mI). Eluted compounds were detected by the phe
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Fig. 4. Estimation of the Molecular Weight of
the Oligosaccharide by Column Chromatog
raphy

Oligosaccharide (e), maltotetraose (A), rnalto
triose (0) and gentiobiose (D) were placed on a
Sephadcx 0-10 column (2 x 38em, 2.5 ml). Eluted
compounds were detected by the phenol-H2S04
method.

Fig. 5. Gas Chromatogram of Oligosaccharide
Released from the Glycoprotein

Conditions: column length, 3 mm x 1.0m: column
temp., 150"C (I min) then I PC/mill to max. 200"C;
packing, 5~;' SE-30 on Shimalite W; N, flow rate,
40 mljmin; detector, FID; detector ternp., 250 "C;
injection ternp., 25()"C; Hz flow rate, 40mljmin.

Peaks: a-I, b-I, methyl 2,3,4,6-tetra-O-licetyl man
noside; a-2, b·2, methyl 2,3,4,6-tetra-O-acetyl gluco
side; b-J, 1,2.3,4,6-penta-O-acetyl mannitol.

Retention times (min}: a-I, b-I, 30; a-Z,b-2, 31.2; b
3, 43. The following acctylated sugars were prepared
by the same procedure for use us authentic com
pounds: glucose, mannose, sorbitol, mannitol. Before
acetylation, authentic glucose and mannose were
heat-treated with 5% Hel in MeOH in a sealed tube at
tOouC for 411.

2:l.
Next, for the purpose of clarifying the sugar-chain structure, the glycoprotein was treated

with alkali and its sugar-chain portion was fractionated by Sephadex 0-25 column
chromatography. Sugars were eluted in fractions Nos. 8-10 as a single peak. On paper
chromatographic analysis after concentration, this fraction gave a single spot. To investigate
the sugar composition of this fraction, OLe analysis was performed after methanolysis. Only
mannose and glucose were detected in the ratio of 2: 1. The molecular weight of the sugar
chain portion was measured by gel filtration (Fig. 4), and the results indicated that the sugar-
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chain portion is a trisaccharide. This was further supported by the presence of a cluster ion
peak (M +Na) + at 527 m]z in the FD-MS. These results indicated that the sugar-chain is
composed of two mannose residues and one glucose residue.

Figure 5 shows the results of an experiment to clarify the sugars involved in linking to the
protein portion. Figure Sa is a gas chromatogram of the products derived from the
glycoprotein by reduction, alkali treatment, methanolysis and acetylation in the order
described. Peaks corresponding to mannose and glucose were detected in the ratio of 2 : I.
Figure 5b illustrates, on the other hand, a chromatogram of the glycoprotein which had been
subjected to alkali treatment in the presence of NaBH4 , methanolysis and acetylation in the
order mentioned. Three peaks, each corresponding to man nose, glucose and mannitol, were
detected in the ratio of I : I : I. It was clarified from these results that the sugar was 0
glycosidically attached to the protein at the OH group linked to C, of the mannose molecule.

Then, to identify the non-reducing terminal group of the sugar chain, sugars released by
the action of each of the exo-enzymes (x-glucosidase. {1-g1ucosidase and c-rnannosidase) were
investigated. Glucose was released only when ,B-glucosidase was applied. This finding
indicates that the non-reducing terminal molecule of the sugar chain is ,B-glucose. The infrared
(IR) spectrum (Nujol) of the sugar chain exhibited an absorbance derived from 0:-0

mannopyranose at about 8lOcm -1. Thus the «-type linkage of mannose was indicated. In
order to determine the linkage sites of the sugar chain, GLC-MS analysis was carried out on
the sugar chain which had undergone methylation, hydrolysis, reduction and acetylation in
the order given. The gas chromatogram obtained is illustrated in Fig. 6. The substance derived
from each peak gave the mass spectrum as presented in Fig. 7. By comparing the spectra with
those of authentic methylated derivatives and also by referring to the data of Bjorndal et al.,4l
the substance in peak b was identified as 2,3,4-Me3 mannitol. As for peak a, whether it was
derived from non-reducing terminal glucose or mannose could not be determined from the

o 2 4 6 8 10 12 14 min

Fig. 6. Gas Chromatogram of Methylated
Sugars Derived from Pcrmethylatcd Oligosac
charide

Conditions: column length. 3mm x 1.0Ill; column
temp., IIlO "C; packing, 1.5~~(. NOS on Chromosorb
W; Nz /l11\V rate, 25mI/nlin; detector, FrD; detector
temp., 23()"C'; injection temp.. 230"C; H~ nnw rate,
35ml/nrin, Peaks: II. 2.3.4.6·Mc4 sorbitol; h. 2,3,4
Mel munuitol. Retention times (min): n, 7.2: b, 11.5.
The following sugurs were methylated hy the: slime
procedure to obtuin authentic compounds: glucose,
munncse, gentiobiose. kojihlose, cellobiose. lumina
rin, glycogen, mannan Irom S. ccrevtsia«,

205
I' I ii' I i

200
i :"",1,'", ,",LillLJ',1
..:; 100

f ,b, ,,1J ,,~., ,11\ ,001, ,\:.r", J8'" '
100 200 mlz

Fig. 7. GLC-MS of Methylated Sugars Derived from Permethylated Oligo
saccharide

a, MS of 2,3.4,6-Mc4 sorbitol; b, MS of 2,3,4-Mc3 mannitol.
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Fig. 8. Probable Structure of Glycoprotein in
Mycosphaerella pinodes

TABLE II. Amino Acid Composition of the Glycoprotein

Amino acid

Aspartate
Threonine
Serine
Glutamate
Proline
Glycine
Alanine
Valine
Isoleucine
Leucine
Phenylalanine
NH 3

Arginine
Tyrosine
Lysine
Histidine

Molar ratio
(untreated)

4.2
4.0
5.2
1.0
9.0
5.4
4.9
4.7
3.9
6.1
0.6

23.0
0.4

Trace
Trace
Trace

Treated with alkali/untreated

I.l
0.8
0.4
1.0
1.0
l.l
1.0
1.0
0.9
1.0
1.0
1.2
I.l

mass spectral data (Fig. 7). However, from the findings that an enzymic reaction yielded
glucose as a non-reducing terminal molecule, and that the sugar chain is composed of glucose
and mannose in the ratio of 1: 2, peak a was assigned to 2,3,4,6-Me4 sorbitol.

Table II presents the amino acid composition of the glycoprotein (alkali-untreated), and
the composition ratios of amino acids before and after alkali treatment. Among the amino
acids composing the glycoprotein, proline is contained in the largest quantity, followed by
leucine, glycine, serine and alanine in the order given. The content of the amino acids involved
in the linkage to sugars, after alkali treatment, is expected to decrease significantly, because
those amino acids would be converted to the corresponding keto-acids. This is found to be the
case for serine in Table II, which shows a marked alteration in the ratio. Based on the results
described above, a probable structure of this glycoprotein is as illustrated in Fig. 8.

It is generally accepted that, in most of the O-glycosidic type glycoproteins occurring in
nature, the sugar directly linked to the protein portion is N':'acetylgalactosamine. In this case,
however, no N-acetylgalactosamine was detected in the sugar-chain hydrolysate, and alkaline
hydrolysis in the presence of NaBH4 gave mannitol as the only sugar alcohol. It has been
reported that mannosyl-serine linkages can be found in yeast cell wall mannan and yeast
invertase, whereas a mannosyl-threonine linkage is present in a mycotoxin peptide." Pazur et
al.6 } and Lineback," too, have reported the presence of mannose-serine or mannose
threonine linkages in a fungal glycoamylase.

Albersheim et al.8 ) have recently isolated ahexaCp-D-glucopyranosyl)-D-glucitol from the
cell wall of Phytophthora megasperma var. sojae and found that it possesses a high elicitor
activity. This heptaglucoside is composed of five P-I ,6-glucosidically linked glucosyl residues
as a main chain and two [3-1 ,3-g1ucosidicallylinked side chains branching from the second and
fourth glucosyl residues of the main chain. They proposed that a signal for initiation of
phytoalexin synthesis arises from the reaction of this glucan with receptors on the surface
layer of the soybean leaf cells, and they claimed that heptaglucosides which have side chains at
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positions other than the second and fourth glucosyl residues cannot react with the receptors.
If such a mechanism can also be applied to the induction of pisat in synthesis in peas, then

the reaction of receptors scattered on the surface of cells with the side chains branching at
appropriate intervals from the main chain of the interconidial polysaccharide,l) Or the
glycoprotein, may be a signal for pisatin synthesis. In order to confirm this assumption, it
seems necessary to perform further comparative investigations on the elicitor activities of
various compounds having side sugar chains branching from the main polysaccharide or the
protein at different intervals.
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Photoaffinity Labeling of a t5-Receptor Component of NG 108-15
Cells with a New Enkephalin Analog!'
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A new leucine-enkephalin analog containing p-azidophenylalanine was synthesized. It binds to
the 6-opioid receptors ofNG 108-15 cells with high affinity. Iodination of the compound decreased
the affinity by 5 times, but the iodinated derivative still retains significant binding activity to the
cells. Photochemical reactions revealed that the derivative predominantly labeled a 58 kilodaltons
(kDa) polypeptide in the cells (possibly a 6-receptor component).

Keywords--photoaffinity labeling; o-opioid receptor; NG 108-15 cell; enkephalin analog;
polypeptide

It has been well established, by pharmacological and by receptor-radioligand binding
approaches, that the endogenous opioid peptides interact with at least three types of putative
receptors ().l, iJ, and 1<).2) Relatively little is known, however, about the molecular constituents
of such receptors, although several pioneering studies were made by solubilization and affinity
purification"?" and by affinity labeling."! The photoaffinity labeling technique has been
widely used in studies of a variety of biomolecules'" and has been quite useful in the case of

Tyr

Tyr-D-Ala-Gly-(pN3)Phe-Leu 1
[
1 2SI jTyr- D-Ala--Gly- (p N3 )Phe- Lcu 2

D-Ala Gly Phe(pN 3 ) Leu

Boe- -OR H- -OBzl'TsOH

Boe OBzl

- I-OH H OBzl Boe- -OH H- I--
-TsOR

OBzl Boe

OH H

Boe OEt'HCl

Boe OEt

Boe OEt.HCl

Boe OEt

Boe OR

R ~

Chart 1. A Synthetic Route for Tyr-o-Ala-Gly-(pN3)Phe-Leu
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transmembrane receptor systems." As an example of its application to the opioid receptor, we
previously reported'?' an enkephalin analog photoaffinity reagent, [D-Ala2, Leu'ljenkephalin
N-[(2-nitro-4-phenyl)-amino]ethylamide, which labels opioid receptors of jt-type as well as 0
type, in accord with the findings ll •

12
) that carboxyl-terminal modification of leucine

enkephalin destroys the b-selectivity to elicit rather a tl- and a-preference. As a logical
extension of that work, we describe here the synthesis of new photoactivable leucine
enkephalin analogs of carboxyl terminal-free ([D-Ala2 , (pN3)Phe

4 , Leuijenkephalin 1 and its
iodinated derivative 2) as well as their binding properties, and a successful covalent labeling of
b-receptor protein in a neuronal hybrid cell line (NG 108- I5) with 2.

Experimental

[D-Ala2 , (pN3)Phe4, Leu 5] 1 was synthesized by conventional solution methods employing (3+2) fragment
condensation (Chart I).

Boc-(PN3)Phe-Leu-oEt (3)---Boc-(pN3)Phe-OHl3.14) (3.06g, IOmmol) was dissolved in THF (lOml)
containing N-methylmorpholine (1.01 g, 10 mmol), and then BCC (1.37 g, IOmmcl) was added to the solution under
cooling at -15 "C. After IO min, the mixture was added to a chilledTHF solution of Leu-OEt· HCI (1.96 g, 10rnrnol)
and N-methylmorpholine (1.01 g, 10rnmol) under stirring. The reaction mixture was stirred at - 15"C for I hand
then at room temperature for 2 h. The mixture was concentrated in l'llCUO and the residue was dissolved in AcOEt; the
AcOEt layer was washed successively with 1O~;, citric acid. 4% NaI-lC03• and H20--NaCI, dried ovcr Na2S04 and
then concentrated in vacuo. The residue was crystallized from Et20--pct. ether; yield 4.14 g (93'~~), yellowish prisms,
mp 106-108 DC, [et]~O -6.2 (c= I, MeOH). Anal. Calcd for C22H.I,N,Os: C. 59.04; H, 7.43; N, 15.65. Found: C.
59.18; H, 7,43; N, 15.57. IR (Nujol): 3300, 2100, 1720cm-1•

Boc-Tyr-D-Ala-Gly-(pN3)Phe-Leu-OEt (4)-----Boc-(pN3lPhe--Lcu..OEt (3) (I.79g, 4mmol) was treated with
5 N HCI-AcOEt (4 rnl,20 mrnol) for 4 h at room temperature. After the mixture was concentrated ill I'IU'UO, the residue
was dried in 1'(le/lO over KOH pellets and dissolved in THF (15 ml)containing N-mcthylmorpholine (404mg, 4mmol)
at -15 "C. By addition of Boc·-Tyr-1>.Ala-Gly-OHI 51 (1.64 g, 411111101), peptide coupling was performed as in the
case of the preparation of 3, to give 4, which was recrystallized from AcOEt-EI20; yield 2.66 g (90~';,), pale yellow
powder, mp 112--114 "C (dec.), [et]f:)u +15.3 (c= I, MeOH). Anal. Ca.lcd for C.lf1HsoNa09: C, 5H.52;H. 6.82; N, 15.17.
Found: C, 58.38; H, 6.76; N, 15.09.1R (Nujol): 3300,2130. 1730cm" 1•

Tyr-D-Ala-Gly-(pN3)Phe-Leu ([1>-AI1I2, (pN 3)Phe4, Leuljenkephalln (1}-----The protected peptide 4 (738 rng,
I mmol) was hydrolyzed with 1 NNllOH (2.t rnl) in MeOH for 1.5 h at room temperature. After the solution was
concentrated in l'UCIIO, 5ml of water was added, followed by acidificntiou with 10% citric acid. The product was
extracted with AcOEt; the AcOEllaycr was washed with H;p--NaC'I, dried over NUZS04 and then concentrated in
1·U/'1I1i. The residue was treated with 2 N HCI--AcOEt (5 rnl, 10 mrnol) for I h ut room temperature. After concentration
ill vacuo, the residual material was washed thoroughly with EtzO, followed hy column chromatography on silica using
CHCIJ-McOH (2: I) as an eluent; yield 520 mg (75~{,. recrystallized from 50~r;; aqueous McOH). pale-yellow fine
needles, mp 172---I75 "C (dec.), [Cl]fj' +ill.S k'" I, H20). Anal. Caito ('\)1'C:<,)H3HNHO?' 1/2H20: C. 53.12; H, 6.61; N,
17.09. Found: C, 53.33; H, 6.31: N. 17.25. IR (Nujol): 3240,3000. 2130cm-" I

.

Iodination of l------Lactoperoxidasc ( I JIg, Boehringer III (7174); Nu[mI] (I. 6 mCi. O.B nmol; Amershum), and
NaT (1.2 JIg, 8 nrnol) were added to a 100 It! solution of the cnkephalin (1) (1()JIg, l S nmol), to make 134pI or 0.1 M

sodium acetate buffer (pH 5.6) in a polypropylene tube. Then 3 11101' HZ02 (O.()2~-;; solution) was added twice at J0 min
intervals, and the mixture was allowed to stand for 10 min at room temperature. Monoiodlnated derivative (2) was
purified on a Biegel P-2 column ((J.H x 14cm); it was eluted just utter the non-iodinated 1 with IIllM AcOH. The
specific radioactivity was 115 lIei/nmo!. Two other derivatives of 2 with lower radioactivity (14 JIC'i/nmol) and no
radioactivity, were similarly prepared for usc in binding experiments,

'Cells- -NG 108-15 neuroblastoma-glioma hybrid cells. a generous gift from Dr. T. A mano of Mitsubishi- Kasei
Institute for Life Science, were grown as dcscribed.Itl.l?l The confluent cells were harvested in Dulbcccos phosphate
buffered saline [137mM NaCl, 5.4mM KCI, 7.76mM Nu 2HP04 , L47mM KH 2P04 ] , followed by centrifugation at
100 x 9 for 5 min. The pellet was resuspended in a 25 mM Tris-HCI (pH 7.5) buffer containing 0.3 M sucrose (1---
3 x 106 cells/ml), and used for experiments.

Binding Experiment in the Dllrk-----(i) Competition Assay: One mllllliter of cell suspension (3 x 106 cells) was
incubated with 10 J.d of [3HJDADLE (40 Ci/mmol; NEN) at the fixed concentration of 2 nMin the presence of various
concentrations of 1. Bacitracin (0.1 mg/ml) was added to the incubation mixture and the whole was incubated at 2'5"C
for 30min in the dark. Then O.4mlllliquots were removed (in duplicate) and filtered through Whatman GF/C filter
paper under vacuum. The filter paper was quickly washed three times with 2 m I of ice-cold buffer (25 roM Tris-Hf'l,
pH 7.5 containing 0.3 Msucrose). then transferred to a scintillation vial where the radioactivity was measured after
mixing with 10 ml of scintillation cocktail (ACS-II; Amersham) and I ml of 10% Triton X-I 00. Nonspecific binding
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was determined in the presence of a large excess (1 J.lM) of DALE.
ii) Direct Binding Assay of 2: Various concentrations of 2 (14/-tCi/nmol) were added to I ml of cell suspension

(1.5 x 106 cells) with or without I J.lM of DALE. Bacitracin was included (0.1 mg/rnl) and the sample was incubated at
25°C for 30 min in the dark. Filtration (OAml aliquots in duplicate) was performed as in (i) and the filter paper was
counted in a Packard 5:230 'Y-counter. The specific binding of 2 to the cells was calculated from the difference between
total binding and nonspecific binding in the absence and presence of DALE, respectively.

Photolabeling of Cells--Aftcr preincubation of cell suspension (9 x 105 cells/ml) with 28 nM2 (1151LCi/nmol) in
the presence of bacitracin (0.1 mg/rnl) at 25 "C for 15min, the mixture was placed on ice and irradiated with a 100 W
low-pressure Hg lamp at a 15cm distance for 2min. The irradiated sample was then transferred into a 1.5ml
polypropylene tube and centrifuged at ISO x 9 for 5 min. After three cycles of washing and centrifuging, the pellet was
solubilized with 250 pi of solubilizing solution [3% SDS, 62.5 mM Tris-HCl (pH 6.8), 10';{, glycerol, 0.75%DTT) at
100PC for 5 min and subjected to gel electrophoresis. As a control, nonspecific photolabeling WaS carried out similarly
except for the addition of DALE (10 pM) to the preincubation mixture.

Gel EIC(:trophoresis--SDS-polyacrylamide gel electrophoresis was performed by a modification of the
reported method. IS) Disc gels (0.7 x 13em) were prepared as 10% polyacrylamide and the solubilized samples (250 J.l1)
described above were appliedto upper gels of 3% polyacrylamide. After electrophoresis at 1.5 rnA/tube, the gels were
stained in 0.25% Coomassie blue R-250, 50~~MeOH and 10% AcOH for I h, then destained in 25% 2-propanol and
10% AeOH. The gels were sliced at 1mm thickness and each slice was counted in a Packard 'Y-counter. Protein
molecular weight on the gel was estimated by the use of standard proteins (BioRad) simultaneously electrophoresed.

Protein Concentration--Protein concentration was determined by Peterson's modification!" of the Lowry
method, with bovine serum albumin as standard.

Results and Discussion

Photolysis of 1
The photoactivable enkephalin analog 1 has an absorption maximum at 252 nm

(s =15500). When 1 (23 J!M) was photolyzed with a 100 W low-pressure Hg lamp (which has
its main output near 254nm), the absorption peak at 252 nm disappeared after 1min at 0 ('C
(Fig. 1). Under the irradiation conditions, more than 95% of the eH]DADLE binding activity
of NO 108-15 cells was retained in the absence of 1, and we concluded that this irradiation
essentially did not affect the enkephalin binding activity of the cells.

-9 -8 -7
Ligand concentration (log M)

0'----:~---7-----_::_---

Fig. 2. Displacement Curves of 1 (0) and Its
Non-radioactively Iodinated Derivative (.),
Using 2nM [3~]DADLE as a Radioligand
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Binding of 1 and Its Iodinated Derivatives to Cultured NG 108-15 Cells in the Dark
Binding of 1 to the opioid receptors ofNG 108-15 cells is of high affinity (lCso=5.4nM)

and is competitive with respect to [3H]-DADLE (Fig. 2). The Kl.l value was calculated as
3.0 nM from the following equation/?':

ICso=Kd (I + [L1/K[)

where ICso= 5.4nM, [L] represents the concentration ofPH]DADLE used (211M) and KI. is the
dissociation constant of [3H]DADLE (2.5 nM, obtained from a separate experiment; this
agrees well with the value reported by Gerber et al. l ft

}) . The Kd obtained was very close to that
of DALE,21) which indicates that the introduction of an azido group into the Phe4 of DALE
does not much change its binding affinity to the cells. Although iodination of 1 decreases the
affinity by 5 times (ICso=29nM, therefore Kd = l6nM by calculation), the iodinated 1 still
retains binding activity (Fig. 2). This was confirmed by using 2, a radioiodinated derivative of
1, in a direct binding assay. Figure 3 shows that 2 binds to the cells in a saturable manner. A
Scatchard plot of the specific binding (Fig. 4) is linear, suggesting homogeneous binding of
compound 2 to the cells, and values of K(] = 12 nM and Bl11l1x = 316 fmol/mg of protein were
obtained. The former value is close to the affinity estimated above in the competitive binding
assay, and the latter agrees well with the reported value for the ccll line."':'?' Taken together,
these properties suggest that 1 and 2 are promising reagents for photolabeling the opioid
receptors in NO 108-15 cells.

()-Receptor Component(s) Pbotolabeled with 2
After irradiation of the cultures NG 108-15 cells with 28 nM 2, a sample was analyzed by

disc SDS-polyacrylamide gel electrophoresis. As shown in Fig. Sa, a 58 kilodaltons (kDa)
polypeptide was predominantly labeled in a covalent manner. The labeling was markedly
suppressed in the presence of DALE (10 JtM) during the irradiation (Fig. 5b). These results
suggest that the labeled polypeptide is a receptor component in NO 108-15 cells. Broad bands
between 35--20 kDa which are labeled in the absence of DALE might be candidates for the
receptors claimed to be present in rat brain, based on the results of affinity chrornatog
raphy.t" Occasionally, however, labeling of these bands was not observed. We cannot yet
conclude tha t these smaller polypeptides are also receptor components. NG 101<-15 cells arc
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Fig. 5. Distribution of Radioactivity Following SDS Gel Electrophoresis of NG
108-15 Cells Photolyzed with 2 'in the Absence (a) and Presence (b) of 10JtM
DALE

known to carry only a single type of opioid receptor, with 8-subtype cbaracteristics.i" The
nonradioactive counterpart of 2 binds to the cell line in a competitive manner with respect to
the typical <5-ligand, DADLE, as shown in Fig. 3, and.the photolabeling with 2 was effectively
prevented by DALE: Therefore, the labeled polypeptide (58 kDa) here is a strong candidate
for the ligand-binding component of D-receptor in the cells. Although Klee and his colleagues
reported that an opiate (fentanyl) analog labeled a similar 58kDa protein in the same cell
line.P' our observation is the first identification of the opioid receptor component(s) of the
cells by using an enkephalin analog which is structurally similar to the endogenous ligand,
leucine-enkephalin.

It was reported that a 58 kDa protein from rat brain was also affinity-labeled by an
enkephalin analog with /1- and <5-preference.12

) The authors claimed the labeled 58kDa protein
is a component of J1-receptor. It is an intriguing question whether the 58 kDa protein carries
functional sites of both /1- and <5-receptors in rat brain. It should be possible to assess what size
of protein(s) is labeled as a c)-receptor component(s) of rat brain by using the (~-directed

reagent described here.
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Department of Microbiology. Kobe Women's College of Pharmacy,
Motoyama, Higashinada, Kobe 658. Japan
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A polysaccharide (3-branched fJ-1,6-glucan MT-2) extracted from fruit bodies of Grifola
frondosa (maitake) showed an antitumor effect against mouse syngeneic tumors (MM-46 carcinoma
and IMe-carcinoma). It is not only directly activates various effector cells (macrophages, natural
killer cells, killer T cells, etc.) to attack tumor cells, but also potentiates the activities of various
mediators including lymphokines and interleukin-I. Thus, it acts to potentiate cellular functions
and at the same time to prevent a decrease of immune functions of the tumor-bearing host.

Keywords--Grifola frondosa; antitumor polysaccharide; macrophage; natural killer cell;
killer T cell; /3-1,6 glucan

In the previous paper!' it was reported that a polysaccharide fraction (13-1,6 glucan with
/3-1,3 branches at a high frequency, hereinafter abbreviated as MT-2) containing about 0.6%
protein, obtained from the fruit body of Maitake (Grifola frondosa), acts as an irnmunosti
mulant in the immunization of mice to an allogeneic tumor. Recently, Yadomae et al. found
that the 6-branched /3-1,3 glucan extracted from G. frondosa increased the weight or cell
number of the spleen and enhanced carbon clearance activity." It is well known that activated
macrophages (M¢), killer T cells (Tc), natural killer cells (NK cell) and killer cells (K cell) play
important roles in immunoresistance to tumors. Antitumor polysaccharides known at present
are reported to activate single or multiple effectors." However, in the experiment using an
allogeneic tumor reported in the previous paper," possible involvement of allograft rejection
owing to a difference of major histocompatibility antigen (MHA) could not be ruled oULIn this
'paper, the antitumor action of MT-2 on syngeneic tumors, and the effects of MT-2 on Me/>, Tc
and NK cells were examined.

Materials and Methods

(1) Preparation of Polysaccharide (MT-2)-The fruit body of Maitake, supplied by the Mushroom Research
Institute of Japan {Kiryu, Gunrna), was treated as described in the previous paper.!' That is, a substance insoluble in
50%AcOH and soluble in 6% NaOH was obtained from the residue after processing the matter soluble in hot water
containing 25% cetyltrimethylammonium hydroxide. After deproteinization, it was purified by ion-exchange column
chromatography, and a polysaccharide which was not adsorbed on a Con A-Sepharose affinity column was obtained
(MT-2).

(2) Animals--Male mice of ICR (4 weeks), C3H (6 weeks), CDF1 (6 weeks) and BALB/C (5 weeks) strains,
purchased from Japan Charles River Co., Ltd., were raised for one week before being used for tests.

(3)ITumor Growth-Inhibiting Effect--MM-46 tumor cells (2 x 106) were implanted in male (;3H mice (7 weeks),
IMC-carcinoma cells (2 x ]06) in male CDF1 mice (7 weeks). and Meth-A fibrosarcoma cells (1 X 106) in male
BALB/C mice (6 weeks) in the right axillary region. After 24 h 1 mg/kg/d of MT-2 was administered intraperitoneally
for 10 d. On the 25th day after tumor transplantation, the solid tumor was extirpated and weighed to obtain the
tumor growth inhibition ratio (TIR).

(4) Collection of M</J in Peritoneal Cavity--Peritoneal cells were obtained by washing the peritoneal cavity of
mice killed by vertebral dislocation with Hanks' solution. After centrifugation at 1200 rpm for 10min, the
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precipitated cells were collected and adjusted with RPMI-1640 medium to I x 106 cells/ml. Aliquots of 1.5 ml each
were cultured in an incubator at 37°C for 2 h in a humidified atmosphere of 5% CO2 in air to that M¢> were adsorbed
selectively on the plate. The non-adherent cells were eliminated by washing 3 times with Hanks' solution.

(5) Measurement of Superoxide Anion (SOA)-Male mice of JCR (5 weeks), C3H (7 weeks) and BALB/C (6
weeks) strains were given 50 p.gof MT-2 intraperitoneally for 5 consecutive days. On the 5th day after completion of
injection, M¢> were collected, and SOA was measured by the method of [to et al." Then 1.5 ml of phosphate buffered
saline (PBS) containing 10 mM glucose, 80 mM ferricytochrorne C and 0.2 mg/ml of opsonized zymosan WaS added to
McP adhering to the plate, and the plate W,IS incubated for 90min at 37 "C. After incubation, the culture was
centrifuged at 3000 rpm for 5 min, the supernatant was transferred into an ice-chilled test tube, and the absorbance
was measured at 550 nm. On the other hand, I ml of 0.5~,;. sodium dodecyl sulfate was added to the precipitated
cells. then after standing for 5 min, the cells were well dispersed, and the amount of protein was measured by the
Lowry-Folia method. The amount of ferricytochrorne C was obtained from the absorbance at 550 nrn, accord
ing to the formula: LlE~~o=2.1 x [04 M -1 and free SOA per unit protein was calculated.

(6) Opsonization of Zymosan5)--Zymosan A was adjusted with PBS to 10 mg/ml, boiled for J h. washed 3
times, and resuspended to PBS at 50 mg/ml. A mixture of I volume of zymosan (50 rng/ml)and 4 volumes of human
serum was incubated at 37 "C for 30 min. Then, after centrifugation, PBS was added to precipitate zymosan. A
IO mg/rnl solution of opsonized zymosan was prepared.

(7) Preparation of Spleen Cell Suspellsion(,)······-A male C3H mouse (7---8 weeks) was killed by vertebral
dislocation. The mouse was bled by cutting the femoral vein and the spleen was extirpated. After being washed with
Eagle's minimum essential medium (MEM), the spleen was teased with scissors and passed through an 80 mesh
stainless steel sieve. Cells were collected by centrifugation at 1200 rpm for 10min, then 2 rnl of lO-Iold dilution or
Eagle's MEM was added to lyse contaminating erythrocytes hypotonically for 10g, and 2 ml 01" Eagle's MEM (2-fold
concentration) was added promptly and mixed. The whole was centrifuged at 1200 rpm for 10min, and the cells thus

obtained were adjusted to 1 x 107 cells/mlwith RPMI-1640 medium. This was used as the whole spleen cell suspension.
This suspension was placed in a Petri dish 5 em in diameter and incubated for 60 min. Non-adherent cells were
collected and adjusted to I x 107 cells/nil with RPMI-IMO medium, and used as non-adherent spleen cells.

(8) Elimination of T Cclls71--A mixture of I ml of non-adherent spleen cell suspension obtained from male
C3H mice (9 weeks) and 20 pI of 5~~';, Thy-I.2 F7D5 monoclonal immunoglobulin M cytotoxic antibody (Serotec Ltd.,
England) was incubated for 30 min, then washed once with RPMI·I640 medium. After that, [ ml of RPMI-I640
medium with fetal bovine serum containing 5~,,; guinea-pig complement was lidded and the whole was further
incubated for 30 min. The cells that reacted with antibody were selectively destroyed. The remaining cells were
centrifuged at 1200 rpm for 10 min and adjusted to lx 107 cells/ml.

(9) Labeling of Target Cell~K)--·Afterbeing washed with RPMJ- 1640 medium, P-815 tumor cells were adjusted
to I x 106 cclls/rnl. Then 25/11 of 4511ci/1111 .IH-uridine solution was added to I ml of the cell suspension lind after a
45 min incubation. cells were collected by centrifugation lit 120()rpm for 10min. and washed with RPMI-1640
medium. A suspension of 2x lOS cells/ml (1.0x 1O~·2.1 x IO~dpm/l x 10" cell) was prepared,

(10) Cytetoxicity''! --·_·One milliliter of the labeled target cell suspension (2 x 105 cells/nil) was mixed with I ml of
the lymphocyte suspension (I x 107 cells/rnl) and 0.5011 aliquots were Incubated for 4h. Then, 0,4 1111 or reaction
mixture was suction-filtered through a Millipore filter (0.45 nm pore size).After being washed with 15ml of cold 5'/;.
trichloroacetic acid solution, the filter was dried lind mixed with 10rnl of lipophilic scintillator (5g of 2,5-di
phenyloxazole (Pf'O). 0.3 g of I,4-bis[2-(4-methyl-S-phenyloxazo]yll]benzcnc (DMPOPOP) and loon 1111 of toluene).
Radioisotope (RI) activity W<lS measured with lUI Aluka LSC-700 scintillation counter. The cytotoxicity (P:\:.) was
calculated according to the following formula:

p (~!o)::::: (I _ -_~~,(~_~i~~_ i~lUllUn(ll.y.~l:~h~.C_~t~~_=_~~:kgl~(lU~~_~i~l~l~.__.__.) x 100
dpm when target cells only were Incubated - background dpm

(11)Preparation of Solution Containing Interleukin-I (IL.l)!I)··-,··MT-2 (50 I!gl was given to male C3H mice (7
weeks) for 5 successive days intraperitoneally, On the 5th day, Mt/> were collected, adjusted I x 10" cells/ml, placed on
24-well plates (0.4 ml each), and incubated for 60 min. The plates were washed with PRMI-I640 medium, 0.4 ml of
RPMI-1640 medium without fetal bovine serum was added to each well, and the plates were incubated for a further
72 h. The supernatant was passed through a 0.45 J~m Millipore filter for sterilization, and stored at - so "e.

(12) Measurement of Lymphocyte Growth Reaction'll_-Thc thymus was extirpated from male C3H mice
(7 weeks) which had been killed by bleeding from the femoral vein and carotid artery. Cells were teased out in Eagle's
MEM and, after being passed through an 80 mesh stainless steel sieve, were used as the cell suspension, The
suspension was adjusted to 1.5 x 107 cells/rnl with RPMI-1640 medium containing 251lm of 2-mercuptoethanol, then
divided to 0.1 ml aliquots on 96-well plates (Corning Glass Works). The supernatant (0.05ml) obtained as described
(11) and 0.05 ml of RPMI-1640 medium or 0.05 ml of IO)Ig/ml phytohemagglutinin-P (PHA-P) were added, and the
total volume of 0.2 ml was incubated for 72 h. At 6 h before the end of incubation, 0.5 JlCi of [methyl-JH]thymidine
was added. The reaction mixture was filtered through n glass-fiber filter, and dried after being washed with S'y,; TCA
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solution. The ratio' activity was measured by using a liquid scintillation counter.
(13) Preparation of LympbokinesJOI--Cells from mouse spleen were suspended in IOml of RPMI-I640

medium, O.Sml of JOOf/g/ml concanavalin A (Con A) was added and the mixture was incubated at 37"C for 48h.
After centrifugation, the supernatant containing Iymphokines was stored at - 80"C.

(14) Statistical Processing of the Experimental Data--The experimental data obtained were checked by
Student's r-test to evaluate the significance of differences between the control and MT·2 administration groups.

Results and Discussion

A purified polysaccharide fraction obtained from G. frondbsa by the method of Chihara
was charged onto a Con-A Shepharose column (1.2 x 15em) to eliminate ,B-glucan, and the
fraction not adsorbed was collected and used as MT-2 (yield, about 250mg from.500g ofdried
fruit body). It was homogeneous on centrifugation (S20w = 6.09 S). This MT-2 gave about 70
80% growth inhibition of an allogeneic tumor (ICR mouse-Sarcorna-LSu system), as stated in
the previous paper.'? However, the possibility remained that allograft rejection due to a
difference of major histocompatibility antigens (MHA) between tumor cells and host cells
might have been involved. Thus, C3H mouse-MM-46 carcinoma, CDF j mouse-FMC
carcinoma and BALBjC mouse-Meth-A fibrosarcoma systems were used as the syngeneic
tumor systems with the same MBA, and a study was carried out according to the MT-2
administration schedule (1 mgjkgjd for 10d) which resulted in most effective inhibition. The
results are summarized in Table 1.

MT-2 significantly inhibited the growth of the syngeneic tumors tested (about 50/,~ for
MM-46 and IMC carcinoma, about 25% for Meth-A fibrosarcoma). Thus MT-2 (C-3
branched ,B-1,6-glucan)enhanced the antitumor immune response independently of allograft

TABLE I.. Antitumor Activities of MT·2 against Syngeneic Tumors in Mice

Tumor
in mice

Agent
Tumor wt. (g)

(mean vulue±S.D.)

MM-46
in C3H

IMC-carcinoma
in CDFJ

Meth-A fibrosarcoma
in BALB/C

Saline
MT-2
Saline
MT-2
Saline
MT-2

8.3±2.7
4.2± 1.2"1

5.9± 1.6
3.1 ± 1.61/)
9.0±O.8
6.7±0.5hl

49.0

47.7

25.6

MT-2: 1mgJkg/d x IOd. r-test: iI) P <O.OS, h) P<0.001.

Fig. I. SOA Release V('TSUS Time after Stimu
lation with Opsonized Zymosan

.-., MT-2; 0-·-0, control.1809045o

100
I:llI
E

<,

-0
E
c

------"/. ..,~
!'O ;: o-••.•••.•.

Incubation time (min)



No.1 265

rejection. Similar results were obtained when 6-branched P-I,3-glucan extracted from G.
frondosa was injected into syngeneic tumor-bearing mice by Miyazaki et aU) Thus, to clarify
the mechanism of tumor growth inhibition by MT-2, its influence on activation of M¢, NK
cell and Tc that are the carriers of host-mediated tumor growth inhibition effect, was studied.
The MT-2 dose was set at 50 J.lg/d in vivo and 5 J.lg/ml in vitro based on the previous results. I)

Since it had already been clarified that spreading rate and latex phagocytosis of M¢ were
potentiated by MT-2,1l the study was centered on the amount of SOA released by M(p in
phagocytosis, as one of the criteria of cytotoxicity of activated M¢. Figure 1 shows the results
for M¢ obtained from BALB/C mice injected with MT-2 (50 I~g/d) 5 times intraperitoneally
after Meth-A fibrosarcoma transplantation.

Up to 90 min after the start of phagocytosis, both MT-2 and the control group showed a
rapid increase, but after that there was relatively little change. Thus, a 90 min incubation time
was employed. Table II shows the results for M(p obtained from normal mouse.

ICR and C3H mice showed increases of about 1.4 times, and BALB/C mice about 1.2
times at the dose of 50 J.lg of MT-2. It can be concluded that cytotoxicity of M</> is potentiated
by MT-2. Simultaneous addition of SOD to the experimental systems greatly decreased the
yield of reduced cytochrome C, confirming the involvement of SOA. Generally the immune
status of the tumor-bearing host is lowered. Thus, after the syngeneic tumors were grafted
into ICR, C3H and I;lALB/C mice, 50 tlg/d of MT-2 was injected for 5 d and the amount of
SOA released from M¢ obtained 5 d later was examined. As shown in Table III. there was a
decrease of released SOA in the case of the tumor-bearing mouse (control), while Mil> of the
MT-2-injected mouse showed SOA release equivalent to that of normal mouse. Next, the time

TABLE II. Release or SOA by MT-2-lndtlced Peritoneal Macrophages
from Normal Mice

================:===.- --'-"''''--

----..__..-----_._---------_._.._--... _-
Mice

lCR

C3H

BALB/C

Agent

Salinc
MT-2
Salinc
MT-2
Salinc
MT-2
MT·2+S0D

SOA release
(nmol/mg protein}

81.2±2.5
112.1 ± 10.5/11
90.6tO.5

I28.IJ:t4.91' )

94.IJ:t 10.5
J 16.8;1;4.2/1)

5.41: 1.2

Ratio

Lon
1.38
I.()O
1.42
1.00
\.23

MT·2: 50/tg/d x 5d. r-test: (I) jI < O.lH, /» f! < n.ool .

TABLE HI. Release or SOA by Induced Peritoneal Macrophuges
from Tumor-Bearing Mice

Mice
(tumor)

lCR
(Sarcoma 180)

C3H
(MM-46)

BALB/C
(Meth-A)

Agent

Suline
MT-2
Saline
MT-2
Saline
MT-2

SOA rclcased'"
(nrnoljmg protein)

65.8±3.1
82.2±0.8"1
55.7±4.1

118.4 ± 7.8'l
88.9±4.1

100.9 ± l.Wl

.. Ratio

(ll/b)

1.00
1.01
0.61
1.31
0.94
1.06

a) Released SOA by rnacrophages from normal mice OCR; 81.2±2.5 C3H: 90.6±O.5 BAl.B/C;
94.9± 10.5). MT·2: 50 Ilg/d x 5d: r-test: lJ) p <O.OS, c) p<O.OOI.
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TABLE IV. Time Course of SOA Release by MT-2-1nduced Macrophages
from Tumor-Bearing Mice

Days after tumor
Agent SOA released" Ratio

inoculation (nmol/rng protein) (a/b)

10 Saline 88.9±4.l 0.94
MT-2 100.9± 1.8") 1.06

19 Saline 57.9± J.1 0.61
MT-2 75.4±2.6bl 0.79

21 Saline 51.7±O.7 0.54
MT-2 73.1 ± 3.2b) 0.77

28 Saline 54.1 ±0.3 0.57
MT-2 92.3±0.9C

) 0.97

a) SOA release by McP from normal mice (BALBjC; 94.9± 10.5). MT-2: 50 /Igjd x 5d. r-test: h) p <
0.01, c) p<O.OOl.
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Fig. 2. Time Course of SOA Release by MT-2-Induced MtJ> from Tumor-Bearing
Mice

A: 0---0, ratio of SOA released by Mell obtained from tumor-hearing mice to that frlllll
normal mice. • -., ratio of SOA released by Met> obtained from MT·2·ll'eatcd tumor.
bearing to that from normal mice.

B: 0---0. ratio of SOA released by Mt,h obtained from MT-2-trcated tumor-bearing to
that from tumor-bearing mice.

course of SOA production from M¢ of the tumor-bearing mouse was examined (Table IV).
MT-2 (50 Jig) was injected for 5d after grafting Meth-A fibrosarcoma into BALB/C mice,

and the amounts of SOA from M¢ collected all the 19th, 21st and 28th days after tumor
implantation were measured. SOA volume is rapidly decreased in the control group, but the
decrease was less in the MT-2 group and tended to approach the level of normal mouse (Fig.
2-A). SOA in tumor-bearing mice injected with MT-2 increased rapidly as compared with that
in saline-injected tumor-bearing mice (Fig. 2-B)

It can be presumed from these results that MT-2 prevents the deterioration of immune
functions caused by the tumor-bearing state or increases the cytotoxicity of MifJ. Next, to
study whether this activation of M¢ is due to the direct action of MT-2 or secondary action
(activation of other immunologically competent cell), SOA release upon application of MT-2
in vivo was measured. Figure 3 shows the SOA release when RPMI-1640 medium containing
5 Jlgjmlof MT-2 was added to M¢ induced by methyl cellulose (Me) and kept in contact for
6-48 h. That is, the test was carried out using M¢ collected on the 4th day after 3.0 ml of
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TABLE V. SOA Release by Methylcellulose-Induced Peritoneal Macrophages
Pre-cultured with MT-2 ill Vitro

SOA released (nmol/mg protein)

Agent

(- )
Lyrnphokine

(+ )
----------------~---_._--------_.------.._-

Saline

MT-2

34.2±0.6
(1.00)

46.B± l.0")
(1.37)

57.1 ±0.4
(!.OO)

76.2± 1.9b )

(1.33)

MT-2: 5/lg/rnl. r-test: a)pdl.OI. b)p<O.OOI.

1.5% Me was dosed to BALB/C mice intraperitoneally. SOA release was increased about 1.4
times at 24 and 4811 as compared with the control.

Furthermore, as shown in Table V, activation or Me!) by MT-2, even in vitro, was also
noted in the presence of lymphokines. Namely, Me-induced M¢ was incubated for 24h after
adding RPMI-1640 medium containing Slt/ml of MT-2 or the same medium with a
supernatant containing lymphokines which were obtained by lectin stimulation of mouse
spleen. SOA released in the reaction mixture was measured after washing 3 times with Hank's
solution. When only lymphokines were contacted with ,Me-induced M¢, SOA was increased
1.73 times, but if MT-2 was added, it was increased 1.33 times. The SOA release was increased
by addition of MT-2, regardless of the presence of lymphokines.

These results suggest that MT-2 directly potentiates the cytotoxicity of M¢ inde
pendently of complement or lymphocytes, and also potentiates the activity of Iyrnphokines
secreted from T lymphocytes. Next, the effects of MT-2 on NK cells (nonspecifically injuring
tumor cells), and Tc (specifically injuring only the antigen-presenting cells) were studied. First
of all, NK cells, which are induced from pre-NK cells by IFN, 11) were studied. Suzuki et at.
report that the administration of glucan extracted from G. frondosa to mice increased the
weight and nucleated ceil number of the spleen." Therefore, we attempted to clarify the effect
of MT-2 on spleen cells in vivo and in vitro. Spleen cells were used as a cell group containing
NK cells, and P-815 tumor cells were labeled with 3H-uridine as target cells. Table VI shows
the effect of MT-2 examined in vivo. C3H mice were given 50 p,g/d of MT-2 for 5 d, and whole
spleen cells and non-adherent spleen cell suspension were prepared from the extirpated spleen.
The cytotoxicity of these cell fractions against P-815 tumor cells was measured. As both
fractions were potentiated 2 to 3 times on the 5th day of MT-2 administration, it was assumed
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TABLE VI. Effect of MT-2 on NK Activity of Whole Spleen Cells and Non-adherent
Spleen Lymphocytes in Relation to the Timing of Administration

NK activity (%)
(relative cytotoxicity)

Days after MT-2
administration

Control

3

5

7

Whole spleen cells

12.0±0.3
(1.00)

15.3±OYI
(1.27)

22. 8±2,7"1
(1.90)

17.8±2.8"I
(1.49)

Non-adherent spleen
lymphocytes

6.7± 1.9
(1.00)

11.6± 1.3
(1.73)

19.9±4.6"1
(2.97)

11.7± 1.1 (II

(1.74)

MT·2: 50tlgjd x 5d. r-test: 0) p<O.05, b) p<O.OOI.

TABLE VII. Effect of Pre-incubation of Spleen Cells from Normal Mice
with MT-2 on Their NK Activities

NK activity (~..:,)

(relative cytotoxicity)
Agent

Control

MT-2

Whole spleen cells

11.8± 1.1
(1.00)

24.0± 1.311)

(L09)

Non-adherent spleen
lymphocytes

7.7± 1.0
(1.00)

14.3± 1.7")
(1.86)

MT-2: 5 }tgjmJ. z-test: a)]I < 0.05, h) p <(J.OI.

that MT-2 acts to induce NK precursor cells to NK cells, or to potentiate the NK cell activity
directly. Next, the effect in vitro was examined (Table VII).

When the cytotoxicity ofNK cells to P-815 tumor cells was measured by adding 5Itg/ml of
MT-2 for 48 h, the activities of whole spleen cells and non-adherent spleen cells were both
potentiated about 2-fold. Furthermore, 5'lg/m1 of MT-2 and tumor cells were mixed with
spleen cells without preincubation, and the cytotoxicity was measured after 4 h, as shown in
Table VIn the same level of potentiation was observed as in the case of preincubation.

These results suggested that MT-2 directly potentiates the cytotoxicity of NK cells, or
accelerates the differentiation of inactive pre-NK cells to active NK cells. Saijo et al'" have
reported that a muramic acid derivative (N-CWS) obtained from cell wall of Actinomycetes
potentiates NK cell activity, while Herberman et al.121 have reported a similar finding with
lentinan obtained from Shiitake (Lentinus edodes). Furthermore, Salata et al.111 reported that
NK cells are activated in different ways by interferon and lipopolysaccharide in E. coli. In this
study, too, whole spleen cell suspension always gave higher NK cell activity than non
adherent spleen cell suspension (Tables VI, VII and VIII). Thus, MT-2 (3-branched fJ-l,6
glucan) may directly potentiate NK cell activity, like lentinan (6-branched (j-1,3-glucan) and
N-CWS, while it may also activate the cytotoxicity of M¢ in the cell suspension and increase
the activity of NK cells indirectly through interferon produced by Mc/J. Generally, Tc shows
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TABLE VIII. Effect of Incubation of Spleen Cells from Normal Mice
with MT-2 on Their NK Activities (No Pre-incubation)

NK activity CI;;)
(relative cytotoxicity)

Agent

269

Control

MT-2

Whole spleen cells

13.1
(1.00)
22.S")

(1.75)

Non-adherent spleen
lymphocytes

5.7
(1.00)
16.2"1

(2.83)

MT-2: 51lgjml. r-test: tI) p«).OI, /I) p<O.OOJ.

TABLE IX. Effect of MT-2 011 the Development of Allogeneic Cytotoxic Tvlymphocytes

Agent
Treatment

Cytolysis C;,;) Ratio
(ill vitl'O)

Control l4.7± 1.5 1.00
Anti-Thy 1.2+C' 4.9±O.8 O.)!

MT-2 20.5± 1.1 (I) 1.00
Anti-Thy 1.2 +C' 8.00± 1.9 0.38

,-----
MT·2: 50/lg/d x 5d. C': guinea pig complement. r-test: II) p < O.OS.

specific cytotoxicity against allogeneic cells used for immunization, Hamuro !'I al.13
•
14

} have
reported that /f-1,3-glueans including lentinan potentiate mouse Tc induction ill vitro and in
vivo. MT-2, H fi-1 ,6-glucan may show a similar effect. After sensitization by grafting P-81S
tumor cells as antigen cells intrapcritoneally into C3H mice, 50f.l.g/d of MT-2 was injected for
5d, and cells were collected on the 14th day. The cytotoxicity of whole spleen cell suspension
was increased by MT-2 (Table IX), but the fractions Jacking T cells showed a marked fecreasc.
The result suggest that the cytotoxicity potentiated by MT-2 administration is derived from T
cells.

That is, MT-2 accelerated the induction of Tc, For such induction of Tc in addition to
antigen cells and Tc precursor cells, IL-l produced by activated M<!> and IL-2 produced from
helper T cells by IL-] stimulation are required. Yamazaki et alY' succeeded in cloning 01'1'<.:
specifically injured mouse malignant 203-glioma, in the presence of IL-2. Furthermore,
Rosenberg et OI.lh) also successfully induced Tc injuring Nk-resistant tumor cells by
processing mouse spleen cells with IL-2. As stated, MT-2 activated M(/) in vivo and in vitro.
Therefore, it is likely that MT-2 also activates production of It-l by M(p followed by IL-2
production from helper T cells, so that Tc induction is accelerated. Next, the effect of MT-2
on production of IL-l, as the first step of these reactions, was studied. On the 5th day of
intraperitoneal administration of 50 Jlg/d of MT-2 for 5 d to C3H mice, Mq, were collected
and a solution containing IL-1 was prepared in the same manner as mentioned above. This
solution, together with thymus cel.1s obtained from 10\ normal C3H mouse, was incubated for
72 h in the presence of PHA-P in an amount insufficient to be mitogenic alone, or in its
absence. At 6 h before the end of incubation, 3H-thymidine was added and the mixture was
further incubated. Incorporation of radioactivity into intracellular deoxyribonucleic acid
(DNA) was measured (Table X). Upon administration of MT-2, incorporation of 3H_
thymidine into DNA was increased about 2 to 2.5 times whether PHA-P was present or
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TABLE X. Interleukin-I Activity Produced Macrophages from Mice

3H-TdR uptake (dpm)

PHA-P

Vol. 35 (1987)

Control

MT-2

(+)

1415.1 ± 121.2
(1.00)

2589.5 ± 286.5")
(1.83)

(- )

635.4±20.3
(1.00)

1576.9 ±201.3a
)

(2.48)

MT-2: 50 Ilg/d x 5 d. r-test: a) p <0.00 I.

absent. This suggests that MT-2 enhances ~ot only the cytotoxic activity of M<p but also the
production of IL-l, the first mediator in the activation of T cel1lines. In summary, MT-2
extracted and purified from the fruit body of Maitake (Grifola frondosay showed antitumor
action against several mouse syngeneic tumors tested. It acts not only by direct activation of
various effector cells (M¢, NK cells, Tc, etc.) to attack tumor cells, but also by potentiating
the activities of various mediators including lymphokines and IL-l. Thus, MT-2 glucan acts
to potentiate cellular functions and to prevent a decrease of immune functions of the
tumor-bearing host. The action mechanism of MT-2 (3-branched fJ-l,6-glucan) seems to be
similar to that of lentinan (S-branched fJ-I,3-glucan), isolated from Shiitake. However, their
chemical structures are different, and a future study of the structure-activity relationship
should be helpful fo obtain more specific immunostimulants.
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Chemical Characterization of Rabbit /X2-Macroglobulin
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Rabbit C(2-macrogJobulin was isolated from rabbit plasma by polyethylene glycol precipitation,
dicthyl arninoethyl-Sephacel chromatography and gel chromatography, The protein subunit
migrated as a single band with a molecular weight of 190000 on sodium dodecyl sulfate-gel
electrophoresis under reducing conditions. Its amino-terminal amino acid sequence was determined
for the first 13 residues. The amino terminus corresponded to the third residue of human ct1

macroglobulin, and eleven of the 13 residues determined were identical with those of human ct,

macroglobulin, These results, together with the amino acid compositions. indicate that rabbit and
human cx2-macroglobulins have a very similar structure. However, rabbit Cl:z-macrogJobulin was
much more sensitive to methylamine inactivation than human !X2-macroglobulin, and rat antisera
against rabbit cx2-macroglobulin did not react with human ~2·macroglobulin.

Keywords--(X2-macroglobulin; rabbit plasma; amino acid sequence; amino acid composition;
amino terminus; methylamine

Introduction

271

(X2-Macroglobulin is a unique plasma proteinase inhibitor that inhibits all types of
endopeptidases. t) The inhibitor contains a "bait region", which is highly susceptible to
proteolytic cleavage. When this region is cleaved by a proteinase, a conformational change
occurs in the inhibitor, resulting in covalent bond formation between the proteinase and the
inhibitor. The internal thioester bond between glutarnyl and cysteinyl residues in the inhibitor
molecule is responsible for the covalent bond forrnation." Recently the complete amino acid
sequence of human ~2-macroglobulinhas been determined (1451 amino acid residuesl."

Since abnormal plasma levels of (X2-macroglobulin are found in patients with a number of
diseases," the analysis of its plasma level is important in diagnosis of these diseases, The
rabbit is an experimental animal that is suitable for studying the molecular pathology of those
diseases. Several groups have reported the purification of rabbit (Xl-macroglobulin. 5

--8)

However, those reports are mainly concerned with physiological and immunological studies,
and little is known about the chemical properties of rabbit (X2-macroglobulin. The rabbit, as
well as the rat and mouse, contains two «-rnacroglobulins. (XI and Cl2, at comparable levels,
although the human contains only (X2~macroglobulin.l)Some physiological studies suggest
that rabbit (Xl-macroglobulin, but not (X2~macroglobulin, is the homologue to human (X2

macroglobulin," though rabbit (X2-macroglobulin is similar in electrophoretic mobility to
human (X2-macroglobulin.

In the present study we report that the chemical properties of rabbit (X2-macroglobulin
are homologous to those of human (X2~macroglobulin,though the physiological and immu
nological properties of the (X2-macroglobulins of the two species are significantly different.
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Materials--Trypsin (TPCK-treated) was purchased from Worthington Biochemicals, soybean trypsin in
hibitor and high-molecular weight standard mixture (SDS-6H) from Sigma chemical Co., and N!x-benzoyl-arginine-p
nitroaniJide hydrochloride from Aldrich Chemicals. All other regents were of reagent grade. Human (X2-macroglobulin
was purified by the method of Swenson and Howard."

Purification of Rabbit ct:2-Macroglobulin--Rabbit ct:2-macroglobulin was purified by a modification of the
method of Swenson and Howard," which was initially developed for the isolation of human el2-macroglobulin.

Pooled rabbit plasma (600 ml), stored at - 70°C, was adjusted to pH 7.4 with I N HCI at 4 '-'CO The solution was then
adjusted to 5'1'0 (w/v) polyethylene glycol (PEG 4000) by slow addition of 15'Yc. (w/v) polyethylene glycol in IOOmM
phosphate buffer, pH 7.4, containing 150mM ethylenediamine tetraacetic acid (EDTA), 50mM e-aminocaproic acid
(EACA) and 150mM NaC!. After 30 min of mixing, the suspension was centrifuged at 8000 x 9 for 20 min, and the
polyethylene glycol concentration of the supernatant was raised to 12'/;'. (w/v) by the addition of 26(.i~ (w/v)
polyethylene glycol in the same buffer. After standing of the mixture for 30 min, the precipitate was collected by
centrifugation at 8000 x 9 for 20min, and dissolved in 300 ml of 3.2 111M phosphate buffer, pH 7.4, containing 10 mM
EDTA and 50mM EACA. The solution was applied to a diethyl aminoethyl (DEAE)-Sephacel column (4.5x 38cm)
equilibrated with the same buffer, and eluted with a linear gradient of 0-300 IllM NaCl (total 41) in the same buffer.
Fractions (20ml) were collected, and assayed by measuring the trypsin-binding activity of elz-macroglobulin.
Fractions 31--45 (Fig. I) containing iX.'.-macrogJobulin were combined. The protein in the pool was precipitated by
the addition of solid ammonium sulfate to 50~';. saturation with continuous stirring. The precipitate was collected by
centrifugation at 18000 x g for 10min and dissolved in a minimum volume (5 ml) of phosphate-buffered saline. The
solution was applied to a Bio-gel A-O.5 m column (2.5 x 90 ern) equilibrated with the slime buffer. Fractions (4 ml)
were collected. Fractions 43-50 (Fig. 2) containing !Xz-macroglobulin were combined.

Measurement of Trypsin-Binding Activity of et2-M acroglobulin- - T he activity was measured by a modification
of the method developed by Ganror.''" The assay is based upon the ability of !X2-macroglobulin-bound trypsin to
hydrolyze small synthetic substrates while being unaffected by soybean trypsin inhibitor. Samples containing up to
IDOpmol of cx2-macroglobulin were dissolved in 800111 of 0.1 M Tris buffer, pH 8.1, and 251tl of trypsin solution
( I mg/ml) in 1mM HCI ws added to each sample solution. After 1 min of standing at room temperature, 25111 of
soybean trypsin inhibitor solution (I mg/rnl) in water was then added to inhibit unbound trypsin. One milliliter of
3 mM No:-benzoyJ-DL-arginine-p-nitroanilide HCl was added to the reaction mixture and the whole was incubated for
30 min at 37 "c. The 1X2-macroglobulin-bound trypsin, but not soybean trypsin inhibitor-bound trypsin, can
hydrolyze the synthetic small substrate. The reaction was terminated by adding !OO Itl of 30~;; acetic acid, and the
absorbance at 410nm was measured.

Analytical Metheds-s-c-Slab gel electrophoresis in the presence of sodium dodccyl sulfate (SDS) was done using
the gel (7.5~~, acrylarnide) and buffer system described by Laemmli."!' After electrophoresis, gels were stained with
Coornassie brilliant blue. Cellulose acetate electrophoresis was done with veronal buffer, pH H.6, as described. J2l

Proteins were stained with Coornassie brilliant blue. For amino acid analysis, dry samples containi ng 100 Ilg ofprotein
were hydrolyzed with 100Iii of 6N HCl at 110 'C for 22 h. The amino acid analysis was performed on a Hitachi 835
amino acid analyzer. For amino-terminal amino acid sequence analysis, 90/lg of protein in 2()O III was dialyzed
against 0.02~;; SDS. The sample solution was applied to an Applied Biosysterns 470A gus-phase protein sequencer.
phenylthiohydantoin (PTllj-amino acids were identified by high-performance liquid chromatography on a
Senshupak SEQA column (4.6 x 3000101) using a gradient system of. aeetonitrilc-40 mM acetate buffer (pH 5.2)··
distilled water.

Preparation of Antibodies to Rabbit and Human (X2-Macroglobulins-·- ---Human or rabbit el2-macroglobulin
(IOOllg) in phosphate-buffered saline W<lS emulsified in an equal volume of complete Freund's adjuvant. A rut was
given the antigen by intraperitoneal injection. After two weeks. a booster injection was given with the same dose of
antigen. The rat was exsanguinated two weeks later. The prepared antisera were assayed by double diffusion gel
precipitation (Ouchterlony method.r':' I

Results

Purification
Figure 1 shows the elution profile of the 5--12% polyethylene glycol precipitate on

DEAE-Sephacel chromatography. The pool containing (X2-macroglobulin was further frac
tionated by gel chromatography on a Bie-gel A-O.Sm column after ammonium sulfate
precipitation (Fig. 2). The isolated material showed (X2-g1obulin mobility on cellulose acetate
electrophoresis. The mobility was almost identical to that of human (X2-macroglobulin.
Therefore, we used this material as rabbit (X2-macroglobulin. Rabbit (X2-macroglobulin showed
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Fig. I. Ion-Exchange Chromatography of the
5·_·l2'j~; Polyethylene Glycol Precipitate of
Rabbit Serum on DEAE-Sephaccl

The .column (4.5 x .~K em) was cquilibruted with
3.2nlM phosphate butler (pH 7.4) containing 10IIlM

EDTA und 50mM EACA. and the 5-':-12~\;,' poly·
ethylene glycol precipitate was applied as described in
Materials und Methods. Proteins were eluted with a
linear gradient of 0-300 lnM (4 I in total). Column
effluent was monitored by measurement or the ub
sorbanee at 2HO nm (_.-.-._) and the trypsin-binding
nctivity, which was determined by measurement of the
absorbance at 410 nm (-·..0 ---I.0.0

0.2

..
0.25

,.- 0.50
-»

50 100
Fraction number

F::..----±--~::_;:::_--;_I:;;:;---'O.OO

2.0

1.0

4 5 6

---
-205000

-11 fit}()O

- 97400

- 66000

.~ 45000

.- 29000

Fig. 2. Purification of Rabbit C(z·Mm:mg]obu
lin by Gel Chromatography on Bie-Gel A
(l.5 m

The sample prepared as described ill Matcrinls and
Methods was applied to u Bie-gel A·O.5m column
(2.5 x 90cm) equilibrated with phosphate-buffered
saline. Column effluent was monitored liS described in
Fig. 1.

Fig. 3. Gel Electrophoresis of Rubhit C(z·Mm:
roglobulin in the Pl'CSCOl.:c of sns

Standard proteins. 1and 4; human I1rnmcro~lohu.

lin. 2,ll1d S; rabbi; 1X~·macrngll\h\llin. ~ and 6. NOll

reduced samples were run on Innes I, 2 and 3 and
reduced samples were run Oil lnnes 4, 5 and 6.
Standard protein markers were myosin (205 K), fl·
galuctosldusc {II (,K1, phnsphoryluse H (\17.4 KJ, boo
vine serum albumin (66K), egg albumin (45K). and
carbonic unhydruse /2\l K).

a single band (molecular weight 1900(0) on SDS-ge1 electrophoresis under reduced conditions
(Fig. 3). Mammalian (Xz-macroglobulins are known to have tetra metric structures composed
of four identical subunits. Rabbit c>:z-macroglobulin had virtually the same molecular weight
as human (X2-macroglobulin. The amount of the purified preparation obtained from 600 ml or
plasma was 55 mg. Since the plasma level of rabbit C>:2-macroglobulin was reported to be about
1.5 mg/ml," the yield was estimated to be about 6~1;;.

Chemical Characterization
The amino acid composition of rabbit (X2~macroglobulinwas very similar to that of'

human (Xz-macroglobulin (Table I). Its amino-terminal sequence was determined for the first
13 amino acid residues (Fig. 4). The amino-terminus corresponded to the third residue of
human (X2-macroglobulin. Eleven of the 13 residues were identical between the two macroglo
bulins, indicating a fairly high homology. Therefore, it can be concluded that rabbit (;(2

macroglobulin is the homologue of human C>:z-macroglobulin.
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TABLE I. Amino Acid Composition of iX2-Macroglobulin

Amino acid
moI%

Amino acid
moJ~~

Rabbit Human Rabbit Human

Asp 8.7 8.0 Met 1.6 1.2
Thr 6.9 6.8 Ile 5.5 3.9
Ser 7.9 8.9 Leu 10.2 9.6
Glu 12.3 12.1 Tyr 3.5 3.6
Pro 5.7 6.2 Phe 4.4 3.8
Gly 6.5 8.5 Lys 6.6 5.9
Ala 6.8 6.5 His 2.5 2.5
Val 7.3 7.7 Arg 3.2 3.2
Cys 0.5 0.7

Values are not corrected for losses during hydrolysis (24h).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

human
rabbit

Ser-Val-Ser-Gly-Lys-Pro-Gln-Tyr -Met- Val-Leu-Val-Pro-Ser-Leu
Ser-Gly-Lys-Pro-Gln-Tyr]- Ile - Val-Leu-Val-Pro-Seri-Glu-

Fig. 4. Amino-Terminal Amino Acid Sequence of Rabbit iX2-Macroglobulin

The sequence is compared with the sequence of human etl-macroglobulin reported by
Jensen et 01. 3)

Inactivation
The bait region of human (X2-macroglobulin is readily cleaved by trypsin to produce a

fragment with a molecular weight of 85000.9
) Rabbit (X2-macroglobulin was also cleaved by

trypsin to produce a fragment of similar size (Fig. 5). However, the fragment was somewhat
heterogenous, indicating that there might be several trypsin-sensitive sites in the bait region of
rabbit ~2-macroglobulin. Rabbit (X2-macroglobulin was more susceptible to trypsin than
human 11:2-macroglobulin, and the bait region was completely cleaved at an enzyme/substrate
molar ratio of 0.25: 1. Further cleavage was not observed after the cleavage of the bait region.
The trypsin-binding capacity of our preparation was determined to be about 1.2 mol of
trypsin/mol of (X2-macroglobulin by titration with trypsin; a theoretical value for fully active
protein is considered to be 2.0. Z) Therefore, thioester bonds might be partially hydrolyzed in
our preparation.

Faint bands observed with human (Xz-macroglobulin (molecular weights of 125000 and
62000) are autolytic cleavage products at a thioester bond formed in the presence of SD8.2

)

!X2-Macroglobulin has one internal thioester bond per subunit, which reacts with
methylamine." The methylamine-bound protein does not exhibit any proteinase-inhibitory
activity. Figure 6 shows the sensitivity of rabbit 11:2-macroglobulin to methylamine.
Surprisingly, rabbit (X2~rnacroglobulin was marked more sensitive than human 11:2
macroglobulin.

Immunological Properties
The antibody against rabbit cc2-macroglobulin was prepared in a rat. The antibody

showed one precipitin band with rabbit I1:z-macroglobulin on Ouchtelorony double diffusion,
but did not give a band with human ccz-macroglobulin. This indicates that the antigenic
structures exposed on the surfaces of those protein molecules are significantly different from
each other.
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human rabbit

~ [mol] SDS- 0
S mol 6H

1 1
T "2 o 1 1

T "2 1

205000

116000 -97400 -
66000

45000

29000

-

Fig. 5. Cleavage of Rabbit C(z-Macroglobulin with Trypsin

The reaction mixture (75ItI) containing 15Jig of IXl-mllCrOIlIQbulin (humun or rabbit) in
50mM Tris-HCI, OJ\5~i~ NaCI. 0.16~~·~ sodium citrate. pH fLO, was incubated at :1,7 "C for I h
with O.05mgjmlof trypsin at an enzyme/substrate molal' ratio of 0.25: 1···-1 : I. The cleavage
products were electrophoresed under reduced conditions on H 7.5~:'i. slab gel with Luemmli's
buffer system. E/S (mol/mol) is the maim ratio of trypsin to IXl-macroglobulin.

