
CHEMICAL &PBARMAUEUTIUAL BULLETIN
Vol. 35, No. 12

[
C hern . Pharrn. BUlL]
35(12)4687 -4694(1987)

Regular Articles

December 1987

Adsorption of Cetylpyridinium and Cetyltrimethylammonium Ions on
Hydroxyapatite and Concurrent Release of Phosphate and Calcium

Ions from the Surface of Hydroxyapatite

SABURO SHIMABAYASHI, *.1) HIDEJI TANAKA, and MASAYUKI NAKAGAKI

Faculty of Pharmaceutical Sciences. Kyoto University. Yoshida-Shimoadachi-cho,
Sakyo-ku, Kyoto 606. Japan

(Received April 27, 1987)

Concentrations of phosphate ion ([Pilr) and calcium ion ([Ca2+Jr), liberated from the surface of
synthetic hydroxyapatite (CalO(PO}4)6(OHh; HAP) during the adsorption of cetylpyridinium ion
(CP+) or cetyltrirnethylammonium ion (CTA+), were determined as a function of the equilibrium
concentrations of these surface active ions ([CP+]r or [eTA +]d. A part of Cp+ or CTA + was
adsorbed by ion-exchange with calcium ion (Ca~ +) on the surface of HAP, and the rest was
adsorbed together with its counterion (CI- or Br "). In the region below the critical micelle
concentration (erne), [Ca2+]f increased with an increase in the -adsorbed amount of the surface
active ion. On the other hand, [Pi], decreased with an increase in [Ca2 +Jr to keep the solubility
product of HAP (X:~p)constant. However, in the region above the erne,[Pi]r increased with [CP+]r01'

[CTA + Jr through the binding of phosphate ion (Pi) to the cationic micelles. The electroneutrality on
the surface phase of HAP, the solubility product of HAP in the solution phase. and the counterion
binding by micelles determined the relationship between [Pi], and [Ca2 +Jr. The species of counterion
of the surfactant (Cl' or Br-) affected the adsorbing and releasing behaviors: the release of Ca2+
due to the adsorption of CP+ and the release of Pi through its binding to Cp+ -rnicelles arc more
pronounced with cetylpyridinium chloride than with cetylpyridinium bromide. This result can be
explained in terms of the affinity of the halide ion for CP+ in the micellar and adsorbed phases
(Br -- >CI-).

Keywords-e-e--hydroxyapatite; cetylpyridinium ion; cetyltrimethylamrnonium ion; adsorption;
phosphate ion release; calcium ion release; ion-exchange; micelle; solubility product; counterion

Introduction

Hydroxyapatite (CalO(P04)6(OHh; HAP) is a major inorganic constituent of mam
malian hard tissues (teeth and bones) and a major or minor component of renal calculi. In the
previous investigations.i -4) the influence of surface active ions (dodecyi sulfate and dodecyl
ammonium ions) on the surface properties of HAP was studied. It was found that calcium ion
(Ca 2 +) and/or phosphate ion (Pi) were released from the surface of HAP during the
adsorption of the surface active ions. The ratio of these constituent ions released was
nonstoichiometric (i.e., Ca2 + /Pi '# 10/6), and depended on various factors, such as the
adsorbed amount and the concentration of the surface active ion, and the solubility product
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(Ksp ) for HAP. The releasing tendencies of Cal + and Pi were found to be mutually
interchanged when the sign of the electric charge of the surface active ion was reversed.

However, as regards the competitive adsorption between Ca2
+ and dodecylammonium

ion (DA +), the addition of the former caused a slight decrease of the adsorbed amount of the
latter." This fact is in contrast to the case of cetylpyridinium ion (CP+).5) That is, the
adsorbed amount of CP+ was greatly decreased by the added Ca2 + and the preferential
adsorption of Ca2 + occurred. Roseman et al. found, in their kinetic study on the dissolution
of HAP in the presence of cationic surfactant, that DA + was adsorbed more strongly than
Cp+ on HAP.6) The hemimicelle formation of DA+ at the surface of HAP may be responsible
for the high affinity of DA + to HAP.7)

In the present work, the influence ofCP'" and cetyltrimethylammonium ion (CTA +) on
the surface properties of HAP was studied in order to obtain a clearer view of the influence of
surface active cations. The amounts of Ca2 + and Pi liberated from the surface of HAP at a
constant mixing ratio of HAP to the solution were determined as a function of the
concentrations of these surface active iOIlS in order to examine the relationships among them.
Furthermore, the effect of the counterion (CI- and Br ") on them was studied by comparing
the results for cetylpyridinium chloride (CPC) with those for cetylpyridinium bromide (CPB).

Experimental

Materials--HAP was the same sample as that used in the previous studiesr"?" CPC, CPB, and cetyltrimethyl
ammonium chloride (CTAC), purchased from Tokyo Chem.ical Industry Co., Ltd., were of extra pure reagent grade.
They were recrystallized twice from acetone for CPC and CPB, or from ethanol-acetone mixture (I : 14) for CTAC.

Mcthods--HAP was suspended in a solution ofa surfactant (CPC, CPB, or CTAC) of known concentration at
30 "C, and the suspension was shaken vigorously at frequent intervals. No buffer solutions were used in order to avoid
the effects of buffering agents on the properties of the HAP surface and cationic micelles. After at least 14d, which
was sufficient to attain adsorption and dissolution equilibria, the suspension was filtered through a Millipore filter
with a pore size of 0.1 Itm, and the filtrate was used for chemical analysis. Prior to the filtration, the optical density of
the suspension at 850nm (OD850) in the upper part of the test tube was measured on a Shimadzu model UV-180
spectrophotometer at 24 h after the last shaking. This is a convenient index of the stability of HAP suspensionr" as a
portion of the added HAP had already sedimented to the bottom and the rest remained in the aqueous phase. The
higher the ODs50' the more stable the suspension.

The concentrations ofCP+ and eTA + were determined by the methylene blue diphasic titration method (Epton
method) using a standard solution of sodium dodecyl sulfate (SDS).(}) The concentrations of CI- and Br" were
determined by the mercuric thiocyanate method.l?' Halide ion (CI- or Br") was allowed to react with mercuric
thiocyanate in the presence of ferric nitrate to form mercuric chloride and thiocyanate ion. The latter product
immediately combined with Jerrie ion to form the red ferric thiocyanate complex. Its absorbance was measured at
458 nm. It was confirmed that CP+ and CTA + do not interfere with the determination. Calibration curves were
obtained using aqueous solutions of NaCI and KBr. The adsorbed amounts -of CP+, eTA +, CI- and Br" were
calculated from the differences of the concentrations before and after addition of HAP.

The concentration of Pi released from the surface of HAP was determined by the molybdenum blue method of
Gee et a1. 1 1

) The phosphate ammonium molybdate complex formed was reduced with stannous chloride. The
absorbance of the resulting color was measured at 720nm after 15min. Prior to the determination, a slight excess of
SDS was added to the sample solutions in order to precipitate Cl'" or CTA ". The precipitate was then removed with
a Millipore filter (0.1pm pore size), and the filtrate was used for the determination. A calibration curve was obtained
by subjecting aqueous solutions ofK2HP04 to the same treatment as that for the sample solutions. The concentration
of Ca2+ released was determined by ethylenediaminetetraacetic acid (EDTA) chelatometry with 1-(1-hydroxy-2
naphtbylazo)-6-nitro-2-naphthol-4-sulfonic acid (BT indicator) at pH 10. Since CP+ and CTA + interfere with the
color change of the indicator, a slight excess of SDS was added to the sample solutions prior to the determination (it
was not necessary to remove the precipitate). The pH of the filtrate was measured on a Toa HM-5ES pH meter.

It was confirmed that the adsorbed amounts of the surface active ion and its counterions, and the equilibrium
concentrations of Pi and Ca2 +, were independent of the mixing order of water, adsorbate solution, and the HAP
powder. A dilution experiment was carried out by adding water to the suspension after equilibria had been attained.
The adsorbed amounts and the concentrations of the ions after re-equilibration were determined. These experiments
showed that the adsorptions and liberations of the ions are reversible.
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Henceforth, the symbol Xi represents the increment of species i at the surface of HAP, and was calculated by
means of the following equation;

Xl = (initial concentration of species i-equilibrium

concentration of species i)/(weight of HAP added) (1)

Therefore. Xcp+, XCTA+,XCI- and XBr - take zero or positive values (==the adsorbed amounts). On the other hand. the
numerical values of XPi and XCllJ + are negative, because the concentrations of Pi and Ca2 + were initially zero.

Results

Adsorption Isotherms of CP + and CTA + on HAP
Figure 1 shows the adsorption isotherms of Cp+ and eTA + on HAP from aqueous

solutions of Cf'C, CPB and CTAC at a constant mixing ratio of HAP to the solution
(solid/solution ratio). The adsorbed amount of CP + (Xcp+) increased to a maximum, and then
decreased slightly with an increase in the concentration of free Cp+ ([CP+Jr). This result is in
contrast to that with CTA + : the adsorbed amount of eTA + (XCT A +) increased monotonously
with an increase in the concentration of free eTA + ([CTA +]f). It was found that Xcp+

decreased with an increase in the solid/solution ratio (0, () and e) and that Xcp+ from the
CPC solution was smaller than that from the CPB solution (compare • and A).

Adsorption Isotherms of CI- and Br - on HAP
The full lines in Fig. 2 show the adsorption isotherms of Cl " and Br - on HAP from

aqueous solutions of Cf'C, CTAC and CPR. The adsorbed amounts of these ions (XC\ - and
XBr -) increased monotonously with their concentrations ([Cl-]r and [Br -]r). The dotted line
on open squares shows the adsorption isotherm of Cl" from an aqueous solution of KCl, an
indifferent salt towards the HAP surface.V' In this case, CI- was scarcely adsorbed on HAP.
The adsorbed amount of Br " from an aqueous solution of KBr is also plotted in this figure
(indicated by open triangles); adsorption of Br " was not detectable within the experimental
error of the present work. These results lead to the conclusion that Cl " and Br- are adsorbed
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Fig. I. Adsorption Isotherms of cr' and
eTA + from Aqueous Solutions of crc. CPB
and CTAC at a Constant Mixing Ratio of
HAP to the Solution

Surface active agent used: CPC (0. (). e), CPB
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Fig. 2. Adsorption Isotherms of CI- and Br "
from Aqueous Solutions of epe, CPB and
CTAC at a Constant Mixing Ratio of HAP to
the Solution

All the symbols and the experimental conditions are
the same as those in Fig. I. The adsorbed amounts of
Cl" and Br - from aqueous solutions of KCf and
KBr are alsoindicated in this figure by the symbols 0
and 6 (solid/solution ratio « 40 gfl).
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Fig. 3. Relationship between the Equilibrium Concentration of the Surface Active
Ion and That of Calcium Ion Released from the Surface of HAP

All the symbols and the experimental conditions are the same as those in Fig. 1.
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not by direct interaction with the HAP surface but by counterion binding with the surface
active cation adsorbed on HAP.

Release of Calcium Ion from the Surface of HAP
It was found that Ca 2 + was released from the surface of HAP during the adsorption of

CP+ and eTA+ on HAP. The concentration of Ca2+ released, [Ca2+]r, is plotted against
[CP+]r or [eTA +]fin Fig. 3. It shows that [Ca2 +)f increases with [ep +Jf or [eTA+]r, and with
the surface area of HAP added, i.e., with the solid/solution ratio (see 0, () and e).

Release of Phosphate Ion and the Equilibrium pH of the Solution
The concentration of Pi released ([Pi]f) and the equilibrium pH of the solution ((pH)r) are
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plotted as a function of [CP+]f or [CTA +]f in Figs. 4A and B. It shows that both [Pi]r and
(pl-l), decrease to a minimum, and then increase with an increase in the concentration of the
surface active ion. The concentrations of CP+ and CTA + at which [Pi], has.a minimum value
are 0.58,0.34 and 0.91 mM for CPC, CPB and CTAC, respectively.

Optical Density of the HAP Suspension
It was found that the HAP powder sedimented rapidly and a clear interface between the

sediment phase and the liquid phase was observed when the surfactant concentration was low.
However, when the concentration became high enough, the suspension remained turbid even
though 24 h had passed, due to the powder that had not sedirnented. Figure 5 shows the
relationships between ODsso and [CP +]r or [CTA +]f. The curves increased sigmoidally in the
same manner as those shown in Figs. 1 to 3. Therefore, it is reasonable to consider that the
adsorption of the surface active ion is very closely related to the stability of the HAP
suspension.

Discussion

The curves shown in Fig. 4A reverse their slopes from negative to positive at some
concentration of surface active ions. This result suggests the existence of two distinct
releasing mechanisms for Pi below and above this concentration. The values of
-log(Ca2+)10(PO~ - )6(OH -)2, where ( ) means the activity of the ion in the parenthesis,
were obtained according to the method mentioned previously2.13.14) in the region of [CP+]r
and [CTA+]r below the break points. The numerical values obtained were 113.1-116.0,
113.3-114.8, and 113.3-114.9 for CPC, CPB and CTAC, respectively. These values are
within the range of the literature values of -log K."p for HAP (108-125).15) This result
suggests that the decrease of [Pi]r in the region of concentration of Cp+ or eTA -I- lower than
that at the break point was caused by the increase of [Ca2 +]f (Fig. 3) to maintain the solubility
product for HAP, .I\<;p, constant. On the other hand, in the region of higher concentration of
CP 1- or CTA +, [Pi], increased despite the increase in [Ca2 + ]r. As .I\"p for HAP should be kept
constant even in this region, it was concluded that the activity coefficient of POl- decreased
with an increase in [CP+]r or [eTA +]1' owing to the binding of Pi to the surface of micelles.
Accordingly, the concentration of the surface active cation at which [Pi]r has a minimum value
(0.58, 0.34 and 0.91 111M for Cf'C, CPB and CTAC, respectively) was identified as the critical
micelle concentration (erne) of the system.I --4) This effect of micelles is more pronounced for
Cf'C than for CPB (compare • with A.). This can be explained by the difference of the
binding affinity of Cl " and Br " to cationic micelles. That is, as Cl " is more weakly bound to
cationic micelles than Br-,16-19) Pi was exchanged more easily with CI- than with Br " at the
micelle surface. Marra reported that Cl " also has a lower affinity than Br - to cationic
monolayers.''"

Figure 6 shows the relationship between the adsorbed amount of the surface active cation
(Xcp+ or XCT A + ' quoted frOITI Fig. 1) and the increment of the released amount of Ca2+

( - L1 XCa 2+ ) due to the addition of the surfactant in the region below the erne. The latter values
were obtained from the data shown in Fig. 3, according to the following equation;

-LJXCa2 + =([Ca2+Jr in the presence of the surfactant

-[Ca2+]r in the absence of the surfactantj/

(weight of HAP added) (2)

Although Xc p + and [Ca2 +]f depended on the solid/solution ratio as shown in Figs. 1 and 3, all
the experimental points for CPC thus plotted are roughly on one curve irrespective of the
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Fig. 6. Relationship between the Adsorbed
Amount of the Surface Active Ion and the
Amount of Ca 2 + Released through the Ad
sorption of the Surface Active Ion in the
Region below the erne

All the symbols and the experimental conditions are
the same as those in Fig. I. The dotted line shows the
hypothetical relationship of - J XC.l+ /Xc p + and
-tJXC.l+/Xcr A+ = 1/2.

Fig. 7. Relationship between the Equilibrium
Concentration of the Surface Active Ion and
the Ratio of the Adsorbed Amount of the
Counterion to That of the Surface Active Ion

All the symbols and the experimental conditions are
the same as those in Fig. 1.

ratio. This result suggests that the increase of [Ca2 +][ with an increase in the concentration of
the surface active ion in this region was caused by the mechanism of ion-exchange between
Ca2+ on the surface of HAP and the surface active cation adsorbed on HAP. However, the
size of the surfactant polar group is larger than that of Ca2 + .21) The exchange, therefore, may
occur owing to electrostatic repulsion between the adsorbed cationic head group of the
surfactant and Ca2 + adjacent to the adsorption site. On the other hand, a part of CP + or
CTA + was adsorbed on HAP together with CI- or Br - as a counterion, as mentioned in
Results. The ratio of the adsorbed amount of Cl" to that of CP+ (XCI-/XCP+) is plotted
against [CP+]r in Fig. 7. The data for CPB (XBr-/XCP+) and CTAC (XCI-/XCTA+) are also
plotted in this figure as a function of [CP+Jf or [CTA +]f. It shows that the ratio increases with
the concentration of the surface active ion. Therefore, the decrease of the Pi release in the
region below the CIUC (Fig. 4) and the increase of the simultaneous binding of CI- or Br - as a
counteriorr to the surface active cation (Fig. 2) depress the accumulation of formal positive
charge on the HAP surface. These facts are responsible for the downward deviation of the
curves from the dotted line (which shows the relationship of -L1XCa2+/XCP+ and
-LlXCnH/XCTA+ = 1/2) in Fig. 6. The facts that the amount of Ca2+ expelled by CPB was
smaller than that by Cf'C, and that XBr-/XCP+ was larger than XCI-/XCP+ (compare. with.
in Figs. 6 and 7), show that Br" is more strongly bound to cr ' in the adsorbed phase than
Cl", in a similar manner to their binding to Cp+ micelles, as mentioned previously.

When the concentration of the surface active ion becomes higher than the cme, Pi is
captured by the cationic micelles as a counterion. Therefore, Ca2 + release still continues in
this region to compensate for the positive charge remaining on the surface of HAP through
the release of Pi. The decrease of Xcp+ in Fig. 1 may take part in this compensation in order to
maintain the electroneutrality of the surface phase.

Figure 8 shows the relationship between the increase of positive charge and that of
negative charge at the surface of HAP. The former values were obtained from the amounts of
CP+ or eTA + adsorption and Ca2 + release, and the latter ones from those of CI- or Br"
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Fig. 8. Relationship between the Increment of Positive Charge and That of
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The apparent valency of Pi on the surface of HAP for the calculation is taken to be 3 (A)
or 1.6 (B). All the symbols and the experimental conditions are the same as those in Fig. I.
The dotted line shows the condition of electroneutrality of the system at equilibrium.

adsorption and Pi release. When the valency of Pi on the surface of HAP was considered to be
3 (A), all the experimental points deviated downwards from the dotted line which indicates
electro neutrality with respect to adsorption and desorption of the ions. On the other hand,
when a value of 1.6was adopted for the valency of Pi (B), they were almost on the dotted line.
These results suggest that Pi on the surface of HAP is protonated and acts as an anion with a
valency of 1.6. This protonated phosphate may be more easily liberated from the surface of
HAP than PO~ - .22) Another constituent anion, i.e., OH -, should be released from HAP.
Therefore, the value of 1.6 is an apparent valency involving the contributions of H + bound to
released Pi and 0 H - released simultaneously.

Hanna and Saleeb reported that the zeta-potential of HAP powder is reversed from
negative to positive as the adsorbed amount of CP + or eTA + increased."! The contact angle
and the flotation recovery increased as the zeta-potential increased. Therefore, the increase of
OD850 shown in Fig. 5 can be attributed to the increase of positive charge at the surface of
HAP through the adsorption of surface active cations. This conclusion does not conflict with
the requirement for electroneutrality of the surface phase of HAP discussed above for the
following reason. That is, the obtained amounts of adsorption of Cl " and Br" after filtration
are the sum of these ions located at the Stern layer and at the diffuse layer. 23

) Consequently,
the potential at just outside of the HAP surface is positive and the electrostatic repulsion
between positive charges on the HAP powders make the suspension stable.

In conclusion, the amounts of Ca2 + and Pi released from the surface of HAP depended
on the equilibrium concentrations of cr ' and eTA +, on the adsorbed amounts of these
surface active ions, and on the species and affinity of the counterion for the surfactant.
Moreover, the requirement of electroneutrality of the surface phase of HAP and the
restriction of Ksp for HAP in the solution phase also affect the relationships among them.
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Metal chelate formation of N-pyridoxylidenehydrazine-N',N'-diacetic acid (1) and related
hydrazines in solution was studied by means of absorption spectroscopy. Compound 1 and N
pyridoxylidene-N'-methylhydrazine (2) in methanol formed Cu(lI) chelates of the same spectral
character, which indicated the chelation of the phenolate oxygen and the hydrazine nitrogen atoms
to eu(II). The compositions of the chelates were 1: 1 for 1 and I :2 for 2, indicating that 1 acts as a
tri- or tetradentate ligand. N-(3-Hydroxy-4-pyridylmethylene)hydrazine-N ',N'-diacetic acid
formed a Cu(II) chelate similar to that of 1 but N-pyridoxylidene-N',N'-dimethylhydrazine and N
pyridoxylidene-N',N'-diphenylhydrazine did not form chelates under similar conditions. Addition
of an equimolar or excess amount of Co(I1), Ni(II), Zn(II), Cd(Il} 'or La(III) salt to 1 in methanol
gave rise to absorption assignable to the chelate of 1, whereas 2 did not form metal chelates under
the same conditions. It was concluded that the iminodiacetic acid moiety of 1 coordinated to the
metal ions and enhanced the stability constant of the metal chelates.

Keywords--pyridoxal; hydrazine; hydrazone; methanol; iminodiacctic acid; N-pyridoxyl
idenehydrazine-N',N '-diacetic acid; N-pyridoxylidene-N'-methylhydrazine; metal chelate; Cu(II);
absorption spectrum

Preparation of N-pyridoxylidenehydrazine-N',N I -diacetic acid (1) and related com
pounds and evaluation of their 99mTc complexes as hepatobiliary imaging agents were
reported in the previous papers. I) Compound 1 is the hydrazone of hydrazine-N,N-diacetic
acid with pyridoxal (PL). Its molecular structure was designed on the basis of the following
considerations.

The 99mTc complexes of a number of chelating ligands have been used as radiophar
maceuticals for hepatobiliary scintigraphy. The ligands currently used are classified into two
groups of compounds. One group consists of derivatives of iminodiacetic acid (IDA), such as
N-(2,6-diethylphenylcarbamoylmethyl)iminodiacetic acid (E-HIDA). Its 99mTc chelate is one
of the most widely used hepatobiliary radiopharmaceuticals. The other group of the ligands
consists of the Schiff bases of PL with amino acids. Compound 1 has two sets of chelating
groups in the molecule, i.e. the IDA and PL Schiff base moieties, and was assumed to be a
good model compound for studies of hepatobiliary imaging as well as metal chelation.

The results of biodistribution and scintigraphic studies in experimental animals showed
that the 99mTc complexes of 1 and a related hydrazone, N-(3-hydroxy-4-pyridyl
methylene)hydrazine-N',N'-diacetic acid were good hepatobiliary tracers. The results also
showed that considerable radioactivity was present in the liver and kidneys. Conse
quently, these compounds are not as satisfactory as E-HIDA as ligands of hepatobiliary
radiopharmaceuticals. This was assumed to be due to the presence of polymeric forms of
99mTc. In an effort to avoid the polymerization of 99mTc and to improve the yield of the 99mTc
chelate, metal chelation by 1 and related ligands was studied.
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Since no stable nuclide of Tc exists, structural studies of Tc chelates by conventional
chemical methods are impossible. However, studies of the complexes of other metals such as
Cu(II) might improve our understanding of the Tc chelates. The present paper describes the
results of spectrophotometric studies of the metal chelates of 1 and related hydrazones.

Results

The spectroscopic properties of the chromophores of PL, its analogs, their Schiff bases,
metal chelates of the Schiff bases and other derivatives are sensitively dependent upon
structural factors. Extensive studies have been made on the assignments of the spectral bands
to specific species in solution and on the shift of the bands with changes in the structural
features of the species.1b

•
2

-
4

) Interpretation of the spectra of the metal chelates of the PL
hydrazones in the present study was assisted by the results of these studies.

The absorption spectra of methanolic and aqueous solutions of hydrazones and metal
ions were measured under various conditions. The hydrazones studied were 1, N
pyridoxylidene-N'-methylhydrazine (2), N-pyridoxylidene-N',N '-dimethylhydrazine (3) and
N-pyridoxylidene-N',N'-diphenylhydrazine (4), which are the hydrazones of PL with
hydrazine-N,N-diacetic acid, methylhydrazine, 1,I-dimethylhydrazine and 1,I-diphenylhy
drazine, respectively. N-(3-Hydroxy-4-pyridylmethylene)hydrazine-N',N'-diacetic acid (5)
was also studied; it is the hydrazone of hydrazine-N',N'-diacetic acid with 4-formyl-3
hydroxypyridine, a structural analog of PL. The structures of the hydrazines are shown in
Chart 1.

500o 200 300 400
Wavelength (nm)

Fig. 1. Absorption Spectra of N-Pyridoxylidenehydrazine-N',N'-diacetic Acid and
Cu(II) in Methanol

Concentration of 1: 6 x 10- 5 M.

Concentrations of Cu(II): -, 0; ----, J.5x lO-sM; ----, 3.0x lO-sM; ------.
6.0x lO-sM; --, 1.2x 1O-4 M.

Rl
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~
1\
CH

HOH'Cn
OH
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2: R1 =CH3 , R2=H
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Cutlf) Chelates
Figure 1 shows the spectra of solutions containing 6.0 x 10-·5 M 1 and various con

centrations of Cu(II) perchlorate. With increase of the concentration of Cufll), the absorption
of the band at 336 nrn decreased and the band at 389nm appeared. The band at 336nrn was
assigned as the nt-band

5 ) of the nonpolar neutral species of 1.1
b) The band at 389nm was quite

similar to the 7l:1-bands of the metal chelates of the aldimines formed from PL and amino
acids.2

-
4

) The band can be assigned to the Cu(II) chelate of 1, in which the phenolate oxygen
and the hydrazine nitrogen atoms are chelated. The involvement of the IDA moiety is not
clear from the spectra, since no significant effect on the spectra isexpected upon chelation. The
389-nm band disappeared instantly on addition of a solution oftetrasodium ethylenediamine
N,N,N ~,N ~-tetraacetate.

The formation of the chelate was complete in the presence of two equivalents of eu(II) to
the ligand. The method of continuous variation'" was applied for determining the composition
of the metal chelate. As shown in Fig. 2A, the results (monitored at 389 nm) indicated the
formation of the 1: 1 chelate.

The spectral study of ligand 2 and Cu(II) gave results similar to those in the case of 1. The
nt-bands assigned to the neutral species and Cu(II) chelate of 2 were at 299nm and 366nm,
respectively. The continuous variation method (with monitoring at 360 nm) indicated that the
composition of the chelate was 1: 2 (metal: ligand), as shown in Fig. 2B. Compounds 3 and 4
did not form Cu(II) chelates in measurable amounts under the conditions employed.

Spectra similar to those shown in Fig. 1 were observed in aqueous solutions of 1 and
Cu(II) at pH 9-10. The n1-band of the eu(II) chelate in aqueous solution appeared at
around 380nm, and was broader and weaker than in methanol. At the lower pH range, the
band was observable only in the presence of excess amounts of Cu(II). The results indicated
that the stability of the chelate was not as high as expected. The n1-band of the Cu(II) chelate
of2 was found at around 360nm in aqueous solution. The band was observed at pH 9-10 in
the presence of an excess amount of Cu(II) over 2, indicating that the stability of this chelate
was lower than that of 1.

No reliable values have been obtained yet for the stability constants of the Cu(II) chelates
of 1and 2 in aqueous solution by potentiometric measurements, because the values are so low.
Attempts to isolate the chelates were unsuccessful.

Compound 5 formed the Cu(II) chelate in a similar manner to 1 in both methanol and

0.3 0.5or------------..

0.0

A B

0.4

0.2
lU 0.3~

t:::
et:l

..0
~
0
U'l 0.2..0

< 0.1

0.1

. O.O.J.----+-.--I--+----+--i---O---l
1 0.8 0.6 0.4 0.2 0 1 0.8 0.6 0.4 0.2 0

Fig. 2. The Method of Continuous Variation for Determining the Cu(II) Chelates
of Hydrazines

The numbers on the abscissa indicate the ratio of the concentration of the hydrazine to
the total concentration of the hydrazine and the eu(II) salt, which was maintained at
6.0 x 10- 6 M. A. the absorbance of the chelate of 1 monitored at 389nm. B. the absorbance
of the chelate of 2 monitored at 360.nm.
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water. The 1tcband of the chelate was at 378nm in methanol and at around 370nm in water.

Chelates of Other Metals
Metal chelates of 1 with other divalent and trivalent metal ions were studied similarly.
Absorption spectra ascribed to the formation of Co(I1) and Ni(II) chelates were obtained

by addition of an equimolar amount of the metal perchlorate to 1 in methanol. On addition of
equimolar Zn(II) or Cdfll) perchlorate to I in methanol, spectra assignable to the acidic forms
of lIb) were observed. The spectra of the chelates were obtained after addition of excess metal
perchlorate and neutralization with alkali. They indicate the low stability of the Zn(H) and
Cdrll) chelates.

The 1r1-bands were found at 394, 410, 379 and 370 nm for the Co(II), Ni(II), Zn(II) and
Cdtll) chelates of 1, respectively. The composition of each of the four divalent metal chelates
was shown to be 1: 1 from the continuous variation study.

The La(III) chelate of 1 was formed in methanol under conditions similar to those used in
the case of Cd(II). The absorption of the chelate was at around 360 nm. The partial overlap of
the absorption with that of the ligand prevented us from obtaining reliable data on the
composition of the chelate. The formation of the Al(III) chelate was not detected under the
conditions used.

The formation of the metal chelates 'of 2 in methanol was examined by addition of 1-6
equivalents of Co(II), Ni(II), Zn(II), Cd(II), Al(III) and La(III) salts. No indication of the
formation of metal chelates was obtained from the spectral study.

Discussion

N-Pyrid<:>xylidenehydrazine-N',N'-diacetic acid (1) and N-pyridoxylidene-N'
methylhydrazine (2) formed eu(II) chelates of the same spectral character in methanol,
though the compositions of the chelates were 1: 1 and 1 :2, respectively. The considerable
spectral changes between the neutral species of the ligands and the metal chelates indicate that
the phenolate oxygen and the hydrazine nitrogen atoms chelate eu(II) ion. Since 2 is assumed
to act as a bidentate ligand, the formation of the 1 : 2 (metal: ligand) chelate is reasonable. The
chelation by the IDA moiety of 1 could not be determined, as chelation would not
significantly change the spectra. The formation of the I : 1chelate suggests that 1 acts as a tri
or tetradentate ligand. The stability constant of the eu(II) chelate of 1 was larger than that of
2 in aqueous solution. This represents further support for the assumption that the IDA moiety
coordinated Cu(II) in the 389-nm absorbing chelate.

The Co(Il) and Ni(II) chelates of 1 were formed in methanol, as was the Cu(II) chelate.
On the other hand, the formation of the Zo(I1), Cd (II) and La(III) chelates was recognized
only in the presence of a large excessof the metal salt. The possibility can not be excluded that
the metal ions were chelated only by the IDA moiety in dilute solutions. The fact that 2 did
not form chelates with these metal ions showed that the IDA moiety plays an important role
in the chelation of 1.

We conclude that the IDA moiety introduced into N-pyridoxylidenehydrazine coordi
nated metal ions and enhanced the stability of the metal chelates. However, the stability
constants of 1 with Cu(II) and other di- and trivalent metals were not as high as we had
expected. We assume that the 99mTc chelation of 1 was incomplete due to the low stability of
the chelate under the conditions used in 'the previous study, resulting in the formation of
polymeric forms of the radionuclide, which led to the accumulation of radioactivity in the
liver and kidneys.

Experimental

The hydrazones used in the study were prepared according to the method described previously. J) Other chemicals
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and solvents were of reagent grade and were obtained from commercial sources.
The absorption spectra were recorded at room temperature with a Shimadzu UV~240 spectrophotometer. All

spectral studies were carried out immediately after preparing sample solutions.
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Oxidation of cycloalkan[b]indoles (3) with iodine pentoxide (12°5 ) in 80% aqueous tetra
hydrofuran (THF) at room temperature regioselectively afforded 6-oxocyc1oalkan[b]indoles (4) in
various yields. The yield of this oxidation depends on the size of the ring fused with the indole
nucleus. The essential reaction species is 12° 5 , not HI03 , which might be generated by hydrolysis of
1205 in the aqueous reaction medium. Oxidation of l-hydroxytetrahydrocarbazole (5) under the
above conditions afforded spiro oxindoles 6 and 7 in 36 and 39% yields, respectively, accompanied
with only a trace of l-oxotetrahydrocarbazole (4a).

Keywords--indole oxidation; iodine pentoxide; cycloalkan[b]indole; 6-oxocycloalkan[b]
indole; 2-acylindole; l-hydroxytetrahydrocarbazole; spiro oxindole

It has been shown!' that 2,3-disubstituted indole derivatives react easily with various
oxidants. Most oxidizing agents act as electrophiles and initially attack the C-3 position of the
indole ring, leading to the formation of 2-acyl-2-6) or 3-acylindoles,7,8) and to the oxidative
cleavage of the C-2, C-3 double bond.?: to) We discov~red that iodine pentoxide (12° 5)' which
had not been utilized in organic syntheses .. oxidized the nine-membered amide (la) to provide
2-acylindole (2a) in good yield. This reaction was successfully applied to the total synthesis of
"strychnos" type indole alkaloids.P!

In the present paper, we wish to describe an application of the 12 0 5 oxidation to
cycloalkan[b]indoles (3) for a convenient and regioselective oxidation of the C-2 side chain of
indoles.

cr»
l

R

-? I I
~ N

H 0
2

b : R=CHBrC2Hs

Chart 1

Cycloalkan[b]indoles (3a-d) were treated with 1.2eq of 120 5 in 80% (vjv) aqueous
tetrahydrofuran (THF) at room temperature to provide 6-oxocycloalkan[b]indoles (4a-d).
The structures of the products were established by comparison of melting points and spectral
data with the reported values.2

, 12 , 13 ) In particular, the ultraviolet (UV) spectra'?' showed
characteristic absorptions at about 240 and 310nm due to n-+n* and n-+n*, transitions
respectively. It is interesting that the oxidation yield is strongly dependent on the size of the
ring fused with the indole nucleus. 14) In the cases of 3b15

) and 3d, the reactions quite smoothly
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TABLE 1. Oxidation of Cycloalkan[b]indoles (3) with 120s

4701

Oc:GH 2) .

H 3

Substrate

n=4 3a
11=5 3b
n=6 3c
n= 10 3d

Reaction time (h) Product Yield (%)

0.5 4a 53
2.0 4b 99
2.0 4c 14
2.0 4d 84

afforded products (4b and 4d)13) in 99 and 84% yields, respectively. In the oxidation of
tetrahydrocarbazole (3a),16) however, the starting material disappeared within 0.5 h and the
product (4a)12b) was obtained in 53% yield, while several unstable by-products were detected
by thin-layer chromatography (TLC). Oxidation of 3e2

) afforded the desired product (4e?) in
14% yield, accompanied with 6-(3-indolyl)hexanal as an unstable oil in 6.6% isolated yield.
The latter was characterized on the basis of the spectral data. The reason why the oxidation
yields of 3 vary widely may be differences in the ring strain of the intermediates (Chart 3).
For comparative studies of this reagent with other known oxidants, Ic was treated with
1205 (1.2eq) in 80% THF for 2h to afford 2e in 48% yield. This result might be compared
with the previous report of the oxidation of lc with Se02

6
) to give the same product in

26% yield. Oxidation of Ib under the same conditions also proceeded smoothly to give 2b in
87% yield. Other oxidants, for example, HsI06

5
) and Mn02 ,4 ) which oxidize cycloalkan[b]

indoles to 6-oxocycloalkan[bJindoles were not effective for lb and Ic, and the starting
materials were recovered.

To clarify the oxidation mechanism, the following experiments were carried out.
Oxidation of3b with 0.5 eq of1 205 for 3h gave (4b) in 83% yield, whereas with less than 0.5 eq
of the reagent, several spots were monitored on TLC together with those of 3b and 4b. On the
other hand, compound 3b when treated with l.Oeq of iodic acid (HI03 ) provided 4b in 81%
yield as a single product. However, it took 4 h to complete the reaction. Reaction of
compounds 3a and 3e with 1.2eq of HI03 provided none of the desired products, but the
starting materials were recovered. From these experiments, it is clear that 1205 is the essential
reaction species, and not HI03 which might be generated in the aqueous reaction medium.
Exceptionally, the most oxidizable substrate (3b) reacted with HI03 slowly to give 4b.

In order to determine whether 6-hydroxycycloalkan[b]indoles are intermediates of this
reaction or not, 1-hydroxytetrahydrocarbazole (5)17) was treated with 1.2 eq of 1205 under the
standard conditions. To our surprise, spiro oxindoles (6 and 7) were obtained in 36% and 39%
yields, respectively.l'" accompanied with only a trace amount of l-oxotetrahydrocarbazole
(4a). The structures of the spiro oxindoles (6 and 7) were determined by the following
chemical conversions. Compound 6, which crystallized as a single isomer, though its
stereochemistry was unknown, was oxidized with pyridinium chlorochromate (PCC) to give 8
in 80% yield. The infrared (IR) spectrum of 8 showed an absorption at 1755CIn - 1, which
indicates the presence of a five-membered ketone. The unstable hemiacetal (7) of a mixture of
the stereoisomers was oxidized with PCC to provide the lactone (9) in 67% yield.

From these experiments, 6-hydroxycyc1oalkan[bJindoles should not be intermediates.
Although the mechanism of the 1205 oxidation reaction has not yet been established, a
possible mechanism is shown. in Chart 3. Further mechanistic studies of the oxidation of
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I-hydroxytetrahydrocarbazole (5) to the spiro oxindoles (6 and 7) are in progress.
It may be concluded that 1205 effectively oxidizes the C-2 side chain of indoles under

aqueous conditions at room temperature to provide 2~acylindoles regioselectively. It is
advantageous that the reagent is a stable crystalline compound, commercially available, and
inexpensive.

Experimental

Melting points were determined on a Yamato M-P melting point apparatus and are uncorrected. IR spectra were
recorded on a lASCO A-302 spectrometer and UV spectra were measured on a Hitachi ESP-3T spectrophotometer.
Mass spectra (MS) were taken on a lEOL D-300 spectrometer. Proton nuclear magnetic resonance eH~NMR)
spectra were determined on a lEOL FX-IOOspectrometer, and chemical shifts (15) are given in parts per million (ppm)
downfield from tetramethylsilane as an internal standard. Coupling constants, J, are given in hertz (Hz); s, d. t, m,
and br indicate singlet, doublet, triplet, multiplet. and broad, respectively.

6,7,8,9,1O,11,12,13,14,15-Decahydro-5H--cycJododec[h]indoJe (3d~Freshly distilled phenylhydrazine (2.59 g,
24.0 mmol) was added to a solution of cyclododecanone (3.64 g. 20.0 mmol) in 20 ml of ethanol and the mixture was
allowed to stand at room temperature for 0.5 h. After evaporation of the solvent, the crude phenylhydrazone was
heated at reflux temperature in 100ml of 10% H2S04 for 1.5 h. The separated oil was extracted with CH2CI.z, then the
extract was dried and concentrated to give a brown solid, which was recrystallized from hexane to afford colorless
crystals (3.85 g, 75.5%); mp 97-99 -c. IR (Nujol): 3280 cm -1. Anal. Calcd for C1sHz5N: C, 84.65; H, 9.87; N, 5.48.
Found: C, 84.61; H, 9.93; N, 5.52.

General Procedure for tbe Iodine Pentoxide (12° 5) Oxidation of Cycloalkan[h]indoJes (3}--Iodine pentoxide
(400mg, 1.20mmol) was added to a solution of a cycloalkan[b]indole 3 (I.OOmmol) in 25ml of 80% (vjv) aqueous
THF. The mixture was stirred at room temperature, the solvent was evaporated off at room temperature and the
residue was extracted with ethyl acetate. The extract was successively washed with water, 5%-Na2S203 , saturated
NaHC03 and brine, and dried over Na2S04 • After evaporation of the solvent, the crude residue was purified by silica
gel column chromatography to obtain the corresponding 6-oxocycloalkan(b]indole (4).

1-0xo-l,2,3,4-tetrahydrocarbazole (4a)--mp 165-168 DC (from ethanol) pit. 12b
) 166-167 DC}. IR (Nujol):

3340, 1635cm-1.



No. 12 4703

6-0xo-6,7,8,9,1O~pentabydrocyclohept[b]indole (4b)--mp 147-148°C (from ethyl acetate-hexane) [Ht. 13
)

148 DC]. IR (Nujol): 3300, 1640cm-I .:
6-0x0-6,7,8,9,lO,1l~hexahydro-SH-cycJoct[b]indoJe (4c)--mp 183-184°C (from methanol) [lit.Z) 185°C). IR

(Nujol): 3300, 1630 em -1.

6-(3-Indolyl)hexanaJ-IR (CHCI3) : 3380,2729, 1719cm- 1. NMR (CCI4) £5: 0.8-2.9 (6H, m), 2.28 (2H, t, J=
7.0 Hz), 2.64 (2H, t, J=7.0Hz), 6.9-7.7 (5H, m), 8.63 (lH, br), 9.77 (1H, t, J=2Hz).

6-0xo-6,7,8,9,10,11,12,13,14,15-decahydro-SH-cyclododec[b]indole (4d)--mp 217-220 DC (from ethanol). IR
(Nujol): 3310, 1640cm- l • Anal. Calcd for C1sH23NO: C, 80.25; H, 8.61; N, 5.20. Found: C, 80.36; H, 8.67; N, 5.08.

3-Acetyl-7~oxo~1,2,3,4,S,6,7~g..octahydroazonino[S,4-b]indole (2c)--Yield 48%; mp 208-210 DC [lit.G) 209
210 DC]. IR (Nujol): 3250, '1625,1575, 1530cm-1. UV A~~Hnm: 314, ).~II~Hnm: 269. Anal. Calcd forC16HISNz02: C,
71.09; H, 6.71; N, 10.36. Found: C, 70.91; H, 6.64; N, 10.28.

3-(2~Bromobutyryl)-7-oxo-l,2,3,4,5,6,7,8-octahydroazonino[S,4-h]indole (2b)--Yield 87%; mp 203-204 ~'C

(from ether-hexane). IR (Nujol): 3320, 1630, 161Ocm- 1. UV A.~t?xH nm: 238, 314. Anal. Calcd for ClsH21BrN202: C,
57.30; H, 5.61; N. 7.43..Found: C, 57.46; H, 5.71; N, 7.48.

1205 Oxidation of I-Hydroxy-l,2,3,4,-tetrahydrocarbazole (S)--Iodine pentoxide (800mg, 2.40mmol) was
added to a solution ofS (374mg, 2.00mmol) in 50ml.of 80% aqueous THF and the mixture was stirred at room
temperature for 50 min. After general work up described above, the crude residue was purified by flash
chromatography (ethyl acetate: benzene = I: 1) to obtain 7 (171 mg, 39%) as an unstable solid and 6 (145mg, 36%);
mp 147-148°C (from ethyl acetate). IR (CRCI3) : 3340,1710, 1620cm-1• MS mjz: 203 (M+), 175, 146,128. UV
A.~t~Hnm: 253, 282; ).~\~Hnm: 228. NMR (CDCI 3 ) 0: 1.5-2.6 (6H, m), 4.4 (lB, m), 6.65-7.4 (4H, m), 8.24 (IH, br).
Anal. Calcd for C12H13N02: C, 70.91; H, 6.45; N, 6.89. Found: C, 70.61; H, 6.44; N, 7.02.

The Spiroketone (8)--A solution of 6 (35rng, 0.172 mmol) in 1rnl of CH zC12 was added dropwise to a
suspension ofPCC (185 mg, 0.86mmol) and Celite (1.0 g) in 4ml of dry CH2Cl2 and the reaction mixture was stirred
for 4 h. The mixture was diluted with 5 ml of ether and filtered through a short column packed with silica gel. After
concentration of the filtrate, the residue was purified by silica gel column chromatography (ethyl acetate: hexane =
2: 3) to give 8 (28 mg, 80%) as colorless crystals; mp 165-167 °C (from ethyl acetate). IR (CHCI3): 3450, 1775, 1710,
1620cm-1. MS mjz: 201 (M+), 146. NMR (CDCI3) 8: 2.00-2.86 (m, 6H), 6.82~7.36 (m, 4H), 7.80 (br, IH). Anal.
Calcd for C1zHllN02 : C, 71.62; H, 5.51; N, 6.96. Found: C, 71.71; H, 5.49; N, 6.98.

The Spirolactone (9)--The hemiacetal 7 (18 mg, 0.082 mmol) was treated with pee (106 mg, 0.49 mmol) and
Celite (1.2 g) in 4rnl of dry CH2Cl2 for 7 h. After work-up as described above, the crude residue was purified by silica
gel preparative TLC (ethyl acetate: hexane =1: 1) to give the lactone 9 (12mg; 67%); mp 134-135°C (from ethyl
acetate-hexane). IR (eHCI3): 3440, 1740, 1625cm- 1. MS mlz: 217 (M+), 189, 161, 146, 133. Anal. Calcd for
C12HllN 0 3: C, 66.35~ H, 5.10; N, 6.45. Found: C, 66.19; H, 5.11; N, 6.46.
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Diels-Alder addition of N-phenylmaleimide (2) to 1,2,4-triazines (I) occurred across carbons 3
and 6 of the triazines to give I : 1 adducts. After losing nitrogen, they gave dihydropyridines, which
underwent a variety of further reactions. Pyridine derivatives (3) and bis-adducts (4) containing a 2
azabicyclo[2.2.2]oct-2-ene residue were obtained.

Keywords--l,2,4-triazine; Diels-AIder reaction; IH-pyrroIo[3,4-c]pyridine-I,3(2H)-dione;
N-phenylmaleimide; azapentacyclo[5.5.2.02 ,6 .08 •12]tetradec-13-ene

4705

Inverse electron demand Diels-Alder reactions of 1,2,4-triazines have been well docu-
mented by Neunhoeffer," and have been found to be useful synthetic routes to a va-
riety of complex heterocyclic systems." However, there are few reports on the reaction
of 1,2,4-triazines with electron-deficient dienophiles, Neunhoeffer et al/" have reported the
reaction of 1,2,4-triazines with dimethyl acetylenedicarboxylate (DMAD), an electron-

TABLE 1. Reaction of 1~2,4-Triazines (1) with N-Phenylmaleimide (2)

Ph
0

NRli:(' (>-PhN + I~,;

RfJ NAR~i 0 +bis-adducts

0 I{r,..., N It.

2 3 4

Compd.
Substituent Molar

Reaction Conditions
Yield (~/~)II)

Recovery eXIt)
ratio

No. R3 Rs Rb 2/1
temp. rC) 'time (h)

3 4
1

la SMe H H 1.8 140 120 38
Ib N(Me)2 H H 1.5 110 48 5 19 25
Ie OMe H H 1 140 72 8 2
Id SMe Me Me 1.6 140 72 30 13
Ie N(Me)2 Me Me 1.5 110 72 5 47 26
If OMe Me Me 1.7 140 48 2 54 30
Ig SMe Ph Ph I 140 72 12 88
Ih SMe Ph H I 140 72 23 30 17
u N(Meh Ph H 1.8 140 72 7 18 25
Ij COOEt H H 1.5 140 12 20 7 40
lk COOEt Ph Ph 1.9 ]40 54 41 40
11 H Me OMe 1.5 140 64 Trace
1m H Ph OMe 1.5 140 64 13 38
In N(Me)2 Ph Ph I 140 120 100

a) Isolation yields.
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TABLE II. 1H-Pyrrolo[3,4-c]pyridine-l ,3{2H)-diones (3)

Analysis (%)
Cornpd.

mp (DC) IR (KBr):
crn"! Formula

Calcd (Found)
No.

C H N S

3a 237-239 1770 C14HlON102S 62.21 3.73 10.36 11.86
1710 (62.30 3.86 10.41 11.88)

3D 179-180 1750 ClsH13N302 67.41 4.90 15.72
1710 (67.04 4.98 15.34 -)

3c 220-222 1770 C14HlON203 66.14 3.96 11.02
1725 (65.87 3.94 11.03 -)

3d 233-234 1760 C16H14N102S 64.41 4.73 9.39 10.75
1710 (64.31 4.81 9.39 10.43)

3e 167-169 1750 C1?H17 N30 2 69.14 5.80 14.23
1710 (68.71 5.89 13.99 -)

3f 289-241 1765 C16H14N203 68.08 5.00 9.92
1720 (68.09 5.14 9.89 -)

3g >290 1765 C26HlSN102S 73.91 4.29 6.63 7.59
1710 (73.56 4.43 6.38 7.33)

3h 228-229 1775 C2oH14N102S 69.35 4.07 8.09 9.26
(69.09 4.22 7.95 9.57)

3i 168-171 1755 C21H17N301 73.46 4.99 12.24
1710 (73.14 4.98 12.52 -)

3j 148-150 1780 C16H12N104 64.86 4.08 9.45
1730 (65.04 4.31 9.41 -)
1720

3k 202-204 1775 C28H1IN104 74.82 4.70 6.23
1740 (74.41 4.61 6.02 -)
1720

3m 178-182 l770 C2oH14N103 72.72 4.27 8.48
1720 (72.36 4.3i!l- 8.36 -)

Compd,
IH-NMR (CDC13) J=H:z

No.

3a 2.66 (3H, s), 7.43 (5H, brs), 7.47 (IH, d, J=5). 8.87 (l H, d, J=5)
3b 3.32 (6H, s), 7.05 (IH, d, J=5). 7.40 (5H, brs), 8.55 (lH, d, J=5)
3c 4.18 (3H, s), 7.42 (l H, d, J=5), 7.43 (5H, brs), 8.65 (IH, d, J=5)
3d 2.66 (3H, s), 3.65 (6H. s), 7.40 (5H, brs)
3e 2.50 (3H, s), 2.53 (3H, s), 3.25 (6H, s), 7.48 (5H, brs)
3f 2.57 (6H, s), 4.10 (3H. s), 7.39 (5H, brs)
3g 2.72 (3H, s), 7.2-7.5 (ISH, m)
3b 2.79 (3H, s), 7.4-7.65 (8H, m), 7.92 (lH, s), 8.0-8.3 (2H, m)
3i 3.43 (6H, s), 7.3-7.6 (8H, m), 7.6 (tH. s), 8.0-8.25 (2H. rn)
3j 1.48 (3H, r, J=7.5), 4.60 (2H, g, J=7.5), 7.4-7.7 (5H, m),

8.10 (1H, d, J =5), 9.22 (lH, d. J=5)
3k 1.49 (3H, t, J=7.5), 4.63 (2H, g, J=7.5), 7.2-7.65 (ISH, m)
31 2.65 (3H, s), 4.32 (3H. s), 7.43 (5H, br s), 8.70 (IH, s)
3m 4.20 (3H, s), 7.4-7.7 (8H, rn), 7.8-8.2 (2H, m), 9.04 (IB, s)

deficient acetylenic dienophile, to obtain pyrimidine or pyridine derivatives through the
Diels-Alder cycloaddition reaction only in the case of 1,2,4-triazines which have two or three
dialkylamino substituents. The addition reaction of 1,2,4-triazines with electron-deficient
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TABLE III. Physicochemical Data for the Bis-adducts (4)

4707

Analysis (~~)

Compd.
mp (OC)

IR(KBr): IH-NMR
Formula

Caled (Found)
No. em-I (CD,C13) J = Hz

C H N S

4b 190-192 1775 2.86 (6H, s), 3.08 (2H, dd, J=3, 9), C2sH2ZN404 mjz 443 (M+ Il)
1720 3.45 (2H, d, J = 9), 3.90 (l H, m),

7.0-7.5 (lOH, m), 8.25 (lH, d, J=
3.5)

4c 270-275 1775 3.61 (2H, dd, J=9, 3), 3.67 (3H, s), C24H19N30S m]z Calcd for M + 429.133
1720 3.87 (2H, d, J=9), 4.07 (IH, m), (Found: 429.l31)b>

6.9-7.7 (lOH, m), 8.40 (IH, d, J=
3.5) (DMSO-d6 )

4e 165-207 1770 2.04 (3H, s), 2.10 (3H, s), 2.85 (2H, C27H26N404 mjz Cared for M+ 470.195
(dec.) r720 d, J =9), 2.87 (6H, s), 3.47 (2H, d, (Found: 470.189)/1)

J=9), 7.0-7.5 (IOH, m)
4f 284-286 1775 2.00 (3H, s), 2.07 (3H, s), 2.86 (2H, C26H23N30S 68.26 5.07 9.18

1720 d, J =8.5), 3.47 (2H. d, J =8.5), (68.20 5.11 9.08 -)
3.79 (3H, s), 7.0-7.5 (IOH, m)

4h >290 1775 2.57 (3H, s), 3.48 (4H, m), 4.80 uu. C30H2.3N304S 69.08 4.44 8.06 6.15
1720 t, J=3), 6.9-7.1 (3H. m), 7.3-7.6 (68.92 4.55 8.04 6.51)

(IOH. rn), 7.9-8.0 (2H. m)
4i 170-175 1770 3.02 (6H. s), 3.43 (2H, dd, J=3. 9), C31H26N404 mjz 519 (M+ 1)/1)

1715 3.73 (2H. d. J=9), 4.76 (IH, t, J=
3),6.8-7.1 (3H. rn), 7.3-7.7 (lOH,
m), 7.9-8.1 (2H, m)

4j >290 1775 1.46 (3H, r, J =7.5), 3.40 (2H. dd, CZ6H21N3°e. 66.24 4.49 8.91
1750 j=3, 9), 3.88 (2H. d. J=9), 4.19 (66.04 4.46 9.16 -)

(11-1, dd, J=3, 4),4.57 (2H, q, J=
7.5).7.1·-7.6 (IOH, m), 8.56 (11-1,
d, J=4)

(1) Fast atom bombardment mass spectrum. b) High-resolution mass spectrum.

H Me

4f

Chart 1

olefins has not yet been reported. Here we wish to report the reaction of 1,2A-triazines with.N
phenylmaleimide, an electron-deficient olefinic dienophile.

Treatment of triazines (la-m) with equimolar to two-fold molar excess of N
phenylmaleimide gave IH-pyrrolo[3,4-c]pyridine-l,3(2H)-diones (3a-m) and the bis-adducts
(4b, c, e, f, h-j). In the case of 3-dimethylamino-5,6-diphenyl-I,2,4-triazine (In) no adduct
was obtained, and the starting material was recovered quantitatively. These results are
summarized in Table I.

The structure of the products were confirmed by their elemental analysis and spectral
data. The infrared (IR) spectra of 3 and 4 showed characteristic absorptions between 1700-
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4

Chart 2

1780em -1 attributable to carbonyl groups. The proton nuclear magnetic resonance eH
NMR) spectra of all the products also showed signals consistent with the assigned structures.
For example, that of 3a showed signals of the pyridine ring protons at 57.47 (d, J = 5 Hz) and
8.87 (d, J=5Hz), methyl protons at £52.66 and phenyl protons at 57.43. The IH-NMR
spectrum of 4b showed signals of methyl protons at f> 2.86 (6H, s), azabicyclooctene residue
protons at b3.08 (2H, dd, J =3, 9 Hz), 3.45 (2H, d, J = 9 Hz), 3.90 (1H, dd, J = 3, 3.5 Hz) and
8.25 (lH, ct, J=3.5 Hz), and phenyl protons at 07.0-7.5 (IOH, m).

The coupling constant (3 Hz) between the bridgehead proton and the vicinal proton
suggests that their configuration is cis. The 13C-NMR spectrum of 4f showed signals at D16.0,
22.5,42.8,43.6,46.6,51.6,91.7,126.8,128.5,128.9, 131.9, 171.8, 174.1 and 174.5 (ppm).
These signals were assigned by the use of off-resonance and/or complete decoupling
techniques. The 1H- and 13C-NMR patterns, in addition to the coupling constants, indicate
that 4b and 41 have the symmetrical structures shown in Chart 1. Other bis-adducts probably
have similar structures.

.It appeared that 4e was converted to 3e on reflux in xylene. Possibly the conversion
proceeded via retro Diels-Alder reaction, although we did not test for the formation of N
phenylmaleimide. We had anticipated this conversion because 4e melted over a wide range. In
the case of 4£, the conversion did not occur under the same conditions.

On the basis of these results, the reaction process may be as shown in Chart 2. The
addition occurs across carbons 3 and 6 of the triazine to give 5 as an intermediate. After loss
of nitrogen, the dihydropyridine 6 may be formed, and endo addition of N-phenylmaleitnide
(2) occurs to give the bis-adduct (4). On the other hand, the pyridine derivative (3) is provided
by oxidation of 6, and possibly also through 4. It seems that the stability of 1,2,4-triazines and
the steric constraints are important in the formation of these products, in addition with the
electronic effect of the substituents. It is unexpected that addition products were obtained in
the cases of Ij and Ik, but not in the case of In. Neunhoeffer et al. reported no cycloaddition
product in the case of le and DMAD.4

a)

In summary, we found that a number of 1,2,4-triazines afforded cyc1oaddition products
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with N-phenylmaleimide. These are the first examples of Diels-Alder reaction of an electron
deficient olefin with 1,2,4-triazines. Further extensions of the cycloaddition of electron
deficient olefins with a variety of azines are under investigation.

Experimental

Melting points are uncorrected. IR spectra were recorded on a Hitachi model 260 spectrophotometer. NMR
spectra were obtained on a JEOL model JNM-PMX 60 or a Hitachi R-20B at 60MHz, or a Varian XL-200
spectrometer at 200 MHz. Chemical shifts are reported in b (ppm) relative to tetramethylsilane as an internal
standard. The following abbreviations are used: s=singlet, d=doublet, t=triplet, q e quartet, br e broad, and
dd=double doublet. Mass spectra (MS) were recorded on a lEOL JMS-D300 or JEOL JMS-HXlOO mass
spectrometer. Column chromatography was performed on silica gel (Merck Kieselgel 60, 70-230 mesh).

Preparation of 1,2,4-Triazines(1)-3-Methylthio-, 3-dimethylamino-, and 3-methoxy-I,2,4-triazines (la-i, n)
were prepared from thiosemicarbazide (7), and 3-carboethoxy-l,2,4-triazines (lj-k) were prepared from ethyl
thiooxalate (8) by a modification of the literature method." 6-Methoxy-I,2,4-triazines (11, 1m) were prepared
following the procedure described later.vThe structures of the products were confirmed largely on the basis of their
1H-NMR data.

4,S-Dihydro-S-methyl-l,2,4-triazin-6(IH}-one (lOa)--A solution of 5.0 g of hydrazine hydrate in 50ml of
ethanol was added dropwise to a solution of 14.5g of N-formylalanine ethylester (9a) in 150ml of ethanol. The
mixture was stirred for 3d at room temperature to afford 3.66g of precipitate, which was filtered off, and the filtrate
was evaporated to give a further 2.8 g. The combined precipitate was heated at 140°C for 7 h, and the residue was
recrystallized from methanol-chloroform to give2.5g of lOa (28.6%), mp 136-139 DC. 1H-NMR (DMSO-d6) s.1.23
(3H, d, J=7Hz), 3.88 (lH, q, J=7Hz), 6.82 (IH, d, J=4.5Hz), 7.00 (IH, br s), 10.0 (IH, br s).

4,5-Dihydro-5-phenyl-l,2,4-triazin-6(lH)-one (lOb)--N-Formylphenylalanine ethylester (9b) (2.1g) and P2SS
(0.5g) were refluxed in toluene for I h. After decantation, 0.5 g ofhydrazine hydrate in 5ml of ethanol was added and
the whole was refluxed for a further 2 h. After standing overnight, the solution wasevaporated to dryness. The residue
was recrystallized from CHCl3 to afford 0.9 g of lOb(51%). IH-NMR (DMSO-d6) 0: 4.95 (lH, d, J=2Hz), 7.05 (lH,
d, J= 5 Hz), 7.39 (5H, s), 7.60 (IH, br), 10.3 (IH, br).

S-Methyl-l,2,4-triazin-6(lH)-one (lla)--NaOAc (lOg) was added to a solution of 11.3g of lOa in CHCl3

(200ml) and methanol (200ml). Then 12g of'Br, was added dropwise at - 5DC. After being neutralized by addition of
Na2C03 solution, the reaction mixture was extracted with CHCI3 • The organic layer was dried with Na2S04 and
evaporated to dryness, and the residue was purified by silica gelchromatography to give 5.8 g of lla, mp 98-100 C1C.
IR (KBr): 1670cm-1. IH-NMR (CDCI3 ) s.2.60 (3H, s), 8.26 (IH, s), 11.5-12.5 (lH). MS mjz: III (M+). (118 easily
dimerized upon heating.)

5-Phenyl-l,2,4-triazin..6(lH)-one (llb)-Compound lOb (1.75g) was treated in a manner simiiar to that
described above to give us, mp 166-169°C. Anal. Calcd for CgH7N30: C, 62.42; H, 4.07; N, 24.27. Found: C,
62.06; H, 4.25; N, 24.09. IR (KBr): 1650cm- 1• lH-NMR (CDCI3 ) D: 7.5-7.8 (3H, m), 8.45 (lH, s), 8.6-8.85 (2H,
m), 12.1-12.6 (lH).

6-Methoxy-5-methyl-l,2,4-triazine (lI)--Compound lla (2.5g) was treated with CH2N2 in ether. After
standing for 3 h at room temperature, the reaction mixture was concentrated. Separation of the residue by silica gel
column chromatography gave a mixture (1 :5) of 11 and the N-methylated compound (12) (1.5g). Recrystallization
from hexane yielded 0.9 g of 12, mp 49-50 DC. 1H-NMR (CDC13 ) e5: 2.56 (3H, s), 3.78 (3H, s), 8.12 (lH. s). (12 gave
no reaction product with 2.) The filtrate was evaporated to give a 1: 1 mixture of 11 and 12. This mixture was used for
the addition reaction with 2. 11; 1H-NMR (CDCI3) b: 2.53 (3H, s), 4.21 (3H, s), 9.17 (l H, s).

6-Methoxy-5-phenyl~I~2,4-triazinc (lrn)--A mixture of 1.0g of lIb and 1ml of POCl3 was refluxedfor 15min.
The reaction mixture was concentrated in vacuo, and Na (260mg) in 50mi of methanol was added to the residue.
After being refluxed for 5min. the reaction mixture was evaporated to dryness and the residue was extracted with
CHC13. The extract was dried over Na2S04 . Removal of the solvent by evaporation left the residue, which was
chromatographed on silica gel to afford 1m (0.85g, 78%), mp 42-46°C.1H~NMR (CDCI3) e5: 4.32 (3H, s), 7.4-7.7
(3H, m), 8.2-8.5 (2H, m), 9.43 (lH, s).

Dimerization of 11a71- - 11a was heated at 100DC on an oil bath. The solid residue showed a different character
from that of 11a, indicating that the compound was the dimer of lla. The data are shown below: MS tn/z:222 (M+),
IH-NMR (CDCI3)~: 1.40 (3H, s), 3.07 (2H, d, J=3Hz), 6.76 (lH, d, J=4Hz), 7.05 (IH, d, J=4Hz, disappeared
with D20 addition), 8.25 (IH, s),,10.2 (lH, s, disappeared with D20 addition), 11.5-12.5 (lH, br).

Preparation of 3e from 4e--Compound 4e (200mg) was refluxed in xylene (30ml) for 21h, then the reaction
mixture was concentrated in vacuo, and the residue was chromatographed on a silicagel column. Elution with CHCI3

gave 3e (50mg, 40%).
Reaction of 1,2,4-Triazines (I) with N-Phenylmalcimide (2) (General Procedure)--A mixture of 400mg of the

1,2,4-triazine 1a and LOg of N-phenylmaleimide (2) was refluxed in 60ml of xylenefor 120h. The reaction mixture
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was chromatographed on a silica gel column with chloroform-methanol to give 320mg of 3a. The starting material
was seen on a thin layer chromatogram of the reaction mixture, but could not be separated in this case.

Similarly, each of Ib-n was refluxed for a specified period with 2 in an appropriate solvent (benzene, toluene,
xylene). The reaction mixture was treated according to the above procedure. A part of 4h and 4j appeared as a
precipitate in the reaction mixture, and was filtered off before proceeding as noted above. These results are
summarized in Table I. The data for 3 and 4 are given in Tables II and III.

Acknowledgements The authors wish to express their thanks to Prof. F. Yoneda, Faculty of Pharmaceutical
Sciences of Kyoto University, for his encouragement. Thanks are also due to the members of the analytical section for
elemental analysis and spectral measurements.

References and Notes

I) A part of this work was presented at The 10ist Annual Meeting of the Pharmaceutical Society of Japan,
Kumamoto, April 1981. .

2) H. Neunhoeffer and P. F. Wiley, "Chemistry of 1,2,3-Triazines, Tetrazines and Pentazines," Vol. 33 in the series
"The Chemistry of Heterocyclic Compounds," ed. by A. Weissberger and E. C. Taylor, Wiley-Interscience, New
York, 1978, pp. 189-1072.

3) See, among others: a) D. L. Boger. J. S. Panek, and M. M. Meier, J. Org. Chem., 47,895 (1982); b) E. C. Tailor
and J. E. Macor, Tetrahedron Lett.• 26, 2419 (1985); c) D. L. Boger, S. R. Duff, J. S. Panek. and M. Yasuda. J.
Org. Chem., 50, 5782 (1985); d) 1. Maggiora and M. P. Mertes. ibid., 51, 950 (1986).

4) a) H. Neunhoeffer and B. Lehmann, Justus Liebigs Ann. Chem., 1977, 1413; b) H. Neunhoeffer, B. Lehmann,
and E. Ewald, ioid., 1977, 1421, 1718.

5) a) P. Schmidt and J. Druey, Helv. Chim. Acta, 38, 1560 (1955); b) W. W. Paudler and J. H. Barton, J. Org.
Chem., 31, 1720 (l966)~ c) H. Neunhoeffer, H. Hennig, H.-W. Friihauf, and M. Mutterrer, Tetrahedron Leu.,
1969, 3147; d) W. W. Paudler and T.-K. Chen, J. Heterocycl. Chem., 7, 767 (1970); e) H. Neunhoeffer and B.
Lehmann, Chem. Ber., 109, JIl3 (197ti).

6) a) K. L. Leschinsky and J. P. Chupp, J. Heterocycl. Chern., 17, 1621 (1980); b) E. C. Tailor and J. E. Macor,
Tetrahedron Lett., 26, 2415 (1985).

7) a) 1. Adams and R. G. Shepherd, Tetrahedron Lett., 1968, 2747; b) D. K. Krass. T.-K. Chen, and W. W.
Paudler, J. Heterocycl. Chem., 10. 343 (1973).



No. 12

[
C hem. Pharrn. BUll.]
35(12)4711-4716(1987)

Reaction of Cyclic Phosphites with Haloacetones

IWAO MORITA,* MASAMI TSUDA, MASAHIRO KISE,

and MAKOTO SUGIYAMA

Research Laboratories, Nippon Shinyaku CD., Ltd.. Ntshiohji-hachijo,
Mimami-ku, Kyoto 601, Japan

(Received May 12, 1987)

Treatment of various cyclic phosphites (I), e.g., 2-methoxy-l.3,2~dioxaphosphorinane (la), 2
methoxy-S,S-dimethyl-l,3,2-dioxaphosphorinane (lb) and 2-methoxy-l,3,2~dioxaphosphorane

(Ic), with haloacetones (2) gave cyclic Arbuzov products (3), cyclic Perkow products (4), cyclic
methylphosphonates (5), and acyclic products (6-8). Compound la gave aU of the products (3a.
4a, Sa, 6ag, 7ag, Sag). However, cyclic phosphites with substituents in the ring (Ib, Id) gave only the
cyclic products (3--5). The five-membered ring phosphite (Ic) yielded only the acyclic products
(6cg, 7eg). Treatment of la with chloroacetone gave only the Perkow products (48. 7ah). Cyclic
phosphite (If) with a 2-benzyloxy substituent afforded simply the cyclic products (3a, 4a, 9). A
mechanistic interpretation of these reactions is presented.

Keywords--cyclic phosphite; haloacetone; cyclic acetonylphosphonate; cyclic enol phos
phate; Arbuzov reaction; Perkow reaction

4711

In organophosphorus chemistry, it is well known that trialkyl phosphites react with ex
halocarbonyl compounds to give enol phosphates (the Perkow reaction!') and/or 2-oxoalkyl
phosphonates (the Arbuzov reaction"). Both reactions depend on the nature of the
compounds and the conditions employed. The 2-oxoalkylphosphonates obtained by means of
the Arbuzov reaction can serve as useful synthetic intermediates for the synthesis of ex,{3
unsaturated ketones." However, cyclic phosphites have not been reported to react with ex
halocarbonyl compounds. We previously reportedf" syntheses of cyclic acetonylphos
phonates which were key intermediates of 1,4-dihydropyridine-5-cyclic phosphonates with
calcium antagonistic activity. We now describe the reaction of cyclic phosphites with ex
haloacetones.

O~ CH3COCH2X 2 ~/O'. 9/0Me
MeO-< Y • R... Y + R-P,

0/ '0../ O-y-x
1 3-5 6-8

Y X R R
la: -CH2CH2CH2- 2g: Br 3: CH 3COCH2- 6: CH3COCH2-

Me 2h: Cl Me Me
I 2i: I I I

Ib : -eH2CCH2- 4: CH2=C-O- 7: CH2=C-O--
( 5: Me 8: MeMe

Ic : -CH2CH2-

MeMe
I I

Id: -C-e-
I I

Me Me

Ie : -CH2CH=CHCHc

Chart 1
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In the usual Arbuzov reaction, haloacetones are added to trialkyl phosphites heated to
80-120 "C. The reaction of the cyclic phosphite (Ia) with bromoacetone was carried out
under the same conditions (method A) to afford the cyclic methylphosphonate (Sa), the
acyclic products (6ag, 7ag, Sag), which are not obtained from trialkyl phosphites, plus the
acetonylphosphonate (3a) (an Arbuzov product) and the enol phosphate (4a) (a Perkow
reaction product).

The cyclic phosphite (lb), with two methyl groups at the 5-position, yielded the cyclic
methylphosphonate (5b), and other normal products but no acyclic products. In the reactions
of cyclicphosphites with alkyl halides, the cyclic phosphites were less reacti ve than the acyclic
phosphites/" The above results, however, suggest that the cyclic phosphites (1) are more
reactive than the trialkyl phosphites, because 1 formed 5 and 8. Therefore, to avoid the
formation of 5, the reaction was carried out at room temperature or below with a mixture of 1
and bromoacetone, in which an exothermic reaction occurred (method B). In method B, the
yields of the acetonylphosphonates (3) and the enol phosphates (4) were increased about 1.2
and 1.6-1.7 times, respectively, but that of the methylphosphonates (5) was decreased to one
third. The yield. of acyclic products was unaffected. In the same manner as in- method B, the
reaction of various cyclic phosphites (1a-1) with haloacetones (2g-i) was carried out. These
results are summarized in Table I.

The reaction of 2-methoxy-I,3,2-dioxaphosphorane (Ic) (five-membered ring) with
bromoacetone afforded only the acyclic products (6cg, 7cg); the cyclic acetonylphosphonate
(3c) was not obtained, presumably because of the instability of its ring. However, 4,4,5,5
tetramethyl-I,3,2-dioxaphosphorane (Id) afforded the cyclic acetonylphosphonate (3d) in
53% yield, and no acyclic products were obtained. The phosphite (te) (seven-membered ring)
gave mainly the acyclic products (6eg, 7eg), with acetonylphosphonate (3e) as a minor
product (10%).

On the other hand, the reaction of la with chloroacetone by method B gave mainly the
enol phosphate (4a) in 70% yield; the acetonylphosphonate (3a) was scarcely detected. In the
reaction with iodoacetone, la yielded the same products as with bromoacetone, but in
different ratios; that is, the yield of Arbuzov products was 50% more and that of the Perkow
products was -29% (compared to method B) less than with bromoacetone.

When 2-benzyloxy-I,3,2-dioxaphosphorinane (If) was used instead of la, although

TABLE I. Products of the Reaction of Cyclic Phosphites with Haloacetones

Phosphite Halo~etone Method"!
Product

Run
1

3 4 5 6 7 8 9

1 la Br A 27 24 25 11 3 8
2 la Br B 33 38 8 II 3 3
3 Ib Br A 45 20 22
4 Ib Br B 55 35 7
5 Ie Br B 42 18
6 ld Br B 53 22 Trace
7 Ie Br B 10 17 3
8 Ia Cl B 70 8
9 Ia I B 51 9 15 8

to If Br B 37 41 12

a) See Experimental.
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Chart 3

acyclic products were scarcely detected, the formation of 3a was slightly increased because of
the increase of the benzylphosphonate (9) and the decrease of the total yield.

Several mechanisms which would account for concomitant Arbuzov and Perkow
reactions have been reported from a number of laboratories." -9) The mechanism of the
Perkow reaction is especially complex, with more than one mechanism often being involved.
Among the proposed mechanisms, we are interested in that suggested by Borowitz et al.,S)
which involves the initial attack of a phosphite on the carbonyl carbon followed by the
formation of a three-membered-ring intermediate compound, and in that of Gillespie et al.,9)
which involves a penta-coordinate phosphepane intermediate. The reaction mechanism of the
cyclic phosphites (I) with haloacetones may be represented by a modification of Borowitz's
mechanism (Chart 3). The phosphonium salt (10) and/or the adduct (11) is first formed, then
10 gives the cyclic acetonylphosphonate (3) through path a and the acyclic product (6)
through path b, and the phosphonium adduct (11) gives the enol phosphate (4) and the acyclic
enol phosphate (7) via a quasi-three-membered-ring transition state (12).

The methylphosphonates (5, 8) were supposed to be formed from the phosphonium salt
(13), which in general could be obtained from the reaction of 1 with methyl halides. However,
Ia was recovered unchanged when a mixture of la and excess methyl bromide was heated for
a long time at atmospheric pressure. No formation of 5 or 8 was observed. This result suggests
that 13 was not formed by the reaction with methyl bromide, but was formed by reaction with
some other methylation agent, such as the intermediate (10 or 12).

In the reaction of la, all the products in Chart 3 are formed. In the reaction of 1b, the
absence of the acyclic products (6, 7, 8) suggests that Br " in the intermediates (10,12, 13) does
not attack a carbon atom in the ring because of steric hindrance by the substituent at the 5
position. The exclusive formation of the acyclic products (6cg, 7cg) in the reaction of Ic with
bromoacetone suggests that the reaction proceeds through paths band d because of the
instability of the five-membered ring. The reason why Id does not yield acyclic products is
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presumably the steric hindrance by the four methyl substituents. Compound Ie with the
seven-membered ring did not yield the enol phosphate (4e) during the reaction, suggesting
that the intermediates (11, 12) were not formed in considerable amounts in this case, although
a small amount of 7eg could be explained by the intermediary formation of 12. More
experiments are required to elucidate the mechanistic fearures of the reaction in detail.

The effect of the halo acetones differs with the halogen involved. Chloroacetone forms
only the carbonyl adduct (11) because of the polarization induced on the carbonyl group by
the electronegative CI atom to give the Perkow products. With iodoacetone, the greater
reactivity of 1- leads mainly to the formation of 10 rather than It; 5a is also increased
through 13, which is formed by the reaction of 1a with methyl iodide. It is known that the
cyclic phosphites react with methyl iodide at room temperature.P'

With a benzyloxy group substituted at the 2-position on the cyclic phosphite, the reaction
proceeds through paths a and c because the dealkylation is much easier in this case than in the
methyl derivative.

The effect of temperature on the Arbuzov and Perkow products was the same as in the
acyclic phosphite reactions."

Experimental

Melting points were determined with a Biichi melting point apparatus and are uncorrected. Infrared (IR) spectra
were measured on a Hitachi IR-215 spectrophotometer. Mass spectra (MS) were measured on a Hitachi RMU-6M
spectrometer (relative intensity %). Nuclear magnetic resonance (NMR) spectra were recorded on a Varian YX-200
spectrometer. Chemical shifts are given in fJ (ppm) with tetramethylsilane as an internal standard. The following
abbreviations are used: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad. Column chromatog
raphy was performed by flash chromatography on Merck silica gel (Kieselgel FZS4 60H).

Reaction of2--Methoxy-l,3,2-dioxaphosphorinane (la) withBromoacetone---Method A: Bromoacetone (5.48g,
0.04 mol) was added dropwise to the preheated (60 DC) phosphite la (5.44g, 0.04 mol) at a rate which kept the
temperature at 120DC without further heating, with stirring. The reaction mixture was stirred for 1hat 70-80 °C and
then cooled. The mixture was chromatographed on silica gel (hexane-AcOEt) to afford a mixture (3.39 g) of 3a (27%)
and Sa (25%), 4a (1.61 g, 24%), a mixture (1.78g) of6ag (11%) and 8ag (8%), and 7ag (0.53 g, 3%). The yields (%) of
mixture components were calculated from the NMR spectra (3a: CH2COCH3 and Sa: CH 3• 6ag: CH2COCH3 and
Sag: CH3 ) .

Method B: A mixture of bromoacetone (5.48g, 0.04mol) and la (5.44g, 0.04mol) was stirred at 10DC, causing
an exothermic reaction in which the temperature rose to 80°C. When the evolution of methyl bromide gas had almost
ceased, the mixture was kept at 60 DC for 1h. The reaction mixture was chromatographed on silica gel (hexane

2-Acetonyl-2·oxo-1 ,3,2-dioxaphosphorinane (3a)4): Distillation of the mixture of 3a and Sa obtained in method
(3%), and 7ag (0.50 g, 3%).

2-Acetonyl-l-oxo-1 ,3,2-dioxaphosphorinane (3a)4): Distillation of the mixture of 3a and Sa obtained in method
B gave 3a (2.3 g) as a second fraction [bp 158-160 DC (0.8 mmHg)].

2-0xo-2-(2-propenyloxy)-1 ,3,2-dioxaphosphorinane (4a): bp 131-134°C (0.3 mmHg), colorless oil. Anal. Calcd
for C6Hu04 P · Ij2HzO: C, 38.49; H, 6.46. Found: C, 38.66; H, 6.06. MS mlz (%): 178 (M+, 17), 139 (l00). IR
v~~cm-l: 1660, 1305, 1235, 1060,1030. NMR (CDCI3) D: 1.70-1.86 (IH, m, Cs-H), 2.01 (3H, S, CH 3) , 2.22-2.48
(lH, m, Cs-H), 4.35-4.60 (5H, m, 2 x OCH 2, =CH), 4.81 (lH, t, J= I Hz, =CH).

2-Methyl-2-oxo-l,3.2-dioxaphosphorinane (Sa): Distillation of the mixture of 3a and 5a obtained in method B
gave 3a (0.3g) as a first fraction [bp 118-122°C (0.8 mmHg)}. The oil obtained was crystallized from AcOEt, mp
98-99°C. Anal. Calcd for C4H903P: C, 35.30; H~ 6.67. Found: C, 35.14; H, 7.02. MS m]z (%): 136 (M+, 45), 80
(100). IR v~~ em -1: 1320, 1250, 1140, 1055. NMR (CDCI3) D: 1.58 (3H, d, J = 18Hz, PCH3 ) , 1.90-2.22 (2H, m,
CH2) , 4.12--4.32 (2H, m, OCH 2 ) , 4.45-4.66 (2H, m, OCH2 ) .

3-Bromopropyl Methyl AcetonyIphosphonate (6ag): Distillation of the mixture of 6ag and 8ag obtained in
method A gave 6ag (0.52 g) as a second fraction [bp 134--136 DC (0.5mmHg)). Anal. Calcd for C7H1404P: C, 30.79;
H, 5.17. Found: C, 30.50; H, 5.44. MS mlz (%): 272 (M+, 13), 193 (100). IR v~~cm-l: 1715, 1365,1260, 1040, 1015.
NMR (CDCl)) 0: 2.21 (2H, q, J=7Hz, CH2 ) , 2.34 (3H, s, COCH3 ) , 3.12 (2H, d, J=23 Hz, PCH2 ) , 3.50 (2H, t, J=
7Hz, CH2Br), 3.81 (3H, d, J=11 Hz, POCH 3 ) , 4.18--4.32 (2B, m, OCH~).

3-Bromopropyl Methyl Z-Propenyl Phosphate (7ag): bp 120-123 °C (0.5 mmHg). Anal. Calcd for C7H14Br04P:
C, 30.79; H, 5.17. Found: C, 29.38; H, 4.93. MS mjz (eX): 27J(M+, 0.9),113 (100). IR v~;~cm-l: 1660, 1280, 1250,
1030,980. NMR(CDCI3) 0: 1.97 (3H,s, CH3) , 2.23 (2H, q, J=6t!z, CH2 =), 3.52 (2H, t, J=6Hz, CH2Br), 3.84 (3H,
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d, J=dl Hz, OCH3), 4.25 {2H, rn, POCH2);4.54 (IH, s, =CH), 4.78 (IH, t, J= I Hz, =CH).
3-Bromopropyl Methyl Methylphosphonate (8ag): Sag was not purified by the above distillation; therefore it was

synthesized from la by reaction with methyl bromide. 13 (1.0 g) and methyl bromide (20 g) were heated in a sealed
tube for 3 h at 100°C. The reaction mixture was concentrated, and the residue was chromatographed on silica gel
(hexane-AcOEt) to afford Sag (O.19g, 11.2%), bp 113-115°C (2mmHg) as a colorless oil. Anal. Calcd for
CSHl,2Br03P: C, 25.99; H, 5.24. Found: c, 25.43; H, 5.15. MS mjz (%): 151 (M-80; -HBr, 52.5),111 (IOO). IR
v~~~cm-l: 1310, 1240, 1040, 1020. NMR (CDCI3) s. 1.50 (3H, d. J= 18Hz, PCH3 ) , 2.20 (2H, m, CH 2 ) , 3.51 (2H, t,
J=6Hz, CHzBr), 3.75 (3H, d, J= 12Hz, POCH3) , 4.11-4.25 (2H, rn, POCH2) .

Reaction of 2-Mcthoxy-5,5-dimethyl-l,3,2-dioxaphospborinane (lb) with Bromoacetone---Method A:
Bromoacetone (5.48g, 0.04mol) was added dropwise to preheated (700e) lb (6.56g, 0.04 mol) at a rate which kept
the temperature at 120 DC without further heating, with stirring. The reaction mixture was stirred for I hat 70-80°C
and then cooled. The mixture was chromatographed on silica gel (hexane-AcOEt) to afford a mixture (5.16 g) of 3b
and 5b (45% and 22%, respectively) and 4b (1.65 g, 20%).

Method B: A mixture of bromoacetone (5.48 g, 0.04 mol) and Ib (6.56 g, 0.04 mol) was stirred at 20°C, causing
an exothermic reaction in which the temperature rose to 120°C. Work-up as for method B la gave a mixture (4.96 g)
of 3b and 5b (55% and 7%, respectively) and 4b (2.32 g, 35%).

2-Acetonyl-5,5-dimethyl-2-oxo-1 ,3,2-dioxaphosphorinane (3b)4): Recrystallization of the above mixture (3b and
5b; in method B) from ether gave 3b, mp 91-92 DC.

5,5-Dimethyl-2-oxo-2-(2-propenyloxy)-1 ,3,2-dioxaphosphorinane (4b): mp 69-70 "C (recrystallization from
iso-PryCi-ether). Anal. Calcd for CsHls04P: C, 46.60; H, 7.33. Found: C, 46.25; H, 7.14. MS mjz (%): 206 (M +, 23),
99 (100). IR v~~~ cm"": 1660, 1395, 1225, 1060, 1045, 1010. NMR (CDC13) t5: 0.90 (3H, s, CH 3) , 1.30 (3-H, s, CH3 ) .

2.00 (3H,d, J= I Hz, =C-CH3 ) , 3.84-4.04 (2H, m, OCHz), 4.14 (2H. d, J== 10Hz, OCHz), 4.51-4.57 (IH, rn,
=CH), 4.79 (lH, t, J= I Hz, =CH).

2,5,5-Trimethyl-2-oxo-l,3,2-dioxaphosphorinane (5b): The above mother liquid was concentrated and the
residue was recrystallized.fro m benzene-ether, mp 120-121 "c.Anal. Calcdfor C6H1303P: C, 43.91; H. 7.98. Found:
C, 43.66; H, 7.93. MS mjz (%): 164 (M+, 2.3),56 (100). IR v~~~cm-l: 1475,1320,1255, 1050,1010. NMR (CDCI 3)

(j: 1.00 (3H, s, CH3) , 1.14 (3H, S, CH 3) , 1.58 (3H, d, J=20 Hz, PCH3) , 3.77 (2H, dd, J= 10, 15Hz, OCH2) , 4.22 (2H,
dd, J =8, 12Hz, OCH2 ) .

Reaction of 2-Methoxy-l,3,2-dioxaphospholane (Ic) with Bromoacetone-Method B: A mixture of bro
moacetone (5.48 g, 0.04 mol) and Ic (4.88 g, 0.04 mol) was stirred at room temperature. causing an exothermic
reaction. After 20 min, the reaction mixture was heated at 60-70 DC for I h, then chromatographed on silica gel
(hexane-AcOEt) to afford4c (1.15 g, 18%) and 6cg (4.34g, 42%) as an oil.

2-Bromoethyl Methyl Acetonylphosphonate (6cg): bp 135-140'T (l mmHg). Anal. Calcd for C6Hl 2Br04P·

1/2H20: C, 26.89; H, 4.89. Found: C, 26.80; H, 4.35. MS mjz (%): 259 (M+, 0.9). 137 (l00). IR v~:~cm-l:

1710,1255, NMR (CDCI3 ) 0: 2.34 (3H, s, eOCH3 ) , 3.15 (2H, d, J:;::23 Hz, peRz), 3.55 (2H, t, J=6Hz, CHzBr),
3.82 (3H, d, J= II Hz, POCH3) , 4.31-4.46 (2H, m, POCH;i).

2-Bromoethyl Methyl 2-Propenyl Phosphate (7cg): bp 116-120 lJC (I mmHg). An analytical sample was not
obtained. MS mjz (%): 259 (M +,3.3), 113 (100). IR v~~cm-l: 1660, 1280, 1230, 1030. NMR (CDCJ3 ) 0: 1.97 (3H, s,
=-·CH3) , 3.55 (2H, t, J=6 Hz. CH2Br), 3.84 (3H, d, J= 11 Hz, POCH3) , 4.29-4.44 (2H, m, POCH2 ) , 4.54(1H, br s,
::;:CH), 4.79 (tH, t, J= I Hz, =CH).

Reaction of 2-Methoxy-4,4,5,5-tetramcthyl..t,3,2-dioxaphospholane (ld) with Bromcacetoae-e-e-A mixture of
bromoacetone (4.11 g, 0.03 mol) and ld (5.34 g, 0.03 mol) was stirred at room temperature, causing an exothermic
reaction. After 30min, the reaction mixture was heated at 60 c,C for 30min, and the temperature then rose to 100"C.
When the evolution of methyl bromide gas had almost ceased, the mixture was kept at 60°C for 30 min. The reaction
mixture was chromatographed on silica gel (hexane-AcOEt) to afford 3d (3.52 g, 53%) and 4d (1.48 g, 22%) as oils.

2-Acetonyl-4,4,5,5-tetramethyl-2-oxo-I,3,2-dioxaphosphoIane (3dfl: bp 151-153°e (0.5mmHg), rnp 54
56 DC (from iso-PryO).

4,4,5,5-Tetramethyl-2-oxo-2-(2-propenyloxy)-1,3,2-dioxaphospholanc (4d): bp 116-119 °C (1 mmHg), an unst
able oil. Anal. Calcd for C9H1704P·l/2H20: C, 47.20; H, 7.92. Found: C, 47.23~ H, 7.52. MS mlz (~~): 220 (M+, 9.8),
43 (100). IR v~~~cm-l: 1660, 1295, 1145. NMR (CDCI3 ) b: 1.44 (6H, s, 2 x CH3) , 1,48 (6H. s, 2 x CH3 ) , 1.97 (3H, s,
=-CH3) , 4.52 (IH, br s, =CH), 4.76 (IH, t-like, =CH).

Reaction of 2-Methoxy-4,7-dihydro-l,3,2-dioxaphosphepin (Ie) with Bromoacetonc--A mixture of bro
moacetone (1.37 g, 0.0 I mol) and Ie (1.48 g, 0.01mol) was stirred at 10DC, causing an exothermic reaction. After
30 min the temperature rose to 100°C. The mixture was kept at 60°C for an additional 30 min. The reaction mixture
was chromatographed on silica gel (hexane-AcOEt) to afford 3e(0.37 g, 10%), 6eg (0.99 g, 17%) and 7eg (0.15 g, 3%)
as an oil.

2-Acetonyl-2-oxo-4,7-dihydro-l ,J,2-dioxaphosphepin (Jet): bp 150-153 "C (0.5 mmHg).
4-Bromo-2-butenyl Methyl Acetonylphosphonate (6eg): bp 158-162 "C (0.6mmHg); partial decomposition

occurred when 6eg was distilled, so no an analytical sample was obtained. MS mlz (%): 205 (65.2), 135 (100). IR
v~~~cm-l: 1710, 1350. NMR (CDCI3) b: 2.33 (3H, s, CH 3) . 31.2 (2H, d, J=22 Hz, PCH2) , 3.79 (3H, d, J= 11Hz,
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POCH3) , 4.01 (2H, d, J=8Hz, CH2Br). 4.68-4.78 (2H, m, OCH2 ) . 5.68-5.81 (IH, m, CH=), 5.90-6.07 (lH, m,
CH=).

4-Bromo-2-butenyl Methyl 2-Propenyl Phosphate (7eg): MS m]z (%): 205 (12.9), 99 (l00). IR v~:cm-l:

1650, 1280. NMR (CDCI3 ) b: 2.00 (3H, 5, CH3 ) , 3.83 (3H, d, J= 10Hz, OCH3) , 4.50-4.88 (6H, rn,
2 xCH2 + =CH2 ) , 5.79 (2H, t, J= 1.5 Hz, CH=CH).

Reaction of Ia with Chlotoacetone--A mixture of chloroacetone (1.84g, 0.02mmol) and Ie (2.72g, 0.02 mol)
was stirred at room temperature. The reaction mixture was heated at 70°C for 2 h, then chromatographed on silica
gel (hexane-AcOEt) to afford 4a (2.50 g, 70~-;;) and 7ag (0.64 g, 14%).

3-Chloropropyl Methyl 2-Propenyl Phosphate (7ah): Anal. Calcd for C7H14CI04P'I/2H20: C. 35.38; H. 6.36.
Found: C, 35.79; H, 6.03. MS mlz (%): 228 (M+, 6.4), 113 (100). IR ,,~:~cm-l: 1660, 1285. NMR (CDCI3) (5: 1.96
(3H, s, =C-eH3) , 2.06-2.24 (2H, m, CHz), 3.66 (2B, t, J =6 Hz, CH2CI), 3.83 (3H. d. J = II Hz, POCH3) , 4.26 (2H.
dd, J=·6. 14Hz, POCH2) , 4.52 (lH, 5, =CH). 4.77 (IH, t, J= 1Hz, =CH).

Reaction of la with Iodoacetone--A mixture of iodoacetone (5.52 g, 0.03 mol) and la (4.08 g, 0.03 mol) was
stirred at 5 °C~ causing an exothermic reaction; after 20min the reaction temperature rose to 80°C. The mixture was
treated as described in method B. Chromatography gave a mixture (3.32 g) of 3a and Sa (51 /'~ and 15%, respectively)
as an oil, 4a (0.49 g, 9%) and a mixture (0.86 g) of 6ai and 8ai (8% and 1%, respectively).

3-Iodopropyl Methyl Acetonylphosphonate (6ai): bp 138-140 °C (0.5mmHg). MS mjz (%): 320 (M +,0.7). 193
(lOO). IR 1'~~~icm-1: 1710,1355. NMR (CDC13 ) <5: 2.16 (2H, m, CH 2 ) , 2.34 (3H. s, CH3 ) , 3.12 (2H, d, J=24Hz,
PCH2 ) , 3.26 (2H. t, J= 7 Hz, CH2I), 3.82 (3H. d, J = 12 Hz, POCH3) , 4.18 (2H, m, OCH2 ) .

3-Iodopropyl Methyl Methylphosphonate (8ai}---A mixture of la (1.36 g, 0.01 mol) and methyl iodide (2.8 g,
0.02 mol) was stirred for 2 h at room temperature. then refluxed for 2 h. The reaction mixture was concentrated, and
the residue was crystallized from ether. The crystals (1.06g. 88%: 5a) were collected by filtration. and the filtrate was
concentrated. The residue was chromatographed on silica gel to give 8ai (0.218g, 8%) as an oil. Anal. Calcd for
CsH 12I03P: C, 21.60; H, 4.35. Found: C. 21.45; H, 4.18. IR v~~~cm-l: 1310, 1240, 1180,1030. NMR (CDCI3) (j: 1.50
(3H, d, J= 18 Hz, CH3) , 2.08-2.25 (2H, m, CH2) , 3.75 (3H. d, J= 11 Hz, POCH3) , 4.04-4.20 (2H, m, POCH z).

Reaction of 2-Benzyloxy-l,3,2-dioxaphospborinane (If) with Bromoacetone--A mixture of bromoacetone
(2.74 g, 0.02 mol) and If (4.24 g, 0.02 mol) was stirred at room temperature; after 20 min the reaction temperature rose
to 50 DC. The mixture was kept at 70°C for 1hand chromatographed on silica gel to give 4a (1.47 g. 41%) and a
mixture (I.84g) of 3a and 9 (37~~ and 12%. respectively). The mixture was crystallized from ether to give 9 (0.28 g,
recrystallized from AcOEt).

2-Benzyloxy-2-oxo-I,3,2-dioxaphosphorinane (9): mp 136-138°C. Anal. Calcd for C lOH1303P: C, 56.60; H,
6.18. Found: C, 56.47; H, 6.30. IR v~~~ cm -1: 1495, 1290, 1050. NMR (CDCI3 ) ,5: 1.60-1.99 (2H, m, CH z). 3.26 (2B,
d, J=20Hz, PCH2 ) , 3.94--4.18 (2H, m, POCH2 ) , 4.35-4.54 (2H, m, POCH2) , 7.20-7.40 (5H, ro, ArH).
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Tannins and Related Compounds. LIX. 1
) Aesculitanmns, Novel

Proanthocyanidins with Doubly-Bonded Structures from
Aesculus hippocastanum L.
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A chemical examination of the seed shells of Aesculus hippocastanum L. has led to the isolation
of proanthocyanidins A-6 .(10) and A-7 (11), and aesculitannins A (12), B (13), C (14), D (15),£
(16), F(17) and G (18). On the basis of chemical and spectroscopic evidence. proanthocyanidins A.
6 (10) and A-7 (11) have been determined to be A-type dimers each possessing a C-4, C-6
interflavanoid linkage, while aesculitannins A (12), B (13), C (14), D (15), E (16), F (17) and G (18)
have been characterized as oligomeric proanthocyanidins possessing A-type unit(s} in each
molecule. In addition, the presence of (- j-epicatechin (1), proanthocyanidins B-2 (2), B-5 (3), A-2
(4). A-4 (5) and c-i (6), epicatechin-(4{J~6)-epicatechin-(4p~6)-epicatechin (7), and cinnarntan
nins BI (8) and B2 (9) was also demonstrated.

Keywords--Aesculus hippocastanum; Hippocastanaceae; aesculitannin; doubly-bonded pro
anthocyanidin; procyanidin; condensed tannin; flavan-3-ol; thiolytic degradation; epimerization;
hydrogen peroxide oxidation
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Proanthocyanidins, which occur mostly in plants ofa woody habit, consist of'flavan-Svol
units linked singly or doubly through interflavanoid linkages. Recently, a number of singly
linked proanthocyanidins have been isolated and their structures have been elucidated.' -::-5) In
contrast, proanthocyanidins possessing doubly-linked structures (the dimers belonging to this
class are designated as A-type) are not so frequently found in nature, and their distribution is
limited only to members of the families Ericaceae.?' Hippocastanaceae.I-!' Lauraceae."
Rosaceae," etc. Among them, the horse chestnut tree, Aesculus hippocastanum L.
(Hippocastanaecae), has long been known as a plant containing a large amount of the doubly
linked dimer, proanthocyanidin A-2.7

) Furthermore, along with five singly-linked pro
cyanidins, two trimeric proanthocyanidins containing the A~2 unit in each molecule were
obtained as an inseparable mixture." As part of our chemical studies on tannins and related
compounds, we have re-examined the seed shells of Aesculus hippocastanum L. and isolated
two new dimers (10 and 11) (designated as proanthocyanidins A-6 and A-7), four trimers
(12-15) (aesculitannins A~ B, C and D) and three tetramers (16~18) (aesculitannins E, F and
G), together with a flavan-3-o1 (I) and several known proanthocyanidins (2-9). This paper
describes the isolation and structure elucidation of these compounds.

The fresh seed shells of Aesculus hippocastanum L. were extracted with 80% aqueous
acetone. The extract was subjected to a combination of Sephadex LH-20, MCl-gel CHP 20P
and Bondapak Cis/PorasH B chromatographies with various solvent systems as described in
the experimental section to give compounds 1-18. Compounds 1-4, 6 and 7 were identified
as (- j-epicatechin." procyanidins B-2,3) B-5,3) A-23) and C~1,3) and epicatechin-(4,B~6)~

epicatechin-(4f3-+6)-epicatechin,2) respectively, by comparisons of their physical and spectral
data with those of authentic samples. Compound 5 was characterized as epicatechin
(411-+8,2P-+O-+7)-entcatechin,9) whose structural elucidation was previously reported.'?'
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Compounds 8 and 9 were shown to be a trimer and a tetramer possessing an A-type unit in
each molecule by 1H- and 13C-nuclear magnetic resonance eH- and 13C-NMR) spectroscopy,
and their physical and spectral data coincided with those of cinnamtannins B1 and B2 , 11)

respectively.
Proanthocyanidins A-6 (10) and A-7 (11) gave orange colorations (characteristic of

proanthocyanidins) with the anisaldehyde-sulfuric acid reagent. The 13C-NMR spectra of 10
and 11 were almost indistinguishable from each other, showing the presence of two flavan
units in each molecule. The chemical shifts of the signals (b 79.2 in 10 and 879.4 in 11) due to
the flavan C-2 carbon suggested the presence of an epicatechin unit in each case,12) while those
(<5104.2 in 10 and b 104.0 in 11) assignable to ketal carbons were consistent with A-type
proanthocyanidin structures." Although these 13C-NMR data were closely correlated with
those of proanthocyanidin A-2, the IH-NMR spectra of 10 and 11 showed upfield shifts
(c5 4.85 in 10 and 4.87 in 11) of the lower flavan H-2 as compared with that «(55.00) of
proanthocyanidin A-2 (4). In addition, the chemical shifts of these signals were rather similar
to that (<54.84) found in 4,6-linked procyanidin B-5 (3), thus suggesting that the two flavan
units in 10 and 11 are linked through the C-4 and C-6 1 positions.P'

Further confirmation of the position of the interflavanoid carbon-carbon linkage in 10
and 11 was obtained by oxidation of procyanidin B-5 (3) with hydrogen peroxide in the
presence of sodium bicarbonate.l?' which afforded two proanthocyanidins identical with 10
and 11, thus establishing unequivocally the position of the interflavanoid linkage to be C-4
and C-6 /.

3

10

Chart 3

11

The location of the interflavanoid carbon-oxygen linkage in each compound was
confirmed by nuclear Overhauser effect (NOE) experiments on the corresponding hepta
methyl ethers lOa and 11a. In the 1H-NMR spectrum of lOa, irradiation at the methoxyl region
«(53.70-4.00) caused a 10% enhancement of the integral intensity of the H-4' methylene
signals «(52.96, m), indicating that a methoxyl group is located at the C-5' position, and
consequently the ether linkage is between the C-2 and C-7' positions. On the other hand, a
similar NOE measurement in 11a indicated that the two flavan units are connected through an
ether linkage between the C-2 and C-5 1 positions, since the integral intensity of the H-8' signal
(<56.20, s) was enhanced by 32% upon irradiation at the methoxyl region (<53.70-4.00).

On the basis of these chemical and spectral findings, proanthocyanidins A-6 and A-7
were characterized as epicatechin-(4j3-+6,2P---+O---+7)-epicatechin (10) and epicatechin
(413 ---+6,2{J -+O---+5)-epicatechin (11), respectively.

Aesculitannin A (12) exhibited an (M +H) + ion peak at mlz 865 in its fast atom
bombardment mass spectrum (FAB-MS), the molecular mass corresponding to a trimeric
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constitution. The 13C_NMR spectrum of 12 showed two signals at b 81.5 and 76.7 attributable
to flavan C-2 carbons. In addition, the appearance ofa ketal carbon signal at b 104.3 indicated
that 12 possesses an A-type unit in the molecule. Acid-catalyzed degradation of 12 with
benzylrnercaptarr':" gave ( - )-epicatechin 4-benzylthioether (19) (formed from the upper unit)
and proanthocyanidin A-2 (4) (formed from the lower unit).

PhCH2SH HO~--©g~• o "OH
+ 4H+

OH ©
19

12

Chart 4

The location of the interflavanoid linkage between the epicatechin and A-2 units was
assumed to be the C-4 and C-8' positions, since in the 1H-NMR spectrum of 12, the chemical
shifts of the signals assignable to H-2 (b 4.96) and H-2'" (b 5.19) were similar to those [b 5.02
(H-2) and {) 5.16 (H-2")] in procyanidin e-l (6). Unequivocal confirmation of the location
and the mode of the interflavanoid linkage was achieved by derivation of 12 from the
tetrameric proanthocyanidin, cinnamtannin B2 (9). On partial thiolytic degradation, 9 gave a
trimeric proanthocyanidin 4" -benzylthioether (20), together with (- )-epicatechin 4-be
nzylthioether (19), proanthocyanidin A-2 4'-benzylthioether (21) and (- )-epicatechin (1).11)
The thioether (20), on desulfurization with Raney nickel, afforded a trimeric proan
thocyanidin which was found to be identical with 12.

Accordingly, aesculitannin A was concluded to be epicatechin-(4{3 -+8)-epicatechin
(4{3-+8,211~O-+ 7)-epicatechin (12). This compound is probably identical with the trimeric
proanthocyanidin D 1 or D2

8
) obtained as a mixture from this plant, although the location of

each interflavanoid linkage has not been determined.
Aesculitannin B (13) showed the same (M + H) + ion peak at m]z 865 as that of 12 in the

FAR-MS. The 13C-NMR spectrum of 13 exhibited signals at [)79.3 and 84.0 assignable to
epicatechin and catechin C-2 carbons, respectively.P' Furthermore, the presence of an A-type
unit was revealed by a ketal resonance at b 103.4. Similar thiolytic degradation of 13 gave ( - )
epicatechin (1) and a dimeric proanthocyanidin benzylthioether (22). The thioether (22) was
characterized as proanthocyanidin A-4 4'-benzylthioether by IH-NMR analysis and also by
conversion with Raney nickel to proanthocyanidin A-4 (5).10)

The location of the interflavanoid linkage between these component units was confirmed
as follows. In the 1 H-NMR spectrum of 13, the methine signal due to H-4 was observed at
higher field [b 3.44 (d, J=4Hz)] than that [84.32 (d, J=4Hz)] of proanthocyanidin A-4 (5).
This unusual upfield shift -may be interpreted in terms of a through-space interaction of the
B'-ring,15) thus suggesting that the A-4 and ( - )-epicatechin units are linked through the C-4'
andC-8" positions. Furthermore, the structure of 13 was confirmed by epimerization'?' at the
C-2' position in cinnamtannin B1 (8) with potassium carbonate in acetone, giving a trimeric
proanthocyanidin identical with 13.
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Thus, aesculitannin B was characterized as epicatechin-(4j1~8,2P~O~7)-entcatechin

(4a~8)-epicatechin (13).
Aesculitannin C (14) afforded (- )-epicatechin (1) and several uncharacterized an

thocyanidin pigments on degradation with ethanolic hydrochloric acid. The trimeric con-
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stitution was deduced from the FAB-MS data which showed the (M+H)+ ion peak at mlz
863, though the molecular weight is two mass units less than those of 12 and 13. The 13e_
NMR signal patterns arising from the C',C"-rings were closely related to those found in 12
(Table I), suggesting that the lower two units possess an A-type structure similar to that of 12.
Furthermore, the absence of a C-2 methine signal and the appearance instead of a ketal
carbon signal at b 103.2. indicated that the upper two units are connected through C-C and
C-O interflavanoid linkages.

On methylation with diazomethane, 14 yielded a decamethyl ether (I4a). The IH-NMR
spectrum of I4a exhibited two upfield methoxyl signals (83.39 and 3.52) assignable to the
methoxyls at the C-S,5' positions, along with eight methoxyl signals which lie in the normal
region (D 3.70-3.90). The upfield shifts of the two methoxyl groups implied the presence of a
through-space interaction between these methoxyl groups and the B',B"-rings,8) suggesting
that the locations of the two C-C interflavanoid linkages are C-4-+C-8. From these spectral
data, aesculitannin C is presumed to be formulated as 14. The structure including the absolute
stereochemistry was confirmed by derivation of this compound from aesculitannin A (12).
Oxidation as described in the cases of proanthocyanidins A-6 (10) and A-7 (11) afforded a
trimeric proanthocyanidin identical with aesculitannin C (14).

On the basis of these spectral and chemical data, aesculitannin C was established as
the novel doubly-bonded proanthocyanidin, epicatechin-(4p-+8,2P-+O-+7)-epicatechin-
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TABLE I. 13C-NMR Spectral Data for Compounds 4 and 10--18 (<5 Value)"

4 10 11 12 13 14 15 16 17 18

C-2 103.6 104.2 104.0 76.7 103.4 103.2') 103.1') 104.5 103.8 103.7")

C-3 67.1 67.1 67.0 72.5 66.8 67.0 67.5 66.3 66.3 67.0
C~4 29.9 _b) .:» 36.7 .;,» .,» .:» _b) _b) _b)

C-2' 81.1 79.2 79.4 104.3 84.0 102.3') 102.9') 77.5 83.7 78.5
C~3' 65.7 66.9 66.3 66.8 73.6 67.9 68.0 72.7 73.6 71.4
C-4' 28.5 _hi _b) _II) 38.6 .:» .,,» 38.6 38.8 38.9
C-2" 81.5 79.3 80.9 83.4 78.5 76.6 103.5")
C~3" 65.9 66.8 66.1 66.5 71.7 71.4 67.7
C-4" .,,» _b) _b) _h) 37.3 37.3

__b)

C-2'" 79.0 79.0 80.3
C-3'" 66.8 66.3 66.2
C-4'" _"1 _/I) _bl

a) Measured in acetone-a; Ii) Overlapped with solvent signals. e) Assignments may be interchanged.

OH

1 I

; OH! ©OH
O~0'r"" OH
Qv,

OH OH

14

acetone. A

Chart 9
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(4Cl~8,2o:~O~7)-epicatechin (14).
Aesculitannin D (15) was shown to possess the same constitution as that of 14 by analysis

of the FAB-MS [m/z: 863 (M +H) +]. The 13C-NMR spectrum of 15 was almost identical with
that of 14. The somewhat lowfield shift (b83.4) of the C-2" carbon suggested that the lower
terminal unit possesses catechin stereochemistry. This is supported by the result of acid
catalyzed degradation of 15, which produced (- )-catechin (23) from the terminal unit.
Accordingly, 15 was presumed to be the C-2" epimer of aesculitannin C (14).

In order to confirm this structure, an attempt was made to prepare 15 from
aesculitannin C (14). Alkaline treatment of 14 as described for aesculitannin A (13) furnished
15. Thus, aesculitannin D was concluded to be epicatechin-(4f3-+8,2P~O~7)-epicatechin

(4lX~8,2o:~O~7)-entcatechin (15).
Aesculitannin E (16) showed in the FAB-MS the (M +H)+ ion peak at m]z I 153,

corresponding to a tetraflavanoid constitution. The lH-NMR spectrum measured at room
temperature was complicated by conformational isomerism.'!' However, owing to the
existence of unequal proportions of conformers, the 13C-NMR signals arising from the major
conformer could be assigned. The spectrum exhibited a signal at D104.5due to a ketal carbon,
along with signals at b 77.5, 78.5 and 79.0, the chemical shifts of which were consistent with
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that of the epicatechin C-2 signal, thus suggesting that 16 consists of epicatechin and A-2
units. The structure of each component unit was established by thiolytic degradation of 16 to
give proanthocyanidin A-2 4'-benzylthioether (21), (- )-epicatechin 4-benzylthioether (19),
and ( - )-epicatechin (1).