Fig. 7. Ouchtcrlony Immunodiffusion ot' (;(2

Macroglobulin with Rat Antisera

Rabbit IX1-nlilcrogloblllin, I IIl1d 4; human ell"milc
roglobulin, 2 and 5; rat anti-rabbit Cl2-mllcroglobulin,
.1; rat anti-human Cl2-maCl'llglohulin. 6.
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Fig. 6. Inactivation of 1X~·Mm:roglobulitl by
Methylamine Treatment

An aliquot of methylumincsolution was added at a
final concentration of 0--200mM t\l ;lO(Jltl of Oil
macroglobulin (I mgjml) in nhosphate-buffered sa
line, and the mixture was incubated at 25 'C for I h,
then extensively dialyzed against phosphute-buflcrcd
saline at 4 "C overnight. The remaining activity of IX2
macroglobulin was determined by measuring trypsin
binding activity. Human Cl2-mllcroglobulin, l-O--};
rabbit Oil-macroglobulin, (-.•--).

Discussion

Our method for the isolation of rabbit C(2macrog]obulin gives a rather low yield
compared with those cited in other reports." However, the major advantage of our method
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over the others is that many other plasma proteins could also be purified simultaneously from
the same serum.

The high homology of the amino-terminal sequence between rabbit arid human (X2
macroglobulins indicates that rabbit !X2-macroglobulin is the homologue of human (X2
macroglobulin, although the physiological properties of rabbit (X2-macroglobulin have been
reported to show low homology with those of human (X2-macroglobulin.sl Further studies are
in progress in order to elucidate the chemical properties of rabbit (XI-macroglobulin, which
might also be a homologue of human C(2-macroglobulin.
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The inhibitory effects of isoniazid, its metabolites and related compounds on phenytoin
biotransformation were studied in an isolated rat hepatocyte system. Oxidation of phenytoin was
inhibited strongly by isoniazid, acetylhydrazine, benzoylhydruzinc and phcnylhydrnzlne, and
weakly (but significantly) by acetylisoniazid and hydrazine. Isonicotinic acid arid diacetylhydrazine
showed no effect, These observations may indicate that active hydruzinc compounds are ones which
can give a relatively significant rise to reactive intermediates such as radicals, diazene compounds or
their relatives during the oxidation metabolism. On the other hand, glucuronidution of the oxidized
metabolite. 5.phcny[·S-(p·hydroxyphenyl Ihydantoin, was not affected by isoniazid.

Keywords-c--c-phenytoiu monooxygcnution: inhibition: isoniazid: acetylhydrazinc: hydrazine;
isolated rat hepatocyte; microsomal cytochrome P-450; difference spectrum; spin trapping;
glucuronidation
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Isoniazid (INH) can inhibit the microsomal mixed function oxidase activity, leading to a
reduction of the clearance and all elevation of the plasma level of a co-administered drug.') In
such cases, drug intoxication may develop in patients. The interactions between JNH and
phenytoin (PHT) have been well studied. The first clinical cases were reported by Murray in
1962; he found that PHT intoxication symptoms developed in approximately l0Yc, of 630
epileptic patients when they were given 1N H for the prophylaxis of tuberculosis." Later, K lilt
et al." and Buttar et al.4 ) found that the formation of the pharmacologically inactive
oxidation metabolite, 5-phenyJ-5-(p-hydroxyphenyl)hydantoin (5-HPPH), was inhibited
dose-dependently by co-administration of INH. However. the exact mode of inhibition has
still not been fully elucidated, although a spectral investigation of the inhibition on
cytochrome P-450 by INH was conducted using rat .hcpatic microsornes by Muakkassuh CI

af.~) We examined the effect of INH and some of its metabolic intermediates on the
biotransformation of PHT') by using isolated rat hepatocytes, which retain the fundamental
metabolic functions of the whole liver.

Experimental

Materials--INH, isonicotinic add (INA). acetyl hydrazine (Acl-lz), hydrazine (Hz) sulfate. benzoylhydrazine
(Bzrlz), phenylhydrazine (PhHz) hydrochloride. PHT. 5-HPPH and n-phcnyl-revr-butylnitrcne (PBN) were obtained
commercially. Acctylisoniazid (AcINH) and diacetylhydrazine (DAcHz) were prepared by the acetylation of INH
and AcHz with acetic anhydride. Collagenase (Clostridium histolyticumi was purchased from Boehringer Mannheim
GmbH. Reduced nicotinamide adenine dinucleotide phosphate (NADPH) was obtained from Oriental Yeast Co ••
Ltd. All chemicals were of reagent grade.
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Preparation and. Incubation of Isolated Rat Hepatocytes--Isolated hepatocytes were prepared from male
Wistar rats (180-220 g) according to the collagenase perfusion method as described by Moldeus et al.') The viability
judged by the lactic dehydrogenase (LDH) latency test'" was 98-99% for all preparations. Incubation of the
hepatocytes was performed at 37°C in rotating round-bottomed flasks under a 95%02-5%C02 atmosphere at a cell
concentration of 3 x 106 cells/ml in a Krebs-Henseleit buffer, pH 7.4, supplemented with 13mM HEPES (N-2
nydroxyethylpiperazine-N-2-ethanesulfonic acid) and lOmM glucose. To obtain the time-courses ofPHT elimination
and 5-HPPH formation in the presence of INH, each substrate was used at 80 jJ.M. For the examination of the effect
on glucuronidation of 37 J1M 5-HPPH, 36.5 and 73.0pM INH were employed.

Sample Preparations and Assay--After incubation for an appropriate period, 0.1 ml aliquots of the mixture
were added to 0.3 ml of acetonitrile solution containing 2pg of phenacetin as an internal standard. 5-HPPH
glucuronide was determined as 5-HPPH after heating of the incubation mixture with 3 N HCI at 100PC for I h. PHT
and 5·HPPH were assayed by using a Shimadzu LC3·A high-performance liquid chromatograph equipped with a
Chemcosorb 3-0DS-H column (75 x 4.6 mm: Chemco Scientific Co.) and a ultraviolet detector (SPD-2A). The
mobile phase was a 33: 67 (v/v) mixture of acetonitrile--o.05 Mphosphate buffer (pH 6.5). The flow rate was 1.0 ml/rnin
and the eluate was monitored at 210 nm.

Microsomal Cytochrome P-450 Determination--Microsomes were isolated from livers of male Wistar ruts
(200-250 g) according to Ernster et al.9 j The rats were either untreated or received phenobarbital (three daily i.p.
injections of 80 mg/kg) prior to sacrifice. Protein content was determined according to the method of Lowry et at. IOI

and cytochrome P-450 content in rat liver microsomes according to Matsubara et at. II) The effect of INH, AcHz or
Hz on cytochrome P-450 was estimated under the conditions described in the legend to Table II.

Spectral Investigation of AcHz with Rat Liver Microsomal Cytochrome P-450--The difference spectrum of
AcHz with cytochrome P-450 was recorded at room temperature (20 ±2 "C) on a Shimadzu MPS-2000 spectrometer.
The experiment was performed in the reaction mixture described in the legend to Fig. 2.

Spin Trapping of Acetyl Radical by PBN during Microsomal Metabolism of AcHz--The reaction mixture,
containing 5.6 ml of microsomal suspension (4.4 mg/ml), 2.0 ml of PBN solution (25 mM), 0.2.ml of AcHz solution
(10 mM) and 0.2 m! of NADPH solution (1 rna), was incubated at 37"C for 20 min, and extracted with benzene.
Electron spin resonance (ESR) and mass spectral measurements of the extract were performed by the same method as
used for the assignment of hydrazine radical. 141

Results and Discussion

The effect of INH on PHT elimination through metabolic oxidation was investigated by
using an isolated rat hepatocyte system. The effects of the following compounds were also
examined: AcINH, INA, Hz, AcHz and DAcHz (metabolites of INH), and BzHz and Ph Hz
(structurally similar to INH). As shown in Fig. I-A, INH, AcHz, BzHz and PhHz inhibited
PHT elimination strongly, whereas AcINH and Hz showed a relatively weak (but significant)
inhibition. On the other hand INA and DAcHz did not have any effect on the elimination rate
of PHT (Fig. I-B). The results are consistent with the simultaneous formation of 5-HPPH,
during the first 20 min period of incubation (Table I), in that the formation of 5·HPPH was
retarded markedly by INH and Acl-lz, almost completely by BzHz and PhHz, and slightly but
significantly by AcINH and Hz. The rate of 5-HPPH formation was not affected by INA or
DAcHz, as expected.

The main course of PHT metabolism is known to be oxidation followed by glucuroni
dation.'?' Muakkassah et al. investigated the mechanism of the inhibitory action of INH on
microsomal drug metabolism." They found that the addition of INH to rat liver microsomes
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Fig. I. Effects ofINH-Related Compounds on
PHT Elimination in Isolated Rat Hepatocytes
(80 JIM/3 x 106 cells/nil)

(A): O,.control; ., INH; ., Ph Hz; ....; BzHz; .,
AcHz; 6. Hz; D, AcINH. (B): O. control; ... ,
DAcHz; _, INA.
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TABLE I. Effects of INH and Related Compounds on 5-HPPH Formation

INH and related
5-HPPH formation")

Inhibition Statistical
compounds e~) significance

Control 31.7±O.4 0.0
INH 4.7±O.3 85.1 II < 0.00 I
PhHz O.8±O.1 97.5 p<O.OOI
BzHz 2.2±0.4 93.2 p<O.OOl
AcHz 6.7±O.7 79.0 1

'<0.001Hz 26.6± I.l 16.3 1'<0.02
AcINH 28.6± 1.7 10.0 Jl< 0.05
INA 31.3± \.1 1.2 NS
DAcHz 30.1 ± 1.6 5.2 NS

Each initial substrate concentration was 8011M. Each value represents the meun i S.D. of three
experiments, Results were compared by means of Student's r-test. (II ItM/J x 10"cells/ml/2Ilmin. NS; NOl
significant.

279

0.08

(C)

0.04

'"t.l
I'::.z 0~
0
[/)

,.Q
<II

~

-0.04

-0.08

Fig. 2. Dillcrcnce Spectra Produced by Inter
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Rill liver microsorues were suspended in pctassium
phosphate Duffer solution (pH 7.4). and 5.l>ml of the
suspension (4.4mg/ml) WlIS divided into two cuvettes.
After recording u Ilnt base-line, O.l 011 of AcH/. solu
tion was added at II concentration nr 0.1 ll1M to the
sample cuvette and an equal volume of buller was
added to the reference cuvette. The tracings A, B and
C represent the difference spectra recorded 2. 4 ami
()min ulter the addition oI'NADf>\f solution (1.0IllM)
to both cuvettes,

(M. 2min; (13), 4min; (C), (,min.

produced an immediate decrease in the binding of carbon monoxide to reduced cytochrome
P-450, which could contribute to the inhibition of the mixed function oxidase system by INH.
Nicotinic acid hydrazide and BzHz had the same effect, whereas AcHz was inactive. From
these findings. they suggested that the hydrazine moiety (-NHNH2) bearing an aroyl group is
a dominant functional group in the inhibition of cytochrome P-450. Our results also indicate
that the free hydrazine terminal is an essential functional group for the inhibition of PHT
monooxygenation. However. the presence of an aroyl group is not essential. The oxidation of
PHT was inhibited almost completely by PhHz, strongly by AcHz and weakly (but
significantly) by Hz itself, and these are not aroyl compounds (Fig. I·A, Table I). It was
reported that the oxidation of PhHz with microsomal cytochrome P-450 gave phenyl diazene
through the formation of a radical intermediate. D) Our group has also found that Hz is
oxidized via the successive formation of hydrazine radical (H 2NNH) and diimide (NH = NH)
during incubation in rat liver microsomal suspensions, as well as in isolated rat hepatocytes.!?'
In addition. it was found that Hz produces an NADPH~dependent difference spectrum
characterized by a maximum at 448 nm, which can be inhibited by metyrapone. This
suggested the formation of a complex of diimide and rat liver cytochrome P~450.

As for the interaction of AcHz with rat liver cytochrome P-450. Muakkassah et al.
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TABLE II. Effects of INH, AcHz and Hz on Cytochrome P-450 Contents
in Rat Liver Microsomes

Substrate Cytochrome P-450 content (~~)

concentration
(mM) INH AcHz Hz

a 100 100 100
0.5 87.9± l.7ul 92.3± 1.2~) 86.4±O.8QJ

1.0 85.6± I. 7"1 89.0±2.9h
) 85.6 ± 1.6")

The reaction mixture, containing 2.8 ml of microsomal suspension (3.5 mg/rnl), 0.2 ml of the substrate
solution and 1.0 ml of NADPH solution (1.0 mse), was incubated at 37 "C for I0 min. and the cytochrome P
450 contents were measured according to Matsubara et al.'lJ The control value of 1.67±O.03nmoljmg pro
tein is expressed as [OO~'~. Each value represents the mean±S.E. of3-5 experiments. a) p <0.01. h) 1/<0.05.
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Fig. 3. Effect of INH on 5-HPPH Glucuron
idation in Isolated Rat Hepatocytes

Initial concentration of 5-HPPH: 37 JIM. O. con
trol; 6. 36.S/IM INH; I:J.73.0JlM INFI.

reported that AcHz was inactive towards cytochrome P_450. 5J However, AcHz gave a fairly
stable NADPH~dependent difference spectrum characterized by maxima at 451 nm (sharp) and
495nm (broad), as shown in Fig. 2. Pretreatment of the microsomes with metyrapone (0.02M)
decreased LlA451-S40 to 36.9% and LlA495-S40 to 89.0% of each control value. Pretreatment
with PBN (5.0mM) instead of metyrapone lowered LlA4 5 1 -540 to 86.3% and I..1A495-S40 to
58.9% of the control values, respectively. It may be concluded that the peak at 451 nm arises
from the cytochrome P-450 complex with a diazene-type metabolite (RN = N 1-1), and the
absorption at 495nm is due to acetyl radical (CH 3CO). Acetyl radical formation is also
supported by the fact that the mass spectrum of the benzene extract of the microsomal
oxidation mixture of AcHz in the presence of a spin trapping agent, PBN, clearly showed the
formation of the corresponding PBN-adduct (m]z 220). Furthermore, as shown in Table II,
cytochrome P-450 contents in the microsomal suspensions were significantly decreased by the
addition of AcHz, Hz or INH. These results argue against the conclusion of Muakkassah et
al. concerning the inactivity of AcHz towards cytochrome P-450.5J

These observations may imply that active hydrazine compounds are the ones which can
give a relatively significant rise to reactive intermediates such as radicals, diazene derivatives,
or their relatives, which probably participate in the inhibitory effect on the mixed function
oxidase systems responsible for PHT oxidation. AcINH can be hydrolyzed metabolically to
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afford active AcHz and inert INA,61which could explain the relatively weak inhibitory effect
of AcINH.

Buttar investigated the biliary excretion ofPHT and its metabolites in rats, and suggested
that administration of INH inhibited the glucuronidation of 5-HPPH as well as the P:
hydroxylation of ·PHT.4 u) Isolated hepatocytes, which retain a variety of fundamental
metabolic functions including glucuronidation, were used to elucidate whether PHT in
toxication is related to the inhibition of 5-HPPH glucuronidation by INH, which may result
in the induction of a negative feedback on the formation of5_HPPH.151INH, however, had no
effect on the conjugation (Fig. 3).

The results mentioned above probably indicate that the delay in PHT elimination was
predominantly due to the inhibition of the monooxygenation of PHT by INH and its active
metabolites possessing a free hydrazine terminal or their biotransformed active ones. Further
investigations are in progress.
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Company, Ltd., for his helpful comments on the experiments.
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The complex-forming abilities of a water-soluble p-cyclodextrin-epichlorohydrin polymer
(CDPS) and two different molecular weight fractions of CDPS were studied and compared with
those of fJ-cyclodextrin (P-CyD) and dirnethyl-jl-cyclodextrin (DM-P-CyD).

CDPS was separated into two main fractions by gel chromatography. CDPS and its fractions
formed inclusion compounds with several drugs and these complexes were readily soluble. The low
molecular-weight fraction formed rather stable complexes with small guest molecules. The high
molecular-weight fraction was found to be more efficient in'binding larger substrates.

Keywords---cyclodextrin polymer; complexation; solubility method; stability constant

Cyclodextrins (CyD) are known to form noncovalent inclusion compounds with various
kinds of molecules. The formation ofCyD complexes is a method used to improve the solubility
and dissolution rate of drugs.!) Although P-CyD is the most practical compound to use, its
complexes are only slightly soluble. Alkylation of the hydroxyl function of CyDs results in
enhanced water solubility, and such derivatives have been found to be very effective in binding
guest molecules.' - 5) However, the methylated CyD derivatives (2,6-di-O-methYH~-CyD and
2,3,6-tri-O-methyl-f3-CyD) show surface activity, and in consequence, high hemolytic values.
Other CyD derivatives, for example hydroxypropyl-ji-Cyl), hydroxypropylmethyl-ji-Cyl) or
c"yD-epichlorohydrin polymer, show reduced hemolytic activity.":"

An alternative approach to CyD modification is to prepare water-soluble CyD poly
rners."- 10) These polymers simultaneously offer the advantages of the amorphous state and
CyD-type complexation. Several kinds of condensation products effectively solubilized
steroids in water. Enhanced dissolution rates were also observed, and sublingual/buccal
administration of some of these complexes led to effective absorption and entry of the
hormones into the systemic circulation. These CyD derivatives had no untoward or toxic
effects, and they neither entered nor damaged oral tissue. ll

•
12

)

A convenient way to prepare the polymers is the crosslinking of CyD molecules with
epichlorohydrin. The degree of polymerization depends on the preparation procedure, so it is
possible to influence the properties of the polymer products.i'" The CyD-epichlorohydrin
polymers were found to be useful for improving the solubility, dissolution rate and oral
bioa vailability of phenytoin.P'

The stability constants of the different molecular weight fractions of water-soluble fJ
CyD-epichlorohydrin polymer were studied with congo red, which is a large model molecule.
The high-molecular-weight fraction of polymer formed a more stable complex with this guest
molecule. to) When methyl orange as used as a guest for spectroscopic investigation of different
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molecular weight fractions of «-Cyls-epichlorohydrin polymer, the complexes showed the
same spectral splitting patterns.':"

In this work we have studied the complex-forming ability of a water-soluble fi-CyD
epichlorohydrin polymer (CDPS) and two different molecular weight fractions of COPS with
several drugs, and compared the results with those for /j-CyD and dimethyl-jJ-CyD (DM-[J
CyD).

Experimental

Materials--Water-soluble cyclodcxtrin polymer used was II pilot product of Chinoin Pharrn. Chern. Works
Ltd. (Hungaryj.l?' and was supplied as a white powder with the following characteristics; ji-CyD content 52.6'\"
average molecular weight about 4200. The following materials were also used: {J-CyD (Nihon Shokuhin Kako Co.,
Ltd.), DM-P-CyD (Toshin Chemical Co .• Ltd.), butylparaben (Tokyo Kasei T. C. 1.), hydrocortisone (Nakarai
Chemicals Ltd.), cinnarizine (Eisai Co., Ltd.), tolnaftate (Yamanouchi Pharmaceutical Co.• Ltd.), furosemide
(Hoechst Japan Co .• Ltd.), acetohexamide (Shionogi Pharmaceutical Co., Ltd.),

Chromatographic Sepnrntion-----Thc molecular weight distribution ofCDPS was characterized by gel chromat
ography on Ultrogel AcA 54 and 34, and Sephadex G 50 Fine gels. The eluent was purified water containing O.02~~i;

(w/v) NaN3 , and the separation was followed by using a SEPA-200 high-sensitivity polarimeter (Horiba). The
chromatogram was calibrated on the basis of the' relationship between the relative elution volumes and molecular
weight.'?' Two main fractions were collected, dialyzed (using 1-7/8 DM 50 FT cellulose tubing, Union Carbide
Corporation) and freeze-dried.

The CyD contents of samples were determined by the acidic-hydrolysis method,"! which is accurate to about

± 10~~.

Solubility Studies-e--v-Solubility measurements were carried out according to Higuchi and Connors.P' An excess
amount of a drug was added to aqueous solutions containing various concentrations of CyD or CyD derivatives lind
shaken at 25 ±O.5 "C, After equilibrium was attained (3-5 d), an aliquot was filtered through a 0.45 Jim membrane
filter (EKICRODISC 13, Nishio). A portion of each sample was diluted and analyzed spectrophotometrically
(Hitachi model 200-20 spectrophotometer). The I : I stability constants (k') were calculated from the initial straight

line portion of the phase solubility diagrams.' Sl In the cases of AI' lind AN type phase diagrams, the [..- 3 roM CyD
concentration range was employed for the calculation of stability constants (n.

Results

Chromatographic Separation
As shown in Fig. 1, CDPS could be separated into two main fractions; the me of Ultrogel

AcA 54 polyacrylamide gel gave the best separation. The lower-molecular-weight fraction,
CDPS-L, is a mixture. of different isomers of CyD glyccryl ether, its average me lecular weight
being about 1600, and its /1-CyD content 51.7'1;;. The other peak represents polymeric CDPS,
i.e., molecules composed of 4, 5 or more CyD rings connected with longer or shorter glyceryl
ether chains. The chains can also form loops. The average molecular weight of this high-

CDPS-H
a

0.15

0.10

l CnpS-L

0.05 -..--..--n Elution

---"-"~_'''_'''''T..}TQQ,.-;-"-t.l§~1.__ ~_....,..,.gQQ.~~e (ml)
10000 7000 5000 3000 2000 Mol. mass

Fig. l. Elution Profile of the Water-Soluble li.Cyclodextrin-Epichlorohydrin
Polymer (CDPS) on Ultrogel AcA 54

Elution volume ranges of COPS fractions: CDPS-H,60-·-110 mf:CDPS-L, 170..·220 mi.
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molecular-weight fraction. CDPS-H, is more than 9000. and its fJ-CyD content is 51.4%. The
weight ratio of the separated fractions was found to be about 1: 1, but there was presumably
some loss of the low-molecular-weight part of CDPS in the dialysis step, since cyclodextrins
can permeate dialysis membranes. though slowly.'!'

Complexing Efficacy Observed by the Solubility Method
The complex-forming ability of CDPS and its fractions was studied with smaller and

larger drug molecules. The drugs were selected according to their molecular size, structure,
and their observed stability constants with f3-CyD published or.determined by ourselves. For
example, a small guest molecule may have only one guest part which can fit well into the CyD
cavity. On the other hand, a large guest molecule may have two or more guest parts.

Butylparaben (BPB), a small guest molecule, can fit well into the fJ-CyD ring. The fJ-CyD
derivatives, DM-f3-CyD, CDPS and its fractions, formed more stable complexes with BPB
than the parent fJ-CyD. With CDPS and DM-fJ-CyD negatively bent solubility curves of AN
type were obtained.P' as shown in Fig. 2. The results are summarized in Table I.

P-CyD and DM-P-CyD effectively solubilized a large guest molecule, hydrocortisone
(HC). The stability constants of CDPS and of its fraction with HC were not large. probably

TADLE I. Observed Stability Constants (k'), Type of Solubility Curves and Increase
of Solubility of Butylparaben with fJ-CyO and Some CyD

Derivatives in Water at 25 "C

CyD
Stability constant Type of Increase of

k' (M- l) sol. curve sol. 0' ex/co

fJ-CyD 2130 Bs 3.6
COPS 7260 AN 90
CDPS-H 8]60 A\. 95

CDPS-L 8160 A\. 95
DM-{J-CyO 7260 AN 70

a) CO' water solubility of butylparaben; cx' solubility in 100mM solution of the respective CyD; in the case
of IJ-CyD. maximal solubility (t:a. 15 mM).
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TABLE II. Observed Stability Constants (k'), Type of Solubility Curves and Increase
of Solubility of Hydrocortisone with {I-CyD and Some CyD

Derivatives in Water at 25 "C

CyD
Stability constant Type of Increase of

k' (M- 1) sol. curve sol." exle"

fl.CyD 4170 Bs 5.5
CDPS 990 AI. 45
CDPS-H 1250 AI. 50
CDPS-L 1250 AI. 50
DM-{I-CyD 5910 A\. 70

a) CO' water solubility of hydrocortisone; C',. solubility in lOllnlM solution ofthe respective CyD; in the
case of li-CyD. maximal solubility (ca. 15mMI.

TABU\ HI. Observed Stability Constants (k'), Type or Solubility Curves and Increase
of Solubility of Cinnarizine with jl-CyD and Some CyD

Derivatives in Water at 25"C

CyD
Stability constant Type of Increase of

k'(~C') sol. curve sol. Ul e,le"

{1-CyD 4510 Bs 7.5
CDPS 2490 AI' 30n
CDPS-H 5200 AI. 330
CDPS-L 2190 A/. 500
DM-II·CyD 8640 AJ• 2500

(J) CU' watersolubilityof'clnnarizine; 1',. solubility in JOO filM solution ol'the respectiveeyD; in the case of
/i·eyD. maximal solubility (ca. 15IUM).
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because of the steric hindrance by the hydrophilic substituents on the P-CyD rings. In spite of
this, the increase of solubility is about lO-fold compared to {J-CyD, because CDPS and its
complexes are readily soluble, as shown in Table II. Figure 3 shows that the solubility curves
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TABLE IV. Observed Stability Constants (k'), Type of Solubility Curves and Increase
of Solubility of Tolnaftate with [3-CyD and Some CyD

Derivatives in Water at 25 ('C

CyD
Stability constant Type of Increase of

k' (M- 1) sol. curve sol." ex/e"

fJ-CyD 7140 Bs 70
CDPS 17000 AL 3000
CDPS·H 42000 AL 4000
CDPS-L 17000 AI. 3000
DM-[3-CyD 17000 AI' 45000

a) C'o_ water solubility of tolnaftate; c.' solubility in 100JnM solution of the respective CyD; in the case of
P-CyD, maximal solubility (ca. 15mM).

TAIlLE V. Observed Stability Constants (k'), Type of Solubility Curves and Increase
of Solubility of Acetohexamide with fJ-CyD and Some CyD

Derivatives in Water at 25 "C

CyD
Stability constant Type of Increase of

k' (M- 1) sol. curve sol." ex/e"

li-CyD 890 Bs 4.1
CDPS 1900 At 190
CDPS-H 890 At 90
CDPS-L 890 At 90
DM-P-CyD 810 AI' 125

a) c... water solubility of acetohexamide; c,. solubility in IOOmM solution of the respective CyD; in the
case of /1-CyD, maximal solubility (ca. 15mM).
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are of Al type15) except for that of {3-CyD, where the complex usually begins to precipitate at
lower CyD concentrations.

Cinnarizine (CN) is also a large molecule, but CDPS and CDPS-L were less effective than
the {3-CyD or DM-fJ-CyD. The results are summarized in Table III. The observed stability
constant ( k') of CDPS-H with eN is between the k: values of {3-CyD and DM-{3-CyD. As
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TABLE VI. Observed Stability Constants (k'), Type of Solubility Curves and Increase
of Solubility of Furosemide with IJ·CyD and Some CyD

Derivatives in Water at 25 "C

CyD
Stability constant Type of Increase of

k' (M- I) sol. curve sol." c./c"

P-CyD 62 Bs 8.8
CDPS 590 At 45
CDPS-H 330 AL 32
CDPS-L 330 AI. 32
DM-[J-CyD 160 AI' 70

aj ('., water solubilityor furosemide; t',. solubility ill 100!TIM solution of the respective Cyt); in the caseor
IJ-CyD, maximal solubility (cu. 15DIM).
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shown in Fig. 4, solubility curves of AI' type l Sl were obtained with DM-{3-CyD, COPS and
COPS-L.

The tolnaftate (TN)-CyD systems have large stability constants because of the extremely
low water solubility of TN, as shown in Table IV. The high-molecular-weight fraction showed
the largest complexing ability, but DM-fi-CyD was the most effective in increasing the
solubility of TN, because of its AI' type ':" solubility curve, as shown in Fig. 5.

Acetohexamide (AH) formed stable inclusion complexes of similar stability with [J-CyO
and its derivatives used except the non-separated COPS, which had a superior solubilizing
effect on AH. An Ap type solubility curve was obtained with DM-fi-CyD. The results are
summarized in Table V and Fig. 6.

Figure 7 shows that similar results were obtained with another guest molecule,
furosemide (FS). The complex-forming ability of the non-separated CDPS was the best, and
the different molecular weight fractions of CDPS have larger stability constants than #-CyD
or DM-/J-CyD with FS, as summarized in Table VI.

Discussion

COPS and its two different molecular weight fractions form more or less stable inclusion
complexes with several drug molecules, The water solubilities of these complexes arc much
greater than those of the complexes of the parent {f-CyD with the same guest molecules. The
composition of COPS is heterogeneous: its If-CyD rings arc substituted with glyceryl groups,
and some rings are connected with glyceryl chains. The complex-forming ability of CDPS and
its fractions depends on the structure of the guest molecules; the hydrophilic substituents OIl

the P-CyO rings may either prevent or enhance the inclusion of guest molecule.
According to our results, the solubilizing properties of COPS and its fractions were

found to be equivalent to that of OM-/i-CyD with a small drug molecule (BPB). The COPS
without separation formed less stable complexes with large molecules (He, eN) and equally
stable or more stable complexes with smaller molecules (TN, AH, FS) as compared with IJ~

CyD or DM-fJ-CyD. Some components of CDPS could have been lost in the steps of
separation and dialysis. This fact and possible cooperation between the constituents of COPS
may account for the larger stability constants of non-separated CDPS with FS and AH than
those of its fractions.

The complexing efficacy of the low-molecular-weight fraction, CDPS-L, was usually
found to be equivalent to or slightly smaller than that of the non-separated COPS. The
solubilizing effect of the high-molecular-weight fraction, COPS-H, was better with larger
guest molecules (CN, TN). This could be due to cooperation of the adjacent CyD units on a
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polymer chain in the binding." Though CDPS is a mixture of CDPS-H and CDPS-L,
individual stability constants and phase diagram curves were found to exhibit many
differences in this experiment. Considering the elution profile of CDPS, it can be assumed that
residual components of CDPS not included in CDPS-H and CDPS-L may be responsible for
these differences. In any case, detailed investigation of the binding of more drugs seems to be
desirable.

The complex stability is a limiting factor affecting both the bioavailability and the
stabilizing effect. Excessive large or small stability constants of complexes usually give
unsatisfactory resuls. Our findings suggest that the use of different molecular weight CyD
polymers may make it possible, within limits, to manipulate the stability constants of drug
complexes.
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This paper describes our attempts to prepare a direct compression excipient from bagasse
(DICEB) and its properties. particularly as they pertain to tablet making. After a process somewhat
similar to the manufacture of microcrystalline cellulose (MCC), a white powder was obtained which
was used in compression studies. Variation of the compression pressure, particle size distribution
and moisture content did not yield caffeine-containing DICEB tablets which would be of the same
satisfactory quality in terms of mechanical stability and disintegration time as those prepared from
commercial MCC. These findings were interpreted to be the result of poor water uptake by DICEB.
Removal of residual wax from bagasse yielded a powder with promising properties as an excipient
for direct compression of tablets,

Keywords-c-e-oagassc; tablet excipient: direct compression excipient; crystallinity; tablet
compression
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Bagasse is an abundant waste product in the manufacture of sugar from cane, It is the
woody fibrous residue containing the remnants of the cane juice and moisture:') Millions of
tonnes of bagasse are produced each year and a large proportion of this potentially valuable
resource is wusted.r" The average composition is given in Table I.(J) It is the high percentage
of a-cellulose which makes bagasse an interesting starting material for the production of
pharmaceutical excipients. In particular. we were uuructed!' to the possibility or preparing a
tablet excipient similar to the very successful microcrystalline cellulose (MCC) made typically
by acid hydrolysis of wood pulp followed by spray drying." a-Cellulose is the major
constituent of MCC and also of a recently described direct compression aid."! Utilization of
bagasse for the manufacture of fine chemicals for the pharmaceutical industry could be
particularly advantageous in the sugar cane producing developing countries."

We wish to report here our attempts to prepare a direct compression excipient from
bagasse (DICEB) and the results of preliminary tests of its properties pertinent to tablet
manufacture.

Experimental

Materials-i-c-Sugar cane bagasse was obtained from the Kadipatcn factory in West Java. Indonesia, The
following materials were also used: from Ajax Chemicals Pty. Ltd, (Australia): AR grade sodium hydroxide and
hydrochloric acid. 30~~';; technical grade aqueous ammonia solution; from BDH Biochemicals (Australia): caffeine;
from FMC Corporation, American Viscose Division (U.S,A.): Avicel PHl02; from Chlorine Discounters Australia:
Dis Chlor (calcium hypochlorite. 125g chlorine/liter of aqueous solution).

Preparation of DICEB--Bagasse was dried in room air for about I month and reduced in size to
approximately 1--3cm long fibres in a hammermill (Christie & Norris, England). The small pith was largely removed
by sieving through 1mm orifice screen. The material was washed with water and dried in room air. 150 g aliquots
were treated with 1250m) 1.4% NaOH by uutoclavlng (Atherton. model DSEe 1636, Australia) for 40min at 130 'c.
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TABLE 1. Average Composition of Bagasse'v?

Vol. 35 (1987)

TABLE II. Sieve Fractions of Avicel PH I 02

Component

«-Cellulcse
Hemicellulose
Lignin
Ash
Wax and resin

% dry basis

30-40
ca. 30
ca. 20
2-3

Unknown

Sieve fraction
(tIm)

<90
90-125

125-180
180-250
250-355
355-500

Percent weight retained
(mean±S.D.)

42.2± 1.3
8.6± 1.3

19.9± 1.3
23.5±O.9

5.3±0.3
0.2±0.2

The slurry was filtered through a dusting stockinet placed in a Buchner filter funnel and washed with water until the
filtrate became clear. The stockinet was squeezed to remove water and the remaining solid was suspended in 1000 ml
of fresh water containing 100ml of the hypochlorite solution. The mixture was placed in a flask covered with a plastic
sheet and left standing overnight at room temperature for the first stage bleaching. Using the filtration system as
above, the solid was washed with water until the chlorine odour disappeared. A suspension of the resulting material in
1000ml 0.45% NaOH was autoclaved overnight at 90 ··C. It was then filtered and washed until the filtrate turned
colourless and it was subjected to the second bleaching in 1000 ml water plus 50 ml of the hypochlorite solution. The
suspension was left standing with occasional mixing at room temperature for I d, and washed and filtered as after the
previous bleaching. The damp bleached material was hydrolyzed with 1000 m12.5 N HCI in an autoclave for 15min at
105'"C.After filtration and washing with distilled water until a clear filtrate resulted, the product was neutralized with
dilute ammonia and washed with distilled water until the smell of ammonia was removed. This was followed by
another sequence of bleaching and washing as explained previously. Eight aliquots of the material prepared as
described above were mixed and large clumps were separated manually into small bundles which were spread on a
tray and dried at room temperature for one week. 100g portions of the dry product were cut in a blender (Waring
Commercial Blender, model HOB 200, U.S.A.). 150g quantities of this powder were then processed in a ball miJI
(Erweka, Type KU( W. Germany) for about 20 h at speed level 3, until the product appeared sufficiently fine by
visual examination. 100g portions of the powder (DICEB), or Avicel PHI02, were placed in a sieving machine
(Endecott test sieve shaker EFLI, Mk 11,England) for 20 min. After weighing the sieve fractions of Avicel PH 102. the
DICEB powder was reconstituted by thorough randomized manual mixing of the sieve fractions in the same
proportions as Avicel (Table II).

X-Ray Powder Dilfraction--Samples were tested in an X-ray powder diffractometer (Rigaku, Miniflex 2005,
Japan) scanning from 3-30" using Cu-K, radiation, scale range 2000 cps, fast chart speed, time constant 2 s.

Moisture Content--Appropriate quantities of the powder were placed on the pan of l\ moisture balance
(CENCO, Cat. no. 26680-8, Central Scientific Company, U.S.A.) and dried until constant reading. The results were
expressed as 100 x loss/initial weight.

Manipulation of Water Content in DICEB--About· 300 g of the powder was placed in a fluidized bed drier
(Glatt, model TR2, W. Germany) for various lengths of time. The moisture content was determined subsequently as
described above.

Preparation of Tablets-e-e-Flat-faced tablets (diameter 13nun) were prepared by compression of a 550 mg
powder (50mg caffein plus 500mg DICED, or Avicel PHI02, thoroughly mixed) at various pressures for 30s in a
hydraulic press used to prepare KBr discs for infrared spectroscopy (30 ton press H30-1, Mk 2, Research & Industrial
Company, England). .

Hardness of Tablets--For each test, 10 tablets were crushed in a tablet hardness tester (Schleuniger, modcl2E.
Switzerland).

Disintegration Time of Tablets--Six tablets were placed in distilled water at (37± I) "C in an apparatus similar
to the USP XX specifications with discs. The result recorded was the time when the last tablet disintegrated.

Friability of Tablets--In each test 20 tablets were placed in the Erweka apparatus (model TAP. W. Germany)
for 4 min at 25 cycles/min. The results were calculated as 100 x loss/initial weight.

Results

X-Ray"Powder Diffraction Patterns of DICEB
The OICEB powder prepared by the methods described above had a white colour and,

qualitatively, it appeared to be free-flowing by visual inspection. The X-ray powder
diffraction patterns of the commercial MCC Avice! PH 102 and DICEB are compared in Fig.
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TABLE III. Effect of Compression Pressure on Hardness. Disintegration
Time and Friability of Tablets

===============_-,,,"==:::c__ --

Compression
pressure (psi)

Hardness
(kPa) (mean ±S.D.)

Disintegration
time (min)

Friability
e';,)

Caffeine and DICEB")
130
120
110
100
95
80

7.3:tO.3
7.6±0.5
6.7 ± 0.4
5.6± OJ
4.8±0.2
4.8±0.2

> 15
3.8
3.5
2.5
2.5
2.0

0,7
1.0

>1
>1
>1
>1

Caffeine and Avice1 PHI02
171 14,8±0.4 1.4 0.3

tlj mCEB had particle size similar III Avicel 1'11102 (Tuble ll).

1. Grinding ofDICEB for prolonged periods of time resulted in reduced crystallinity (Fig. lc)
as observed by previous authors in similar experiments with MCC. I O

) It is thought that the
degree of crystallinity for MCC depends mainly on particle size, and this is probably true for
DICEB, loo. The reconstituted DICEB (particle size similar to Avicel PH 102) had a
diffraction pattern almost indistinguishable from that of nICEB after 6 h of grinding (Fig,
1b).

Effectof Compression PressureonHardness.Disintegration Time andFriabilityofTablets Made
from Caffeine and DICED

Results of compression of tablets at different pressures using mixtures of caffeine and
reconstituted nICEB are given in Table III with a result of control tablet made from caffeine
and Avicel PH 102. In comparison, hard Avicel PH 102 tablets with friability 0.3% had
disintegration time 1.4min. Thus, the behaviour of the DICEB~based tablets was compara
tively poor. Satisfactory friability ( < I%) corresponding to hardness in excess of 7 kPa was
accompanied by unacceptably slow disintegration.
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TABLE IV. Effect of Particle Size of DICEB on Hardness and Disintegration
Time of Tablets Made from Caffeine and DICEB

Vol. 35 (1987)

Sieve
fraction Cum)

125-180
90-125

<90

125-180
90-125

<90

Compression Hardness Disintegration
pressure (psi) (kPa) (mean±S.D.) time (min)

90 3.3±0.5 4
90 5.2±O.2 13
90 4.4±O.3 8

120 14.5±0.5 9
120 ]6.4±0.3 >20
120 >20 >30

TADLE V. Effect of Moisture Content in DICEB on Hardness and Disintegration
Time of Tablets Made from Caffeine and DICEB"}

at Compression Pressure I00 psi

Moisture content
e{,)

2.3
3.0
3.9
5.4

Hardness (kPa)
(mean ±S.D.)

b)

6.7±0.2
9.6±0.4

I J.2±0.3

Disintegration time
(min)

6.5
10.5

> ]5

> 15

a) DICEB had particle size similar to Avicel PHI02 (Table II). b) Iusufficient material for test.

Effect of Particle Size of DICEB on Hardness and Disintegration Time of Tablets made from
Caffeine and DICEB

In order to test whether a different choice of particle size might yield better tablets, three
sieve fractions of DICEB were separately compressed at compression pressure 90 and 120 psi.
As shown in Table IV, all disintegration times were at least 4 min even for tablets with very low
hardness. Small particles tended to give longer disintegration times, probably because of the
reduced porosity'?' and the disappearance of the capillary structure important for water
uptake. t 1.12)

Effect of Moisture Content in DICEB on Hardness and Disintegration Time of Tablets Made
from Caffeine and nICEB

The possibility that a critical moisture content of DICEB may be required for optimum
tablet behaviour':" was investigated. The reconstituted DICEB, with particle size distribution
similar to Avicel PH 102, plus caffeine was compressed at 100 psi-a pressure which
previously just gave tablets with disintegration time less than 3 min but unacceptably high
friability (Table III). As the moisture content increased, both hardness and disintegration time
went up (Table V). At low moisture content, the tablets were soft, yet the disintegration time
was greater than 6 min.

Discussion

At this stage, we considered a number of reasons potentially responsible for the poor
behaviour of DICEB compared to the commercial MCC. There could be difference in: 1,
chemical composition; 2, structure of the cellulose; 3, properties and distribution of crystalline
and amorphous regions; 4, degree of porosity and capillary structure. The Xvray powder
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diffraction patterns (Fig. I) suggested that 2, and 3, were unlikely to be the major causes of the
poor performance of DICEB tablets compared to those made from Avicel PHI02.
Furthermore, Parvez and Bolton reported'" that purified «-cellulose (which is in the modern
nomenclature just the pure cellulose'?') need not be highly crystalline to give satisfactory tablet
properties. The effects ofparticle size on porosity and capillary structure (point 4 above) were
at least partly eliminated by reconstitution of DICEB from similar sieve fractions as Avied
PH 102.

The X-ray powder diffraction pattern also exluded the presence of significant quantities
of crystalline substances other than natural cellulose in a form similar to that found in
MCc. 15

) We noticed, however, that the tablets had a shiny appearance typical of formula tions
containing high proportions of extragranular hydrophobic lubricants. It occurred to us that,
despite all the chemical treatment, there might be still sufficiently high levels of wax l

!! ) left in
DICEB which would result in poor water uptake properties of this material, and therefore
long disintegration time.12

) Reconstituted DICEB was therefore refluxed with petroleum ether
for 3 h and filtered. Evaporation of the solvent from the filtrate yielded a waxy substance. The
treated DICEB was dried in oven at 50 "C and compressed. Preliminary experiments indicated
that the tablets thus prepared had excellent disintegration properties because they took up
water and swelled up very rapidly, even though they were hard and had an acceptable level of
friability. Insufficient material prevented us from further experiments at this stage.
Preparation of a large batch of this new material for detailed studies is under way.

Acknowledgement The authors would like to thank Lee Bailey lor typing the manuscript. This project is
supported by the Australian Development Assistance Bureau.
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Effects of Albumin and (Xl -Acid Glycoprotein on the Transport of Imipramine
and Desipramine through the Blood-Brain Barrier in Rats!'
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The permeability of the blood-brain barrier (BBB) of rats to 3H-imipramine (IMP) and 3H.
desipramine (OM!) was measured by a tissue-sampling single-injection technique to examine the
protein mediated transport. Increased concentrations of serum proteins added to the carotid
injection solution resulted in decreases in the brain extraction and PS. PP of 3H-IMP and 3H-DMI.
The extraction ratio of 3H-IMP (0.92) was higher than that of 3H-OMI (0.24) in the case of the
buffer injection solution. The values of in vitro binding activity (n/Kd ) of 3H·IMP to bovine serum
albumin (BSA), human serum albumin (HSA) and (XI-acid glycoprotein ((X\-AGP) were 4.52, 1.48
and 57.89mM- I, respectively, and that of 3H-OMI to (X\-AGPwas 38.92mM- I. On the other hand,
the in vivo n/Kd values of the binding of 3H-IMP to BSA, HSA and (X\-AGP estimated from the
single-injection experiment were 0.597. 0.754 and 14.73 mM-I , respectively, and that of 3H-OMI to
(XI·AGPwas 5.90mM -t. The in vitro n/Kd values of the binding of3H-IMP and 3H-DMI to various
serum proteins were thus larger than the corresponding in vivo n/Kd values. A marked difference
was found between the observed extraction ratios and what would be predicted if only the unbound
3H-IMP or 3H-OMI is transported, although the difference was not large in the case ofHSA. These
results suggest that protein mediated transport, previously found for propranolol and lidocaine
with C(t-AGP by Pardridge et al, (J. Clin. Invest., 71, 900 (1983»), also operates for .1H-IMP and 3H_
DMI, and this phenomenon seems to be independent of both the species and the source of serum
protein, at least for .1H-IMP. Further, the brain extraction ratio of JH-OMI was much lower than
that of the parent drug 3H-IMP, probably due to their different degrees of lipophilicity.

Keywords--bJood-brain barrier; brain uptake; imipramine; desipramine; albumin effect;
BSA; HSA; (X\-acid glycoprotein

Basic lipophilic drugs such as imipramine, desipramine, propranolol and lidocaine are
widely used in clinical practice. The pharmacological effect of these drugs is related to the
total drug concentration in' plasma.f "?' It has been shown that many basic drugs bind not
only to albumin.V" but also to (Xl-acid glycoprotein."?" and lipoprotein.":'?' The con
centrations of these proteins, particularly (Xt-acid glycoprotein, are affected in various diseases
and by surgery, and this variation would affect plasma drug levels via drug protein binding.
Although it has generally been believed that only the drug unbound to protein is available for
entry into tissues,1t.12) recent reports have indicated that serum protein-bound ligands are also
available for transport into tissues such as the liver'? -16) and brain." -20) Moveover. there is a
paucity of data in regard to the permeability properties of the blood-brain barrier (BBB) to
drugs that act on the central nervous system (CNS). In the present studies, an antidepressant
drug. imipramine, and its pharmacologically active metabolite, desipramine. both of which
bind extensively to serum proteins with high affinity and act on the CNS. were selected as
model drugs to examine the possibility of the protein-mediated transport into the rat brain,
and the permeability properties of these drugs were compared.
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Materlals-s-c-All isotopes were purchased from New England Nuclear Co.• Boston. MA. The specific activities
given by the manufacturer were: [2,4,6,8. 3Hjimipramine hydrochloride (I MP) 44.2 Ci/mmol, [2,4,6,S.3Hjdesipramine
hydrochloride (DMI) 68.0 Ci/rnmol, and n-[I-J4C]butanol 1.0mCijmmol. These radioactive compounds were at least
98'\ pure, except the 3H-desipramine which was 95'.';, pure by thin layer chromatography (TLC). The 5lCr-Iabelled
microspheres (16 ±0.3 I'; 40 mCi/g) were suspended in I()~-:; dextran solution with 0.01 v/v~~ Tween 80. Human serum
albumin (HSA. fraction V), human (XI-acid glycoprotein (ctl-AGP) and bovine serum albumin (BSA. fraction V) Were
purchased from Sigma Chemical Co., St. Louis, MO. All other chemicals were commercial products of analytical
grade.

Preparation of Injection Solution--HEPES-buffered Ringer's solution (5mM: HEPES) was titrated with 2 N

NaOH to pH 7.55 and was equilibrated with 95~;' 02-5~~C02 gas to maintain a pH of 7.4. The injection solution
contained 5-10 /lCi/ml 3H-test compound eH-IMP or 3H-DMI) and 1·..·-2jlCi/ml 14C-butanol and either buffer
alone or various concentrations of serum protein.

Animal Study--The permeability of the BBB to labelled IMP and DMI was measured by the tissue-sampling
single-injection technique developed by Oldendorf.i!' Male Wistar rats (200----250 g) were used. They had free access
to tap water and standard laboratory chow (CE-2, Clea Japan Inc., Tokyo) except before experiments. when they
were fasted for 24 h.

I) Hemodynamic Study: The radioactive microsphere method22.231 was utilized to measure the brain blood flow.
The animal was anesthetized with intraperitoneal pentobarbital (Somnopentyl; 65 rug/kg) (Pitman-Moone, Inc.,
Washington Crossing, U.S.A.). The right carotid artery was cannulated with polyethylene tubing. The right and left
femoral arteries and left femoral vein were also cannulated with polyethylene tubing. The microsphercs labelled with
51Cr were injected into the left ventricle over 208 through a cannula passed down the right carotid artery, in a total
volume 01'0.2 ml, Simultaneously, arterial blood from the femoral artery was withd rawn at O.1l3ml/min for 90 s with a
syringe pump (Harvard Apparatus, Millis, MA). Subsequently, the animals were killed with pentobarbital
(250 mg/kg) by bolus injection into the femoral vein, and the bruin was weighed and counted in a gamma counter
(Aloka ARC-300, Aloku Co., Tokyo, Japan). Bruin blood flow was determined by using the following equation.

brain blood !low (ml/min/g brain) =referenee sample withdrawal rate (ml/min]

radioactivity in brain (dpm/g brain)
x .-----.-----.-._- ..------..----.-- .-_. ---- - .--

radioactivity in reference blood sample (dpm)

The mean arterial blood pressure and heart rate were monitored from the right femoral arterial catheter by using a
transducer coupled with II chart recorder (Nihon Kodcn, Tokyo).

2) Brain Uptake Study: The animal was anesthetized with intraperitoneal pentobarbital (65 mg/kg) and placed in
a supine position, and the left common carotid artery was isolated. The "H-test compound (.IH·( MP or .IH-DM1) and
'4C-butanol, a freely diffusible internal reference, were rapidly injected ( < 0.5 s) into the common carotid artery as un
approximately 2001,1 bolus (the exact volume is inuuuterial) of injection solution through a sharp 27 gauge needle.
Because the rate ,11' injection ( <0.5 s) exceeds the rate of carotid blood flow, the injection solution traverses the brain
microcirculation us a bolus without significant mixing with the circulating blood. ~1l.24.2~J The animal was decapitated
15s after injection, except in the experiment to measure the extraction time course of IMP to determine its efflux rate.
This period is sufficient for a single pass of the bolus through the brain, but short enough to minimize the efflux of
labelled compound from the brain or the recirculutlon of labelled compound."! The cerebral hemisphere ipsilateral to

the injection was removed from the cranium. solubilized in triplicate in 1.5 rnl of Protosol (New England Nuclear.
Boston, MA) at 50'C overnight in an incubator, and decolorizcd with D'\; H20l , then ltl ml of Biotluor (New
England Nuclear, Boston, MA) was added before double-isotope liquid scintillation counting, An aliquot of the
injection solution added to the control brain tissue was similarly treated. The radioactivities of"H-IMP, 3H_DMI and
'4C·butanol were determined in a liquid scintillation spectrometer (model 3255. Packard Instrument, Downers
Grove.Tl.).

Equilibrium Dialysis Method-v-e-The unbound traction ((.,) of the labelled drug in the injection solution
containing various concentrations of serum protein was measured by equilibrium dialysis at 37 "C using HEPES·
buffered Ringer's solution (pH 7.4) in semirnicrocells (Kokugo-Gornu Co., Tokyo) with a semipermeable membrane
(Spectrum Medical Industries Inc .. Los Angeles, CA). After equilibration was attained (at 6 h), the drug

concentration on the protein side and the buffer side were measured in a liquid scintillation spectrometer.
Data Analysis--The brain uptake index (BUI) was calculated as follows!":

3H/ 14C dpm (in brain) ETBUI --::=- (1)
3H/ 14C dprn (in injection solution) E R

where E-r and ER are the extraction ratios of the test compound and the reference compound, respectively. 15s after
injection. The E-r or ER represents the maximal extraction ofunidirectional influx into the brain minus the efflux of the
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test or reference compound during the period between bolus flow through the brain (2-5 s after injection) and
decapitation (15 s after injection). With regard to the reference compound. 14C-butanol. the maximal extraction
(ER•m••) was reported to be 100%.26

•
27

) The relationship between ER•mox and the extraction at IS s ER(ISs) is defined as.2B)

E -E ·e- k"" .. -i: (2)R(JSs)- R,m ••

where kern u• is the efflux rate constant for 14C-butanol (0.67min- I).29) Substitution of the values for ER,m.. and

kernllx' with " = lOs (the time between bolus entry into the brain and decapitation). into Eq. 2 gives EROS. )= 90% for
14C-butanol. The test drugs are retained by the brain and return to the blood very slowly (t1/2::::4min), as shown
later, probably due to extensive binding to the cellular components. Therefore, the drug extraction ratio measured in
the present studies represents the maximal extraction of the unidirectional influx into the brain.

The value of tn] K~)in \';Iro was calculated by

(3)

where C, is the total concentration of drug. ell is the unbound concentration of drug, II is the number of binding sites
per protein molecule, (P) is the molar concentration of protein and Kli is the dissociation constant of the drug.

At the tracer dose. where K~» Cu' Eq. 3 can be expressed as

1
j~.III"jtrll 1 (IK). . .(P)+ n d '/lv,I,II

Thus, rearrangement of Eq. 4 gives

Ilj~. in I'il,o= I +(n/Kd)ill vilro'(P)

(4)

(5)

(6)

The value of tn] K~)jn ,'iI'o was calculated as follows. If we assume that only unbound drug could be transported
across the BBB. the following Kety-Renkin-Crone equatiorr'?' is obtained.

1 E (
.t:',;""j,'o·PSu)ET ==, - xp

Q
where Q is the brain blood flow (the value measured by the slCr-microsphere method was O.50ml/min/g brain) and
PSu is the BBB permeability-surface area product for the unbound drug in the brain capillaries.

Furthermore, if Eq. 7 (similar to Eq. 4) holds in vivo,

1
./~l.j" l'il..(I=-------

I + (nlK d)in ..i"11 • (P)

Equation 6 becomes

(7)

PSu

I + (111K d)/f1 "j"" .(P)
(8)

(9)

Rearrangement of Eq. 8 gives

PS u
---=1+(nlKd)/n "j•." • (P)
PSnp p

Statistical Analysis·--Student's r-test was utilized to estimate the significance of differences between the butler
injected groups and protein-containing solution injected groups with {J=='0.05 as the minimal criterion of significance.
The comparison between IMP and DMI was carried out only for the case of buffer-injected groups.

Results

The ET values for 3H-IMP at various times after carotid injection with nonprotein buffer
solution are shown in Fig. 1. The efflux rate constant (kCrrl Il K) calculated from the slope was
0.0696min-1, which is equivalent to a t1/2 of 4.32 min. The drug was thus retained by the brain
and returned to the blood very slowly. Increased concentrations of serum proteins added to
the carotid injection solution resulted in decreases in the brain extraction and PSap p of 3H_
IMP and 3H-DMI, as summarized in Table I. However, PSu• app co.rrected for the in vitro
binding increased as the protein concentration increased, suggesting protein-mediated brain
uptake. The extraction ratio (ca. 0.92) of 3H-IMP was higher than that of 3H-DMI (ca. 0.24)



No.1 297

3,0

2.0 2
""
~
:;

1.0 ~

I I -r-----, 0.0
0.4 0.8 1.2 1.6

BSA concentr atlon (m~d

Fig. 2, Reciprocal of in Vitro Unbound Frac
tion (11.1;,.;11 "j,,,,) and PS,,! PS"pp for Imipramine
as a Function of HSA Concentration In
Carotid Injection Solution

The slopes of these lines yield the (11/,1.',,)1" "'If" (.) of
Eq. 5 and (II/Kd);,,,,;,,, (0) of Eq, ».

3.0

0.0 rl----r----,r----
0.0

•

6050

•••

10

•
~

~ 0.5
c,
:E 0.3......o
o

'';:
~ 0.1
t::
.S
~ 0.05
l:
><
01J

t::
'<;
J..,

CO om '--_.--_.----.,.....---,_--._--,_
o 20 30 40

Time (5)

Fig. I. Time Course of Rat Brain Extraction
Ratio of Imipramine (IMP) after Carotid In
jection

The line represents the best fit to these datu by a
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TABLE J. Parameters of the Brain Uptake or Imipramine (IMP) and Desipramine (DMO with Various
Concentrations of Human Serum Albumin (HSA), Bovine Serum Albumin (BSA) and Human

lXI-Acid Glycoprotein (IX,-AGP) in the Carotid Injection Solution
======"'====="'==;::_"-0"

Exp.
Compound

No.

Protein
concentration

in injection
solution ~~',

(w/v)

BUI
(',,:,)

PS"111'

(11l1/ll1ini~)

PS"'''1'1'
(ml/min/g)

~--.---_.""._--~--_._----",--.,..,~---~.", .. ~-.-.-.,,--.,,, .....--~ ....__._"~-~~-- ..~". "'.~-.. ----" --,------,..,"' ,. ,..- .,--. .... "~'-'- ~ ¥-~~'-'-'-'--"

IMP Buller (0'\,) 99.09:.1;0.1)1) O.Hn:1' 0.00'> 1 1.100:t:0.040 l. !OO:-I.: 0.040
HSA 3"/ 9H.43}: 4.22 O.KB6 ± O.ll38 O.IiJO I,146±O.()l);' l.HHO I:. O. I53"·•. n

5'" KltlD :±: 2.06'" Il.HOO :t 0.0IB"I 0,494 O.!lO() ±: O.1l4H"1 1.621 J O.O9!l"·1'0

10",' 77.3H:.1: 130") 0.696 ±O.030"! 0.341 0.597:t O.(JS5"\ I.74K :!: 0.160'11.<>

2 Buller (0\,) !()1.7:~:3,24 0.916 :t 0.026 I 1.254:!:: 0.1.17 1.254:tO.l37
BSA 3~~'t'~ 97.90:1: l.2l' 0.822±O.OZO OA()2 1.070±O.(J!<6 2.(IM j:O.21S")

5"i H<J.IQ:1: 3.2/l n.IWI) ±()mO n.22J O.IQ5 i: O.OiG 3.696:t o.n3")
"IO~.~;', H2,2!):I: 4.%') 0.742 ± 0.044") 0.142 O,6H I ± n.OlJo· 1 4.706:t O. 571 101

iX,-AGP 0.1";, 104.<):t2.42 0.945 ± 0,036 0.4')9 1.554±O. D7 3.114:1:(UOI")
O.2~';, 79.02:±: 3.05/l) 0.711 ±0.Ol8'" n.338 0.616 ±O.O45/l) 1.1l25.!: 0.1Yiel

0.3~\, !Q.12±2.62/l1 0.740 ±0.002/l1 0.145 0.673:t O.05H'1I 4,6:'3±O.320/ll
OMf 3 Butler (O'~':,l 26.29±1.66") 0.237 ±0.015") j 0,133 ± 0.0I0'" 0.133:t 0,(1] 0")

(Xt-AGP (U~\, 29.21::1: 3.39 0.263±0.030 0.543 0.151 ±0,O22 0.27S± 0.038'11
O.2~/;' 22.50 ± 3.04 0.203±0,027 0.364 O,112±O,O!7 0,308 ±O.046u

,

O.3':'~ 22.56±3.29 0.203 ± 0.030 0.269 0.112±O.OlH O.417±O.067dl

'---"-"---'
The abbreviations are as follows. BUr (U';,), brain uptake index based on an internal reference substance (14(,-butaI101) calculated

according to Eq. I; Er, maximal unidirectional extraction rutio;.I~."",;,,,,,unbound fraction determined by equilibrium dialysis; I'/)~"'I"

BRB permeability-surface area product for IMP and DMI calculated according to E'1. B[PS.~~ '"' - Q·ln( I~ HI)' where bruin blood
now lQ) =0.50 ±0.05 ml/ruin/g brain (determined by the ~ICr microsphere rnethodj]; N)•.•,,~, PS"PI' corrected for the ill vitro binding
calculated according to PSU • dPP == PS"pP/f".i" ......,' Data arc expressed as mean ±S.H. (/I ==4,··8). a) Slgnificautly different (p < 0.0I)
from the buffer injected group in the same Exp, No.; il) Significantly different (p.:;:().OOl) [rom the buffer-injected group in the same
Exp, No.; c) Significantly different (p <0.05) from the buffer-injected group in the same EXJ1. No.; eI) Significantly different
(p<0.02) from the buffer-injected group in the same Exp. N(). e) Signiflcantiy different (p<O.OOI) from the case or!MP.
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TABLE II. In Vitro and in Vivo n]Kd Values of Imipramine (IMP) and
Desipramine (DMI) for Various Serum Proteins"

In vitro n]Kd (mM -I) In vivo nlKd (mM- I
)

Protein
IMP DMI IMP DMI

BSA 4.52±0.43 NDb) 0.597 ± 0.214 NDh)

HSA 1,48±0.20 NDh) 0.754 ± 0.244 NDhl
(XI-AGP 57.79±5.92 38.92± 4,48 14.73±4.07 5.90±3,46

a) The in vitro II;Kd value were calculated by means of Eq. 4 based on the data determined by equilibrium
dialysis. The ill vivo n]Kd values were calculated by means of Eq. 8 based on the data obtained by the carotid
injection technique. The parameters were expressed as mean ±computer calculated S.D. b) Not determiried.

a b
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Fig. 3. Predicted and Observed Brain Unidirectional Extraction Ratios (E)') for
Various Concentrations of Proteins in Carotid Injection Solution

Panels a, b, and c: imipramine (IMP). Panel d: desipramine (OM!). The solid circles
represent the observed values (mean ±S.E., n =4-B rats, per point), and the dotted line was
simulated according to Eq. 8 using the nlKd values determined ill vitro by equilibrium
dialysis instead of (11/Kd);, . "i,.,,'
--, observed; ----, predicted.

in the buffer injection solution (Table I). Linearized plots according to Eqs. 5 and 9 comparing
the in vitro and in vivo n]Kd values of 3H-IMP to HSA, are shown in Fig. 2. The in vitro n/Kd

value obtained from the slope is approximately twice as large as that in vivo. We further
calculated the in vitro and in vivo n]Kd values using a computer-aided nonlinear least-squares
method according to Eqs. 4 and 8, respectively, and the results are listed in Table II. The in
vitro n/Kd values of 3H-IMP to BSA, HSA and lX1-AGP were approximately 8, 2 and 4 times
the corresponding in vivo n/Kd values, and that of 3H-DMI to lX1-AGP was approximately 7
times of the corresponding in vivo n/Kd value.

The observed extraction ratios and those predicted by Eq. 8 using the in vitron]Kd values
are shown in Fig. 3. A marked difference was found between the observed values and what
would be predicted if only the unbound IMP is transported, although the difference was not
large in the case of HSA. A similar difference between the observed and predicted values was
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found for the transport of DMI. These studies suggested that serum protein-bound IMP and
DMI are available for transport into the brain.

Discussion

Figure I validates the assumption that the efflux of lipophilic basic drugs such as IMP
can be neglected within 15 s. Therefore, it may be reasonable to assume that the extraction
ratio of the drug at 15 s is essentially identical to the maximal extraction ratio of unidirectional
influx. The carotid artery injection technique was used to quantitate the extraction of the drug
in the present studies. Crucial to this technique is the assumption that there is minimal mixing
of the injection solution bolus with the circulating plasma following rapid artery injection.
Recently, Pardridge et al.24 l reported that mixing does not occur to any significant extent in
this technique.

Data obtained in the present studies show that serum protein-bound drugs such as IMP
and DMI are readily available for transport into the brain. The transport of drugs into the
brain was inhibited by serum protein, but the extent of inhibition was less than that predicted
based on the "free drug hypothesis," which assumes that only the unbound drug in vitro is
available for transport into tissues in vivo (Fig. 3). This result may be related to the previous
report" that a linear correlation was observed between the clinical effect and the total plasma
concentration of IMP or DMI and that there seems to be no need to take into account only
the unbound drug concentration.

There have been several reports suggesting the serum protein-mediated transport of
metabolic substances13,15.19) hormone!" and drugs14.IH.311 into the liver and brain. For
instance, Weisiger et al. 13•

16) presented the albumin receptor-mediated transport concept to
account for the transport of fatty acid, sulfobromophthalein and bilirubin into the liver, and
Forker and Luxon14,15) suggested the presence of albumin-mediated transport in the liver for
rose bengal and taurocholate, Subsequently, we also found an albumin-mediated hepatic
uptake of warfarin using the multiple indicator dilution method.'!' Pardridge et al. 1H•l

' l )

suggested a "free intermediate model" to explain the transport of many substances such as
steroid hormone and i-propranolol (PL) into the brain. Recent in vivo studied showed that the
transit time of albumin through the liver and brain is not delayed compared with that of an
extracellular marker such as sucrose:U.33 ) In addition, in vitro studies using liver plasma
membranes''?' and brain microvessels-" could not detect any specific binding to albumin and
failed to support the albumin receptor-mediated transport concept in either liver or brain.
However, as suggested by Pardridge et al.,33) this fact docs not preclude the possibility of'
rapid nonspecific interactions of circulating serum proteins with the glycocalyx of capillary
endothelial cell surface. In fact, it has been suggested that charged moieties on the plasma
proteins interact electrostatically with the negatively charged moieties of the endothelial
glycocalyx.Pr"!

The relation of the in vitro and in I'ivo n] Kd values for IMP and D MI is shown in Fig. 4,
together with those for other substances reported by Pardridge et al.ltl.37.:~Il)It was shown that
the in vivo n]Kd values were markedly lower than those measured in vitro except for two cases
(PL-BSA, IMP-HSA). Our data showed that the decrease in the in vivo n]Kd value compared
to the in vitro value seems to be independent of the species and the source of serum proteins,
although no marked difference was observed for IMP-HSA. As discussed above, no specific
binding of albumin to brain capillaries was detected either in vivo or in vitro, However,
Mizuma et al.39

) recently succeeded in detecting the interaction between albumin and liver
cells using electron spin resonance (ESR) and fluorescence spectroscopy, although this
binding also appeared to be nonspecific. Therefore, the nonspecific interaction between the
protein and the cell surface might be possible mechanism to explain the discrepancy between
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Fig. 4. Relationship of the in Vitro and in Vivo
n/Kd Values

The solid circles represent the values obtained by
the carotid injection technique in the present studies,
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in vitro and in vivo n/Kd values (Fig. 2, Table II), i.e., the protein-mediated brain uptake of
drugs.

It seemed interesting to estimate the contributions of albumin and IX\-AGP to the
protein-mediated brain uptake ofIMP. The serum concentrations of albumin and G(\-AGP in
normal humans are approximately 5% (0.075 IDM) and 0.07% (0.016mM), respectively.
Therefore, the contribution of each protein to the binding of IMP to the circulating serum
may be calculated as follows based on the in vitro 11/Kd values (Table II) under the condition
of linear binding.

(binding to albumin); (binding to (Xl.-AGP)= J.48 x 0.075; 57.8 x 0.016 = 1.3; I

On the other hand, in order to estimate the contribution of each protein to the brain uptake or
IMP, it may be reasonable to use the in vivo nJK" value (Table II), since the ill vivo values may
represent the drug binding in the brain capillaries from which the drug is taken up into the
brain. A similar calculation yields:

(binging to albumin); (binding to (XI-AGP)= 0.75 x 0.075: 14.7 x 0.016=2.6: I

Thus, in the in vivo brain capillaries. the binding of IMP to albumin may be a few times
greater than that to G(t-AGP.

As shown in Table I, no increase in the PSu•app value for IMP was observed with increase
in the HSA concentration in the injection solution, although an increase in the PSU, lIPP value
was observed for other proteins. The reason for this finding is not known, but the lower
binding affinity of IMP to HSA may be related to this phenomenon. That is, the range ofj~

values of IMP associated with the change in the HSA concentrations (3-10%) was relatively
small due to the lower affinity of IMP to HSA. This may explain why we could not detect any
increase in the PSu•lIp p value with increase in the HSA concentration. ,

The value of ET for DMI was much lower than that of IMP in the case of the buffer
solution injection (Table I). The smaller extraction for DMI may be attributed to its lower
lipophilicity as compared with IMP, because the Iipophilicity is one of the major factors which
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could affect the transport of substances through the BBB. In fact, Glasser and Krieglstein
reported that the partition coefficient of DMI was approximately one-tenth of that for IMP in
octanol/pl-l 7.4 phosphate buffer.t'"
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Glycatlon!' of Erythrocyte Superoxide Dismutase Reduces
Its Activity
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Commercially available Cu, Zn superoxide dismutase (SOD) from bovine erythrocytes was
purified. Purified SOD was incubated with I Mglucose at 37"C for 14d under sterile conditions.
Nonezymatic addition of glucose to SOD molecules increased linearly until 7 d, and then increased
only slightly. The enzyme activity decreased to 88% after 7d and 60% after 14d. The glycated
amino acid residue is not the N-terminal (X-amino group but the s-amino group of lysine. It seems
that lysine at the active center, which assists the interaction of Oz- and the SOD molecule, is affected
during 14d.

Keywords--glycation; nonenzymatic glycosylation; superoxide dismutase: lysine residue;
diabetes

Interest in radical scavenger-enzymes, especially superoxide dismutase, has increased
markedly in recent years in relation to aging and pathogenesis." Cu, Zn superoxide dismutase
(SOD) in erythrocytes, cooperating with catalase and glutathione peroxidase, protects the
plasma membrane from oxygen toxicity due to active oxygen species such as O2 -, H20 Z and
·OH. Increase in SOD activity in erythrocytes is observed in sickle cell anemia" and muscular
dystrophy"? and decrease is observed in diabetic children!' and diabetic rats.":"

On the other hand, it has been reported that, in diabetic patients B
-

I
1) or in experimental

diabetes,'2.13) the amount of glucose adducts of various proteins increases as well as
hemoglobin At c·

14) Glycation of proteins causes changes in their functions; a decrease in
ligand binding capacity of human serum albumin.P' an increase in oxygen affinity of
hemoglobin.l"' and a reduction of the susceptibility of plasmin.'?' In enzyme proteins,
glycation resulted in a decrease in the activities of pancreatic ribonuclease'?' and kidney IJ-N
acetyl-glucosarninidase.l'" Glycation has been extensively studied in relation to the patho
genesis of diabetic complications.'?' In this paper, in order to study the possible cause of the
lowering of erythrocyte SOD activity in diabetes, we investigated the in vitro glycation of
SOD.

Materials and Methods

Materials--SOD (92F-9340, 2800 Ujmg) from bovine blood, cytochrome c (Type Ill) from horse heart. poly
lysine hydro bromide (55000dalton) were obtained from Sigma Chemical Co. The content of reduced form of
cytochrome c was estimated by the addition of sodium dithionite.j?' Xanthine and xanthine oxidase (20 V/m1) from
cow's milk were purchased from Wako Pure Chern. Ind., Ltd., and Boehringer Mannheim, respectively. Matrex gel
(PBA-IO) was obtained from Amicon Corp. .

Purification and Assayof Superoxide Dismutase--SOD (50 mg) was applied to a diethyl aminoethyl (DEAE)
cellulose column (Whatman DE-52, 1.2x 32cm) equilibrated with 2.5 mM potassium phosphate buffer (pH 7.8) and
was eluted with a linear gradient of buffer (200 ml) from 2.5 to 200mM.21) Three separate peaks observed at 280 nm,
with area ratios of 0.33 (peak I), 0.31 (peak II) and 0.36 (peak III), corresponded to the buffer concentrations of 2J.8,
27.8 and 36.7mM, respectively. Peak III was dialyzed against distilled water followed by lyophilization and was used
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as purified SOD. The purified SOD showed a broad single band on disc polyacrylamide gel electrophoresis.F' The
SOD activity after glycation was assayed by the cytochrome c method using 50 mM sodium carbonate buffer (pH 10.2)
containing I x 1O-4Methylenediarninetetraacetic acid (EDTA)YI

Copper Content--About I0 J~g of enzyme protein was added to a standard solution of copper and the copper
content was analyzed by flarneless atomic absorption spectroscopy (Shimadzu AA-646 atomic absorption
spectrophotometer).

Glycation in Vitro--Purified SOD was dissolved to 0.5% (w!v) in 67mM sodium phosphate buffer (pH 7.4)
containing 1 Mglucose. This solution was filtered through a Millipore filter (Millex-GS, 0.22 Jim) and poured into dry
heat sterilized tubes followed by incubation for 14d at 37 "C. After adequate dialysis, aliquots were frozen at - 20"C
until assayed. The same procedure without glucose was carried out as a control. The amount of glucose added to
SOD was estimated by the thiobarbituric acid method"? by using ampules for acid hydrolysis. Protein concentration
was assayed by the Lowry method.

Poly-lysine (0.1%w/v) dissolved in 67 mM phosphate buffer (pH 7.4) containing 150 ITIM glucose was incubated
at 37°C for 5 d, followed by dialysis and lyophilization. The resulting powder was referred to glucose adduct of
poly-lysine.

Amino Acid Analysis--The SOD solution incubated for 7 d with I M glucose was dialyzed and loaded on II

phenylboronate affinity column (Matrex gel, PBA-lO).I~) Glycated SOD eluted by 25 mM sodium phosphate buller
(pH 8.5) containing 100mM sorbitol was dialyzed and lyophilized, The lyophilized protein (H rng) was dissolved in
5 ml of 35 mMsodium phosphate buffer (pH 7.H) and reduced for 4 h at room temperature by the addition of 9 mg of
sodium borohydride. The reaction was terminated by the addition of I Itt HCI, followed by dialysis lind lyophilization.
The reduced protein (2 mg) was hydrolyzed in 2 ml of distilled 6 M HCl containing phenol (0, I'~-{.) at 110~C for 24 h,
Reduction and acid hydrolysis of commercial SOD, purified SOD and poly-lysine for amino acid analysis were
carried out by the same procedure. Amino acid analysis was carried out with a Hitachi 835 high-performance amino
acid analyzer.

Preparation of Apoenzyme..~ ..-Apoprotein fraction which had lost lJS','.;, of the theoretical copper content of SOD
was obtained by overnight dialysis of purified SOD solution against IlO 111M acetic acid/20 niM sodium acetate (pH 3.H)
buffer,22l The sample was adequately dialyzed against distilled water and was used for measurement of circular
dichroism (CD) spectra.

CD Spectra--Molar CD £11: is defined as t1r.= [O1l3300 where [0] is the molar ellipticity, Spectra were measured
in the wavelength range from 200 to 35011m using a J ASCO SOOC spectropolarimeter. Protein concentrations ranged
from 7 to O.5mgjml. Cuvettes of I and 0.1 em light path length were used to obtain the maximum sensitivity at any
wavelength.

Results

Peak III, which was eluted from the ion exchange column at the buffer concentration or
36.7 rnM (see Materials and Methods), showed an absorption spectrum having line structure
from 250 to 270 nrn, which is characteristic of SOD of bovine erythrocytes;"! and only this
fraction showed the absorption of copper at 680 nm, In peak IfI, the excitation maximum or
fluorescence spectrum was at 275nm (305nrn emission), and the emission maximum was ut
305nm (275 nm excitation). Only peak III showed SOD activi ty by the cytochrome c method.
The result of amino acid analysis of this purified SOD is given in Table I with the theoretical
values."! Though purified SOD showed lower contents of valine, isoleucine and histidine
residues than the theoretical values, the contents of other amino acid residues agreed fairly
well with the theoretical values.

The CD spectrum of purified SOD is shown in Fig. 1. The ellipticity band of purified
SOD coincided in position with that given for the holoenzyme in the Iiterature-?' but the
molar CD zls of purified SOD ~H 260 nm was about 55~Yc, of that of the holoenzyme. A striking
difference of CD spectrum in the ultraviolet (UV) region between apo- and holoenzyme has
been reported."! that is, the positive ellipticity at 255---265nm is destroyed in the apoenzyme.
As the presence of apoenzyme without copper was suggested, the copper content of purified
SOD was assayed. It was estimated to be 61.9±9.1% (12=9) of the theoretical value. These
results indicate the presence of 38.1%of apoenzyme in the purified SOD.

Figure 2 summarizes the result obtained after incubation of purified SOD with 1M
glucose for 14d. The amount of glucose added to SOD molecules during incubation, which
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TABLE I. Amino Acid Composition of Superoxide Dismutase

Amino acid Theoretical Commercial Purified Glycated

residue value" SOD SOD SOD<)

Asp, Asn'" 22, 12 26.45 33.10 32.52

Thr 24 16.02 23.00 22.35

SCI' 16 11.36 15.59 16.55
Glu, Glnb) 16,6 19.82 22.65 23.09

Gly 50 31.55 48.06 46.32

Ala 18 14.88 18.36 19.26

Cys 6 _II)

Val 30 19.67 23.32 21.7-1
Met 2 1.96 1.64 1.79
Ile 18 10.21 13.19 12.69

Lue 16 16.00 16.00 16.00

Tyr 2 0.54 1.75 2.07

Phe 8 7.96 7.90 10.90
Lys 20 15.44 18.75 15.26

His 16 9.97 13.50 13.20

Arg 8 7.07 7.74 7.84

Pro 12 9.46 10.86 10.49

a) The data of Steinman et al.2 51 iJ) Present but not quantitated. c) This was obtained from the
adsorbed fraction on the phenylboronate affinity column.

Fig. 1. Circular Dichroism Spectra of (I) Apo
enzyme, (2) Purified SOD and (3) Holoenzyme

Solutions of apoenzyme (7.03mg/ml) and purified
SOD (1.87mg/rnl) were measured in a cuvette of 1cm
light path length. The spectrum of the holoenzyme is
taken from the literature.2M

2o 4 6 8 10 12 14
Incubation (d)

Fig. 2. Addition of Glucose to Purified SOD
and Its Activity

Addition of glucose to SOD incubated with
(-0--) and without (-.--) I M glucose was esti
mated by measuring the absorbance at 443nm alter
reaction with thiobarbituric acid (O.2-1.0mg protein
was used). SOD activity during incubation with
(-.l:I-) and without (-A-) I M glucose was esti
mated by the cytochrome c method at pH 10.2.
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was estimated by measuring absorbance at 443nm in the thiobarbituric acid method,
increased .linearly until 7 d, and after that increased only slightly. The enzyme activity
decreased to about 88% after 7d and 60% after 14d. On the other hand, incubation without
glucose caused no alteration in the enzyme activity.

To separate glycated SOD from nonglycated SOD, purified SOD incubated for 7 d with
1M glucose was applied to a phenylboronate affinity column. The amino acid analysis of
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Fig. 3. Elution Patterns of (I) Purified SOD,
(2) Glycated SOD and (3) Glucose Adduct of
Poly-lysine from the Amino Acid Analysis
Column

HL and HL' are hexitol-lysine and its acid rear
rangement product. respectively. and 1I is an un
known product. All arrow indicates a new peak in
glycatcd SOD.

Fig. 4. Circular Dichroism Spectra or Purified
SOD Incubated with and without 1 M Glucose

Solution" ,ll' 1;OD (O.5mg/mll were measured in a
cuvette with 0.1em light path length.. ·Tl .. , control
(not incubuted, without glucose); ..... b,..-. incubated
with glucose for 7d; ",0-··. incubated with glucose
for 14L1; ..... incubated without glucose for 14d.

glycated SOD is also listed in Table L Comparison of purified SOD with glycated SOD
clarified the glycated amino acid residues. The numbers of glycine, valine and lysine decreased
(I.7, 1.6, and 3.5 respectively), but on the other hand, the number of phenylalanine increased
(3.0). The other amino acid residues remained unchanged.

The elution profiles of the amino acid analysis column are shown in Fig, 3. In glycated
SOD a new peak appeared between phenylalanine and lysine. Elbe £11 a/.I'Il reported that the
new peak can be used for quantitating of glycated lysine residues, that is, the content of
fructose lysine. To confirm the correspondence of this new peak to the acid rearrangement
product of s-fl-deoxyhexitolylj-lysiue observed by Elbe et al., the acid hydrolysate after
reduction of the glucose adduct of poly-lysine was applied to the amino acid analysis column.
One peak (HL) appeared at the same position as that or phenylalanine and the other (HL')
was eluted between phenylalanine and lysine. The area of HL' was 36%of the sum of HLand
HL', agreeing with Elbe's result. This indicates that the yield of HL' is reproducible. So, the
number of fructose lysine in glycated SOD estimated to be 3.6, by using the area of the new
peak between phenylalanine and lysine, and the color factor of alanine. This value agreed well
with the decrease in the number oflysine residues, 3.5 (Table 1).The increased number (3.0) of
phenylalanine in glycated SOD (Table I) clearly reflects the elution of HL at the same
position.

Figure 4 shows the CD spectra from 200 to 240 nm of incubated SOD with or without] M

glucose and control (no incubated) SOD. The control SOD has negative ellipticity with the
maximum at 210 nm, indicating typical [i-sheet structure.I?' The molar ellipticity at 210 nm of
the SOD incubated with glucose for 7 d gave almost the same value as that of the control
SOD. On the other hand, in the case of the SOD incubated with glucose for 14d, a slight
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decrease of negative ellipticity at 210 nm was observed, though SOD incubated without
glucose showed no significant change.

Discussion

The purity of SOD was confirmed by observations of a characteristic absorption
spectrum, tyrosine fluorescence and amino acid analysis. Bovine erythrocytes SOD contains
two tyrosine residues, but no tryptophan residue.": When even a trace of tryptophan coexists
with tyrosine, a characteristic fluorescence of tyrosine at 305 nm is hidden by a strong
fluorescence at 340nm of tryptophan. Though the contents of the amino acid residues
partially disagreed with the theoretical values (Table I), we considered that there was almost
no contamination of other proteins, especially carbonic anhydrase B, which is a usual
contaminant and contains 8 tryptophan residues. The SOD molecule consists of two identical
subunits and each unit contains one copper atom at the catalytic site. As this purified SOD
contained 38.] % apoprotein (Fig. 1), copper and zinc were added to the purified SOD.
However, the enzyme activity was not increased. Thus, we used this purified SOD for our in
vitro glycation experiments.

The glycation of a protein proceeds by bimolecular condensation of glucose with amino
groups such as N-terminal and s-amino of lysine residues in the protein. This reaction is
apparent first order with respect to the concentration of glucose.F" since the Schiff-base
formation is fast and the subsequent Amadori rearrangement is slow. The extent of glycation
either in vivo or in vitro is dependent upon the number ofpotentially reactive amino groups on
the protein, the concentration of glucose in the medium and the life time of the protein. It
seems that SOD in erythrocytes can not escape continuous modification by glucose during the
lifespan of red cells (120d). In thi s experiment, a high concentration of glucose (l M, which is
40 times higher than that of about 25 mM in diabetic blood plasma) was chosen to shorten the
incubation period to about one-tenth of the lifespan.

SOD has net negative charge at physiological pH, since the pI value is 4.95.2<» The
interaction of O2- with this anionic enzyme was shown to be assisted by the positive charge on
lysine residues which provides a long-range electrostatic guidance for 02-Y')Lysine 134 has
an important role in directing Oz- to the highly positive catalytic binding site at the bottom of
the ~-barre1Y) To clarify the glycated amino acid residues, amino acid analysis was carried
out after separation of glycated SOD by phenylboronate affinity column. In glycated SOD,
3.5 lysine residues were lostand 3.6 fructose lysine were.formed (confirmed by a new peak on
the amino acid analysis column). The fact that there was no decrease in alanine residues in
glycated SOD indicates the absence of glycation at the ce-aminogroup of N-terminal alanine.
The main glycated amino acid residue is lysine. The reason for the decrease in glycine (1.7)
and valine (1.6) is not clear.

The fact that incubation for 14d caused a decrease to 60% in SOD activity, though only a
little more glucose was added to SOD incubated for 7 d, suggests' that it resulted from
secondary changes induced by glycation of some lysine residues. In general, the CD signals at
200-240 nm originate from conformations sensitive to secondary structures of proteins.V'
The decrease of negative ellipticity. at 210 nm after 14d incubation with glucose (Fig. 4)
suggests a decrease in fJ-structure. Wood et ai.26

) showed that the addition of 8 M urea to the
holoenzyme caused only a small decrease in negative ellipticity at 210nm, though in the case
of the apoenzyme it caused a larger decrease, showing a CD spectrum similar to that of
random coil structure. This means that copper and zinc contributed to stabilizing the final
structure and even the fJ-barrel through the complex network of hydrogen bonds. This
network may be perturbed by the glycation of lysine residues. We found nondisulfide cross
linking of human serum albumin in in vitro glycation.P! The secondary structural change
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caused by glycation of lysine residues during 14d incubation may involve intra- or
intermolecular cross-linking. We propose the post-translational modification of SOD by
glucose as one possible cause of the lowering in erythrocytes SOD activity observed in
diabetes.s- 7 )

According to the topological model of SOD proposed by Richardson et al.,34) five lysine
residues, 3, 9, 23, 89, and 151 are oriented to the outside of the barre1. It seems that these
residues may be protonated, since they are in contact with the bulk solution. As it is
considered that a protonated lysine residue is difficult to be glycated, the other five lysine
residues. 67, 68,73, 120, and 134, located in the two large loops, may be more easily glycated.
As lysines 120and 134are only 12A and 13A from the copper at the active center.'?' the easily
glycated lysine residues may be those at positions 67, 68, and 73.
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The drug binding characteristics of pooled sera from patients with acute or chronic hepatitis
and with chronic renal failure were investigated by means of equilibrium dialysis and ultracentrifu
gation, and were compared with those of healthy adult serum and human serum albumin. The
drugs used were diazepam, naproxen, warfarin, and phenylbutazone. Serum from patients with
renal disease showed markedly impaired binding with diazepam and naproxen at the primary
binding site. However, almost no decrease of the binding was observed with warfarin and
phenylbutazone. The impaired bindings of diazepam and naproxen were restored after active
charcoal treatment of the serum. This result suggested that, in the serum from patients with renal
disease. the apparent decrease of the binding is probably due to the presence of some substancets)
which inhibit the binding of these drugs to the primary sites. On the other hand, no abnormal

. binding behavior was recognized in the serum from patients with liver disease. Thus, care is
necessary when drugs binding to the diazepam site (such as diazepam and naproxen) are
administered to patients with renal diseases, because a marked elevation of unbound drug
concentration in the serum may occur.

Keywords--protein binding; human serum; binding site; renal disease; liver disease; equi
librium dialysis; ultracentrifugation; diazepam site; warfarin site

It has been pointed out that the binding of drugs to serum protein is influenced by some
diseases.'! For several drugs, decreased protein binding has been reported in patients with
uremia2 •3 11,1,,4 .5 ) and with certain liver diseases .:~"·5 -7) The decrease of the protein binding is
considered to be caused possibly by a decrease of serum albumin concentration.v-F" an
increase of some endogenous substances.v":'?' changes of albumin structure, !l.12) the
existence of some protein binding inhibitors,3il.13.14) etc. Previously, we reported!" marked
differences in the fluorescence spectrum of pyrene-l-butyrate (PYB) in serum from patients
with renal disease (RPS), or with liver disease (LPS), or serum from healthy adults (HS), or in
the presence of human serum albumin (HSA), and we suggested the existence of some
inhibitors which hindered the protein binding in RPS. Albumin is the principal binding
protein for many drugs in serum, and at least two different specific drug binding sites are
proposed to exist on the HSA molecule. 16

•
I 7

)

In this study, we evaluated the binding parameters of diazepam, naproxen, warfarin, and
phenylbutazone (the former two drugs are known to bind at the diazepam site and the latter
two at the warfarin site) with RPS, LPS, HS, and HSA in order to elucidate the abnormal
binding behavior of RPS, as observed in terms of the PYB fluorescence spectrum. 15)

Experimental

Materials--For HSA, fraction V (Miles Laboratories Co., Elkhart, IN) was used. The molecular weight was
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assumed to be 670001B) and the concentration was determined by measuring the absorbance at 280 nm using
El ~in =5.30.19

) Four pools of sera each from healthy adults (HS I-IV), patients with liver disease (LPS I-IV), and
patients with renal disease (RPS I-IV) were obtained from Kitasato Institute Hospital. All pooled serum samples
except RPS I were obtained from several persons. RPS 1 was obtained by the plasma exchange of a patient with
purpura nephritis. The serum samples were collected and stored frozen at - 20 "~CO The liver disease included acute and
chronic hepatitis and the renal disease included chronic renal failure. Clinical data for the pooled sera arc presented in
Table 1. Warfarin was generously provided by Eisai Co. (Tokyo), phenylbutazone by Nihon Ciba-Geigy Co. (Tokyo),
diazepam by Yamanouchi Seiyaku Co. (Tokyo), and naproxen by Tanabe Seiyaku Co. (Tokyo). AU other reagents
used were commercial products of special grade. All final solutions were made with 0.15 M Tris-H'Cl buffer, pH 7.4.

Charcoal Treatment of Pooled Serum--RPS I was treated with activated charcoal (Norit A, Wako Pure

Chemical Industries, Ltd., Osaka) by the method of Chen.i°) Fifty milligrams of charcoal was added per milliliter of
serum, the pH was lowered to 3.0 with I N HCI, and the solution was mechanically mixed for I II in an icc bath. The
charcoal was then removed by centrifugation, and the serum was adjusted back to pH 7.4 with I N NaOH.

Equilibrium Dialysis (ED) Mcthod.--By using a 3.0 ml dialysis cell devised by Goto ('I al.,m sample solutions
(2.0 ml) were shaken for 16h at 25 ± I "C in a thermostated environment. Spcctrupor I dialysis membrane (Spectrum
Medical Inc., Los Angeles, CA) was used after being boiled four times in distilled water. The decrease in the unbound
drug content was measured, and the binding parameters were calculated. Adsorption 01' drugs on the membrane was
negligible. The concentrations of drugs in the experiments and the wavelengths used for spectrophotometry are listed
in Table II. The concentration of albumin was 5.0 x 10-' M. Each point in the Scatchard plots (Figs. 1a, 2a, 3, and 4)
represents the mean value of two experiments.

Ultracentrifugation (Ve) Method--The general procedure and treatment of data were the same as described
previously.P' The concentration of albumin was 2.0 x 10- 5 M. The concentrations of drugs are listed in Table II. All
the experiments were performed at 25 ±2 DC. Each point in the Scatchard plots (Figs, Iband 21» represents the mean
vnlue of two experiments.

TABLE 1. Clinical Data for Human Pooled Sera

===" ..
Pooled
serum

Vol.
(ml)

GOT'" GPT"I LAP") i'-GTrd ) TP") ALBfI A/G,l) UA'"

HSkl I

1'15 II
HS III
HSIV
LPS·" I
LPS II
LPSllI
LPS IV
RPS") I
RPS II
RPS III
RPSIV

30
25

9
8

30
IX
X
R

(ill

22

11
17
14
14
79

114
70
42
II

211
19
IS

9

12
7
II

62
115
52
30

3
I)

K
9

NT')

116
116
122
NT
249
246
ZOO
145
132
246
186

NT
24
IlJ
20

NT
IOl
9()

58
25
27

102
.14

7.09
6.92
6.HO
6.94
7.28
7.44
7.17
7.26
4.43
6.97
(1.19
6.85

4.45
4.47
4.37
4.5l
4.15
4.23
4.05
3.6}\
DO
4.10
3.78
3.1)2

1.(iS
1.82
1.79
US
1.6X
1.31
1.29
1.02
2.()2
1.42
156
1.33

NT
4.1
5.0
4.7
NT
5.5
4.8
5.6
5,2

6.0
6.5
7.1

15
19
17
16
15
16
17
23
14
25
52
56

0.80
0.76
0.H9
0.94
O.c)l
0.97
1.12
1.09
1.02
1.60
4.74
5.01

ct) Glutumic oxuloacetic transaminase. h] Glutamic pyruvic trunsnmiuasc. <'l Leucine aminopeptidase, til I

Glutumyhranspcptidase. (.) Total protein. /) Albumin. III Albumin/globulin ratio. hi Uric acid. i) Blood urea
nitrogen. j) Serum creatinine, k) Healthy adult serum. I) NOl tested. III) Serum from patients with liver disease. II) Serum
from patients with renal disease.

TAIlLE Il, Drug Concentrations Used in the Experiments and
Wavelengths lor Spectrophotometry

--_::=::-====.._.;:--.=.::;;--==----

Drug

Diazepam
Naproxen
Warfarin
Phenylbutazone

COllen. in
ED method

(10- 5 M)

3.0- 60.0
3.0-100.0
3.0-100.0
3.0-100.0

Concn, in
UC method

(10- 5 M)

2.0--50.0

2.0--40.0

Wavelength (nm)
for spectrophotometry

230
230
30M
264
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Calcu1ation--The binding data obtained by the ED and UC methods were analyzed by means of Scatchard
plots.z3) The binding parameters were calculated by linear regression .when the Scatchard plot was linear. When the
plot was curved; the binding parameters were obtained by using Karush's equation:

r==l1l K,C/O +KJC)+nZK2 C/(l +KzC)

where r is the number of moles of drug bound per mole of protein; n, andlJz, the number of binding sites in each class;
K J and Kz, the binding constants for these sites; and C, the concentration of free drug. The curve fitting calculation
was performed by means of a lEOl digital computer, model lEC-7E.

Results and Discussion

First, the bindings of diazepam and warfarin in RPS and LPS were determined by the ED
and UC methods and compared to those in HS and HSA. The binding data in each serum
were analyzed by means of a Scatchard plot. Figures 1 and 2 show the plots for binding of
diazepam and warfarin, respectively, to HS I, LPS I, RPS I, and HSA. These drugs are known
to be almost exclusively bound to albumin in the serum. Diazepam and warfarin have more
than two classes of binding sites with HSA, HS, and LPS. As shown in Fig. 1, however, a
marked decrease of binding at lower drug concentrations was observed for diazepam with
RPS I by using the ED and UC methods, compared to the binding with HS I and HSA. This
abnormal binding behavior of diazepam observed with RPS I was also recognized with other
RPS samples tested. On the other hand, the binding of warfarin to RPS I gave a similar plot to
those obtained with HS I and HSA (Fig. 2). There was close agreement between the results
obtained by the two different methods, ED and LlC. Accordingly, the ED method was
exclusively used in the binding experiments hereafter.

Figure 3 shows Scatchard plots for the binding of naproxen and phenylbutazone, which
are analogous to those for diazepam and warfarin, respectively. The characteristic behavior of
the binding of naproxen with RPS I was also observed with other RPS samples tested.

The calculated binding parameters are listed in Tables III and IV. It is indicated that the
rather high binding affinity of diazepam at the primary binding site shown in HS, HSA, and
LPS (log n\K1 values of 4.71-5.73) was entirely absent in all the RPS samples tested. In the
case of naproxen, the disappearance of the affinity to the primary site in RPS was also
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recognized, whereas log n.K, values for LPS and HS were similar. On the other hand, the
binding of warfarin and phenylbutazone to RPS showed no exceptional behavior in
comparison with those to HS and HSA. In LPS, the binding of the four drugs at the primary
binding site showed no difference from those in HS and liSA.

It has been reported that the binding of several drugs in serum is affected by diseases. For
example, Sjoholm ct a/.J'll reported that the binding of diazepam was impaired in both uremic
serum and serum from liver cirrhosis patients.v'"! and that the binding of warfarin was
decreased in uremic serum. Their results, which were analyzed by using an equation for one
class of sites, do not agree with our detailed observations. The disagreement may be in part due
to the pathological difference of the serum samples studied.

It has been proposed that at least two different specific binding sites exist in the HSA
moleculeI6.17l; diazepam and naproxen bind to the diazepam site, while warfarin and
phenylbutazone bind to the warfarin site. Therefore, it was considered that some changes of
molecular environment might occur around the diazepam site of albumin in RPS. It seems
very likely that some substances inhibiting the binding or drugs at the diazepam site exist in
RPS. Thus, for the purpose of confirming this, RPS I was treated with active charcoal at pH
3.0 according to Chen's method21) to remove such substances. Figure 4 shows the Scatchard
plots for binding of diazepam and naproxen with the charcoal-treated RPS I, along with those
in the cases of non-treated RPS I and HSA. For both drugs, binding at the primary site is
clearly recovered after the charcoal treatment of RPS, as seen in the lower r region of the
plots. Binding of warfarin and phenylbutazone in RPS was unaffected by the charcoal
treatment. The binding parameters (log n1K1) with the charcoal-treated RPS were shown to be
5.65 and 6.14 for diazepam and naproxen, respectively, which were almost the same as those



TABLE III. Parameters for Binding of Diazepam and Naproxen

Diazepam Naproxen
Pooled
serum 111 K1 1og/l1K1

"
2 K2 log J/2K] III K log II JKJ

"
2 x, logJ12K21

(lOS1M) (103 /M) (JOS/M) (W/M)

HSA (Fr. V) 0.92 1.52 5.17 6.05 1.12 3.83 0.51 44.29 6.35 3.49 51.91 5.26
HS I 0.87 2.ll 5.26 5.48 1.77 3.99 NT
HS II 0.60 8.89 5.73 18.81 0.81 4.18 0.80 25.20 6.30 3.93 32.36 5.10
HS III 0.80 0.64 4.71 4.46 3.12 4.14 NT
HSIV NTa) 0.59 l7.97 6.18 4.77 25.08 5.08

LPS I 0.97 1.47 5.15 5.71 1.17 3.81 NT
LPS II 0.61 4.07 5.39 4.17 3.49 4.16 0.41 51.32 6.32 3.19 63.30 5.31
LPS III NT 0.58 l7.97 6.18 4.77 25.08 5.08
LPS IV 0.42 12.76 5.73 3.20 6.49 4.32 NT

RPS I 3.00 6.85 4.31 3.19 17.09 4.74
RPS I
(charcoal-
treated) 0.35 12.85 5.65 2.35 9.19 4.33 0.54 25.47 6.14 2.65 25.13 4.82

RPSn 3.49 11.59 4.61 NT
RPSIII NT 4.30 49.89 5.33
RPSIV 2.94 10.59 4.49 NT

a) Not tested.
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with HSA (Table III). Therefore, the disappearance of the binding of these drugs at the
diazepam site in RPS was considered to be due to binding inhibitors present in the serum. The
chemical nature of the inhibitors in RPS is not yet known. Depner and Gulyassy'P' reported
the presence of a phenytoin-binding inhibitor in uremic plasma, and Kinniburgh and Boyd 14 1

described the isolation of a peptide present in uremic serum and responsible for the altered
HSA binding. It remains to be established whether or not these substances are identical with
the diazepam-site inhibitor(s) described above. Further work is in progress.

In conclusion, the binding of drugs to the diazepam site was remarkably impaired in
serum from patients with renal disease, probably owing to the presence of some binding
inhibitor(s). The drug binding in serum from patients with liver disease did not show any
abnormal behavior in terms of the Scatchard plots and binding parameters. Clearly, care is
necessary when the drugs, especially those with a high affinity to the diazepam site, are
administered to patients with renal disease.

Acknowledgment The authors wish to thank Miss S. Tanaka for her technical assistance in a part of this
work. The authors are also indebted to the cited manufactures for gifts of the drugs.
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Improvement of Chemical Instability of Carmoful in P-Cyclodextrin
Solid Complex by Utilizing Some Organic Acids
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Degradation of carmoful (HCFU) in the solid state W;lS significantly accelerated by fJ
cyclodextrin (fi-CyD) complexation owing to the hygroscopic nature or fi·CyD. The instability or
HCFU in the solid complex was found to be markedly improved by the addition of some organic
acids such as citric, L-( + j-tarturic and nt-malic acids, whereas ut.-aspartic acid and neutral
additives such as talc, lactose, cellulose and methyl cellulose had insignificant stabilizing effects. The
results indicated that organic acids having lower pKa value and higher aqueous solubility are
particularly useful to prevent the hydrolysis of HCFU by providing an acidic environment around
the complex after moisture sorption.

Keywords-c-c-carmoful: fJ-cyclodextrin; inclusion complex; solid-state degradation; organic
acid; stabilization

Introduction

315

Carmoful (l-hexylcarbamoyl-c-fluorouracil. HCFU) is one of the masked forms of 5
fluorouracil (5-FU) and has been widely used to treat carcinomas of breast and gastrointes
tinal tract.'>" We have previously reported" that cyclodextrin (CyD) complexation is of great
value in improving some pharmaceutical properties of HCl::"U in aqueous solution, such as the
low solu bility, the chemical instability, and the oral bioavailability. In the course or the study,
however, the degradation of HCFU in the solid state was found to be ruther accelerated hy

o ~

:~l:r ':lJ'
blNr-f(Clh)r.ClTa II

HCFU 5-FU
Chart I

CyD complexation (Chart I). In this study, therefore, we have attempted to improve the solid
state instability of HCFU within the IJ-CyD complex, by utilizing some pharmaceutical
additives.

Experimental

Materials-----HCFU was donated by Mitsui Pharmaceutical Co.. Ltd. {1-CyD was supplied hy Nihon Shokuhin
Kako Co., Ltd., and used after recrystallization from water. All other materials and solvents were of analytical
reagent grade, and deionized double-distilled water was used throughout the study.

Preparation of Solid Complex--HCFU-{I-CyD complex (I: I molar ratio) containing pharmaceutical
additives (HCFU:additive=]: I weight ratio) was prepared by the kneading method." For example. l.oog of
HCFU, 4.4] g of {J-CyD and LOO g of additives were added to a small portion of phosphate buffer (pH 3.0), under
which conditions the hydrolysis of HCFU was negllgible.v" The mixture was further kneaded for "bout 40min, and
then dried under reduced pressure at room temperature for 24h.
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Stability Studies-s-e-Stabiliry tests of HCFU-P-CyD complex (50 mg. 100mesh) in the presence and absence of
the additives were conducted under conditions of constant temperature and relative humidity (R.H.). using a Tabai
Platinous Rainbow PR-IG incubator. At appropriate intervals, the test sample was dissolved in 50'.~{, (v/v) methanol
phosphate buffer (pH 3.0), and subjected to high-performance liquid chromatography (HPLC) for simultaneous
determination of intact HCfU and its degradation product, 5-FU. in the complex. The HPLC conditions were as
follows: pump and detector, Hitachi 635A machine and 638-4l ultraviolet (U V) monitor, respectively; column,
LiChrosorb RP-18 (I0/lm. 4¢>x250mm, Merck); mobile phase, methanol-water (4: lv/v); flow rate, 0.8ml/min;
detection, 261 nm, Components were quantitated by measuring peak heights and comparing them with those of
known amounts of an internal standard, p-hydroxybenzoic acid hexyl ester.

Moisture Sorption Studies--The test samples (500 mg, 100 mesh) in weighing bottle were placed in the
incubator at various R. H. values and constant temperature, and at appropriate intervals the weight of the sample
was measured on a Shimadzu Libror AEL-160 electric reading balance. The water content of the complex was
estimated from the increase in weight after moisture sorption equilibrium was attained (2 d),

Solubility of Organic Acid--Excess amounts of organic acid were added to water, and were shaken at
2S±0.5 "C. After equilibration (approximately 1 week). an aliquot was centrifuged. A portion of the sample was
removed with a pipette and placed in a test tube. The sample was evaporated at 50 "C under vacuum, and the weight
of the residue was measured.

Dissolution and in Vivo Absorption Studics--These studies were carried out under the same conditions as
reported previously.Jl

Results and Discussion

Degradation Rate of HCFU in P-CyD Solid Complex
Figure I shows the time courses of the degradation of HCFU in the free state and in the

fJ-CyD solid complex at 75~/~R.H. and 70 "c. It is apparent that the degradation rate of
HCFU in the solid complex was extremely fast, whereas the guest molecule in the free state
was practically stable. The degradation product of HCFU under these experimental
conditions was found to be 5-FU, and no appreciable side reactions such as ring opening of
the uracil moiety were observed. Solid-phase reactions arc known not to be simply dcscri buble
in terms of gas- or liquid-phase kinetics, because they arc significantly influenced by various
topochemical and physicochemical factors such as particle shape and size, and adsorbed
solvents." In the present system, however, the degradation rate of HCFU was tentatively
expressed in terms of first-order kinetics because the reaction, after a short lag time (about
10min), closely followed first-order kinetics. Therefore, first-order treatments were used
hereinafter to evaluate the solid-state stability or HCFU.
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Fig. 1. Time Courses of Decomposition of
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Fig. 2. Moisture Sorption Curve of" HCFU·/I
CyD Complexes at 25 "C under Various R.H.
Conditions
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TAllLl, I. Effects or Additives on the Decomposition or HeFU in {j-CyD
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It is expected that the highly hygroscopic character or natural CyD~·;I' may significantly
influence the degradation rate of HCFU in the solid complex, because HCFU is extremely
susceptible to base- and water-catalyzed hydrolysis, as reported previously." Therefore. the
moisture sorption behavior and the chemical stability of HCFU-j>-CyD solid complex were
investigated under various R.H. conditions. Figure 2 shows the moisture sorption curve or
HCFU-IJ-CyD complex; the water content of HCFU---//-CyD complex increased with
increasing R.H. value. Figure 3 shows the apparent first-order degradation rate constants (1\)
of HCFU in the complex as a function of R.H., indicating that the degradation rate increases
with increase of R.H. value. These results suggest that adsorbed water molecules on the solid
particle play an important role in the degradation of HCFU.
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TABLE II. Effects of Organic Acids on the Decomposition of HCFU
in {J-CyD Complex at 70'C and 75% R.H.

Organic acid

HCFU alone
Without organic acid
Citric acid
L-(+)-Tartaric acid
DL-Malic acid
MaJeic acid
Malonic acid
Fumaric acid

Apparent first-order rate
constant (x 104 h -t I

25.6
4000.0

7.3
7.8

22.5
38.1
55.0

140.0

TABLE HI. Relation between Inhibitory Effects of Organic Acids on the Decomposition
of HCFU-P-CyD Complex and Physicochemical Properties of Organic Acids

Organic acid pK:) Solubility in water Inhibition")
(g/dl, 25°C) ratio

Citric acid 3.06 78.7 550
4.76
5.40

L-( +)-Tartaric acid 3.02 74.5 510
4.54

ot-Malic acid ~.40 71.1 180
5.05

Maleic acid 2.00 52.7 100
6.26

Malonic acid 2.85 75.8 70
6.10

Fumaric acid 3.03 0.6 30
4.47

nt-Aspartic acid 1.99 0.8 0.24
3.90

10.00

a) N. A. Lange, "Handbook of Chemistry," McGraw-Hill Book Company, Inc. Ncw York, 1961.
h) Calculated from the apparent first-order rate constants in Table II.

Effects of Pharmaceutical Additives on the Degradation of HCFU in IJ-CyD Complex
Stabilization of HCFU-I3-CyD complex in the solid state was attempted by utilizing

some pharmaceutical additives. Table I shows the effects of various additives on the
degradation ofHCFU in the P-CyD complex. It is apparent that some organic acids were very
effective to stabilize HCFU in the f3-CyD complex, whereas DL-aspartic acid and neutral
additives such as talc, lactose, cellulose and methyl cellulose had little stabilizing effect.
Furthermore, the HCFU-P-CyD complex containing organic acids, prepared by the kneading
method, was found to be more stable than the physical mixture of the complex and organic
acids.

Figure 4 shows the remaining HCFU (percent) after 48 h as a function of citric acid
concentration in the solid complex under the conditions of 75% R.H. and 60 (·C. The
stabilizing effect ofcitric acid increased with increasing concentration, and in the presence of
the acid at over 1: 1 (organic acid: HCFU) weight ratio, no degradation was observed within
the time employed. Since similar trends were observed for the other organic acid systems, the
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amount of the organic acids to be added to the complex was fixed at I : I in a weight ratio
throughout the study. The apparent first-order degradation rate constants of HCFU in the
presence and absence of the organic acids are summarized in Table II. Citric and L-( +)
tartaric acids retarded by over 500 times the degradation rate of HCFU in the complex, and
retarded it by 3 times even when compared with HCFU in the free state. Furthermore, the
degradation of HCFU in the {J-CyD complex containing citric, L-( +)-tartaric or DL-malic
acid was found to be completely inhibited even for periods exceeding 6 months under the
conditions of the standard stability test, 75~{, R.H. and 40 "C, suggesting that quality could be
maintained sufficiently to allow an expiration date of 3 years.H

-
10

)

Table III lists the inhibition ratios calculated from the rate constants in Table II, and the
aqueous solubilities and pKa values of the organic acids. As is apparent from Table III, there
seems to be a tendency for the inhibition ratio to increase with decreasing pK lI value or with
increasing solubility of organic acids. When L-( + j-tartaric acid is compared with fumaric
acid, for example, the former (having a large solubility) showed a greater stabilizing effect
than the latter, in spite of having the same acidity, as expected from pKa value.

These results suggest that the organic acids may provide an acidic environment around
the CyD complex after moisture sorption, since HCFU is chemically stable under acidic
conditions, as demonstrated previously from the hydrolysis rate-plf profiles." In addition,
other factors such as ternary complex formation between the host, guest and organic acid
molecules and/or change in the molecular beha vior of the complex in the presence of adsorbed
water and organic acids at various R.H. conditions should be considered in order to elucidate
in detail the stabilization mechanism in the solid state.h,lll

It is also important to compare the dissolution and in vivo absorption behaviors of
HCFU-P-CyD complex containing organic acid with those of the complex without the acid."
However, no differences in these characteristics were observed between the complexes wiLh
and without the acid. These results suggest that HCFU-p.CyD complex containing organic
acids may be superior to the parent CyD complex, particularly from the viewpoint of quality
assurance of solid #-CyD complex preparations, and the present approach may be applicable
to other CyD complexes having undesirable physicochemical properties.
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The interactions of an arninoglycoside antibiotic, 3',4'-dideoxykanamycin B (DKB), with
submaxillary mucin were investigated by equilibrium dialysis and affinity chromatography.

DKB binds to mucin and forms a complex of low solubility. This binding was dependent on
the pH and ionic strength. Scatchard plot analysis showed that mucin had one class of binding sites
for DKB. The binding coefficient was 1.30 x 10- 5 M and the concentration of binding sites was
0.243 pmol per mg of mucin at 25°C. The binding ofDKB to mucin was inhibited in the presence of
Ca2 + or arnines, such as ethylenediamine, spermidine and glucosamine. The Nspeutaacctyl
derivative of DKB did not bind to mucin. The binding of DKB to asialomucin was decreased. Arter
binding to a DKB-conjugated Sepharose 4B column, a small amount of mucin was eluted with
NaCl solution and a large amount of mucin was eluted with N-acetylneuraminic acid solution.

These results suggest that the binding of DKB to mucin involves an ionic interaction between
the amino groups of DKB and the carboxyl groups of the sialic acid residues of submaxillary
mucin.

Keywords--binding; mucin; 3',4'-dideoxykanamycin B; arninoglycoside: absorption

Introduction

The mucosal surface of the digestive tract is covered with mucin. The physiological
function of mucin is obscure, but it has been suggested that gastric mucin serves to protect
the mucosal cells from the damaging effects of digestive fluids and enzymes.'! The high
viscosity of mucin suggests that it may act as a diffusion barrier to absorption." When
polyoxyethylene cetyl ether, a less irritating surface active agent, was added to suppositories,
the rectal absorption of 3',4'-dideoxykanarnycin B (DKB) significantly increased because the
mucus of the rectum was washed off.:" On the other hand, some drugs such as streptomycin,
gentian violet," and quaternary ammonium compounds.l-?' form nonabsorbable complexes
with intestinal mucin, We recently reported that some rj~lactamsand aminoglycosides bind to
rat intestinal mucin, and removal of the mucin by the use of detergent significantly increases
the absorption of these drugs from the rat intestine." It is suggested that these interactions
may be partially responsible for the poor absorption of these drugs from the gastrointestinal
tract, but it remains unclear whether the mucus acts as a barrier against DKB absorption or
whether it forms an unabsorbable complex with the drug.

In this report, the characteristics of the interaction of DKB and mucin were investigated.
The mucin from porcine stomach is not sufficiently soluble, and so soluble submaxillary
mucin was selected as a model of the mucopolysaccharide. The binding studies were per
formed by the equilibrium dialysis and affinity chromatographic methods.

Materials and Methods

Materials--DKB was kindly given by Meiji Seika Kaisha Co., Ltd. (Tokyo). Bovine submaxillary mucin (type
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1, bound sialic acids approx. 5';;;), bovine serum albumin (fraction V), neuraminidase (type VI. from Clostridium
p('lji'illgells), and N-acetylneuraminic acid were purchased from Sigma (U.S.A.). Visking tubing from Union Carbide
Corp. (Tokyo) was used. Other reagents were of special grade and were obtained from Wako Pure Chemical
Industrics, Ltd. (Tokyo).

Equilibrium Dialysis-------A solution of 1.0rug/nil submaxillary mucin or asialomuein (2.0 ml) and various
concentrations of DKB was dialyzed against 2.0 rnl of I()mM phosphate buffer (pH 6.5) at 4 and 25"C for 24 h. The
non-specific binding of DKB to the dialysis membrane 01' vessels was negligible. The amount or DKB bound to the
submaxillary mucin was determined from the concentration of DKB in the outside compartment.

During the experiment, a white precipitate was observed in the inside compartment of the dialysis cell when 0.5
to lmg ofDKB was added to the solution of mucin. Because both DKB and mucin haw sullicicnt solubility at these
concentrations, the precipitate might be the complex of DKB and mucin. produced to a level beyond its solubility.
The precipitate was filtered off with a Millipore filter (0.22 Jlm). Ethylenediamine solution (I0-2 M) dissociated DKH
from the precipitate and solubilized it (see Table Ill). Because this concentration of ethylenediamine did not affect the
bioassay of DKB, the DKB concentrations in the precipitate and dialysate were both determined, For Scatchard plot
analysis, the DKB amount in the precipitate was subtracted from the added DKB and the concentration was plotted
on the abscissa.

3',4'-Dideox)'kanamycin B-Conjugated Sepharose 4B Alllnit~· Cbromat(lgfllphy' The binding of DK H til
submaxillary mucin was investigated by using an affinity column of DKB-conjugated Sepharose 4B. The DKB
conjugated Sepharose 4B was prepared as described in the previous report." The amount or DKB hound to I mg Ill'
the gel was 2.4lImo!. The column ([,5 x II ern) was equilibrated with 10mM Tris·.JICI (pll 7.0), and then the
submaxillary mucin (2.') mg) dissolved in the buffer was applied. The bOLlIlU mucin was eluted with the buller
containing 50111M NaCI or N-acetyilleuraminic acid.

Determination of Concentration of 3',4'-Dideoxykanamycln B, Sialic Adds, and Protein- ·_···'1'hcconcentration or
DK B was determined by the bioassay method using Bacillus subtll!« ATCC (1633 as the indicator organism:" TIll'
quuntitation 01' sialic acids was carried out by the method of Helen and Edward. Ill) The protein concentration was
determined by the method of Lowry et al. l l )

Preparation of N-Pcntaacctyl-3' ,4'-dideoxykanumycln Band Asililonlllcin--·--Acetylation of DKB was carried out
by the method reported by Jennings et al. 12

) N-Pcntaacetyl-DK B was purified on an ion exchange column (Dowex SU,
H' -Iorm, 50--.. 100mesh). It was characterized by thin layer chromatography':" using Merck cellulose (Merck. Art.
5577) and silica gel (Merck Art. 5715) plates with the developing solution of I/-HuOH:EtOH:CJ!C1.1 :

NH<\Ofl(l7'X,)=4: 5: 2: 5. N-Pentauccty!-DKB was detected as a single spot with a lO':j, H2S0,~ spray, and llO free
amino group could he detected by using ninhydrin spray. Thus, all of thc amino groups of DKB were acetylated hy
this method. The yield 01' N-pcntaacctyJ-DKB W(lS about 75~:,;, Under these conditions, acetylation of the hydroxyl
group of DKB could not occur. since the reaction was carried out in all alkaline solution of saturated NaHCO.\.Il.,

Asialomucin was prepared according to the method of Forstner und Forstner.'? In brief. bovine submaxillary
mucin lind neuraminidase (Sigma, type VI) in n.llS M acetate huller (pll 5.U) were incubated at :n"c for 4 h. Alter
incubation. free sialic acids were removed by dialysis. and the usialomucin W,IS separated from neuraminidase by
Sepharose 4B chromatography. Seventy-live percent of the sialic acid was removed from the mucin.

Results and Dtscussien

Binding of 3',4J~Didcoxykanamycin B and Mucin
The DKB binding to submaxillary mucin was studied by the equilibrium dialysis method

and analyzed by means or the Scatchard plot.':" As shown in Fig. 1, about X.2'\ of the DK B
was hound to the mucin when 940jlg of DKB interacted with 1 mg of mucin al25'·C. DKB
did not bind to dextran or bovine serum albumin, used as the control (inset). The Scatchurd
plots were linear at both 4 and 25 "C. The linear plot indicates that submaxillary mucin has om:
class of binding sites to which DKB binds. A binding coefficient of 1.30x 10- 5

M, and a
binding site concentration of 0.243 plllol per mg of mucin were obtained from the Scatchard
plot at 25 "e. At 4 ('C, the binding coefficient was 1.56x 10- 5 M, and the binding site
concentration was 0.125 jimol per mg of mucin. The binding of DKB to mucin at 4 "C was
decreased by about 62/~ as compared with that at 25 "e. The lower binding or DKB at lower
temperature is due to the decrease in the number of binding sites, because the binding
coefficients were almost the same at both temperatures.

The effects of the pH and ionic strength on the binding of DKB and submaxillary mucin
were examined. The sum of the complex in solution and in the precipitate in the inside
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Equilibrium dialysis was performed at 25 "C
(-e-) and 4"C (---.-•. ) for 24h. Regression lines
were obtained by the least squares method. Dband Dr
indicate the concentration of bound and free drugs,
respectively. The inset shows a direct plot of the data.
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(-Ll.-) or dextran (-A-) was run as a control.
Each value is the mean ± S.D. (n == 3). Experimental
details are described in Materials and Methods.

Fig. 2. Effect of pH on the Binding of DKB to
Submaxillary Mucin

TABLE I. Effect of Ionic Strength on the Binding of DKB
to Submaxillary Mucin

NaCI conen. (M) Ionic strength
Bound DKB

(jtg!mg mucin)
"I
/0

1.0 X 10- 3

5.0 X 10- 3

1.0 X 10- 2

5.0 X 10-2

l.Ox 10- 1

5.0 x 10- 5

1.0

0.121
0.125
0.130
0.170
0.220
0.620
1.120

114.6
103.7
93.3
74.6
59.6
45.2
23.6

100.0
90.5
8l.4
65.1
52.4
39.4
20.6

compartment was estimated from the free DKB concentration in the outside compartment of
the dialysis cell. Figure 2 shows the ratio of the complex generated at various pH values to
that at pH 7.5, because the highest binding was observed at pH 7.5. The binding of DKB to
mucin occurred in the acidic pH range, but decreased remarkably in the alkaline range. DKB
contains five amino groups in its molecule, all of which take ionized form in the acidic pH
range.
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The binding of OKB to submaxillary mucin was investigated at various concentrations of
Nae!. As the ionic strength of the incubation medium was increased, the complex formation
between DKB and mucin decreased, as shown in Table I.

These findings suggest that the DKB cation is important in the binding of DKB to mucin.
These results are consistent with the observations that the bindings of aminoglycoside
antibiotics to acidic mucopolysaccharides, such' as chondroitin sulfate, heparin, and hy
aluronic acid, are also affected markedly by the pH or ionic strength of the incubation
medium.P' There is a possibility that mucin undergoes a conformational change when the pH
or ionic strength of the incubation medium increases; this change may affect the binding of
DKB. However, the DKB binding sites on mucin were found to be of one class according to
the Scatchard plot analysis (Fig. I) and may be considered to be sialic acid residues. Tulkens
and Trouet?' reported that protein (calf serum) binding of OKB does not occur, and in this
study, OKB did not bind to bovine serum albumin (Fig. 1). Thus, it is reasonable to consider
that even if conformational change of mucin dose occur at high ionic strengths or pH, it docs
not cause the decrease in the binding of DKB with mucin.

Binding Site of 3',4'-Dideoxykanamycin B to Mucin
To determine the binding site of OKB to submaxillary mucin, the effects of Ca 2 + and

certain kinds of amines on the binding were investigated. Both DKB and mucin were
chemically modified for this purpose.

As is evident from Table II, the generation of the complex of DKB and mucin was
decreased in the presence of Ca/ ", and about 70ft; inhibition occurred when 10- 3 M Ca2 + was
added to the medium. There are two possible reasons for this; first Ca 2

j may bind to the
carboxyl groups of the sialic acid residues of mucin, and secondly CaB may bind to the
carboxyl groups of the core protein of mucin. Forstner and Forstner!' reported that Ca 2 "

binds to rat intestinal goblet cell mucin through its interaction with the carboxyl groups of
sialic acid residues. Thus, the inhibition observed in this study may occur as a result of the
binding of Cal + with the carboxyl groups of Sll bmaxillary mucin-particularly those of the
sialic acid residues.

The effects of amines, such as glucosamine, ethylenediamine, and spermidine, on the
complex formation of DKB and submaxillary mucin were also investigated. Since DKB is an
amino sugar and contains five amino groups in its molecule, arnines would affect the
cornplcxiation. As shown in Table lIl, the binding of DK B was inhibited in the presence of
each amine. Particularly in the case of 10- 2 M ethylenediamine, the binding was completely
inhibited. while the addition of glucose had almost no effect on this binding. Thus, it is
assumed that the amino groups of DKB participate in the binding of DKB to mucin. The
competition of the amino groups of DKB and the co-existing amines may cause a decrease in
the binding of DKB to mucin, because low concentrations of the polyarnines, ethylenediamine
and spermidine affected the binding of DKB to mucin.

TAIlLE II. Effect of C,121 on the Binding of DKB to Submaxillary Mucin
======_.__ _~ _===c."=_"=c:===

Ca2
'1' conen.
(M)

Control (0)
IO- b

10-- 5

10- 4

10- 3

Bound DKH
(Jlg(mg mucin)

105.6
99.6
87.6
75.0
32.7

%

100.0
94.3
83.0
71.0
31.0
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TABLE III. Effect of Amines on the Binding of OKB to Mucin

Glucose Glucosamine Ethylenediamine Spermidine

Cone. (M)
Bound OKB Bound OKB Bound OKB Bound DKB(L' 0/ Of Ill'

(/lgfmg mucin) /0 (/lg/mg mucin) /0 (Jig/mg mucin)
crt)

(Jtg/mg mucin) ~/C)

Control (0) 118.4 100.0 118.4 100.0 118.4 100.0 118.4 100.0
10- 5 107.7 91.0 84.1 71.0 29.6 25.0 62.8 53.0
10-4 107.7 91.0 74.6 63.0 29.6 25.0 55.6 47.0
IO-J 103.0 87.0 65.1 55.0 10.7 9.0 45.0 38.0
10- 2 103.0 87.0 53.3 45.0 0 0 J7.8 15.0
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Fig. 3. Binding of OKB to Asialomucin

The equilibrium dialysis of asiulomucin (1 rug) and
the indicated concentrations or DKB was carried out
using 10mM phosphate buffer (pH 6.5) at 25 'C 1'01'

2411.
--e--. ll1ucin;-O-. asialornucin.

Fig. 4. Affinity Chromatography of Submuxil
Iary Mucin on 11 OKB-Colljugalcd Sepharose
48 Column

A. The elution buller was changed 1'1'0111 10 IllM
Trix-HCl buffer (pH 7,(lj to the snme buller CUIl

raining 50mM N'lCI.
B. The elution buller was chungcd from WmM

Tris-H'Cl buller (pl'I 7,0) containing 50 mM N"CI tl)

the same buffercontaining 50111M N-ilcctylncur"millic
ucid.

N-Pentaacetyl-DKB was not able to bind to mucin. As described in Materials and
Methods, the N-acetylation of the five amino groups of DKB was complete and thus no free
amino group remained in this molecule. These results indicate that the amino groups of DKB
playa very significant role in the binding of DKB to mucin.

Next, the binding of DKB to asialomucin was studied, and the result is shown in Fig. 3.
The binding of DKB to asialomucin was inhibited by about 50% as compared with that to the
submaxillary mucin. This decrease corresponded fairly well to the residual sialic acid
concentration in asialomucin obtained in this experiment, since 75% of the sialic acid was
removed from mucin by neuraminidase treatment. This suggests that the binding sites of
submaxillary mucin are the sialic acid residues.

Using a DKB-conjugated Sepharose 4B column, the binding sites of mucin were further
investigated. To determine whether the binding of mucin to DKB was specific for sialic acids or
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not, 50 msr NaCI or 50 tuM N-acetylneuraminic acid was used as the eluente. Submaxillary
mucin was retained by the affinity column (yield 84~~). In the preliminary experiment, no non
specific binding of mucin to the Sepharose 4B column was observed. As shown in Fig. 4,
about 20% of mucin was eluted with Tris-HCl buffer containing 50 mM Na'Cl solution (arrow
A), and when the elution buffer was changed to the buffer containing 50mM N
acetylneuraminic acid, 80% of mucin was eluted '(arrow B). Since the binding of DKB to
mucin was inhibited by NaCI solution (Table I), the mucin should be eluted by NnCI solution.
These results show that mucin binds to DKB of the affinity column specifically through the
sialic acid residues of the mucin molecule.

Many kinds of mucin in the gastrointestinal tract are secreted into the lumen and act as It

barrier against absorption. In general, the water solubility of aminoglycoside antibiotics is so
high that they can not be absorbed from the gastrointestinal tract. The results of the present
experiment on the model system of submaxillary mucin and DKB, suggest that the
aminoglycoside antibiotics interact with mucin and form insoluble complexes.

It may be concluded that the binding of DKB to submaxillary mucin occurs through the
ionic interaction of the amino groups of DKB with the carboxyl groups of the sialic acid
resid ues of mucin.

Acknowledgements The authors would like to thank Meiji Seika Kuisha Co., Ltd., (Tokyo) for the generous
gift of DKB.
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Adriamycin (ADM) inhibited the beating of cultured mouse embryo myocardial cells dose
and time-dependently and subsequently lysed the cells. Fifty percent inhibition of beating cell
number was observed when cultures were exposed to 430-520 I~M ADM for 0.5h, 7().........100/IM
ADM for 4h and 3.5 JIM for 36 h. When cultures were exposed to 3.5 /lM 3H-ADM, the radioactivity
in the cells reached almost the maximum within 8 h, and about 90% was recovered as ADM itself
even after 72h. However, the beating cell number and the beating rate did not appreciably decrease
within 8 h, then decreased to 78.5 and 67.1%at 24 h, and 5.6 and 5.2~~ at 72 h, respectively. Lysis of
the cells was conspicuous at 48 h or later. It was also supported with the decrease in cellular proteins
and the release of lactate dehydrogenase. These results indicate that ADM stimulates lysis of the
cytoplasmic membrane following inhibition of beating. When cultures were exposed to 70 ~IM ADM
for 4h and then incubated in ADM-free medium, about 50% of ADM in cells was released within
24 h. However. inhibition of beating and lysis of such cells still advanced at about the same rate as
in continuously exposed cells. ADM also decreased the cellular adenosine triphosphate (ATP)
content in the same fashion as antimycin A, which inhibited beating in advance of ATP reduction.
These results suggested that the beating state of myocardial cells is a sensitive and reliable
parameter in this system for studies on the cardiotoxicity of ADM. The system may be useful 1'01'

studies not only on ADM but also on agents having effects on the heart.

Keywords--adriamycin; antimycin A; ATP; rotenone; beating; mouse embryo; lactate
dehydrogenase; cardiac cell culture

Adriamycin (doxorubicin, ADM) is known to produce various adverse effects 011 the
heart, as well as such side-effects as myelosuppression and anorexia, that are commonly
observed with antineoplastic agents. In particular, the cumulative dose-dependent cardio
myopathy due to ADM is a serious problem that limits the dose and application of ADM in
cancer therapy."

ADM has been reported to induce a number of biochemical changes, most of which
relate to (a) mitochondrial dysfunction.V" (b) accumulation of oxygen radicals or lipid
peroxides.i-?' (c) inhibition of nucleic acid synthesis,":" (d) membrane perturbation.v'?' or
(e) disturbance of electrolyte balance. 11

•
1 2

} However, the interrelations between such
biochemical changes and the cardiotoxicity of ADM have not been clarified. If some of these
biochemical abnormalities cause the cardiotoxicity, they must develop before or in parallel to
the structural and functional alterations of myocardial tissue by ADM. In order to follow the
biochemical changes and the functional alterations caused by ADM in the heart simul
taneously, cultured heart cells appear to be a simple and convenient material, because they
retain the structural integrity of the heart cell and its ability to beat autorhythmically.

In this study, the inhibitory effect of ADM on beating ofcultured mouse cardiac cells was
investigated in order to establish a basic system to elucidate the biochemical mechanisms
resulting in the ADM cardiotoxicity.
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Materials-3H(G)-Labelled ADM (198.2,uCijmg) and unlabeled ADM were kindly donated by Kyowa
Hakko Co., Chiyoda-ku, Tokyo, Japan. Other materials were purchased from the following sources: Nunc dishes
from Japan Inter-Med Co., Minato-ku, Tokyo, Japan; trypsin (I :250) from Difco Laboratories, Detroit, Mich.•
U.S.A.; collagenase (type I) and firefly lantern extract (FEL-50) from Sigma Chemical Co., St. Louis, Mo., U.S.A.;
Eagle's MEM, Ham's F-12 medium and Dulbecco's phosphate' buffered saline (PBS) from Nissui Seiyaku, Tokyo.
Japan; calf serum from Commonwealth Serum Laboratories, Victoria. Australia; ACS-Jl from Amersham Co.,
Arlington Heights, I I., U.S.A .. The other agents were of analytical reagent grade.

Mouse Embryo Cardiac Cell Cultur~-The cardiac cell culture was prepared by a modification of Goshima's
method 13. as described below. The basal med ium in Goshima's method, i.e., Eagle's MEM containing IO~%: calf serum
and 20mM N,N'-bis(2-hydroxyethyl)-2-aminoethanesulfonic acid (BE8), was replaced by Ham's F-12 medium which
was supplemented with 10% calf serum and buffered at pH 7.3 with sodium bicarbonate. Such a modification allowed
the cultures to keep beatingso longer. BES somewhat depressed the beating of cells when the incubation period was
extended over 6 h.

Hearts from 14; to 16-d-old mouse embryos (lCR strain) were minced lind digested with 51111 of 0.125% trypsin
0.025% collagenase solution at 37"C for 20 min. The dispersed myocardial cells were collected by centrifugation at
about 200 x 9 for 10 min, and then resuspended in Ham's F-12 medium. The cell suspension was adjusted to a density
of ~--4 x lOt,cells/rnl, Viable cells counted by II trypan blue exclusion method':" always amounted to 80~; or more of
the total cells in the suspension. Nunc dishes (35 mrn i.d.• Cat. No. 153066) containing I ml or Ham's F-12 medium
were seeded with 0.1 ml of the cell suspension, and incubated at 37 "C in II humidified environment of 5};, COr95~;,
air. The medium was renewed evey 48 h thereafter. The treatment of cultures with the test agents was begun 1--2 d
after the cells were seeded, at which time they were beating rhythmically, and was ended before the cells formed into a
monolayer sheet.

Measur.ement of Beating--The beating status of cultured cardiac cells was monitored with an inverted phase
contrast microscope at magnification of 150 to 400 in a chamber controlled at 37 ''C, In eaeh culture dish, about twenty
cells or clusters, which were beating regularly in the range of 33-171 beats/min. were selected for each experiment,
and their beating rates, shapes and locations in the dish were recorded before application of the test agents. Beating of
each cell or cluster was usually counted for 60 s at the time indicated. Each experiment was repeated at least three
times by using separately prepared cell cultures, and the results were averaged.

Determination of Uptake and Metabolites of ADM--,.:IH(G)-ADM instead of unlabeled ADM was dissolved in
Ham's F-12 medium and added to the culture. At the time indicated, the cultured cells were rinsed 3 times with 0.5 ml
of PBS, and then dissolved in 0.5 ml of 0.1 Msodium hydroxide solution for 30 min. Two thirds of the solution was
transferred to a scintillation vial and mixed with 12 ml of ACS-II. The rad ioactivity was measured with a Packard Tri
Curb 460 liquid scintillation counter. TIle remaining part of the solution was used for the measurement of protein
content by the method of Lowry et a/. 15

) For analysis of ADM metabolites, labelled compounds were extracted with
methanol from the cells burst by freezing, and divided to fractions of ADM, adriamycinone lind the remaining eluate
by a high-performance liquid chromatography (HPLC) as described by Haneke et (//.Ib) The radioactivities were
determined with a scintillation counter. The HPLC column was Finepak elK "'5 (5 JIm particles, 250 x 4.6 mm i.d.) and
the now rate was 0.8 ml/min,

Measurement of ATP,,·-,-,The ATP content ofcultured cells was determined by a modified luciferasc method. PI

ATP in adherent cells was extracted with chilled 0.6 M perchloric acid for 30min. The extract was neutralized with 3 M

potassium hydroxide and then centrifuged at 350 x 9 for 5 min at 4 "C. The supernatant was used as a sample solution
for the ATP assay. One milliliter of the reaction mixture in II quartz cell contained 0.5 ml of n. J M sodium arsenate
40mM magnesium sulfate at pH 7.4, 0.2 ml (If the supernatant, and 0.25 TIll of water. Diluted firefly lantern extract
(0.05 ml) was then added to the reaction mixture, and bioluminescence intensity was measured with II CHEM·GLOW
photometer. Counts accumulated during 60 s were compared to those from the standard solution of ATP.

Measurement or Lactate Dehydrogenase (LDH)--·..·..LDH activity released into the culture medium was
determined spectrophotometrically by a modified Wroblewski-LaDue method. IKI The reaction mixture (1.17 ml total)
in a quartz microcell contained 0.9 ml of 50 OlM potassium phosphate buffer at pH 7.5, H.I ml of 23 roM sodium
pyruvate, 0.05 ml of a sample (the culture medium) and 0.12 ml of water. The reaction mixture was brought to 25 "C;

before the assay. An aliquot of 0.03 ml of 6.12 mM reduced nicotinamide adenine dinucleotide (NADR) containing
59.5 mM sodium bicarbonate was added to the reaction mixture and mixed immediately. The change in extinction at
340nm during 4--5 min was measured with a Parkin-Elmer Model 551 UV-VIS double-beam spectrophotometer,
The LDR activity was expressed as the rate of oxidation of NADH by the sample medium, in nmol/min/rnl.