The locations and the modes of the interfiavanoidlinkages were confirmed as follows.
Partial thiolytic degradation of 16 yielded, in addition to the above degradation products,
procyanidin B-2 (2) and a trimeric proanthocyanidin benzylthioether. This thioether was
characterized as cinnamtannin B} 4"-benzylthioether (24) by desulfurization with Raney
nickel to give cinnamtannin B} (8).

Based on these spectral and chemical data, aesculitannin E was characterized as
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epicatechin-(4f3-+8,2f3-+0->t7)-epicatechin-(4!X->t8)-epicatechin..(4f3~8)-epicatechin (16).
Aesculitannin F (17) was shown to possess the same tetrameric constitution as that of 16

by FAB-MS analysis [mjz: 1153 (M+H)+]. The 13C-NMR spectrum of 17 was also
complicated by conformational isomerism, but the major conformer showed a ketal carbon
signal at 8103.8 and three flavan C-2 signals ato 76.6, 79.0 and 83.7, the former two C-2
signals being attributable to those in epicatechin units and the remaining one to a catechin
unit.

To confirm the structure of 17, partial thiolytic degradation was attempted. Compound
17 was degraded under conditions similar to those described in 16 to give proanthocyanidin
A-4 4'-benzylthioether (22), procyanidin B-2 (2), ( - )-epicatechin 4-benzylthioether (19), ( - )
epicatechin (1) and a thioether (25). The thioether (25) was concluded to be the 4"
benzylthioether of aesculitannin B by spectral analysis and by conversion of 25 into
aesculitannin B (13).

Accordingly, the structure of aesculitannin F was established as epicatechin
(4fJ -+8,2{J-+ 0 -+ 7)-entcatechin-I40; -+8)-epicatechin-(4fJ -+8)-epicatechin (17).

The tetrameric constitution of aesculitannin G (18) was deduced from FAB-MS [m/z:
1151 (M+H)+]. In the 13C-NMR spectrum of 18, the appearance of the signals at 878.5 and
80.3 implied the occurrence of two epicatechin units in the molecule. Furthermore, the
presence of two Aetypeunits was revealed by two ketal carbon resonances (8103.5 and 103.7).
Similar thiolytic degradation led us to the assignment of the structures of the component
units. That is, on treatment with acid in the presence of benzylmercaptan, 18 afforded
proanthocyanidin A-2 4'-benzylthioether (21) and proanthocyanidin A-2 (4).

18
Chart 12

PhCHZSH •
H+

4 + 21

The position of the interflavanoid linkage between the two proanthocyanidin A-2 units
was deduced by 1H-NMR analysis. In the spectrum, the chemical shifts of the H-4 (8 3.49) and
H-2' (85.66) signals were quite different from those (H-4: 04.35; H-2': ()5.00) found in the
case ofproanthocyanidin A-2 (4). These unusual up field and downfield shifts ofH-4 and H-2',
respectively, were assumed to be caused by a through-space interaction between these protons
and the BII-ring, thus suggesting the location of the interflavanoid linkage to be C-4' and C
8" positions. This was further supported by the fact that the 1H-NMR chemical shifts of the
H-4 and H-2' signals are in good agreement with those (H-4: c53.41; H-2': fJ5.72) of
cinnamtannin B1 (8). The configuration at C-4' was concluded to be (J. on the basis of the
coupling constant (J=:O Hz) of the H-4' signal.

From these chemical and spectral data, aesculitannin G was characterized as epicatechin
(4f3-+8,2fJ --70-+7)-epicatechin-(4lX->t8)-epicatechin-(4fJ -+8,2fJ-+0-+7)-epicatechin (18).

In addition to the earlier findings by Mayer et a1.7
) and Jacques and Haslam." the seed
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shells of Aesculus hippocastanum were found to contain a variety of doubly-linked pro
anthocyanidin dimers, trimers and tetramers. We have also recognized the presence of much
higher oligomeric proanthocyanidins in this plant material, but the isolation of these
compounds could not be done owing to their complex compositions and low yields.
Proanthocyanidins A-6 (10) and A-7 (11) represent the first examples of A-type pro
anthocyanidins possessing a 4,6-interflavanoid linkage, and aesculitannins C (14) and D (15)
are unique trimers in that they have rigid structures with two doubly-bonded interflavanoid
linkages in each molecule.

It should be noted that aesculitannin A (12) dose not taste sweet (in fact, it is slightly
astringent), whereas the structurally related trimers, cinnamtannins B1 (8) and D1 (26),11) and
aesculitannin B (13) have a strongly sweet taste.

Experimental

Melting points were determined on a Yanagimoto micromelting point apparatus and are uncorrected. Optical
rotations were measured with a lASCO DIP-4 digital polarimeter. lH_ and 13C-NMR spectra were recorded on
JEOL PS-IOO and FX-lOO spectrometers, respectively, using tetramethylsilane as an internal standard, and chemical
shifts are given in D(ppm). El-MS were obtained with a lEOL D-300 instrument, and FD- and FAB-MS with a lEOL
lMS DX-300 instrument. Column chromatography was carried out with Sephadex LH-20 (25-100 j1., Pharmacia
Fine Chemical Co., Ltd.), MCI-gel CHP 20P (75-150 u, Mitsubishi Chemical Industries, Ltd.), Bondapak CIS!
Porasil B (35-75 u, Waters Associates, Inc.) and Kieselgel 60 (230 mesh, Merck). Thin..layer chromatography (TLC)
was conducted on precoated Kieselgel 60 F2 54 plates (0.2 mm, Merck), and spots were detected by ultraviolet (UV)
illumination and by spraying ethanolic ferric chloride, 10% sulfuric acid and anisaldehyde-sulfuric acid reagents.

lsolation--The fresh seed shells (9.8 kg) of Aesculushippocastanum were extracted three times with acetone
H20 (4: 1) at room temperature. The acetone was removed by evaporation in vacuo, and the aqueous solution was
extracted with ether to remove waxes, etc. After concentration, the water solubles were chromatographed over MCI
gel CHP 20P with H20 and then with MeOH. The MeOH eluate (541 g) was applied to a column ofSephadex LH-20,
and elution with EtOH gave fractions 1 (I7 g), 2 (106 g) and 3 (104 g). Fraction 1 was rechromatographed over MCI
gel CHP 20P with 30% aqueous MeOH to afford (- )-epicatechin (1) (8 g). Fraction 2 was further divided by
Sephadex LH-20 chromatography with 60% aqueous MeOH into two fractions, 2-a (44 g) and 2-b (35 g). Fraction 2-a
gave, on rechromatographies over MCI-gel CHP 20!p (30% aqueous -MeOH) and Bondapak C I 8 (20% aqueous
MeOH), procyanidins B-2 (2) (6 g), B-5 (3) (2g) and C-I (6) (2 g), and cinnamtannin BI (8) (4 g). Repeated
chromatographies of fraction 2-b on Sephadex LH-20 (EtOH), MCl-gel CHP 20P (30% aqueous MeOH) and
Bondapak Cl 8 (30% aqueous MeOH) furnished proanthocyanidins A-2 (4) (5 g), A-4 (5) (2g), A-6 (10) (175 mg) and
A-7 (ll) (124 mg), and aesculitannins A (12) (1.2 g) and B (13) (1.3 g), and epicatechin-(4fi ~6)-epicatechin-( 4fJ~6)
epicatechin (7) (254 mg), Sephadex LH-20 chromatography of fraction 3 with 80% aqueous MeOH afforded three
fractions, 3-a (19 g), 3-b (25 g) and 3-c (22 g). Each fraction was repeatedly chromatographed over Sephadex LH-20
(60% aqueous MeOH), MCI-gel CHP 20P (30% aqueous MeOH) and Bondapak CtS (30% aqueous MeOH) to give
cinnamtannin B2 (9) (1.3 g) and aesculitannins C (14) (147 mg), D (15) (22mg), E (16) (540mg), F (17)(112 mg) and G
(18) (172 mg).

Proanthocyanidin A-6 (lO)--Colorless needles (H20), mp > 300 GC, [ct]fl + 22.4 u (r = 1.2, acetone). Anal.
Calcd for C30H24012·2H20: C, 58.82; H, 4.61. Found: C, 58.64; H, 4.49. FAB-MS mjz: 577 (M+H)+. IH-NMR
(acetone-eg) /5: 2.85 (2H, rn, H-4/), 4.14 (IH, d. J=4Hz, H-3), 4.20 (IH, brs, H-3/), 4.34 (lH, d, J=4Hz, H-4), 4.85
(lH, br s, B_2'), 6.05, 6.12 (3H, in total, A-ring H), 6.60-7.40 (6H in total, B-ring H).

Heptamethyl Ether (lOa) of 16-10 (43 mg) was methylated with ethereal diazomethane at room temperature
for 24h. Work-up was done as usual, and the product was purified by silica gel chromatography with benzene
acetone (4: 1) to give the heptamethyl ether (lOa) (30mg). A white amorphous powder, [ct]~l +22.7 0 (c=0.7,
acetone). CD (c=0.038, MeOH) [tJfo (nm): +113000 (240), 0 (254), -52300 (271). Anal. Calcd for C37H3B012: C,
66.06; H, 5.39. Found: C, 65.78; H, 5.80. EI-MS m]z: 674 (MV. 1H-NMR (CDCl3) D: 2.96 (2H, m, H-4/), 3.70-4.00
(21H in total, OMe x 7), 4.00-4.30 (2H, m, H-3, 3'),4.80 (1H, d, J=4Hz, H-4), 4.85 (lH, s, H-2'), 6.13,6.27 (each
lH, d, J=2Hz, H-6, 8),6.44 (IH, S, H-8/), 6.80-7.20 (6H in total, B-ring H).

Proanthocyanidin A-7 (ll)-Colorless needles (H20), mp > 300 DC, [ct]~l + 35.9 0 (c= 1.2, acetone). Anal.
Calcd for C30H24012' 5/2H20: C, 57.97; H, 4.70. Found: C, 58.02; H, 4.50. FAB-MS mlz: 577 (M+H)+. lH-NMR
(acetone-eg) D: 2.70-3.20 (2H, m, H-4"), 4.15 (lH, d, J=4Hz, H-3), 4.20 (tH, br s, H-3~), 4.30 (lH, d, J=4 Hz, H-4),
4.87 (Il-l, s, H-2'), 6.10, 6.12 (3H in total, A-ring H), 6.60-7.40 (6H in total, B-ring H).

Heptamethyl Ether (11a) of 11--11 (25 mg) was methylated with ethereal diazomethane at room temperature.
Work-up as described for 10 yielded the heptamethyl ether (Lla) (30mg). A white amorphous powder, [ct]g +41.2 0
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(c=0.7, acetone). CD (c=0.045, MeOH) [0]20 (nm): +56000 (240). Anal. Caled for C37H3S012 . 1{2H20: C, 65.00; H,
5.75. Found: C, 65.35; H, 5.99. EI-MS mjz: 674 (M)+. IH-NMR (CDCI3) <5: 2.99 (2B, m, H-4'), 3.70-4.00 (21H in
total, OMe x 7),4.20 (2H, m, H-3, 3'), 4.85 (IH, d, J=4Hz, H-4), 4.88 (lH, s, H-2), 6.13, 6.27 (each IH, d, J=2 Hz,
H-6, 8). 6.20 (lH, s, H-8'), 6.80-7.20 (6H in total. B-ring H).

Derivation of 10 and 11 from 3-A mixture of 3 (1.5 g), sodium bicarbonate (300mg) and hydrogen peroxide
(1.5ml) in EtOH (50ml) was left at room temperature for 24h. The reaction mixture was neutralized with Amberlite
IR-120B (H+ form), and the solvent was evaporated off in vacuo. The residue was subjected to Bondapak CIS
chromatography (20% aqueous MeOH) to afford 10 (21 mg) and 11 (12 mg),

Aesculitannin A (12)--An off-white amorphous powder, [ocJrf + 133.60 (c= 0.9, acetone). Anal. Caled for
C4sH36018·2H20: C, 60.00; H, 4.47. Found: C, 60.09; H, 4.89. FAB-MS mjz: 865 (M+H)+. IH-NMR (acetone-d.)
t5: 2.84 (2H, m, H-4"), 4.00 (lH, s, H~3), 4.12 (IH, d, J=4 Hz, H~3'), 4.30 (lH, brs, B-3"), 4.42 (lH, d, J:;:::4 Hz, H
4'),4.83 (lH, s, H-4), 4.96 (lH, s, H-2), 5.19 (lH, s, H-2/1), 5.90-6.10 (4H in total, A-ring H), 6.60-7.40 (9H in
total, B-ring H).

Thiolytic Degradation of 12--A mixture of 12 (100 mg), benzylmercaptan (2 ml) and acetic acid (2 ml) in EtOH
(15 ml) was refluxed for 5 h with stirring. The reaction mixture was concentrated in vacuo to give an oily residue.
which was chromatographed over Sephadex LH-20. Elution with EtOH afforded (- )~epicatechin4-benzylthioether
(19) (23 mg) and proanthocyanidin A-2 (4) (42 mg).

Partial Thiolytic Degradation of 9--A mixture of 9 (2 g), benzylmercaptan (4ml) and acetic acid (3 ml) in
EtOH (50 ml) was heated under reflux for 12h. After concentration, the products were repeatedly chromatographed
on Sephadex LH-20 using EtOH and 80% aqueous MeOH to give ( - j-eplcatechin (1) (32 mg), ( - )-epicatechin 4
benzylthioether (19) (23 mg), proanthocyanidin A-2 4'-benzylthioether (21} (325mg) and a trimeric proanthocyanidin
4"-benzylthioether (20) (32mg). 20: An off-white amorphous powder, [C(]f>1 +33.5 0 (c= 1.1, acetone). IH-NMR
(acetone-z.) (j: 3.25 (lH, d. J=4Hz, H-3'),.4.40 (lH, d, J=4Hz, H-4'), 4.76 (IH, S, H-4), 5.11 (lH, s, H-2), 5.27 (lH,
s, H-2/1), 5.80-6.20 (4H in total, A-ring H), 6.40-7.80 (l4H in total, aromatic H).

Desulfurization of 20--The thioether (20) (30mg) in EtOH-acetic acid (9: I) was shaken at 50 'JC with Raney
nickel (W-4) for 30min. After removal of the catalyst by filtration, the filtrate was concentrated to dryness in vacuo.
The residue was purified by Sephadex LH-20 chromatography (60% aqueous MeOH) to give 12 (12mg).

Aesculitannin B (13)--An off-white amorphous powder, [ex]~l +52.8 G (c= 1.2, acetone). Anal. Calcd for
C4sH3601S ·2H20: C, 60.00; H, 4.47. Found: C, 60.32; H, 4.44. FAB-MS mjz: 865 (M+H)+. JH-NMR (acetone-z.)
(~: 2.84 (2H, m, H-4/1), 3.44 (lH, d, J=4Hz, H-4), 3.96 un, d, J=4Hz, H-3), 4.04-5.00 (5H in total, m, H-2', 2",
3', 3", 4'), 5.70-6.20 (4H in total, A-ring B), 6.60-7.30 (9H in total, B-ring H).

Thiolytic Degradation of 13-A mixture of 13 (120 mg), benzylmercaptan (2ml) and acetic acid (2 ml) in EtO H
(lOml) was treated as described for 12, and similar separation afforded (- )-epicatechin (1) (l2mg) and a thioether
(22) (48 mg). 22: An off-white amorphous powder, [IXJrl +27.1 0 (c= 0.82, acetone). Anal. Calcd for C37H30012S'H20:

C, 62.00; H, 4.50. Found: C, 62.34; H, 4.89. IH-NMR (acetone-a.) i5: 4.00-4.30 (4H, m, -SCH2- , H-4', H-3'), 4.33
(lH, d, J=4Hz, H-3), 4.44 (IH, d, J=4Hz, H-4), 5.16 (l H, d, J=8Hz, H-2'), 5.90-6.20 (3H in total, A-ring H),
6.60-7.60 (UH in total, aromatic H).

Desulfurization of 22--The thioether 22 (40mg) in EtOH-acetic acid (9: 1) (4ml) was treated with Raney
nickel at 50 "C for 10min. The reaction mixture was worked up as before to furnish proanthocyanidin A-4 (5)
(31 mg),

Epimerization of 8--A mixture of 8 (150 mg) and potassium carbonate (30mg) in acetone (20ml) was heated
under reflux for 10min. After removal of potassium carbonate by filtration, the filtrate was concentrated to dryness in
vacuo. The residue was subjected to Bondapak CIS chromatography with 20% aqueous MeOH to give 13 (49mg).

Aesculitannin C (14)--An off-white amorphous powder, [exW +39.5') (c= 1.2, acetone). "Anal. Calcd for
C4sH34018·2H20: C 60.13; H, 4.26. Found: C, 60.32; H. 4.44. FAB-MS mlz: 863 (M+H)+. IH-NMR (acetone-a.)
0: 2.90 (2H, m, H-4"), 3.99 (lH, d, J=4Hz, H-3), 4.30 (2H, m, H-3', 3/1), 4.45. 4.58 (each IH, d, J=4Hz, H-4, 4'),
4.97 (l H, s, H-2"), 6.00-6.20 (4H in total, A-ring H). 6.60-7.60 (9H in total, B-ring H).

Decamethyl Ether (14a) of 14--14 (30 mg) was methylated with ethereal diazomethane. Work-up as before
yielded the decamethyl ether (14a) (16mg). 14a: A white amorphous powder, [lXl~1 +23.5 0 (c=0.7, acetone). CD (c=
0.016, MeOH) [Of0 (nm): +285000 (235), 0 (248), -87500 (270). Anal. Calcd for CSSHS4018: C, 65.86; H, 5.43.
Found: C, 65.68; H, 5.80. FD-MS mlz: 1002 (M)+. IH-NMR (CDCI3) a: 2.91 (2H, m, H-4"), 3.39, 3.52 (each 3H, s,
OMe x2), 3.70-3.90 (24H in total, OMex 8),4.19 (IB, d, J=3Bz, H-3), 4.40-4.50 (2H, m, H-3', 3/1), 4.95, 4.99
(each IH, d, J=3 Hz, H-4', 4/1), 4.97 (IH, s, H-2"), 6.10-6.40 (4H in total, A-ring H), 6.80-7.70 (9H in total, B
ring H).

Acid-Catalyzed Degradation of 14--A solution of 14 (50 mg) in 1N ethanolic HCI (10 ml) was refluxed for 5 h
with stirring. The solvent was evaporated off under reduced pressure, and the residue was chromatographed on
Sephadex LB-20. Elution with 60% aqueous MeOH furnished (- )-epicatechin (1) (5mg).

Derivation of 14 from 12--A mixture of 12 (600mg), sodium bicarbonate (200mg) and hydrogen peroxide
(1 ml) in EtOH (25ml) was left at room temperature for 12h. Work-up as described for 10 and 11 yielded 14 (32mg).

Aesculitannin D (15)--An off-white amorphous powder, [oeJfl + 55.1 0 (c= 1.1, acetone). Anal. Calcd for
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C4sH34018 .H20: C, 61.36; H, 4.12. Found: C~ 61.32; H, 4.44. FAB-MS mlz: 863 (M +H) +. 1H-NMR (acetone-sg) D:
2.58 (lH, dd, J = 16,8 Hz, H-4"), 2.90 (lH, dd, J= 16, 6Hz, H-4), 4.00 (IH, d, J=4Hz, H-3), 4.24 (lH, m, H-3"),
4.36 (2H, S, H-3', 4'), 4.58 (lH, d, J=:4Hz, H-4).. 4.82 (lH, d, J=8Hz, H-2"), 6.00--6.20 (4H in total, A-ring H),
6.70-7.60 (9H in total, B-ring H).

Acid-Catalyzed Degradation of 15---A solution of 15 (60 mg) in IN ethanolic HCl (10 ml) was refluxed for 5 h
with stirring. The reaction mixture was worked up as before to give (- )-catechin (23) (4 mg).

Epimerization of 14--A mixture of 14 (25 mg) and potassium carbonate (10 mg) in acetone (20 ml) was refluxed
for 10min. Work-up as described for 13 afforded 15 (18 mg).

Aesculitannin E (16)--An off-white amorphous powder, [ct]f,l + 74.7 0 (c= 1.7, acetone). Anal. Calcd for
C6oH4S024'3H20: C, 59.70; H. 4.51. Found: C, 59.41; H, 4.38. FAB-MS mjz: 1153 (M+H)+.

Thiolytic Degradation of 16---A mixture of 16 (200 mg) and benzylmercaptan (2 ml) in 0.1 N ethanolic HCI
(20 ml) was refluxed for 2 h. The reaction mixture was treated as before to furnish proanthocyanidin A-2 4'
benzylthioether (21) (65 mg), (- j-epicatechin 4-benzylthioether (19) (30mg) and (- j-epicatechin (1) (23 mg).

Partial Thiolytic Degradation of 16---A mixrure of 16 (600 rng) and benzylmercaptan (4ml) in 0.05 N ethanolic
HCI (40 ml) was heated under reflux for 2 h. The reaction mixture was concentrated to dryness in vacuo, and the oily
residue was repeatedly chrornatographed over Sephadex LH-20 (EtOH) and MCI-gel CHP 20P (60% aqueous
MeOH) to give (- j-epicatechin (1) (IOmg), (- j-epicatechin 4-benzylthioether (19) (15 mg), proanthocyanidin A-2
4'-benzylthioether (21) (30 mg), procyanidin B-2 (2) (7 mg) and a thioether (24) (284 mg). 24: An off-white amorphous
powder, [ct]~2 +75.6" (c=O. 71, acetone). Anal. Calcd for CS2H.l-201SS, 7/2H20: C, 59.48; H, 4.76. Found: C, 59.45; H,
4.76. 13C-NMR (acetone-a.) s. 37.3 (-SCHz- ), 38.1 (C-4'), 44.5 (C-4"), 66.1 (C-3), 70.4 (C-3"), 71.6 (C-3'), 75.5 (C
2"), 78.9 (C-2'), 95.9, 96.4, 98.4 (C-6, 8, 6', 6"), 104.0 (C-2).

Desulfurization of 24--A solution of 24 (150 mg) in acetic acid-EtOH (I : 9) (5 ml) was treated with Raney
nickel (W-4) at room temperature for 1h. Work-up as before afforded cinnamtannin B1 (8) (75 mg).

Aesculltannin F (17)----An off-white amorphous powder, [a:]~2 + 108.9° (c=0.7, acetone). Anal. Calcd for
C6oH48024·HzO: C, 61.54; H, 4.30. Found: C, 61.29; H, 4.60. FAB-MS mlz: 1153 (M+H)+.

Partial Thiolytic Degradation of 17--A mixture of 8 (300 mg) and benzylmercaptan (2 rnl) in 0.05 N ethanolic
HCI (20ml) was treated as described for 16 to give proanthocyanidin A-4 4'-benzylthioether (22) (12mg), (....;)
epicatechin 4-benzylthioether (19) (8 mg), (- j-epicatechin (1) (5 mg), procyanidin B-2 (2) (16 mg) and a thioether (25)
(l52mg). 25: An off-white amorphous powder, [a]~2 + 127.6 u (c=0.7, acetone). Anal. Calcd for CS2H4201IlS·3H20:
C, 59.99; H, 4.56. Found: C, 59.66; H, 4.56. 13C-NMR (acetone-eg) s. 37.0 (-SCHz-), 38.7 (C-4'). 43.9 (C-4"), 66.8
(C-3), 71.4 (C-3"), 73.8 (C-3'). 75.5 (C-2"), 83.7 (C-2'), 96.1, 96.7, 97.2, 97.4 (C~6, 8, 6'. 6"), 103.7 (C-2).

Desulfurization of 25--A solution .of 25 (120 mg) in acetic acid-EtOH (1 : 9) (5 ml) was treated with Raney
nickel (W-4) at room temperature for I h. Work-up as before afforded 13 (60mg).

Acsculitannin G (18)--An off-white amorphous powder, [ct]ff + 9.6 c (c =0.5, acetone). Anal. Calcd for
C6oH46024'5H 20: C, 58.06; H, 4.55. Found: C, 58.22; H, 4.55. FAB-MS mjz: 1151 eM +H)+. IH-NMR (acetone-do)
b: 2.96 (2H, m, H-4'''), 3.49 (IH, d, J=4Hz, H-4), 3.89 (1H, brs,H-3"'), 4.06 (IH, d, J=4Hz, H-3), 4.20 (2H, s, H
3",4"),4.55 (2H, s, H-4', 2"'), 5.66 (lH, s, H-2'), 5.90-6.40 (5H in total, A-ring H), 6.50-7.60 (l2H in total. B-ring
H).

Thiolytic Degradation of 18--A mixture of 18 (50 mg) and benzylmercaptan (1 ml) in 0.5 N ethanolic HCI
(10 ml) was treated as before to give proanthocyanidin A-2 4'-benzylthioether (21) (5 mg) and proanthocyanidin A-2
(4) (10mg).
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Photocycloaddition of the dioxopyrroline 1 to 2,3-dihydrofurans gave.dihydropyridones 7 and
2,4-dioxa-IO-azatricyclo[6.3.0.03

•
7}undecanes 8. The structure of 8a was determined by X-ray

crystallographic analysis. The mechanisms of formation of the adducts are discussed from
stereochemical point of view.

Keywords-photocycloaddition; dioxopyrroline; 1H-pyrrole-2,3-dione; 2,3-dihydrofuran;
dihydropyridone; 2,4-dioxa-lO-azatricyclo[6.3.0.03 , 7}undecane; stereo-selection rule

Photocycloaddition of the dioxopyrroline 1 to olefins proceeds in a regio- and stereo
selective manner to give usually one of the following three compounds as a major product;
exo- and endo-substituted cyclobutanes 2 and 3, and a dihydropyridone 4.2

) The product in
this reaction largely depends on the nature of the olefin. Acyclic olefins give a cyclobutane
whose stereochemistry can be predicted by the stereo-selection rule proposed in the previous
paper"; that is, alkoxyalkenes (they form a very polar enone-olefin pair) give an endo-isomer
3 as the major product as a result of [2s+2s] addition of the favored endo-n-complex, while
alkenes and butadienes (they form a polar enone-olefin pair) produce an exo isomer 2 as the
major product as a result of [2s+ 2a] addition of the favored endo-rc-complex. Cycloalkenes
such as cyclopentene give a dihydropyridone 5.4

,5) This can be explained by [1, 3] rearrange
ment of the highly strained intermediary cyclobutane 6 via the lactim form, followed by
cheletropic loss of carbon monoxide.P-?'

As a part of our studies on the photocycloaddition of dioxopyrroline to olefins we wish to
present the results of photoannulation of 1 to dihydrofurans (oxa-cycloolefins), yielding a new
ring system.

Results and Discussion

Irradiation of a solution of 1 and 2,3-dihydrofuran in dimethoxyethane for 1h with
~300nm light gave two adducts 7a and Sa in yields of 24% and 9%. No cyclobutane
derivative was isolated in this photocyc1oaddition. Similar irradiation of 1 and 5-methyl-2,3
dihydrofuran also afforded two ad ducts 7b and 8b in yields of 14% and 17%. In contrast, 2,5
dihydrofuran and furan did not give any cycloadduct on similar irradiation.

The structures of 7a and 7b were readily deduced from the spectral data. They have
molecular formulae corresponding to the 1: 1 adduct minus CO. The presence of the
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dihydropyridone moiety was established by the ultraviolet (UV) spectra CArnax: 285 nm Tor 7a
and 7b) and the infrared (IR) spectra (vmux: 1660cm- 1 for 7a and 1680cln- 1 for 7b). These
data are compatible with the reported spectral data for the dihydropyridone 5.4

) The proton
and carbon-IS nuclear magnetic resonance eH- and 13C-NMR) spectra of 7a and 7b also
supported the assigned structures.

The adducts Sa and 8b have the molecular formulae C17H17NOs and C18H19NOs,
respectively, as evidenced by the high-resolution mass spectra (HRMS) and elementary
analyses, indicating that they are I : 1 adducts of the addends. However, the spectral data are
not consistent with the expected cyclobutane structure. The adduct 8a exhibited a strong UV
absorption band at 278 nrn (s 19500) and the IR spectrum showed no signals due to an NH
group. In addition to these data, the signal at b4.99 (IH) in the lH-NMR spectrum and the
two signals at () 114.8 and 189.1 in the 13C-NMR spectrum were not consistent with the
cyclobutane structure. The structure of Sa was finally established by Xsray crystallographic
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TABLE I. Positional Parameters ( x 1<)4) with Their
Estimated Standard Deviations (in Parentheses)

and Equivalent Isotropic Thermal Param-
eters (A2) of the Adduct 8a

Atom x y z Beq/Biso

01 1432 (2) 3017 (3) 4094 (2) 3.4
02 2998 (2) 3536 (3) 4763 (2) 4.2
03 860 (2) -1630 (4) 2242 (2) 5.1
04 2899 (2) - 691 (4) 2948 (2) 4.0
05 4371 (2) - 1612 (4) 3915 (2) 4.6
Nt 1118 (2) -1135 (4) 4016 (2) 2.9
Cl 1654 (3) -102 (4) 5780 (3) 2.6
C2 2324 (3) 807 (6) 6538 (3) 4.0
C3 2252 (4) 885 (6) 7560 (3) 4.8
C4 1530 (3) 68 (5) 7811 (3) 4.1
C5 865 (3) -836 (5) 7065 (3) 3.4
C6 919 (3) -915 (5) 6040 (3) 2.9
C7 1702 (2) -215 (4) 4698 (3) 2.5
C8 1311 (3) -944 (5) 3030 (3) 3.1
C9 2140 (3) 234 (5) 3135 (3) 2.9
CIO 2444 (3) 717 (4) 4318(3) 2.5

05 Cll 2350 (3) 2598 (5) 4432 (3) 3.2
CI2 1214(3) 4803 (5) 4096 (3) 4.0

Fig. 1 C13 177 (4) 4992 (5) 3585 (4) 5.0
C14 3471 (3) 72 (5) 4737 (3) 3.2

4
Be'l=3 LILj{JIjQ/Qj

analysis, which indicated that it is a novel heterocyclic compound having the 2,4-dioxa-10
azatricyclo[6.3.0.03

•
7]undecane ring system with cis-syn-cis stereochemistry as shown in Fig. 1.

The UV absorption band at 278 nm was thus attributed to the acylimino moiety conjugated
with the phenyl group. Interestingly, the carbon signals due to the acylimino group were
observed at fairly low field (0189.6 for C-9 and 191.4 for C-I1).

In accordance with this acylimino structure, Sa on treatment with methanol containing a
catalytic amount of hydrochloric acid readily formed the methanol adduct 9a. The structure
of 9a was confirmed by the disappearance of the UV absorption at 27811m and by the
appearance of two new carbon signals at 1> 92.1 (C-9) and 175 (C-Il). The stereochemistry of
the methoxy group was deduced from the consideration that it should be introduced from the
less-hindered convex face.

The adduct 8b has similar spectral features (see Experimental) with those of 8a, thus
clarifying the structure.

The formation of 7 and 8 can be rationalized as follows. In the photocycloaddition of 1
and dihydrofuran, two transition states are possible, i.e., an endo- and an exo-n-complex. The
former transition state should be more favored than the latter, since the two addends are
sufficiently planar, thus gaining a maximum overlap of orbitals in the former complex. If we
assume that the dioxopyrroline-dihydrofuran pair is very polar, as is the dioxopyrroline
ethoxyethylene pair," the stereo-selection rule" predicts that a [2s+ 2s] addition and a
[2s+2a] addition are preferred in the favored transition and in the less favored one,
respectively. Thus, the endo-n-complex gives the cyclobutane of cis-syn-cis configuration 10 as
the major product, which has the stereochemistry favorable to [1, 3] rearrangement through a
lactim form II. Subsequent cheletropic loss of CO gives the dihydropyridone 7a.
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TABLE II. Bond Lengths (A) and Bond Angles C) of Sa with Their
Estimated Standard Deviations (in Parentheses)

Atoms Distance (A) Atoms Distance (A) Atoms Distance (A)

O(l)-C(II)
O(2)-C(II)
O(4)-C(15)
C(I)-C(2)
C(2)-C(3)
C(5)-C(6)
C(7)-C(l0)
C(l2)-C(l3)
C(l4)-C( I5)

1.337 (5)
1.196 (5)
1.447 (5)
1.396 (6)
1.402 (7)
1.397 (6)
1.531 (5)
1.487 (8)
1.543 (6)

O(I)-C( 12)
O(3)-C(8)
O(5)-C(15)
N(l)-C(7)
C(l)-C(6)
C(4)-C(5)
C(8)-C(9)
C(lO)-C(lI)
C( I4)-C(17)

1.473 (6)
I .20l (5)
1.382 (5)
1.288 (5)
1.393 (5)
1.38I (7)
1.520 (6)
1.532 (6)
1.551 (6)

C(16)-C(17)
O(4)-C(9)
'O(5)-C( 16)
N(l)-C(8)
C(I)-C(7)
C(3)-C(4)
C(9)-C(10)
C( JO)-C( I 4)

1.506 (8)
1.426 (5)
1.442 (6)
1.436 (5)
1.470 (5)
1.373 (7)
1.559 (6)
1.541 (6)

. Atoms Angle C=') Atoms

C( I I)-O( 1)-C(l2)
C(9)-O(4)-C(15)
C(2)-C( I )-C(7)

N(I)-C(7)-C(IO)
0(3)-C(8)-C(9)
0(4)-C(9)-C(l 0)
C(7)-C( IO)-C( 11)
C(9)-C(10)-C(14)

O( 1)-C(ll)-C(IO)
C( 1O)-C( 14)-C( 17)
O(4)-C(15)-C(14)
C(15)-O(5)-C(I 6)
C(7)-N(l )-C(8)
C(6)-C(1)-C(7)
C( 1)-C(7)-C(10)
N ( 1)-C(8)-C(9)
C(7)--C(1O)-C(l4)
C(II)-C(IO)-C(14)
O(2)-C(II)-C(lO)
C(2)-C(1)-C(6)

116.4 (3)
108.5 (3)
121.1 (4)
116.2 (3)
126.1 (4)
107.5 (3)
110.9 (3)
104.0 (3)
109.2 (3)
117.9 (4)
104.7 (3)
109.0 (4)
108.4 (3)
118.8 (3)
122.9 (3)
110.7 (3)
115.8 (3)
113.9 (3)
125.1 (4)
120.1 (4)

C(1}-C(2)-C(3)
C(2)-C(3)-C(4)
C(3)-C(4)-C(5)
C(4)-C(5)-C(6)
C(l)-C(6)-C(5)
N(I )-C(7)-C(l)
0(3)-C(8)-N(I)
O(4)-C(9)-C(8)
C(8)-C(9)-C(l0)
C(7)-C( IO)-C(9)
C(9)-C(lO)-C(I I)
0(1 )-C(lI)-O(2)
0(1 )-C( I 2)-C(l3)
C( 10)-C(l4)-C( I5)
C( 15)-C( 14)-C( 17)
D( 4)-C( 15)-O(5)
O(5)-C( 15)-C(14)
O(5)-C( 16)-C(17)
C( 14)-C( 17)-C(16)

119.3 (4)
120.2 (5)
120.9 (5)
119.8 (4)
119.7 (4)
121.0 (3)
123.1 (4)
108.0 (3)
103.4 (3)
101.2 (3)
109.9 (3)
125.7 (4)
107.1 (4)
104.1 (3)
101.9 (3)
108.4 (3)
108.7 (3)
107.7 (4)
106.0 (4)

71110
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On the other hand, the less favored exo-n-complex gives the cyclobutane of cis-anti-trans
configuration 12 as the major product. This highly strained intermediate would immediately
decompose into 14 via the lactim form 13~ since a concerted [1, 3] rearrangement in this
compound is impossible for steric reasons. The resulting zwitter-ion 14 cyclizes, with rotation
of the C6- C7 bond and 'Subsequent ketonization, to give the thermodynarnically more stable
cis-fused di-furano derivative 8a. This mechanism well explains the stereochemistries at C-l,
C-3, C-7, and e-8 in the product Sa.

In the case of 5-methyl-2,3-dihydrofuran, the presence of the non-bonded interaction
between the methyl and the phenyl groups in the endo-n-complex will destabilize this
transition, thus decreasing its population and increasing the ratio of exo-n-complex. The
results are reflected in the product formation; 7b and 8b were obtained in the ratio of ca. 1: 1.

Experimental

Unless otherwise stated, the following procedures were adopted. Melting points were taken on a Yanagimoto
micro hot-stage melting point apparatus. and are uncorrected. IR spectra were taken in Nujol mulls with a rlitachi
260-10 spectrophotometer and are given in em - 1. UV spectra were recorded with a Hitachi 200-10 spectrophotom
eter. 1H-NMR (l00 MHz) and 13C_NMR (25.0 MHz) spectra were taken in CDC13 solution with tetramethylsilane
(TMS) as an internal standard on a lEOL FX-I00 spectrometer. Chemical shifts are reported in ppm (D), and signals
are described as s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), or br (broad). HRMS were recorded on a
lEOL JMS-D300 mass spectrometer. Thin layer chromatography (TLC) was performed on precoated Silica gel 60
F2S4 plates (Merck). Medium-pressure liquid chromatography (MPLC) 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.

The Photocycloaddition of the Dioxopyrroline (1) to 2,3-Dihydrofuran-A solution of 1 (2 g, 8 mmol) and 2,3
dihydrofuran (4 g, 56 mmol) in dimethoxyethane (300 ml) was irradiated for 1h at 0 "'C. After removal of the solvent,
the residue was dissolved in benzene and chrornatographed over silica gel (Wako-gel C-200). Elution with benzene
and crystallization of the eluate from MeOH-Et20-hexane gave (1S* ,3R*,7S*,8R*)-8-ethoxycarbonyl-9-phenyl-2,4
dioxa..JO-azatricyclo[6.3.0.03.7]undecan-9-en-ll-one (Sa, 230mg, 9%) as pale yellow prisms, mp 126-127 "C. IR:
1750, 1730. UV A.~~:nne nm (e): 278 (19700). UV A.~~?H nm (8):284 (20000). 1H-NMR (270 MHz): 1.00 (3H, t, J = 7 Hz,
COOCHlCH3)' 1.50 OH, m, C6-H), 2.00 (lH, m, C6-H), 3.89 (IH, dd, J=4, 9Hz, Cs-H), 3.69 OR, dd, J=5. 9Hz,
Cs-H), 3.97 (lB, ddd, J=4, 5, 10Hz, C7-H), 4.14 (2H, q, J=7Hz, COOCtl2CH3)' 4.99 (IH, s, Cl-H), 6.13 (IH, d,
J=5Hz, C)-H), 7.6 (3H, m, Ar-H), 8.0 (2H, m, Ar-H). 13C-NMR: 13.7 (q, COOCH2(;H3) , 27.4 (t, C6) , 46.9 (d, C7) ,

62.9 (t, Cs), 67.9 (s, Cs), 68.3 (t, COOCHlCH3) , 86.5 (d, CI), 114.8 (d, C3 ) , 129.5 (d, 2C, Ph), 130.3 (d, 2C, Ph), 130.9
(s, Ph), 135.4 (d, Ph), 170.3 (s, {;;OOCHzCH3), 189.6 (5, ~), 191.4 (s, Cll). Anal. Calcd for C17H17NOs: C, 64.75; H,
5.43; N, 4.44. HRMS mlz: 315.1107. Found: C, 64.36; H, 5.54; N, 4.35. HRMS m]z: 315.1112.

Further elution with benzene-Cl-lyCl, (1 : 1) and crystallization of the product from CH zC12-Et20 gave 4
ethoxycarbonyl-5-phenyl-2,3,3a,7a-tetrahydrofuro[2,J;·c]pyridin-7(6H)-one (7a, 550mg, 24%) as colorless needles,
mp 156-157°C. IR: 3260, 1720, 1660, 1600. UV A.~~;llnenm (e): 285 (10900). lH-NMR: 0.92 (3H. t, J=7Hz,
COOCH2Ctl3), 1.7-2.1 (2H, m, Cs-H), 2.4-2.7 (lB, m, C4a-H), 3.4-3.7 (IH, m, C6-H), 3.95 (2H, q, J=7Hz,
COOCtJ2CH3) , 3.9-4.0' (1H, m, Cs-H), 4.64 (tH, d, J=9Hz, C7n-H), 7.3-7.45 (5H, m, Ar-H). 13C-NMR: 13.6 (q,
COOCHl CH3) , 32.6 (t, C~J, 39.7 (d, C40) , 60.2 (t, C6 ) , 67.2 (t, COO(;H2CH3 ) , 74.5 (d. C7a) , 106.2 (s, C4 ) . 127.6 (d, 2C,
Ph), 128.4 (d, zc, Ph), 129.5 (d, Ph), 135.4 (s, Ph), 144.2 (s, C3) , 166.6 (s, CI), 169.0 (s, {;;OOCH2CH3 ) . Anal. Calcd for
C16H17N04 : C, 66.88; H, 5.96; N, 4.88. HRMS mjz: 287.1158. Found: C, 66.58; H, 6.08; N, 4.79. HRMS mjz:
287.1159.

The PhotocycIoaddition of 1 to 5-Methyl-2,3-dihydrofuran--A solution of 1 (3 g, 12mmol) and 5-methyl-2,3
dihydrofuran (5 g, 60 mmol) in dimethoxyethane (300 ml) was irradiated for 1h at O°c. After removal of the solvent,
the residue was dissolved in benzene and chromatographed over silica gel (Wako-gel C-200). Elution with benzene
and crystallization of the eluate from CH2C12-Et20 gave (IS*,3R*,7S*,8R*)-8-ethoxycarbonyl-3-methyl-9-pheny1
2,4-dioxa-1O-azatricyclo[6.3.0.03

•
7]undecan-9-en-ll-one (Sb, 690 mg, 17%) as colorless prisms, mp 90-92°C. lR:

1760, 1730. UV A~~:nnenm (e): 278 (20000). UV A.~:?Hnm (e): 283 (18500). lH-NMR: 1.01 (3H, t, J=7Hz,
COOCHlCtl3) , 1.4-1.6 (IH, m, C6-H), 1.65 (3H, S, CH 3 ) , 2.0-2.35 (lH, rn, C6-H), 3.5-3.9 (3H, m, Cs-H, C7-H),

4.17 (2H, qd, J =1.5, 7Hz, COOCJj2CH3)' 4.9'6 (lH, s, CI-H), 7.4-7.8 (3H, m, Ar-H), 8.o-S.1 (2H, m, Ar-H). BC_
NMR: 13.7 (q, COOCH2CH3), 23.2 (q, CH 3), 28.6 (t, C6 ) , 50.0 (d, C7) , 62.S (t, Cs), 67.6 (t, COOCHlCH3) , 68.3 (s,
Ca), 85.5 (d, el ) . 122.9 (s, C3 ) , 129.3 (d, 2C, Ph), 130.2 (d, 2C, Ph), 130.9 (s, Ph), 135.2 (d, Ph), 170.4 (s,
COOCHlCH3), 189.S (s, C9 ) , 191.5 (s, Cll)' Anal. Calcd for ClsHI9NOs: C, 65.64; H, 5.82; N, 4.25. HRMS mlz:
329.1261. Found: C, 65.52; H, 5.77; N, 4.29. HRMS mlz:329.1260.
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Further elution with CH 2Cl2-benzene (I: I) gave a mixture of 1 and the adduct 7b, which in CH2CI2 was passed
through a short column of alumina (Merck) to give a crude crystalline powder. This was purified by MPLC using
hexane-AcOEt (3: I) as an eluent, followed by recrystallization from CH 2Clz-Et20 to give 4-ethoxycarbonyl-7a
methyl-5-phenyl-2,3,3a,7a-tetrahydrofuro[2,3-c]pyridin-7(6H )-one (7b, 500rog, 14%) as colorless needles, mp 138
142°C. IR: 1710, 1680, 1640, 1600. UV A.~~:nncnm (8): 285 (10900). IH-NMR: 0.92 (3H, t, J=7Hz, COOCH2c:th),
1.52 (3H, s, CH3 ) , 1.8-2.0 (Hi, m, Cs-H), 1.4-1.7 (IH, m, Cs-H), 3.10 (lH, dd, J=8, II Hz, C4 iJ-H), 3.85-4.05
(2H, m, C6-H), 3.95 (2H, q, J =7 Hz, COOCH;zCH 3) , 7.07 (IH, brs, NH), 7.2-7.5 (5H, m, Ar-H). Anal. Calcd for
C17H19N0 4 : C, 67.76; H, 6.36; N, 4.65. HRMS mlz: 301.1314. Found: C, 67.81; H, 6.40; N, 4.70. HRMS mlz:
301.1299.

Methanolysis of 8a--8a (40mg) was dissolved in 0.01% HCI-MeOH (10m}) and stirred overnight at room
temp. After dilution with CH2Cl;z, the mixture was washed with water and dried over Na2S04' The solvent was
evaporated off and the residue in CH2CI2 was passed through a column ofsilica gel (Wake-gel C-200). Crystallization
of the eluate from Et20 gave (lS* ,3R"',7S'",SR*,9S*)-8-ethoxycarbonyl-9-methoxy-9-phenyl-2,4-dioxa-1O-azatri
cyclo[6.3.0.0 3

•
7]undecan-ll-one (9a, 32mg, 73%) as colorless prisms, mp 163~166°C. IR: 3320, 1750, 1720. IH_

NMR: 1.40 (3H, t, J=7Hz, COOCH2 Ctl 3) , 1.6-2.0 (2H, m, C6-H), 2.95 (3H, S, OMe), 2.95-1.1 (lH, m, C7-H),
3.74 (IH, m, Cs-H), 4.01 (lH, m, Cs-H), 4.40 (2H, q. J=7Hz, COOCH2CH3) , 5.51 (IH, s, C1-H), 5.66 (lH, d, J=
4Hz. C3-H), 7.35-7.45 (3H, m, Ar-H), 7.7-7.8 (2H, m, Ar-H). 13C-NMR: 14.1 (q, COOCHzCH3) , 25.5 (t, C6) , 49.3
(d, C7) , 50.3 (q, OCH3) , 62.3 (t;Cs), 68.0 (s, Cs), 69.3 (t, COOCH2CH3) , 80.6 (d, C1) , 92.1 (8, Cg) , 110.8 (d, C3) , 127.1
(d, 2C, Ph), 128.4 (d, zc, Ph), 129.3 (d, Ph), 135.0 (s, Ph), 170.4 (s, c;OOCH2CH3) , 175.8 (8, ell)' Anal. Calcd for
ClsH21N06'1/2H20: C, 60.66; H, 6.22; N, 3.93. Found: C, 60.51; H, 6.01; N, 3.81. HRMSm/z: M+ -CH30H CaIcd
for C17H17NOs 315.1105. Found 315.1104.

Crystallographic Measurement--The crystal data were collected on aRigaku Denki computer-controlled four
circle diffractometer using Cu-KQ[ radiation. The intensities of all the reflections with 20 values up to 1400 of (hkl),
(fikl), (hkT) and (fikr) were measured by the (l}-20 scanning technique at a scan rate of 8 per min. The backgrounds
were measured at both ends of the scan range for 5.0 s. Three standard reflections were measured every 50 min, and
showed no significant variation with time. The intensity data were corrected for the background count and for the
usual Lorentz and polarization effects. In total, 2098 independent non-zero reflections were measured.

Crystal Data: C17H17NOs. M r = 315.32. Monoclinic. a= 14.736 (2), b=8.051 (1), c= 13.358 (2)A. #= 107.14(1).
V= 1514.4A3

, Dc= 1.383g/cm3
, z=4. Space group, P2x!n. Crystal size, 0.3 x 0.4 x 0.3mm.

Structure Analysis and Reflnement--The structure was solved by the direct method using MULTAN and
refined by the block-diagonal least-squares procedure with anisotropic factors, using 2098 reflections. The final R
value was 0.06. The atomic parameters, an ORTEP drawing of the molecule, bond lengths, and bond angles are given
in Fig. I and Tables I and 11, respectively.
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Asymmetric Synthesis Using Cbiral Acetals: Studies on the Nucleophilic
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Nucleophilic addition of organometallic reagents (Grignard reagents and organolithium
reagents) to three chiral a-keto acetals (la-(:) in open-chain systems was studied. The reactions of
the chiral a-keto acetals (Ia, 1b) having a chiral auxiliary as a ketone equivalent with Grignard
reagents proceeded in a highly diastereoselective manner (>94% diastereomeric excess (de)). As
an application of the reaction, the syntheses of the key intermediates (6, 8) for (R)- and (S)
mevalolactone were achieved from the product obtained by the reaction of 1a and vinylmagnesium
bromide. On the other hand, in the reactions of the chiral (X-keto acetal (Ic) having a chiral auxiliary
as an aldehyde equivalent, lower stereoselectivity was observed even when Grignard reagents were
used as addends. The difference of stereoselectivity among the three chiral a-keto acetals (la--e) is
discussed.

Keywords-c-e-asymmetric synthesis; diastereoselective nucleophilic addition; chiral open-chain
a-keto acetal; (- )-(2S.3S)-1,4-dimethoxy-2,3-butane.diol; Grignard reagent; (R)-mevalolactone;
(Sj-mevalolactone

Development of stereocontrolled reactions in open-chain systems is one of the most
attractive areas of organic synthesis. Many studies have been carried out on the stereocontrol
led nucleophilic addition of organometallic reagents to open-chain ketones having chiral
centers next to a carbonyl function.!) Recently ElieI et al. and Mukaiyama et al. have achieved
such stereo controlled addition of organometallic reagents to chiral open-chain ex-keto
aldehyde derivatives (2-acyl-I,3-oxathiane,2) ex-keto aminal") which have chiral auxiliaries
next to the carbonyl function. However, their applications are limited to systems using chiral
auxiliaries as aldehyde equivalents. Later, we reported that the nucleophilic addition of
organometallic reagents to chiral a-keto acetals derived from ( - )-(28,38)-1 ,4-dimethoxy-2,3
butanediol proceeds in a highly diastereoselective manner in open-chain systems as well as
cyclic systems.f Thus, the nucleophilic addition of Grignard reagents to the acyclic ex-keto
acetals (Ia, Ib) proceeds in a highly stereoselective manner'"; this is the first example of the use
of a chiral acetal as a ketone equivalent in an open-chain system. Here we present a full
account of the work and the results of an additional study on the nucleophilic addition of
organometallic reagents to Ic with a chiral auxiliary as an aldehyde equivalent."

Results and Discussion

Syntheses of Chiral ex-Keto Acetals (la-e)
The chiral «-keto acetals (la-e) were synthesized as shown in Chart 2. Trans

acetalization of cc-hydroxydimethyl acetals (2a, 2b)?) with 1.2mol eq of (- )-(28,38)-1,4-
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dimethoxy-2,3-butanediol in the presence of a catalytic amount of camphorsulfonic acid
(CSA) proceeded smoothly under reduced pressure (0.5 mmHg) without any solvent to give a..
hydroxy acetals (3a, 3b, respectively) as an epimeric mixture at the secondary alcohol moiety.
In the case of 2e,B) transacetalization was performed in dichloromethane (CH2CI2) . Oxidation
of 3a-c was achieved by Swern's procedure?' to afford the desired «-keto acetaIs (Ia-e).

Nucleophilic Addition of Organometallics to ex-Keto Acetals (la-e)
The results of the reactions of la-e with organometallic reagents are summarized in

Table 1. In the reaction of la with ethylmagnesium chloride (EtMgCl) in tetrahydrofuran
(THF) at -78°C, extremely high diastereoselectivity (> 98% diastereomeric excess (de» was
obtained (run 1). It was also shown that THF is a slightly more effective solvent than ether
(runs 1,2), and a lower reaction temperature gives a better outcome (runs 1. 3.4). In the
reactions of Ib and Ic with EtMgCl in THF at - 78°C, similar high stereo selectivity (> 98/~

de) was observed in the case of Ib (run 10) but lower selectivity was obtained in the case of Ic
(run 16). The reactions of la-e with other Grignard reagents showed the same tendency
(extremely high stereoselectivity in runs 5--7 and 11-13; lower stereoselectivity in runs 17
19). The reactions of Ia-e with organolithium reagents gave relatively poor stereoselectivity
(runs 8, 9, 14, 15. 20).

The stereochemistries of the products were determined as follows. The absolute
configuration of the tertiary alcohol of the product 4aA (R=Ph, R/=vinyl~ 96% de) formed
from la in run 5 was assigned as S by conversion into the dials (6. 8),10) key intermediates for
(R)- and (S)-mevalolactone, whose stereochemistries were already established. Thus, hy
droboration of 4aA (R = Ph, R/ = vinyl) followed by oxidative work-up afforded the 1,3-diol
(5) accompanied with the 1,2-diol (5').11) Then, compound 5 was reductively deacetalized to
give the 1,3-diol (6), which showed good agreement of the specific rotation with the reported
value. ([iX]D +1.76°, 1it.IO) +1.77°). Compound 4aA (R=Ph, R'=vinyl) was further
converted into the dial 8 ([a]D + 17.30, lit.'?' + 17.3°) having a larger value of optical rotation
by ozonolysistreductive work-up) and successive deacetalization (Chart 3). The stereochemis
tries of the products in runs 1-4, 6, and 8 were assigned by correlation to the product in run
5. Thus, the product in run 1 was identical with the ethyl compound 4aA (R=Ph, R/=Et)
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TABLE 1. Nucleophilic Addition of R'M to la-i:

n" 0" ~'"MeO ", OMe
R'M

MeO ", OMe MeO "OMe

~~
) c:>x + o~THF, -78°C R " R "

0 HO "R' HO" R'

la--e 4aA-4cA 4aB-4cB

Run Substrate R'M Yield (%) Ratio (A: B)

1 EtMgCI 98 >99: < la)

2
~"'o

EtMgCIJ) 91 93:7a)

3 MeO ,.' Me EtMgCIII) 95 93: 7a)

4
~~

EtMgClh) 87 84: 16a)

5 ;;::?'MgBr 90 98:2b)

6
Ph 0

TMS-:=-MgCl 91 97: 3b)

7 la PhMgBr 84 97: 3")

8 TMS-:=-Li 90 55:454)

9 PhLi 80 33:67")

10 r-« EtMgCl 96 >99: <1")
II MeO ", OMe ~MgBr 93 >99: < Ie)

12 o~ TMS-=:-MgCI 98 >99: < I")
13 Et 0 PhMgBr 81 98:21.')

14 Ib TMS-=:-Li 85 80: 20")
15 PhLi 80 60:40")

16 Med\-{bMe [EtMgCl 91 88: 12'"
17 o ,.0 ~MgBr 85 62:38")
18 >y TMS-=:-MgCI 80 13:87")
19 H 0 PhMgBr 78 70: 30e)

20 Ie TMS-=:-Li 69 60:40e)

a) Determined by HPLC analysis. b) Determined by HPLC analysis of the ethyl compound (Chart
4). c) Determined by I H-NMR. d) Determined by, separation. e) Determined by 1H-NMR exam
ination of the ethyl compound (Chart 4). .n The reaction was carried out in dry ether at -78 "C. g} The
reaction was carried out at O°C. h) The reaction was carried out under reflux.

obtained by hydrogenation of the product in run 5. The products in runs 6 and 8 were
converted to the corresponding ethyl compounds, 4aA (R=Ph, R'=Et) and 4aB (R=Ph,
R' =Et), by hydrogenation after desilylation, and identified as shown in Chart 4 (a series).
The stereochemistries of the products in runs 7 and 9 of the a series as well as those in runs
10-15 of the b series were tentatively assigned from the mechanistic analogy. The
relationships of the stereochemistries of the products in runs 10, 11, 12, and 14 could also be
determined from those of the enthyl compounds 4bA (R=Et, R'=Et) and 4bB (R=Et, R' =

Et) (Chart 4, b series). The stereochemistry of the product 4cA (R=H, R' =Et, 76% de) in run
16 was determined as shown in Chart 5. Compound 4cA (R=H, R' =Et, 76% de) was
transformed to 2-benzyloxy-2-methyl-butanal (12) by benzylation followed by acid hy
drolysis. Since the specific rotation of 12 showed a negative value (- 36°, lit.12 ) - 39 0 as
78% ee), the absolute configuration of the tertiary alcohol was determined to be S. The
correlation of the stereochemistries of the products in runs 16, 17, 18, and 20 was achieved in
the same way as used for the a and b series (Chart 4, c series).

As mentioned above, nucleophilic addition of Grignard reagents to the chiral a-keto
acetals (la and Ib) proceeded with extremely high stereoselectivity to give the predominant
products (4aA and 4bA), which were formed by the attack of the reagents on the sf-face of the
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Med'r--('OMe
o ,0 Na,EtOH/NHa 0./ k HO
'X'/- ) Ph__/'"., nown Q'

B2H6 then ~Ph"r',,-(, (85%) HO ',""O~ "
~--l'" 30% H202, OH- HO R 0

MaO cL JJ ,OMe~ 5: R"=CH2CH20H (51%) 6 0
~-?S<' 5' : R" =CH(OH)CHa(42%) (8)-( +}-mevalolactone

Pti HO <,~ ~03then
HO "

4aA : R=Ph, NaBH4 M~o""r--('OMe known X
R'=vinyl, 96% de (85%) 0 ,.,.0 Na,EtOH/NH3...Ph~ ~ lo.ko

Ph>CJ:::. . (85%) HO/"",rOH
HO ·......00 (RH- )-mevalolactone

7 8

Chart 3

[] MeO')--{"OMe [ JMeO~"''oMe
H2 :> 0x..0........ (H2 0X~

5% Pd-C R /""/ 5% Pd-C R /""b
HO HO ~

4aA: R=Ph, R'=Et 4aA : R=Ph (run 5)
4bA: R=Et, R'=Et 4bA: R=Et (run 11)

MeOh.""OMe

°X°/,
R ..7.."

HO .~

9a
9b

Meo'\--i"'OMe Med\--{"OMe
0X0/' __~> O~
R ., R-.,~::V

HO ~ HO
lOa 4aB: R=Ph, R'=Et
lOb 4bB: R=Et, R'=Et

:"'- " -,MeO r\'- OMe

~~ KOH/aq-EtOH

HO ~,.
TMS

4a : R=Ph (run 6,8)
4b : R=Et (run 12,14)

MeO)--(''oMe
0XO........ 1) KOH/aq-EtOH

H- A_. 2) [H2], 5% Pd-C
HO ~...

TMS
4c (run 18)

4cA+4cB
(13 : 87 from 4c in run 18)
(62 : 38 from 4c in run 17)

Chart 4

5% Pd-C

MeO).--(OMe

&
HO· ?'

4c (run 17)

1) BIlBr, NaH

2) H30'~

4cA: (Z=H; 76% de) of run 16
11: Z=PhCH2-

Chart 5

ketones. This result would suggest that the magnesium metal of the reagents chelates between
the carbonyl oxygen atom, the methoxy oxygen atom, and one of the acetal oxygen atoms,
leading to a rigid structure (A in Fig. 1) in the transition state of the reaction, then the alkyl
group of the reagent attacks the si-face of the ketone. On the other hand, lower stereoselec
tivity was observed in the reactions of le even when Grignard reagents were used as addends.
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This would suggest that the bulkiness of theR groups of la-e plays an important role in
fixing the conformation of the transition state. That is, Ic would exist as conformer B as
shown in Fig. 1, where the acetyl group occupies the quasi-equatorial position because of the
smallness of R( = H), and the reaction would proceed without chelation or with only a weak
chelation process. The reason for the poor stereoselectivity in the reactions of la-c with
organolithium reagents is still not clear.':"

As shown in Chart 3, since compounds 6 and 8 are the key intermediates for (R)-( -)- and
(S)-( +)-mevalolactone, this work provides a new asymmetric synthesis of optically active
mevalolactone. The advantages of our asymmetric synthesis are (1) that a single diastereomer
of the starting ex-keto acetals is formed, (2) that the acetal, a widely used protecting group for
the carbonyl group.!"! works as a chiral auxiliary, and (3) that the chiral dial is readily
available in both enantiorners.P'

Experimental

The following instruments were used to obtain physical data: specific rotation, Perkin-Elmer 241 polarimeter;
infrared (IR) spectra, lASeO IRA-I spectrometer; proton nuclear magnetic resonance etH-NMR) spectra, Hitachi
R-22 (90 MHz), lEOL lNM-FX 90Q FT-NMR (90 MHz), or JEOL LNM-GX 500 FT-NMR (500 MHz)
spectrometer (with tetramethylsilane as an internal standard); low- and high-resolution mass spectra (MS), lEOL
JMS 0-300 mass spectrometer (with a direct inlet system). A lASCO TRIROTAR-II high-pressure liquid
chromatography (UV detector) was used for high-performance liquid chromatographic (HPLC) analysis. E. Merck
silica gel (0.063-0.200 mm, 70-230 mesh ASTM) for column chromatography and E. Merck TLC plates pre-coated
with Silica gel 60F254 for preparative thin layer chromatography (TLC) (0.5 mm) and TLC detection (0.2 mm) were
used. Specific rotation was measured at 20°C in CHCl3 , unless otherwise mentioned. All melting points are
uncorrected.

Syntheses of the ex-Hydroxy Acetals (3a--e)--General Procedure for 3aand 3b: One microspatula-full of CSA
was added to a mixture of the ce-hydroxydimethyl acetal 2a (or 2bfl (1 mmol) and ( - )-(2S,38)-1 ,4-dimethoxy-2,3
butanediol (13)15) (l mmol), and the resulting mixture was stirred overnight at room temperature under reduced
pressure (O.5mmHg). Then CH 2C12 (5 ml) and K2C03 (one micro spatula-full) were added. The reaction mixture was
stirred for 10min, and the precipitate was filtered off. The filtrate was concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel using hexane-ether as an eluting solventto give 3a (or
3b) as a diastereomeric mixture.

The a-hydroxy aceta13a (225 mg, 80%) was prepared from 2a (200mg, 1.02mmol) and 13 (153 mg, 1.02mmol).
Colorless oil. IR v~~;llcm-l: 3450,1080. IH-NMR (10% solution in COCI3 ) {j: 1.02and 1.04 (total3H, each d, ratio
1: 1, HOCHc:tb), 3.26 and 3.33 (total 3H, both s, ratio 1 : 1, -OCth), 3.44 (3H, s, -Octh), 3.9-4.5 (7H, m,
-CtJ20CH3 x 2 and -CtI-O x 3), 7.2-7.6 (SH, m, aromatic protons). Anal. Calcd for C15H220S: C, 63.81; H, 7.85.
Found: C, 64.08; H, 8.03.

The a-hydroxy acetal3b (208mg, 64%) was prepared from 2b (206mg, 1.39mmol) and 13 (209mg, 1.39mmol).
Colorless oil. IR v~~;llcm-l: 3590, 3460,1105. IH-NMR (10% solution in CDCJ3) s. 0.92 (3H, t, J=7Hz,
-eH2CtJ3) , 1.21 (3H, d, J =6.6 Hz, HOCHCth), 1.4-1.85 (2H, m, -Cth-), 2.78 (1H, d, J =7 Hz, -Gl]:), 3.39, 3.40,
and 3.41 (total6H, all s, ratio I: I :2, -OCtl3 x 2),3.45-3.60 (4H, m, -CthOCH3 x 2),3.70 (l H, m, -Ctl-G), 3.90
nn, m, -te-0), 4.1-4.5 (IH, m, -C.{j-O). Anal. Calcd for CI1H 2 20 s: C, 56.39; H, 9.46. Found: C, 56.37; H, 9.76.

The a-hydroxy acetal3c (653mg, 67%) was prepared from 2cB
} (565mg, 4.7mmol), 13 (7IOmg, 4.7mmol), and
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one microspatula-full of CSA. The reaction was carried out in anhydrous CH 2Cl2 (18 ml) at room temperature under
a nitrogen atmosphere. After being stirred overnight, the resulting mixture was worked up in the same manner as
described for 3a and 3b. Colorless oil. IR \,~;13cm-l: 3450,1095. 1H-NMR (10% solution in CDCI3 ) b: 1.21 (3H, d,
J=6.5Hz, HOtHCtl3 ) , 3.40 (6H, s, -ocu, x 2), 3.47-3.60 (4H, m, -C.thOCH3 x 2), 3.69-3.91 (lH, m, -Ctl
OH), 3.94-4.17 (2H, m, -Clj-Q x 2), 4.91 and 4.94 (total IH, both S, ratio 1: 1, O-Cij-o). Anal. Calcd for
C9H1SOS: C, 52.41; H, 8.80. Found: C, 52.48; H, 9.13.

Syntheses of eX-Keto Aeetals (Ia--e)--General Procedure: Dimethyl sulfoxide (DMSO) (0.42 ml) was added
dropwise to a solution of oxalyl chloride (COC1)z (0.23 ml) in anhydrous CH 2CI2 (6.6 ml) at - 78°C. The resulting
solution was stirred for 5 min and then 3 (1 mmol) in CH2C12 (2 ml) was added. After further stirring for 30 min, Et3N
(1.8 ml) was added to the reaction mixture. The resulting solution was stirred for 15min and then treated with water.
(The reaction was carried out at -60--70 "C under a nitrogen atmosphere.) The mixture was extracted with
CH2CI2 • The organic layer was washed with aqueous 5~~ H'Cl, saturated aqueous NaHC03 , and brine successively
and then dried over MgS04 • The solution was concentrated under reduced pressure. The residue was subjected to
column chromatography on silica gel to give the a-keto acetal (1).

Compound Ia (988 mg) was prepared from 3a (1.0 I g, 3.6 mmol) in 98% yield (eluent, benzene: ether =8: 1). la:
Colorless oil, [alp +65 0 (c=0.97). IR l'~~;1Jcm-l: 1725, 1085. IH.;NMR (10?~ solution in CDCI3 ) ,5: 2.17 (3H, 5,

-Cl:h), 3.34 and 3.41 (3H each, both s, -OCth x 2),3.4-3.6 (4H, m,-Ctl2-0CH3 x 2),4.15 (2H center, rn, -o-ttJ
x 2),7.2-7.6 (5H, m, aromatic protons). Anal. Calcd for ClsH200S: C. 64.27; H, 7.19. Found: C, 64.19; H, 7.14.

Compound Ib (429mg) was prepared from 3b (450mg, 1.92mmol) in 96~ yield (eluent, hexane: ether e- Z: 1).
Ib: Colorless oil, [a]o -6.1 u (c= 1.5). IR v~~;13cm-l: 1728, 1073. IH-NMR (IO~{ solution in CDCI3 ) b: 0.93 (3H, t,
J=7.4Hz, -CthCH3) , 1.81 (2H, q, J=7.4Hz, -cthCH), 2.23 (3H, S, -cOCI::h), 3.36 and 3.41 (3H each. both s,
-OC:th x 2), 3.4-3.6 (4H, m, -CtJ2-OCH3 x 2), 4.0 (2H center, m, -O-CtJ-x 2). Anal. Calcd for CUH1HOS: C,
56.88; H, 8.68. Found: C, 56.73; H,8.91.

Compound Ic (330 mg) was prepared from 3c (380 mg, 1.84mmol) in 88~;: yield (eluent, hexane: ether = 1: I). Ie:
Colorless oil, [a]o -9.6° (c= 1.3). IR v~~;hcm-l: 1730, 1100. IH-NMR (l0/~ solution in CDCI3 ) (5: 2.22 (3H, s,
-COC:th), 3.40 (6H, 5, -oCth x 2).3.5-3.7 (4H, m, -C.tJ2- OCH) x 2),4.15 (2H center, rn, -O-CH- x 2),5.09 (IH,
s, -O-CtJ-O-). Exact MS C,aled for C9HH;Os: 204.0997. Found: 204.1002.

Nucleophilic Addition of Organometallics to eX~Keto Acetals (la-c)--General Procedure: An organometallic
reagent (Grignard reagent or organolithiurn reagent, 5 mmol, 1-1.5 M THF solution) was added dropwise to a stirred
solution of 1 (I mmol) in anhydrous THF (10ml). The mixture was stirred for 2-5 h at - 78°C under a nitrogen
atmosphere (in the case!of trimethylsilylethynylmagnesium chloride or trimethylsilylethynyllithium, the reaction was
carried out at - 78 (JC for 1h and then the mixture was allowed to warm to room temperature). The mixture was
quenched with saturated aqueous NH4CI, allowed to warm to room temperature, and then extracted with ether. The
organic layer was washed with brine, dried over MgS04 • and concentrated under reduced pressure. The residue was
subjected to column chromatography on silica gel to give 4.

Run I: The product [4aA (R '= Et), 30.4 mg] was prepared from 1a (28 mg. a.lmmol) and EtMgCl in 98~~ yield
(eluent, benzene: ether = 5: 1). 4aA (R' =E1): Colorless oil, [alp +9.1 (, (c == 1.1). IR ,,~~;!l cm- I: 3450, 1600, 1450,
1090. IH-NMR (lO~~ solution in CDCI3 ) (5: 0.87 (3H, r, .T=7.2Hz. -CH2Cth). 1.13 (3H, s, HO-¢-Cth), 1.2--1.7
(2H, In, -Cl:hCH3) , 3.28 and 3.43 (3H each, both s, -ocu, x 2)~ 35--3.9 (4H, m, -cth--OCH3 x 2), 3.95-4.3 (2H,
In, -O-CH- x 2), 7.1-7.6 (5H, aromatic protons). Anal. Calcd for C17H260 !i : C. 65.78; H, 8.44. Found: C, 65.84; H,
8.73.

Runs 2-4: The products were prepared from Ia and EtMgCI under the conditions shown in Table I. The ratios
of the products were determined by HPLC analysis [Nucleosil 50~5 column; eluent, hexane: ethyl acetate = 4: 1; How
rate 0.9ml/min; retention time (tR), 4aA (R':::: Et), 40.8 min, 4aB (R' == Et), 38.6 min).

Run 5: The product [4aA (R'=vinyl), 96(% de, 94.1 mg] was prepared from 'la (95mg, O.34mmol) and
vinylmagnesium bromide in 90~~ yield (eluent, hex.ane: ethyl acetate ee Z: l ), 4aA (R' = vinyl, 96% de): Colorless oil,
[a]o -1.08 0 (c=0.65). IR ,,~:I::~~IJ em -I: 3454, 1450, 1090. IH-NMR (10~~ solution in CDCl3)c'5: 1.24 (3H, S, -ct.h),
3.28 and 3.44 (3H each, both s, -OCth x 2), 3.0-3.9 (5H, m, -Cth-OCH3 x 2 and -O-Ctl-), 4.25 (IH center, In,

--0-CH-), 4.9-5.3 (2H, ABIn ABC~ -CH =CHz), 5.92 (IH, C in ABC, -CtJ = CH 2 ) , 7.1-7.6 (5H, aromatic
protons). Anal. Calcd for C17 H240S: C, 66.21; H. 7.84. Found: C, 66.30; H, 8.06.

Run 6: Trimethylsilylethynylmagnesium chloride was prepared from trirnethylsilylacetylene (0.26 ml) and
EtMgCl (2.7 M THF solution, 0.55 ml) in anhydrous THF (7 ml) at room temperature. The product [4aA (R' =
TMS-=-), 94% de, 59mg) was prepared from 1a (46mg, O.164mmol) and trimethylsilylethynylmagnesium chloride
(5m!) in 91%yield (eluent, hexane: ether=2: I). 4aA (R' =TMS-=-, 94% de): Colorless oil, [cx]o + 10.1 o (c::::0.9l).
IR v~~;13cm-1: 3460,3430,2940, 1447, 1090. IH-NMR (10% solution in CDCI3) (5: 0.13 (9H, s, -SiMe3 ), 1.37 (3H, S,

-eH 3) , 3.30 and 3.45 (3H each, both s, -OCH3 x 2), 3.5-4.0 (4H, m, -:-Ctl2-DCH3 x 2),4.2-4.5 (2H, m, -O-CH
x 2), 7.2-7.35 and 7.5-7.7 (5H, aromatic protons). Anal. Calcd for C2oH300sSi: C, 63.46; H, 7.99. Found: C, 63.49;
H,8.04.

Run 7: The product [4aA (R' =Ph), 94% de, 19m9] was prepared from In (l Srng, 0.064mmol) and PhMgBr in
84% yield (eluent, hexane: ether=2: 1). 4aA (R' = Ph, 94% de): Colorless,oil, [a)o + 16.8 0 (c=O.86). IR v~~;13cm-l:
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3469,3000,2848, 1452, 1094. IH-NMR (10% solution in CDCI3) b: 1.61 (3H, s, -Cth), 3.06 (lH, dd, J= 10, 5.7 Hz,
-ethOCH3 x 1/2), 3.26 and 3.46 (3H each, both s, -octh x 2),3.4-3.6 (3H, m, -CtJ;zOCH3 x 3/2), 3.75 (lH center,
m, -o-ttl-), 4.10 (IH center, dt like, -'-O~tl-), 6.8-7.6 (IOH, aromatic protons). Anal. CaIcd for C21H260S: C,
70.37; H, 7.31. Found: C, 69.99; H, 7.43.

Run 8: Trimethylsilylethynyllithium was prepared from trimethylsHylacetylene (0.15 ml) and n-butyllithium
(0.71 mmol in hexane) in THF (lOml) at -40°C. The product [4aA (R'=TMS-=-): 4aB (R'=TMS-=-)=55:45,
24.3 mg] was prepared from 1a (20 mg, 0.07 mmol) and trimethylsilylethynyllithium. Two components were separated
by preparative TLC (benzene: ether=4: 1, developed twice) to give 4aA (R' =TMS-=-, 13.3mg, 49.5%), which was
identical with the product of ron 6, and 4aB (R'=TMS-=-, -l0.9mg, 40.5%). 4aB (R'=TMS-=-): Colorless oil,
[£x)o +26.1 o (c=O.83). IR v~~~13cm-l: 3560,2890,1446,1090. IH-NMR (10% solution in CDCI3) 0: 0.14 (9H, s,
-SiMe3), 1.36 (3H, s, -Ctl3), 3.29 and 3.43 (3H each, both s, -oca, x 2), 3.1-3.7 (4H, m, -Cth-OCH3x 2), 3.85
(lH center, m, -O-Ctj-), 4.25 (lH center, m, -Q-Ctl-), 7.2-7.35 and 7.5-7.7 (5H, aromatic protons). Anal. Calcd
for C2oH300sSi: C, 63.46; H, 7.99. Found: C, 63.37; H, 8.19.

Run 9: The product [4aA (R' = Ph): 4aB (R' =Ph)= 33: 67,. 18.4mg] was prepared from la (18 mg, 0.064mmol)
and PhLi in 80% yield. Colorless oil. IR v~~~bcm-l: 3450, 2990, 2890, 1443, 1090. IH-NMR (10% solution in
CDCI3) 0: 1.61 (3H, s, -Ctl3)' 3.26 (3H, s, -oCth), 3.43 and 3.46 (total 3H, both s, ratio 67: 33, -oCth), 2.95-3.85
(5H, m, -oCtl- and -CthOCH3 x 2),4.1 (lH center, m, -o-CH-), 6.7-7.6 (lOH, aromatic protons). Anal. Calcd
for C21H260 S: C, 70.37; H, .7.31. Found: C, 69.99; H, 7.43.

Run 10: The product [4bA (R'=Et), 78mg] was prepared from Ib (72mg, 0.31 mmol) and EtMgCl in 96% yield
(eluent, hexane : ether=2: 1). 4bA (R'=Et): Colorless oil, [ct]o -16 0 (£.'=2.6). IR v~~~13cm-l: 3470, 1083. IH~NMR
(10% solution in C6D6) 0: 1.01 (3H, t, J= 7.0 Hz, -CH2CB3). 1.08 (3H, t, J= 7.0 Hz, -eH2Cth), 1.31 (3H, S, HO-¢
Ctj3)' 1.4-1.9 (4H. m, -CH2CH3x 2), 2.97 and 3.07 (3H each, both s, -OCth x 2), 3.1-3.6 (4H, m,
-Cf:hOCH3 x 2), 3.84 (tH, dt, J=9.0, 3.0Hz, -0-ct!-), 4.65 (lH, dt, J=9.0, 4.5 Hz, -o-CtI-). Anal. Calcd for
C13H260S: C, 59.52; H, 10.00. Found: C, 59.49; H, 9.73.

Run 11: The product [4bA (R'=vinyl), 11.5 mg] was prepared from lb (11 mg, 0.048 rnmol) and vinylmagnesium
bromide in 93% yield (eluent, hexane: ether = 2 : 1). 4bA (R' =vinyl): Colorless oil, [a]o + 16.5 C> (c= 1.9). IR
v~~~I~cm-l: 3445, 1097. IH~NMR (10% solution in C6D6 ) D: 0.98 (3H. t, J=7.0Hz, -CH2c:th), 1.45 (3H, s,
H01'-Clj3)' 1.6-1.9 (2H, m, -CIj2CH3)' 2.98 and 3.06 (3H each, both s, -oCth x 2), 3.2-3.6 (2H, m,
-CH20CH3), 3.7~3.9 (3H, m, -CtlzOCH3 and -G-CtI-), 4.64 (l H, dt, J=7.5, 5.0 Hz, -O-Ctl-), 5.10 (lH, dd, J=

10.0,2.0 Hz, ~C=C::~), 5.41 (lH, dd, J= 17.0, 2.0 Hz, H:t:=C:~), 6.22 (lH, dd, J= ]7.0, 10.0Hz, -ijC=CHz)'

Anal. Calcd for C13H240S:C, 59.98; H, 9.29. Found: C, 60.17; H, 9,45.
Run 12: The product [4bA (R'=TMS-=-), 30.7mg] was prepared from Ib (22mg, 0.095mmol) and

trimethylsilylethynylmagnesium chloride (3ml, prepared in the same manner as in the case of run 6) in 98% yield
(eluent, hexane: ether=3:1). 4bA: Colorless oil, [ctlo +50 0 (c=0.6). IR v~~~lJcm-l: 3430,2160, lIDS. JH-NMR
(10% solution in C6D6) b: 0.14 (9H, s, -SiMe3 ) . 1.06 (3H, r, J=7.2Hz, -CH2cth), 1.76 (3H, S, HO-¢-CtI3)' 1.90
and 2.30 (IH eac~, m, -Ctl ZCH3) , :86 s:3.02 (3H each, bo~h S, -oca, x 2), 3.1-=:3.6 (4H, m, ~~~O~H3 x 2),
3.81 (lH, ddd, J-8.2, 3.6, 1.8 Hz. O-Ctl), 4.63 (IH, brs, ern, 4.75 (1H, dt, J-8.2, 3.6 Hz, ° CtI ). Anal.
Calcd for Ct6H300sSi: C, 58.15; H, 9.15. Found: C, 58.18; H, 9.35.

Run 13: The product [4bA (R' = Ph), 96~~ de, 22.1 mg) was prepared from Ib (20 mg, 0.086mmol) and PhMgBr
in 81%yield (eluent, benzene: ether =4: 1). 4bA (R' = Ph, 96~~ de): Colorless oil, [£x]o + 51 Ll (c = 2.1). IR v~~;1J em -1:
3445, 1080, 695. 1H-NMR (10% solution in CDCI 3) 0: 0.80 (3H, t, J=7.0Hz, -eH2CH3) , 1.4-1.7 (2H, m,
-CthCH3 ) , 1.64 (3H, S, HO-¢-Cl:J3) , 3.39 and 3.49 (3H each, both s, -oCth x 2),3.4--4.1 (5H, m, -CthOCH3 x 2
and -o-Ctl-), 4.2-4.4 (2H, m, -o-cu- and -Dlj), 7.2-7.6 (5H, aromatic protons). Anal. Calcd for C17H260S= C,
65.78; H, 8.44. Found: C, 65.70; H, 8.53.

Run 14: The product [4bA (R'=TMS-=-)= 4bB (R'=TMS-=:-)=80:20, 18.2mg] was prepared from Ib
(15 mg, O.065mmol) and trimethylsilylethynyllithiurn (prepared in the same manner as in the case of run 7) in 85%
yield. IR V~~;I~ ern-1: 3575, 3425,2160. IH-NMR (10% solution in C6D6) D: 0.14 (9H, s, -SiMe3) , 1.04 and 1.06 (total
3H, each t, -CH2 Cth ), 1.90 and 2.30 (lH each, m, -Ctl2CH3), 2.88 and 3.04 (total 3H, both s, ratio 8: 2, -oCtl3)'
3.03 (3R, S, -OCH3) , 3.1-3.6 (4H, m, -Cl:J20CH3 x2), 3.81 and 4.02 (total1H, m, ratio 8:2, -o-CtI-), 4.6 (lH,
brs, -Dlj), 4.75 (lH, dt, 1=8.2,3.6 Hi, -O-CH-). Anal. Calcd for C16H300sSi: C, 58.15; H, 9.15. Found: C, 58.20;
H,9.36.

Run 15: The product (4bA (R' ::;:Ph):4bB (R' =Ph)=60:40, 21.3 mg] was prepared from lb (20mg, 0.086mmol)
and PhLi in 80% yield. Colorless oil. IR v~~~13.cm -1: 3445, 1080,695. IH-NMR (10% solution in CDC13) b: 0.8 (3H,
t, J=7.0Hz, -CHZClj3)' 1.4-1.7 (2H, m, -CthCH3) , 1.62 and 1.64 (total3H, both S, ratio 6 :4, HO-¢-eth), 3.36,
3.39, 3.42 and 3.49 (total 6H, all s, ratio 4: 6: 4: 6, -oc:th x 2), 3.4-4.4 (6H, m, -CthOCH3 x 2 and O-CtI- x 2),
6.7-7.6 (SR, aromatic protons). Anal. Calcd for C17H260S: C, 65.78; H, 8.44. Found: C, 65.61; H, 8.62.

Run 16: The product [4cA (R'= Et): 4cB (R'=Et)=88: 12,55 mg] was prepared from Ic (53mg, 0.26mmol) and
EtMgCI in 91%yield (eluent, hexane:ether=2: 3). Colorless oil. IR v~~~hcm-l: 3597, 3467, 1100. 1H~NMR (10%
solution in C6D6) 8: 1.0I and 1.02 (total 3H. each t. J = ts Hz, ratio 88: 12, -CH2Ctl3) , 1.23 and 1.25 (total 3H, both
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s, ratio 12: 88, HO-¢-eth), 1.5-1.8 (2H, m, -CtlZCH3) . 3.03 and 3.06 (3H each, both s, ~OCIj3 x 2),3.2-3.4 (4H,
m, -el.:hOCH3 x 2), 3.96-4.12 (2H, m, -0-Clj- x 2). 4.97 and 4.98 (total IH. both s, ratio 12: 88, -G-Ctl-O-).
Anal. Calcd for Cll H220S: C, 56.39; H, 9.46. Found: C, 56.18; H, Q.75.

'Run 17: The product [4cA (R' = vinyl) : 4cB (R' =viny1)=62: 38. lSmg) was prepared from Ic (20mg,
0.098 mmol) and vinylmagnesium bromide in 78~~ yield (eluent; hexane: ethyl acetate =2: I). Colorless oil. IR
v~~~bcm-l: 3583,3430, 1095:1H-NMR (l0~~ solution in CDCI3) l5: 1.28 (3H, s, HO-¢-C.tl3)' 3.39 and 3.41 (3H
each, both s, -oCl.:h x 2), 3.44-3.64 (4H, m, -CthOCH3 x 2), 3.9-4.3 (2H, rn, -O-Ctl- x 2), 4.93 and 4.96 (total
IH, both s, ratio 4: 6 -0-CtJ-O-), 5.0-5.5 (2H, m, -CH =Ctlz), 5.97 (IH, dd, J= 10.6, 16.8 Hz, -Cl] =CH2). Anal.
Calcd for CIIH200S: C, 56.88; H, 8.68. Found: C, 56.85; H, 8.86.

Run 18: The product [4cA (R'=TMS-=-): 4cB (R'=TMS-=-)= 13: 87, 60mgJ was prepared from Ie (51 rng,
0.25 mmol) and trimethylsilylethynylmagnesium chloride (prepared in the same manner as in the case of run 6) in 80%
yield (eluent, hexane: ethyl acetate=3: I). Colorless oil. IR v~;13cm-l; 3563, 3410. 2160, 1095. IH-NMR (10%
solution in CDCI) c5: 0.17 (9H, s, -SiMe3), 1.46 (3H, s, HO-¢-CI.:h), 3.41 (6H, s, -oca, x 2), 3.4-3.7 (4H, m,
-el.:hOCH3 x 2), 3.96-4.3 (2H, m, -O-CtJ-x 2), 5.00 and 5.02 (total t H, both s, ratio 87: 13. -O-CtJ-D-). Anal.
Calcd for C14H260sSi: C, 55.60; H, 8.66. Found: C, 55.44; H, 8.94.

Run 19: The product [4cA (R' =Ph) : 4cB (R' = Ph) =70 : 30, 38 mg] was prepared from Ie (35 mg, 0.17 mmol)
and PhMgBrin 78% yield. Colorless oil. IR V;I:;-h cm - l: 3448, 3010.1100, IH-NMR (IO~~ solution in CDCI3)6: 1.54
(3H, s, HO-¢-Cl.:h), 3.33, 3.38. 3.39 and 3.41 (total 6H, all s, ratio 3: 7: 3: 7, -oCtJ3 x 2), 3.45-3.8 (4H, m,
-CthOCH3 x 2), 3.8-4.3 (2H, m, -O-Ctl- x 2), 5.21 and 5.30 (total 1H, both s, ratio 3; 7, -D-CH-D-), 7.1-7.6
(5H, m, aromatic protons). Anal. Calcd for CIsH220S: C, 63.8I~ H, 7.85. Found: C, 63.64; H, 8.07.

Run 20: The productI4cA (R'=TMS-=-): 4cB (R'=TMS-=:-)=60 :40, 52mg] was prepared from Ic (51 mg.
0.25 mmol) and trimethylsilylethynyllithium (prepared in the same manner as in the case of run 7) in 69~~ yield.

Conversion of 4aA (R' = vinyl) to the Diols 6 and 8--The I,3-Dio15: A solution of B2H6 in THF (I M solution,
O.l95ml) was added dropwise to a stirred solution of 4aA (R/=vinyl, 30mg) in anhydrous THF (0.25mI) at OC'C
under a nitrogen atmosphere. The mixture was stirred overnight at 0 (·C and treated with water until the evolution of
hydrogen ceased. Stirring was continued for 40 min at room temperature, then aqueous 3 M NaOH (0.15 ml) and
aqueous 30% H202 (0.017 ml) were added dropwise to the resulting solution successively at O°C. The solution was
stirred for 1h at 40°C and extracted with CH2Clz. The organic layer was washed with aqueous 5% Na.zSzOJ, dried
over MgS04, and concentrated under reduced pressure. The residue was purified by preparative TLC (chloroform:
ethyl acetate = I : 1) to give the 1.3~dioI5 (16.2 mg, 51%) and the I,2-diol 5' (13.3 mg, 41~~). 5: Colorless oil [lX]D +8,4"
(c= 1.4). IR V~~;-13em -1: 3450. 3000,2932. 1092. IH-NMR (IO~~; solution in CDClJ ) s. 1.25 (3H. s, HO-¢-CI.:h). 1.4
and 2.05 (l H each, m, -CthCH20H), 2.9-3.9 and 4.2 (8H, m, -O-Ctl- x 2 and -CthOCH3x 2 and -CthOH), 3.27
and 3.44 (3H each, both s, -OCth x 2), 7.2-7.6 (5H, aromatic protons). Anal. Calcd for C17Hu,0 6: C, 62.56; H, 8.03.
Found: C, 62.69; H, 8.26. 5': Colorless oil. [l>:]o + 15.3n (c:=0.34). IR \,~~;hcrn -I: 3520, 1090. IH-NMR (lO~{,

solution in CDC13 ) (5: 1.07 (3H, S, HO-¢-Ctl3)' 1.21 (3H, d, J=6.5 Hz, HO-CH~Cth), 2.9-4.4 (7H. m, ·-o-Ctl
CHa and -CthOCHa x 2 and -O-Ctl- x 2), 3.27 and 3.44 (3H each, both s, -oCth x 2). 7.2-7.6 (5H, aromatic
protons). Anal. Calcd for CnH:u,06: C, 62.56; H, 8.03. Found: C. 62.53; H, 8.30.

The I,3~Diol 6: A solution of 5 (28 mg) and absolute EtOH (25 pI) in anhydrous THF (1.3 ml) was added
dropwise to a stirred solution of Na meta] (10 mg) in liquid NH 3 (7 ml) at - 78"C. After 2 min. the reaction was
quenched by the addition of saturated aqueous NH4CI and allowed to warm to room temperature to remove NH3•

The residue was dissolved in water and extracted with ether. The ether layer was washed with brine, dried over
MgS04• and concentrated under reduced pressure. The crude product was purified by silica gel column chromatog
raphy (dichloromethane : ethyl acetate =5: l ) to give 6 (13.5 mg, 88~~), which was identical with an authentic sample
in terms of IR and IH-NMR data and [a]o + 1.76" (c ::::0.51. 95% EtOH): lit. I O

) +1.77 I'.

The I,2-DioI7: A solution of4aA (R'<-vinyl, 51 mg) in MeOH (5.5ml) was treated with ozone at -78 "C. The
completion of the reaction was checked by TLC. Excess ozone was removed by bubbling nitrogen gas through the
solution and then one microspatula-full of NaBH4 was added. The mixture was stirred 'for 30 min at room
temperature, then water (5 ml) was added and the MeOH was evaporated off under reduced pressure. The aqueous
solution was extracted with CH2Cl2 • The organic layer was washed with brine, dried over MgS04.' and concentrated
under reduced pressure. The residue was purified on a silica gel column (hexane: ethyl acetate = 1 : 2) to give 7 (44 mg,
85~~). 7: Colorless oil, [l>:]p +27 0 (c:=O.44). IR v~~;-!Jcm-l: 3475,2900,2875,1095. IH-NMR (10% solution in
CDCI3) 8: 1.10 (3H, s, HO-¢-Cth), 2.8-4.5 (8H, in,-CthOCH3 x 2, -O-Clj-x 2, and -GIj20H), 3.25 and 3.43
(3H each, both s, -oCl:h x 2), 7.2-7.5 (5H, aromatic protons). Anal. Calcd for CJZHZ406: C, 61.52; H, 7.75. Found:
C, 61.24; H, 8.07.

The I,2-Diol 8: A solution of7 (20 mg) and EtOH (20 iiI) in anhydrous THF (I ml) was added to a solution ofNa
metal (7.4 mg) in liquid NH3 (7 ml) at - 78 "C, The mixture was stirred for 3 min, then the reaction was quenched by
the addition of aqueous NH 4Cl. The mixture was worked up in a usual way. The crude product was purified on a
silica gel column (hexane: ethyl acetate = 1: I) to give the 1,2-diol 8 (8.6mg, SS%), which was identical with an
authentic sample on the basis oflR and IH-NMR comparisons and the following data. 8: Colorless needless (hexane
ether), mp 66-67 "C, [~lD + 17.3 0 (c=0.2, 95% EtOH) (lit. 10) mp 66.5-67.S °c, [O::]D + 17.3°).
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4aA (R=Ph, R'=Et) from' 4aA (R=Ph, R'=vinyl)--4aA (R=Ph, R'=vinyl) (lOmg) from run 5 was
dissolved in ethyl acetate (1 ml) and hydrogenated in the presence of a catalytic amount of 5% Pd-C under
atmospheric pressure at room temperature. After the completion of the reaction (checked by TLC), the catalyst was
removed by filtration, and the filtrate was concentrated under reduced pressure. The residue was subjected to column
chromatography on silica gel using benzene-ether (2: 1) as an eluting solvent to give 4aA (R=Ph, R';:::: Et) (10mg),
which was identical with 4aA (R=Ph, R'=Et) from run 1 eH-NMR comparison and HPLC analysis).

4aA (R = Ph, R' = Et) and 4aB (R = Ph, R' = Et) from the Products Obtained in Runs 6 and 8--A solution of the
product (19 mg) of run 8 in 0.85~1a KOI:i in aqueous 50% EtOH (I ml) was refluxed for 15min, then evaporated under
reduced pressure to remove EtOH, and the residue was extracted with CH2Clz. The organic layer was washed with
brine, dried over MgS04 , and concentrated under reduced pressure. The residue was separated by preparative TLC
(benzene: ether=2: I, developed twice) to give 9a (R =Ph) (8mg, 53%) and lOa (R = Ph) (6.4 mg, 42%). The product
(7mg) of run 6 was treated in the same manner as described above to give 9a (R = Ph, 5.4 mg, 96%). 9a: Colorless oil,
[et]D +7.4 fJ (c=0.69). IR v~~;-IJcm-l: 3420 (br), 3288, 3008,1450, 1090. IH-NMR (10% solution in CDCI3) 8: 1.41
(3H, s, HO~-Clh), 2.40 (IH, s, -C=Clj), 3.29 and 3.45 (3H each, both s, -oCth x 2), 3.5-4.0 (4H, m,
-ethOCH3 x 2), 4.1-4.6 (2H. m, -D-C{:J-x2), 7.2-7.7 (5H, aromatic protons). Anal. Calcd for C17H220S: C,
66.65; H, 7.24. Found: C, 66.64; H, 7.44.10a (R:=:::Ph): Colorless oil, [CX]D +26.7 0 (c=O.4). IR v~~;13cm -1: 3430(br),
3228,2960, 1450, 1090. lH-NMR (10% solution in CDCI3) (;: 1.39(3H, s, HO-¢-C:th), 2.40 (lH, s, -CECtn, 3.28
and 3.42 (3H each, both s, -OC:th x 2), 3.5-4.0 (4H, m, -CthOCH3 x 2),4.1-4.5 (2H, m, -O-Ctl-x 2),7.1-7.7
(5H, aromatic protons). Anal. Calcd for C17H220S: C, 66.65; H, 7.24. Found: C, 66.48; H, 7.42.

The acetylene compounds 9a and lOa were hydrogenated in the same manner as described for 4aA (R=Ph, R'=
vinyl). Purification was carried out on a silica gel column (benzene: ether = 2: 1). 9a was converted into 4aA (R = Ph,
R'=Et) in 99~~ yield; this product was shown to be identical with 4aA (R=Ph, R'=Et) from run 1 by lH-NMR
comparison and HPLC analysis. lOa was converted into 4aB (R =Ph, R' = Et) in 99% yield. 4aB (R = Ph, R' = Et):
Colorless oil, [~]D +28.3 fJ (c=O.3). IRv~~;1)ern-1: 3000, 2960, 1454, 1090. lH-NMR (10% solution in CDCI3) 8:
0.88 (3H, t, J= 702Hz, -CH2Cth), 1.13 (3H, s. HO~-c:th), 1.3-1.9 (2H, m, -GthCH3 ) , 3.28 and 3.43 (3H eac~,
both s, -OC.th >(2), 3.5-3.9 (4H, m, -CthOCH3 x 2), 4.0-4.4 (2H, m, -o-CH-x 2), 7.1-7.6 (5H, aromatic
protons). Anal. Calcd for C17H260s: C, 65.78; H, 8.44. Found: C, 65.47; H, 8.57.

4bA (R= Et, R'=Et) from 4bA (R=Et, R'=vinyl)---4bA (R=Et, R' = vinyl) from run 11was hydrogenated in
the same manner as described for 4aA (R=Ph, R'=vinyl). The product, 4bA (R=Et, R'=Et), was shown to be
identical with 4bA (R=Et, R'=Et) from run 10 by IH-NMR (500MHz, 10% solution in CDCI3).

4bA (R = Et, R' =Etjand 4bB (R = Et, R' = Et) from the Products Obtained in Runs 12 and 14--The products of
runs 12 and 14 were converted into 9b and lOb in the same manner as adopted for 9a and lOa. 9b and lOb were
obtained in 75% and 19% yields, respectively, from the productof run 14 (TLC separation, hexane: ether = 1: 1,
developed three times). In the case of the product of run 12, only 9b was obtained in 95% yield. 9b: Colorless oil, [cx]n
+34.8° (c=O.7). IR v~~~hcm-I: 3420, 3310, 1100. lH-NMR (10% solution in C6D6) B: 1.02 (3H, t, J=7.0Hz,
-CH2Cth)~ 1.70 (3H, S, HO-¢-CH3) , 1.7 and 2.3 (1H each, m, -C:thCH3) , 2.10 (1H, s, -C == Clj). 2.87 and 3.02 (3H
each, both s, -octh x 2), 3.1-3.9 and 4.6-4.9 (6H, m, -Ctl20CH3 x 2 and -,-()-Ctl- x 2). Anal. Calcd for
C13H220S : C, 60.45; H, 8.58. Found: 60.31; H, 8.64. lOb: Colorless oil, [a]D -23.1 0 (c=0.2). IR v;~;lJcm-l: 3395,
3300,1098. t H-NMR (1O}~ solution in C6D6 ) 8: 1.02 (3H, t, J=7.2Hz, -CH2Cth), 1.63 (3H, s, HO-¢-CIj.3)' 1.7
2.3 (2B, m, -CJjZCH3 ) , 2.03 (tH, s, -C==Ctl), 2.97 and 3.03 (3H each, both s, -OCtl3 x 2), 3.2-3.6 (4H, m,
-Ctl20CH3X2), 3.97 (lH, dt, 1=8.6, 3.7Hz, -O-CIj.-), 4.6 (lH, dt, J=8.6, 5Hz, -O-Cij-). Anal. Caled for
C13H220S: C, 60.45; H, 8.58. Found: C, 60.57; H, 8.81.

Compound.s 9b and lOb were hydrogenated in quantitative yield in a usual manner. 9b was converted to 4bA
(R=Et, R' =Et), which was shown to be identical with 4bA (R=Et, R' =Et) from run II by IH-NMR (500MHz,
10% solution in CDCl3). lOb was converted to 4bB (R=Et, R'=Et). 4bB: Colorless oil, [a]o + 1.91) (c=0.11). IR
v;I;;-lJcm- 1

: 3445,1105. IH-NMR (10% solution in CDCI3 ) 5: 0.92 (3H, t, J=6.8Hz, -CH2Ctl3), 0.95 (3H, t, J=
7.3Hz, -CH2Cth), 1.15 (3H, s, HO-¢-CIj3), 1.3-2.0 (4H, m, -Cth-CH3x2), 2.20 (lH, brs, -oEn, 3.39 and 4.13
(3H each, both s, -OCtl3x 2), 3.45-3.6 (4H, m, -ethOCH3x 2), 3.65-4.05 (l H, m,-0-Ctl-), 4.3-4.55 (1H, 111,

-o-CtI-). Anal. Calcd for C13H260S: C, 59.52; H, 10.00. Found: C, 59.61; H, 9.70.
4cA (R'= Et) and 4cB (R' =Et) from the Product of Run 17--The product (lOmg) of run 17was hydrogenated

in quantitative yield in a usual manner to give the ethyl compounds [4cA (R'=Et): 4cB (R'=Et)=60:40, 10mg],
which were correlated with the product of run 16 by IH-NMR (500MHz, C6D6 ) comparison.

4cA,(R'=Et) and 4cB (R' = Et) from the Products Obtained in Runs 18 and 20--The product (27mg) of run 18
was desilylated in a usual manner (see for 9 and 10) to give a mixture of two acetylene compounds, which were not
separable from each otherand then used in a subsequent reaction without separation. Hydrogenation of the mixture
of the above acetylene compounds in a usual manner afforded the ethyl compounds [4cA (R /= Et) :4cB (R' = Et) =
13:87, 20.3mg, 97% yield], which were correlated with the product of run 16 by lH-NMR (500MHz, C6D6 )

comparison.
The product (33mg) of run 20 was converted to the ethyl compounds [4cA (R' =Et) : 4cB (R' =Et) = 60: 40,

25mg, 98% yield] in the same manner as described above. Correlation of the ethyl compounds obtained here with the
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product of run 16 was achieved by IH-NMR (500 MHz, C6D6) comparison.
Benzylation of 4cA (R =H, R' =Et, 76% de) from Run 16--Sodium hydride (79 mg, 1.97 mmol) was added to a

solution of 4cA (R=H, R' =Et; 76% de, 115 mg, 0.49mmol) from run 16 in anhydrous THF (4ml) and dimethylfor
mamide (DMF) (1 ml) at O°C. The mixture was stirred for 1h at O°C, then PhCH~Br(0.25 ml, 1.97 rnmol) was added
to the reaction mixture. The resulting solution was stirred for 12h (overnight) at room temperature. Saturated
aqueous NH4CI (5 ml) was added to the mixture and the solution was extracted with CH2CI2• The organic layer was
washed with brine, dried over MgS04 , and evaporated under reduced pressure. The residue was subjected to column
chromatography on silica gel using hexane-ether (3: 1) as an eluting solvent to give 11 (158 mg, 99%). Colorless oil.
IR v~;13cm-l: 1095. IH-NMR (10% solution in C6D6 ) e5: 1.04 (3H, t, J=6.7Hz, -CH;zCth), 1.31 (3H, s,
HO-¢-etb), 3.06 and 3.08 (3H each, both s, -oc:th x 2), 3.14-3.4 (4H, m, -CthOCH3 x 2), 3.8-4.1 (2H, m,
-o-CtJ- x 2), 4.67 (2H, s, -oClJ2Ph), 5.14 and 5.16 (total IH, both s, ratio 9: I, -0-C5-0-). 7.0-7.5 (5H, m,
aromatic protons). Anal. Calcd for C18H2S0S: C, 66.64; H, 8.70. Found: C, 66.71; H, 8.99.

(S)-( - )-2-Benzyloxy-2-methylbutanal (12)--A solution of 11 (20 mg, 0.062 mmol) in concentrated H;ZS04
AcOH-H20 (1 : 50 : 50, 3 ml) was reftuxed for 24 h. The resulting solution was neutralized with saturated aqueous
NaHCOJ , and then extracted with CH2CI2 • The organic layer was washed with brine, dried over MgS04 , and
evaporated under reduced pressure. The residue was purified by preparative TLC (hexane: ether= 3: 1) to give 12
(7.7mg, 65%). Colorless oil. [a]D -36 (1 (c=0.5, C6H6) ; lit.12) -39 ° (c= 1.002, C6H6) as 78% ee. IR V;~;13cm"": 1730.
lH-NMR (10% solution in CDCI;}) c5: 0.94 (3H, t, J=7.0 Hz, -CH2Cth), 1.32 (3H, s, HO-¢-eth), 1.63-1.95 (2H,
m, -CJ;:hCHJ ) , 4.46 (2H, s, -OClj2Ph), 7.34 (5H, s, aromatic protons), 9.65 (IH, s, -C:ijO). Elemental analysis was
carried out on the 2,4-dinitrophenylhydrazone (mp 68°C) (Anal. Calcd for ClsHzoN40S: C, 58.06; H, 5.41; N, 15.05.
Found: C, 57.94; H, 5.33; N, 15.05).
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Cyclophanes. I. Preparations and Conformational Properties of
Dioxazolo[32]metacyclophane and Related Compounds
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The one-pot coupling reactions of bis(2-isocyano-2-tosylethyl)benzenes (5) with phthalal
dehydes (11) afforded dioxazoloj'Flcyclophanes (12a, 12d, 12e, 12f, and 12h), bis(naphth[2,I-d]
oxazol-4-yl)benzenes (13a-e), and tetraoxazolo[34]parametacyclophane (14) as 1: 1, I: 2, and 2: 2
adducts, respectively. On the basis of the variable-temperature nuclear magnetic resonance (VT
NMR) spectra of dioxazoloj'Plmetacyclophane (12e), 12e in solution at room temperature exists in
a syn form and the energy barrier to the conformational change (LlGl%') at the coalescence
temperature (Tc =38 "C) is determined to be 64.5 kl/rnol, which is higher than that of parent
[32]metacyclophane (I). Therefore, it was suggested that the annelations of two oxazole rings to the
two methylene bridges of 1 significantly affected the mobility of the benzene rings of 12e.

Keywords-[32]metacyclophane; cyclophane; conformational analysis; VT-NMR; COSY;
oxazole; cyclization; isocyanide; tosylmethyl isocyanide; phthalaldehyde
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In the past decade, the [32]metacyclophane ring has been constructed by several methods,
that is, ring expansion,1

) ring contraction." cyclizations of bifunctional reactants, i.e., malonic
ester derivatives (4)3) or 1,3-bis(2-isocyano-2-tosylethyl)benzene (5bt) with C(,lX/~dibromo-m

xylene (6), and cyclodimerization.t' as shown in Chart I. Moreover, the conformation of
parent [32]metacyclophane (1) both in solution and in the solid state has been assigned as a syn
form on the basis of the variable-temperature nuclear magnetic resonance (VT-NMR) and x
ray studies."

In the previous communication.?' we presented a novel method for the preparation of
[32]metacyclophane derivative (12e) by cyclization of 5b with isophthala.ldehyde (l Ib). This
method allows very convenient one-pot syntheses of [32]metacyclophane derivative (12e)
annelated with two oxazole rings to the two methylene bridges of 1. This introduction of
unsaturated systems into 1 makes it possible in principle to produce an extended conjugated
system over three aromatic rings, that is, oxazole, benzene, and oxazole.?' Therefore, it is very
interesting to investigate whether or not the introduced conjugated system affects the
conformation and the conformational change of [32]metacyclophane derivative (l2e).

In this paper, we wish to describe facile preparations of dioxazoloj.Fjcyclophanes (12)8)
and bis(naphth[2, l-d]oxazol-4-yl)benzenes (13) as outlined in Chart 2 and the conformational
properties of 12 on the basis of VT-NMR and ultraviolet (UV) spectra.

Synthesis
The results of the preparations are summarized in Table 1. Thus, the one-pot coupling

reaction of 5b with lIb in the presence of sodium ethoxide (EtONa) in refluxing ethanol
(EtOH) afforded dioxazoloj'Pjmetacyclophane (12e) as an 1: 1 adduct in 77% yield. The
analogous reactions of 1,2- and 1,4-bis(2-isocyano-2-tosylethyl)benzenes (Sa and Sc) with Llb
gave dioxazolojPjorthometacyclophane (12d) in 84% yield and dioxazoloj.f'[parameta
cyclophane (121) in 15% yield, along with tetraoxazolo[34]parametacyclophane (14) as
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TABLE I. Prepared Dioxazolol'Flcyclophanes (l2a, 12d, 12e, 12f, and 12h)
and Bis(naphth[2,1-d]oxazol-4-yl)benzenes (l3a-c)

4749

~CHO

~CHO

11a

g--{CHO

Q
CHO

llb

¢
CHO
He

5: lIa= 1: I
adduct

5:11a=I:2
adduct

5:IJb=I:1
adduct

5:11e=I:1
adduct

5a 13a (0.8%)

13b (741),~;)5b

CII CIf....Tos

¢
2 'N=C

r j
~

Cif CII",los
2 'N=C

5c

[~]
13c (84~,,;;)

12c (77':{)

~
~6

~ I ,..~ ~
~ 

;:;-

2t:Y

12£(15\;)'"

a) These cyclophanes could not be detected. /1) The structure of tclruoxazoloI34]parametacyclophanc

(14), afforded as a 2: 2 adduct in 52~';) yield, is shown on the right.

14

a 2: 2 adduct in 52% yield. Subsequently) the treatment of Sa with phthalaldehyde (Ita)
afforded dioxazolol.f'jorthocyclophane (12a) in 2% yield, along with 1,2-bis(naphth[2, I-d)
oxazol-4-yl)benzene (13a) as an 1: 2 adduct in 0.8% yield. A similar treatment of 5b and
5c with Ila gave no cyclophanes (I2b and 12c) but provided bis(naphth[2,1-d]oxazol-4
yl)benzenes (13b and 13c) in 74% and 84% yields, respectively. On the other hand, the
reaction of 5b with terephthalaldehyde (lIe) yielded the corresponding dioxazolol.r'[meta
paracyclophane (12h) in 85% yield, whereas the cyclophanes (12g and 12i) were not obtained
by the reactions of Sa and 5c with llc.
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Chart 3

The coupling reaction pathway for the formations of 12 and 13 can be rationalized as
follows: the intermediate (16) is formed by the nucleophilic attack of the dicarbanion (15) on
one of carbonyl carbon atoms of 11. Ring closure to the oxazole ring in 16 occurs to give 17
and then 12 is fanned by the intramolecular cyc1ization of 17 to give the [32]cyclophane ring,
followed by ring closure to another oxazole ring in 18. When l1a is used as a carbonyl
component, 17 can predominantly react with another l1a to give 19 instead of intramolecular
ring closure of 17. Subsequently, the dianion (21) is produced by the intramolecular
cyclization of 20 formed by loss of protons from 19, and then 13 is produced by 1,3-proton
shift in the dianion (21) following elimination of hydroxide anions frorn 22.

The structures of dioxazolol.r'[cyclophanes (12), bis(naphth[2,1-d]oxazol-4-yl)benzenes
(13), and tetraoxazolo[34]parametacyc1ophane (14) were confirmed by the spectroscopic
properties and analytical data. The infrared (IR) spectra show the characteristic absorptions
of oxazole VC2-H around 3125 cnl- 1

,9) and the mass spectra (MS) show the molecular ion
(M+). The assignment of the IH-NMR signals of 12e was achieved on the basis of the two
dimensional proton-proton chemical shift correlation (COSY) spectrum in dimethylsulfoxide
d6 (DMSO-d6 ) (Fig. 1). Although in CDC13 a part of the benzene proton signals of 12e
overlapped each other, the signals in CDC13 were readily assigned by changing the solvent
composition stepwise from DMSO-d6 to CDCI3 , as illustrated in Fig. 2. The 1H-NMR spectra
of the other dioxazoloj.Pjcyclophanes (12a, 12d, 12f, and 12h) and 14 in CDCl3 were readily
assigned from the coupling pattern and intensity of signals and by comparison with those of
acyclic reference compounds (24a-e) as mentioned below.
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Fig. 1. COSY Spectrum of 12e in DMSO-d6

The benzene protons of the A ring were assigned on the
basis of the observation of benzyl coupling with benzylic
'methylene protons.

Fig. 2. Benzene Proton Signals of 12e in CDC))
and DMSO-d6 at Various Ratios

HAl (e), HAll (~), HOI (0), and H llo (D).

Me
I

2 . TosCHN=C +

CHO

OCHO EtONa/EtOH ~

23 lla-c 24a--c

Chart 4

Acyclic reference compounds (24a--c) were prepared by the reactions of 2 eq of 1
tosylethyl isocyanide (23)10) with lla-e in the presence of EtONa, as outlined in Chart 4. The
1 H-NMR spectral data for 24a-e in CDCl3 are summarized in Table III.

Conformational Properties
The cyclophane 12e undergoes conformational change in solution at room temperature,

because the methylene signal of 12e appears as a singlet. The observation of high-field shifts of
inner aryl protons is generally useful for determination of preferred conformation of
metacyclophanes, but it was suggested that the corresponding protons (HAi and HBi ) of 12e
were strongly affected by both the anisotropic effect of the oxazole rings and the electrostatic
effect of the oxygen atoms of the oxazole rings. As shown in Table II, HAo of 12e, which was
little affected by these effects, was observed at higher field than that of the corresponding
protons of »r-xylene (is6.88-7.05).11) This fact suggests that HAo is affected by the shielding
effect of the opposite benzene ring. Therefore, the preferred conformation of 12e in solution at
room temperature can be assigned as a syn form. Figure 3 shows the 1H-NMR spectra of the
methylene protons of 12e in CDCl3 at various temperatures between - 29 and 48 "C. Since the
T; of the methylene signal is 38 "C, the L1G~ value for conformational flipping is calculated to
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TABLE II. IH-NMR Spectral Data for Dioxazoloj'Fjcyclophanes (12a, 12d, 12e, 12f. and 12h)
and Tetraoxazolo[34]parametacyc1ophane (14) (CDC13 , 90 MHz)

Compd.
No.

Structure Arornatic-H
Oxazole

C2-H

\ Hs3.95 (4H, s) 6.70-7.00 (4H, m, H A )

7.00-7.30 (4H, rn, H B)

7.70 (2H, s)

4.17 (2H, d, J= 15 Hz) 7.00-7.50 (4H, m, H A ) 7.88 (2H, s)
4.35 (2H, d, J= 15 Hz) 7.79 (Il-l, br s, HBi ) , 7.30-7.50 (3H, m, Hao)

12e 7.46 (IH. br s, HAil, 6.70-6.80 (3H, m, HAn) 7.86 (2H, s)
6.75 (IH, br s, HBi) , 7.05-7.15 (3H, m, Huo)

12£ ) HBo 4.02 (4H, s) 6.90 (4H, 5, HA) 7.80 (2H, s)
5.33 (IH, br s, HBi ) , 7.05-7.40 (3H, m, HBo)

6.07 (lH. br s, HAi) , 6.65-6.90 (3H, m, HAo) 7.82 (2H, s)
6.93 (4H, s, HB)

12h 3.73 (4H, s)

3.71 (8H, s) 6.99 (8H, 5, HA)

7.43-7.80 (8H, m, H n)

7.84 (4H, s)

a} 100 MHz.

TABLE III. 1 H-NMR Spectral Data for Bis(4-methyl-5-oxazo1y1)benzenes (24a-c)
(CDC13 , 90 MHz)

Compd.
Me Arornatic-H Oxazole C2-HNo.

24a 1.96 (6H, s) 7.46 (4H, s) 7.80 (2H, s)
24b 2.46 (6H, s) 7.46-7.60 (3H, m), 7.81 (IH, brs) 7.81 (2H, s)
24c 2.46 (6H. s) 7.67 (4H, s) 7.82 (2H, s)

be 64.5kJjmol (l5.4kcal/mol),12) which is higher than that of parent [32]metacyclophane (1)
[Tc = -29 DC, L1G:\: =48.1 kllmol (11.5 kcal/molj]." Thus, it is considered that 12e is more
rigid than 1, probably because of the annelations of two oxazole rings to the two methylene
bridges of 1.
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Fig. 3. VT-NMR Spectra and Conformational Flipping of 12c

The UV spectra of cyclophanes (12d, 12e, and 12f) l11eta-substituted on the benzene ring
by two oxazole rings and 24b in EtOH are shown in Fig. 4. Compound 24b shows a broad
absorption around 265 nm (log B = 4.02) because of the presence of an extended conjugated
system over three aromatic rings, i.e., oxazole, benzene, and oxazole." Since the absorption
bands of 12e exhibit significant hypsochromic shifts as compared with those of 24b, the three
aromatic rings of 12e are suggested to be less coplanar than those of 24b. The absorption
bands of cyclophanes (12d-O have a tendency to show bathocromic shifts with decreasing
ring size. This finding suggests thatthe extension of the conjugated system over the three
aromatic rings increase with decreasing size. Furthermore, the methylene signals of 12d-f at
room temperature appear as a sharp singlet (12f), a broad singlet (12e), and two doublets of
AB type (l2d), respectively. Thus, rigidity of cyclophanes of type 12d-f is attributed to the
extension of the conjugated system. Incidentally, the conformation of 12f is not frozen even at
- 80°C because of the appearance of the methylene and the para-substituted benzene proton
signals as singlets (Fig. 5).

Since the methylene and the para-substituted benzene proton signals of 12h as well as
those of 12f are observed as sharp singlets (Table II), 12h undergoes rapid conformational
change in solution at room temperature, Figure 6 shows the VT-NMR signals of the
methylene protons of 12h in CDC13 at various temperatures between - 80 and - 54 "C. The
T, of the methylene signal of 12h is - 62°C and the LI G~ value for conformational flipping is
determined to be 47.7kJjmol (l1.4kcal/mol).12)

As shown in Fig. 7, 24c shows a broad and high intensity absorption around 300 nm
(log e= 4.20), but the absorption bands of 12h exhibit significant hypsochromic shifts and
reduction of intensity in the region above 270 nm as compared with those of 24c in the
corresponding region. A similar tendency for the UV spectra of 12a and 24a was observed.
Therefore, it is suggested that the three aromatic rings, i.e., oxazole, benzene, and oxazole, in
cyclophanes of type 12 are considerably displaced from planarity as contrasted with those of
acyclic reference compounds (24).

In-conclusion, facile preparations of novel [32]cyclophane derivatives (12) fused with two
oxazole rings were accomplished by the one-pot cyclization of bis(2-isqcyano-2-
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24a (---), and 24c (----) in EtOH

tosylethyl)benzenes (5) with phthalaldehydes (II). Furthermore, it is demonstrated that in
solution at room temperature the preferred conformation ofdioxazoloj'Fjmetacyclophane
(12e) as well as that of parent [32]nletacyc1ophane (1) can be assigned as a syn form and the
increase of rigidity of 12e with respect to the rigidity of 1 can be attributed to the annelations
of two oxazole rings to the two methylene bridges of 1.

Experimental

All melting points were taken on a Yanagimoto micro melting point determination apparatus and are
uncorrected. IR spectra were recorded on a Hitachi model 260-30 infrared spectrophotometer. IH-NMR spectra were
measured on a Bruker AM-400 (400 MHz) instrument and a Hitachi R-22 spectrometer (90 MHz) using tetrarnethyl-
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silane as an internal reference. VT-NMR spectra were measured on a Nihondenshi JNM-FX 100 spectrometer
(100 MHz). MS were measured on a Hitachi mass spectrometer, model RMU-6MG. UV spectra were measured on a
Hitachi 323 spectrometer.

Dioxazolo[32]orthocyclopbane (12a) and 1,2--Bis(naphth[2,I-d]oxazol4-yl)benzene (13a)--A solution of
phthalaldehyde (l1a) (1.34 g, lOmmol) in EtOH (50roI) was added dropwise to a stirred suspension of 1,2~bis(2

isocyano-2-tosylethyl)benzene (Sa) (4.92 g, 10mmol) and EtONa (Na; 0.46 g, 20 mmol) in EtOH (550 rnl). After the
mixture had been refluxed for 2 h, the solvent was removed under reduced pressure, and then a mixture of AcOEt
(200 ml) and water (50 ml) was poured onto the residue. The organic layer was separated, washed with three 50 ml
portions of water, and then dried over anhydrous MgS04 • The solvent was evaporated off, and the residue was
chromatographed on silica gel with (i) a mixture of benzene-AcOEt (9: 1) and (ii) AcOEt. (i) Concentration of the
benzene-AcOEt eluate gave a crude product, which was recrystallized from CHCl3 to yield 17 mg (0.8%) of 13a,
colorless prisms. mp 214-216-:'C. IR (KBr): 3130 (oxazole VC2_H) cm-t. lH-NMR (90MHz, CDCI3 ) c'5: 7.30-8.20
(l4H, m, aromatic-H), 7.95 (2H, s, oxazole C2-H). MS mlz: 412 (M +). (ii) Concentration of the AcOEt eluate gave a
crude product, which was recrystallized from benzene to yield 63 mg (2~;;;) of 12a, colorless prisms. mp 205-206 "c.
Anal. Calcd for C2oH14N202: C, 76.42; H. 4.49; N, 8.91. Found: C, 76.51; H, 4.58; N, 8.82. IR (KBr): 3115 (oxazole
Ve2-H) cm "". MS mjz: 314 (M+).

Dioxazolo[3Z]orthometacyclophane (12d)--A solution of isophthalaldehyde (Hb) (0.67 g, 5 mmol) in EtOH
(25 ml) was added dropwise to a stirred suspension of Sa (2.46 g, 5 mmol) and EtONa (Na; 0.23 g, 10mmol) in EtOH
(275 ml). After the mixture had been refluxed for 2h, the solvent was removed under reduced pressure, and then a
mixture of AcOEt (100 ml) and water (30 ml) was poured onto the residue. The organic layer was separated, washed
with three 50ml portions of water, and dried over anhydrous MgS04. The organic solvent was evaporated off to
afford a crude product, which was recrystallized from CH2Clz to yield 1.32 g (84%) of 12d, colorless prisms. mp 263
264o)C. Anal. Calcd for CZOH14N20:z: C, 76.42; H, 4.49; N, 8.91. Found: C, 76.14; H, 4.49; N, 8.79. IR (KBr): 3125
(oxazole ve2-H) em -1. MS mjz: 314 (M +).

Dioxazolo[32]mctacyelophane (12e)--According to the same procedure as described above for the preparation
of 12d, the reaction of 11b (1.34 g, 10mmol) with 1,3-bis(2-isocyano-2-tosylethyl)benzene (5b) ~4.92 g, 10mrnol) and
EtONa (Na; 0.46 g, 10mmol) in refluxing EtOH (600 ml) for 2 h gave a crude product, which was recrystallized from
benzene to yield 2.43 g (77~~;) of 12e, colorless prisms. mp 195-196 "e. Anal. Ca1cd for CzoH14N202: C, 76.42; H,
4.49; N, 8.91. Found: C, 76.70; H, 4.52; N, 9.03. IR (KBr): 3140 (oxazole VC2-H) em-I. MS mjz: 314 (Mot).

Dioxazolo[32]paramctaeyclophane (12f) and Tetraoxazolo[34]parametacyclophane (14)--A solution of llb
( l. 34 g, 10mmol) in EtOH (50 ml) was added dropwise to a stirred suspension of 1,4-bis(2-isocyano-2
tosylethyl)benzene (Sc) (4.92 g, 10 mmol) and EtONa (Na; 0.46 g, 20 mmol) in EtOH (550 ml), After the mixture had
been refluxed for 2 h, the resulting mixture was cooled to S"C, and filtered with suction to collect a yellowish
precipitate. Then, the precipitate was recrystallized from CHCIJ to yield 1.63 g '(52~~) of 14, pale yellow prisms. mp
>300 -c. Anal. Calcd for C40H21lN404: C, 76.42; H, 4.49; N, 8.91. Found: C, 75.96; H, 4.55; N, 8.77. IR (KBr); 3140
(oxazole Vn_H) CI11- 1. MS 111/Z: 628 (M +). The filtrate was concentrated under reduced pressure, and a mixture of
AcOEt (200ml) and water (50ml) was poured onto the residue. The organic layer was separated, washed with three
50 ml portions of water, and then dried over anhydrous MgS04 • The solvent was evaporated off, and the residue was
chromatographed on silica gel with AcOEt to give a crude product, which was recrystallized from CH2Cl2 to yield
0.47 g (15%) of 12f, colorless needles. mp 190-192 etc. Anal. Calcd for C2oH14NzOz: C, 76.42; H, 4.49; N, 8.91.
Found: C, 76.52; H, 4.32; N, 8.69. IR (KBr): 3120 (oxazole "C:HI) em'-I. MS mfz: 314 (M+).

Dioxazolo[32]metaparacyclophanc (12h)--According to the same procedure as described above for the
preparation of 12d, the reaction of terephthalaldehyde (He) (1.34g, 10mmol) with 5b (4.92 g, lOmmol) and EtONa
(Na; 0.46 g, 20 mmol) in refluxing EtOH (600 ml) for 2 h gave a crude product. which was recrystallized from CH2 Cl2
to yield 2.70 g (85~/~) of 12h, colorless needles. mp 246-248 "C. Anal. Calcd for C.:WHI4N202: C, 76.42; H, 4.49; N,
8.91. Found: C, 76.58; H, 4.39; N, 8.85. IR (KBr): 3125 (oxazole \'C2.U) em-I. MS mlz: 314 (M+).

1,3-Bis(naphth[2,1-d]ox3zo1-4-yl)benzcne (13b)--A solution of lla (1.34 g, 10mmol) in EtOH (50 ml) was
added dropwise to a stirred suspension of5b (2:46g, 5mmol) and EtONa (Na; O.23g, lOrnmol) in EtOH (550ml).
After the mixture had been refluxed for 2 h, the resulting mixture was cooled to 5 '-'C. and filtered with suction to
collect a yellowish precipitate. Then, the precipitate was recrystallized from CHC13 to yield 1.52g (74%) of 13b, pale
yellow needles. mp 262-264 "C. Anal. Calcd for C2tlHJ6N202: C, 81.54; H, 3.91; N, 6.79. Found: C, 81.61; H, 3.76;
N, 6.68. lH-NMR (90 MHz, CDCI3) ,): 7.50-8.20 (l4H, m, aromatic-H), 8.24 (2H, s, oxazole C2-H). IR (KBr): 3130
(oxazole ve2-H) em -1. MS m]z: 412 (M+).

1,4-Bis(naphth[2,1-d]oxazol-4-yl)benzene (l3c)--According to the same procedure as mentioned above for the
preparation of 13b, the reaction of 11a (1.34 g, 10mmol) with 5c (2.46 g, 5 mmol) and EtONa (Na; 0.23 g, 10mmol) in
refluxing EtOH (600 ml) for 2 h gave a crude product, which was recrystallized from CHC13 to yield I.73g (84~~) of
13c, orange prisms. mp 288-290°C. Anal. Calcd for C2sHu'lN202: C, 81.54; H, 3.91; N, 6.79. Found: C, 81.78; H,
3.89; N, 6.63. I H-NMR (90 MHz, CDCI3) c'5: 7.50-8.25 (14H, m, aromatic-H), 8.27 (2H, s, oxazole C2-H). IR (KBr):
3130 (oxazole VCZ_H) ern -1. MS mjz: 412 (M+).

1,2-Bis(4-methyl-5-oxazolyI)bcnzcne (24a)--A solution of lIa (2.01 g, 15mmol) in EtOH (50ml) was added
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dropwise to a stirred solution of l-tosylethyl isocyanide (23) (6.28 g, 30mmol) and EtONa (Na; 0.69 g, 30mmol) in
EtOH (250ml). After the mixture had been refluxed for 2 h, the solvent was removed under reduced pressure, and
then a mixture of AcOEt (200ml) and water (lOOml) was poured onto the residue. The organic layer was separated,
washed with three 50ml portions of water, and then dried over anhydrous MgS04. The solvent was evaporated off,
and the residue was recrystallized from benzene to yield 2.06 g (57~'6) of 24a, colorless prisms. mp 135-137 DC. Anal.
Calcd for C14H12Nz02: C, 69.99; H, 5.03; N, 11.66. Found: C, 70.15; H, 4.90; N, 11.53. IR (KBr): 3145 (oxazole
VC2-H) em-1. MS mlz: 240 (M +).

1,3-Bis(4-metbyl-S--oxazolyl)benzene (24b)--According to the same procedure as described above for -the
preparation of 24a, the reaction of llb (2.01g, 15mmol) with 23 (6.28g, 30mmol) and EtONa (Na; 0.69 g, 30mmol)
in refluxing EtOH (300 ml) for 2 h gave an oily product. The oily product was chromatographed on silica gel with
benzene-AcOEt (l : 1) to afford a crude solid, which was recrystallized from benzene to yield 1.64g (45%) of 24b,
colorless needles. mp 202-204 -c, Anal. Calcd for C14H12N202: C, 69.99; H, 5.03; N, 11.66. Found: C, 69.82; H,
4.84; N, 11.57. IR (KBr): 3140 (oxazole 'b-H) em -1. MS mjz: 240 (M +).

1,4-Bis{4-methyl-5-oxazoJyJ)benzene (24c)-According to the same procedure as described above for the
preparation of 24a, the reaction oflle (2.01g. 15mrnol) with 23 (6.28g, 30mmol) and EtONa (Na; 0.69g, 30mmol)
in refluxing EtOH (300ml) gave a crude product, which was recrystallized from CH2C12 to yield 1.19g (33%) of 24c,
colorless needles. mp 203-205°C, Anal. Calcd for C14H12N202: C, 69.99; H, 5.03; N, 11.66. Found: C, 70.09; H,
5.09; N. 11.74. IR (KBr): 3145 (oxazole VC2_H) em -1. MS mjz: 240 (M +).

Acknowledgment The authors are indebted to the Instrument Center, the Institute for Molecular Science, for
assistance in obtaining the low temperature spectra.
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Chemical studies of three representatives of the genus Pseudophegopteris (Thelypteridaceae)
revealed that the genus is characterized by the occurrence of unusual flavonoids with a modified B
ring related to protogenkwanin (VII). From P. hirtirachis HOLIT., three novel compounds,
protogenkwanone (I). tetrahydroprotogenkwanone (II) and tetrahydroprotogenkwanin (III). were
isolated. along with protogenkwanin 4'-O-f3-D-glucoside (VI). From P. subaurita CH1NG, two new
acylated glucosides of protogenkwanin, protogenkwanin 4'-O-(2-0-acetyl )-/J-D-glucoside (IV) and
4'-O-(6-0-acetyl)-p-D-glucoside (V)~ were obtained. together with I, II and VI. From P. bukoensis
HOLTT., IV, V and VI were isolated, in addition to apigenin 7-0-C(-L-rhamnoside and kaempferoI.
The structures of the new compounds were determined by means of spectroscopic methods and
chemical transformations.

Keywords--Pseudoplzegopteris hirtirachis; Pseudophegopteris subaurita; Pseudophegop terls
bukoensis; Thelypteridaceae; protogenkwanin-type flavonoid; protogenkwanin; acylated glycoside;
fern; chernotaxonomy; 13C-NMR

4757

As a continuation of our chemical and chernotaxonomical studies of ferns, we have
investigated the constituents of three representatives of the genus' Pseudophegopteris"
(Thelypteridaceae). From P. hirtirachis HOLTT. (Japanese name: niitakawarabi) three novel
flavonoids with a modified B-ring, protogenkwanone (I), tetrahydroprotogenkwanone (II)
and tetrahydroprotogenkwanin (III), were isolated along with protogenkwanin 4'-O-P-o
glucoside (VI).3) From P. subaurita CHING (Japanese name: mirnigatashida), two new
acylated glucosides of protogenkwanin (VII),3) protogenkwanin 4'-O-(2-0-acetyl)-p-o
glucoside (IV) and 4'-O-(6-0-acetyl)-fJ-o-glucoside (V), were obtained, together with I, II and
VI. From P. bukoensis HOLTT. (Japanese name: tachihimewarabi), IV, V and VI were
isolated, in addition to apigenin 7-0-a-L-rhamnoside and kaempferol. In this paper, we
describe the structural elucidation of these new compounds.

Compound I, C16H1206 , pale yellow needles, mp 188-190°C, showed ultraviolet (UV)
spectra with shift reagents similar to those of VII (see Experimental). The proton nuclear
magnetic resonance eH-NMR) spectrum of I showed signals assignable to a chelated
hydroxyl proton at D12.6 (1 H, s), m-coupled aromatic protons at b6.44 and 6.33 (each 1H, d,
J=2.5Hz), an olefinic proton at 86.53 (lH, s) and aromatic methoxyl protons at 63.81 (3H,
s), indicating that compound I contains a 5-hydroxy-7-nlethoxychromone chromophore, as in
the case of VII. Furthermore, a pair ofdoublets due to magnetically equivalent protons of cis
disubstituted olefins was observed at 86.97 and 6.32 (each 2H, d, J = 10Hz). The carbon-I3
nuclear magnetic resonance C3 C-NMR) spectral data for the chromone moiety of I were in
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TABLE I. 13C Chemical Shifts (£5 in CsDsN) of I-VI

C~Atom II III IV V VI

2 168.3 175.4 177.3 171.8 171.9 171.9
3 ]07.7 105.8 105.5 106.8 106.8 106.8
4 182.9 183.3 183.5 183.3 183.2 183.2
5 162.6 162.6 162.6 162.4 162.5 162.5
6 98.9 98.8 98.6 99.3 99.0 98.9
7 166.2 166.1 165.9 166.1 165.9 166.0
8 93.0 92.8 92.6 92.5 92.7 92.8
9 158.3 158.4 158.5 158.8 158.5 158.6

10 106.1 105.8 105.9 106.1 106.0 106.0
1" 69.8 71.3 72.5 68.3 68.2 69.3
2' 148.1 37.{)'I1 so.i- f32.6 f32.0 f31.83' 129.5 35.5u) 29.0a l 132.4 132.0 131.8
5' 129.5 35.5b } 29.0b> 130.4 131.3 131.5
6' ]48.1 37.0b ) 30.1b) 129.4 130.2 130.2
4' 185.0 209.3 64.5 69.3 69.6 68.3

7-0CH3 56.0 56.1 55.9 56.2 56.0 56.0
Ole

1 100.9 103.4 103.4
2 75.2 74.9 75.0
3 76.] 78.3 78.5/1)
4 71.7 71.4 71.8
5 78.9 75.2 78.2/1)
6 62.5 64.6 62.9

{;;OCH3 170.1 170.7
eOCH3 21.1 20.7

a,b) Assignments with the same superscripts for each compound may be interchanged.

good agreement with those of VI4
) and the signals due to cis-disubstituted olefins appeared at

b 148.1 and 129.5 (each d). The further signals at b 185.0 and 69.8 (8) were ascribed to a
carbonyl carbon and a tertiary carbinyl carbon, respectively. Based on all these data, the
remaining structure unit, C6HsOz, was assigned as l-hydroxy-4-oxo-2,5-cyc1ohexadiene.
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Hence, compound I was assumed to be a 4'-dehydro derivative of VII. To confirm the
structure, compound I was converted into genkwanin (apigenin 7-0..methyl ether) (VIII) by
treatment with Zn powder inethanoIic H2S04 solution. Thus, the structure of I was
established to be 5-hydroxy-2-( l-hydroxy-4-oxo-2,5-cyclohexadienyl)-7-methoxychromone,
and this compound was named protogenkwanone.

Compound II, C16H1606' colorless needles, mp 219-220 "C, contained the same
chromone chromophore as that of I, as indicated by the UV, 1H- and 13C-NMR spectral data.
Methylene proton signals were observed at l5 2.0-3.3 (8H) in the 1H-NMR spectrum and the
corresponding carbon signals at {) 37.0 (t) -and 35.5 (t) in the 13C-NMR spectrum (see
Experimental and Table I). The 13C-NMR spectrum further showed signals at b 209.3 (s) and
71.3 (s) due to a carbonyl carbon and a tertiary carbinyl carbon, respectively. These data
indicated that compound II was a tetrahydro derivative of 1. On catalytic reduction of I using
Pd-C, II was obtained. Thus, the structure of II was determined as 5-hydroxy-2-(I-hydroxy
4-oxocyclohexyl)-7-methoxychromone and the compound was named tetrahydroprotogen
kwanone.

Compound III, C16HlS06' colorless needles, mp 211-212 DC, has the same chromone
chromophore as that of T. The 1H-NMR spectrum is similar to that of II except for an
additional signal of a secondary carbinyl proton at D4.38 (l H, broad s). Comparison of the
13C-NMR spectral data of III with those of II revealed that the signal due to the 4'-ketone of
II (8209.3) was replaced by a signal at b 64.5 (d) due to a secondary carbinyl carbon (see Table
I). These findings showed the presence of a 1,4-dihydroxycyclohexyl moiety in III.
Accordingly, III was assumed to be a tetrahydro derivative of VII. The structure was
confirmed by oxidative transformation of III with Cr03-pyridine complex into II. The
coupling patterns of the proton signals in the B-ring indicate that the B-ring adopts a chair
conformation and the 4'-hydroxy group is axially oriented (see Table II). On comparing the
IH-NMR spectrum of III in CsDsN with that in CDC13 , a marked down field shift (0.47 ppm)
was observed for both axial protons at C-2' and C-6' which were syn-oriented with respect to
the 4'-hydroxy group (pyridine-induced solvent effect"), A similar downfield shift (0.35
ppm) was also observed for the axial protons at C-3' and C-5'. Consequently, the T-hydroxy

TAHLE II. 11-1 Chemical Shifts for the B-Ring Protons of Tetrahydroprotogenkwanin(III)
in CDC13 and CsDsN (400MHz)

Proton
Multiplicity

°CDC1.l e5CJD$N(coupling constants in Hz)

2',6'-Hnx. ddd 2.39 2.86
(13.3. 13.2, 3.9)

2',6'-Hcll . m 1.62 1.89
(13.2, 3.9, II»

3',5'-Hux• dddd 2.03 2.38
(13.7, 13.2, 3.9,2.9)

3',5'-Hell • m 1.75 2.01
(13.7, 3.9, II»

4'-H brs 4.16 4.38

a) The other coupling constants could not be read.
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group should have an axial configuration. Thus, the structure of III was assigned as 2-(trans
1,4-dihydroxycyc1ohexyl)-5-hydroxy-7-methoxychromone and III was named tetrahydro
protogenkwanin.

Compound IV, C24H26012' was obtained as a colorless syrup, [C(]b8 -51 0 (c=2.2,
MeOH). The IH-NMR spectrum was similar to that of protogenkwanin 4/·-O-fJ-o-glucoside

(VI) except for an additional signal of an acetyl group at (j 2.03 (3H, s). The 13C-NMR
spectrum exhibited the corresponding carbon signals at ~ 170.1 (s) and 21.1 (q). Alkaline
hydrolysis of IV yielded VI. "These findings showed that IV was an acetyl derivative of VI. In
the 13C-NMR spectrum of IV, the signals due to C-l and C-3 of the glucose moiety were
shifted upfield by 2.5 and 2.1 ppm, respectively, compared with those of VI. These acylation
shifts indicated that the hydroxy group at C-2 of the glucose moiety was acetylated.?'
Therefore, the structure of IV was determined as protogenkwanin 4' -O-(2-0-acetyl)-fi-o
glucoside.

Compound V, C24H26012' was isolated as a colorless syrup, [alb8 -220 (c= 1.7, MeOH).
The 1H- and 13C-NMR spectra are quite similar to those of IV except for shifts of the sugar
signals. Alkaline hydrolysis of V gave VI. The acetylation shifts in the 13C-NMR spectrum
showed that the acetyl group was located at C-66

) in the glucose moiety. Thus, the structure of
V was established to be protogenkwanin 4/-O-(6-0-acetyl)-p-o-glucoside.

The relative configuration of the hydroxy groups at C-I' and C-4' of compounds IV, V
and VI remains undecided."

Experimental

The 1H~NMR spectra at 400 MHz were measured with a JNM-GX400 spectrometer using tetramethylsilane as
an internal standard (s, singlet; d, doublet; m, multiplet; br s, broad singlet). The IR spectra were recorded on a
Shimadzu 460 spectrometer. Sephadex LH-20 (Pharmacia) was used for column chromatography. The other
instruments, materials and experimental conditions were the same as described in Part LXI') in this series.

Isolation Procedure--(l) Pseudophegopteris hirtirachis HOLTT.: The air-dried fronds (380g) of P. hirtirachis,
collected in Renlun, Nantou, Taiwan, in December, were extracted three times with 31 of MeOH under reflux for 6h.
The combined extracts (9 I) were passed through an activated charcoal column (40 g, 7em diameter) and the column
was subsequently eluted with 10 I of MeOH. The combined eluates were concentrated to a syrup under reduced
pressure. The syrup was adsorbed on silica gel (30g) and applied to a silica gel column (90g, 7em diameter). The
column was eluted successively with CHCl3 0.2 1, frac. 1), 5~~ MeOH in CHCl 3 (800ml, frac. 2), lO~1o MeOH in
CHCI3 (800ml), 20% MeOH in CHCIJ (800ml, frac. 3) and 30% MeOH in CHCl 3 (800ml, frac. 4).
Rechromatography of frac. I on silica gel (eluent: CHCI3-Et20 mixtures) gave protogenkwanone (I, 60 mg) and
tetrahydroprotogenkwanone (II, 60 mg). Evaporation offrac. 2 under reduced pressure followed by crystallization of
the residue from a mixture of EtOH and n-hexane gave tetrahydroprotogenkwanin (III, 250mg). Next, frac. 3 and
frac. 4 were combined and evaporated to dryness under reduced pressure, and the residue was partitioned between the
upper and lower layers of a mixture of CHC13 (28 rnl), MeOH (28ml) and H20 (21 mI). The upper layer was
concentrated to a syrup under reduced pressure and the residue was chromatographed on Sephadex LH-20 (eluent:
20~/~ HzO in MeOH) to yield protogenkwanin 4'-O-fJ-D-glucoside (VI, 55mg).

(2) Pseudophegopteris subaurita CHINO: The air-dried fronds (50g) of P. subaurita, collected around Fenqihu
(Chiayi) in Taiwan in December, were extracted three times with I 1of MeOH under reflux for 6 h. The combined
extracts (3 1) were passed through an activated charcoal column (50g, 4cm diameter) and the column was
subsequently eluted with 3 I of MeOH. The combined eluates were concentrated to a syrup under reduced pressure.
The syrup was adsorbed on silica gel (20g) and applied to a silica gel column (90g, 5em diameter). The column was
eluted successivelywith CHC13 (300 mI, frac. 1),5% MeOH in CHCI3 (300ml, frac. 2), 101~ MeOH in CHC13 (300ml,
frac. 3) and 20% MeOH in CHC13 (300rnl, frac, 4). Rechromatography of frac. I and frac, 2 on silica gel (eluent:
CHCI3-EtzO mixtures) afforded compounds I (200 mg) and II (40 mg), respectively. On the other hand, frac. 3 was
rechrornatographed on Sephadex LH-20 (eluent: 20% H20 in MeOH) and further on silica gel (eluent: CHC13

MeOH mixtures) to yield protogenkwanin 4' -0-(2-0-acetyI)-fJ-n-glucoside (IV, 45 mg) and protogenkwanin 4'-0-(6
O-acetyl)-p-o-glucoside (V, 50mg). Rechromatography of frac. 4 on Sephadex LH-20 (eluent: 20~{ H20 in MeOH)
gave compound VI (30mg).

(3) Pseudophegopteris bukoensis HOLTT.: The air-dried fronds (580g) of P. bukoensis, collected on Sugadaira
Heights (Nagano Prefecture) in Japan in September, were extracted three times with 31 of MeOH under reflux for 6 h.
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The combined extracts (9 I) were passed through an activated charcoal column (50g, 7 em diameter) and the column
was subsequently eluted with 11 I of MeOH. The combined eluates were concentrated to a syrup under reduced
pressure. The syrup was adsorbed on silica gel (100 g) and applied to a silica gel column (260 g, 7 cm diameter). The
column was eluted successively with CHCI3 (900 ml), 5% MeOH in CHCI3 (900 ml), 10% MeOH in CHCI) (900 ml,
frac. I), 20% MeOH in CHC13 (900ml, frac. 2) and 30~~ MeOH in CHeI3 (900ml, frac. 3). Rechrornatography of
frac. 1 on silica gel (eluent: CHCI3-EtzO and Et20-MeOH mixtures) gave kaempferol (35 mg) and a mixture of
compounds IV and V. The mixture was rechromatographed on Sephadex LH-20 (eluent: 30% H20 in MeOH) and
further on silica gel (eluent: CHCI3-MeOH mixtures) to afford compounds IV (45mg) and V (35 mg). Next, frac. 2
was rechromatographed on silica gel (eluent: CHCI3-MeOH mixtures) and further on Sephadex LH-20 (eluent: 20%
H20 in MeOH) to give compound VI (160mg). From frac. 3, apigenin 7-0-ct-L-rhamnoside (75 mg) was obtained.

Compound I [Protogenkwanone]-Pale yellow needles from EtOH, mp 188-190 "C. UV A.~:~Hnm (loge): 232
(4.51), 249 sh (4.43), 258 sh (4.38), 299 (3.98), 325 sh (3.78), A.~:?H+NDOAcnm: 250 sh, 258 sh, 297 sh,
A.~~~H+AICh+HClnm: 258, 269sh, 314, 380. IR v~~~em-l: 3490,3210,1665,1620,1500,1450,1155. MS mlz: 300.0664
(M ". Caled for C16H1206 : 300.0633), 284, 243, 192, 167, 135, 109. IH-NMR (100 MHz, in DMSO-d6) s. 12.6 (lH, s,
5-0H), 7.14 (lH, s, 1'-OH), 6.97 (2H, d, J= 10 Hz, 2',6'-Hz)' 6.53 (lH, s, 3-H), 6.44 (lH, d, J=2.5Hz, 8-H), 6.33 (lB,
d, J=2.5Hz, 6-H), 6.32 (2H, d, J= 10Hz, 3',5'-H2), 3.81 (3H, S,· 7-0CH3). 13C-NMR (in DMSO..d6 ) b: 184.6 (5),
181.8 (s), 167.8 (s), 165.5 (5),161.1 (s), 157.4 (s), 147.3 (d) x 2,128.8 (d) x 2,106.8 (d), 104.9 (s), 98.4 Cd), 92.4 (d); 68.9
(s), 56.1 (q); bin CsDsN: see Table I.

Compound II [Tetrahydroprotogenkwanone]--Colorless needles from EtOH, mp 219-220 "C. UV A.~:~Hnm

(logs): 232 (4.29),251 (4.34), 257 (4.33),295 (3.97), 317 sh (3.79), ).~:~H+NnOAcnm: 251 sh, 257, 292, 317 sh,
).~:?H+AICI3+HClnm: 258, 264 sh, 310, 373. IR v~~~cm-l: 3320,1710,1660,1620,1500,1445,1160. MS mlz: 304.0942
(M+, Calcd for C16H160b: 304.0945),234,219,191, 167, 135..1H-NMR (100 MHz, in CsDsN) s. 6.95 (lH, s, 3-H),
6.61 (lH, d, J =2.5 Hz, 8-H), 6.54 (lH, d, J=2.5 Hz, 6-H), 3.80 (3H, S, 7-0CH3) , 2.8-3.3 (2H, m), 2.0-2.6 (6H, m).
13C-NMR: see Table I.

Compound III [Tetrahydroprotogenkwanin]--Colorless needles from a mixture of EtOH and n-hexane, mp
211-212°C. UV A.~~?Hnm (loge): 232 (4.22),.250 (4.28), 257 (4.25),293 (3.87), 317 sh (3.67), A~:?H+NaOAc nm: 250,
257,292,317 sh, ).~:?H+A1CI3+HClnm: 257,309,370. IR v~~:cm-l: 3400, 1660, 1620, 1510, 1440,1160. MS mlz:
306.1110 (M+, Calcd for CI6HIB06: 306.1102),248,219,193,167,135. IH-NMR (400 MHz, in CsDsN) c5: 7.01 (lH,
s, 3-H), 6.55 (IH, d, J=2.5 Hz, 8-H), 6.46 (lH, d, J=2.5 Hz, 6-H), 4.38 (IH, br s, Wl/2 =9Hz, 4'-H), 2.86 (2H, ddd,
J= 13.3,13.2,3.9 Hz, 2',6'-axial-Hz), 2.38 (2H, dddd, J= 13.7, 13.2,3.9,2.9 Hz, 3',S'-axial-Hz), 2.01 (2H, m, J= 13.7,
3.9 Hz.:" 3',5'-equatorial-Hz), 1.89 (2H, m, J = 13.2, 3.9 Hz,"! 2',6'-equatorial-H2) ; b in CDC13 : 6.42 (lH, d, J=
2.5 Hz, 8-H), 6.41 (lH, s, 3-H), 6.35 (lH, d, J=2.5Hz, 6-H), 4.16 (lH, br s, W1/2=9Hz, 4'-H), 2.39 (2H, ddd,
J= 13.3, 13.2,3.9 Hz, 2',6'-axial-H2), 2.03 (2H, dddd, J= 13.7, 13.2,3.9,2.9 Hz, 3',5'-axial-H2) , 1.75 (2H, rn, J== 13.7,
3.9 Hz,*> 3',5'-equatorial-H2), 1.62 (2H, m, J=13.2, 3.9Hz,*) 2',6'-equatoriaI-Hl ) . *: The coupling constants could
not be read. 13C-NMR: see Table I.

Compound IV [Protogenkwanin 4'-O-(2-0-acetyl)-fJ-n-glucoside]----'Colorless syrup, [ctm~ - 51" (c= 2.2,
MeOH). UV ).~:?Hnm (log s): 233 (3.88), 252 (3.90), 259 sh (3.87),296 (3.52), JI9 (3.35), ).~~?H + NaOAc nm: 258 sh, 296,
319 sh, A.~~?H+A1CI3+HClnm: 231 sh, 251.5 sh, 257.5, 263 sh, 311,364. IR v~~~em-l: 3380,1740,1660,1620,1505,
1435,1160. IH-NMR (100 MHz, in CD30D);;: 6.49 (lH, d, J=2Hz, 8-H), 6.36 (lH, s, 3-H), 6.27 (2H, dd, J=: 10.5,
4Hz~ 3',5'-Hz), 6.24 (lH, d, J=2Hz, 6-H), 5.93 (2H, dd, J= 10.5, 1.5 Hz, 2',6'-H2) , 4.69 (lH, m, 4'-H), 4.68 (lH, d,
J =8 Hz, anomeric-H), 3.3-4.2 (6H, m, sugar-H), 3.87 (3H, S, -OCH3 ) , 2.06 (3H, s, -COCH)). 13C-NMR: see Table
I. Anal. Calcd for CZ4H26012: C, 56.91; H, 5.17. Found: C. 56.83; H, 5.29.

Compound V [Protogenkwanin 4'-O-(6-0..acetyl)-p-D-glucoside]-Colorless syrup, [alb8
- 22<> (c= 1.7, MeO H).

UV ).~:?H nm (log e): 233 (3.93),252 (3.96), 258 sh (3.93), 296 (3.56), 318 sh (3.40), A~~?fI +NuOAc nm: 258 sh, 292,317
sh, A.~:?H+AICI.I+HClnm: 231 sh, 252 sh, 258, 263 sh, 312, 364. IR v~~:cm-l: 3400,1720,1660,1620,1505,1435,.1160.
IH-NMR (100 MHz, in CD30D);;: 6.46 (IH, d, J=2 Hz, 8-H), 6.36 (IH, s, 3-H), 6.29 (2H, dd, J= 10.5, 4Hz, 3',5'·
Hz), 6.25 (lH, d, J=2Hz, 6-H), 5.99 (2H, dd, J= 10.5, L5Hz, 2',6'-Hl ) , 4.57 (lH, br s, 4'-H), 4.49 (IH, d, J=7Hz,
anomeric-H), 3.85 (3H, s, -OCH3) , 3.2-4.4 (6H, m, sugar-H), 2.10 (3H, s, -COCH3 ) . 13C-NMR: see Table I. Anal.
Calcd for C24H26012: C, 56.91; H, 5.17. Found: C, 56.82; H, 5.33.

Protogenkwanin 4'-O-{t-D-Glucoside (VI)-Co10rless needles from MeOH, mp 129-131 "'C, [ctlb8 -400 (c=
1.0, CsHsN). UV A.~~?H nm (loge): 233 (4.25), 252 (4.29), 258 sh (4.25), 296 (3.89), 330 (3.58), ).~~~u +NnOAc nm: 251 sh,
259 sh, 294,332 sh, A.~~?H+AICI3+HCI nm: 237 sh, 251 sh, 258, 264 sh, 273 sh, 310, 374. IR v~~~ em -1: 3420, 1670, 1620,
1580,1505,1435,1160. IH-NMR (100 MHz, in DMSO-d6 ) c5: 6.46 (IH, d, J=2.5Hz, 8-H), 6.37 (IB, s, 3-H), 6.31
(l H, d, J=2.5 Hz, 6-H), 6.25 (2H, dd, J= 10.5, 4Hz, 3',5'-H2) , 5.92 (2H, d, J=.1O.5Hz, 2',6~-H2)' 4.39 (IH. d, J=
7 Hz, anorneric-H), 3.0-4.0 (6H, m, sugar-H), 3.83 (3H, s, -OCH3 ) . 13C-NMR: see Table 1. The physical and spectral
data were in good agreement with those reported.v"

Apigenin 7-0-Gt-L-Rhamnoside--Pale yellow needles from MeOH, mp 198-200 ClC, [alb8 _94 0 (c=l.O,
CsHsN). UV A~~~Hnm (log s): 269.5 (4.28), 336 (4.33). IR v~~~cm-l: 3410,1660,1606,1247, 1170, (135, 1070. IH_
NMR (60 MHz, in CD30D) s. 7.76 (2H, d, J=8 Hz), 6.85 (2H, d, J=8 Hz), 6.67 (lH, d, J=2Hz), 6.55 (lH, s), 6.38
(IH, d, J=2 Hz), 5.38 (lH, d, J=2 Hz), 3.2-4.0 (4H, m), 1.31 (3H, d, J=7 Hz). This compound was identified by
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direct comparison (IR and mixed fusion) with an authentic sample.
Kaempferol--Yellow needles from MeOH, mp 285-286°C. UV A~:~H nm (log e): 224 sh (4.28), 268 (4.22),

294 sh (3.93),322 sh (4.02),369 (4.28).lR v~:~em -1: 3420, 1660, 1610, 1510, 1380, 1305, 1180. 1H-NMR (60 MHz. in
CsDsN) s. 8.48 (2H, d, J=8Hz), 7.26 (2H, d. J=8Hz), 6.80 (lH, d, J=2.5Hz), 6.70 (lH, d, J=2.5Hz). This
compound was identified by direct comparison (IR and mixed fusion) with an authentic sample.

Conversion of I into Genkwanin (VIII)-Compound I (15 mg) was dissolved in 3 ml of 5% H2S0 4 in EtO Hand
then 10mg ofZn powder was added. The mixture was stirred at 70 DC for a few minutes on a water bath, then allowed
to cool. The precipitate was filtered off, washed with water, and taken up in an excess of MeOH, then the Zn powder
was removed by filtration. The filtrate was concentrated, followed by recrystallization of the residue from MeOH to
yield VIII (6 mg).

VIII [Genkwanin]--Pale yellow needles, mp 287-289°C. UV A.~~~Hnm (loge): 270 (4.31), 335 (4.39),
A~~?H+NaOAcnm: 270, 297 sh, 392. MS mlz: 284.0677 (M+, Calcd for C16H120S: 284.0683),255,241,167,166,138.
The physical data were in good agreement with those reported.V"

Catalytic Reduction of I-----Compound I (20mg) dissolved in 16ml of EtOH was hydrogenated with Pd-C
(20 mg) for 2 h at room temperature. The catalyst was filtered off. and the filtrate was evaporated to dryness followed
by crystallization from EtOH to afford tetrahydroprotogenkwanone (II, 12mg). It was identified by direct
comparison (TLC, IH-NMR, IR and mixed fusion) with the natural product (II).

Pyrldine-Cr.O, Complex Oxidation of III--Compound III (20 mg) dissolved in 1 ml of pyridine was added to a
solution of Cr03 (100 mg) in 1ml of pyridine. The mixture was allowed to stand at room temperature for 16h and
then poured into ice-water. The product was extracted with EtOAc. The EtOAc layer was washed with water, dried
over anhydrous MgSQ4 and evaporated to dryness. The residue was crystallized from EtOH to yield tetrahydropro
togenkwanone (II, 10mg). It was identified by direct comparison (TLC, 1H-NMR, IR and mixed fusion) with the
natural product (II).

Alkaline Hydrolysis of IV--Compound IV (16mg) was hydrolyzed with 4ml of l~~ KOH in EtOH at room
temperature for 5 min. The reaction mixture was acidified with 3% HCl followed by removal of EtOH under reduced
pressure to afford protogenkwanin 4'-O-,B-D-glucoside (VI, 6mg). It was identified by direct comparison (TLC, IR
and mixed fusion) with an authentic sample.

Alkaline Hydrolysis ofV--Compound V (24mg) was hydrolyzed in the same way as described for compound
IV to yield protogenkwanin 4'-O-p-o-glucoside (VI, lOmg). It was identified by direct comparison (TLC, IR. and
mixed fusion) with an authentic sample.
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Stereospecific 1,2-Hydride Shift in the Rearrangement of
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When 16j1-hydroxy-5iX-androstan-17-one(2a) and its 16iX-deuterio derivative (2a-16-d) were
separately treated with H~S04 or' NaOH, compound 2a was rearranged to the 17fJ-hydroxy-16-oxo
isomer (3a) with a marked kinetic deuterium isotope effect at the 16-position (kii/k D=4.5 or 3.0).
The product 3a obtained from compound 2a-/6-d retained deuterium at C-17 to the extent of 16
65% while no significant loss of the isotope from the substrate was observed during the reaction.
Isotope-labeling experiments showed that the intramolecular 1,2-hydride shift is principally involved
in the ketol rearrangement, and that the 16-oxo function of compound 3a enolizes preferentially
toward the C-17 position rather than the C-15 position under the above conditions.

Keywords--3, 16fJ-dihydroxy-5iX-androstan-17-one; [16C(-2H]3P,16P-dihydroxy~5cx~alldro

stan-17-one; 3j1,17fJ-dihydroxy-5cx~androstan-16..:one; ketol rearrangement; isotope effect; 1,2
hydride shift; enolization

4763

Previous studies on the relative stability" of the four isomeric 16,17-ketols of steroids of
the 14/X-series have demonstrated that the most unstable ketols, 16f3-hydroxy-17-ones, readily
isomerize to the most stable ones, 17fJ-hydroxy-16-ones, in basic or acidic medium. Two
mechanisms are feasible for the rearrangement. One is the conventional .enolization
mechanisrrr'":" where the I7-oxo function of the 16f3-alcohol can give the ene-diol in
termediate, and ketonization may then give either the original or rearranged ketol (mech
anism A, Fig. 1). In this mechanism, the equilibrium will be strongly displaced toward the
16-ketones, which are more thermodynamically stable."? The alternative mechanism, pro
posed for the acid-catalyzed rearrangement by Johnson et al.," proceeds through a sequence
involving a reversible stereospecific 1,2-hydride shift in the protonated form (mechanism B).
Loss of a proton from the intermediate finally affords the 16~ketones, which predominate at
equilibrium. However. to date, there is no direct evidence for this mechanism. Thus, to reach
an unambiguous decision as to whether or 110t the alternative sequence is operative in the

A-----

Fig. 1. Mechanisms Proposed for Rearrangement of I 6p-Hydroxy-17-oxo Steroids
under Basic and Acidic Conditions
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rearrangement, we synthesized 16a-deuterio-16{3-hydroxy-17-one 2a-16-d and explored its
conversion into the 17f3-hydroxy-16-oxo derivative 3a with H2S04 and NaOH. The isotope
labeling experiments. definitely demonstrated that stereospecific I,2-hydride shift of the 160:
proton is actually involved in both acid- and base-catalyzed rearrangements.

Results and Discussion

Treatment of 3{3-hydroxy-5o:-androstan-17-one (1) with NaOO in 020-MeOD4} gave its
16,16-dideuterated form, which was subsequently converted into [16et-2H]3{J,16f3-dihydroxy

5cx-androstan-17-one (2a-16-d)31 via the 16p-acetoxy-17-oxo derivative 2b-16-d essentially
according to the methods reported previously."

Dynamic aspects of rearrangement of the I6f3-hydroxy-17-one 2a to the 17,B-hydroxy-16
oxo derivative 3a with H2S04 and NaOH were initially explored, especially in view of the
deuterium isotope effect at the 16-position on the conversion of the deuterium-labeled
substrate 2a-16-d. The proton nuclear magnetic resonance (lH-NMR) spectra of the ketoIs 2a
and 3a proved to be useful for the quantitative analysis of the reaction mixtures without
isolation. The signals at b 0.93 (5, 3H) and 3.93 (m, IH) due to the 16{J-alcohoI2a, and 0.73 (s,
3H) and 3.73 (8, 1H) due to the 17f3-alcohol 3a are those of the proton at the C-18 angular
methyl and the proton at C-16 or C-17, respectively. When the 16{3-alcohol 2a and its 16
deuterio derivative 2a-16-d were separately treated with 3 M H2S04 in 75% MeOH at room
temperature, the substrates slowly rearranged to the 17p-alcohol 3a. As shown in Fig. 2, the
rearrangement occurs with a marked kinetic deuterium isotope effect at the 16-position. The
reaction time needed for the 50%conversion was about 2.5 d for compound 2a and about 14d
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Fig. 2. Conversion of the t 6f3-Hydroxy- J7-one
2a (0) and Its 16o:-Deuterio Derivative 2a-16-d
(e) to the 17j3-Hydroxy-16-one 3a with 3 M

H2S04

Fig. 3. Conversion of the] 6{3-Hydroxy-17-one
2a (0) and Its 16o:-Deuterio Derivative 2a-16-d
(.) to the 17{3-Hydroxy-16-one 3a with NaOH
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for its deuterio derivative 2a-16-d. The apparent isotope effect?' observed in experiments using
a one-day reaction time was about 4.5.

Conversion of the 16fi-alcohol 2a to the isomeric 17f3-alcohol 3a was smoothly catalyzed
by 0.025 M NaOH in 75% MeOH, and 7-h reaction time was enough for almost complete
rearrangement. The deuterium isotope effect at the 16-position in the conversion was about
3.0 (at I h) (Fig. 3). The kHlko value was slightly different from that in the case of acid
treatment (3.0 VS. 4.5). The results demonstrated that the breaking of the C-H bond at the C
16 position is involved in the rate expressiorr':" of the rearrangeinent with both acid and base.

The deuterium contents of the recovered and rearranged ketols 2a and 3a obtained by
treatment of the deuterated substrate 2a-16-dwith H2S0 4 and NaOH were analyzed by mass
(MS) and 1H-NMR spectroscopies (Table I). We reasoned that the primary product 3a
produced through the 1,2-hydride shift process would retain deuterium at C-17 to the same
extent as the starting material, and that the product 3a formed through the conventional
enolization mechanism would not be labeled with deuterium at C-17. These spectra showed
16-65% deuterium-labeling at the 17cx-position of the ketol 3a, while the isotope was
completely retained in the recovered substrate 2a. The isotope content of compound 3a
produced in experiments using a prolonged reaction time or drastic conditions was lower as
compared to that with a short time or mild conditions. Furthermore, when the 17a-deuterio
derivative of compound 3a (57 atoln%), obtained by the reaction of the 16fJ-alcoho12a-16-d
with 0.025 M NaOH (Table I), was treated with NaOH or H2S0 4 under the conditions
employed in the rearrangement experiment, about 30 or 20% of the deuterium was lost from
the labeled substrate 3a-17-d (Table II). On the other hand, treatment of the 17fJ-alcohol 3a
with the deuterated acid or base efficiently introduced the isotope at C-17 of the 17,B-alcohol
3a (83 or more than 98 atom%), as shown in Table II.

From the results obtained above, it is concluded that the intramolecular 1,2-hydride shift
mechanism is principally operative in the rearrangement of 16f3-hydroxy-17-ones to 17fi
hydroxy-16-ones with base and acid, and that the enolization process accounts for only a
minor fraction even if it is operative (Fig. 4). It is well known that with acid only 16fJ-hydroxy-

TABLE 1. Analysis of Deuterium Content of the Ketols 2a and 3a Obtained by Treatment
of the Deuterated Ketol 2-J6-d with NnOH and H2 S0 4

Relative amounts 2H-Content"l
Conditions of products") C~:;;) (atom ~~l;~)

Base or acid" Time
2a 3n 2a 3a

Substrate: 2a-J6-d (90atom~'~)

3M H2SO4 lOd 58 42 91 63
3M H2SO4 20d 40 60 90 36
O.025M NaOH I h 74 26 89 65
O.025M NaOH 7h 30 70 57
1M NaOH 1 h 0 100 46
1M NaOH 3h 0 100 16

Substrate: 2b~J6-d (90 atom(X;yll
3M H2SO4 25d 37 63 31 ...
IM NaOH ] h 0 100 50

0) The relative amounts of products were determined by measuring the peak height of the C·} 8 angular
methyl resonance in the IH-NMR spectrum of the reaction mixtures without isolation. h) The deuterium
content was determined by MS analysis tm]: 306 and 307. M +) and the location of the isotope was found by
1H-NMR analysis. c) For this treatment. 3 M H2S0 4 (6 ml) was added to a solution of the substrate
(0.35 mmo!) in 14 ml of MeOH. or 0.025 or I M NaOH (4 ml) was added to that in 40 ml of 60'l~ aqueous
MeOH. d) The relative amounts of products and 2H-contents were determined after derivatization of the
products to the acetates 2b and 3b. MS: M+ mlz 390 and 391.
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TABLE II. Enolization of the Ketol 3a with NaOD and D2S04

Conditions 2H-Content at C-17 of 3a
Substrate Base or acid'" Time atom% eH-distribution)

3a 3M D2S04
b) I5d 83c

} (13/~ do, 46% dj • 41% d2 )

3a 1M NaODb
) 1h 98c) (5% d2 , 95~:' d3 )

3a-17-d 3M H2SO/} 7d 46"} (54;:' do, 46/~ dt )

3a-17-d 1M NaOD d
) 1h 40eJ (60~}~ do. 40% dt )

(J) For this treatment. 3M D2S04 or 1M NuOD was added to the reaction mixture using deuterated
solvents as described in Table 1. b) The ketal 3a was treated with the deuterated acid or base under the
rearrangement conditions using D20 and MeOD as solvents. c) 2H-Content was determined by IH-NMR
analysis. d) The ketol 3a-J6-d (57atom~'~) was exposed to the rearrangement conditions. e) 2H-Content
was determined by MS analysis.

o
~OH

{)-J"'O
2a-16-d

3a

Fig. 4

17-ones are isomerized to 17f3-hydroxy-16-ones, while the 16e<-ison1ers are unchangcd.v-!" To
account for such a difference in the isomerization, the hydride shift mechanism was proposed
for acid-catalyzed rearrangement.!" The present results showed that the mechanism is
operative in both acid- and base-catalyzed reactions. The reaction with an acid may
principally proceed through a protonated form, as shown in Fig. 1, whereas with a base, it
may proceed through transition state represented diagrammatically by 4 in Fig. 4 rather than
the protonated form.

To our knowledge, no detailed study of enolization of the 16-oxo function of 17{3
hydroxy-16-ones has previously been reported. Treatment of the 16-oxo derivative 3a with the
D20jNaODjMeOD or D20jD2S04/MeOD system led to the introduction of deuterium at C
17 at a rate greater than that at C-15 in each experiment (Table II), in accordance with the
previous results"! on 17-unsubstituted 16-oxo steroids. Johnson et al.3a

) assumed the 1,2
hydride shift process to be reversible. We could detect only enolization of the 16..oxo function
of the ketol 3a; hence there may be no apparent reversible reaction under the conditions
employed.

When a deuterated 16fJ-acetoxy-17-one 2b-16-d was treated with H2S04 and NaOH as
above, the rearranged product 3a retained deuterium at C-17 to almost the same extent as the
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16,B-alcohol 2a (Table I). It has been reported that o-acetoxyketone may rearrange during
chromatography on alumina to give more stable isomers'":" through an ortho-esua of the
ene-diol. The present results show that this process involves first hydrolysis of the acetoxy
group leading to the 16fi-alcohoI2a, followed by ketol rearrangement principally through the
1,2-hydride shift process as described above.

Recently we?' proposed a new hydration-dehydration mechanism for the rearrangement
of 16a-hydroxy-17-ones to 17p-hydroxy-16-ones with base. The case for the enolization
mechanism, if not invalidated, is also weakened in that reaction. The present results along
with the our previous findings?' suggest that rearrangement of steroidal O-ring ketols has
interesting theoretical implications. Further studies on the keto I rearrangement are in
progress in this laboratory.

Experimental

Melting points were measured on a Yanagirnoto melting point apparatus. IH-NMR spectra were obtained on a
lEOL PMX 60 spectrometer with tetramethylsilane as an internal standard. Mass spectra were measured on a
Hitachi RMU-7 spectrometer.

[16,16-2H2]3p-Hydroxy-S~-androstan-17-one(J-16,16-d2}- - A mixture of I (1.0 g. 3.45mmol) was heated
under reflux for 4h with 20ml ofCH30 0 . l.Og (43.5mmol) ofNa metal and 3 ml of 0 20 essentially according to the
method reported by Tokes et 01.41 After this time. the reaction mixture was poured into 100m! of chilled 6M Hel
solution. The precipitate was collected by filtration, washed with water and recrystallized from acetone to give the
desired materiall-16,16-d2 (96%) as colorless needles. mp 173-174"C (lit.'?' I72-174"C, reported for non-labeled
I), which consisted of the following mixture as determined by MS using the M -~ ion peak: 3~{ do. 6~:.;: d., 91 ~.~; elz.

[16rxJH]3P, 16p-Diacetoxy-5~-androstan-17-one(2b-16-d)--The deuterated com pound 1-J6,J6-dz (900 mg.
3.10 mmol) was converted to 2b-J6-d (36/,~) according to the previously reported method.':" mp 154--156 GC (lit. 3 IJ

)

153-155.5°C, reported for non-labeled 2b}. IO~~ do and 90/~ d1 by MS. IH-NMR (CDCI3) 6: 0.97 (3H, s, 19-Me).
0.93 (3H. s, 18-Me), 2.00 (3H, s, 3IJ~OAc). 2.10 (3H, s. 16P-OAc), 4.67 (l H. br m, 30!~H).

[16P_2H]3P,16P-Dihydroxy-5~-androstan-17-one (2a-16-d)--The diacetate 2b-16-d (600 mg. 1.61 mmol) was
hydrolyzed with H2S04 to yield 2a~16-d (45%) according to the method previously reported by Kincl." mp 181
183"C (acetone) (lit.4 1 195-200°C (CHCk-cther). reported for non-labeled 2a). IO~~ do and 90f)~ d1 by MS. 1H
NMR (CDC13 ) c'5: 0.87 (3H. s, 19-Me), 0.93 (3H, s, 18-Me), 3.50 nn. br m, 3o:-H).

Rearrangement Experiments~---<A)Acid Catalysis: Compound 2a or 2-16-d (0.35 mmol) was dissolved in 14ml
of MeOH. then 6 ml of 3 M H2S04 was added. The solution was allowed to stand at room temperature for an
appropriate time and then neutralized with 5~~/~ NaHC03 solution. After removal of most of MeOH under reduced
pressure at below 30 ('C. the product was extracted with AcOEt (100 ml x 3). The organic layer was washed with water
and dried (Na2S04 ) . After evaporation of the solvent, the residue (75~9() rng) was submitted to I H-NMR analysis
and then purified by fractional crystallization from aqueous MeOH to give pure 2a and 3a. 2a: mp 180·-182 (·C. t H
NMR (CDCI 3 ) s.3.93 (I H, m, 16!X-H). 3a: mp 200-203 -c (1it.4 ) 202---205 "C). IH-NMR (CDC13 ) c~: 0.73 (3H. 5, 18
Me), 0.83 (3H, s, 19-Me). 3.53 (lH, br m, 3!X-H). 3.73 (IH, s, 17!X-H).

(B) Base Catalysis: Solutions of2a and 2-16-d (0.35mmol) in 40ml or 6W~'~ aqueous MeOH were each admixed
with 4 ml of NaOH solution and then allowed to stand at room temperature for an appropriate lime. Acidification
with 5% Hel solution was followed by extraction with AcOEt and the usual work-up. The crude residue (83--92 mg)
obtained was submitted to JH-NMR analysis and fractional crystallization as above. When 2b-16-dwas used as a
substrate. the crude residue was acetylated with pyridine (I ml)--Ac20 (0.5 rnl). The crude acetate obtained by
evaporation of the solvent under reduced pressure was purified by fractional crystallization from acetone-water to
give pure 2b and 3b. 3b: mp 181-183 "C (lit.2/11 179-181 DC). IH-NMR (CDC]~) (j: 0.82 (3H, 5, 18-Mc), 0.87 (3H, s,
19-Me), 2.03 (3H, s, 3f3-0Ac), 2.17 (3H, s, 16fj-OAc), 4.83 (IH. br m, 3a-B), 5.00 (lH, s, 17!X-H).

Treatment of the 17p-Hydroxy-16-ones 3a and 3a~16..d with Acid or Base-e-s--The 17fJ-alcohol 3a (20mg,
0.71 mmol) was treated with 3 M D2804 (l5d) or 1M NaOD (1 h) under the above rearrangement conditions using
deuterated solvents (MeOD and 0 20). After work-up as above, the deuterated compound 3a was quantitatively
recovered in each experiment. DZS04 treatment: 33 (rnp 201-203 we) consisted of 13~~ do. 46~~ ell and 41% d2 by
MS; the IH-NMR spectrum showed that the 171X-H/17ct-D ratio was about 17/83. NaOD treatment: 3a (mp 200
202 "C) consisted of 5~{ d2 and 95~1/~ "3 by MS; the IH-NMR spectrum demonstrated that 17cc-H of 3a was almost
completely exchanged for deuterium (more than 98%).

The 17f3-alcohol 3a-J6-d (43~;;; do and 57/~ dl ) , which was obtained by the rearrangement experiment using 2a
16-d and H2S04 , was similarly treated with 3 M H2S04 (7 d) and 1M NaOH (I h). The recovered 3a was submitted to
MS analysis. The 3M H2S04 treatment: 3a (mp 199-203 DC) consisted of 54~: del and 46~~ d.. The 1M NaOH



4768

treatment: 3a (mp 200-203 °C) consisted of 60% do and 40~{; d.,
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A 37-residue peptide corresponding to the entire amino acid sequence of second human
calcitonin gene-related peptide ((J-hCGRP) was synthesized by assembling seven peptide fragments,
followed by two successive treatments; i.e., first with thallium(III) trifluoroacetate to establish the
disulfide bond between two Cys(Ad) residues and then with 1M trimethylsilyl trifluoromethane
sulfonate/trifluoroacetic acid in the presence of diphenyl sulfide and ammonium iodide to remove
all protecting groups employed and at the same time to reduce Met(O) to Met. The result was
compared with that obtained by the usual air-oxidation procedure.

Synthetic {J-hCGRP exhibited a weak inhibitory action against bone Ca-resorption stimulated
by [1-34]-parathyroid hormone in vitro and lowered the Ca and Pi levels in rat serum.

Keywords--second human calcitonin gene-related peptide synthesis; new disulfide bonding
reaction; thallium trifluoroacetate oxidation; air-oxidized disulfide bonding reaction; Met(O)
reduction; ammonium iodide; trimethylsilyl trifluoromethanesulfonatc deprotection: hard-acid
deprotection; soft base; diphenyl sulfide; inhibitory bone calcium resorption; lowering serum
calcium; lowering serum phosphate ion

4769

Following the structural elucidations of rat and human calcitonin gene-related peptides
(rCGRp3 ) and hCGRp4I), Steenbergh et al.S ) screened a eDNA library of human medullary
thyroid carcinoma mRNA with a genomic hCGRP..specific probe and presented evidence for
the existence in the human genome of a second calcitonin gene, which encodes a second
human CORP (f1-hCGRP). This peptide differs from hCGRP (named lX-hCGRP) in three of
the 37 amino acid residues, i.e., Asp, Val and Asn (positions 3, 22 and 25) of hCGRP are
replaced by Asn, Met and Ser respectively.

Following the synthesis of a-hCGRP,6) we wish to report the synthesis of a 37-residue
peptide corresponding to the entire amino acid sequence of /3..hCGRP, for which a new
disulfide bonding reaction with thalliumtHl) trifluoroacetate [(CF3COO)3Tl]" was employed.
Unlike a-hCGRP, this peptide possesses a Met residue. Thus, Met(O)8 l employed was reduced
back to Met by treatment with NH4I

9 ) without affecting the disulfide bond. The result was
compared with that obtained by the usual air-oxidation procedure.

Protected ,B-hCGRP was prepared by assembling seven peptide fragments as shown in
Fig. 1. Of these, four fragments, [3], [4], [5] and [6], are those employed for our previous
synthesis of et-hCGRP. Thus, three fragments, [1], [2] and [7], which cover the areas of
sequence variation, were newly synthesized. In the final step of the synthesis, the disulfide
bond was first established between two Cys(Ad) residues'?' (positions 2 and 7) by treatment
with (CF3COO)3TI in TFA. Next, all protecting groups employed, O-BzI, NG-Mts, 11) and Ne_
Z, were cleaved by treatment with 1M TMSOTf/TFA12) in the presence of PhSPh and at the
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1-5 [7] Z(OMe)-Ala-Cys(Ad)-Asn-Thr-Ala-NHNH2-----~

6-9 [6] Z(OMe)-Thr-Cys(Ad)-Val-Thr-NHNH2 ---------t
10-13 [51 Z(OMe)-His-Arg(Mts)-Leu-Ala-NHNH2 - - - - - ---,

14-16 [4] Z(OMe)-Gly-Leu-Leu-NHNH2--------~

17-20 [3] Z(OMe)-Ser(Bzl)-Arg{Mts)-Ser(Bzl)-Gly-NHNH2

21-24 [2] Z(OMe)-Gly-Met(O)-Val-Lys(Z)-NHNH:: -----,

25-37 [1] Z(OMe)-Ser(Bzl)-Asn-Phe-Val-Pro-Thr-Asn-Val-

position Gly-Ser(Bzl)-L~s(Z)-Ala-Phe-NH2----'

Cys(Ad)-form of protected ,3-hCGRP

j
1. (CFaCOOhTI-TFA

2. 1 M TMSOTf/TFA, PhSPh
3. NH 4I, MeSMe

I I.
H-Ala-Cys-Asn-Thr-Ala-Thr-Cys-Val-Thr-Hls-Arg-Leu-Ala-Gly-Leu-

Leu-S.er-Arg-Ser-GlY-GlY-Met-Val-Lys-Ser-Asn-Phe-Val-Pro-Thr

Asn-vat-Otv-Ser-Lvs-Ala-Pbe-Nn,

Fig. 1. Synthetic Route to f3-Human Calcitonin Gene-Related Peptide (f3-hCGRP)

same time, Met(O) was reduced back to Met by addition of NH4I. As examined previously,
the use of PhSPh as a soft base, rather than thioanisole, was desirable when the cleaving
reaction was performed in the presence of the disulfide bond.l " As also reportedv NlLl, with
the aid of MeSMe, was found to be effective to reduce Met(O), without affecting the disulfide
bond, while PhSPh was ineffective as an additive in the reduction of Met(O).13)

Fragment [1], Z(OMe)-Ser(Bzl)-Asn-Phe-Val-Pro-Thr-Asn-Val-Gly-Ser(Bzl)-Lys
(Z)-Ala-Phe-NH2, was prepared by the Su condensation'?' of Z(OMe)-Ser(BzI)-QH with a
TFA-treated sample of the available dodecapeptide amide used for the previous synthesis
of cx-hCGRP, Z(OMe)-Asn-Phe-Val-Pro--Thr-Asn-Val-Gly-Ser(Bzl)-Lys(Z)-Ala-Phe
NH2•

6
) This amino component was less soluble in DMF, thus, the reaction was performed in a

mixture of DMSO-DMF-HMPA. The product was purified by precipitation from DMSO
with MeOH and its purity was ascertained by thin layer chromatography (TLC), elemental
analysis and amino acid analysis after 6 N HCI hydrolysis, as was done with other fragments.

Fragment [2],Z(OMe)-Gly-Met(O)-Val-Lys(Z)-NHNH2, was synthesized in a stepwise
manner starting from H-Val-Lys(Z)-OMe by the active ester procedures, i.e., the Tcp ester1S

)

for the Met(O) residue and the Su ester for the Gly residue. The resulting protected
tetrapeptide ester was converted to [2] by the usual hydrazine treatment.

Fragment [7], Z(OMe)-Ala-Cys(Ad)-Asn-Thr-Ala-NHNH2 , was prepared in a step
wise manner also starting from H-Thr-Ala-OMe.6

) The Np ester was employed for
condensation of the Asn residue, then the mixed anhydride (MA) procedure'?' and the Su
ester for the next two residues, Cys(Ad) and Ala, respectively. The resulting pentapeptide ester
was converted to [7] by the usual hydrazine treatment as described above.

Protected fj~hCGRP was prepared by successive azide condensations'?' of seven peptide
fragments obtained above. The amount of the acyl component was increased from 2 to 5 eq as
the chain elongation progressed. Each product was purified by precipitation from DMSO or a
mixture of DMF and HMPA with MeOH. Throughout this synthesis, Phe was used as the
diagnostic amino acid in acid hydrolysis (Table I). By comparison of the recovery of Phe with
those of newly added amino acids after each condensation, satisfactory incorporation of each
fragment was ascertained. .
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TABLE I. Amino Acid Ratios in 6 N Hel Hydrolysates of Synthetic p-hCGRP
and Its Intermediates

Protected peptides
Synthetic

25-37 2]-37 17-37 14-37 10-37 6-37 1-37
fJ-hCGRP

Asp 2.13 2.38 2.23 2.36 2.21 2.24 3.61 3.29 (3)
Thr 0.94 l.07 0.86 1.08 0.99 2.66 3.85 3.67 (4)
Ser 1.91 2.08 3.55 3.78 3.85 4.05 4.02 3.88 (4)
Pro 0.95 1.02 1.00 1.07 1.05 0.95 1.10 1.11(1)
Gly 1.02 2.26 3.27 4.10 4.26 4.54 4.81 4.46 (4)
Ala 1.01 1.16 LI2 1.14 1.88 2.23 4.32 3.84 (4)
Cys 0.82 (I)
Val 1.93 2.99 2.99 2.91 3.08 3.94 4.16 3.94 (4)
Mer" 1.11 0.74 0.80 0.73 0.94 0.87 0.91 (I)
Leu 1.95 2.99 3.17 3.44 3.07 (3)
Phe/l) 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 (2)
Lys 0.96 1.88 1.97 1.87 1.93 2.04 2.12 2.00 (2)
His 0.87 0.95 1.00 1.08 (1)
Arg 1.12 0.96 2.00 2.13 2.33 2.22 (2)

Recov. e~) 61 74 71 93 94 97 78 91

a) Met-j- Met(O). b) Diagnostic amino acid.

The protected form of p-hCGRP thus obtained was treated with (CF3COOhTI (1.2 eq)
in the presence of anisole in TF A in an ice-bath for 60 min to establish the disulfide bond
between two Cys(Ad) residues. The product was next treated with 1M TMSOTfjTFA in the
presence of PhSPh and m-cresol in an ice-bath for 180min to remove all protecting groups,
and after addition of NH41 and MeSMe~ for an additional 30 min to reduce Met(O) to Met
without affecting the disulfide bond. The deprotected product thus obtained was briefly
treated with diluted ammonia to reverse the possible N -4-0 shift and at the same time, to
ensure the complete hydrolysis of the trimethylsilyl moieties attached. The treated product
was next purified by gel-filtration on Sephadex 0-15, followed by ion-exchange chromatog
raphy on a CM-Trisacryl column. The product was finally purified by high-performance
liquid chromatography (HPLC) on a Nucleosil 5Cl8 column with gradient elution [MeCN
(25-40/~) in 0.1%TFA] to obtain a homogeneous compound (yield 12% from protected fJ
hCGRP), possessing a retention time on HPLC identical with that of the standard sample of
[J-hCGRP prepared by the usual air-oxidation procedure. The molecular weight of the
synthetic peptide was ascertained by FAB-mass spectrometry.

In order to obtain the standard sample of [i-heGRP, protected p-hCGRP was treated
with 1M TMSOTf-thioanisolejTFA in an ice-bath for 180tnin to remove all protecting
groups, including the two S-Ad groups and then after addition of NH41 and MeSMe, for
30n1in to reduce Met(O). The product was incubated with 2-nlercaptoethanol in 6M
guanidine-HCl in 0.1 M Tris-HCl buffer for 18h, then gel-filtered on Sephadex 0-25 and
submitted to air-oxidation in a highly diluted solution as usual. The progress of the reaction
was monitored by means of the Ellman test l 8

) and the product was purified as stated above by
gel-filtration, ion-exchange chromatography and finally HPLC (yield 7.4%).

Thus, we were able to synthesize [J-hCGRP containing the disulfide bond and the Met
residue in a somewhat better yield than that of the time-consuming air-oxidation procedure,
by first establishing the disulfide bond, followed by reduction of Met(O), together with
complete removal of other protecting groups.

Synthetic {J-hCGRP lowered the serum Ca and Pi levels in rats and its potency was
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Fig. 2. Effect of Synthetic f3~hCGRP on Serum Ca and Pi in Rats (Dose 80 Jlgjkg,
i.v.)

a. Effect on Ca in serum; b, effect on Pi in serum.
-~-, synthetic p.hCGRP; -0-. synthetic cx-hCGRP; -X-. vehicle.

judged to be equivalent to that of £x-hCGRP, as shown in Fig. 2. In the in vitro assay using
4sCa-labeled newborn mouse calvaria.!?' synthetic p-hCGRP inhibited PTH-stimulated bone
resorption dose-dependently and no difference in the inhibitory potencies was found between
(Y.- and p-hCGRPs.

Experimental

General experimental methods employed in this investigation are essentially the same as described in our
previous synthesis of <x-hCGRP.6)

HPLC was conducted with a Waters 204 compact model. FAB-MS spectra were obtained on a ZAB SE
instrument (VO Analytical Co., England) mass spectrometer equipped with a FAB ion source. Leucine aminopep
tidase (LAP, Lot. No. L-6007) was purchased from Sigma. TLC was performed on silica gel (Kiesel-gel G, Merck)
and Rfvalues refer to the following solvent systems: Rft CHCI3-MeOH-H20 (8: 3: 1), Rh. CHCI3-MeOH-AcOH

(9: 1:0.5). RJ; n-BuOH-pyridine-AcOH-H20 (4: 1: 1 :2), Rk n-BuOH-AcOH-pyridine-H20 (30:20:6:24).
Unless otherwise stated, protected peptides were purified as follows, after the reaction mixture had become

negative to ninhydrin. the solvent was removed by evaporation in vacuo and the residue was treated with 5~~ citric
acid and ether. The resulting powder was washed with 5% citric acid, 5% NaHC03 , and H20 (named procedure A)
and then precipitated from appropriate solvents.

Z(OMe)-Ser(BzI)-Asn-Phe-Val-Pro-Thr-Asn-Val-Gly-5er(Bzl)-Lys(Z)-Ala-Phe-NH2 [1] (Positions 25-37)
--A mixture of Z(OMe)-Ser(BzI)-DSu (7.85g, 16.3mmol), Et3N (2.7ml, 19.4mmol), and HOBt (0. II g, 0.81
rnmol) in DMF (10ml) was added to a solution of a TFA-treated sample of Z(OMe)-Asn-Phe-Val-Pro-Thr-Asn
Val-Gly-Ser(Bzl)-Lys(Z)-Ala-Phe-NH2 (6.80 g, 4.08 mmol) in DMSO-DMF-HMPA (2: 1: 1, lOOml) containing
Et 3 N (0.57ml, 4.08 mmol) and the solution was stirred for l2h. The product was purified by procedure A. followed
by precipitation from DMSO with MeOH; yield 7.10g (94/~). mp 278-281 (IC, [ct]~ -34.7" (c=0.8, DMSO), Rj;
0.79. Amino acid ratios in a 6N HCl hydrolysate: Asp 2.13, Thr 0.94, Ser 1.91, Pro 0.95, Gly 1.02, Ala 1.01, Val 1.93,
Phe'2.00. LysO.96 (recovery ofPhe, 61%). Anal. Calcd for C93H121N17023 ·4H20: C, 58.26; H, 6.78; N, 12.42. Found:
C, 58.23; H, 6.43; N, 12.54.

Z(OMe)-Met(O)-Val-Lys(Z)-OMe-A mixture of Z(OMe)-Met(O)-OTcp (2.80 g, 5.50 mmol), Et3N

(1.41 rnl, 10.1 rnmol) and a TFA-treated sample of Z(OMe)-VaI-Lys(Z)-OMe (2.56 g. 4.59mmol) in DMF (20ml)
was stirred for 14h. The product was purified by procedure A, followed by recrystallization from MeOH and ether;
yield 2.77 g (86%), mp 168-172 °C, [(XJii -27.2° (c=0.8, MeOH), Rft 0.77. Anal. Calcd for C34H4SN1401OS, H20: C,
56.49; H, 6.97; N, 7.75. Found: C, 56.70; H, 6.68; N. 7.68.

Z(OMe)-Gly-Met(O)-Val-Lys(Z)-QMe--A mixture of Z(OMe)-Gly-OSu (1.93 g, 5.75 mmol), HOBt
(O.IOg, O.77mmol), Et 3N (1.34ml, 9.61 mmol) and a TFA-treated sample of the above tripeptide ester (2.70g,
3.83 mmol) in DMF (30 ml) was stirred for 14 h. The product was purified by procedure A, followed by
recrystallization from MeOH and ether; yield 2.21 g (76%). mp 147-150 "'C, [ctJl>5 - 31.1" «(.'=0.6, MeOH). Rf.. 0.62.
Anal. Calcd for C36H51NsOllS: C; 56.75; H, 6.75; N, 9.19. Found: C, 56.68; H, 6.80; N, 8.90.

Z(OMe)-Gly-Met(O)-Val-Lys(Z)-NHNH2 [2] (Positions 21-24)-The above tetrapeptide ester (2.20 g.
2.89rnmol) in MeOH (lOrnl) was treated with 80% hydrazine hydrate (0.90 ml, 5 eq) for 24 h, then the solvent was
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removed by evaporation and the residue was treated with H20. The resulting powder was recrystallized from MeOH
and EtOH; yield 2.0g(91%), mp 192-196°C, [IX]~ -28.8U(c=0.5, MeOH), Rf, 0.57. Amino acid ratios in a 6N HCl
hydrolysate: Gly 1.03, Met N.D., Val 0.95, Lys 1.00 (recovery of Lys, 97%). Anal. Calcd for C3sHslN70WS:C, 55.18;
H, 6.75; N, 12.86. Found: C, 55.44; H, 6.86; N, 12.66.

Z{OMe)-Asn-Thr-Ala-QMe--A mixture of Z(OMe)-Asn-ONp {6.50g, 15.6mmol}, HOBt (0.21 g,
1.56mmol), Et3N (2.18ml, 15.6mmol) and a TFA-treated sample of Z(OMe)-Thr-Ala-oMe {2.88g, 7.82mmol) in
DMF (15ml) was stirred for 14h. The product was purified by procedure A, followed by precipitation from DMF
with MeOH; yield 3.0g (79%), mp 222-225 "C, [1X]65 - 11.4°(c=O.5, DMF), Rf, 0.63. Anal. Calcd for C21H30N409:
C, 52.27; H, 6.27; N, 11.61. Found: C, 52.17; H, 6.36; N, 11.85.

Z{OMe)-Cys(Ad}-Asn-Thr-AJa-QMe--The MA [prepared from 5.25g (8.74mmol), of the Z(OMe)
Cys(Ad)-OH DCHA salt] in THF (20ml) was added to an ice-chilledsolution of a TFA-treated sample of Z(OMe)
Asn-Thr-Ala-O'Me (2.81g,5.82mmol) in DMF (20ml) containing Et3N (0.82ml, 5.82mmol) and the mixture was
stirred for 5 h. The product was purified by procedure A, followed by precipitation from DMF with AcOEt; yield
2.30g (55%), mp 172-175 DC, [C(]bS

- 19.5°(c = 0.9, DMF), Rfl 0.73. Anal. Calcd for C34H.wNsOlOS .2H20: C, 54.02;
H, 7.07; N. 9.27. Found: C, 53.95; H, 6.77; N, 9.40.

Z{OMe}-Ala-Cys(Ad)-Asn-Thr-Ala-QMc--A mixture of Z(OMe)-Ala-OSu (l.25g, 3.57mmol). Et3N

(0.92ml, 6.60mmol) and a TFA-treated sample of Z(OMe)-Cys(Ad)-Asn-Thr-Ala-OMe (2.14g, 2.97mmol) in
DMF (50ml) was stirred for 14h. The product was purified by procedure A, followed by precipitation from DMF
with MeOH; yield 1.46g (62~~», mp 227-232 -c, [lX]b5 -19.9'0' (c=O.5, DMF), Rft 0.70. Anal. Ca1cd for
C37Hs4N601lS: C, 56.19; H, 6.88; N, 10.63. Found: C, 55.93; H, 6.81; N, 10.34. '

Z{OMe)-Ala-Cys{Ad)-Asn-Thr-Ala-NHNH2 [7] {Positions 1-5)--The above pentapeptide ester (1.40 g,
1.77mmol) in DMF (lOml) was treated with 80% hydrazine hydrate (0.55ml, 5 eq) at room temperature for 24h,
then the solvent was removed by evaporation. Treatment of the residue with H20 afforded a powder, which was
precipitated from DMF with MeOH; yield 1.30g (93%), mp 264-267 "C, [lX]b5 -15.5° (c=0.5, DMF), Rj; 0.67.
Amino acid ratios in a 6 N Hel hydrolysate: Ala 2.00, Asp 1.07, Thr 0.97 (recovery of Ala 83~~). Anal. Calcd for
CJ6HS4NsOIOS'2H20: C, 52.28; H, 7.07; N, 13.55. Found: C, 52.52; H, 6.79; N, 13.45.

Z{OMe)-Gly-Met{O)-Val-Lys(Z)-Ser(Bzl)-Asn-Phe-Val-Pro-Thr-Asn-Val-Gly-8er(Bzl)-Lys(Z)-Ala-Phe
NH2, Z(OMe)-(p~hCGRP 21-37)-NH2--The azide prepared from fragment [2] (1.65g, 2.17mmol) in DMF
(5ml) and Et3N (0.36ml, 2.60rnmol) were added to an ice-chilled solution of a TFA-treated sample of fragment [I]
(2.00g, 1.08mmol) in DMF-DMSO-HMPA (1: 3: 1, 101111) containing Et3N (O.ISml, L08 mmol) and the mixture
was stirred for 14h. The product was purified by procedure A, foIlowed by precipitation from DMSO with MeOH;
yield2.10g (81%), mp 275-280 -c [ct]bS-20.2el (c= 1.4, DMSO), R.r.. 0.70. Anal. Calcd for C1l9HlbON2Z030S, 9H20:

C, 55.55; H, 6.97; N, 11.98. Found: C, 55.31; H, 6.71; N, 11.95.
Z(OMe)-Ser(BzI)-Arg(Mts)-8cr(Bzl)-Gly-Gly-Met(O)-Val-Lys(Z)-8er(BzJ)-Asn-Phe-Val-Pro-Thr-Asn

Val-Gly-Ser(Bzl)-Lys{Z)-Ala-Phe-NH2, Z{OMc)-(P-hCGRP 17-37)-NH;z--The azide prepared from fragment
[3] (1.50g, 1.58mmol) in DMF (2ml) and Et3N (0.26rnl, 1.90mmol) were added to an ice-chilled solution of a TFA
treated sample of Z(OMe)-{fi-hCGRP 21--37)-NH2 (1.90g, 0.79mmol) in bMF-DMSO-HMPA (1 :3: 1, 15m!)
containing EtJN (0.11ml, 0.79mmol) and the mixture was stirred for 1411. The product was purified by procedure A,
followed by precipitation from DMSO with MeOH; yield 2.06g (83%), mp 272-276 C)C. (a]b5 -25.3 l

' (c=0.7,
DMSO), R.I; 0.62. Anal. Calcd for C156H207Nzl)038S2' 6H20: C, 57.31: H, 6.75; N, 12.43. Found: C, 56.98; H, 6.56;
N, 12.83.

Z(OMe)-Gly-Leu-Leu-Ser{BzJ)-Arg{Mts)-Ser{Bzl)-Gly-Gly-Mct(O)-Val-Lys(Z)-Ser(BzI)-Asn-Ph(."-Yal
Pro-Thr-Asn-Val-Gly-8er{BzJ)-Lys{Z)-Ala-Phe-NH2, Z(OMe)-{p~hCGRP 14-37)-NH2--The azide prepared
from fragment [4) (0.76g, 1.58mmol) in DMF (2ml) and Et3N (0.26ml, 1.90mmol) were added to an ice-chilled
solution of a TFA-treated sample of Z{OMe)-(fI-hCGRP 17-37)-NH2 (2.00g, 0.63mmol) in DMF-DMSO
HMPA (1 :3: 1, 5 rrrl) containing Et)N (0.88ml, 0.63 rnmol) and the mixture was stirred for 14 h. The product was
purified by procedure A, followed by precipitation from DMSO with MeOH; yield 2.00g (92%), mp 273-277 "C,
[lXJb5 -7.4') (c= 1.0, DMSO). Rj~ 0.57. Anal. Calcd for C170H232N3Z040SZ' 8HlO: C, 56.90; H, 6.97; N, 12.49.Found:
C, 56.44; H, 6.72; N, 12.84.

Z(OMe)-His-Arg(Mts)-Lel.1-Ala-Gly-Leu-Leu-8cr(BzJ)-Arg{Mts)-Ser{BzJ)-Gly-Gly-Met{0)-Val-LyseZ)
Ser{Bzl)-Asn-Phe-Val-Pro-Thr-Asn-Val-GJy-8cr{Bzl)-Lys(Z)-Ala-Phe-NH2, Z(OMe)-{p~hCGRP lO-37)-NH2
--The azide prepared from fragment [5] (0.75g, 0.87mmol) in DMF (lOml) and Et3N (0.15ml, 1.08mmol) were
added to an ice-chilled solution ofa TFA-treated sample ofZ(OMe)-(fi~hCGRP 14-37)-NH2 (LOg, O.29mmol) in
DMF-DMSO (1 :3, 20ml) containing Et3N (O.04ml, 0.29mmol) and the mixture was stirred for 14h. The product
was purified by procedure A, followed by precipitation from DMSO with MeOH; yield 1.00.g (84%), mp 276
279-c, [IX]~S -12.7° (c= 1.0, DMSO), ~t; 0.57. Anal. Calcd for C2ooH277N41047S3: C, 58.53; H, 6.80; N, 13.99.
Found: C, 58.26; H, 6.99; N, 13.96.

Z(OMe)-Thr-Cys(Ad)-Val-Thr-His-Arg{Mts)-Leu,-Ala-Gly-Leu-Leu-Ser(Bzl)-Arg(Mts)-8cr(BzJ)-Gly
Gly-Met{O)-Val-Lys{Z)-Ser(Bzl)-Asn-Phe-Val-Pro-Thr-Asn-Val-Gly-Ser{Bzl)-Lys{Z)-Ala-Phe-NH2, Z
(OMe)-(p-hCGRP 6--37)-NH2--The azide prepared from fragment [6] (0.72g, 0.98 mmol) in DMF (l ml) and
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Et3N (O.16ml, 1.17 mmol) were added to an ice-chilled solution ofa TFA-treated sample ofZ(OMe)-(p-hCGRP 6
37)-NH2 (0.50g, O.12mmol) in DMF-HMPA (I: I. 5ml) containing Et3 N (0.02ml, 0.14mmol) and the mixture was
stirred at - IS °C for 72 h and then at 4 "C for 24 h. The product was purified by procedure A, followed by
precipitation from a mixture of DMF and HMPA with MeOH; yield 0.45 g (79%), mp 263 CJC dec., [CC]bS -24.5° (c=
0.2, DMSO), R,t; 0.60. Anal. Calcd for C226H319N4S0S3S4 ·13H2 0 : C, 55.57; H, 7.13; N, 12.93. Found; C, 55.32; H,
6.93; N, 13.15.

Z(OMe)-AJa-Cys(Ad}-Asn-Thr-Ala-'Thr-Cys(Ad)-Val-Thr-His-Arg(Mts)-Leu-Ala-Gly-Leu-Leu-Scr(Bzl)
Arg(Mts)-Ser(Bzl)-Gly-Gly-Met(0 )-Val-Lys(Z)-Ser(BzI)-Asn-Phe-Val-Pro-Thr-Asn-Val-Gly-Ser(Bzl)
Lys(Z)-Ala-Phe-NH2, protected p-hCGRP--The azide prepared from the above protected pentapeptide hydrazide
[7] (0.19g, 0.24mmol) in DMF (1 ml) and Et3N (401L1, 0.28mmol) were added to an ice-chilled solution ofa TFA
treated sample of Z(OMe)-({J-hCORP 6-37)-NHz (0.22g, 47/lmol) in DMF-HMPA (l: 1, 2ml) containing Et3N
(6.6 JLl, 47 ]1l1l0t) and the mixture was stirred for 24h. The product was purified by procedure A, followed by
precipitation from DMF-HMPA (l: 1) with MeOH; yield 0.22g (81~~), mp 263°C dec., [cc]b5 -36.1" (c=0.5,
DMSO), Rj~ 0.71. Anal. Calcd for C253H361 NS1°60 8 5 , 19HzO: C, 54.46; H, 7.21; N, 12.80. Found: C, 54.22; H, 7.08;
N, 12.54.

Synthetic p~hCGRP, [H-{P~hCGRP1-37)-NH2] - - (a) By the (CF3COOhTI-Oxidation Procedure: Protected
fJ-hCGRP (50 mg) in TFA (5.0 ml) was treated with (CF3COOhTl (6.23mg, 1.2 eq) in the presence of anisole (50jd)
in an ice-bath for 60 min, then TFA was removed by evaporation and dry ether was added. The resulting powder was
treated with 1 M TMSOTtlTFA (4.6 ml) in the presence of PhSPh (at a concentration of0.5 M) and »r-cresol (234JL1) in
an ice-bath for 180min. Then NH 41 (27mg, 20 eq) and MeSMe (l4JLl, 20 eq) were added and treatment was
continued for an additional 30 min. After addition of dry ether, the resulting powder was collected by centrifugation
and dissolved in ice-chilled MeOH-H20 (1: 1, 5ml). The pH of the solution was adjusted to 7,5 with 5% NH40H,

then after lOrnin, to 3.0 with AcOH. The solution was applied to a column ofSephadex 0-15 (1.8 x 136cm), which
was eluted with 1N AcOH. The fractions corresponding to the front main peak [6.7ml each, tube Nos. 16-21,
determined by ultraviolet (UV) absorption measurement at 227 nm] were combined and" the solvent was removed by
lyophilization to give a powder; yield 31.1 mg (86~/~).

The crude deprotected peptide thus obtained was dissolved in 0.01 M AcONH4 butTer (pH 6.5) and the solution
was applied to a column of CM-TrisacryI (2 x 7 em), which was eluted with the same buffer (104 ml) and then with a
linear gradient formed from the same buffer containing 0.2M NaCI (IOOml) through a mixing flask containing the
starting butfer(250ml). The fractions corresponding to the main peak (5.2ml each, tube Nos. 83-103, monitored by
UV absorption measurement at 227nm) were combined and the solvent was removed by lyophilization. For
desalting, the residue was submitted to gel-filtration on a Sephadex G-15 column (1.8 x 136 ern), which was eluted
with 1N AcOH. Lyophilization of the desired fractions (monitored by the Folin-Lowry test)20) gave a fluffy powder;
yield 7.5 mg (24.1~~).

Subsequent purification was performed by reversed phase HPLC on a Nucleosi15CI8 column (4.6x 150mm),
which was eluted with a gradient of MeCN (25 ~x. to 40~~ in 30 min) in 0.1%TFA at a flow rate of 1.0ml/min. The
eluate corresponding to the main peak (Fig. Ja, retention time 18min, detected by UV absorption measurement at
23Jnm) was collected and the solvent was removed by lyophilization. The residue, dissolved in 0.5 N AcOH, was
applied to a column of Sephadex 0-15 as described above. Lyophilization of the desired eluates gave a white fluffy
powder; yield 4.4mg (12.2~{ from protected heGRP), [o:]~3 -78.8" (c=O.I, 0.5N AcOH), FAB-MS mjz: 3794
(M +H)+ (Fig. 4).

The synthetic peptide exhibited a single band in disk isoelectrofocusing (Fig. 4) on 7.5!,~ polyacrylamide gel
(0.5 x 7.0cm) containing Pharmalyte (pH 9-11): mobility, 6.3 em from the origin toward the cathodic end of the gel,
after running at 200 V for 5 h. The purified product exhibited a retention time (20 min) in HPLC identical with that of
the sample obtained in (b), when a YM C AM-302 ODS column (4.6 x 150mm) was eluted with a linear gradient of
MeCN (25-40% in 30 min) in 0.1% TFA at a flow rate of l D ml/min (Fig. 3b). Amino acid ratios in a 6N HCl
hydrolysate are listed in Table 1. Amino acid ratios in a LAP digest (numbers in parentheses are theoretical values):
Thr 3.48 (4), Ser +Asn 4.53 (4+3), Pro 1.16 (1), Gly 4.38 (4), Ala 3.94 (4), Cys 0.78 (1), Val 3.46 (4), Met 0.93 (1), Leu
3.04 (3), Phe 2.00 (2), Lys 2.12 (2), His 0.86 (1), Arg 1.98 (2), recovery of Phe 82~~.

(b) By the Air-Oxidation Procedure: Protected p-hCGRP (53.7mg, 1O.2J.tmol) was treated with 1MTMSOTf
thioanisole/Tf-A (5.0 ml) in an ice-bath for 180min, then for an additional 30 min after addition of NH41 (30mg, 20
eq) and MeSMe (15 Ill, 20 eq). Dry ether was added. The resulting powder was dissolved in MeOH (3 ml), then 2
mercaptoethanol (n/lI, 100 eq) and 6M guanidine-Hc'l in 0.1 M Tris-HCl buffer (5m1) were added and the solution
(pH 8.0), after being kept at 4 °C for 18 h, was applied to a column ofSephadex 0-25 (l.8 x 136 em), which was eluted
withI N AcOH. The fractions corresponding to the front main peak (4 ml each, tube Nos. 38-50, monitored by UV
absorption measurement at 227 nrn) were combined and diluted with H20 (500 ml). The solution, after being adjusted
to pH 8.0 with 5% NH40H. was kept at"4 iJC for 3 d, during which time the Ellman test value (412 nm) dropped from
0.059 to a constant value of 0.002. After lyophilization, the product was purified as stated above, first by gel-filtration
of Sephadex 0-15 (yield, 20.7mg, 53.5~~), then by ion-exchange chromatography on Clvl-Trisacryl (yield 4.4mg,
11.3%) and finally by HPLC on a CosmosiI 5CI8 column (yield 2.9mg, 7.4% from protected p-hCGRP); [CC]f>3 -75.9"~
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Fig. 3. HPLC of Synthetic {J-hCGRP

a, Clvl-purifled sample on a Nucleosil column; b, mixture of the HPLC-purified samples
obtained by the new method and the air-oxidation method, on a YMC AM·302 ODS
column.
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Fig. 4. FAB-MS and Disk Isoelectrofocusing of Synthetic ,B-hCGRP

a, FAB-MS; h. disk isoelectrofocusing.

pH 11

(c=O.I, 0.5N AcOH), RJ; 0.45, R.I~ 0.82. FAB-MS m]z: 3794 (M+H)'r. A single peak (retention time, 18min;
monitored by UVabsorption measurement at 233 nm) on an HPLC analytical Nucleosil 5CI8 column (4.6 x 150mm)
was obtained by gradient elution with MeCN (25-45'/;;. 30min) in 0.1 ~,;; TFA at a flow rate of l.0 ml/min. Amino
acid ratios in a 6 N H'Cl hydrolysate and a LAP digest (numbers in parentheses): Asp 3.49. Asn (N.D.), Thr 3.60
(3.68), Scr 3.70 (4.19), Pro 0.95 (0.98), Gly 4.06 (3.9S), Ala 3.92 (3.94), Cys (UQ (0.90), Val 3.39 (3.65). Met 0.89
(l.02), Leu 2.82 (2.85), Phe 2.00 (2.00), Lys l.82 (1.99), His 0.99 (0.80), Arg 2.07 (1.75), recovery or Phe 95~~';; (95~~~).
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The utility of the cyanohydrin diethylphosphates derived from aldehydes (arylaldehydes,
crotonaldehyde, and cinnamaldehyde) as an acyl anion equivalent was examined. Deprotonation of
cyanophosphates with n-butyllithium in the presence of tetramethylethylenediamine in tetrahy
drofuran at -78°C followed by reactions with alkyl(acyl) halides. carbonyl compounds, and rJ.,p
unsaturated nitriles or esters, as well as cyanophosphates themselves, afforded alkylated (acylated)
products, mixed benzoin and acyloin phosphates, polysubstituted cyclopropanes, and diaryl
fumaronitriles in moderate yields, respectively.

Keywords--eyanophosphate; diethyl phosphorocyanidate; lithium cyanide; acyl anion
equivalent; carbon-earbon bond formation; benzoin phosphate; cyclopropane; diarylfumaronitrile;
n-butyllithium
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A variety of ketone cyanohydrin O-diethylphosphates (cyanophosphates), which were
easily prepared by reaction of ketones with diethyl phosphorocyanidate (DEPC) in the
presence of lithium cyanide (LiCN). have been widely utilized as versatile intermediates for
the synthesis of a,fJ-unsaturated nitriles.!' arylacetonitriles," 4-hydroxy-3-phenylbenzo
nitriles," y-oxy-a,fl-unsa turated nitriIes, 4) 4-arylangelonitriles.S) 2-alkenenitriles, 6) and so
on." Our systematic investigations in this area have led to a new nucleophilic acyl synthon,
obtained by deprotonation of the aldehyde-cyanophosphates. Recently, masked reagents
with C = 0, umpolung, such as anions of cyanohydrins, protected cyanonhydrins, «-dial
kylaminonitriles, and a-alkyl or a-aryl-N-acylaminonitriles have proved to be powerful
tools for carbon-carbon bond formation in many synthetic transformations. HI Extensive
studies on trimethylsilyl (TMS)-cyanohydrins by Hiinig and his collaborators are especially
well known.?' However. the reactivity of an acyl anion equivalent derived from cyanophos
phate has hitherto been unreported. We describe here the reactions of the anion of aldehyde
(arylaldehydes, crotonaldehyde and cinnamaldehyde) cyanophosphates with alkyl and acyl
halides. and carbonyl compounds, as well as activated olefins. Self-condensation of arylal
dehyde cyanophosphates to give diarylfumaronitriles is also described.

Alkylation and Acylation
The cyanophosphates (2) used in this paper were prepared by reaction of aldehydes (1)

with DEPC (3 eq) and LiCN (3 eq) in tetrahydrofuran (THF) at room temperature in good
yields (Chart 1 and Table V). Deprotonation of 2a with bases, such as lithium diisopropyl
amide (LDA) and n-butyllithium (BuLi) in the presence or absence of tetramethylethylene
diamine (TMEDA) or hexamethylphosphoramide (HMPA) was carried out, followed by
treatment with ethyl iodide at - 78 '-'C in THF. The best result was obtained with n-BuLi
(1.2 eq) and TMEDA (1.2 eq) (Chart 2). In this manner, several kinds of alkylated products
(3-7) were obtained in 48-93% yields starting from 2a (see Table I). These products may be
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R-CHO

1a-g

(EtO)2 P(O)CN [DEPC]/Li~

THF
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OP(O) (OEt)2
I

R-CH
I
CN

2a-f

a: R=C6Hs• b: R=p-CIC6H.:l., c: R=p-MeC6H4 , d: R=p-C6HsC6H4

e: R=trans-MeCH==CH, f: R=trans-C6HsCH = CH , g: R=p-MeOC6H4

Chart 1

OP(O) (OEt)2

I 1
R-C-R

f
CN

OP(O) (OEt)2
I

R-CH n-BuLi/TMEDA
I ..

CN

2a,e

OP(O) (OEt)2
I

R-C-

I
eN

R~

3-9

Chart 2

OP(O) (OEt)2

I 1
R-C-COR

I
eN

10, 11

TABLE I. Yields of Alkylated and Acylated Cyanophosphates

Starting R1X or RtCOX Product (~~) R R t

compd.

2a Etl 3 (93) C6Hs Et
2a Mel 4 (87) C6Hs Me
2a C6HsCH2Br 5 (86) C6Hs C6HsCH 2

2a CH 2 =CHCH2Br· 6 (88) C6Hs CH 2=CHCH2

2a n-C4H9Br 7 (48) C6Hs n-C4H9

2e EtI 8 (90) MeCH=CH Et
2e C6HsCH2Br 9 (76) MeCH=CH C6HsCH 2

2a C6HsCOCI !O (90) C6Hs C6Hs
2a EtOCOCI 11 (59) C6Hs EtO

applicable to the preparation of cx,p-unsaturated nitriles.!' The anion of 2a also reacted with
benzoyl chloride and ethyl chloroformate to give the acylated products (10 and 11) in 90%
and 59% yields, respectively. Regiospecific alkylation of 2e with ethyl iodide and benzyl
bromide gave 8 (90%) and 9 (76%), which were found to be a mixture of (E)/(Z) = 95/5 and
(£)/(2)=93/7, respectively, as judged from proton nuclear magnetic resonance eH-NMR)
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spectra. The alkylated products derived from 2e may be good precursors for the preparation
of y-oxy-a,!3-unsaturated nitriles via allylic rearrangement" and of 2-alkenenitriles by reaction
with organocopper reagents." Alkylation of 2f, however, did not give satisfactory results
because of contamination with the allylic rearrangement product. The cyanohydrin phos
phate of an aliphatic aldehyde such as cyclohexylaldehyde failed to give an alkylated or
acylated product with n.;BuLi and TMEDA, and only the starting material was recovered.

Mixed Benzoins and Acyloins
Condensations of the protected cyanohydrins with ketones and aldehydes in the presence

of LDA10) or a phase-transfer catal)!st ll ) to give benzoins and acyloins are well known. From
this point of view, deprotonation of2a followed by the addition of 4-chlorobenzaldehyde (lb)
afforded a mixture of O-diethylphosphonobenzoin (12a, 24%) and benzoin (13'a, 58%), which
were separated by column chromatography on silica gel (Si02) , after quenching by the
addition of water (condition A). Hydrolysis of 12a with 0.5 N NaOH in THF gave 13a in 84%
yield. It is interesting that when the reaction mixture was quenched by the addition of acetic
acid, instead of water, followed by neutralization with sodium bicarbonate solution (con
dition B), only benzoin cyanohydrin phosphate (14a) was isolated in 89% yield (Chart 3).
Structural assignment of 14a was readily performed by alkaline hydrolysis (0.5 N NaOH) to
give 13a as well as by spectroscopic means [OH band at 3330cm -1 in the infrared (IR)
spectrum, CN-carbon signal at bIll in the carbon-IS nuclear magnetic resonance (13C
NMR) spectrum and especially the mass spectrum (MS), which exhibited a parent peak at m]z
382 (M + - HeN) and showed the same fragment ions as 12a]. Similarly, 4-methyl-~ 4-phenyl-,
and 4-methoxybenzaldehydes (Ic, Id, and 19) gave the corresponding benzoin phosphates
(12b-d)12) and benzoins (13b-d) under condition A, and 14b-d under condition B; the
yields are summarized in Table II.

All the unsymmetrical benzoins (12a-d and 13a-d) thus obtained are products in which
the carbonyl group is adjacent to a phenyl ring bearing no substituent. Further isomeric
benzoins (12e-g and 13e-g), in which the carbonyl group is adjacent to a phenyl ring having

o OP(O) (OEt)2

1 /I I 2
p-R C6H4-C-f-C6H4R -p

H

OP(O) (OEt) 2

1 I 2p-R C6H4-TH + p-R C6H4CHO

CN 1b-d, q

2a-d Icondition B

condition A 1 2a-g

r'S N NaOli

o OR

1 II I 2
p-R C6H4-C-C-C6H4R -p

J

H

13a-g

0.5 N NaOn____1

14a-g

Chart 3
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TABLE II. Yields of Benzoin Derivatives (12-14)

o OR3

1 II I 2
p-R C6H4-C-C-C6H4R -p

1
H

12: RJ = P(O)(OEt)2
13: R3=H

HO OP(O) (OEt)2

1 I I .2
p-R C6H4-C-C-C6H4R -p

I I
NC H

14

R1 R2 Condition A Condition B
Yield e~) of 12/13 Yield e~) of 14

a H Cl 24/58 89
b H Me 42/52 83
c H OMe 62/30 96
d H C6Hs 61/34 89
e CI H 21/70 78
f Me H 30/56 96
g C6Hs H 24/58 89

2a,e

i) n-BuLi/TMEDA!-78°C

..
o OP(O) (OEt)2

II I 2
R-C-C-R

1
1R

15a: R1=R2=-(CH
2)s

16a: R1 =R2=-(CH
2 )4

15b: R] = R2 =-(CH2)s
16b: R1=R2=Me

J7b: R1 = C6Hs, R2=Me

ISb: R1=R2=C
6Hs

a: R=C6Hs
b: R = trans-MeCH =CH

Chart 4

a substituent at C-4, were also prepared from the substituted cyanophosphates (2b-d).
However, the thermodynamically stable 4-methoxybenzoin derivatives could not be prepared
because of the instability ofp-anisaldehyde cyanophosphate. The same procedure (condition
A) as described for benzoin condensation is applicable to prepare a variety of mixed acyloin
phosphates (ISa, 16a and ISb-18b) as shown in Chart 4.