Determination of Protein Content--Cellular proteins were solubilized with 0.1 M sodium hydroxide solution
from the cells attaching on the growing surface of the dish and determined by the method of Lowry et al.I~)
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Inhibitory Effect of ADM on Beating Cells
On cultivation for one day, trypsin-dispersed heart cells became attached and spread out

on the surface of culture dishes. Two different cell types, myocardial cells and fibroblast-like
cells, could be relatively easily distinguished under a phase contrast microscope, as previously
noted by Goshima and Tonomura!": the fibroblast-like cells were very thin, well-spread cells.
Because they were so thin, they were transparent and poorly refractile under phase optics. The
myocardial cells were thick, highly refractile celIs. The percentage of myocardial cells in our
culture prepared from fetal mouse heart was about 80% and most of them exhibited
spontaneous beating (Table I).

Table II shows the average beating status of mouse myocardial cells, which served for
this series of ADM experiments. In the basal medium, almost all the cells selected at initial
stage continued beating rhythmically during incubation for up to 72h, and their mean beating
rate increased gradually up to 147.1%of the initial rate during the period of 72 h. In the
presence of 3.5 j.{M ADM, the number of beating cells and their beating rates started
decreasing concomitantly with a time lag of about 24 h, and decreased to about 5~) of the
initial values of 72h. Most cells acquired irregular beating and/or structural alterations within
this period.

Figure 1 shows morphological changes of cardiac cells under the same conditions as in
Table II. Most cells in the presence of 3.5 11M ADM did not show marked morphological
changes up to 24h (Fig. lA, B). After 48 h of incubation. however, they tended to lyse and to
become detached from the surface (Fig. 1C). Many of the cells disappeared from the surface

TABLE I. Percentage of Myocardial Cells

Cultivation time
(h)

4S
72
96

Myocardial cells among
attached cells ('1.;)

80±4
73±7
81 ±6

Beating cells among
myocardial cells e;;)

96±3
8X±9

The values are m~uns± SE of 6 experiments. A total of 780-[230 cells was counted for each value.

TABLE II. Inhibitory Effects of Adriamycin on tile Beating Cell Number
and the Beating Rate of Cultured' Mouse Myocardial Cells

Incubation
Beating cell number (%) Beating rate C:{.)

time (h)
None 3.5JIM ADM None 3.511M ADM

0 88/88 (100) 107/107 (100) 100(1) 100b}

4 60/60 (l00) 111± 8
8 55/60 (92) 106± 9

24 74/88 (84) 84/107 (79) 134± 16 67 ± Sdl

48 8I{85 (95) 13/107 (29Y' 150± II 28±5d)

72 46{48 (96) 6/107 (6)') I47± 15 5±2d)

Beating cell number and beating rate are given as the ratio of beating cells at the indicated time to that at
ob. Figures in parentheses show the percentage of beating cell number. Beating rates are expressed as
averaged beating rates (mean ± SE) of individual cells. a) 99±5 beats/min at 31"C, mean ±SE
(n",,88). b) J04±6 beats/min at 31"C. mean±SE (11=107). Values with superscripts e) and d) are
significantly different from the corresponding control (values at Oh) with p<O.OOI by the X 2·test und
unpaired r-test, respectively.
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A ( 0 h)
B (24 h)

/

Fig. 1. Morphological Changes of Cardiac Cells Incubated with 3.5 JIM Adriumycin

A. B. C and [) an: phase contrust microgrnphsof cellsobserved at u rnugnificatiun (,f 400
ut Oh. 24. 4~, IIml nh after the addition of 3.51tM ADM. respectively. The scale SllOWS

50/lln. J: and F show phase contrast micrographs, which were observed lit a rnagniflcntion
of WO, or the cultures incubated without lind with 3.511.M ADM for 411 h, respectively. The
scale shows 20011111.
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after 72 h (Fig. lD). Such morphological changes could be seen more clearly at a lower
magnification as shown in the micrographs of two groups or cells grown with and without
3.5 tiM ADM at 48 h in Fig. J E and F.

Lysis of cells during incubation with ADM was also supported by the decrease in the
total cellular protein content and the increase in the release of LDH, a cytosolic enzyme.
Table III shows the total protein content of the cells attached to the growing surface, The
protein content of cells in the presence of 3.5 tlM ADM decreased gradually to about half the
initial content during cultivation for 72 h, while that ofparallel control cells increased to twice
the initial content at 72 h.

Table IV shows the amounts of LDH released [rom cells during cultivation for 72 h.
ADM increased the release of LDH to about twice that of the parallel control. These results
indicate that ADM stimulates lysis of the cytoplasmic membrane following inhibition of
beating. Figure 2 shows the effects of various doses of ADM on beating cells. The decrease in
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TABLE III. Effect of Adriamycin on Protein Content of Cardiac Cells

Incubation time
(h)

Protein content (%)

None 3.5 JIM ADM

24
48
72

114± 9 (13)
170± 12(13)
190± 18 (13)

83± 12 (9)
77± 17 (9)
54± 6 (13)

Protein contents are expressed as mean percentage ±SE of the initial content. Figures in parentheses are
the number of experiments. The initial protein content of cardiac cells was 22.0±2.2}lg per dish.

TABLE IV. The Release of Lactate Dehydrogenase from Cardiac
Cells by Adriamycin

LDH activity in culture medium (nmoljmin/rnl)
Incubation

time (h)

24
48
72

None

16.9±6.2
38.8±7.7
83.2±8.5

ADM 3.5J1M

36.0± 9.9
68.2± 14.5")

195.5± 17.0b)

The data on the LDB activity are expressed as mean ±SE of 11 experiments. Values with superscripts u)
and b) are significantly nigher than the corresponding controls with p<O.OS and p<O.OOI, respectively.

100

50

o
o 170

ADM
340

(fl M)

520

Fig. 2. Dose and Time Dependencies of the In
hibitory Effect of Adriarnycin on Beating of
Cultured Myocardial Cells

Beating cell numbers were counted at the indicated
times after the addition of various concentrations of
ADM. Open circles, open triangles and closed circles
show incubation periods or 0,5, 1.0 and 4.0 h. re
spectively.

the beating cell number by ADM was dose- and exposure time-dependent. Fifty percent
cessation of beating of cells was observed on incubation with 430-520 jiM ADM for 0.5 h,
280 J,lM ADM for 1h, 70-100 J,lM for 4 h or 3.5 J,lM ADM for 36h.

Incorporation of 3H(G)-ADM
Table V shows the amounts of 3H(G)-ADM incorporated into the cells under the same

conditions as in Table II. The radioactivity in cells reached almost the maximum within 8 h,
and more than 90% was from ADM itself even 72h after the addition, as confirmed by HPLC
analysis.

Table VI shows the relationship between the amount of ADM incorporated into cells and
the inhibitory effect on beating. When cultures were incubated with 70fl.M 3H(G)-ADM,
uptake of the isotope by the cells was 13.4pmol/J.lg protein at 4 h and reached the maximum
level at 24h, while the beating cell number was 53.5% of the control at 4h arid decreased as
the incubation time was prolonged. When cultures were incubated with 70 J,lM ADH for 4 h
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TABLE V. Uptake and Metabolism of Adriamycin by Cardiac Cells
(in the presence of 3.5 pM adriamyoin)
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Incubation time
(h)

0.5
1
2
4
8

24
48
72

Total uptake of 3H·ADM
(pmol ADM eq/Jlg protein)

1.42±0.05 (6)
1.52±0.04 (6)
2.03±O.lO (6)
2.30±O.l2 (6)
2.80±0.15 (6)
2.72±0.21 (28)
3.43±0.17 (28)
2.97 ± 0.17 (28)

ADM found
(% of total uptake)

95.9±8.64 (7)
90.2 ±4.72 (7)
96.2 ±4.46 (7)

Radioactivity of JH(G)·ADM used in the experiments was 19l1.21ICi/nlg. The data are expressed as
mean ±SE and figures in parentheses arc the number of experiments. The total uptake of JH·ADM was
estimated by measuring radioactivity of the isotope incorporated iu cells. ADM found in cells was determined
by HPLC as described in the text,

TABLE VI. Uptake of Adriamycin by Cardiac Cells (in the presence
of 70 and 140 j(M adriarnycin)

70

70

140

Incubation Cellular radioactivity" Beating cell
time (h) (pmol ADM eq!J(g protein) number C~~l)

4 13.4 ±0.61 (45) 61/114 (53.5)
24 24.1 ± 1.96 (12)
28 19/1I4 (16.7)
48 18.7 ±2.25 (12)
52 1/114 (0.9)
72 14.7 ± 1.10 (6)

76 0/114 (0)

4 (24)") 6.37± 0.35 (40) 23/114 (20.2)
(48) 4.94±2.25 (12) 6/114 (5.3)
(72) 7.23 ± O.6S (6) 3/114 (2.6)

I J!.O i~ I.92 (17) 38/ 54 (70.4)
4 19.3 ± 3.08 (17) 23/ 54 (42.3)

a) The total cellular radioactivity from .IH(G)·ADM was calculated in ADM eq and is expressed us the
mClln±SE. figures in parentheses arc the number of' experiments. /» Ratio of heating cell number Ilt the
indicated incubation time to that before ADM treatment; figure»in parentheses show the percentage of the
beating cell number. c) The cells were incubated with .lH(G)·ADM for 4 h und then incubated in the basal
medium (ADM·free) after being washed three times with the basal medium. Figures in parentheses show the
incubation time after the removal of ADM.

and then with ADM-free medium. for 24 to 72 h, the ADM content of the cells decreased to
less than half that of the cells exposed continuously to AD M. However, inhi bition of bealing
of such rinsed cells still progressed at about the same rate as that of the cells exposed
continuously to 70 JiM ADM, resulting in lysis of cells. When cultures were incubated with
140J1.M 3H(G)-ADM, the amount of the isotope incorporated in the cells within 1h was almost
the same as that within 4h at 70 J1.M ADM. The uptake of ADM at 4h increased further and
reached twice that at 1h. At the same time, the beating cell number decreased rapidly from
70.4% of the initial beating cells at 1h to 42.3~Yu at 4 h. These results suggest that not the
metabolites of ADM but ADM itself produces the inhibitory effect on the beating of
myocardial cells and that this effect may result from some biochemical changes induced by
ADM, since the time lag was prolonged as the dose of ADM was lowered.
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TABLE VII. Inhibitory Effect of Adriamycin on ATP Content of Cardiac Cells

ATP content (pmol/jzg protein)
Incubation time

(h)

24
48
72

None

37.5±O.90
37.7±O.82
39.7± 1.23

3.5JIM ADM

36.6± 1.67
25.4 ±0.92"1
17.5 ± 0.49/11

Values show the mean ± SE in 8 experiments. The values with superscript (I) are siguificanrly lower than
those from the parallel control (none) with p<O.OOI by the unpaired z-test.

TABLE VIII. Inhibitory Effects of Antimycin A and Rotenone on ATP
Content and Beating of Myocardial Cells

Inhibitor (JIM)

None
Antimycin A

Rotenone

18
55
91

128
13
25
51

127

ATP content
(pmol/eg protein)

26.7±0.47
27.5±0.76
25.7±1.l4
16.9± 1.07b)

9.83±O.63b)

29.6± 1.98

23.8±0.78t1
•

23.4±O.80tl
)

2J.I ± 1.38/1)

Beating cell number

e~;)

100
97
57

3

90
47
3

ATP content was determined after the cells were incubutcd in the medium with the inhibitors for n.s h.
Values of ATP content are the mean ± SE of 9 experiments. Beating cell numbers arc shown :IS percentages of
30-52 beating cells at the start of the incubation. Values with superscripts II) and h) are signilicuntly lower
than the control (none) with p < 0.0I and fI < 0.001 by the unpaired r-rcst, rcspcctively,

Effect of ADM on the ATP Content of Cells
Table VII shows the relationship between the inhibitory effect of ADM 011 beating and

the ATP level of cardiac cells under the same conditions as in Table 11. AD M depressed ATP
level.in the cells at incubation periods of longer than 48 h. This reduction in ATP content
by ADM, however, developed more slowly that the decreases in the number or heating cells
and the beating cell rate, that is, about 24 h later.

Table YIn shows the inhibitory effects of antimycin A and rotenone, potent inhibitors or
mitochondrial electron transport, on beating and ATP content. The concentrations of 55 JIM

antimycin A and 25 11M rotenone caused about 50~{) reduction in the number of beating cells.
Reduction of AT? content by antimycin A, however, was caused only by higher con
centrations than 91 11M. In addition, rotenone at concentrations up to l27/lM did not much
reduce the ATP content.

Discussion

The incidence of ADM-induced cardiomyopathy in patients increases dramatically at
cumulative ADM doses of above 550 to 600 mg/sq m. 20

) A variety of morphological changes,
including loss of myofibrils, mitochondrial swelling, vacuolization, and z-band disruption.
have been noted upon autopsy in the hearts of patients who had succumbed to ADM-induced
congestive heart Failure.I'! Similar morphological changes have been observed in various
animal species.V'
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Some attempts to use heart cell cultures to evaluate ADM-induced toxicity have been
reported,2J-25) though most of them did not systematically investigate the relationships
between dose levels, exposure time, cellular uptake of ADM and biochemical and physiologi
cal functions of myocardial cells. Lampidis et al.2

(' ) in one such study showed that structural
and functional alterations induced by ADM in cultured rat heart cells are similar to those seen
in vivo, and can be related to ADM dose and exposure time. The present results on the
inhibitory effect of ADM on mouse embryo myocardial cells are similar to their results. The
doses of 3.5 and 140 J.l.M ADM in our work seem to correspond to their low or intermediate
doses and high doses, i.e., the levels for so-called chronic and acute toxicities, respectively.
They also suggested that the beating rate is not a reliable parameter for study since the
beats/min of individual ADM-treated cultures overlapped those of untreated cultures, but the
present results have proved that the beating rate and the beating cell number are sensitive and
reliable parameters of ADM toxicity. This discrepancy may be due to the use of cardiac cell
cultures at different stages. While we used a primary culture rich in myocardial cells after
cultivation for I to 2 d (Table I), they used a confluent cell culture after 7 d which contained
many fibroblast-like cells as well as myocardial cells. At a low dose of 3.5 tlM ADM (Table Il),
the amount of ADM incorporated into the cells reached nearly the maximum level in 8 h. and
remained unchanged till 72h. Nevertheless, cessation of beating developed gradually after a
lag time of almost one day, and lysis of cells followed. as shown by release ofcellular proteins
and lactate dehydrogenase (Tables III and IV). Such a time lag for inhibition of beating by
ADM, though it was shortened as the ADM dose was increased, suggested that the beat
inhibition may be a secondary effect of some biochemical changes induced in the cells by the
addition of ADM and that the true form inducing such changes is not an ADM metabolite
such as adriarnycinone, but ADM itself (Table V). Exposure of myocardial cells to 70 liM

ADM was lethal even if ADM was completely removed from the culture medium after 4 h
(Table VI). Furthermore, beating of such cells was inhibited almost as effectively as that of
cells continuously exposed to 70 tlM ADM. Consequently, it appears that about 3 pmol or
more of ADM per Jlg protein in cardiac cells results in irreversible inhibition of beating.

The myocardium is a most-energy consuming tissue, and the energy for the myocardial
function is generated and supplied mainly through the mitochondrial respiratory chain, which
is aboundant in the heart tissue. ADM is known to produce structural and functional
alterations in heart mitochondria in l'iI'0.27) Thus, the effect of ADM on mitochondria in heart
has been studied intensively. In 1974 Gosalvez et al.2M

) showed that ADM inhibited
mitochondrial respiration. Iwamoto et 01.29

) revealed that ADM inhibited mitochondrial
succinoxidase and NADH-(}xidase activities from beef heart. We have also shown previously
that CoQIO reduced the inhibitory effect of ADM on such CoQ-enzymes:\{I> Bcrtazzoli et ,,1:11 )

also reported upon the protective effect of eoO ID against cardiotoxicity of ADM in ,111

isolated rabbit heart system. Further, the relation between mitochondrial injury and
cardiomyopathy was emphasized by the observations that ADM produced a reduction in the
cardiac store of ATP in the isolated perfused rat hcart·'2) and that A DM associated strongly
with cardiolipin, a phospholipid specific to the mitochondrial inner membranc.t" The present
results also showed that ADM depresses ATP content in cultured cardiac cells (Table V). At a
dose of 3.511M ADM, however, the decrease in ATP content was observed after the beat
inhibition. Accordingly, the reduction in ATP content dQCS not seem to explain the time lag.
Antimycin A, a strong inhibitor of cytochrome li-c(, however, also inhibited beating in
advance of AT? reduction. Therefore, it is necessary to accumulate more evidence before the
relationship between ADM cardiotoxicity and cellular respiration can be understood.
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Peripheral Monocytes and Lymphocytes: A Comparative

Study with Natural Human Interferon-Alpha
and -Beta

SHUU MATSllMOTO,* MASAMI MORIYAMA and HIDEYO IMANlSHI

Basic Research Laboratories, Taray Industrles JIlC.•

Tebiro JJJJ. Kamakura 248. Japan

(Received July 5, 1986)

The effects of recombinant human interferon (If'Nl-garnma (Met-Gln form). having the same
amino acid sequence as that or natural human If'Nsgarnmaexcept 1'01' the Neterminal Met residue.
on the expression of Fe receptor (FeR) and Ia-like antigen in human monocytes and lymphocytes
were comparatively investigated with those of natural human IFN-1I1plla and -beta. IFN-gamma
(Met-GIn form) increased dose-dependently the number of FcRs binding to anti-chicken red blood
cell (CRBC) immunoglobulin G on monocytes and the number of monocytes bearing the FeR,
whereas the two natural lFNs did not. IFN-gamma (Met Gin form) also enhanced the expression
of Ia-like antigen on monocytes but the natural IFNs did not. On the other hand, IFN-gamma
(Met-Gln form) had no effect on the expression of the FcR and Ia-like antigen on lymphocytes or
on antibody-dependent cell-mediated cytotoxic activity aguinst eRBes. as was also the case with
the natural IFNs. These remits indicate that IFN-gamma (Met-Gln form) has a potent ability to
induce or enhance the expression of FeR and Ia-Iike antigen on human monocytes though IFN
alpha and -bcta do not. whereas IFN-gamma (Met-Gin form) has no effect on the expression on
human lymphocytes, like the naturul If-Ns.

Keywords-e-c-Intcrferon; monocyte: lymphocyte: Fe receptor: HLA antigen; ADCC activity

Introduction
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It is well known that various interferons (lFNs) possess many biological activities
including antiviral. antiproliferative and immunornodulating activities in man and animals."
Natural human IFN-gamma, which is called "immune interferon," has been expected to have
many potent irnmunomodulating activities, but the limited supply of highly purified IFN has
prevented extensive study of this interesting lymphokine, A large amount of highly purified
human IFN-gamma has recently become available by gene cloning into a strain of Escherichia
coli." Recombinant human IFN-gamma (Met-Gln form) used in our study is a natural type
having the same amino acid sequence as that of natural human .lFN-gamma elucidated by
Rinderknecht et al.,3) except for the N-terminal methionine residue. In our previous studies,"!
we found that IFN-gamma (Mct-Gln form) augmented human natural killer, antibody
dependent cell-mediated cytotoxic (ADCC) and antibody-dependent monocyte-mediated
cytotoxic (ADMC) activities like other lPNs, and that the augmentation of ADMC activity
against anti-chicken red blood cell (CRBC) immunoglobulin G (IgG)-coatcd CRBC by IFN
gamma (Met-GIn form) was more potent than that by natural human IFN-alpha and -beta
when compared on the basis of antiviral activity. Since it is well known that, in the ADCC
reaction, the effector cells are Fe receptor(FcR)-bearing cells and an increase of effector
cell/target cell ratio enhances ADCC activity. it is supposed that the greater increase in the
number of monocytes bearing FeR induced by IFN-gamma (Met-Gin form) as compared
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with natural human IFN-alpha and -beta might result in more effective augmentation of the
ADMC activity. We, therefore, tried to confirm this hypothesis by measurement of the
number of FeR-bearing monocytes after IFN treatment using flow cytometry and fluorescein
isothiocyanate-labelled (FITC-) anti-CRBC IgG in this study. In addition to the analysis of
FeR on human monocytes, we further studied the effects of these IFNs on the expression of
FeRs on human lymphocytes and on the antibody-dependent lymphocyte-mediated cytotoxic
(ADLC) activity against anti-CRBC IgG-coated CRBC.

Since there are many studies demonstrating the augmenting ability of IFN-gamma on the
expression of la-like antigen on various cells, including monocytes and macrophages," we
were very interested to examine whether IFN-gamma (Met-GIn form) enhances the
expression of the antigen on monocytes and lymphocytes. Therefore, we compared the effects
of IFN-gamma (Met-Gin form) on the expression with those of natural human IFN-alpha
and -beta,

Experimental

lnterferons--Recombinant human If'Nsgamma (specific ucnvtty: 2.72 x 107 units/mg protein, "" purity
(sodium dodecyl sulfate-polyacrylamide gel electrophoresis); 99.9~·;" lymulus amoebocyte lysate: 0.03 ng/mg protein)
was supplied by Genentech, Inc. (South San Francisco, U.S.A.). Natural human IFN-beta (1.0:< to' unit/mg protein)
was prepared in our laboratories by the superinduction method using human diploid foreskin fibroblasts as
previously described/" Natural human IFN-alpha (3.72 x I()b unit/rug protein) was kindly provided by Dr. K. Cuntell
(Central Public Health Laboratory, Helsinki, Finland). The titer of each IFN was calculated in terms of the untiviral
activity determined by the 50~?/o cytopathic effect reduction method using FL cells and vesicular stomatitis virus or
Sindbis virus.

Preparation of Human Monocytes and Lympbocytcs-s-c-Blood from healthy volunteers was collected by
venipuncture using a heparinized syringe. The blood was diluted with an equal volume of Dulbecco's phosphate
buffered saline not containing Mg1 + or Ca2+ (Dulbecco PBS( - ». Mononuclear cells were separated from the diluted
blood solution by centrifugation for 30 min at 400 x 9 on Lymphoprep (Nyegaard, Oslo, Norway). The interrace cells,
namely mononuclear cells, were harvested with a pipette, washed three times with Dulbecco PBS (-), and then
suspended in RPMI 1640 medium (Nissui Seiyaku, Tokyo, Japan) containing heat-inactivated 10'::' fetal calf serum
(FCS; Commonwealth Serum Laboratories, Melbourne, Australia). Lymphocytes were separated trum the mononuc
lear cell suspensions by the binding of adherent cells. i.e., monocytcs, to macrophage separating plates (MSP-P: Japan
lmrnunoreseurch Laboratories, Takasaki, Japan), and then monocytes were removed from these plates hy using
MSP-E (exfoliating solution containing cthyleuediaminctctraacctic acid). The lymphocytes und monocyte» were
washed three times with Dulbecco PBS (-) and suspended in RPMI 1640 medium containing 10'.'., FCS. Monocyte
purity in the monocyte suspension was> 90% as determined by esterase and G iemsa staining and lymphocyte purity
in the .lymphocyte suspension was > 98'_~-;, as determined by now cytometry.

Treatment of Monocytes and Lymphocytes with IFN------,·-Fc))· flow cytometry, 1--- 5 x lO" mouocytes ill 1ml of
RPM] 1640 medium containing 10"," FCS were treated with l ml of IFN solution or control solution (RPM! 1640
medium containing IO~~,;, FCS) in Falcon 60 x 15 111m plastic dishes (Becton Dickinson, Oxnard, U.S.A.). These dishes
were incubated for 20 hat 37 "C in a humidified atmosphere 01'95':'" air-·5:~;j\ CO2, At the end of this incubation period,
monocytes were gently exfoliated with a rubber policeman, and then washed with and suspended ill RPMI IMO
medium containing IO~%: FCS. On the other hand, 1 x 107 lymphocytes in I ml of RPM] 1640 medium containing
1O~~ FCS were added to l ml of IFN solution or control solution in Falcon 15ml plastic tubes. These tubes were
incubated under the same conditions as described above. After the incubation, lymphocytes were washed three limes
and suspended in RPMI 1640 medium containing lW";, FCS. For ADLC assay, 3x lOS lymphocytes in WO,d of
RPMI 1640 medium containing 10'/;. FCS and 100 III of IFN solution or control solution were mixed ill each well of
Nunc plastic tissue culture plates (Uvbouomcd, 96 wells; Inter Med, Denmark) prior to incubation under the same
conditions as described above. Thereafter, lymphocytes in each well were washed three times by the aspiration
technique and 100 It! of RPMI 1640 'medium containing IO~~ FCS was added to each well.

FeR and Ia-like Antigen Analysis by Flow Cytometry---Half a million monocytcs or lymphocytes, which were
treated with IFN or control solution, were labelled by incubation with 100III of It diluted solution (1/IOO(J) of rabbit
FITC-anti-CRBC IgG (Cappel Laboratories, Cochranville, U.S.A.) or FlTC-OKlal (Ortho Diagnostic Systems,
Raritan, U.S.A.) at 4 "C for 30 min and washed three times with Dulbecco PBS (-). These labelled monocytes or
lymphocytes were analyzed with a Cytofluorograf system 50H (Ortho Diagnostic Systems, Raritan. U.S.A.). In
addition to the histograms obtained from the distribution analyzer, regional analysis was performed as follows. One
thousand and twenty-four channels of the fluorescence detectors 011 the Cytofluorograf were divided into six regions,
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i.e. region I, channel 1-100; region II, 101-200; region III, 201-400; region IV, 401-600; region V, 601---800;
region VI, 801-1024. Monocytes or lymphocytes in each region were counted. We checked that there wasno peak in
the higher fluorescence intensity side in the analysis of FITC-antibody-untreated monocytes or lymphocytes and
FITC-mouse IgGI (monoclonal antibody; Becton Dickinson, Oxnard, U.S.A.) or -rnouse IgG2a+ b (monoclonal
antibody; Becton Dickinson, Oxnard, U.S.A.)-tn:lIted monocytes or lymphocytes. To determine the percentages of
monocytes or lymphocytes bearing FeR or Ia-like antigen in the rnonocytes or lymphocytes preparation, we used a
Spectrum III (Ortho Diagnostic Systems, Raritan, U.S.A.) because it is easier to fix the boundary line between FITe
positive and -negative cells in a flow cytometer than in the Cytofluorograf system 50H. Namely, after the histograms
of the monocytes or lymphocytes existing in the predetermined monocyte or lymphocyte field in 0"/90" light
scattergrarns were obtained on the Spectrum III. the percen tages were calculated from the number of FITC-positivc
cells in the histograms. The percentage of the monocytes or lymphocytes labelled by FITC-mouse IgG 1 or -!7l0USC

IgG2a+b was<L3%. The percentage of the rnonocytes or lymphocytes labelled by FITC-anti-Leu7, monoclonal
antibody specific for large granular lymphocytes (Becton Dickinson, Oxnard, U.S.A.), was <6% or <25~\"

respectively. By fluorescence microscopy, we confirmed that F(ab'h ofFITC-anti-CRBC IgG prepared according to
Nisonoff et al.7 ) did not bind to monocytes.

Measurement of ADLC Activity··--··-ADLC activity was measured by 5lCr-releuse assay using CRBC as target
cells. CRBCs were separated from heparinized fresh whole blood of White Leghorn chicken (female). After washing,
5 x 107 CRBCs were incubated in 600 It! of RPMI 1640 medium containing 300 JlCi of Na/ ICr04- (New England
Nuclear, Boston, U.S.A.) and 5% FCS for 3hat 37 "C in 1I humidified atmosphere 01'95':;; air-·5~{. CO2 , These ~ICr

labelled CRBCs were subsequently washed three times and adjusted to the desired density with RPMI 1640 medium
containing 101~ FCS. ADLC assay was performed using Nunc plastic tissue culture plates (Ll-bottorned, l)6 wells).
Namely, 100It! of lymphocyte suspension (3 x 10' cells), 50 ILl 01' 5lCr-Iabelled CRBe suspension (I x ]04 cells) and
50JlI of antibody solution of 1/2500 diluted rabbit anti-CRBC' IgG (Fujizoki Pharmaceutical, Tokyo, Japan) were
added to each well. These plates were incubated at 37'C for fi h in a humidified atmosphere of <)5'~" air--5~';. CO~ prior
to separation of the supernatants by automated equipment tl'itertek Supernatant Collection System; Flow
Laboratories, Virginia, U.S.A.). Their radioactivities were measured with a well-type gumma counter (Aloka L1)C
751; Aloka, Tokyo, Japan). TIle following formula was used to calculate percent specific lysis:

'I' . . . experimental cpm-SR cpm
/0 specific lysis== ---------..---...-.- --- ..--.- ..----- x 100

MR cpm-SR cpm

In this formula, MR cpm was determined as cpm in the superuatunt obtained after the lysis of ~ICr-]uhelled C'RIK's
with distilled water. SR cpm was determined us cpm released from ~ICr-labclled CRBCs incubated with RPMI 1640
medium containing 1O~,,; FCS alone in the absence of lymphocytes.

Results

Analysis of FeR on Monocytcs
Table I shows the effects of recombinant human IFN·gamma (Met Gin form) and

natural human JFN-alpha and -bcta on the numbers of monocytcs treated with El'TCvnnti
CRBC IgG in the six regions obtained by flow cytomctry. As seen in Table I, JFN-gamma
(Met-Gin form) greatly decreased the number of monocytes in region I but increased those in
region II, III and IV. Further, another experiment revealed that this increasing effect was
dose-dependent (Fig. I). However, the two natural ll-Ns did not show any apparent effect on
the numbers in the six regions (Table 1).

The change of the percentage of monocytcs bearing FeR binding to unti-CkBf' IgG after
treatment with each IFN or control solution is shown in Fig. 2A. Even on overnight
incubation of fresh rnonocytes in control solution, the percentage was markedly decreased to
25~~,;; of the fresh control value. IFlv-gamrna (Met-GIn form) greatly increased the percentage
when compared with the overnight control value (Fig. 2A) and this increase was dose
dependent (Fig. 3). On the other hand, the natural IFNs showed no effect at 1000unit/ml (Fig.
2A).

Analysis of FeR on Lymphocytes
The effects of the three IFNs on the number of lymphocytes treated with Fl'I'Csanti

CRBC IgG in the six regions obtained by flow cytornetry are shown in Table II. These results
indicate no significant change of the numbers in all regions when compared with the fresh
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TABLE I. Effects of IFNs on the Population of Human Monocytes in Six Fluorescence Intensity
Regions Determined Flow Cytometrically Using FITC-anti-CRBC IgO

Each value represents the mean± S.E. of three donors. The IFN concentration used in the treatment of monocytes was 1000
unit/mi. Significant difference from overnight control, a) p<0.05; b) p<O.02; c) p<O.OJ.
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Fig. I. Dose-Dependent Effect of IFN-Gamma on Expression of FeR Binding to
Anti-CRBC IgO on Human Monocytes

A, fresh control; B, overnight control; C, IOunit/ml; 0, IOOunit/ml; E, lOOQunit/ml.
These data were obtained from one donor. Similar results werc also obtained from two

other donors (data not shown), but we did not calculate mean values because there were
some individual differences between the patterns of the three histograms.

A
FcR+ monocytesC°J.)

B

Ia+monocytllsC°t.)

o 20 40 60 eo 0 20 40 60 eo 100

fresh control

overnight control

IFN-alpha

IFN-beta

IFN-gamma

Fig. 2. Effects of IFNs on FcR and la-like Antigen Expression in Human
Monocytes

A. percentage or monocytes bearing FcR binding to anti-CRBC IgO in monocyte
preparation; B, percentage of Ia-positive monocytes in monocyte preparation.

Each value is the mean ±S.E. of three donors.
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overnight control

IFN-gamma 10

100

1000

unit/ml

Fig. 3. Dose-Dependent Ellcct of IFN-Gamma
on FcR Expression in Human Monocytes

Each value is the mean±S.E. of three donors.

TABLE II. Effects of IFNs on the Population of Human Lymphocytes in Six Fluorescence Intensity
Regions Determined Flow Cytometrically Using FITC-anti-CRBC IgO

Each value represents the mUllI):t S.E. of three donors. The IFN concentration used ill the treatment or lymphocytes was WOO
unit/ml.

A
FeR+Iymphocytes(·/.)

B

10+ lymphocytes("',)

fresh control

overnight control

[FN-olpha

IFN-beto

[FN-gomma

Fig. 4. Effects of IFNs on FcR and Ia-Like Antigen Expression in Human
Lymphocytes

A, percentage of lymphocytes bearing FeR binding to unti-CRBe [gO in lymphocyte
preparation; B. percentage of In-positive lymphocytes in lymphocyte preparation.

Elich value is the mean:tS.E. of three donors.

control.
Figure 4A shows the effects of the three IFNs on the percentage of lymphocytes bearing

FeR binding to anti-CRBC IgG in the lymphocyte preparation. The percentage was
unchanged by the treatment with each IFN or control solution in comparison with that of
fresh lymphocytes.

Effects of IFNs on ADLC Activity
Figure 5 shows the effects of the three IFNs on ADLC activity. The ADLC activity was

not augmented even by treatment with 1000unit/m] IFNs.
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Fig. 5. Effects of IFNs on Human ADLC Ac
tivity

0---0, IFN-alpha; ••..•• IFN·beta: .-••
IFbl-gamma. Elich value is the mean ±S.E. of three
donors.

TABLE Ill. Effects of IFNs on the Population of Human Monocytes in Six Fluorescence Intensity
Regions Determined Flow Cytometrically Using FITC-OKIaJ

Each value represents the mcan±S.E. of three donors. The IFN concentration used in the treatment of monocytes was 1000
unit/rnl. Significant difference from overnight control. a) p<O.05; b) p<O.OI.

TABLE IV. Effects of IFNs on the Population of Human Lymphocytes in Six Fluorescence Intensity
Regions Determined Flow Cytometrically Using FITC-OKlal

Each value represents the mean ± S.E. of three donors. The IFN concentration used in the treatment of lymphocytes wus woo
unit/rnl.

Analysis of Ia-like Antigen on Monocytes
The change of the numbers of monocytes binding to FITC-OKla 1 in the six regions after

treatment with each IFN or control solution is shown in Table III. IFN-gamma (Met-GIn
form) greatly decreased the number in region III, IV and V and increased that in region VI,
but the natural IFNs caused no significant change as compared with the overnight control
value.

The effects of the three IFNs on the percentage of Ia-positive monocytes in the monocyte
preparation are shown in Fig. 2B. Almost all of the monocytes were Ia-positive after
overnight incubation in the control solution, and the three IFNs did not change the
percentage.
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Analysis of Ia-llke Antigen on Lymphocytes
Table IV shows the numbers of lymphocytes binding FITC-OKlal in the six regions

after treatment with each IFN or control solution. The three IFNs did not change the num
bers. The three IFNs also did not affect the percentage of Ia-positive lym
phocytes in the lymphocyte preparation, as shown in Fig. 4B.

Discussion

We analyzed the FcR binding to uuti-CkBf: IgG on human monocytes using flow
cytometry, demonstrating a dose-dependent increase of the number of FcRs on monocyte»
and monocytes bearing the FeR after treatment with recombinant human IFN-g,lmma (Mel"
GIn form) (Figs. 1 and 3). The increasing effects on the number of monocytes bearing FcR
induced by the IFN-gamma (Met-Gin form) were not observed with natural human IFN
alpha and -beta (Figs. 2 and 3). These results may directly explain why IFN-gamma (Met-Gin
form) augmented ADMC activity against anti-eRBC IgO-coated CRBC more effectively
than the natural IFNs when compared on the basis of antiviral activity. as shown in our
previous report." Namely, IFN-gamma (Met-GIn form) seems to augment ADMC activity
by increasing the number of monocytes bearing FcRs binding to allti-CRBC IgG more
effectively than the natural IFNs. In relation to these results, Guyre et ul, demonstrated that
recombinant human IFN-gamma (Cys-Tyr-Cys-Gln form) having Cys-Tyr..-Cys-Gln at the
N-terminal increased the number of FeR on human monocytes and cell line HL-60 and U-937
more markedly than recombinant human IFN-alpha and -beta." In the same report. they
stated that their IFN-gammCl enhanced ADCC activity without presenting any experimental
data." Their results and ours indicate that human monocyte activation induced by recom
binant human IFN-gamma may not require the Nsterrniual residue, Cys-Tyr-Cys, as
described elsewhere."! Since the present study showed no significant effect of the natural If'Ns
on the number of FeR-bearing monocytes, the weak or moderate augmentation of ADMC
activity by the natural IFNs as shown in our previous report?' cannot be explained by an
increase in the number of FeR-bearing rnonocytes. Therefore, othermechanisms of ADMC
augmentation by IFNs, for example, the enhancement of lytic ability of monocytes after
binding to target cells or recruitment of monocyte» participating in the ADMC reaction,
cannot be excluded.

Although the expression of FeR on cell membrane of monocytes was induced by ]FN~

gamma (Met-Gin form), such induction was not observed in lymphocytes (Fig. 2 and Table
Il). The finding is consistent with the lack of AD LC-augmcntutioll by l Fl-l-gammu (Met GIn
form) (Fig. 4). The natural IFNs also had no effect on the expression of FeR or ADLe
activity in lymphocytes (Figs. 2 and 4 and Table II), These results conflict with many previous
studies demonstrating the IFlv-induced augmentation of ADLC activity.") However, in
contrast with those studies, several other studies have observed no augmentation of ADLC
activity. Ill) II is considered that this discrepancy is possibly caused by a difference of target
cells used, i.e. tumor cells were used in the studies demonstrating IFN-induced augmentation
of ADLC activity, whereas erythrocytes were mostly used in the studies showing negative
results. For example, Rumpold et al. reported that natural human IFN-alpha and -beta did
not augment ADLC activity against autologous human RBC coated with antibody. H)II)

Platsoucas et al. also found 110 augmentation of the ADCC activity of human peripheral blood
non-T lymphocytes by natural human IFN~alpha.wl'J Platsoucas further demonstrated that
recombinant human If'Nsgamma (Cys-Tyr-Cys-Gln form) or -alpha did not augment
ADLC activity against IgG-coated CRBC in two-thirds of the donors examined. \()c) Taking
into consideration their results and ours, it is postulated that IFNs cannot augment ADLC
activity against anti-CRBC IgG-coated CRBC. The reason why IFNs can augment ADLC
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activity against tumor cells but not that against CRBCs is still unclear, but the possibility that
CRBCs may be resistant to the enhanced lytic ability oflymphocytes induced by IFNs or that
IFNs may not augment the recruitment of lymphocytes binding to anti-CRBC IgG-coated
CRBCs cannot be excluded.

It is well known that MHC class II antigens are involved in the presentation of antigens
to helper T cells by antigen-presenting cells including macrophages and monocytes.i!' The
present study demonstrated that IFN-gamma (Met-Gin form) enhanced the expression of Ia
like antigen on monocytes, but the two natural IFNs did not. Several investigators reported
similar results for recombinant human IFN-gamma (Cys-Tyr-Cys-Gln formj.P' Further,
Zlotnik et al. reported that recombinant human IFN-gamma (Cys-Tyr-Cys-Gln form)
induced the antigen-presenting ability of human macrophage line P388D 1 to T cell
hybridoma, whereas natural human IFN-alpha and -beta did not.P' Therefore, it is expected
that IFN-gamma (Met-GIn form) may enhance the antigen-presenting ability of human
monocytes whereas natural IFNs may not.

The lack of enhancing effect of recombinant human IFN -gamma on the expression of Ia
like antigens in human lymphocytes demonstrated in this study (Fig. 5 and Table IV) is
consistent with the data reported by Rosa et aJ.l4l However, Lisowska-Grospierre et al.
observed enhancement of the expression of HLA-DR antigens on normal human peripheral
lymphocytes by recombinant glycosylated human IFN-gamma derived from transformed
Chinese hamster ovary cens.I S

) Although it is still unclear whether the discrepancy was caused
by glycosylation of IFN-gamma or not, it seems that human lPN-gamma may enhance the
expression of MHC class II antigens on lymphocytes less effectively than that on macrophages
and rnonocytes in humans.

We are very interested in the pharmacological significance and clinical potential of IFN
gamma (Met-GIn form) in humans. Although Momburg et al. have recently demonstrated
that recombinant murine IFN-gamma induced or enhanced the expression of Ia antigens in
various mouse tissues after in vivo treatment, I fi) the pharmacological significance of this is still
unclear. In relation to the clinical potential of IFN-gamma (Met-GIn form), Nathan et al.
have recently reported that the administration of IFN-gamma (Met-Gin form) to cancer
patients enhanced the monocyte secretion of hydrogen peroxide.'?' However, they did not
monitor the expression of FeR and Ia-like antigen on the monocytes, To elucidate the
pharmacological significance and clinical potential of IFN-gamma (Met-GIn form), further
investigations using recombinant murine IFN-gamma and animal models and further clinical
trials monitoring FeR and Ia-like (or HLA-DR) antigen expression in monocytes will be
required.
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Nitrogen dioxide at 100ppm in air greatly accelerated the oxidation of methyl esters of
linoleic and linolenic acid in both non-aqueous and aqueous systems. Nitrogen dioxide stimulated
oxygen uptake, conjugated diene formation and increase in the peroxide value of mcthyllinoleate
and methyl linolenate. The products formed from methyl linoleate were identified as four isomeric
hydroperoxides; the ratio of the amounts of the isomers was similar to that of the hydroperoxides
formed by autoxidation. No nitrogen-containing products were formed. The products formed from
methyl linolenate were identified as eight isomeric hydroperoxides that were also formed by
autoxidation.

Keywords--nitrogen dioxide; methyllinoleate; methyl linolenate: conjugated diene; peroxide
value; hydroperoxide; chain initiation

Nitrogen dioxide is a toxic pollutant of urban air. It is a free radical and is reactive
enough to initiate free radical chain reactions.t-" Evidence for lipid oxidation resulting from
nitrogen dioxide inhalation is mostly indirect. Inhalation of nitrogen dioxide by rats induced
lipid oxidation of lung lipids as measured in terms of conjugated diene formation':') or
production of ethane and pentane."! Exposure of unsaturated fatty acid esters to nitrogen
dioxide resulted in lipid oxidation as measured in terms of the formation of conjugated diene
and thiobarbituric acid reactive-substances.t"

It has been tentatively shown that nitrogen dioxide adds to the double bond of
unsaturated fatty acids to produce a nitroalkyl radical, or it abstracts a hydrogen radical from
unsaturated fatty acids to produce nitrous acid and an allylic radical species.o·- 9 ) Formation
of a nitro-peroxyl radical in the reaction of oleic acid with nitrogen dioxide in the presence of
oxygen was demonstrated ·by Kobayashi.'?' It is not known, however, what products were
formed on exposure of unsaturated fatty acids to nitrogen dioxide at low concentrations such
as that present in the atmosphere. This study was conducted in order to identify the products
formed from unsaturated fatty acids exposed to nitrogen dioxide at a low concentration.

Experimental

Materials--Standard nitrogen dioxide in air (93 or 103ppm) (NOz/Air), standard nitrogen dioxide in nitrogen
(99 ppm) (NOz/Nz), and dried air (Air) were obtained from Nippon Sanso Ltd., Tokyo, Japan. Methyl oleate, methyl
linoleate and methyl Iinolenate were of reagent grade from Sigma Chemical Company, St. Louis, MO., U.S.A.

Coating of silica gel with unsaturated fatty acid methyl esters was performed according to the method of Wu et
0/. 11) Thus, about 40g of silica gel (Wakoge1 C-200, Wako Pure Chemical Industries, Ltd., Osaka, Japan), dried at
120°C, was suspended in a solution of 9.0 g of a methyl ester in 800ml of n-hexane, and the mixture was stirred for
1h and allowed to stand for 10min. The silica gel was collected by filtration with a Teflon membrane filter and dried
in vacuo. The amount of the ester coated on silica gel was estimated to be 0.130 gig for methyl linoleate, 0.138 gig for
methyl oleate and 0.151 gig for rnethyl linolenate.
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Analysis--Absorption spectra were measured with a Hitachi 323 recording spectrophotometer. Thin-layer
chromatography (TLC) was done with Silica gel 60 F254 (Merck 5715) plates developed with n-hexane-ethyl acetate
(17: 5). Spots were visualized by irradiation at 254 nrn, by exposure to iodine vapor and by spraying saturated
potassium iodide in 50% acetic acid. High-performance liquid chromatography (HPLC) was carried out by the use of
a Shirnadzu LC-4A liquid chromatograph equipped with a stainless steel column. The peaks due to conjugated dicne
were detected at 235nm by means of a Shimadzu SPD-2AS spectrophotometric detector. The hydroperoxides 1'1'0111

methyllinoleate were separated on a column of Unisil-ODS (6.0 i.d, x 150mm) by elution with ethanol-water (6: 4)
at 30"C and 1.0mljmin, and the hydroxides were separated on a column of Partisil-S (4.0 i.d. x 500rum) by elution
with ethanol-a-hexane (0.25: 99.75) at 30 "C and La ml/miu, according to the method of Chan and Leven.':" The
hydroxides from methyl linolenate was separated 011 a column of Partisil-S (lLO Lei. x 250rnm) by elution with
ethanol-a-hexane (0.3: 99.7) according to the method or Peers et al.'·1 1 Reduction or the hydruperoxides to the
hydroxides was performed as described elsewhere.':"

Peroxide value (POV) was determined according to the method of Wheeler.!" The sample was freed from
nitrogen dioxide by extraction with Saltzman reagent'?' before POV analysis, Thus. lOG mg of the sample was
dissolved in chloroform and the solution was washed with 25ml of a mixture of 5g of sulfauylic <wid, n.os g of N-(1
naphthylj-ethylenediarninc 2-acetate and 501111 of glacial acetic acid in II of water. This washing was repeated until
the washing solution became colorless. The chloroform layer was subjected to PQV determination.

Nitrogen of nitrite and nitrate ions in aqueous solutions was determined by use of the Bratton-Marshall
reagent!" and sodium snlicylate.!" respectively.

Exposure of Unsaturated Fatty Acid Methyl Esters to Nitrogen Dioxlde··-·- Exposure or Methyl Linoleate to
Nitrogen Dioxide: A slim tube was attached to a gas-introducing lube linked to u gas outlet. The temperature of the
tube, containing 1.0g of mcthyl linoleate. was therrnostutically controlled. NO~rAir, N02!N~ or Air was passed over
the methyl linoleatc at a constant flow rate by the usc of an accurate flow meter for up to 48 h.

Exposure of Unsaturated Fatty Acid Methyl Esters on Silic« Gel to Nitrogen Dioxide in Aqueous System: A
suspension 01'2.5g of thc silica gel COIlted with the fatty acid methyl ester and 20ml oro. J M phosphate buffer (pH 7.4)
was placed in a 50-1111 flask, and N02/Air or Air was introduced into the suspension at a constant rate or 20 mljmin at
37"C with stirring. The mixture was extracted with 20 ml of chloroform and centrifuged at 3000 rpm for 10min. This
extraction was repeated twice more. The chloroform extracts werecombined, washed with 20ml of water, and filtered
through a Tenon membrane filter. The solvent was removed in vacuo and the residue was dried for subsequent
analysis.

Results

Nitrogen dioxide at about 100 ppm in air (N02/Air) or in nitrogen (N02/N2 ) was passed
over methyl linoleatc at 3rc. The weight of methyl linoleate gradually increased (16~-~;

increase alter 48 h) during N02/Air exposure, whereas no weight increase was observed
during N02/N 2 exposure (Fig. lA). Most of the increase may be due to oxygen, since the total
amount of nitrogen dioxide introduced was only 1.1 ~%l of methyl Iinolcate. Methyl linoleatc
exposed to N02/Air showed an absorption spectrum with a maximum at 235 nrn, churacteris
tic of conjugated diene and similar to that of the standard methyl linolcate hydroperoxides.':"
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Fig. I. Time Course of the Increase in Weight (A), Absorbance (B) and POY (C) of
Methyl Linoleate Exposed to Nitrogen Dioxide at 37 T

Methyl linoleate tl,tlOg) was exposed LO NOJ/Air tel, NOJ/N 2 t.) or Air tA) lit
20 mllmin. During the period of 4811, the totalamount of nitrogen dioxide passed was about
11 mg. The absorbance is presented on the basis of the concentration of )0 JIg/fill ethanol.
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Fig. 2. HPLC of Methyl Linoleate Exposed to
Nitrogen Dioxide and Its Reduction Products

A: HPLC of methyl linoleate exposed to N02/Air
at 37 uC for 48 h (POV: 4100meq/kg) on a column of
Unisil-ODS. The methyl linoleate exposed to Air at
98"C and 80 ml/mln for 3 h (POV: 2500 meq/kg)
revealed peaks with the same retention times. X=a
mixture of cis, trans 9- and 13-hydroperoxides and
Y= a mixture of trans, trans 9- and 13-hydroperox
ides. H ) B: HPLC of the reduction products of methyl
linoleate exposed to N02/Air at 60 "C for 3 h on 1I
column of Partisil-S, The ester was reduced with
sodium borohydride.r" The reduction products of
methyl linoleate exposed to Air at 60°C for 10h
revealed four peaks with the same retention times.
1= cis, trans-l3-; 2= trans, tralls-l3; 3= cis, trans-s-;
and 4= trans, trans-9-hydroxy compounds. 12}
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Fig. 3. Time Course of the Composition Ratio
of the Isomeric Products Formed from Methyl
Linoleate Exposed to Air (A) and Nitrogen
Dioxide (B)

The reduction products of the methyl linoleute
exposed to Air at 60 "C (A) and those of the methyl
linoleate exposed to N021Air at 60 "C (B) were ana
lyzed by HPLC on a column of Partisil-5 as described
in the legend to Fig, 2. The percentages of the isomers
were obtained from the height of each peak. _,
cis,lrans-13-; 0, trans, tralls-l3-; A, cis, trans-s-: 6,
trans, Imlls-I)-hydroxy compounds.

The time course of the absorbance at 235 nm in NOz/Air exposure showed that it reached a
maximum level after 18 h and then gradually decreased (Fig. J B). At the maximum level, the
absorbance was 30~~ of that of methyl linoleate hydroperoxides (I:: 25900---,-28600).12) No
increase in the absorbance was observed during exposure to N02/Nz or air alone (Air). The
time course of POV of the N 02iAir exposure showed that it reached a maximum level of
4340meq/kg (70% POV of methyl linoleate hydroperoxides) after 30h (Fig. Ie). No POV
increases were observed during the exposures to N02/N2 and Air. The increases of the
absorbance and POV of methyl linoleate exposed to N02/Air at 60 "C were much faster than
those of methyl linoleate exposed to Air at 60 "C; the periods required to reach an absorbance
0£0.3 or POV of 1000 rneq/kg were 1.5 h in the N02/Air,exposure and 9 h in the Air exposure.
These results indicated that the exposure of methyl linoleate to N02/Air resulted in
accelerated oxygen uptake and oxidation of the ester.

TLC of methyl linoleate exposed to N02/Air revealed a major spot tR] 0.31), which
absorbed ultraviolet light and liberated iodine from iodide. Elemental analysis of methyl
linoleate exposed to N02/Air (POV: 4400meq/kg) revealed O.21~~; nitrogen and a 13;;)
increase in oxygen content. HPLC of the methyl linoleate revealed two ultraviolet-absorbing
peaks X and Y (Fig. 2A). Peak X corresponded to a mixture of CI:\', trans-S- and 13
hydroperoxides and peak Y to a mixture of trans, trans-T- and 13-hydroperoxides, which are
produced in autoxidation.V' HPLC of the sample that had been reduced with sodium
borohydride revealed four peaks 1-4 (Fig. 2B). The peaks have been identified as four
hydroxy isomers; the cis, trans-Ts- (I), trans, trans-Vi- (2), cis, trans-s- (3) and trans. trans-s
(4) hydroxy compounds.F' No nitrogen-containing products were detected. Quantitative
estimation of the four hydroxy isomers obtained from methyl linoleate exposed to Air at
60°C for more than 4 h showed constan t ratios of 1: 2: 3 :4 = 17 : 30 : 19 : 34 and cis, trans:
trans, tl'ans= 36: 64 (Fig. 3A). Methyllinoleate exposed to N02/Air at 60°C showed similar
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Mcthyl llnolentc (el, mcthyl linolenute (...1and methyl oleate (.) coated on silica gel
(:!.5 g) wereexposed to NOll'Air(,.. --) or Air (" -'. -) in 201111 orn,l Mphosphate buflcr (I'll
7.4) III 20mljluin, The esters W\11"e recovered by chllll'll1'orm extraction. The absorhuncc i~
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Fig, 5. HPLe of tile Reduction Products or
Methyl Linolenatc on Silica Gel Exposed to
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Methyl linolcruuo (111 the silica gel W,IS exposed III

N01 j A ir for ,111 (I'OV: {SUO /1lcq/kg) [sec till' legend
10 Fig. 4]. Tilt: c"I<"I" was reduced and analyzed by
HilLe 011 ;l column o]' Pcrtisil-S. The methyl linn
lcnute on silica gel exposed to Air Ior IX h H'{)V:
J }uOmcq/kf() slwwt:d the same cighl peaks, The: peaks
were "s~i~ne(f as ,~, cis; trans, ds-I}-: 2'"''cis, 1I't1ll,1.

ds-I :!.: 3" cis. trans,IrwI.I'-1 ::!.; 40: 1/'{/I1.V. 1/'(1/1.1'. ci.l'-1 J.;
S=cf,\',('i.l',INIII,\'-IIl·; 6~""'/,(lIIs,ci.\.,cis·9-;7~, cis.truns,
11'1111.1'- J6-: ami II 'c~ 11"<'111.1'.1/'(111.1'. ";,I'-9·hydroxy COIll

pounds':' from their retention times.

ratios of the isomers during the periods tested; 1 :2:3:4= 16: 32: 19: 33 and cis, trans: trans,
trans= 35: 65 (Fig. 3B). Thus. the exposure of methyl linoleate to N02/Air resulted in the
production of the same isomers of the hydroperoxides as those produced in autoxidation in a
similar ratio.

Suspensions of mcthyl linoleatc, methyl linolenatc and methyl oleate coated on silica gel
surfaces were exposed to N02/Air in phosphate buffer (pl-I 7.4) at 37'C, The conjugated dienc
formation and the increase in POY of methyl linolcute and methyl Iinolcnate exposed to
N02/Air were much more marked than those of the compounds exposed to Air (Fig. 4). The
increase in POY of methyl oleate was not significant on exposure to N02/Air or Air. Since
nitrogen dioxide can be converted into nitrite and nitrate ions in an aqueous sysrem,!'" the
conversion of the gas under the conditions used was estimated. Total nitrogen introduced into
the buffer was calculated to be 790Jlg (12h) and 3170Jlg (48 h), when N02/Air was
introduced at 20 ml/rnin at 37 ('C. Nitrogen of nitrite and nitrate ions produced was found to
amount to 67 J1g (12 h) and 263 J1g (48 h), and 150Jlg (12 h) and 664 J1g (48 h), respectively.
Thus. 25-30/:' of nitrogen dioxide was converted into nitrite and nitrate ions. When methyl
linoleate was exposed to Air in buffer containing 1000 Jig nitrogen of nitrite or nitrate at 37'C
and 20 ml/min for 24 h, no significant increase in POY was observed. Thus, the ions did not
accelerate the oxidation of methyl linoleate under the conditions used. Increase in the
absorbance and POV of rnethyl linoleate and methyl linolenate may be due to the unconverted
nitrogen dioxide.

TLC and HPLC of methyl Iinoleate exposed to N02/Air in the buffer revealed a major



348 Vol. 35 (1987)

spot of Rf 0.31 and two peaks X and Y, respectively. The methyl linolenate exposed to
N02/Air in the buffer showed two major spots with Rfvalues of 0.29 and 0.20, each absorbing
ultraviolet light and liberating iodine from iodide. Autoxidized methyllinolenate revealed the
same two spots. The reduction products from methyllinolenate exposed to N02/Air revealed
eight components, which can be assigned as eight hydroxy isomers produced in autoxidation
(Fig. 5).J3) Thus, exposure of linoleic and linolenic acid methyl esters to N02/Air in the buffer
resulted in the production of the same hydroperoxides as those formed in autoxidation of the
esters.

Discussion

Nitrogen dioxide reacts with alkenes by addition to the double bond to form a nitro-alkyl
radical at ambient temperatures and high concentrations (1-40%), and in the presence of air
this reaction produces a nitro-peroxyl radica1.6-9.2o.21l The nitroperoxyl radical can then
abstract a hydrogen radical from another olefin molecule to produce a stable nitro-ji
hydroperoxide and an alkyl radical. Pryor et al.6 - 9 ) suggested the formation of the nitro
peroxyl radical in the reaction of polyunsaturated fatty acids with nitrogen dioxide at high
concentrations in air. Kobayashi'?' demonstrated that the nitro-peroxyl radical was produced
in reaction of oleic acid with nitrogen dioxide at 5000 ppm.

Pryor et al.' -9) suggested that at concentrations below 100 ppm, nitrogen dioxide reacts
with alkenes almost exclusivelyby abstraction of an allylie hydrogen, leading to the formation
of an allylic radical and nitrous acid. While none of the products has been identified. it has
been assumed that the allylic radical can combine with nitrogen dioxide to give an unsaturated
nitro or nitrite compound or with oxygen to give an allylic hydroperoxide or nitrate esters.B)

Chart I

Our data demonstrated that nitrogen dioxide at 100 ppm in air greatly accelerated the
oxidation of unsaturated fatty acid methyl esters, and the products were the same as those
produced in autoxidation of the esters. Nitrogen dioxide stimulated oxygen uptake, con
jugated diene formation, and increase in POV of methyl linoleate, methyl linoleate in an
aqueous system and methyl linolenate in an aqueous system. The products formed from
methyl linoleate were identified as four isomeric hydroperoxides. The ratio of the four isomers
was similar to that of the hydroperoxides produced in autoxidation. The products formed
from methyl linolenate in an aqueous system were identified as the eight isomeric hy
droperoxides, In these reactions, no nitrogen-containing products were formed. Although
nitrogen dioxide was partially converted into nitrite and nitrate ions in an aqueous system,
these ions were unable to accelerate oxidation of the esters.

The reaction of nitrogen dioxide at a low concentration may initially produce an allylic
radical by abstraction of a hydrogen radical from the unsaturated fatty acid esters. which may
in turn combine with oxygen in air to produce a peroxyl radical. The peroxyl radical abstracts
a hydrogen radical from another molecule of the ester to produce a stable hydroperoxide, as
in the autoxidation of the ester. Thus, nitrogen dioxide at the low concentration may initially
abstract a hydrogen radical from the unsaturated fatty acids to produce an allylic radical,
which initiates free radical chain reactions in the presence of oxygen. Nitrogen dioxide at this
concentration must be involved in the chain initiation reactions but not in the chain
propagation reactions.
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Methoxylation of 3,4,6-trichloropyridazine (1) with sodium methoxide was investigated in
detail. Dimethoxylation of 1 afforded 6-chloro-3,4-dimethoxypyridazine (5) and a molecular
complex (M) which is composed of 5 and 3-chloro-4,6-dimethoxypyridazine (6) in a ratio of I : I.
The nature of the complex (M) was examined by thermal and X-ray analyses. The molecular
complex (M) was also obtained by monomethoxylation of 3,6-dichloro-4-methoxypyridazine (3)
with sodium methoxide.

Keywords-3,4,6-trichloropyridazine; methoxylation; pyridazinone; dimethoxymono
chloropyridazine; trimethoxypyridazine; molecular complex; thermal analysis; X-ray analysis

Our previous article described the result of methoxylation of 3,4,S-trichloropyridazine.21

In this paper, we report some observations concerning the methoxylation of isomeric 3,4,6
trichloropyridazine (1), involving the formation of several types of methoxypyridazines and
especially a unique molecular complex which is composed of 6-chloro-3,4-dimethoxy
pyridazine (5) and 3-chloro-4,6-dimethoxypyridazine (6).

Eichenberger et ul.3 ) obtained 3,6-dichloroA-methoxypyridazine (3) in 70% yield?' by
monomethoxylation of 1 with NaOMe. On the other hand, Schonbeck and Kloimsteirr"
reported that dirnethoxylation of 1 with 2 eq of NaOMe afforded 6-chloro-3,4
dimethoxypyridazine (5) in 40% yield and a compound which was assigned as 3-chloro-4,6
dimethoxypyridazine (6) (mp 95-96 "C) in 52% yield.

From these reports it can be presumed that the monomethoxylated pyridazine 3 may be
an intermediate in the formation of the dimethoxypyridazines 5 and 6. Therefore, mono
methoxylation of 3 with 1 eq of NaOMe was investigated in detail. The methoxyla
tion resulted in the formation of two products, 5 and a molecular complex M in 44% and
47% yields, respectively." The melting point of the complex M was identical with that of the
compound 6 which was obtained by Schonbeck and Kloimsteirr" as described above. Some
doubts concerning the structure of Schonbeck's compound 6, however, arose from an
examination of its proton nuclear magnetic resonance etH-NMR) spectral data. The lH_
NMR spectrum of the complex M showed two sets of signals which are composed of those of
5 [b6.81 (IH, s, Cs-H), 3.98 (3H, s, OMe) and 4.17 (3H, s, OMe)] and 6 [06.38 (lH, s, Cs-H),
4.10 (3H, s, OMe) and 3.96 (3H, s, OMe)] (Fig. I and Table I). The ratio of 5 and 6 in the
complex M was determined to be 1 : I on the basis of the integral ratio of Cs-H in the JH
NMR spectrum. Reinvestigation of the dimethoxylation of 1 also gave 5 and M in the same
yields as in the case of monornethoxylation of 3. These results indicate that the complex M
(Schonbeck's compound 6) is a complex composed of 5 and 6 in a ratio of I: 1. Attempts to
separate 5 from 6 in the complex M by fractional recrystallization from many kinds of
solvents or by chromatography were unsuccessful.
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Fig. I. IH-NMR Spectra of Compounds 5. 6 lind Complex M

Alkaline degradation of the complex M allowed isolation of 6. After hydrolysis of the
complex M with 5% NaOH at 100°C for 20 min, the unresolved materials, which was proved
to contain 5 and 6 in a ratio of 1 : 3 by 1H-NMR spectral analysis, was collected and submitted
to fractional recrystallization from MeOH to afford 6 as pure crystals together with the
complex M. The melting point of 6 thus obtained was identical with that of 6 described by
Landquist and Meek.?) From 17.5g of the complex M, 1.6g of 6 was isolated. The above
separation method is based on the fact that the methoxyl group at position 4 of 5 is
hydrolyzed faster than that of 6.

As described above. the methoxylation via3 is unsatisfactory for the preparation of 6. An
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TABLE 1. IH-NMR Spectral Data for Methoxypyridazines
2-8 (CDCI); 0 ppm)

Product Cs-H OCR)
No. (each IR, s) (each 3R, s)

2 7.50 4.18
3 6.98 4.06
4 7.16 4.17
5 6.81 3.98

4.17
6 6.38 3.96

4.10
8 6.29 3.89

4.02
4.10

Vol. 35 (1987)

0 OMe OMe

H¥~ CHZN Z ~
NaOMe N~N~ I Cl ~~ I 1 > k~ lOMe

Cl Cl Cl

10 4 6

o

MeN~I Il-- ~ N~ -CI

Cl

11

Chart 2

alternative synthetic route via 3,4-dichloro-6-methoxypyridazine (4) leading to 6 was exam
ined. The methoxypyridazine 4 has been prepared by Schon beck and Kloimstein'" by the
treatment of 5,6-dichloro-3(2H)-pyridazinone (10) with diazomethane (Chart 2). However,
the above reaction under Schonbeck's conditions gave another compound, 5,6-dichloro-2
methyl-3(2H)-pyridazinone (11),7)in 52% yield in addition to 4 (16%). The structure of 11 was
determined by comparison of the melting point and spectral data with those of the previously
reported 11.8) The pyridazinone 11 was independently synthesized in 67,/:, yield by methy
lation of 10with methyl iodide in the presence ofpotassium carbonate as shown in Chart 2. It
is noteworthy that the pyridazine 6 was synthesized by monomethoxylation of 4. By
chlorination of 6-chloro-3-methoxy-4(lH)-pyridazinone (9)5) with phosphorus oxychloride,
4,6-dichloro-3-methoxypyridazine (2) was synthesized in 90% yield, and monomethoxylation
of 2 afforded 5 in 91%yield.

The trimethoxylation of 1 with excess NaOMe was investigated. A solution of 1 and
excess NaOMe in MeOH was refluxed and the reaction was monitored by IH-NMR
spectroscopy. After 30h, the ratio of5, 6 and trimethoxylated compound 8 was 5.4: 1.5: 1.
These results indicate the very slow conversion of the dimethoxylated compounds 5 and 6 into
8. After refluxing for 1h, however, MeOH was evaporated offuntil the temperature of the
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reaction mixture reached 80"C, and then the mixture was further heated for 10 h to afford 8
and 9 in 55% and 9:%: yields, respectively.

The strucrure of the interesting complex M was examined by the thermal and X-ray
analyses.

Thermal Analysis: The differential scanning calorimetry (DSC) curves of 5, 6, M, M'
(the molten mixture of 5 and 6 in a weight ratio of 1: l) and molten mixtures of 5 and 6 in
various weight ratios were recorded using a DSC apparatus (TA 3000, Mettler) in the range of
40-140°C at a rate of S"C/min.

The measurement of each sample was repeated to obtain the DSC curves of physical
mixture and molten mixture. Examples of the DSC curves are shown in Fig. 2. Sharp
endothermic peaks owing to melting of 5, 6, M and M' appeared at 129, 110, 94 and 90 "C,
respectively (Fig. 2a, 2b, 2c and 2d). The molten mixture containing 66--98 I:' of 5 in 6 showed
the melting of 5 and a eutectic peaks at around 110and 80--88 "C, respectively (Fig. 2e), while
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Fig. 4. X-Ray Diffraction Patterns of Compounds 5 and 6 and Their Eutectic
Mixtures
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Fig. 5. Phase Diagram
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the mixtures of J0-40% of 6 in 5 showed four peaks (Fig. 2f). This suggests the existence of
complex phases at lower concentration ratios of 5. The molten mixture containing 62.5% of 6
in 5 showed one sharp peak similar to that in Fig. 2d.

Powder X-Ray Analysis: Powder X-ray diffraction patterns of compounds 5, 6, M, M',
physical mixture of 5 and 6, and the molten sample after thermal analyses were measured by
using an X-ray diffractometer (RAD-rVB, Rigaku Denki; Cu-K(l; 50kV: 120mA) with a non
reflex sample holder (Fig. 3 and Fig. 4).

The diffraction patterns of 5,6, M, M' were different, M and M' being polymorphs with
5°C difference in their melting points. No changes due to melting were found for 5 and 6. It
was clear that M was not a simple mixture of 5 and 6, since the physical mixture of 5 and 6
differed from M and M' in terms of the diffraction patterns. The patterns of the melts
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containing 5-43%, 50-60% and 79-95% 6 were identical with those of the physical
mixture of 5 and M, M' and the physical mixture of 6 and M', respectively. When the weight
percentage of 6 was 0-43, irregular shifts of diffraction peaks were found compared with the
case of weight percentage > 73.