Cyclopropanes
Polysubstituted cyclopropanes have been prepared by reactions of active methylene

compounds with ethyl phosphoenolpyruvate.P' with a-halo esters in the presence of a strong
base.r" and with the betaines derived from 1,2-dicarbonyl compounds and HMPA. 15) These
reactions proceed via Michael addition followed by 1,3-elimination of the leaving groups.
Treatment of 2a with an a~p-unsaturated ketone such as 3-buten-2-one under condition A
gave the acyloin (19, 36%)16) and its phosphate (20, 21%), which were probably formed via
1,2-addition of an anion to the enone, along with the lA-addition product 21 in 9.4% yield.
On the other hand, the anion of 2a reacted with ethyl acrylate within 5 min to yield ethyl 2
cyano-2-phenylcyclopropanecarboxylate in 40% yield.'?' In a similar manner, 2a, b, e, and f
were converted to 1,2-tri- or tetra-substituted cyclopropanes (22) by reactions with ethyl
acrylate, ethyl methacrylate, acrylonitrile, and methacrylonitrile, yielding a mixture of (Z)
and (E)-isomers or a single isomer (see Table III). The mechanism of the cyclopropane
formation involves the initial Michael addition of the anion to an activated double bond
followed by cyclization with liberation of the diethylphosphonooxy function.1H-NMR
spectroscopy was very useful for the assignments of (Z)- and (E)-stereochemistries of
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2a

i)n-BuLi/TMEDA

19 (36%) 20 (21%) 21 (9.4%)

n-BuLi

'TMEDA

_______ N:>v_::
Chart 5

OP(O) (OEt)2

r
R-CH +

I
CN

2a,b,e,f R1==H or Me
R2::::C0

2Et or ex
22a-h

Chart 6

TABLE III. Yields of Substituted Cyclopropanes (22)

NC R'Ry-R2

Compd. R R J R2 Yield ('\;)
(Ratio of isomers)

22a C6 Hs C02Et H 40
22b C6Hs C02Et Me 51
22c C6Hs Me CN 60
22d p-C1C6H4 C02Et Me 85
22e Me-CH=CH C02Et Me 48
22f Me-CH=CH eN Me 49
22f' Me-CH=CH Me eN (22f: 22f' (40: 60))
22g C6Hs-CH=CH C02Et H 57
22g' C6Hs-CH=CH H C02Et (22g: 22g ' (58: 42»
22h C6Hs-CH=CH eN Me 28
22h' C6Hs-CH=CH Me CN (22h: 22h' (36: 64»)

cyclopropanes. Namely, the 1H-NMR spectrum of 22g showed relatively large downfield
shifts (at ~2.24 and 2.16) of the H-I signal and one of the C-3 methylene proton signals,
respectively; the latter can be explained by the deshielding effects of the nitrile and
ethoxycarbonyl groups, both of which are located in close proximity. Upon irradiation of the
a-proton of the styryl group, a nuclear Overhauser effect (NOE) enhancement of the proton at
b 2.24 was observed. Thus, the signals at 82.24 [doublet of doublets (dd), J= 8.0 and 6.7 Hz]
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TABLE IV. Selected IH-NMR Data for Cyclopropanes (22)

NC~lR
1

R...... "'-·R2
3

H ..... H

IH-NMR (CDCI3 ) (300 MHz) J (Hz)
Compd. R t R2

IjJ-H (If1-CH3) ICt-H (lo:-CH 3) 3fJ-H 3o:-H

22a 2.37 dd 2.24 dd 1.85 dd
leis=' 8.5 J(/('I1I=5.4 .10 (1 ,.,, = 5.4
Ilrulls=6.8 Jrrl/ns=6.8 J"';I1=8.5

22b (1.0 s) 2.41d 1.67 d
J=5.5 J=5.5

22c (1.86 5) 2.28d 1.80 d
J=6.0 J=6.0

22d (1.0 s) 2.42 d 1.63 d
J=5.4 J=5.4

22e (1.34 s) 2.25 d 1.]8 d
J=5.5 J=5.5

22f (1.43 s) 2.04d ].34 d
J=6.3 J=6.3

22f' (1.70 s) 1.71 and/or 1.58
d. J=6.7

22g 2.24 dd 2.16 dd 1.60 dd
.f,';s= 8.0 JOl:'m=5.1 JI1I:' In = 5.1
Jrr,ms= 6.7 .1rl'on5= 6.7 Jci.~=8.0

22g' 2.65 dd 1.94 dd 1.87 dd

Jei.~ = 8.4 Jol1m=5.6 J(I"/1I=5.6
1/rl1ll..,=7.8 Jcis=8.4 .Jt"lI/'.~=7.8

220 (1.52 s) 2.20 d 1.52 d
J=6.2 J=6.2

2211' (1.78 s) 1.77 and/or 1.99
d• .1=6.2

and 02.16 (dd, J=6.7 and 5.1 Hz) were assigned as l a-H and 3fJ-H respectively, and the 3a-H
signal was observed at /5 1.60 (dd, J = 8.0 and 5. I Hz). In contrast, the C-3 methylene protons
of22g' appeared as a doublet of doublets at [) 1.94 (J=8.4 and 5.6 Hz) and (j 1.87 (J=7.8 and
5.6 Hz), which are deshielded to the same extent by the nitrile or the ethoxycarbonyI group,
respectively. These results clearly indicate that 22g is the (Z)-isomer and 22g' is the (E)
isomer. Generally speaking, in a cyclopropane ring, the coupling between trans vicinal
protons is greatest and that of geminal protons is minimum.l'" This can be of great value in
stereochemical assignments of the products, 1,2,2-trisubstituted cyclopropanes (22a~ 22g and
22g'). The stereochemical assignments of 1,1,2,2-tetrasubstituted cyclopropanes are rather
easy because a large downfield shift in one of the C-3 methylene protons is observed in the
(Z)-isomer (see Table IV).

Diarylfumaronitriles
A number of methods for the preparation ofa,lX'-dicyanostiIbene, which can be used as a

substrate for photocyclization,'?' have been reported.'?' Among them, we were interested in
the reaction of «-cyanobenayl benzenesulfonate''P" with potassium cyanide to give an rx,a'
dicyanostilbene. However, this procedure suffered from the serious disadvantages of being
time-consuming and giving only a low yield. When 2a was treated with 2a under condition A
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CN

I 1
p-RC6H4-C=C-C6H4R -p
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CN

23a: R=R1=H
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as described for the preparation of benzoins, diphenylfumaronitrile (23a), mp 161-163°C
(lit. mp 161 °C),z°C) was obtained in 76% yield. The structure of 23a was continued by its
melting point and ultraviolet CUV) spectroscopic evidence20d

) (see Experimental). The 4,4'
dimethyl and 4-nlethyl derivatives (23b and 23c) were analogously prepared in 77% and 80%
yields, respectively.

In summary, in view of the ease of the preparation of aldehyde cyanophosphates, the
reactions mentioned above provide a simple and versatile method for carbon-carbon bond
formation and synthesis of mixed benzoin and acyloin phosphates, polysubstituted cyclo
propanes and diarylfumaronitriles. Although the reactions were limited to aryl- or allylal
dehyde cyanophosphates, we believe that these results extend the usefulness of cyanophos
phates in organic synthesis.

Experimental

All melting points and boiling points are uncorrected. IR and UV spectra were recorded with Shimadzu IR-435
and JASeO UVIDEC-505 spectrophotometers. J H- and 13C-NMR spectra were taken with a Varian XL-300 spec
trometer and chemical shifts are given in parts per million (ppm) with tetramethylsilane as an internal standard. MS
were recorded with a Hitachi M-80 spectrometer. For column chromatography, Si02 (Merck Art 7734) was used.

General Procedure for the Preparation of Cyanophosphates (2a-2d)--A solution of au aldehyde (1) (lOmmo1),
DEPC (30 mmol) and lieN (30 mmol) in THF (30m!) was stirred at room temperature for 5 min. After removal of
the THF by evaporation, the residue was dissolved in water (lOrnl) and benzene-EtOAc (l : 1, 50ml). The organic
layer was separated, washed with brine, dried (Nu2S04)' and concentrated. The residual oil was purified by column
chromatography using benzene-EtOAc (4: 1) as an eluent to give the corresponding «-diethylphospbonocxyarylacet
onitriles (2) as an oil. The boiling points are as follows: 2u, bp 149"C (3 mmHg); 2b, bp138 ';'C (D.06mmHg); 2c, bp
160"C (0.03 mmHg) (Kugelrohr). 2d was analyzed by means of high-resolution MS because of its thermal instability.
The cyanophosphates usually exhibited strong absorption bands at 1240-1290 and 970-1100cm- 1 in the IR
spectra. The IH-NMR spectra of2 showed multiplets at () 1.30-1.42 (6H, 2xOCHzC.th) and c54.05--4.20 (4H, 01,

2 x OCt.hCH3) . The physicochemical data are summarized in Table V.
General Procedure for Alkylation and Acylation of 2a and 2e--A solution of 2a (2e) (Smmol) in THF (IS ml)

was added to a solution ofn-BuLi (15% hexane solution, 3.84011, 6mmol) and TMEDA (697mg, 6mmol) in THF
(1Om1) at -78"C under N 2• After stirring for 20min, a solution of an alkyl or acyl halide (RJX or R1COX)
(Wmmol) in THF (15 ml) was added dropwise at -78 LoC. The reaction flask was then removed from the cooling bath
and the mixture was stirred for 30 min. The reaction mixture was concentrated in vacuo and the residue was dissolved
in water (lOrnl) and benzenc-ErO'Ac (l : 1). The organic layer was separated, washed with brine, dried (Na2S04 ) , and
concentrated. The residual oil was purified by column chromatography using benzene-EtOAc (4: 1) as an eluent to
give the corresponding product (3--11) as an oil. The boiling point of 4a is bp 177DC (5 mmHg). The other products
were analyzed by high-resolution MS because of their thermal instability. The phosphates usually exhibited strong
absorption bands at 1280 and 960-1060cm- 1 in the IR spectra and multiplets at 01.20-1.40 (6H, m,
2 x OCH2Cth ) and 3.90-4.25 (4H, m, 2 x OCl:hCH3 ) in the I H-NMR spectra.

2-Diethylphosphonooxy-2-phenylbutanenitrile (3): lH-NMR (CDC}3) s, 1.0 (3H, r, J=7Hz, CH2Ctl3 ) , 2.31
(2H, m, Cl:hCHa). 7.3-7.7 (SR, m, Ph). MS mlz:317 (M +). High-resolution MS Calcd for C14H20N04P: 297.1128.
Found: 297.1128.

2-Diethylphosphonooxy-2-phenylpropanenitrile (4): I H-NMR (CDCI J ) 6: 2.13 (3H, s, CH3) , 7.27-7.75 (5H, rn,
Ph). MS mlz; 283 (M +). Anal. Cakd for C13H\8N04P: C, 55.12; H. 6.40; N. 4.95. Found; C, 55.02; H. 6.36; N. 4.84.

2-Diethylphosphonooxy-2,3-diphenylpropanenitrile (5): IH-NMR (CDCI 3) 0: 3.34 and 3.62 (IH, ABq, J=
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TABLE V. Physicochemical Data for Cyanophosphates (2)11)

Vol. 35 (1987)

IH-NMR (CDCI 3 ) s Analysis (~~)

Yield Calcd (Found)
Compd.

e~)
J (Hz) Formula

CHOP(O):=:
C H N

23 82 6.05 Cl2H16N04P 53.53 5.99 5.20
d. J=9 (53.21 5.75 5.15)

2b 94 6.03 C12HIsClN04P 47.46 4.98 4.61
d. J=6 (47.40 5.05 4.76)

2c 100 6.01 C13HlSN04P 55.12 6.40 4.95
d, J=8.9 (55.27 6.53 5.02)

2d 85 6.10 ClsH20N04P h)

d, J=6

a) Compounds 2e and 2f: see ref. 21. b) High-resolution MS Ca1cd for CIBH20N04P: 345.1128.
Found: 345.1127.

14Hz, CH2Ph}, 7.09-7.53 (lOH, m, Ph). MS m]z: 359 (M +). High-resolution MS Calcd for CI9H22N04P: 359.1285.
Found: 359.1296.

2-Diethylphosphonooxy-2-phenyl-4-pentenenitrile (6): IH-NMR (CDCI3 ) (j: 2.96 and 3.14 (each IH, dd, J= 14,
7Hz, CH2 ) , 5.23 (2H, m, CH2=), 5.65 (IH, ddt, J= 17, 10, 7Hz, =CH), 7.26-7.62 (5H, m, Ph). MS mjz: 309 (M+).
High-resolution MS Calcd for ClsH20N04P: 309.1131. Found: 309.1130.

. 2-Diethylphosphonooxy-2-phenylhexanenitrile (7): 1H-NMR (CDCI3) s. 0.88 (3H, t, J =7 Hz, CH3 ) , 1.38 (4H,
m, CH2Cl:hCtl2CH3)' 2.37 (2H, m, CI:::JzCHzCH1CH3) , 7.40-7.62 (5H, m, Ph). MS m]z: 325 (M+). High-resolution
MS Calcd for C16Hz4N04P: 325.1441. Found: 325.1440.

rx-Benzoyl-iX-diethylphosphonooxyphenylacetonhrile (10): IR (neatj cm ?": 1700 (CO). IH-NMR (CDCI3 ) <):
7.32-7.85 (lOH, m, Ph). MS mlz: 373 (M+). High-resolution MS Calcd for C19H20NOsP: 373.1077. Found:
373.1062.

a-Dicthylphosphonooxy-rx-ethoxycarbonylphenylacetonitriIe (11): IR (neat) em -I: 1750 (CO). 1H-NMR
(CDCl J ) 5: 1.35 (3H, rn, COZCH1Cth), 4.30 (2H, m, COzCtJ2CH3 ) , 7.26-7.71 (5H, m, Ph). MS mlz: 342 (M+).
High-resolution MS Calcd for ClsH20N06P: 341.1026. Found: 341.1010.

2-Diethylphosphonooxy-2-ethyl-3-butenecarbonitrile (8): This was a mixture of (E)- and (Zj-isomers in the ratio
of 95: 5 as judged from the IH-NMR spectrum. The IH-NMR spectral data for the (E)- and (Z)-isomers were
obtained from the spectrum of the mixture. IH-NMR (CDCI 3 ) of(£)-10 c5: 1.08 (3H, t, J= 7 Hz, CH 2Cl:b), 1.83 (3H,
dd, J=6.6, 1.5Hz, Ctl3-CH==), 2.08 (2H, rn, CHzCH 3 ) , 5.63 (lH, dd,J= 15, 105Hz, CH3-CH=Cij-), 6.26(IH,dq,
J= 15, 6.5 Hz, CH3-e1j ==). IH-NMR (CDCI3 ) of (Z)-l0 (5: 5.55 (lH, br d, J= 11 Hz, CH3-eH=Ct!-); other signals
are ambiguous due to overlapping with those of (E)-10. MS mjz: 261 (M+). High-resolution MS Calcd for
ClIHzoN04P: 261.1128. Found: 261.1107.

2-Benzyl-2-diethylphosphonooxy-3-butenecarbonitrile (9): This was a mixture of (E)- and (Z)-isomers in the
ratio of 93 : 7 as judged from j H-NMR spectrum. The 1H-NMR spectral data for the (E)- and (Z)-isomcrs were
obtained from the spectrum of the two mixture. IH-NMR (CDCI3) of (£)-11 0: 1.78 (3H, dd, J=6.5, 1.7 Hz,
CH3CH=), 3.21 and 3.36 (lH, ABq, J= 14Hz, CH 2Ph), 5.70 (lH, dd, J= 15,1.7 Hz, CH 3-CH =CIj), 6.16 (IH, dq,
J= 15, 6.5 Hz, CI:h-CH=), 7.31-7.33 (5H. m, Ph). IH-NMR (CDCI3 ) of (Z)-11 (5: 5.59 (IH, dd, J= II, 2Hz, CH3

CH = Crn 5.88 (1H, dq, J = II, 7 Hz, CH3-CIj =); other signals are ambiguous due to overlapping with those of (E)
11. MS mlz: 323 (M+). High-resolution MS Calcd for CI6H22N04P: 323.1286. Found: 323.1299.

General Procedure for Reaction of Cyanophosphates (2) with Arylaldehydes (l)--Condition A: A solution of a
cyanophosphate (2) (3 mmol) in THF (5 ml) was added to a solution of n-BuLi (15% hexane solution, 2.3 ml,
3.6 mmol) and TMEDA (418 mg, 3.6 mmol) in THF (10 ml) at - 78°C under N2 • After stirring of the above mixture
for 30min, a solution of an arylaldehyde (1) (3.6 mmol) in THF (5 ml) was added dropwise at -78 ('C, and the whole
was stirred for 5 min at this temperature, then quenched by the addition of water (10m]). A mixture of benzene
hexane (lOOml) (1: I) was added and the organic layer was separated, washed with water and dried (Na 2S04).
Removal of the solvent by evaporation gave an oil, which was subjected to column chromatography. The first
fraction of the benzene eluate gave the coresponding benzoin (13) [4'-chlorobenzoin (13a), mp 114--116 °C (!it.221mp
116DC); 4'-methylbenzoin (l3b), mp 116":-117"C (lit.2 2 J mp 116~C); 4'-methoxybenzoin (13c), mp 87-89 DC (lit.231

mp 87-89 DC); 4-chlorobenzoin (13e), mp 89-90 DC (lit.241mp 90-91 "C); 4-methylbenzoin (13f), mp 109-110 "C
(lit.24Imp 110°C); 4'-phenylbenzoin (13d): rnp 144-146°C (propanol). IR (Kbrj cm T ": 3400 (OH), 1680 (CO).IH
NMR (CDCI3 ) s, 4.59 (IH, br s, OH), 5.99 (l¥I~ d, J=7 Hz, Ctl0H), 7.28-8.01 (14H, m, Ph). MS miz: 288 (M +).
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Anal. Calcd for C2oH1602'1/2H20: C, 80.78; H. 5.76. Found: C. 81.00; H, 5.37. 4-Phenylbenzoin (13g), mp 148
ISOaC (propanol). IR (Klsrj cm" ': 3500 (OH), 1680 (CO). IH-NMR (CDCI3) 0: 4.58 (lH, br s, OB), 5.97 (lH. br s,
CtJOH), 7.36 (l4H, rn, Ph). MS mjz: 288 (M+). Anal. Calcd for C2oHI 60;Z: C, 83.31; H. 5.59. Found: C, 83.26; H,
5.70]. The second fraction of the benzene-EtOAc (4: I) eluate gave the corresponding O-diethylphosphonobenzoin
(12) as a viscous oil, which showed a single spot on TLC (Si02, benzene-EtOAc, 4: 1). The oily 0
diethylphosphonobenzoins (12a-g) were analyzed by means of high-resolution MS because of their thermal
instability. The O-phosphates usually exhibited strong absorption bands at 1260 and 960-1060 em -1 in the IR
spectra and multiplets at 81.10-1.40 (6H. m, 2xOCH;zCt(3 ) and 3.80-4.20 (4H. m, 2XOCtJ2CH3) in the 1H_
NM R spectra.

4'-Chloro-0-diethylphosphonobenzoin (l2a): IR (neat) em -I: 1690 (CO). IH-NMR (CDC13 ) b: 6.59 (lH, d, J=
8.4Hz, CH), 7.31-7.93 (9H, m, Ph). MS 112/z: 382 (M+). High-resolution MS Caled for CISH20CIOsP: 382.0738.
Found: 382.0736.

4'-Methyl-0-diethyJphosphonobenzoin (I2b): IR (neat) cm-1: 1690 (CO). lH-NMR (CDC13) s, 2.31 (3H, s.
CH 3) , 6.61 (lH, d, J=7.9Hz, CH), 7.14-7.93 (9H. m, Ph). MS miz: 362 (M+). High-resolution MS Calcd for
C19H230SP: 362.1281. Found: 362.1288.

4'-Methoxy-0-diethylphosphonobenzoin (12c): IR (neat) em-I: 1690 (CO). IH-NMR (CDCla) e5: 3.75 (3H, s,
OCH3) , 6.63 (IH. d, J=8.0Hz, CH), 6.8~7.92 (9H, m, Ph). MS mjz: 378 (M+). High-resolution MS Calcd for
C19H2306P: 378.1232. Found: 378.1230.

4'-Phenyl-O-diethylphosphonobenzoin (l2d): IR (neat)cm -1: 1700 (CO). IH-NMR (CDCI3 ) 0: 6.68 (IH, d, J=
7.8 Hz. CH), 7.34-7.98 (14H, m, Ph). MS mjz: 425 (M +). High-resolution MS Calcd for C24H2S0SP: 424.1440.
Found: 424.1438.

4-Chloro-O-diethylphosphonobenzoin (12e): IR (neat)cm- 1: 1690 (CO). IH-NMR (CDC13) e5: 6.55 (lH, d, J=
8.3 Hz, CH), 7.33-7.89 (9H, m, Ph). MS mjz: 382 (M +). High-resolution MS Calcd for CIsH20ClOsP: 382.0738.
Found: 382.0735.

4-Methyl-O-diethylphosphonobenzoin (120: IR (neat) cm- I: 1690 (CO). IH-NMR (CDCl3 ) s. 2.35 (3H. s,
CH3) . 6.62 (lH, d, J=8.3Hz, CH), 7.17-7.84 (9H, m, Ph). MS mjz: 362 (M+). High-resolution MS Calcd for
C19H230SP: 362.1281. Found: 362.1285.

4-Phenyl-O-diethylphosphonobenzoin (12g): IR (neatj cm" ': 1690 (CO). IH-NMR (CDCI) 0: 6.66 (lH, d, J=
7.9 Hz, CH), 7.35-8.02 (14H, m, Ph). MS mlz: 424 (M+). High-resolution MS Calcd for C2~H2S05P: 424.1440.
Found: 424.1438.

Condition B:After the reaction of an anion of2 with 1 had reached completion, the mixture was quenched by the
addition of glacial acetic acid followed by neutralization with saturated NaHCO) solution. The whole was extracted
with a mixture of benzene-hexane (I : 1, 100ml) and the extract was washed with brine and dried (Na2S04) . Removal
of the solvent by evaporation gave a viscous oil, which was purified by column chromatography using benzene
EtOAc (4: I) us an eluent to give the corresponding 2,3-diaryl-3-diethylphosphollooxy-2-hydroxypropionitrilc (14),
which was recrystallized from benzene-ligroin. The compounds 14 showed no absorption band due to the eN group,
and usually exhibited strong absorption bands at 1260 and 960-1060cm- 1 in the IR spectra and multiplets at ()
1.10-1.38 (6H, m, 2xOCH2Ct:b) and 3.60-4.0 (4H, m, 2xOCtbCH3 ) in the IH-NMR spectra due to the 0
phosphate group. The physicochemical data are summarized in Table VI.

Hydrolysis of 12a and 14a--A solution of 12a (14a) (1 mmol) and 0.5 N NaOH (1 ml) in THF (~1111) was stirred
vigorously at room temperature for 2 h. The reaction mixture was diluted with water (50 ml) and extracted with
benzene. The extract was washed with brine and dried (Na2S04)' Removal of the solvent by evaporation gave a solid,
which was recrystallized from isopropanol to give 13a in 83~~,{, (85/"~) yield.

General Procedure for the Preparation of Acyloin Phosphates (15a, 16a, and 15b-18b)--A mixture of a
cyanophosphate (2a or 2e) (3 mmol) and a ketone (3.6 mmol) was treated under condition A as described for the
reaction of 2 with arylaldehyde to give an oil. This was purified by column chromatography using benzcne-En'iac
(4: I) to give the corresponding acyloin phosphate (15a, 16a, or 15e-18e) as an oil, which showed a single spot on
TLC (Si02 , benzene-EtfrAc, 4: 1). The products were analyzed by means of high-resolution MS because of their
thermal instability. The phosphates usually exhibited strong absorption bands at 1260--1270 and 1060-960 em -I in
the IR spectra. The IH-NMR spectra of the phosphates showed multiplets at 1J 1.20-1.42 (6H, OCH2CtI3 x 2) and
4.05-4.20 (4H, OCthCH3 x 2).

«-Diethylphosphonooxycyclohexyl Phenyl Ketone (ISa): This was prepared from 2a and cyc1ohexanone in 54%
yield. IR (neatj cm" ": 1680 (CO). IH-NMR (CDC}",) (~: 1.59-2.38 (lOH, m, 5xCH2), 7.39-8.12 (5H, m, Ph). MS
mlz: 341 (M +). High-resolution MS Calcd for C17H2 SOSP: 340.1440. Found: 340.1438.

«-Diethylphosphonooxycyclopentyl Phenyl Ketone (16a): This was prepared from 2a and cyclopentanone in
64% yield. IR (neat) cm -1: 1680 (CO). 1H-NMR (CDCI 3 ) c5: 1.70-1.96 (4H, rn, 2 x CH 2) , 2.32-2.50 (4H, m,
2 x CHz), 7.41-8.05 (5H, In, Ph). MS mjz: 327 (M +). High-resolution MS Calcd for C16H230SP: 326.1282. Found:
326.1285.

lX-Diethylphosphonooxycyclohexyl l-Propenyl Ketone (I5h): This was prepared from 2e and cyclohexanone in
73~: yield. IR (neat) em-I: 1700 (CO). IH-NMR (CDCI 3) 8: 1.58-2.09 (lOB, m, 5 x CH2), 1.92 (3H, dd, J=6.9,
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TABLE VI. Physicochemical Data for Compound 14

IR v (KBr)
Analysis (%)

Cornpd. mp (OC) cm- 1 Formula
Calcd (Found)

(OH)
C H N

14a lJ
) 142-144 3200 CI9HzICINOsP 55.68 5~ 17 3.42

(55.60 4.95 3.47)
14b 157-159 3200 C2oH24NOsP 61.68 6.21 3.59

(61.88 6.17 3.62)
14c 130-132 3200 C2oH24N06P 59.24 5.96 3.45

(59.62 6.01 3.57)
14d 146-148 3200 C2sH26NOsP 66.50 5.80 3.10

(66.76 5.58 3.27)
14e 136-138 3200 CI9H21CINOsP 55.68 5.16 3.41

(55.78 5.00 3.48)
14f 160-162 3200 C2oH24NOsP 61.68 6.21 3.59

(61.65 6.18 3.65)
14g 165-167 3200 CZSH26NOsP 66.50 5.80 3.10

(66.47 5.80 3.10)

a) The J3C-NMR spectrum showed a signal due to a nitrile carbon at 15111 ,

1.8 Hz, =CH-Ctb), 6.64 (IH, dd, J= 14, 1.8 Hz, CH3-CH =CtJ), 7.04 (IH, dq, J=d4Hz, 6.9 CH3-Ctl=). MS mjz:
305 (M +). High-resolution MS Calcd for CI4HzsOsP: 304.1440. Found: 304.1450.

2-Diethylphosphonooxy-2-methyl-4-hexen-3-one (16b): This was prepared from 2e and acetone in 70% yield. IR
(neat) em-I: 1700 (CO). JH-NMR (CDCI3 ) s.1.60 (6H, 5,2 xCH3 ) , 1.93 (3H, dd, 1=6.8, 1.8 Hz, =CH-Ctl3 ) , 6.70
(IH, dd, J=15, 1.8Hz, CH 3-CH=CtJ), 7.07 (lH, dq, J=15. 6.8Hz, CH3-Ctl=). MS mlz: 265 (M+). High
resolution MS Caled for CIlH 2ZOSP: 265.1205. Found: 265.1203.

2~Diethylphosphonooxy-2-phenyl-4-hexen-3-one (17b): This was prepared from 2e and acetophenone in 73%
yield. IR (neat) cm"": 1700 (CO). IH-NMR (CDCl3) 0: 1.82 (3H, dd, J=6.9, 1.6 Hz, =CH-Cth), 1.98 (3H, s, CH 3) ,

6.41 (lH, dd, J= 15, 1.6 Hz, CH3-CH=C!:I), 7.02 (IH, dq, J= 15,6.9 Hz, CH3-CtI =),7.30-7.44 (5H, m, Ph}. MS
mlz: 326 (M+). High-resolution MS Calcd for CUjH230SP: 326.1284. Found: 326.1282.

l-Diethylphoephonooxy-l , l-diphenyl-Svpenten-z-one (ISb): This was prepared from 2e and benzophenone in
5]% yield. IR (neat) em-I: 1700 (CO). IH-NMR (CDCI3 ) 0: (3H, dd, 1=6.9, 1.7 Hz. =CH-Cl:h), 6.63 (lH, dd, 1=
15, 1.7Hz, CH3-CH= Ctl), 7.07 (IH, dq, J= 15,6.9 Hz. CH 3-CtJ=), 7.03-7.40 (10H, m, Ph). MS mlz: 388 (M+).
High-resolution MS Calcd for Cl l H25 0 SP: 388.1438. Found: 388.1435.

Reaction of 2a with 3-Buten-2-one--A mixture of 2a (807 mg, 3 mmol) and 3-buten-2-one (252mg, 3.6 mmol) in
THF (10 ml) was treated under condition A as described for the preparation of benzoins to give a crude oil, which was
subjected to column chromatography. The first fraction of the benzene eluate gave 2-hydroxy-2-methyl-l-phenyl-3
buten-I-one (19)16)(190 mg, 36%) as an oil. IR (neat) em -1: 3500 (OH), 1680 (CO). IH-NMR (CDCl3) (j: 1.67 (3H, 5,

_ '---/ H . _ .'----./. tl
CH3) , 4.44 (lH, s, OH), 5.34 (IH, dd, J - 10.5, 1.1 Hz, H r--'-..lj)' 5.54 (1H, dd, J - 16.8, 1.1 Hz, H ~H)' 6.22

(IH, dd, J= 16.8, 10.5 Hz, =CH), 7.41-8.04 (5H, 01, Ph). MS mlz: 176 (M+). The following bcnzene-EtOAc (4: 1)
eluate gave 2-diethylphosphonooxy-2-methyl-l-phenyl-3-buten-l-one (20) (200mg, 21%) and 5~cyano-5

diethylphosphonooxy-5-phenylpentan-2~one (21) (96mg, 9.4%), each as an oil. 20: IR (neat) em -1: 1690 (CO), 1290
(P=O), 1060-960 (P-O-C). lH-NMR (CDCI3) 0: 1.14-1.27 (6H, m, 2 x OCH2CHJ ) , 1.88 (3H, 5, CH 3 ) , 3.75-4.02

(4H, m, 2 xOCtI2CH3 ) , 5.32 (IH, d, J= 10.7 Hz, N >==< ~t), 5.46 (lH, d, J= 17.5Hz, H >==<~~, 6.27 (lH, dd, J=

17.5, 10.7Hz, -CH =), 7.36-8.03 (5H, m, Ph). MS mjz: 313(M+ + 1). High-resolution MS Caled for CJSH220SP:
313.1202. Found: 313.1187. 21: IR (neat) em-I: 1710 (CO). 1260 (P=O), 1060-960 (P-Q-C). lH-NMR (CDCl3 ) f>:
1.21-1.30 (6H, m, 2xOCH2CH3)' 2.14 (3H. s, CH3 ) , 2.41-2.79 (4H, m, CH2CH:z), 3.89-4.12 (4H, m,
2 x OCI:.hCH 3 ) , 7.41-7.63 (5H, m, Ph). MS mlz: 339 (M +). High-resolution MS Calcd for C16H22NOsP: 339.1235.
Found: 339.1286.

General Procedure for the Preparation of Cyclopropanes {22a-22h)--A mixture of a cyanophosphate (2)
(3 mmol) and an lX,p~unsaturated ester or nitrile (6 mmol) in THF was treated under condition A as described for the
preparation of benzoin to give a crude oil, which was purified by column chromatography (benzene). The IH-NMR
spectral data for cyclopropane ring protons as well as l-rnethyl protons are summarized in Table IV.
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(Z)-EthyI2-Cyano-2-phenylcyclopropanecarboxylate(22a}--This was prepared from 2a and ethyl acrylate as a
single isomer (oil), bp 143DC (3 mmHg). IR (neat) em -I: 2200 (CN), 1720(CO). IH-NMR (CDCla) t5: 1.33(3H, r, J =
703Hz, C02CH2CH3)' 4.30 (2H,q, J=7.3Hz, C02CU2CH3) , 7.35 (5H, brs, Ph). MSm/z: 215 (Mot). Anal. Caled for
C13H13N02: C, 72.53; H, 6.08; N, 6.08. Found: C, 72.51; H, 6.25; N, 6.22.

(Z)-Ethyl 2-Cyano-l-methyl-2~phenylcyclopropanecarboxylate (22b)--This was prepared from 2a and ethyl
methacrylate as a single isomer (oil), bp 138°C (3mmHg). IR (neat) em- t: 2200(CN), 1720(CO). IH-NMR (CDCI3)
0: 1.36(3H, t, J= 7.3 Hz, C02CH2Cl.:h), 4.31 (2H, q, J=7.3 Hz, C02Ctl 2CH3) , 7.32-7.40 (5H, m, Ph). MS m]z: 229
(M+). Anal. Calcd for CI4HISN02: C, 73.34; H, 6.59; N, 6.11. Found; C, 73.18; H, 6.63; N, 5.90.

(E)-1-Methyl-2-phenylcyclopropane-lt2-dicarbonitrile (22c)--This was prepared from 2a and methacrylonitrile
as a single isomer, mp 89-91 "C (benzene-ligroin). IR (KBr) em -I: 2200 (CN). IH-NMR (CDCI3) 0: 7.43 (5H, br s,
Ph). MS mjz: 182 (M+). Anal. Calcd for CI2HlON2: C. 79.09; H, 5.53; N, 15.38.Found: C, 79.07; H, 5.54; N, 15.30.

(Z)-EthyI2-Cyano-l-methyl-2-p-chlorophenylcyclopropanecarboxylate (22d)--This was prepared from 2b and
ethyl methacrylate as a single isomer (oil), bp 142 "C (O.004mmHg). IR (neatj.cm" ': 2200 (CN), 1720(CO). IH~NMR
(CDC13) 0: 1.35 (3H, t, J=6.8Hz, C02CH2Cth), 4.30 (2H, q, J=6.8Hz, C02ctbcH3) , 7.28 and 7.38 (each 2H,
each d, J =8.5 Hz, Ph). MS mjz: 264 (M +). Anal. Calcd for C14H14CIN02 : C, 63.75; H, 5.35; N, 5.31. Found: C,
63.71; H, 5.41; N, 5.10. ,

(Z)~Ethyl 2-Cyano-l-methyl-2-(l-propenyl)cyclopropanecarboxylate (22e)~This was prepared from 2e and
ethyl methacrylate as a single isomer (oil), bp 1006C (3mmHg). IR (neat) cm": 2200 (CN), 1720 (CO). IH-NMR
(CDC13) D: 1.31 (3H, t, J=7.3 Hz, C02CH2Cl:h), 1.78(3H, dd, J=6.6, 1.6Hz, =CH-Cth), 4.23 (2H. q, J=7.3 Hz,
C02CthCH3), 5.17 (IH, dd, J= 15, 1.6Hz, CH3-CH=Ctl), 6.05 (IH, dq, J=15. 6.6 Hz, CH3- CB = ). MS mjz: 193
(M+). Anal. Calcd for CuH IsN02 : C, 68.37; H, 7.82; N, 7.25. Found: C, 68.36; H, 7.82; N. 7.23.

(Z)- and (E)-1-Methyl-2-(l-propenyl)cyclopropane-l,2-dicarbonitriJes (22f and 22f')--These were prepared
from 2e and methacrylonitrile as a mixture of (Z)- and (E)~isomers, which were separated by column chromatog
raphy (benzene). (Z)-Isomer (22f): bp 150°C (2mmHg) (Kugelrohr):IR (KBr) em-I: 2200 (Cbl), IN~NMR (CDCI3 )

b: 1.81 (3H, dd, J=6.6, I.7Hz, =CH-CI.:h), 5.13 (IH, dd, J=15, 1.7Hz, CH3-CH=Ctl), 6.12 (IH, dq, J:=:15.
6.6Hz, CH3-CH=). MS miz: 146(M+). Anal. CaIcd for C9HlON2 ; C, 73.94; H, 6.90; N, 19.16~ Found: C, 74.05; H,
7.06; N, 18.81. (E)-Isomer (22f'): IR (KBr) cm-I: 2200 (CN). IH-NMR (CDCI3) 0: 1.82 (3H, dd, J=6.6, 1.6Hz,
=CH=cth), 5.26 (lH, ddt J= 14, l.6Hz, CH3-CH=Cij), 6.15 (lH, dq, J= 14, 6.6 Hz, CH3-eH=). MS mjz: 146
(M+). High-resolution MS Calcd for C9HlON2: 146.{)844. Found: 146.0857.

(Z)- and (E)-Ethyl 2-Cyano-2-styrylcyclopropanecarboxylates (22g and 22g')--These were prepared from 2f
and ethyl acrylate as a mixture of (2)- and (E)-isomers, which were separated bycolumn chromatography (benzene).
(Z)-Isomer (22g):Oil, bp 162-c (3mmHg). IR (neat) em -1: 2200 (CN), 1720(CO). IH-NMR (CDC13) 0: 1.33(3H, t,
J=7.3Hz, C02CH2Cth), 4.28 (2H, q, J=7.3Hz, C02CthCH3 ) , 5.57 (lH, d, J=15.8Hz, Ph-CH::;: CIj), 6.97 (tH,
d, J= 15.8Hz, Ph-CH =), 7.27-7.34 (5H, m, Ph). MS mjz: 241 (M +). Anal. Calcd for CIsHISN02: C, 74.66; H, 6.27;
N, 5.81. Found: C, 74.45; H, 6.30; N, 5.64. (E)-Isomer (22g'): Oil, bp 162QC (3mmHg). IR (neat) em-I: 2200 (eN),
1720(CO). lH-NMR (CDC13) s. 1.27 (3H, t, J=7.3 Hz, C02CH2Cth ), 4.20 (2B, q, .1=7.3 Hz, C02Clj2CH3)' 6.05
(IH, d, J= 16.2Hz, Ph-CH=Cij), 6.97 (l H, d, J= 16.2Hz, Ph·-CH=), 7.26-7.37 (5H, 01, Ph). MS mlz: 241 (M+).
Anal. Calcd for CIsHIsN02: C, 74.66; H, 6.27; N, 5.81. Found: C, 74.72; H, 6.33; N, 5.70.

(Z)- and (E)-1-Methyl-2-styrylcyclopropanecarboxyJates (22b and 2211')-These were prepared from 2f and
methaerylonitrile as a mixture of (Z)- and (E)-isomers, which were separated by column chromatography (benzene).
(2)-Isomer (22h): mp 126-128"C (benzene-ligroin).IR (KBr) em-I: 2200 (eN). IH-NMR (CDCh) (5: 5.74 (lH. d,
J = 15.8Hz, Ph-CH =Cij), 6.98 (l H, d, J= 15.8 Hz, Ph-CH =), 7.34-7.38 (5H, m, Ph). MS mlz: 208 (M"). Anal.
Calcd for C14H12N2: C, 80.74; H, 5.81; N, 13.45. Found: C, 8 t.09; H, 5.78; N; 13.25. (E)-Isomer (22h'): mp 119
121 DC (benzene-ligroin). IR (KBr) ern-I; 22QO (eN). IH-NMR (CDCI3) 0: 5.85(lH,-d, J= 15.8 Hz, Ph--Cti=Ctl),
7.03 (IH, d, J= 15.8Hz, Ph-CH=), 7.30-7.42 (5H, m, Ph). MS mjz: 208 (M+). Altai. Calcd for C14H12N2: C, 80.74;
H, 5.81; N, 13.45. Found: C, 81.09; H, 5.76; N, 13.31.

General Procedure for the Preparation of Diarylfumaronitriles (23a-e)-After the anion formation of a
cyanophosphate (2a or 2c) (5 rnmol) under the ordinary conditions had been completed, a solution of2a (2c) (6mmol)
in THF (5 ml) was added dropwise at -78 °c,and stirring was continued for 10min at room temperature. Work-Up
gave an oily residue, which was purified by column chromatography using benzene as an eluent to give 23.

rJ.,rx'-Diphenylfumaronitrile (23a)-Yield: 76~~. mp 162-163°C (EtOH) (lit.19c) 161 C'C). UV~~unm (loge):
235 (4.1), 325 (3.9) [lit,19d) UV~~;EtOHnm loge); 238 (4.0), 331 (3.91)]. MS mjz: 230 (M+).

rJ.,lX'-Di-p-tolyfumaronitrile (23b)---Yield: 73~~. mp 196-197°C (EtOH) (lit.'?" mp 197C'C). UV~I~Hnm

(Iogs): 215 (4.1), 235 (3.9), 343 (4.2). MS m [z: 258 (M+).
rx-Phenyl-rx'-p-tolylfumaronitrile (23c)-Yield: 80%. mp 138-140°C (EtOH). UV ;~~Hnm (loge): 218 (4.1),

235 (3.9),338 (4.2). MS mjz: 244 (M+): Anal. Calcd for C17HI2N2: C, 83.58; H, 4.95; N, 11.47. Found: C, 83.55; H,
5.07; N, 11.09.

Acknowledgment We thank Miss M. Nabae and Miss M. Danjo for the measurements ofNMR spectra and
MS, and Mrs. Y. Tsukamoto for microanalysis.



4788

References and Notes

Vol. 35 (1987)

1) S. Harusawa, R. Yoneda, T. Kurihara, Y. Hamada, and T. Shioiri, Tetrahedron Lett., 25, 427 (1984).
2) S. Harusawa, S. Nakamura, S. Vagi, T. Kurihara, Y. Hamada, and T. Shioiri, Synth. Commun., 14, 1365(1984).
3) S. Harusawa, M. Miki, J. Hirai, and T. Kurihara, Chern. Pharm. Bull., 33, 899 (1985); T. Kurihara, S.

Harusawa, J. Hirai. and R. Yoneda, J. Chern. Soc., Perkin Trans. 1, 1987,1771.
4) S. Harusawa, M. Miki, R. Yoneda, and T. Kurihara, Chem. Pharm. Bull., 33, 2164 (1985); T. Kurihara, M.

Miki, R. Yoneda, and S. Harusawa, ibid., 34,2747 (1986).
5) M. Miki, T. Wakita, S. Harusawa, and T. Kurihara, Chem. Pharm. Bull., 33, 3558 (1986).
6) R. Yoneda, S. Harusawa, and T. Kurihara, Chern. Pharm. Bull., 35, 913 (1987).
7) T. Kurihara, M. Hanakawa, S. Harusawa, and R. Yoneda, Chern. Pharm, Bull., 34, 4545 (1986).
8) J. D. Albricht, Tetrahedron, 39, 3207 (1983), and references cited therein.
9) S. Hunig and H. Reichelt, Chem, Ber., 119,1772 (1986), and references cited therein.

10) S. Hiinig and G. Wehner, Synthesis, 1975, 391.
11) M. D. Rozwadowska, Tetrahedron, 41, 3135 (1985).
12) Benzoin phosphates are useful for the preparation of substituted phenylchalcone oxides (unpublished results).
13) VOll U. Schmidt, R. Schroer, and A. Hochrainer, Justus Liebigs Ann. Chem.• 733, 180 (1970).
14) L. L. MaCoy, J. Am. Chern, Soc., 84, 2246 (1962).
15) H. Faudeut and R. Burgada, Synthesis, 1980, 642.
16) B. Mauze, A. Doucoure, and L. Miginiac, J. Organomet. Chem., 215, 1 (1981).
17) A part of this study has been reported as a brief communication: R. Yoneda, K. Santo, S. Harusawa, and T.

Kurihara, Synth. Commun., 17,921 (1987).
18) K. B. Wiberg and B. J. Nist, J. Am. Chem. Soc., 85,2788 (l963).
19) a) M. V. Sargent and C. J. Timmons, J. Chem. Soc., 1964, 5544; b) K. Ichimura and S. Watanabe, Bull. Chern,

Soc. Jpn., 49, 2220 (1976); c) Idem, ibid., 49, 2224 (1976).
20) a) L. Chalanay and E. Knoevenagel, Chem. Ber., 25, 285 (1892); b) J. T. Thurston and R. L. Shriner, J. Org.

ClIem., 2, 183 (1937); c) R. M. Dodson and H. W. Turner, J. Am. Chem. Soc., 73, 4517 (1951); d) D. G. Coe, M.
M. Gale, R. P. Linstead, and C. J. Timmons, J. Chem. Soc., 1957. 123; e) T. Mukaiyama, I. Kuwajima, and K.
Ohno, Buli. Soc. Chern. Jpn., 38. 1954 (1965).

21) T. Kurihara, M. Miki, K. Santo, S. Harusawa, and R. Yoneda, Chem. Pharm. Bull., 34,4620 (1986).
22) R. J. Arnold and R. C. Fuson, J. Am. Chem. Soc., 58, 1295 (1936).
23) L. Krepski, S. M. Heilmann, and J. K. Rasmussen. Tetrahedron u«, 24, 4075 (1983).
24) W. S. Ide and J. S. Buck, Org. React .• 4, 269 (1948).



No. 12

[
C hern. Phar rn, BUll.]
35(12)4789-4792(1987)

Studies on the Constituents of Umbelliferae Plants. XVII.!)
Structures of Three New Ligustilide Derivatives from
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The Chinese Umbelliferae plant Ligusticum wallichii was found to contain all the new
components previously found in Cnidium officinale, which is closely related with L. wallichii and is
used as the source plant of the crude drug "senkyu' in Japan. Three ligustilide derivatives.
senkyunolide K (2), senkyunolide L (3), and senkyunolide M (4) were isolated simultaneously and
their structures were elucidated as 4p-hydroxylsenkyunolide A (2), 6-hydroxy-7-chloro-6,7
dihydroligustilide (3) and 6-butyryl-7-hydroxy-6,7-dihydroligustilide (4)on the basis of the spectral
properties. Treatment ofligustilide 6,7-epoxide with hydrochloric acid readily gave 3 and thus 3 was
considered to have been formed during the extraction of the plant.

Keywords-c-s-senkyunolide; phthalide; Ligusticum wallichii; Umbelliferae
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Volatile alkylphthalide derivatives are the common and unique constituents of the two
Umbelliferae crude drugs "senkyu," the dried rhizomes of Cnidium officinale (syn. Ligusticum
officina/e), and "toki," the dried roots of Angelica acutiloba, though the content in the latter is
less than one-tenth of that in the former. The predominant compound is ligustilide (1) in both
plants. In the previous reports we showed that they both contain a variety of oxygenated
derivatives of 1.1

,2 ) Two novel ligustilide dimers were also found to occur as minor
components of A. acutiloba extract.1) C. officinale is closely related with the important Chinese
Umbelliferae plant Ligusticum wallichii (syn. L. sinensei which is used frequently as an
ingredient in the prescriptions of traditional Chinese medicines. In the present study, we
analyzed the lipids of L. wallichii and confirmed that it contains all the new components found
in C. officinale, namely, pregnenolone (5), coniferyl ferulate (6), falcarindiol (7), and nine
hydroxyphthalide derivatives (senkyunolide B to senkyunolide J, 8-16).1) Three phthalide
derivatives, senkyunolide K, senkyunolide L (which is probably an artifact), and senkyunolide
M, were isolated simultaneously and their structures were shown to be 2,3, and 4 respectively.

The crude lipid of L. wallichii rhizome, commercially obtained in Chengdu, Sichuan,
China, was separated by solvent extraction and partition and subjected to chromatography as
described in the previous report." It gave compounds 5 to 16 in a pure state or as a mixture
(senkyunolide H to senkyunolide J, 14-16). They were identified by comparison with
authentic samples previously isolated from C. officinale (Experimental). We could not find
marked differences between C. officinale and L. wallichii, either in the nature or relative
compositions of the components. As far as the chemical components are concerned, their
differences are no more than those ordinarily seen in strain variations of the same plant,
grown in fairly different localities. The main exception was that L. wallichii produces a
significant amount of ligustilide dimer levistolide A (17)3) which we were unable to detect in
C. officina/e. Also, the amounts of polar and non-polar extracts from L. wallichii were
significantly higher than in the case of C. officina/e. As described in the preceding work.'? the
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oxygenated phthalide derivatives are composite products formed from those originally
present in the plant, and those derived by autoxidation of major non-polar phthalides.
Prolonged storage after the preparation of the crude drug would greatly affect the content of
oxygenated phthalides, and hence the nature of the crude drug itself.

Senkyunolide K (2), [ex]o - 6°, C12H1603 was a monohydroxy phthalide derivative. It was
suggested to be a derivative of the major component senkyunolide A (18),4)as indicated by the
similar infrared (IR, 3400, 1760, 1735, l6l0cm -1), proton nuclear magnetic resonance [lH_
NMR, bO.91 (3H, t, J= 7.0 Hz, 13-H), 4.70 (lH, t, J=7.5Hz, hydroxy mithine), 5.24 (lH, dd,
J=7.5, 3.5Hz, 3-H), 6.04 (IH, dt, J= 10.0, 4.5 Hz, 6-H), 6.30 (IH, br d, J= 10.O'Hz)],
ultraviolet [UV, 273nm (s, 2600)] and mass (MS, m]z 208 (M+), 190 (M+ -H20), 133
(M+ -H20, C4H9 ) ] spectra. The signal of the C-3 proton (<55.24) was strongly deshielded,
compared with that of senkyunolide A (<54.9, dd, J = 8.0, 4.0 HZ).4) It is a result of the
deshielding effect of the nearly parallel C-4 hydroxyl group, and limited the stereochemistry to
3S,4R or 3R,4S. A decoupling experiment showed that the hydroxymethine proton at <54.7
was coupled with the methylene protons at 02.71 (m), which in turn were coupled with C-6
olefinic proton at 06.04. Horeau determination" of the configuration at C-4 showed it to be
R, and hence that of C-3 is S. Senkyunolide L was thus shown to be 4p-hydroxysenkyullolide
A (2).

SenkyunoIide L (3), [o.:]D 0'\ C12H1sCI0 3 is a chlorohydrin derivative of 1. It showed the
signals due to the 3(10)-2 butylidene side chain in the IH-NMR spectrum [80.96 (3H, r, J=
7.3 Hz), 1.51 (2H, sext, J = 7.3 Hz), 2.38 (2H, dt, J = 7.8, 7-.3 Hz), 5.36 (l H, t, J = 7.8 Hz). The
UV spectrum of 3 [272 nm (e, 18400) was similar to that of 6,7-dihydroligustilide [272 nm (e,
17800).6) It has a chlorohydrin group in the cyclohexene ring and the methine signals
appeared at £54.35 (ddd, J=5.0, 3.0, 3.0 Hz) and at 4.63 (d, J=3.0Hz). Its MS showed peaks
at m]z 244 and 242 as the characteristic molecular ions and at mjz 207 (M + - Cl), 200
(M+ -C3H6 ) , and 198 (M+ -C2H40). The ion at m]z 198 is due to the retro-Deals-Alder
type cleavage with loss of a C2H4 0 fragment and indicated that the location of the hydroxyl
group is at C-6. The C-IO olefinic proton (<55.36) was not influenced by nearby substituents.
Epoxidation of 1 followed by brief treatment with hydrochloric acid in tetrahydrofuran
readily gave 3 in 80% overall yield. The structure of senkyunolide Lwas thus shown to be 3,
the chlorohydrin derivative of 1. The coupling constant of the C-6 and C-7 protons (3.0 Hz)
was similar to that (4.0 Hz) of the 6,7-Z dihydroxyligustilide derivative senkyunolide H (14)
and different from that of the 6,7-E-diol senkyunolide I (15, 6.5 Hz), both of which were
obtained by acid hydrolysis of the 6,7-epoxyligustilide. 2) Although the opening of epoxide
rings generally affords E-isomers, the substitution reaction with chlorine at CM7, which is
conjugated with the diene, apparently involves a different pathway and compound 3 was
regarded as the Z-isomer. Chlorinated natural products are not unusual (for example, many
marine natural products), but compound 3 was supposed to be a secondary product derived
from the reaction of ligustilide 6,7-epoxide with residual hydrogen chloride in the chloroform
which was used for the extraction. Ligustilide 6,7-epoxide is known to occur in L. wallichii."

Senkyunolide M (4), [a]o 00, C16H2204' is also a derivative of 6,7-dihydroligustilide as
indicated by the UV [272 nm (s, 17000)] and 1H-NMR [<50.95 (3H, t, J = 7.3 Hz), 1.50 (2H,
sext, J=7.3Hz), 2.36 (2H, dt, J=7.8, 7.3 Hz), 5.26 (l H, t, J= 7.8 Hz)] spectra. Other signals
were those of a butyryl group [<50.95 (3H, t, J = 7.5 Hz), 1.64 (2H, sext, J = 7.5 Hz), 2.59 (2H, t,
J=7.5Hz)], and a secondary hydroxyl group at 84.92 (d, J=8.0Hz). The methine proton
adjacent to the butyryl group appeared at 02.80 (I H, ddd, J = 11.2, 8.0, 3.5 Hz) and it was
shown by a decoupling experiment to be coupled with a hydroxy methine at b4.92. Its MS
showed the ions derived from cleavage of the butyryl side chain tmlz 71 and 207), and an ion
due to the retro-Deals-Alder cleavage at m]z 180 which indicates the hydroxyl group to be at
C..4 or C-7. The C-! 0 olefinic proton (<5 5.26) appeared at a similar position to that in 1 (05.22)
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and there was no nuclear Overhauser effect (NOE) between this proton and the hy
droxymethine proton. These results indicate compound 4 to be 6-butyryl 7-hydroxy 6,7
dihydroligustilide. The coupling constant (8.0 Hz) between the C-6 andC-7 protons suggests
the relative configuration of the substituents at C-6 and C-7 to be E-diequatorial. This is the
first reported alkylphthalide derivative having a side chain on the cyclohexane ring.
Alkylphthalides are known to be biosynthesized from polyketide precursors." Compound 4 is
a new type of phthalide possibly derived by the combination of an ordinary phthalide unit and
butyryl coenzyme A.

Experimental

Optical rotations were determined on a JASCD DIP-4 digital polarimeter. If-l_ and 13C-NMR spectra were
determined on a lEOL FX-200 spectrometer at 200 MHz (I H) and 50 MHz ('3C) in CDCI) solution with
tetramethylsilane as an internal standard. Electron impact (EI)-MS were determined on a lEOL lMS D-300
spectrometer. IR spectra were determined on a lASCD A-102 spectrometer. Chromatography was carried out on a
column of silica gel by the flash chromatography method.?'

Fractionation of L. wallichii Extract--Commercial rhizomes of L. wallichii, cultivated in Sichuan Province.
China, were used. The dried and pulverized material (3.1 kg) was extracted thoroughly with hexane and Et20, then
with MeOH. The MeOH extract was partitioned with a mixture ofCHCI3-MeOH-H20 (8: 4: 3) and separated into a
lipid fraction (lower layer, 110g) and MeOH-H20-soluble fraction (upper layer, 220 g). The lipid fraction was
combined with the hexane-EtyO extract (215 g) and partitioned with a mixture of hexane-Meolf-HyO (20: 10: 2)
twice, yielding an upper layer (190g) which consisted ofmainly triglycerides, and a lower layer (97 g) which contained
more polar lipids. A portion of the lower extract (54 g) was charged on a column of silica gel (l kg) and eluted with
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ethyl acetate-hexane (13: 87, 15 1), ethyl acetate-hexane (3: 7, 5 1), MeOH-eHCI3 (6: 94, 6 1) and MeOH-eHCI3
(3: 7, 5 1). The eluates (l I each) were collected, monitored by thin-layer chromatography (TLC), and combined as
follows: fro 1,2 (a, 1.2 g), 3 (b, 2.9 g), 4,5 (c, 8.7 g), 6, 7 (d, 3.9 g), 8-15 (e, 4.8 g), 16, 17 (f, 6 g), 18-20 (g, 4.5 g), 21 (h,
4.5 g), 22 (i, 3.6 g), 23-26 (j, 2.9 g), 27-31 (k, 5.3 g). Fr. a contained mostly Iigustilide and a smaller amount of
butylidenephthalide. Frs. band c were mixtures of volatile alkylphthalide derivatives. Fr. d was a mixture of
senkyunoIide A (18) and fatty acids. Frs. fand g were mixtures ofconiferyl ferulate (6) and ferulic acid. Frs. h, i, andj
were mixtures containing polar phthalides (14, IS, 16).

Fr. e was separated by column chromatography with ethyl acetate-hexane (4: 6) to give subfractions A (4 g) and
B (0.73 g). Chromatography of subfraction B with MeOH-CHCI3 (1: 99) gave coniferyl ferulate (6, 80 mg),
senkyunolide F (12, 300 mg) and a mixture (180 mg) which contained senkyunolide K (2). It was purified by column
chromatography with Et10--eHCI3 (1 :9) to give .2 (22.3mg). Column chromatography of subfraction A with
MeOH-CHCI3 (I : 99) gave senkyunolide B (8, 30mg), pregnenolone (5, 80 mg) and senkyunolide E (11, 30mg). The
complex mixtures which eluted before and after these three compounds were combined again and separated by
column chromatography. Elution with CHCl3 gave 1.35 g of levistolide A (17). Its lH-NMR and MS data were
identical with those recorded in ref. 3. Elution with Et20-eHCI3 (I: 19) gave first a mixture containing senkyunolide
B (8), senkyunolide D (I 0), and senkyunolide C (9), and then a mixture containing senkyunolide G (13), senkyunolide
L (3) and senkyunolide M (4). Further elution with Et20-CHCI3 (l : 19) gave falcarindiol (7, 150mg). The mixture
containing 8, 9, and 10 was purified by column chromatography with Et10-CHCI3 (1: 19) to give 8 (30mg), 10
(40 mg) and 9 (85 mg) in that order. The mixture containing 13,3, and 4 was separated by elution with MeOH-CHCI3

(l: 19) to give a mixture (500mg) containing 13 and 3, and pure 4 (13.2mg). Compounds 13 (180mg) and 3 (67mg)
were obtained by purification of the mixture by column chromatography with ethyl acetate-hexane (4: 6).
Identification of compounds 1-16 and 18 was carried out by thin-layer chromatographic (TLC) comparison with
authentic samples using several solvent systems as described in the preceding report.l '

Senkyunolide K (2)--Qil, [IX]O _6° (c= 1.27, CHC13). IH-NMR, see the text. UV A.;~~Hnm (e): 273 (2600). IR
v~~ll;cm-l: 3400,1760 (shoulder), 1730, 1610. MS mjz: 208 (M+), 190 (M+-H20 ). 133 (M+-H20, C4H9) , 105
(M+ -H20, C4H9, CO). High-resolution MS mlz: Found 208.10840. Calcd for C12H1603 (M +) 208.10990.

Horeau Determination of Senkyunolide K (2}--Compound 2 (3.3 mg, 16,urool) was treated with tX-phenylbu
tyric anhydride (10 rng, 32JLmol)and worked up in the usual way." The rotation of the acid in benzene solution (1 ml)
was +0.180

, The acid excess was dextrorotatory and the molecule has 4R configuration. The blank solution obtained
in the same way from IX-phenylbutyric anhydride alone showed a± 0.005°.

Senkyunolide L (3)--QiI, [CX]D 00 (c= 1.24, CHC13). IH-NMR: see the text. UV A.;~~Hnm (e): 272 (18400). IR
v~eaa;cm-l: 3400, 1745,1640. MS mjz: 242 and 244 (M+), 213 (M+ -C2Hs), 207 (M+ -Cl), 200 (M+ -C3H6) , 198
(M+ -CZH40), 169 (213-C2H40). High-resolution MS mjz: Found 242.07076. Calcd for CI1HlSCI03 (M+)
242.07096.

Conversion of Ligustilide (1) to Senkyunolide L (3)--A solution of 1 (100 mg) in CH1Cl1 (2 ml) was treated with
m-chloroperbenzoic acid (lOOmg) and warmed at 60°C for I h. The solution was washed with saturated NaHC03
solution, H20. and saturated NaCl solution. and the solvent was evaporated off. The residue was dissolved in 1.5 011
of tetrahydrofuran. Addition of 0.15 ml of concentrated HCI solution resulted in immediate chlorination. The
mixture was diluted with Et20 and washed with H2 0 and saturated NaCl solution, and the solvent was evaporated
off. The residue was purified with Et20-CHC13 (12: 88) to give 3 (81.3mg). The identity with natural 3 was confirmed
by IH-NMR spectral comparison and TLC on a silica gel plate with Et20-CHCI3 (15: 85).

Senkyunolide M (4)--0il, [tX]D 0° (c=0.72, CHCI3 ) . IH-NMR: see the text. 13C-NMR D: C-I (168.5), C-3
(151.5 or 148.0), C~4 (23.6), C-5 (22.3), C-6 (53.3), C-7 (64.2), C~8 (127.4), C-9 (148.0 or 151.5), C-lO (114.1), C-l 1
(28.1), C-12 (20.8), C~13 (13.7 or 13.8), C-14 (21 1.3), C-15 (45.1), C-16 (16.9), C-17 (13.8 or 13.7). UV A.~I~Hnm (e):
272 (17000). IR v~~lcm-l: 3400,1760,1700,1675,1640. MS mjz: 278 (M+), 235 (M+ ,,-C3H7) , 207 (M+ -C4H70),

190 (M+ -C4H70, OH), 180, 175, 165, 161, 71. High-resolution MS: Found 278.15068. Calcd for C16H2204 (M+)
278.15178.
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A new and simple method for a formal synthesis of (± j-lysergic acid (1), via a four-step
sequence starting from the aldehyde (13), is described. A very high yield of the product was
obtained after purification by column chromatography at the end of the process, without isolation
of intermediates.

Keywords-( ±j-lysergicacid; Uhle's ketone; benz[cd]indole-5-carbaldehyde; ethyl 3-amino
propionate; lithium diisopropylamide; indolo[3,4,5-gh]isoquinoline; 1,8-diazabicyclo[5.4.0]-7
undecene; mesyl chloride; 2D-NMR; NOE
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While a number of syntheses of lysergic acid (1), which has been regarded as a central
target molecule among Ergot alkaloids, have been reported," no methodology suitable for
practical use has hitherto been presented. Thus, establishment of a simple method to produce
large quantities of lysergic acid (1) continues to attract the interest of synthetic chemists. We
report here a simple and facile synthetic route to (± )-lysergic acid (1) according to the
methodology developed for tetrahydroindeno[2,1-b]pyridine (3) as a model compound
starting from indene-3-carbonyl chloride (2).3) The advantage of this methodology is that the

~Cl

v-+Me
Me

2

Chart

3

final product is obtained after purification by column chromatography at the end of the
process, without purification of intermediates. Application of this methodology for the total
synthesis of lysergic acid (1) requires the preparation of the 1...benzoyl-l,2,2a,3-tetra
hydrobenz[cd]indole-5-carbonyl chloride (11), which has a masked indolic system, in or
der to avoid the possible introduction of aromaticity of the C-ring.2a

) Thus, the carbonyl
chloride (11) was prepared as follows. Cyanophosphorylation of Uhle's ketone (4),2U) which
has been utilized as a starting material for the total synthesis of 1, with diethyl phosphoro
cyanidate (DEPC) and lithium cyanide (LiCN)4) gave the cyanophosphate (5), which was then
treated with boron trifluoride etherate (BF3 • OEt2 ) to afford the ct,p-unsaturated nitrile (6),2a)
Hydrolysis of the cyanide function of 6 was successfully achieved via a stepwise route, which
involves the initial isolation of an amide (7) by heating of 6 with 77% sulfuric acid (H2S04),
then refluxing of7 in concentrated hydrochloric acid (H'Clj-acetic acid (AcOH) (l : 1) solution
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to give an amino acid (8) isolated as a hydrochloride salt. Schotten-Baumann reaction of 8
with benzoyl chloride gave a benzoate (9) in 72% overall yield from 4. This was then
chlorinated with thionyl chloride (SOCI2) to give I-benzoyl-l,2,2a,3-tetrahydrobenz[cd]
indole-5-carbonyI chloride (11) quantitatively. Numerous attempts to hydrolyze the CN
function in 6 directly to 8 were unsuccessful under both acidic and basic conditions. The

4

Boe R
MeNCH1CHC02Et

14: R=H
33: R=Me

Bz=benzoyl
Boc= tert-butoxycarbonyl

RW
6: R1=CN,

7: R1 = CONHz,
8: RI=C0

2H,

9: R1=CO
zH,

10: R1 = C02H,

11: Rl =COCl,
12: R1 =COCI,
13: RI=CHO,

R2=Bz

R2 = Bz
R1=H
R2=Bz

R1 = C0 2Et

R2 = Bz
R2 = C0 2Et

R2 = Bz

Chart 2

14/LDA
11

carbonyl chloride (11) thus obtained, however, was only slightly soluble in tetrahydrofuran
(THF)' and the condensation of 11 with ethyl 3-(N-tert-butoxycarbonyl-N-methyl
amino)propionate (14) in the presence of lithium diisopropylamide (LDA) in THF at
-78°C gave a complex mixture, from which the product (15) could not be obtained. In order
to overcome the problem of the solubility in THF, ·the protective group of 11 was changed to
an ethoxycarbonyl group. The corresponding carbonyl chloride (12) was analogously
prepared from 8 via Schotten-Baumann reaction (with ethyl chloroformate) followed by
chlorination in 84% overall yield. Although the solubility in THF was not greatly improved,
reaction of 12 with 14 proceeded smoothly to yield a viscous oil, whose mass spectrum (MS)
showed a parent peak at m]z 718 (M + + I). However, the proton nuclear magnetic resonance
eH-NMR) spectrum of this product was not sufficiently well resolved for the assignment of
the protons (300 MHz, CD.CI3 ) . 'Thus, without further investigation, this was submitted to the

C02Et
H~ Me

?tf
H~ N H

14/LDA ..~CO Et
12 ---_e._A_II....... H 2

Et02CN H

15 16
Chart 3

following reaction sequences developed for the model compound, namely i) sodium borohy
dride (NaBH4 ) reduction ii) mesylation with methanesulfonyl chloride (MsCl) and pyridine
iii) de-tert-butoxycarbonylation sequence [2.3N HCI in ethyl acetate (EtOAc)] iv) treatment
with 1,8-diazabicyclo[5.4.0]-7:-undecene (DBU) in dimethyl sulfoxide (DMSO), without puri
fication of the resulting intermediates." The crude oil finally obtained was purified by silica gel
(Si02) column chromatography to give a crystalline product (16) [mp 140-141 DC, MS m]z:
470 (M+), high-resolution MS Calcd for C26H34N206: 470.2418. Found: 470.2415] in 18%
overall yield from 12. The infrared (IR) spectrum of 16 showed strong carbonyl absorptions at
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TABLE I. Selected 13C_ and IH-NMR Data for Compound 168 in CDCl3
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Number Carbon Proton J (Hz) Number Carbon Proton J (Hz)

1 113.73 d 6.56 (d, J=8) 8 60.34 t 2.45 (dd, J == 12, 3, -H)
2 128.20 d 7.04 (br t, J =8) 3.30 dd, J= 12,3, -H)
3 119.43d 7.56 (br) 10 65.22 d 3.44 (d, J= 11)
5 57.19 t lOa 43.22 d 3.50 (t, J= 11)
Sa 34.45 d 11h) 134.97 s
6 34.48 t 1.58,U) 2.22 (m) 12") 128.73 t 6.04 (s), 6.44 (s)

6a 40.51 d 1.58 (m) 13M 43.51 q 2. J7 (5)

7 46.49 d 2.79 (q, J::::3)

a) Overlapped with 6a-H. b) Numberings II, 12, and 13 were used for convenience.

1720 and 1710 em -1. The 1H-NMR spectrum showed the presence of three CO2CHzCH3

groups, N-CH3 protons at b 2.18, and terminal methylene protons at c'5 6.04 and 6.44 as well as
the protons of the 1,2,2a,3,4,5-hexahydrobenz[cd]indole' skeleton. Selected IH-NMR and
carbon-13 nuclear magnetic resonance (13C-NMR) spectral data are summarized in Table 1.
On the basis of these results, the structure of 16 was supposed to be ethyl 2-(4,7-di
ethoxycarbonyl-9-methyl-4,5,5a,6,6a,7,8,9,10,1 Oa-decahydroindolo-[3,4,5..gh]isoquinolin-l 0
yl)propenoate. From the two-dimensional (2D) 1H_13C chemical shift correlation spectrum
(H-C COSY) of 16, it was found that signal due to lOa-H appears as a triplet at (53.50 with
J = II Hz. This signal was collapsed to a sharp doublet (J= II Hz) by irradiation of the signal
at [, 1.58 (6-Hax and 6a-H). This clearly indicates that IOa-H also couples with 10-H with J=
11 Hz. Thus, the C/D-trans fusion, as well as the trans relative configuration between 10- and
IOa-H, was deduced. This is consistent with the structure of the Ergot alkaloid, paspa
clavine." Furthermore, the a-configuration of the ethoxycarbonyl group at C-7 was de
duced from the signal of 7-H, which appeared as a sharp quartet with J =3 Hz.6

)

Chart 4 shows how 12 could give rise to the final product 16 via the reaction sequences
mentioned above: namely condensation of the carbonyl chloride (12) with 14 in the presence
of LDA followed by Michael addition of 14 to the resulting fJ-keto ester (17) gives 18.
Reduction of 18 with NaBH4 gives the alcohol (19), which was then mesylated to 20. De-tert
butoxycarbonylation of 20 and heating of 21 with DBU in DMSO gives the cyclized product
(16) with liberations of methanesulfonic acid and methylamine.

Attempts to synthesize the f3-keto esters such as 15 or 17 through the carbonyl chlorides
(11 and 12) were unsuccessful. Thus, our effort was directed at the reaction of the aldehyde
(13) with 14. The aldehyde (13) had been prepared by Woodward et al.,2U) and afterward
Ramage et al.zc) optimized the procedure to allow satisfactory production of 13 as a key
intermediate for the synthesis of lysergic acid (1). However, since the nitrile (6) is readily
available in a large quantity and high yield (100%) from Uhle's ketone (4), in our case, 13 was
alternatively prepared by reduction of 6 with diisobutylaluminum hydride (DIBAL) in 47%
yield. Reaction of the aldehyde (13) with 14 in the presence of LDA in THF at - 78°C gave
the alcohol (22) [MS mjz: 520 (M +)] as an oily mixture of diastereoisomers in quantitatives
yield, after purification by column chromatography on SiOz. The IR spectrum of 22 showed
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three carbonyl absorptions at 1720, 1680, and 1640cm -1, as well as a hydroxy absorption at
3400cm -1. This product was treated with MsCI and triethylamine (TEA) in dichloromethane
(CH2Cl2 ) at room temperature to give the mesylate (23), which was, without purification,
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TABLE II. IH-NMR, JR, UV, and Mass Spectral Data for Compounds 25 (26), and 27
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Compel.

1H-NMR (CDCl 3)

s J (Hz)
Protons

3-H
4-H cq

4-Hax

5-H
7-Hcq

7-Hax

8-H
9-H
N-CH3

IR (KBr) v
cm" (C=O)

UV (EtOH)
nm (loge)

MSm/z

25

3.41 (m)
2.55 (m)
1.39 (q, J=I1.5)
3.04 (br d, J = 11.5)
3.26 (dd, J= 11.5,6.1)
2.67 (t, J:= 11.5)
3.62 (m)
6.55 (brs)
2.50 (s)

1730, 1640

254 (4.5]), 307 (3.80)
402 (M+)

1.42 (q, J = 11.5)
2.89 (br d, J = 11.5)
3.44 (d, J= 11.5)
2.57 (dd. J= 11.5, 5)

2.47 (s)

27

3.44-3.70 (m)
2.53 (br)
1.54 (td, J= 13,3)
2.82 (q, J == 3.6)
3.44--3.70 (m)
2.98 (dt, J = 16.2, 3)

7.33 (t. J = 3)
2.46 (s)

1710, 1645

267 (4.09), 293 (3.95)
402 (M +)

a) The IH-NMR spectral data for 26 were obtained from the spectrum of a mixture of the two isomers (25 and 26).

submitted to the usual cleavage of the tert-butoxycarbonyl (tert-Boc) group by 2.3 N HCI
EtOAc. Cyclization of the resulting hydrochloride (24) was performed by treatment with
DBU in DMSO at room temperature to afford the desired ethyl N-benzoyl~2,3

dihydrolysergates (25 and 26) in 54% combined yield from 22 as an isomeric mixture in the
ratio of 2 : 1 (by 1H-NMR spectroscopy), along with the isomer (27), mp 178-180 DC, in 8%
overall yield from 22. Recrystallization of the above mixture from EtOAc afforded the
homogeneous 8fJ-isomer (25), mp 147-148 °C, whose spectroscopic data were very similar to
those of the corresponding methyl ester (28).2(') Hydrolysis of 25 with concentrated Hel in
methanol (MeOH) and ordinary esterification (dry HCI and MeOH) of the carboxylic acid
followed by mild benzoylationv" afforded 28, mp 165-168 °C, the IR and 1H-NMR spectra
of which were identical with those of the authentic 28, provided by Ninomiya. Since 28 has
already been converted to lysergic acid/lI,e,£') the present work amounts to a formal synthesis
of (± )-lysergic acid (1).

Table II shows the IR, ultraviolet (UV), MS, and selected 1H-NMR spectral data of
compounds 25 (26), and 27. The IR and UV spectra clearly indicate the presence of an cx,{J
unsaturated ester moiety in the structure 27. The C/D-cis ring junction of 27 was determined
from the signal pattern of 5-H which appeared as a quartet with J = 3.6 Hz at e5 2.82 and
collapsed to a broad singlet on irradiation of 4-Ho: or 4-Hp•

Another approach to the tetracyclic compounds was investigated. When the crude
product obtained by mesylation of 22 was first treated with DBU in DMSO, the diene ester
(29) was obtained as an unstable oil, but the yield was very poor (18%). Usual cleavage of the
tert-Boc group of 29 followed by treatment with saturated NaHC03 afforded a mixture of
unsaturated esters (25/26) and the conjugate ester (27) in 44% combined yield and 12% yield
from 29, respectively. Therefore, the former approach is superior to the latter. Even on a 9 g
scale, the four-step sequence starting from the aldehyde (13) can be run without isolation of
intermediates to produce 25 (26) and 27 in 62% (7.95 g) overall yield. Hence, we have
developed a new and simple method for the synthesis of 25 (26). .

The main disadvantage during the synthetic route described above is that in the
mesylation of 22 a side reaction occurs with the formation of a polar compound (31). Thus,
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the isolation of the side product was attempted. After usual mesylation of 22, the crude
product was purified by Si02 column chromatography [benzene-EtOAc (2: 1)] to yield a
crystalline product (31) in 30% yield." The molecular formula was determined by high
resolution MS, indicating C26H26N20S for 31. The IH-NMR spectrum exhibited no tert-butyl
group, although three carbonyl absorptions (1720, 1710, and 1640em -1) are observed in the
IR spectrum. Consequently, the structure of 31 was determined as ethyl 3-methyl-6-(I
benzoy1-1 ,2,2a,3-tetrahydrobenz[cd]indol-5-yl)-2-oxo-3,4, 5,6-tetrahydro-L,3-oxazine-5
carboxylate. The trans stereochemistry between 5-H and 6-H was deduced from the signal
pattern of 6-Hax which appeared as a doublet with J = 9 Hz. Although the mechanistic details
of this side reaction have not been established," it was suggested that the methanesulfonyloxy
group may participate in the formation of31, because no reaction took place on heating of22 '
with TEA in the absence of MsCI in CHzClz. Thus, 22 was chlorinated with N
chlorosuccinimide (NCS) and triphenylphosphine (Ph3 P)9) to give the chloride (32), which
was then submitted to the de-tert-Boc sequence followed by treatment with DBU in DMSO to
give a mixture of unsaturated esters (25 and 26) (43% from 22) and 27 (6% from 22), the yields
of which could not be improved.

32: Rl:::::Cl, R2=H

34: Rl=OH, R2=Me

35: R1=Cl, R2=Me

36

Chart 6

37

Next, synthesis of (± )-lysergine, along with development of the methodology of the
synthesis of (± )-lysergic acid (1), was attempted: The condensation of the aldehyde (13) with
33 under the same conditions as described for the preparation of 22 gave the alcohol (34) as
diastereomixtures in 95% yield. The alcohol (34) did not afford the mesylate on treatment
with MsCI in the presence of TEA, pyridine, or even n-butyllithium. Therefore,.34 was
chlorinated with SOCl2 (method A) or NCS-Ph 3P 9) (method B) to give the chloride (35) as an
oil (mixture of diastereoisomers) in 23% and 36% yields, respectively. Cleavage of the tert-Boc
group of 35 (obtained via methods A and B) followed by treatment with DBU in DMSO at
60°C gave a mixture of the desired unsaturated esters [36/37: 30%/26% from 35 (method A)
and 36/37 :65~~/6.5% from 35 (method B)]. The 1H-NMR spectrum of 36 was very similar to
that of 37, except for the chemical shifts of 8-CH3 (b 1.48 in 36 and b 1.28 in 37) and 7-H2 [36:
s2.68 (d, J= n.s Hz, 7-Ha x) ' 2.89 (dd, J= 11.5, 1.4Hz, 7-Heq) and 37: s2.15 (d, J = 11.5Hz, 7
Hax) , 3.49 (d, J = 11.5Hz, 7-Heq) ]. The two compounds (36 and 37) are therefore epimeric at
C-8. Upon irradiation of 8-CH3 , a nuclear Overhauser effect (NOE) enhancement was
observed at 7-Hax and 5-H, and irradiation of 5-H gave NOE enhancement at 3-H and 7-Hax

in compound 37. Thus, the relative configuration between 8-CH3 and 3-H, 5-H, and 7-Hax was
deduced as being all-cis in compound 37. It is considered that the distinct difference of the
products (36/37) ratios is responsible for the result that the respective chlorides obtained via
methods A and B have different ratios of diastereoisomers.

Finally, hydrolysis of 36 (37) and subsequent decarboxylation aiming at the preparation
of N-benzoyl-2,3-dihydrolysergine was attempted, but so far without success.
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Melting points were determined on a Yanagimoto micro melting point apparatus and are uncorrected. IR and
UV spectra were recorded on a Shimadzu IR-435 and a lASCO UVIDEC-505 spectrophotometers. MS were taken
on a Hitachi M-80 spectrometer. IH_ and 13C-NMR spectra were taken with tetramethylsilane as an internal
standard on a Varian XL-300 spectrometer, in CDCl3 unless otherwise noted. The solvent" for extraction was a
mixture of benzene-EtOAc (1: I) unless otherwise noted, and was dried over anhydrous Na2S0 4' For column
chromatography, Si02 (Merck 7734 and 9385) was used.

I-Benzoyl-l,2,2a,3-tetrahydrobenz[cd]indole-5-carbonitrile (6)--A solution 0' a mixture of DEPC (19.07 g,
117mmol) and Uhle's ketone (4) (10.86 g, 39mmol) in THF (75 ml) was added to LiCN (3.86g, 117mmol) suspended
in THF (100ml) with ice cooling, and the mixture was stirred for 30 min at room temperature. The mixture was
concentrated in vacuo, water (20ml) was added to the residue and the aqueous mixture was extracted. The extract was
washed with H20, and brine, and dried. Removal of the solvent gave an oil (5), which was dissolved in dry benzene
(30ml). BF3·OEt2 (l6.59g, 117mmol) was added to the benzene solution and the mixture was stirred for 1.5h at
room temperature. Water was added with ice cooling under vigorous stirring and the aqueous mixture was extracted.
The extract was washed with H20, and brine, then dried, and evaporated. The resulting solid was recrystallized from
benzene-petroleum ether to give 6 (10.05 g, 90%) as colorless crystals, mp 149-150 °C (lit. 2a

) 142-144 °C). IR
v~~~Olcm":l: 2200 (eN), 1630 (CO). IH-NMR 0: 2.34 (lH, ddd, J= 18,15.5, 2.6Hz, 3-H), 2.84 (lH, m, 3-H), 3.62
(lH, m, 2a-H), 3.83 (IH, t, J= 11 Hz" 2-H), 4.50 (lH, br, 2-H), 6.83 (lH, dd, J=6.3, 2.6 Hz, 4-H), 7.1-7.7 (8H, m,
Ph~ .

I-Benzoyl-l,2,2a,3-tetrahydrobenz[cd]indole-5-carboxamide (7)--Compound 6 (8.59 g, 30 mmol) was added to
a 77% H2S04 solution (90 ml) in limited amounts at room temperature and the mixture was heated at 90 °C for 2.2 h.
The solution was poured into ice-water under stirring, and the resulting white precipitate was collected by filtration,
washed with H20, and dried to give 7 (9.13 g, 100%). Recrystallization from dimethylformamide (DMF)-H20 gave
colorless crystals, mp 270-273 °C. IR lI~~~Olcm-l: 3400-3100 (NH2) , 1670 (CONH2 ) , 1620 (CO). IH-NMR
(DMSO-d6 ) 0: 2.18 (IH, t, J= 16Hz, 3-H), 2.66 (IH, m, 3-H), 3.48 (IH, m, 2a-H), 3.89 (IH, br s, 2-H), 4.20 (lH, br,
2-H), 6.55 (IH, d, J=5.9Hz, 4-H), 7.0-8.0 (lOH, m, Ph and CONH2 ) . Anal. Calcd for C19H16N202: C, 74.98; H,
5.30; N, 9.21. Found: C, 74.68; H, 5.59; N, 9.48.

1,2,2a,3-Tetrahydrobenz[cd]indole-5-carboxylic Acid Hydrochloride (8)--A solution of 7 (9.13 g, 3mmol) in
concentrated HCI-AcOH (I : 1) (200 ml) was refluxed for 15h. After removal of the solvents by evaporation in vacuo,
the residue was dissolved in H20 (400ml). The aqueous solution was extracted with EtOAc in order to remove the
soluble material. The aqueous portion was concentrated to dryness to give the hydrochloride of 8 (7.12 g, 100%).
Recrystallization from MeOH-ether gave colorless crystals, mp 216-217°C. IR v~~~Olcm-l: 1690 (CO). IH-NMR
(DMSO-d6 ) 0: 2.32 (IH, td, J= 17, 2.6Hz, 3-H), 2.84 (IH, dt, J= 17, 7Hz, 3-H), 3.42 (lH, t, J= 10Hz, 2-H), 3.50
(IH, m, 2a-H), 4.08 (IH, dd, J= 10, 7 Hz, 2-H), 7.21 (IH, dd, J=7, 2.6Hz, 4-H), 7.25-7.83 (3H, m, Ph). Anal. Calcd
for C12H12CIN02 : C, 60.63; H, 5.09; N, 5.89. Found: C, 60.74; H, 5.09; N, 5.87.

Schotten-Baumann Reaction of Amino Acid (8) with Benzoyl Chloride (or Ethyl Chloroformate)-General
Procedure: Benzoyl chloride (843mg, 6mmol) [ethyl chloroformate (651 mg, 6mmol)] was added to a solution of8
(1.19 g, 5 mmol) in 0.2 N NaOH solution (30 ml) with ice cooling. The mixture was stirred for I h at room temperature
and acidified by the addition of 10% HCI with cooling. The resulting precipitate was collected by filtration, washed
with H2'O, and dried. Recrystallization from DMF-H20 gave a grayish powder.

1.Benzoyl.l,2,2a,~tetrahydrobenz[cd]indole-5-carboxyJicAcid (9)-Yield, 80%. rnp 237-240 "C. IR v~~!Ol

em -1: 1710 (CO). IH-NMR (DMSO-d6) s.2.24 (IH, td, J= 15, 2.3 Hz, 3-H), 2.70 (lH, m, 3-H), 3.48 (IH, m, 2a-H),
3.88 (lH, br s, 2-H), 4.20' (lH, br, 2-H): 7.08-8.0 (9H, m, Ph and 4-H), 12.70 (IH, br, C02H). Anal. Calcd for
C19~ISN03: C, 74.74; H, 4.95; N, 4.59. Found: C, 74.73; H, 4.98; N, 4.71.

l-Ethoxycarbonyl-l,2,2a,3-tetrahydrobenz[cd]indole-5-carboxylic Acid (lO)--Yield, 84%. mp 255-256 °C.
IR v~~~Olcm-l:1700,1670 (CO).lH-NMR (DMSO-d6 ) (): 1.28 (3H, t, J=7Hz, C02CH2Ctl3) , 2.24(1H, t, J= 17Hz,
3-H), 2.75 (IH, dt, J=17, 7.1Hz, 3-H), 3.43 (IH, m, 2a-H), 3.60 (IH, t, J=1O.5Hz, 2-H), 4.20 (2H, br,
C02CI.:hCH3) , 4.32 (IH, t, J;::.IO.5Hz, 2-H), 7.06-7.60 (4H, m, Ph and 4-H), 12.70 (lH, s, C02H). Anal. Calcd for
ClsHlSN04: C, 65.92; H, 5.53; N, 5.13. Found: C, 65.97; H, 5.43; N, 4.99.

Without purification of the intermediates, the ketone (4) (30.34 g, 109mmol) was successfully converted to 9
(72% overall yield from 4) under the same conditions as described above.

Chlorination of the Carboxylic Acids (9 and lO)-General Procedure: SOC12 (2.6ml, 35 mmol) was added to a
solution of a carboxylic acid (8.8 mmol) in dry benzene (50 ml), and the mixture was heated at 95°C for 2.5h with
stirring. After the mixture had been concentrated in vacuo, the residue was recrystallized from dry benzene with the
aid of Norite to give the corresponding carbonyl chloride.

I-Benzoyl-l,2,2a,3-tetrahydrobenz[cd]indole-5-carbonyl Chloride (ll)-Yield, 100%. mp 180-181°C. IR
v~:~Olcm-l: 1750, 1630 (CO). lH-NMR 0: 2.38 (IH, t, J= 16Hz, 3-H), 2.90 (lH, m, 3-H), 3.58 (lH, br s, 2a-H), 3.82
(IH, t, J= 1002Hz, 2-H), 4.45 (IH, br, 2-H), 6.80-7.80 (9H, m, Ph and 4-H). Anal. Calcd for ClsH14CIN03: C,
70.48; H, 4.36; N; 4.33. Found: C, 70.53; H, 4.27; N, 4.22.
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I-Etboxycarbonyl-I,2,2a,J..tetrahydrobenz[cd]indole-5--earbonyl Chloride (12)-Yield, 100%. mp 128-130 DC.
IR v~~!Dlcm-l: 1750, 1690 (CO). IH-NMR s. 1.37 (3fI, t, J=7Hz, C02CH2Cth), 2.39 (IH, ddd, J=17.7, 15.2,
2.5 Hz, 3-H), 2.95 (1H, dt, J =17.7, 6.6 Hz, 3-H), 3.52 (lR, m, 2a-H), 3.63 (tH, t, J = 10.3Hz, 2-H), 4.32 (2H, m,
C02CthCH3), 4.45 (lH, br, 2-H), 7.20-7.80 (4H, m, Ph and 4-H). Anal. Calcd for ClsH14CIN03: C, 61.75; H, 4.84;
N, 4.80. Found: C,61.76; H, 4.78; N,4.68.

I-Benzoyl-l,2,2a,J..tetrabydrobenz[cd]indole-5-carbaJdebyde (13)--DIBAL (1.5 M toluene solution, 3.3 ml,
5 mmoI) was added to a solution of 6 (573mg, 2 mmol) in dry benzene (30 ml) with ice cooling, and the mixture was
stirred for 2h at 65°C, then cooled to room temperature. Benzoyl chloride (lAg, IOmmol) and TEA (1.01 g,
lOmmol) were added, and the mixture was stirred for I p. at room temperature. The reaction was quenched by the
addition of H20 (5 ml) and saturated NH4Cl solution (8 ml), and then the mixture was neutralized by the addition of
10% H2S04 (3.3 ml), The whole was extracted with EtOAc and the extract was washed with brine, dried, and
evaporated. The residue was purified by column chromatography [benzene-EtOAc (5: I)] to give 13 (268 mg, 47%),
which was recrystallized from EtOH as colorless crystals, mp 175-176°C (lit.2Q) mp 179.5-180.5°C).10) IR
v~~~cm-l: 1680, 1620 (CO). IH-NMR <5: 2.41 (lB, ddd, J= 17.,6, 15.1,2.6 Hz, 3-H), 2.92 (lH, brs, 3-H), 3.59 (tH, m,
2a-H), 3.83 (lH, t, J= 10.9 Hz, 2-H), 4.45 (IH, br, 2-H), 6.95 (IH, br d, J=6.1 Hz, 4-H), 7.0-7.90 (8H, m, Ph), 9.73
(JH, s, eRO).

Etbyl 2-(4,7-Diethoxycarbony1-9-methyl-4,5,5a,6,6a,7,8,9,10,1 Oa-decahydroindolo[3,4,5-gh]isoquinolin-lO-yl)
propenoate (l6)--Tbe preparation of LDA was carried out as follows: n-butyllithium (1.6 M hexane solution, 6.9 ml,
10.8mmol) was added to a solution of diisopropylamine (1.09 g, 10.8 mmol) in THF (lOml) at -78°C under N2 , and
the mixture was stirred for 20 min. A solution of ethyl 3-(N-tert-butoxycarbonyl-N-methylamino)propionate (14)
(2.5 g, 10.8mmol) in THF (5 ml) was then added to the solution at - 78 DC, and the mixture was stirred for 20 min. A
solution of 12 (1.04 g, 3.6 mmol) in THF (25ml) was added dropwise, and the whole was stirred.for another 20 min at
this temperature. The reaction was quenched by the addition of H20, and THF was removed by evaporation. The
residue was extracted, and the extract was washed with brine, dried, and concentrated. The residue was dissolved in
EtOH (75ml), and the NaBH4 (680mg, 18mmo1) was added. After the mixture had been stirred for 4h, acetic acid
was added to decompose excess NaBH4 , and BtGH was removed by evaporation. The residue was extracted, and the
extract was washed with H20 and brine, dried, and concentrated. To a solution of this residue in dry pyridine (28 ml)
was added MsCI (3.3 g, 29 rnmol), and the mixture was stirred for 4 h at room temperature. The reaction mixture was
made alkaline by the addition of 10% NH40H, diluted with H20 (lOOml), and extracted with CHCI3. The extract
was washed with H20, dried, and evaporated. The residue wasdissolved in 2.3N HCl in EtOAc (16ml) and the
mixture was stirred for 1.5h at room temperature. After removal of the solvent by evaporation, the residue was
dissolved in DMSO (3mI) containing DBU (2.18 g, 18mmol). The mixture was allowed to stand for 3 h, diluted with
cold H20 (l0 ml), then extracted. The extract was washed with H20 and brine, dried, and evaporated. The residue
was purified by column chromatography [benzene-EtOAc (l : 1)] to give 16 (300mg. 18% overall yield from 12).
Recrystallization from EtOH gave colorless crystals, mp 141-142 "C, IR v~~~cm-l: 1720,1710 (CO). IH-NMR <5:
1.28-1.38 (9H, m, 3 x C02CH2Ctl3)' 1.58 (2H, m, 6-H, 6a-H), i.l7 (3H, s, NCH3), 2.22 (tH, m, 6-H), 2.45 (lH, dd,
J= 12, 3Hz, 8-H), 2.79 (lH, q, J=3Hz, 7-H), 3.30 (lH, dd, J= 12, 3Hz, 8-H), 3.44 (IH, d, J;::: I I Hz, 10-H), 3.50
(l H, t, J= 11Hz, lOa-H), 4.20-4.44 (7H, m, 3 x COzCtl2CH3, 5-H), 6.04 and 6.44 (each IH, each s, =CH2) , 6.56
(IH, d, J=8Hz, I-H), 7.04 (lH, br t, J=8Hz, 2-H), 7.56 (IH, br, 3-H). MS mlz: 470 (M+). High-resolution MS
(HRMS) Calcd for C2f.H34Nz06: 470.2418. Found: 470.2415. Anal. Calcd for C26H34N206: C, 66.36; H, 7.28; N,
5.95. Found: C, 66.43; H, 7.29; N, 5.84.

Ethyl 2-(N-tert~Butoxycarbonyl-N-methylamino)methyl-3-hydroxy-3-(1-benzoyl-1,2,2a,3-tetrabydrobenz[cd]in

dol-5-yl)propioRllte (22)-A solution of 14 (1.46 g, 6.3 mmol) in THF (5 ml) was added to a solution of LDA
[prepared from diisopropylamine (640 mg, 6.3 mmol)] in THF (5 ml) at -78°C under N2, and the mixture was stirred
for 20min. A solution of 13 (1.24 g, 4.2 mmol) in THF (25 mI) was added dropwise at - 78°C, and the whole was
stirred for 30 min. The reaction was quenched by the addition of H20, and TRF was removed by evaporation. The
residue was extracted, and the extract was washed with H20 and brine, dried, and evaporated. The residue was
purified by column chromatography [benzene-EtOAc (3: 1)] to give 22 (2.18 g, 99%) as an oil. IR v~~axtcm -I: 3400
(OH), 1720, 1680 (CO). The IH-NMR spectrum was not sufficiently well resolved for assignment of the signals. MS
rn[z: 520 (M+). HRMS Calcd for C30H36N206: 520.2575. Found: 520.2571.

Ethyl l-Beruoyl-2,3-dihydrolysergates (25 and 26) and l-BenzoyI-8-ethoxycarbonyl-2,3-dihydr0-6-metbyl-Lf8 •9 

ergoline (27)---Method A: MsCI (504mg, 4.4mmol) was added to a solution of 22 (1.77 g, 3.4mrnol) and TEA
(516mg, 5.1 mmol) in CH 2Cl2 (40ml), and the mixture was stirred for 15min at room temperature. Work-Up as
described for the preparation of 16 gave a mesylate (23), which was then dissolved in 2.3 N HCI-EtOAc (16ml). After
being stirred for 1.5h, the mixture was concentrated, and the residue was dissolved in DMSO (2mI) and DBU (1.04g,
6.8 mmol). Work-up gave an oil, which was subjected to column chromatography. The first eluate with EtOAc gave
27 (6.8% from 22) as colorless crystals and a mixture of 25 and 26 (578mg, 42% from 22) as an oil. Crystallization
from EtOAc gave homogeneous 25 as colorless crystals.

25: mp 147-148°C (from EtOAc). IR V~~:cm-l: 1730, 1640(CO). IH-NMR <5: 1.31 (3H, t, J=7.3Hz,
C02CH2Ctl3) , 1.39 (IH, q, J= 11.5Hz, 4-Ha lt ) , 2.50 (3H~ s, NCR3), 2.67 (lH, t, J= 11.5 Hz, 7-Hux)' 3.04 (lH, br d,



No. 12 4801

J= 11.5Hz, 5-H), 3.26 (IH, dd, J=.I1.5, 6.1 Hz, 7-Heq ) , 3.62 (lH, m, 8-H), 3.70 (lH, t, J =:. 11 Hz, 2-Ha ) , 4.22 (2H, q,
J=7.3 Hz, C02Cl:hCH3 ) , 4.30 (IH, br, 2-H), 6.55 (lH, br s, 9-H), 7.26-7.60 (8H, m, Ph). UV A.;~~Hnm (logs): 254
(4.51), 307 (3.80). Anal. Calcd for ClsH26N203: C, 74.60; H, 6.51; N, 6.96. Found: C, 74.33; H, 6.48; N, 6.86.

26: (The IH-NMR spectral data for 26 were obtained from the spectrum ofa mixture of two isomers.) IH-NMR
8: 1.27 (3H, t, J=7.3 Hz, C01CH1Cl:h), 1.42 (IH, q, J= 11.5 Hz, 4-Hax) ' 2.47 (3H, S, NCH3) , 2.57 (lH, dd, J= 11.5,
5Hz, 7-Hll X) ' 2.89 (IH, brd, J=I1.3Hz, 5-H), 3.44 (IH, d, J= 1105Hz, 7-H cq) . 3.16 (IH, br, 8-H), 4.22 (2H, q, J=
7.3 Hz, C02Cl:hCH3) .

27: mp 178-180 DC (from EtOAc). IR v~~;cm-l: 1710, 1645 (CO). IH-NMR s. 1.30 (3H, t, J=7.3Hz,
C02CH2Ctl3) , 1.54 (l H, td, J= 13,3 Hz, 4-Hax) ' 2.46 (3H, s, NCH3 ) . 2.82 (IH, q, J= 3.6Hz, 5-H), 2.98 (IH, dt, J=
16.2, 3Hz, 7-HQx)' 4.22 (3H, m, C01Ctl2CH3, 2-Ha) , 4.50 (IH, br s, 2-Hp) , 7.33 (lH, d, J=3Hz, 9-H), 6.80-7.60
(8H, m, Ph). UV }.~I~Hnm (logs):'267 (4.09), 293 (3.95). Anal. Calcd for C2sH26N203: C, 74.60; H, 6.51; N, 6.96.
Found: C, 74.60; H, 6.55; N, 6.88.

Even on a 9.0 g (32 mmol) scale, the four-step sequence starting from the aldehyde (13) as described above can be
run without isolation of intermediates to produce 27 (1.01 g, 8%) and a mixture of 25 (26) (6.94 g, 54%).

Method B: A solution of 29 (90 mg) in 2.3 N HCI-EtOAc (2.5 ml) was allowed to stand for 1.5h. Work-Up gave
an oil, which was purified by column chromatography (EtOAc) to give 27 (8 mg, ]2%) and a mixture of 25 and 26
(30mg, 44%), the spectra (JR, IH-NMR) of which were identical with those or the samples prepared in Method A.

Method C: A solution of Ph3P (435mg, 1.5mmol) in THF (Sm}) was added to a solution of NCS (221 mg,
1.5mmol) in THF (15m!), and the mixture was stirred for 25 min at room temperature. A solution of 22 (520rng,
I mmol) in THF (7 ml) was added to the resulting pasty solution, and the whole was stirred for 1h. The reaction
mixture was diluted with benzene-EtOAc (60 mI) and the whole was washed with HzO, brine, dried, and evaporated.
The residue, including the chloride (32), which was unstable during purification by column chromatography (EtOAc),
was submitted to de-tert-butoxycarbonyIation [2.3N HCI-EtOAc (9 m!)] and cyclization with DBU (456 mg, 3 mmol)
in DMSO (2 ml) as usual. The resulting crude oil was purified by column chromatography to give a mixture of 25 and
26 (172 mg, 43%), and 27 (23 mg, 6%). These products were identical with the samples prepared by method A,.based
on comparison of their IR and 1H-NMR spectra.

Methyl I-Benzoyl-2,3-dihydrolysergat~ (28)--A solution of a mixture of 25 and 26 (201 mg, 0.5mmol) and
concentrated HCI (l ml) in MeOH (20ml) was refluxed for 6h. After removal of the solvent by evaporation, the
residue was dried in vacuo over P20S for 14h, then dissolved in dry MeOH (5ml) and 2N Hel in MeOH (I ml), The
mixture was stirred for 24 h at room temperature under N,2. The solvent was removed in vacuo, and the residue was
neutralized with 10% K ZC03 and extracted with CH2CI2. The extract was washed with brine, dried and evaporated.
The residue was again dissolved in dry MeOH (20 ml) containing benzoyl chloride (0.5 ml) and pyridine (0.5 ml), and
the mixture was stirred for 5min at room temperature. The reaction mixture was concentrated in vacuo, and the
residue was extracted with CH2CI2.The extract was washed with H20 and brine, dried, and concentrated. The residue
was purified by column chromatography (EtOAc) to give an oil (116 mg, 60%), which is an epimeric mixture of 28.
Crystallization of the oil from EtOAc gave a solid, which was recrystallized from EtOAc to give 28, mp 165-168 ('C
(lit.1l

» mp 165-168 DC). The IR and 1H-NMR spectra were identical with those of an authentic sample.
EthyI 2-(Ni-tert- Butoxycarbonyl-N-methylamina)methyl-3-(1-benzoyl-l ,2,2a,J..tetrahydrobenz[cd]indol-5-yl)

propcnoatc (29)--The crude mesylate (23) obtained from 22 (520 mg, I mmol) was dissolved in DMSO (1.5ml) and
DBU (304mg, 2mmol) and the mixture was stirred for 5 min at room temperature. Water was added, and the
aqueous solution was extracted. The extract was washed with H20 and brine, dried, and evaporated. The residue was
purified by column chromatography [benzene-EtOAc (5: I)] to give 29 (90 mg, 18%)as a colorless oil. IR V:'Cl\lIxl cm -1:
1710, 1690, 1640 (CO). The IH-NMR spectrum was not sufficiently well resolved for assignment of the signals. MS
mjz: 502 (M +). HRMS Calcd for C30H34N20S: 502.2469. Found: 502.2465.

.Ethyl 3-Methyl-6-(I-benzoy1M1,2,2a,3-tetrahydrobenz[cd] indol-5-y1)-2-oxo--3,4,5,6-tetrahydro-l,J..oxazine-5
carboxylate (31)--The crude product obtained byrnesylation of 22 (1.92 g, 3.7 mmol) as described above was
subjected to column chromatography. The benzene-EtOAc eluate gave 31 (490mg, 30%) as a solid, which was
recrystallized from EtOAc to give colorless crystals, mp 161-163 °C. IR \I~~~cm-l: 1720, 1710, J640 (CO). IH-NMR
8: 1.17 (3H, t, J= 7 Hz, C02CH2Ctl3), 2.18 (IH, brt, J= 16Hz, 3-H"x)' 2.60 (lB, br, 3-Heq) , 3.08 (3H, s, NCH3 ) , 3.73
(IH, dd, J = 12,9 Hz, 4-H), 3.78 (lB, t, J = 11.5Hz, 2-H), 4.11 (2H, q, J= 7 Hz, C02CtIzCH3) , 5.29 (l H, d, J =9 Hz,
6-H), 6.10 (lH, brm, 4-H), 7.0-7.60 (8H, m, Ph). Anal. Calcd for C26Hz6N20S:C, 69.94; H, 5.87; N, 6.27. Found: C,
69.81; H, 5.93; N, 6.20.

Ethyl 2-(N-tert-Butoxycarbonyl-N-mcthylamina)methy1-3-hydroxy-2-methy1-3-(I-benzoy1-1,2,2a,3-tetrahydro
benz[cd]indol-S-yl)propionate (34)--A solution of 33 (368 mg, ].5 mmol) in THF (5 ml) was added dropwise to a
solution of LDA [prepared from diisopropylamine (152 mg, 1.5mmol)] in THF (5ml) at - 78°C, and the mixture was
stirred for 20 min at - 78 DC. A solution of 13 (289 mg, I mmol) in THF (10 rnl) was added dropwise to this solution,
and the whole was stirred for another 20 min. Work-up as described for the preparation of 22 gave an oil; which was
purified by column chromatography [benzene-EtOAc (4: I)] to give 32 (494mg, 95%) as a colorless oil. IR \I~~Q; em -1:
3400 (OH), 1720, 1690, 1640 (CO). The 1H-NMR spectrum was not sufficiently well resolved for assignment of the
signals. MS mjz: 534 (M+). HRMS Calcd for C31H3SN206: 534.2731. Found: 534.2726.
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. Ethyl 2-(N-tert..Butexycarbonyl..N-methylamino)methyl-3-chloro-2-methyl-3-(1-benzoyl-l,2,2a,3-tetrahydrobenz
[cd]indoJ-S-yl)propion8te (35)--Method A: SOCl2 (2mI) was added to a solution of 34 (534mg, 1mmol) in dry
benzene (l Oml), and the mixture was allowed to stand for 30min at room temperature, thenreftuxed for 1h. The
mixture was concentrated in vacuo, then the residue was made alkaline by the addition of saturated NaHC03 with
cooling, and extracted with CHCI3• The extract was washed with H20 , dried, and concentrated. The residue was
purified by column chromatography [benzene-AcOEt (4: 1)] to give 35 (153 mg, 23%) as a pale yellow oil. IR
v~~~lcm-l: 1720, 1690, 1645 (CO). The IH-NMR spectrum was not sufficiently well resolved for assignment of the
signals. MS rniz: 552 (M+), 554 (M+ +2). HRMS Calcd for C31H37CIN20S: 552.2393. Found: 552.2388.

Method B: A solution of'Ph.P (263 mg) in THF (5ml) was added to a solution ofNCS (134mg, 1mmol) in THF
(10 rot) at room temperature. Then a solution of 34 (267 mg, 0.5 mmol) in THF (5 ml) was added to the resulting pasty
solution. Work-up as described for the preparation of 32 gave a crude oil, which was purified by column
chromatography [benzene-EtOAc (4: 1)] to give 35 (101 mg, 36%) as a pale yellow oil, which was identical with a
sample prepared by method A, based on comparison of their IR spectra.

Ethyl 1..Benzoyl.8-methyl-2,3-dihydrolysergate (36) and Ethyl t-BenzoyI-8-methyl-2,3-dihydroisolysergate (37)
--Route A: The chloride (35) (1S3mg, 0.23 mmol) obtained via method A was submitted to de-rerr-butoxy
carbonylation[2.3 N HCI-EtOAc (2mI)], followed by treatment with DBU (l05 mg, 0.69 mmo!) in DMSO (l ml) at
60°C for 3 h. Work-up gave an oil, which was purified by column chromatography (EtOAc) to give 36 (30 mg, 30%)
from the earlier fraction and 37 (25mg, 26%) from the later fraction, each as an oil.

36: IR v~::cm-l: 1720, 1640 (CO). IH-NMR s. 1.30 (3H, t, J=7Hz, C02CH2Ctl3) , 1.36 (lH, q,J:::;: 11Hz, 4
Hax) ' 1.48 (3H, s, CH3 ) , 2.49 (3H. s, NCH3) , 2.60 (IH, br, 4-H cq) , 2.68 (lH, d, J= 11.5 Hz, 7-Hax) ' 2.82 (lH, br d, J=
11.5Hz, 5-H), 2.89 ua, dd, J:;::: I1.5, 1.4Hz, 7-H cq) , 3.40 (tH, m, 3-H), 3.69 (1H, t, J= 11Hz, 2-H lZ) , 4.20 (2H, q, J=
7 Hz, C02CthCH3), 4.24 (1H, br, 2-HII), 6.54 (lH, brs, 9-H), 7.10-7.64 (8H, m, Ph). UV l;'I~Hnm (loge): 255 (4.45),
305 (3.76). MS mlz: 416 (M+). HRMS Calcd for C26H2sN203: 416.2101. Found: 416.2099.

37: IR v~~xtcm-l: 1720, 1640 (CO). IH-NMR 0: 1.23 (3R, t, J=7.3Hz, C02CH2Cl:h), 1.28 (3H, s, CH3), 1.37
(lH, q, J= 11.9Hz, 4-H ax ) , 2.15 (lH, d, J= 11.5Hz, 7-Hax) ' 2.45 (3H, s, NCH3 ) , 2.54 (IH, brs, 4-H eq ) , 2.81 (lH, br d,
J= 11.5Hz, 5-H), 3.40 (1H, br m, 3-H), 3.49 (lH, d, J = I 1.5 Hz, 7-Heq) , 3.68 (IH, t, J = 11 Hz, 2-H lZ) , 4.0-4.30 (3H,
m, C02Cij2CH3' 2~Hp»), 6.40 (lH, S, 9-H), 7.0-7.66 (8H, m, Ph). UV A;~~Hnm (loge): 254 (4.33),306 (3.63). MS
mlz: 416 (M +). HRMS Calcd for C26H2SN203: 416.2101. Found: 416.2099.

Route B: The chloride (35) (l70mg, 0.3mmol) obtained viamethod B was treated as described in route A to give
36 (84mg, 65~,~) and 37 (8 mg, 6.5%). These products were identical with the samples obtained by route A, based on
comparison of their IR and IH-NMR spectra.
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Among various Lewis acids, aluminium chloride (AleI 3 ) was the most effectivecatalyst for the
formation of the Reissert compound (21B, 5~benzoyl~4,5~dihydro-l-phenyl-lH~pyrazolo(3,4--d]

pyrimidine-4-carbonitrile) of l-phenyl-I H-pyrazolo(3,4-d]pyrimidine (11 ) by using benzoyl
chloride and trimethylsilyl cyanide (TMSCN) in anhydrous methylene chloride (CH2CI2 ).

Application of this method to derivatives of the following condensed pyrimidines, lB
.pyrazolo[3,4-d}pyrimidine (I), 9H-purine (3), 3H-I,2,3-triazolo[4,5~d]pyrimidine (5), and quina
zoline (7), gave the corresponding new series of Reissert compounds (2,4, 6,8, and 9), which could
not be prepared by the standard method using potassium cyanide and acid chloride in aqueous
media.