The phase diagram of the mixture of 5 and 6 was drawn on the basis of DSC
measurement (Fig. 5). The reasonable correspondence between the phase diagram in Fig. 5
and the changes of X-ray diffraction patterns in Fig. 3 suggested that M was not a simple
crystalline mixture of 5 and 6 but a solid solution or a molecular compound formed when the
equimolar mixture crystallized.

Experimental

Melting points were determined by the capillary method, and are uncorrected. I H-NMR spectra were taken on a
Hitachi R-20B spectrometer (60 MHz). and chemical sbifts are given ill the (ppm) scale with tetrumethylsilane as an
internal standard.

Monomctboxylation of 3,6-Dicblor0-4-mcthoxypyridozine (3)--A solution of 1M NaOMe in McOH (lOOml)
was added to a stirred suspension of 3 (17.9 g) in MeOH (lOOml), and the mixture was heated under reflux for I h.
The MeOH was evaporated off and water (50 ml) was added to the residue. The mixture was extracted with CHCI l

and dried over K2C0 3 • The solvent was evaporated off and the residue was recrystallized from MeOH to give two
products. 6-chloro-3,4-dimethoxypyridazine (5) and complex M. Compound 5: 7.69 g (44~;;). mp 128--129 "C (Iit.})mp
130--131"C). Complex M: 8.20 g (47/~). mp 95--96 "~CO Anal. Calcd for C6H7CINz02: C. 41.28; H, 4.04; N, 16.05.
Found: C, 41.17; H, 3.97; N, 16.12.

Separation of 3-Cbloro-4,6-d1mctboxypyridllzine (6) from Complex M -----A mixture of complex M (17.5 g) and
5~{, NaOH solution (200 g) was heated with stirring at IOO"C for 20min. The reaction mixture was extracted with
CHCIJ . The organic layer was dried over KZC03 and concentrated to dryness. The residue was recrystallized from
MeOH to give l.6g(l8~1'~) of6 as colorless crystals. mp llO-lll··C(jit.7 } mp I 10"C). Anal. Calcd for C6H1C1N20Z:

C, 41.28; H, 4.04; N. 16.05. Found: C. 41.41; 1-1, 4.04; N, 16.04.
Reaction of]O with Diazomethane-c-e-An ethereal solution ofdiazornethane [prepared from methylnitrosourea

(5.15 g) and 5% KOH solution (15 ml)] in ether (50 rnl) was added dropwise to a stirred suspension of ]0 (4.95 g) in
acetone (45 ml) at room temperature. After the evolution of Nz gas had stopped. the solvent was evaporated off and
the residue was recrystallized from n-heXlIneto give I.BO g of 5,6-dichloro-2methyl-3(2H)-pyridazinone (11). mp 97-
98 "C (lit.K~ mp 97--98 "c). The n1bther liquor was submitted to column chromatography on alumina using CHCI.l as
the eluent to alford an additional l.Og of II (total: 2.8 g. 52~{,) and 0.88 g (l6~{,) of3,4-dichloro-6-mcthoxypyridllzine
(4) as colorless crystals. mp 68-69"C (n-hexanc) (lit.~l mp 49---52 "C). 4: Anal. Oiled for C~H4ClzNzO: C, 33.55; H.
2.25; N, 15.65. Found: C.33.20; H. 2.11; N. 15.40. 11: Anal, Oiled for C,~H4C12N~O: C,33.55; H. 2.25; N. 15.65.
Found: C. 33.41; H, 2.22; N. 15.54.

5,6-Dichloro-2-methyl.3(21l)-pyridl\lin()n~ (11)·- --- A mixture of 10 (1.65 g). K2C03 (1.52 g) and iodomethane
(1.56 g) in N.N-dimcthylformamide (DMF) (20 ml) was stirred for :I h (It room temperature. The DMF was
evaporated off under reduced pressure, then the residue was dissolved in it small amount of Wall']' and extracted with
eHel;l. The extract was dried over KzCO_1 and concentrated to dryness. The residual solid was recrystallized from n
hexane to give 1.2g (67%) of 11, mp 97 ..-98 "C. which was identical with a sample obtained above by the mixed
melting point test.

3-Chloro-4,6..dimcthoxypyridazine (6)· A solution of 4 (89.5 rng) ill McOH (2 ml) was added to a solution of
n.l M NaOMe in MeOH (5 ml), and the mixture was rcfluxed for I h. The MeOB was evaporated off and water was
added to the residue. The whole was extracted with CHCIJ and the extract was dried over KzCO.,. Removal of the
solvent gave a solid. which were recrystallized from /I-hexane to afford 1l2.R mg (72 ~;',) of 6 as colorless crystals, mp
110---111 '·C. This product was identical with !l sample obtained from complex M by direct comparison of the 1H
NMR spectra and by the mixed melting point test.

4,6-Dichloro-3-methoxypyridazine (2)----~-A mixture of 9 (16. I g) and phosphorus oxychloride (153 g) was stirred
at 80 DC until the crystals dissolved (a few min). The reaction mixture was poured into ice-water and slightly alkalized
by adding dil. NaOH solution. The mixture was extracted with CHCIJ • and the extract was dried over KzC03 and
evaporated to dryness. The residue was recrystallized from cyclohexane to give 16.1 g (90%) of 2 as colorless crystals.
mp 80-81 "c. Anal. Calcd for C~H4CI2N20:C, 33.55; H, 2.25; N. 15.65. Found: C. 33.45; H. 2.22; N, 15.62.

6-Chloro-3,4-dimethoxypyridazine (S)-·~A 1M NaOMe solution ill McOH (lOml) was added to a solution of2
(1,79g) in MeOH (lOml) and the mixture was refluxed for 1 h. The McOH was removed in vaCIW and water was
added to the residue. The whole was extracted with CHCI3 • Evaporation of the solvent left crystals which were
recrystallized from MeOH to give 1.60g (91 %) of 5. mp 128-129 '·C. This product was identical with a sample
obtained from 3 by the mixed melting point test.
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TrimethoxylatioD of 3,4,6-Trichloropyridazine (1)--A 1M NaOMe solution in MeOH (200 ml) was added
dropwise to an ice-cooled solution of 1 (9.15 g) in MeOH (50 ml) and then the mixture was heated for 1 h. The MeOH
was evaporated off until the temperature of the reaction mixture reached 80 "C, and then the mixture was heated for
toh and worked up as usual to afford 4.70 g (55%) of 3,4,6-trimethoxypyridazine (8) as colorless crystals, mp 121 "C
(MeOH) (lit,9 l mp 121°C). Anal. Calcd for C7H ION20 3: C, 49.41; H, 5.92; N, 16.46. Found: C, 49.31; H, 5.84; N,
16.27. The mother liquor was acidified (Congo red) wih dil. HC] and the precipitate was collected and recrystallized
from water to give 0.74 g (9%) of 9, mp 225-228 "C. This product was identical with an authentic sample" by the
mixed melting point test.

Acknowledgement We are grateful to Dr. Hideo Nakarnachi, Central Research Division, Takeda Chemical
Industry, Ltd., for advice concerning thermal and X-ray analyses.
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Ruthenium tetroxide (Ru04 ) oxidation of N.alkylIlictams proceeded rcgioselectivcly depend
ing on the size of lactam ring, except for the seven-membered ring. Four- and eight-membered N
methyl- and N-ethyllactums were oxidized at the exocycllc a-cllrbon adjacent to nitrogen to produce
the N-acyllactams and Nrl-lactams. while five- and six-membered lactams underwent endocyclic
oxidation to yield the cyclic imides. Oxidation of seven-membered lactams yielded a mixture of
products arising from both cxocyclic and endocyclic oxidations. These rcgioselectivitics were
confirmed in the oxidation of substrates having a tertiary carbon at the oxidation position.

Keywords-c-e--oxidation: ruthenium tetroxide oxidation: rcgioselective oxidation; hydroxyl
ation; imide synthesis; N-alkyllactam; N-acyllactam; imide; ruthenium tetroxide; two-phase method
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Ruthenium tetroxide (Ru04 ) is a good reagent for the conversion of N-acylated cyclic
arnines to the corresponding lactams.!' by oxidation of one of two carbons adjacent to
nitrogen. As a common feature of the Ru04 oxidation in this conversion (1a to 2 in Chart I)
and in the transformation of cyclic ethers into the corresponding lactones." it has been
considered that Ru04 predominantly oxidizes a secondary carbon rather than a tertiary one,
However, as reported previously." we obtained an opposite result in the RU04 oxidation of
some l-azabicycloalkan-2-ones, such as quinollzidin-c-one (Ib), which gave the hydroxylated
products, such as 3, resulting from the oxidation of the tertiary carbon. At that time, we
predicted that the l-azabicycloalkan-2-ones might belong not to the category of N-acyl cyclic
amines but to that of N-alkyllactams, in terms of Ru04 oxidation. However, to date, there has
been no report on the latter category. Here we wish to describe ,1 systematic study on the
Ru04 oxidation of N-alkyllactams.

As model compounds, simple N-mcthyl- and N-ethyllactams ranging in size from four- to
eight-membered rings were selected for the present work. The RU04 oxidation of these
substrates was carried out at room temperature under catalytic conditions using a catalytic
amount of ruthenium dioxide (Ru02) in combination with an excess of lO~{, aqueous sodium
metaperiodate (NaI04 ) . In the catalytic procedure of Ru04 oxidation, a two-phase system of
organic solvent-water is usually employed as a reaction medium and the organic phase is a
chlorinated methane such as carbon tetrachloride (CCI4t J or the combination of CCI4 and

In 2

Chart I

Ib

)5"
3
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TABLE 1. Ru04 Oxidation of N-Alkyllactams

(CHJ (C H2)n (CHz}n ( CHz)n

O~N
RU04 oJ..

N
) oJ..

N
) O~N~O- + and/or

"-R
H O~R lR

I II III IV

I Reaction Product (%)
Ring size R time (h) II III IV

4 (n= I) 48: H 72 4c: 36
4b: CH3 42 4d: 86

5 (n=2) Sa: H 28 5c: 87
5b: CH 3 15 Sd: 93

6(11=3) 6a: H 30 6c: 92
6b: CH3 9 6d: 88

7 (n=4) 78, H 71 7c: 24 7d: 35 7e: 38
7b: CH3 73 7f: 40 7g: 53

8 (n=5) 8a: H 186 Be: 71 8d: 7
8b: CHJ 95 8e: 6 8e: 77

acetonitrile developed by Sharpless et aJ. 5) Recently we developed a new solvent system of
ethyl acetate (AcOEt)-water which gave short reaction times and high yieldsof the products in
the transformation of N-acylated t-proline esters into the corresponding t-pyroglutamic acid
derivatives."! Therefore, our new system was applied to the present work. However, in the
oxidation of the four-membered lactams, the organic phase (AcGEt) was omitted due to the
ready solubility of these compounds in water. The oxidation reaction was monitored by
observing the disappearance of the starting lactams on thin layer chromatographic (TLC)
plates; it proceeded slowly, with a yellow color which indicated the existence of active Ru04

generated in situ from Ru02 under the above conditions. The results are summarized in Table
I.

A highly regioselective oxidation depending on the ring size of the lactams, except for
seven-membered lactams, was observed. Four- and eight-membered lactams were oxidized at
the, exocyc1ic e-carbon to nitrogen. N-Methyl-{J-Iactam afforded a low yield of the de
methylated NH-lactam. Eight-membered N-methyllactam also gave predominantly the NH
lactam together with a small amount of the N-formyllactam. N-Ethyllactams were transform
ed into the N-acetyllactams (and the Nfl-lactam in the case of the eight-membered lactam).
Formation of the NH~ lactams must be based on the elimination of aldehyde (formaldehyde or
acetaldehyde) from the intermediates leading to the N-formyl or N-acetyllactams and/or on
the hydrolytic deacylation of the N-acyllactams.

Five- and six-membered lactams were oxidized at the endocyclic«-carbon to provide the
corresponding cyclic imides in high yields. The precursors of these imides are the correspond
ing e-hydroxyiactams which could be detectable in the early stage of the oxidation on TLC
analysis. In an incomplete run with l-methylpyrrolidin-z-one (Sa) using a traditional two
phase system of CCI4-H20, 2-hydroxy-1-methylpyrrolidine-5-one was isolated from the
aqueous phase in 16% yield. When the hydroxy compound was oxidized with Ru04 according
to our standard procedure, N-methylsuccinimide (Sc) was obtained in 97% yield.

Alternatively, treatment of seven-membered lactams with Ru04 provided a mixture of
products arising from endocyclic and exocyclic oxidations.

Next, in order to confirm the above mentioned regioselectivity depending on the size of
the lactam ring, further Ru04 oxidation was done under the same conditions with some N-
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alkyllactams bearing a tertiary carbon at the oxidation position. These compounds were
chosen because a tertiary carbon is less susceptible to Ru04 than a primary or secondary
carbon. 1

•
2

•
4

) The results are shown in Chart 2. N-Isopropyl-IJ-lactam (9) was oxidized with

o=<) RuO~ o=<) o=<)> +N N N

A (24 hI H
o~

9 4c (35%) 4d (42%)

\ i i
[ o=<) o=<) ],..

N N

~ A
OH

10 11

00 >

00 +
000

A (30 d) H ..) ........

12 Be (25%) 1:l (2S %)

00 > 000
A (41 h) A
14 15 (89%)

c: ~ 00 + 00 + Do + 000
NH

I (58 h) I H ICHO

16 17 (41 %) Itl (lSi!;) 111 (19%) 20 (9%)

o~ [~ ] O~r.- o N "-~ eel" J'hO
L........ ~

(7 h)

21 22 2H (94%)

'> o~
AcOEt-H20 (130 h)

oJ........

24 (86%)

Chart 2
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long reaction times to afford two products, an NH-Iactam (4c) and a N-acetyllactam (4d), in
35% and 42% yields, respectively. Apparently, this oxidation occurred at the exocyclic tertiary
carbon and these products (4c, d) were formed from a common intermediate, the hy
droxylactam (10), which could not be isolated. Presumably 10 was decomposed directly to 4c
by the loss of acetone and indirectly to the acetyl derivative (4d) via dehydration to the N
isopropenyllactam (11) and oxidative cleavage of the double bond of 11. Ru04 oxidation of
the eight-membered N-isopropyllactam (12) proceeded very sluggishly and was not completed
within 30d; a little of the starting lactam (7%) was recovered. This must be due to the
difficulty of access of RuO", to the exocyclic «-position. Only a low yield of the exocyclic
oxidized product (Sc, 25%) was obtained together with the cyclic imide (13, 25%) generated in
the kinetically controlled reaction. In this regard, the analogous oxidation of the seven
membered lactams gave reasonable results. N-Isopropylcaprolactam (14) was oxidized
exclusively at the endocyclic «-position to produce the cyclic imide (15) in 89% yield. On the
other hand, the reaction of 1,2-dimethylcaprolactam (16) with RuO", provided a mixture of
products resulting from the exocyclic and endocyclic oxidations: four compounds, 17 (41 ~,{,),

18 (18%), 19 (19%), and 20 (9%), were obtained on chromatographic separation of the
mixture.

Although regioselective endocyclic oxidation in the five- and six-membered lactams
having a tertiary carbon at the oxidation position has already been observed with 1
azabicycloalkan-2-ones such as Ib (Chart I),3) I,2-diethylpiperidin-6-011e (21) was examined as
a model compound. Thus, treatment of21 with RuO", as described above using the CCI4-H20

system gave a 94% yeild of the ring-opened product (23), which is equivalent to the
hydroxylactam (22). When the AcOEt-H20 system was used in the above oxidation of21, the
major product was the ring-opened imide (24) as a result of further oxidation of the initially
formed amide (23).6)

On the basis of the results described above, it is possible to conclude that the Ru04

oxidation of N-alkyllactams proceeds regioselectively depending on the size of the lactarn
ring, except for the seven-membered ring, even when a saturated tertiary carbon (which JUtS

not previously been reported to be oxidized by Ru04 ) occupies the oxidation position in the
four-, five-, and six-membered N-alkyllactams. Recently, a similar type of reaction has been
reported in the direct or indirect anodic oxidation of N-alkyllactams.7

) Our Ru04 oxidation
can be regarded as superior to these oxidations in respect of the high regioselectivity of the
reaction and the high yield of the products.

Experimental

Melting points were taken on a Yanagimoto melting point apparatus, All melting points and boiling points are
uncorrected. Infrared (IR) spectra were recorded on a lASCO IRA-2 or a Hitachi 270-30 spectrophotometer. Mass
spectra (MS) were measured on a JEOL JM3 D-IOO or a JEOL lMS D-300 spectrometer. Nuclear magnetic
resonance eH-NMR) spectra were obtained at 23 "C on a lEOL lNM·MH-!OO or a lEOL FX-IOO spectrometer with
tetramethylsilane as an internal standard.

Starting Materials--All starting materials were obtained from commercial suppliers (Sa, Sb, 6a) or prepared
according to the established methods.B).

New compounds were characterized as described below.
f-Isopropylszettdtn-z-one (9}---A colorless oil, bp 83-8S"C (l7mmHg). MS mit: 113 (M+). IR \':~;~~cm"I:

1737 (C=O). IH-NMR (CDCI3) 0: U8 (6H. d, J=7Hz, 2xCH3) , 2.81 (2H, r, J=4Hz, C3-H2 ) , 3.16 (2H, t, J=
4Hz. C4-H2) , 3.75-4.05 (lH, m, CH).

l-lsopropyloctahydroazocin-2-one (12)-A colorless oil, bp 76"C (2mmHg). MS mlz: 169 (M+). IR
v~~~cm-l: 1610 (C=O). lH-NMR (CDCl3) 0: 1.14 (6H, d, J= 7 Hz, 2 x CH 3) , 1.35-1.93 (8H, m, C4-Hl , C5-H2, H6

H2, and C7-H2) . 2.4-2.61 (2H. m, C3-H2) , 3.32-3.47 (2H, m, CB-H2) , 4.44-4.92 (lH, m, CH).
Standard Procedure for Ru04 Oxidation of N-Alkyllactams-A solution of a substrate (l2mmol) to be

oxidized in an organic solvent (AcOEt, 40 ml) was added to a mixture of Ru02 hydrate [Aldrich Chemical Co.]
(I20mg) and 1O}~ aqueous NaI04 (120ml). The mixture was vigorously stirred using a mechanical stirrer with a
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glass blade at room temperature. The reaction was monitored by TLC. In the case of the four-membered lactams,
the organic solvent (AcOEt) was omitted.

Work-up (A) [Isolation of the Product from the Organic Phase]: After the starting material had disappeared as
determined by TLC, the layers were separated. The aqueous layer was extracted with AcOEt (3 x 40 ml). The
combined organic solution was treated with isopropyl alcohol (2 ml) for 3h to decompose Ru04 , and then filtered.
The filtrate was washed with 10% aqueous Na 2SZ03 (lOml) and dried over anhydrous NaZS04 • The solution was
evaporated in vacuo to leave a residue, which was purified by column chromatography on silica-gel or alumina using a
solvent system ofAcOEt-hexane as the eluent, and/or by recrystallization for solid products or by vacuum distillation
for oily substances.

Work-Up (B) [Isolation of the Product from the Aqueous Phase]: The aqueous layer, which had been extracted
with AcOEt as described above, was concentrated under reduced pressure to dryness and the resulting white solid was
extracted with hot AcOEt (3 x 40 ml). The combined extracts were dried over anhydrous NUZS0 4 and evaporated ill
vacuo to leave a residue, which was purified.

Work-Up (C) [For the Four-Membered Lactams]: The reaction solution was washed with CCI4 (3 x 40 rnl) and
concentrated under reduced pressure to dryness, leaving a white solid, which was extracted with hot AtOEt
(3 x 40ml). The combined AcOEt extract was dried over-anhydrous Na 2S0 4 and evaporated in I'aL'UO to afford the
crude product.

The results (reaction time and yield) of all oxidations are summarized in Table I and Chart 2. The identification
ofthe oxidation products was done by comparison of their physical and spectral data with those of authentic samples,
whenever they were known (4c:1) Se,Ul) Sd,1I 1 6c,Ill) 6d,IZ} 7e,13} 7e.10 ) 7£,141 8cy' 18,1~). New compounds were
characterized as described below.

l-Acetylazetidln-z-ene (4d)--A colorless oil, bp 102-105 "C (17 mmHg, bath ternp.). MS mjz: 113 (M +). IR
v::'~~cm-I: 1784, 1696 (C=O). IH-NMR (CDC1.1) c): 2.35 (3H. s, COCH3 ) , 3.05 (2H, t, J=5 Hz, C.l-Hz), 3.58 (2H, t,
J=5Hz, C4-H2).

Isolation of 2-Hydroxy-l-methylpyrrolidin-S-onc in the Oxidation of I-Methylpyrrolidin-2-one (5a)·-Oxidution
of Sa was carried out under the standard conditions, but CCI4 was used instead of AcOE!. Arter IOd, the reaction
mixture was treated as follows: work-up (A) gave l-methylsuccinimide (Sc, 78%) and work-Up (8) gave 2-hydroxy-l
methylpyrrolidin-5-one (l6~~), which was identical with an authentic sample'!" prepared from l-methylsuccluimide
on NaBH4 reduction.

2-Hydroxy-l-methylpyrrolidin-5-one was oxidized with Ru04 under the standard conditions (AcOEt-HzO
system. 28 h) to afford 5c in 97% yield.

Oxidation of Hexahydro-l-methyl-2H-azcpin-2-one (7a)--···A mixture of two products, l-forrnylhexahydro-zjf
azepin-z-one (7d) and hexahydro-l-methyl-2H-azepin-2,7-dione (7e), was obtained on work-up (A) and separated
by column chromatography. Hexahydro-zjr-azepin-z-one (7c) was obtained on work-up (H).

7d: A colorless oil, bp 148"C (16 mmHg, bath temp.). [R 11:,:~~~Cl1l'l: 1720, 1682 (C=O). lH-NMR (CDCl.!) ,):
1.50·· 2,0 (6H, rn, C4-Hl , CS-H2• and Cc.-Hz). 2.6-2.8 (2H, m, C~-Hz), 3.8·---3.9 (2B, m, C·I-Hz), 9.34 (IB, S, cnoj.

Oxidation of l-Ethylhexahydro-2H-azepin-2-one (7b)-··· A mixture of two products, 'l-ucctylhexahydru-2Jl
azcpin-z-onc (7f) and l-ethylhexahydro-211-uzepin-2,7-dione (7g), was obtained on work-Up (A) and separated by
column chromatography.

7g: A colorless oil, bp 103"C (J mmHg, bath ternp.). IR ":~I~:~ em I: 1710, 1660 (C ,,,0). 1B-N MR (CDCl.l)s.
1.l1 (3H. r, J"'" 7 Hz, CH.,), 1.8-·..2.0 (41-1, 111, CrHz and Cc.-Hz),2.7 2.9 (4H, m, C4-H2 and C~-Hz), 3.77 (2H, 4. J
7 Hz, CEJz-CH]).

Oxidation of I-Mcthyloctahydrollzocin-2-ooe (8a)·-----Work~up (A) gave l-formyloctuhydroazocln-z-one (8(\)
and work-up (B) gave octahydroazocin-z-one (8e).

8d: A colorless oil. IR ~'~~~~cm '1: 1710, 1690 (C=O). lH-NMR (CDCI,1) (i: I.l--2.0 (RH, 1Il, C4 -H2, C~-H2' C/l
Hz. and C,-H2) . 2.5-2.7 (2H, m, C\-H2) , 3.7-3.9 (2H, 111. CH-H2) , 9.32 (lB, S, CHO).

Oxidation of l-Ethyloctahydroa'locin-2-ooc (8b)--,·-Work-up (A) ga ve l-acctyloctahyd roazocin-z-one (Be) lind
work-up (B) gave octahydroazccin-z-onc (He).

81': A colorless oil, bp 105"C (4mmHg).. MSmiz 169(M~). lR v~~~~cm --I: 1688 (b, C=()). I H-NMR (CDCI]) Ii:
1.27-·2.0 (8H, rn, C4-Hz, CS-H2• Ct.-Hz, and C,-Hz), 2.49 (3Ft, s, COCH]), 2.54--2.74 (m, 111, CrH2). 3.74 4.0
(2H, rn, CK-Hz).

Oxidation of l-Isopropyloctahydroazoein-2-one (12)--·On work-up (A), a mixture of two products,
octahydroazocin-z-one (Be) and l-isopropyloctahydrollzocin~2,8-diol1e(13) was obtained together with the starting
Iactam (12). NH-Lactam (Be) was also obtained 011 work-Up (B).

13: A colorless oil, bp 90"C (I mmHg. bath temp.). MS mlz: 183 (M+). IR v~~~cm'l: 1698, 1655 (C=O). 11-1
NMR (CDCI3) 0: 1.30(6H, d, J=7Hz, 2 x CH a), 1.47-2.0 «(IH, m, C4~H2' C~-Hz, and C(,·H2), 2.7--2.9 (4H, m, C3
H2 and C,-H2) , 4.6-5.0 (lH, m, N--CH).

Oxidation of l-Isopropylhexahydro-2H-azepin-2-one (14)--1-1 sopropylhexahydro-2Jl-azepin-Z,7-dione (15)
was obtained on work-up (A).

15: A colorless oil, bp 84"C (2mmHg, bath temp.). MS mit: 169 (M+). IR v~~~cm"l: 1710,1660 (C=O). IH_
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NMR (CDC13 ) b: 1.31 (6H, d, J=7Hz, 2 x CH3) , 1.8-2.0 (4H, m, C4-Hz and Cs-H z), 2.6-2.8 (4H, m, C)-Hz and
Cli-Hz), 4.5-5.0 (lH, m, N-CH).

Oxidation of I,Z-Dimethylhexahydro-2H-azepin-7-one (16)--After the oxidation under the standard conditions
was completed, the two layers were separated and the aqueous layer (aq-l) was extracted with AcOEt (2 x 30 ml). The
extracts were combined with the original AcOEt solution and treated with isopropyl alcohol (3 ml). The solution was
filtered and the filtrate was concentrated under reduced pressure to leave a residue, which was dissolved in a mixture
of H20 (20 ml) and hexane (40 ml). After vigorous shaking, the two layers were separated and the aqueous layer was
extracted with hexane (2 x 40 011). This aqueous layer was combined with the above aqueous layer (aq-l ) and
subjected to work-up (8) to give a mixture of products. Chromatography on alumina using CHCI)-hexane (1 : I, v/v)
as the eluent gave three products (18. 19, and 20). The hexane solution was dried over anhydrous NaZS04 and
evaporated in I'QCliO to give l-formyl-hexahydro-2-methyl-2H-azepin-7-one (17).

17: A colorless oil, bp 135°C (13mmHg, bath temp.), IR v~~~;cm-l: 1712, 1686 (C=O), lH-NMR (CDCI 3 ) b:
1.34 (3H, d, J = 7 Hz, CH), 1.49-2.1 (6H. m, C3-Hz, C4-Hz• and Cs-H z), 2.63-2.87 (2H, m, Cli-Hz), 4.75-5.2 (\H,
m, Cz-H), 9.36 (lH, s, CHO).

Hexahydro-2-methyJ-2H-azepin-7-one (18): Colorless needles, mp 91-92 "~CO MS miz: 127(M "). IR I' ~~:~ em -1:
3200,3100 (NH), 1663(C=O). I H-NMR (CDCI) 8: 1.23 (3H, d, J=7Hz. N-CH), 1.3-2.10 (6H, m, C)-HZ' C4-Hz
and Cs-H z), 2.36-2.55 (2H, m, Cli-Hz), 3.36-3.68 (IH, m, Cz-H), 5.8-6.3 nn, b, NH).

N-Methyl-6-oxoheptanamide (19): Colorless scales, mp 60-61 "C. MS m]z: 157 (M+). IR v~~~cm-l: 3300
(NH), 1710, 1703, 1642 (C=O). lH-NMR (CDCI3) 15: 1.52-1.72 (4H, m, C)-HZ and C4-Hz), 2.15 (m, s, COCH3) ,

2.1-2.3 (2H, m, Cs-Hz), 2.38-2.60 (2H, m, Cz-Hz), 2.78 (3H, d. J =5 Hz, N-CH3) , 5.64-6.12 (I H, b, NH). Anal.
Calcd for CBH 15N Oz: C, 61.12; H, 9.62; N, 8.91. Found: C, 61.22; H, 9.58; N, 8.89.

6-0xoheptanamide (20): Colorless needles, mp 80°C. MS mjz: 143 (M +). IR v~~~ em - 1: 3400, 3210 (NH z), 1700,
1663,1614 (C=O). IH-NMR (CDCl.l ) 8: 1.55-1.76 (4H, m, C.l-Hz and C4-Hz), 2.13 (3H, s, COCH3 ) , 2.1-2.4 (2H,
m, Co-Hz), 2.4-2.6 (2H, m, Cz-H z), 6.00 (2H, br s, NHz).

Oxidation of 1,2-Diethylpiperidin-6-one (21)--Oxidation of 21 was carried out under the standard conditions,
but with CCl4 as the organic phase, giving N-ethyl-5-oxoheptanamide (23) on work-up (A). When AcOEl was used as
the organic phase, the further oxidized product, N-acetyl-5-oxoheptanamide (24), was obtained after 130h.

23: Colorless scales, mp 63-64°C. MS mjz: 171 (M+). IR v~\J!~cm -I: 3310 (NH), 1715, 1635 (C=O). lH-NMR
(CDCI 3) 8: 1.05 (3H, t, J=7Hz, C7-H3) . 1.13 (3H, t, J=7Hz, NCHzCth), 1.78-2.06 (2H, m, C3-Hz), 2.1--2.3
(2H, m, C4-Hz), 2.39 (2H, q, J = 7 Hz, Cli-Hz), 2,49 (2H, t, J =6.5 Hz, Cz-H z), 3.1-3.44 (2H, m, N-QjzCH3 , added
DzO, q, J=7Hz), 5.76 (IH, br s, NH, added OzO, disappeared).

24: Colorless needles, mp 90-92°C. MS mjz: 185 (M+). IR v~,~~em-l: 3268,3180 (NH), 1730, 1704, 1654
(C=O). lNMR (CDCI 3) (5: 1.05 (3H, t, J=7 Hz, C7-H3) , 1.73-2.08 (2H, rn, C3-Hz), 2.32 (3H. S, NCOCH.l ) , 2.3----
2.65 (6H, m, Cz-Hz, C4-Hz, and C6-Hz), 9.18 (IH. s, NH).
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Oxidation of various N-acylalkylamines with ruthenium tetroxide (Ru04 ) was systematically
investigated. N-Acylalkylamines having an electron-donating group at the ct- or fJ-position with
respect to amide nitrogen or an electron-donating alkyl function in the acyl group were smoothly
oxidized to the corresponding irnides in excellent yields. On the other hand, N-acylalkyJamines
having an electron-withdrawing group were not oxidized at all, and most of the starting material
was recovered. It appears that the reactivity of N-acylalkylamines is closely correlated with the
acidity of the carboxylic acid from which the N-acyl group is derived, and also with the electron
density at the methylene moiety adjacent to the amide nitrogen atom.

Keywords--oxidation; ruthenium tetroxide oxidation; imide synthesis; acyclic imide; amide;
ruthenium tetroxide; substituent effect

Ruthenium tetroxide (Ru04 ) is well known as an effective multipurpose oxidanr" and
has recently been used for the oxidation of some N-acylated cyclic amines to lactams and
imides." In contrast, only one example of Ru04 oxidation of an N-acylated acyclic amine, i.e.,
the conversion of N-hexylheptanamide into N-hexanoylheptanamide, has been reported."
The oxidation was carried out in a one-phase system of carbon tetrachloride (CCI4 ) solution
containing a stoichiometric amount of Ru04 oxidant to afford the imide in a low yield. To
date, no detailed and systematic study on Ru04 oxidation of N-acylated alkylamines has been
done, and the above procedure seems not to represent a generally applicable synthetic method
for acyclic imides in terms of yield.

.....

RU04

Chart 1
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In connection with our program aimed at developing a strategy for the oxidative
transformation'? of L-a,w-diamino acids into the corresponding t-eo-carbamoyl-c-amino acids
by employing Ru04 oxidation, we decided to investigate the oxidation of N-acylated
alkylamines, as outlined in Chart 1. We report in the present paper the Ru04 oxidation of N
acylated alkylamines in detail.

As the first model of alkylarnines for the present study, we selected a propylamine, which
was acylated with various acyl chlorides under the Scholten-Baumann reaction conditions.
Initially, we investigated the relationship between the N-acyl group and reactivity. In our
recent studies on Ru04 oxidation, we developed an improved oxidation method"? employing
ethyl acetate (AcOEt) as an organic solvent in a two-phase system instead of the traditional
halogenated solvents (CCI4 and CHCI3) . In our system, the oxidation time was significantly
shortened and products were obtained in high yields in comparison with those by employing
the traditional solvent systems. This was also confirmed by the present results (Table I, entries
7-9) obtained in the oxidation of N-acetylpropylamine 19 under various conditions. Thus,
the Ru04 oxidation of a variety of N-acylated propylamines was carried out using a small
amount of Ru02 hydrate and excess IO!~ aqueous sodium metaperiodatc in a two-phase
system of AcOEt-water at room temperature according to our procedure"? reported
previously. The consumption of the starting materials was checked by thin layer chrornatog
raphy (TLC). The corresponding N-acylatcd amides (imides) were obtained and their
structures were assigned on the basis of the spectral datu (proton nuclear magnetic resonance
eH-NMR) spectra, infrared OR) spectra, and mass spectra (MS». The individual results arc
summarized in Table I.

As shown in Table T, the N-acylamines (Ia-s-g) were oxidized to give the corresponding
imides (2a----g) in 67--96/c; yields. However, in the case of N-trichloroacetylpropylamine Ih,
the reaction did not occur at all even after 120h and most of the starting material was
recovered unchanged. Among the results obtained above, the shortest reaction time was
observed with the pivaloyl group, as shown in entry 1. It was found that the reaction rate of
the N-acylamines is dependent on the N-acyl group. Thus, the rela live oxidation rates of these
compounds are approximately parallel to the acidity of the carboxylic acids from which the N.

TAIILE 1. Oxidation of N-Acylprnpylamincs

RuO
CH:\C1lzC!'lzNH·COR 4·.CH:\Cl V·ONII·COR

1 2

Entry R
Reaction
time (h)

Product
yieIt! ('.~:.)

pK" ol' I{COJlh
l

(25"C. lIP)

a (CH;\);lC 4 K9

2 b C) 5 %

3 c <V> 5 67

4 d CH3 (CHz) l(j 72 92
5 e (CH3hC H IO 92
6 f CH3(CH2h 10 90
7 g CH3 24 HI
8 120·) 25 (65)"·

9 120'1 45
10 h CI3C 120 dl

5.05

4.20

4.R6
4.H2

4.76

0.63

II) In a two-phasemethod using CC!. us IlII organic solvent. h) Recovery(~.;.) (If the substrate. 1') Ina
one-phase method using aq, NuIO.-·RuOz·":l-hO. til Recovery of the substrate.
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3

V CH2NH-COCH3

5

4

------1.._ V CONH-COCH
3

6
Chart 2

TABLE II.

RU04
RCH2NH-CO(CH2)2CH3 ' RCONH-CO(CH2hCH3

7 8

7 R
Reaction Yield e{,)
time (h) of8

a (CH3hCH 6 92
b CICH 1 20 82
C H.\C202CCH1 120 _a)

d NC 120 _a)

e HSC101C 120 ._a)

a) Recovery of the substrate.

acyl groups were derived. Namely, the reactivity of Ru04 oxidation is dependent on the
electron density at the nitrogen atom. This is consistent with an earlier suggestion!" by
Sheehan and Tulis, who investigated the oxidation of N-acylated cyclic amines with Ru04 . It
has been shown that the product yields are little affected by the bulkiness or acidity of the N
acyl group.

Next, we examined the oxidation of various amines having an acyl group (Chart 2 and
Table II). An N-acylated secondary amine 3 was smoothly oxidized to the corresponding
imide 4 in 96% yield. This observation can be explained in terms of the increase of electron
density at the nitrogen atom. An arylalkylamide 5 of benzylamine type was oxidized to N
benzoylalkylamide 6 in moderate yield, as in the case of N-benzoylpropylamine Ic (Table I),
due to oxidative degradation of the aromatic ring." When the reaction was carried out at 0 "C,
the yield of 6 was found to increase to 84%. This suggests that the oxidative degradation of the
aromatic ring is prevented at the lower reaction temperature. N-Butyrylamines (7a and 7b)
having an alkyl or halogen group at the ,B-position with respect to the nitrogen atom were
smoothly oxidized to the corresponding imides (8a and 8b) in 92/{. and 82/;; yields,
respectively. However, with the N-butyrylamines (7c-e) bearing an electron-withdrawing
group at the a- or ,B-position from the nitrogen atom, the reaction did not progress even after
120 h. These results show that the electron density at the methylene moiety adjacent to the
nitrogen atom significantly affects the reactivity.

In conclusion, Ru04 oxidation should be a useful method for the synthesis of simple
symmetrical and unsymmetrical acyclic imides, which have generally been prepared under
drastic reaction conditions which have resulted in low yields."

Experimental

All melting points were measured on a Yanagimoto micro melting point apparatus and are uncorrected. IR
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spectra were recorded on a JASCO IRA-2 or Hitachi 270-30 spectrometer. MS were measured on a lEOL JMS D-300
spectrometer. NMR spectra were obtained at 23"C using tetramethylsilane as an internal standard with a JEOL
JNM-MH-IOO spectrometer. Column chromatography was performed on Merck silica gel (70--230 mesh).

Starting Materials for the Ru04 Oxidation--All the starting N-acylamines (Ia--h, 3, 5, and 7a-e) were
prepared from commercially available amines and amino acid esters by acylation with the corresponding acid
chlorides under the Shotten-Baumann reaction conditions (benzene- or EtOH-aqueous NaZC03, 0-5 DC) and
purified by distillation or recrystallization.

The samples for the Ru04 oxidation were characterized as described below.
N-Propylpivalamide (Ia): bp 75-76"C (I mmHg). colorless solid. AliI/I. Calcd for CRHI'INO: C, 67.09; H, II.Y6;

N, 9.78. Found: C, 67.14; H, 11.82; N, 9.66.
N-Propylcyclohexanecarboxamide (l b): mp 65-67 "C, colorless solid. AnI/I. Calcd for CIIlHl'IN0: C, 70.96; 1-1,

11.32; N, 8.28. Found: C, 70.88: H, 11.21; N, 8.10.
N-Propylbenzamide (Ie): mp 81--82 "C (lit."! mp 84.5 "C>. colorless plates (from hexane).
N-Propyldodecanamide (ld): mp 57-58 "C, colorless scales. AmI!. Calcd for C1sH3 1NO: C, 74.63; H, 12.94; N,

5.80. Found: C, 74.54; H, 12_87; N, 5.82.
N-Propyl-isobutyramide (Ie): bp 90-91 "C (I mrnHg), colorless solid. Anal. Calcd for C7HI~NO: C, 65.07; 1-1,

11.70; N, 10.84. Found: C, 65.21; H. 11.73; N, 10.79.
N-Propylbutyramide (10: bp 83---84 "C (I nunHg) (lit. HI) bp 93 "C (0.3 mml-lgj), colorless solid.
N-Propylacetarnide (Ig): bp 91-93 "C (8 mmHg) (lit. WI bp 1JO--112'C (10 mmHg)), colorless oil.

N-Propyltrichloroacetamide (Ih): bp 88-89 "C (l mrnHg), colorlesssolid. Anal. Calcd for CSHHC1~NO: C, 29,37;
H, 3.94; N, 6.85. Found: C, 29.20; H, 3.88; N, 6.84.

N,N-Diethylbutyramide (3): bp 71--72"C (4m111Hg) (Iit.1!) bp 89"C (12mmHg», colorless oil.
N-Benzylacetamide (5): mp 56.5 ---57 "C (lit. I Zl mp 60----61 'C), colorless needles (from hexane).
N-Isobutylbutyramide (711): hp 110"C (5 mmHg) (litY' bp IJrc (17 mmflgj), colorless oil.
N-2-Chloroethylbutyrumide (7b): bp III C (5 mmHg), colorless solid . Anal, Caicd for C"H IzCINO: C. 48.17; H.

8.09; N. 9.36. Found: C, 48.10; H. lUI; N, 9.43.

Txnt.n III. MS .and IR Spectral Datil and Elemental Analyses
for the Imides

-- :;,:::=:::.:;:;:::::~.-..:::.~~

Analysis (~,~)

Compounds
MS IR Calcd (Found)

/11/= (M » \'~:~~ crn" .....~.........._-,_ ..._-
C H N

~.--~-~_._-_••~-----_ .............-¥..._-..,......_--_.",_.""..- ...",,--.,~-,--

2a 157 3330, 1742 61.12 9.62 8.91
1520, 1510 (61.02 i).54 K.89)

2b ltD 3280, 1738 65.54 '1.35 7.64
1522 (65.46 9.32 7.54)

2c 177 :\2<)6,1716
1682, 1506

2d 255 :\389,3272 70.54 11.45 5.48
1742. 1546 (70.46 11.61 5.56)

2e 143 ;l2t,l(), 1740 58.72 9.15 9,7H
15:\() (58.65 9.20 9,73)

zr 143 :\276. 1740 58.72 i). 15 9.7H
1550. 1525 (58.70 Y. Ik 9.69)

2g I J5 J270, 1735
1538, 1510

4 157 1700"1 61.12 9.62 N.91
(61.15 9.62 8.R7)

6 163 3280, 1742
1516

8a 157 3280. 1734 61.12 9.62 8.91
1528 (61.02 9.41) 1l.84)

8b 163 3270, 1748 44.05 6.16 1l.56
1544, 1504 (44.17 6.04 8.47)

a) Measured neat.
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TABLE IV. IH-NMR Spectral Data for the Imides

Compounds IH-NMR (CDCI 3 ) fJ

2a 1.51 and 2.94 (3H, t, and 2H, q, J=7Hz. COEO, 8.66 (lH, br s, NH)
2b 1.07 and 2.56 (3H, t. and 2H. g, J=7Hz, COEt), 1.09-1.92 and 2.20-2.48

(total IIH, m, C6Hll ) , 7.88 (lH, br s, NH)
2c 1.16 and 2.89 (3H, t, and 2H, q, J=7Hz, COEt). 7.10-7.34 and 7.56-7.70

(3H, m, and 2H. m, aromatic H), 9.00 (IH, br s, NH)
2d 0.92 (3H. t, J=7Hz, CH 3) , 1.20 (3H. t, J=7Hz. COCH1Clb), I.l3-1.89

(l8H, m, COCH2(Clj2)qCH3) , 2.74 (2H, t, J=7 Hz. COQhC IOH23 ) , 2.76
(2H, q, J=7Hz. C0Ct:hCHJ)' 9.62 (lH, br s, NH)

2e 1.15 and 2.94 (m. t, and 2H. g. J=7 Hz, COEt). 1.28 (9H. s, CMe3 ) ,

8.66 (IH. br s, NH)
2f 0.98 (3H, t, J=7Hz. CO(CH2hcth), 1.16 (3H. t, J=7Hz, COCH2Clj3)'

1.49-1.89 (2H. 111, COCH2Clj2)' 2.65 (2H, q, J=7Hz. COClj2CH2)' 2.68
(2H, q, J=7Hz, COCt:hCH3)' 9.60 (IH, br s, NH)

2g 1.18 and 2.64 (3H, t, and 2H. q, J=7Hz, COEt), 2.42 (3H. s, COMe),
9.68 (lH, br s, NH)

4 1.02 (3H, t, J=7Hz, CO(CH2hCtl3)' 1.25 (3H. 1, J=7Hz, NCH2CtJ.,),
1.64-1.98 (2H, m, COCH2Clj2), 2.53 (3H, s, COMe). 2.80 (2H, t, J= 7 Hz,
COCH2), 3.94 (2H, q, J=7Hz, NCH2)

6 2.55 (3H, s, COMe), 7.34-7.62 and 7.80-7.98 (3H. m, and 2H, m,
aromatic H). 9.32 (lH, brs, NH)

8a 0.97 (3H, t, J=7Hz. CH 2Cth), I.l6 and 1.23 (total 6H, each S, Mel)'
1.53-1.86 (2H, m, COCH2), 2.58-2.98 (3H, m, COCH and COCH2) , 8.88
(I H, br s, NH)

8b 0.99 (3H. t, J = 7 Hz, Me), 1.56-1.82 (2H, m, Clj2Me), 2.62 (2H, t, J =7 Hz,
COCtb,Et), 4.38 (2H, s, COCH2CI). 8.99 (I H. br s, NH)

Ethyl N-Butyryl-fJ-alaninate (7c): bp 138-140"C (7 mmHg), colorless oil. Anal. Calcd for C/H17N03: C, 57.73:
H, 9.15; N, 7.48. Found: C, 57.65; H, 9.00; N, 7.55.

N-Cyanomcthylbutyn1TI1ide (7d): bp 154 "C (5 mmHg) (tiLI4.) bp 146---148 "C (3 mmHg)). colorless oil.
Ethyl N-ButyryJglycinate (7e): hp 128--l30 "C (8 mmHg) (liLI S

) bp 124"C (3 rnml-lgj), colorless oil.
General Procedure for the Ru04. Oxidation of N-Acylamines (Ia--h, 3, 5, and 7a--e) in 11 Two-Phase System Usin~

AcOEt-A solution of substrates (6 mmol) to be oxidized in AcOEt (20 rnl) was added to a mixture of Ru02'xH20
(100 mg) and 10'i;' aqueous NaI04 (30ml). The mixture was vigorously stirred in a scaled flask at room temperature.
After the starting material had disappeared as determined by TLC. the layers were separated. The aqueous layer was
extracted with three 20-ml portions of AcOEt. The combined AcOEt solution was treated with isopropyl alcohol
(Zml) for 2-3h to destroy the Ru04 oxidant. Black-colored RU02 which precipitated ['~om the solution was filtered
ofTand the filtrate was washed with saturated NaC! solution, then dried over anhydrous Na2S04.' The solution was
concentrated ill vacuo to leave a residue, which was purified by recrystallization for the solid products or by vacuum
distillation for the oily products. The results arc summarized in Tables I and 11, and Churt 2. Analytical and spectral
(MS, JR, and IH-NMR) data for the oxidation products (2a-g, 4, 6, 8a, and 8b) are listed in Tables III and IV.

N-Propionylpivalamide (2a): mp 60-61 "C, colorless prisms (from H20).
N-Propionylcyclohexanecarboxamide(2b): mp 124.5----125 <'C, colorless prisms (from 70~%,. EIOH).
N-Propionylbenzamide (2c): rnp 96-98 "C (lit. 1ti ' mp 98 "C), colorless prisms (from hexane),
N-Propionyl-isobutyramide (2c): mp 124-126 DC, colorless needles (from hexane).
N-Propionylbutyramide (2f): mp 112.5--113 "C, colorless needless (from hexane).
N-Acetylpropionamide (2g): mp 89-90°C (lit. 11

) mp 86-87 "C), colorless needles (from hexane).
N-Acetyl-N-ethylbutyramide (4): The oxidation of 3 was carried out under the general conditions for 3 h to give

4 (96%) as a colorless oil. bp 110-1 J5 "C (bath temp.)/6 mmHg.
N-Acetylbenzamide (6): I) The oxidation of 5 was curried out under the general conditions for 2 h to give 6 as II

colorless solid (64%), which was recrystallized from 70% EtOH as colorless needles. mp 116.5--117"C (lit. IlI l mp
117-1 18°C).

2) A similar oxidation of 5 was carried out at 0 "C for 7 h to give 6 (84%).
N-Isobutyrylbutyramide (8a): rnp 113-114°C, colorless needles (from hexane).
N-Chloroacetylbutyramide (8b): mp lIS-116 "C. colorless prisms (from hexane).
Ru04 Oxidation of Ig in a One-Phase System--The substrate (lg) (607 mg. 6mmol) was added to II mixture of
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Ru02 • xH 20 (100 mg) and 10% aqueous NaI04 solution (30011), and the mixture was vigorously stirred at room
temperature in a sealed flask. After disappearance of the substrate, the reaction mixture was extracted with three 20
ml portions of AcOEl. The aqueous layer was concentrated in vacuo to leave II white solid, which was triturated with
two 2q-ml portions of AcOEt. The AcOEt extracts were combined, dried over anhydrous Na2S04 and concentrated
in vacuo to give crude 2g, which was purified by column chromatography on Si02 with AcOEt-hcxaIlc (I : 2, v(v) as
an eluent to give 2g (31Omg, 45%).

RU04 Oxidation of 19 in a Two-Phase System Using CCJ4--Oxidation of Ig was carried out under the general
conditions in CCl4 as an organic solvent for 120h, then the-reaction mixture WlIS worked up in a manner similar to
that described above. The crude oxidation products were purified by column chromatography 011 SiOz with AcOEt-
hexane (l : 2, v(v) as an eluent. From the earlier part of the eluate, 2g (25~;;) was obtained. From the later part, 19
(65%) was recovered.

Oxidation of Ih, Ethyl N-Butyl-p-alaninate (1c), N.Cyanomethylbutyramide (1d), and Ethyl N-Butylglyeinntc
(7e)--The oxidation of these compounds (Ih, 7e, 7d, and 7e) did not progress under the general conditions for
120h. The recovery of each starting material was 86-92'(;'.
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Furosemide (FD) and spironolactone (SP) were co-administrated to human volunteers. and the
pharmacokinetics and time course of diuresis were examined. The time courses of FD plasma
concentration and diuresis after a single co-administration of FD plain tablet and SP were similar
to those in the case of FD plain tablet. However, the plasma concentration of SP metabolites
(determined as canrenone) during the 2~6h period after a single co-administration of FD plain
tablet and SP was about 0.05-0.151Ig/ml higher than that after administration of SP. The stcadv
state distribution volume of SP metabolites after co-administration of FD plain tablet and SP was
about 30% less than that after administration of SP, while the elimination rate constant of SP
metabolites was about 1.5-fold greater. The diuresis during 24 h after a single administration of SP
was 0.1-0.3 1.

After multiple administration of SP. the plasma concentration of SP metabolites during the
2-6 h period after co-administration of FD plain tablet and SP was also about 0.1--0.3 Jlg/tnl
higher than expected from the time course of SP metabolites simulated by using the data obtained
after a single administration of SP. The elevation of SP metabolites concentration in plasma was
prevented without any change of diuresis over 24 h by using FD retard capsule instead or FD plain
tablet.

We concluded that the phenomenon of elevation of SP metabolites concentration in plasma
was caused by FD plain tablet. which induced strong diuresis and considerable loss of body fluids
within a short time.

Keywords--furosemide; spironolactone; fluorigenic spironolactone metabolite; drug inter
action; plasma concentration; diuresis; normal subject

Furosemide (FD) has been widely used for the treatment of cirrhotic patients with
ascites. When FD is administered to such patients, side effects such as hypokalemia,
disturbance of other electrolytes and hepatic encephalopathy have been reported." Therefore,
the concomitant administration of FD with spironolactone (SP) is recommended for the
prophylaxis of hypokalemia and hepatic encephalopathy or the treatment of hyperaldoste
ronism." While side effects, mainly gynecomastia, have also been reported during chronic
therapy with SP,4) their appearance depends on the dose and duration of the drug
administration.tf'" Therefore, care is necessary when both drugs are concomitantly adminis
tered to cirrhotic patients with ascites. There are few reports concerning the pharmacokinetic
interactions between FD and SP after concomitant administration of the drugs in man.
Homeidia et al.S) have reported that the pharmacokinetics of FD was not influenced by SP.
Nevertheless, the report did not examine the influence of FD on the pharmacokinetics of SP,
or on the diuresis.

The present paper describes the pharmacokinetics and time course of diuresis after
concomitant administration of FD and SP to human volunteers.
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Drugs and Reagents--Authentic FD and canrenone used for all experiments were supplied by Hoechst Japan
Ltd., Tokyo, japan and Dainippon Pharmaceutical Co., Ltd., Osaka, Japan, respectively. Plain tablets (Lasix®) and
retard capsules (Butensines') containing 40 mg of FD used in this study were obtained from Hoechst Japan Ltd.
Tablets (Aldactonef A) containing 25 mg of SP used in this study were obtained from Dainippon Pharmaceutical
Co., Ltd. All the other solvents and reagents used were of reagent grade and were obtained from Wako Pure
Chemical Industries Ltd., Tokyo.

Subjects--The subjects in this study were 3 males. 24-35 years old, weighing 56-68 kg. They were healthy as
judged by ordinary clinical examinations and [ahom tory tests. and participated in this study after being informed of
its purpose, procedure and potential hazards. The normal subjects were fed identical meals as reported previously"
and drank 2000 ml of water a day dispensed in 500 ml aliquots for each time period, i.e, 9: 00·-13: 00, 13: 00--17: 00,
17: 00-21 : 00 and 21 : 00-9 :00 on the next day. The control urine was collected at 9: 00·-21 : 00 and 21 ;00--9: 00
on the next day for 5 d without drug in the same manner tIS described above. The urine volumes measured in each
time-interval for 5d were averaged to obtain control values. The diuresis after administration of' each drug Was
evaluated by subtracting the mean control value from the urine volume observed after administration of the drug.

Single Dose Study--FD Plain Tablet: The plasma and urine data after oral administration of FD plain tabler
(40mg) are described in our preliminary report."

SP; Each subject was given orally 50 mg of SP as two 25 rng tablets at 9; 00 and blood samples were collected at
0.5, I, 1.5,2,3,4.6,8,10 and 24h thereafter. while urine samples WCl'C collected at O.--{i, 6·_·12 and 12-24h.

Concomitant Administration-----FD Plain Tablet and SP (FD Plain Tablet +SP): Forty milligrams of FO plain
tablet and 50 mg of SP were concomitantly administered to three normal SUbjects at 9: 00. Blood samples were
collected at 0.5, 0.75. I, 1.5.2,2.5. 3.4,5,6, 8, 10, 12 and 24h, and urine samples were collected at 1--·2, 2--3, 3--4,
4-5, 5-6, 6-8, 8-10, 10-12 and 12--24 h after the administration of the two drugs.

FD Retard Capsule and SP (FD Retard Capsule-j-Sl'): Forty milligrams of FD retard capsule and 50mg of SP
were concomitantly administered to one (K. U.) of three normal subjects at I): 00. The samples of blood and urine
were collected in the same manner as described for the single dose study of FD plain tablet +SP.

Multiple DoseStudy--SP (50mg) was administered to three normal Sll bjects once a day at 9: 00 for 8d. On the
6th day, 50 mg of SP plus 40 mg of FD plain tablet were concomitantly administered. The blood samples on the 1st
day after the drug administration were collected at 1,2,3,4 and 24 h, and urine samples were collected at 0·-6, 6-12
and 12---24 h. On the 2nd, 3rd, 4th. 5th and 7th days, blood samples were collected at 2 and 24b, and urine samples
were collected in the same manner as described for the l st day. The samples of plasma and urine on the 6th day were
collected in the same manner as described for the single dose study of PD plain tablet +SP, and those on the 8th day
were collected in the same manner as described for the single dose study of SP.

Collection and Treatment of Samples-> -vBlood was drawn through lin indwelling cannula (Hakko® 9G, Hakko
Co., Ltd., Tokyo) at the stated time in each study. Plasma was immediately separated from whole blood by
centrifugation, and stored at -20C until the drug analysis. Urine was excreted just before drug administration and
collected at the stated time-intervals thereafter in each study. Urine volume was measured and an aliquot was stored
at -20 "C until analysis.

Determinatlons of FD and SJ> Metabolites ill PIUsntll----·- The concentration of FD in plasma was anulyzed by
high-performance liquid chromatography (HPLC) according to the method of Uchino ct 11,:11

When SP is administered to man, it is metabolized to canrenonc, cunrenoate, 7cl-thiolllethylsplro!lIctonc, 61f
hydroxy-Zc-thiomethylspirolactonc lind others." Since many SP metabolites show fluorescence, total Iluorigenic
fraction of SP metabolites was used as a measure of effective cnncentration ill this study. These metabolites in
plasma were determined as equivalent concentration of canrenone by the modified method of Sadee 1'1 {[,:11Il
Accordingly, 2 ml of 2 M hydrochloric acid was added to I ml of plasma. After standing for )5min at room
temperature, the mixture was extracted with 5 ml (If methylene chloride by sha king for 5 min on II mechanical shaker.
followed by centrifugation on a KN-70 centrifuge (Kubota Seisakusho, Tokyo) at 1680g for Smin. Then 4ml of the
upper organic phase was transferred to another test tube, and 2 ml of't),] M sodium hydroxide was lidded. The mixture
was rapidly stirred for I min with a Thermo-Mixer TM-l0S (Thermouics Co., Ltd., Tokyo). Alter centrifugation, 3 ml
of the upper organic phase was transferred to another test tube, to which 4ml of 62~~; sulfuric acid (62 volumes of
96~~ sulfuric acid and 38 volumes of distilled water) was added. The mixture was shaken for I(I min and centrifuged
for 5 min. The upper organic phase was removed by aspiration, and the aqueous phase was allowed to stand for I hat
room temperature. This solution was used to determine the concentra tion of SP metabolites in plasma. The apparatus
used was a Hitachi 204 fluorescence spectrophotometer (Hitachi Seisakusho, Hitachi, Japan) lind the excitation and
emission wavelengths for fluorimetric detection of canrenone were set at 465 and 525 urn, respectively. The calibra
tion curve for canrenone concentration in plasma was linear over the concentration range of (1.025 to 0.41Ig!ml
and passed through the origin.

Calculation of Pharmacokinetic Parameters from Time Course of Plasma Concentration of I"D and SP
MetaboUtes--The disposition of FD was approximated by a one-compartment open model with apparent first
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order absorption and elimination processes, and that of SP metabolites was approximated by two-compartment open
model with apparent first order appearance, distribution and elimination processes. The pharmacokinetic parameters
of FD or SP metabolites were calculated by using a nonlinear least-squares microcomputer program (MULTI).10)
The disposition of SP metabolites was also calculated by using model-independent analysis.I I)

Results

The time courses of plasma concentration of FD and diuresis after a singleadministration
of FD plain tablet, or of FD plain tablet + SP in three normal subjects are shown in Fig. 1.
The data on FD plain tablet in the upper and lower figures were taken from the previous
report." The time course of FD plasma concentration after administration of FD plain
tablet + SP was similar to that in the case of FD plain tablet. The diuresis ·in both cases
reached a maximum value of 1.5 I within 3h, and decreased gradually to about 1.2 I during
24h.

The plasma concentration of SP metabolites after a single administration of SP reached a
maximum value of 0.3--0.45 ,ug/ml within 3h. However, the plasma concentration of SP
metabolites during the 2-6 h period after a single administration of FD plain tablet + SP was
0.05 to 0.15 ,ug/rnl higher than that after SP administration (Fig. 2). In all subjects, the rate
constants of appearance (kap) of SP metabolites in the blood were comparable after
administrations of SP and FD plain tablet + SP. The steady-state distribution volume (Vdss) of
SP metabolites after administration of FD plain tablet-t-Sf' decreased by about 30%
compared to that after SP administration. The elimination rate constant (ke1) of SP
metabolites after administration of FD plain tablet+SP was about 1.5-fold higher than that
after SP administration. However, total body clearance (el) ofSP metabolites in each subject
varied after administration of FD plain tablet+SP. In one subject (Y. Y.), Cl after SP
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Fig. 1. Time Courses of Plasma Concentration of FD (Upper) and Cumulative
Diuresis (Lower) in Three Normal Subjects after Administration of 40mg of FD
Plain Tablet and Concomitant Administration of 40 mg ofFD Plain Tablet with
SO mg of SP (FD Plain Tablet +SP)

Observed points for FD plain tablet in the upper and lower figures are taken from the
previous study (ref. 6). 0, FD plain tablet; ., FD plain tablet+SP.



No. I

K.U. T.K. Y.Y.

373

Fig. 2. Time Courses of Plasma Concentration of SP Metabolites (Upper) and
Cumulative Diuresis (Lower) in Three Normal Subjects after Administration of
50 mg of SP and Concomitant Administration of 40mg of FO Plain Tablet with
50 mg of SP (FO Plain Tablet + SP) .

Observed points for diuresis lifter FD plain rablet +SP arc the same data as plotted in Fig.
1. c: SP; •• FD plain tablet+SP.

TABLE 1. Pharmacokinetic Parameters of SP Metabolites Obtained after Single Administration of SP
or Concomitant Administration of FD Plain Tablet with SP (FD Plain Tablet +SP)

- - -. - - ~""', _..,

Parameters
Dose ----------_._.~~

Drug
(mg)

Subjects
0( II k II) kd AVe MRT Vel /I) c/'·,

Ill l tl!'l

(./1-1) (h '-1) (h -I) (h -< I) (flg/m1- b) (h) (1) (lIb)
-_....-0_----"'- -...-....~ ...- ...._------_..... ,.,' ...~...~,.-.P

SP 50
K.lI. 1.076 O.()3] 1.306 O.WK 6.327 31.01l 245.6 7.90
T.K. 0.324 0.032 0.566 0.10l) 3.616 24.n5 338.8 14.09
Y.Y. 0.393 0.058 0.668 0.142 4.466 15.nI 160.7 10.7I

Mcanj: n.59/{ 0.040 0.847 n.120 4.H03 23038 241\.4 10.90
S.D. 0.416 (l.OIS 0,401 o.o \I) l.3H7 lU)6 !\l),l 3.10

FO
Plain
tablet 40
+SP 50

K.U. 0.798 0.064 1.223 0.201 3.H7S 13.n 177.0 12,89
T.K. (1.O57 0.056 0.742 O.20K 3.189 14.34 224.8 15.67
Y.Y. 0.362 0.079 0.728 O.lS4 4.675 11.30 120.9 10.71

Mean± 0.406 0.066 0.898 0.188 3.914 13.12 174.2 13.0(,
S.D. 0.372 0.012 0.282 0.029 0.744 1.61 52.0 2.49

(1) Rate constant of appearance of SP metabolites. b) Calculated as Vtl,,~,dosc'f·MR1yAUC,.r,~ 1. r) Calculated us {'/~,

Vd,JMRT.

administration was in fair agreement with that after administration of FD plain tablet-l-Sl",
whereas CI after SP administration in the other subjects was larger than that after
administration of FD plain tablet +SP. The mean residence time (MRT) of SP metabolites
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The dotted line in the upper figure represents the simulation based on pharrnucokinetlc
parameters obtained from the single-dose study of SP,
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Fig. 4. Time Courses of Plasma Concentration
of SP Metabolites (Upper) and Cumulative
Diuresis (Lower) in a Normal Subject (K.U.)
after Oral Concomitant Administration of 50
mg of SP with 40mg of FD Retard Capsule

In the upper figure, dotted and broken lines repre
sent the simulations based (In pharmacokinetic pn
rarneters obtained from single-dose studies of SP and
SP + FD plain tablet as shown in Figs. I and 2,
respectively. In the lower figure, data points (•• bol
for diuresis are taken from Figs. 1 and 2. respectively.

decreased by administration of FD plain tablet+SP (Table I). Vd.; and Cl of SP metabolites
calculated by compartment analysis were approximately consistent with those obtained by
model-independent analysis. The diuresis over 24h after a single administration of SP was
very weak, 0,1-0.3 1.

A typical time course after multiple administration of 50mg of SP once a day in a normal
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subject (K. U.) is shown in Fig. 3. The plasma concentrations of SP metabolites observed
every day fitted the time course after multiple administration of SP which was simulated by
using the pharmacokinetic parameters of SP metabolites after a single administration of SP,
with the exception of the 6th day. After a single administration of FD plain tablet +SP, the
plasma concentration of SP metabolites during the 2-6 h period on the 6th day was about 0.1
to 0.3 p.g/ml higher than that on the 5th day. On the 7th day, the plasma concentration of SP
metabolites reverted to the simulated curve.

The diuresis after multiple administration of SP was about 0.3 I a day except on the 6th
and 7th days. The diuresis profiles on these days were similar to that after a single
administration of SP. On the 6th day, the diuresis was 1.21 a day and the profile was similar to
that after a single administration of FD plain tablet-l-Sf'. The diuresis all the 7th day was
-0.6 I a day (less than the control value) (Fig. 3).

To control the elevation of plasma concentration of SP metabolites produced by the
concomitant administration of FD plain tablet +SP, 50mg of SP and 40 mg of FD retard
capsule were concomitantly administered to a subject (K.U .), The time course of plasma
concentration of SP metabolites during the 2-6 h period was similar to that after SP
administration (Fig. 4). V'd.; of SP metabolites after administration of FD retard capsule+SP
was 249.6 1, which was similar to that after SP administration, 245.6 L The kcl and CI of SP
metabolites after administration of FD retard capsule-t-Sf' were 0.174h -1 and 13.2 l/h,
respectively, while the corresponding values after SP administration were 0.108 h -1 and 7.9
I/h. However, the value for MRTafter administration ofFD retard capsule-t-Sl>, 20.1 h, was
smaller than that after SP administration, 31.08 h. The diuresis measured during a 24 h period
after administrations of FD retard capsule+SP and FD plain tablet +SP amounted to 1.45
and 1.50 I, respectively. However, quite different diuresis profiles were observed between the
two dosage forms.

Discussion

The disposition of PO and time course of diuresis were not influenced by concomitant
administration of SP. A similar finding with respect to intravenous administration of FD was
reported by Homeidia et al.5)

It has been reported that SP after oral administration is metabolized into many
metabolites." Canrenone, one of these metabolites, was measured by fluorimetric assay in
previous studies.?' However, the method lacks specificity, as other fluorigenic metabolites
were measured concomitantly.P' Recently, SP and its metabolites in plasma after oral
administration of the drug were determined by HPLC separation by Overdiek ct al.'<it/l

However, the fluorimetric method seems to be the appropriate one for a study concerning SP
therapy, since the assay value obtained by this method 1110st probably provides H good
measure of effective concentration.V' The fraction of SF metabolites in plasma was
determined as concentration of canrenone by the fluorirnetric method in this study.

The time course of SP metabolites after multiple administration of 50mg of SP was linear
in the present study. The pharmacokinetics of canrenone measured by HPLC after a single or
multiple administration of SP has been reported to be non-linear.P'<':" This discrepancy may
be explained by the fact that the dose of SP giving in non-linear pharmacokinetics of
canrenone in the other reports was 2- to 10- fold higher than that used in the present study,
and furthermore the inter-dose interval in the other reports was shorter.

The elevation of plasma concentration of SP metabolites by administration of FD plain
tablet +SP observed in the single- and multiple-dose studies may arise as follows. Since FD
plain tablet induced strong diuresis, and considerable amount of body fluids were lost in
normal subjects within a short time, Vd.; of SP metabolites might become smaller. Such a
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decrease of Viss would result in the elevation of SP metabolites concentration in plasma.
It was concluded that the alteration of Cl of SP metabolites by administration of FD

plain tablet +SP arise from individual variations in the extents of decrease of Vd.; and kcl '

To prevent the elevation of plasma concentration of SP metabolites, FD should be
supplied at a rate such that gentle diuresis is maintained for a long time. We reported that the
diuresis after administration of retard capsule as a sustained-release dosage form of FD was
moderately prolonged compared to that after administration of FO plain tablet, and
furthermore the diuresis during a 24 h period was the same for the two dosage forms." When
FD retard capsule and SP were concomitantly administered to a normal subject, the plasma
concentration during the 2-6 h period and Vd~s of SP metabolites after a single adminis
tration of FD retard capsule-l-Sl' were similar to those after SP administration, and the
diuresis over 24h in the case of FO retard capsule-l-Sf was also similar to that lifter
administration of FO plain tablet-l-Si' (Fig. 4). It is suggested that the elevation of SP
metabolites concentration in plasma observed after concomitant administration of SP and
PD plain tablet is caused by the strong diuresis induced by FD plain tablet. Thus, we
succeeded in preventing the elevation of SP metabolites concentration in plasma without
affecting diuresis over 24h by using FD retard capsule instead of FD plain tablet.

When the concomitant administration of FD with SP is required for the treatment of
cirrhotic patients with ascites, the plasma concentration of SP metabolites will probably be
elevated by the administration of FD plain tablet. Thus, the use of FD retard capsule should
reduce the incidence of side effects following SP administration.
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The availability of porous polymer gel as a stationary phase in high-performance liquid
chromatography (HPLCj for determination of the partition coefficient between octunol and water
(P,,"tl. and the acid dissociation constant (pKA) was examined for u wide variety of compounds,

The log of capacity factor k ' increased linearly with increase in log Pe«. when the hydrogen
bonding ability of compounds was taken into account. However. aromatic compounds that possess
an amino group such as procaine. anilines and sulfonamides showed anomalous chrornutogruphic
behavior from the viewpoint of the hydrogen-bonding ability, Furthermore, quinolines and
pyridines also were anomalous. With these chromatographic characteristics in mind, log 1'0"l cun be
determined very accurately for various compounds by HPLC over u wide range of pH.

Since this stationary phase is stable over a wide range of pll, HPLC could be run in the
alkaline region, in contrast to the oetudecyl silica (DDS) column, which is unstable above pH 7.
From the capacity factor k I at various pH, pKA values or various acids, bases and amphoteric
compounds were determined very accurately.

In conclusion, the porous polymer gel can be used as a suuionary phase in HPLC in a runge
between acidic and alkaline regions. This stationary phase is cflcctivc 1'(11' determining I'"ol and pKA
values simultaneously or separately.

Keywords ---porous polymer gel; mobile phase; capacity Iuctor: HPLC; partition coefficient;
octanolwater: acid dissociation constant; amphoteric compound

Introduction

377

Studies of quantitative structure activity relations (QSAR) showed that the partition
coefficient between octanol and water PO"l is one of the most effective physical parameters or
bioactive compounds for predicting their biological activities." However, determination of
P IlCI by the conventional shaking-flask method is tedious and not simple. Furthermore, it is
very difficul t to determine r: of very hydropho hie compounds. 2) Recently, high-performance
liquid chromatography (HPLC) has been widely used for determination of P IlCI ' since this
method is very simple. rapid and accurate.v"

In many cases, a linear relation between log POCl and the logarithm of the capacity factor
k I in HPLC is observed.3 - 5 l By using this relation, log PIleI values have been determined.I":"
However, the value of k I is dependent largely on the nature of the stationary phase and the
composition of the mobile phase. We recently reported that glyceryl-coated controlled pore
glass beads (Gly-CPG) represent a very efficient stationary phase to determine log Poel '

because they provide a single correlation curve for a wide variety of compounds. With this
stationary phase, log POel up to 6 can be determined accurately."
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Octadecyl silica (ODS) is the most widely used stationary phase in reversed-phase high
performance liquid chromatography (RP-HPLC). Determination of log Poet with this column
has also been studied extensively." log Poet up to about 8 or more was reported to be
determined." However, the value of k:' is dependent on the hydrogen-bonding ability of test
compounds." unlike the case with the Gly-CPG column.

Though the HPLC method with these columns is very' useful for determination of
log Poe!' chromatography cannot be carried out in the alkaline region, because the chemically
bonded stationary phase becomes unstable and the supporting silica becomes soluble in the
aqueous mobile phase, though they are stable in acidic and neutral regions.'?' Thus,
determination of log Poet has been carried out mostly with unionizable compounds or the
neutral form of acids. However, the log Poet value of the neutral form of a basic compound
whose acid dissociation constant, pKA> is more than about 6 cannot be determined by
chromatography on these columns.

The porous polymer resin styrene-divinylbenzene copolymer (Hitachi gel 3011-0) has
been used as a packing material in the analysis of'peptides'!' and miscellaneous drugs.P' Since
this does not contain any silanol group, it is stable in the alkaline region as well as in the acidic
region.P' Thus, we studied the chromatographic behavior of basic and acidic compounds with
this stationary phase, and examined the applicability of this stationary phase for de
termination of log Poet and pKA by HPLC over a wide range of pH of the mobile phase.

Experimental

Chemicals used were commercial products, and they were used without further purification. They were dissolved
in methanol (MeOH) to a concentration of about 0.5 mg/ml, and 0.2-4 ILl of the solution was injected onto the
column.

RP-HPLC was carried out with a TRIROTAR-Il (JASCO, Tokyo) equipped with a ultraviolet-detector,
UVIDEC·III (JASCO). Hitachi gel 3011·0 was packed in stainless steel tubing (i.d. 4.6 mm x 50rnm), and used as the
stationary phase. The acidic mobile phase was a mixture of phosphoric acid. pH 2.0, and an organic solvent, and the
alkaline mobile phase was a mixture of NaOH solution, pH I J.O, and an organic solvent. Either MeOH or
acetonitrile (CH 3CN) was.used as an organic modifier, and its concentration was expressed in terms of ~{, (v/v).

When the k:' values were determined at various pH's (section 3), a mixture of citric acid, phosphoric acid, boric
acid, NaOH and HC114 ) between pH 2-8, and that of sodium bicarbonate and NaOH between pH 8--"I2 were used
as the mobile phase. In both cases, MeOH was added to make 30%.

Chromatography was performed at 30°C, and the flow-rate of the mobile phase was 0.5---2 ml/rnin. The
retention time IR was determined from those in 3 to 5 runs with various sample injection volumes. The lR was
confirmed to take a constant value.

The value of k ' was determined from the retention times of the sample compound and or the unretained
reference compound 1

0
by means of Eq. 1. Potassium iodide was used as a non-retained reference compound.s?'

k'=(tR-1o)/to (1)

Values of logPoet for some benzyl alcohols were determined by the shaking-flask method. The water-saturated
octanol (5ml) was equilibrated with the octanol-saturated aqueous sample solution (20ml), and log P"ct was
calculated from the sample concentrations. before and after equilibration, in the aqueous phase determined
spectrophotornetrically at the maximum absorption wavelength.

Results and Discussion

1. Dependence of k' on the Concentration of Organic Modifier in the Mobile Phase
Figure lA shows the dependence of logk' of the neutral compounds benzene and

cyanobenzene, and the acidic compound 4-methylphenol on the concentration of CH3CN, in
the range Of 10 to 60% in the acidic mobile phase at pH 2.0. The changes are not linear, un
like the cases with ODS9

) and Gly-CPG.6) A similar dependence of logk' on the CH3CN
concentration was observed with the basic compounds 3-chloropyridinei 2-methoxyaniline
and quinoline at pH 11.0, as shown in Fig. 1B. It is apparent that the data points fall well on
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TABLE I. Effect of Acetonitrile Concentration on the Correlation
for Phenols at pH 2.0 in Eq. 2, logP"ct=Uj +bjlogk'

CH3CN (%) al") bt") n~) r") SJI

10 0.14 1.09 5 0.987 0.076
(0.49) (0.32)

20 0.33 1.33 6 0.998 fUl31
(0.13) (0.10)

30 0.58 1.6\ 6 0.998 0.032
(0.11) (0.13)

35 0.91 2.00 6 0.983 0.104
(0.28) (0.52)

40 1.17 1.92 (j 0.984 0.100
(0.21) (0.48)

45 1.39 2.06 <> 0.973 0.129
(0.22) (0.67)

50 1.62 2.Q4 6 0.958 O.J61
(O.2\) (0.84)

60 2.17 2.93 6 0.967 0.143
(0.19) (1.06)

•• ~ .. ..--", .....-,..." __....... _ .....________~......,,, ____ .... _._....._ ....._"'.... ____~~_...,··""· •.,c ••,,._.·,_.....__·••____

(I) Values in parentheses lift) 95~';; confidence limits. /I) Number 111" compounds. r) Correlation
coefficient. d) Standard deviation.

the quadratic curves shown as continuous lines in Fig. I, and thus. the value of k:' (k ' without
organic modifier) cannot be determined by linear extrapolation to 0% CH;\CN. Similarly, the
dependence of log k I on the concentration of MeOH was quadratic for these compounds in
both the acidic and the alkaline region (data not shown).

2. Relation between logk' and logPocl

It has been reported that log k I determined with a mobile phase containing a certain
amount of organic modifier increases linearly with log POCI.C), 7u,h,9.1S1 Such a linear relation is
expressed by Eq. 2.

(2)

With a Hitachi gel column. Eq. 2 was found to be available for various compounds. However.
as described in section 2, this relation was dependent on the hydrogen-bonding ability of
compounds. Values of al and bI for phenols at various CH3CN concentrations in the acidic
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TABLE II. Values of log Poct and logk'

logk'

Compound
Chemicals log p".," ,

class Methanol Acetonitrile

pH 11.0 pH 2.0 pH 11.0 pH 2.0

Benzene 2.13 0.90 0.91 1.21 1.08
Toluene 2.69 1.17 1.17 1.48 1.29
Chlorobenzene 2.84 1.23 1.25 1.58 1.31\
Bromobenzene 2.99 1.37 1.32 1.69 1.53
Ethylbenzene 3.15 1.35 1.33 I. 74 1.54
Iodobenzene :U5 lAS 1.50 UI6 l.65

II
Cyanobenzene 1.56 0.60 0.97 0.93 0.74
Nitrobenzene 1.85 0.95 1.01 1.16 0.98
Methoxybenzene 2.10 1.02 1.06 1.20 I.OS
Methylbenzoate 2.23 0.94 1.04 1.11 1.13
Ethylbenzoate 2.64 1.23 1.26 1.4\ 1.34
Diphenyl ketone 3.18 1.56 1.79 1.76 1.66
DiphenyI ether 4.21 1.88 2.08 2.28 2.07

HI
Benzyl alcohol (BA L) 1.10 0.05 0.10 0./7 0.11
4-MethyJ-BAL 1.59 0.25 0.36 0.37 0.38
2-Chloro-BA L 1.77/01 0041 0.35 0.57 OAl)
4-Chloro-BAL 1.96 0.42 OAH 0.57 (1.51

2,6-DichIoro-BAL 2.02/01 0.50 0.52 0.69 0.69
3-lodo-BAL 2.55 0.72 O.HO O.IlS 0.91
3,S-Dichloro-BAL 2.90 b l 0.81 1.05 1.06 0.91
4-PhcnyJ-BAL 3.16 1.14 1.27 1.17 l.O8

IV
Phenol IAR 0.22 O.Z9

4-Methoxyphenol 1.37 0.28 0.24

4-Cyanophenol 1.60 0.28 lUI
4-Methylphenol 1.94 0.46 0.55
4-Chlorophenol 2.39 0.70 0.79

4-8romophenol 2.59 0.84 0.77
Benzoic acid (BA) 1.If! 0.37 0.44

4-CYllllO-BA 1.56 O.J5 IUO

4·Chloro-BA 2.65 n.81 0.75
4·Bromo-BA 2.86 n.!)!.) O.!'!'

V
Aniline 0.90 0.26 0.56

4-MethoxYlllliline 0.78 ().20 O.]\)

3-Methoxyaniline 0.93 0.33 O.4!')

3-Nitroaniline 1.37 0.60 0.83

4-Nitroaniline 1.39 0.51 O.IU
4-Chloroanilinc un 0.66 1.01
N-Ethylanilinc 2.16 0.95 1.25
2-EtOOC-Anilinc 2.57 1.11 1.33

VI
Pyridine 0.65 -0.12 0.10
3-Aminopyridine 0.20 -0046 -0.19
2-Aminopyridine 0.58 -0.22 0.01
3·Chloropyridine 1.43 0.37 0.56
2-Chloropyridine 1.45 0.33 (l.61

3-Bromopyridine 1.58 0.51 0.69
Quinoline 2.03 0.63 0.80
Isoquinoline 2.08 0.68 0.88

0) Cited from ref. [6. except b) which was determined by the shaking-flask method.
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TAULE III. Regression Coefficients for Jog P"" """ til + ii, log k ' with the Mobile
Phase Containing 3Y-;' Acetonitrile

pH Class of compounds II r Eq. No.

2.0
I (Non-Fl-bundcrs] 0.1 [ 1.94 (, O.91B 0.080 J

(O.(9) (0.49)

1/ (Pl-acccptors) -·0.02 2.00 7 0.996 0.090 4
(O.2H) (O.::!I)

III (Benzyl alcohols] (j.HO 2.10 X 0.979 0.1:'12 5
(0,31 ) (0.44)

IV (Phenols and benz. acids) O.H7 2.1H !O 0.9HZ O.IOH (\

(0,20) (Il.J4)
All compounds I.IH 1.2H 31 0.H9! 0.326 7

(0.25) (0.25)

11.0
/ (Non-ll-bondcrs) 0.04 1.76 (, 0.994 0,051 Ii

(0.44) (O.2H)
II (f-l-ucceptors) ·-0./6 1.92 7 0.987 0.160 9

(0.53) (0.36)
III (Benzyl alcohols) 0.75 2.02 Ii 0.993 O.OH8 10

(0.18) (0.24)
V (Anilines) -0.04 1.84 8 G.9S7 0.114 I I

(0.27) (0.3] )

VI (Pyridines and quinolincs) 0.50 I. 72 8 0.987 n rso 12
(0.13) (0.22)

All compounds 0.63 1.47 37 0.921 0.351 13
(0.18) (0.16)

Values in parentheses arc lJ5'~;; coniidencc limits. For II. r and s, sec Table 1.
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mobile phase were determined as summarized in Table I. The phenols used are summarized in
Table II.

In Table I, the values of coefficients, a1 and bi in Eq. 2 increase with increase in the
CH3CN concentration, indicating that tR becomes smaller with increase in the concentration
of the organic modifier, as observed with ODS.9

) The correlation between log POCI and log k:'
generally becomes more significant at lower CH 3CN concentration. A similar dependence of
k' on the CH 3CN concentration was observed with basic compounds (chemical classes V and
VI in Table II) at pH 11.0 (data not shown).

At less than 20% CH 3CN and 60% MeOH, determination of k:' for hydrophobic
compounds became very difficult due to the long tR • Thus, hereafter, we determined k:' at 35%
CH3CN and at 70% MeOH to study the chromatographic behavior all the Hitachi gel
column. Values of k' determined at these organic modifier concentrations are listed in Table
II, together with the log PDel values. 16}

Figure 2 shows the relation between log P"ct and logk' of the non-Hsbonders halogeno
and alkyl-benzenes (class I), the H-acceptors such as cyanobenzene (class II), and the
amphiprotics benzyl alcohols (class III), phenols and benzoic acids (class IV compounds in
Table II) with eluent containing 35% CH 3CN at pH 2.0. Apparently, 10gPocI tends to increase
linearly with increase in logk'. However, the linear relation seems to be dependent on
hydrogen-bonding ability, suggesting that hydrogen bond formation plays a role in the
chromatographic behavior. Thus, we analyzed the experimental data according to Eq. 2,
taking into account the hydrogen-bonding ability of compounds. A similar tendency was also
found in HPLC performed at pH 11.0 with 35% CH 3CN as shown in Fig. 3 for anilines (class
V), pyridines and quinolines (class VI), benzyl alcohols (class III), and various non-Hvbonders

TABLE IV. Regression Coefficients for logPoc1=(11 +b1logk' with the Mobile
Phase Containing 70% Methanol

pH Class of compounds a1 hi n r s Eq. No.

2.0
I (Non-Hsbonders) 0.35 2.01 6 0.982 0.086 14

(0.68) (0.54)
II (H-acceptors) 0.23 1.81 7 0.978 0.207 15

(0.60) (0.44)
III (Benzyl alcohols) 1.06 1.74 8 0.990 0.104 16

(0.17) (0.24)
IV (Phenols and benz. acids) 1.01 1.93 10 0.983 0.107 17

(0.17) (0.29)
All compounds 1.19 1.33 31 0.916 0.287 18

(0.33) (0.32)
11.0

I (Non-If-bonders) 0.33 2.02 6 0.987 0.072 19
(0.58) (0.46)

II (H-acceptors) 0.12 2.07 7 0.980 0.199 20
(0.60) (0.49)

III (Benzyl alcohols) 1.06 1.99 8 0.984 0.134 21
(0.23) (0.36)

V (Anilines) 0.36 1.96 8 0.987 0.111 22
(0.20) (0.31)

VI (Pyridines and quinolines) 0.90 1.63 8 0.993 0.091 23
(0.09) (0.20)

All compounds 0.85 1.62 37 0.941 0.305 24
(0.17) (0.20)

Values in.parentheses are 95% confidence limits. For TI, rand .1:, see Table I.
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(class I) and H-acceptors (class II). Furthermore, HPLC with a mobile phase contained 70%
MeOH were performed with the compounds listed in Table II at both pH values. The values
ofcoefficients a1 and bl in Eq. 2 are summarized in Table III (35% CH3CN), and in Table IV
(70% MeOH).

In 'Tables III and IV, it is apparent that the correlation with each chemical series is very
high and the values of the slope b1 in Eq, 2 are similar irrespective of the hydrogen-bonding
ability ofcompounds and the sort of organic modifier. However, the values of the intercept a1

are dependent on the chemical series, and the sort of organic modifier.
It has been shown that chromatographic characteristics of all the amphiprotics (classes

III and IV) are almost the same at pH 2.0. The HPLC with basic compounds (classes V and
VI) was not carried out, because they take protonated form at this pH. On the other hand, the
correlations of the amphiprotics benzyl alcohols (class III) and anilines (class V) are different
at pH 11.0. Though anilines are regarded as amphiprotic.l'" the relation with anilines is very
similar to that ofH-acceptors, such as cyanobenzene, nitrobenzene and methoxybenzene (class
II). Thus, anilines may act as Hvacceptors in the chromatography. Furthermore, though
pyridines and quinolines (class VI) are Heacceptors, their chromatographic behavior was
similar to that of amphiprotics benzyl alcohols. This could be because the interaction of the
stationary phase with pyridines and quinolines, in which electron-donating nitrogen is directly
involved in the ring structure, is different from the interaction of Hvacceptors. in which an H
acceptor group is introduced into a benzene ring. Probably their chromatographic behavior is
coincidentally similar to that of benzyl alcohols. These anomalous chromatographic proper
ties of anilines, pyridines and quinolines, should be observed at any pH with both organic
modifiers, because those with benzyl alcohols are the same at pH 2.0 and 11.0 with CH 3CN

and MeOH (Tables III and IV).
In view of the above results, we performed regression analysis according to Eq. 25 by

introducing the indicator variable HB

]ogP"ct=a2+b2Iogk'+c2 HB (25)

into Eq. 2: HB= 1 with compounds in classes III, IV and VI, and HB=O with compounds in
classes I, II and V. The results of the analyses arc summarized in Table V. By comparing Eq. 7
with Eq. 28, Eq. 13 with Eq. 29, Eq. 18 with Eq. 26, Eq. 24 with Eq. 27. respectively, it is
apparent that introduction of the HB term results in an improvement of the correlations, and
that relation between log PUCl and log k I with all compounds can be expressed by a single
equation. The values of' log Poct predicted from logk I according to Eqs, 26·,29 agreed very
well with log P"et values obtained by the shaking-flask methods, mostly within a deviation of

TAlll.E V. Regression Coefficients for All Compounds for Bq. 25,
log Poet =(12 +b21ogk' + l.'lHB")

-::::::::....-.:::~....:..:.::;".::
~_•.:.:;=.;.";:.~-==

Modifier pH tl2 bl ('2 II r .I' Eq. No.

MeOH 2.0 DAD 1.81 0.65 31 0.972 0.173 26
(0.26) (0.19) (0.18)

11.0 0.34 1.95 0.61 37 0.982 0.172 27
(0.11) (0.15) (0.15)

CHJCN 2.0 -0.06 2.05 0.96 31 0.987 0.116 28
(0.20) (0.14) (0.14)

11.0 -0.13 1.90 0.77 37 0.982 0.174 29
(0.18) (0.14) (0.15)

a) HB= 1 with compounds of classes III and IV at pH 2.0 and liB"" 1 with compound of'classes 111 and
VI at pH 11.0. Values in parentheses are 95% confidence limits. For ". rand s see Table I.
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log Poct of 0.1.
It should be noted that the compounds that take HB = I are amphiprotics except anilines

(class V) and quinolines and pyridines (class VI), and the compounds of HB=O belong to
non-Hsbonders (class I) and H-acceptors (class II). As described above, all the basic
compounds, such as anilines, pyridines and quinolines, showed anomalous chromatographic
behavior from the viewpoint of hydrogen-bonding ability. Further study is necessary to
clarify the mechanism(s) operating in chromatography of these basic compounds.

3. Change of k I with pH of the Mobile Phase
Since Hitachi gel is stable in the alkaline region, unlike other stationary phases composed

of silica gel such as ODS and Gly-CPG, it should be possible to determine k ' over a wide
range of pH. Thus, we measured k:' of various compounds between pH 2.0 and 12.0 with
mobile phases containing 30~~ MeOH.

Figure 4 shows the pH-dependences of k:' of 3-methylbenzoic acid, 2-chlorophenol and
procaine. In the case of 3-methylbenzoic acid, k:' was about 200 at pH 2.0. With increase in
pH of the mobile phase; k:' became smaller. The steep decrease in k:' took place at about pH
4.0. This change became smaller at about pH 5.5, reaching a constant value of 3. A similar
curve was obtained with 2-chlorophenol, but the curve was shifted to about 5 pH unit higher
than that with 3-methylbenzoic acid.

In the case of procaine, an opposite pH-profile of k' to that of 3-methylbenzoic acid was
observed: k:' was small at acidic pH, but it began to increase at about pH 7.5, attaining a
constant value at about pH 10.0. From these pH-profiles of k.', the acid dissociation constant
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Fig, 4. Change of k' with pH in the Mobile
Phase Containing 30% MeOH

Continuous tines were obtained by calculation ac
cording to Eq. 28 for 3-methylbenzoic acid (.6.) and 2
chlorophenol (e). and according to Eq. 29 for pro
caine (0).

Fig. 5. Change of k' for 2-Aminobenzoic Acid
with pH in the Mobile Phase Containing 30..,,,
McOH

The continuous line was obtained by calculation
according to Eq. 30 with the following values obtain
ed by non-linear least-squares calculation.

k;Ol=41.69. k;.j=1.l0. k;_,,,,,O.51. phAr.••=2.02.
pKA( __ j =4.60.

Chart 1
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KA can be determined by means of Eq, 28 with acids (KA is denoted as KA(-I) and by Eq, 29
with bases (KA is denoted as KA(+ )).17)

k'
kco)+ kC-)KA(-/[H +J

(28)
I+KA(_t![H+]

k'
k;o} +k(n[H +J/KA(+1

(29)
1+ [H '~J/KA(+)

Here, kIll)' k[_) and k[+l are capacity factors with regard to the neutral, anionic and cationic
forms, respectively.

Figure 5 shows the pl-l-profile of k I of the amphoteric compound 2-aminobenzoic acid.
The change ork I was quite different from those of mono-ionizable acids and bases, such as 3
methylbenzoic acid and procaine. The small k I at acidic pH increased with increase in pH.
being maximum at about pH 3.0, and then k ' decreased. attaining a constant level at above
pH 6.5.

Such a biphasic change of k:' with pH can be interpreted as being due to dissociation of
protons first from the protonated amino moiety (acid dissociation constant: KA( -l-I)' and then
from the carboxylic acid moiety (KA( _) as shown in Chart 1. By putting kl()' k {+} and k;. l as
the capacity factors of the neutral, cationic and anionic forms of amphoteric compounds.
respectively, the acid dissociation constants K/Io('r) and KA( _) can be determined by using Eq.
30 (ref. 17a).

(30)
, k;lIl+ k;'-IKAl-/[H+] +k;+lH +J/K AI+1k ee -.-.-------.-•. -.--•.. - •. --.•.-.--.---..•------.---

I + KAI-/[H"~J + [H +J/K A1n

It would be interesting to see how the pll-proflle of k' changes with the values of add
dissociation constants and capacity factors of these molecular species. Figure 6 shows the
dependence of the pfl-profile of k , on pKA1_) of model amphoteric compounds with given
values of k (O) =50. k;'j) ::.5, k;_)=2 and pKA ( +) =2.0. In Fig. 6, curves for compounds whose
pKA ( _) values arc 7 and over show plateaus. The value of k ' at this plateau corresponds to

log k'lOl

Fig. 7. Relationship between logPo<1 lind
log k Itll Determined with the Mobile Phase
Containing 30~~ MeOH

Numbers beside datu points represent compounds
in Tublevi.
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TAllLE VI. Acid Dissociation Constants" and Partition Coefficients'? Determined
by HPLC with 30% Methanol Containing Mobile Phase

No. Chemicals pKA( + ) pKA( _ ) log P HPLC logk[o) logk[-l logk[-t)

1 2-Naphthol 9.67 2.75 2.69 l.00

(9.63) (2.84)

2 4-Bromophenol 9.41 2.44 2.34 0.69

(9.36) (2.59)

3 3·Methylbenzoic acid 4.16 2.41 2.30 0.50
(4.27) (2.37)

4 2-Chlorophenol 9.30 2.13 1.98 0.24
(8.48) (2.15)

5 4-Methylphenol 10.27 1.91' 1.73 0.24
(10.14) (1.94)

6 4·Nitrophenol 7.15 2.10 1.95 0.33
(7.15) (1.91)

7 Benzoic acid 4,l4 1.93 1.76 0.14
(4.18) (1.87)

8 Phenol 10.93 1.54 1.31 -0.21
(9.98) (1.48)

9 Procaine 8.46 1.92 2.51
(8.80) (1.92)

10 Sulfadimethoxine 2.00 5.87 1.64 2.20 -0.21 0.22

(2.07) (6.70) (1.50)

11 2-Aminobenzoic acid 2.02 4.60 l.l3 1.62 -0.29 0.04

(2.05) (4.37) (1.21 )

12 Sulfisoxazole 1.77 4.76 1.24 1.74 -0.52 0.01

(-) (4.62) (l.l5)

13 Aniline 3.96 0.78 1.22 0.01

(4.58) (0.90)

14 4-AminosalicyJic acid 1.50 3.48 0.92 1.38 -0.65 -0.02

(1.70) (3.90) (0.87)

15 4-Aminobenzoic acid 2.28 4.61 0.60 1.02 -1.01 -0.30

(2.30) (4.64) (0.68)

a) Values in parentheseswith pKAI +) and pK"'1 -I are from ref. 18. I) Valuesin parentheseswith logI'IIPl.l· is lugPoc' cited from
ref 16. logPtl PLC is obtained by Eq. 33.

that of k(D)' In these cases we can determine the value of k (0) directly from the curves.
However, with compounds whose pKA { _ ) values are 6 and under, we cannot determine kIn)
from the pH-profile of k', because there is no plateau in these curves.

It is apparent in Fig. 6 that there is no plateau for amphoteric compounds whose pKA

difference (=pKAt-j-pKA ( + ) is less than 4. In the case of 2-aminobenzoic acid, the pKA

difference is 2.6, and thus the maximum k:' (= 38, Fig. 5) is not k (0) (= 42. sec Table VI).
Apparently values of kID)' k[+) and k[_) cannot be determined from Fig. 5 directly. Thus.

these values should be determined by non-linear least squares calculation based 011 Eq. 30. We
used the Gauss-Newton method for this purpose. Values of pKA of various amphoteric
compounds, including 2-aminobenzoic acid, thus determined as well as those of mono-acids
and bases are summarized in Table VI. Values of pKA for mono-acids and bases were also
determined by non-linear least-squares calculations. Values of log k (0)' log k (_) and log k (+)
are also included in Table VI. In these experiments the mobile phase containing 30% MeOH
was used. The reason for the use of such a low proportion of MeOH is to measure the capacity
factors of ionized molecular species accurately. Accordingly, with this mobile phase. the pH
profile of k:' for hydrophobic compounds could not be determined. Thus, the compounds
listed in Table VI are different from those used in section 2. It should be noted that the values
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of pH in the mobile phase are expressed as the pH of the original buffer solution, before
adding the organic modifier. This pH was slightly different from that after addition of the
organic modifier. However, as reported previously, l7b) the pKA values based on the former p'H
values agreed with those determined potentiometrically better than those based on the latter
pH. The reason is not clear at present, but this may be related to the fact that absorption of
H+ and OH- takes place at the surface of the stationary phase.'?' It is shown in Table VI that
the values of acid dissociation constants obtained by HPLC are generally in good agreement
with those from the literature. Thus, with a Hitachi Gel column we can accurately determine
the acid dissociation constants of various acids and bases, and amphoteric compounds.

Figure 7 shows the relation between logk[ol determined from k:' with 30% MeOH and
reported values of log POCl161 for the compounds listed in Table VI. Since the physical quantity
of k (01 is the same as that of k ' determined in section 2, the results in Fig. 7 should show a
similar tendency to those in Figs. 2 and 3. As expected, log Poet values tended to increase with
increase in log k (0)' This tendency became clearer when these data points were divided into two
groups: one consisting of phenols and benzoic acids (compounds 1~8), and the other
consisting of amino-substituted benzenes such as procaine. anilines and sulfonamides
(compounds 9-15). In Fig. 7, log Poet in each series increases linearly with increase in log klo),
and the slopes of these straight lines are almost the same, suggesting that all the log Poct values
can be expressed by a single function of logk (0) by the introduction of the indicator variable
HB as in Eq. 25. These relations are described by Eq. 31-33 with high statistical
significanee.

With compounds No. 1--8;

logP"c. =0.11 + 1.02JogkilJl
(0.49) (0.24) 11:=8, 1'=:0.973, .~=O.lll

with compounds No. 9--··15;

logPoc, = -O.J3+0.7Rlogkl<'1
(0.31) (O.I!!) 11=7, 1':=0.981, s""IL089

(31)

(32)

with compounds No. 1,,,-15;

log P"cl=O.3H+O.K81()gki()l~O.68 HB (33)
(0.30)(0.14) (0.14) 1l~15. ,'",,0.987, s=0.113

HB = 1 for bases and amphoteric compounds.
It is interesting that in the regression analyses of the relation between log Poct and log k (

shown in Table V, the HB term was required for anilincs as well as non-Hebonders and H~

acceptors. Here again, amino-substituted benzenes including anilines required the HB term.
(Non-Hvbonders and Hvacceptors were not examined here.) Thus, all the amino-substituted
benzenes act as Hsacceptors, though sulfonamidcs and aminobenzoic acids have an amphip
rotic group besides the amphiprotic amino group. It is interesting that the amino group plays
a decisive role in the retention behavior on HPLC.

Like k~o), k(+) and ki ..)also showed linear dependence on logPoc1 (Fig. 7). However, in
this case, k ~_) and k ~+) for all compounds showed a simple linear relationship with log POCI '

probably because these values are not great enough to distinguish differences in the hydrogen
bonding ability of the compounds. Note that k (+ 1is always greater than k (_)' in agreement
with the case of amino acids in HPLC with porous polymer."?

Conclusion
In conclusion, Hitachi gel is a very useful column for determination of log Poet and pKA,

because it allows HPLC to be done in the alkaline region as well as the acidic region. The
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relation between log k (0) and log Poet is dependent on the hydrogen-bonding ability of
compounds, as in the case of HPLC on an ODS-column. However, the chromatographic
behavior of some compounds such as sulfonamides, procaine and aniline is anomalous from
the viewpoint of the hydrogen-bonding ability. This should be further examined.

It is of interest that logk' with ionized molecular species as well as with neutral forms
increased linearly with increase in log Poet. The value of k' with ionized molecular species is
smaller by about two log units than that of the neutral molecular species icf. Table IV). If
these values reflect the differences of hydrophobicity of these molecular species, they are very
small compared with the corresponding values based on partition between octanol and water,
where the difference was reported to be of the order of three Jog units. 21

•221 This may be
because in the chromatography. the difference in the affinity of both species for the surface of
the stationary phase is measured. while in the partition system that of the amount transferred
into the octanol phase was measured.

In some drug actions, it is possible that both molecular species interact with the surface of
biopolymers such as proteins and membranes and induce the pharmacological activity.P! In
these cases, chromatographic indices, such as Jogk:'; of these molecular species could be better
parameters for predicting biological activity than log P oct' This problem is also interesting in
connection with studies of drug action from the viewpoint of QSAR.
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The formation constants of short chain alkylanunonium salt-cyclodextrin complexes in
aqueous solutions were investigated by conductornetry for various values of alkyl chain length and
the number of alkyl groups attached to the nitrogen atom. a-Cyctodextrln (a-CD). j{-CDand T-CD
form complexes with ulkylummonium suits having alkyl groups longer than »-butyl, II-hcxyl and 11

decyl, respectively, The formation constants of z-ulkylanuuouium salts with IX-CD increase with the
number of alkyl groups attached to the nitrogen atom. The entropy change of complex furruution
was negative, The effect of the terminal group on the complex formation is discussed in relation to

the formation constants of ulkanol-Cf) complexes.

Keywords-·······IX-, /i-, y-cyclodextriu; lI-alkyJamll1onillm salt: inclusion complex: formation
constant; free energy; entropy; ionic hydration; hydrophohic hydration; cuvity size

389

Cyclodcxtrins (CDs) interact with various types of hydrophobic compounds to form
inclusion complexes. The formation constant of the complex depends on both the size of the
CD cavity and the size and the hydrophobicity or the guest molecule. The contributions of
various interactions to the complex formation have been calculated semi-emprically, and van
del' Waals and hydrophobic interaction have been asigned as the main inleructions involved in
the complex formations."

In contrast to the large amounts of equilibrium data for the interaction of CDs with
aromatic and alicyclic compounds, few studies have been done 011 the internclion of CDs with
aliphatic chain molecules, On complex formation between different kinds of CD and aliphatic
compounds with definite chain length, the van der Waals interaction between CD and the
guest molecule may be the most important factor governing the formation constant, because
the cavity size is considerably different among three kinds of CDs and the diameter of methyl
ene chains in trans zig-zag form is constant.

On the other hand, the formation constant or an aliphatic chain molecule with an ionic
group would be descreased as compared with the case or a non-ionic group, such as a
hydroxyl group, because an ionic group is usually strongly hydrophilic and reduces the
hydrophobicity of the molecule by virtue of the ionic hydration. The signs of the free energy
and enthalpy changes for the complex formation arc generally negative, but the sign of the
entropy change may be negative or positive, depending on the particular combination of the
guest molecule and CD molecule."

We have determined the formation constants of CD-I1~alkylammoniumsalt complexes
with various alkyl chain lengths and the numbers of alkyl groups attached to the nitrogen
atom, and compared the formation constants and the entropy changes with those or
alkanol':"



390 Vol. 35 (1987)

Experimental

Materials--Prlmary and secondary ammonium chlorides prepared by the reaction of the' corresponding
amines with hydrochloric acid gas in dry ether were recrystallized from a mixed solvent ofethanol and dry ether twice
or more. The purities of amines were confirmed by gas chromatography. Reagent-grade tetrapentylammonium
bromide purchased from Nakarai Chemical Co., Ltd., was used after drying in.vacuo at 40 cC. Reagent-grade CDs
were obtained from Wako Chemical Co., Ltd., and were recrystallized twice from water. Solutes were dissolved in
water purified by distillation and deionization.

Determination of Formation Constant--The formation constant was determined by conductance measurement
using a universal bridge (model 4255A) manufactured by Yokogawa-Hewlett-Packard Co., Ltd., in a thermostated
bath controlled to ±O.OI "C. To remove the contribution of dissolved carbon dioxide to the conductance, the
conductance of water was subtracted from the ex.perimental conductance of solutions.

Viscosity Corrcction--Viscosity correction was made to the equivalent conductance of alkylammonium salt
(AA) in CD solutions."

Acor,=(1 +B~Ccd+D~C~d)Acd (I)

where Aco" and ACd are the corrected equivalent conductance and the equivalent conductance of AA in CD solution,
respectively, and B" and D~ are the viscosity Band D coefficients of CD in aqueous solution. respectively. Ced is the
molar concentration of CD. The values of Band D are shown in Table 1.6 ) As reported previously.Tthe value of Acd is
always smaller than the equivalent conductance in water. The value for Acorrof AA, which does not form a complex
with CD, coincides with the equivalent conductance in water, while the value of Ae",rof AA forming a CD complex is
smaller than the equivalent conductance in water.

Calculation of Formation Constant (K) and the Th.ermodynamic Quantities--The formation constant was
calculated on the assumption that CD forms a 1-1 complex with AA as expressed by Eq. 2.

CD+AA=CDAA (2)

Then K is expressed as

(3)

(4)

K:=------
(Ced-x)(C,,,,-x)

where Cn,. and x are the concentrations of AA and CDAA.
When Ced :»X, Eq. 3 is reduced to

x
K=----

Ce,,(Cm,-x)

On the other hand, IIcorr is expressed by Eq. 5 with Am. and Aille• which arc the equivalent conductances or free and
included AA, respectively.

CmxAcorr:={Cm.- x)A rn• +xA lne

Here we introduce LlA and G, which are defined by Eqs. 6 and 7.

(5)

(6)

(7)

Then Eq, 4 can be rewritten as

1 1 1
-=--+
AA xsc; a

(8)

TABLE 1. Viscosity Band D Coefficients of CDs at Various Temperatures

Temp.
If-CD 'l'-CD(DC) ex-CD

B~ 15 2.50 3.90
(M- I ) 25 2.39 2.80 3.74

35 2.24 3.62

D~ 15 8.6 17
(M-2) 25 7.8 16

35 7.8 15
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The value of K is determined graphically from the slope and the intercept of the l/LlAI·S.I/Ccd curve.
The thermodynamic quantities for the complex formation are given by Eqs. 9, 10 and II.

LlGO= -RT In K

LlS'=( -otJGU{(1)p

(9)

( 10)

and

(11)

where Rand T have the usual meanings.

Results and Discussion

Figure I depicts the IfLlA vs. I/Ccd curves for various AA-et-CD systems. Good linearlity
is observed in every system, supporting indirectly the I-I complex formation in each system.
From these curves, we determined the K values and LlGo (free energy change for complex
formation), and these values are shown in Table II. The experimental determination of K

~

'0
S 0.2

'"Ia
o

OJ
~

<::::
~ 0.1

..... ~~~~==t=====::::=!==1

o 20 40 60 BO 100

lie,.,! (M)

Fig. I. 1{1:111 V.I'. I(e"l Curves for Various AA at 25"C
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T II.Ul.l: 11. Formation Constant and Free Energy Change of Complex Formation for cn ·AA Systems

ni.
ni,
nd.
nd.
oi.
nL
nL

]()() -2.7

".(:1)
K. t1G"

(M ",) (kcalmol")._---_.._.•..__.•._..._-----" ....

IX-CD IJ-CD
Alkylammonium halide K Mi' K 1.1(;0 ,

(M ') (keal mol ') (M I) (kcal mol")
_....,,,...--.~_.~..__.-

n-Propylamine' Hel nL
n-Butylamine Hel :I .- 0.6 ni.
n-Dibutylamine· HCl 10 -1.4 IIi.
lsoamylamine- HCI 10 -- 1.4 ni.
»-Arnytamine- HCl 110 -2.8 nL
u-Diamylamine- Hel 200 -·3.1 ml.
TPAB 450 -3.6 nL
n-Hexyhtminc' HCI l30 -2.9 lO -1.4
n-Hcptylamine' HCI 220 -3.2 70 -2.5
n-Octylamine- Hci 280 -3.3 150 ·-3.0
n-Decylarnine- HCl 600 -3.8 230 -3.2

TPAB, tetra-n-pentylammonium bromide: ni, not included; nd, not determined.
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values is precise to ±5 M -1. As can be seen in Table II, a-, /3- and y-CDs form inclusion
complexes with AA having n-alkyl groups longer than n-butyl, n-hexyl and n-decyl,
respectively. Kano et al. reported that n-propylamine and n-butylamine form inclusion
complexes with (3-CD, as determined by the fluorescene method." However, we cannot detect
the complex formation with {J-CD by this method. The formation constant increases with
alkyl chain length in each system. The K values of decylammonium chloride decrease in the
order a- > [3- >y-CD, that is, the larger the size of the cavity, the smaller the formation con
stant. This is because the van der Waals interaction depends on the reciprocal of the sixth
power of interatomic distance. The diameter of methylene chains in trans zig-zag form is ap
proximately 5.1 A.8) Since the diameters of the cavities of IX-, /3- and y-CDs are 5.7, 7.8,
and 9.5 A,9) respectively, the cavities of f3- and y-CDs are too large to accommodate the
methylene chain tightly, resulting in small formation constants as compared with that of
iX-CD.

As can be seen in Table II, the formation constants of amylammonium salts increase
with the number of amyl groups attached to the nitrogen atom. Judging from the size of the
cavity of a-CD, it is impossible to include the whole molecule of di- or tetrapentylammonium
ion in the cavity, and it is also impossible to include two methylene chains. It may be possi
ble that two molecules ofa-CD can include the two methylene chains of AA separately. How
ever, the linearities observed in the I/LlA VS. l/Ccd curves are incompatible with this possi
bility.

On the other hand, the ionic character of AA decreases with increase of alkyl chain
length and the number of alkyl groups attached to the nitrogen atom, because the ionic at
mosphere around the nitrogen atom is shielded by the polymethylene chain. This effect
facilitates inclusion complex formation. In fact, iJ.- and /3-CDs include the lower homolo
gues of x-alkanol, i.e. methanol, ethanol and n-propanol, as well as higher hornologues."
The K values of the a-CD complexes of l-pentanol, l-hexano1and l-heptanol are 324, 89I
and 2291 M-l, respectively. These values are considerably larger than the K values of the
corresponding n-alkylammonium salts. This is because the strong hydrophilic nature of
the terminal group reduces the hydrophobicity of the alkyl group and weakens the complex
formation.

As can be seen in Table III, the K values of a-CD-AA complexes decrease with increas
ing temperature, resulting in negative entropy change of complex formation. The thermody
namic quantities for the complex formation of n-alkanols with a-CD obtained from spectro
scopic" and calorimetric" studies are in conflict. Negative enthalpy and entropy changes
were obtained from spectroscopy and negative enthalpy and positive entropy changes
from calorimetry. Table III shows the enthalpy and entropy changes of complex formation
for a-CD-n-decylammonium chloride and a-CD-n-diamylammoniumchloride at 25"C. Both
the enthalpy and entropy changes were negative, as in the et-CD-n-alkanol system determin
ed by spectroscopy, suggesting that the van der Waals interaction is predominant in these
systems. The entropy change of complex formation in the l-tetra-decyltrimethylammoniurn
salt-e-Clz system is slightly positive.'?' This may be due to the long-chain alkyl group and

TABLE III. Temperature Dependence of the Formation Constants of
n-Diamylamine' HCl- and z-Decylamine- HCl-et-CD

.1H
(kcal mol-I)

LIS
(cal mol- I deg ")

n.Diamylamine· HCI
n-Decylamine- HC!

15"C
250
800

25"C
200
600

35"C
160
450

-4.0
-5.1

-3.0
-4.5
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the terminal trimethylammonium group, because the ionic nature of the trimethylamrno
nium group is weaker than that of the ammonium group owing to the shielding effect of
methyl groups, and the n-tetradecyl group is more hydrophobic than the n-decyl group.
Long-chain alkyl compounds without net charge, such as n-alkanoic acids l1

) and lysoleci
thins'?' form water-insoluble complexes of torus type. An IX-CD molecule covers 5-·--6
methylene units in torus-type complexes. Judging from the facts that the alkylammonium
salts with groups shorter than propyl do not form inclusion complexes with IX-CD and
that 5-6 units of methylene group per IX-CD are required for torus-type complexes, the pos
sibility of torus-type complex formation is small.

In conclusion, CDs form inclusion complexes with n-alkylammonium salts. The for
mation of a complex and the formation constant depend on the size of cavity and the alkyl
chain length. The formation constant is in the order 0:- > /1- > )!-CD. The terminal ionic group
reduces complex formation. The entropy of complex formation for (X-CD was negative,
indicating that van del' Waals interaction is predominant, as in the Il-alkano).-IX-CD system.
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A Simplified Synthesis of 32-0xygenated Lanosterol Derivatives
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A simplified synthesis of lanost-8-ene-3p,32-diol, lanost-7-ene-3p,32-diol, 3fJ-hydroxylanost-8
en-32-aI, and 3{j·hydroxylanost-7-en-32-aJ, in which 3p-acetoxylanostan-7a-ol prepared by the
hydrogenation of 3f1-acetoxylanost-8-en-7-one is the key compound, is described.

Keywords-32-oxygenated sterol; 3fJ-acetoxylanostan-7a-ol; lanosterol l4-demethylation;
cholesterol biosynthesis

The biosynthesis of cholesterol from lanosterol requires the removal of the three methyl
groups at carbons 4 and 14. The initial step in the removal of these methyl groups has been
considered to be the 14-demethylation,l) which is a complex process, and many aspects of the
overall mechanisms remain unclear. A probable intermediate is the lanosterol derivative with
a l4-hydroxymethyl, 14-aldehyde or IS-hydroxy group.

Recently, it has been shown that 24(S),25-epoxycholesteroP) is produced in the liver by
way of a branch in the sterol biosynthetic pathway, beginning with the formation of squalene
2,3(S); 22(5),23-dioxide, and the dioxide is known to accumulate in cultured cells that have
been treated with oxidosqualene cyclase blocking agents. The squalene dioxide is converted
first to 24(S),25-oxidolanosterol and finally to 24(5), 25-epoxycholesterol, which has been
shown to be present in the liver. We have reported" that 24(S),25-oxidolanosterol and
24(S),25-epoxycholesterol inhibited cholesterol biosynthesis from 24,25-dihydrolanosterol in
vitro. Further, we recently reported'" that 15-oxygenated lanosterol derivatives inhibit
cholesterol biosynthesis from 24,25-dihydrolanosterol in vitro. On the other hand, the 32
hydroxylated lanosterol derivatives'" have been shown to inhibit sterol biosynthesis in animal
cells in culture. Such naturally occurring oxygenated steroids may be important in regulating
sterol biosynthesis.

With the intention of investigating the effects of the natural precursors on cholesterol
biosynthesis from 24,25-dihydrolanosterol, we studied the synthesis of the 32-oxygenated
derivatives of 24,25-dihydrolanosterol. This report describes a simplifiedsynthesis of lanost-8
ene-3fJ,32-diol (6), lanost-7-ene-3fJ,32-diol (7), 3fJ-hydroxylanost-8-en-32-al (9), and 3fJ
hydroxylanost-7-en-32-al (10).

For the synthesis of 32-oxygenated compounds, 3fJ-acetoxylanostan-7a-ol (2) was used as
the key compound. Barton and Thomas'? obtained 2 by the reduction of 3fJ-acetoxylanost-8
en-7-one with lithium in liquid ammonia, followed by catalytic reduction, though in
unspecified yield. On the other hand, Parish et al.7) obtained 2 by the reduction of a mixture of
Ta, 8a- and 8et, 9et-epoxylanostan-3.8-0Is, followed by selective acetylation, but the yield was
low and the procedure troublesome. In this study, catalytic hydrogenation of 3.8
acetoxylanost-8-en-7-one (1) in the presence of platinum dioxide in acetic acid afforded 2,
which was identical with an authentic sample synthesized by the method of Parish et al.,7) in
26% yield. The other products were separated by column chromatography, affording 3[3-
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Ac [ctStJ
E

---~> 3a and ac

:>
AcO

B c D 2

Chart 1

TAIlLE 1. Isotopic Analysis of Deuteruted Products

--_.__ __._---_ --_._-_..---

Deuterated compound
---------- ._ __.

3c

7.1
29.3
33.2
10.6
IO.l
9.7

2 3n 3b

3.8 1.5 1.2
15.1 13.8 7.0
21.4 46.9 27.6
42.8 2!L4 43.3
14.R 9.4 18.6
2.2 () 2.3

Deuterium
content eo

acetoxylanost-B-ene (3a), 3f3-acetoxylanost-7-ene (3b), and 31/~acetoxylan(lsta-7,9 (Ll j-dicne
(3c). The reaction probably proceeds as shown in Chart 1. The cis addition of 1'1,2
from the ex-side forms A, which is transformed to 2 via the enol compound (B), through
deprotonation and protonation of intermediates (C and D, respectively), followed by
hydrogenation of the latter. Here, 2 would be transformed to 3b by dehydration. Compounds
3a and 3c would be formed via the 7o:~hydroxy compound (E). In an attempt to clarify the
mechanism of this reaction, 1 was catalytically hydrogenated in the presence of platinum
dioxide in acetic aCid-2H

t (CH3C002H j ).·The products contained unanticipated specieseHo
to j Hs-compounds) as determined by mass spectrometric analysis (Table I). It is thought that
this result is due to exchange between gas-phase hydrogen and the deuterium atom in acetic
acid- 2Hj •

ll
) Although the distribution of deuteriums was not. fully established, one deuterium

at C-7 in 2, 3a, 3b and 3c and also one deuterium at C-8 in 2 were confirmed by comparison of
the proton and/or carbon-I 3 nuclear magnetic resonance eH- and/or 13C-NMR) spectra with
those of undeuterated samples; these findings are consistent with the steps (A-E) in Chart 1.
Now, 2 was reacted with lead tetraacetate according to the procedure of Parish et al.?} to yield
the 7,32~oxide (4) and 3p-acetoxy-7-oxolanostane (Sa). Upon hydrolysis, Sa gave 7
oxolanostan-Sji-ol (5b). The circular dichroism spectrum of 5b showed the same negative
Cotton effect as that of 18-acetoxylanostan-3p-ol-7-one.9} This result clearly indicated that the
stereochemistry of the B/C ring in 2 and 5a must be trans as in the natural product. Treatment
of 4 with pyridinium hydrogen chloride-acetic anhydride followed by alkaline hydrolysis gave
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6: CHzOH (LIB)
7 : CH20H (L]7)
8 : CHzOH U]/l)
9: CHO (LIM)

10 : CHO (Lf)
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a mixture of 3,32-diols (6, 7, and 8). These compounds were separated by high-performance
liquid chromatography (HPLC) on a ,uBondapak-NH2 column using CHCI3-n-hexane as the
eluent. The Ll 6-3,32-diol (8) was eluted first, followed by Ll 7-3,32-diol (7) and finally the Ll 8

_

3,32-diol (6). Compound 6 was oxidized with] ones reagent followed by reduction with KBH4

to give the LlB-32-al (9), and 7 was also converted to 10 in a similar manner.

Materials lind Methods

1H_ and 13C-NMR spectra were obtained on lEOL FX-200 NMR machines. Mass spectra (MS) were recorded
on a JEOL D-100 spectrometer at 75eV ionizing potential. HPLC was done on a ,LlBondapak-NHz column
(7.8mm x 30em), using a Waters pump (model 510) and a Waters detector (model 480 spectrophotometer. set at
247urn). Chloroform-s-hexane (I : I, v!v) was used as an eluent (flow rate 2.0 ml/min, pressure 100kg/cmz). Optical
rotations were measured on a lASeO DIP-SL automatic polarimeter with a cell of I cm light path length. and
circular dichroism (CD) spectrum was taken in 0.5 mm cell at room temperature (24----25 "C) in chloroform on a
lASCO J-20 recording spectropolarimeter.

3P-Acctoxylanostan-7Cl:-o) (2)--A solution of 3{3-acetoxylanost-8-en-7-onclO
) (1, 2g) in AcOH (100ml) was

shaken under a stream of hydrogen in the presence of Pt02 (0.5g) at room temperature, absorbing 340ml of
hydrogen. After removal of the catalyst by filtration, the filtrate was poured into water and extracted with methylene
chloride. The organic layer was washed with water, sat. NaHC03 , and water, then dried (Na2S04) . and concentrated
in vacuo. The residue was chromatographed on silica gel (50g). Elution with benzene gave a solid (1.2 g). which was a
mixture of 3p-acetoxylanost-8-ene (3a), 3p-acetoxylanost·7-ene (3b), and 3,B-acetoxylanosta-7.9(l1)-diene (3c). 3a. 3b
and 3c were separated by HPLC (yield; 40%, 8%, and 8%, respectively). Further elution with methylene chloride gave
a solid (0.65g), which was recrystallized from MeOH to give colorless needles of 2 (yield. 26%), rnp 208,-,209 "C,
undepressed on admixture with an authentic specimen." IH-NMR 8 (ppm): 0.74 (3H. s, 18-CH3) , 0.86 (3H, d. 26 or
27-CH3, J=6.6Hz), 0.87 (3H, d, 26 or 27.CH3 , J= 6.6Hz). 0.95 (3H, s, 19-CB3) , 1.08(3H, s, 14-CB3) , 2.04 (3H, s,
3{3-0COCH3) , 4.06 (IH. m, 7{3-H, Wl12=8Hz), 4.53 (lH, m, 3C(-H). MS mlz: 488 (M+). 470 (M+-I-I20). 455
(M +-CH3• H20), 395 (M+ -CH3 , HzO, base peak). [0:]69

: +13.3 (c= 1.0, CHCl3) (lit.," + 13.9).
Hydrogenation of 1 in Acetic Acid-2H

1--The reaction was carried out by the same procedures as described
above except for the use of acetic acid·2H

1 (CH3C00
2H\).

Lanost-8-ene-3p,32-diol (6), Lanost-7-ene-3p,32-diol (7), and Lanost-6-ene-3p,32-diol (8}--Trcatment of 3P
acetoxylanosran-Zx-cl (2, 0.5 g) with lead tetraacetate (2.5g) followed by alumina chromatography of the crude
reaction product gave 3p-acetoxylanostan-7o:,32-oxide (4, mp 201-202"C. yield, 72%) and 3p-ucetoxylanostan-7
one (Sa, mp /70-172 "C, yield, 7%). Treatment of 4 (0.25g) with pyridinum hydrogen chloride (0.5g) and acetic
anhydride (50ml) followed by hydrolysis gave a mixture of 6,7, and 8, which were separated by HPLC. The first
eluted product was lanost-6-ene-3,B,32-diol (8) (15% yield), mp 191-192°C (lit.," /91.5-192.5 "C). The next eluted
product was lanost-7-ene-3p,32-diol (7) (42% yield), mp 206-207"C (lit.,?! 207-208.5 "C). The last eluted product
was lanost-8-ene-3/l,32-diol (6) (20% yield), mp 173-174°C (lit., 161-163°C7) and 174-l75"C~). The melting
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points of 6, 7, and 8 were undepressed on admixture with the corresponding authentic specimens.
7-0xolanostan-3IJ-ol (5b}--5a was hydrolyzed with 5% methanolic KOH under reflux for 1h. After usual

work-up, the residue was recrystallized from MeOH to give colorless needles of 5b, mp 169-·I70°C (lit.,6l 171-
173 Q C). IH-NMR D(ppm}: 0.75 (3H, s, 18-CHJ ) , 0.83 (3H, s, 4P-CH3) , 0.85 (3H, d, 26 or 27·CH", J=6.6Hz), 0.&6
(3H, d, 26 or 27·CH3 , J=6.6Hz), 0.90 (3H, s, 19-CH 3) , 0.95 (3H, s, 41X-CH:\), 1.08 (3H, s, 19-CI-l3 ) , 2.27-2.41 (3H,
m,6-H 2 and 8-H), 3.26 (I H, m, 31X-H). MS miz: 444 (M+), 429 (M + - CH 3 ) , 411 (M + - CH.1, HP), 393 (M + -CI-l:\,
2HP), 304, 222 (base peak). CD (,,=2.55, methanol) [0]24 (nm): -1915 (294)' (negative maximum).

3p-Hydroxylanost-8-cn-32-al (9)--Joncs oxidation of lanost-t-ene-3/J,32-diol (6, 15mg) gave the 3,32-dioxo
compound (9mg), which was partially reduced with KBH 4 (3mg) to give 9 (4mg), mp 159·-160"C, (!it.,ll) 160-
161QC). IH-NMR D(ppm): 0.75 (3H, S, 18-CH3), 0,82 (3H, s, 4p·CH 3) , 0.85 (3H, d, 26 Or 27-CH;\, J=6,6Hz), 0.86
(3H, d, 26 or 27-CH3, J= 6.6 Hz), 0.97 (3H, s, 4iX-CH3) ; 1.0.:; (3R, S, 19·CH3) , 3.23 (IH, Ill, 3iX-H), 9.44 (IH, s, 32
CHO). MS mlz: 413 (M+ -CHO, base peak), 395 (M+ -CHO, H20 ).

3IJ-Hydroxylanost-7-cn-32-al (lO)---Jones oxidation of 3p·hydroxylanost.7-ene-3/J,32·diol (7, 30 mg) gave the
3,32-dioxo compound (20 mg), which was partially reduced with KBH 4 (6 mg) to give 10 (7 rng), mp 119-120 "C
(lit.,5) 121-122 Qq. lH·NMR (~ (ppm): 0.73 (3H, s, 18.CHa), 0.85 (3R, d. 26 or 27-CHa, .1:= 6.6 Hz), 0.86 (3H, d, 26
or 27-CH3 , J == 6.6 Hz), 0.89 (6H, s, 4[3 and 19.CH3) , 0.98 (3H, s, 4iX-CH.:\), 3.24 (1H, Ill, 3iX-H), 5.44 (I H, rn, 7-H), 9.62
(lH, s, 32-CHO). MS mlz: 413 (M+ -CHO, base peak), 395 (M" -CHO, H20).
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A facile conversion of the methyl group of 5-amino-6-methyl-3-phenyl-4(3H)-pyrimidinone (1)
or 4-aminoantipyrine (5) to an alkyliminomethyl group by isoselenazole ring formation followed by
reaction with alkylarnines was carried out. 7-0xo-6-phenyt-6H-isoselenazolo[4,3-d]pyrimidine
(2), which was obtained from 1 and selenium dioxide, was reacted with alkylarnines, such as 11

propylamine, isopropylamine and 3-methoxypropylamine, to give 6-alkyliminomethyl-5-amino-3
phenyl-4(3H)-pyrimidinones (3a-iJ) in 47-58% yields. Treatment of 3a-d with silica gel gave 5
amino-6-formyl-3-phenyl-4(3H)-pyrimidinone (4) in 91% yield. Similarly the reaction of 5,6
dihydro-4-methyl-6-oxo-5-phenyl-4H-pyrazolo[4,3-c]isoselenazole (6) with alkylamines gave 3
alkyIiminomethyl-4-amino-l-phenyl-3-pyrazolin-5-ones (7a-f) in 50--97~,~ yields.

Keywords-isosetenazole; isoselenazolo[4,3-d]pyrimidine; pyrazolo[4,3-c]isoselcnazole; al
kylamine; 4-aminoantipyrine; pyrimidine; selenium dioxide

Recently, chemical and biological applications of organoselenium compounds have
developed considerably." Studies on the syntheses of selenium containing heterocycles have
also been carried out in our laboratory, and some biologically interesting compounds and
reactions have been reported.'>" As a continuation of our work, this paper deals with a facile
conversion of the methyl group of 5-amino-6-methyl-3-phenyl-4(3H)-pyrimidinone4

) (1) or 4
aminoantipyrine'" (5) to an alkyliminomethyl group by isoselenazole ring formation followed
by reaction with alkylamines.

Synthesis of 7-oxo-6-phenyl-6H-isoselenazolo[4,3-dJpyrimidine (2) by the reaction of 1
with selenium dioxide in dioxane was reported by us previously.I'" It is said that organo
selenium comounds are susceptible to nucleophilic attack on the selenium atom, usually
resulting in cleavage of the weak C-Se bond.r" Thus, it appeared to be interesting to examine
the reaction of 2 with alkylamines. Treatment of 2 with primary alkylamines, such as n
propylamine, isopropylamine, x-butylamine, and 3-methoxypropylamine in ethanol under
reflux for 7-24 h gave 6-alkyliminomethyl-5-amino-3-phenyl-4(3H)-pyrimidinones (3a··--d)
in 47-58% yields. These products were purified by recrystallization from ethanol. An
attempt to purify 3 by column chromatography on silica gel gave 5-amino-6-formyl-3-phenyl
4(3H)-pyrimidinone (4) in 91%yield. Similarly, the reaction of 5,6-dihydro-4-methyl-6-oxo
5-phenylAH-pyrazolo[4,3-c]isoselenazole6

) (6) with alkylamines gave 3-alkyliminomethyl-4
amino-l-phenyl-3-pyrazolin-5-ones (7a-f) in 50-97% yields. The infrared (IR) spectra of all
these compounds (3a-d, 4, 7a-f) showed NH z absorptions, and elemental analyses and
mass spectra were consistent with the assigned structures (Tables I and II). Recrystallization
of7a-ffrom ethanol gave analytically pure samples. However, treatment of7a-fwith silica
gel gave reddish intractable glutinous substances, from which only a trace amount of a
compound of mp l37-139°C [rn/z=217 (M+)], possibly 4-amino-3-formyl-2-methyl-l
phenyl-S-pyrazolin-j-one (8), was obtained.
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The reaction mechanism in the formation of 3 or 7 from 2 or 6 seems to be as follows.
The canonical forms of the fused isoselenazoles can be depicted as in Chart 3. The
nucleophilic substitution reaction takes place initially at the carbon atom adjacent to selenium
which has exceptionally low electron density. Rupture of the isoselenazole ring followed by
deselenation gives 3 or 7.

Consequently our new method to convert the methyl group of 1 or 5 to an alkylimino
methyl group or formyl group should be convenient and useful for the synthesis of further
annelated compounds which might SllOW important pharmacological activities.

{:CS, ----~ \ 1): ......-._ ......._, ...--......

2 or li

31l-d or 7n.-·f

Chart 3
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TABLE I. 6-Alkyliminomethyl-5-amino-3-phenyl-4(3H)-pyrimidinones

Reaction
Analysis (%)

Compd. mp Yield
time Formula

Calcd (Found) MSm/z
No. ("C) e~) (h)

(M+)
C H N

3a 151-153 53 7 CI4HI6N40 65.61 6.29 21.86 256
(65.47 6.06 21.82)

3b 138-140 58 24 CI4HI6N40 65.61 6.29 21.86 256
(65.80 5.98 21.74)

3c 135-137 47 7 CIsHISN40 66.65 6.71 20.72 270
(66.69 6.41 20.53)

3d 124-125 55 7 CIsHISN402 62.92 6.34 19.57 286
(62.75 6.21 19.81)

TABLE n. 3-Alkylimino methyl-4-amin0-2-methy1-I-phenyl-3-pyrazolin-5-ones

Reaction Analysis C~)

Cornpd. mp Yield
time Formula

Calcd (Found) MS m]z
No. (0C) e~) (h)

(M i
)

C H N

7a 90-92 92 5 C14H1SN.;.O 65.09 7.02 21.69 258
(65.08 6.95 21.67)

7b 140-142 95 5 C14H1SN40 65.09 7.02 21.69 258
(65.35 7.15 21.54)

7c 92-94 97 5 CIsHzoN40 66.15 7.40 20.57 272
(66.20 7.59. 20.76)

7d 120-121 90 5 ClsHzoN402 62.48 6.99 19.43 288
(62.32 6.94 19.57)

7e 96--97 50 10 ClsHISN40J 59.59 6.00 18.53 302
(59.43 5.81 18.29)

7f 82-83 86 5 CIsH20N40J 59.19 6.62 18.41 304
(58.91 6.41 18.55)

Experimental

All melting points were determined on a Yanagimoto micro melting point apparatus and arc uncorrected. The
IR spectra were measured with an IR-810 machine from Nihon Bunko Spectroscopic Co.. Ltd. Mass spectra (MS)
were measured with a Japan Electron Optics Laboratory Co. JMS-DX 300 mass spectrometer. The proton nuclear
magnetic resonance ('H-NMR) spectra were recorded with a Japan Electron Optics Laboratory Co. JNM-MH 100
spectrometer using tetramethylsilane as an internal standard. Abbreviations arc as follows: s, singlet; m, multiplet; br,
broad.

6-AlkyliminometbyI-3-phenyl-4(3H)-pyrimidinones (3a-d)--A mixture of 7-oxo-6-phenyl-6H-isosclena
zolo [4,3-d]pyrimidine3a l (2) (I mmol) and an alkylamine (10 mmol) in 20 ml ethanol was refluxed for 7 or 24 h.
The resulting black substance (Se) was removed by filtration. Solvent and excess alkylamine were distilled off
from the filtrate, and the residue was recrystallized from ethanol to give the pure product. Melting points and
elemental analytical data are listed in Table l.

S-Amin0-6-formyl-3-pbenyl-4(3H)-pyrimidinone (4)--A solution of 5·amino-3-phenyl·6-propyliminomethyl
4(3H)-pyrimidinone (3a) 256 mg (1 mmol) in chloroform-methanol (30: I) was passed through a silica gel column.
The eluate was collected and the solvent was distilled off. The residue was recrystallized from ethanol to give
colorless needles of mp 192-194°C. Yield 196mg (91%). lR \I~~~cm-I: 3400,3290 (NH 2), 1680, 1660 (C=O).
MS mlz: 215 (M+). Anal. Calcd for CIlH9N302: C, 61.39; H, 4.21; N, 19.53. Found: C, 61.24; H, 4.20; N,
19.40. lH·NMR (CDCI3) 0: 9.95 (IH. s, CHO), 7.60 (lH, s, -N-CH=N-), 7.00 (2H, br, NH2) , 7.20-7.55 (5H,
m, Ph).

3-Alkyliminomethyl-4-amino-2-methyl-l.pheDyl.3-pyrazolin-5-ones (7a-f)--A mixture of 5,6-dihydro-4-
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methy]-6-oxo-5-phenyl-4H-pyrazolo[4,3-cjisoselenazole6 1 (6) (I mmol) and an alkylamine (10 mmol) was treated as
described for 3a-d. Melting points and elemental analytical data are listed in Table II.

4-Amino-3-formyl.2-methyl-l-phenyl-3-pyrazolin-S-one (8)--~A solution of 4-amino-2-methyl-l-phenyl-3
propyliminomethyl-3-pyrazolin.5-one (78) (258 mg. I mmol) in chloroform-methanol (30: I) was passed through a
silica gel column. The eluate was collected and the solvent was distilled olf. The residue was extracted with ether. The
extract was column chromatographed on silica gel and eluted with ether. The eluate was collected and concentrated.
On standing, needles were lormed with a red tarry substance. The needles were collected by filtration and washed with
a small amount of a mixture of ether-ethanol (J : I) to give reddish needles of mp 137-139''C. Yield 3mg (l.4~,). IR
v~~~cm-l: 3420,3250 (NH 2), 1680, 1640 (C=O). MS mlz: 217 (M ').