Keywords--eatalyst; aluminium chloride; Reissert compound; condensed pyrimidine; trim
ethylsilyl cyanide; acid chloride
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It would appear that Reissert compounds'r"" derived from condensed pyrimidine
systems are potentially useful as synthetic intermediates. III the pyrazolo[3,4-d]pyrimidine
area, it was also reported that when attempts were made to form 5~benzoyl-4,5-dihydro-l

phenyl-lH-pyrazolo[3,4-d]pyrimidine-4-carbonitrile C2I a) , one of the Reissert compounds of
the pyrazolo[3,4-d]pyrimidine system, by the standard method" using benzoyl chloride and
potassium cyanide in a chloroform-water solvent system, I-phenyl.. 1H-pyrazolo[3,4-d]
pyrimidine (l I ? b) underwent ring fission, resulting in the formation of 5-amino-I-phenyl
IH-pyrazole-4-carbaldehyde (10) and N..formylbenzamide (11).2C) In 1977, Ruchirawat et al.
obtained the Reissert compound of isoquinoline (2-benzoyl-I,2 ...dihydro-l-isoquinoline
carbonitrile) in anhydrous media using benzoyl chloride, trimethylsilyl cyanide (TMSCN),
and a catalytic amount of aluminium chloride, which was an effective catalyst, in methylene
chloride.P' Recently, we reported that application of this method to 11 yielded the antici
pated Reissert compound 2I a •

2d
)

Firstly, in order to select the most effective catalyst, the effects of various Lewis acids on
the Reissert formation of 11 in anhydrous media was examined, and the results were
compared with that in the absence of Lewis acid. Thus, 11 in methylene chloride was stirred
under the reaction conditions shown in Table I with equimolar amounts of TMSCN and
benzoyl'chloride,. and a catalytic amount of a Lewis acid (1/5-1/10 mol). Lewis acids used in
the reaction were as follows: aluminium chloride, zinc chloride, titanium(IV) chloride, and
boron trifluoride etherate. As shown in Table I, the presence of each Lewis acid increased the
yield of the Reissert compound 2I n and reduced the reaction time as compared with those in
the absence of Lewis acid. Moreover, it became clear that, among the Lewis acids used,
aluminium chloride was the most effective catalyst with regard to the yield of the Reissert



4804

NQO
Ph

PhCOCl/KCN
)

rlCH=O

N'NA.0/ NH2

Ph

10

+
o
II

Ph-C-NH-CH=O

11

Vol. 35 (1987)

PhCOCl/TMSCN

Lewis acid in CHzCI2

Chart 1
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TABLE 1. Reissert Compound Formation of 11 using PhCOCI and TMSCN
in the Presence of Lewis Acids in CH2Cl2 to 21a

Lewis acid

A1C13

ZnC12

TiCI4

BF3·Et20

Mol. ratio
(PhCOCI{Lewis acid)

10/1
10/1
1011
5/1

Reaction time
(h)

96
13
22
22
72

Yield of 21a

(~~)

12
95
66
78
52

compound 21a and reaction time. Therefore, this method using aluminium chloride as a
catalyst in anhydrous media was applied to the Reissert compound formation of derivatives
of the following condensed pyrimidine rings; 1H-pyrazolo[3,4-d]pyrimidine (1), 9H-purine
(3), 3H-l,2,3-triazolo[4,5-d]pyrimidine (5), and quinazoline (7).

In the pyrazolo[3,4-d]pyrimidine area, application of Reissert compound formation in
the presence of aluminum chloride to l-phenyl- (11) ,2b) 6-methyl-I-phenyl- (12) , and l-methyl
1H-pyrazolo[3,4-d]pyrimidines (13 ) 2 (') gave the corresponding Reissert compounds (21a, 22a ,

and 23 a) in satisfactory yields. In addition to benzoyl chloride, use of ethyl chloroformate,
acetyl chloride, benzenesulfonyl chloride, and p-substituted benzoyl chlorides provided the
corresponding Reissert compounds (21 b-21g, 22 e, and 23b) in good yields, as shown in Chart
2.

The experimental results shown in Chart 2 demonstrate that, in the pyrazolo[3,4
d]pyrimidine system, selective mono-Reissert formation across the 4,5-double bond rather
than the 6,7-double bond proceeds, indicating that phenyl and methyl groups at the l-position
prevent the formation of Reissert compounds across the 6,7-double bond. In fact, even when
a blocking group was present at the 4-position, the Reissert compound formation of 4-methyl
(14)2bl and 4-ethoxy-I-phenyl-IH-pyrazolo[3,4-d]pyrimidines (15)4a) with benzoyl chloride
and TMSCN in the presence of aluminium chloride did not proceed, giving none of the
corresponding Reissert compounds across the 6,7-double bond.

In the 9H-purine area, no work on Reissert compound formation has been reported in
the literature. When Reissert compound formation of 9-phenyl-9H-purine (3 1) 5 a) was
attempted by the standard method" using benzoyl chloride and potassium cyanide in a
chloroform-water solvent system, 31 underwent ring fission of the imidazole ring, giving 4
benzamido-5-(N-phenylformamido)pyrimidine (12) in 23% yield, which was easily converted
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t CN

NXN
R-CI/TMSCN ~ N-R

.'
N\~ NAR1,,~ NAR1 A1Cla in CH2Ch

R2
Reaction

R2

1 R1 R2 R time (h) 2 Yield (%)

II H Ph PhCO 13 218 95

II H Ph EtOCO 25 21b 88

11 H Ph Ac 36 21c 63

II H Ph PhS02 336 21d 41

11 H Ph p-MeC6H4CO 8 21e 84

11 H Ph p-MeOC6H4CO 18 2a 73

11 H Ph p-I:-!02C6H4CO 18 218 65

lz Me Ph PhCO 17 22a 76

12 Me Ph p-MeC6H4CO 21 22e 41

13 H Me PhCO 51 23a 73

b H Me EtOCO 31 23b 83

R

N~ 1 R
\N N)

14 MeI
Ph 15 EtO

Chart 2

<~Jl)
PhCOCl/KCN :::XNHCOPh H2O/NaOH NXHCOPhNo

)

~
)

~N NHPhin CHCla-H20
N N-CH=O

Ph r
Ph 13

3 1 12

H CN-<N=C RCOCl/TMSCN R'-<;i:;-CORRl ~ )

N . A1Cb in CH2Clz
I.

Ph Ph

3 RI
Reaction

R time (h) 4 Yield (%)

31 H Ph 16 41n 48

31 H EtO 72 41b 51

32 Me Ph 8 4za 50

32 Me EtO 20 42b 46

Chart 3

into 4-anilino-5-benzamidopyrimidine (13) by alkaline hydrolysis for structure determination.
The treatment of 3} and 8-methyl-9-phenyl-9H-purine (32) Sbl with equimolar quantities

of benzoyl chloride and TMSCN, and a catalytic amount of aluminium chloride in methylene
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vN:JC PhCOCl!KCN rfJlXCH=O
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in CHCh-H20 \~ NH2I
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teNjN:CN RCOCl)TMSCN
>

rfN) N-COR

N,\~ NAR1
A1Ch in CH2Ch 'N NARJ

I
Ph Ph

5 RI R Reaction 6 Yield (%)
time (h)

51 H Ph 48 61a 74

51 H EtO 19 61b 84

52 Me Ph 98 6za 65

53 MeO Ph 7 (d) 63a

0 Cl

#')tCONH' It qN:(:AcOEt ~X:NH POCb
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N'N NAMe
;)

N\.N NAMe\.~ NHz
EtONa MezN-Ph
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Ph Ph Ph

142 54 55

H2

Pd-MgO
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PhNHz I-hN)CN NaNOz
~ ..-::::1 HCl

PhNH N·0--. C1

19z

Chart 4

chloride, gave the corresponding Reissert compounds I-benzoyl-l,6-dihydro-9-phenyl-9H
purine-e-carbonitrile (413 ) and the 8-methyl derivative of 413 (42 3) , respectively. Use of ethyl
chloroformate in the cases of 31 and 32 provided the Reissert compounds 41b and 42 b ,

respectively. The results are summarized in Chart 3.
In the 3H-l,2,3-triazolo[4,5-d]pyrimidine area, it was reported that when attempts

were made to form 6-benzoyl-6,7-dihydro-3-phenyl-3H-l,2,3-triazolo[4,5-d]pyrimidine-7
carbonitrile (6la ) , one of the Reissert compounds of the 3H-l,2,3-triazolo[4,5-d]pyrimidine,
by the standard method" using benzoyl chloride and aqueous potassium cyanide, 3-phenyl
3H-l,2,3-triazolo[4,5-d]pyrimidine (S1)2 f ) underwent ring fission, resulting in the formation of
5-amino-l-phenyl-lH-l,2,3-triazole-4-carboxaldehyde (141) and 11.2c} However, in the same
Reissert formation as described for 2 and 4, use of benzoyl chloride and ethyl chloroformate
in the case of 51 resulted in the formation of the corresponding selective mono-Reissert
compounds across the 6,7-double bond, such as 6-benzoyl- (6la) and 6-ethoxycarbonyl-6,7
dihydro-3-phenyl-3H-l,2,3-triazolo[4,5-d]pyrimidine-7-carbonitriles (61b)' Similarly, use of

. benzoyl chloride in the case of 5-methyl-3-phenyl-3H-l,2,3-triazolo[4,5-d]pyrirnidine (52)
gave 6-benzoyl-6,7-dihydro-5-methyl-3-phenyl-3H-l ,2,3-triazolo [4,5-d]pyrimidine-7-carbo-
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roN R
ICON PhCOCl/TMSCN N-COPh OCN Hr R ..

N~R
or

N*CNN AICh in CH2Cb
I
COPh

7 R Reaction time (h) 8 Yield (%) 9 Yield (%)

7 1
91 H 48 81n 67

72 2-Me 3 828 80

73 4-0Et 3 9311 95

74
91 4-Me 48 948 73

Chart 5
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I
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N/'

\~ NHCOR
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HCl
)

16

18

616: R.::::H
62!1 : R:::Me

Chart 6

nitrile (62.J The results are summarized in Chart 4.
Application of this Reissert compound formation to 5-methoxy-l-phenyl-lH-1,2,3

triazolo[4,5-d]pyrimidine (53) did not give the anticipated Reissert compound (63J and the
starting material was recovered. This indicates that steric hindrance caused by an alkoxy
group at the 5-position prevents the formation of the mono-Reissert compound across the
6,7-double bond.

Compound 52 was prepared starting from S-amino..I-phenyl-I H.. l ,2,3-triazole-4
carboxamide (142) .6 ) The process in Chart 4, involving successive condensation of 142 with
ethyl acetate, chlorination, and finally dechlorination with catalytic reduction over Pd-MgO,
gave 52 with an overall yield of almost 40% based on the starting 142 , Compound 53 was also
prepared from 5-:-amino-2,4-dichloropyrimidine (191?) by way of 192 and the chIaro com
pound (56) as shown in Chart 4.8 )

In the quinazoline area, it was reported by Popp and coworkers?' that the Reissert
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TABLE II. Melting Points, Elemental Analytical, and MS Data
for 2, 4, 6~ 8, and 9

Vol. 35 (I 987)

Compd. mp F'C) Formula

Analysis (%)
Calcd (Found) MS mjz

M+

C H N

2 2d)
18

21b

8 211)
la

82a

175-17611
•fI

115-11611
•0 )

184-185(/·9)

109-110,,·//)

197-198//. 0 )

188-189(/'111

202-203h•lI )

155-156h•g )

194-19511,0 )

107-lO8c,o )

123-124c•g)

192-193h•g )

119-120"'/})

166- 167"·/l 1

141-14211•g1

160-161",)")

131-132"·0

I 64-166c•O)

171-172,,·11>
12l,,·h)

Cl9H13NsO
ClsHI3Ns02

C16HttN30
C17H I3N30

69.71
61.01

(60.68
63.38

(63.31
59.49

(59.26
70.37

(70.37
67.22

(67.13
61.29

{61.34
70.37

(70.18
70.96

(70.86
63.38

(63.55
51.49

(51.55
69.71

(69.55
61.01

{60.97
70.37

(70.37
62.12

(62.16
65.84

(65.58
56.75

(56.76
66.65

(66.60
73.55
74.16

(73.85
70.80

(70.80

4.00 21.40
4.44 23.72
4.52 23.28)
4.18 26.40
4.20 26.40)
3.61 19.27
3.61 19.02)
4.43 20.52
4.46 20.32)
4.23 19.60
4.26 19.46)
3.25 22.57
3.24 22.51)
4.43 20.52
4.48 20.25)
4.82 19.71
4.87 19.50)
4.18 26.40
4.20 26.42)
4.75 30.03
4.76 29.51)
4.00 21.40
4.02 21.51)
4.44 23.72
4.43 23.76)
4.43 20.52
4.42 20.61)
4.89 22.64
4.88 22.49)
3.68 25.59
3.72 25.37)
4.08 28.37
4.08 28.35)
4.12 24.55
4.15 24.67)
4.24 16.08
4.76 15:26
4.71 15.19)
4.95 13.76
4.89 13.75)

295

265

363

341

357

372

341

355

265

233

327

295

341

309

328

296

342

305

a) Colorless needles. b) Colorless prisms. c) Colorless plates. d) Pale yellow needles. e) Orange needles.
/) Recrystallized from benzene. g) Recrystallized from AcOEt. h) Recrystallized from benzene-petroleum ether.
~) Recrystallized from MeOH.

compound formation of quinazoline (71) using Ruchirawat's method selectively gave the
mono-Reissert compound (81a , 3-benzoyl-3,4-dihydro-4-quinazolinecarbonitrile) in 67%
yield. They also reported?' that application of this Reissert compound formation to 4
methylquinazoline (74 ) provided the mono-Reissert compound (94 a , l-benzoyl-l,2-dihydro-4
methyl-2-quinazolinecarbonitrile) and selectively functionalized the 1,2-double bond.
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TABLE III. IR and I H-NMR Spectral Data for 2, 4, 6, 8, and 9

Compd. IR v~~~cm-lIZ)

21b 1740 (CO)

21e: 1694 (CO)

21d 1370, 1170
(SOz)

21e 1680 (CO)
21f 1680 (CO)

2 u) 1310, 1520III

(NO z). 1700
2211 1672 (CO)

22e 1662 (CO)

230 1680 (CO)
23b 1740 (CO)

4 bJ 1690 (CO)In

4 t b 1740 (CO)

4211 1680 (CO)
42b 1730 (CO)

610 1690 (CO)
61b 1765 (CO)

620 1680 (CO)

820 1680 (CO)
9311 1660 (CO)

1H-NMR (CDCl3) ppm

8.00-7.70 (2H, m, Ph-H), 7.89 (IH, s, C6-H), 7.60-7.20 (3H, m, Ph-H). 7.50 (lH, s,
C3-H), 6.18 (IH, s, ~-H), 4.40 (2H, q, J=6.5Hz, OCH2CH3) , 1.38 (3H, t, J=6.5Hz,
CH1CH3 )

8.00-7.70 (2H, m, Ph-H), 7.73 (lH, s, C6-H), 7.60-7.05 (3H, m, Ph-H), 7.57 (lH, s,
C3-H), 6.30 (1H, s. ~-H), 2.47 (3H, 5, COCH3)
8.15-7.10 (l2H, m, Ph-H, C6-H, and C3-H), 6.22 (I H. 5, (;4-H)

8.00-7.00 (11H, m, Ph-H, C6-H, and <;:3_H), 6.30 (lH, s. C1"-H), 2.40 (3H, S, CH 3)

8.00-7.00 (9H, m, Ph-H, Cn-H, and C3-H), 6.92 (2H, d. J=9.0Hz, Ph-H), 6.25 (lH, s,
~-H), 3.80 (3H, 5, OCH3)

8.36 (2H, d, J=8.0Hz, Ph-H), 8.75":-7.20 (7H, In, Ph-H, C>-H, and C3-H), 7.95 (2H, d,
J=8.0Hz, Ph-H), 6.70 (IH, s, ~-H)
8.10-7.80 (2H, m, Ph-H), 7.70-7.10 (9H, m, Ph-H and C3-H), 6.20 (lH, s. C4-H),

2.05 (3H, S, 'CH 3)

8.10-7.80 (2H, m, Ph-H), 7.70-7.10 (8H, m, Ph-H and C3-H), 6.20 (l H, s, C4-H),
2.43 (3H, S, CH 3) , 2.08 (3H, S, CH3)
7.80-7.10 (7H, m, Ph-H, C6-H, and C3-H), 6.23 (1H, s, C4-H), 3.80 (3H, S, CH 3 )

7.88 (lH, S, C6-H), 7.40 (IH, s, C3-H), 6.20 (lH, s, C"--H), 4.40 (2H, q, J=6.5Hz,
OCHzCH3) , 3.80 (3H, S, CH 3), 1.41 (3H, t, J =6.5 Hz, CH2CHi)
7.88 (lH, s, CZ-H), 7.80-7.20 (lIH, m, Ph-H and C8-H), 6.47 (IH, s, C6-H)

7.77 (IH, s, CZ-H), 7.70-7.20 (5H, m, Ph-H), 7.54 (l.H, 5, C8-H), 6.22 (IH, s. Cli_H),
4.40 (2H, q, J=6.5Hz, OCH2CH3) , 1.37 (3H, t, J=6.5Hz, CH1CH3)

7.80-7.15 (1IH, m, Ph-H and C2-H), 6.39 (lH, 5, C6-H), 2.37 (3H, S, CH3 )

7.83 (IH, s, CZ-H), 7.80-7.10 (5H, m, Ph-H), 6.30 (lH, s, C6 -H), 4.40 (2H, q,J=6.5
Hz, OCH2CH3 ) , 2)1 (3H, S, CH 3) , 1.39 (3H, t, J =6.5 Hz, CH2CH3)

8.05-7.25 (IlH. rn, Ph-H and CS~H), 6.51 (lH, 5, C'-H)
8.07 (tH, s, CS·H), 8.00-7.80 (2H, m, Ph-H), 7.63-7.30 (3H, m, Ph-H), 6.44 (IH, 5,

C7-H), 4.48 (2H. q, J= 6.5 Hz. OCH2CH3 ) , 1.44 (3H, t, J =6.5 Hz, CH 2 CH3)

8.35-7.80 (4H, m, Ph-H), 7.70-7.30 (6H, m, Ph~H), 6.41 (lH, 5, C7-H), 2.12 (3H, s,
CH.~)

7.80-7.18 (9H, m, Ph-H and aromatic H), 6.17 (I H, s, ~-H), 2.04 (3H, S, CH 3 )

7.90-6.60 (9H, 111, Ph-H and aromatic H), 6.80 (lH, s, C2-H), 4.32 (2H, q, J=7.0Hz,
OCH2CH3) , 1.42 (3H, t, J =7.0 Hz, CH2CH3)

a) lH-NMR in (CDJhSO. h) IH-NMR in a mixture ofCDCI.,und (CDJhSO.

The same selective mono-Reissert compound formation was found to occur with 2
methyl- (7Z) 10 ) and 4-ethoxyquinazolines (73) .11 ) Thus, application of the Reissert compound
formation as described for 2 to 72 resulted in the formation of the anticipated mono-Reissert
compound (82a, 3-benzoyl-3,4-dihydro-2-methyl-4-quinazolinecarbonitrile). The reaction of
73 yielded the mono-Reissert compound (93a , I-benzoyl-l,2-dihydro-4-ethoxy-2-quina
zolinecarbonitrile) across the I,2-double bond.

Structural determination of the new series of Reissert compounds was accomplished on
the basis of analytical and spectral data (Tables II, III~ and IV) and the results obtained from
the following experiments (shown in Chart 6). Thus, 21a , 22:1' 41a , 61a , 621" 82a in an acid
medium underwent ring fission, resulting in the formation of the «-benzamido-Us-pyrazole-a
acetonitrile (151 ),2d) 4-(4-pyrazolyl)oxazole (152 ) , 8) «-benzamido-I H-imidazole-4-acetonitrile
(16),8) et-benzamido-lH-I,2,3-triazole-4-acetonitriles (171 and 172)~8) 4-aryl-2-phenyloxazole
(18),8) respectively, confirming the positions bonded with cyano and benzoyl groups in the
new series of Reissert compounds.

The above observations provide a useful synthetic method for the Reissert compounds
from condensed pyrimidines. Studies on the reactivity of the new series of Reissert
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TABLE IV. 13C-NMR Spectral Data for 2, 4, 6, 8 and 9

Compd. 13C-NMR (CDCI 3 ) ppm

Vol. 35 (1987)

21b 14.1 (q, CH 3) , 42.9 (d, c-i 65.1 (t, CH2) , 96.7 (s), Il5.8 (s, CN), 122.5 (d), 127.3 (d), 129.0 (d), 135.1
(d), 138.3 (s), 140.7 (S), 142.1 (d), 151.4(s, CO)

21e 22.0 (q, CH 3) , 41.0 (d, (:4), 97.8 (s), 116.8 (s, CN), 122.0 (d), 127.1 (d). 129.0 (d), 136.2 (d), 138.2 (s),
140.7 (s), 145.1 (d), 170.3 (s, CO)

21d 43.2 (d, <:4),96.3 (s), 114.9 (s, CN), 122.6 (d), 127.5 (d), 127.9 (d), 129.0 (d), 130.0 (d). 134.8 (d), 135.3
(d). 136.3 (s), 138.0 (8), 140.1 (s), 141.3 (d)

2le
l l

) 21.1 (q, CH3 ) , 41.6 (d, C4 ) , 98.5 (s), 116.8 (s, CN), 122.0 (d), 127.1 (s), 128.8 (d), 129.0 (d), 129.4 (d).
129.7 Cd), 136.0 Cd). 138.1 (s), 141.0 (s), 143.3 (s), 145.5 (d), 169.6 (s, CO)

2u uI 41.6 (d, C4), 55.5 (q, CH;), 98.6 (s), 114.2 (d). 116.9 (s, eN), 122.0 (d), 123.5 (s), 127.1 (d), 129.0 (d),
132.1 (d), 135.9 (d), 138.2 (s), 141.1 (s), 145.7 (d), 162.9 (s), 169.1 (5, CO)

21g
U

) 41.7 (d" C4 ) , 98.3 (s), 116.5 (s, CN), 122.1 (d), 123.9 (d), 127.2 (d), 129.1 (d), 130.9 (d), 136.2 (d), 137.6
(s), 138.1 (s), 140.7 (s), 144.9 (d), 149.5 (s), 168.4 (s, CO)

2211
11

) 26.2 (q, CH3) , 42.2 (d, C4 ) , 99.9 (s), 117.0 (s, CN), 121.7 (d), 126.9 (d), 129.0 (d), 133.2 (d), 134.3 (s),
135.1 (d), 138.3 (s), 142.0 (s), 153.4 (s), 170.8 (s, CO)

22e
l l ' 21.1 (q, CH3) , 26.2 (q, CH3) , 42.2 (d, <:4'), 99.9 (s), 117.1 (s, CN), 121.7 (d), 126.9 (d), 129.1 (d), 129.6

(d), 131.4 (s), 135.1 (d), 138.3(5),142.1 (s), 144.0 (s), 153.6 (s), 170.7(s.CO)
23a 34.4 (q, CH3 ) , 42.0 (d, ~), 95.8 (s), 115.9 (s, CN), 129.1 (d), 129.2 (d), 131.4 (s), 132.9 (d), 133.9 (d),

140.9 (s), 143.2 (d), 169.6 (s, CO)
23b

U
) 14.0 (q, CH3 ) , 34.0 (q, CH3 ) , 43.0 (d. <:4'). 64.6 (t, CH2 ) , 95.4 (s), 117.1 (s, CN), 134.1 (d), 140.4 (s),

142.5 (d), 151.7 (s, CO)
4ra(/) 44.4 (d, C6), 115.9 (s, CN),/I) 116.9 (S),hI 123.6 (d). 127.9 (d), 128.8 (d). 129.3 Cd), 129.4 (d), 131.7 (s),

131.9 (d), 132.5 (s), 134.4 (s), 136.3 (d), 142.1 (d), 169.8 (s, CO)
41b 14.1 (q, CH3) , 45.9 (d, C6 ) , 65.0 (t, CH 2 ) , 115.4 (s, CN),bl 116.2 (s),/Jl 123.7 (d), )28.2 (d), 129.5 (d).

132.2 (s), 134.4 (s), 135.8 (d), 139.9 (d), 151.8 (s, CO)
42a

ul 13.7 (q, CH3) , 44.3 (d, C6) , 114.4 (S),b) 115.9 (s, CN),bJ 127.0 (d), 128.2 (d), 128.8 (d), 129.2 (d), 132.0 (s),
132.4 (d), 133.8 (s), 140.9 (d), 144.3 (s), 169.8 (s, CO)

42b(/) 13.7 (q, CH3) . 13.9 (q, CH3) , 45.7 (d, C6) , 64.4 (t, CH 2) , 113.6 (S),hI 116.2 (s,CN),hl 127.1 (d), 128.7 (d),
129.3 (d), 132.3 (s), 133.9 (s), 139.1 (d), 144.3 (s), 151.8 (s, CO)

61a 43.2 (d, e'), ]14.6 (s, CN), 122.5 (d), 124.3 (s), 129.6 Cd), 129.7 (d), 129.8 (d), 131.1 (s), 133.7 (d), 135.7
(5), 137.1 (s), 146.2 (d), 169.6 (s. CO)

61b 14.1 (q, CH 3) , 44.1 (d, C 7) , 65.8 (t, CH 2), 114.6 (s, eN), 122.2 (d), 123.2 (5), 129.l (d), 129.4 (d), 135.4
(s), 136.9 (s), 144.4 (d), 151.1 (s,CO)

6~ 26.2 (q, CH3) , 42.9 (d, C 7
) , 114.6 (s, CN), 121.6 (d), 125.1 (s), 128.0 (d), 128.7 (d), 129.1 (d), 129.2 (d),

133.5 (d), 135.3 (s), 137.4 (5), 155.6 (s), 170.4 (s, CO)
82a 25.8 (q, CHJ) , 43.9 (d, C4) , 115.7 (s, CN), 119.7 (s), 125.3 (d), 125.6 Cd), 127.7 (d), 128.7 (d), 129.0 (d),

130.8 (d), 133.1 (d), 134.1 (s), 140.2 (s), 151.3 (5), 169.5 (s, CO)
93a 13.9 (q, CHJ ) , 60.1 (d, C2), 62.9 (t, CH 2 ) , 115.7 (s, CN),h) 117.8 (S),h) 123.6 (d), 125.5 (d), 128.6 (d), 128.7

(d), 131.7 (d), 132.2 (d), 133.4 (s), 137.7 (5), 162.6 (5), 168.5 (5, CO)

a) nC-NM R in (CDJhSO. b) Assignments may be interchanged.

compounds are now in progress and will shortly be reported in a separate paper.

Experimental

All melting points are uncorrected. Infrared absorption (IR) spectra were recorded on a Jasco A-I02 diffraction
grating IR spectrometer. Proton nuclear magnetic resonance eH-NMR) spectra were measured at 60MHz on a
Hitachi R-24B high-resolution NMR spectrometer, and 13C-NMR spectra were taken at 90 MHz on a lEOL lNM
FX90Q FTNMR spectrometer. Chemical shifts are quoted in parts per million (ppm) with tetramethylsilane as an
internal standard, and coupling constants (J) are given in Hz. The following abbreviations are used: s=singlet, d=
doublet, t = triplet, q =quartet, m =multiplet, and br s= broad singlet. Mass spectra (MS) were recorded on a lEOL
JMS D-IOO mass spectrometer. Samples were vaporized in a direct inlet system. Column chromatography was carried
out on SiOl , Wakogel C-200 (200 mesh). Thin-layer chromatography (TLC) was performed on precoated Kieselgel
60 F254 plates (Merck) with GHCI 3 .



No. 12 4811

Reissert Compound Formation of Condensed Pyrimidines (I, 3, 5 and 7) Catalyzed by Lewis Acids--The
procedure for the Reissert compound 5-carbethoxy-4,5-dihydro-l-phenyl-1 H-pyrazolo[3,4-d]pyrimidine-4
carbonitrile (21b) is described as a typical example. Ethylchloroformate (570 mg, 5.2mmol) was added to a well
stirred solution of I-phenyl-I H-pyrazolo[3,4-d]pyrimidine (II' 980 mg, 5.0 mmol) in freshly distilled CH2Cl2 (25m}),
then TMSCN (532 mg, 5.2 mmol) was added. After 5 min, AIel) (66.7 mg, 0.5 mmol) was added at once, and the
whole was stirred at room temperature until the starting material II had disappeared (25 h), as monitored by TLC.
The solution was washed with H20, 5% HCI, H20, 5~~ NaOH, and H20. The CH2C12 solution was dried over
Na2S04 and concentrated. The residue was passed through' a column of Si02 with Cl'ICl, to remove impurities.
Recrystallization from AcOEt gave 21b as colorless needles, mp 115-116"C. in 88~~~ yield (1300mg).

Yields, melting points, analytical and spectral data for the new Reissert compounds (2,4, 6,8. and 9) are listed in
Charts 2-5 and Tables II-IV.·

6-Metbyl-l-phenyl-lH-pyrazolo[3,4-dJpyrimidine (12)- - A solution of 4-chloro-6-methyl-l-phenyl-l H»
pyrazolo[3.4-d]pyrimidine4 hl (33.5 g, 136.8mmol) in a mixture of benzene (280 ml) and MeOH (140 ml) was added to
a catalyst prepared from I ~~~ PdCI2 (100 ml) and MgO (2.7 g), and the mixture was shaken in an H2 stream. The
reaction was stopped when 136mmol of H2 had been absorbed. The catalyst was filtered off and the filtrate was
concentrated under reduced pressure. The residue was decomposed with diluted aqueous NH3 and extracted with
CHCI3 • The extract was washed with H20, dried over Na2S0 4 , and concentrated to dryness under reduced pressure.
The residue was recrystallized from petroleum benzin to give 12 as colorless needles, mp 99-100 "C, in 90~:' yield
(25.8 g). Anal. Caled for C 12HlON4 : C, 68.55; H, 4.79; N, 26.65. Found: C, 68.65; H, 4.87; N, 26.93. MS mlz: 210
(M+). IH-NMR (CDCI3 ) : 9.08 (IH, s. C'-H). 8.13 (lH. s, C3-H), 8.40-8.10 (2H. m, Ph-H), 7.70-7.10 (3H, m, Ph
H), 2.85 (3H, S, CH3). 13C-NMR (CDCI3): 26.4 (q), 113.6 (s), 120.9 (d), 126.3 (d), 129.0 (d), 133.6 (d), 138.8 (5). 152.0
(d), 153.0 (s), 165.7 (5).

Reaction of 9-Phenyl-9H-purjne (31) with Benzoyl Chloride in the Presence of KCN--A solution of KCN
(260 mg, 4 mmol) in H20 (I ml) was added dropwise to a stirred solution of 3J (392 rng, 211unol) and benzoyl chloride
(281 mg, 2 mmol) in CHCI3 (4ml), and the mixture was stirred for I h. The reaction mixture was poured into a large
amount of H20 and extracted with CHC13 • The extract was washed with H 20 . dried over NazS0 4, and concentrated
under reduced pressure. The residue was chromatographed on a column of Si02 with ,CHCI 3• The first fraction gave
5-benzamido-4-(N-phenylformamido)pyrimidine (12) as colorless needles from benzene, O1p 144-145 "C. in 23~~~

yield (146mg). The second fraction gave the starting 31 in 24% yield (94mg).
12: Anal. Calcd for C18HI4N402.: C, 67.91; H, 4.43; N, 17.60. Found: C, 67.65; H, 4.44; N, 17.65. MS mlz: 318

(M+). IR v~~~cm-l:3250 (NH), 1720, 1650(C=O).IH-NMR(CDCI3) : 9.40 (IH.s, CH=O), 8.85 (lH.s, pyrimidine
H), 8.78 (IH, S, pyrimidine H), 8.50-7.00 (llH, m, Ph-H and NH). 13C-NMR «CD3h SO): 125.3 (d), 126.4 (s), 126.9
(d), 127.5 (d), 128.1 (d), 128.9 (d), 131.9 (d), 133.0 (s), 137.1 (s), 153.9 (s), 155.0 (d), 156.6 (d). 165.1 (s),

Alkaline Hydrolysis of 12-----A mixture of 12 (50 mg) and 2 N NaOH (I ml) was heated for 5 min on a steam
bath. The reaction mixture was poured into a large amount of H20 and extracted with CHCI3 • The extract was dried
over Na2S04 , and concentrated under reduced pressure. and the residue was chrornatographed on a column of Si02

with CHC13 • The first fraction gave 4-anitino-5-benzamidopyrimidine (13) as colorless needles from MeOH, mp
193.5-194.5 uC, in 57~: yield (26mg). MS mlz Calcd for C17H I4N4 0 : 290.1167 (M-!'). Observed: 290.1182. IR
v~~~cm-I: 3250 (NH), 1658 (C=O). IH-NMR (CDCI3-«CD3hSO): 9.70 (IH. br s, exchangeable with D20 , NH),
8.52 (IH, s, pyrimidine H), 8.49 (IH, 5, pyrimidine H), 8.40 (tH, br s, exchangeable with D20. NH), 8.20-7.00 (lOH,
m, Ph-H).

Benzoylation of5-Amino-4-anilinopyrimidinc51IJ--Benzoyl chloride (l40mg, I mmol) was added to a solution of
5-amino-4-anilinopyrimidine (186 rng, I mmol) in pyridine (I ml) and the mixture was stirred overnight at room
temperature. The separated crystals were collected by suction, washed with H20, and recrystallized from MeOH
benzene to give 13 as colorless needles in 80,/;; yield (232 mg).

3,6-Dihydro-5-methyl-3-phcnyl-7H-l ,2,3-triazolo[4,5-d]pyrimidin-7-one (54)---A mixture of 5-amino-l-phcnyl
IH-I,2,3-triazo1e-4-carboxamidc (142, 40.6g. 0.2 mol) and AcOEt (40ml) in EtONa solution prepared by dissolving
Na (9.2 g, 0.4 mol) in an EtOH (400 ml) was refluxed under stirring for 20 h. The EtOH was removed under reduced
pressure, and H20 (l : 1) was added to the residue. After the insoluble crystals had been filtered off, the filtrate was
neutralized with AcOH and the separated crystals were recrystallized from MeOH to give 54 as slightly yellow
needles, mp 267-268 "C (dec.), in 78~J;; yield (35.5 g). Anal. Calcd for ell HgNsO: C, 58.14; H, 3.99; N, 30.82. Found:
C, 58.20; H, 4.04; N, 31.08. IR \'~~~em -I: 1695 (C=O). IH-NMR (CDCI)): 8.2-6.9 (5H, 01, Ph-H), 6.2-4.7 (lH, br,
NH), 2.4 (3H, s, CH).

7-Chloro-5-methyl-3-phenyl-3H-l,2,3-triazolo[4,5-d]pyrirnidine (5s)-N,N-Dimethylaniline (3.5 g) Was added
dropwise to a stirred mixture of 54 (5.0 g) and POC1) (40 rnl), and the mixture was reftuxed for 30 min in an oil bath.
The POCl 3 was removed under reduced pressure and a large amount of H20 was added to the residue. The reaction
mixture was stirred for 5 min, and extracted with benzene. The extract was dried over Nu2S04 , concentrated, and
chromatographed on a column of Si02 with benzene. The first fraction gave 55 as yellow needles from benzene, mp
l14-1l6"C, in 76/~ yield (4.1 g). Anal. Calcd for CIIHsCINs: C, 53.78; H, 3.28; N. 28.51. Found: C, 53.76; H, 3.26;
N, 28.54. I H-NMR (CDCI3 ) : 8.40-7.45 (5H, m, Ph-H), 2.89 (3H, s, CH 3 ) .
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5--Methyl-3-pbenyl-3H-l,2,3-triazolo[4,5-d]pyrimidine (52)--A solution of 5s (3.6g, 14mmol) in benzene
(50 ml) was added to a catalyst prepared from 1%PdCl; (lOml) and MgO (2.7 g) in H20 (10ml), and the mixture was
shaken in an H2 stream. The reaction was stopped when 313 ml (14 mmol) of H2 had been absorbed. The same work
up as described for 12 gave 52 as colorless plates from benzene, mp 158-159 °C, in 72% yield (2.2g). Anal. Calcd for
Cllt4Ns: C, 62.55; H, 4.30; N, 33.16. Found: C, 62.69; H, 4.36; N, 33.11. lH-NMR (CDCI3 ) : 9.50 (lH, S, C7-H),

8.50-7.40 (5H, rn, Ph~H), 2.93 (3H, s, CH3) .

Acknowledgement The authors are greatly indebted to the staff of the central analysis room of the University
of Shizuoka for elemental analysis and mass spectral measurement.
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Studies on Cerbera. IV.!) Polar Cardenolide Glycosidesfrom
the Leaves of Cerhera odollam and Cerbera manghas
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Glucos-3-ulosyl-thevetosides of 17Ci~digitoxigenin and 17cx-tanghinigenin were obtained from
air-dried leaves of Cerbera manghas and C. odollam. From fresh leaves, oleagenin glucosyl
thevetoside and digitoxigenin gentiotriosyl-thevetoside were isolated besides known glycosides,
glucosyl-thevetosides of digitoxigenin and tanghinigenin. The difference between the cardenolide
glycosides of the air-dried leaves and of the fresh leaves, and the glycosides patterns in the two
species are discussed.

Keywords-Cerbera odollam; Cerbera manghas; Apocynaceae; cardenolide; 17cx-eardeno
lide glucos-S-ulosyl-thevetoside; cerleaside B; oleagenin glucosyl-thevetoside; digitoxigenin gen
tiotriosyl-thevetoside
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In the preceding paper of this series, we described the cardenolide monoglycosides from
the air-dried leaves of Cerbera odollam GAERTN. and C. manghas L., and showed the presence
of oleagenin z-t-thevetoside (cerleaside A), 8fJ-hydroxy-17p- and 17a-digitoxigenin tX-L

thevetosides (17fJ- and l7a-cerdollaside), and 17fJ- and 17a-digitoxigenin «-t-acofriosides
(17p- and 17cx-solanoside), together with the four major monosides, 17{3- and 17a-neriifolin
and 17f3- and 17a-deacetyltanghinin.1) Since the ratio of 17a-cardenolide monosides to the
corresponding 17fi-isomers was larger in the air-dried leaves, we investigated the presence of
the 17a-isomers in the polar glycoside fractions of the air-dried leaves and the fresh leaves.
This paper deals with the isolation from the leaves and the structure determinations of new
polar glycosides, tentatively designated as compounds 1-4, as well as known biosides," the
fJ-D-glucosyl-(l ~4)-a-L-thevetosides of 17{3- and 17a-digitoxigenin (5 and 6., respectively) and
of 17fJ- and 171X-tanghinigenin (7 and 8, respectively), and the known triosides," gentiobiosyl..
(l ~4)-IX-L-thevetosidesof digitoxigenin (9) and tanghinigenin (10).

The extraction and isolation of the polar glycosides from the air-dried leaves and stems
were carried out as described previously.1) The benzene and CHCI3 extractives from the
MeOH percolate mainly contained the monosides. The biosides and triosides in the BuOH
extractives were fractionated by chromatography on columns of one or more of Mel-gel,
octadecyl silica and silica gel. The MeOH homogenate from the fresh leaves was eluted with
MeOH repeatedly and the MeOH eluate was treated as described for the air-dried leaves.
Yields of the biosides and triosides are presented in Table 1.

Compounds 1 and 2 were isolated from the air-dried leaves. Compound 1 afforded an
M + +Na peak at mjz 717.347, two mass units smaller than those of 5 and 6, in the fast atom
bombardment (FAB)-mass spectrum (MS), and the molecular formula was determined to be
C36Hs4013' The carbon- I3 nuclear magnetic resonance et 3C-NMR) spectrum showed 36
carbon signals, of which 30 signals coincided with those of the 17a-digitoxigenin a-L
thevetoside moiety of6. Ofthe remaining 6 signals, one carbonyl carbon signal at D207.7, one
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TABLE I. Yields of Polar Cardenolide Glycosides from the Air-Dried Leaves and Fresh Leaves (mg)

Plant materials Biosides Triosides Tetraoside
Date of harvest,

place, weight 1 2 3 5 6 7 8 9 10 4

Air-dried leaves")
Cerbera odollam 35 4 tM t

July, 1986, Singapore, 0.4 kg
Cerbera manghas 120 20 3 10 370 13 28 24 25

March, 1986, Taiwan, 2.7 kg
Fresh leaves

Cerbera odollam 27 38 II
Jan., 1986, Singapore, 1.2 kg

Cerbera manghas 26 180
Feb.~ 1986, Okinawa, 0.75 kg

Cerbera manghas 300 260 5
Aug., 1986, Fukuoka, 1.8 kg

a) Yields of monosides were presented in the preceding paper. II b) "t" means a trace amount.

RO

1: 17a, R=a
4 : 17/3, R=c
5: 17/3, R=b
6 : 17a, R=b
9: 17/3, R=d

2: 17a, R=a
7 : 17(3, R=b
8 : 17a, R=b

10 : 17{3, R=d
........

Me -o40H
6 6 ~I

Glc-Glc-Glc-O OM€'

c

HO 6' 5' O~, ~-
Me OH Me OH

I" 0 3' Z'
OH ~tOMe Glc-O OMe

"""

M-O,}-H

Gtc~Gtc-O~
OMe

a b

Chart

d

primary carbinol carbon signal at b 62.4 and an anomeric carbon signal at b 105.9 suggested
the presence of a hexosulosyl moiety. A doublet at b 5.45 in the proton nuclear magnetic
resonance eH-NMR) spectrum was ascribable to an anomeric proton (H.. }/I). All the protons
due to the hexosulose were assigned by means of 1H_1H COSY experiments. The coupling
constants between H-l" and H-2"', and H-4" and H-5" were 8 and 10Hz, respectively,
suggesting the relation of H-l"/H-2" and H-4"/H-5" to be diaxial in both cases. The
terminal sugar was therefore considered to be {i-D-glucos-3-ulose which is linked to the 4
hydroxyl of t-thevetose, based on the downfieldshift of the C-4 signal of L-thevetose in the
13C-NMR spectrum in comparison with that of 17ct-digitoxigenin «-t-thevetoside."
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TABLE II. I H Chemical Shifts of 1, 2, 3 and 4, D(ppm) from Tetrarnethylsilane
in Pyridine-a, (JIHz in Parentheses)

1 2 3 4

H-18,19 0.85, 1.19 0.99, 1.21 0.72,0.90 0.82, 1.03
H-21 4.82,4.98 4.78,4:93 4.73, 4.83 5.03, 5.31

(dd, 1.8, 1) (dd, 18, 2) (dd, 18, 2) (d, 18)
H-22 6.12 6.10 5.89 6.14

(d, 1) (d,2) (d, 2) (br s)
H-3cx 4.16 4.06 4.09 4.11

(br s) (brs) (br s) (br s)
H-17 3.42 3.26 2.98 2.81

(t, 9) (t, 9) (brd, 7) (dd, 5, 9)
H-l' 5.19 5.17 5.16 5.12

(d,4) (d,4) (d, 4) (d,4)
H-2' 4.00 3.99 4.00

(dd, 9,4) (dd, 9, 4) (dd, 9, 4)
H-3' 4.10 4.09 4.06

(t,9) (t, 9) (t, 9)
H-4' 3.92 3.91 3.90

(t,9) (t, 9) (t, 9)
H-6.' 1.70 1.69 1.67 1.74

(d,6) (d,6) (d. 6) (d,6)
3'-OMe 3.89 3.88 3.94 3.98
H-l" 5.45 5.48 5.35 5.31

(d,8) (d,8) (d,8) (d,8)
Others 4.75 4.74 2.68 5.07,5.08

(H-2", dd, 8, 1) (H-2", dd, 8, 1) (H-9, m) (H-1", H-l ' l1
, d. 8)

4.96 4.97 4.37
(H-4", dd, 10, I) (H-4", dd, 9. 3) (H-6"a, dd, ]2, 5)
3.86 4.43 4.54
(H-5", br d, 10) (H-6"n, dd, 12,4) (H-6"b, dd, 12, 2)
4.43 4.52
(H-6"a, dd, 12,4) (H-6"b, dd, 12, 1)
4.52 3.39
(H-6"b. dd, 12, 2) (H-7cx, d, 5)

Reduction of 1 with NaBH4 afforded two products, of which one product (1-1) was
identical with 6. The other product (1-2) was characterized as the p-D-allopyranosyl-cx-L
thevetoside of 17cx-digitoxigenin by a comparison of the 13C-NMR signals with those of the
known allopyranoside," and all the proton signals of the sugar moieties were continued by
1H_1H COSY experiments.

Compound 2 was isolated in a small amount. The FAB-MS showed the M+-l-Na peak at
m]z 731.325, suggesting 2 to be a dehydro derivative of 7 or 8. The structure was assigned as
17a-tanghinigenin ,B-D-glucos-3-ulosyl-(l4-4)-cx-L-thevetoside on the basis of 1H- and DC_
NMR comparisons with 1, 8, and 17a:-tanghinigenin «-t-thevetoside.

Compound 3 was isolated from the MeOH homogenate of the fresh leaves of C. odollam
as one of the major biosides. The characteristic staining of oleagenin with diluted H2S04

reagent was obtained on a thin layer chromatography (TLC) plate. By 1H- and 13C-NMR
analysis, the aglycone and sugar moieties were identified as oleagenin and f3-D-glucosyl~

(l4-4)-a:-L-thevetose. On enzymic hydrolysis, 3 afforded cerleaside A (oleagenin CX-L
thevetoside) and glucose. Compound 3 is therefore oleagenin f3-D-glucosyl-( I ~4)-CX-L
thevetoside and was named cerleaside B.

Compound 4 was obtained from fresh leaves of C. manghas as the most polar glycoside.
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TABLE III 13C Chemical Shifts of the Polar Cardenolide Glycosides, 1J (ppm)
from Tetramethylsilane in Pyridine-a,

6· 1 2 3 9 4

C-l 30.3 30.3 32.00
) 29.1 0

) 30.2 30.2
C-2 26.8 0

) 26.8l1
) 27.3 26.8b) 26.8l1

) 26.8a)

C-3 73.7 73.8 72.9 73.4 73.6 73.7
C-4 31.0 31.0 32.2a) 30.2 0

) 31.0 31.0
C-5 36.8 36.8 34.1 37.1 36.8 36.8
C-6 27.1 0

) 27.1 0
) 28.2 26.9 b) 27. Ill) 27.1 a)

C-7 21.6 21.6 50.9 24.4 21.5h ) 21.5h)

C-8 41.7 41.7 64.4 47.4c) 41.9 41.9
C-9 36.0 36.0 32.2 45.9 35.8 35.9
C-1O 35.4 35.4 33.9 37.5 35.5 35.5
C-l1 20.6 20.6 20.0 21.3 22.0b> 21.9b)

C-12 31.7 31.7 33.6 43.9 39.9 39.9
C-13 49.4 49.4 51.7 48.8 C

) 50.1 50.1
C-14 85.2 85.2 82.1 221.2 84.6 84.6
C-15 31.0 31.0 32.8 l1

) 42.5 33.2 33.2
C-16 24.9 25.0 26.3 32.2 27.3/} 27.3")
C-17 48.9 48.9 49.0 52.8 51.5 51.5
C-18 18.6 18.5b) 19.5 23.3 16.2 16.2
C-19 23.9 23.4 24.3 26.2 23.9 23.9
C-20 172.8 172.8 171.7 171.8 175.9 175.9
C-21 74.1 74.1 74.0 73.3 73.7 73.6
C-22 116.6 116.6 116.9 116.2 117.6 117.6
C-23 174.1 174.1 174.0 173.7 174.4 174.4
C-l ' 98.5 98.5 98.5 98.5 98.5 98.5
C-2' 73.7 73.8 73.8b) 73.7 73.6 73.7
C-3' 85.3 85.3 85.2 85.2 85.4 85.4
C-4' 81.8 81.9 81.9 81.8 81.4 81.5
C-5' 67.4 67.2 67.2 67.4 67.5 67.6
C-6' 18.6 18.4h) 18.6 18.6 18.7 18.7
3'·OMe 61.0 61.1 61.1 61.0 61.0 60.9
C-l" (l "',1 "") 105.1 105.9 105.9 lOS;} 104.8, 105.6 104.8, 105.5 ( x 2)
C-2" (2''',2'''') 75.8 78.7 78.7 75.7 75.2, 75.5 75.1, 75.2, 75.5
C-3" (3"',3"") 78.3/1) 207.7 207.7 78.3 78.4 (x 2Y) 78.3 (x 3Y)
C-4" (4"',4"") 72.1 73.8 73.7b) 72.1 71.7, 72.1 71.5, 71.6, 72.1
C-5" (5"',5'''') 78.21/) 78.4 78.4 78.2 77.1,78.3") 77.0 (x 2), 78.2c)

C-6" (6"',6"") 63.1 62.4 62.4 63.1 70.8,62.8 70.1, 70.7. 62.8

a-c'} Signal assignments marked a}, b) or c) in each column may be reversed.

The molecular formula was considered to be C4sH76023' based on the M + + Na peak at mjz
1043, suggesting 4 to be a tetraoside. The presence of three hexoses was shown by the
fragment peaks at m]z 857, 695, and 533 together with the (M -1) - peak at m[z 1019 in the
negative FAB-MS. In the IH-NMR spectrum, four anomeric proton signals were observed at
<55.07 (d, J=8Hz), 5.08 (d, J=8Hz), 5.12 (d, J=4Hz), and 5.31 (d, J=8Hz). The signal at
b 5.12 was assigned to L-thevetose. The 13C-NMR spectrum also showed the presence of a
gentiobiosyl-neriifolin (thevetin B) moiety. Since the carbon signals due to the terminal
glucose unit were also observed and the carbon signals at b 70.7 and 70.1 were both assignable
to the glucosylated C-6 of glucose, the linkages between the three glucose units were
determined to be 1~6{3. Finally, 4 was subjected to enzymic partial hydrolysis to yield 5 and
9, and the structure was thus confirmed.

While monosides and biosides of 17Cl-cardenolides were present as the major glycosides
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in air-dried leaves," no biosides or triosides of 17ct-cardenolides were isolated from fresh
leaves, indicating that isomerization at C-17 and deglucosylation had occurred during the air
drying procedure.

It should be noted that glycosides having the hexos-3-ulosyl moiety were seen only as
17ct-digitoxigenin and 17ct-tanghinigenin glycosides in the air-dried leaves. The oxidation of
the 3-hydroxyl group of the terminal glucose in the biosides is thought to occur during the air
drying procedure and appears to prevent further enzymic transformation into monosides.

Whilst cerleaside A occurs in the air-dried leaves of Cerbera odollam, cerleaside B was
obtained as one of the major biosides from the fresh leaves, confirming that oleagenin is one
of the natural cardenolides in Cerbera. This is the first report of the isolation of a cardenolide
tetraoside having a gentiotriosyl moiety. The amount of tanghinigenin glycosides in C.
manghas varied from sample to sample. No glucosyl-cerdollaside was obtained from the fresh
leaves, probably because of its low content.

Experimental

Melting points, optical rotations, IH-NMR, 13C-NMR and MS data were obtained as described in the preceding
paper.' I Column chromatography and TLC were conducted with the following solvent systems: solv. I, CHCI3

MeOH-H20 .(bottom layer); solv. 2, EtOAc-MeOH-H20 (top layer). Spots on the TLC plate were detected by
spraying with diluted H2S04 and heating the plate. High-performance liquid chromatography (HPLC) was run on a
Waters ALC 200 equipped with a Radial Pack CIS column.

Extraction and Isolation of 1 and 2 from the Air-Dried Leaves--Isolation of the monosides from the air-dried
leaves of C. odollam (collected in Singapore, July, 1986) (400 g) and C. manghas (collected in Taiwan, March, 1986)
(2.7 kg) has been described in the preceding paper." After extraction of the monosides with benzene and CHCI3 • the
H20 layer was concentrated in vacuo to half its original volume and extracted with BuOH. The BuOH extractives
were passed through an MCI-gel (Mitsubishi CHP 20P) column and the column was eluted with H20-MeOH,

gradually increasing the MeOH concentration to 100~~. The eluates from 60~~ to 80% MeOH were combined and the
solvent was evaporated ofT in vacuo. The residue was chromatographed on a silica gel column with solv. I (7: 2: 1
7: 3: 1) to isolate biosides (1-8 from C. manghas, 1-7 from C. odollam) and triosides (9 and 10 from C. manghasy
(Table I).

17oc-Digitoxigenin p-D-Glucos-3-ulosyl-(1~4)./X-I.-thevetoside(1) and NaBH4 Reduction of l--A solid. [ct]rl
-93.S'" (c=0.40, MeOH). FAB-MS m]z: 717.347 (Calcd for C36Hs4013+Na, 717.346). A solution of 1 (25mg) in
EtOH (2ml) was stirred at room temperature, and NaBH4- (lOmg) was added portionwise. After being stirred for
20 min, the mixture was diluted with H20 and extracted with BuOH. The BuOH extract was chromatographcd on a
silica gel column with solv. I (7: 2: I) to isolate two products as solids, (1-1, 6 mg; 1-2, 6 mg), In a comparison of the
IH-NMR spectra. all signals of I-I and of 6 were identical. Compound 1-2: [0:];)4 - 88.3" (c:= 0.30, MeOH). 1H-NMR
(S (ppm): 0.86,1.19 (3H, each s, H-18, H-19), 3.42 (lH, t, J=9Hz, H·17), 4.14 (IH, br s, H-3cx), 4.82,4.97 (IH each,
dd, J= 18, I Hz, H-21a. b), 6.12 (tH, d, J= I Hz, H-22), 5.]7 (l H, d, .1=4 Hz, H-I ').3.99 (lB, dd, J=9. 4Hz, H-2'),
4.08 (lH, t, J=9 Hz. H-3'), 3.88 (lH, t, J=9Hz, H·4'), 4.27 (lH, m, H-5'), 1.69 (3H, d, J=6Hz, H-6'), 3.90 (3H, s,
3'.OMe), 5.73 (lH, d. J=8 Hz, H-I "),3.96 (IH, dd, J=8, 3 Hz, H-2"), 4.73 OH, t, J=3Hz, H-3"), 4.21 (lB, dd,
J=3, 9Hz, H-4"), 4.44 (f H, m, H-5"), 4.36 (JH, dd, J=5, I] Hz. H-6"a), 4.49 (lH, dd, J=l, II Hz, H-6"b).

17oc-Tanghinigenin fJ-D-Glucos-3-ulosyl-(1 ~4)-/X-L-thevetoside (2)--A solid, [ct]~7 - 69.5" (c=O.20, MeOH).
FAB·MS mlz: 731.325 (Calcd for C36Hs20 ! 4 +Na, 731.325).

Isolation of 3 from the Fresh Leaves of C. odollam--Fresh leaves (collected in Singapore, Jan., 1986) (1.2 kg)
were homogenized with MeOH. The homogenate was packed in a column and was exhaustively eluted with MeOH.
The total MeOH extract was concentrated in vacuo to 2 I and the deposit was filtered off. The filtrate was diluted with
H20 and extracted with BuOH. The BuOH extract was passed through an Mel gel column and the column was
eluted with H20-MeOH with increasing MeOH concentration. The fractions containing biosides and triosides were
combined and subjected to silica gel column chromatography with solv. I (7: 2: 1-7: 3: 2) and solv. 2 (6: 1 :5
4: I : 3) to isolate 3, 5 and 7 (Table I).

OJeagenin fJ-D-GJucosyl-(1 ~4}.a-L-thevetoside (Cerleaside B) (3) and Enzymic Hydrolysis of 3----Prisms from
MeOH, mp 250-253 "'C, [er:]~4 -30.5(' (c=0.32, MeOH). FAB-MS mlz: 717.346 (Calcd for C36Hs4013 +Na:
717.346). Compound 3 (5 mg) was dissolved in 25% EtOH (2 ml) and shaken with snail digestive juice (acetone-dried
powder) (3 mg) for 5 h at 38 "C. The mixture was then diluted with H20 and extracted with BuOH. The BuOH extract
showed a spot and peak corresponding to cerleaside A on TLC (solv. I (7: 2: l), Rf 0.80) and HPLC (solv. 30%
CH3CN-H20, 1ml/rnin, tR 14.2), .respectively. Glucose was detected from the H20 layer by TLC.

Isolation of 4 from the Fresh Leaves of C. manghas--Fresh leaves of C. manghas, cultivated in the greenhouse
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of Fukuoka University, were harvested in Aug., 1986 (1.8kg), and were homogenized with MeOH. The MeOH
homogenate was filtered and the filtrate was treated in the same manner as described above. Compound 4 (5 mg) was
isolated along with 5 and 9 (Table 1).

Fresh leaves of C. manghas collected in Okinawa in Feb., 1986 (0.75 kg) were homogenized in the same manner
as described above. Compounds 5, 7, and 9 were isolated (Table I).

Digitoxigenin fl-n-Gentiotriosyl-(1-+4)-Gt-L-thevetoside (4) and Enzymic Hydrolysis of 4-A solid, [lX]f,? -25.7°
(c=O. II, MeOH). FAB-MS m]z: 1043 (C48H76023 +Na), negative FAB-MS mlz: 1019(M -1)-,857 (M -Glc-l)-,
695 (857-Glc)-, 533 (695-Glc) -. Compound 4 (2mg) was dissolved in 20~/~ EtOH (I 1111) and shaken with cellulase
(Sigma Chern. Co., Ltd.) (l mg) for 5h at 38 DC. The mixture was diluted with H20 and extracted with BuGH. The
BuOH extract showed two spots identical with 5 and 9 on TLC (solv, 1 (7: 3: 1) RfS; 0.66, 9; 0.23) and HPLC (solv.
30~~ CH3CN-HzO, 1rnl/min, fa 5; 12.2, 9~ 6.3).
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Syntheses and Antihypertensive Activities of 1,4-Dihydropyridine-5-phosphonate
Derivatives. III l

)
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Various 1- and 2-substituted and 1,2-fused 1A-dihydropyridine-S-phosphonate derivatives
were designed and synthesized as analogues of 1,4-dihydropyridine-3,5-dicarboxylate, and their
antihypertensive activities were examined. Several compounds proved to be equal or superior to
nifedipine in lowering blood pressure in normotensive and spontaneously hypertensive rats. Among
these compounds. l-substituted lA-dihydropyridine derivatives showed potent antihypertensive
activities. The structure-activity relationships are discussed.

Keywords-l A-dihydropyridine derivative; phosphonate derivative; 1,2-fused 1A-dihy
dropyridine; calcium antagonist; antihypertensive activity; nifedipine; structure-activity relation
ship

In the previous paper," the authors reported the synthesis of 1,4-dihydropyridine-S
phosphonates (I) and the antihypertensive activities of these compounds, which were expected
to have more prolonged calcium antagonistic activity and better bioavailability than
nifedipine. Among them, methyl 2,6-dimethyl-4-(2-nitrophenyl)..S-(2-oxo-l,3,2-dioxa
phosphorinan-2-yl)-1 A-dihydropyridine-3-earboxylate (0HP-218), which is approximate
ly 7 times more active than nifedipine and has long-lasting antihypertensive activity.i" was
chosen for clinical evaluation.

Recently, various new 1- and 2-substituted lA-dihydropyridines have been reported.
Flordipine4 ) is a first development dihydropyridine compound with a 'substituent on the
nitrogen atom (l-position). It exhibits antihypertensive activity in rats and dogs when given
by the oral route. FR-7534S

) and nilvadipinesu•6
) are dihydropyridine-related compounds

which are substituted in the 2-position with a hydroxymethyl and a cyano group, respectively,
in place of the methyl group of nifedipine. Among them, nilvadipine, which shows long
lasting antihypertensive activity, has been reported to be clinically effective. 2..Amino7) and
1,2-fused derivatives" have also been synthesized and their antihypertensive activity exam
ined. The former was active, but the latter was not.

In this paper, the synthesis and the antihypertensive activities of 1- and 2-substituted and
1,2-fused 1,4-dihydropyridine-5-phosphonate derivatives (II-IV) are described, and the
structure-activity relationships of these compounds are discussed.

Chemistry
1-Substituted-l,4-dihydropyridine-5-phosphonates (II)--The I-substituted-l,4-dihy..

dropyridines (II) listed in Table I were synthesized by the two routes shown in Chart 2. As
described in the previous paper," the l-arylideneacetonylphosphonates 42

) were allowed to
react with the appropriate N-substituted 3-aminocrotonates 3 in 2-propanol under reflux to
afford II in 13-59% yields, except for compound 9 (R 1; NMe2 , 3%; method A). In this case,
the reaction' of 4 with N-isopropyl. (3d) and N-methoxy 3-aminocrotonates (3q) did not afford



4820 Vol. 35 (1987)

nifedip;ne

CF3

Et02C I I COzEt

Me ~ Me"CH
2CH 2N
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3
R 0 1

0- ".....OR-,
~ !J CH=y-P'OR~j
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Me N Me

H

I

Chart 1

method A

R4 NH 2
2 - 2

CH3-y=CHC02R
2

CH3~CH2C02R ...
R1..HN

1 3

Chart 2

II (R4
: iso-Pr, OMe) because of steric hindrance and the absence of the enamine form,

respectively. The N-substituted 3-aminocrotonates 3 were prepared from acetoacetates 1 with
appropriate primary amines 2, by the reported procedure?' (Table II).

Compound II were also prepared by the alkylation of l,4-dihydropyridines (5)1.2) in the
presence of sodium hydride in 13.-56% yields (method B).

2-Substituted-l,4-dihydropyridines III--The 2-substi tuted-l ,4-dihydropyridines (35
37, 39) (R5

: CH20H or C'N) listed in Table III were synthesized through the routes shown in
Chart 3.

The reaction of 4 with methyl 3-amino-4,4-dimethoxylcrotonate (34) in ethanol under
reflux gave 2-dimethylacetal compounds (35a-e) in moderate yields. The deprotection of the
2-dimethylacetal group in the presence of 6N H'Cl in acetone at 0-10 °C afforded 2-formyl
compounds (36a-e) in moderate yields. The reduction of the 2-formyl group with sodium
borohydride in methanol at O°C gave the 2-hydroxymethyl compounds (37a-e) in good



TABLE 1. Physical and Biological Properties of 1,4~Dihydropyridine-5-phosphonates (II) I Z
?

Yield Crystn." Antihypertensive
I t::l

Compd. Rl R2 R3 R4 MethodaJ mp
Formula"

No. (%) (OC) solvent potency"

7 CH2CH 2CHz Me 2-N02 Me A 43 192-193 a C19H23Nz01P 5-6
8 CH2CH2CH2 Me 2-N02 Et A 23 190-191 b C2oH2SN207P 6
9 CH1CH 2CH1 Me 2-N02 Pr A 25 125-126 b C21H21N 207P 5

10 CH1CH2CH1 Me 2-N01 CH1CH=CHz A 39 182-183 b C2 l H 2SN2O,P 5
11 CH2CH2CH2 Me 2-N01 CH2C6Hs A 39 186-187 b C2sH27N207P 4
12 CH2CH1CH2 Me 2-N01 CH2CH1OMe A 23 151-152 b CllH27N20SP 4--5
13 CH1CH2CH1 Me 2-N01 CH10Me B 56 177-178 a C2oH2sN20sP 6
14 CH2CH2CH 2 Me 2-N02 CH20Et B 39 129-131 b C2JH17NZOsP 4
15 CH lCH2CH2 Me 3-N02 NMe1 r>. A 3 194-195 C CZOH16N307P 2
16 CH1CH1CH2 Me 2-CF3 CH1CH2N ° B 13 174-176 d C2sH32F3N206P 3
17 CH2CH2CH2 iso-Bu 2-N02

Et \......../ A 18 190--191 b C23H31N107P 3
18 CH1CH2CH1 CH1CH=;CHz 2-N02 Et A 30 178-180 d CllHz7N107P 3
19 CH2CH1CH2 CH1-<] 2-N02 Et A 35 182-183 d C13H19N207P 3
20 CH1CH1CH 2 CH2CH20CH2C6Hs 2-NOz Et A 59 Oil - C2sH33N1OSpe} 3
21 CH2CH2CHl CH2CHzO Me 2-N02 Et A 26 138-142 b C21H19N208P 3

Me
I

A 43 114--115 b22 CH2CH1CH1 CHzCHzNCH2CoHs 2-NOz Me C28H34N301P 3
23 CH1CH1CH 2 Me 2-CF3 Me A 33 195-196.5 d CloH1JFJNOsP 4-5
24 CH1CH1CH2 Me 2-0CHF2 Me A 21 186--192 b C2oH24F2N06P 3
25 CH2CH2CHz Me 2-CF3 Et A 34 190-191 d ellH 2sF3NOSP S
26 CH2CH2CH2 Me 2-0CHF2 Et A 20 105-108 d C21H16F2N06P 4
27 CH2CH2CH2 Me 3-N02 Et A 5f Oil - C2oH2SN207Pfl 4
28 CH2CH2CH 2 Me 2,3-Cl2 Et A 47 135-136 b C1OH24C12NOsP 3
29 CH2CH=CHz Me 2-N02 Et A 46 Oil - C23H19N107Pg) 2

Me
I

30 CH1CCH2 Me 2-N02 Et A 35 141-142 b CnH19N207P 4
I

Me
31 CH1CH = CH 2 Me 3-N02 Et A 24 Oil - CZ3Hz9N207Phl 3-4

Me
I

32 CH2~CH2 Me 3-N02 Et A 33 153-154 b Cl2H19Nz07P 4-5

Me
33 C02Me

l l Me 2-N02 Me A 8 186-187 b ClsH1ONlO6 3

a) See Experimental. b) Solvent for recrystallization: a, AcOEt; b. AcOEt-ether; c, ether; d, AcOEt-hexane; e, AcOEt-ethanoI. c) All compounds were analyzed for C. Hand N; the
analytical results were within ±O.4':,~ of the calculated values. d) Numbers in the column indicate the following: I, little or no effect at 30mg/kg; 2, effective at 30mg/kg; 3, effective at I ~

lOrng/kg; 4, effective at 3 mg/kg; 5, effective at I mg/kg; 6, effective at 0.3 mg/kg (nifedipine: 6). The effective dose causes 25~'~ lowering of the blood pressure. e) 5/2 H20. f) 2H 2O.
00
tv

g) 1/2H2O. h) 1/4H2O. i) Corresponding 3, 5-dicarboxylate derivatives: dimethyl 1,2,6-trimethyl-4-(2-nitrophenyl)-1,4-dihydropyridin(:-3.5-dicarboxylate.
.....
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TABLE II. 3-(N-Substituted)aminocrotonates (3)

Compd. R2 R4 bp CC, mmHg) Yield
No. or rnp ee) (%)

3a Me Me 63-66 69
3b Me Et 93-96 (10) 62
3c Me Pr 102-107 (8) 79
3d Me iso-Pr 95-96 (9) 38
3e Me CH 2CH=CH2 103-106 (8) 84
3f Me CH2C6Hs . 146-156 (2) 85
3g Me CH2CH2OMe 100-102 (I) 80
3h Me NMe2 80 (10) 77
3i iso-Bu Et 103-107 (2) 70
3j CH:zCH=CH2 Et 100-102 (5) 76
3k CHz-<J Et 107-108 (7) 85
3m CH:zCH:zOCH:zC6Hs Et 169-171 (0.6) 75
3n CH1CHzOMe Et 112-115 (2) 59
3p CH1CH:zNCH1C6Hs Et 166-168 (0.6) 48

1
Me

3q Me OMe 77-79 (20) 76

a.b) See ref. 9a and 9b, respectively.

Vol. 35 (1987)

Lit. bp ce, mmHg)
or mp cae) (Yield)

65-67 (52%)")
108 (18) (57%t)
120-121 (20) (73%)0)

75-78 (12) (-%t)

4

MeCN

R3

2-N02
2-CF3
3-N02

R'
a: CH 2CH2CH 2
b : CH 2CH2CH 2
c : CH 2CH=CHZ

MeO CO-~.....:ORll_J NaBH4/MeOH M0 C o-;:OR1
1-,\

2 Op OR ••" -------I....... e 2 Op....OR . ..'

OHC N Me HOH 2C N Me
H H

36a-c (III) 37a-c

AcONa

MeOzC

HON=CH

R

3 g:R

3

o ORt 0 ORL
~/ 1.... ,l\ ...

.....OR _..._)C_D_I_---il..._Meo2c I I r':::OR1_)

NC N Me
H

(III) 39a-c

Chart 3

yields, but for 37a a temperature of - 10°C was employed.
Next, the 2-cyano compounds (39a-c) were obtained by the dehydration of 2-aldoxime

compounds (38a-e), which were obtained from the 2-formyl compounds (36a-c) by
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TABLE III. Physical and Biological Properties of 1,4-Dihydropyridine-5-phosphonates (III)

Compd. Yield Crystn."
Antihyper-

R 1 R1 R3 RS mp tensive
No. (%) (OC) solvent Formulab)

po tenet')

35a CH1CH1CH1 Me 2-NOz CH(OMeh 31 118-123 a CzoHlsN:zOgPd)
35b CH1CH1CHz Me 2-CF3 CH(OMe)z 45 Oil C21HzsF3N06Pl.')
35c CH1CH=CHz Me 3-NOz CH(OMe)z 63 Oil g}

36a CH1CH1CH1 Me 2-N01 CHO 23 135-136 a ClsH19N:zOsP
36b CH1CH1CH1 Me 2-CF3 CHO 82 Oil g)

36c CH1CH=CH1 Me 3-N01 CHO 53 Oil g)

37a CH1CH1CH1 Me 2-N02 CH20H 72 170-171 b C lllHz1N20sP 3
37b CH1CH2CHz Me 2-CF3 CH10H 60 fJ C19H1IF3N06P 3
37c CH1CH=CHz Me 3-N01 CHzOH 90 Oil C21H2sN20sP 3
39a CH1CH1CH2 Me 2-NOz CN 53 228-229 c ClsHISN307P 5
39b CH1CH1CH1 Me 2-CF3 CN 69 188-189 d CJ9H1SF3NzOsP 5
39c CH1CH=CHz Me 3-N01 CN 93 fJ C21Hz2N307P 2
41a CH1CH1CHz Et 2-NOz NH z 44 240-241 e C18H12N307P 2

(dec.)
41b CH2CH2CHz Et 2-CF3 NHz 33 246-247 a C19H1ZF3NzOsP 4
41c CH1CH=CH1 Et 3-NOz NHz 40 129-130 a C21H26N3°7P 3

(dec.) 'HCl
41d CH1CH=CHz Et 2-CF3 NH1 35 126-127 a C21H16F3NZOSPd) 2

(dec.) ·HCl

a-c) See footnotes b to d in Table I. d) Ij2H;lO. e) H20. J) Noncrystalline powder. g) These compounds were not
analyzed because each was an unstable oil.

0p....OR1' ... '
'-DR.""

Me

9"oRL ..
Et02C P"OR~)

... HN I NI Me
2 H

(III) 41a-d (41A)

R' R3

a: CH2CH2CH2 2-N02
b: CH2CH2CH2 2-CF3
c: CH 2CH=CH2 3-N02
d: CH2CH=CH2 2-CF3

4

40

Chart 4

treatment with hydroxylamine hydrochloride in the presence of sodium acetate in quantitative
yields; the dehydration of 38a---c proceeded in good yields.

The 2-amino-I,4-dihydropyridines (41a-d) (R5
: NH 2) were synthesized through the

route shown in Chart 4. The condensation of4 with ethyl amidinoacetate hydrochloride (40) in
ethanol under reflux gave the 2-amino compounds (41a-d) in 33-44% yields. The 2-amino
compounds are presumed to exist as a tautomers (41A, B) from their proton nuclear magnetic
resonance eH-NMR) spectra, like the corresponding 3,5-dicarboxylate derivatives?' (Chart
4), and were slightly unstable.
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Chart 5

TABLE IV. Physical and Biological Properties of I,4-Dihyd.ropyridine·5-phosphonates (IV)

Compd.
No.

x mp
eC)

Crystn."
solvent

Formula")
Antihyper

tensive
potency)

44 CH2CH2CH2 Me 2-N02 CH z 66 220-223 b CZOH23N207P
45 Me Me 3-N02 CH z 51 156-157 b C19H23N207P
46 CH 2CH=CH2 Me 3-N02 CH z 80 Oil C23H27N207P
47 CH 2CH zCHz Me 2-N02 CH z 2 21 206-209 a C21HzsN20 7P
48 Me Me 3-N02 CHz 2 44 97-99 c C2oH2SN207P
49 CH2CH==CHz Me 3-NOz CHz 2 53 71-74 c CZ4H29N207P
50 CH 2CH2CH2 Me 2-CF3 CHz 1 45 190-192 b C21 H23F3NOsP
51 CH 2CH2CHz Me 2-CF3 CHz 2 45 230-231 b CZZH2SF3NOsP
52 CH2CH2CHz Et 2-NOz ° 38 250-252 a CZOH23NzOsP

a-c) See footnotes b to d in Table I.

1,2-Fused 1,4-Dihydropyridines (IV)--The 1,2-fused 1,4-dihydropyridines (IV) listed in
Table IV were synthesized through the route shown in Chart 5. The condensation of 4 with
cyclic enaminoesters (42, 43) in MeCN under reflux gave the 1,2-fused 1,4-dihydropyridines
(44-52) in 21-80% yields.

Pharmacology
The compounds listed in Tables I, III and IV were examined for antihypertensive

activity. Blood pressure was measured in unanesthetized rats with normal blood pressure
(normotensive rats) and spontaneously hypertensive rats (SHR). Male normotensive Wistar
rats weighing 310-450 g (18 weeks or older) were placed in a supine position under ether
anesthesia and a polyethylene catheter filled with heparinized saline was inserted into the
femoral artery and connected with a pressure transducer (Nihon Kohden MPU-0.5). Blood
pressure measurements were started under restraint after the rats had recovered from
anesthesia, and blood pressure levels were recorded continuously on a potentiometric
recorder (Tea EPR-IOA or EPR) via a preamplifier (Nihon Kohden AP-621G). After the
blood pressure had become stable, the test compounds (prepared as suspensions in 0.5%
methylcellulose (Me) solution) were administered orally at various doses (0.3, 1, 3, 10, or
30mg/kg).

Some of the compounds with potent antihypertensive activity in normotensive rats were
tested for antihypertensive activity in SHR. Male SHR weighing 280-300 g were purchased
at the age of 15 weeks and housed in our laboratory. Systolic blood pressure was measured by
the tail cuff plethysmographic method under mild restraint with a programmable sphygmo
manometer (PS-802; Riken Kaihatsu). Before blood pressure measurements, rats were placed
in a warm box at 35-37°C for 10min. The test compounds were administered orally as
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described above. The dose (in mg/kg) which produced a 30% drop in blood pressure was
calculated from the regression line as the ED30 value (Table VI).

Results and Discussion

The antihypertensive activities of the new l,4-dihydropyridines (II-IV) are shown in
Tables I, III and IV.

It is generally known that in IA-dihydropyridine-3,5-dicarboxylate derivatives, a sub
stituent at the I-position causes a decrease of the activity,':" though flordipine is a potent
antihypertensive agent. However, compounds II in our present study showed antihypertensive
activity comparable to that ·of riifedipine.l!' Thus, we suspected that the size of the 1
substituent influences the antihypertensive activity, and the activities are assumed to decrease
in the following order: (R4); ethyl, methoxymethyl, methyl, propyl, allyl, 2-methoxyethyl,
ethoxymethyl, benzyl, 2-morpholinoethyI, dimethylamino. Compound 16 with a 2-morpholi
noethyl group as a phosphonate analogue of flordipine showed disappointingly low activity.
The l-methyl compound (7) exhibited activity about 20 times that of the corresponding 3, 5
dicarboxylate compound (33).

As regards the 2-substituted-l,4-dihydropyridines (III), compounds 39a and 39b with a
2-CN substituent were the most active. Those with 2-CH2 0 H and 2-NHz substituents were
moderately active. The 5-diallyl phosphonate compounds (39c, 41d) were less active than the
5-cyclic phosphonates (39a, 39b, 41a).

The 1,2-fused l,4-dihydropyridines (IV), which were cyclized at the 1 and 2 positions of
strongly active II (8, 9), were expected to be as active as the 1- and 2-substituted-IA
dihydropyridines (II), but~ contrary to expectation, they were all (44-52) inactive.

Next, the active l,4-dihydropyridines (II and III) listed in Tables I and III were examined
for antihypertensive activity in unanesthetized SHR. Among them, the seven compounds
listed in Table V showed activities equal or superior to that ofnifedipine. The antihypertensive
activities of the most active compound (7) was approximately four times that of nifedipine

TABLE V. Antihypertensive Activity of the Active Compounds (II. III).
DHP-21H, and Nifedipine in SHR

Compd. ED 30
/I)

No.
R2 R3 R4 R5

(rug/kg)
ReI. potency")

7 Me 2-N02 Me Me 0.4 3.8
8 Me 2-NO z Et Me 0.6 2.5

13 Me 2-N01 CHzOMe Me 1.0 1.5
37a Me 2-NO z H CHzOH 2.3 0.7
39a Me 2-NO z H CN 1.1 1.4
39b Me 2-CF3 H CN 1.6 0.9
41a Et 2-NO z H NHz 0.9 1.7

DHP-218 Me 2-N02 H Me 0.2 7.5
Nifedipine 1.5 1.0

a) See Pharmacology in the text. b) Potency relative to that of nifedipine.
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Fig. 1. Antihypertensive Activities of 7.8,.13. 37a, 39a. and 41a in SHR (1 mg/kg.
p.o.)

A: -, control; -_•• -~-, 7; --e--, 8; --....--. 13.
B: -, control; --.--, 37a; --e--, 39a; --....-. 41a.

and one-half that of DHP-218.
In general, the l-substituted compounds had a strong and long-lasting antihypertensive

activity, but the 2~substituted compounds showed a milder and longer-lasting activity than
that of II (Fig. 1). However, none of them was more active than DHP-218.

Experimental

Melting points were determined with a Biichi melting point apparatus and are uncorrected. Infrared (IR) spectra
were measured on a Hitachi IR-2l5 spectrophotometer. IH~NMR spectra were recorded on a Varian YX-200
·spectrometer in deuterochloroform solution. Chemical shifts are given in 5 (ppm) with tetramethylsilane as an
internal standard. The following abbreviations are used: s=singlet. d=doublet, t=triplet, q = quartet. m-e muitiplet,
br= broad. Mass spectra (MS) were measured on a Hitachi RMU-6M instrument. Column chromatography was
performed on Wake-gel C-200.

General Procedure for N~Substituted-3-aminocrotonates (3)--The appropriate primary amine (2) (0.6 mol) was
added dropwise to a stirred solution of an acetoacetate (1. 0.5mol) in water (40 ml) (or benzene, 80 ml) at 0-5 ClC.
After 18h at room temperature with stirring, the reaction mixture was extracted with AcOEt (2 x 200 ml) and dried
(MgS04 ) . and the solvent was removed in vacuo. The residue was distilled to give the corresponding 3 in good yield
(Table II).

General Procedure for f-Substituted-Ld-dthydrepyrldines (11)-.-Method A: A solution of 3 (7.7 mmol) and 42
)

(7 mmol) in dry MeCN (20 ml) was refluxed for 10-24 h with continuous removal of water by a Soxhlet extractor
with a dehydrating agent (activated CaS04 ) . The MeCN solution was concentrated to dryness and the residue
obtained was subjected to chromatography on silica gel with hexane-AcOEt as an eluent to give II in 3-59% yield as
an oil or crystals. The crystals were recrystallized from appropriate solvents.

Typical examples are given below.
Method A: Methyl l-Ethyl-2,6-dirnethyJ-4-(2-nitrophenyJ)-S-(2-oxo-l,3,2-dioxaphosphorinan~2-yl)-1,4-dihydro

pyridine-3-carboxylate (8)-Treatment of methyl 3-ethylaminocrotonate (3b, 0.87 g. 7.7 mmol) and 4 (R I =
CHzCHzCHz• R3=2~N02' 2.18 g, 7.7mmol) according to the general method gave 8 (0.85 g, 23%) as yellow crystals,
mp 190-191 °C (from ether-AcOEt). Anal. Calcd for CzoHzsN207P: C, 54.80; H, 5.89; N, 6.48. Found: C. 55.05; H,
5.77; N. 6.42. MS mjz (%): 436 (M+, 13.1),419 (100). IR (KBr): 1700, 1640, 1530, ]245 em -1. lH~NMR: 1.26 (3H. t,
J=8Hz, CH1Cth), 1.62-1.80 (lH, m, ~CH). 2.32-2.55 (IH, m, ;CH). 2.37 (3H, St 2-CH3) , 2.64 (3H, d, Jp - H =
4Hz. 6-CH 3») 3.65 (3H, s, C02CH~), 3.77 (2H. q, J=8 Hz, CthCH3) . 3.93-4.68 (4H, m, 2 x OCH2) , 5.55 (lH, d,
Jp - H = 12Hz, C4-H), 7.20-7.32 (lH, rn, ArH), 7.36-7.46 (2H, m, ArH). 7.66 (IH. d, J=8 Hz, ArH).

Method B: Methyl I-Methoxymethyl-2,6-dimethyl":'4-(2-nitrophenyl)~5-(2-oxo-1,3,2~djoxaphosphorinan~2-yl)

1,4-dihydropyridine-3-carboxylate (13)--A solution of methyl 2,6-dimethyl~4-(2-nitrophenyl)-5-(2~oxo-l,3.2

dioxaphosphorinan-Z-ylj-I ,4-dihydropyridine-3-carboxylate2l (2.45 g, 6 mmol) in dry N,N-dimethylformamide
(DMF, 15ml) was added to a stirred solution of sodium hydride (0.317mg, 50% dispersion in oil, 6.6mmol) in dry
tetrahydrofuran (THF. 15 ml) at room temperature. After 1h, methoxymethyl chloride (0.531 g, 6.6 mmol) was added
to the reaction mixture at - 15 ClC, and then the reaction mixture was stirred for 16 h. After removal of the solvent, the
residue was chromatographed on silica gel with AcOEt-h~xane as an eluent to afford 13 (1.50 g, 56%) as yellow
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crystals. mp 177-178 DC (from AcOEt). Anal. Calcd for C2oH2SN20gP: C. 53.10; H, 5.57; N, 6.19. Found: C, 53.34;
H, 5.73; N, 6.24. MS mlz (%): 452 (M+, 17.5),435 (100). IR (KBr): 1695, 1530, 1350cm- 1• IH-NMR: 1.60-1.82
(IH, m, ;CH), 2.28-2.54 (IH, m, ~CH), 2.39 (3H, s, 2-CH3) , 2.65 (3H. e, Jp _ H = 2.5 Hz, 6-CH3 ), 3.36(3H, s, OCH3),
3.65 (3H, s, C02CH3), 3.90-4.~6 (4H, m, 2 xOCH2),4.82 (2H, s, l-CH20), 5.52 (IH, d, Jp- u=12Hz. C4-H), 7.20
7.30 (lH, m, ArH), 7.34-7.48 (2H, m, ArH), 7.66 (IH, d. J= 8Hz, ArH).

Compounds (14 and 16) were also prepared by method B.
Methyl 3-Amin0-4A-dimethoxy-2-butenoate (34)--NH3 gas was bubbled through an ice-cooled methanolic

(15 ml) solution of methyl 4.4-dimethoxy-3-oxobutanoate (8.74 g, 0.05 mol), which was prepared by the method of
Royals and Robinson.V' in an ice-bath. After 20 h, the reaction mixture was concentrated in vacuo and the residue
was distilled to afford 34 (7.43 g. 85%), bp 95-96 DC (5mmHg). IR (film): 3430, 3320, 1670, 1625, 1560, 1275em -I.

IH-NMR: 3.35 (6H, s, 2 x OCH3), 3.66 (3H, s, C02CB3), 4.79 (2H, s, ::CH- and =CH-), 5.70-7.50 (2H, br, NH 2).
Methyl 2-Dimethoxymethyl-6-methyl-4-(2-nitrophenyl)-5-(2-oxo-l,3,2-dioxaphosphorinan-2-yl)-1,4-dihydropy

ridine-3-carboxylate (35a)--A solution of 4 (R1= CHzCH2CH2 , R3 = 2-N02 , 9.3 g, 0.03 mol) and 34 (5.3 g.
0.03 mol) in MeCN (45 ml) was refluxed with stirring for 36 h. After removal of the solvent, the residue was
chromatographed on silica gel with AcOEt-hexane as an eluent to afford 35a (5.78g, 41~~). which was recrystallized
from ether-AcOEt (4.90 g, 35%), mp 174-175.5 DC. Anal. Calcd for C2oH2SN209P: C, 51.29; H, 5.38; N, 5.98.
Found: C. 51.14; H, 5.33; N, 5.93. MS mjz (%): 468 (M+. 20.5)~ 41'9 (iOO). IR (KBr): 3350. 3220,3100, 1695,1650.
1530, 1360cm- l

• IH-NMR: 1.60-1.77 (IH. m, ~CH). 2.37-2.62 (IR, m, ::CH), 2.50 (3H. d. J p _ H == 2 Hz, 6MCH3).
3.33 (3H, s. OCH3 ) , 3.46 (3H, s, OCH 3 ) , 3.62 (3H, s, C02CH3 ) , 3.83-4.05 (l H, m), 4.22-4.70 (3R. m, 2 x OCH2 ) .

5.65 (IH, d, Jp - H=10Hz, C4MH), 5.95 (IH, s, 2-CH~), 6.90 (lH. d. J p _ H = 5 Hz, NH), 7.22-7.34 (lH. m, ArH),
7.42-7.60 (2H. m, ArH), 7.72 (IH. dd, J= 1,8 Hz, ArH).

The other dimethoxyacetal compounds 35b (RI : -(CH2) 3- , R3: 2-CF3 ) . and 35c (R I : CH2CH=CH2, R3: 3-N02)
were prepared in the same way. Because compound 35c was obtained as an unstable oil, it was not analyzed.

Methyl 2-Formyl-6-methyl-4-(2-nitrophenyl)-5-(2-oxo-],3,2-dioxaphosphorinan-2-yl)-1,4-dihydropyridine-3-car
boxylate (36a)--A solution of 35a (3.04 g. 6.5mmol) and 6 N HCl (2 ml) in acetone (30ml) was kept in a refrigerator
for 4d. The reaction mixture was neutralized with NaHC03 and concentrated at room temperature in vacuo. The
residue was poured into ice-water and extracted with CHCI3 (3 x 20 ml), then the extract was washed with water,
dried (MgS04) and concentrated to dryness. The residue obtained was chromatographed on silica gel with AcOEt
hexane as an eluent to give 38 (1.40 g, 51%) as yellowcrystals. mp 135-136 °C (from ether-AcOEt). Anal. Calcd for
ClsHI9N20BP: C, 51.19; H, 4.53; N, 6.63. Found: C, 51.32; H, 4.50; N, 6.68. MS m]z tYa): 422 (M+, 15).268 (IOO).lR
(KBr): 3360, 3080,1695,1640,1530, i370cm- 1

• IH-NMR: 1.70-1.78 (lH. m, ;CH), 2.3~-2.60 (lH, m, ;CH),2.55
(3H, d, J p _ t1 = 2 Hz, 6-CH3) , 3.73 (3H, s, COZCH3) , 3.85--4.08 (lH, m), 4.20-4.70 (3H, m, 2 x OCH2 ) . 5.75 (tH, d,
Jp - n=10Hz, C4~H), 7.09 (IH, d, J p _ H = 5 Hz. NH), 7.26-7.56 (3H, m, ArH), 7.79 (IH,d. J=8Hz. ArH), 10.34 (lH,
s, CHO). The other formyl compounds 36b (R1: -(CH2) 3- ' R3

: 2-CF3) and 36c (R1
: CH 2CH;::;CH2• R3

: 3-N02) were
prepared in the same way, but each compound was obtained as an unstable oil which was not analyzed.

MethyI2-Hydroxymethyl-6-methy1-4-(2-nitrophenyl)-5-(2-oxo-l,3,2-dioxaphosphorinan-2-yl)-1,4-dihydropyridine
3-carboxyJate (37a)--NaBH4 (38 mg. O.996mmol) was added to a stirred solution of the formyl compound 36a
(350mg, 0.83 mmol) in methanol (6 ml) at -10 "C. After being stirred for 1h at 10"C, the mixture was neutralized
with aqueous HCI and concentrated at 30 DC in vacuo. The residue was extracted with CHCl3 (2 x 15ml), The CHCI3

layer was washed with water and dried (MgS04) . The solvent was removed and the residue was chromatographed on
silica gel with AcOEt-hexane as an eluent to give 37a (305 mg, 86.6%) as yellow crystals, which were recrystallized
from AcOEt to gave 37a (253 mg, 71.9%), mp 170-171 -c. Anal. Calcd for ClsH21N20SP: C, 50.95; H, 4.99; N, 6.60.
Found: C, 50.80; H, 4.97; N, 6.51. MS mlz (%): 424 (M +,3.5).31 (l00). IR (KBr): 3350.3200, 1700. 1635, 1530cm -1.

IH-NMR: 1.58-1.91 (IH, m, ~CH), 2.32-2.58 (lH, rn, ~CH), 2.42 (3R, d. Jp _ u = 2.5 Hz, 6~CH3)' 3.57 (3H, 5,

C02CH3) , 3.83-4.66 (4H, m, 2xOCH2). 4.56 and 4.84 (2H, each d, J= 16Hz, 2~CIj20H), 5.62, (IH, d, Jp - H=
10Hz, C4-H), 7.22-7.33 (lH. m, ArH), 7.42-7.65 (3H, m, ArH+NH), 7.7] (IH, d. J=8Hz, ArH).

Methyl 2-(Hydroxyimino)methyl-6-mcthyl-4-(2-nitrophenyJ)-S-(2-oxo-1,3,2-dioxaphosphorinan-2-yl)-1,4-dihydro
pyridine-3-carboxylate (38a)--Hydroxylamine hydrochloride (177mg, 1.2eq) was added to a stirred solution of36a
(0.90 g) in methanol (5 ml) at room temperature, followed by addition of AcONa (221 mg) in water (l ml). After being
stirred for 2h. the mixture was concentrated at 30°C in vacuo. The residue was extracted with CHCI3 • The CHCl3

layer was washed with aqueous NaHC03• and water, and dried (MgSOa.)' The solvent was removed to give the crude
oil 38a (O.92g, a quantitative yield). IH-NMR: 1.67-1.98 (lH, m, ~CH). 2.21-2.70 (IH, m, ~CH), 2.43 (3H, d.
Jp _ H = 2 Hz, 6-CH3)~ 3.60 (3H, s, C02CH3) . 4.07-4.72 (4H, m, 2 x OCH2). 5.65 (lH. d, Jp_u=lOHz, C4-H), 7.02
7.80 (5H. m, ArH+NH), 8.69 (lH, 5, 2-CH=), 10.4-10.8 (lB. br. NOH).

Methy I 2-Cyano-6-methy1-4-(2-nitrophenyI)-S-(2-oxo-1 ,3,2-dioxaphosphorinan-Z-yl)-1,4-dihydropyridine-3
carboxylate (39a)--A solution of the above 38a (0.90g) and COl (1.0 g, 3 eq) in CH2CI2 (15 mI) was refluxed with
stirring for 2 d. When the reaction mixture was washed with aqueous HCI, the product crystallized out of the solution.
The precipitated crystals were collected by filtration and washed with water to give 39a (0.557 g. 64.7%). which was
recrystallized from AcOEt-methanol to yield 39a as yellow crystals (0.460 g. 53.3%), mp 228-229 "C. Anal. Calcd for
ClsHISN307P: C. 51.56; H, 4.33; N, 10.02:Found: C, 51.18~ H, 4.55; N, 10.03. MS mlz (%): 419 (M +, 1.3),265 (100).
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IR (KBr): 3250,3180,3080,2230, 1715, 1635, l530cm- 1
• 1H-NMR (CD30D): 1.74-.1.95 (lH, m, ~CH), 2.13-2.32

(lH,m, :CH), 2.37 (3H, d, Jp _ H = 2.5 Hz, 6-CH3 ) , 3.65 (3H, 5, COZCH3), 3.93-4.59 (4H, m, 2 x OCH2) , 5.67 (lH, d,
Jp - H= 10Hz, C4 "H ), 7.36-7.47 (lH. rn, ArH), 7.50-7.68 (2H, m, ArH), 7.79 (lH. dd, J= 1, 8Hz, ArH).

Ethyl 2-Amino-6-methy1-4-(2-nitropheny1)-5-(2-0xo-I ~3~2-dioxaphosphorinan-2-yl)-l ~4-dihydropyridine-3
carboxylate (4Ia}--A solution of 4 (R1 =CH2CH2CH2, R3=2-N0

2, 1.55g, 5mmol) and ethyl amidinoacetate
hydrochloride'F' (0.833 g, 5 mmol) in absolute ethanol (15 ml) was added to a solution of sodium ethoxide (10 mmol)
in absolute ethanol (6 ml). The mixture was refluxed with stirring for 6 h. After removal of the solvent, the residue was
subjected to chromatography on silica gel with AcOEt-methanol (1: 20) as an eluent to give 41a (0.921 g. 44%) as
yellow crystals, mp 240-241 GC (AcOEt-ethanol). Anal. Calcd for ClsH22N30,P: C, 51.07; H, 5.24; N, 9.93. Found:
C, 51.05; H, 5.35; N, 10.02. IR (KBr): 3450. 3220,1675,1650, 1530cm- 1

• IH-NMR: 41A [1.16 (3H, t, J=8Hz,
CH2Cth ), 1.40-2.00 (2H, m, :::CH2) . 2.25 (3H. d, Jl>-H = 2.5 Hz, 6-CH3) , 3.80-4.64 (6H, m, 2 x OCH2 +Ctl2CH3)'
5.58 (lH.d, J r - H = 10Hz, C4-H), 6.58 (2H, br s, NH2 ) , 7.12-7.29 rur, m, ArH), 7.40-7.55 (2H, m, ArH), 7.71 (IH,
d, J=8 Hz, ArH), 8.34 (l H, br, NH)] and 418 [1.28 (3H. t, J=8 Hz. CH 2Cth ), 2.55 (3H, d, Jp _ H = 2.5 Hz, 6-CH3).
5.05 (lH, br d, Jp - li= 10Hz, C4-H), 7.55-7.66 (2H, m, ArH), 7.91 (JR, d, J=8 Hz, ArH)J. The 1H-NMR spectrum
of this compound in CDCl3 indicated that the ratio of 41A: 41B was 3: 1, but when DzO was added, the IH_
NMR spectrum showed only 41A (DzO). Compound 41b also showed the same IH-NMR spectrum. However,
the 1H-NMR spectra of 41 hydrochlorides (41c, d) indicated the presence of the 41B form. These results sug
gest that compound 41 exists as tautomers (41A and 41B), as shown in Chart 4.

Methyl 5-Methyl..7-(2-nitropheny1)-6-(2-oxo-1 ~3,2~dioxaphosphorinan-2-yl)-1 ~2~3,7-tetrahydroindoiizine-8
carboxylate (44)--A solution of 4 (R 1 =CHzCH2CH2 , R3=2-NOz, 2.0g, 6.43mmo1) and methyl ex-(tetrahydro-2
pyrrolidinylidenejacetate'P' (l.0 g, 7.07mmol) in MeCN (15ml) was refiuxed with stirring for 10h. The precipitate
was collected by filtration, and the crystals (2.04 g) obtained were recrystallized from iso-Pr20-AcOEt to give 44
(1.85 g, 66~·~) as yellow crystals, mp 220-223 DC. Anal. Calcd for C2oH23Nz O,P: C, 55.30; H, 5.34; N, 6.45. Found:
C, 55.30; H. 5.29; N; 6.48. MS miz (~~): 434 (M+, 12.4),417 (100). IR (KBr): 1695, 1620, 1570. 1360cm- 1

• IH-NMR:
1.60-1.74 (lH, In, ;CH), 1.84-2.20 (2H, m, C2-H2) . 2.40-2.60 (lH, m, :CH), 2.62 (3H, d, Jp - H =2 Hz, 5-CH3) .

2.79-2.98 and 3.14-3.30 (2B. m, C1-H2) . 3.58 (3H, s, C02CH3 ) . 3.58-3.70 and 3.80-3.92 (2H, m, C3-Hz), 3.94
4.70 (4H, m, 2 x OCH 2) , 5.66 (lH, d, Jp - H =10Hz, C7-H), 7.20-7.30 (IH, m, ArH), 7.40-7.50 (2H, m, ArH),
7.68-7.72 (tH, m, ArH).
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Eight kinds of 5-substituted l-fJ-D-arabinofuranosyluracii 5 '-triphosphates «E)-(3-nitrostyryl)
(6), (E)-(3-aminostyryl) (9), (E)-(4-nitrostyryl) (7), (E)-(4-aminostyryl) (10), (E)-styryl (8), phen
ethyl (11), (RS)-(3-azido-2-hydroxypropyl) (17), and (RS)-(3-amino-2-hydroxypropyl) (18) de
rivatives) were synthesized. Among these analogs, araUTPs bearing strongly hydrophobic styryl
groups at the 5-position (6-10) were shown to have selective and strong inhibitory action on
deoxyribonucleic acid (DNA) polymerase a purified from cherry salmon (Oncorhynchus masoui
testes. The 5-azidopropyl derivative (17) also inhibited this polymerase. The compounds with a
nitro and an amino group on the 5-styryl substituent showed essentially the same activity. but the 5
phenethyl derivative (11) and the 5-aminopropyl derivative (18) showed greatly reduced inhibitory
action. On the other hand, in the case of DNA polymerase f3, all the analogs showed similar
inhibitory effects. The inftuence of hydrophobic and steric effects ofsubstituents at the 5~positjon of
araUTP on DNA polymerases ex and fJ arc discussed.

Keywords-5-(Ej-styryl aratl'I'P; DNA polymerase a; DNA polymerase p; hydrophobic
effect; cherry salmon testes
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At least three species of deoxyribonucleic acid (DNA)-dependent DNA polymerase,
termed a, [3, and 1',2) exist in eukaryotic tissues or cells. These polymerases, as well as viral
DNA polymerases, have been purified from several sources, and their properties have been
examined. To obtain information about the precise roles of these polymerases in vivo, species
specific inhibitors would be useful tools. For example, aphidicolin (which specifically inhibits
DNA polymerase a) and 2',3'-dideoxythymidine 5'-triphosphate (which shows preferential
inhibitory action on DNA polymerase fJ and I') are available.' -5) However, their specificity in
vivo is not satisfactory. Thus, we have been searching for new classes of nucleotide analogs
which act more efficiently and more selectively on various DNA polymerases. These com
pounds might also be potential antitumor or antiviral agents.

Arabinofuranosyl nucleotides (e.g., araTTP) inhibit DNA polymerase IX more than p.6,7)

Recently we reported that 2' -azido-2'-deoxy araATP showed a more selective inhibitory effect
than araATP, but its amino counterparts inhibited both polymerases to similar extent." We
also previously found that a hydrophobic group at the 5-position of araUTP could increase
the affinity of the analog for DNA polymerase lX, based on experiments using several araUTPs
modified at the 5-position with alkyl chains." Concerning hydrophobic effects in the purine
series, 2-(p-n-butylanilino)-6-substituted purine nucleotides were found to have strong
affinities for DNA polymerase a. t O

)

On the other hand, DeClercq et al. reported that 2'-deoxyUMPs modified with strongly
hydrophobic styryl groups at the 5-position showed remarkable inhibitory effects on
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eukaryotic thymidylate synthase:11) Thus, we have synthesized several 5-(substituted)styryl
araUTPs and related compounds, and examined their inhibitory effects on DNA polymerases
C( and Ppurified from developing cherry salmon (Oncorhynchus masou) testes.

Synthesis
Many procedures for: the introduction of substituents at the 5-position of a uracil ring

have been reported. The method with palladium as a catalyst is very convenient.V' and Bigge
et al. used it to synthesize various 5-styryl-2'-deoxyuridines and 5'-monophosphate de
rivatives.':" We applied this method for the present synthetic study (Chart 1).

1-,B-n-Arabinofuranosyluraci114
) (1) was lead to the 5-chlorometcuri derivative (2) by

treatment with mercuric acetate and sodium chloride.P' and then 3-nitrostyrene, 4-nitro
styrene, or styrene itself was reacted in the presence of palladium as a catalyst in methanol.
1-{3-D-Arabinofuranosyl-5-(E)-(3-nitrostyryl)uracil (3), l-p-D-arabinofuranosyl-5-(E)-(4-.
nitrostyryl)uracil (4), and 1-,B-n-arabinofuranosyl-5-(E)-styryluracil (5) were obtained in
yields of .22%, 19%, and 49%, respectively. The proton nuclear magnetic resonance eH
NMR) spectra of these nucleosides showed that the coupling constants (1) of the vinyl
moieties of all styryl groups at the 5-position were in the range of 16.1-16.6 Hz, indicating
that the all styryl substituents were "trans," as reported by Bigge et al.13

) All the synthesized
nucleosides were converted to the corresponding 5'-monophosphates by phosphorylation
with phosphoryl chloride in triethyl phosphate. 16) Further phosphorylation to the 5'
triphosphate derivatives was performed by the phosphoroimidazolidate method'?' with some
modifications.l " In all cases, total yields of phosphorylationfrom nucleoside were about 50%.
The nitro groups of 5..(E)-(3-nitrostyryl) araUTP (6) and 5-(E)-(4-n~trostyryl) araUTP (7)
were reduced with hydrazine hydrate in the presence of a catalytic amount of Raney Ni (W
2),13) giving 5-(E)-(3-aminostyryl) araUTP (9) and 5-(E)-(4-aminostyryl) araUTP (10) in 78%
and 83% yields, respectively. The vinyl group of 5-(E)-styryl araUTP (8) was reduced under
I atm pressure of hydrogen in the presence of palladium-carbon.P! and 5-phenethyl araUTP
(11) was obtained in a yield of 50%.