Acknowledgment This work was supported in part by u Grant-in-Aid by the Ishida Foundation. The authors
are indebted to Miss T. Naito and Miss S. Kato of this Faculty for elemental analyses and NMR measurements.
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Based on the quantitative structure-activity relationships (QSAR) of 4,6-disubstituted 2
morpholinocarbonylfuro[3,2-b]indole derivatives (53 compounds) previously reported, 4-sub
stituted 2-(4-methylpiperazinylcarbonyl)-6-trifluoromethylfuro(3,2·bJindole derivatives (12 com
pounds) were synthesized. Their analgesic and antiinflammatory activities were examined by using
the acetic acid writhing test in mice and the carrageenin edema test in rats, respectively. Most of
these compounds showed potent analgesic and antiinflammatory activities as compared with
tiaramide. The QSAR of the furo[3,2-b]indole derivatives (65 compounds) including the newly
synthesized compounds was analyzed by using the adaptive least-squares method. The results
confirmed that the QSARs for 2-morpholinocarbonyl derivatives and 2-(4-methylpiperazinyl
carbonyl) derivatives can be expressed in one model where the steric nature of the 4- and 6
substituents mainly affects both the analgesic and antiinflammatory potencies.

Keywords--furo[3,2-b]indole-2-carboxamide; quantitative structure-activity relationship;
adaptive least-squares method; analgesic activity; antiinflammatory activity; 4·substituted 2-(4
methylpiperazlnylcarbonyl)-6-tri fluorornethylfuro [3,2-b] indole

In the previous papers,':" we reported the synthesis, analgesic and antiinflammatory
activities, as well as quantitative structure-activity relationship (QSAR) studies, of 4,6
disubstituted 2-morpholinocarbonylfuro[3,2-b]indole derivatives (1). Equations I and 2 were
formulated for the QSAR of analgesic and antiinflammatory activities, respectively.

Y= -0.68E.(I)+O.IIL(2)+ 1.19NcfJ.+ 1.91D.cyl+ 1.27D,lkyl- 3.10

n=53 nml, =6(0) Rs=0.91 Rs(pred) = O.87

Y=2.84B1(1) -I.70F(1) +O.63Ncf3.+ O. 7ID.cy/ + 1.18D. ,kyl-4.47

11=53 nmi, = 9(I ) Rs=0.87 Rs:(pred) = 0.84

(1)

(2)

I II

Chart 1



T.'l.SlE 1. 1-(4-Methylpiperazinylcarbonyl)-6-trifluoromethy[furo[3,2-b]indole Derivatives (II) Z

FC~
?

3 r-"\

o g'U-CH3

Analysis e~)

No. R~ mp eCl
Recrystn.

Formula
Calcd (Found) Analgesic Anti-inflammatory

solvent" activity" activity"
C H N

II-[ COOiso-Pr 178-179 E-T C21H22F3N304' Mald l 54.25 4.74 7.59 85.5h' 64.3h )

(54.10 4.73 7.66)
11-2 COOBu 14[-142 E CnH24F3N304 58.53 5.36 9.31 69.4h1 -0.6

(58.68 5.54 9.28)
II-3 COOiso-Bu 194.5-195.5 ~1 C22H24F3N304' Mal 55.02 4.97 7.40 91.7h) 50.09 )

(55.18 4.98 7.50)

1I-4 COiso-Bu 174.5-175.5 T-H C22 HZ4F3N30J . Mal 56.62 5.12 7.61 81.6h ) 64.1h)

(56.54 5.12 7.60)

1I-5 Bu 174-176 T C2IH24FJNJOz' Mal 57.36 5.39 8.02 755M 55.0h
)

(57.45 5.39 8.06)
II-6 iso-Bu 170-173.5 E-M C21HZ4FJN30Z' Mal 57.36 5.39 8.02 55.Qh) 20.lf/

(57.09 5.32 7.86)

II-7 Pentyl 224-226 E-H C2~H2i>F3N302'HCI") 57.71 5.94 9.17 62.5h1 S8Ah)

(5~.47 6.22 8.96)

U-8 Isopentyl I59-16<} T C22H2i>F3N;P~· Mal 58.10 5.63 7.82 93,5h1 75.gh)

(58.03 5.60 7.71)

II-9 Hexyl 199-200 T-H CBH2SF3N302' HCl 58.53 6.19 8.90 77.6h) 67.2h)

(58.30 6.18 9.03)

U-lO Isohexyl 144-145 E-M CZ3H2BF3N302' Mal 58.79 5.85 7.62 95.9h} 54.7h}

(58.52 5.77 7.49)

II-II Heptyl 161-168 T C24H3QF3N302' HCl 59.34 6.43 8.65 85.4h) 63.1h)

(59.00 6.35 8.80)

11-12 Octyl 167.5-168.5 E-M C2~H32F3N302'Mal 60.09 6.26 7.25 45.3 hl 50.3 9 )

(59.86 6.35 7.16)

Tiaramide 74.8h) 52.4h)

a) E""ether, H=hexane, M=MeOH, T=EtOH. b) u u inhibition of acetic acid writhing in mice (100rng.kg, p.o.). c) ~a inhibition of carrageenin edema in rats (I00mg/kg,
p.o.}. d) ~fal=maleate. e) HC!= hydrochloride. Statistically significant si f) p<0.05, g) P <0.01, ill P <0.001. .$>0

0
IN
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In these expressions, Y is the discriminant score for the classification of activity ratings, E,. is
the Taft steric substituent parameter," B, and L are the STERIMOL parameters." F is the
new Swain-Lupton field constant,"! and Ncf3a is the number of f3-carbon atoms of the alkoxy
moiety as R2 . The figure in parentheses after the descriptor indicates the position of the
substituent (R, or R2 in Chart 1). The indicator variables Daey1 and Dalkyl are assigned a value
of 1 for the presence of an acyl moiety and an alkyl (or alkenyl) moiety as R2 , respectively.
Further, n represents the number of compounds, nmis is the number misclassified, and the
figure in parentheses after the value of Ilmis is the number misclassified by two grades, Rs is the
Spearman rank correlation coefficient for the recognition, and Rs(pred) is that for the
prediction by the use of the leave-one-out' technique. These equations indicate that, as
regards the substituents of the indole moiety, bulky and branched substituents are favorable
for the analgesic activity, and that steric and electron withdrawing effects are required for high
antiinflammatory potency. We thought that the relationship would be valid for 2-(4
methylpiperazinylcarbonyl)furo[3.2-b]indole derivatives (II), and this prompted us to under
take the present study.

This paper describes the synthesis and activity of the derivatives (II) and an analysis of
the QSAR of the overall compounds (I and II) for analgesic and antiinflammatory activities
using the adaptive least-squares (ALS) method.P"

Results and Discussion

Based on the results of our previous structure-activity study!' of 2-morpholino
carbonylfuro[3.2-b]indole derivatives (53 compounds), various 4-substituted 2-(4~methyl
piperaziny1carbonyl)-6-trifluoromethylfuro[3,2-b]indole derivatives (12 compounds) were
designed. The R1 substituent was fixed as CF3 , which was expected to be most favorable for
the activities from its E~, Bu and F values. The R2 substituents were chosen from al
koxycarbonyl, acyl, and alkyl groups. These compounds (II-l--12) were synthesized by the
method described in the previous paper," and were examined for analgesic activity by using

TABLE II. Structural Features and Analgesic and Antiinflammatory Activities (If 2-(4~Mcthylpipcrazinyl-

carbonyll-S-trifluoromethylfuro[3,2-b]indole Derivatives (II)
-.:;,.-;.-..:.::;:':".:.:::::=-:.:-..:::.-:..::==':-=.~;;:;::;:::.

Analgesic Antiinflammatory
Descriptor

No, R2
activity activity

-_.._->-----~ .._._.._._----_._.-
Obsd."1 Recog." Pred.cl Obsd." Recog.'? Prcd.rl E~( l)fl L(2)1I} Nc/l'lI.----_._q--_._.~"---_.__.-

II-I COOiso-Pr 3 3 3 3 3 3 -2.4 5.l)? 2
Il-2 COOBlI 2 3 3 I 3 3 -- 2.4 1\.00 1
II-3 COOiso-Bu 3 3 3 3 3 3 -2.4 6.77 1
II-4 COiso-Bu 3 3 3 3 3 3 ·-2.4 6.12 I
H~5 Bu 3 3 3 3 3 3 -2.4 6.17 ()

1I-6 Iso-Bu 2 2 2 2 3 3 -2.4 S.05 ()

II-7 Pentyl 2 3 3 3 3 3 -2.4 7.11 0
II-8 Isopentyl 3 3 3 3 3 3 -2.4 6.17 0
Il-9 Hexyl 3 3 3 3 3 3 -2.4 8.22 0
II-IO Isohexyl 3 3 3 3 3 3 -2.4 6.97 0
I1·11 Heptyl 3 3 3 3 3 3 -2.4 9.03 0
1I·l2 Octyl 2 3 3 3 3 3 -2.4 10.27 0

0) Activity ratings based on the percent inhibition of acetic acid writhing at 100rug/kg, [1.0. in mice: class I, (}-39; class 2. 40-
69; class 3, 70-100. h) From Eq. 4. c) Using the leave-one-out technique. d) Activity ratings based on the percent inhibition of
carrageenin edema at 100 mg/kg, [1.0. in rats: class I, less than 15; class 2, 15--49; class 3, 50--100. e) From Eq. fl. .n See ref.
4). g) See ref. 5). h) Nc{J is the number of II carbon atoms of the alkoxy or acyl moiety R2•
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TABLE III. ALS Discriminant Functions for 65 FUfO[3,2-b]indole Derivatives

405

Eq. No.

Analgesic activity
3 y= -0.97E:,(I)+0.56NcP-1.99

(C/=O.90)fl (O.4I)fl
4 y= -1.02E,(1l+0.04L(2l+0.63Nc(l-2.32

(C/=0.95) (0.05) (0.46)
Antiinflammatory activity

5 y = - 0.87 E:.(l) - 1.33
(C/=0.80)

6 y= - 0.69E,(1)+0.04L(2)-1.41
(C/=O.64) (0.05)

Recognition
nUl

}lmi~
'I RSdl

65 15 (1)"1 0.75

65 13 (0) 0.82

6S 14 (3) 0.78

65 15 ( I) 0.82

Prediction"

Itmis
d RSdl

16 (I) 0.75

14 (0) 0:80

14 (3) 0.78

J 5 rn 0.83

(I) Number of points used for calculations. h) Using the leave-one-out technique. c) Number of misclassified
compounds. eI) Spearman rank correlation coefficieut with a correction of muny tics; the values are all significant at
fI < (J.OI. e) Number of compounds misclassified by two grades. f) Contribution index (el).

the acetic acid writhing test?' in mice and for antiinflammatory activity by using carrageenin
edema test in rats.'!" The biological and physical data arc summarized in Table I. Most of the
obtained compounds showed potent analgesic and antiinflammatory activities. The analgesic
activities of II~l, -3, -4, -8, -10, and -11 were higher than that of tiaramide. The anti
inflammatory activities of II- J. -4, -8, -9, and -11 were also more potent than that of tiar
amide.

Then, the QSAR of 65 fl.lfo[3,2-b]indole derivatives [53 2-morpholinocarbonyl com
pounds and 12 2-(4-methylpipcrazinylcarbonyl) compounds] was analyzed by using the ALS
method. The descriptors and activity ratings for the newly synthesized compounds analyzed
in this study are listed in Table II. Good discriminant functions for the two kinds of activity
are expressed by Eqs. 3-·-6 (Table HI), which were derived within 20 iterations.

In these equations Ncll is the number of ji carbon atoms of the alkoxy or acyl moiety
for R2 • The figure in parentheses under the coefficient for each descriptor is the contribution
index (= Icoef.] x S.D. of descriptor), which is a measure of the contribution of the descriptor
to the discriminant score. The cross-correlation matrix of the descriptors used in Eqs. 3---·6 is
shown in Table IV, indicating that there is little likelihood of chance correlations.

TABLE IV. Cruss-Correlution Matrix of Descriptors Used in Eqs. }--6

E,(l) L(2) Nell------_....•-,.,_._..__._---.._-----_ _---._-_.__ __ _-_ , -
E,(1 )
L(2)

Nell

1.00
-0.24

n.21
1.00

-0.10 1.00
-------, "'-_.._--_._- ---"-'-'''-'--

On the basis of Eq. 4 for the analgesic activity, a bulky substituent R, (in terms of - Es)

is favorable to the potency. For the R2 substituent, long and more branched groups (in terms
of Land NcfJ) are favorable to the analgesic activity. Equation 6 for the antiinflamma
tory activity resembles Eq. 4, with a negative coefficient for E, (l) and a positive coefficient
for L (2), indicating that a bulky substituent R1 and a long substituent R2, enhance both
potencies.

The use of an indicator variable for the distinction between the 2-morpholinocarbonyl
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TABLE V. Spectral Data for 2-(4-Methylpiperazinylcarbonyl)-6-trifiuoromethylfuro[3,2-b]indole Derivatives (II)

No. Yield IR KBr - I MS m]e IH-NMR
(~) Vma• em (M+) Chemical shifts (Ci) (in DMSO-d6)

II-I 40.2 1720 1640 553 1.50 (6H, d, J= 7 Hz), 2.86 (3H, s), 3.31 (4H, m), 4.04 (4H, m), 5.25
(IH, m), 6.15 (2H, s), 7.40 (IH, s);7.72 (lH, dd, J=8, 2Hz), 8.02
(lH, d, J=8 Hz), 8.52 (IH, d, J=2 Hz)

11-2 38.9 17501645 451 1.00 (3H, t, J=7Hz), l.50 (2H, m), 1.80 (2H, rn), 2.25 (3H, s), 2.42
(4H, m), 3.78 (4H, m), 4.47 (3H, t, J=7Hz), 7.26 (lH, s), 7.68 (lH,
dd, .1=8, 2 Hz),.7.97 (l H, d, .1=8 Hz), 8.46 (l H, d, J=:2 Hz)

11-3 38.9 1750 1645 567 1.06 (6H, d, J= 7 Hz), 2.20 (lH, m), 2.83 (3H, s), 3.30 (4H, m), 4.04
(4H, m), 4.30 (2H, d, J=7Hz), 6.10 (2H, s), 7.40 (IH, s), 7.73 (IH,
dd, .1=8, 2Hz), 8.04 (lH, d, J=8Hz), 8.50 (IH, d, .1=2 Hz)

II-4 59.0 1725 1630 551 1.10 (6H, d, J=:7Hz), 2.18 (IH, m), 2.86 (3H, s), 3.05 (2H, d, .1=7 Hz),
3.32 (4H, rn), 4.07 (4H, rn), 6.12 (2H, s), 7.70 (IH, s), 7.75 (lH, dd,
.1=8, 2Hz), 8.04 (lH, d, J=8Hz), 8.87 (lFI, d, J=2Hz)

II-5 98.0 17051615 523 0.90 (3H, t, .I=7 Hz), 1.28 (2H, m), 1.82 (2H, m), 2.83 (3H, s), 3.29
(4H, br s), 4.44 (2H, t, .1=7 Hz), 6.10 (2H, s), 7.48 (IH, dd. .1=8,
2Hz), 7.69 (lH, s), 8.00 (lH, d, .1= 8 Hz), 8.11 (IH, d, J=2Hz)

II-G 30.0 1615 523 0.90 (6H, d, .1=7 Hz), 2.25 (JH, rn), 3.30 (4H, m), 4.04 (4H, m), 4.26
(2H, d, .1=7 Hz), 6.10 (2H. s), 7.47 (IH, dd, .1=8, 2 Hz), 7.69 (IH, s),
7.99 (I H, d, .1= 8 Hz), 8.11 (JH, d, .1=2 Hz) ,2.84 (3H, s)

I1-7 66.0 1615 457 0.82 (3H, t, .I=:7Hz), 1.27 (4H, m), 1.92 (2H, m), 2.82 (3H, s), 3.20
(2B, br s), 3.50 (4H, br s), 4.42 (2H, t, .1=7 Hz), 4.66 (2H, d, .1=8 Hz),
7.47 (IH, dd, .1=:8, 2Hz), 7.69 (lH, s), 8.00 (IH, d, .1=8 Hz), 8.09 (IH,
d, J=2Hz), 1l.63 (l H, brs)

I1·9 53.0 1620 471 0,82 (3H, r, J=7Hz), 1.14 (6H, m), 1.88 (2H, br s), 2.82 (3H. s), 3.20
(2B, br s), 3.58 (4H, br s), 4.43 (2H, r, .1=7 Hz), 4.68 (2H, br s), 7.47
(lH, dd, .1=8, 2Hz), 7.70 (IH, s), 8.00 (lH, d, .1=8 Hz), 8.10 (IH, d,
J=2Hz), 11.66 (IH, br s)

n-io 15.0 1620 551 0.86 (6H, d, I=: 7Hz), 1.20 (2H, m), 1.56 (IH, br s), 1.85 (2H, m), 2.84
(3H, s), 3.30 (4H, rn), 4;06 (4H, m), 4.42 (2B, t, .1=7 Hz), 6.11 (2H, s),
7.47 (IH, dd, 1=8, 2Hz), 7.68 (IH, s), 7.98 (1H, d, .1=8 Hz), 8.08 (IH.
d, .1=2 Hz)

lI-ll 40.0 1620 485 0.81 (3H, t, .1= 7Hz), 1.22 (8H, m), 1.82 (2H, br s), 2.82 (3H, s), 3.26
(2H, brs), 3.48 (4H"brs), 4.42 (2H, t, .1=7 Hz), 4.66 (2H, d, .1=8 Hz),
7.47 (lH, dd, 1=:8, 2Hz), 7.70 (IH, s), 8.00 (f H, d, .1=8 Hz), 8.10 (IH,
d, .1=2 Hz), 11.76 (lH, br s)

II-12 67.0 1613 579 0.83 (3H, t, .1= 7 Hz), 1.26 (IOH, br s), 1.80 (2H, m), 2.83 (m, s), 3.33
(4H, m), 4.07 (4H, m), 4.40 (2H, t, 1=7 Hz), 6,10 (2B. s), 7.40 (l H, dd,
.1=8, 2Hz), 7.60 (IH, s), 7,93 (l H, d, .1=8 Hz), 8.00 (l H, d, J=2Hz)

series (I) and the 2-(4-methylpiperazinyl)carbonyl series (II) was not effective in the QSAR for
the two activities. The importance of the electron-withdrawing effect of the substituent R! for
antiinflammatory activity of 2-morpholinocarbonyl compounds!' was not significant in the
present study, probably owing to a higher intercorrelation between steric and electron
withdrawing properties caused by the increase in the number of compounds having a CF3

group as R) in the data set. The contribution of hydrophobic character was insignificant,
perhaps on account of the small difference of hydrophobicity from molecule to molecule
within the set of compounds studied.

The resulting recognition and leave-one-out prediction in both activities were a little
inferior to those!' for the 2-morpholinocarbonyl compounds in terms of Rs values (Table III).
However, the results of prediction, which were almost equivalent to those of recognition in
this study, were fairly good, and all the Rs values for Eqs. 3-6 showed a significance level of
p<l%.
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Thus, it was confirmed for furo[3,2-b]indole derivatives that the QSAR for series I and II
can be expressed in one model where the steric nature of the substituents R1 and R2 mainly
affects both the analgesic and antiinflammatory potencies.

Experimental

Melting points were determined on a Mitamura Riken micro melting point apparatus and are uncorrected.

Infrared (lR) spectra were taken on a JASCO DS-301 spectrometer. Proton nuclear magnetic resonance (lH-NMR)
spectra were recorded on a Hitachi-Perkin-Elmer R-20 spectrometer. Chemical shifts are given in ppm with
tetramethylsilane as an internal standard, and the following abbreviations are used: singlet (s), broad singlet
(br s), doublet (d), double doublet (dd), double triplet (dt), triplet (t), quartet (q) and multiplet (m), Mass spectra
(MS) were taken on a Shimadzu LKB 9000 spectrometer.
Chemistry

4-Isopentyl-2-(4-methylpiperazlnylcarbonyl)-6-trifluoromethylfuro[3,2-bJindole Maleate (IJ-S)-·_··-A solution
of 2-(4-methylpiperazinylcarbonyJ)-6-trifluoromethyl-4H-furo[3,2-b]indole (3.5 g) in dimethylformarnide (DMF)
(20ml) was added dropwise with stirring co a suspension of sodium hydride (NaH) (60% in oil, O.l6g) in DMF
(10ml), then the mixture was stirred for 0.5 h. Isopentyl bromide (1.8g) was added thereto, and the whole was
stirred for 1 h at room temperature, then poured into ice-water. The resulting product was collected by filtration
(2.6g, 63%).

On the treatment with maleic acid in ethanol, the product was converted to the corresponding maleate salt and
the salt was recrystallized from ethanol to give an amorphous solid. mp 159--160 "c. IR v~~:cm-1: 1620. MS mle:
537 (M t

) . IH-NMR(DMSO-d6) (5: 0.94 (6H, d. J=7Hz, tf.tl:JhCH-), 1.52 (lH. m, (CH3hQ:J.··). 1.74 (2H,l].
J= 7 Hz, N-CH2CHd, 2.82 (3H, s, N-CH3 ) , 3.27 (4H, m, piperazinyl-H). 4.04 (4H, m, piperazinyl-H), 4.44 (2H, t,
J=7Hz, N-CH2CHd, 6.08 (2H. S, maleate-H), 7.47 (IH. dd, J==8, ;~Hz, Cry-H), 7.65 (IH, S, C.I·H), 7.98 (IH, d,
J= 8 Hz, Cs,H), 8.06 (lB, d, J=2I-Jz, Cs-H), Anal. Calcd for C26H3UF.,N.l()/t: C, 58.10; H. 5.63; N, 7.82. Found: C.
58.03; H, 5.60; N, 7.71.

Other Compounds of This Series (11-1-7 andJI-9-12)--These compounds were prepared in the same man
ner as 11-8.
Biological Methods

Acetic Acid Writhing Method····Gl'OUpS of 10 male ddY mice weighing 19--23 g were used. The test
compounds lind tiararnide were administered orally (100 mgjkg) 30 min before the intraperitoneal injection (10 mljkg)
of O. 7'X. acetic add solution. The number of writhes or each mouse was counted during a period or 10to 20min after
the acetic acid injection. The inhibition (percent) was calculated by comparing the number of writhes with that in the
untreated control group.

Carrageenin Edema Method- . Groups of 6 male Wistar rats weighing 14()·· ..170 g were used. The test
compounds and tiarumide were administered orally (100mg/kg) 30 min before the subplantar injection (fl. I mljrat) of
I~:';, carrageenin suspension into the left hinel paw. The paw volume compared with the pre-drug volume was
determined and the inhibition (percent) was calculated on the basis 01" the swelling percent in the control group.

Data Analysis - - -Student's I-lcst was used for statistical evaluatiou.
AlB Method

Activity Classes ·····1'wclve furo[3.2-b]indole derivatives (11-1-- 12)were classified into three groups based 011 the
aceticacid writhing test and the carrageenin edema test at a dose of 1110 mg/kgp.o., as shown in Table 11. according ttl

the same criteria as used 1'01' the 53 2-mOl'pholillocarbo/lyl derivatives previously reported. I)

AlS Method -_ ..The ALS system,":" which is a nonpurametric pattern clussifier. categorizes multidimensional
structural patterns into multiple ordered classes by means of' a single cquution. The equation (discriminant function)
is formulated by ,I feedback adaptation procedure in ,I linear lorm, as ill Eq. 7.

(7)

where Yis the discriminant score for the classification, Xi (Ie == 1,2, ... •p) is the kth descriptor for the structure. and Wk
(k=O, I, .. . ,p) is the weight coefficient, The value of Wi is determined by the least-squares aduptution using the
starting score, aj (j= I, 2, .. ',m in the til-group case) and the correction term, ell). In this study, the version of 1981
(ALS 81)111 was used. The correction term Cj(t) for misclassified compound i at the loth iteration is given by Eq. 8.

where

Clt)=O.I/[O,(/)+0,45j' +0.1 (8)

bi(I)= Yj(l)-b i

In this equation, Y,(t) is the discriminant score, and hi is the cutting point (nearer 10 Yilt»~ of the observed class for
compound i. ALS iteration was performed a maximum of 20 times. The best discriminant function was selected
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according to the reported criteria. S)

Structural Dcscriptors--In the parametrization of structural features for the ALS study, we used the same
parameters as in the previous study!' except for a few indicator variables as described in the text.
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Stereospecific Inhibition of Cholincsterases
by Mefloquine Enantiomers
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Mefloquine cnantiomcrs (+ )-1, (-)-I were found to be stereospecific in their inhibition of
acetylcholinesterase and buryrylchotincstcrasc, (- )-] being the more potent inhibitor in bot II cases,
Similar observations were also made with respect to (- l-quinlne and (+ I-quinidine. which arc
configurational analogues of (+)-1 and ( - )-1. respectively, A positive synclinical conformation for
the "N-C-C-O" segment 01' melloquine appeared to be necessary 1'01' good activity.

Kcywords---· rncfloquine; cnuntiomers; stercospeciflc: unticholincsterusc: quinine: quinidinc

Introduction

409

Structure-activity relationship studies of inhibitors of acetylcholinesterase (AChE) have
shown that these agents generally possess a positively charged nitrogen which is separated
from an electro-negative oxygen by two or three carbon atoms, as in the N·-C-C-O
segment of acetylcholine, The positively charged nitrogen interacts with the anionic site of the
enzyme, while the electro-negative oxygen interacts with an add group via hydrogen bonding,
It should be noted that as a chemical class, uminocthnuols have the necessary N CC- ()
segment for anti-AChE activity. The nitrogen atom of'uminoethauols (pK" 9.5) is protonated
at pH 7.4, carrying a positive charge, while the hydroxyl oxygen is inherently electronegative.

Mefloquine [( ±)-1J is one or the best known and most widely used aminoalcohol
antimalarials discovered during the mid-I tJ60s under an extensive research program spon
sored by the US Army Medical Research and Development Command." Synthetic meflo
quine is a racemate, the crythro isomers of o:-(2-pipcridinyl)-2.S-bis·(trifluoromcthyl)-4-qui
nolinemethanol. Thus, mcfloquinc is structurally an aminocthanol, with chiral C9 and ClO
(sec Fig. 1). Since it has u pharrnacophoric N·r-CO segment ii,c, Nll-CIO (:0-016, Fig.
2), mefloquine is expected to he an inhibitor of AChE. and the comparative inhibitory
activities of its enanuomers, whose N--C- CO segments are mirror images of one another.

(+ )-1 ( - j-I 2

CJhO

Fig. I. Structural Formulae of (+)-1, (- )-1,2 nnd 3
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would shed some light on the structural and conformational requirements of the enzyme
receptor.

In the present study, the anti-AChE and anti-butyrylcholinesterase (anti-BChE) activities
of (+ )-1 and (- )-1, as well as that of the racemate, were determined at pH 7.4 using a pH-stat
method. The activities of (- )quinine (2) and (+ j-quinidine (3) were similarly studied.

Experimental

(- )-Quinine sulfate [(8S,9R)-6'-methoxy-cinchonan-9-ol sulfate] and (+ )-quinidine [(8R,9S)-6'-methoxy
cinchonan-9-ol sulfate] were obtained from British Drug House and the racemic mefloquine hydrochloride [(±)
(R'",S"')-2,8-bis(trifluoromethyl)-cx-(2-piperidinylj-4-quinolinemethanoll was supplied by Roche. Pharmaceuticals.
The racemic mefioquine was resolved with (+ )-3-bromo-8-camphorsulphonic acid in methanol according to the
method of Carroll and Blackwell." (+ )-1 and (- )-1 were obtained in 26% and II %yields, respectively. The melting
points and specific rotation of the resolved enantiorners were in agreement with reported values."

A modification of the constant pH titration method of Stan ely et al. was followed for the enzyme inhibition
studies." At least two concentrations of each inhibitor were employed for the determination of inhibitory activity. All
glassware used for the preparation and storage of solutions containing inhibitors was initially coated with
dimethyldichlorosilane. (+ )-1 and (- )-1, isolated as the free bases, were each dissolved in a minimum volume of 10%
(v/v) 0.1 M HCI and made up to volume with double-distilled water, while solutions of the other inhibitors were
prepared in double-distilled water. Enzyme activity was determined at pH 7.4 and 23'C, using a Radiometer TTf2
autotitrator assembly. For the determination of AChE activity, a solution of electric eel AChE (EC 3.1.1.7, Sigma
Type VI-S), containing 4 units/rnl, was prepared in 0.002 M phosphate buffer (pH 7.4) containing 0.]5 M NaC] and
0.01 /'~ (w/v) gelatin. The hydrolysis of the substrate acetylcholine iodide (Sigma Chemical Co.), over the
concentration range of 0.8-1.5 mM,was determined in 20 ml of O. J M MgCI2 solution. The hydrolysis was initiated by
addition of 0.4 units of the enzyme and the acetic acid liberated was titrated with 0.005 M NaOH over a period of
4min. The reaction velocity (moles of alkali consumed per minute per unit of enzyme) was determined from the
slope of the curve (ml of alkali versus time) between 2 and 4 min. The Michaelis constant of AChE was found
to be constant at 2.38 x 10-4 M (S.E.M 0.15 x 10-4 M for 12 determinations). For the determination of BChE activity,
horse serum BChE (Ee 3.1.1.8, Sigma Type Xl) containing 17.2units/ml was similarly prepared in phosphate
buffer. Hydrolysis of ACh iodide over the concentration range of 1.6-D.2 mM, by 1.72 units of the enzyme, was de
termined in 20 ml of 0.1 M MgC12• The reaction velocity of each hydrolysis was determined by titration with 0.01 M

NaOH over 4 min as in the case of AChE. The Michaelis constant for BChE was found to be 1.05 x 10-'" M (S.E.M
0.52 x 10-3 Mfor 12 determinations). The reaction velocities were determined in the presence and absence of in
hibitor for each enzyme. The results were analyzed by means of ROSFIT,4l a computer program written for the
discrimination between rival inhibitory models and for estimation of kinetic parameters. The inhibitory constants of
the compounds are listed in Table I.

Results and Discussion

Mefioquine [(±)-l] and its enantiomers, (+)-1 and (-)-1, were found to be non
competitive inhibitors of AChE and BChE in the present study. Neostigmine, an established
anti-AChE agent, exhibited competitive kinetics under similar experimental conditions. Table

TABLE 1. K; Values for Inhibition of AChE and BChE

Compound
AChE BChE

(±)-l 0.445 (± 0.0049) 1.22 (±0,027)
( +)-1 1.03 ( ±0.025) 1.76 (±0.033)
(-)-1 0.288 (±0.0045) 0.957 (± 0.017)

2 8.40 (±0.14) 0.328 (±0.O062)
3 5.72 (±0.072) 0.0815 (±0.0019)

0) Values in parentheses indicate standard error of the mean (S.E.M.) for 20 observations.
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(- )-1

Fig. 2. Conformation of (- )-1

r N 1I-CIO-C9-01 6= +60'; C4-C9-ClO··N II =
180"; r C3-C4-·C9-·CIO= +90". The structure has
been numbered so <IS to facilitate discussion of the
conformation.

41 1

I gives the K, values of mefloquine and its enantiomers against AChE and BChE, computed
from the ROSFIT model for classical non-competitive inhibition." As expected, one of the
enantiomers, (- )-1, was found to be much more active than its optical antipode, (+ )-1, as an

. inhibitor of AChE. The same was also true with respect to inhibition of BChE. The activity of
racemic mefloquine was intermediate between those of the enantiorners.

Carroll and Blackwell had previously assigned the absolute configurations of (+ )-1
and (- )-1 as C9 (R) CIO (S) and C9 (8) ClO (R) respectively." This was done by comparing
the circular dichroism spectra of (+ j-L'and (...:... )-1 with those of (- )-quinine (2) and (+)
quinidine (3), the absolute configurations of which have been reported." It is clear from their
study that (+ )-1 and (- )-1 are configurational analogues 0[2 and 3, respectively. It would be
interesting to find out whether 2 and 3 show similar stereospecificity in their inhibitions of
cholinesterases. This was indeed found to be the case in the present study. (+ )-Quinidine was
more active than (- j-quinine against both AChE and BChE (Table I). Thus, there is in this
case a correlation between the absolute configurations and anti-cholinesterase activities
among the stereoisomers.

It appears from Table I that the difference in anti-Chli activities between 2 and 3 is more
pronounced with respect to BehE than AChE. This may be due to the fact that the steric
requirement of the AChE anionic site is more stringent than that of BChE.1l1 The nitrogen or
the N-C-C-O segment of quinine and quinidine is located at the bridge head of the bulky
quinuclidine ring. Attachment of the N·C--C·O segment to the enzyme receptor would not be
easy, and the situation would be more difficult with AChE. Thus, the K, values of 2 and 3
against AChE are comparatively high, but nevertheless 3 is still a better inhibitor.

Conformational study using Drciding models of the mefloquinc enantiorncrs has shown
that when C9 is equatorial to the piperidine ring, the conformer with the least steric
interaction is the one in which the quinoline ring and the piperidinyl nitrogen are anti to each
other, i.e. rC4-·C9-ClO-Nll=180"C (Fig. 2). The stability of this conformer may also be
enhanced by a possible, though weak, internal hydrogen bonding between the protonuted
piperidinyl nitrogen (at pH 7.4) and the hydroxyl group. It is reasonable to expect this stable
conformer to playa major role in the interaction of mefloquine with the cholinesterase
receptors. One should mention that in a parallel conformational study of an analogous group
of aminoalcohols-v-the lX-piperidil1yl~3,6-bis-(tritluor()l11ethyl)-9-phenanthrcncmcthanols···

Loew and Sahakian have similarly concluded that the most stable conformers are those in
which the bulky phenanthrene ring and the piperidinyl nitrogen are anti to each other."
There is no reason to suspect that (+ )-1 and (- )-1 would behave otherwise.

Thus, with rC4-C9-ClO-N 11 of the meflcquine enan tiorners at 180c,C, the correspond
ing Nll-ClO-C9-Q16 torsion angle is either +60 0 or _60°, depending on the absolute
configuration of the enantiomers. Taking into consideration the absolute configurations of
(+ )-1 and (- )-1 as assigned by Carroll and Blackwell," the Nll-ClO-C9-·0l6 torsion angle
of( + )-1 is -60 0 and that of( - )-1 is +60°. As the N-C-C-O segment ofmefloquine has been
identified as the pharmacophoric moiety for anti-ChE activity, one may conclude that a
positive synclinal conformation, as found in ( - )-1, is essential for good anti-Chf activity.
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3,4-Secolupane-Type Triterpene Glycosyl Esters from Leaves
of Acanthopanax divaricatus SEEM
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From leaves of Acanthopanax divuricatus (Araliaccaej, two 3,4-sccolup,anc type tritcrpenc
glycosyl esters, chiisunoside und isochiisunoside, were isolated, both of which have already been
isolated from leaves and stem-bark or A. chiisanensis. Besides these compounds, a new glycoside
named divaroside and hyperin(quercelin-3-0-/i-J)-galtll.:topynllloside) were also isolated from the
leaves. Divaroside was established to be the /J-D-g:]ucllpynUltlsyl( 1-,.6)-/J-D-glucopyranosyl ester of
chiisanogenin,

Keywords----Acllllt!lOf/II//{/.\' divaricatus; Aruliaccac: divarosidc: chiisanoside: isochiisauoside:
hypcrin: 3.4-sccolupune-type I ritcrpenc; oligo-glycosyl ester
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Recently, we reported the isolation and structural determination of three novel 3,4
secolupane-type triterpene glycosyl esters, chiisanosidc (1) and its two hornologues, isochi
isanoside (2) and the methyl ester of 2(3), hom the leaves and stem-bark of Acantho
panax chiisanensis NAKAI (Araliaceac).':" which is a Korean folk medicine used as a tonic,
an anti-rheumatic and an anti-inflammatory. This is the first example of the isolation or
3,4-scco-triterpcne glycosides from a natural source.

As a continuation of our, work on glycoside constituents of Acanthopanax species, the
chemical constituents of leaves or A. divaricatus SEEM (Japanese plant name: Kcyarna-ukogi),
which grows widely in Japan, have been studied.

A methanolic extract of the leaves of Arunthopanax divaricutus (collected in Hiroshima)
was defatted with ether and repeatedly chromutographcd to give a new glycoside named
divaroside (4) (yield: O.03~/~) -together with the known glycosides, chiisnnoside (I) (yield;
3.0/:,,), isochiisanoside (2) (yield: O,()9~X;) and hyperin (qucrc~tin-3~O-f1-D-galactopyranoside)
(5) (O.37~J The known glycosides 1 and 2 were identified by comparison of their proton and
carbon-IS nuclear magnetic resonance (lH_ and 13C-NMR) spectra, electron impact mass
spectra (EI-MS) of the trimethylsilyl ether and optical rotation ([0:10) with those of authentic
samples, and the identification of 5 was established by comparison of the melting point (mp)
and uC-NMR spectrum with reference data..I,4)

Acid hydrolysis of 4 gave n-glucosc." The DC_N MR signals due to the aglycone moiety
of 4 (Table l) were observed Ht almost the same positions as those of 1. indicating that 4 is a
glycosyl ester of chiisanogenin (6).21 The IH_ and 13C-NMR spectra showed the presence or
two glucosyl units. The EI-MS of the trimothylsilyl ether of 4 exhibited fragment ions at m]z
829 [(Glc-·Glc)TMS7] , 451[(GIc)TMS,d and 583[GIc(TMS)4-0CHrCH =O·l,·-TMS. a char
acteristic fragment ion due to aldohexosylf l-e-Sjaldohexosej" Inspection of the 13C-NMR
signals due to the sugar moiety revealed the presence of a {J-gentiobiosyl ester moiety in
4 (Table I). Based on these results, 4 is formulated as the f3-o-glucopyranosyl(1-+6)-fJ-o
glucopyranoside of (I R)-l, l1a-dihydroxy-3,4-seco-lupa-4(23),20(29)-dicne-3,28-dioic acid
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1 : -{3-GIc!../3-GlcLa-Rha

4 : -{3-GlcL{3-Glc

6:H
OH

H0w2'~OHI -
~ O-{3-Gal
OH 0

5

) ..

R'OOC@OOR,

RI R·!

2 : -/3-Glc~/3-GlcLa'Rha H

3: -/3-GlclLJ3-GlcLa-Rha CH:1

Chart 1

Vol. 35 (1987)

TABLE I. 13C Chemical Shifts «)} in CsDsN

4 4

Aglycone 1 75.0 75.] Sugar Ole-] 95.2 95.4
moiety 2 38.6 38.8 moiety -2 73.8 74.1

3 173.1 173.0 -3 78.4 ?H.I M

4 147.6 147.7 -4 70.5 70.9
5 49.5 49.6 -5 76.3 78.4'"
6 25.1 25.1 -6 69.2 69.5
7 33.4 33.5 Ole-I' 104.7 105.3
8 41.6 41.7 ?' 75.2 75.2-~

9 44.0 44.1 -3' 76.9 78.4")

10 44.0 44.1 -4' 78.4 71.5
11 70.2 70.5 -5' 77.8 78.7
12 32.2 32.2 -6' 61.3 62.6
13 35.2 35.2 Rhu-I 102.5
14 42.1 42.2 -2 72.5~'

15 30.7 30.S -3 72.3'"
16 32.5 32.2 -4 73.8
17 56.7 56.8 -5 70.2
18 47.5 47.6 -6 lID
19 49.5 49.6
20 150.7 150.1
21 29.5 29.5
22 36.8 36.8
23 113.9 113.9
24 23.5 23.5
25 18.9") 18.9")

26 17.9") 18.0")

27 13.8 US
28 175.0 175.1
29 ]8.9") 19.1")

30 110.6 J10.7

a,b) These assignments may be interchanged in each column. Glc, /J-D-glucopymllosyJ; Rhu, (X-t

rhamnopyranosyl.

3,l l-lactone (=desrharnno-chiisanoside) (Chart 1).
The preliminary investigation of methanolic extracts of leaves of five other Japanese

Acanthopanax spp. (A. hypoleucus MAKINO, A. japonicus FR. et SAV., A. sciadophylloides FR.
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et SAV., A. senticosus HARMS and A. spinosus MIGUEL) by thin layer chromatography (TLC)
indicated the absence of these 3,4-secolupane type triterpene glycosides, suggesting a unique
taxonomical position of A. divaricatus and A. chiisanensis in this genus.

Experimental

General Procedure--Melting points were determined on a Yanaco micro hot stage arid are uncorrected.
Optical rotations were measured with a Union PM-lUI automatic digital polarimeter. Infrared OR) spectra were
taken on a Shimadzu IR-408 spectrometer. NMR spectra were recorded on a lEOL FX-100 instrument using
tetrarnethylsilune (TMS) as an internal standard. For gas liquid chromatography (GLC), a Shirnadzu GC-6A
apparatus was used. MS were taken on a JEOL JMS-OI-SG-2 spectrometer by the direct inlet method; ionization
voltage 75eV. For column chromatography, Kieselgel 60 (70-230 mesh, Merck), LiChroprep R:P-8 (40-63Itm.
Merck), Diaion HP:20 (Mitsubishi Chern. Ind. Co., Ltd.) and Sephadex LH-20 (Pharmacia) were used. All solvent
systems for chromatography were homogeneous.

Extraction and Separation of Glycosides--Dried leaves of Acanthopanax dlvaricatus (J48 g) collected in
Hiroshima prefecture were extracted with MeOH, and the McOH extract was concentrated to dryness. The residue
(37.8 g) was suspended in H20 and then washed with £t20 . The aqueous layer was chrornatogrnphed on a column or
highly porous polymer (Diaion HP-20) and eluted with H20. 60% MeOH. 80% MeOH. MeOH and Me2eO,
successively. The 60~~ MeOH eluate was chromatographed on a reversed-phase column (LiChroprep RP-8. 651:~;

MeOH) to give crude 5 and 2. The crude 5 and 2 were purified by column chromatography on Sephadex LH-20
(MeOH) and silica gel (CHCl3-MeOH--H20 (6:4: I)) to give 5 (7Kmg) and 2 (a white powder. 19rng), respectively.
The 80'>~ MeOH eluate was subjected to chromatography on a LiChroprep RP-8 column (6X'X, MeOH) and then a
silica gel column (CHCI3-MeOH-Hp) (10: 5: J) to give two fractions (1'1'.1 and 1'1'. 2). Fraction I Was purified by high
performance liquid chromatography (column, TSK-GEL ODS· 120T 21mm x 30em; solvent, 6()/~MeOH; flow rate,
7mlfmin; detection, RI) to give 4 (16mg). Fraction 2 was chromatographed on LiChroprcp RP-8 to give I (lAg).

The identification of) and 2 was established by direct comparison (TLC, [et]o, IH_ and DC-NMR) with authentic
samples. The identification of 5 was established by comparison of the melting point and 13C·NMR data. with refer
ence data.M -1

Compound 4: a white powder, [et]!:) +30.0" (,,=0.59, MeOH). Anal. Calcd for C42H6401~'4H20: C, 57.26; H,
8.24. Found: C, 57.11; H, 8.24. IR (Nujol) em'-!: 3450 (OH), 1750, 1710 (CDOR), 1640, 89() (C=CH2). !H-NMR
(C~D5N, 100MHz) 0: 6.22 (IH, d, J=liHz, anorncric H of Glc'), 5.01 (HI. d, J=8Hz, anorneric H orGle).
13C·NMR data are given in Table I.

Acid Hydrolysis of 4 and Identiflcation of the Resulting Monosacchnride51_,_·---A sample (10 mg) was heated with
3.5;,; Hel in H10-<:Iioxanc (I : I, I ml) in a scaled micro-tube at HU"C for 3 h. The reaction mixture was diluted with
H20 and then washed with CHCI.1' The aqueous layer was neutralized with Amberlite MB·3 ion exchange resin und
then concentrated to give a sugar fraction. A solution of the sugar lrnction (I mg) in 50 til of °1°was treated with it

solution of 1.-( - )-rx-mcthylbellzylamine (9 mg) and NuBH.1CN (O.6Illg) in 50 IIIof BtOH, lind the mixture was kcpt ut
40' C for 4 h. Then several drops or acetic acid were udded, and the whole was concentrated to dryness. The residue
was trirncthylsilylated with N-trimcthylsilylimidal.olc and subjected to OLe analysis (dual flame ionization detector;
carrier gas, He 2.5 ml/min; wcor glass capillary column (0.25 mm i.d, x 25 m) coated with Curbowax 20M;
isothermal, 150"C; injection temperature, 190 "C; retention time. 46.29 min). n-Glucose was identified by compari
SOli of the retention time with that of an authentic sample.
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The effect of lipopolysaccharide (LPS) on the urinary excretion of salicylamide (SAM)
(10 mg/head ) given orally to ruts was examined 24 h after intraperitoneal administration of LPS
(0.5 rug/kg) by the direct analysis of urine samples by high-performance liquid chromatography,
The cumulative amount of SAM glucuronide excreted in urine in 4h was decreased by 40-70~:' in
the LPS-administered rats. while that of SAM sulfate was increased by 7-15~~ compared with the
control in the same rats. The amounts of the conjugates of gentisamide (the hydroxylated
metabolite of SAM) excreted in urine were decreased by approx. 70~1:' compared with the control.
LPS administration provoked a decrease in the activities of aniline hydroxylase or liver and uridine
diphosphate (UDP)-glucuronyltransferase of liver. lung and kidney, but did not change the
activities of sulfotransferase of liver or UDP-glucuronyltransfcl'ase obtained from the small
intestine. The mechanism of the decreased urinary excretion of SAM glucuronide in LPS
administered rats is discussed.

Keywords-c-c-Iipopolysaccharide: salicylamide; salicylamide glucuronide; salicylamide sulfate;
urinary excretion; aniline hydroxylase; UDP-g]ucuronyltransferase; sulforransferase

Introduction

Lipopolysaccharide (LPS). an endotoxin and an essential component of the gram-nega
tive bacteria, possesses many biological activities.!' LPS-treated animals show metabolic ab
normalities related to the depression of hepatic microsomal drug-metabolizing enzymes
such as aniline hydroxylase, aminopyrine Nvdemethylase and pentobarbital oxidase. 2

" 5
J

Prolongation of pentoarbital-induced sleeping time"! and the retardation or aminopyrine"!
and phenytoin metabolism" by LPS have been reported. As regards the effect of LPS on
hepatic drug conjugation. administration of LPS was reported to depress the activity of
uridine diphosphate (UDP)-glucuronyltransferase, but not that of the sulfotransfcrasc."

Salicylamide (SAM) is a mild analgesic and antipyretic agent which is relatively widely
used. This drug is a valuable tool to elucidate the influence of LPS on the drug-conjugating
capacity of metabolizing enzymes in experimental animals because it is eliminated almost
entirely by biotransformation and shows rapid absorption from the intestine and rapid
elimination into urme.":"! In rats, SAM is reported to be mostly metabolized to the
glucuronide and sulfate, and a small part to gentisarnide, which is a hydroxylated derivative of
SAM.S

) Recently, Morris and Levy?' reported a rapid, precise and direct assay method for
SAM metabolites in biological fluids by using high-performance liquid chromatography
(HPLC). In the present study, we investigated- the influence of LPS on the urinary excretion of
SAM in rats by using the above HPLC method.

Materials and Methods

Materials--Che01icals were purchased from the following sources: SAM and p-nitropllt.:nol from Nakarni
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Chemicals, Ltd. (Tokyo, Japan); UDP-glucuronatc (3Na) from Seikagaku Kogyo Co., Ltd. (Tokyo, Japan): fI
fluorophenol and tetrabutylammonium bromide from Tokyo Kasel Kogyo Co., Ltd. (Tokyo, Japan); potassium p
nitrophenyl sulfate from Aldrich Chemical Co. (Milwaukee, Wis., USA); Ii-glucuronidase (550000 unit/mg) type H
I and p-glucuronidase (500000 unit/rug, containing aryl sulfatase 22300 unit/rug) from Abalone Entrals, from Sigma
Chemical Co. (St. Louis, MO., USA); tetrabutylarnrnonium hydroxide solution from Wako Pure Chemical
Industries, Ltd. (Osaka, Japan). AU other chemicals and reagents used in the present experiment were of analytical
grade or better. LPS was extracted from E. coli IJ KT-B strain according to Westphal 1.'1 al. lUI and purified by
ultracentrifugation in the usual way.

Animals--····Mllle albino ruts of Wistar strain weighing 200 to 250 g (purchased from Keuri Co .. Ltd., Kyoto,
Japan) were used throughout the present experiments.

Analysis of the Metabolites of Salicylamide in Rat Urine-.. " Rats (220 ± 5 g) were administered IOmg of SA M
(dissolved in I rnl of 50i~ (v/v) propylene glycol) orally after fasting for 24 h. and the urine was collected every 30 min
up to 4 h after the administration. Periodical urination was stimulated by making the rats snifl'ut n cotton pad wetted
with ether. At the 5th d after the first trial, the same rats were each administered LPS (0.5 rng/kg) intruperitoneully and
fasted for 24 h. After that, 10mg of SAM was administered and urine samples were collected in the same manner as
described above. The metabolites of SAM in urine were determined by the following methods.

Chromatographic Analysis of SAM Mctal>olitcs.---Amounts of SAM metabolites were determined by the
method of Morris lind Levy'" with some modifications. A high-performance liquid chromatograph (llloclcl440, Waters
Ltd., Tokyo, Japan) equipped with a ultraviolet (UV) detector set at 254 nm was used in this experiment. Urine

samples were suitably diluted with distilled water containing p-nitropbcnyl-/l-o-gilicuronidc us an internal standard,
and an aliquot of the sample was injected into the chromatograph, The chromatographic mobile phase was 3 mM
tetrabutylammoniurn hydroxide in 15~-:I(v/v) methanol and 7~:' (v/v) acetic acid, which was passed at a flow rate or
0.9 ml/min through an octadccyltrichlorosilane-bondcd column (TSK U'-4IOAK, Toyo Soda, Tokyo, Japan) 20cm
in length. Column temperature was ambient.

Determination of Drug-Metabulizing Enzyme Activity--..- R.lls (240:t 109) were injected LPS (0.5 mg/kg)
intraperitoneally and fasted fllr 24 h. In the control experimcn IS, saline was injected into the rats Instead or l~PS. AftCI'
decapitation, the liver, kidneys, lungs and small intestine were removed and immediately homogenized with 4
volumes of 0.154 M KCl in Teflon-glass or all -glass homogenizers HS necessary. The 9000 x g supernatants were
prepared in the usual way to he used Iur the enzyme activity measurements.

Aniline hydroxylase activity or the hepatic 9000 x g supernatant was measured according WIlle melhod of Hart
and Fouts.' J I

UDP-glllcuronyltransfcr,lsL' activity was assayed hy the method of Gorski and Kusper.!" using a reaction mixture
containing ISOJll of the 9000 x g supernatant, 1.5lunol or UDP-gluc\1l"PlHltc (3NtI). 20S nmol of p-nitl'Ophenol and
51llTIoi of MgCl z in a total volume of 250 III of' tomM Tris-acctate bufer (pH 7.5). After incubation at 37 "C for
30min. the reaction was terminated by the addition of 11111 of ethanol. The precipitate was removed. and the
supernatant was diluted with 0.1 M cthylcncdiamiuctctruacctic acid (EDTA) (pH 9.0). The absorbance was measured
at 400 nm. A blank was similarly prepared hilt without addition of lJ DP-gil1curonaIe (3Na) to the reliction mixture,

Sulfotrunsfcrase activity was assayed by the following method. A 200 III aliquot of the 9()OO x!I supernatant or
liver wus incubated at 37 "C' for 30 min wit h 0.3 IlIllol of p-nitrophenol. 40lJ III of phosphuadenosinc phosphosulfute
solution prepared by the method ol'vun Kempen and Jansen,I:\) and 4lJ/ll11fll of EDTA ill a total volume of 600 ItI of
OAM TrisHCI buller (pH 7.4). The incubation was terminated by the addition or ROO III of IOU,;. perchloric ucid
containing p-l1uorophenol as an internal standard. After ccutrilugution.f hc supernatant obtained was injected into a
HP I.e apparatus equipped with a UV detector set at JOO 11111141 lind a TSK-LS 4lHAK-packcd column, 20 em in
length. The mobile phase was ~() mg/l retrabutyknnmonium bromide nnd II.Sg/I KNO:\ in JO";, (vlvl methanol lind
IS"'" (v/v) acetic acid. The llow rate was 1.5 ml/min lind column temperature was ambient.

Stlltistics Group means. variances lind standard deviations were calculated and compared by using Student's

r-tcst. The level or significance was set at f1 <lUIS.

Results

Determination of Salicylamide Metabolites in Rat Urine
Salicylamide metabolites in the urine were analyzed by the direct injection of the u.rinc

samples into the high-performance liquid chromatograph. Two major peaks and two mmor
peaks were found in the chromatographic patterns by comparison of urine. samples col.lectcd
before and after oral administration of IOmg of SAM. Under the conditions used III the
present experiment. free SAM was not detected in any urine sample collected after SAM

administration.
These peaks were fractionated chromatographically lor identification of metabolites.
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Fractions containing major metabolites were hydrolyzed with {3-g1ucuronidase at 37 DC for 4 h
and/or sulfatase containing f3-glucuronidase at 37°C overnight. Here, the enzyme mixture was
used for hydrolysis of the sulfate conjugate because of the lower capacity of sulfatase." The
hydrolysates were re-chromatographed, and identified by comparison with authentic stan
dards. The peaks were concluded to be due to SAM glucuronide and SAM sulfate.

Fractions containing minor peaks were hydrolyzed with j1-glucuronidase containing
arylsulfatase at 37 DC overnight. Each hydrolysate was purified by HPLC by using the same
mobile phase without tetrabutylammonium hydroxide, and identified mass-spectrophoto
metrically. These peaks were concluded to be due to the glucuronide and sulfate conjugates
of gentisamide.

Effect of Lipopolysaccharide on Salicylamide Metabolites in Rat Urine
Urinary excretion rates of SAM conjugates were determined in each 3D-min urine sam

ple after single administration of SAM (10 mg/head). Three rats were used in control experi
ment first, and then the same rats were used in the LPS experiment 5 d later. On the semiloga
rithmic plots, the excretion rates of SAM glucuronide and sulfate declined linearly from
30min to 4h after SAM administration. This linearity was not affected by pretreatment
with 0.5 mg/kg of LPS, which was injected intraperitoneally 24h before SAM administration.
The excretion rate of SAM glucuronide in the LPS-administered rats was lower than that of
the control. On the other hand, the excretion of SAM sulfate in the LPS-administered rats
was observed to be rather increased in comparison with the control.

A comparison of the cumulative amounts of SAM conjugates excreted in urine over 4h
showed that the amount of SAM glucuronide excreted in urine was decreased from 40/;, to
70% by the LPS administration, whereas SAM sulfate was slightly increased from 7% to 15~~;.

The cumulative amounts of the two gentisamide conjugates excreted in urine were decreased
in the LPS-administered rats to approx. 70% (as peak height), but they were not determined
precisely because the amounts were so small.

Activities of Drug-Metabolizing Enzymes in Various Tissues Obtained from Lipopolysac
charide-Administered. Rats

To investigate the effect of LPS on body weight and some organs macroscopically, rats
were given 0.5 rug/kg of LPS intraperitoneally. As presented in Table I, there was a marked
decrease in the body weight of LPS-administered rats (24 g) as compared with the control
(14 g). At the same time, LPS caused a significant increase in the liver-to-body weight ratio but
no effect was seen on the lung or kidney.

On histological observation of LPS-administered rats, widespread hemorrhage and
edema in the lung and a fatty liver with congestion were observed in all cases. Homogenates of

TADLE 1. Effect of Lipopolysaccharide on the Body Weight and Several
Organ Weights of Rats"

Body weight (change)
Organ weight (% in BW)

Liver
Lung"
Kidney

Control

-14.0±O.9g

3.06±0.17
0.50±0.07
0.76±0.07

Lf'Svtreated

- 24.3 ±1.7g/»

3.94±0.05/"
O.52±O.04
O.79±O.02

a) Lipopolysaccharide (0.5mg/kg. i.p.) wasgivento rats (n =: 5) and after a 24-hfast. the rats werekilled.
The weightsof thegiventissuesweredetermined.For thecontrol experiments,salinewasgiven to rats instead
oflipopolysaceharide. Resultsare givenas mellns±S.D. (n=5) b) Significantly different fromcontrol value
(p<O.05).
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TABLE II. Effect of Lipopolysaccharide on the Activities of Drug-Metabolizing
Enzymes in Various Tissues"
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Enzymes Tissues

Enzyme activities
(tlluo1jhjg wet weight)

Aniline hydroxylase
Sulfotransferase
UDP-glucuronyltransferase

Liver
Liver
Liver
Lung
Kidney
Intestine

Control

O.874±O.11O
2.0() ±O.08
3.52 ±0.60
2.52 ±0.36
1.86 ± 0.37
1.25 ±0.18

LPS-treatcd

0.406±O.210/l1

1.81 ±O.22
2.30 ±O.02/1l
l.96 ±0.26'·1

1.33 ±O.23"l
1.30 ±O.33

a) Five rats were intraperitoneally injected with lipopolysaccharide (0.5 mg/kg) 01' saline us II control.
After II 24-h fast. the rats were killed. The isolated tissues were homogenized to prepare the I)()OO X"

supernatants for the assay of the enzyme activities. Results are given us means ±S.D. (II == 5) b) Significantly
different from control value (1'<0.05).

the kidney isolated from LPS-administered rats appeared to be more blood-red in color than
the ,control. LPS also caused a diarrhea.

Table II shows the effect of LPS on the activities of drug-metabolizing enzymes in the
liver, lung, kidney and small intestine. Activity of hepatic aniline hydroxylase was decreased
approx. 50% by the administration of LPS. This may contribute to the reduction of the
gentisamide conjugates excreted in urine of LPS-udministered rats as compared with the
control. Activities of UDP-glucuronyltransferase in the liver, lung and kidney isolated from
LPS-administered rats were observed to be markedly decreased, as predicted from the
significant decrease of SAM glucuronide excreted in the urine. Activities of UDP
glucuronyltransferase in the small .intestine and sulfotransferase in the liver were not affected
by the administration of LPS.

Discussion

The present results indicate tha t the urinary excretion rate of SAM glucuronide and its
cumulative amount excreted in urine for 4 h were significantly decreased in LPS-administercd
rats compared with the control experiment in the same rats. These findings suggested that
hepatic drug-metabolizing enzyme activity might be decreased by the administration of LPS,
as the liver is usually considered to he the major organ for drug biotransformation. This
expectation is supported by the results presented in Table II; UDP-glucuronyltransrerasc
activity of the liver isolated from the LPS-administered rats was decreased significantly
compared with the control. However, the enzyme activities of extrahepatic organs such as
lung and kidney were also significantly affected. Lt is not clear to what degree SAM
glucuronide formation was reduced in these organs. Further investigation will be necessary to
establish this.

Altered metabolism of SAM observed in the LPS-administered rats may be due to
multiple factors, i.e., not only enzyme activities but also changes in the concentrations of
substrates or cofactors in the hepatocytes, which might be adversely affected by the
administration of LPS. As a result, the LPS-induced state may bring about a delay in the total
metabolism of SAM in the liver and also in the extrahepatic organs. At present, it is unclear
how much hemodynamic factors contribute to the total metabolism of SAM. The above
speculation, therefore, requires further investigation. Few data are available in the literature
regarding the relationship between drug metabolism and hemodynamic disorder induced by
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the administration of LPS in rats.
We cannot account for the difference between the unchanged sulfonation and the

depressed glucuronidation of SAM in the LPS-administered rats. However, free SAM was not
detected in' urine under the present experimental conditions, which indicates that SAM was
completely metabolized before excretion. We also observed that the cumulative amounts of
total SAM metabolites were not significantly different between LPS-administered rats and the
control. Furthermore, the amounts of SAM sulfate excreted in urine was observed to be
rather increased in the LPS-administered rats as compared with the control. It appears
that there some compensatory effects might occur in the metabolism of the LPS-adminis
tered rats.

In recent studies, some investigators have established the role of extrahepatic glucuroni
dation for phenolic substances.14-171 A similar observation was made in our study with SAM.
As indicated in Table II, UDP-glucuronyltransferase activities in liver, lung and kidney were
significantly decreased by the intraperitoneal administration of LPS, which would account in
part for the decreased amounts of SAM glucuronide excreted in urine. LPS-induced
alterations in the metabolisms of lipid and sugar/H) should be also investigated in more detail
to improve our understanding of the overall LPS-induced changes in drug metabolism.
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The reaction of 3,4,5-trichloropyridazine (1) with I cq amount of NaQMe resulted in the
formation of three dichlcromoncmethoxypyridazines l2, 3-0Me: 3, 4-0Me; 4, 5-0Mc} in tile ratio
of I: 3: 6. The 4-0Me compound 3 was isolated from the reaction mixture and the 3·0Mc
compound 2 was synthesized independently. Further mcthoxylation of 2. 3 and 4 was also
investigated in order to prepare various substituted pyridnziues.

Kcywords--3.4.5-trichloropyridazinc; rnethoxylation; dichloromonomethoxypyridazinc:
monochlorodimethoxypyridazinc: pyridazinone; 3,4,5-trirnethoxypyridazinc
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Nucleophilic substitution reaction of halogens in heterocyclic compounds with alkoxide
anions is important as one of the conventional methods for the chemical manipulation of
heterocycles. Some research groups have reported methoxylation of 3,4,5-tril;hloropyridazine
(1).2-41 The reaction, however, has not been thoroughly examined. We investigated in detail
the methoxylation of 1 in order to examine the reactivity Dr trichloropyridnzinc toward
nucleophiles and its further synthetic application.

In 1965 Itai and Karniya reported that the reaction or t with I cquimolar amount or
NaOMe afforded 3,4-dichloro-5-methoxypyridazine (4) without isolation or other prod
uctS.2UI Under analogous conditions, the reaction or I with NaOMe was reinvestigatcd.
The proton nuclear magnetic resonance (I H-N MR) spectrum of the crude reaction mixture
showed three signals ascribed to a ring proton (Cf>-H) al (lH.kl, 9.03 and H.92 in the integral
ratio of I : 3 : 6. This result indicates the existence of three compounds in the reaction mixt tire.
An attempt to isolate 3 and 4 from the reaction mixture by fractional recrystallization was
unsuccessful. Employment of column chromatography (alumina; ether), however, allowed
efficient isolation of 3,5-dichloro-4~mcthoxypyridazinc(3) (mp 61 "C) and 4 (rnp 10I· 102 "C)
in 24 ;~';) and 55:~~'. yields, respectively.

The monomethoxylation of 3 with NaOMe gave 3~chloro~4,5-dimcthoxypyridazine(6)
and a new dimethoxy derivative (7) in 5~/;, and 15(>;: yields, respectively. The structure of the
new dirncthoxy compound (7) was proved to be 5-chloro-3,4-dimcthoxypyridazinc by its
hydrogenation over Pd--C leading to the known 3,4-dimdhoxypyridazine (ll).SI On the basis
of this result, the structure of 3 was confirmed to be 3,4-dichloro-4-methoxYPYl'idazine.
Reaction of 4 with I equimolar amount of NaOMe afforded two known products, 4-chloro
3,5-dimethoxypyridazine (5) (52;~/:;) and 6 (26j;;), in agreement with the previously reported
data.i'"

Attempts to isolate the remaining 4,5-dichloro-3-methoxypyridazine (2) by chromatog
raphy were unsuccessful. The residue obtained by elution with ether-methanol after the
isolation of 3 (26%) and 4 (52j,;) was a complex mixture which showed many spots on thin
layer chromatography (TLC) (alumina; ether). Thus, the independent synthesis of 2 starting
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TABLIl I. lH-NMR Chemical Shifts (0 in CDCI3 ) of Methoxypyridazines (2-··8)

Compd. No. OMc

2
3
4
5
6
7
8

8.81 (I H, s)
9.03 (IH, s)
8.92 (IH, s)
8.73 (IB, s)
8.92 (lB, s)
8.73 (IH, s)
8.67 (IB, s)

4.23 (3H, s)
4.15(3B,s)
4.15 (3H, s)
4.23 (m, s)
4.10 (3H, s)
4.26 (3H, s)
4.18 (3H, s)

4.09 (3H, s)
4.08 (3H, s)
4.12 (3H, s)
4.03 (6H, s)

from 5 was carried out (see Chart 2). Treatment of5 with 10% NaOH led to the formation of
5-chloro-6-methoxy-4(lH)-pyridazinone (10). The reaction of 10 with POC13 afforded 2,
which is different from 3 and 4 in all respects. In conclusion. the unisolable product in the
reaction of 1 with NaOMe was proved to be 2 by comparison of the IH-NMR spectrum with
that of 2 independently prepared above. The reaction of 2 with 1 equimolar amount of
NaOMe afforded 7 (29%) and 5 (55~~).

The product distribution of2, 3 and 4 in the reaction of 1 with NaOMe is concluded to be
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1: 3 : 6 on the basis of the 1H-NMR spectra, indicating that the reactivity of the three chlorine
atoms of 1 is in the order of CI-5>Cl-4>CI-3.

Monomethoxydichloropyridazines (5, 6 and 7) were treated with excess NaOMe in
refluxing MeOH to give 3,4,5-trimethoxypyridazine (8),(» although the reaction times
reflect the reactivity ofchlorine in 5,6 and 7 (16 h for 7, 46%; 18h for 5, 13%; 10 h for 6, 55~~).

The reaction of6 with NaOMc gave 3-chloro~5-methoxy-4(lH)-pyridazinonc (9) (1O~~~;) as a
by-product, whose structure was proved by its conversion to the 3,4-dichloroderivative 4. The
I H-NMR spectral data (CDCl.1) of the methoxypyridazines (2,-8) discussed above are
summarized in Table 1.

Experimental

Melting points were determined by the capillary method in a silicone-bath and are uncorrected. IH-NMR
spectra were recorded with a Hitachi R-20B spectrometer (60 MHz) in CDCI3 with tctramethylsilane as an internal
standard.

Monomethoxylation of 3,4,5-Trichloropyridazine (l)--NaOMe (O.S M solution in MeOH) (lOll ml) was added
to a solution or 1 (9.17g) in MeOH (100ml) with stirring below () "C. Stirring was continued for I h at room
temperature, then the solvent was evaporated off under reduced pressure. Water (500ml) was added to the residue
and the insoluble product 4 was collected hy filtration. The aqueous filtrate was extracted three times with CHCI3

(50rnl), dried (K2C03) and evaporated. The residue was chromatographed on alumina (ether) to give 3 from the less
polar fraction and 4 from the polar fraction. Recrystallization of 3 from ether gave colorless crystals (2.15g, 24'\,). mp
61 "C. Anal. Calcd for C,H4CI2Ni): C. 33.5); H, 2.25: N, 15.65. Found: C. 33.42: H, 2.21; N, 15.43. The products
obtained by filtration and by chromatography were combined and recrystallized from MeOH to give colorless
crystals of4 (4.90g, 55~~;'), rnp 10)·\02C.