HNJ. - (J:
OiN~

HOy~~ 3 : X=H,V=NOz

~ 4 : X=N02,V=H

OH 5 : X=V~ H

o
HN~H9CI

O-:lNJ
H0V"~~

~
OH

2

/
Jl. ~. (jX 11 . (jX ~X

HN~..)~'V HN:.~'V HN v
° 0 0 O~N ~ ~ 0 0 O~N ~ 0 f? Q O~N

-O-PO-~O-~O~ -O-P{):'P.o-~-o~- -o-l!o-P.o-P'o~'I I H 11'1 H l' I HO
~~~ ~~~ ~~~

OH OH OH

9 : X=H.V=NH2 6: XcH,V=N02 11 : X=V=H

10 : X=NH2,Y=H 7 : X=N02' V=H

8 : X=V=H

Chart 1
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On the other hand, for comparison of the effect of hydrophobicity of substituents at the
5-position of araUTP, we also synthesized 5-alkyl derivatives (Chart 2). 5-Allyl-l-{J-o
arabinofuranosyluracil (12) was synthesized from 2 with allyl chloride in the presence of
palladium as a catalyst.'?' The hydroxy groups at the 2'-, 3'-, and 5'-positions of 12 were
acetylated, and the allyl group was oxidized with m-chloroperbenzoic acid,20) followed by
cleavage of the resulting epoxy ring with lithium azide. lH-NMR spectra showed that
compound 14 or 15 was a mixture of (R)- and (S)-products in the ratio of about 1: 1.
However, we used these compounds as such, since the isomers were difficult to separate.
Compound 15 was treated with methanolic ammonia to give the free nucleoside (16). Then 16
was converted to its 5'-triphosphate in the same manner as described above. 5-(RS)-(3-Azido-

2-hydroxypropyl) araUTP (17) was converted to the 3-amino counterpart (18) by reduction
with hydrogen sulfide in 50% aqueous pyridine."?

All chemically synthesized nucleotide analogs were purified by paper chromatography
and paper electrophoresis.

Biological Evaluation
Inhibitory Effects of Various AraUTP Analogs on DNA Polymerases ~ and fJ--The

inhibitory effects of eight newly synthesized araUTP analogs on DNA-dependent DNA
polymerases Cl and /3 purified from developing cherry salmon (Oncorhynchus masou) testes"
were examined with activated salmon sperm DNA as a template-primer. The activity without
analogs was taken as 100%, and the remaining activity (%) at various concentrations of
analogs was. measured. The resulting inhibition curves are shown in Fig. I-A (DNA



4832 Vol. 35 (1987)

A B

1005050o 100 0
Inhibitor (f.£M)

Fig. 1. Inhibitory Effects of Various 5-(Substituted)styryl araUTPs and Related
Compounds on DNA Polymerases 0: (A) and f1 (B)

0-0. S-(E)-(3-nitrostyryl) araUTP (6); .-e, S-(E)-(3-aminostyryl) araUTP (9);
6,,-lJ.. '5-(E)-(4-nitrostyryl) araUTP (7); .-., 5-(E)-(4-aminostyryl) araUTP (10);
0-0, 5-(E)-styryl araUTP (8); .-., 5-phenethyl araUTP (11); \1-\1, 5-(RS)-(3
azido-z-hydroxypropyl) araUTP (17); ""-T, 5-(RS)-(3-amino-2-hydroxypropyl) araUTP
(18). .

A

-0·4 -0.3 -0·2 -0·1 0·1 0·2 0.3

f'100
'0
E 10 f.1.M
0.

C:g..
>-

-0.05 -0·025 0·025 0·05 -0.05 -0.025 0.025 0.05
(dTTP)-l (pM- L) (dTTI~-l (f.1.M- 1)

Fig. 2. Lineweaver-Burk Plots for the Inhibition of DNA Polymerases 0: CA, B) and
fJ (C, D) by 5-(E)-(3-Nitrostyryl) araUTP (6) (A, C) and 5-(E)-(3-Aminostyryl)
araDTP (9) (B, D)

polymerase a) and Fig. I-B (DNA polymerase fJ). As can be seen in Fig. I-A, all araUTP
analogs (6--10) having styryl groups at the 5-position inhibited DNA polymerase a very
strongly. A strong inhibitory effect was also found in the case of the 5-azidopropyI derivative
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TABLE I. Kinetic Parameters of Various araUTPs

DNA polymerase ex DNA polymerase f3 KJKm for pol. a
K, (11M) KiJXm K, (liM) KJKm KJlKm for po1.p

dTTP 2.5 (Km ) 20 (Kill)
5-(E)-(3-NitrostyryI) araUTP (6) 0.25 0.10 8.5 0.43 0.24
5-(E)-(3-Aminostyryl) araUTP (9) 0.80 0.32 33 1.65 0.19
5-(E)-(4-NitrostyryI) ara UTP (7) 0.45 0.18 8.5 0.43 0.42
5-(E)-(4-Aminostyryl) araUTP (10) 0.60 0.24 30 1.50 0.16
5-(E)-Styryl aruUTP (8) 0.50 0.20 10 0.50 0.40
5-Phencthyl araUTP (11) 4.9 1.96 16 0.80 2.45
5-(RS)-(3-Azido-2-hydroxypropyI) araUTP (17) 2.0 0.80 22 1.10 0.73
5-(RS)-(3-Amino-2-hydroxypropyl) araUTP (1-8) 61 24.4 23 l.15 21

(17), but the corresponding amino derivative (18) showed a greatly reduced inhibitory effect
on this polymerase. In contrast, there was no marked difference of inhibitory effects between
the compounds with a nitro group and an amino group on the 5-styryl moiety. However, the
inhibitory effect of 5-phenethyl araUTP (11) was less than that of 5-styryl araUTP (8).

On the other hand, in the case of DNA polymerase f3 (Fig. I-B), all the analogs showed
similar inhibitory effects, and the kind of substituent at the 5-position had no influence on the
activity.

Analyses of Inhibition Mode and Determination of Kinetic Constants (Ki Values)-We
next examined the mode of inhibition of DNA polymerases tl and f3 by these araUTP analogs
using Lineweaver-Burk plots. In this analysis, activated DNA was used as a template-primer.
As a typical example, plots of data for the inhibition of DNA polymerases IX and f3 by 5-(E)
(3-nitrostyryl) araUTP (6) and 5-(E)-(3-aminostyryl) araUTP (9) are shown in Fig. 2. All the
araUTP analogs were essentially competitive with natural substrate dTTP for both DNA
polymerases IX and fl.

Based on these analyses, the kinetic constants tK, values) were determined by replots of
apparent K.n value versus the concentration of the analog, and the results are summarized in
Table I. For DNA polymerase ex, the K, values of all analogs except for 5-phenethyl araUTP
(11) and 5-(RS)-(3-amino-2-hydroxypropyl) araUTP (18) were much smaller than the Km

value of the natural substrate dTTP. For DNA polymerase (3, the K, values of all analogs were
very similar to the Km value of dTTP.

Discussion

Recently we have reported that the inhibitory effect of 5-ethyl araUTP on eukaryotic
DNA polymerase ex was less than that of araUTP or araTTP owing to the steric hindrance of
the substituent at the 5-position of the uracil ring, but longer alkyl chain-modified derivatives,
5-n-propyl and 5-n-butyl araUTP, recovered inhibitory action as a result of their hydrophobic
effect.?' In order to examine the hydrophobic effect of the substituent at the 5-position of
araUTP in more detail, we have synthesized several araUTPs modified at the 5-position with
strongly hydrophobic styryl groups, and examined their inhibitory effects on DNA poly
merases a. and f3 purified from cherry salmon (Oncorhynchus masou) testes.P!

As can be seen in Fig. 1, all 5-styryl derivatives of araUTP (6-10) showed very strong
inhibitory effects on DNA polymerase fl. The K, values of these analogs were much smaller
than the Km value of the natural substrate dTTP; 5-(E)-(3-nitrostyryl) araUTP (6) showed the
smallest Ki value of 0.25 and its Kr/Km value was 0.10. Although the K; values of 5-aminostyryl
derivatives (9, 10) were somewhat higher than those of 5-nitrostyryl derivatives (6, 7), the
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KJ~ values were about 0.3 suggesting that these analogs still have strong affinity for DNA
polymerase ct. In contrast, among the 5-alkyI derivatives of araUTP, the K, value of the 5
aminopropyl derivative (18) was remarkably larger than that of the 5-azidopropyl derivative
(17). This indicates that the hydrophobic effect of the substituent at the 5-position of araUTP
has a greater effect on the affinity for DNA polymerase Ct than does the kind of substituent.
However, 5-phenethyl araUTP (11) which is thought to have similar hydrophobicity at the 5
position to the 5..styryl derivative showed a KiJKJO value of 1.96 and was found to show lower
affinity for DNA polymerase a. This finding indicates that not only hydrophobicity but also
steric hindrance of the 5-substituent on the uracil ring affects the affinity of the analog for
DNA polymerase (I.. Therefore, as reported in the case of 5-(E)-(2-bromovinyl)-2'
deoxyuridine.P! intramolecular hydrogen bonding between the vinyl group at the 5-position
of 5-(E)-(substituted)styryl araUTP and 0 4 of the uracil ring could be important for the
affinity to this polymerase.

In the case of DNA polymerase {3, all analogs showed weak inhibitory effects, and K,
values of all analogs including 5-alkyl derivatives were essentially similar. Thus, neither
hydrophobicity nor steric hindrance at the 5-position of araUTP affects the affinity of the
analogs for DNA polymerase p. Knowledge of these differenciesbetween DNA polymerases lX

and p will be useful for the design of species-specific inhibitors.
A smaller value of the ratio of (KdKm value for DNA polymerase lX)/(Ki/Km value for

DNA polymerase {J), indicates selectivity for DNA polymerase lX, although the K, values of
the 5-aminostyryl derivatives (9, 10) for DNA polymerase o: were larger than these of the 5
nitrostyryl derivatives (6, 7), these two 5-aminostyryl derivatives of araUTP were found to be
more selective inhibitors for DNA polymerase lX than the styryl derivatives.

We are attempting to prepare a new affinity adsorbent for specific purification of DNA
polymerase ,lX, by using a strong and selective inhibitor for this enzyme as a ligand. 5-(E)-(3
Aminostyryl) araUTP (9) and 5M(E)-(4-aminostyryl) araUTP (10) are potential candidates for
this affinity ligand. Affinity chromatography on resin carrying these compounds as ligands is
being examined.

Experimental

General Methods--Melting points were determined with Yanaco MP-3 apparatus and are uncorrected.
Ultraviolet (UV) spectra were recorded on a Shimadzu UV-240 recording spectrophotometer. lH-NMR spectra were
obtained on a JEOL JNM-FX 200 NMR spectrometer with tetramethylsilane as an internal standard. Chemical
shifts are reported in ppm (0), and signals are described as s (singlet), d (doublet), and m (multiplet). Mass spectra
(MS) were measured on a JEOL .TMS-D-300 mass spectrometer. Infrared (IR) spectra were obtained on a lASeO
IF-A-2 spectrometer. Thin layer'chromatography was performed with pre-coated Silica gel 60 F254 plates (Merck)
and silica gel Column chromatography was carried out on Wake-gel C-200. Radioactivity was measured with a
Packard TRI-CARB C-480 liquid scintillation counter with toluene scintillator .

.1-p-n-Arabi~ofuranosyl-5-chloromercuriuracil (2)-1-,B-n-Arabinofuranosyluracil (1) (3.0g, 12.4mmol) was
dissolved in 17ml of water, then 4.1 g (l2.9mmol) of mercuric acetate in 24ml of water was added, and the mixture
was stirred for 24 hat 50 DC. The mixture was cooled to room temperature, and the white precipitate was collected by
filtration, and washed with 100ml of 0.16M aqueous sodium chloride and 5ml ofethanol. The white solid was ground
and dried. 5.8g(97%). mp 173-174°C (dec.), Anal. Calcd for ~HllN206'HgCI'H20: C, 21.70; H, 2.63; N, 5.62.
Found: C, 21.69; H, 2.63; N, 5.47.

I-p-n-Arabinofuranosyl-5-(E)-(3-nitrostyryl)uracil (3)--A mixture of a suspension of 2.0 g (4.19mmol) of 2 in
10ml of methanol, 1.89g (12.6mmol) of 3-nitrostyreneand 35ml (3.5mmol) ofmethanolic solution of 0.1M lithium
tetrachloropalladate was refluxed for 24h. The solution was filtered, and hydrogen sulfide gas was bubbled through
the filtrate for 90 s. The precipitate of mercuric sulfide was filtered off through celite, and the filtrate was evaporated
under reduced pressure. The residue was purified by silica gel (100g) column chromatography. Elution was
performed with 8-12% methanol in chloroform. The fractions containing 3 were combined and evaporated to
dryness. The residue was crystallized from methanol to give 3 as yellowcrystals. 360 mg (22%). mp 249.5-250.5 "C.
UV A.~;~nm (6): 298 (19800), ).~f~nm: 232, A.~~:HClnm: 298, A.~~NHClnm: 232, A.~~:NaOHnm: 306, A.~l:NaOHnm: 242.
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IH-NMR (DMSO-d6 +D20): 8.28 (s, IH, H-6); 8.1-7.6 (m, 4H, aromatic), 7.54 (d, IH, vinylic, J= 16.1 Hz), 7.12 (d,
IH, vinylic; J=16.1 Hz), 6.15 (d, IH, H-I', J=4.9Hz), 4.10 (m, IH, H-2'), 3.98 (m, IB, H-3'). MS mlz; 259
(heterocyclic base), 188, 142, lIS. Anal. Calcd for C17H17N30S:C, 52.18; H, 4.38; N, 10.74. Found: C, 52.08; H,4.36;
N,10.57.

I-Jl-D-Arabinofuranosyl-5-(E)-(4-nitrostyryl)uracil (4)--A mixture of a suspension of 1.26 g (2.6mmol) of 2 in
lOml of methanol, l.Og (6.77mmol) of 4-nitrostyrene and 26ml (2.6mmol) ofmethanolic solution of 0.1 M lithium
tetrachloropalladate was refluxed for 24h. The mixture was filtered, and hydrogen sulfide gas was bubbled through
the filtrate for 90 s, followed by filtration through celite. The filtrate was evaporated, and the residue was purified by
silica gel (130 g) column chromatography. Elution was performed with 10% methanol in chloroform. The fractions
containing 4 were combined and evaporated to dryness. The residue was crystallized from methanol to afford 4 as
orange-yellow crystals. 196mg (19%). mp 243-244 "C. UV A.~i~nm (8): 366 (15900), A.~~.? nm: 284, )~~~:IICI nm: 366,
;'~l:HCI nm: 284, A.~~:NaOH nm: 315, ;'~l:NnOH nm: 282. IH-NMR (DMSO-d6 +DzO): 8.17 (s, IH, H-6), 7.74 (d, 2H,
aromatic. J=8.8Hz), 7.62 (d, 2H, aromatic, J=8.8Hz), 7.57 (d, IH, vinylic, J= 16.1 Hz). 7.34 (d, 1I-I, vinylic, J==
16.1 Hz), 6.05 (d, IH, H-l', J=4.9 Hz). MS m]z: 259 (heterocyclic base), 188, 142, lIS. Anal. Ca1cd for C17H171'hOs:
C, 52.18; H. 4.38; N, 10.74. Found: C, 52.00; H, 4.33; N, 10.54.

I-fJ-D-Arabinofranosyl-5-(E)-styryluracii (5)--Amixture of a suspension of 1.5g (3.1 mmol) of 2 in 15mlof
methanol, 1.0 g (9.6 mmol) of styrene and 30 ml (3.0 mmol) of rnethanolic solution of O. I M lithium tetrachloropal
lad ate was refluxed for 24 h. The mixture was filtered, and hydrogen sulfide gas was bubbled through the filtrate for
90 s, followed by filtration through celite. The filtrate was evaporated and the residue was purified by silica gel (100 g)
column chromatography. Elution was performed with 8-10% methanol in chloroform. The fractions containing 5
were combined "and evaporated to dryness. The residue was crystallized from methanol-water to give 5 as colorless
crystals. 530mg (49?1a). mp 237-238 DC. UV ;'~~~nm (8): 308 (18000). ;'~t~nm: 238, A.~~:HClnm: 308, A~i~HClnm:
238, A.~~:N[lOHnm: 308, ;'~i~NaOHnm: 244. IH-NMR (DMSO-d6+DzO): 8.06 (s, IH, H-6), 7.8-7.3 (m, SH,
aromatic), 7.28 (d, IH, vinylic, J= 16.6Hz), 6.90 (d, IH, vinylic, J= 16.1 Hz), 6.05 (d, l H, H-I'. J=4.9Hz), 4.10 (m,
IH. H-2'), 3.98 (m, IH, H-3'). MS mjz: 346 (molecular ion), 214 (heterocyclic base), 143, 115. Anal. Calcd for
C17HlSN206: C, 58.96; H, 5.24; N, 8.09. Found: C, 58.97; H, 5.14; N, 8.03.

5-AIlyI-l-p-n-arabinoruranosyluracil (12}--A mixture of a suspension of 3.0 g (6.3 mmol) of 2 in 50 ml of
methanol, 5.2ml (63.7mmol) of allyl chloride and 16m} (1.6mmol) of 0.1 M methanolic solution of lithium
tetrachloropalIadate was stirred for 24 h at room temperature. The solution was filtered, and hydrogen sulfide gas was
bubbled through the filtrate for 405, followed by filtration throughcelite. The filtrate was neutralized with Dowex
I x 2 (bicarbonate form), and the resin was removed by filtration and washed with methanol. The combined filtrate
and washing were evaporated, and the residue was purified by silica gel (50 g) column chromatography. Elution was
performed with 8-10% methanol in chloroform. The fractions containing 12 were combined and evaporated. The
residue was crystallized from acetonitrile to give 12 as colorless crystals. 1.15 g (64%). mp 161.5-163 ('C.UV .A.~~~I?nm

(6): 267 (9000), A.~r,?nm: 235, A.~~xNHClnm: 267, A.~lnNHClnm: 235, A.~i:xNN30Hnm: 267, A.~i~NNJ10Hnm: 243. 'H-NMR
(DMSO-d6 +DzO); 7.51 (s, IH, H-6), 6.00 (d, IH, s-r, J=4.9 Hz), 5.9-5.7 (rn, IH, 5-CH2CIj =CH2) . 5.1--5.0 (m,
2H, 5-CH2CH=CI.:h), 4.03 (m, IH, H-2'), 3.91 (m, IH, H-3'), 3.7-3.5(m, 3H, H-4' and H-5'), 2.95 (d, 2H, 5
Cl:hCH=CH2, J=6.l Hz). MS mjz: 284 (molecular ion), 181, 152. Anal. Calcd for C12H16N20ti: C, 50.70; H, 5.67;
N, 9.86. Found: C, 50.84; H, 5.73; N, 10.05.

5-AJIyl-l-p-n-(2,3,5-tri-O-acetyJarabinofuranosyl)uraciJ (13)---A mixture ofa solution of 1.70g (5.98mmol) of
12 in 30ml of pyridine and 2.5ml (26.5mmol) of acetic anhydride was stirred for 24h at room temperature. The
mixture was cooled in an ice-water bath, then 3ml of methanol was added and the whole was stirred for 20 min. The
solvent was evaporated off, and removed completely by co-evaporation with ethanol. Crystallization of the residue
from ethanol "gave13 as colorless crystals. 2.3 g (94%). mp 138.5-139.5 DC. MS mlz: 419 (molecular ion), 259, 139,
97, 43. Anal. Calcd for Cll~H22N209: C, 52.68; H, 5.40; N, 6.83. Found: C, 52.55; H, 5.50; N, 6.96.

5-(RS)-(2,3-Epoxypropyl)-1-p-n-(2,3t5-tri-o-acetylarabinofuranosyl)uracil (14)--Compound 13 (2.0 g,
4.87 mmol) was dissolved in 50 mI of methylene chloride, and 2.6 g (15.1 mrnol) of m-chloroperbenzoic acid was
added. The mixture was stirred for 24h at room temperature. After being washed with saturated NaHC03 aqueous
solution and water, the organic layer was filtered through Whatman IPS filter paper, and the solvent was evaporated
off. The residue was purified by silica gel (l00 g) column chromatography. Elution was performed with 3-4%
methanol in chloroform. The fractions containing 14 were combined and evaporated to dryness. The residue was
crystallized from ethanol to give 14 as colorless crystals. 0.86g (41%). mp 136.5-137 "C. UV A~:?Hnm (s): 267
(9000) A.M~OHnm: 235 ).O.lNHCI nm: 267 A.0.1NHCI nm: 235 'O.lNMeONa nm: 267 ~O.iNMeONa urn' 243 IH-NMR, mm , max • 'min • ,Amax " Amin ••

(CDCI3 +D20): 7.48 and 7.45 (s, IH, total H-6), 6.3 (m, IH, H-I '),5.4 (m, IH, B-2'), 5. I (m, IH, H-3'), 4.4-4.2 (m,
3H, H-4' and H-5'), 3.0 (m, IH, 5-CH2Cij(0)CH2), 2.8 (m, 2H, 5-CH 2CH(O)Cth ), 2.5 (m, 2H, 5-CI:hCH(O)CH2).
MS mlz: 426 (molecular ion), 307,259, 139,97,43. Anal. Calcd for C18HZ2N201O: C, 50.71; H, 5.20; N, 6.57. Found:
C, 50.46; H, 5.23; N, 6.53.

5-(RS)-(3-Azido-2-hydroxypropyl)-I-P-D-(2,3,5-tri-O-acetylarabinofuranosyJ)uracil (15)--A solution of
700mg (1.64mmol) of 14 in 20ml of dimethylfonnamide (DMF) was treated with 240mg (4.90mmol) of lithium
azide. The mixture was stirred for 24 h at 65°C, then the solvent was evaporated off. The residue was dissolved in
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30ml of chloroform, and washed with water three times. The organic layer was filtered through Whatman IPS filter
paper, and the filtrate was evaporated. The residue was purified by silica gel (70 g) column chromatography. Elution
was performed with 4-5~,'~ methanol in chloroform. The fractions containing 15 were combined and evaporated to
dryness, giving a foam. 380mg (49%). VV A.~~?iinm (e): 267 (9000), A~~OHnm: 235, A~~:HClnm: 267, ;'~i~NHCl nm: 235,
;'~:xNMeQNanm: 267,)l.~lnNMeQNanm: 243. 1H-NMR (CDCI3+D20): 7.54 and 7.49 (s, IH, total H-6), 6.3 (m, IH, H-I '),
5.4 (rn, lH, H-2'), 5.1 (m, 1H, H·J'), 4.6-4.5 (m, 3H, H-4' and H-5'), 4.3 (m, IH, 5-CH2C:\:JCOH)CH2N3), 3.3 (m,
2H, 5-CH2CH(OH)Clj2N3)' 2.6 (m, 2H, 5-Cij2CH(OH)CHzN3). IR (Nujol): 2080cm- 1 (-N3 ) .

I-p-o-Arabinofuranosyl-5-(RS)-(3-azido-2-hydroxypropyl)uracH (16)--Compound 15 (310 mg, 0.66 mmol) was
dissolved in 0.5 rnl of methanol, and 3.8 ml (0.99 mmol) of 0.26 N methanolic sodium methoxide was added. The
mixture was stirred for 5 h at room temperature, neutralized with Dowex 50 x 8 (proton form) and filtered. The resin
was washed with methanol, and the combined filtrate and washings were evaporated to dryness to give a form. 200 mg
(90}~). This compound was used for the next reaction immediately.

General Method for Phospborylation--Phosphoryl chloride (1.5 mrnol) was added to 0.5 mmol of synthetic
nucleoside (3, 4, 5, or 16) in 5ml of triethyl phosphate under cooling below 0 "c. The mixture was stirred for 24 h at
o"C. The solution was poured into 30 ml of saturated NaHC03 aqueous solution and extracted with chloroform
(30 ml) three times. The combined organic layers were re-extracted with water (15 ml). The aqueous layers were
combined and diluted with water to give a final volume of 300 mI, and applied to a column of diethylaminoethyJ
(DEAE)-cellulose (2.9 x 25 ern, bicarbonate form). The column was washed with 500 ml of water, and eluted with a
linear gradient from water (11) to 0.2M triethylarnmonium bicarbonate (11). Fractions containing desired nucleotide
were combined and evaporated to dryness, and co-evaporation with 50% aqueous ethanol was carried out to remove
residual triethylamine. The obtained 5'-monophosphate derivative was converted to the 5'-triphosphate by the
following method. The 5'-monophosphate derivative (O.2mmol) was dissolved in 1ml of DMF and evaporated to
dryness. This process was repeated twice, then 1mmol of N,N'-carbonyldiimidazole was added to the residue in 2ml
of DMF, and the mixture was stirred for 3.5 h at room temperature. After confirmation of the complete conversion to
the 5'-phosphoroimidazolidate derivative by paper electrophoresis (in 50mM triethylammonium bicarbonate, 700V,
30 min), 0.8 ml of methanol was added to decompose excess reagent, and the mixture was stirred for 30 min at room
temperature. Then 2 ml (2 mmol) of I M tributylarnmonium pyrophosphate in DMF was added, and the mixture was
stirred for 24 h at room temperature. Water (lOrnl) was added and the nucleotide was adsorbed on 1g of charcoal.
The mixture was filtered through celite. After washing with 100ml of water, elution was carried out with 200 ml of
50% aqueous ethanol-3% NH40H. The eluate was evaporated, and the residue was dissolved in 100ml of water and
applied to a column of DEAE-cellulose (2.9 x 25 em, bicarbonate form). The column was washed with 500 ml of
water, and then eluted with a linear gradient from water (1 1) to 0.5 M triethylammonium bicarbonate (I 1). The
combined fractions containing the 5'-triphosphate derivative were evaporated and co-evaporated with 50% aqueous
ethanol to dryness. Through the above procedure, 5-(E)-(3-nitrostyryI) araUTP (6), 5-(E)-(4-nitrostyryl) araUTP (7),
5-(E)-styry1 araUTP (8), and 5-(RS),(2-hydroxy-3-azidopropyl) araUTP (17) were synthesized from the correspond
ing nucleosides in yields of about 50~'~.

5-(E)-(3-Aminostyryl) araUTP (9)--A mixture of 6 (2000 OD 298 units, 0.10 mmol) in 5 ml of water, 100ttl of
hydrazine hydrate and a catalytic amount of Raney Ni (W-2) was stirred for 4h at room temperature. The solution
was filtered through celite, and the filter was washed with 200ml of 50~~ aqueous ethanol-3% NH40 H . The
combined filtrate and washings were evaporated to dryness. The residue was dissolved in 250m! of water and applied
to a column of DEAE~cellulose(2.9 x 25 em, bicarbonate form). The column was washed with 500 rnl of water, and
eluted with a linear gradient from water (1 1) to 0.5 M triethylammonium bicarbonate (11). The combined fractions
containing 9 were evaporated and co-evaporated with 50/~aqueous ethanol to dryness. 1370 OD,300 units (78%). UV
A~~? nrn (8): 300 (15000), A.~~? nm: 253, A~~:HCl nm: 291, A.~l:HCI nm: 253, ;'~;:NLlOH nm: 308, ;'~i~NNLlOH nm: ·262.
Ninhydrin possitive (violet).

5w(E)-(4-Aminostyryl) araUTP (lO)--A mixture of a solution of 1240 OD366 units (80 J.tmoi) of 7 in 5 ml of
water, 100pI of hydrazine hydrate and a catalytic amount of Raney Ni (W-2) was stirred for 4 h at room temperature.
The mixture was filtered through celite, and the filter was washed with 200 ml of 50% aqueous ethanol;-Jit: N;H40H.
The combined filtrates and washings were evaporated to dryness. The residue was dissolved in 250 ml of water, and
applied to a column of DEAE-cellulose (2.9 x 25 ern, bicarbonate form). After washing of the column with 500 ml of
water, elution was performed with a linear gradient from water (II) to 0.5M triethylammonium bicarbonate (1 I). The
combined fraction containing 10 were evaporated and co-evaporated with 50% aqueous ethanol to dryness. 970
OD325 units (83%). UV ;'~~~nm (6): 325 (15000), l~r~nm: 247, A~~:HClnm: 310, ).~f:HClnm: 240, A~;:NaOHnm: 325,
ii~~NNnOH nm: 252. Ninhydrin positive (violet).

5-PhenetbyI araUTP (ll)--A mixture of 1800 OD30 8 units (0.10 mmol) of 8 in 1ml of water and 0.1 g of
palladium-carbon was stirred under 1atm pressure of hydrogen for 24h at room temperature. The solution was
filtered through celite, and the filter was washed with 200ml of 50% aqueous ethanol-3% NH40 H. The combined
filtrate and washings were evaporated to dryness. The residue was dissolved in 200 ml of water, and applied to a
column of DEAE-cellulose (2.9 x 25cm, bicarbonate form). After washing of the column with 500ml of water,
elution was performed with a linear gradient from water (1 I) to 0.5 M triethylammonium bicarbonate (l 1). The
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TABLE II. Analytical Results and Constants of Synthetic Nucleotides
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Compound

6
9
7

10
8

It
17
18

UV, A~~~nm (e)

298 (19800)
300 (15000)
366 (15900)
325 (15000)
308 (18000)
267 (9000)
267 (9000)
267 (9000)

f. (P)
Found

6600
4900
5100
4800
5900
2800
2900
2900

Paper
chromatography"

(~rx 100)

28
23
22
15
37
38
42
36

Paper
electrophoresis"

(RfdITPCl)

0.9
0.8
0.9
0.8
0.9
1.0
1.0
0.9

a) Solvent system, ethanol: O.5M sodium acetate (pH 7.5. I: I, v/v). b) In 0.5M citrate buffer (pH 3.3.
700 V, 30 min). c) Relative value with respect to dTTP.

combined fractions containing 11 were evaporated and co-evaporated with 50~/~ aqueous ethanol to dryness. 1800
OD267 units (50%). UV A.~~~nm (e): 267 (9000), A~f.?nm: 236, A.~;;:HCl nm: 267, ),~t:HClnm: 236, A.~~:NuOHnm: 267,
A.~l:NuOH nm: 245.

5-(RS)-(3-Amino-2-hydroxypropyl) araUTP (18)--Hydrogen sulfide gas was gently bubbled into a solution of
1000 OD26 7 units (0.111110101) of 17 in 1011 of 50~~ aqueous pyridine for 6 h at room temperature. The solvent was
evaporated off, and the residue was dissolved in 100011 of water and applied to a column of DEAE~cellulose

(2.9x25cm, bicarbonate form). After washing of the column with 500ml of water, elution was performed with a
linear gradient from water (l 1) to 0.5 Mtriethylammonium bicarbonate (11). The combined fractions containing 18
were evaporated and co-evaporated with 501'~ aqueous ethanol to dryness. 640 OD267 units (64%). UV A~~?nm (I.;):
267 (9000), A~f~nm: 235, A.~~:HClnm: 267, )'~;i~~HClnm: 235, ).~~;NuOHnm: 267, A~;i~NNuOJl nm: 243. Ninhydrin positive
(violet).

Analytical Results and Constants of Synthetic Nucleotide AnaJogs--All chemically synthesized nucleotide
analogs (~11, 17, and 18) were purified by paper electrophoresis and paper chromatography. Phosphorus analysis
data and Rf values of products on paper electrophoresis (in 50mM citrate buffer, pH 3.3) and OIl paper
chromatography (in ethanol-0.5 Msodium acetate 1: I, v/v) are summarized in Table II.

DNA Polymerases IX and P--DNA polymerases Cit (without primase activity) and fJ were purified from cherry
salmon (Oncorhynchus masoui testes as described previously."

All operations were carried out at 0-4°C. Cherry salmon testes were homogenized in 50mM Trie-HCl buffer
(pH 7.5, containing 10 mM (J-mercaptoethanol, 1mMethylenediaminetetraacetic acid (EDTA), 20~~ glycerol, 0.5 mM
phenylmethylsulfonyl fluoride, and 0.5 mM benzamidine) with a Teflon pestle homogenizer (600 rev/min, 4 strokes).
The homogenate was stirred for 40 min. and then centrifuged at 13000 x g for 40 min. DNA polymerase Cit was
extracted ill the supernatant fraction. After the first phosphoceUulose column chromatogra:phy, this enzyme was
precipitated by the addition of 60~~ saturated ammonium sulfate and collected by centrifugation.

The extraction of DNA polymerase {J was performed by rehomogenization of the pellet obtained from the first
step in 50 111M Tris-HCl buffer containing 0.5 M KCI using a Waring blender (1 min x 4). The homogenate was stirred
for 40 min, and centrifuged at 13000 x 9 for 40 min; the supernatant was collected. After the first phosphocellulose
column chromatography, the enzyme was precipitated by the addition of 50--80~i;';saturated ammonium sulfate and
collected by centrifugation.

Each of the polymerases was further purified by means of sequential column chromatographies on DEAE~

cellulose, phosphocellulose (second), hydroxyapatite, blue-agarose, and single-stranded DNA~cellulose. The final
sample showed a specific activity of 100000 units/rug for DNA polymerase (Xl with activated DNA as a template
primer, and 170000 units/rng for DNA polymerase /1 with poly(rA)-oligo(dT)'2 -18 as a template-primer.

Assay Condition for DNA Polymerases IXl and fJ--The standard assay mixture (25 It!) for DNA polymerase (Xl

was contained 100f-lg/ml activated salmon sperm DNA, 50mM Tris-HCl (pH 8.0),4 nlM MgCI2 , 15% glycerol, 1mM
dithiothreitol, 400,ug/ml bovine serum albumin, 100f-lM dATP, 100JLM dGTP, JOO,uM dCTP, 251lM [3H]dTTP
(5 cpm/pmol), O-lOO,uM synthetic nucleotide analog, and 0.5 unit of enzyme. In the DNA polymerase {J assay
system, the same mixture except for 50 mM glycine-KOH (pH 9.5) instead of Tris-H'Cl, and addition of 80mM KCJ,
was used. The enzyme reaction was carried out for 30 min at 37°C.

When kinetic analysis was performed, the concentrations of [3H]dTTP and inhibitors were varied.
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Indonesian Medicinal Plants. I. New Furanoditerpenes from Arcangelisia
flava MERR. (2). Stereostructure of Furanoditerpenes
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The stereostructures of four furanoditerpenes which were isolated from Arcangelisia fiava
MERR., 6-hydroxyarcangelisin, 2-dehydroarcangelisinol, tinophyllol, and 6~hydroxyfibleucin,were
elucidated by a differential nuclear Overhauser effect (NOE) method and two-dimensional nuclear
magnetic resonance (2D NMR). The stereostructures of two franoditerpenes, fibraurin and 6
hydroxyfibraurin, which had not been completely determined, were also elucidated.

Keywords-Arcangelisia fiava: Menisperrnaceae; furanoditerpene; stereochemistry; NOE
difference NMR spectroscopy; two-dimensional N MR
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The stem of Arcangelisiafiava MERR. (Menispermaceae) is an itnportant component of
folk medicine in Indonesia (Indonesian name: Jamu), In the previous paper,'? we reported the
isolation of four new [o-hydroxyarcangelisin (1), 2-dehydroarcangelisinol (2), tinophyllol (3),
and 6-hydroxyfibleucin (4)] and three known furanoditerpenes [fibraurin (5),2) 6-hydroxy
fibraurin (6),2) and fibleucirr"] from A. jlava and the elucidation of their plane structures.

Numerous furanoditerpenes, including fibraurin," 6-hydroxyfibraurin,2) fibleucin,"
chasmanthin.t?" palmarin.Y'v" columbin.':? -10) jateorin," isojateorin,":" and tinophyl
lon,11,12) have been isolated from Menispermaceae plants. The plane structural relationships
of these compounds have been reported.t" However, the stereochemical features of fibraurin
and its hydrogenated derivative, palmarin, were not established. Hori et al.2 ) determined the
«-epoxide configuration of fibraurin by an optical rotatory dispersion CORD) technique. On
the other hand, Islam et al.13

,14 } reported that the 2,3-epoxide of palmarin has the fJ
configuration based on X-ray analysis.

This paper deals with stereostructural studies on six furanoditerpenes, 1, 2, 3, 4, 5, and 6
(Chart 1), by nuclear Overhauser effect (NOE) difference nuclear magnetic resonance (NMR)
spectroscopy and two-dimensional NMR (2D NMR) spectroscopy.

6-Hydroxyarcangelisin (1)
Detailed 400 MHz 1H-NMR decoupling experiments disclosed that 1 has the same

structure of rings A and C as 52): two epoxide protons at [) 3.88 and 03.67 were coupled (J =
4.4 Hz) to each other, and the signal at [) 3.88 (H-2) was coupled to a signal at b5.00 (H-l) (J=
2.5 Hz). The signal at [) 5.46 (J= 12.1 Hz) due to H-12 was coupled to ell methylene proton
signals at () 2.31 and () 1.88, and the coupling constant ofH-12 (J = 12.1 Hz) indicated the axial
orientation. These IH-NMR data showed that the furan ring exists in equatorial orientation
at Cl2 as in 5 and 6.2

) The 2D NMR spectrum was measured in order to confirm the
configuration. Figure 1 shows a spectrum of t obtained by 2D correlated spectroscopy
(COSY).
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Fig. 1. COSY Spectrum of 1 (in DMSO-d6 )

A very small coupling constant (J= 0.3 Hz) due to an almost 90° angle was observed
between the H-I and H-IO protons. Also, long-range couplings between 9-CH3 and H-8, 9
CH3 and H-IO, and 9-CH3 and Hvl l« were observed, whereas no long-range coupling was
observed for the 5-CH 3 protons. These W-configuration couplings between 9-CH3 , H-8, H
10, and H-l1et indicated that 9-CH 3 , H-8, H-IO and H-Ila were axially oriented. In order to
confirm the spatial relationships of other protons in 1, the 2D NOE correlated NMR
spectrum (NOESY) was measured (Fig. 2).

No cross-peaks between the 5-CH3 and the 9-CH3 were observed in the NOESY
spectrum. This result indicated that 5-CH3 and 9-CH3 were on opposite sides of the plane
defined by ring B. Thus, it can be presumed that 5-CH3 and 9-CH3 have a-configuration
(axial) and {3-configuration (axial), respectively, assuming that the lactone on the ring A



No. 12 4841

p
Fig. 2. NOESY Spectrum of 1 (in DMSO-d6)

II II

6

'4 '

12 1 6

12

12 1

l-~
'--- ~ _'Il_:___J

Fig. 3. NOE Measurement of 1 Irradiated at 0 1.03 (9-CH 3)

7 5 <1 3 2 1 ppm
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Values are percent increase of signal area.

retains {3,:,configuration.5
) Reliable NOE cross-peaks were observed between 5-CH3 and H-8,

5-CH3 and H-IO, and 5-CH3 and H-3. Further NOE cross-peaks were observed between 9
CH 3 and H-6, and 9-CH 3 and H-12. These results indicated that the hydroxyl group at C-6
has a-configuration, the furan ring at C-12 has a-configuration, and the 2,3-epoxide has {3
configuration. Moreover, cross-peaks were observed between 9-CH3 and H-8, 9-CH 3 and H
ID, and 9-CH3 and Hvl l«, reflecting W-configurations of the protons.

Next, we carried out NOE difference spectroscopy experiments. The results are presented
in Figs. 3 and 4.

Figure 3 shows an NOE difference spectrum of 1 with irradiation of the 9-CH3 protons
(£51.03). Clear NOE enhancements were observed at H-I, H-6, and H-12, but not at H-8, H
l O, and H-Ila. Thus the cross-peaks on 9-CH3 between H-l, H-6, and H-12 were real NOE
cross-peaks in the NOESY spectrum (Fig. 2). A large NOE (10%) was observed at the H-6
proton when the 9-CH3 protons (£5 1.03) were irradiated and a 6% NOE was observed at H-8
when the 5-CH3 protons (£5 1.26) were irradiated. The infrared (IR) spectrum implies the
presence of intramolecular hydrogen-bonding between 4-0H and 6-0H (3300cm -1).
Furthermore, the coupling constant between H-6 and H-7 (J= 8.8 Hz), and also that between
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H-7 and H-8 (J= 9.9 Hz) indicated a conformational distortion of ring B. On the basis of these
results, it seemed reasonable to assume that ring B exists in a twist boat conformation. Ring C
exists in a chair conformation based on the large NOE (9%) between 9-CH3 and H-12 and the
spin coupling (W-configuration long-range coupling) between 9-CH3 and H-llex.

From the above results, the stereostructure of 6-hydroxyarcangelisin is represented by
formula 1 (Chart I).

2-Dehydroarcangelisinol (2)
The IH-NMR spectra of2 and 1 showed almost identical in chemical shifts and coupling

values of the H-6, H-7cx, H-7j3, H-8, H-IIa, H-llf3, H-12, and 9-CH3 protons. The only
difference was the presence of an olefin group (06.53, dd, J = 8~0, 5.0 Hz, H-2; 6.14, dd,
J =8.0, 1.8Hz, H-3) in the former. From all the above data, it is clear that 2 has the partial
structure with the 6ex..equatorial hydroxyl group and the 12a-equatorial furan ring as shown in
Chart 1.This conclusion was firmly supported by NOE experiments. Irradiation of the 9-CH3

protons (6 1.03) afforded a 10% NOE enhancement of the H-6 signal and a 9% NOE
enhancement of the H..12 signal (Fig. 5). Furthermore, irradiation of the 5-CH3 protons
(81.06) caused an NOE enhancement in the H~8 (8%) signal, which is in agreement with all
the above conclusions.

The stereo structure of 2-dehydroarcangelisinol (2) is thus as depicted in Chart 1.

Tinophyllol (3)
A large NOE (14%) was observed at the H-2 proton when the 9-CH3 protons (80.84)

were irradiated (Fig. 6). This result indicated that the hydroxyl group at C-2 has the ex
configuration. The furan ring at C-12 was determined to take the f3-equatorial configuration
because an NOE enhancement (17%) was observed at the H-12 proton when the H-8 proton
was irradiated, whereas no NOB enhancement was observed between the 9-CH 3 and H-12
protons. The substitution pattern of the furan ring was supported by the fact that ring C of
tinophyllon'V':" retains a boat conformation with the furan ring at C-12 in the ,B-equatorial
configuration. Furthermore, the coupling constant between H-l and H-2 (J= 8.0 Hz)
indicated that ring A exists in a diplanar conformation (lOf3 sofa form). Finally, the
conformation of ring B was determined to be chair because of the NOB between 9-CH3 and
H-7/3 and the NOE between H-6<x and H-8 (1,3-diaxial interaction).

The stereostructure of tinophyllol (3) was thus determined to be as depicted in Chart 1.

6-Hydroxyfibleucin (4)
A large NOB enhancement (20%) between the 9-CH3 and H-6 protons indicated that the

hydroxyl group at C-6 has !X..configuration and ring B existed in a boat conformation. Also,

p

Fig. 5. NOE Results for 2
Values are percent increase of signal area.

Fig. 6. NOE Results for 3
Values are percent increase of signal area.
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3" "2" Ii .. " i ppm

p
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the furan ring at C-12 was determined to take «-configuration because a large NOE (19%) was
observed between the 9-CH3 and H-12 protons (Fig. 7). The stereostructure of 6-hy ..
droxyfibleucin (4) was determined to be as depicted in Chart 1.

Fibraurin (5)
It was reported by Hori et al.2 ) that the 2,3-epoxy group of fibraurin takes the cx

configuration 011 the basis of ORD experiments. However, Islarn et al.13 •
14

) proposed the fJ
configuration for a palmarin derivative based on Xvray analysis. The 2~3-epoxy groups of
fibraurin and palmarin must have the same configuration. In our experiments (Fig. 8), 14%
NOE was observed at H-3 when the 5-CH3 protons were irradiated. Thus, it was concluded
that the 2,3-epoxy group takes the J1-configuration as in the structure of 1, in agreement with
the X-ray analysis of palmarin.

Consequently, the stereostructure of fibraurin should be revised at the 2,3-epoxide group
as presented in Chart l.

6-Hydroxyflbraurln (6)
The structure of 6-hydroxyfibraurin had been determined by Hori et at.2

) except for the
configuration of the hydroxyl group at C-6. The NOESY experiment showed reliable NOE
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cross-peaks between the 9-CH3 and the H-6 protons (Fig. 9). The configuration of the
hydroxyl group at C-6 was thus confirmed to be IX-equatorial. Consequently, the stereostruc
ture of 6-hydroxyfibraurin (6) should be revised as in the case of 5 (Chart 1).

Further work on the structural elucidation of other new furanoditerpenes from A.flava is
in progress, and will be reported elsewhere.

Experimental

1H-NMR spectra were obtained in dimethyl sulfoxide-a, at 35 "C on a lEOL GX400 spectrometer operating at
400 MHz. The 2D correlated spectra (COSYP) were measured by the use of a 2D correlation sequence with a 900

mixing pulse, and Pvtype peak selection. Data processing was carried out with the standard lEOL software. An f2

spectral width of 3333.3 Hz over 1024 data points gave a digital resolution of 6.51 Hz. A total of 512 spectra, each of
16 transients, gave, with appropriate incrementing of the evolution delay, an f1 width of 3333.3 Hz and a digital
resolution of 6.51 Hz (with zero filling). The 2D NOE spectra were obtained with the usual pulse sequence. The
spectral widths were 3333.3 Hz in f2 and flO giving a digital resolution of 6.51 Hz with a 1024 x 512 data point matrix.
The mixing time was 500ms.

6-Hydroxyarcangelicin (l)-mp 274°C (dec.), colorless prisms from MeOH, [lX]~O +55.27 (pyridine, c=O.54).
Anal. Calcd for C2~H220B:C, 61.53; H, 5.68. Found: C, 61.40; H, 5.71. UV A~~Hnm; 213. FD-MS (mlz): 390 (M+),
EI-MS (mlz): 391 (M+ + 1). IR \,Nujolcm- 1:3330, 1780, 1705, 1602, 1508,875,812. 1H-NMR (400 MHz, DMSO-d6 ) s.
7.75 (lH, d, J = 1.6Hz, H-16), 7.68 (tH, dd, J= 1.8, 1.6 Hz, H-15), 6.65 (lH, d, J= 1.8 Hz, H-14), 6.06 (lH, s, 4-0H),
5.54 (lH, d, J= 3.3 Hz, 6-0H), 5.46 (IH, dd, J= 12.1, 4.0Hz, H-12), 5.00 (lH, d, J=2.5 Hz, H-1), 3.92 (tH, td,
J=8.8, 303Hz, H-6), 3.88 (lH, dd, J=4.4, 205Hz, B-2), 3.67 (lH, d, J=4.4Hz, H-3), 2.97 (lH, t, J=9.9Hz, H-8),
2.31 (lB, dd, J= 13.5, 4.0 Hz, H-lI,B), 2.07 (lH, m, B-7lX), 1.88 (IH, dd, J = 13.5, 12.1 Hz, H-11lX), 1.78 (lH, S, H-lO),
1.65 (lH, m, H-7fJ), 1.26 (3H, S, 5-CH 3 ) , 1.05 (3H. s, 9-CH3 ) .

2-Dehydroarcangelisinol (2)-mp 208-212 °C (dec.), colorless prisms from MeOH, [cx]~O +98.8 (pyridine, c=
0.25). Anal. Calcd for C2oH220?: C, 64.16; H, 5.92. Found: C, 64.18; H, 5.98. UV A;I~H nm: 214. FD-MS (mjz): 375
(M+ + 1), EI-MS (mlz): 375 (M+ + 1), 374 (M+). IR vNujolcm -1: 3370, 3285, 1772, 1708, 1510, 875, 808. 1H-NMR
(400 MHz, DMSO-d6) 8: 7.72 (lH, d, J= 1.6 Hz, H-16), 7.63 (lH, dd, J= 1.8, 1.6 Hz, H-15), 6.63 (lH, d, J= 1.8 Hz,
H-14), 6.53 (l H, dd, J=8.0, 5.0 Hz, H-2), 6.14 (lH, dd, J=8.0, 1.8 Hz, H-3), 5.84 (lH, s, 4-0H), 5.59 (lH, d, J=
4.0 Hz, 6-0H), 5.47 (l H, dd, J= 12.0, 4.0Hz, H-12), 5.26 (IH, dd, J=5.0, 1.8 Hz, H-1), 4.00 (l H, ddd, J=9.0, 8.0,
4.0Hz, H-6), 2.90 (lH, t, J=9.0Hz, H-8), 2.34 OH, dd, J=13.5, 4.0 Hz, H-lI,B), 2.10 (lH, m, H-7lX), 1.88 (lH,
dd, J= 13.5, 12.0Hz, H-lIC(), 1.66 (lH, m, H-7f3), 1.59 (lH, S, H-IO), 1.06 (3H, s, 5-CH3) , 1.03 (3H, S, 9-CH 3) ·

Tlnophyllol (3)-mp 229-231 °C (dec.), colorless prisms from MeOH, [cx]~O -19.3 (pyridine, c=0.5). Anal.
Calcd for C21H2606: C, 67.36; H, 7.00. Found: C, 67.37; H, 7.15. UV A~~~Hnm: 216. EI-MS (mlz): 374 (M+). IR
vNujol cm -I: 3470,3130, 1730, 1718, 1495,878,815. 1H-NMR (400 MHz, DMSO-d6 ) D: 7.73 (lB, d, J= 1.6 Hz, H-16),
7.68 (lB, dd, J=1.8, 1.6Hz, H-15), 6.55 (IH, d, J=1.8Hz, H-14), 6.25 (IH, d, J=4.0Hz, H-3), 5.49 (tH, dd,
J=12.0, 6.0 Hz, H-12), 4.96 (lH, br s, 2-0H), 4.34 (lH, ddd, J=8.0, 8.0, 4.0 Hz, B-2), 3.68 (3H, s, 4-0CH3) , 2.79
(lH, dd, J= 10.0, 3.0 Hz, H-8), 2.43 (lH, dd, J= 11.0,3.0 Hz, H-6(3),2.14 (lH, dd, J= 14.0,8.0 Hz, H-1fJ), 2.06 (lH,
dd, J= i4.0, 6.0 Hz, H-llcx), 1.93 (lR, ddd, J= 14.0,8.0, 6.0Hz, H-1cx), 1.87 (lB, dd, J= 14.0, 12.0Hz, H-llp), 1.80
(lH, d, J=6.0 Hz, H-IO), 1.61 (IH, m, H-70!), 1.32 (3H, s, 5-CH3) , 1.18 (2H, m, H-60! and H-7fJ),0.84 (3H, S, 9-CH 3) .

6-Hydroxyfibleucin (4)-mp 195-204(jC (dec.), colorless plates from MeOH, [a]~O -59.1 (pyridine, c=0.49).
Anal. Calcd for CZOH2007: C, 64.51; H, 5.41. Found: C, 64.53; H, 5.36. UV A.~~~Hnm: 211, 231. FD-MS (mlz): 373
(M+;t-l),372(M+),EI-MS(mjz):373(M++l).IRvNUjOlcm-1:3300, 1770, 1703, 1637, 1601, 1508, 873, 812. 1H_
NMR (400 MHz, DMSO-d6 ) D: 7.74 (lH, d, J= 1.6 Hz, H-16), 7.62 (lH, dd, J= 1.8, 1.6 Hz, H-15), 6.89 (lH, d, J=
2.0 Hz, H-7), 6.62 (JR, d, J= 1.8 Hz, H-14), 6.57 (lH, dd, J=8.0, 5.0 Hz, H-2), 6.21 (tH, dd, J=8.0, 1.8 Hz, H-3),
6.00 (lH, s, 4-0H), 5.68 (lH, dd, J= 12.0, 2.5 Hz, H-12), 5.65 (lH, d, J=3.0Hz, 6-0H), 5.35 (l H, dd, J=5.0, 1.8Hz,
Hvl), 4.47 (lH, dd, J=3.0, 2.0 Hz, H-6), 2.32 (lH, dd, J= 13.0,2.5 Hz, H-Ilp), 2.00 (IH, dd, J= 13.0, 12.0 Hz, H
Ilcx), 1.79 (lH, s, H-lO), 1.18 (3H, s, 9-CH3) , 0.99 (3H, S. 5-CH3) .

Fibraurin (5)-mp 285 DC (dec.), colorless prisms from dioxane-MeOH, [a]~O -29.3 (pyridine, c= 1.0). Anal.
Calcd for C2oH2007: C, 64.51; H, 5.41. Found: C, 64.38; H, 5.23. UV A.~~~Hnm: 217,230. EI-MS (mjz): 372 (M+). IR
vNujolcm -1: 3450,3125, 1768, 1692, 1632, 1502,875,815. 1H-NMR (400 MHz, DMSO-d6) D: 7.76 (lH, d, J= 1.6 Hz,
H-16), 7.67 (lB, dd, J= 1.8, 1.6Hz, H-15), 7.25 (lH, dd, J='8.0, 2.8 Hz, H-7), 6.64 (IH, d, J= 1.8 Hz, H-14), 6.50
(lH, s, 4-0H), 5.67 (IH, dd, J= 12.0, 2.5 Hz, H-12), 5.09 (lH, d, J=2.9 Hz, H-1), 3.87 (lH, dd, J=4.2, 2.9 Hz, H-2),
3.67 (IH, d, J=4.2 Hz, H-3), 2.34 (IH, dd, J= 17.0, 8.0 Hz, H-6cx), 2.32 (lH, dd, J= 14.0,2.5 Hz, H-llfJ), 1.95 (lH~

dd, J= 14.0, 12.0Hz, H-Ilcx), 1.79 (l H, s, H-lO), 1.71 (l H, dd, J= 17.0,2.8 Hz, H-6fJ), 1.17 (3H, S, 9-CH 3) , 1.08 (3H,
s,5-CH3 ) ·

6-Hydroxyfibraurin (6)-mp 295-304°C (dec.), colorless plates from MeOH [cx]f>° +26.3 (pyridine, c=0.5).
Anal. Calcd for CzoH200a: C, 61.85; H, 5.19. Found: C, 61.87; H, 5.24. UV A.~I~H nm: 212, 230. FD-MS (mlz): 388
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(M+), EI·MS (mjz): 389 (M++l). IR vNujOlcm-l: 3300,1782,1698,1639,1507,873,810. IH·NMR (400 MHz,
DMSO-d6 ) c5: 7.76 (IH, d, J= 1.6 Hz, H-16),. 7.69 (IH, dd, J= 1.8, 1.6 Hz, H-15), 6.86 (IH, d, J=2.8Hz, H-7), 6.64
(IH, d, J= 1.8 Hz, H-14), 6.34 (lH, s, 4-0H), 5.68 (IH,dd, J = 12.0, 2.0 Hz, H-12), 5.51 (IH. br s, 6-0H), 5.10 (lH, d,
J=2.9Hz, H-l), 4.33 (IH~ d, J=2.8Hz,H-6), 3.91 (lH, dd, J=4;2, 2.9 Hz, H-2), 3.74 (lH, d, J=4.2Hz, H-3), 2.29
(IH, dd, J= 14.0, 2.0Hz, H-llfJ), 2.04 (iH, dd, J= 14.0, 12.0 Hz, H-llet), 1.90 (lH, S, H-IO), 1.18 (3H, S, 9-CH3), 1.16
(3H, s, 5-CH 3) .

Acknowledgement The authors thank Drs. Y. Miyake and M. Kuwada of Eisai Co., Ltd. for their valuable
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Two new isoflavone glycosides, the 8-C-apiosyl(l-6) glucosides of daidzein and genistein,
were isolated from the roots and the voluble stems of Pueraria lobata (WILLD.) OHWI. Thirteen
known isoflavonoids and related compounds were also found,

Keywords-Pueraria lobata; Leguminosae; isoflavonoid; isoflavone apiosyl-glucoside; 13C_

NMR spectrum

Puerariae Radix, the root of Pueraria lobata (WILLD.) OHWI (Leguminosae), is a very
important Chinese traditional medicine. It has been used as an antipyretic and spasmolytic
agent. Studies on the chemical constituents of this plant have been carried out by many
investigators, and various isoflavonoids have been found." Recently, we reported the
occurrence of triterpenoidal saponins from this plant and elucidated the structures of seven
sapogenols from the hydrolysate of the crude saponin fraction." Furthermore, we isolated
two novel aromatic glycosides, puerosides A and B.4

) In the course of these studies, we have
also isolated many isoflavonoids and related compounds including new glycosides from both
the aerial and underground.parts of P. lobata. This paper deals with the structural elucidation
of these compounds by spectroscopic means.

The methanolic extract of the fresh roots of the title plant was partitioned between n
BuOH and water. A combination of silica gel, Sephadex LH-20 and MCI gel CHP 20P
column chromatographies of the organic phase with various solvent systems, resulted in the
isolation of compounds 1-11. Similarly, the methanolic extract of the fresh voluble sterns of
this plant gave twelve compounds 1, 3-6, 8-10, 12-15. They were identified as daidzein
(3),2a) formononetin (4),5) genistein (5),6) daidzin (6),20) daidzein 4',7-diglucoside (7),2d)
puerarin (8),2C) PG-1 (9), PG-3 (lO),2tI) puerarin xyloside (11),2C) genistin (12),7) genistein 8-C
glucoside (13),8) coumestrol (14)9) and isoliquiritigenin (15),10) by comparison of their carbon
13 nuclear magnetic resonance e3C-N M R) spectral data (Table I) and other physical and
spectral data (see Experimental). Among these compounds, this is the first report of the
isolation of 12-15 from this plant.

Compound 1, colorless needles, mp 188-190 °C was positive to the ferric chloride
reagent. The proton nuclear magnetic resonance etH-NMR) spectrum of 1 showed a
characteristic signal at (58.27 ascribable to H-2 of the isoflavone. Moreover, signals due to an
aromatic A2X2 system (2H, d, J=8Hz, b7.39; 2H, d, J=8Hz, (57.98), an AX coupling
pattern (1H, d, J = 8 Hz, b 7.01; 1H, d, J = 8 Hz, b 7.98) and a glycosidic moiety were observed.
Methanolysis of 1 in 1N HCI-MeOH gave puerarin (8) and methyl apioside. Based on these
observations, 1 was presumed to be 8-C-apiosyl-glucosyl-daidzein. The 13C-NMR spectrum
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(Table I) of 1 also supported the presence of the terminal apiosyl moiety, based on a
comparison with the 13C-NMR spectral data for that of apiin. l1

) Furthermore, glycosylation
shifts at C-5 and C-6 of the C-glucosyl residue were observed. Therefore, 1 could be
represented as daidzein 8-C-apiosyl(l-+6)glucoside.

Compound 2, was isolated as a white amorphous powder. Ordinary methanolysis of 2
furnished genistein 8-C-glucoside (13) and methyl apioside. Comparison of the 13C-NMR
spectral data of 2 and 1 showed that the signals of the sugar moiety were in agreement with
each other. Based on these data, 2 could be identified as genistein 8-C-apiosyl(1 ~6)glucoside.

Compounds 1 and 2 seem to be the first examples of naturally occurring isoflavonoids
having the apiosyl residue as a sugar moiety.

H~ HO~OH
R4

~ b- "':

I b- H
OR5

0

R, R2 R3 R4 Rs
14 15

1 H H -glc...2...api H H
2 DH H -glc...2...api H H
3 H H H H H
4 H H H H Me
5 DH H H H H
6 H glc H H H
7 H glc H H glc
8 H H glc H H
9 H H glc OH H

10 H H glc OMe H
11 H H -glc..§.-xyl H H
12 DB glc H H H
13 OH H glc H H

Experimental

Melting points were determined on a Yanagimoto micromelting point apparatus and are uncorrected. The lH_
and 13C-NMR spectra were measured at 60 and 67.5 MHz, respectively, using tetramethylsilane (TMS) as an internal
standard, and chemical shifts are given in the lJ scale. Column chromatography was carried out with Sephadex LH
20, MCI gel CHP 20P and Kieselgel 60, thin layer chromatography (TLC) was conducted on precoated Kieselgel 60
F2S4 plates and spots were visualized by ultraviolet (UV) illumination (254nm) and by spraying FeC13 or 10% sulfuric
acid reagent.

Extraction and lsolation--The fresh roots of Pueraria lobata (3 kg), collected in Kumamoto, were extracted
with MeOH under reflux. The extract was concentrated and partitioned between n-BuOH and water. Evaporation of
the organic layer gave a residue (63 g), which was chromatographed on Sephadex LH-20 with MeOH to yield a
triterpenoid saponin fraction and a flavonoid fraction (47 g). The flavonoid fraction was subjected to a combination
of silica gel (CHCI3-MeOH=9: 1~7: 3), Sephadex LH-20 (H2Q-MeOH= 1:O~O: 1) and MCI gel CHP 20P(H20

MeOH= 1 :0-1 : 1) chromatographies to afford 1 (0.01%), 2 (0.001%),3 (0.01%), 4 (0.0003%),5 (0.001%), 6 (0.1%),
7(0.02%),8 (0.1%),9 (0.03%),10 (0.003%) and 11 (0.002%). The fresh voluble stems of Pi lobata (4.1 kg) were extracted
with MeDH. Removal of MeOH from the extract under reduced pressure gave the crude extract (500 g), which was
partitioned between EtOAc and water, and then the water phase was partitioned into n-BuOH. The EtOAc phase was
evaporated, and the residue was chromatographed on silica gel (CHCI3-MeOH = 1: 0-4: 1), and Sephadex LH-20
(H20-MeOH = 1 : 1) columns to furnish 3 (0.002%), 4 (0.0002%), 5 (0.0009%), 14 (0.002%), 15 (0.0007%). In a
similar manner, 1 (0.003%), 6 (0.003%), 8 (0.009%), 9 (0.002%), 10 (0.002%), 12 (0.002%) and 13 (0.002%) were
obtained from the n-BuOH phase.

Daidzein S.C-Apiosyl(I -6)glucoside (l)--Colorless needles, mp 188-190 °C, [CX]~2 - 24.1 ° (c = 0.5, di-
methylsulfoxide (DMSO). UV ),~:?Hnm (loge): 308 (3.90), 270 (4.10), 247 (4.18) (sh), 241 (4.23). IH-NMR
(DMSO-d6 + D20) 0: 6.83 (2H, d, J=8Hz, B-3'), 7.01 (IH, d, J=8Hz, H-6), 7.39 (2H, d, J=8Hz, H-2'), 7.98
(lR, d, J =8 Hz, H-5), 8.27 (I H, s, H-2). 13C-NMR: Table I.
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Methanolysis of I--A solution of I (50mg) in 1N RCI-MeOH (lOml) was heated under reflux for 2h. The
product was neutralized with 1N NaOH-MeOH and the inorganic precipitate was removed by filtration. The filtrate
was subjected to silica gel column chromatography (CHCI3-MeOH-H20 = 7: 3 :0.5) to give puerarin (8~ 30mg),
which was shown to be identical with an authentic sample by 13C-NMRcomparison (152.4, 123.0~ 174.9. 126.1,114.9,
161.0, 112.5, 156.0, 116.7, 122.4, 129.9, 114.9, 157.1, 73.3, 70.7, 78.6, 70.3, 81.6, 61.3, C-2-8,8a,4a,1 '-4',glc-I-6).
Methyl apioside was identified as the suger moiety by TLC analysis (Rf, 0.35; solv.• CHCI3-MeOH =9: 1) in
comparison with an authentic sample obtained from apiin.

Genistein 8-C-Apiosyl(l-6)glucoside (2)-A white amorphous powder, [a]~l -27.4'-' k=0.5, DMSO). UV
;'~:~Hnm (logs): 270 (4.15), 264 (4.10) (sh). IH-NMR (DMSO-d6 +D20) (j: 6.30 (lB, s, H-6), 6.83 (2H, d, J=8 Hz~

H-3'), 7.40 (2H~ d, J=8Hz, H-2'), 8.33 (lH, s. H-2). 13C-NMR: Table I.
Methanolysis of 2-A solution of2 (50mg) in 1N HCI-MeOH (lOml) was heated under reflux for 2h. The

reaction mixture was worked up as described in the case of 1. The filtrate was shown to contain genistein 8-C
glucoside (13) and methyl apioside from the 13C-NMR spectrum (153.8,121.7, 180.0, 160.5,98.7. 162.7, 104.1, 156.1.
104.5,121.2.130.4,115.0, 157.0,73.1,71.0,78.4,70.5,81.3, 61.0, C-2-8,8a,4a,l'-4',glc-I-6) and byTLC analysis (Rf.
0.35; solv., CHCI3-MeOH =9: I), respectively.

Daidzein (3)-Colorless needles, mp 300°C [ref. 12a, 315-323 "C]. UV 1~~~Hnm (log 8): 303 (4.00) (sh), 259
(4.38)(sh), 249 (4.40), 238 (4.38)(sh). EI-MS mlz: 254 (M+), 137, 118, 105.IH-NMR (OMSO-d6 +020) (j: 6.83 (2H,
d, J=8Hz, H-3'), 6.88 (IH, d, J=2Hz, H-8), 6.97 (lH, dd, J=9. 2Hz, H-6). 7.43 (2H, d, J=8Hz, H-2'), 7.96 (lH,
d, J=9Hz, H-5), 8.27 (lH, s, H-2). 13C-NMR: Table 1.

Formononetin (4)--Colorless needles, mp 252-254 °C [ref. 12b, 259°C]. UV A~~~H nm (loge): 311 (4.04),259
(4.45), (sh), 248 (4.49), 240 (4.41) (sh). IH-NMR (DMSO-d6 +D20) s.3.80 (3H, S, 4'-OMe), 6.87 un,d, J=2 Hz, H
8),6.93 (lH, d, J=8Hz, 6-H), 6.97 (2H, d, J=9Hz, H-3'), 7.51 (2H, d, J=9Hz, H-2'), 7.98 (lH, d. J=8 Hz, 5-H),
8.21 (lH, s, H-2). 13C-NMR: Table 1.

Genistein (5)--Colorless plates, mp 297-298 °C [ref. 12c, 297-298 "C]. UV A:~?Hnm (loge): 264 (4.45).EI
MS mlz: 270 (M+), 153. IH-NMR (DMSO-d6+020) (5: 6.22 (lH, d, J=2Hz, H-8), 6.38 (IH, d,.J=2Hz, H-6),
6.81 (2H, d, J=8Hz, H-3'), 7.37 (2H, d, J=8Hz, H-2'), 8.31 (lH, s, H-2). 13C-NMR: Table 1.

Daidzin (6)------Colorless needles, mp 235-237°C [ref. 12a, 234-236°C]. [lX]tO -33.6° «(.'=0.5, DMSO) [ref.
12a, - 36.40 (0.02N NaOH)J. UV A.~~~Hnm (loge): 306 (3.70) (sh), 270 (4.23), 248 (4.40). IH-NMR (DMSO
d6 +D20) (j: 6.83 (2H, d, J=8 Hz, H-3'), 7.15 (l H, dd, J=8, 2 Hz, H-6), 7.23 (l H, d, J= 2Hz, H-8), 7.43 (2H, d, J=
8 Hz, H-2'), 8.06 (l H, d, J = 8 Hz, H-5), 8.34 (l H, s. H-2). 13C-NMR: Table 1.

Daidzein 4',7-Diglucoside (7)-Colorless needles, mp 245-247 DC, [£X]~ -44.2 Q (c=0.5, OMSO). UV
;'~:~Hnm (log e):298 (4.06), 248 (4.23). IH-NMR (OMSO-d6 +D20) s. 7.15 (lH, dd, J=8, 2Hz, H-6), 7.17 (2H, d,
J=8Hz, H-3'), 7.22 (lH, ct, J=2Hz, H-8), 7.55 (2H, d, J=8 Hz, H-2'), 8.07 (lH, d, J=8Hz, H-5), 8.38 (IH, d, J=
8Hz, H-5). 13C-NMR: Table 1.

Puerarin (8)-A white amorphous powder, [aJ~o +9.2 0 (c=0.5, DMSO). UV A.~~?Hnm (loge): 308 (3.85), 271
(4.11),250 (4.20) (sh), 242 (4.23). IH-NMR (DMSO-d6+DzO) 0: 4.90 (lH, d, J=9Hz. glc H-I), 6.83 (2H, d, J=
8Hz, H-3'), 7.02 (lH, d, J=9Hz, H-6), 7.40 (2H, d, J=8Hz, H-2'), 7.98 (IH, d, J=8Hz. H-5)~ 8.28 (IH~ s, H-2).
13C-NMR: Table I.

PG-l (9)-Colorless needles, mp 248-250°C, [et]tZ +15.6° (c=0.5, DMSO). UV ).~:~Hnm (log s): 309 (3.94)
·(sh), 295 (4.06), 272 (4.09),238 (4.23), 224 (4.22). IH-NMR (DMSO-d6+D20) (5: 4.88 (lH, d, J=9Hz, glc a-n,
6.7-7.1 (3H in total, m, Bring-H), 7.01 (lH, d, J=8 Hz, H-6), 7.97 (l H, d, J=8 Hz, H-5), 8.24 (lH. s, H-2). 13C_
NMR: Table I.

PG-3 (IO)--Colorless needles, mp 214-216°C [a]t1 + 16.5n (c=0.2, DMSO). UV ;'~~~Hnm (loge): 311 (3.78)
(sh), 289 (3.98),239 (4.15) (sh), 224 (4.20). IH-NMR (DMSO-d(i+DZO) (j: 3.85 (3H, s, 3'-OMe), 4.97 (tH, d, J=
9Hz, glc H-l), 6.7-7.4 (4H in total, m, H-2', 5',6';6),8.03 (l H, d, 1=8 Hz, H-5), 8.34 (l H, s, H-2). 13C-NMR:
Table I.

Puerarin Xyloside(ll)--A white amorphous powder, [a]t1 -8.4 o (c=0.5, DMSO). UV A.~:~Hnm (loge): 252
(4.10),232 (3.96). lH-NMR (0MSO-d6 +0 20) 8: 4.88 (IH, d, J=9Hz, glc H-l), 6.85 (2H, d, J=8Hz, H-3'), 7.03
(l H, d, J=8 Hz, H-6), 7.42 (2H, d, J= 8 Hz, H-2'). 7.97 (IH, d, J=8 Hz, H-5), 8.30 (l H, S, H-2). PC-NMR: Table 1.

Genistin (12)-Colorless needles, mp 258-260°C [ref. 12c, 256 c1C], [et]t3 -30.4° (c~0.5, DMSO) [ref. 12c,
-28 0 (0.02N NaOH)]. UV A.~:?H 11m (10gB): 326 (3.70), 261 (4.40). IH-NMR (DMSO-db +D20) (j: 6.43 (lH, d, 1=
2Hz, H-6), 6.67 (lH, d, J=2Hz, H-8), 6.80 (2H, d, J=8Hz, H-3'), 7.37 (2H, d,J=8Hz, H-2'), 8.34 (lH, s, H-2).
13C-NMR: Table 1. .

Genistein 8-C-Glucoside (13)-Colorless needles. mp 221-223 "C, [",]~O + 13.00 (c=0.5, DMSO). UV
;'~:~Hnm (logs): 265 (4.46). IH-NMR (DMSO-d6 +D20) s. 4.75 (lH, d, J=9 Hz, glc H-I), 6.36 (lH, s, H-6), 6.87
(2B, d, J=8 Hz, H-3'), 7.42 (2H, d, J=8 Hz, H-2'), 8.33 (lH, s, H-2). 13C-NMR: Table 1.

Coumestrol (14)-A white amorphous powder. UV A.~~?Hnm (loge): 350 (4.18), 304 (3.85),244 (4.11),220
(4.04). EI-MS m]z 268 (M+), 240, 149. IH-NMR (DMSO-d6+D20) (j: 6.92 (2H, d, J.=:2Hz, H-5', 8), 7.10 (2H, dd,
J=8, 2 Hz, H-3', 6), 7.63 (lH, d, J=8 Hz, H-2'), 7.86 (lH, d, J=8Hz, H-5). 13C-NMR (DMSO-d6) [): 98.6 (d), 102.0
(d), 102.9(d), 104.1 (d), 113.6(s), 113.9(s), 114.5(s), 120.5 (d), 122.6(d), 154.6(s), 155.9(s), 156.9 (s), 157.5 (8), 159.4
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(s), 161.1 (5).
lsoliquiritigeoin (15)--A white amorphous powder. UV A~:~Hnm (loge): 367 (4.29). EI-MS mjz: 256 (M+),

137, 120. lH·NMR (DMSO-d6+DzO) fJ: 6.32 (lH, d, J=2 Hz, H-3'), 6.44 (lH, dd, J=8, 2Hz, H-5'), 6.87 (2H, d,
J=8Hz, H-3, 5), 7.76 (2H, d, J=8Hz, H-2, 6), 7.77 (2H, brs, ex, P-H), 8.37 (lH, d, J=9Hz, 6'-H). 13C·NMR
(DMSO-d6)fJ: 125.7,131.1,115.8, 160.2 (C-I-4), 114.9,165.0,102.6,165.8,108.0, 132.7 (C·l'-6'), 144.1, 117.3, 191.4
(C-ex, p, ;C =0).
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Several phytosterols, stigmasterol. campesterol and fJ-sitosterol, were shown to have potent
anti-complementary activities. Stigmasterol was the most potent. A marked consumption of C4 was
observed to have occurred when serum was incubated with thesephytosterols, and p~sitosterol and
stigmasterol showed higher C4 consumption than campesterol. After the incubation of serum with
these phytosterols in the absence of Ca2 + ions. cleavage of C3 in the serum was detected by
immunoelectrophoresis. Stigmasterol caused greater C3 cleavage than the other two com
pounds. Stigmasterol also showed higher consumption of complement than campesterol and f3
sitosterol when rabbit erythrocytes were used in the assay system in the absence of Ca2 + ions. These
results indicate that these phytosterols activate complement via both the alternative and classical
pathways.

Keywords--stigmasterol; p-sitosterol; campesterol; anti-complementary activity; comple
ment activation

4851

The complement system plays an important role in host defence, inflammation or allergic
reactions, and activation of the complement system occurs via both the classical and
alternative pathways." The classical pathway is activated by immune complexes containing
immunoglobulin M (IgM) and immunoglobulin G (IgG) antibodies, acute-phase proteins
such as Csreactive protein, and ribonucleic acid (RNA) tumor viruses, The alternative
pathway is directly activated by polysaccharides, certain immunogIobulins, viruses, fungi,
bacteria, certain animal cells and parasites. Some anti-complementary polysaccharides, for
example, lipopolysaccharides," P(I ~3)glucan,3) 6-branched f3(l ~ 3)glucan,3) and inulin?'
have already been isolated fro In. bacteria, fungi and plants. Recently, potent anti-comple
mentary activity has also been observed in the extracts of several Chinese herbs," and these
active principles were characterized as complex arabinogalactans,5b-e.i-/) However, not
many low-molecular weight organic substances having anti-complementary activity have been
reported. During screening for anti-complementary substances, we have found potent anti
complementary activity of several phytosterols, P-sitosterol, stigmasterol and campesterol,
isolated from soybean meal.

In the present paper, we describe the anti-complementary activity of these three
phytosterols and their modes of action.

Materials and Methods

Materials--Normal human serum (NHS) was obtained from a healthy adult. IJ~Sitosterol. stigmasterol and
campesterol were purchased from Sigma Co. The chemical structures of these compounds are shown in Fig. 1. The
purity of these phytosterols was checked by high performance liquid chromatography (HPLC). Commercial fJ
sitosterol was a mixture of IJ-sitosterol and campesterol, and therefore it was'purified by HPLC using a YMC-Pak A-
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campesterol

312 ODS column (6 x 150mm) with 100/,~ MeOH. The apparatus used for HPLC was a Waters modeIALC/GPC 244
equipped with a model 441 UV detector (Waters Assoc.• Milford, MA) set at 214nm and a model R 410 differential
refractometer (Waters Assoc., Milford, MA).

Anti-complementary Activity--Eachof the phytosterols was dissolved in isopropanol then diluted with water
to a final concentration of 5% isopropanol. and these solutions were used for assay. The anti-complementary activity
was measured as described previously.I'v" Gelatin-veronal-buffered saline (pH 7.4) containing 500 flM MgH and
150JLM Ca2+ (GVB2+) was prepared as described previously."? Various dilutions of sample in 5% isopropanol (50,ul)
were incubated with 50 td of NHS and 50,ul of avaH

• The mixtures were incubated at 37 DC for 30 min and the
residual total hemolytic complement (TCHso) was determined by a method using IgM-hemolysin-sensitized sheep
erythrocytes (EA) at 1 x 108 cells/ml. NHS was incubated with 5% isopropanol and GVB 2+ to provide a control. The
anti-complementary activity of the phytosterol was expressed as the percentage inhibition with respect to TCHso of
the control.

Determination of Complement Hemolysis through tbe Alternative Complement Pathway (ACHso)--ACHso was
determined';" in 10 mx ethylene glycol-bistji-arninoethyl ether)N,N,N'.N'-tetracetic acid (EGTA) containing 2 mM
MgCI2 in GVB2 - (Mi+-EGTA-GVB2 - ) . A sample was incubated with Mi"'"-EGTA-GVB2

- and NHS at 37°C
for 30min, and the residual complement of the mixtures was measured in terms of the hemolysis of rabbit
erythrocytes (5 x 10' cells/ml) incubated with Mi+-EGTA-GVB2 -.

Crossed Immuneelectrophoresls-c-e-Nl-lf was incubated with an equal volume of the solution of the phytosterol
with Mg2+-EGTA-GVB2

- for 30min at 37 DC. The serum was then subjected to crossed immunoelectrophoresis to
locate the C3 cleavage products.!" Shortly after the first run (barbital buffer pH 8.6, ionic strength 0.025, with 1~{;

agarose), the second run was carried out on a gel plate (I.S-mm layer) containing 0.5% rabbit anti-human C3 serum
at a potential gradient of 1 rnA/em for 10h. After the electrophoresis, the plate was fixed and stained with Ponceau
3R.

Determination ofC4-Titration ofC4 was performed'"? using intermediate cells EAC18P for C4. EACIIlP cells
were prepared from EA (l x 109 cells/rnl) incubated with CI solution (l x 1012 SFUjml) in the ratio of28: 1at 4 "C for
1h.

Results

The anti-complementary activities of the phytosterols are shown in Fig. 2. Stigmasterol,
campesterol and ft-sitosterol all had potent activities, and stigmasterol was the most potent.
Under the same conditions, anti-complementary arabinogalactan mixture (1000 ttg/ml)
showed about 80% of the anti-complementary activity (data not shown). The activation of the
classical pathway is initiated by Cl which exists in NHS as a Ca2 + dependent complex of three
subunits. Activated Cl then activates C4 and C2. Therefore we measured the C4 content in
NHS after the incubation with phytosterols to determine their involvement in the activation
of the classical pathway. NHS was incubated with stigmasterol, campesterol and fi-sitosterol
in GVB2 + at 37 DC for 30 min, and the residual activity of C4 was estimated by hemolytic
assay (Fig. 3). The three phytosterols decreased the C4 content of NHS dose dependently.
When NHS incubated with 100 j.1g/ml of stigmasterol or fJ-sitosterol was used for C4 titration,
90% of the hemolytic titer of C4 was consumed. Campesterol also decreased the C4 content of
NHS significantly. These results showed that the classical pathway was activated by these
phytosterols. Because Ca2 + is required for the activation of complement via the classical
pathway but not the alternative pathway, the activation through the alternative pathway was
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measured by the use of Ca2 + depleted NHS in the presence of EGTA. When these
phytosterols were incubated with NHS in Mg2 +-EGTA-GVB2 - at 37°e for 30min and a
hemolytic assay (ACH so) was carried out using rabbit erythrocytes, stigmasterol, campesterol
and p-sitosterol showed dose-dependent anti-complementary activities on ACHso (ACP
activity) (Fig. 4). In the case of stigmasterol, 100% ACP activity was observed when a
concentration of 50flg/n11 was used for the assay .. The order of ACP activities of these
phytosterols was stigmasterol> campesterol > P-sitosterol. The activation of the alternative
pathway causes C3 cleavage due to the activation of C3 but does not require the activation of
CI, C4 or C2, or the presence of Ca2 +. Therefore, crossed immunoelectrophoresis was carried
out after the incubation of NHS with these phytosterols in Mg2 +-EGTA-GVB2

- to
determine whether C3 activation had occurred. When crossed immunoelectrophoresis was
carried out after the incubation of NHS with 5% isopropanol as the solvent in Mg2 +-EGTA
GVB2

- , a slight cleavage of C3 was apparent, but more significant cleavage of C3 was
obtained in the serum treated with these phytosterols (Fig. 5). Potent ACP-active stigmasterol
caused the greatest C3 cleavage. These results indicated that the alternative pathway was also
activated by these phytosterols. It should be noted that 5% isopropanol showed about 20%
ACP activity when water was used as the control.

Discussion

The present investigation demonstrated that the phytosterols P-sitosterol, stigmasterol
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Fig. 5. C3 Activation by Phytosterols

NHS was incubated with an equal volume of (1) 5% isopropanol, (2) stigmasterol, (3)
carnpesterol, or (4) p·sitosterol (0.1 mg/ml) with GVaH (A) or MgH -EGTA-GVB.2

- (B)
at 37"C for 30min. The sera were then subjected to crossed immunoelectrophoresis, to
locate C3 cleavage products. The anode is to the left.

and campesterol showed potent anti-complementary activities. During this study, Ebihara et
al. reported that 3/l-hydroxystigmast-5-ene-7-one obtained from the root of Dichroafebrifuga
LOUR also has potent anti-complementary activity, as did several other sterols,'? but they did
not report the mode of action of this activity. Phytosterols used in this study were not soluble
in water, so several organic solvents (5% in water) were tested for ability to solubilize the
phytosterols and for effect on the anti-complementary activity. Isopropanol was shown to
have rather lower activity than others such as dimethylsulfoxide, tetrahydrofuran, ethanol
and methanol (unpublished results). In the present experiment, stigmasterol was shown to
have the most potent anti-complementary activity among the phytosterols tested. However, it
is not known whether these activities depend on the specific structure of these phytosterols,
because stigmasterol showed the highest solubility in 5% isopropanol, whereas some insoluble
precipitates appeared in the case of the other two phytosterols after the addition of water to
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make 5% isopropanol solution.
We found this activity in soybean meal extract, which contains stigmasterol and

campesterol as the major constituents. It is known that these phytosterols are contained
widely in many plants, including several Chinese herbs. These phytosterols activated the
complement system via not only the classical but also the alternative pathway. The alternative
pathway does not require antibodies and is directly activated by bacteria, viruses, fungi,
helminth and protozoan parasites, and lymphoblastoid cells." Thus, in general, the alter
native pathway constitutes the natural defence mechanism of the non-immune host. Therefore
these phytosterols are suggested to have potent non-specific immunopotentiating activities.

It has been reported that some Chinese herbs and their prescriptions (Kampo hozai) have
various immunomodulating activities such as interferon-producing activity,sa.7} mitogenic
activity,Sa. 8) anti-complementary activity," adjuvant activity," host-mediated anti-tumor
activity~10.11a) reticuloendothelial system activation!'! etc. These activities have been generally
observed in the high-molecular weight fractions of Chinese herbal extract." but few low
molecular weight substances having these activities have been reported. We have not yet
examined whether these phytosterols have other immunomodulating activities, but the
present results suggested that these phytosterols may be responsible, at least in part (together
with high-molecular-weight substances such as polysaccharide), for the immunomodulating
activities of Chinese herbal extract.
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Enzyme labeling of a steroid with glucose oxidase by the N-succinimidyl ester method was
investigated. The activated ester of a testosterone derivative was treated with glucose oxidase to give
a labeled antigen. Various molar ratios of steroid to enzyme, ranging from 2 to 100, were employed;
the degrees of hapten substitution were found to be 0.7-13. Satisfactory immunoreactivities with
an anti-testosterone antiserum in the enzyme immunoassay procedure were obtained with the
labeled antigens prepared at molar ratios higher than 4. The effect of steroid/enzyme molar ratio in
the labeling on the sensitivity of the testosterone assay was then examined. It was found that the
sensitivity of the assay is.significantly influenced by the molar ratio, and a higher ratio results in a
decrease in assay sensitivity. A dose-response curve with a high sensitivity could be obtained by the
use of the labeled antigen prepared at a molar ratio of 6. The active ester method proved to be
useful for the preparation 'ofglucose oxidase-labeled antigens as well as for alkaline phosphatase, fJ
galactosidase and horseradish peroxidase Iabelings, because of its simplicity and excellent re
producibility.

Keywords-enzyme immunoassay; steroid enzyme labeling; N-succinimidyl ester method;
testosterone; glucose oxidase; anti-testosterone antiserum; immunoreactivity; immunoassay sen
sitivity

Enzyme-labeled antigens for use in the heterogeneous enzyme immunoassay of steroid
hormones have usually been prepared by condensation of the carboxyl groups of a steroid
with the amino groups of lysine residues in an enzyme. The mixed anhydride and
carbodiimide methods have mainly been used for the enzyme labeling. The sensitivity and
reproducibility of enzyme immunoassays are influenced by the coupling method. We have
previously shown that the N-succinimidyl ester method is useful for alkaline phosphatase
(AP),2) ,B-galactosidase (f3-GAL)3) and horseradish peroxidase (HRP)4) labelings. Further, the
three enzymes have been compared with regard to the effectsof steroid/enzyme molar ratio in
the labeling on the immunoreactivity of the labeled antigen with an anti-steroid antiserum and
on the assay sensitivity.v" . ,

Glucose oxidase (GOD) is also frequently used as an enzyme label, but little work has
been done on labeling of steroids or other haptens with the enzyme by the N-succinimidyl
ester method. This paper deals with the preparation of GOD-testosterone conjugates by the
active ester method, and with the immunological properties of the antigens in an enzyme
immunoassay system.

Materials and Methods

Materials--GOD (EC 1.1.3.4) from Aspergillus niger (grade I, 281 Ujrng) was obtained from Boehringer
Mannheim Yamanouchi Co. (Tokyo); HRP (EC 1.11.1.7) (grade I-C, 261 units/mg) was from Toyobo Co., Ltd.
(Osaka). The N-succinimidyl ester of 4-hydroxytestosterone 4-hemiglutarate (I) was prepared by the method
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previously established in these laboratories." Anti-testosterone antiserum used was that reported in the previous
paper." Goat anti-rabbit immunoglobulin G (IgG) antiserum and normal rabbit serum were purchased from Daiichi
Radioisotope Labs., Ltd. (Tokyo).

Buffer Solution--A 0.05 M phosphate buffer (PH), pH 7.3, was used in the labeling. In the enzyme
immunoassay procedure, PB containing 0.1% gelatin and 0.9% NaCl (buffer A) was used. The measurement of GOD
activity was carried out in aO.05M acetate buffer, pH 5.0 (buffer B).

Preparation of Testosterone-GOD Conjugates--Dioxane solu tions (0.15 ml) containing calculated amounts of
the testosterone N-succinimidyl ester (II) corresponding to steroid/GOD molar ratios of 2,4,6, 10,20,30, 50 and 100
(M.W. of GOD, 160000f) were each added to a solution of GOD (1.5 mg) in PB (0.3 ml) at O°C,and the mixture was
gently stirred at 4°C for 4 h. After addition of PB (1.1 ml), the resulting solution was dialyzed against cold PB (3 l) for
2 d. A 0.5 ml aliquot of the dialyzed conjugate solution was transferred to a test tube; the solutions were stored at 4°C
at a concentration of 500 jlg/ml, adjusted with buffer A. The remaining conjugate solution was used for determination
of the number of steroid molecules incorporated per enzyme molecule. Simultaneously, in order to test the efficiency
of the dialysis, a calculated amount of I corresponding to a steroid/enzyme molar ratio of 170 was added before
dialysis to another steroid-enzyme coo-jugate solution prepared at a molar ratio of 30. The recovery of enzymic
activity' in the coupling procedure was also tested using the native enzyme in PB as a control. The labeled antigens
were stable for several months as regards enzymic activity and immunoreactivity under these storage conditions. For
the immunoassay procedure, the solution was diluted with buffer A containing 0.5% normal rabbit serum.

Determination of the Number of Testosterone M9lecules Incorporated per GOD Molecule--Spectrometric
analysis was carried out by comparing the absorbances at 253 and 280 nm of the conjugate with those of GOD and I
as controls in PB. The constants used were as follows: M.W. of GOD, 160000; e values for GOD were 80000 (253 nm)
and 170QOO (280 nm), 7) and for steroid, 13000 (253 nm) and 1400 (280 nm).

Immunoreactivity and Antibody Dilution Curve--The enzyme immunoassay procedures were carried out in
duplicate or triplicate in a glass test tube (10 ml) as follows: GOD-labeled testosterone (5 ng) in the buffer (0.1 ml)
containing normal rabbit serum and buffer A (0.1 ml) were added to anti-testosterone antiserum (0.1 ml) diluted
1: 500 or more in buffer A, and the mixture was incubated at 4°C for 4 h. Goat anti-rabbit IgG antiserum (0.1 ml)
diluted 1: 30 with.buffer A containing 0.3% ethylenediaminetetraacetic acid was added to the incubation mixture, and
the solution was vortex-mixed, then,allowed to stand at 4 DC for 16h. After addition of buffer A (1.5 ml) the resulting
solution was centrifuged at 3000 rpm for 10min, .and the supernatant was removed by aspiration. The immune
precipitate was washed once with buffer A (1.5 ml) and used for measurement of the enzymic activity. At the same
time, the procedure without addition of the first antibody was carried out to provide a blank value. An experiment
using only the enzyme-labeled steroid was also carried out to obtain 100% enzymic activity.

Inhibition of the Binding of Enzyme-Labeled Antigen to Antibody by Addition of Testosterone--A solution of
testosterone (50 pg) in buffer A (0.1 ml) and GOD-labeled testosterone (1-5 ng) in the buffer (0. I ml) were added to
dilu ted antiserum (0.1 ml), and the mixture was incubated at 4 '-'C for 4 h. Separation of free and bound enzyme
labeled antigens was carried out as described above. Simultaneously, the procedure without addition of testosterone
or the first antibody was carried out to provide Bo and non-specific binding (background) values.

Measurement of Enzymic Activity--The immune precipitate was diluted with buffer B (1.2011) containing 3
(p-hydroxyphenyl)propionic acid (HPPA) (0.08~~), glucose (9%), and HRP (0.0001%), vortex-mixed, and incubated
at 25 DC for 1h. The reaction was terminated by addition of 3% NaN3-Q.5 M NaOH (l : I, 2 ml). The fluorescence
intensity was then measured at 405 nm with excitation at 320 nm. The background was estimated as a percentage of
the intensity for Bo; the zero reference used consisted of these solutions.

In the case of the recovery test for enzymic activity or the use of only enzyme-labeled testosterone as described
above, these procedures were applied to the enzyme solution.

testosterone: R = H
I: R=OCO(CHz)3COOH

II

Chart I

III
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Results and Discussion

The purpose of this work was to examine the immunoreactivity of the testosterone-GOD
conjugate prepared by the N-succinimidyl ester method with the anti-testosterone antiserum
in the enzyme immunoassay procedure, and the sensitivity of the testosterone assay using the
labeled antigen. The N-succinimidyl ester (II) prepared from I by condensation with N
hydroxysuccinimide in the presence of a water-soluble carbodiimide was reacted with GOD to
give enzyme-labeled antigen (III). The enzyme labeling was carried out by mixing II with the
enzyme in phosphate buffer (pH 7.3)--dioxane. The activated ester should react readily with
free amino groups of the enzyme. Various molar ratios of the steroid to enzyme, ranging from
2 to 100, were used. The reaction mixtures were dialyzed against the buffer to remove the
unreacted steroid. The loss of enzymic activity was less than 20% under the coupling
conditions used. Spectrometric analysis showed that the average number of steroid molecules
incorporated per GOD molecule (degree of hapten substitution) ranged from 0.7 to 13 (Fig.
I).

The anti-testosterone antiserum used in the enzyme immunoassay was that elicited in a
rabbit by immunization with the conjugate of I with bovine serum albumin, that is, a
homologous assay system." This antiserum has an affinity constant of 2 x 1010 M- 1 for
testosterone, in the radioimmunoassay procedure." The bound and free enzyme-labeled
antigens were separated by a double antibody method. The enzymic activity of the immune
precipitate was determined by a fluorimetric method using an HRP-HPPA system, i.e.
measurement of hydrogen peroxide produced by the catalytic action of GOD in the presence
of glucose.

Immunoreactivities of the enzyme-labeled antigens obtained with various steroid/enzyme
molar ratios were investigated at l: 500 dilution of the anti-testosterone antiserum. The
amount (5 ng) of the antigen fixed corresponds to ca. 9 pg of testosterone, if the degree of
hapten substitution is 1. The results are shown in Fig. 1. The binding ability increased with
increasing molar ratio, and reached a plateau at a ratio of 50; satisfactory reactivities were
obtained with the labeled antigens prepared at molar ratios higher than 4. It should be noted
that the unreacted steroid in the enzyme labeling was effectively removed by the dialysis: this
conclusion was based on the fact that the labels prepared at a molar ratio of 30 with and
without addition of I as a tracer showed similar degrees of hapten substitution.

The effect of the steroid/enzyme molar ratio on the sensitivity of the testosterone assay
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was then examined. For this purpose, an appropriate dilution of anti-testosterone antiserum
for use in enzyme immunoassay was determined by construction of antibody dilution curves.
The result obtained with the GOD-labeled antigen (5 ng) prepared at a molar ratio of 10 is
shown in Fig. 2. The binding ability was expressed for convenience as a percentage of that
obtained with I : 500 dilution. The dilution showing 50% binding can be defined as a titer.
Therefore, the use of the antiserum diluted approximately 1: 5000 may be suitable for
obtaining a dose-response curve. In practice, however, various dilutions were employed in the
comparative study of sensitivity. Similar antibody dilution curves were obtained in the cases
of other labeled antigens. Sensitivities obtainable with the assay systems were tested by
examining the inhibition of enzymic activity caused by the addition of 50pg of testosterone per
tube, i.e. the extent of inhibition at the point of 50 pg of the steroid in the dose-response curve,
as shown in Fig. 3. Various amounts (1-5 ng) of the GOD label were used. The assays were
assessed in terms of the fluorescence intensity for Bo and non-specific binding (background).
The criterion thai the background obtained should be less than 10% was employed in this
work. The results are listed in Table 1. The data showed that the sensitivity was significantly
influenced by the molar ratio and a higher ratio resulted in a decrease in assay sensitivity. The
assays using the GOD-labeled antigens (5 or 2 ng) prepared at molar ratios of 2-30 were
sensitive with over 50% inhibition. On the other hand, the labels prepared at molar ratios of
50 and 100 gave comparatively low sensitivities and the use of a smaller amount (l ng) of the
label was not very effective in terms of sensitivity.

A typical dose-response curve for the testosterone enzyme immunoassay using the GOD
label (5 ng) prepared at a molar ratio of 6, together with those reported for the fluorimetric
assays using AP,2) p-GAL and HRp4> as labels, where the same anti-steroid antiserum and
haptenic derivative (I) were used, is shown in Fig. 3; the substrates used were 4-methylumbelli
feryl phosphate for AP, 4-methylumbelliferyl fJ-D-galactopyranoside for fJ-GAL, and HPPA
for HRP. These were the "best" standard curves obtained with each assay system. In the case
of GOD label, the amount of testosterone needed to displace 50% of the bound label was
14pg. With the label prepared at a molar ratio of 100, it was estimated to be over 150pg. It
can be seen that the sensitivity of the present assay is low when compared with that of the
assay using HRP, but higher than those with AP and f3-GAL. The minimal detectable amount
of testosterone, that is, twice the standard deviation of the zero determination (Bo, n = 10) was
1pg. Based on a balance between sensitivity and precision, we recommend steroid/GOD
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TABLE I. Inhibition of Bound Enzymic Activity of GOD~LabeledAntigens
by 50 pg of Testosterone

Molar Amount of Antiserum Inhibition NSB II
)

ratio label (ng) dilution e-~) (%)

2 5 1 : 10000 58 II
1:20000 74 17

4 5 I : 10000 58 7
1:20000 77 10

6 5 I: 10000 61 4
1:20000 70 7M

IO 5 i :20000 53 3
1:40000 46 4

2 1 : 10000· 65 2
1:20000 67 4

20 5 1:40000 34 2
I : 80000 43 3

2 1:20000 69 2
1:60000 58 6

30 5 1 : 60000 25 6
1 : 80000 33 7

2 1:40000 51 5
1 :60000 52 8

50 5 1: 60000 23 8
1 : 80000 27 10

2 1: 40000 49 2
I : 60000 47 3

100 5 1 : 60000 23 I
I : 80000 21 I

2 1: 60000 30 1
1 : 80000 33 1

(I) Non-specific binding (background). b) The dose-response curve shown in Fig. 3 was obtained with
this system.

molar ratios ranging from 4 to 8 (10-20 in the assay using 2 ng of the label). In general,
however, it is desirable to estimate the degree of hapten substitution, since the labeling rate is
influenced by various factors, such as pl-l, solvent volume, and reactivity of steroid
derivatives. It should be mentioned that GOD itself can be more sensitively assayed with
respect to the minimal detectable amount by using p-hydroxyphenylacetic acid instead of
HPPA,9) but the former agent gave a rather low sensitivity when applied to the present
immunoassay system.

The present work showed that the N-succinimidyl ester method is useful in the
preparation of GOD-labeled antigen as well as for AP, fJ-GAL and HRP labels. Enzyme
labeling of steroids or other haptens with GOD has been carried out by the mixed
anhydride'P' and carbodiimide"'? methods, which are not always satisfactory with respect to
reproducibility. The immunoreactivity of the GOD-labeled antigen prepared by the present
method, in which a high enzymic activity was recovered, was found to increase reasonably
with increasing steroid/enzyme molar ratio. In view of the availability of 30 lysine residues7)

for labeling, the effect of the molar ratio in the labeling on the assay sensitivity was not
unexpected. It seems likely that a 1 : 1 steroid-enzyme conjugate is suitable for obtaining a
high sensitivity, since the immunoreaction between this antigen and the antibody molecule is
efficiently responsive to a minimum amount of the antigen to be measured; a higher degree of
hapten substitution results in a decrease in assay sensitivity. In fact, the use of the label
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prepared at a molar ratio of4, in which the degree of steroid substitution was 1, resulted in the
highest sensitivity. It should be noted, however, that the GOD labels having substitution
degrees up to 6 gave satisfactory sensitivities under appropriate conditions. We are interested
in the result on the order of assay sensitivity, shown in Fig. 3. This problem is under
investigation.

The findings obtained here should be useful in the development of hapten enzyme
immunoassays. A colorimetric GOD detection system using 3,3',5,5'-tetramethylbenzidine as
a chromogen will be reported elsewhere. Application of the active ester method to other
enzymes which are currently employed in enzyme immunoassays is in progress.
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The antifungal activities of several solanum alkaloids and their derivatives were examined
against a variety of fungal strains such as Candida albicans and Trichophyton spp. Solacongestidine
(1) showed the strongest activity (minimum inhibitory concentration) against C. albicans
(0.8.ug/mI), T. rubrum (0.4 Itg/rol) and Cryptococcus albidus (0.78.ug/ml), and also showed lesser
activities against a wide range of fungi. Solafloridine (II) and verazine (VII) showed activities
against C. albicans (3.1 and 6.2 .ug/ml, respectively) and T. rubrum (25 and 3.1 J.lg/ml, respectively),
while other alkaloids such as solasodine (III), tomatidine (IV), tomatillidine (V) and solanocapsine
(VI) and related compounds (VIII-XIX) showed much lower activities. Solacongestidine also
prolonged the survival time of mice infected with C. a/Means.

Keywords-e-e--antifungal activity; solanum alkaloid; solacongestidine; solafloridine; verazine;
Candida albicans; Trichophyton rubrum; Trichophyton mentagrophytes; Cryptococcus albidus

A number of azasteroids and steroidal alkaloids with substantial antimicrobial activity
have been reported,' -11) although no useful dnigs have yet been found among these com
pounds. In the course of our research on antifungal compounds obtained from higher plants
and mushrooms, we found that some solanum alkaloids such as solacongestidine (I) and
solafloridine (II) showed strong activity against Candida albicans, Trichophyton rubrum ,
Cryptococcus neoformans and so on. Because the antifungal activities of these compounds
showed no depression when tested in the presence of lq/~ serum, these alkaloids were chosen
as targets of further research aimed at the development of antifungal agents for treatment of
some systemic mycoses. Furthermore, solacongestidine (I) showed potent inhibition of
cholesterol biosynthesis from 24,25-dihydrolanosterol. The experimental results suggested
that one of the sites of its action is the step of 14cx-demethylation of dihydrolanosterol.
Because the step of 14cx-demethylation is common to the biosyntheses of cholesterol and
ergosterol from lanosterol, solacongestidine (I) was expected to inhibit ergosterol biosynthesis
from lanosterol, resulting in disturbances of fungal growth.':" Therefore, some stock solanum
alkaloids and related compounds were examined for antifungal activity. In this article we wish
to report the results and to discuss their significance.

Experimental

Solacongestidine (1),13) solafloridine (11),13) solasodine (lII),14) tomatidine (IV),14) tomatillidine (V),ISa.b) and
solanocapsine (VI)16) were obtained as a result of research on solanum alkaloids in the Steroids Section of the
National Institute of Arthritis, Metabolic Diseases and Digestive Diseases (NIAMDD) of the National Institutes of
Health (NIH), U.S.A. Verazine (VII) was given by Prof. K. Kaneko in the Faculty of Pharmaceutical Sciences of
Hokkaido University (Sapporo, Japan). Dihydrosolasodine (VIII) was prepared by reduction of solasodine (III) with
NaBH4 in methanol.l " The N-methyl derivative (IX) of VIII was prepared by treatment of VIII with methyl iodide in
N,N-dimethylformamide. 3,16-0-Diacetylpseudosolasodine (X) was prepared by treatment of solasodine (III) with



No. 12 4863

acetic anhydride containing zine chloride.l'" 16-0-Acetylpseudosolasodine (XI) was obtained by stirring X in l~.{.

methanolic NalC03 solution at room temperature, followed by recrystallization from methanol after Si02

chromatography. 3,16-0-Diacetylpseudotomatidine (XII) and 16-0-acetylpseudotomatidine (XIII) were obtained
from tomatidine (IV) by similar treatment. A mixture (XIV) of glycosides of solacongestidine and solafloridlne was
obtained from the alkaloids fraction of the fruits of Solanum congestiflorum. The mixture provided solacongestidine
and solafloridine on incubation with Taka-diastase.'?' Dehydrosolacongestidine (XV) was prepared by oxidation of
solacongestidine (I) with the Jones reagent.':" Dihydrosolacongestidine (XVI) was obtained by hydrogenation in the
presence of platinum dioxide.P' The quaternary salt (XVII) of solacongestidine was prepared by treatment of
solacongestidine with methyl iodide in acetone containing anhydrous NalC03•

1
3 ) These compounds (VIII-XVII)

have been described in the cited references (synthetic methods and physical properties). 27-Norsolacongestidine
(XIX) was synthesized with reference to the method which Schreiber and Adam applied to synthesize solaconges
tidine.i?' as follows. An n-hexane solution of lI-butyllithium (15%) (0.64ml, 1mmol) was added to an anhydrous
ether solution (4ml) containing 2-bromopyridine 95~d (I mrnol), and the mixture was stirred at -40'"C for 30min.
An anhydrous ether solution (10 ml) containing pregnenolone acetate (350 rng, 0.978 mmo I) was added to the above
solution over 30min. Stirring was continued for another hour, the reaction temperature was allowed to rise to
- 20°C, and the mixture was stirred for a further 30 min. Then, the temperature was allowed to rise to O°C and ether
(20 ml) containing water (1 ml) was added. The ether layer was separated and the aqueous layer was extracted with
ether twice. The combined ether solution was shaken with 3%HCI three times. The acidic solution was alkalized with
ammonia water to give a precipitate. After Si02 chromatography of the products, 3p-acetoxy-20-(pyridyl-2)-pregn-5
en-20-01 (26.5 mg, 6.2~,~) and 20-(pyridyl-2)-pregn-5-ene-3,20-diol (XVIII) (105.8 mg, 27.4%) were obtained. NMR
(CDCI3 ) ppm of the acetate: 0.75 (3H, s, C l s -3H), 1.04 (3H, s, C19-3H), 1.59 (3H, s, Clc3H), 2.02 (3R, s, OCOCH3 ) ,

4.34 (lH, m, C3:z-H), 5.34 (lH, m. C6-H), 7.00-7.04 (2H, m, 3'·H and 5'-H on the pyridyl ring), 7.66 (lH, m, 4'-H),
8.43 (lH, m, 6'-H). NMR (CDCI3 ) ppm of diol: 0.94 (3H, s, C18-3H), 1.02 (3H, s, C I9-3H), 1.59 (3H, s, C2I-3H), 3.35
(IH, m, C3a-H), 5.30 (lR, m,C6-H), 7.00-7.40 (2R, m, 3'-H and 5'-H on the pyridyl ring), 7.64 (lH, m, 4'·H), 8.42
(l H, m, 6'-H). After confirmation of the structure by nuclear magnetic resonance (NMR) spectroscopy, phosphorus
oxychloride (0.5 ml) was added to pyridine (3.5 ml) containing the acetate (108.7 mg), with cooling on ice. The
reaction temperature was increased to the reflux point for 2 h and then the solvent was evaporated off under reduced
pressure. After alkalization of the residue with ammonia water, extraction with ether was carried out. The ether layer
was washed with water and dried over Na2S04 • The products were subjected to Si02 chromatography and the
expected dehydrate (43.5mg, 41.7%) was eluted with n-hexane-Cl-tCl, (2: 1). Mass spectrum (MS)m/z: 420 (M+ + I),
405. IR (CHCI3) cm t ': 1720 (OCOCH3) , 1584, 1560, 1465, 1430 (pyridyl ring), 905 (>C=CH,2)' NMR (CDCI3)

ppm: 0.59 (3H, s, C l s-3H), 0.96 (3H, s, C19-3H), 2.00 (3H, s, OCOCH3 ) , 4.35 (tH, m, C3a-H), 5.2-5.6 (3H, m, Cij-H,
C21-2H), 7.0-7.5 (2H, m, 3'-H and 5'-H on the pyridyl ring), 7.66 (IH, m, 4'-H») 8.63 (lH, m, 6'-H). Next, the
dehydrate (104.4mg, 0.25mmol) was dissolved in glacial acetic acid (7m]) and hydrogenated in the presence ofPt02
(20 mg) by stirring overnight. After alkalization of the reaction solution with ammonia water, it was extracted with
ether. The ether layer was washed with saturated saline solution and dried over Na2S04' followed by chromatog
raphy on Si02 • Elution with CHCI3-MeOH (10: 1) provided 3/~-acetoxy-22,26-imino-27-nor-cholestane(53.4mg,
50~%J MS 111/Z: 429 (M+), 414,84 (base peak). IR (CHCI3)cm-

l
: 1720 (OCOCH3) . NMR{CDCI3) ppm: 0.64 (3H, S,

CIs-3H), 0.81 (3H, s. CI9-3H), 0.91 (3H. d. J=5.6 Hz, Cz l-3H), 2.00 (3H, S, OCOCH3) , 2.55 (2B, m, C26-2H), 3.06
(I H, m, C22-H), 4.62 (1H, m, C,,:z-H).

Iminonorcholestanyl acetate (52.0 mg) was hydrolyzed by stirring with 2% methanolic KOH at room
temperature for 2 h. After usual treatment, 22,26-imino-27-norcholestan-3p-ol (48.9 mg) was obtained. MS mlz: 387
(M +), 84 (base peak). IR (CHCI3) em -1: 3600 (OH). NMR (CDCI3) ppm: 0.64 (3H, s, CIs-3H), 0.79 (3H, s, C I9-3H),
0.92 (3H, d, J=5.7Hz. Cl l-3H), 2.56 (2H. m, Cl 6-2H), 3.10 (lH. m, e22-H), 3.54 (lB, m, C3a-H). The N-chloride
(47.2 mg) of the above imino alcohol was prepared by treatment of the alcohol (45.0 rng) with N-chlorosuccinimide in
CH 2CI2 (6 ml) at -10 "'C. 27-Norsolacongestidine (XIX, 21.1 mg) was obtained by refluxing the chloride (42.2 mg) in
5% methanolic KOH for 2h. MS mjz: 385 (M+), 370,356, 111 (base peak). IR (CHCI3) cm- I

: 3625 (OH), 1650
(C=N). NMR (CDCI3) em-I: 0.68 (3H, s, C1s-3H), 0.80 (3H, s, C J9-3H), 1.06 (3H, d, J=6.7Hz, Cl l-3H), 3.40 (lH,
m, C3a-H).

The in vitro antifungal activities of these compounds (I-XIX) were assayed by the serial two-fold dilution
method on Sabouraud glucose agar (1st screening test). The results were expressed as the values of minimum
inhibitory concentration (MIC: ~lg/ml). The following fungi were used for the assay: Candida albicans (50157),
(55463), C. pseudotropicalis (56363), C. famata (50866), C. kefyr (59763), Cryptococcus albidus (C-3), C. neoformans
(58063), Rhodotorula glutinis (59663), Trichosporon cutaneum (51271), Geotrichum candidum (30266), Aspergillus
fumigatus (22167), A. candidus (21967), Fonsecaea pedrosoi (11758), Microsporum gypseum (11668), Phialophora
verrucosa (24172), Sporothrix schenckii (30166), Trichophyton rubrum sc.• and T. mentagrophytes sc.

The mother fungi were inoculated 011 a Sabouraud agar slant and incubated at 27°C for 2 d (yeast fungi) or for
7-14d (thread fungi). Emulsion having 106cells/ml of yeast fungi was prepared by adjusting the volume with saline
solution containing 0.1%(w/vlTween-Bu. Emulsion having 106 spores/nil was prepared as follows. The above saline
solution (4 ml) was added to an incubated slant and the surface of the slant was scraped with a platinum loop. The
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solution containing the spores was filtered through two sheets of gauze and used to prepare the above emulsion. The
emulsion (0.01 ml) was added to each well ofa NUNCRON R 24-well plate (NUNC K.K.) containing 0.1 m1of two
fold dilutions of the test alkaloids and 0.9ml ofSabouraud glucose agar. Incubation was carried out at 27°C for 2d
(C. a/bicans and Cryptococcus neoformans), for 5d (Aspergillus fumigatus and Microsporum gypseumior for 7d (other
fungi) ..

In the 2nd screening test to examine the effect of serum addition, MICs were assessed by using Sabouraud
glucose agar containing 10% horse serum.

The therapeutic effect of solacongestidine (I) was assayed in mice infected intravenously with C. albicans sc.
(mice-SPF-ddY type, 4 weeks old. male). The toxicity of I was determined on oral and intraperitoneal administration
to mice.

Results

The antifungal activities of several solanum alkaloids against C. albicans and
Trichophyton spp. are shown in Table I. Solacongestidine (1) showed the strongest inhibition
of C. albicans and T. rubrum, followed by verazine (VII) and solafioridine (II). The MICs of
solasodine (III), tomatidine (IV), tomatillidine (V) and dihydrosolasodine (VII) were more
than 100/lg/ml against four tested fungi. The inhibitory activities of solacongestidine and
solafloridine were the same as in the 1st screening test in spite of the presence of 10% serum.
Because many toxic compounds with substantial antifungal activity show marked loss of
activity in the presence of serum, the results of the 2nd screening test with solacongestidine
and solafloridine are of considerable interest.

The spectrum of antifungal activities of solacongestidine against more than a dozen fungi
is shown in Table II. It is interesting that solacongestidine inhibited Cryptococcus albidus, C.
neoformans, c. tamara and Trichosporon cutaneum, while it showed MIC values of more than
100/lg/ml against C. tropicalis, C. collie10sa, Geotrichum candidum, Aspergillus fumigatus, A.
candidus, and so on.

The results of the bioassay in vivo with solacongestidine are shown in Fig. 1. For

TABLE I. The Antifungal Activities (MIC, pg/rnl) of Some Solanum Alkaloids
against Candida albicans, Trichophyton rubrum, and T. mentagrophytes

Compound C. albicans T. rubrum T. mentagrophytes

Solacongestidine (I) 0.8 0.4 1.5
Solafloridine (II) 6.2 25 >100
Solasodine (III) > 100 > 100 > 100
Tomatidine (IV) >100 >100 >100
Tomatillidine (V) > 100 > 100 >100
Solanocapsine (VI) > 100 > 100 >100
Verazine (VII) 3.1 3.1 12.5

TABLE 11. The Antifungal Activities of Solacongestidine against Various Fungi

Fungi

Candida tropicalis
C. kefyr
Ci famata
C. eollielosa
Cryptococcus albidus
C. neoformans
Phodotorula glutinis

MIC (ug/rnl)

> 100
6.25
3.13

>100
0.78
1.56
6.25

Fungi

Trichosporon cutaneum .
Geotrichum candidum
Aspergillus fumigatus
A. candidus
~onsecaea pedrosoi
Microsporum gypseum
Phialophora verrucosa
Sporothrix schenckii

MIC (Jlg/ml)

3.13
> 100
> 100
> 100
> 100

3.13
> 100

6.25
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Fig. 1. The Therapeutic Efficacy of Solacongestidine in Mice Infected with Candida
albicans, as Compared with Ketoconazole

Values are given in mg per kg body weight of mouse.

TABLE III. The Antifungal Activities (MIC, Jtgjml) of Some Derivatives of Solanum
Alkaloids against Candida a/Means (C.a), Trichophyton rubrum (T.r),

and T. mentagrophytes (T.rn)

Compound C.a T.r T.m

Dihydrosolasodine (VIII) >100 > 100 > 100
N-Methyldihydrosolasodine (IX) 25 25 25
3,I6-0-Diacetylpseudosolasodine (X) > 100 > 100 > 100
16-0-Acetylpseudosolasodine (XI) >'100 > 100 > 100
3, I6-0-0iacetylpseudotomatidine (XII) > 100 > 100 > 100
16-0-Acetylpscudotomatidine (XIII) > 100 > 100 > 100
A mixture (XIV) of glycosides of solacongestidine

> 100 > 100 >JOO
and solafloridine

Dehydrosolacongestidine (XV) 25 6.2 25
Dihydrosolacongestidine (XVI) >100 >100 > 100
The quaterary salt (XVII) of solacongestidine 25 > 100 >100
20(Pyridyl-2)-pregn-5-ene-3,20-diol (XVIII) >100 > 100 > 100
27-Norsolacongestidine (XIX) > 100 > 100 > 100

comparison, ketoconazole was also examined. It was concluded that solacongestidine
prolonged the survival time of mice infected with C. albicans, compared to the untreated mice.
The toxicity of solacongestidine to mice was as follows: three mice out of 3 died when
300 mg/kg of solacongestidine was given orally, but all of three mice tested survived when
given 300 mg/kg by i.p. administration.

Dihydrosolasodine (VIII), its N-methyl derivative (IX), 3,16-0-diacetylpseudosolasodine
(X), 16-0-acetylpseudosolasodine (XI), 3,16-0-diacetylpseudotomatidine (XII), 16-0-acetyl-
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pseudotomatidine (XIII), a mixture (XIV) of glycosides of solacongestidine and solafloridine,
dehydrosolacongestidine (XV), dihydrosolacongestidine (XVI), its quaternary salt (XVII), 20
(pyridyl-Zj-pregn-Sene-Sji.Ztl-diol (XVIII) and 27-norsolacongestidine (XIX) were examined
for growth inhibition of C. albicans, Trichophyton mentagrophytes, and T. rubrum. N
Methyldihydrosolasodine (VIII) showed on MIC of 25 ,ug/ml but the other compounds had
MIC values of more than 100 jJ.g/ml. It is interesting that 27-norsolacongestidine did not show
substantial antifungal activity.

Discussion

Solacongestidine (1), a steroidal alkaloid obtained from Solanum congestiflorum, showed
strong inhibition of the growth of C. albicans, T. rubrum and C. albidus. The MICs were 0.4
l p.g/ml, and the activity was not decreased in the presence of serum. Because the in
traperitoneal administration of 300mg/kg of solacongestidine (I).did not kill any of three
mice, the toxicity of I was thought not to be so high. Thus, solacongestidine was chosen as a
target of research aimed at the development of antifungal drugs.

As a next step, various solanum alkaloids and related compounds were examined to look
for more prospective. compounds, although no compound more active than solacongestidine
(1) has been found so far.

A number of azasteroids and steroidal alkaloids with substantial antimicrobial activity
have been reported. The following compounds have been reported to show MIC values of
1-50 Jig/nil: 2-methyl-2-aza-5a-cholestane, l) 3-methyl~3-aza-5a-cholestane,l) l ' ,4',5' ,6'
tetrahydropyridino[a-4,3]-4~aza-5-cholestene,2) 2',3'-dihydropyrimidazolino[a-4,3]-4-aza-5
cholestene." hexahydropyrimido[a-4,3]-4-aza-5-cholestene,2) tetrahydroimidazolino[a-4,3]-4
aza-Scholestene," androstahe-17-oxime O-dimethylaminoethyl derivatives," 16fi-amino-17
hydroxy-20-ketopregnene derivatives," 17f3-amino-3,5-androstadiene,S) 17,B-amino-5-andro
stene," 4-aza-22-oxa-5o:-cholestane,6) 4-methyl-4-aza-22-oxa-5a-cholestane,6) 17,B-iso
penryloxy-d-aza-Se-androstane,?' 17fJ-isopentyloxy-4-methyl-4-aza-5a-androstane,7) 4,17(1
dimethyl-4-aza-5a-androstan-17{3-o1 acetate." and tomatidine'" (22,llg/ml gave 100% inhibi
tion against Polyporus versicolor, and 45-50% inhibition against Pyricularia oryzae and
Rhizoctonia solanj) It is noteworthy that 15-aza-24-methylene-D-homocholesta-8,14-dien-3f3
01 almost completely inhibited the growth of Ustilago maydis at 0.25 Jig/mUD)

Although useful antifungal drugs have not been established in the categories of
azasteroids and steroidal alkaloids, our results and the reported data seem to suggest that
effective compounds may be discovered or created. It is interesting that a minor change in the
side chain moiety can decrease the activity. For example, solacongestidine (a C 2SR methyl
group) showed strong inhibition, while verazine (a C 2ssmethylgroup) showed lower activity
and 27-norsolacongestidine showed much lower activity (> 100,ug/ml). It seems important
that solacongestidine showed strong inhibition against C. albicans, T. rubrum and C. albidus,
while it showed lower inhibition against C. pseudotropicalis (MIC 6.25Ilg/ml), T. mentag
rophytes (1.5), C. neoformans (1.56), C. famata (3.13), and T. cutaneum (3.13). The MICs
against several other fungi such as Ac fumigatus and C. tropicalis were more than 100jJ.g/ml. It
appears that the antifungal activity of solacongestidine (1) may be specific to certain genera of
fungi. OUf research will be continued with the aim of finding prospective compounds among
azasteroids and steroidal alkaloids that show specific inhibition against C. albicans, taking
account of the results of the report that steroidal alkaloids bearing a basic nitrogen atom in
ring F, shared or unshared with ring E, with bonding capabilities ex to the steroid plane may be
teratogenic.l "

Acknowledgement Our thanks are due to Sankyo Co. for the biological assays.
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Cytochrome P-450 (P-450) isozyrnes are well separated by high-performance liquid chroma
tography with an ion-exchange column using buffer containing 0.4% Emulgen 911 (polyphenyl
ether) as a detergent. However. it is impossible to monitor the elution profile of protein at 280nm in
the presence of Emulgen. Thus, we have developed a technique for determining the elution profile of
protein in the presence of Emulgen. The absorption maximum and minimum of Emulgen 911 were
at 276 and 244nm, respectively. At 244nm, the elution profile of 0.5nmol (35Ilg) of P-450 was
detected as a peak in the presence of 0.4% Emulgen 911. The peak area increased linearly with
increasing amount of P-450 up to 5nmol (350J1g). Identification and estimation of the purity of the
eluted P-450 are possible by dual monitoring at 244 and 417nm, the wavelength for the detection of
hemoprotein.

Keywords--HPLC; cytochromeP-450;ion-exchange chromatography;phenyl-baseddetergent

Introduction

Cytochrome P-450 (P-450) in rat liver microsomes has many isozymes.' -4) We have
separated and purified these hemoproteins by high-performance liquid chromatography
(HPLC) using an ion-exchange column.f -7) Such chromatography is usually done using a
buffer containing Emulgen, which is a phenyl-based detergent that absorbs light at 280nm.
Hemoprotein is monitored at 405 or 417 nm and protein at 280nm. Guengerich and Martin
used Lubrol (alkyl ether detergent) instead ofEmulgen to detect proteins at 280 nm during the
chromatography of P-450, and they found that the separation with Lubrol was not different
from those with other phenyl-based detergents in diethylaminoethyl (DEAE)-cellulose
chromatography.F" However, only Emulgen 91 I gave good resolution of P-450 isozymes on
HPLC using a DEAE-5PW column; Lubrol did noL 10 ) .

It is advantageous to monitor at multiple wavelengths for the identification and
characterization of proteins. In the chromatography of the hemoprotein P-450, simultaneous
detection of. the heme and the protein moiety is important for identification of the eluted
protein. We have now developed a way to detect P-450 and its protein moiety continuously in
the presence of Emulgen during chromatography.

Experimental

Chemicals and Animals--Male Sprague-Dawley rats weighing 250-300 g were obtained from Nippon Clea
(Tokyo, Japan). Sodium phenobarbital (PB, 80mg/kg, dissolved in saline) was given intraperitoneally daily for 4 d.
Rat liver microsomes were prepared as described elsewhere." Bovine serum albumin (BSA) was obtained from Sigma
Chemical Co. (St. Louis, MO) and other reagents from Wako Pure Chemical Industries (Osaka, Japan). Emulgen 911
and 913 were gifts from Kao Corporation (Tokyo, Japan).
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Assays--The amount of protein in the eluate containing Emulgen was measured by the method of Dulley and
Grieve'!' with some modifications, and the amount of P-450 was estimated spectrally by the method of Omura and
Sato.!" The absorption spectrum of Emulgen and the optical density of BSA solution were measured in cells of
lOmm path-length using a 220A spectrophotometer (Hitachi, Tokyo, Japan).

Apparatus--An Altex model 100 gradient HPLC apparatus (Berkeley, CA) and a DEAE-5PW anion
exchange column (7.5 i.d. x 75mm, Toyo Soda Mfg. Co., Tokyo, Japan) were used for the chromatography. Protein
and hemoprotein were monitored with a variable-wavelength spectrophotometer (UV-8, Toyo Soda). The peak area
was calculated on a data processor (C-RIA, Shimadzu Industrial Co., Kyoto, Japan). Two spectrophotometers were
connected in tandem at the outlet of the column, and detection was done in the ultraviolet and visible regions. Each
monitor was linked to a data processor and the peak areas detected in the ultraviolet and visible regions were
calculated independently.

Chromatography--One milliliter of rat liver microsomes treated with PB (50mg protein/nil, 1.44nmol P
450/mg protein) was solubilized by adding 0.125ml of 10% sodium cholate (pH 7.5) and 0.125 ml of 10% Emulgen
913. Solubilized microsomes (400J.ll) or purified P-450 (P-450PB-4, 14.4nmol P-450/mg protein, major PB-inducible
form7» was injected into the HPLC column. Ion-exchange chromatography using DEAE-5PW was done at a flow
rate of 1:0ml/rnin taking 30 min with a linear gradient of sodium acetate from 0 to 0.2M in 0.02M Tris-acetate buffer
(pH 7.5) containing 0.4% Emulgen 911 and 20% glycerol.

Results and Discussion

HPLC using an ion-exchange column and a buffer containing Emulgen provides good
resolution of P-450.5

-7) Continuous monitoring is possible during HPLC. However, Emulgen
disturbs the detection of protein at 280nm because it is a phenyl-based detergent with an
absorption maximum at 276 nrn (shown in Fig. 1). P-450 is a hemoprotein, so it can be
detected at 417nm. If chromatographic profiles at 417nm and in the ultraviolet region are
obtained, they will provide information about the elution peaks.

The absorption minimum of Emulgen 911 was at 244nm (Fig. 1). Using BSA, we
ascertained whether protein could be detected at 244 nm. BSA was dissolved in 0.02 M Tris
buffer containing 0.4% Emulgen 911 and 20% glycerol (the first buffer of the ion-exchange
HPLC of P-450) and the optical density was measured at 244nm using a photometer. The
absorbance at 244nm ofBSA at concentrations from 50 to 1000p.g/ml is plotted in Fig. 2. The
plot was linear. The intercept of this curve on the y-axis was.the same as the optical density of
the buffer without BSA. Therefore, at this wavelength, protein can be detected linearly in spite
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Fig. 2. Correlation between Concentration of
BSA and Optical Density at 244nm

BSA in the concentration range from 50 to 1000
pg/ml was dissolved in 0.02 M Tris-acetate buffer, pH
7.5, containing 0.4% Emulgen 911 and 20% glycerol,
and the optical density was measured in cells of ]0 rom
path-length using a photometer.
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Fig. 3. Chromatographic Profile of Purified P
450PB-4

The solid and dashed lines show the absorbances at
417 and 244nm, respectively. Two nanomoles of p.
450 was injected into the HPLC column. Chroma
tography on DEAE-5PW was done at a flow rate of
] ml/rnin taking 30 min with a linear gradient of
sodium acetate from 0 to 0.2 M in 0.02 M Tris-acetate
buffer, pH 7.5, containing O.4~/~ Emulgen 911 and
20~/~ glycerol.
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Fig. 4. Correlation between Peak Area and
Amount of Puri:fied P-450PB-4 Injected into
the HPLC Column

The closed and open circles indicate the peak areas
at 417 and 244 nm.respectively. Here, 0.5 to 5 nrnol of
P·450 was chromato graphed under the same condi
tions as in Fig. 3.
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Fig. 5. Chromatographic Profile of Solubilized
Rat Hepatic Microsomes Induced with PB

The solid and dashed lines show the absorbances at
417 and 244nm, respectively. The peak indicated by
the arrow is the P-450PB-4 fraction. Ion-exchange
chromatography was done under the same conditions
as in Fig."3.

of the presence of 0.4% Emulgen 911.
Next, purified P..450PB-47

) was chromatographed with dual monitoring at 244 and
417 nm. The chromatographic profile with dual monitoring is shown in Fig. 3. The peak areas
monitored at 244 and 417 nm were calculated by a data processor. The area over the base-line
was taken as that of the peak, and the peak area calculated at 244 nm was not affected by the
existence of Emulgen. Therefore, the correlation curve (shown in Fig. 4) between the amounts
of P-450 injected and the peak areas measured at 244 nm passes through the origin. At least
0.5 nmol (35 J.lg) of P-450 was detectable in this way. Both peak areas increased linearly over
5 nmol. The ratio of the peak area at 417 nm divided by that at 244 nm was constant (1.41) for
all amounts of P-450 injected. Therefore, the optical density at 244 nm reflected the amount of
protein.

Figure 5 shows a typical chromatogram of solubilized microsomes treated with PB. The
peak at the retention time of 22 min is the P-450PB-4 fraction. When purified P-450PB-4 was
injected into the HPLC column, the absorbance at 244 nm was lower than that at 417 nm (Fig.
3). However, the absorbance of the P-450PB-4 fraction of solubilized microsomes at 244 nm
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was much higher than that at 417nm (Fig. 5). This result implies that the P-450PB-4 fraction
in Fig. 5 contains impurities. In fact, the specific content of this fraction was 4.98 nmol/mg,
one-third of that of our purified P-450PB-4 (l4.4nmol/mg). At the retention times of 5 and
15min in Fig. 5, much protein or other species absorbing at 244n;m was seen, but this had
little absorbance at 417 nm and was not hemoprotein. Identification and judgement of the
purity of eluted P-450 was possible by comparing the chromatographic profiles monitored at
244 and 417nm.

HPLC allows continuous monitoring and multiple detection, giving much information
about eluted substances. This detection system should also be useful to analyze other
membrane proteins in the presence of non-ionic detergents such as Emulgen or Triton.
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In order to study the mechanism of hypoglycemic action of ginsenoside-Rb; in diabetic rats,
experiments were performed to determine carbohydrate metabolites and the levels of lipid
constituents. The rats treated with ginsenoside-Rb, showed a significant decrease of glucose in the
hepatic tissue. The level of hepatic glycogen was slightly increased after ginsenoside-Rb; admini
stration. The glucose-e-phosphate level tended to increase, the pyruvate level was unchanged, and
the lactate level tended to decrease. There was, however. no accumulation of total lipid in hepatic
tissue. In rats given ginsenoside-Rbj, the levels of triglyceride, non-esterified fatty acid, 3
hydroxybutyrate, and acetoacetate were markedly decreased, showing a trend toward restoration
of the normal state and inducing an increase in lipids in the adipose tissue. The hypoglycemic action
of ginsenoside-Rb, is discussed on the basis of the present results.

Keywords-c--c-ginsenoside-Rbj; streptozotocin-induced diabetic rat; carbohydrate metabolite;
lipid constituent

An ability of ginseng to enhance the general metabolic status has been suggested, and
various studies on this crude drug have been carried out. In our laboratory, the effects of
ginseng have so far been studied from the viewpoint of biosynthesis of deoxyribonucleic acid
(DNA), ribonucleic acid (RNA) and protein, and metabolism of carbohydrate arid lipid.' - 6)

Recent experiments using various isolated saponins demonstrated that ginsenoside-Rb.,
whose structure was identified by Sanada et al.,7) has a potent physiological action on
carbohydrate and lipid metabolism in normal rats.B

,9 ) In another experiment using diabetic
rats, in which the major abnormality is carbohydrate dysbolism, 6 d of ginsenoside-Rb,
administration resulted in a significant decrease in blood glucose leveI. 10

, l l ) The ginsenoside
Rbj-treated group showed a significant rise of glucokinase activity in the liver, while there was
a significant decrease in the activity of glucose-e-phosphatase.'?' These experiments prompted
us to study the mechanism of hypoglycemic action of ginsenoside-Rb, in diabetic rats. In the
present study, as a part of our research on the mechanism of the action to decrease blood
glucose level, the effects of ginsenoside-Rb, on carbohydrate metabolites and lipid con
stituents in the liver, adipose tissue, and serum were investigated. "

Materials and Methods

Animals--Male rats of the Wistar strain, weighing 150-160 g, were employed in this experiment. The rats
were divided into 3 groups of six rats each. Two groups were made diabetic by intraperitoneal injection of
streptozotocin (65 mg/kg body weight, dissolved in lOmM citrate buffer adjusted to pH 4.5).12)Several days after the
injection, the blood glucose level was determined and rats with a glucose level of315-550 mg/dl were used as diabetic
rats. These streptozotocin-induced diabetic rats exhibited a marked elevation in blood glucose"level compared to non
diabetic rats (445.2± 34.0 vs. 117.6±4.0mgjdl). When ginsenoside-Rb, was successively given at the dose of lOmg
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once a day, the blood glucose level fell to 267.4± 39.6 mg/dl after 6 d of administration (significantly decreased by
40% of the control value), as reported previously.P-'!' Animals were housed iii an air-conditioned room with lighting
from 6 a.m, to 6 p.m. The room temperature (about 22°C) and humidity (about 60~~) were controlled automatically.
They were fed on laboratory pellet chow (obtained from CLEA Japan Inc., Tokyo; protein 24.0/~, lipid 3.5%,
carbohydrate 60.5%) and tap water freely, but the pellet diet was removed from the rat cage at 7 a.m. on the
experimental day. The body weight of the rats used in this experiment was 237.8 ± 7.4 g in the case of non-diabetic
rats, while it was slightly lower in diabetic rats. The ginsenoside-Rb, administered group showed an increment of
about 4~~ in comparison with the control group (231.1 ±4.2 I'S. 22I.8±5.7g). However, there were no statistically
significant differences between the control and ginsenoside-Rby-treated groups.

Saponin-c--c-Ginsenoside-Rb, was isolated and purified from the extract of roots of Panax ginsengC.A. MEYER

according to the procedure of Sanada et al." This preparation was found to be pure by various chemical and
physicochemical analyses.

Treatment with Ginsenoside-Rb2--Ginsenoside-Rb2 (10 mg/rat/d) dissolved in saline was administered in
traperitoneally to rats for 6 d, while control rats were treated with an equal volume of saline. At 8 h after the last
treatment, rats were sacrificed by means of a blow on the head, and exsanguinated. Rats were killed between 3 and 4
p.m. to avoid the effect of circadian variation. The blood was collected in a conical centrifuge tube. The serum was
separated by centrifugation immediately after collection of the blood. The liver and epididymal adipose tissue were
removed quickly. The liver was placed in liquid nitrogen, while the adipose tissue was cooled on ice.

Determination of Glycogen in the Liver--A portion of the liver was digested with 3 ml of 1N NaOH ina boiling
water bath for 60 min, and glycogen was precipitated by the addition of 2 ml of EtOH and purified according to the
method of Roe and Dailey.':" Liver glycogen was determined by the anthrone-H2S04 method, with glucose as the
standard.l'"

Determination of Glucose in the Liver--Liver was homogenized with 9 volumes of cold O.9~/'~ NaCl. A portion
of the homogenate was deproteinized with equimolar amounts of ZnS04 and Ba(OH)2,IS) and precipitates were
removed by centrifugation. Glucose in the supernatant was determined using a commercial reagent (Glucose B-Test
Wako obtained from Wako Pure Chemical Industries, Ltd., Osaka, Japan) based on the glucose-oxidase method.I'"

Determination of Glucose-6-phosphate in the Liver17)--Frozen liver was powdered in a porcelain mortar
continuously chiJIed with liquid N,2. Aliquots of the powder were transferred to a chilled glass homogenizer. Five
volumes of 0.6 N perchloric acid (PCA) were added and the mixture was homogenized. Precipitated proteins were
removed by centrifugation at 3000 x 9 for 10min. Aliquots of the supernatant were neutralized to pH 3.5 with
K2C03 • The solution was allowed to stand in an ice bath for about 15min and then the supernatant was pipetted off.
A portion of the supernatant was used for the assay. The supernatan t fluid (l ml), triethanolamine buffer (0.4 M; pH
7.6), nicotinamide adenine dinucleotide phosphate (NADP) (20 mx), MgCl2 ' (0.5 M), and glucose-e-phosphate
dehydrogenase (0.25mg protein/ml) were placed in a cuvette, and the increase of optical density at 340nm was
determined with a Hitachi 200-20 spectrophotometer.

Determination of Pyruvate in the Liver1HI--Liver was homogenized with 4 volumes of 5~~; trichloroacetic acid
(TCA) and then centrifuged at 3000 x 9 for' 10min. The supernatant fluid obtained was used for the estimation or
pyruvate by the 2,4-dinitrophenylhydrazone method.

Determination of Lactate in the Liver191----A portion of the liver was homogenized with 5 volumes of I N peA
and precipitates were removed by centrifugation at 3000 x 9 for 10min. Aliquots of the supernatant were neutralized
to pH 3:5 with K2C03• The solution was allowed to stand in an ice bath for about 10min and then precipitated
KCI04 was filtered ofT. Lactate in the supernatant was determined by a spectrophotometric method, based on mea
surement of the increase of optical density at 340 nm.

Determination of TotaJ Lipid, Triglyceride, Total Cholesterol, Phospholipid, and Non-esterified Fatty Acid in the
Liver. and Adipose Tissue-Liver was homogenized with 3 volumes of ice-cold O.9?{ Nae] solution. The
homogenate was filtered through 4 layers of gauze and I ml of the filtrate was mixed with 20 ml of CHCI 3-MeOH

(2: 1, v/v). Epididymal adipose tissue was placed immediately in 20 ml of CHCI3-MeOH mixture (2: 1, v/v). Total
lipid was extracted from both tissues by shaking. The residual tissues were then removed, and the CHCI 3-MeOH

solution was partitioned and washed by the method of Folch et al.20) The organic solution was evaporated and the
residue was dried over P20S overnight. The concentration oftotallipid was determined by gravimetry. A portion of the
CHCI3-MeOH solution extracted from both tissues was used for the estimation of triglyceride, total cholesterol,
phospholipid, and non-esterified fatty acid. Determinations were perforined by using commercial reagents (TG-Five
Kainos obtained from Kainos Laboratories, Inc., Tokyo, Japan; Cholesterol B-Test Wako obtained from Wako Pure
Chemical Industries, Ltd.; Phospholipids-Test Wako obtained from Wako Pure Chemical Industries, Ltd.; NEFA
Kainos obtained from Kainos Laboratories, Inc.).

Determination of Triglyceride, Non-esterified Fatty Acid, Total Cholesterol, 3-Hydroxybutyrate, and Acetoacetate
in the Serum-Triglyceride, non-esterified fatty acid. and total cholesterol were determined by using commercial
reagents as described above. 3-Hydroxybutyrate was determined spectrophotometrically by measuring the increase of
optical density at 340 nm resulting from the oxidation of 3-hydroxybutyrate by 3-hydroxybutyrate dehydrogenase
and nicotinamide adenine dinucleotide (NAD).21) The determination of acetoacetate Was based on the decrease in
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extinction at 340 nm due to the oxidation of reduced nicotinamide adenine dinucleotide (NADH).221

Statistics--The significance of differences between the non-diabetic and diabetic rats (control or ginsenoside
Rbj-treated group) was tested by means of Student's r-test.

Results

Effect of Ginsenoside-Rb, on Carbohydrate Metabolites in the Liver
Compared to non-diabetic rats, streptozotocin-induced diabetic rats exhibited a signifi

cant elevation of hepatic glucose, and a tendency toward an increase of pyruvate and lactate.
The contents of glycogen and glucose-6-phosphate behaved differently from those of the other
carbohydrate metabolites, decreasing by approximately 20% and 12%, respectively (Table I).
When ginsenoside-Rb, was successively given at the dose of 10mg once a day, the hepatic
glucose content fell to 9.42mg/tissue after 6 d of administration (significantly decreased by
27% of the control value). In contrast, administration of ginsenoside-Rb, to rats slightly
increased the amounts of glycogen and glucose-6-phosphate. These changes are in reciprocal
relation to that of hepatic glucose content. However, pyruvate and lactate contents showed no
appreciable changes when ginsenoside-Rb, was administered.

Effect of Ginsenoside..Rb2 on the Lipid Constituents in the Liver
Table II shows the hepatic lipid constituent contents. A slight increase of the total lipid

content was seen in streptozotocin-induced diabetic rats as compared with the non-diabetic

TABLE I. Effect of Ginsenoside-Rb, on Carbohydrate Metabolites in the Liver

Glycogen Glucose Glucose-6-phosphate Pyruvate Lactate
(mg/tissue) (mg/tissue) (mg/tissue) (rng/tissue) (rng/tissue)

Non-diabetic rat I68.9±17.8 8.89±0.51 0.41 ±0.06 0.19±0.04 1I.58±0.96
(l00) (100) (100) (100) (100)

Diabetic rat
Control 134.5± 14.9 12.97± 1.00 0.36±O.02 0.25±0.03 13.63± 1.61

(80) (146)ul (88) (132) (l18)
[100] [100] [100] [100] [100]

Rb 2 152.1± 7.7 9.42± 0.52 0.44±0.04 0.25±0.01 11.20±1.14
(90) (106) (107) (132) (97)

[113] [731* [122] [100] [82]

Figures in parentheses are percentages of the non-diabetic or diabetic control value. a) *.significantly different from the non-
diabetic or diabetic control value, p < 0.0I.

TABLE II. Effect of Ginsenoside-Rbj on the Lipid Constituents in the Liver

Total lipid Triglyceride T. cholesterol Phospholipid
(mg/tissue) (mg/tissue) (mg/tissue) (rug/tissue)

Non-diabetic rat 188.4±4.9 26.0±2.0 8.9±0.s 91.3 ± 1.2
(l00) (100) (lOO) (l00)

Diabetic rat
Control 201.3±5.1 36.6±2.5 8.8±0.6 82.5 ± 1.3

(107) (l4l)ul (99) (90)b)

[100] [100] [100] [100]
Rbz 192.3±6.3 27.8±3.6 9.2±0.2 98.5± 1.6

(102) (107) (103) (108)l/)

[96] [76]* [105] [119]**

Figures in parentheses are percentages of the non-diabetic or diabetic control value. *. significantly
different from the non-diabetic or diabetic control value, p < 0.05. a) p < 0.0 I. b) "", P < 0.00I.
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TABLE III. Effect of Ginsenoside-Rb, on the Lipid Constituents in the Adipose Tissue

Total lipid Triglyceride Phospholipid Non-esterified fatty acid
(mg/tissue) (mg/tissue) (mg/tissue) (mg/tissue)

Non-diabetic rat 218.4± 15.0 167.3±I2.1 16.0± 1.4 2.47±0.21
(100) , (100) (100) (100)

Diabetic rat
Control 131.0± 9.8 105.4± 7.0 lI.8±O.9 2:15 ±O.ll

(60)/1) (63)") (74)U) (87)
IIOO] [100] [100] [100]

Rb2 183.7±1O.J 152.6± 11.2 14.6± 1.0 2.13± 0.10
(84) (91) (91) (86)

[140]** [145]** [I 24]* [99]

Figures in parentheses are percentages of the non-diabetic or diabetic control value. ". significantly different from the non
diabetic or diabetic control value. p<O.05. a) p<O.OI. b) **.p<O.OOl.

TG NEFA T. Chol. 3-hydroxybutyrate acetoacetate
b)

(IDO)
1"167) a)

200 cl 1000 0.5
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(235)
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800 (71) (1151 * 0.4 0.4150 (119) • (85) 5::a noo) 110m (98) S

' ....... ** ,600 _100 <, 0.3 ~ 0.3
rtlOO- (52J co '"l:l "0aJ .....- 5(l221 :::1. 400

b.O E
:::I. 0.2 *(100) s ::l, 0.2 * (4I)

50 (29)
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200 0.1 0.1
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Fig. 1. Effect of Ginsenoside-Rbj on the Lipid Constituents in the Serum

N. non-diabetic rat; D. diabetic rat (control group); Rb~. diabetic rat (ginsenoside-Rbj
treated group). Figures in parentheses are percentages of the non-diabetic or diabetic
control value. a) "'. Significantly different from the non-diabetic or diabetic control value.
p<O.05. b) **,p<O.OI. t') p<O.OOl. Abbreviations: TO, triglyceride; NEFA, non-esterified
Iatty acid; T. ChoI., total cholesterol.

rats. This change was reflected in the triglyceride content; as shown in Table II, the
triglyceride content in the liver was increased to 36.6 mg/tissue compared with 26.0 mg/tissue
in normal rats. The data in Table II further indicate that the amount of phospholipid was
decreased significantly as compared with non-diabetic rats, while it was remarkably high in
the ginsenoside-Rb.-administered group. On the other hand, hepatic triglyceride was
extremely low, at a near-normal level, in the ginsenoside-Rb.-administered group.
Administration of ginsenoside-Rb, to rats caused no appreciable changes of the total lipid
and total cholesterol contents of the liver.

Effect of Ginsenoside-Rb, on the Lipid Constituents in the Adipose Tissue
As shown in Table III, the contents of lipid constituents were significantly decreased in

streptozotocin-induced diabetic rats as compared with the non-diabetic rats, as follows: total
lipid (40%), triglyceride (37%), and phospholipid (26%). A striking increase in total lipid and
triglyceride contents was observed after 6 administrations of ginsenoside-Rb.. The phospho
lipid content also increased by 24% when ginsenoside-Rb, was administered. However, non
esterified fatty acid showed no appreciable change.
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Effect of Ginsenoside-Rb, on the Lipid Constituents in the Serum
Figure I shows the effect of ginsenoside-Rb, on the lipid constituents in the serum. The

levels of triglyceride, non-esterified fatty acid, 3-hydroxybutyrate, and acetoacetate were
significantly increased in diabetic rats as compared with the non-diabetic rats. The rats treated
with ginsenoside-Rb, showed a significant decrease in triglyceride level; as shown in Fig. 1, the
triglyceride level was about 48/~ less at the 6 th day in the ginsenoside-Rby-treated ~roup as
compared with the control group. Similarly, administration of ginsenoside-Rb, to rats
resulted in a significant decrease in the non-esterified fatty acid from 928 to 659/teqjl.
Furthermore, a conspicuous decrease was observed in the levels of 3-hydroxybutyrate' and
acetoacetate. The 3-hydroxybutyrate level. which was 0.351l1noljml, decreased to
O.IOltIDol/ml in rats treated with ginsenoside-Rb.. The level of acetoacetate decreased to
0.15/L1TIol/ml on average. The level of total cholesterol was also about l5~{ lower after 6
administrations.

Discussion

As reported previously.f-?' in normal rats, intraperitoneal administration of ginsenoside
Rb2 caused a decrease in hepatic glycogen content followed by an increase in the content of
glucose-6-phosphate and in the activities of glucose-6-phosphate dehydrogenase, phospho
fructokinase, malic enzyme and acetyl-CoA carboxylase in the hepatic tissue. In the adipose
tissue, increased lipoprotein lipase activity, decreased hormone-sensitive lipase activity, and
increased triglyceride content were found. A series of effects of ginsenoside-Rb, to facilitate
carbohydrate and lipid metabolism were observed. Namely, in normal rats, increased
metabolism in the glycolytic system, starting from the decomposition of hepatic glycogen, led
to an increase in the triglyceride content in the adipose tissue through the very-low-density
lipoprotein in the blood.

On the other hand, whereas no decrease in blood glucose level was found in normal rats,
a single administration of ginsenoside-Rb, caused a slight decrease of blood glucose in
diabetic rats, as reported previously.F" In addition, when ginsenoside-Rbj at a dose of
10mg/d was administered for 6 consecutive days. the blood glucose level was significantly
decreased.l?'

In the present study, the blood glucose-decreasing effect was investigated in terms of
carbohydrate metabolites and the levels of lipid constituents. A significant decrease in glucose
of the hepatic tissue in proportion to the decrease in blood glucose was found. The contents of
hepatic glucose-6-phosphate and glycogen, which had been decreased because of the diabetic
condition, were slightly increased after the intraperitoneal administration of ginsenoside-Rbj.
Glucose-6-phosphate is an important compound, being at the junction of several metabolic
pathways (glycolysis, gluconeogenesis, the hexose monophosphate shunt, glycogenesis, and
glycogenolysis). In glycolysis it is converted to pyruvate and lactate through the Embden
Meyerhof pathway. However, the rats of the ginsenoside-Rb.-treated group showed a lesser
effect on the contents of pyruvate and lactate in the liver. There was also no accumulation of
total lipid in hepatic tissue, indicating that the decreased glucose was not accumulated as
lipids.

Dysbolism of lipids occurs in .cases of diabetes and the dysbolism is reflected in various
parameters in the blood.24 - 27) In rats with streptozotocin-induced diabetes examined in the
present study, the levels of triglyceride, non-esterified fatty acid, 3-hydroxybutyrate, and
acetoacetate were markedly higher than those under normal conditions. However, in rats
given ginsenoside-Rby, such levels were significantly decreased, showing a trend toward
restoration to the normal state and inducing an increase in lipids in the adipose tissue.

On the basis of these findings, it is speculated that, in diabetic rats, ginsenoside-Rb, first
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facilitates the use of blood glucose in the liver and consequently leads to an increase in
triglyceride in the adipose tissue, as in normal rats. Its action to promote glycogen synthesis in
the liver was also suggested. The above findings and previously reported effects10 , l1 ) of
ginsenoside-Rb., i.e., a marked decrease in blood glucose level and improvement in diabetic
symptoms such as glycosuria, polyphagia, over-drinking, and polyuria, suggest that
ginsenoside-Rb, may be useful to treat diabetes.
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A synthetic gene for c-Ha-ras (Val-12) has been modified by cassette mutagenesis using
restriction sites, ClaI-BssHII, to encode c-Ha-ras Gly-12. Genes for c-Ha-ras (Leu-61 and Arg-61)
have been synthesized by joining newly synthesized oligodeoxyribonucleotides containing appro
priate codons, together with previously obtained synthetic fragments. These genes have been
expressed in E. coli and the products (p2l) isolated. The guanosine diphosphate binding properties
and guanosine triphosphatase activities of these p21 derivatives were studied.

Keywords--synthetic oligodeoxyribonucleotide; phosphoramidite method; restriction en
zyme; cassette mutagenesis; DNA ligase; GTPase activity; GDP binding

The ras gene family, designated as Ha-ras, Ki-ras, and N-ras, codes for an evolutionally
conserved group of proteins in eukaryotes,'? and their activated products have been found to
be responsible for neoplastic transformation in human cancer." The cellular (c) ras family
genes code a protein called p21, whose molecular weight is 21000. Activation of e-ras family
genes occurs upon amino acid substitution at either the 12th or 61st codon, resulting from a
single base substitution. The human c-Ha-ras gene in bladder carcinoma was activated by the
replacement of glycine with valine at position 12, resulting from a single base change of G to
T.1b)

We have previously synthesized a gene encoding c-Ha-ras protein (Val-12) and the gene
was expressed efficiently in E. coli under the control of the E. coli tryptophan promoter to give
p21 (Val-12).3) In order to compare the biochemical properties of activated p21 and the
normal p21 (Gly-12), isolation of a large quantities of these proteins would be necessary. In
this paper we describe the use of cassette mutagenesis to obtain a gene for the normal p21
(Gly-12) and the re-assembly method to construct genes encoding other forms of activated
p21 (Leu-61, Arg-61) using chemically synthesized gene fragments. The isolation and
biochemical properties of these overproduced gene products are also described.

Materials and Methods

Materials--Enzymes and materials were essentially the same as described."! A plasmid pRV12 which
contained the synthetic gene for p21 (Val-12) and previously designated as pHR-L9 was obtained as described." Bell
and BssHIl were purchased from Boehringer Mannheim Co. and New England Biolabs Co., respectively.

Oligonucleotides were prepared by the phosphoramidite method using an Applied Biosystems model 380A DNA
synthesizer and purified as described."

Construction of Plasmids and Transformation of E. coli-Kination and ligation of oligodeoxyribonucleotides
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were performed as described." pRG12was constructed using a duplex with 52 base pairs (bp) obtained by ligation of
6 oligonucleotides. pRL61 and pRR61 were prepared by ligation of newly synthesized oligonucleotides as well as
previously synthesized fragments. Five sub-fragments consisting of about ca. 100bp were first prepared for obtaining
the genes, which were joined to the Clai-Sati site of pGH-L94 ) using essentially the same conditions as described."

The base sequence was confirmed by the Maxam-Gilbert method!' or the termination method."
Isolation of p21 and Mutants

c-Ha-rasp21 proteins were isolated from E. coliharboring pRGl2, pRL61 or pRR61 by the procedure reported
previously." The yield of p21 (Arg-61) was 30mg from 21 of culture medium. p21 (Gly-12) and p21 (Leu-6l) were
also obtained in yields of 10-30 mg from the same medium. .

Results

Cassette Mutation for p21 (Gly-12) Gene
To obtain p21 (Gly-12), a plasmid pRG12 was constructed by cassette mutagenesis. Sites

for two restriction enzymes in a synthetic gene for p21 (Val-12)3) were used for this purpose.
The ClaI-BssHII fragment in pRV123

) was replaced by a duplex with 52 bp which contained
the glycine codon, GGT, as shown in Fig. 1. The duplex was prepared by joining of
oligodeoxyribonucleotides using T4 DNA ligase followed by treatment with BssHII. pRG12
thus obtained was used to transform E. coli HBIOI and the protein p21 (Gly-12) was
produced by induction with indolylacrylic acid. The base sequence of the plasmid was
determined to confirm that the mutation had occurred at the 12 position.

Construction of Plasmids Containing Genes for p21 (Leu-61) and p21 (Arg-61)
For substitution of Gln-61 with leucine, two oligodeoxyribonucleotides were prepared to

alter CAA to CTG and ligated with the rest of the fragments. The gene was joined to the

5 10 15
1.let Thl' Gill Tyr Lys Leu Val Val Viii civ /lIn Val Gly Val Gly Iss

CGAT ATG Ace GAIl TAC MI\ ere GTT GTA G1'1 GGC GeT GTT GGT mA GGC Mil AG
Til 'fAC TGG err ATG TTT GAC CM CAT cs« CCG CGA CM eCA CAT CCG rrr TCGCGC

'---' - '----'
Cla I

ct« I

.Bss HII

pRGl~

Bss HII

5 10 15
/.let Till' ctu rvr Lys Leu Val Val Val GlY Ala Gly Gly Val Gly Lvs

CGAT ATG ACC" GIlA TAC tiM CTG CiTT GTA GTT GGC GeT GGT GGT GTII GGC AM /lG
TA TAe ro: err ATG TTT GAC C:f\A CAT CAlI ccc eGA eCA CCA CAT CCG TTT TCGCGC

'---' - '-----'

Cia I BssHII

Fig. 1. Mutation at the 12th Position by Cassette Mutagenesis

The vector carrying c-Ha-ras (Val-12) gene was cleaved with CiaI and BssHII. Then the
duplex DNA cassette was ligated with the gapped plasmid. Ha-res" indicates the normal
Ha-ras gene.
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Fig. 2. Reconstruction of Mutated Genes and Their Insertion into the Expression
Vector

The phosphorylated oligonucleotides were annealed and ligated. Five subfragments were
further ligated to' yield the whole gene. pGH-L9 that carries E_ colitrp promoter was cleaved
with CiaI and Sa/I. The synthetic c-Ha-ras gene was inserted into the vector by ligation. A
dot (e) indicates terminal phosphate.

5 10 15 20 25 30
e I a I Mel-Thr-C Iu -Tyr- L~'s - Leu 'Va I -Va I-Va I -C I yeAI a-Gl ~"Cl y- VaI-C I y- Lys -Ser-A I a - Leu- Thr-II e -G III- Leu-Ll e -CI n-Asn -H i s- Phe-Va 1- flsp
I UI 'r' U2 , , U3 , r,---------
CCflT ATC flec CM TAl' ;"U CTC CTT CTA CTT cce GeT GGT GGT GTA ccc AAA A!e ccc eTC Ace ATT CAC TTG ATC (AC AAC CAe TTC CTA CAT

TA TAC TCG CTT ATC TTi CAC CAA CAT eM eec eGA eCA cc, CAT ccc TTT TeG CGCj,GAC TCG TAA GTC AAC TAC GTC TTC eTG A;"G CAT CTA
'-------L1!) LIB ''----L17 ' '--LIB -------J' L15

ass"1 I
35 40 45 50 55 60

CI u· Tyr-A:;p -P ro- Til r - I le -CIu -Asp-Ser-Tyr-Arg -Lys-G I n- Va1- Va1- I Ie -Asp-C I y-Clu - Thr-Cys' Leu' Leu- Asp-II e-Leu - Asp-Thr - AI a-G I v:
U4 , r US ,,..---us. 'I U7 , , U8--
CAG H.C CAC CCC ACT AiT CAJI. CAe TeT TAC ccr kAG CAC GTT CTT ATC GAe ccr GAC ACC TGT CTC CTG GATYATC err CAT ACC GCA GGe
CTC ATC CTe ccc TCA UA eTT eTG ACA ATC CCA TTC CTC CAA CAA TAG CTC ceA eTC TCG ACA GAC CAC CTA I TAG GAA CTA TCC ccr CCC
___----',I \ . L14 ' , L 13 A ~ '------

EeoRV
85 '70 75 80 85 90

Arg-C 1u-C Iu -Tyr - Ser-A Ii -Met.-Art-Asp-Ct n-Tyr-tlet-AfI;-Thr- Gly- CIu -C I:i-Phe- Leu-Cys-Va I -Phe-A Ia -/1 e-Asn-lsn-Thr- Lys-Ser- Phe-
v U9'f " UtO.y .,

ece GAA CAA TAe TCT GeC ATC CCTCAT eAC TAT ATC CGC Ace Gee CAA ccc TTC eTG TGe CTT 11C GCG ATT Me lAC Ace AAA TCt TTT
GCG CTl err ATC AG~ ccc TAC GeA CTA c;rc AT A TAe CCC TCG ccc cTT ccc HG GAe Ace CAA AAG esc TAA HG TTC TGG Ttl AGA ,1.\0\
---Ll2 " A . LII ,.. 'j,- LID J

Bell Nrul
OS 100 105 LID II:' \20

Glu-Asp-' le-lIlt,-Ctn- T:jr-Arg-GI u-Gln-Ilc-Lys-Arg-Yal' Lys-Asp-Ser-Asp-AsP-Val-Pro-t1et.-\'~'-Leu'Val 'GI y-Asn-Lys-CYS-Asp-Leu'
UII ,r Y UI2 'I' UI3 'I

GA'A GAr. ATC CAT el,I-, TAe ccr GA.A CAC ATe AAA ece GTT AAA GAC TeT GAT CAC CTT ecc ATC GTT r.TG CTT GGT AAC AAA rcc GAC TTC
err eTG TAC GTA err IITG GeA en GTC t AC TTT ccc C.1.A TTT eTC ,ICA CTA eTC CU r.GC ac CM CAC CM eCA iTG TTT AeG eTG .\At
_______.,..--L9 1 " LB ' ,'-- _

t1lul
125 130 135 140 145 150

AIa- AI a- Arg-Thr' Va1- GI.u-Ser -Ar g-G In-Ala -CI n- Asp-Leu-A h-A ra- S~ r-Tyr -GIy-I t e- Pro-Tyr-Il e -C1u-Thr> ser -A l a>Lys-Thr -A rg -C I n
Ull{ UIS -.., UI6-----
GCA eee ccr ACT err CAA TcT eCT eAC ccr CAe CAT eTC CCT CGT TeT TAC etA ATT ecc TAC ATC C~A ACC TCT GCT AAA ACT CCT CAA
ccr ccc ecA TGA CAA en AGA GCA GTe CGA CTC eTA CAC eCA ceA AtA ATC CCT TAA

1
GGC ATG TAG eTT TCC tlGA CGA TTT TCA CCA CTT

-----L7 .... \" L6 " L5
EcoRI

155 160 165 170 175 180
el y-Va I-C lu-Asp-AI a- Phe-Tyr-Thr-Leu-YaJ -Arg-Clu-Ile-Arg-Cl n- Hi s-Lys-Leu-Arg-Lys-Leu-Asn-Pro' Pro-Asp·Glu-Ser-Gl.y·Pro-C ly-

----I' UI7 l lIlB r-
esc CTT GAA GAe ccr TTe TAC ACC TTC err CGl GAA ATe eGT CAG CAe AAC CTG CCT AAC CTT AAC eec ccc GAC GAA TCT ccc ceA GGe
ccc CAA CTT eJG eCA HC ATC TGG AAe eAA CCA en TAG GeA GTC ere TTC GAe GCA TTC CAA TTC ccc GGe CTr. eTT ACA ccc GCT ccc
----- J'\ L4. ' , L3 / \" A L2------

Hi ndlll
185

CyS-nc L-Se r- e~·s - Lys- (ys - VaI· Leu - Ser-U:I:· H* SaII
---U\S ..., U20 \

TCr. ATC TeC TCC AU TCC GTT CTC TeT TCA TAG G
ACG TAC AGG ACG TTT ACG CAl< CAC ACA ACT ATC CAGeT
----','--- LI -----/

Fig. 3. The Amino Acid Sequence ofp21 (Arg-61) and Its Synthetic Gene Having 7
Restriction Sites

Lines indicate oligonucleotide fragments for synthesis of the gene, ! indicates a cleavage
site.
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Fig. 4. [3H]GDP Binding Activity was Mea
sured Using 40pmol of Each Purified p21

p21 was incubated with 4JLM [3H]GDP in 50mM
Hepes-NaOH (pH 7.5)/O.5mM MgS04/ IOOm MNaCI/
I mM dithiothreitol (total volume SOJd) at 37C>C. The
reaction was stopped at O°C with I ml of ice-cold
50 mM Hepcs-NaCI (pH 8.0)/0.25 mM MgS04 • The
radioactivity retained on a nitrocellulose filter was
counted..-e. Gly-12; ...- .... Val-12; .-B. Leu-61;*-*. Arg-61.

Fig. 5. GTPase Activity was Measured Using
40 pmol of Each p21 .

p21 was incubated with 4j.lM b,_32p]GTP at 37 DC.

The reaction was stopped at O°C by addition of I M

HCI04 J1 mM KH 2P04 • then 20mM ammonium mo
lybdate and isopropyl acetate were added. After vi
gorous stirring and centrifugation. the radioactivity in
the organic phase was counted..-e. Gly-12; "'-A. Val-12; B-•. Leu-61;*-*. Arg-61; ---- represents the control.

larger fragment or the ClaI-SalI digest of pGH-L9 to yield pRL61.
For construction of pRR 61 containing the codon for Arg at the 61 position,

oligodeoxyribonucleotides having CGC or the complementary sequence were used. Six other
oligonucleotides were also used to incorporate three restriction sites, NruI, MluI and EeoRV,
in pRR61 (Fig. 2). The base sequence of the newly synthesized gene was confirmed by the
Maxam-Gilbert method. The structure is shown in Fig. 3.

Properties of Normal p21 (Gly-12) and Mutants (Val-12, Leu-61 and Arg-61)
The guanosine diphosphate (GDP)-binding activities of p21 (Leu-61 and Arg-61) were

measured together with those of the normal p21 and p21 (Val-12) using [3H]GDP.7U) The
results are shown in Fig. 4. All p21 proteins bound GDP with different velocities and reached
equilibrium after 2 h. Inhibition was observed on addition of a 20-fold excess of GDP, gua ...
nosine triphosphate (GTP) and dGTP. However, other nucleoside triphosphates (adenosine
triphosphate (ATP), cytidine triphosphate (CTP) and uridine triphosphate (UTP») did not
have any effect (data not shown). It may be concluded that activation of p21 dose not affect
the base specificity in binding.

The GTPase activities of these'" p21 proteins were compared, as shown in Fig. 5.
Mutations at positions 12 and 61 caused marked decreases of the activity.

Discussion

Mutations of a synthetic gene were performed by two different approaches in the present
work. The gene was originally designed for cassette mutagenesis of the 12th position. The
mutated gene was expressed with high efficiency in E. coli, and p21 (Gly-12) was obtained in
quantity, which allowed crystallization of the protein. The 61st position was mutated by
reconstruction of the gene using appropriate synthetic oligonucleotides. This method was
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found to be feasible in this size of gene, since synthetic oligomers previously obtained could
mostly be used and ligation of properly designed gene fragments would give higher yields of
mutants than mutageneses involving cleavage reactions with restriction enzymes.

Several site-directed mutageneses of c-Ha-ras genes yield p21 proteins mutated at the
12th and 61 st codons.?' The present result on the GTPase activity is consistent with that
reported earlier.?'?

The mutated genes described here can be further used to alter the structure of p21 in large
areas. Studies along this line will be reported elsewhere.
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Transdermal absorption of flurbiprofen (FP) from a cataplasm (CFP) and its anti
inflammatory effect were investigated in the rat under various skin temperature conditions. As the
skin temperature was raised, the plasma concentration of FP after application of the cataplasm
increased significantly. It was demonstrated by a release and in vitro penetration experiment that
skin penetration is the rate-determining step for absorption, and both release and penetration
increased with a rise of temperature. Moreover. the ill vil'o transdermal absorption behavior was
estimated by a deconvolution method from the plasma concentration data after intravenous
administration and topical application of FP.

The Arrhenius plot of the in vitro penetration data at various temperature gave a nearly
straight line and the activation energy calculated from the slope was 16.7 kcaljmol. The skin
accumulation of FP decreased with a rise of temperature in the in vivo experiment while no
significant change was seen in the in vitro experiment. suggesting participation of the increase of
blood flow in the former experiment.

Though the anti-inflammatory effect was demonstrated at the normal skin temperature and
under cooling, the effect was not found under warming. in addition, a considerable effect was
observed with a control CFP which is free fr0111 FP when used under cooling.

From these results, it is suggested that the transdermal absorption of FP from CFP increased
with a rise of skin surface temperature, and both factors. the concentration of FP absorbed and
topical cooling, contribute to the anti-inflammatory effect.

Keywords--fturbiprofen; cataplasm; percutaneous absorption; plasma level; skin tempera
ture; deconvolution; release rate; Arrhenius plot; skin accumulation; anti-inflammatory effect

4883

Recently, local chemotherapy by percutaneous drug delivery has attracted renewed
interest from the standpoint of optimization of drug delivery.'! Topical application should
concentrate the drug in the tissues to which it is applied and diminish the drug concentration
in other tissues and blood. It could also minimize the side effect of gastrointestinal damage
and the first-pass effect observed in the case of oral administration."

Flurbiprofen (FP) is an orally active, nonsteroidal anti-inflammatory drug found to be
effective in the treatment of rheumatoid arthritis, but its side effect of gastrointestinal damage
has limited its utilization." Therefore, topical application of FP warrants investigation as an
alternative to oral treatment. However, it is well-known that most drugs can not penetrate the
skin readily, and many factors may influence the skin penetration." In this context, we have
reported that a rise of skin surface temperature could increase the transdermal absorption of
methyl salicylate from a cataplasm."

In the present study, transdermal absorption characteristics of FP from a cataplasm at
various skin temperatures were investigated with both in vitro and in vivo techniques. In
addition, the anti-inflammatory effects at various skin temperatures were evaluated.
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Experimental

Materials--FP was obtained commercially (Nippon Zanbon Co., Ltd., Tokyo, Japan) and used without
further purification. Styrene isoprene block copolymer was also obtained commercially (Kimura Industry Co.,
Ltd., Tokyo, Japan). All other chemicals were of reagent grade.

Preparation of a Cataplasm of FP--A cataplasm (CFP) containing FP was prepared by Sansho
Pharmaceutical Co., Ltd. (Saitama, Japan). 'The formulation contains FP (2 mg), olive oil (115 mg), styrene isoprene
block copolymer (78 mg) and other minor constituents (19 mg) in 14crrr'. The CFP has a water-absorbent resin sheet
on the drug reservoir phase to cool the skin surface. The structure of the cataplasm is shown in Fig. 1. CFP containing
no FP was prepared to evaluate the net effect of cooling on inflammation.

Control of Skin Surface Temperature---In the in vivo absorption and the anti-inflammatory experiments, the
skin surface temperature after CFP application was controlled by the following treatments. Condition A: A polyvinyl
bag containing ice-water was put on the CFP. Condition B: Water was added to a water-absorbent resin sheet of the
CFP. Condition C: No treatment was carried out. Condition D: A chemical warmer (Hakugen Co., Ltd., Tokyo,
Japan) was put on the CFP. In the anti-inflammatory experiment, condition D' was used instead of condition D; in
this case, the rat foot on which the CFP was applied was wrapped with a polyvinyl bag and placed in a water bath at
4JOC.

By manual monitoring during each treatment, the skin temperature could be maintained within a narrow range,
as shown in Table I. The skin surface temperature was measured with a thermometer having a platinum resistance
sensor (model EH200"06, Chino Works. Ltd., Tokyo, Japan) during experiments.

In Vivo Transdermal Absorption Experiment--Male Wistar albino rats weighing 250-300 g, whose abdominal
hair was removed with animal clippers and a shaver at 24 h before the experiment, were used under anesthesia with
pentobarbital, given intraperitoneally. CFP (available area; 14cm2

) covered with a protective peel liner was applied
on the abdominal skin, and treatment A, B, C or D was employed for controlling the skin temperature. After the
temperature had reached a constant level, the liner was removed from the CFP to start the absorption experiment.
Blood samples were collected from the jugular vein at fixed intervals. A mixture of 0.2 ml of plasma and 0.2 ml of
MeOH was shaken and centrifuged, and FP in the supernatant was determined by HPLC.

Intravenous Administration Experiment--A polyethylene glycol solution of FP (2.5 mg/rnl) was injected into
the femoral vein of three rats weighing 250-300 g (dose; 500llg/head), and the plasma concentration of FP was
determined by high performance liquid chromatography (HPLC) at fixed intervals. The mean plasma levels of FP
(Cp) versus time obeyed biexponential kinetics as represented by Eq. 1.

Cp=9.18e-2.1S'+8.77e-O.16r (1)

Release and in Vitro Penetration Experiments--A diffusion cell similar to that reported by Loftsson and
Bodor," was used for the release and in vitro penetration experiments. It has a 6.8 crrr' donor area and a 49 ml
receptor volume. Cellulose membranes (pore size 24 A, Visking Co., Ltd., U.S.A) were used as diffusion membranes
for the releaseexperiment. The full-thickness abdominal skin excised from a rat weighing 250-300 g, whose hair had
been removed as in the in vivo experiment, was used for the in vitro penetration experiment. The diffusion cell and
receptor medium, isotonic sodium phosphate-buffered saline (pH 7.4) containing kanamycin sulfate (100 ppm), were
placed in a thermostated chamber at least 10h before the experiment, in which the temperature was regulated at the
mean of each in vivo experiment. Just before the experiment, the excised skin or cellulose membrane was mounted in
the diffusion cell, the receptor phase was filled with the medium, and finally the CFP was applied on the skin or
membrane surface of the donor side. The receptor phase was stirred with a magnetic stirrer covered with an adiabator

a) See the text.

TABLE I. Skin Surface Temperature of Abdomen
and Foot in Rats under Various Conditions

Temperature (OC)

Foot

7.0 6.5- 7.3
14.9 13.4-16.4
21.0 20.2-21.7
40.0 38.6--40.2

Mean Range

Abdomen

24.7 23.4-25.8
34.2 33.6-34.7
36.5 35.0-37.2
41.7 41.0--42.5

Mean Range

A
B
C

D and D'

Temperature
conditional

_1-- 1

2

3

4

5

Fig. 1. Structure of CFP (Section Diagram)

I, Rayon-polyester coverstrip; 2, water-absorbent
resin sheet; 3, polyester-unwoven textile, the upper
side of which is laminated with polyethylene; 4, drug
reservoir; 5, protective peel liner.
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which serves to prevent heat flow. At appropriate intervals, an aliquot (0.5 ml) of the receptor fluid was withdrawn
and mixed with 0.5 ml of MeOH. After shaking followed by centrifuging, the supernatant was used for HPLC assay.

Skin Accumulation--At the end of the experiments, the skin removed from the cell in the in vitro experiment
and that excised from the rat abdomen in the in vivo experiment were placed in a test tube containing a mixture of
phosphate buffer solution (pH 7.4, 25m!) and MeOH (25ml). After homogenization followed by filtration, FP in the
filtrate was determined by HPLC.

Determination of Remaining FP in CFP--At the end of the in vitro and in vivo experiments, the CFP was
removed and placed in a test tube containing 20ml of chloroform. The tube was shaken for 20min, then 30ml of
MeOH was added and the tube was shaken again for 5 min. After centrifugation, the supernatant was subjected to
HPLC assay.

Anti-inflammatory Test--The anti-inflammatory effect was evaluated in terms of the suppressive effect on the
swelling edema according to the method of Riesterer and Jaques" with minor modifications. The edema was induced
by dropping a 100g iron weight from I m height onto the right hind paw of the rats (150-200 g), A CFP or CFP
containing no FP was immediately applied to the edema area and foot skin temperature was controlled as described
above. The CFP was removed hourly and the volume of the right hind paw was measured by using a plethysmometer
(model KN-357, Natsume Works Co., Ltd., Tokyo, Japan). After the measurement, the foot was again covered with
the CFP. The swelling (percent) was calculated as 100 x (b/a-I) (a, paw volume before producing the edema; b. paw
volume measured hourly after producing the edema) in order to evaluatethe effect.

Analytical Method--FPwas determined by the use of an HPLC system according to the method of Albert et
al.8 ) with minor modifications. The HPLC apparatus (LC-6A pump, Shimadzu Co., Ltd., Kyoto, Japan: model 7125
injector, Rheodyne Inc., California, U.S.A:) was equipped with a fluorescence spectromonitor (RF-530, Shimadzu
Co., Ltd.). The column was a bonded octadecylsilane-silica gel (Fine SIL C t 8 • Japan Spectroscopic Co., Ltd., Tokyo,
Japan) of 10Ilm particle size (250x4.6mm i.d.) and was used at room temperature. A mixture of MeOH-O.Ol M

citrate buffer solution (75: 25, v/v) was used as the mobile phase at a flow rate of l Dml/min after being passed
through a 0.45 pm pore size membrane filter (Toyo Roshi Co., Ltd" Tokyo, Japan). The peak was detected
fluorometricaIlyat 250 and 315 nm (excitation and emission, respectively). Standard solutions were chromatographed
and calibration lines were constructed on the basis of peak-area measurements.

Estimation of in Vivo Percutaneous Absorption Behavior of FP in CFP by Deconvolution--For calculation,
plasma FP concentrations after intravenous injection and percutaneous application of CFP were assigned as weight
and output functions, respectively. Practically, the theoretical values obtained from Eq. 1 were used as the data for
the weight function instead of experimental data. This served to prevent the divergence of solutions and to generate
any desired datum corresponding to the other function. Mean plasma concentrations obtained in the in vivo
transdermal absorption experiment (Fig. 2) were used as the data for the output function. In addition, the solutions
were obtained after normalization of the data with respect to dose: 500 Jlg in intravenous injection and 2000 Jig in
percutaneous application.

Analysis of Data with a Microcomputer--The results of the intr:avenous administration experiment were
analyzed on the basis of biexponential kinetics. The in vivo absorption behavior of FP estimated by deconvolution
and the experimental data obtained in the release and ill vitro penetration experiments were analyzed on the basis
of single exponential kinetics. These analyses were performed by means of a microcomputer.

Results

In Vivo Transdermal Absorption Experiment
Figure 2 shows the plasma concentration of FP after application of the CFP on the rat

abdomen under conditions A, B, C and D. As the skin temperature was raised, the plasma
concentration of FP increased significantly. Under all conditions except for D, the plasma
levels increased initially and thereafter a nearly constant level was maintained.

Release and in Vitro Penetration Experiments
The release of FP from CFP is illustrated in Fig. 3. The release was very fast under all

conditions and the recoveries in 3h were higher than 70% of the initial content. Figure 4
represents the penetration of FP through an excised rat skin. The penetration of FP was
relatively slow and the recoveries were somewhat low in comparison with release from the
CFP. The release and penetration were both greatly enhanced by a rise of skin temperature.

Absorption Behavior Estimated by Deconvolution
Since it is difficult to measure the transdermal absorption behavior ofFP experimentally,
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Fig. 2. Plasma Concentration of FP after Ap
plication of CPP under Various Temperature
Conditions

O. condition A: ~. condition B: O. condition C;
e, condition D. Each point represents the mean ±
S.E. from at least 3 rats.

3 4 5 6 7 B 9 10
Time (h)

Fig. 4. Penetration of FP in CPP through Ex
cised Rat Skin at Various Temperatures

O. 24.7"C; 6.. 34.2"C; 0, 36.5"C; •• 41.7"C.
Each point represents the mean ± S.E. from at least 3
experiments. The soJid lines are calculated values
based on first-order kinetics.

Fig. 3. Release of FP from CFP across a Cel
lulose Membrane at Various Temperatures

0, 24.7"C; c: 34.2"C; D. 36.5°C; ., 41.7"C.
Each point represents the mean ±S.E. from 3 experi
ments. The solid lines are calculated values based on
first-order kinetics.
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Fig. 5. Absorption Behavior of FP from CFP
Calculated by a Deconvolution Method from
the Data Obtained in Intravenous and Trans
dermal Experiments

O. condition A; b", condition B; D. condition C;
•• condition D. Details are given in the experimental
section.

it was estimated by a deconvolution method as described in the experimental section. The time
course of absorbed FP thus obtained (% of initial content) is shown in Fig. 5.

The absorption of FP was greatly enhanced by a rise of temperature and it was found
that the flux under condition D was about 4 times higher than that under condition A.

Skin Accumulation
Figure 6 shows the skin accumulation of FP at 10h in the in vivo and in vitro experiments.
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ABC D
Skin temperature condition

(B)

24.7 34.2 36.5 41.7
Skin temperature (OC)

Fig. 6. Skin Accumulation of FP at 10h after Application of CFP in the ill Vivo (A)
and in Vitro (B) Experiments

Results are expressed as the iitean± S.E. at least 3 experiments. Statistical evaluations
were performed by using Student's r-test (a), p<O.05; b), p<O.Ol; c). not significantly
different).

a)

542 3
Time (h)

1

For details, see the legend to Fig. 7.

Fig. 8. Effect of CFP without FP under Vari
ous Temperature Conditions on the Swelling
Edema Produced by a Strong Blow in Hind
Paw of Rats

41

100

2 3
Time (h)

Fig. 7. Effect of CFP under Various Temper
ature Conditions on the Swelling Edema in
Hind Paw of Rats Produced by a Strong Blow

A, control; O. condition A; D., condition B; D,
condition C; •• condition D'. The rats in the control
group were given no treatment after edema induction.
Each point represents the mean±S.E. from at least 4
rats. Statistical evaluations were performed by using
Student's r-test. Significantly different from control
(a) p<O.05; b) p<O.OI; c) p<O.OOI). Significant dif
ferences from the corresponding data in Fig. 8 were
found at 2 and 3 h in condition B, and at 4 h in
condition C (p <0.05); at I and 4 h in condition B,
and at 3 and 5 h in condition C (p<O.02).
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A tendency for skin accumulation of FP to decrease with a rise of skin temperature was
observed in the in vivo experiment, but not in the in vitro experiment.

Anti-inflammatory Effect
Anti-inflammatory effects of CFP at various skin temperatures are shown in Fig. 7. The

effect was evaluated in terms of the suppressive effect on the swelling edema in the foot of rats
produced by a strong blow. The edema was suppressed significantly under condition C and
especially under cooling conditions A and B, but no effect was found under warming
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condition D'.
Figure 8 shows the anti-inflammatory effect of temperature when CFP containing no FP

was applied. The application under cooling conditions (A and B) suppressed the swelling
significantly.

Discussion

In the present investigation, the in vivo and in vitro transdermal absorption and
pharmacological effect of FP in the CFP were examined under various temperature
conditions. A rise of skin temperature resulted in an increase of the FP plasma concentration
(Fig. 2), as in the case of salicylic acid," carbinoxamine?' and methyl salicylate." Moreover,
the release (Fig. 3) and skin penetration (Fig. 4) of FP were also enhanced. with a rise of
temperature.

Release data (Fig. 3) were analyzed by the use of Eq. 2:

(2)

where A is the amount of FP appearing in the receptor phase, F is the available fraction of the
applied dose (A o) and k; is a release rate constant. On the other hand, penetration data were
analyzed by the use of Eq. 3 in which a lag time was taken into consideration, based on the
experimental data in Fig. 4:

(3)

where k p is a penetration rate constant and 't' is a lag time. Furthermore, the deconvolution
data were analyzed by the use of Eq. 2 using k; (absorption rate constant) instead of k., where
A is the absorbed; amount of FP, since the lag times were practically not recognized in Fig. 5.
The values of parameters involved in the equations are presented in Table II. Our findings
from Table II may be summarized as follows. (1) With a rise of temperature, all the rate

a) Analyzed on the basis of single exponential kinetics with an available fraction (F). b) Analyzed on
the basis of single exponential kinetics with an available fraction (F) and a lag time. c) This value was
obtained by analysis at a fixed F value of 0.36, the value for conditions Band C; good convergence was usually
not obtainable without such fixing.

TABLE III. Remaining FP in CFP 24 h after the Start of the Experiment
under Temperature Condition C

Experiment

In vitro penetration

Remaining FP
(% of applied dose)

13, 19

Experiment

In vi-va absorption

Remaining FP
(% of applied dose)

53,57
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constants (kr , kp and ka) increased. (2) The value of k, was considerably larger than that of kp

under all conditions, indicating that skin penetration is the rate-determining step for absorp
tion. (3) The value of k; is close to that of k p under all conditions, reflecting a good agree
ment of the in vivo and in vitro experiments. (4) Lag times recognized in the in vitro experi
ments become shorter witha rise of temperature, which might be further evidence for increas
ing ease of transfer of the drug across the skin with increasing temperature. Disappearance
of the lag times in the in vivo data (Fig. 5) is probably due to the blood flow in the skin. (5) The
available fraction of FP(F) in release experiments was in the range of 0.81 to 0.94 and showed
a tendency to increase with a rise of temperature. On the other hand, the values of F from the
in vitro penetration experiment and deconvolution data were in the ranges of 0.57 to 0.69 and
0.36 to 0.39, respectively, and showed no dependence on temperature. The difference of F
between these two cases was continued by measurement of the remaining FP in CFP at 24 h
after the start of the experiments under condition C (Table III). It is considered that the
release of FP from CFP might be limited depending on the experimental method employed.

Blank et al. lD
) studied the rate of percutaneous absorption of the alcohols from MeOH

through octanol over a temperature range 5-50°C in vitroand demonstrated that their flux was
an exponential function of the temperature. Further, they calculated the activation energies of
the alcohols from an Arrhenius plot. In the present investigation, an Arrhenius plot was
prepared of the data from the in vitro penetration experiment (Table II), to which one more
point at 29°C (k p = 0.05 h -1) was added by performing another series of experiments at that
temperature. An approximately straight line was obtained and the apparent activation energy
calculated from its slope was 16.7kcaljmoI. Blank et al. reported that the mean values of
activation energies of polar and non-polar alcohols were 16.5 and 10.0kcal/mol, respectively.
The activation energy of FP was nearly equal to that of polar alcohols in spite of its possible
lipophilicity. FP, with its complex molecular structure, might interact more strongly with the
skin, resulting in a larger activation energy.

The skin accumulation of FP was not clearly related with skin temperature in the in vitro
experiment (Fig. 6B). A tendency for decreasing accumulation with increasing temperature
was, however, recognized in the in vivoexperitnent (Fig. 6A), and this might be due to
enhancement of drug clearance resulting from an increase of blood flow.

A suppressive effect of CFP on the swelling edema in the foot of rats was observed at
normal temperature (condition C) and especially on cooling (conditions A and B). However,
the effect was not apparent under condition D (Fig. 7) where the plasma levels of FP were the
highest. Thus, the skin temperature has a greater influence than the absorbed amount of FP.
It is well-known that cooling itself has an anti-inflammatory effect. In fact, CFP containing no
FP showed an appreciable effect simply due to the cooling action (Fig. 8), but CFP was more
effective when it contained FP, as seen in conditions Band C (compare the corresponding
data in Figs. 7 and 8).

In conclusion, it is suggested that the transdermal absorption of FP from CFP increased
with a rise of skin surface temperature, and both the concentration of FP absorbed and
topical cooling are important factors in the use of CFP for topical inflammation. On the other
hand, the increase of the drug absorption that occurs on warming might be advantageous
when a systemic effect of FP is required after topical application.
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A study on binding of human epidermal growth factor (hEGF) to various rat tissue
homogenates showed the existence of specific binding in the liver, kidney, small intestines
(duodenum, jejunum and ileum), stomach, lung and heart. The extent of the specific binding in the
liver was at least ten times as large as those in other tissues. However, no specific binding was
observed in the spleen, muscle or brain. Binding kinetic analyses using tissue homogenates of the
liver, kidney and small intestines showed that the binding capacities (11) differed remarkably among
the tissues, whereas the tissue differences in the dissociation constants (Kd ) were minimal (1-6nM).
In our previous report on the contributions of various tissues to hEGF removal from the systemic
circulation in rats after i.v, administration, the uptakes of hEGF by the liver. kidney. small
intestines, stomach and spleen showed remarkable saturation, which may represent t~ operation of
a receptor-dependent uptake mechanism. In the present in vitro experiment, specific bindings in
these tissues except the spleen were indeed identified, suggesting that specific binding plays an
"important role in the tissue distribution of hEGF. Some other mechanism may be involved in the
hEGF distribution to the spleen, because specific binding to this tissue was not detected in vitro.
Comparing hEGF binding kinetic data (at 4°C) for isolated rat hepatocytes with those for the
homogenate, the binding parameters showed little difference between the two preparations,
indicating that, at least under normal conditions, EGF receptors are not down-regulated and most
of them exist on the cell surface.

Keywords--human epidermal growth factor; EGF receptor; specific binding; rat tissue
homogenate; isolated rat hepatocyte; receptor-dependent uptake

Introduction

4891

Epidermal growth factor (EGF), which has been isolated frorn the submandibular gland
of the mouse and from human urine, 1 -3) is a polypeptide which shows various biological
actions on living animals as well as on isolated organs and cells. It is known that EGF
promotes the proliferation and the cornification of the epithelial tissues and the synthesis of
certain proteins, as well as RNA and DNA.! ,4.5) These proliferation-promoting effects of
EOF may be applicable to a practical treatment for arteriosclerosis or ulcer.

The mechanism of EGF uptake by the hepatocytes was elucidated to be receptor
mediated endocytosis.v" " that is, the complex of EGF receptors existing on the cell surface
and EGF forms vesicles at a specific domain on the cell membrane, and then undergoes
endocytosis into the cell. Kinetic analyses of the receptor-dependent hepatic uptake have been
reported.v?' However, little has been reported on EGF uptake mechanism by other tissues.

Previously, in our laboratory, kinetic analysis of the tissue distribution of human EGF
(hEGF) in rats was performed in vivo. to) It was found that the distributions of 125I-hEGF to
the liver, kidney, small intestines, stomach and spleen were much greater than could be
accounted for by distribution to the extracellular space of each tissue, and that the hEGF
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(1)

uptake by these tissues showed remarkable saturation. 10) These results suggested the existence
of specific binding of hEGF in these tissues. Therefore, the present study was designed to
elucidate whether specific binding of hEGF occurs in various tissues by using their
homogenates, with the aim of accounting for the saturable tissue distributions in vivo.
Furthermore, to investigate the number of receptors existing on the cell surface and inside the
cell, we also attempted to compare the hEGF binding to isolated rat hepatocytes with that to
the homogenate.

Experimental

Animals--Adult male Wistar rats (Nihon Seibutsu Zairyo, Tokyo, Japan) weighing 200-250 g were used
throughout the experiments. The animals were housed under conditions of controlled temperature and lighting with
access to food and water ad libitum.

Materials--Sodium iodide-125 (100 mCi/ml) was purchased from the Radiochemical Center (Arnersham
Corp., Arlington Heights, IL), bovine serum albumin (B8A) (fraction V) from Sigma Chemical Co., (81. Louis, MO),
Sephadex 0-25 from Pharmacia Fine Chemicals (Uppsala, Sweden), trichloroacetic acid (TCA) from Wako Pure
Chemical Industries, Ltd. (Osaka, Japan), and silicone oil (d= 1.05) from Aldrich Chemical Co. (Milwaukee, WI).
All other reagents were commercial products of analytical grade.

Biosynthetic hEGF obtained from Escherichia coli via the synthesized coding sequence described previ
ouslyll.12) was used in all the experiments. The hEGF was radiolabeled with 125I_Na by the chloramine-T meth
od.':" Unreacted 125I-Na was removed on a Sephadex G-25 column, and the 125I_hEGF was eluted in the void
volume. The 125I-hEGF had a specific activity of O. 5-1.0 mCi/nmol; it was more than 95% precipitable in 15% TeA,
and more than 98% of 12sI-hEGF binding to a specific antiserum was displaced by an excess amount of unlabeled
hEGF (6nmol).

Experimental Procedure--The tissues were excised from rats and 4~~ (w/v) homogenate of each tissue was
prepared by using a Teflon homogenizer. The buffer used in the preparation of homogenates and the binding assay
contained O.25M sucrose. 0.2mM CaCI2• IOmM MgCI2, 100mM NaCl. 10mM Hepes-Tris (pH 7.4) and 0.1% (w/v)
BSA.

Binding of 125I-hEGF was measured by a rapid filtration technique." The binding reaction was initiated by
addition of 800 III of the 4~~ tissue homogenate to 200 pi of the buffer containing 0.03/lCi of 12sI;.hEGF ~nd various
concentrations of unlabeled hEGF (0.6-100 nM). After incubation for 60 min at 4 "C, 200 III of the reaction mixture
was immediately filtered through a glass microfiber filt~r (Whatman GFIF; Whatman Ltd., Maidstone, England),
which was quickly washed once with 5 ml of ice-cold buffer to separate the tissue-associated ligands from free ligands.
Radioactivity on the filter was determined in a gamma-counter (model ARC-300, Aloka Co. Ltd., Tokyo, Japan).
The binding was corrected for nonspecific adsorption on the filter. The nonspecific adsorption was 1-1.5~~ of the
total count.

Hepatocytes were prepared by the procedure of Baur et al.14
) The cell viability was determined by means of the

trypan blue exclusion test; cells with more than 90% viability were used for the binding experiments. Isolated
hepatocytes were suspended in the buffer and a part of this suspension was homogenized. The isolated cells and the
homogenates were made up to a reaction volume of 600 pi with the buffer containing 0.021lCi of 1251_hEGF and
various concentrations of unlabeled hEGF. The protein concentration in the reaction mixture was approximately
10mg protein/rnl. After incubation for 60min at 4 DC, the 125I-hEGF bound to the cell homogenate was measured by
the method described above. The binding of 125I-hEGF to the cells was measured as follows. To separate the cells and
the cell-associated ligands from the incubation medium rapidly, the centrifugal filtration method was used.!" A
centrifuge tube contained a layer of 100III of silicone oil on the top of 50 III of 3 M KOH. The incubation mixture
(200Jll) was placed on top of the silicone layer. On centrifugation in a Beckmann rnicrofuge, the cells together with
binding ligands passed through the silicone oil and entered the bottom fluid. After separation, the amounts of the
bound and unbound ligand were determined by the methods described above. The binding was corrected for the
amount of adherent fluid, 0.62 fll/mg of cellular protein.P' In these experiments, the increase in the TCA-soluble
radioactivity was always less than 5% of the total radioactivity during the incubation period, indicating insignificant
degradation of labeled hEGF under the incubation conditions used (data not shown).

Data A~alysis--Thedata on EGF binding to various tissue homogenates were analyzed on the assumption of
a single class of binding sites and nonspecific binding by using the equation

nonc,
c, +cc'Cr

Kd+Cr

were Cb and C, are the bound and unbound concentrations of hEGF, respectively, Pt is the concentration of tissue
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proteins, nand Kd denote the binding capacity (per mg protein) and the dissociation constant, respectively, and ex is
the proportional constant related to the nonspecific binding. The binding parameters were obtained by an iterative
non-linear least-squares method'P' based on Eq. 1. The initial estimates ofthe binding parameters were obtained from
Scatchard plots.

Results

Figure 1 shows the time courses of 125I-hEGF binding to the homogenates of the liver,
kidney and jejunum in the absence and presence of an excess amount of unlabeled hEGF.
Binding equilibrium was attained within 60 min at 4 "C in each case.

In Fig. 2, the extents of the specific and nonspecific bindings of hEGF to various tissue
homogenates are shown. The total and the nonspecific bindings were determined as the percent
bindings of 125I-hEGF in the absence and presence of an excess amount of unlabeled hEGF
(100 nM), respectively. The specific binding was then obtained by subtracting the nonspecific
binding from the total binding. Specific binding was detected in the liver, kidney, duodenum,
jejunum, ileum, lung, heart and stomach. The extent of the specific binding was greatest in the
liver and those in other tissues were less than one-tenth of that in the liver. On the other hand,
specific binding was not detected in the spleen, muscle or brain.

The equilibrium bindings of 125I-hEGF to 3.2% tissue homogenates were deterinined in
the presence of various amounts ofunlabeled hEGF, and typical results are shown in Fig. 3 as
Scatchard plots. For all the tissues tested, both a single class of specific binding sites and a
nonspecific binding were detected. The binding parameters listed in Table I showed that the
values of n differed remarkably among the tissues, while the tissue differences in the values of
Kd were minimal.

The bindings of hEGF to the intact hepatocytes and the homogenes prepared from the
same hepatocytes were compared (Fig. 4). The amounts of the bound hEGF were normalized
with respect to the protein concentration. Both the intact hepatocytes and the homogenates
gave comparable results; the values of K d for the cells and the homogenate were appro..
ximately 3.3 and 3.8 nM and the binding capacities were approximately 0.10 and 0.12 pmol/mg
protein, respectively.
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Fig. 2. Specific and Nonspecific Bindings of 125I-hEGF to Homogenates (3.2%)
Prepared from Various Rat Tissues

The shadowed bars represent specific binding and the white bars, nonspecific binding.
They were determined as the percent bindings of 1.25I_hEGF in the absence and presence of
an excess amount of unlabeled hEGF (lOOnM), and the specific binding was obtained by
subtracting the nonspecific binding from the total binding. Results are mean ±S.E. of 4-8
experiments.

Discussion

In the present study, the existence of specific binding sites for hEGF in the rat kidney,
duodenum, jejunum, ileum, lung, heart and stomach as well as in the liver were demonstrated.
The extent of the specific binding was by far the greatest in the liver (Fig. 2). We previously
reported that the liver is the main organ responsible for the clearance of hEGF from the
body.'?' In addition, it has been suggested that the specific binding of hEGF to cell-surface
receptors may govern the hepatic clearance of hEGF.7•8 ) Our present result is thus consistent
with previous findings by us and others. This large binding capacity of the liver for hEGP may
be important in regulating the distribution and disposition of the peptide in the body. On the
other hand, the specific binding capacities of other tissues are minor compared to that of the
liver, though the high affinities (Kd =1-6 nM) may suggest some physiological function, as
discussed below. With regard to the small intestines, the specific binding for hEGF seems to
exist relatively evenly over the intestines (Table I). Previously, the presence of high-affinity
binding sites for hEGF were shown by Forgue-Lafitte et al.17

) using isolated rat intestinal
epithelial cells. In that report, the values of K d and n were approximately 1nM and
0.02 pmol/rng protein respectively, which are comparable with those obtained in the present
study using intestinal homogenates (Table I). In our previous in vivo experiment.l?' it was
suggested that hEGF binds to the intestinal cells from the basolateral side. We recently
obtained preliminary results (data not shown) showing that hEGF added to the luminal side
of the rat intestines decreased the microclimate-pH of the jejunum, probably by acting on the
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Fig. 3. Typical Scatchard Plots of hEGF Binding to Rat Tissue Homogenates

Tissue homogenates(3.2~r~) were incubated for 60 min at 4 ",C with 0.03 J£Ci of 125I-hEGF
and various concentrations of unlabeled hEGF (0.6-100nM). The solid lines were
calculated by a non-linear iterative least-squares method, and the binding par-;meters
obtained for these preparations are: Kd = 1.7nM, n:::O.2pmoljrng protein (liver); Ktl =
4.8nM. 12=0.04pmol/mg protein (kidney); Ku= J.7nM. n==:0.03 pmol/mg protein (duo
denum); Kd = 1.5nM, n :::0.03 pmol/rng protein (jejunum); K,,::::: 3.8 OM, n =:0.04pmol/mg
protein (ileum).

TABLE I. Binding Parameters of hEGF to Various Rat Tissue Homogenates'"

Tissues
Number of KrJ nb) n (XC)

preparation (nM) (pmo1jg tissue) (pmol/rng protein) (rnl/g tissue)

Liver 6 I.09±O.36 24.9±3.20 O.l5±O.O2 3.37±O.69
Kidney 3 5.63± 1.60 6.02± 1.60 0.05±O.OI 0.65±O.21
Duodenum" 2 1.49 1.24 0.03 0.54
Jejunum 4 I.OO±O.42 O.83±O.39 0.01 ±O.OI O.47±0.20
Ileum'" 2 2.39 1.72 0.02 0.60

a) Binding data was fitted to Eq. I. and the binding parameters represent the mean ± S.E. except for the duodenum and
ileum. b) Corrected for the dilution (If tissue homogenates. c) A proportional constant related to the nonspecific
binding. d) Average from two preparations.

brush-border membrane. These findings suggest that hEGF may bind to both sides of the cell
membrane (basolateral and brush-border membranes). To confirm this, it will be necessary to
identify the hEGF bindings by using isolated membrane vesicles.

In general there are relatively small differences inthe values of Kd among tissues, but the
values of n exhibit great tissue differences, and that for the liver is the greatest, as shown in
Table 1. It has been reported that both high-affinity and low-affinity EGF receptors exist in
many cell types." - 20) The number of high-affinity receptors is much smaller than that of low
affinity receptors. The difference of physiological function between the two types of receptors
is not clear, but it was suggested that high-affinity receptors may affect the mitogenic signal.l'"
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Fig. 4. Comparison of the Scatchard Plots of
hEGF Binding between Isolated Rat Hepato
cytes (e) and Cell Homogenates (A)

The cell suspension and its homogenate were pre
pared from the same rat. The amount of the binding
ligand is normalized per mg ofprotein. The solid (cell)
and broken (homogenate) lines were calculated by a
non-linear iterative least-squares method, and "the
binding parameters for these preparations are; rat A,
Kd = 2.7nM, n=O.13pmoljmg protein (cell), Kd=4.1
nM, 11= 0.16 pmol/mg protein (homogenate); rat B,
Kd = 3.8 nM, n=O.08pmol/mg protein (cell), Kd=3.4
nM, n = 0.08 pmol/mg protein (homogenate).
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Fig. 5. Correlation between in Vitro Specific Binding Activity and in Vivo
Receptor-Dependent Uptake Clearance among Various Tissues

The in vitro specific binding activities for tissues were obtained from the data shown in
Fig. 1. The in vivo receptor-dependent uptake clearances (Vm...IKm) were obtained pre
viously'?' in our laboratory. Parentheses mean that in vitrospecific binding activity and/or in
vivo saturable uptake clearance were not detected; that is, for the lung, in vivo saturable
uptake was not observed, but in vitro specific binding was detected (I.5~~), while for the
spleen, in vitro specific binding was not observed, although in vivo saturable uptake
clearance was clear (0.1 rnl/mln/g tissue). For the brain and muscle, neither was detected.

Previous kinetic analysis of the tissue distribution of hEGF in rats in vivo clarified the
contribution of each tissue to the uptake of hEGF from the systemic circulation. The amount
of 125I-hEGF taken up by each tissue was determined after coadministration of various
amounts of unlabeled hEGF.

The results showed that among the tissues examined, the distributions of 12sI_hEGP to
the liver, kidney, small intestines, stomach and spleen were much greater than could be
accounted for by the extracellular space of each tissue and that the uptake of hEGF by these
tissues showed remarkable saturation, which may represent the operation of a receptor
dependent uptake mechanism.'?' When the saturable uptake clearance in each tissue obtained
from this in vivo experiment was plotted against the specific binding activity of each. tissue in
vitro obtained from the present study, a good correlation between them was observed (Fig. 5).
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In particular, saturable uptakes by the liver, kidney and small intestines, in which specific
binding was detected in vitro, were also observed in vivo. However, in the lung and spleen, the
opposite results were obtained; that is, in vivo saturable uptake clearance was not detected in
the lung, whereas specific binding in vitro was not detected in the spleen. The reason for this
discrepancy is not yet known.

I t seemed of interest to compare the EOF binding activities between liver cell homogenate
and isolated liver cells (intact cells). Such a comparison may allow us to determine the
intracellular distribution of EGF receptors. As shown in Fig. 4, both preparations gave
comparable hEGF binding activities in either rat liver examined. The values of Kd and n in the
cell system were 3.3 nM and 0.10 pmol/mg protein, while those in the homogenate system were
3.8 nM and 0.12 pmol/mg protein, respectively (all the values are the averages of two
independent experiments). This result suggests that the EGF receptors may exist mostly on the
cell surface. In other words, the EGF receptors may not be down-regulated under physiologi
cally normal conditions.

Previously in' our laboratory, the binding of hEGF to rat liver sinusoidal membrane ves
icle (SMV) was kinetically analyzed. The values of Kd and n obtained from that experiment
were 1.8 TIM and 5.4 pmol/mg protein, respectively.F'! The increase in the value of n versus
the homogenate is approximately 50-fold and that of Na+,K +-adenosine triphosphatase
(ATPase) specific activity, which is a marker enzyme of SMV, is approximately 40-fold.Thus,
the comparable enrichments of the binding and the enzymatic activities confirmed that most
of the EGF receptors are present on the sinusoidal membrane of the liver cell.

In conclusion, we have elucidated the existence of specific bining sites for EGF in several
rat tissues, in which the saturable uptake was observed in our previous in vivo experiments.
These results can account for the tissue differences in the distribution ofhEGF. However, the
physiological role of the specific binding in each tissue remains to be determined.
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A new experimental system was applied to obtain information about the local disposition of
lipophilic mitomycin C (MMC) prodrugs after intra-arterial injection. Rabbit hind leg was perfused
in situ using a single-pass technique and the outflow concentration-time curves of drugs following
pulse injection were evaluated by using statistical moment analysis. Moment parameters (moments)

. were transformed to disposition parameters which express local disposition characteristics together
with respect to elimination, distribution, and dispersion. Six lipophilic derivatives of MMC were
tested together with the parent drug. Dimethylsulfoxide (DMSO) was used as a model injection
vehicle that can be mixed with blood. Using this system, the following results were obtained. I)

Local disposition of the drug is decided by the balance of its affinities for intravascular and
extravascular components. 2) Disposition can be modified by derivation of the drug to a more
lipophilic prodrug. 3) Higher lipophilicity of a drug results in a larger organ clearance in the absence
of albumin, but a smaller clearance in albumin-containing perfusate. 4} In the case of DMSO
injection. intermediate clearance values are obtained regardless of the lipophilicity sf drugs, and it
was suggested that DMSO decreases both partitioning from the injection vehicle to the tissue and
plasma protein binding.

Keywords--single-pass perfusion system; drug disposition; rabbit muscle tissue; mitomycin
C: lipophilic prodrug; statistical moment analysis; intra-arterial injection; plasma protein binding;
dimethylsulfoxide

Intra-arterial injection and local perfusion methods have been used in cancer chemo
therapy since the ]950s.1) An improvement in drug effectiveness and ultimate therapeutic
success have been reported for these medical techniques." Intra-arterial infusion is expected
to otTer a distinct advantage in comparison with common systemic administration; that is, it
increases drug delivery to the area supplied by the cannulated artery and reduces systemic
drug exposure. Although the theoretical justification for the advantage of intra-arterial
infusion has been discussed." exact information useful for pharmaceutical dosage design has
not been obtained.

In the systemic administration mode, many attempts have been made to deliver cytotoxic
drugs to the tumor site by means of drug delivery systems,"! i.e., the utilization of physical
devices, the chemical transformation of drug to prodrugs.v?' and combinations of the two."
Recently, combined systems of physical devices and intra-arterial infusion have. been
developed as a cherno-embolization method, in which microcapsules.f starch," and oily X
ray contrast medium (Lipiodol)'?' are used as controlled release devices. However,
application of the prodrug approach to local infusion has not been tried, although the low
molecular-weight prodrug approach seems to be free from some of the disadvantages of
colloid-size carriers.

In order to achieve precise chemotherapy through prodrug-based intra-arterial in
fusion, the effects of the physicochemical properties of drugs and the mode of injection should
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be clarified. We have established an experimental system in which rabbit hind leg is perfused
in situ using a single-pass technique and data are analyzed based on statistical moment
theory.J!' In previous papers, the effect of plasma protein binding on local drug disposition'r"
and the regeneration characteristics of a prodrug!" were investigated. In the present study,
this system was used to elucidate the local disposition characteristics of lipophilic derivatives
of mitomycin C (MMC) and the effects of the physicochemical properties of the drug and the
injection vehicle were clarified.

Experimental

Materials--MMC was supplied by Kyowa Hakko Kogyo, Japan. Lipophilic MMC derivatives, pro
pyloxycarbonyl MMC (propyl-MMC), benzyl MMC, benzyloxycarbonyl MMC (z-MMC), pentyloxycarbonyl
MMC (pentyl-MMC), nonyloxycarbonyl MMC (nonyl-MMC), and cholesteryloxycarbonyl MMC (chol-MMC)
were prepared as reported previously." The structures, physicochemical properties. and protein binding characteris
tics of these compounds are summarized in Table I. All, other chemicals were of reagent grade and were obtained
commercially (Nakarai Chemicals, Japan).

In Situ Perfusion of Rabbit Hind Leg--Figure I illustrates the whole animal experimental system. Details of the
procedures were reported previously.ll) Male domestic rabbits weighing 1.99±0.13 (mean±S.D.)kg were anesthe
tized with urethane, and the right legs were essentially isolated from the body by arterio-venous perfusion. The right
iliolumbar vessels, common iliac vessels, and saphenous vein of the right hip were each ligated. The right femoral
artery and vein were cannulated with vinyl tubing (i.d. 0.8 mm, o.d. 1.2mm, Dural Plastics, Australia) and the inflow
(arterial side) and outflow (venous side) cannula were kept at the level of the thigh during the experiment. In this
preparation, there was almost complete recovery of the perfusate in venous outflow (95.6± 5.0~~~), and mixing of
blood from the body was suppressed to 4.4±2.6%. The weight of the perfused muscle was 50.9±8.0g.

Tyrode's solution (137mM NaCl, 2.68mM KCI. 1.80rnM CaCl2, 11.9mM NaHC03 • O.362mM NaHzP04 ,

0.492 mM MgC12' and 5.55 mM n-glucose) with (system I) or without (system II) bovine serum albumin (Fraction V,
Armour Pharmaceutical Co., U.K.) at a concentration of 4.7~; (w/v) was used as the perfusate. The perfusate (37QC,

gassed with 95%Oz-5%COz• pH 7.4) was pumped into the cannulated artery with the aid of a peristaltic roller pump
at a rate of 1.66ml/min. Test compounds were dissolved in the perfusate or dimethylsulfoxide (DMSO) and injected
into the line of perfusion flow via a six-position rotary valve injector (type 50 Teflon rotary valves, Rheodyne, CA).
Test samples (0.1ml) were put into the flow as a pulse function by this procedure. When DMSO was used as an

TABLE I. Structures, Physicochemical Properties and Protein Binding Characteristics
of MMC and Lipophilic MMC Derivatives

0
NH2

CH
3 N-R

Solubility (mM)"l
Free fraction")

Compound R mp (')C) rc.; a) in system I
Sesame Hexane

Water
oil ( x 103

)
(+albumin)

MMC H >270 0.414 2.73 0.0180 0.234 0.907 ±0.01 13
Propyl-MMC COOC3H7 203-207 32.7 0.333 0.104 <0.02 0.691 ±0.0170
Benzyl MMC CH 2C6Hs 119-121 38.6 1.49 4.17 0.726 0.693 ± 0.00732
Z-MMC COOCH2C6Hs 102-]04 113 0.523 3.29 00415 O.214±0.OI62
Pentyl-MMC COOCSH11 89-93 279 0.590 3.48 2.02 0.160,±O.OO320
Nonyl-MMC COOC9H I9 139-]41 3670 0.00025 15.2 0.304 Od)

Chol-MMC COOCz7H4 5 140-142 7610 0.00025 12.1 6.61 0

a) Partition coefficient between l1-octanol and water. h) Determined at 25'·'C. c) Each value is the mean± S.D. of five
experiments; details of determination methods were reported in ref. 12. d) Compounds can not be detected in the free form.
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Fig. 1. In Situ Perfusion System of Rabbit Hind Leg

injection vehicle, Tyrode's solution containing albumin was used as the perfusate (system III).
Sampling and Assay--The details of the sampling and assay procedures were also described in the previous

report.'!' The outflow perfusate was collected in weighed test tubes at appropriate time intervals (at first 1-2s,
subsequently 108-2 min). In the case of Evans blue and MMC~ the concentration in the surpernate was measured
after centrifugation for 15min at 1500rpm. The optical density of Evans blue was determined at 620nm. MMC was
determined by measuring antimicrobial activity against Escherichia coli B using a disc-plate method. 6•ll ) Lipophilic
derivatives were determined by high performance liquid chromatography (HPLC) in a reverse-phase mode after
extraction with ethyl acetate. The stationary phase used was a Cosmosil5C1 8 packed column (4.6 x 150mm, Nakarai
Chemicals, Japan) and mixtures of methanol and distilled water were used as the mobile phase.

MomentAnalysis--The present perfusion system is considered as a "black box" with linear disposition, and is
denoted by the subscript i. The disposition function of this system is reflected in the output response to a unit pulse
input. and is obtained by way of the concentration-time course in the outflow. The transit time of each drug molecule
through the organ is statistically distributed according to the stochastic disposition process and the obtained outflow
curve can be evaluated by moment analysis. The statistical concept of moments was introduced. into pharmaco
kinetics by Yamaoka et aJ.l4

) and Cutler.P? and it has many applications in pharmacokinetic analysis as a modeI
independent method. The first three (zero-th to second) statistical moment parameters (moments) are defined as
follows;

auc,=100

c,dt

t;=100

r- C,dtfauc,

<11=100

(t-t,)2.C,dt/auc,

where t is time and C; is the concentration of the substance normalized by expressing it as a fraction of the total
injected amount in unit volume of outflow fluid (with dimensions of "% of dose/ml"). auc, Fi , and c;7 are the area
under the outflow concenration-time curve, the mean transit time of the drug through the tissue, and the variance of
the transit time, respectively.

The moments werecalculated by numerical integration using the linear trapezoidal formula and extrapolation to
infinite time based on a mono-exponential equation (infinite calculation methodj.'!' The risk of error in moment
calculation increases with the magnitude of the extrapolation required 14 ,16 ) and the approximate (finite) values of
moments were also calculated for data points with concentrations higher than 0.3% of dose/rnl by using the linear
trapezoidal rule (finite calculation method).'!' Vascular reference substance (VRS) is assumed neither to distribute to
extravascular tissue nor to be eliminated, and a mixture of Evans blue and albumin was employed as the VRS.
Calculation of Disposition Parameters from Moments--The calculation methods from moments, auc .; 1;, and
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TABLE II. Derivation of the Disposition Parameters from Moments

Disposition intrinsic clearance: CL i n l./= VJ~l.j

(a) Distribution
(i) Extent distribution volume: ~=Qj" ~/F,

tissue distribution ratio: k,= (~/~)/fn - I
corrected mean transit time: lcor.j =~/Fi

(b) Elimination
(i) Extent recovery ratio: Fj=aucj/aucYRS

extraction ratio: Ej=I-Fj
(ii) Rate mean elimination time: ~l.i =!;/Ej

first-order elimination rate constant: kel • j = l/4:I,j
Dispersion dispersion ratio: dj=«(JDI/2/~

Q/, flow rate of perfusion; fa. mean transit time of VRS; aucVRS' area under the curve of VRS,

4901

0'7, to disposition parameters which express the local disposition characteristics of the drug are summarized in Table
II, and the detailed theoretical background was reported in the previous paper. I 11 The partition concept between
mobile-stationary phases'?' and the plate theory'P' of chromatographic systems were introduced into the organ
perfusion system. Derivation of disposition parameters from model-independent moments was carried out based on
either of the following physiological models.

1) The well-stirred mode119.201 (one-compartment perfusion modeI21.22).

2) A multiphase mamillary compartment model in which only the central compartment possesses the
elimination process (as represented by the two-compartment perfusion modeI3•22J).

CL i n l • i is the intrinsic clearance.19.201 k, (tissue distribution ratio) is the ratio of mass of drug in tissue to that in
perfusate under steady-state conditions and corresponds to the capacity factor in a chromatographic system. I?} 4or.i
(corrected mean transit time) is the true value of mean transit time of drug molecules and corresponds to the retention
time.'?' F, (recovery ratio) and E, (extraction ratio) represent the ratios of outflowed and extracted drug amounts to
input dose. respectively. ~l./ (mean elimination time) is mean time value of drug elimination and corresponds to mean
residence time (MRT) in a whole-body recirculation system.14.161 The dispersion ratio, d, gives information for
selecting the preferred model. When model 1 or 2 is valid, the dispersion ratio takes a value of I or more than I,
respectively. In the case of insufficient mixing, the value oi.d, becomes less than 1. In particular, when d,equals zero, it
represents a condition of plug flow in which mixing in the system can be neglected (the parallel tube model'?').

Results

Outflow Patterns and Moments
Figure 2 illustrates typical concentration-time curves of pentyl-MMC. In Fig. 2A, the

results in the initial 3 min are plotted on a normal scale; Fig. 2B shows the whole
concentration-time curves over 30min plotted on a semilogarithmic scale. The concentration
of pentyl-MMC rose rapidly to a peak, then fell off in a manner described by a sum of
exponentials. As compared with system I (+albumin), system II (- albumin) showed a
diminution in outflow concentrations, but the slopes in the terminal phase were essentially
similar. The outflow pattern of system III (DMSO) was rather closer to that of system II than
to that of system 1 in the first 3 min, but showed the fastest decline in the terminal phase
among them.

The outflow patterns of other compounds in the case of system II also showed
diminutions in peak concentration relative to those of system I') and system III usually gave
intermediate patterns between systems I and II. The differences between systems I and II were
attributable to the free fractions in system I.

The outflow patterns of test compounds in each system were evaluated by moment
analysis. Table III lists the moments of all compounds for system III with the moments of the
VRS. Although a derivative with higher lipophilicity passed more slowly in system II and
more quickly in system 1,12) the lipophilicity had no special influence in the case of DMSO
injection. Because the moments are complex parameters reflecting all the disposition character-



3010 20
t (min)

o31 2
t (min)

o

4902 Vol. 35 (1987)

100

A

:tOO
10

---- S5 <,
<, ClI

IV rIl
lJl 0 -10 .."

'"t:l .....
~ 50

0

~
~

G 0.1
0

c:s

Fig. 2. Typical Outflow Concentration-Time Curve of Pentyl-MMC

o. system I (+albumin); 6" system 11 (-albumin); ., system III (DMSO).
A, initial 3 min; B, whole period.

TABLE III. Moment Parameters (Moments) for VRS and MMC Derivatives
in System III (DMSO)

auc, t, (J~
Compound Moments I

(% of dose-rnin/ml) (min) (mirr')

VRS (6) Infinite 53.9±4.20 1.11 ±O.l 14 1.60±0.619
Finite 53.3±3.75 I.02±0.157 0.946 ± 0.363

MMC (5) Infinite 26.9±5.83 4.05±0.186 40.2±9.28
Finite 24.2±5.39 2.32±0.193 6.35±,1.13

Propyl-MMC (5) Infinite 16.5± 1.67 3.12±O.274 50.6±61.6
Finite 15.3 ± 1.60 1.91±0.210 2.66±0.769

Benzyl MMC (5) Infinite 19.0±'I.66 3.04±0.225 19.2±3.63
Finite 17.4±1.57 I.98±0.247 3.77±0.989

Z·MMC (5) Infinite 19.8±3.30 2.84±O.127 22.7±8.64
Finite 17.6±3.10 1.57±O.198 1.79± 0.466

Pentyl-MMC (5) Infinite 21.3±2.29 3.20±0.152 37.6±19.7
Finite 19.6±2.34 I.98±O.180 2.83±O.642

NonyI-MMC (5) Infinite 16.6± 1.96 11.5 ± 1.18 388± 177
Finite 12.0±1.78 2.98±0.321 5.66± 1.00

Chol-MMC (5) Infinite 3.85± 1.84 5.75± 1.14 78.9± 71.6
Finite 2.28 ± 1.51 1.14 ± 00407 0.831 ±O.809

Each value is the mean ±S.D., with the number of experiments in parenthesis.

istics, it seemed difficult to analyze the lipophilicity-disposition relationship only in terms of
the first three moments.

Relationships between Disposition Characteristics and Lipophilicity of Drugs
The disposition parameters were derived independently from moments by using the

equations in Table II, and they allowed the detailed evaluation of tissue disposition
characteristics. Figures 3-5 show the relationships of calculated extraction ratio (Ej) , tissue
distribution ratio (ki)~ and mean elimination time (~l.i) to the PCoct values of the tested
compounds. These values were obtained from the mean values of infinite moments and the
results from finite moments were essentially similar to them.

Concerning E, values, the following conclusions may be drawn (Fig. 3). Higher
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lipophilicity resulted in larger elimination in the absence of albumin in the intravascular space.
Plasma protein binding decreased the organ extraction, and in the presence of albumin, higher
lipophilicity resulted in lower elimination. It is possible that the decrease of the colloidal
osmotic pressure enlarged the distribution volume in system II. However, the difference in
organ extraction between the cases with and without albumin was mainly determined by the
free fraction of drug in each system. In the case of DMSO injection, the organ extraction was
not influenced so much by lipophilicity, and it was suggested that the effects oflipophilicity on
the distribution to the extravascular space and on the binding to intravascular albumin
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canceled each other out. In addition, DMSO enhanced the organ uptake of relatively weakly
lipophilic compounds such as MMC and propyl-MMC (against systems I and II; p < 0.05 by
Student's r-test).

The value of k, showed the same dependency on PCoct as E, in each system (Fig. 4).
Highly lipophilic derivatives, nonyl-MMC and chol-MMC, showed high tissue distribution
even in DMSO 'solution, suggesting that albumin binding was restricted by their water
insolubility. Although the extent of elimination was dependent on lipophilicity, the elimi
nation rates (~l) were constant in all cases (Fig. 5).

Figure 6 illustrates the relationships between PCOCI and intrinsic clearance. Because the
elimination rates were independent of lipophilicity (Fig. 5), this parameter seemed to be
mainly determined by the distribution extent (intrinsic clearance is expressed as V;/~l.J

Dispersion ratios greater than I were obtained for all cases, indicating that the necessary
condition for calculation in Table II was attained.

Discussion

In this paper, we have examined the local disposition characteristics of MMC prodrugs,
focusing on their quantity. The muscle was used as the model tissue since it has a continuous
capillary endothelium and occupies a large part of the body. DMSO was used as the model
vehicle for elucidating the effect of vehicle properties; although DMSO is not practically used,
it can dissolve even highly lipophilic drugs and 111ix with perfusate. The present results
suggested that drug molecules should be transformed to more lipophilic forms with the
smallest possible affinity for intravascular albumin, in order to achieve effective local
perfusion therapy. The possibility for controlling tissue distribution by the selection of an
injection vehicle with appropriate physicochemical properties was also demonstrated.
Concerning the regeneration pro«;ess of MMC from the prodrug, which is crucial for the
therapeutic efficacy of the present modality, the results of pharmacokinetic analysis will be
reported together with a new theoretical approach.l "

Miyauchi et al. expressed the "apparent" intrinsic clearance in terms of the intrinsic
clearances for the influx, efflux, and sequestration processes as follows.P!

CLint. seq X CLint. inC

CLint,i
CLint. seq +CLint.eff

(4)

If CLjnt.seq«CLint,eff is not attained, the contribution of CLint,inf to CLint.; can not be
neglected. That is, the influx rate into the extravascular space is largely reflected in the
elimination rate from the perfusate, in the case of a relatively slow efflux rate. For propyl
MMC, it was confirmed that the in vitro sequestration rate was smaller than the elimination
rate from the perfusate compartment.':" Whereas the lipophilic derivatives show a wide
variation in in vitro stability."! their mean elimination times from the perfusate were
approximately constant (Fig. 5). These facts suggest that the derivatives are eluted slowly
from the extravascular space of the muscle tissue. A large part of the extraction ratio
corresponds to the ratio of drug which is diffused into the extravascular space in a short time
and win be recovered in outflow fluids according to an irreversible (non-linear) process.

The most distinctive feature of this experimental system is the application of statistical
moment analysis to a local perfusion single-pass system. In the field of physiology, numerous
analytical models have been proposed for a local perfusion system. However, such models are
sometimes more sophisticated than is warranted by the experimental data. 11

•
24

) In this
investigation, a simple model is used only for the derivation of the physiologically meaningful
parameters from moments. Each process occurring in this system is evaluated with statistical
concepts of sum, mean, and variance, and the obtained parameters are free from restrictions
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ansmg from complex modeling. Thus. the moment analysis enabled us to evaluate the
disposition characteristics of drugs in a local perfusion system, and the effects of the
physicochemical properties of drugs on their disposition were elucidated.

In moment analysis. the terminal slope extrapolation produces calculation errors. It is
not easy to choose a starting point for the terminal phase or to discriminate between the
terminal phase and the subsequent apparent plateau phase. The finite calculation method is
free from such errors. The lipophilicity-disposition relationships derived from the finite
moments were essentially similar to those from the infinite moments. though there was some
underestimation of moments (Table III).l1,16) Consequently, the values of V;, k j , i::or,h r; leI,;'

and d., were underestimated and the values of CLint,i' Ei, and k et, ; were overestimated. The
finite moment calculation is useful for relative evaluation. However, the infinite moments are
necessary for quantitative evaluation, and a suitable criterion for accurate determination of
the terminal slope is required.

Concerning the impulse response of a single-pass' system observed as a log-convex
disposition curve, Weiss has recently proved that it has the mono-exponential terminal phase;
this supports the validity of the moment calculation."! Wide applicability of statistical
moment analysis to single-pass dilution systems has already been suggested by Yamaoka and
Nakagawa.i'" Because the moments are defined by transfer functions using Laplace transfor
mation, network theory can also be applied to this analytical systern.F" Based on network
theory, we have elucidated the effect of plasma protein binding on tissue distribution based on
the results for systems I and II, and the general assumption that only the unbound form is
available for organ uptake was confirmed.':" In addition, Homer and Weathersby had
calculated the moment values for complicated models constructed with various assumptions
such as well-stirred, plug flow, radial diffusion. and axial diffusion.i'" They indicated that the
moment analysis of experimental crude data would give fundamental information for model
selection. Based on these considerations, statistical moment analysis can be concluded to be a
useful tool for analyzing drug disposition at the organ level and for devising systematic
strategies for the development of a new dosage modality.
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A new experimental system was developed to elucidate the local characteristics of regeneration
of drugs from prodrugs and was applied to propyloxycarbonyl mitomycin C (propyl-Mlvl'C), a
lipophilic prodrug of mitomycin C (MMC). Rabbit hind leg was perfused with a single-pass
technique and outflow concentration-time curves of propyl-MMC and regenerated MMC after
pulse injection of propyl-MMC were evaluated by using statistical moment analysis. The outflow
concentration-time profile after injection of MMC was also analyzed. Through Laplace trans
formation of the convolution function for the regeneration process, the first three moment
parameters (moments) were led to secondary parameters which express the regeneration and
sequestration characteristics of the prodrug such as the regeneration and sequestration ratios of the
prodrug, mean regeneration time, and variance of the regeneration time. The pharmacokinetic
behavior of propyl-MMC and MMC was thus expressed from the viewpoints of distribution,
sequestration, regeneration. and dispersion, as well as extent and rate. It was confirmed that
lipophilic derivation produced a larger tissue distribution and that rapid regeneration of the drug
from the prodrug resulted in large local bioavailability of the parent drug.

Keywords--single~pass perfusion system; rabbit muscle tissue; mitomycin C; lipophilic
prod rug; statistical moment analysis; regeneration process; deconvolution
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Cancer chemotherapy with cytotoxic drugs is often complicated by their indiscriminate
action on both tumor and normal cells. Hence. an approach by which the cytotoxicity is
directed specifically to cancer cells would be of great value. Based on biopharmaceutical
considerations, many attempts have been made to deliver cytotoxic drugs to the tumor site by
means of drug delivery systems.1

) Cancer drug delivery systems have been developed based on
chemical transformation of drug molecules to macromolecular" or lipophilic prodrugs," and
the use of integrated formulations combining physical and chemical approaches."

Intra-arterial drug administration to the tumor site is another promising way of
achieving selective chemotherapy. Although the application of the above delivery systems to
this therapeutic modality is expected to be advantageous, little is known about the disposition
behavior of the pharmaceutically modified drug in local tissue after administration through
the artery. Therefore, development of an experimental methodology for analyzing drug
disposition in the target organ not only from a phenomenal point but also from a
pharmacokinetical one is required.

To acquire detailed information in a local infusion system, we developed an experimental
system in which rabbit hind leg was perfused in situ by using a single-pass technique and data
were analyzed based on the statistical moment theory." In previous studies, this system was
applied to elucidate the local disposition characteristics of intra-arterially injected mitomycin
C (MMC) and six lipophilic derivatives from the viewpoints of distribution, elimination, and
dispersion, and the effects of the physicochemical properties of the drui,6) and protein
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binding" on the disposition were examined, The present study was undertaken to clarify the
characteristics of one of these derivatives, propyloxycarbonyl MMC (propyl-MMC) with
respect to regeneration of the parent drug. Deconvolution was newly applied to data analysis
and a scheme representing the disposition and regeneration processes of propyl-MMC is
proposed.

Experimental

Materials--MMC was supplied by Kyowa Hakko Kogyo, Japan. Propyl-MMC was prepared as reported
previously." Their structures and physicochemical properties are shown in Table 1. All other chemicals were of
reagent grade and were obtained commercially (Nakarai Chemicals, Japan).

In Situ Perfusion of Rabbit Hind Leg--The details of the experimental procedures were reported previously."
Male domestic rabbits weighing 1.96±0.07 (rnean±S.D.) kg were anesthetized with urethane, and the right leg was
essentially isolated from the body by using a single-pass perfusion technique. The right iliolumbar vessels,common
iliac vessels, and saphenous vein of the right hip were each ligated. The femoral vessels of the right leg were
cannulated with vinyl tubing (i.d. 0.8 mm, o.d. 1.2rom, Dural Plastics, Australia) and the inflow (arterial side) and
outflow (venous side) cannulas were kept at the level of the thigh during the experiment. In this preparation, there was
almost complete recovery of the perfusate in venous outflow (94.1±8.0%), and mixing of blood from the body was
suppressed to 4.5 ± 3.2~~. The mean weight of the perfused muscle was 49.8±11.0 g.

Tyrode's solution (137mM NaCI, 2.68mM KCI, 1.80mx CaCI2, 11.9mM NaHC03, 0.362 mM NaH 2P04,
0.492roM MgCl:z~and 5.55mMn-glucose) with bovine serum albumin (fraction V, Armour Pharmaceutical Co., U.K.)
at a concentration of 4.7~~ (w/v) was used as the perfusate. The perfusate, maintained at 37 <:JC. was gassed with
95%02-5%C01 (pH 7.4) and pumped into the cannulated artery (1.66ml/min). Test compounds were dissolved in
dimethylsulfoxide (DMSO) and injected into the line of perfusion flow using a six-position rotary valve injector (type
50 Teflon rotary valves, Rheodyne, CA). Test samples (0.1 ml) were put in the flow as a pulse function by this
procedure.

Sampling and Assay--The details of the sampling procedure were also in the previous report." The outflow
perfusate was collected at appropriate time intervals (at first 1-2 s, subsequently 105-2 min). In the case of Evans
blue and MMe, the concentration in the supernatant was measured after centrifugation of the outflow perfusate for
15min at I500rpm. The optical density of Evans blue was determined at 620nm. MMC was determined by
measuring antimicrobial activity against Escherichia coli B using a disc-plate method.e" For propyl-MMC, samples
were collected directly into 5 ml of ethyl acetate and shaken instantly in order to avoid regeneration of MMC. After
centrifugation for 15min at 3000rpm, 4 ml of the ethyl acetate phase was removed and evaporated. The residue was
dissolved in methanol and then assayed by high performance liquid chromatography (HPLC) (Trirotar, Jasco, Japan)
in a reverse-phase mode. The stationary phase used was a Cosmosil 5CJ8 packed column (4.6 x 150mrn, Nakarai
Chemicals, Japan). A mixture of methanol and distilled water (53: 47) was used as the mobile phase. These