5-Chloro-6-methoxy-4(lH)-pyridazinone (lO),-·,-,·A suspension (If 5 (17.5 g) in 1O~~ NaOH was rclluxed with
stirring for 4.5 h. After cooling, the solution was acidified (Congo red) with concentrated HCI. The precipitate was
collected by filtration and recrystallized from water to give 10 as colorless crystals (13.9g, 87'\). mp H:~ "C (dec.).
Anal. Calcd for CsH,CIN20 2 : C, 37.40; H, 3.14: N, 17.45. Found: C, 37.59; n, 3.42; N. 17.2~.

4,S-Diehloro.3-methoxypyridlll.lnc (2)···,,···A mixture or 10 (l1.2g) nnd POel.\ (1()7g) was stirred at 50'C for
several minutes and poured into ice-water. The solution was made alkaline with NaOH solution and extracted with
CHCI.1 . The organic layer was dried (Ki.'O:I) and evaporated. The residue WIlS recrystallized from cyclohexane to
give colorless crystals orz (6.16g. 49"i;). mp 96··97"C. Anul. Oiled 1'01' C~I·I.1C1~N20: C. 33.5S: H. 2.25: N, 15.65.
Found: C, 33.21; H, 2.13: N, 15.3~.

Monomethoxyladon of 2-..·-NaOMe (O.S M solution in McOH) (401111) was added to It solution of 2 P,5t{ g) in
MeOH (40 ml) and the mixture was refluxed for I h. then evaporated to dryness. Water (200 ml) was added to the
residue. A precipitate was Jiltcred off and recrystallized 1'1'0111 MeOH to givecolorless crystals of S (J. 73g. 55'~;;), mp
161, 162 "c. AI/al. Caled for Ct,H'IC'IN 20 z: C, 41.2H; H, 4.04: N. I(dIS. Found: C, 41.12; u, 4,07; N. IS.ln.
Compound 5 was identical with an authentic silJllpleM by the mixed melting point test. The aqueous layer was
extracted with CHCI 3• The CHCI;\ solution was dried (1(2CO.\) und evaporated. The residue was recrystallized Irorn
ether to give 7 as colorless crystals (I.OZg, 29'~;,), mp 596t1"C. Anal. Calcd I"M ChH,/CINzOz: C. 4I.2H; H, 4.04; N,
16.05. Found: C, 40.95: H. 3.SH: N, 1:'i.7X.

Monomethoxylntion of 3'--C'Pll1pound 3 (3.93 g) in MeO!I (44 ml) was treated with NaOMe (0,5 M solution in
McOl..1) (44 rnl)us described for compound Z, The products wereseparated by fractional recrystallization from ether
to give6 as colorless crystals (2.25f(. 5X:\,) and 7, mp 59· .. 60' 'C, as colorless crystals (0.59g, 15'1.,;). 6: mp 95· ~n "c.
Anal. CaJcd for C/oH7CIN~Ol: C, 41.2H; II, 4.04: N, 16.05. Found: C, 41.:12: 1-1,4.15: N. J6. J 1. The former compound
(6) was identical with all authentic sample?" by the mixed melting point test. and the latter (7) was identical with a
sample obtained from 2 by the mixed melting point test,

Monomefhoxylation of 4211L. ... Products 5 (1.81g. 52~~~'" mp ]6/ .' J(12 "C) lind 6 ((j.9l g, 26';..;;. rup 92 ..··95 "C)
were obtained from 4 (3.58 g) by !lIC same procedure as noted above.

o3,4-Dimethoxypyridazine (11)- ., A mixture of 7 (0.349g). 5~~; Pd..C (11.3 g) and KOH (0.135g) in dry MeOH
(50ml) was hydrogenated under atmospheric pressure at room temperature. After evaporation of the solvent, the
residue was recrystallized from ether to give colorless crystals of 11 (0.1 ()9g, 39~\;). mp 55~·-57 C. This product was
identical with an authentic sample" by the mixed melting point test. 1H-NMR 15: 8.76, 6.84 (each 1H. d, J =6 Hz,
arom H), 4.14. 4.22 (3H x 2, each s, OMe x 2).

Synthesis of 3,4,5-Trimethoxypyridnzine (8)-,-·-Gcnernl Procedure: A mixture of monochlorodirnethoxypyri
dazine and NaOMe (0.5 Msolution ill MeOH) (2 cq) was refluxed with stirring. After the spot of starting material had
disappeared on TLC (alumina; CHCI.1 as developing solvent), the solvent was evaporated off and water was added to
the residue. The mixture was extracted (CHCI3) . and the extract W;lS dried (KzCOJ ) lind evaporated, The crude
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product was recrystallized from cyclohexane to give 8 as colorless crystals (mp 77-78 "C). a) From 7 (0.20 g), 8
(86mg, 46%) was obtained (reflux, I6.5h). Anal. Calcd for C7HIONz0 3: C, 49.40; H, 5.92; N, 16.46.Found: C, 49.49;
H, 5.98; N, 16.42. b) From 5 (1.08g), 8 (0.135 g, 13%)was obtained (reflux, 18h). c) From 6 (0.679g), 8 (0.365g, 55%)
was obtained (reflux. 10h).
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The synthesis of 3-amino-l,4-dimethylcarbazolr. is described and its reaction with
~-ketoesters gives new 6li-pyrido t3,2-bJ carbazole derivatives.

KEYWORDS --- 3-Amino-1,4-dimethylcarbazole ; 6~-pyrido t3,2-bJ carbazole; Conrad
Limpach reaction; lactam-lactim tautomerism

Since the isolation of ellipticine 1 and methoxyellipticine 1a and the discovery of
their potent anticancer activity. 1) nume~us syntheses of pyridOca~zoles have been repor
ted. However in contrast with the intense activity directed toward the synthesis of pyrido
C4,3-b) 2), [3,4-bJ 3), Q,2-c), [4.3-eJ,D,4-(J. and ~.3-c] 4) car-bazcl es , very little atten
tion has been focused on the isomeric pyrido (3,2-bJ carba:zoles~ Surveying the literature,
we have only found papers about 2,4-disubstituted derivativ~s.

We describe now a convenient approach for the construction of 5,ll-dimethyl-6H pyrido (3,2-bJ
carbazole derivatives making use of 3-amino-l,4-dimethylcarbazole,J; We have adjusted the
conditions for the synthesis of this latter, yet unknown key intermediate 6 during the
course of our work in the preparation of nitrocarbazoles. 6) This compound 6 w~obtained in
three steps starting from 5-bromoindole,.l. via 6-bromo-l,4 dimethylcarbazo];, 7),d, first by
nitration in acetic anhydride. followed by reduction with hydrogen under pressure over
palladium charcoal. This latter reaction resulted in the reduction of the nitro group and
the debrornination at the 6 position (the presence of the bromine atom is necessary for the
reaction to permit a selective mononitration at the 3 position). Condensation of ethyl
acetoacetate with the amine~ led to a non-isolable intermediate which was then cyclized by
heating at 230°C in diphenylether to give the pyridocarbazolone~ in 65% yield. This
compound exhibits the lactam-lactim tautomerism. In the solid state CO and NH absorption in
the IR spectrum, and an X-ray crystallographic study 8) clearly established the existence of
the lactam form~ However in solution, the OH absorption in the IR spectrum (CH3CN) and the
formation of acetoxy compound 8 during the reaction of 7 with acetic anhydride indicate the......... ..........
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TABLE 1 M.P., IR l}1NMR SPECTROSCOPIC; DATA OF CARBAZOLES

rornpd IR(KBr) -1
HNMR(DMSO-d6/opprn)

rn.p(OC)
N° (\I C=0 and NH em ) H2 H5 HG H7 H8 Others

3310 (NH) NH : 11.69
5 228

1310 (N02)
7.66 fL03 - 7.77 7.33 Cll

3
(l) : 2.43

CH
3(1+)

: 2.71

NH : 10.63

6 198 3140 (NH) N112: 4.1+5
3380,3320,1600 (NH2) 6.66 8.13 7.06 7.36 7.36 CH (1) : 2.43

CH~(I~) : 2.50
Nil : 11. 22, 11.09

3280 (NH) CH30) : 2.51
14 230

1675,1650 (C= 0)
7.13 8.13 7.13 7.110 7.40 Clla(ll) : 2.71

ell : 8.38
C112CH3: !~.13, 1.23

TABLE 2 M.P., IR 1HNMR SPECTROSCOPIC DATA or P'{RIDO[3.2-b] CARBAZOLES

,.-------.---,------.---r----------~~-------------------"

OthersH7113H2
---r-----r----r-- IiN~lR( DMSO-d(-'/ ,'ippm)

ua !l9 1U0

Cornpd (OC \ IR(KBr) -1
N0 mvp (\I C=Oand NH em )

,T. 3!120,3?IIO (NH)
1620 (C::: 0)

./ Ai 1.II.l I. LII>
NH : 9.95, 11.01
CH

3
: 3.11, 2.98, 2.3B

8 170
3240 (NH)
11720 (c=o)

7.03 7.43 '/.113 7.19 8.23
Nfl : 11.03
C1I3: 2.B6, 2.66, 2. l f f,
CHOCHa : 2. /16

9
250 3400,3300 (NH)

(sublim):1625 (C.=O) 7.16 7.33 7.33 "I. (Hi 8.03
Nfl : 7.83, 10.93
ell:\ : 2.76, 2.59

Nil : n.83, 10.99
Cll~\ : 3.10, 2.96

(CII~ ) .,elI,! : 2.60, 1. 70, o .%

Nfl : '1.70, 1.1.00
en. :3.10,3.00
CHtCH';l h: :1.23. 1. 30 _ .. _
Nil : 9,[,(', 10.89
en. :3.10,.:;> .so, 2. /1':1 ,

.\ 1.9G

7.43 7.10 9.26

7.43 7.06 A.26

7.Q3 7.06 0.26

7.4~ 7.13 8.23

7 .1~3

"/ .!~3

7. 113

7. 113

.,.uo

7.43

s. "IG

s .so

8.2f.

8.503200 (Nfl)

34c20,3200 (Nil)
1610 (c.=.O)

31+20,32GO (Nil)
1610 (e:::O)

3340,3250 (Nil)
1685,lG20 (0:0)275

251

240

264

15

10

16

11

12

13

I-------+---t---------+----f---+---t---I----+----+-=.,....--:::'-::,o:----::--::--=,-------~

265 31125 ,3~(i(J (Nil)
(aublirn) 1510 (C=O)

1----+----1-----.-------1-.---- .-.--1----1---..--.- ..-.- ...--...J-----------~-.-
280 31+20,320n (NH) Nil: 9.70, 10.90

1610 (C::O) '/./10 7.06 A.20 Cfl:~ .a.oe 2.93, 2.:J~1

I----+---+---------I----I------II----+__ _ ..+_._+__...J-_CII.L=G Gr,lls : 7 .~~.__.
NH • 11.1~\

Clla :3.03,.2.90
CIl;CIl3 : 4.16, 1.25

Nfl : io . 93
CII:! : 3.20, 3.00
CII~~CIl3 : 4c .16, 1.118'--_--'-- -'- ........__._IL. J..__-l.. ._. _._-l...__.-l-. .__
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existence of the lactim form 7a. Structure 8 is confirmed by a single CO absorption on the
IR spectrum (1720 em-I) and ~the deshiel~g of H-3 in the IH NMR spectrum. In a similar
manner in 5O~70% yield condensation of various (a-ketoesters with the amine~ led to the
corresponding pyridones~.

On the other hand, when diethyl ethoxymethylidenemalonate was used, the reaction yielded the
isolable intermediate l.i which gave either the 3-carbethoxypyridone~ in 60% yield by hea
ting in diphenylether or the 4-ethoxy pyridine~ in 33% yield by sublimation in vacuo at

260°C. In the light of the in vitro antimitotic activity (Leukemia L 1210 culture cells) of
compounds 7, 8 and 16 g) further studies concerning the chemistry and biological activity of

""" -- .-title and related compounds are in progress.
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4,(9S)- (2a) and 4, (9R)-dimethyl-(7S)-hYdroxy-A 4(lO)-octal-3-one (2b)

were prepared in high optical purity (>99% eel and in moderate yield by

asymmetric reduction of the corresponding racemic diketone (lab) using yeasts.

These compounds were used for the formal total synthesis of C(8) oxygenated

sesquiterpenoids such as (-)-artemisin, (-)-yomogin, (-)-3-oxodiplophyllin,

B-elemenone, (+)-isotelekin and (+)-cuauhtemone.

KEYWORDS -- asymmetric induction; microbiological reduction;

3,7-octaldione; (7S)-hydroxyoctal-3-one; yeast; Rhodotorula rubl~;

chiral synthon; sesguiterpenoids; (-)-artemisin; (+)-isotelekin

Earlier we reportedl) the enantiosclective reduction of 4-carbomethoxy-3,8

dioxo-9-methyl-~(lO)-octalinwith certain specialized yeasts, such as ~ansenula

anomola, to yield the optically pure ketol (>99* eel along with the highly

optically pure diketone (~99% eo) corresponding to the starting rHccmate. This

indicates that a kinetical resolution or the d.i.ke t oes t e r was effL'cteu. by the
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a ~
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microorganisms. On the other hand, the attempted preparation of C(8) oxygenated

sesquiterpenoids by microbiological oxidation of the corresponding desoxy congener

has not always been successful. Nor has the many-step, chemical modification had

practical results, as in the transformation from ~-a-santonin to artemisin. 2) The

chiral octalin derivatives with an oxygen functional group at C(7) (equivalent to

C(8) in sesquiterpenoids) are some of the most important optically active synthons

to be used in the syntheses of naturally occurring sesquiterpenoids. Some examples

are (-)-artemisin,3a) (_)_yomogin,3b) (-)-3-0XOdiPlophyllin,3c) 6-elemenone,3d)

(+)-isotelekin,3e) and (+)-cuauhtemone. 3f) Nevertheless, the chiral diketones have

not been synthesized by conventional asymmetric cyclization. 4)

Here we describe the enantioselective reduction of (±)-4,9-dimethyl-64(10)

octal-3,7-dione (lab)5) using yeasts. As before,l) the microbial transformation of

(±)-!ab with some selected yeasts, among various microorganisms, especially

Rhodotorula rubla CCY 20_7_1,6,7) produced the two ketols ~,8) [a]~9 -147.9° (c

1.0~ CHC13)(mp 69-75°C), and ~,7) [C(J2J- +157 . 2 ° (c = 1.0~ CHC13)(mp 98-l0l 0C),

along with recovered diketone, [aJ~O +9.4° (c = 1.0; CHC13)(mp 86-89°C), in 34%,

25% and 24% yield, respectively. As shown in Fig. 1, the absolute configuration of

the main product A was determined by X-ray analysis of its p-bromobenzoate (4) to

be 7S, 95 (hence ~ = 6a).9) The other ketol B was oxidized with Jones reagent to

provide the diket~ne C, [~J~l +7.8° (c = 1.0~-CHC13)' which was identical except

for the sign of the optical rotation with (9S)-diketone (la) [a]~l -11.5 0 (c = 1.0~

CHC13) obtained by Jones oxidation of the foregoing ketol (7S,9S)-~ (2a). Since the

sign of [~]D in £ was opposite to that in la, the absolute configuration of £ and

the recovered diketone was found to be 9R (hence £ = 1b). There was a downward

chemical shift of the angular methyl signal of ~ in IH-NMR (6 +0.198 ppm) in

comparison with ~ (2a) and an upward shift of the corresponding methyl signal of

the acetate of B (6 -0.090 ppm) in comparison with B. This accords with the earlier

report 10) of th; 1,3 diaxial relationship between ~he hydroxyl group and the methyl

group, showing that the stereochemistry of C(7)-OH in ~ is axially oriented. This

is also supported by the C(7) equatorial orr of ~a found in the X-ray analysis of ~.

Therefore the absolute configuration of ~ was determined to be 7S, 9R (hence ~ ~.

~b) •

In order to determine the optical purity of the reduction products, four

possible stereoisomers (2a-d) were synthesized from the (±l-diketone (lab) as

follows. Reduction of the diketone (lab) with diisobutylaluminum hydride followed

by manganese dioxide oxidation afforded a racemic cis ketol (2bc) and a racemic

~ ketol (2ad) in 35% and 26% over-all yields. These two racemic ketols were

treated directly with (+)-~-methoxy-~-trifluoromethyl-phenylaceticacid chloride

1(+)-MTPAC1] 11) to give the corresponding (+l-MTPA esters, ~ad and ~bc. Two NMR

signals due to each angular methyl group appeared in distinctly different fields at

o 1.318 and 15 1.326 for ~ad and at a 0.9'78 and Ii 1.128 for ~bc. Then, the first

product (75,9S)-~a obtained by the microbial reduction was converted to the

corresponding (+)-MTPA ester ~a (0 1.318)~ its optical purity was found to be more

than 99% ee. Therefore, the remaining NMR signal (0 1.326) of ~ad should be

ascribed to (7R,9R)-~d. The second reduction product (7S,9R)-~b was also

converted to the corresponding (+) - MTPA ester ~b (0 0.978). This was found to be

67% ee by taking account of a small signal (0 1.128) due to its enantiomer (7R,95)-
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Fig. 1 Stereoview of p-Bromobenzoate (4) of 4, (9S)-Dimethyl-(7S)

hydroxy-~4(10)-octal-3-one(2a)

3c. The optical purity of the recovered diketone (1b) was, as above determined, to

be 60-61% ee.

Since the relationship between the absolute structure and the chemical shift

of the four possible (+)-MTPA esters (3a-d) was thus established, we have begun

the following microbial screening experiments. To find~ore effective reducing

microorganisms to produce (7S.9R)-~b selectively. a series of reductions with a

variety of yeasts was undertaken.

Reduction of (±)-!ab with Trichosporon fe.~~~ IFO-1l99 7) provided the

cis-ketol (7S,9R)-~b, (a)~9 +198.8° (c '" 1.0; CHC1
3),

corresponding to >99% ee in

34% yield and a small amount of the trans-ketol (7S,9S)-2a (>99% ee, 6%), along

with the recovered dike tone (9S)-!6, [~J~9 _4.5° (c '" l.~; CHC13 ) , corresponding to

39% ee, by direct comparison of [aJ~l -11.5° (0 ~ 1.0; CHC13" in 44% yield.

Another asymmetric reduction with Torulopsis famata7 l gave a complex mixture in

which the optical purity of product ~b (14% yield) was very high (>99% eel.

In conclusion, with properly selected microorganisms, microbial asymmetric

reduction of 4,9-dimethyl-~4(10)-octal-3,7-dione(lab) afforded 4, (95)- (2a) and/or

4, (9R)-dimethyl-(7S)-hydroxY-A4{lO)-octal-3-one (2b) with high optical purity (~99%

eel in moderate yield.

Since the six racemic sesquiterponoids corresponding to the respective natural

products mentioned above have been Synthesized,12) the aforementioned preparation

of the optically active key intermediates, i.e. (-)-4, (95)- (la) and (+)-4,

(9R)-dimethyl-A4(10)-octal-3,7-dionc (lb) constitutes the formal total synthesis of

the sesquiterpenoids, i.e. artemisin,12a) yomogin,S) 3-0KOdiplOphyllin,S)

B-elemenone. 12b) isotelekin1 2c) and cuauhtemone l 2d) starting from these leading

chiral synthons.
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SUCCESSFUL ASYMMETRIC DIELS-ALDER APPROACH TO

OPTICALLY ACTIVE £-NUCLEOSIDES. ENANTIOSELECTIVE TOTAL

SYNTHESIS OF g-SHOWDOMYCIN AND g-2,5-ANHYDROALLOSE DERIVATIVES

Hiromitsu Takayama, Akira Iyobe, and Toru Koizumi*

Faculty of Pharmaceutical Sciences, Toyama Medical and

Pharmaceutical University, Sugitani 2630, Toyama 930-01, Japan

Using an asymmetric Diels-Alder reaction of (~)S-3-(2-pyridyl

sulfinyl)acrylate with furan, a highly enantioselective synthesis of

a common key intermediate (+)-(1) was achieved, and this was

successfully converted to £-nucleosides, g-showdomycin (2) and

£-3, 4-Q-isopropylidene-2, 5-anhydroallose (3).

KEYWORDS--f,-nucleoside; g-showdomycin; 3- (arylsulfinyl)

acrylate; 3-(heteroarylsulfinyl)acrylate; asymmetric Diels-Alder

reaction; chiral sulfoxide; £-anhydroallose

433

Much attention has been focused on synthetic approaches to naturally occurring

£-nucleosides because of their interesting biological activities.')

Methods hitherto developed for the synthesis of optically active £-nucleosides

fall into the following three categories: 1) chemical transformation of na t ura I

carbohydrate precursors,2) 2) conventional optical resolution of s y nt.h e td.c

intermediates,3) and 3) production of chiral int.ermediates by ,~ chcm.icoenz ymatt c

strategy.4) There has been no report on the total synthesis of £-nuclcosides LinIng

asymmetric organic reactions. The recent progress in the asymmetric reactioll9,

especially the asymmetric Dials-Alder reaction, p:x:esents a now mot hod for t.he

preparation of chiral synthetic intermediates of £-nuclaosides.
Recently we have introduced novel chiral dienophilas, menthyl 3-(2

pyridylsulfinyl)acrylates (§.ls- and (,R)s-('\I),5) which r ea c t smoothly with furan in

a highly diastereoselective manner, and suggested t hat the asymmetric D-A reaction

may be a new way to synthesize chiral £-nucleosides.

Here we report our recent results along this line, presenting the highly

enantioselective synthesis of a common key dnt e rrne d La t.e (+)_1 6) using thn

asymmetric Diels-Alder reaction of (§)S-4 and its transformation to g
showdomycin(2) 6) and £:-3, 4-Q- isopropylidenea llose( 3). 7)

The major cycloadduct (5) (mp 94-96°C, [O']D -23.8") derived from (2)s-(4),

having the desired absolute configuration for the ~ynthesis of naturally occurring

£-nucleosides, was oxidized with Os04(Os04 and Me3NO) then acetonized (2,2

dimethoxypropane and 2-toluenesulfonic acid) to give sulfoxide (6) (mp 145°C, [Q]D
u 0 0 --84.8 land sulfone (7) (mp 132-133 C, [odD +10.4 ) in 33% and 56% yields,

respectively.B) The sulfoxide (6) was converted-to the corresponding sulfone (7) by
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!!l-chloroperbenzoic acid (!!lCPBA) oxidation, in a quantitative yield. The menthyl

ester was converted 'to methyl ester in sulfone (7) as follows. 9) The reduction of

(7) with diisobutylaluminum hydride(DIBAH) gave the primary alcohol (8) (mp 174-175"

C, [a] 0 -30.7") in 73% yield, which was then oxidized wi th pyridinium dichromate

(PDC) ~d the resultant carboxylic acid was treated with diazomethane to afford the

methyl ester (9) (mp 107-110"C, [a]D -46.8°) in 83% yield. Treatment of (9) with

DBU produced (+)-(l)(mp 133'C, [alQ ":;.54.6°) in 80% yield. The enantiomeric excess

of (+)-(1) proved to be no less than 98% as checked by the 270 MHz NMR spectrum

using chiral shift reagent. 10)

f ref. 5)
uran .,.

o
rt:rCO Men

.. 2
-:'SOpy

(5),..,

a b
.. >- .\-0Y'"?~

OV--.....('to
2

Men

SOnPy

n =J (~)

n = 2 (7)......

a) Me3NO, cat. 0504' acetone, rt, 12 h.

b) dimethoxypropane, TsOH, 70°C, 6 h.

c) DIBAH, THF, rt, 7 h.

d) PDC, DMF, rt, 10 h; CH2N2, Et 20.
e) DBU, CH3CN, rt, 4 h.

f) 03; LiAlH(OtBu)3; !-BuMe 2SiCl; DMSO-DCC;

Ph3P~CHCONH2; CF3COOH. g) 03; NaBH4; NaI0 4·

c
.>

o
\~C02Me

H

(+)- (1)

d
>

ref. 11)

~

~'

(~)

0y
HO~ 0

HO OH

12) D -(1)

~OH

OJ!
D-(3),..,

The methyl ester (+)-(1) was successfully transformed in 9% overall yield to

the optically pure j2-showdomycin(2), mp 152-154"C, [alo +49.9°(£.'=0.51, H20), lit.6)

mp 153-154 DC, [a]D 49.9 0 (£;1, H20) , according to the ~ocedure reported by Just £t
al. 11) in their s~thesis of racemic showdomycin.

The intermediate (+)-(1) was also converted by three steps (° 3 , NaBH4' NaI0 4)12) to

g-(3), mp 165 DC, [ll']D +6.3°(£=0.29), in about 40% overall. yield. The racemate (3)
=
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had been used previously by Just et al. 12) as a key intermediate for the synthesis

of £-nucleoside analogues.

The method developed in this work provides a new entry for the total synthesis

of optically active £-nucleosides. We are currently studying the chiral synthesis

of both enantiomers of natural and modified £-nucleosides using the present method

starting from the chiral dienophiles, (~)S- and (R)S-4.
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ENHANCEMENT OF lA-LIKE ANTIGEN EXPRESSION BY INTERFERON-GAMMA
IN POLYMORPHONUCLEAR LEUKOCYTES

Shuu Matsumoto*, Makiko Takei, Masami Moriyama and Hideyo Iman~shi
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The effects of interferons (IFNs) on la-like antigen expression in
human peripheral blood polymorphonuclear leukocytes (PMNs) were examined

in vitro using flow cytometry and FITC-Iabelled monoclonal antibody
specific for the la-like antigen OKIal. Recombinant human lPN-gamma
markedly enhanced the expression of la-like antigen on PMNs and increased
the number of la-positive PMNs. In contrast, natural human IFN-alpha and
-beta had no effect on the expression when compared on the basis of anti
viral activity.

KEYWORD
flow cytometry

interferon; polymorphonuclear leUkocytes; la-like antigen;

After Gray and coworkers first succeeded in cloning human interferon (IFN) genes
in 1982,1) numerous studies using highly purified ~ecombinant human IFN-gamma have
shown the various immunomodulating activities of IFN-gamma. 2) We have also demon
strated the several immunomodulating activities of recombinant human IFN-gamma (Met
Gin form), which has the same amino acid sequence as natural human IFN-gamma except
that the N-terminal residue is Met. These activities include the enhancement of Ia
like antigen expression in human monocytes and the antibody-dependent cellular cyto
toxic activity of human polymorphonuclear leukocytes (PMNs).3) Although there are

many studies of LFN-gamma demonstrating its ability to augment the expression of HLA
DR or la-like antigen on various cells,4) there are no reports concerning the effect
of IFN-gamma on the expression of the antigen on PMNs. Therefore, we examined the
effect of IFN-gamma (Met-GIn form) on the expression of la-like antigen on the PMN
surfaces in comparison with natural human IFN-alpha and -beta.

Human PMNs were prepared from peripheral blood of healthy volunteers by 1 x K
gradient sedimentation and by one-step gradient centrifugation as described in our
previous report. 3b) The la-like antigen was analyzed by a method described previous-
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ly.3a) In brief, 1 x 106 PMNs, which were treated with IFN (1000 unit/ml) or

control solution' at 37°C for 20 h in a humidified atmosphere of 95% air-5% CO2, were
labelled with FITC-OKla1.(Ortbo Diagnostic Systems). These labelled PMNs were
analyzed by Cytofluorograf system 50H (Orhto Diagnostic Systems) or Spectrum III

(Ortho Diagnostic Systems).
The histograms of PMNs treated with lFN and control solution and fresh PMNs

obtained by flow cytometry using FITC-OKlal are shown in Fig. 1. IFN-gamma signi
ficantly enhanced the expression of la-like antigen on the PMN surfaces (Fig. IE).
IFN-gamma also significantly increased the number of la-positive PMNs compared with
overnight control (Fig. 2). But IFN-alpha and -beta had no effect on either th0
expression (Fig. Ie & ID) or the number (Fig. 2).

There are many reports of the expression of MHC class II (HLA-DR and la-like)
antigen being enhanced by recombinant human IFN-gamma. Many kinds of cells aro
reported: monocytes,3a)5) melanoma cells,6) keratinocytes,7)8) melanocytes,6)8)

dermal fibroblasts,9) vascular endotherial ce115,9)10) epidermal langerhans ce118,l1)

myeloid leukemic c811s12) and brain cells. 13) But there are no previous reports
demonstrating IFN-gamma-induced enhancement of the antigen on PMN8. Our study has
shown that IFN-gamma greatly increases the number of la-positive PMNs and enhances
the expression of the antigen on PMNs (Fig. iE an d 2). We also found that IFN-alpha
and -beta does not augment the expression wben compared on the basis of antiviral
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Fig. 1. Effects of IFNs on la-Like Antigen Expression in PMNs

A, fresh control; B, overnight control; C, IFN-alpha;
D, lFN-beta; E, IFN-gamma.
These data were obtained from a single donor. Similar results
were also obtained from two other donors (data not shown).
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Fresh control

Overnight control

IFN-alpha

IFN-beta

lPN-gamma

o 20 40

Fig. 2. Effects of lFNs on Percentage of la-positive PMNs
in PMN Preparation

The results represent the mean ± S.E. of three donors.
** significant difference from control, p <0.01.

activity (Fig. Ie, ID and 2). This accords with our previous results indicating

that IFN-alpha and -beta do not enhance the expression of la-like antigen on human
monocytes. 3a) Since it is well known that MHC class II antigens are involved in
the presentation of antigens to helper T cells by antigen-presenting cells14) and
it was shown that la-positive PMNs had antigen-presenting ability in mice,15) it
appears that lFN-gamma may enhance the antigen presenting ability of human PMNs
whereas IFN-alpha and -beta may not. However, the role of la-positive PMNs induced
by IFN-gamma in the immune system is still unclear. To discern pharmacological
significance of the PMN-modulating activity of lFN-gamma. further investigations
are needed using animal lPN-gamma in animals.

Acknowledgment The authors thank Miss M. Kondoh and Mrs. K. Yamanaka for
their skillful technical assistance. We are grateful to Dr. A. Kitai and Mr. N.
Naruse for their encouragement and support of this study.



No.1

REFERENCES

439

1) P.W. Gray, D.W. Leung, D. Pennica, E. Yelverton, R. Najarian, C.C. Simonsen, R.
Derynck, P.J. Sherwood, D.M. Wallace, S.L. Berger, A.D. Levinson and D.V. Goeddel,
Nature(London), 295, 503 (1982).

2) G. Trinchieri and B. Perussis, Immunology Today, ~, 131 (1985).
3) a) S. Matsumoto, M. Moriyama and H. Imanishi, Chern. Pharm. Bull., in press (1987).

b) S. Matsumoto, M. Take!, M. Moriyama and H. Imanishi, Chern. Pharm. Bull., in
press (1987).

4) F. Rosa and M. Fellous, Immunology Today, ~, 261 (1984).
5) a) T.Y. Basham and T.e. Merigan, J. ImmunoL; , 130, 1492 (1983)j b)' T. Basham, W.

Smith, L. Lanier, V. Morhenn and T. Merigan, Human Immunology, lQ, 83 (1984)j c)

S. Becker, J. Immunol., 132, 1249 (1984).
6) A.N. Houghton, T.M. Thomson, D. Gross, H.F. Oettgen and L.J. Old, J. Exp. Mad.,

160, 255 (1984).
7) T.Y. Basham, B.J. Nickoloff, T.C. Merigan and V.B. Morhenn, J. Invest. Dermatol.,

83, 88 (1984).

8) J. AUbock, D. Niederwieser, N. Romani, P. Fritsch and C. Huber, Arch. Dermato1.
Res., 277, 270 (1985).

9) J.S. Pobe r , T. Collins, M.A. Gimbrone, R.S. Cot ran , J.D. Gitlin, W. Fiers, C.

Clayberger, A.M. Krensky, S.J. Burakoff and C.S. Heiss, Nature(London), 305, 72(;
(1983) .

10) J.S. Pober, M.A. Gimbrone, R.S. Cotran, C.S. Reiss, S.J. Burakoff, W. Fiers and
K.A. AU1t, J. Exp. Med., 157, 1339 (1983).

11) B. Berman, M.R. Duncan, B. Smith, V.A. Ziboh and M. Palladino, J. Invest.
Dermatol., 84, 54 (1985).

12) V.E. Kelley, W. Fiers and T.B. Strom, J. Immunol., 132, 240 (1984).
13) G.H.W. Wong, P.F. Bartlett, 1. Clark-Lewis, J.I,. Mekjrnm-Breschkin and J.W.

Scharader, J. Neuroimmunol., 1., 255 (1985).
14) E. Thorsby, Human Immunology, .Q, 1 (1983).
15) K. Okuda, B.C. Neoly and C.S. David, Transp1llntl~t1on. ~, 354 (1979).

(Received Novnmbor 11, 1986)



440

Communications to the Editor

[
C he rn. Pharrn. BUII'l
35( I J 440-442 (1987)

STRUCTURE OF SAFRAMYCIN D. A NEW DIMERIC ISOQUINOLINEQUINONE
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Akinori Kubo , *,a Naoki Saito,a Yoshiyasu Kitahara,a Katsuhiro Takahashi,b

Katsukiyo Yazawa. b and Tadashi Arai b

Meiji College of Pharmacy.a 1-35-23 Nozawa. Setagaya-ku. Tokyo 154, Japan
and Department of Antibiotics. Research Institute for Chemobiodynamics,
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The st r uct ureo f sa f r amy ci n D ( 4). a new dimeric i so qui nolin e ~

quinone antibiotic. is described.
KEYWORDS dimeric isoquinolinequinone; Streptomyces laven-

dulaej lH_1H sh i f t e cor r e l at ed NMR; lH_13C shift-correlated NMR; homo
allylic coupling

Saframycins 1) are antitumor antibiotics produced by Streptomyces lavendulae.

They constitute a class of the dimeric isoquinolinequinone antibiotic group,
which includes safracins 2 ) and renieramycins. 3 J

So far, we have isolated and characterized ten saframycins: A-H, Rand S.
Of these, saframycin A (1) has the highest antitumor activity against various

experimental tumors. 4) The structures of saframycins A (1) and B (2) were elu
cidated by comparing their spectroscopic data with those of saframycin C (3l whose
structure has been determined by X-ray crystallography.5)

In this paper we describe the structure of saframycin D (4) determined by
400MHz NMR spectroscopy, which precluded our efforts to get suitable crystals for
X-ray analysis.

Saframycin 0 (4), yellow prisms, mp 150-154°C (AcOEtl, [<1]6 0 +141.1
0

( c =l. O,

MeOHl, C28H31N309' gave the following spectral data: MS ml z: 553 (M+), 453, 236,
-1. MeOH220; IR (CHC1 3): 3560,3400,1720,1685,1660,1630 cm ,UV "max nm (log ..): 243

(4.14), 274 (4.24), 369 (3.75). The UV spectrum indicated that 4 has a chromo-
MeOH (phore different from the other saframycins [ e.g., 2 )"max nm log £1: 269 (4.35),

368 (3.13)].
To establish the chromophore of 4. we first studied additivity. The UV

spectrum of 4 agreed well with the additive curve for 5-ethyl-2-methoxy-3,6-di
methyl-l,4-benzoquinone and 2,5-dihydroxY-4-methoxy-3-methylbenzaldehyde. 6)

Next, we reexamined the lH_ and 13C- NMR spectra of 2 by 20 NMR; the assign
ment of the 1H_ and 13c-signals were made on the basis of the lH_1H and lH_13C
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of six

methyl

4.02).

shift-correlated spectra (Tables I and II).

The lH-NMR spectrum (CDC1 3 ) of 4 (Table II) indicated the presence

methyl groups: two aromati c methyl s ( 6 1.89 and 2.15), a carbonyl

( 02.26), an N-methyl (02.43), and two aromatic methoxyls (~ 3.93 and

A1 so, the exi stence of three exchangeable proton s due to an ami de proton

(66.28) and two phenolic protons (05.51 and 11.89) was confirmed.

The 13C- NMR spectrum (CDC1 3) (Table I) indicated the presence of an amide

carbonyl (o 160.3), two quinone carbonyls (<5 181.2 and 186.1), and two carbony1s

( 0 195.8 and 203.7), but the other two quinone carbonyls present in 2 (o 181.5

and 185.8) were not observed. These data and the foregoing results indicated

that 4 has the same carbon skeleton as 2 and contains par aqu t non e and hyd r c 

quinone moieties. Moreover, the absence of a 13C-signal corresponding to the

C-14 methylene carbon (0 22.8 in 2) and the presence of a carbonyl carbon

(0203.7) localized the carbonyl at the C-14 position in 2. This conclusion

was supported by the fact that the T3C-signal for C-13 (0 65.5) in 4 is shifted

-13 ppm downfield from the corresponding carbon (652.3) in 2.

The connectivity of each proton was assigned on the basis of double

irradiation and selective proton decoupling experiments, and by the lH_1H shift

correlated 2D NMR (Table II, Fig. 1).

We were especially interested in determining whether ring A is a para

quinone or a hydroquinone. In the l H- NMR spectra of 2 and 4, the diagnostic

homoallylic coupling?) between f -H and 4-Hb over five bonds was observed. But

this homoallylic coupling is negligible in the spectra of several model compounds

havi ng a benzene moi ety as the ri ng A. 8) These observati ons unequ i vocall y

indicate that ring A of 4 is a paraquinone. The high-resolution MS spectrum

also confirmed this conclusion. 2 , S ) ThUS, on the basis of these results,

saframycin D can be represented by the formula 4.
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187.2 or iss.a
129.4 or 128.4
156.2 'or 155.7
183.0 or 181.5
136.7 or 136.4
142.9 or 141.8

8.9 8.6
61.1 61.0

41.3
57.6(d)
54.9(d)
25.8(t)
57.1 (d)

52.3(d)
22.8(t)
5B.8(t)
40.6(t)

160.2(5)
196.6(s)
24.4('1)

lB6.1 153.3
127.5 llB.7
156.3 154.9
181.2 139.4
136.6 112.2
141.8 I1B.2

8.9 B.6
61.2 61.0

42.4
57.6(d)
57.0(d)
24.5(t)
57.4(d)
55.5(d)

203.7(s)
54.8(t)
40.B(t)

150.3(5)
195.8(5)
24.3('1)

5, li
6, .!!
7, II
B, l!
9, l1.

10. 20
C-CH3
0-CH3
N-CH3

1

3

/I

11
13
14
21
22
23
24
25

Carbon No.

Chemical shifts in ppm downfield from TMS.
Solvent: CDC1 3 •

Table I. 13C_NMR Chemical Shifts and Assignments
for Saframycin D (4) and Saframycin B (2)

Saframycin A (1): R1=H, R2' CN

Safram~cin B (2): Rl =R2=H

Saframycin C (3): Rl =OCH3,
R2=H

Saframycin 0 (4)

OCH3

CH3

~2
NH

O~O
CH3

CH3

Proton

(Received November 13, 1986)
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Fig,l Contour Hap of the 1K.1 H Shift-Correlated

Spectrum of Saframycin D (4)

Proton

4':] .
~.
=3
21~:~ ....

22-b .

1
21·b

3.56,( 4.2, 2.9, 1.3)
Z,74 (10.7,3.5, 2.4)
2.76 (16.7,3.5)
1.28 (16.7.10.7, 2.9)
4.03 ( 2.4, 0.5)
3.11 ( 7.3, 2.4, 2.0, 0.5)
2.78 (18.1,7.3)
2.24 (18.1)
2.82 (10.7, 2.0)
2.98 (10.7, 2.4)
3,70 (14.1, 9.B, 1.3)
3.20 (14.1, 4.2,3.5)
6.90 ( 9.8, 3.5)
4.01, 4.00
Z.OO, 1.90
2.28
2.24

3.68 ( 4.0, 3.0. 1.5)
2.93 (11.0, 3.0, 3.0)
2.96 (l8.0, 3.0)
1.5B (18.0.11.0. 3.0)
4.31 ( 3.0. 0.5)
3.28 ( 3.0, 2.0. 0.5)

2.93 (10.5. 2.0)
3.28 (l0.5, 3.0)
3.11 (14.0, 9.0, 1.5)
3.06 (14.0, 4.0, 3.0)
6.28 ( 9.0, 4.0)
4.02, 3.93
2.15, 1.89
2.43
2.26

11.89, 5.51

Table II. Proton Chemical Shiftsa) and Coupling Constantsb)
for Saframycin D (4) and Saframyc;n B (2) in COCI

J

I-H
3-H
4-Ha
4-Hb

ll-H
13-H
14-Ha
14-Hb
21-Ha
21-Hb
22-Ha
22-Hb

N-H
0-CH3
C-CH3
N-CH3
eOCH3
O-H

a) Chemical shifts are given relative to internal TMS
as a reference.

b) Coupl ing constants (Hz) in parentheses. ~
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GUAVINS A, C AND 0, COMPLEX TANNINS FROM PSIDllIM GUAJAVA

Takuo Okuda,*,a Takashi Yoshida, a Tsutomu Hatano,a Kazufumi Yazaki, a
Yukihiko lkegami a and Tetsuro Shingu b

Faculty of Pharmaceutical Sciences, Ok~ama University,a Tsushima, Okayama 700,
Japan and Faculty of Pharmaceutical Sciences, Kobe Gakuin University,b

rkawadani, Nishi-ku, Kobe 673, Japan

Three new tannins named guavins A (1), C (2) and D (3), were isolated from the
leaves of Psidium guajava and their structures, each consisting of a hydrolyzable
tannin part and a flavan unit, were established.

KEYWORDS - guavin A; guavin C; guavin D; complex tannin; hydrolyzable tannin;
C-glucosidic tannin; ellagitannin; condensed tannin; Psidium guajava; Myrtaceae
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In addition to the hydrolyzable tannins and the proanthocyanidins obtained from the leaves of
Psidium guajava L. (Myrtaceae),1,2) we have isolated three tannins with novel structures, guavins
A (1), C (2) and 0 (3). Each is composed of interlinked hydrolyzable tannin and a condensed
tannin unit.

The new tannins were isolated from the ethyl acetate-soluble portion of the crude extract
by centrifugal partition chromatography3) (~-butanol-~-propanol-water, 2:1:3, normal-phase
development) and droplet countercurrent chromatography, followed by column chromatography over
Sephadex LH-20 and Toyopearl HW-40.

Guavin A (1), C56H40032'9H20, (a)D _36 0 (c=0.5, MeOH), was obtained as a light brown amorphous
powder. The 1H_NMR spectrum4) (400 MHz, in acetone-dS) of 1 indicates the oresence of a galloyl
group (07.03, 2H, s) and a hexahydroxydiphenoyl (HHDP) group (66.65, 6.60, 1H each, s) in its
molecule. As in stachyurin (4), a C~glucosidic tannin,S) an open~chain form of the glucose core
appears in 1 (05.68, dd, J=4.5, 8.5 Hz, H-4; 5.57, broad d, J-a.5 Hz, H-5; 5.44, 5, H-2; 5.13,
d, J=4.5 HZ, H-3; 4.65, broad d, J=12.5 Hz, H-6; 4.10, d, J=12.5 Hz, H~6; 4.09, S, H-1) although
the H-1 signal of 1 shifts higher than that of 4 (54.93). The presence of a dehydrohexahydroxy
diphenoyl (DHHDP) group is also shown by an aromatic proton at 07.02 (s) and a methine proton
at 04.37 (s). These structural characteristics, together with the lack of a vinyl proton in
the DHHDP group, are analogous to those of gemin E (5).6) There are also three aromatic protons
forming an ABX system (06.94, d, Jc2 Hz, H-2'; 6.88, d, J=8 Hz, H-5'; 6.74, dd, J=2. 8 Hz, H-6'),
an aromatic proton (06.09, s, A-ring H), and four aliphatic protons attributable to a methine
methine-methylene system (05.09, d, J~6 Hz, H-2; 4.45, dt, J=5.5, 6 HZ, H-3; 2.82, dd, J=S.5,
16 Hz, H-4; 2.72, dd, J=6, 16 Hz, H-4). These signals are characteristic of the 8-substituted
(+)-catechin moiety. as in procyanidin B_1 7) and procyanidin B-3 (6).7) The upfield shift of
the H-1 signal of the glucose core in 1 can be explained by the absence of the hydroxyl group
at C-1 of the glucose core and the presence of a C~C bond between C-1 of the glucose core and
C-B (or C-6) of the catechin moiety, The substitution at C~B7) is indicated by a significant
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ofFig.

downfield shift of the H-2 signal of the catechin moiety in 1 from the corresponding signal of
(+)-catechin (o4.59~5.09), This may be due to the anisotropic effect of the conjugated carbonyl
group in the DHHDP group. These structural features are also consistent with the 13C_NMR spectrum
of 1,8,9) The equilibration between the five- and six-membered hemiacetal structures of the
OHHOP group, as found in geraniin10) and other tannins having DHHDP groups,6,11) does not occur
in the 13C_NMR spectrum of 1. The five-membered ring structure (C-1 - C-6 - a - C-6' - C-1 I)

of the DHHDP group is indicated for 1, based on the comparison with the chemical shifts of the
OHHDP carbons of geraniin,10)

The methylation of 1 with dimethyl sulfate and potassium carbonate afforded the hexadecamethyl

derivative (7), C72H72032' [0]0 _59 0 (c=0.5, CHC1 3), which was acetylated in the usual way to
give a monoacetate (8), C74H74033'H20, [0]0 _43 0 (c=0.5, CHC1 3), 1H-NMR (in CDC1 3) 81',88 (C!:!.3CO-).
Upon methanolysis with Sodium methoxide in methanol, 7 afforded (~)-dimethyl hexamethoxydiphenate
(9), [o]D _32 0 (c=0.5, EtOH), and methyl tri-~-methylgallate (10). Although glucose was not
liberated by the methanolysis, it was detected upon hydrolysis of 1 with 1 N H2S04 in a boiling
water-bath for 6.S h, and identified by GLC after trimethylsilylation.

Hydrolysis of 1 with tannase afforded a partial hydrolysate (11).12) The 1H- NMR spectrum

of 11 shows an absence of the HHDP protons and upfield shifts of the H-4 and H-5 signals of the
glucose core characteristic of 1. This proves that the HHDP group of guavin A is at 0-4 and
0-5 of the glucose core. Thus, the locations of the other acyl groups in guavin A are assigned
as in structure 1, considering the conformation of the glucose core of 1, which is almost the
same as that of stachyurin (4) and gemin E (S). J10

The positive Cotton effect at 340 nm in the CD spectrum ~~

of 1112) indicates that the chirality at C-1' of the DHHDP ~
. ~

group is S, although the expected Cotton effect around 200 0
nm, due t~ the chirality of the OHHDP group,13) is obscured

by the presence of the catechin moiety in 11. The strong
couplets at 200-220 nm in the CO specta of procyanidins
were reported to originate from the interaction between the
two aryl chromophores of the two monomer units, and to be
related to the chirality at C-4 on the interflavan linkage. 14) Since the configuration at C-1
of the glucose residue in 11 is the same as that of 4, as revealed by the coupling pattern (J 1 2~0)

of H-1 of the residue in the 1H-NMR spectrum, the strong couplet around 205 nm in the CD spect~um

of 11 12) is attributable to an interaction between the conjugated ketone chromophore of the DHHDP
group and the A-ring chromophore of the catechin moiety, occurring in a way analogous to the
interaction observed for procyanidin B-3 (6) (Fig. 1). These data indicate structure 1 for guavin
A, which is presumed to be produced biogenetically from gemin E (5) and (+)-catechin.

Guavin C (2), CS6H40033oSH20, [a]D _52 0 (c=0.5, MeOH), was obtained as a light brown amorphous
powder. The 1H-NMR spectrum of 215) iss imil ar to that of guav;n A (1) except for the replacement
of the ABX signals, due to the B-ring of the catechin moiety in 1, by a 2H singlet at 06.42.
Thus, structure Z was assigned for guavin C, in which the catechol ring of the catechin moiety
in 1 is sUbstituted by a pyrogallol ring.

Guavin D (3), CS1H380Z9"6HZO, [a]o _97 0 (c=0.5, MeOH), was obtained as a light brown amorphous
powder. The 1H-NMR spectrum (300 MHz, in acetone-d 6+D20) of 3 indicates the presence of a 8-sub
stituted (-)-epicatechin moiety (06.65, d, J=2 Hz, H-2'; 6.62, d, J=8 Hz, H-S'; 6.49, dd, J=2, 8
Hz, H-6'; 6.10, 5, A-ring H; 5.36, broad s, H-2; 4.57, m, H-3; 2.81, d, J=17 Hz, H-4; 2.43, dd,
J=4, 17 Hz, H-4), an acetyl group (02.08, 3H. 5), an HHDP group (06.59, 6.S3, each 5), a 3'-sub
stituted DHHDP group (07.07. s, H-3; 4.32, s, H-1') and a glucose core of the open-chain form
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(55.77, 5, H-2; 5.59, t, J=8 Hz, H-4; 5.50, broad d, J=8 Hz, H-5; 5.22, d, J=a Hz, H-3; 4.49,
broad d, J=13 Hz, H-6; 4.22, s, H-1; 4.00, d, J=13 Hz, H-6). The substitution at c-a of the
epicatechin moiety is shown by the downfield shift of H-2 from the corresponding signal of (-)-epi
catechin (04.84-+5.36). The 13C_NMR spectrum of 316) is also in accord with these construction
units. This shows that the DHHDP group forms a five-membered hemiacetal ring. 1D) The i-con
figuration Df the HHDP group in 3 was eVidenced by the production of (~)-dimethyl hexamethoxy
diphenate (9) upon the methanolysis of methylated 3. The CD spectrum (in MeOH) of 3 ([6]340
+14000) shows that the configuration at C-1' of the DHHDP group is also 1. Therefore, structure
3 was assigned for guavin D.

The tannins such as guavins A, C and D, each consisting of a monomer of condensed tannin
and a hydrolyzable tannin, can be classified as "complex tannins" IS we proposed previously for
guavin A. l 7)
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Phospholipase 0 from streptomyces effectively catalyzed the

transfer reaction of the phosphatidyl residue from phosphatidyl

cholines to the primary hydroxyl group of hom o s e r Lne in a t.wo-phase

system. Various phosphatidylhomoserines were easily prepared in good
yields by this reaction.
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It has been recognized that phosphatidylserines have various biological

activities,1 and have important roles in studies of model membrane systems. 2 We

have been engaged in the synthesis of phosphatidylhomoserines, homologues of
phosphatidylserines, because of their biological interest. This paper describes

the first synthesis of phosphatidylhomoserines.

The procedure for synthesizing phosphatidylserine may be applied to the

synthesis of phosphatidylhomoserines in general. Although phosphal:idylserines have

been prepared by a variety of methods,3 an efficient general procedure for tho

chemical synthesis of saturated and unsaturated phoapha tidylserines has not been

reported. In particular, the preparation of unsaturated phosphatidylserines is

difficult because of their lability.
. On the other hand, Confurius and co-workers reported an enzymatic method 4 of

preparing saturated and unsaturated phosphatidylserines in 40-50% yields. This

method involves cabbage phospholipase D-catalyzed transphosphatidylation,5 the

transfer reaction of the phosphatidyl residue from phosphatidylchollne to primary

alkanols. More recently we found that phospholipase D from Streptomyces sp. AA 586

(phospholipase O-P, PLOP) also effectively catalyzes the transphosphatidylation,

and we have used PLDP to prepare a variety of 5'-phosphatidylnucleosides. 6 In the

cabbage phospholipase O-catalyzed transphosphatidylation, acceptors of the phos

phatidyl residue are limited to primary lower alkanols. 5 But PLOP catalyzes the

transfer reaction of the phosphat idyl residue to a variety of alkanols as accep

tors.? In addition, PLOP is very stable under the conditions of transphosphatidy-
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lation. So it affords phosphat idyl derivatives in higher yields than phospholipase

D from cabbage leaves. Therefore we tried to utilize PLOP as a catalyst of trans

phosphatidylation to prepare phosphatidylhomoserines.

R

a. Palmitoy1 ( COC~H31 )
b. Oleoyl (COC!'1H33)
c. Linoleoy1 ( COCI'1H31 )
d. Radyl (soya)

PLDP
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H coo
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?t +
O-~-O \ 1\ "NHJ

HO v .. J\ _
3 H COO

Yield

a. 83 %
b. 66 %
c. 63 %
d. *

* From 500 mg of soya-phosphatidylcholine, 305 mg of corresponding

phosphatidylhomoserine was obtained.

In the presense of an excess L-homoserine (2), 1,2-dipalmitoyl-~-glycero-3

phosphocholine (OPPC, la)8 was treated with PLDP in a two-phase system of chloro

form and acetate buffer (pH 5.6) at 45°C for 2 h. This gave desired 3-sn-phospha

tidylhomoserine (3a) in 83% yield. 9 In the same reaction condition, cabbage phos

pholipase 0 gave only a trace of 3a and mostly the hydrolysis product. In the same

way, various 3-~-phosphatidylhomoserineswere easily obtained in high yields by

the PLDP-catalyzed transphosphatidylation with corresponding 3-~-phosphatidyl

cholines as phosphat idyl donors. Structures of the compounds were confirmed by

instrumental analysis.

In this enzymatic reaction system, phosphatidylcholine and L-homoserine are

dissolved in the organic layer and the aqueous layer, respectively, PLDP probably

catalyzes the transfer reaction at the interface. The presence of the chloroform

layer and an excess of L-homoserine as an acceptor of the phosphatidyl residue is

required to allow the transphosphatidylation to proceed and to prevent the hydro

lysis of the phosphatidylcholines. This is because phospholipase D catalyzes the

hydrolysis better than the transfer reaction. Unreacting L-homoserinc can be

easily recovered if necessary. Chloroform is a good solvent for phosphatidylcho

lines and may also protect the phosphatidyl-enzyme, the reaction intermediate,

from hydrolysis. When the chloroform layer is absent, the rate of the transfer

reaction decreases and the hydrolysis rate increases.

The general usefulness of transphosphatidylation to synthesize phospholipid
derivatives depends upon the range of alkanols accepted; PLDP catalyzes transphos

phatidylation with a large variety of alkanols as phosphat idyl acceptors.? Fur

thermore, PLOP is reliably stable in reaction systems containing various organic

solvents such as chloroform, benzene, diethylether, acetonitrile, etc. So, this

method can be widely used to synthesize various types of phospholipid derivatives

containing a complicated structural polar-head group.

A typical procedure: L-homoserine (15 mmol) and PLOP (5 mg, 910 units)

are dissolved in 100 mM CaCl2-containing 100 mM acetate buffer (pH 5.6, 5 ml). A

CHC1 3 solution (12 ml) of phosphatidylcholine (0.5 romol) is then added and the
mixture is stirred at 4SoC. After 2 h, 2 N HCl(5 ml), CHC13 (28 ml), and MeOH
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(20 ml) are added. Unreacting L-homoserine is recovered from the aqueous layer.

The organic layer is evaporated and the residue is chromatographed on silica gel

(CHCI 3 : MeOH = 15 : 1 _ 1 1). This is followed by partition (CHCI 3 : MeOH :

O.SN HCI = 20 ml : 10 ml : 6 ml) to afford the pure product from the organic

layer.
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.Found: C;61.50, H;10.23, N;1.82. 1H- NMR* (400 MHz, CDCl 3:CD 30D,,:3:1)iSppm,
5.23(m,1H,Il-2), 4.40(dd,1H,H-1a,J=3.3Hz,J=:12.1Hz), 4.19(dd,1H,H-1b,J=:6.6H2:,

J:: 1 2 • 1Hz), 4. 06 - 3. 99 (m , 5II, H- 3ab , Ii -1 'ab, and Ii - 3 ' ), :.2 • 40 (m, 1 H, II- 2 •a ) , 2 • 32 (q , 4H,
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The structures of a monomeric carbazole, isomurrayafoline-B (!),

and two new dimeric carbazoles, bismurrayafolinol (~) and oxydi

murrayafoline (2), from Murraya euchrestifolia Hayata (Rutaceae)

have been studied in spectral and chemical experiments.

KE~~O~DS---isomurrayafoline-B;bismurrayafolinol; oxydimurraya

foline; carbazole alkaloid; dimeric carbazole; Murraya

euchrestifolia: Rutaceae

We reported earlier that the root bark of Murraxa euchrestifolia Hayata

(Rutaceae), collected in Taiwan. contained many kinds of monomeric and dimeric

carbazole alkaloids. l-S) Here, we describe the isolation and structure determi
nation of three more new cabazole alkaloids from the stem bark of that plant.

Isomurrayafoline (!) was obtained as colorless prisms from ether, mp 158-161°C.

The high resolution mass spectrum gave the molecular formula C19H21N02 [m/z

295.1567 (M+ found); 295.1571, calcd]. The UV spectrum was typical of a carbazole

nucleus 6,7) rAma~ nm (MeOH): 213, 237, 264, 310, and 330(sh.»). The I H-NMR
spectrum (400 MHz, CDC1 3) showed the presence of a prenyl [8 1.74 (3R, s), 1.88

(3R, s), 3.60 (2H. d, J == 7 Hz), and 5.30 (HI, t, J = 7 Hz»), a methoxy [83.90

(3H, s)], an aryl methyl group [8 2.38 (3H, s)], and two D20 exchangeable protons

[8 4.74 (lH, br s. Oll) and 7.70 (lH, br S, NH)]. In aromatic proton signals [8

7.70 and 6.82 (each IH, a pair of doublets, J = 8 Hz), 7.67 (Ill, s), and 6.82 (IH,

s)), lower-field signals at S 7.70 and 7.67 are well known as being characteristic

of H-S and H-4 of a carbazole nucleus,S) respectively, thus suggesting the

location of substituents at C-l (or 2), 3, 7, and C-8. In nuclear Overhauser

effect (NOE) experiments, irradiation of the aryl methyl proton (8 2.38) gave a

12.6% enhancement only of the signal at 8 7.67 (H-4). Further, a 26.6% enhance

ment of the signal at 8 6.82 (H-6) appeared on irradiation of the methoxy signal

(8 3.90), but there was no NOE enhancement at any proton signal on irradiation of

the benzylic methylene proto~ of a prenyl moiety (8 3.60). According to these

observations, isomurrayafoline-B can be represented by structure !. The structural

isomer, murrayafoline-B (~) ,1) has been isolated from the root bark of the same

plant.
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Bismurrayafolinol (~), colorless oil, was found to have the molecular formula
+C28H24N203 [m/z 436.1784 (M found)~ 436.1785, caled]. The presence of a carba-

zole skeleton in the molecule was also clearly indicated by the UV spectrum 6,7)

[~max nm (MeOH): 225, 244, 252, 281,292, 329, and 340]. The mass spectrum

exhibited a base peak at m/z 210 due to about a half of the molecule, strongly

suggesting a dimeric carbazole structure of bismurrayafolinol. The IH-NMR spectrum
(270 MHz, CDC1 3) showed the presence of two methoxy groups (8 3.B3 and 3.97), and

in the aromatic proton region, there were two IH-singlets at 8 6.7B and 7.00

assignable to H-2 and H-2', lower-field signals at 0 7.92 and B.07 (each IH, d,
J = B Hz), and 7.74 (1R, s), characteristic of H-5, 5', and H-4 in the carbazole

nucleus,B) along with overlapped 7H-signals from 0 7.10 to 7.50. Additionally,
an appearance of two 2H-singlets at a 6.01 and 4.86, which appeared at 8 6.01 and

5.27 in the acetate (i)9) indicated the presence of two benzylic methylenes

directly bonded to a nitrogen and oxygen atom, respectively. These signal patterns

in the I H-NMR spectrum of bismurrayafolinol were in close agreement with those of
bismurrayafoline-A (5),3) a dimeric carbazole alkaloid previously isolated by us,

except for an Qxybenzylic methylene signal appearing at 8 4.86 instead of an aryl

methyl signal at 8 2.46 in the spectrum3) of~. On the basis of these spectral
results, the structure of bismurrayafolinol was proposeo for 2'

In order to confirm the structure of this alkaloid, dimerization of I-methoxy
3-oxymethylcarbazole (6) was carried out. Treatment of murrayanine (7),10,11) an

already known alkaloid-in the same plant,1) with NaBH 4 in MeOn, fOllo~ed by Hel in

CHC1
3

for 5 min.,12) and then, without purification, by AC20 in pyridine gave 1,
which was identical (lH-NMR, IR, UV, MS, and co-TLC) with the acetate of natural

bismurrayafolinol (~). Consequently, the structure of bismurrayafolinol was

established as formula ~.

5 4

1. R 1::H, Rz'"OH

2. R ,:::OH; R2"'H

3. R'-'CHzOH

4. R:::CHzOAc

5. R::CH 3

6. R::CHzOH

7. R=CHO

B. R=CH
3



452 Vol. 35 (1987)

Oxydimurrayafoline (g), colorless oil, C28H24N203 [m/z 436.1809 (M+ found)~

436.1785, calcd], UV ~ax rum (MeOH): 226, 242, 253, 260,280,291,324, and 337;

1H-NMR (270 MHz, CDC13) S: 8.27 (2H, br s , NH), B.03 (2H, dd, J = 7 & 1 Hz), 7.6B

(2H, d, J = 1 Hz), 7.46 (2H, d, J = 7.Hz), 7.40 (2H, dt, J'" 7 & 1 Hz), 7.22 (2H,

dt, J '" 7 & 1 Hz), 6.98 (2H, d, J = 1 Hz), 4.76 (4H, s), and 4.01 (6H, s). The

simplicity of the 1H- NMR spectrum and the presence of the base'peak at ro/z 211,

about a half of the molecule ion in the mass spectrum together with the UV bands

suggested that two equivalent monomeric carbazole units were disposed in symme

trical manner in this alkaloid. Furthermore, the signal patterns of the 1H- NMR

spectrum were similar to those of murrayafoline-A (8) ,1) except for the singlet at

S 4.76 and 2.42 in the spectra of oxydimurrayafoline and ~,respectively. An

appearance of a singlet at S 4.76, instead of an aryl methyl signal at 0 2.42 in

the spectrum of ~ showed the presence of benzylic oxymethylene moiety. In NOE

experiments, an 18.9% enhancement of the singlet at 0 6.98 (H-2) appeared on

irradiation of the methoxy signal at S 4.01. As expected, irradiation of the

benzylic methylene signal at S 4.76 caused a 19.4% and 11.8% enhancements of the

aromatic proton signals at 0 7.68 (H-4) and 6.98 (B-2), respectively. Based on

these results, we assigned structure 2 to oxydimurrayafoline. Since our first

isolation of binary carbazole alkaloids from the plant of the genus Murraya,2)

seven kinds of binary carbazole alkaloids have been identified to date. 2,3,5,13)

However, isolation of oxydimurrayafoline (2) is the first example of a binary

carbazole alkaloid having ether linkage .
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The structure of gardfloramine (1), which has been isolated as

one of the minor bases from Gardneria multiflora, was determined

by X-ray analysis. Its oxygenation pattern on the aromatic ring was

revealed to be 9-methoxy-l0,ll-methylenedio~yand is different from

that of gardneramine. The structure of another mi nor alkaloid,

18-demethoxygardfloramine (2) was also de t e rml ned by compa r inq

the 13C-NMR spectra of 1 and 2.

KEYWORDS ---- gardneria alkaloid; gardfloramine; 18-demethoxy

gardfloramine; Gardneria multiflora; Loganiaceae; X-ray analysis;
13C- NMR

453

Gardfloramine(l) is one of the minor alkaloids of ~ illultiflora

(Japanese name: Chitose-kazura). Its structure has been proposed as shown in Fig.
1 from the sp~ctroscopic evidence. 2 ) In this structure the exact positions of the

oxygen functions on the aromatic ring and the configuration of the side chain

double bond remain undetermined. In regard to the oxygen problem we thought tho
benzene part, having the methoxy group on C12 and the methylane OXide between Cg
and C10 would be the most likely structure from the biogenetic stand point,3) hut

this was not the case (~ infra).

6

15

1: R::: OMs

18
CH2 R 2: R::: H

Fig. 1

X-ray analysis was used to elucidate the ambiguous parts of the structure.

Gardflorarnine(1) crystals, grown from acetone, belong to monoclinic space group
o

P2 1 with e. = 10.252(2), P. = 20.162(4), .9. = 9.628(3)A, f:l= 90.79(2)Oz ::: 2, two

molecules per Z : four molecules per unit cell. A total of 3462 unique and
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significant reflections (Fo ~ 30 (Fa » within the range 3°~2a $1550 were measured
- - ~

on a four-circle diffractometer using Cu Ka radiation ( >.. = 1.5A ).

The structure was analyzed by the direct method MULTl\N 80 ( UNICS III system 4 »
and refined by the block-diagonal least squares method to R = 0.078. The ORTEP

drawing of the structure of gardfloramine (1) is shown in Fig. 2.

So the aromatic ring was found to have the methoxyl group on C9
and the methylenedioxy group between C10 and C11• On the other hand, the configu

ration of the C19 side chain was confirmed to be Z-for.m as in gardneramine(3),4,5)

the main alkaloid of Q. multiflora.

Fig. 2. ORTEP drawing of gardfloramine (1)

Each signal of the 13 C _ NMR spectrum of gardfloramine was assigned by

comparing with the gardneramine spectrum 7) (TABLE I). The substituted benzene ring

carbon signals were assigned by referring to the 13 C- NMR spectra of indole

alkaloids. B)
As the structure of 1 was confirmed unambiguously, the structure of another

minor base, 18-demethoxygardfloramine (2),2) which has been isolated along with

gardfloramine (1), was also determined.

<0
0

2R

15

1 : R OMe 1119 Z form

2: R = H II 19 E form 3

Fig. 3

As is evident from the 13 C-NMR data, 2 and 1 have the same aromatic moiety

structure. By comparing the 13 C- NMR chemical shift values of C1 5 and C2 1 of 18

demethoxygardfloramine (2) with those of gardfloramine (1), it was revealed that

the configuration of the C19 side chain of 2 is E form. 7)

Thus, as shown in Table I, 18-demethoxygardfloramine (2) exhibits a high field

shift of 7.1 ppm for C1 5 and a downfield shift of 3.0 ppm for C21 compared to the

corresponding signals of gardfloramimine (1). This demonstrates the opposite

orientation of the substituents on C1 9•
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It is interesting to note that the oxygenation pattern on the aromatic ring of

gardfloramine (1) and 18-demethoxygardflormine (2) are at the 9, 10 and 11 posi

tions, whereas that of gardneramine (3) and all of the hitherto isolated

trimethoxylated gardneria alkaloids are at the 9, 10 and 12 positions.

TABLE I. 13C Chemical Shifts of 1 and 2 (in CDC13)

Carbon 1

2 181.3

3 61.2

5 60.2

6 31.2

7 62.9

8 122.0

9 139.6

10 133.2

11 146.8

12 95.8

13 149.3

14 31.4

15 36.9

16 41.9

17 71. 9

18 68.0

19 115.0

20 147.4

21 46.2

18-0CH 3 58.1
arom.-OCIl3 59.7

-OCH20- 100.7

2

181 .5

61 .8

60.0

30.5

62.8

122.1

139.5

133.2

146.8

95.8

149.2

31 .5

29.8

41 .7

72.2

12.6

112.0

142.0

49.2

59.8

1()().7
a) The ve Iuou <ll't! in ppm downf LeLd from TMS.
b) Assigmnr.·nt.r; lmal'inq tho flame fJuperscript on the w!rt,ical co l.umn

may bo intnl:(':lli,lnq{~'lbln.
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