procedures afforded almost complete recovery of'propyl-Mlvl'C. The regenerated MMC was determined by bioassay
from the residual effluent perfusate after extraction of propyl-M Me. It was confirmed that ethyl acetate did not
disturb the MMC determination.

TABLE I. Structures and Physicochemical Properties of MMC and Propyl-MMC

o
II

eH]
N-R

Solubility (mM)h)

Compound R mp ("C) PC
O CI

1/)

Sesame Hexane
Water

oil (x 103
)

MMC H >270 0.414 2.73 0.0]8 0.234

Propyl~MMC COOC3H 7 203-207 32.7 0.333 0.104 <0.02

a) Partition coefficient between n"-octanol and water. b) Determined at 25 ·'C.
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In Vitro Determination of Regeneration of MMC from Propyl~MMC--After the removal of blood by single
pass perfusion as described before, the thigh muscle of rabbit was homogenized with Tyrode's solution at 0-5 ('Cin a
glass-Teflon homogenizer. Regeneration experiments were initiated by adding the stock solution. After 0, 0.5, I, 2.
and 4h incubation at 37 "C, aliquots of samples were withdrawn and subjected for to HPLC analysis and bioassay.

Theoretical

Moment Analysis for Outflow Concentration-Time Curve
The first three (zero-th to second) statistical moment parameters (moments) for the

outflow concentration-time curve are defined as follows";

auc,= f.~ edt

i;= f.~ i-Cdtlauc,

(1)

(2)

(3)

where t is time and C is the concentration of the substance normalized by expressing it as a
fraction of the total injected amount in unit volume of outflow fluid (with dimensions of .,~~ of
dose/ml"). auc.; 1;, and a-; are the area under the outflow concentration-time curve, the mean
transit time of the drug through the tissue, and the variance of the transit time, respectively.
The moments defined by Eqs. 1-3 were calculated by using the linear trapezoidal formula and
terminal phase extrapolation with a mono-exponential equation/'" By introduction of the
plate theory?' and consideration of the partition between the mobile (perfusate) and stationary
(tissue) phases'?' in the chromatography, the disposition parameters can be derived based on
the well-stirred model' 1 -13) or the two compartment perfusion model.P' Some of the
disposition parameters which express the local disposition characteristics of the drug are
calculated from the moments as follows:

F; = aue,/am'VRS (4)

k;=(~/ivRs)/F;-l (5)

(et,; =~/(l- F;) (6)

d,=(aT)O.5(i; (7)

where aucVRS and lvRS are the area under the curve and the mean transit time of the vascular
reference substance (VRS). These equations are derived based on the assumption that the
elimination occurs from the equilibrium compartment, and not from the non-equilibrium
compartment. In this theory, the non-equilibrium compartment does not necessarily cor
respond to the extravascular space. VRS is assumed not to distribute to extravascular tissue or
to be eliminated. In this study, Evans blue bound to albumin was used as VRS. F, (recovery
ratio) represents the ratio of outflowed drug amount to input dose. k, (tissue distribution
ratio) equals the ratio of mass of drug in tissue to that in blood (perfusate) under steady-state
conditions and corresponds to the capacity factor in a chromatographic system. ~l. i (mean
elimination time) is the mean time value necessary to eliminate the drug and corresponds to
mean residence time (MRT) in a whole-body recirculation system." d, (dispersion ratio) gives
us information on mixing of the drug in the perfusion system. d,~ 1 is a necessary condition
for the calculation of Eqs. 4-6. The detailed theoretical background was reported in a
previous paper.5)
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Deconvolution Analysis
The concentration-time curve of regenerated MMC after injection of propyl-MMC.,

Cp-.M(t), can be defined as follows:

c,.~,,<t)= f. H~~(T)'CM(t-T)dT (8)

where Hrcg.(t) is a time function of the regeneration rate (mg/min) from propyl-MMC to
MMC and eMU) is the MMC concentration-time curve after injection of MMC. In Eq. 8, it is
assumed that regenerated MMC after injection of propyl-MMC behaves in the same way as
MMC after its own injection. The' Laplace transform of Eq. 8 is

Cp_M(s)=Hreg.(s)· eM(s) (9)

where Cp~M(S), Hreg.(s) , and CM(s) are corresponding transfer functions and s is the Laplace
variable. Relationships between the transfer function and moments are defined as follows:

F/=lim C(s)
5-0

_ d
tj=lim --lnC(s)

5-+0 ds

d2

at =lim -in C(s)
5-0 ds2

(10)

(11)

(12)

The zero-th moment defined by the transfer function is the-recovery ratio, Fi't that is derived
from auc, according to Eq. 4. Substitutions of Bq. 9 into Eqs. 10-12 yield

-r.;»;

d d
=lim --In H (s)+lim --in eM(s)

5"'0 ds rell· s ....o ds

(13)

(14)

(15)

where Fre g• is the ratio of regeneration of MMC from propyl-MMC, and ~eg. is the mean
regeneration time, which is the mean time value required for the regeneration process. a;eg. is
the variance of the regeneration time. Equations 13-15 show essentially similar forms to
those in the case of a whole-body recirculation system.8. 14 )

The elimination process of propyl- MMC can be divided into regeneration of MMC
(represented by symbols; Freg., l,.eg,'l and a;egJ and sequestration as propyl-MMC. The
following relationships are obtained.

(16)

where Fp and Fseq . p are the ratios of recovered amount to outflowed perfusate and
sequestrated amount as propyl-MMC to input dose. Elimination of regenerated MMC is also
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divided into recovered and sequestrated fractions as follows:

Freg. = f~eq. M + Fp_ M (17)

where F:eq.M is the sequestration ratio of regenerated MMC. Equations 13 and 17 give
following relationship:

(18)

Results

Outflow Patterns and Moments
Figure 1 illustrates typical outflow concentration-time curves of propyl-MMC (0) and

regenerated MMC (.) after injection of propyl-MMC. The whole concentration-time curve
over 30min is plotted on a semilogarithmic scale. The concentration of propyl-MMC rose
rapidly to a peak, then fell in a manner described by a sum of exponentials. Table II lists their
moments with those for VRS and MMC injection. The aucM and aucp were smaller than
aucVRS' suggesting the extraction of MMC and propyl-MMC in the muscle perfusion system.
tp and tM were about threetimes and fourtimes of IVRs, respectively, indicating distribution of
propyl-MMC and MMC into the extravascular space. The moments of regenerated MMC
after injection of propyl-MMC showed a diminution in auc, and increases in 1; and o} due to
the regeneration process, in comparison with MMC injected as itself.

In Vitro Experiments
In the muscle homogenate system, propyl-MMC showed a first-order elimination with

remaining amounts of 79.3±3.2, 77.6±2.5, and 74.6± 1.8 (mean±S.D.) after 4h, in 5, 10,
and 20% tissue homogenate, respectively. The recovery as MMC was about 36% of the
amount of degraded propyl-MMC at any homogenate concentration. The first-order
elimination rate constant was obtained by the linear least-squares method for each tissue
concentration. The tissue concentrations and obtained elimination rate constants showed a
good correlation (1'=0.999) and extrapolation to 100~%; tissue homogenate concentration gave
a rate constant of 0.00287min -1.

Fig. I. Typical Outflow Concentration-Time
Curves of Propyl-MMC and Regenerated
MMC after Injection of Propyl-MMC

0, propyl-Mlvlf''; ., regenerated MMe.
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TABLE II. Moment Parameters (Moments) for VRS, MMe, Propyl-MMC,
and Regenerated MMC after Injection of Propyl-MMC

Momen t parameters

Injection of VRS (6)
allcVRS e,~ dose' min/rot)
lvRS (min)
a~lts (min")

Injection of propyl-MMC (4)
(a) Moments for propyI-MMC
al/Cp e-:. dose' min/ml)
i;, (min)
11~ (mirr')
(b) Moments for regenerated MMC
aucp..... M C:/~ dose- min/nil)
~>-+M (min)
a~-+M (rnirr')

Injection of MMC (5)
aueM e~ dose· rnin/ml)
~ (min)
CJ~ (min2

)

53.9±4.2
1.11±O.11
1.60±O.62

18.2± 1.7
3.67±O.35
30.4± 6.1

O.103±O.047
13.4±O.56

- 252±283

26.9±5.8
4.05±O.19
40.2±9.3

Each value is the mean± S.D. from the number of experiments in parenthesis.

(i) Local disposition behavior of propyl-MMC
propyl- M Me (1000,,;>

Fig. 2. Schemes for the Disposition Process of
Intra-arterially Injected Propyl-MMC and
MMC

F,.O'l' /of :::; 50.I ~~(;

extra vascular
space

MMC
intravascular I

I
space ~

I
kM=6.31

I
- I

(CI.M = 8.08 min
I

(ii) Local disposition behavior of MMC

MMC (IOO',~,;)

tI non-equilibrium
compartment

• •
I

Propyl-MlvtC

intravascular I extra vascularI

space ............ space
I-'J-.....-- kp::=8.78

1
I

f.1.P= 5.54 min

(regeneration)
F.c~. =::0.383~\,

'.<G. =::9.35 min

MMC
intravascular i extravascular

space I space
~
k M==6.31 ---I

It: I•M == 8.08 min
I

..- I

I non-equilibrium
compartment

Fp~M::::O.191(~~

Symbols: see Theoretical.

Construction of Local Disposition Profile of PropyJ-MMC
After experimental determination of the moments of MMC, propyl-MMC, and re

generated MMC following injection of propyl-MMC, the secondary parameters were derived
based on the present theory. Figure 2 illustrates a disposition profile of propyl-MMC in the
muscle after intra-arterial bolus 'injection together with that of MMC. The pharmacokinetic
behaviors ofpropyl-MMC and MMC were expressed with respect to the mean time necessary
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for the subject process to proceed, and the relative contribution ofeach process. Propyl-MMC
gave a larger tissue distribution ratio (k p=8.78) than MMC (kM=6.3l). Most propyl-MMC
molecules (more than 99.4~~) were sequestrated as propyl-MMC but not recovered as MMe.

Dispersion Ratio
The dispersion ratios of VRS, MMe, and propyI-MMC were 1.12±0.21, 1.56±0.17,

and 1.50±0.12, respectively. These meet the necessary condition for calculation of Eqs. 4-6.
Because the dispersion ratios were greater than 1, the existence of non-equilibrium compart
ments in the perfusion system was indicated for MMC and propyl-MMC. The dispersion
ratio corresponding to regeneration of MMC from propyl-MMC was calculated by using ~eg.

and O";eg.• The value was calculated to be 1.56, but the large variance in O"~_M makes further
discussion of questionable value.

Discussion

In the present investigation, the local disposition characteristics of the MMC prodrug
were elucidated mainly with regard to the regeneration process. Schemes representing the
disposition behavior in the perfusion system were proposed for MMC and propyl-MMC. It
was confirmed that lipophilic derivation produced a larger distribution and that rapid
regeneration of the parent drug from the prodrug resulted in large local bioavailability of the
parent drug, since the efflux rate was not so large.

Miyauchi et al. expressed the "apparent" intrinsic clearance in terms of the intrinsic
clearances for the influx, efflux, and sequestration processes as follows.' S)

CLint. seq X CLint.inf
CLint. i

CLint,seq +CLint. err
(19)

Equation 19 indicates that when CLint,seq« CLint,crr is not attained, the influx rate into the
extravascular space is largely reflected in the elimination rate from perfusate. When
CLint,seq« CLint. err is attained, Eq, 19 can be reduced to CLint. j= CLint.seq, that is, the
elimination rate corresponds to the sequestration rate. IS) Although irreversible binding to
tissue components may occur, in situ elimination of propyl-MMC seems to include the
distribution flux which represents drug movement from the intravascular space to the
extravascular space. Further, a large part of the extraction ratio corresponds to the ratio of
drug which is diffused into the extravascular space in a short time and will be recovered in
outflow fluids according to an irreversible (non-linear) process. The dispersion ratio indicated
the realization of finite mass transfer residence, but the mamillary compartment dose not
correspond to the extravascular space.

k, is related to the partition coefficient between perfusate and tissue, K, by K =k, x s,
where [-; is the ratio of intravascular space volume to extravascular tissue space volume. s) The
value of s is about 0.0384 (= ty RS ' Q/(volume of tissue - ty RS ' Q); Q is the perfusion flow rate),
and thus the K values of propyl-MMC and MMC are 0.334 and 0.242, respectively. It is
possible that the injection medium, DMSO, changes the partition balance between tissue and
perfusate, but the difference between the physicochemical partition coefficient, peOel ' and K
suggests that the effective extravascular tissue volume is smaller than the virtual volume,
especially in the case of propyl-MMC.

The most distinctive feature of the present analytical procedure is the application of
statistical moment analysis to a single-pass perfusion system. Moment analysis was in
troduced into pharmacokinetics by Yamaoka et a/.8 ) and Cutler>14) and it has many
applications in pharmacokinetic calculations of model-independent parameters in whole
body recirculation systems. Concerning the impulse response of an open (single-pass) system
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observed as a log-convex disposition curve, Weiss has recently proved that it has a mono
exponential terminal phase, and this supports the validity of the moment calculation against
the outflow patterns.l'" In addition, since the moments are defined by transfer functions using
Laplace transformation, network theory can also be applied to this analytical system.12. 13. 17)

In this report, one example of separation analysis of a subsystem from a macro system
composed of several subsystems in series based on the network theory was presented. Another
example was reported for subsystems in a parallel mode, and a general consideration of the
effect of plasma protein binding on the organ uptake was presented for MMC, propyl-MMC,
and other lipophilic derivatives."
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The permeability characteristics of newborn pig skin and adult rat skin, either fresh or stored,
to model drugs were examined and compared. Special attention was paid to the design to a new
experimental system suitable for evaluation of skin permeability to various substances. Two types
of model substances were used; insulin, a poorly absorbable substance with high molecular weight
as a representative of peptide drugs, and brilliant blue, a low-molecular, relatively well absorbable
substance. In vitro experiments performed with both substances in pig and rat gave comparable
values of skin permeability. Maximum insulin concentration in the receiver solution was very
similar in all experiments (164.5-180.5 flUjmlj24h when Azone® was used and 136.5-178.0 flUj
mlj24h when N-methyl-2-pyrrolidone (NMP) was used as a penetration enhancer). The donor side
concentration of insulin was 2.5mgjml.

The optimum concentrations of vehicle and penetration enhancer were 40.0% propylene glycol
(PO) and 0.1%Azone® or 12.0% NMP, respectively. Brilliant blue experiments performed with the
three skin preparations with 40.0% PG and 12.0% NMP gave similar values of the flux JT and
permeability P of 1.38-1.97 p.gjcm2jh and 1.56 x 10- 5- 2.22 x 10-5 cm/h, respectively. The con
centration of brilliant blue in the donor compartment was 50mg/ml. There were differences between
the lag time in pig and rat skin experiments: about 3 h in the case of rat skin but 15 min in pig skin.
In comparison to in vitro experiments, ill situ studies gave much lower penetration of both test
substances expressed as concentration in the receiver compartment. In the case of insulin with
Azone® or NMP in the formulation, 30 times or 17 times lower concentration was found, and in
brilliant blue experiments almost 5 times lower levels were·observed. This new experimental system
should be useful for examination of potential drug candidates as well as drug formulations for
transdermal use.

Keywords--penetration enhancer; propylene glycol; insulin; brilliant blue; flux; permeabili
ty; lag time
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Many papers have been published on in vitro transdermal absorption.l t " Various
modifications of the Franz-type permeation cell have usually been used."?" Such experiments
usually take more than 24h,7,8) and the skin used is generally fresh or has been stored in a
freezer." -11) In both cases, the skin is dead and some of its biological properties may be
altered, Even so, it is assumed that the properties of the skin will remain unchanged
throughout the experimental period (at least 24 h) in the permeation cell, which is usually in a
bath at 37°C. Under such conditions, where the skin is acting as a kind of membrane, the skin
permeability can not be evaluated correctly. Nevertheless, such experiments are still of great
importance for evaluation of the relative potency of new penetration enhancers, suitable drug
selection and optimum formulation for transdermal absorption.

The aim of the present study was to compare the permeability characteristics of newborn
pig skin and rat skin, either fresh or stored, with two model substances. A new experimental
system was developed in which in situ full thickness skin is used throughout the experimental
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period to maintain constant conditions.

Experimental

Vol. 35 (1987)

Materials--Bovine insulin used in this study was purchased from Sigma Chemical Company. Its specific
activity was 23.5 U /mg. Azone@ was kindly provided by Teijin Co., Ltd. Propylene glycol (PO) was purchased
from Wako Pure Chemical Industries, Ltd., and N-methyl-2-pyrrolidone (NMP) and Brilliant blue FCF were from
Tokyo Kasei Kogyo Co., Ltd. Other chemicals were of a standard analytical grade.

Formulations--Insulin (2.5 mg/ml) was dissolved in sodium citrate buffer (pH 3.0), then formulated into
solutions containing either Azone® at concentrations from 0.0 to 0.5% or NMP from 0.0 to 20.0:%; (both previously
dissolved in 40~~ PO). Brilliant blue was used as a 50.0 mg/ml solution formulated in 40.0% PO and 12.0% NMP. The
same formulations were used in ill situ experiments.

In Vitro Procedure--For in vitro experiments, newborn male pig skin (Landrace female x Yorkshire male, F\)
from animals weighing 1020± 157g, and skin of adult Wistar rats (185.0 ±12g) were used. The skin was taken from
the abdominal region. The rats were shaved 24 h before the experiment and the next day the skin was taken. The skin
was used either immediately or after storage for 30 d at - 20 "C. It was mounted into Franz-type permeation cells" in
which the volume of the receiver compartment was 15ml. Saline was used as a medium in this compartment. The
concentrations of drugs applied on the donor side were described above. The temperature of the bath was 37 DC, and
the available surface area for penetration was 1.77ern", Insulin samples were taken after 10and 24 hand brilliant blue
samples after 6, 12, 20 and 26h. In the experiments comparing in vitro and in situ procedures, sampling was done after
IOh.

Animal Experlments-s--These experiments were performed on adult male Wistar rats (185.0 ± 109). The skin of
these animals was prepared the same way as for in vitro experiments but the next day a transverse incision of
approximately 3ernwas made in the lower abdominal region and an acrylate reservoir containing 3.0 ml of saline was
applied under the skin, which was first separated from the subcutaneous tissue as well as major blood vessels, so that
minor vessels and the capillary network remained. Residual vessels were slightly compressed after application of the
acrylic reservoir and cover so that a limited blood supply persisted. The experiment was carried out under sterile
conditions. The animals were kept throughout under pentobarbital anesthesia (0.5 ml/kg Nembutal injection,
Abbott, containing 50.0mg/ml of sodium pentobarbital). The formulations to be studied were applied on the concave
portion of the skin surface whose visceral part was pressed into the acrylate reservoir (Fig. I). To keep the solution on
a limited area of skin surface (1.77 cm-), a plastic ring with the same diameter as in the in vitro experiments was used.
Samples were taken after 10h.

Analytical Procedure--Insulin concentrations were measured by using the ELISA method (Insulin BvTest.
purchased from Wako Pure Chemical Industries, Ltd.). Brilliant blue was estimated after centrifugation of the sam
ple, by measuring the absorbance at 630 nm with a Hitachi 124 spectrophotometer. The calibration for brilliant blue
was linear over the whole range of measured values.

Results

We compared newborn pig skin and fresh and stored rat skin using optimum con
centrations of all substances in formulations according to our previous results.l" Insulin was
used as a peptide drug with low permeation ability. Brilliant blue experiments were used for
counting fluxes and other characteristics of skin permeation of the two species. For prediction
of differences between in vitro and in vivo experiments, a.new method was introduced.

plastic ring

acrylic cover

acrylic reservoir

skin

subcutaneous tissue

receiver compartment

donor compartment

Fig. 1. Device for in Situ Transdermal Application of Drugs
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Fig. 2. Effect of Azone'P on in Vitro Trans
dermal Absorption of Insulin

(A) Pig skin. (.) fresh and (.) stored rat skin.
Dose 2.5 mg/ml. PO concentration 40~,;;. Sampling
time 24h. Means±S.E. (11==5-6).

Fig. 3. Effect of NMP on in Vitro Transdermal
Absorption of Insulin

(A) Pig skin. (.) fresh and (.) stored rat skin.
Dose 2.5 mg/ml, PG concentration 40~~:~. Sampling
time 2411. Means j-S.E, (11:=5-6).

TABLE I. Comparison of Lag Time. Flux and
Permeability to Brilliant Blue in Newborn

Pig Skin. Fresh (f) Rat Skin and
after 30 d Storage (5)

a) 1'<0.01 (vs. both rat experiments).

3

o ,
5

Pig
Ratl'
Rat:-

Lag time Ud
(h)

0.25/1)

2.85
3.41

Flux (.IT)
(pg/cm 2/h)

1.38
1.53
1.97

Permeability (P)

(em/h)

1.56 X 10- 5

1.73 X 10--5

2.22x 10-- 5

Fig. 4. Effect of NMP on in Vitro Transdennal
Absorption of Brilliant Blue

CA.) Pig skin. (.) fresh and (.) stored rat skin.
Dose 50mg/m1. NMP concentration 12~~. PO con
centration 40~·~. Means ± S.E. (n = 6).

Figures 2 and 3 show insulin concentrations in the receiver compartment measured after
24 h in vitro, with Azone® and NMP was used as penetration enhancers, respectively. The curve
shape is characteristic for each enhancer, and there were no significant differences in
maximum concentrations of insulin between newborn pig skin and rat skin, either fresh or
stored. It seems that the skin of both species has very similar permeation characteristics.
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Fig. 5. Comparison of in Vitro and ill Situ
Transdermal Absorption of Insulin

A = Azone® (0.1%). B=NMP (12~~)} as a penetra
tion enhancer. PO concentration 40[;'-~. Sampling time
10h. p:=:: pig, R,.s, i :::::: rat-fresh, stored, in situ. Means ±
S.E. (n = 5-6). The permeated amount is significantly
lower in in situ experiments than in ill vitro systems
(a) p<O.OI).

Fig. 6. Comparison of in Vitro and in Situ
Transdermal Absorption of Brilliant Blue

NMP (l2~~) was used as a penetration enhancer.
PO concentration 40~{. Sampling time 10h. P = pig,
Rr.s, i = rat-fresh, stored, in situ. Means ± S.E. (n =
5-6). The permeated amount was significantly lower
in ill situ experiments than in in vitro systems (a)
p<O.OI).

(Maximum concentration of insulin in Azone'[' experiments was 164.5±24.1 /lU jmlj24 h in
pig skin, while the levels were 180.5±9.9/lUjml/24h in fresh rat skin and
172.4± 15.3,uUjmlj24h in the stored rat skin. In NMP experiments, the maxima were
136.5±45.7.uU/rolj24h in pig skin, 178.0± 18.5J1U/ml/24h in fresh rat skin and
155.3± 33.5pU jmlj24h in stored rat skin.) The donor side concentration of insulin was
2.5 mg/ml.

Further examinations carried out with brilliant blue (Fig. 4) confirmed the similarity of
both types of the skin and also 30 d stored skin. The sampling was done after 6, 12, 20 and 26 h
and indicated an almost linear increase of brilliant blue concentration in the receiver
compartment during a 26 h experiment. In all three cases correlation coefficients were very
high (rXY was 0.999 in pig skin and 0.994 and 0.997 in rat skin experiments, respectively) and
the slopes were similar. These correlation coefficients were calculated between 6 and 26 h, and
demonstrate the linearity of the concentration increase. Table I summarizes the parameters of
skin permeability. The only marked difference seems to be the duration of the lag time, which
was approximately 15min with pig skin, but about 3 h with both fresh and stored rat skin.
Values of fluxes and permeabilities were approximately the same in all three cases.

There is usually a great difference between the results obtained in vitro and in vivo. This
led us to develop the in situ method described above. The aim was on the one hand to eliminate
some of the variables of in vivo experiments such as distribution, metabolism and elimination,
and on the other hand to keep the skin alive throughout the experimental period. The skin in
in vitro experiments may not maintain its properties during the experiment lasting 24 h or
more in a bath at 37 DC. After completion of the in situ experiments carried out under sterile
conditions, the animals were observed for two weeks. The healing of the wound occurred
normally and we did not find any macroscopic signs of skin damage. The results of in vitro
and in situ experiments with insulin after 10h are compared in Fig. 5. Only the formulations
containing the optimum concentration of Azone® (0.1%) or NMP (12%) selected based on
the in vitro results were used. The difference between amount ofpermeated insulin in vitro and
in situ for formulations containing Azone® or NMP was about 30 or 17 times, respective
ly. Brilliant blue also gave a lower permeability in the in situ skin experiment. The. difference
in amount of permeated brilliant blue was about 5 times (Fig. 6).
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Comparison of skin permeability in various species presents many problems. There is still
no effective experimental system for predicting the suitability of a drug and its formulations
for transdermal use in human skin. Differences or similarities in skin permeability between
various species have been reported.P' and also great differences in permeability in one species
measured in various regions of the body.14-16) Our comparison of two species (newborn pig
and adult rat skin) indicated similar permeation ability. Ofcourse such a result does not mean
that pig and rat skin are similar. The influence of aging is another source of differences.t!"
but the data are also controversial. The skin is most permeable in newborns and young
individuals, while aging leads to a decrease in permeability. This led us to use newborn pig skin
with relatively high permeability. The results proved that this type of skin is comparable with
adult rat skin from the viewpoint of the permeability to insulin as well as to brilliant blue. The
only difference in the brilliant blue experiments is in duration of the lag time which was more
than 10 times longer in the rat skin than in the newborn pig skin. To exclude regional
differences in permeability in one species (which may be in the range of two orders of
magnitude'P') we used only abdominal skin.

Another problem of in vitro experiments is that they are usually carried out for 24h or
more at 37°C.7

) The skin is actually dead, and of course its properties may change and
damage may occur. This could result in a higher permeability of the skin in in vitro systems,
while under the same conditions in the in situ model the permeability is very low. In our model
we use similar conditions to those used in permeation cells to obtain comparable results. This
experimental system may be useful to examine potential drug formulation candidates, since
several variables such as distribution, metabolism and elimination are excluded.

The most important part of the method 'is the preparation of the dermal part and removal
of the major blood vessels to prevent drainage of the permeated substance. Small vessels that
are not removed are slightly compressed when the acrylic reservoir and cover are applied. The
capillary network is not affected and limited blood supply remains. Bytaking parallel samples
from the systemic circulation and from the reservoir we showed that significant leakage into
the blood-stream did not occur. As comparee with the control group, we did not find any
differences in blood concentrations of insulin. In the case of brilliant blue too, no differences
between control and experimental animals were observed. To keep the sample on a restricted
absorption surface (1.77 crrr'), it is necessary to attach a plastic ring on the skin surface.

Based on our experiments we can draw the following conclusions.
1. Newborn pig skin and the skin of adult rats have similar permeation characteristics.

The data obtained in our experiments should have value as a basis for further studies of the
relationships between experimental systems used for prediction of transderrnal permeability.

2. The in situ experimental system should be useful for evaluation of potential drug and
formulation candidates for transdermal application. The advantage is that the skin retains the
properties of the living tissue throughout the experiment.
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Interpolymer complex formation of polyvinylpyrrolidone (PVP) with carboxyvinyl polymer
(CP) was examined by turbidity measurement, a binding isotherm study and Fourier-transform
infrared spectroscopy. The interpolymer complex of PVP with CP was found to be formed in the
unit molecular ratio of 1: 1 under ideal conditions: though the ratio ofPVP in the solid complex was
lower than 1: 1 under practical conditions. Hydrogen bonding might be the driving force for the
complexation, and the degree of hydrogen bonding was calculated to be about 40to 50%.

The slowest dissolution rate of chlorpheniramine maleate from tablets, which consisted of a
blend of PVP and CP was observed when the polymer combination ratio was 1 : 1. In the case of
indomethacin, the longest lag time for the dissolution was observed at the polymer ratio of 1 : 1.
Therefore, the drug dissolution behavior from PVP/CP tablets is dependent on the complex
formation of PVP and CPo

Keywords--polyvinylpyrrolidone; carboxyvinyl polymer; interpolymer complexation; hy
drogen bonding; chlorpheniramine maleate; indomethacin; controlled release
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An interpolymer complex of polyvinylpyrrolidone (PVP) with carboxyvinyl polymer
(CP), crosslinked polyacrylic acid, was recently reported to be applicable as a device for
obtaining sustained release ofdrugs in the pharmaceutical field.2•3) However, there is still little
information on the mechanism of this polymer-polymer interaction, though much is known
about the PVP/polyacrylicacid complex.vP' Hydrogen bonding between carbonyl groups of
PVP and carboxyl groups of polyacrylic acid has been reported to be the main driving force
for the complexation of PVP and polyacrylic acid. Since CP is a similar compound to
polyacrylic acid, hydrogen bonding may be an important factor in the complexation of PVP
and CPo

The purpose of the present study was to investigate the quantitative relationship between
the mechanism of PVP/CP complex formation and the drug dissolution behavior from the
polymer matrix, which consists of PVP and CPo Chlorpheniramine maleate (CPM) and
indomethacin (IMC) were selected as model acid-soluble and alkali-soluble drugs,
respectively.

Experimental

Materials--The polymers used are listed in Table I. PVP K-30 and PVP K-90 of extra pure reagent grade
were purchased from Tokyo Kasei Industrial Co., Ltd. CP-I and CP-II marketed as "HIVISWAKO 105" and
"'HIVISWAKO 104" were supplied by Wako Pure Chemical Industries, Ltd. For the Fourier-transform infrared
(FT-IR) study, CP-I and CP-II were used after being washed with chloroform and dried in vacuo at room tempera
ture for 3 d. For the other studies, CP-I and CP-II were used without further treatment. CPM and IMC were pur
chased from Tokyo Kasei Industrial Co., Ltd., and Sigma Chemical Co., Ltd., respectively. Other chemicals were
of reagent grade.
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Polymer

TABLE 1. Polymers Used in This Study

Mean molecular weight

Vol. 35 (1987)

Polyvinylpyrrolidone K·30 (PVP K·30)
Polyvinylpyrrolidone K·90 (PVP K·90)
Carboxyvinyl polymer I (CP-I)
Carboxyvinyl polymer II (CP-II)

40000
360000

1000000-1500000
2000000-3000000

Turbidity Measurement--PVP solution (2ml; 0-0.02%) was mixed with CP suspension (2 ml; 0-0.02%) at
37°C for 1h to prepare the sample solution. Buffer solutions (pH 1.6-5.0), which consisted of 0.05 M H3P04 , 0.05 M

NaCI and 0.05 M NaOH, were used to prepare the sample solutions. Total polymer concentration was fixed at 0.0I%
in all samples. The turbidity of each sample solution was determined at 600nm, where there was no absorption due to
the polymers in solution. using a Hitachi 124 spectrophotometer.

BindingIsotherm--PVP solution (2ml; 0.2-1.0%) was mixed with CP suspension (2 ml; 0.5%). The mixture
was then incubated at 37°C for 48 h. After centrifugation for 20 min at 15000rpm in a Hitachi SCR 20B centrifuge,
PVP in the supernatant was determined by a ultraviolet (UV) absorption method') using a Shimadzu model LC-5A
pump and a Hitachi model 638-41 UV monitor. Distilled water was used as the mobile phase. A 20 J.tl aliquot of
sample solution was injected to the apparatus. The height of the UV absorption peak at 230 nm was measured for
the determination of PVP. The relationship between PVP concentration and peak height showed good linearity.

Effect of pH and Ionic Strength on the Binding Amount of PVP to CP--PVP solution (5 ml; 1.2%) was mixed
with CP suspension (5 ml; 0.2%). The mixture was then incubated at 37°C for 48 h. After centrifugation for 20 min at
15000rpm, PVP in the supernatant was determined by the same method as described above. In order to investigate
the effect of pH on the binding amount of PVP, buffer solutions (pH 1.8-4.7), which consisted of 0.05MH3P04 ,

O.05M NaCI and 0.05MNaOH, were employed to prepare the polymer solutions. NaCI (O.l--OAM) was also added to
. the buffer solutions to examine the effect of ionic strength on the binding amount.

Preparation of the Solid Complex--PVP solution (111ml; 0.1%) was mixed with CP suspension (72 ml; 0.1%).
The sample solution was then incubated at 37 DC for 10d. After the removal of water in the sample solution by the use
of a rotary evaporator, the solid complex, which consisted of the two polymers in a combination ratio of 1: 1 based
on the unit molecular weight, was dried in vacuo for 3d.

Infrared Absorption Spectroscopy--FT-IR spectra of PVP/CP solid complexes were measured using a Jasco
model FT/IR-S spectrophotometer (KBr disk method).

Preparation of Tablets for the DissolutionStudy--Unless otherwise stated, flat-faced tablets of 150mg weight
(25mg ofCPM or IMC, 125mg of the combination of PVP and CP) and 13mm diameter were made by compressing
the given amount ofpowder directly under 50kg/em" for 10s using a Shimadzu hydraulic press for KBr tablets for IR
spectroscopy.

DissolutionTest--A Toyama Sangyo model TR-5S3 dissolution tester was used at 100rpm paddle speed with
300ml of the dissolution medium at 37°C. The dissolution media used were those described in JP XI as disintegration
media No.1 (pH 1.2)and No.2 (pH 6.8). Aliquots (3ml) of solution were taken at intervals and the volume was made
up to the original volume by adding the dissolution medium. After adding an equal amount of 1N H2S04 to the
sample solution, the amounts of CPM released in the medium of pH 1.2 were determined by UV spectrophotometry
at 263nm, The amounts of IMC released in the medium of pH 6.8 were determined similarly at 310 nrn. Results are
given as the mean values of three determinations.

Results and Discussion

Confirmation of Interpolymer Complex Formation
Figure 1 shows the turbidity as a function of weight ratio of PVP K-30jCP-II in the

media of various pH values. Maximum turbidity was found at the weight ratio of 1 : 1 in the
acidic medium (pH ~4). No solid complex formation was observed in the higher pH region.
In order to examine further the complexation, the binding of PVP to CP was quantitatively
analyzed by the application of Langmuir's equation:

C/M=l/ab+C/a (1)

where C is the equilibrium concentration ofPVP, M is the binding amount ofPVP to CP, a is
the maximum binding amount and b is the apparent binding constant. The binding amount of
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PVP to CP was determined by subtracting the equilibrium concentration of PVP from the
initial concentration, since the solubility of PVP/CP complex is negligibly small. Good
linearity of the Langmuir plot was observed in the case of PVP K-30, which bound to CP-I
and CP-II, as shown in Fig. 2. In the case ofPVP K-90, good linearity was also found. Figure
3 shows the effect of mean molecular weights of PVP and CP on the binding parameters,
calculated from the values of intercept and slope in Fig. 2. The apparent binding constant, b,
gradually increased with increasing molecular weight of both polymers. Therefore, the
molecular size of the polymers is one of the significant factors in complex formation. On the
other hand, the maximum binding amount, a, was almost independent of the molecular weight
of the polymers. Interestingly, the a value was found to be about one in all sysfems. Therefore,
the interpolymer complex could be formed with the unit molecular ratio of 1 : 1 under ideal
conditions. However, the ratio ofPVP in the solid complex actually obtained was a little lower
than 1: I. This phenomenon might be due to the crosslinking of CP.Namely, the number of
effective carboxyl groups, which can bind with PVP, seems to be limited because of the rigid
structure of the CP molecule.

Figure 4 shows the effects of pH and ionic strength on the binding amount of PVP K-30
to CP-II. The complexation of PVP to CP was found to be a discontinuous function of pH
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TABLE II. Degree of Hydrogen Bonding in PVP/CP Interpolymer
Complex (Unit Molecular Weight Ratio I: I)

Hydrogen bonding (%) calculated based on
Complex

PVP CP

PVP K-30/CP-I 38.2 44.7
PVP K-30/CP-II 43.4 51.3
PVP K-90/CP-I 45.5 47.9
PVP K-90/CP-II 43.8 51.0

between pH 4.0 and pH 4.7. A similar tendency was observed in the turbidity measurement as
described above. On the other hand, no effect of the sodium ion concentration was observed,
as shown in Fig. 4. Therefore, the dissociation of carboxyl groups of CP might be an
important for the balance of complexation and decomplexation.

Next, the FT-IR spectrum ofPVP/CP complex was determined. Figure 5 shows FT-IR
spectra of PVP K-30/CP-Il complex (unit molecular weight ratio 1: I) in the region of
carbonyl absorption. Absorptions of carboxyl groups of CP and carbonyl groups of PVP each
seem to be composed of two different kinds of peaks, which were separated by means of a
computer simulation technique described by Kato et al.S) Assignment of each IR peak was
done as reported by Sasaki and Yokoyama." From the left in Fig. 5, the first peak at
1740em- 1 was assigned to the CP carboxyl groups bound with PVP by hydrogen bonding.
The second one at 1720em -1 was assigned to the dimer carboxyl structure of CP. The third at
1670cm-1 was assigned to the PVP carbonyl groups. The last peak at 1630cm -1 was assigned
to the PVP which was bound with CP by hydrogen bonding. The following equations were
applied to determine the hydrogen bonding of PVP/CP complex:

HBcp= 100 A1740/(A1740+Al720) (2)

(3)
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K·30/CP-II Polymer Matrix at pH 6.8 Deter
mined by the Rotating Paddle Method (100
rpm, 37DC)

Weight ratio of IMCjPVP K-30/CP-II: e. 1/4/1;
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where HB means the degree of hydrogen bonding (%), and A is the area of each simulated
peak. The results are summarized in Table II. Degrees of hydrogen bonding were found to be
about 40 to 50% and the value slightly increased with increasing molecular length of both
polymers. In the case of the interpolymer complex between PVP and polyacrylic acid, more
than 70% hydrogen bonding has been reported by Sasaki and Yokoyama.5 ) The discrepancy
in degrees of hydrogen bonding might be due to the crosslinking of CPo Namely, the activity
ofcarboxyl groups of CP seems to be weaker than that in the case of polyacrylic acid, because
of the rigid structure of the CP molecule.

Drug Release front PVP/CP Polymer Matrix
CPM was used as a model acid-soluble drug and IMC as a model alkali-soluble drug.

Figure 6 shows the dissolution behavior of CPM from the tablet, which consists of a simple,
blend of PVP K-30 and CP-II in the dissolution medium of pH 1.2. The dissolution rate of
CPM decreased gradually with increase of the amount of CP in the matrix up to the polymer
ratio of 1: 1. The' slowest dissolution rate of CPM was observed when the polymer ratio was
1 : 1. After that, the dissolution rate of CPM increased with increase of CPo Therefore, the
diffusion of CPM was considered to be controlled by the three-dimensional network
structure, which was produced by the complex formation following water penetration into the
matrix. The amount and density of the network structure in the matrix were considered to be
a function of the polymer ratio.

The dissolution behavior of IMC was observed similarly in the dissolution medium ofpH
6.8. A delay of dissolution was found in all samples and the longest lag time was observed at
the weight ratio 1 : 1, as shown in Fig. 7. A similar tendency was observed in the case of solid
dispersion form of IMC, as shown in Fig. 8. The solid dispersion form of IMC in PVP was
prepared as described previously?' and compressed to make tablets after mixing with CPo The
dissolution rate of IMC in the steady state was found to be a linear function of time. It was
not affected by the polymer ratio when the content of PVP was larger than 50%. The reason
for the lag time, which was observed in Figs. 7 and 8, may be that the three-dimensional
network structure was produced by complex formation following the penetration of the
dissolution medium (pH 6.8) into the tablet. Though the pH value of the dissolution medium
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was higher than the critical pH for complexation, the pH value inside the polymer matrix
could be low enough for the complexation owing to the acidity of CPo Figure 9 shows the
effect of stirring the polymer matrix in the acidic medium of pH 1.2 on the subsequent
dissolution of IMC at pH 6.8. No difference on the dissolution profiles of IMC was observed.
Therefore, the three-dimensional network structure could be formed owing to the acidity of
CP independently of the pH value of the dissolution medium in the initial dissolution stage.
As a result, .IMC was tightly held in the matrix in the initial dissolution stage. With the
continuous penetration of the dissolution medium, the pH value in the matrix increased
gradually. When the pH value in the matrix reached the critical pH for the decomplexation,
the network structure disappeared and IMC was released readily.
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Figure 10 shows the effect of sodium bicarbonate in the tablet on the dissolution of IMC.
The dissolution of IMC was accelerated in direct relation to the amount of sodium
bicarbonate in the polymer matrix. This is due to the acceleration of decomplexation in the
polymer matrix. all the other hand, the dissolution of IMC was significantly delayed with the
increase of citric acid loaded in the tablet, as shown in Fig. 11. The acceleration of
complexation in the polymer matrix could account for this phenomenon. Therefore, the three
dimensional network structure, which was formed by the interpolymer complexation, could
be controllable by loading acids or alkalis into the polymer matrix.

In conclusion, the complex formation of PVP and CP markedly affects the drug
dissolution behavior. Specific properties of PVP/CP complex should be applicable to design
ing more precisely controlled drug release systems.
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N-Allyl derivatives of uracil (U), thymine (T) and 6-methyluracil (6-MU) were prepared, and
their pharmacological activities (hypnotic activity and anticonvulsant activity against pentylene
tetrazol (P'FZl-induced seizures) and interactions with three sedative-hypnotics [pentobarbital (PB),
barbital (B) and diazepam (DZ)] were investigated in mice. N 1,N'3.Diallyluracil (DAU) alone
exhibited hypnotic and anticonvulsant activities. None of the other allyl derivatives showed both
pharmacological activities. As regards interactions, most of the compounds tested prolonged PB
induced sleep at either 80 or 160mg/kg, i.p. Further, U, T, and 6-MU (160mg/kg, i.p.) also
prolonged the PB-indueed sleeping time. DAD showed a prolonging effect on PB-induced sleep
when given by intracerebroventricular (i.c.v.) injection. DAD, N 1,N3-diallylthymine (DAT) and
N1-monoallyluracil (Nl.MAD) significantly prolonged the B-induced sleeping time at a dose of
160 mg/kg, i.p. Further, DAU and DAT (40 mg/kg, i.p.) enhanced DZ-induced motor incoordi
nation. These results indicate that U and related compounds possess central nervous system (eNS)
depressant effects and DAD is the most potent among the N-allyl derivatives tested.

Keywords--N l ,N 3.diallylu raciJ; N l,N3-diaJlylthymine; N 1,N3-diallyl-6-methyluracil;

hypnotic activity; anticonvulsant activity; barbiturate-induced sleep; diazepam-induced motor
incoordination

In previous studies,' -6) we reported that allyl-substituted derivatives of barbiturates and
related compounds exhibited various pharmacological activities in mice. N-Monoallylbarbital
had more potent hypnotic activity than barbital (B).2) Further, these allyl derivatives showed
a potent synergistic effect on sedative hypnotic-induced narcosis. In contrast, N,N'
diallylpentobarbital apparently showed an antagonistic effect on B-induced sleep.v'" These
results indicate that allyl-substituted barbiturates have multiple pharmacological activities.

It has been reported that uracil (D) and related oxypyrimidines exhibit some central
depressant properties." -9) U shows a prolonging effect on hexobarbital-induced sleep and
anticonvulsant activity against maximal electroshock seizures.v'" Krooth et al. have reported
that pyrimidine bases increase the spontaneous activity at lower doses and decrease the
activity at higher ones.?' On the other hand, there is a report that U dose not affect the
duration or frequency of wakefuiness, slow wave sleep or paradoxical sleep at any dose in
rats.'?' Since U and thymine (T) have an oxypyrimidine moiety, like the barbiturate, the
structure-activity relationships of both compound groups are of interest. However, there has
been no study on the pharmacological activity of N-allyl-substituted derivatives of U, T and
6-methyluracil (6-MU), although syntheses of some N-allyl compounds have been re
ported. 11

-IS) In order to reexamine the above findings and confirm the effect of N-allyl
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substitution, we prepared these N-allyl compounds, and then systematically investigated their
pharmacological activities.

Experimental

Animals--·Male ddN mice weighing 22-28 g were used. Animals were housed under a normal light-dark
cycle (7: 00-19: 00) at ambient temperature (23± 1°C). Food and water were given ad lib.

Chemicals and Preparation of N-Allyl Compounds--U. T and sodium B (Wako Pure Chemical Ind.), 6-MU
(Nakarai Chemicals, Ltd.), sodium pentobarbital (PB, Tokyo Kasei Kogyo Co., Ltd.), diazepam (DZ, Yamanouchi
Seiyaku Co., Ltd.) and pentylenetetrazol (PTZ, K & K Laboratories) were used. Preparation of N-allyl-substituted
derivatives of U, T and 6-MU was carried out according to the reported method," that is, each pyrimidine base was
reacted with allyl bromide in acetone: I N NaOH (1 : I, v/v). The physical and spectral data of the N-allyl compounds
prepared are listed in Table 1. Separation of N1-monoallyl and N 3-monoallyl derivatives was performed by silica gel
column chromatography with chloroform: isopropanol = 97.5: 2.5. Identification of N 1_ and N 3-monoallyl de

rivatives was performed based on the shift (or lack of it) in the ultraviolet (UV) absorption maximum in basic
solution and by comparing the values with those in the literature.'! -15)

Animal Experiments-e--c-All allyl compounds, D, T,6-MU and DZ were suspended in 1% Tween 80-saline
solution and the other drugs were dissolved in saline.

Hypnotic Activity [50% Hypnotic Dose (HDso) ]: Allyl compounds were administered to each group of 6
lOmice at a dose of 500 or 640mg/kg, l.p. and then the behavior of the treated mice was observed till 3h after
administration. Sleeping time was measured as the interval between loss and recovery of an effective righting reflex
(considered to be recovery from a side position within 1 min!?'). The number of mice that lost the righting reflex was
recorded for each dose, 400, 430. 460 and 500 mg/kg, i.p. of DAU, and the dose required to induce the effect in 50%
of the animals (HDso with 95~~ confidence limits) was determined.

Anticovulsant Activity [50(/~ Effective Dose against PTZ-Induced Seizures (PTZ-EDso)] : The anticonvulsant
activity was evaluated in terms of the protection against PTZ-induced seizures. using a modification of the method
described by Andrews et al.16

) Allyl compounds (250 mg/kg, i.p.) were administered to each group of 8 mice 20min
prior to the subcutaneous injection of PTZ, 120 mg/kg. The blocking of tonic-extensor convulsion was considered to
be evidence of activity.

Acute Toxicity [50% Lethal Dose (LDso) ]: The LOso value for each compound tested was also determined.
N1,N3-Diallyl-substituted compounds were administered at four different dosage levels. Mortality was observed for
3d.

Effects on PB- and B-1nduced Sleeping Time: The effects of allyl derivatives on PB-induced sleep were tested by
two routes of administration [i.v, and intracerebroventricular (i.c.v.)}. AU allyl derivatives and parent compounds (80
and 160mg/kg=0.lml/lOg of body weight. i.p. and 200 j1g/mouse=25 Jl1, i.c.v.) were injected 15rnin prior to the
administration of PB (40 mg/kg, i.p.). In the same way, allyl compounds were administered at a dose of 160 mg/kg,
i.p. 15min prior to the 300 mg/kg, i.p. injection of B. Barbiturate-induced sleeping time was measured. Control mice
were injected with the 1~~ Tween 80-saline solution instead of test compounds. The i.e.v. administration was
performed by the method of Haley and McCormick. ' 71

Effects of N 1,N3-Diallyluracil (DAU) and N 1,N3-Diallylthymine (DAT) on DZ-Induced Motor Incoordina
tion: Motor incoordination was measured according to the method previously reported." DAU and OAT, 40 mg/
kg, i.p. were administered to groups of ten mice 15 min prior to the 5 mg/kg, i.p. injection of DZ. The percentage
of mice which fell off the rods within 30 seconds was recorded.

Statistical Analysis--HDso, PTZ-EDso, LDso and their 95~~ confidence limits were calculated by the method
of Litchfield and Wilcoxon.l'" Statistical significance was analyzed by using Student's z-test.

Results

Pharmacological Activity
Table II summarizes the pharmacological activities of each of the N-allyl-substituted

derivatives alone. DAD showed some hypnotic and anticonvulsant activities. The HDso and
PTZ-EDso of DAU were 433 (406-462) rug/kg, i.p. and 259 (215-312) mg/kg, i.p.,
respectively. The onset time and duration of loss of righting reflex in the DAD-treated group
were 5± 1min and 60± 5 min (N=7/10), respectively, at a dose of 460mgjkg, i.p. The PTZ
EDso for DAU was about 60% of its EDso value. On the other hand, allyl compounds except
for DAU exhibited neither loss of righting reflex nor anticonvulsant activity. The acute
toxicity (LDso, mg/kg, i.p.) of DAD, 560 (526-596), was lower than that of DAT, 375
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TABLE 1. Physical and Spectral Data for N-Allyl-Substituted Derivatives of U, T and 6-MU

0

R2-N~R33 51kGo N R4
I

R1

Analysis <?~) UV A.ma;(nm

Compd. R1 R2 R3 ~
Yield mp eC) Recryst.

Formula
Calcd (Found) (loge) IH-NMR 0

(%) (Lit.) solvent (in CDCI3)

C H N EtOH pH 12

N1· MAD -C3Hs H H H 36 100-103 C6H6 C7HsN202 55.26 5.30 18.41 267 265 4.42 (2H, d, J=5Hz, Nl_CH2- ) ,

(105-108)111 (55.64 5.29 18.35) (4.00) (4.14) 5.37-5.58 (2H, m, =CH2 ) ,

5.81 (1H, d, J = 8 Hz, 5-H),
7.27 (IH, d, J=8Hz, 6-H)

N3-MAU H -C3Hs H H 2 135-137 C6H6 C7HsN202 55.26 5.30 18.41 261 286 4.53 (2H, d, J = 5 Hz, N3-CH
2- ) ,

(133-134)121 (55.06 5.23 18.35) (3.96) (4.12) 5.08-5.36 (2H, m, =CH2) ,

7.09-7.18 (IH, m, 6-H),
10.48 (l H, br s, N1H)

DAU -C3Hs -C3Hs H H 14 OWl CloHJ2N202 62.49 6.29 14.57 267 4.48 (2H, d, J = 5Hz, N1-CH2-),
(62.32 6.27 13.97) (3.93) 4.63 (2H, d, J=5Hz, N3·CH

2-),
266131 5.19-5.55 (4H, m, (=CH2)z).

(3.97) 5.86 (l H, d, J= 6 Hz, 5-H),
7.37 (IH, d, J=6Hz, 6-H)

Nt-MAT -C3Hs H -CH3 H 28 97-99 C6H6 CSHION20Z 57.82 6.07 16.86 272 271 1.95 (3H, S, 5-CH3 ) , -<
(96-97)141 (57.53 6.00 16.84) (4.01) (3.88) 4.42 (2H, d, J = 6 Hz, NI-CHr ), ~

5.04-5.51 (2H, m, =CH2) ,
w
VI

5.68-6.20 (IH, m, -CH=), .--.....
1.0

7.12 (lH, S, 6-H) 00
-J
'-"



N3wMAT H -CJHs -CHJ H 6 174-175 C6H6 CSH lONz0 2 57.82 6.07 16.86 267 293 1.93 (3R, S, 5wCH
3) , \;(175-177)121 (57.70 6.08 16.83) (4.09) (4.24) 4.63 (2H, d, J=7Hz, N3-CH

2- ) ,

5.19-5.46 (2H, m, =CH2) ,

5.79-6.19 (IH, m, -CH=),
7.17 (lH, d, J=5Hz, 6-H),
10.53 (lH, brs, NIH)

OAT -e3Hs -C3Hs -eH3 H 14 Oilul CIIH14Nz02 64.06 6.84 13.58 272 1.95 (3H, S, 5-CH3) ,

(63.48 6.82 13.86) (4.03) 4.42 (2H, d, J=6Hz, NIwCH
2- ) ,

4.65 (2H, d, J=5Hz, N3-CH
r),

5.02-5.52 (4H, m, (=CH2)2),
5.68-6.20 (2H, m, (-CH = )2)'
7.07 (IH, br s, 6wH)

N1wMA- -C3Hs H H -CH3 10 174-175 CHCI3- CSHlON202 57.82 6.07 16.86 265 267 2.25 (3H, S, 6wCH
3) ,

6-MU MeOH (57.64 6.13 16.98) {3.94} (4.20) 4.48 (2H, d, J=6Hz, Nl_CH2- ) ,

(9: I) 4.99-5.35 (2H, m, =CH2) ,

5.57 (l H, 5, 5-H),
5.67-6.09 (IH, m, -CH=),
9.57 (l H, br s, N3H)

N3-MA- H -C3Hs H -eHJ 10 175-179 C6H6 CSHlON202 57.82 6.07 16.86 262 282 2.15 (3H, s, 6-CH3 ) ,

6-MU (184)IS1 (57.61 6.06 16.77) (4.09) (4.20) 4.51 (2H, d, J=6Hz, N3-CH
2- ) ,

5.10-5.34 (2H, m, =CH2) ,

5.59 (IH, s, 5-H),
5.66-{).IO (IH, m, -CH=),
10.64 (IH, br s, NIH)

DA-6- -c,a, -c,a, H -CH3 6 58-59 C6HI2 CII~14N202 64.06 6.84 13.58 269 2.25 (3H, S, 6-CH3) ,

MU (64.12 6.95 13.74) (4.27) 4.45-4.64 {4H, m, (-CH2-h),
4.99-5.3J (4H, m, (=CH2h ),
5.60 (IH, s, 5-H),
5.67-6.11 (lH, m, -CH=)

Abbreviations used are: MAU, monoallyluracil; DAU, NI,~J-diallyluracil; MAT, monoallylthymine; OAT, Nl,NJ-diallylthymine~ MA-6-MU, monoallyl-6-methyluraci1: DA-6-MU,
N"N3-diaHyl-6-methy!uraci!; -eJHS' -eHzCH=CHz. a) Oily compounds were purified by column chromatography on silica gel.

~
w-



4932 Vol. 35 (1987)

TABLE II. Pharmacological Activities of N-Allyl-Substituted Derivatives
of U. T and 6-MU

Compd.
HDso PTZ-EDso LD so

(mg/kg, i.p.) (rug/kg, i.p.) (rng/kg, i.p.)

U None (640t) >250 >640
N1-MAU None (640) >250 >640
N3-MAU None (500) >250 >500
DAD 433 (406-462)h) 259 (215-3] 2) 560 (526-596)

T None (640) >250 >640
N1-MAT None (640) >250 >640
N3-MAT None (500) >250 >500
OAT None (550) >250 375 (347-406)

6-MU None (640) >250 >640
N1-MA-6-MU None (640) >250 >640
N3-MA-6-MU None (640) >250 >640
DA-6-MU None (480) >250 425 (389--464)

a) The word "None" means that there was no loss of righting reflex even at the dose indicated in
parentheses. h) The 95~/~ confidence limits are shown in parentheses.

TABLE III. Effects of N-Allyl-Substituted Derivatives of V, T and 6-MU on PB- and B-Induced Sleep

Sleeping time (min)

Compd.
PB (40mg/kg, i.p.) B (300 mg/kg, i.p.)

80mg/kg, i.p. ]60 mg/kg, i.p. 200 p.g/mouse 160mg/kg, i.p.
i.c.v.

Control 2l± 2 (30) 67± 5 (30) 106±20 (30)

U 33± 4a
) (I 0) 36 ± 5b

) (10) 64± 7 (10) 108±28 (20)
Nt-MAU 39± 6b) (10) 70 ± 6b) (10) 88± 17 (10) 204±45U

) (12)
N3-MAU 27± 3 (10) 29± 4 (10) 63± 5 (10) 81 ±]9 (10)
DAU II 3± lOb) (10) 297 ± 26/1) (10) 1I2± 9b

) (10) 177± 12") (12)

T 33± 4") (10) 47± 7b) (10) 58± 7 (10) 103±21 (10)
Nl-MAT 66± 12h) (10) 107± 12b

) (10) 79± 15 (10) 121±34 (10)
N3-MAT 33 ± 311

) (10) 68 ± 4b) (10) 71 ± 7 (10) 138±28 (10)
DAT 101± lIb) (10) 211 ± ]2b

) (10) 82± 10 (10) 284 ± 30b) (10)

6-MU 18± 2 (10) 35 ± 5a) (10) 57± 6 (10) 87± 9 (10)
Nl_MA-6-MU 27± 5 (I 0) 69± lIb) (10) 65± 6 ( 10) 93± 19 (10)
N3-MA-6-MU 38 ± 6h

) (10) 67± 5b) (10) 67± 5 (to) 74± 5 (10)
DA-6-MU 94 ± ] 5b) (10) 107 ± 8b

) (10) 88± 12 (10) 97± 13 (10)

Compounds tested were administered 15 min prior to the injection of PB or B. Data are expressed as the mean ±S.E. Numbers
in parentheses represent numbers of animals used. a) Significantly different from the control (p < 0.05). b) Significantly different
from the control (p<O.OI).

(347-406), or Nt ,N3~diallyl-6~methyluracil (DA-6-MU), 425 (389-464). The LDso values of
the other allyl compounds were larger than 500 or 640 mgjkg, i.p.

Potentiation of PB-, B- or DZ-Induced Depressant Activity
Table III shows the effects of N-allyl derivatives of U, T and 6-MU on PB- and B-induced

sleep. DAU and DAT markedly prolonged the PB-induced sleeping time. The duration of
sleeping time prolonged by DAU pretreatment was 14-fold greater than the control. DAU
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Fig. I. Effects of DAU and DAT on DZ
Induced Motor Incoordination

DAU and DAT were administered i.p. IS min prior
to the i.p. injection of DZ. The control group was
pretreated with I% Tween 80-saline (vehicle). Ten
mice were used for each group.

0--0, control (1~~ Tween 80-saline+ DZ 5 mgl
kg); 0-0, DAU 40mg/kg+DZ 5 mg/kg; e-e,
DAT 40rngjkg +DZ 5 rng/kg.
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was the most potent compound as regards PB-induced sleep prolongation among the
compounds tested. The other N-allyl-substituted compounds also prolonged PB-induced sleep
at a dose of 160mg/kg, i.p., except for N3-monoallyluracil (N3-MAU). The parent com
pounds, even, D, T and 6-MU (160 mg/kg, i.p.), significantly prolonged the sleeping time
induced by PB. As a preliminary experitnent, the time course (1, 15 and 30 min) of the effect of
pretreatment with N 1-monoallyluracil (N1-MAU) or DAD (200 j.l.g/mouse, i.e.v.) on the PB
(40mg/kg, i.p.)-induced sleep was examined. Since the sleeping time of the DAD pretreated
group was within the range from 110 to 120min at all times examined (data not shown), the
time of peak effect could not be determined. Thus administration of PB was set at 15min after
injection of N-allyl compounds. DAU only significantly prolonged the PB-induced sleeping
time when given by i.c,v. injection. The other compounds did not show a prolonging effect on
PB-induced sleep when given by i.c.v. injection, whereas DAT, Nl-MAU and DAD
significantly prolonged the B-induced sleeping time, by 2.7-fold, 1.9-fold and 1.7-fold,
respectively, as compared with the control. The mean sleeping time of mice pretreated with
DAT was longer than with DAD. Interestingly, U, T and 6-MU did not exhibit any
prolonging effect on B-induced sleep.

Figure I shows the effects ofDAU and DAT, selected from among the allyl compounds,
on the DZ (5 mg/kg, i.p.j-induced motor incoordination. Both DAU and DAT enhanced the
effect of DZ at a dose of40 mg/kg, i.p., although DAU or DAT alone did not induce apparent
motor incoordination at the same dose. DAU was more potent than DAT.

Discussion

The results of the present study indicate that the introduction of two allyl groups onto N'
and N 3 of the 2,4-dioxopyrimidine ring resulted in an increase of the depressant effect. N
Allyl-substituted derivatives of U seem to exhibit more potent depressant effects on the central
nervous system (CNS) than N l

_ and/or N3-allyl-substituted derivatives of barbituric acid
according to our previous data." Recently, we have reported that N3 -benzylurid ine exerted
hypnotic activity when given by i.c.v. injection,'?' and that N 3-allyluridine and N3_

allylthymidine enhanced the drug-induced central depressant effect.'?' A compound that has
two substituent groups at N l and N 3 of the U ring may generally possess a potent central
depressant effect. The other N-allyl derivatives of U, T and 6-MU alone did not show loss of
righting reflex or anticonvulsant activity. The acute toxicity of DAD was lower than that of
DAT or DA-6-MU.

The interaction study of the N-allyl compounds with PB showed that the compounds
tested (l60mg/kg, i.p.), except for N3-MAU, significantly prolonged the PB-induced sleeping
time. Upon i.c.v. administration, only DAU showed a significant potentiation ofPB-induced
sleep. This might be due to direct action of DAU on the CNS. The other allyl compounds did
not show any significant prolonging effects on PB-induced sleep by i.e.v. injection. However,
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DAT, Nt-MAU and DAU significantly prolonged the B-induced sleeping time. Since B is
excreted unmetabolized,21) an increase in its action could be due either to an enhanced
penetration into the eNS or to alteration ofneuronal sensitivity to the drug. The potentiation
of DZ-induced motor incoordination by DAU and DAT also supports the hypothesis that
both compounds have a direct depressant effect on the eNS.

N1-Monoallyl-substituted derivatives of T, including U were more potent CNS depre
ssants than the corresponding N3-monoallyl-substituted derivatives. A methyl group at the 5
or 6 position of the U ring seems to be unnecessary for action on the CNS. It is of interest that
the N-allyl compounds derived from endogenous substances such as U and T showed such
potent pharmacological activities.

These results indicate that DAD and related N-allyl compounds have a CNS-depressant
effect, and suggest that these compounds could prolong PB-induced sleep as a result of their
depressant effect on the eNS.
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Immunoglobulin G from human serum was digested with papain to give an Fe fragment,
which was carboxamidemethylated [carboxamidemethylated Fe (eM-Fe), M.W. about 25000].

Types I. III and IV allergic reactions were significantly depressed by the administration of
CM-Fe.

Keywords--earboxamide methylation; human IgG; carboxamidemethylated Fe; anti-allergic
activity; passive cutaneous anaphylaxis; complement-dependent hemolysis; immuno-cornplex in
flammatory model; Arthus reaction; delayed-type hypersensitivity
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Coombs and Gell'! classified allergic phenomena into four types, of which three. (types I,
II and III) are immediate-type, and one (type IV) is delayed-type. The former reactions are
caused by humoral antibodies, while the latter is caused by a cellular antibody.

We have already reported that the carboxamidemethylated L chain" and the carboxami
demethylated Hand L chains" show anti-ulcerogenic and anti-inflammatory activities,
respectively.

In this paper, we describe the effect of carboxamidemethylated Fe (Clvl-Fc) on various
allergic models.

Materials and Methods

Preparation of CM-Fc--According to Bennich and Turner,"? 2% commercially available human serum
immunoglobulin G (IgG) (Globulin-Midori) dissolved in 0.1 M sodium phosphate buffer (pH 6.75) containing 2 mM
ethylenediaminetetra acetic acid (EDTA) and 10mM cysteine hydrochloride (N akarai Chern.) was digested with 0.02%
papain (type III, Sigma). After 4 h, 150 Jt1 of 0.5 M iodoacetamide (Wako Pure Chern.) was added to the reaction
mixture. The mixture was then separated according to Nishioka et al.,5) on a Sephadex 0-100 column equilibrated
with 10mM phosphate-buffered saline (PBS, pH 7.2). The fraction containing Fab and Fe from Sephadex 0-100 was
separated by protein A-Sepharose CL-4B (Pharmacia Fine Chemicals) affinity chromatography, and the Fe fragment
was purified. This fragment was reduced with dithiothreitol (Wako Pure Chern.) and carboxamidemethylated with
iodoacetamide according to Korningsberg,?' resulting in a carboxamidemethylated Fe fragment (Clvl-Fc). The
molecular weight of CM-Fc was measured by polyacrylamide-sodium dodecyl sulfate gel electrophoresis according
to Laemmli. 7)

Homologous Passive Cutaneous Anaphylaxis (PCA) in Rats--Dinitrophenylated ascaris extract (DNP-As) was
prepared according to Eisen et ai.,8) and anti-DNP-As serum was raised in rats following the method of Tada and
Okumura.9

) Male Wistar rats weighing 180-200g had their backs shaved 24h prior to experiments. Then 0.1 ml of
anti-DNP-As serum, diluted four times with saline, was administered intradermally at three points in the left back,
while 0.1 ml of saline was administered intradermally at three points in the right back. After 48 h, rats were
intravenously injected with 1ml of 0.5% Evans blue (Nakarai Chem.) in saline containing 4 mg of DNP-As. Thirty
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minutes later ~ the rats were killed and skinned. The capillary permeability was expressed by multiplying the major and
minor axes of the blue area. The sample was administered intraperitoneally 30min prior to the injection of DNP-As.

Heterologeus PCA in Guinea Pigs--Anti-egg albumin serum raised in the rabbit was prepared according to
Eda et al. 10 ) Heterologous PCA was prepared according to the method reported by Harada et a/.,11) as improved
upon by Ovary. I 2) The male Hartley guinea pigs had their backs shaved 24h prior to experiments. Then 0:I ml of anti
egg albumin serum, diluted fivehundred and twelve times with saline, was administered intradermally at two points in
the left back, while O. I ml of saline was administered intradermally at two points in the right back. After 3.5h, the
guinea pigs were intravenously injected with 1ml of 1%Evans blue in saline containing 5 mg of egg albumin (Nakarai
Chern.). Thirty minutes later, the guinea pigs were killed and skinned. The capillary permeability was again expressed
by multiplying the major and minor axes of the blue area. The sample was administered intraperitoneally 30min prior
to the injection of egg albumin.

Complement-Dependent Hemolysis--According to Mori et al.,I3) sheep red blood cells (SRBC; Handai Biken)
were washed with gelatin veronal buffer (OVB), and suspended at 1.0x lO9/mt. Anti-SRBC serum, which was
prepared according to Globsky,14) was diluted 1600 times with avE.

Five milliliters of GVB, I ml of the sample, 0.5 ml of SRBC suspension, 0.5 ml of anti-SRBC serum and 1ml of
the complement (from guinea pig serum, Handai Biken) were added, respectively. After incubation at 37°C for
90 min, the reaction was stopped on ice. Following centrifugation (3000rpm x 10min), the absorbance of the
supernatant was measured at 540nm. The result was expressed as the inhibition (percent) of hemolysis.

Immuno-Complex IntlammatoryModel-s-c-According to Abe et a/.,IS) male Balb/c mice (age 8 weeks) were
immunized intravenously with 5 x lOB SRBC twice (day - 19 and day -5). The right hind paw was inoculated with
2 x 108 SRBC to produce the immune-complex (day 0). After 3 and 4h~ the amount of edema was recorded with a
dial thickness gauge (Mitsutoyo Mfg..Co., Ltd.). The difference between the values just after and 3 or 4 h after the
injection was calculated. The sample was administered intraperitoneally 30min prior to SRBC injection.

Delayed-Type Hypersensitivity to Picryl Chloride-s-c-According to Tajima et al.,16) male ddy mice weighing 20
30g were immunized with 100pI of 1%picryl chloride (Nakarai Chem.) solution in ethanol on the surface of the right
ear. After 7d, IOO,u1 of 1% picryl chloride solution in olive oil was applied to the surface of the left ear. Twenty
four hours later, the thickness of the left ear was measured with a dial thickness gauge~ and the difference between the
values before and after application was calculated. The sample was administered intraperitoneally 30min before and
6 h after antigen challenge.

Delayed-Type Hypersensitivity to Methylated Bovine Serum Albumin--According to Baba et at.,17l male ddy
mice weighing 20--:-:30 g were immunized subcutaneously with 0.2ml of emulsion prepared from equal volumes of
0.25~'6 methylated bovine serum albumin (MBSA, Sigma) in saline and Freund's complete adjuvant (Nakarai
Chem.). After 6 d, O.04ml of 0.1% MBSA in saline was subcutaneously administered into the left hind paw of
mice. Twenty-four hours later, the thickness of the foot pad was measured witha dial thickness gauge. The difference
between the values immediately after and 24 h after the injection was calculated. The sample was administered
intraperitoneally 30 min and 6 h after antigen challenge.

Statistics--Student's r-test was employed to assess the significance of differences between the mean values for
the control group and the sample-administered groups.

Results

Type I Allergy
The effects of Clvl-Fc and Fe on homologous PCA in rats are summarized in Table I.

Clvl-Fc significantly depressed the colored area at a dose of 20mgjkg by 38.8%, while Fe
showed no depression at the same dose.

The effect ofCM-Fc on heterologous PCA in guinea pigs was also examined. CM-Fc at a
dose of 20mgjkg significantly depressed the colored area (27.4% inhibition; Table II).

Type II Allergy
The effects of CM-Fc and Fe on complement-dependent hemolysis are shown in Fig. 1.

Fe inhibited hemolysis dose-dependently; the inhibition reached 40% at a dose of 100f.lg/ml.
On the other hand, Clvl-Fc did not inhibit hemolysis at all.

Type III Allergy
We examined the effects of CM-Fe and Fe using the immuno-complex inflammatory

model for the active Arthus reaction. The maximum swelling of the hind pad was observed
after 3 h. Fe at a dose of 20 mg/kg did not depress the pad swelling at the indicated times,
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TABLE I. Effect of eM-Fc and Fe on 48 h peA in Rats Mediated
by IgE Antibody against bNP-As

Treatment
Dose Colored area? %inhibition

(rug/kg) (mrrr')

Control") 30.4±4.1
CM-Fchl 10 30.8±5.8 0

20 18.6±7.6t1
) 38.8

Feb) 20 3I.7±6.4 0

a) Saline. b) Sample was administered intraperitoneally 30min before antigen challenge. c) All
values represent the mean ±S.E. (n:;:::: 8). Significantly different from the control group: d) p < 0.01.

TABLE II. Effect of CM-Fc on 3.5 h PCA in Guinea Pigs Mediated by
IgG Antibody against Egg Albumin

Treatment
Dose Colored area"

~~ inhibition
(rug/kg) (mm-)

Control"! 191.3 ± 14.6
eM-Fcb) 10 205.4± 32.9 0

20 139:5± 16.5d
) 27.4

a) Saline. b) Sample was administered intraperitoneally 30min before antigen challenge. c) All
values represent the mean ± S.E. (n= 8). Significantly different from the control group: d} p < 0.05.
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Fig. 2. Effects of eM-Fe and Fe on Complex
Mediated Hypersensitivity Induced by SRBC
in Mice

a) Saline. b) Sample was administered intraperi
toneally 30 min before SRBC injection. c) Each value
is the mean ±S.E. (11 = 4-5).

Significantly different from the control group: d}
p<O.05, e) p<O.Ol.
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Fig. 1. Effects of Cvl-Fc and Fe on Comple
ment-Dependent Hemolysis ofSRBC (in Vitro)

Each point represents the mean± S.E. (n=4).
• , Fe; 0, eM-Fe.

although Clvl-Fc at doses 'Of 10 and 20 mg/kg significantly depressed the swelling (Fig. 2).

Type IV Allergy
As regards delayed-type hypersensitivity response to picryl chloride, Clvl-Fc significantly

depressed the ear swelling at the dose of 20 mg/kg when the reagent was administered twice,
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TABLE III. Effect of eM-Fe and Fe on Delayed-Type Hypersensitivity
Response to Picryl Chloride in Mice

Treatment
Dose Ear swelling?

(mg/kg) (x 1O-2mm)

Control" 33.4±4.8
CMMFc") 10 19.9±5.8

20 17.5± 3.8dl

Fe") 20 36.7 ± 8.4

a) Saline. b) Sample was administered intraperitoneaJly 30min before and 6 h after antigen
challenge. l) All values represent the mean ±S.E. (n =8-9). Significantly different from the control
group: d) p < 0.05.

TABLE IV. Effect of eM-Fe and Fe on MBSA-Indueed Hypersensitivity in Mice

Treatment
Dose ' Footpad swelling"

(mg/kg) (x 1O-2mm)

Control") 42.1 ± 12.5
CM-Fe"l 10 18.9± 3.4

20 4.7±8.0dl

Fcb) 20 21.6± 8.0

a) Saline. b) Sample was administered intraperitoneally 30min before and 6h after antigen
challenge. c) All values represent the mean j-SiE. (n=8). Significantly different from the control group:
d) p<O.05.

although Fe had no such effect (Table III).
The effects of Clvl-Fc and Fe on delayed-type hypersensitivity to MBSA are shown in

Table IV. Clvl-Fc had a significant inhibitory capability at a dose of 20 mg/kg, and Fe slightly
depressed the swelling at the dose of 20 mg/kg when the reagents were administered twice.

Discussion

Recently, we reported that bovine serum IgG L chain.l'" carboxamidemethylated Bence
Jones protein19) and human serum IgG L chain (Fr. I-L)2)show anti-ulcerogenic activity based
on their inhibition of gastric juice secretion. Moreover, Fr. I-L and Fr. I-H also had anti
inflammatory activity." In this investigation, we prepared an Fe subfragment without the
variable region for the purpose of obtaining a Inore homogenous structure from human serum
IgG, and we obtained Clvl-Fc with a molecular weight of about 25000 (data not shown).

Coombs and Gell!' classified allergic phenomena into four types. First, Clvl-Fc was
examined for type I, an immediate allergy caused by an IgE antibody. Homologous PCA
reaction, generally used as a type I allergic model, was depressed by CM-Fc, but not by Fe.
Heterologous peA was also depressed by Clvl-Fc,

Type II allergy is characterized by cell destruction resulting from a combination of the
surface antigen of plasma membrane and its antibody, which depends on the complement.j?'
Clvl-Fc did not inhibit complement-dependent hemolysis at all (Fig. 1), and also showed little
inhibition of hypotonic hemolysis (data not shown). As Fe inhibited complement-dependent
hemolysis, it was assumed that the complement-binding site was lost after carboxamide
methylation.

Opie21
) showed that type III allergy was due to antibody and antigen reacting in the

tissue. Culbertsorr'P' and later Cannon and Marshalf-" demonstrated that the severity of this
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phenomenon closely paralleled the levelof precipitin in the blood. In the present experiments,
we used the active Arthus phenomenon as a type III allergy model. Clvl-Fc significantly
depressed this phenomenon at doses of 10 and 20mg/kg. The Arthus phenomenon is divided
into first and second stages characterized by slight and transient enhancement and strong and
sustained enhancement of vascular permeability.i'" It was suggested that CM-Fc inhibited the
latter stage to depress the Arthus phenomenon.

Type IV allergy is the phenomenon caused by lymphokines, which are released on
contact of the antigen and sensitized T cells.25) CM~Fc depressed the delayed-type hyper
sensitivities to both picryl chloride and MBSA. Therefore, we supposed that CM-Fc affected
the cellular immune system.

Thus, CM-Fc is a potentially useful drug for three allergy types (1, III and IV) whereas Fe
is not. This finding that anti-allergic activity was not acquired on carboxamidemethylation is
consistent with our previous findings.2.3.18.19) The next step will be a more detailed
examination of the mechanism of action of CM-Fc.
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Studies on Pharmacological Activation of Human Serum Immunoglobulin G
(lgG) by Chemical Modification and Active Subfragments. VII.
Effect of Carboxamidemethylated Fc (eM...Fc) Fragment from

Human Serum IgG on Lymphocytes and Macrophages
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The mechanism of the anti-allergic activity of carboxamidemethylated Fe (CM-Fc) was
examined in vitro. Clvl-Fc had no effect on the proliferation of lymphocytes induced by
concanavalin A (Con A), lipopolysaccharide (LPS), T cell-dependent mitogen or T cell-independent
mitogen.

eM-Fc inhibited the activation of glycogen-stimulated guinea pig macrophages by FMLP and
A23187. but not by phorbol 12-myristate 13~acetate (PMA).

Keywords--earboxamidemethylation; human IgG; carboxamidemethylated Fe; anti-allergic
activity; Con Avinduced proliferation; LPS-induced proliferation; glycogen-stimulated macro
phage; lysosome enzyme; N-acetyl~.B-D-glucosaminidase; lactate dehydrogenase

Despite various studies on antibody-producing mechanisms, the phenomenon is still
poorly understood at the cellular level.

In previous papers, we have reported that the carboxamidernethylated L chain!' has anti
ulcerogenic activity and that the carboxamidemethylated Hand L chains" have anti
inflammatory activity. We also prepared carboxamidemethylated Fe (Clvl-Fc) from human
immunoglobulin G (IgO) and showed that it has anti-allergic activity (types I, III and IV).3)
We now present data on the effect of Clvl-Fc on T and B lymphocytes, and macrophages,
which are required for the antibody response to an antigen in intact animals.

Materials and Methods

Preparation of CM-Fc--As described in our previous paper." 2% commercially available human serum IgG
(Globulin-Midori) dissolved into 0.1 M sodium phosphate buffer (pH 6.75) containing 2mM ethylenediaminetetra
acetic acid (EDTA) and IOmM cysteine-Hf.l (Nakarai Chern.) was digested"with 0.02% papain (type III, Sigma).
After 4h, 150)11 of 0.5M iodoacetamide (Wako Pure Chern.) was added to the reaction mixture, which was then
separated on a Sephadex 0-100 column which had been equilibrated with 10mMphosphate-buffered saline (PBS, pH
7.2). Fab and Fe fractions from Sephadex 0-100 were separated by Protein A-Sepharose CL-4B (Pharmacia, Fine
Chemical) affinity chromatography~ and Fe fragment was purified. The fragment was then reduced with dithiothreitol
(Wako Pure Chern.) and carboxamidemethylated with iodoacetamide to yield carboxamidemethylated Fe (CM-Fc).

Culture of Murine Spleen CelIs--According to Yanagihara et al.,4) murine spleens were aseptically extracted
from C57BL/6male mice, aged 7 weeks, and cells were gently teased out with a slide glass into Hanks's balanced salt
solution (HBSS, Nissui Pharmaceutical Co., Ltd.) in a small Petri dish. The cells were then dispersed by repeated
aspiration with a Pasteur pipette and transferred to a tube, which was centrifuged three times at 1000rpm for 10min
each. Cells were suspended at 5 x 107 in RPMI 1640 (Grand Island Biological Co.) containing 100jig/ml
streptomycin, 100 Uyml penicillin, 2.5mM N-hydroxyethylpiperazine-N'-2-ethanesulfonate (HEPES) and 10% heat-
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inactivated fetal calf serum (Takara Co., Ltd.). Viability of the cells was over 90% as determined by trypan blue
staining."

In the next step, we added 0.1 ml of cell suspension, 0.1 ml of sample, 0.7 ml of the medium and 0.1 ml of
concanavalin A (Con A, Wako Pure Chern.) or lipopolysaccharide (LPS, E. coli 055: B5, Difeo) at various doses to
the Petri dish. This suspension was cultured under 5% CO 2 in air at 37°C for 72h in Petri dishes (No. 3001, Falcon
Plastics, Div. B-D Laboratories, Inc.).

Measurement of Intracellular Adenosine Triphosphate (ATP)-- After the culture, the cellI suspension was
centrifuged twice at 1000rpm for 10min. Then, I ml of HBSS was added to the pellet.

The measurement of intracellular ATP levels was performed by using the luciferin-luciferase bioluminescence
method." Specifically, according to the method reported by Ishizaka et a/.,7) 0.1 ml of cell suspension and 0.1 ml of
ATP releasing buffer (Laboscience) were incubated at 37"C for 1min, then 0.1 ml of luciferin-Iuciferase was added.
The values of ATP were measured with a TD-4000 lumiphotometer (Laboscience).

Preparation of Macrophages--According to Nagaoka and Yamashita, HI male guinea pigs weighing 400-500 g
were fasted for 24h then injected intraperitoneally with 100 ml of 0.17% glycogen (Sigma) in saline. The peritoneum
was harvested 5 days after the injection. These cells were washed with phosphate-buffered saline without divalent
cations after removal of contaminating erythrocytes by hypotonic treatment with 0.2~{ NaC1.9)

The cells suspended in PBS were placed in Ficoll-Conray solution (D = 1.078 g/ml) and centrifuged at 2500 rpm
for 20 min at room temperature. Cells obtained from the middle fraction were washed twice and suspended in HBSS
containing 10mM HEPE$ (Hanks-HEPES).

The purity of isolated cells was over 95% .as determined by ditTerential counting of rnacrophages stained with
Giemsa, while the viability of cells was over 90~~ as determined by trypan blue staining.

Activation of Macrophages--According to Sasaki et a/. lD ) arid Smolen and Weissman,l1) 0.1 ml of cell
suspension, 0.1 ml of 50 jlg/ml cytochalasin B (Sigma), 0.1 ml of sample and 0.6 ml of Hanks-HEPES were incubated
at 37°C for 10min, then 0.1 ml of 10-6 M N-formyl-L-methionyl-L-Ieucyl-L-phenylalanine (FMLP, Sigma), 10- 7 M
calcium ionophore (A23187, Sigma) or 2JlgJml phorbol 12-myristate 13-acetate (PMA, Sigma) was added to the
mixture and allowed to react for 15min. The reaction was stopped on ice. After centrifugation (700 rpm x 10min),
aliquots of the supernatant were taken for standard determinations of N-acetyl-,B-D-glucosaminidase (NAG) and
lactate dehydrogenase (LDH) activities.

Enzyme Assay--According to Woolen et al.,12) NAG was measured with p-nitrophenyl-N-acetyl-{J-D
glucosaminide (Sigma) as a substrate. Incubation mixtures contained 0.2 ml of test solution and 0.2 ml of 5 mM
substrate solution in 0.1 ml of IOOmM sodium citrate buffer containing 0.2M NaCI (pH 4.5). After incubation for I hat
37°C, the reaction was terminated by adding 3 ml of 50 mM glycine-NaOH buffer (pH lOA) containing 5 mMEDTA.
The optical density was measured at 405 nm.

LDH activity was measured according to Schnyder and Baggiolini.l'" The reaction mixture, containing 0.2 ml of
test solution, D.2ml of D.l M sodium phosphate-HCl (pH 7.5) and 0.1 ml of O.8mM nicotineamide adenine
dinucleotide (NADH) (Boehringer Mannheim, Grade II), was incubated at 2S'C for I min. Then 0.1 ml of 4mM
sodium pyruvate (Wako Pure Chem.) was added. LDH was assayed by determining the rate of oxidation ofNADH
at 340 nm using a UV-240 spectro-photometer (Shimadzu).

Statistics--Student's r-test was employed to assess the significance of differences between the mean values for
the control group and the sample-added groups.

Results

Proliferation of Spleen Cells
The mitogenic activities of CM-Fc and Fe are shown in Fig. 1. There was no significant

difference between CM-Fc at 2, 20 or 200 {tg/ml, and the control. Fe also failed to inhibit the
proliferation. Hydrocortisone, an immuno-suppressive drug, was significantly inhibitory at a
concentration of 10flg/rol (positive control).

When Con A (a T cell-dependent mitogen) was utilized, the maximum proliferation was
seen at 2 pg/ml of Con A (data not shown). As shown in Fig. 2, CM-Fc(2-200 pg/ml) and Fe
(200 flg/ml) slightly inhibited the. proliferation induced by Con A (2 pg/ml) while hy
drocortisone significantly inhibited it.

Next, the optimal concentration of LPS (a T cell-independent mitogen) was examined. The
maximum proliferation was seen at 5 flg/ml of LPS (data not shown). Clvl-Fc did not inhibit
the proliferation of spleen cells induced by 5 flg/ml of LPS and Fe only slightly inhibited it, but
suppression was significant with hydrocortisone (Fig. 3).
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b)

control eM-Fe CM- Fe eM-Fc Fc hydrocortisone
2 20 200 200 10 ,ug/ml

Fig. 1. Effectsof CM·Fc, Fe and Hydrocortisone on Spontaneous Proliferation of
Spleen Cells from Mice

a) Each value is the mean ±S.E. (n = 3).
Significantly different from the control group: b) p<0.05.

b)

contr-ol eM-Fe CM-FcCM-Fc Fe hydrocortisone
2 20 200 200 10 ,ug/ml

Fig. 2. Effectsof CM-Fe, Fe and Hydrocortisone on Con A-Induced Proliferation
of Spleen Cells from Mice

a) Each value is the mean ± S.E. (1l= 3).
Significantly different from the control group: b) p<O.05.

b)

control CM-FeCM-FcCM-Fc Fe hydrocortisone
2 20 200 200 10 ,ug/ml

Fig. 3. Effectsof CM·Fc, Fe and Hydrocortisone on LPS-Induced Proliferation of
Spleen Cells from Mice

a) Each value is the mean ± S.E. (1l = 3).
Significantly different from the control group: b) p <0.01.
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Activation of Macrophages
The effects of Clvl-Fc and Fe on the release of the lysosomal enzyme (NAG) from

FMLP-stimulated macrophages are shown in Fig. 4. The NAG activity was very low with
non-stimulated macrophages, but when the macrophages were stimulated by FMLP, the
NAG activity was about four times higher in the control. Clvl-Fc at a concentration of
50,ug/ml significantly inhibited the release of NAG, while Fe was not inhibitory; On the other
hand, when the LDR activity, the cytoplasmic enzyme, was examined no significant effect was
found.

-Clvl-Fc at a concentration of 50Jig/ml also significantly inhibited the release of NAG in
A23187-stimulated macrophages, although Fe had no such effect. The LDH activity did not
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none control Clvl-Fc Fe
eM-Fe "10 500 Itg/ml

50

none control eM-Fe Fe
eM-Fe 10 500 J.lg/ml

50

Fig. 4. Effects of CM-Fe and Fe on FMLP-Induced Releases of N-Acetyl-p-D
glucosaminidase (NAG) and Lactate Dehydrogenase (LOH) from Glycogen
Stimulated Macrophages in Guinea Pigs

Total activities (l00/~) of NAG and LDH (released by 0.1 ~;~ Triton X-I 00) were
424.9±26.8mU and 294.8± 13.5mU.

a) Each value is the mean ±S.E. (11 = 3).
Significantly different from the control group: b) p<0.05.
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120 NAG activity'"
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40 LDH activity'"
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none control eM-Fe Fe
CM-Fe 10 500 pg/ml

50
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none control CM-Fe Fe
eM-Fe 10 500 Itg/ml

50

Fig. 5. Effects of CM-Fc and Fe 011 A23187-lnduced Releases of NAG and LDH
from Glycogen-Stimulated Macrophages in Guinea Pigs

Total activities (lOO(}~) of NAG and LDH (released by 0.1 ~,~ Triton X-IOO) were
423.1 ±29.3mU and 106.2± 18ArnU.

a) Each value is the mean ±S.E. in = 3).
Significantly different from the control group: b) p < 0.05.

change when A23187 or FMLP was used (Fig. 5).

Discussion

In the previous paper, we reported that carboxamidemethylated Fe (Clvl-Fc, M.W.
25000) has anti-allergic activity against types I, III and IV allergic responses." In this paper,
we describe the effects of CM-Fc on T and B lymphocytes and/or macrophages.

Using murine spleen cells, we studied the effect of CM~Fc on the proliferation of
lymphocytes. Mitogens stimulate specific lymphocytes to synthesize the deoxyribonucleic
acid (DNA), leading to morphological biochemical and physiological changes. CM-Fc and
Fe were found to have no mitogenic activity in themselves, but hydrocortisone, animmuno
suppressive drug, significantly inhibited the spontaneous proliferation of the spleen cells.
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We next examined the proliferation of spleen cells utilizing Con A (a T cell-dependent
mitogen) and LPS (a Tcell-independent mitogen). Our results showed that CM-Fc did not
affect T or B lymphocytes (Figs. 2 and 3).

Activated macrophages have been shown to secrete plasminogen activator.l'" col
lagenase'P' and an elastase-like enzyme.l'" in addition to lysozyme,'?' which is also secreted by
nonactivated macrophages. Macrophages also selectively release fJ-glucuronidase, N-acetyl-p
n-glucosaminidase and other acid hydrolases when they are stimulated by undigestible
particles.l'" lymphokines,'?' complement products'?' or A23187.2 1

) We stimulated mac
rophages with several macrophage-activating reagents and examined the release of lysosome
enzyme as an index of activation. Our results demonstrated that CM-Fc inhibited the release
of NAG when FMLP and A23187 were used as stimulators (Figs. 4 and 5), although not when
PMA, a protein kinase C activator, was used (data not shown). Furthermore, we examined
the cytotoxic activity, which was measured as LDH (the cytoplasmic enzyme) activity. CM-Fc
had no cytotoxic activity by itself (Figs. 4 and 5).

Our results are consistent with those of Rosenslveich et al.,22) who demonstrated that
Con A did not affect lymphocyte proliferation in the absence of macrophages. Since CM-Fc
slightly inhibited Con A-induced proliferation, it was supposed that CM-Fc suppressed
lymphocyte proliferation mediated by macrophages.

Moreover, we presumed that CM-Fc would affect Pl-response.Pv"! which occurs
rapidly as soon as FMLP is added.F" This causes an increase of intracellular Ca2 + and
the activation of protein kinase C. Further, y-interferon activates macrophages through the
increase of intracellular Ca2 + and the activation of protein kinase C26 ) and A23187 activates
macrophages based on the influx of Ca2 + .27) Thus, CM-Fe inhibited the increase of
intracellular Ca2 + and/or the influx of extracellular Ca2 + . Consequently, we supposed that
CM-Fc suppressed the activation of macrophages via an enhancement of cytoplasmic Ca2 +.
Further work is planned to examine this.

Since we restricted ourselves in this study to glycogen-induced macrophages whose
functions had already been activated in part, it will be necessary for us to employ resident
macrophages of the peritoneum and the lung in future work.
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The effect of sonication on the particle size of lipopolysaccharide (LPS) in aqueous media was
studied, in order to examine the relation of particle size to pyrogenicity in rabbits, by the sucrose
density gradient ultracentrifugation technique. LPS extracted from E. coli UKT-B according to the
phenol/water method showed a polydispersed profile on the gradients, but after sonication for
3 min it formed a single peak in the lower density regions. From the results of electron micrographic
observations, partial specific volume, viscosity and turbidity measurements, and density gradient
data, it was revealed that sonication produced a decrease in the particle size of LPS. A more marked
pyrogenicity in rabbits was observed in the LPS fractions in the lower density regions than in the
higher ones, or in the fractions having smaller-sized particles of LPS than in the fractions having
larger particles.

Keywords-lipopolysaccharide; LPS; LAL test; sonication; pyrogenicity

Introduction

Pyrogenicity is well known to be one of the fundamental biological activities elicited by
lipopolysaccharide (LPS)1.2) of gram-negative bacteria, and the biological activities of LPS,
including pyrogenicity, are suggested to be greatly affected by the particle size, or state of
dispersion," -11) since LPS extracted by the phenol/water method is usually considerably
aggregated in aqueous media. 12 ,13 ) During our studies 011 the pyrogenicity of LPS prepara
tions, we found that sonication for 2 or 3 min significantly enhanced their pyrogenicity in
rabbits; a part of these results was reported at the 28 th Symposium on Endotoxins in
Japan.r" This result suggests that sonication might disperse the aggregates of LPS into smaller
and more uniform particles with an optimum size for manifesting biological activities in
aqueous media, resulting in an enhancement of pyrogenicity. This phenomenon is noteworthy
because the pyrogenicity of LPS was affected significantly by this physical procedure, which is
fundamentally different from the action of surfactants such as sodium deoxycholate, which
dissociate the aggregates of LPS mainly by chemical forces into subunits and simultaneously
reduce the pyrogenicity.v"! In investigating what size of LPS particle is required for optimum
biological activities, sonication seems to be a useful tool. This study was, therefore,
undertaken to investigate in detail the dispersion state of LPS brought about by sonication in
aqueous media by using the sucrose density gradient ultracentrifugation (SDGU) technique,
in order to examine the relation of particle size of LPS to pyrogenicity and Limulus
amoebocyte lysate (LAL) gelation activity.

Experimental

LPS--LPS was extracted from E. coli UKT-B according to the hot phenol/water method reported by
Westphal et 01.15 ) Crude LPS was purified initially with 50% ethyl alcohol, twice, to yield semi-purified LPS and



No. 12 4947

further purified by ultracentrifugation in a Hitachi 55P-2 centrifuge (l00000 x g, 2 h) until the ribonucleic acid con
tent of the LPS preparation became negligible.

Sonication of LPS-......LPS was suspended in sterilized, distilled water at the concentration of I mg/ml and
sonicated for a definite period in an ice-bath using a Nihon Seiki ultrasonic generator, model U8-3 {30W/28 kHz}.

SDGU Analysis of LPS--Linear density gradients having 4.5 ml of 5 to 40 or 2 to 16~~ (w/w) sucrose were
prepared with a Hitachi gradient maker, model DGK-U. LPS was suspended in sterilized. distilled water at the
concentration of I mg/ml; when necessary, the.suspension was sonicated for a definite period, then 200 JLl was layered
onto the gradients. SDGU was performed at 100000x 9 for 90 or 240 min at 4DC using a Hitachi swinging rotor,
model RPS-40. Fractions of 200,u1 were collected from the bottom of the tube through a needle inserted from above
to yield 23 fractions, which were analyzed for LPS by the carbocyanine dye assay procedures described below.
Sucrose was confirmed not to disturb this assay. Sucrose density of each fraction was measured with an Abbe
refractometer (Atago Co., Ltd.).

Electron Micrographical Analysis of LPS--LPS samples for electron micrography were negatively stained with
3% phosphotungstic acid, pH 7.3, on carbon films and rendered hydrophilic by a glow discharge in air. Micrographs
were recorded at an instrument magnification of 23000 (JEM-lOOU electron microscope, Nihon Denshi Co .• Ltd).

Partial Specific Volume, Viscosity and Turbidity Measurements of LPS--Partial specific volume of LPS was
measured by using a density column consisting of bromobenzene and xylene according to the usual method.'?'
Relative viscosity of LPS was measured in the presence of 0.05 M NaCI at 20DC in an Ubbelohde-type viscometer.
Turbidity experiments were performed by measuring the absorbance of LPS at 520 nm spectrophotometrically,

Chemical Analysis of LPS--LPS was determined colorimetrically by means of the carbocyanine dye reaction
according to the method of Zey and Jackson.'?' Carbocyanine dye, l-ethyl~2-[3-(1-ethylnaphtho[l,2dJthiazoline-2

ylidene)-2-methylpropenyl]naphtho[I,2d]thiazolium bromide. was obtained from Eastman Kodak Co.
Pyrogen Test of LPS in Rabbits--The pyrogenicity of LPS samples was tested in Japanese white male rabbits

weighing about 3 kg in an air-conditioned room (temp. 24± IDC, relative humidity 55± 5%). Not less than three
animals were used in each experiment. LPS was fractionated by the SOOU technique described above and the
fractions were assayed for LPS according to the carbocyanine dye method. Fractions were diluted with sterile saline
to give a definite concentration of LPS. Rabbits were injected with 0.01 ug of LPS per kg of body weight intravenously
and changes in rectal temperature were recorded automatically for 4 h. Maximum rectal temperature increase (it Tmax)

and fever index for 4 h (Fl-4), representing the area under the fever curve for 4 h were determined as described
previously. 14)

LAL Test of LPS--LAL tests were performed to detect LPS in test solutions semi-quantitatively.l'" The
capacity of the endotoxins to cause gelation of the lysate from amoebocytes of Limulus polyphemus was estimated
with the use of "Pre gel" (Seikagaku Kogyo Co., Ltd.) according to the usual method. Test solutions were made by
serial tenfold dilution of samples containing LPS . When necessary, further twofold dilutions were made and
endpoint dilution was recorded. The test results were scored as + + (firm gel), + (loose gel) and - (slight
flocculation).

Reagents--Standard ribonucleic acid (RNA) with known sedimentationcoefficients (23, 16 and 5+65) were
purchased from Miles Laboratories Inc. All other reagents used in these experiments were of analytical grade and
were purchased from commercial sources.

Results

Pyrogenicity and LAL Gelation Activity of LPS Fractionated by SDGU
Non-sonicated LPS was fractionated by the SOOU technique and the LPS content of

each fraction was determined calorimetrically by application of the carbocyanine dye
reaction. The results obtained are shown at the bottom of Fig. 1. Based on the amount of LPS
determined in this way, a definite amount of LPS in each fraction was subjected to pyrogen
test in rabbits and to the LAL test. Maximum rectal temperature increase and intensity of
febrile response for 4 h were estimated and are represented in the middle of Fig. 1 as Ll Tmax and
FI-4, respectively. Stronger febrile responses in rabbits were observed in the LPS fractions in
the lower density regions than in the higher density ones. This result agreed well with that of
the LAL test as shown at the top of Fig. I.

Dispersion Profile of LPS by SDGU
To clarify the effect of sonication on the particle size of LPS, the SDOU profile of LPS

was investigated. LPS suspensions at the concentration of I mg/ml were sonicated for 1, 3, 10
or 30 min and the results obtained are shown in Fig. 2. In the case of non-sonicated LPS" LPS
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Fig. 1. Sucrose Density Gradient Ultracentrifugation Profile of LPS and
Distribution Patterns of Pyrogenicity in Rabbits and LAL Gelation Activity

M.G.D., minimum gelation dose; FI-4, fever index for 4h (representing area under the
fever curve); ATmax• maximum increase in rectal temperature for 4 h. The linear density
gradient was 5 to 40% (w/w) of sucrose, Centrifugation wasdone at 100000xg for 90min at
4°C. The LPS dose in pyrogen tests was 0.01 J.lg/kg of body weight. Each bar indicates a
mean of not less than three experiments.
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was found to be distributed almost evenly throughout the gradient, suggesting the presence of
various sizes of LPS particles in aqueous media. However, the SDOU profile of sonicated LPS
was different from that of the non-sonicated LPS, that is, a peak appeared in the profile and
the peak shifted gradually toward the lower-density regions with increased period of
sonication. This suggests that larger particles of LPS became smaller under the influence of
sonication. However) sonication for more than 10min no longer caused a positional change of
the peak except for a small decrease of the peak area and a corresponding increase in the
amount near the top of the gradient.

Particle Size of LPS Sonicated for 3 min
The particle size of sonicated LPS (3 min) manifesting more potent pyrogenicity and

LAL gelation activity as shown in Fig. 1, was estimated by using standard RNA with known
sedimentation coefficients (8) of 23, 16 and 5+6S as markers. The result is shown in Fig. 3,
suggests .thatLPS particles sonicated for 3 min have a definite size corresponding to standard
RNA with a sedimentation coefficient of between 16 and 23 S.

Electron Micrography of LPS
The particle size of LPS was directly observed by electron micrography. The sizes of

about 2000 particles of sonicated LPS were measured on the micrographs and compared with
those of non-sonicated LPS as a control. The results obtained are presented in Table I, and
some examples are shown in Fig. 4. It was revealed that non-sonicated LPS was variable in
length, but that after 2 min of sonication, LPS particles with a 'length of more than 320nrn
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Sonication time: A, 0; B, 1; C. 3; D, 10; E, 30min.
The linear density gradient was 5 to 40% (w/w) of
sucrose. Centrifugation was done at 100000x 9 for
90min at 4"C. Each point with bar indicates a
mean ±S.D. of three experiments.
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Fig. 3. Comparison of the Density Gradient Profile of Sonicated (3min) LPS with
That of Standard RNA

The linear gradient was 2 to 16% (w/w) of sucrose in water for LPS and in 15-1 M
phosphate buffer solution, pH 7.0, for RNA. Centrifugation was done at 100000x 9 for
240min at 4°C. Each point with bar indicates a mean±S.O. of three experiments.
-0-. amount of LPS;-·-, 00 at 260nm.

disappeared completely, while after 30min of sonication, most particles fell within the range
of less than 20nm in length. These results demonstrate that the particle size of LPS was
decreased by sonication.
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TABLE I. Effect of Sonication on Particle Length of LPS

Range
(nm)

0- 10
10- 20
20- 40
40- 80
80-160

160-320
320-

Percentage of LPS particles sonicated for

Omin 2min 30 min

2.4 3.1 21.6
13.5 19.3 61.2
12.3 19.9 12.9
18.1 30.4 4.0
24.0 25.9 0.0
13.8 1.5 0.0
15.9 0.0 0.0

Based on micrographs of LPS sonicated for 2 or 3 min, the lengths of 2000 LPS particles were measured
and the distribution pattern (percentage) was calculated .

(A) (B)

l nrn

Fig. 4. Electron Micrographs of Negatively Stained Preparations of'Phenol/Water
Extracted LPS from E. coli UKT-B

(A) Non-sonicated LPS, (B) sonicated (2 min) LPS.

Partial Specific Volume, Viscosity and Turbidity of LPS
To clarify the effect of sonication on the particle size of LPS, some physicochemical

properties were investigated. First, the partial specific volume of LPS was measured by using a
density column consisting of bromobenzene and xylene. The value of the partial specific
volume of non-sonicated LPS was approximately O.717mljg, and did not change after
sonication for 1, 2, 3, 5, 10 or 30 min.

Next, viscosity and turbidity changes of LPS induced by sonication were investigated.
The results obtained are shown in Fig. 5.Sonication for a few minutes caused a remarkable
fall in the viscosity of LPS, but the viscosity did not change on further sonication. A similar
result was observed in the turbidity change of LPS as shown in Fig. 5. These results indicate
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that the particle size of LPS was decreased by sonication.

Discussion

LPS of gram-negative bacteria is usually composed of two contrasting parts, a
hydrophilic part and a hydrophobic part, and is therefore amphiphilic.Pv?' In spite of its
favorable characteristics, it is only slightly soluble in water as well as in organic solvents. As
pointed out previously,21.22) this property has made the study of LPS difficult. In measuring
not only physicochemical constants of LPS but also its biological activities, careful con
sideration must be given to the dispersion state of LPS in aqueous media. Our data indicated
that the dispersion state of LPS in aqueous media was not always uniform in terms of the
aggregate size, and our attention was, therefore, focused on the effect of sonication, which is
most frequently used as a means to disperse or dissolve slightly soluble materials uniformly in
aqueous media.23 •z 4 )

Sonication caused a stepwise shift in the sedimentation profile of LPS on the sucrose,
gradient, which may not always directly reflect a decrease in the particle size of LPS. The
change in sedimentation behavior observed in the present experiment is, however, consider
ed to reflect a decrease in the particle size of LPS from the present results, i.e., (1) that elec
tron micrographic observations directly showed the decrease in the particle size of LPS by
sonication, (2) that the partial specific volume of sonicated LPS was identical to that of non
sonicated LPS and (3) that the viscosity and turbidity of LPS were markedly decreased by
sonication, and in addition, from other evidence that disaggregation of LPS lowers the
sedimentation coefficient of LPS.2S,26) Based on these observations, studies of the dispersion
state ofLPS in aqueous media were carried out in order to examine the relation of particle size
to biological activities of LPS. As shown in Fig. 2, sonication-induced disaggregation of LPS
was demonstrated by SDGU. In other words, appropriate sonication made it possible for us
to investigate LPS of limited size that retained the intact properties. Using this method, we
found a potent pyrogenicity and LAL gelation activity of LPS in the lower density regions
near 1.04 density on the sucrose gradient under the present experimental conditions, as shown
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in Fig. 2, though this size is not the minimum that can be produced by the sonicationj'Pig. 2).
These results strongly suggest that there might be a definite optimum particle size of LPS
required for the manifestation of pyrogenicity in rabbits and for LAL gelation activity.

There are reports describing a reduction in pyrogenicity of LPS by a simple dissociation
of LPS particles into subunits using surfactants such as sodium deoxycholate.vP'However, in
those experiments LPS has not always remained in an intact state. That is, considering that
LPS was treated with surfactants to reduce its particle size, there remains a possibility that
active sites ofLPS might be masked by forming a complex with surfactants,2.11) resulting in-a
reduction of the pyrogenicity. To resolve this problem, it will be necessary to dissociate large
particles of LPS into smaller ones without surfactants, or without undesirable modifications,
and to isolate them for pyrogen test in rabbits.

The present experimental results showed that sonication decreased the particle size of LPS
and that the most potent febrile response in rabbits was produced by smaller-particle-sized
LPS in the lower density regions near 1.04 density on the sucrose gradient under the present
experimental conditions. Sonication will be useful for studying the biological activities of LPS
because it produces uniform-sized particles of LPS which show optimum activity and because
smaller particles of LPS produced by sonication still retain the intact properties, probably
without any modification except particle size.
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In order to clarify the reason for the variation in specific activities of ribonuclease preparations
from Rhizopus sp. ribonuclease (RNase Rh), low specific activity species (RNase Rh ') were
separated from native RNase Rh by DEAE Toyopearl 650 column chromatography and
characterized. When RNase Rh ' was subjected to gel electrophoresis in the absence of 2
mercaptoethanol, it gave a 24 kilodalton (kDa) protein band, but in the presence of the reducing
agent it gave 17 and 7 kDa bands. These two peptides were separated by gel filtration and their
NH 2-terminal amino acid sequences were determined. The results indicated that RNase Rh ' was an
enzyme species cleaved at about the 50th residue of native RNase Rh by proteases during the course
of purification, but the two fragments were still covalently joined by S-S bridges. RNase Rh I

retained about 70% of the native activity and has a similar conformation to the native enzyme.

Keywords--Rlzizopus; ribonuclease; proteolytic modification; NH2-terminal sequence
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A base-nonspecific and adenylic acid-preferential ribonuclease (RNase Rh) has been
purified by Tomoyeda et al.l

) and Komiyama and Irie2) from Rhizopus sp. During the course
of purification, we very often observed the presence of crystalline RNase Rh species having
relatively low specific activity, about 70% of the highest one (327unit/mg protein) (RNase
Rh). In this paper, w~ report that the RNase Rh preparation contained enzyme species
modified by proteases at around the 50th residue from the N-terminal end of RNase Rh.

Materials and Methods

Reagents--Ribonucleic acid (RNA) used as a substrate was obtained from Kojin Co. Diethylarninoethyl
(DEAE)~Toyopearl 650M was purchased from Toyo Soda (Tokyo). Marker proteins, ovalbumin, ex-chymotrypsi
nogen, cytochrome c and insulin, were purchased from Sigma Chern. Co.

Enzyme Preparation--RNase Rh preparations from Rhizopus sp. were purified according to the method
reported previously," and further subjected to column chromatography on DEAE-Toyopearl 650M at pH 7.5.

Enzyme Assay--The standard assay used during purification was performed according to the previous paper)
using RNA as a substrate. Enzyme solution (5-1OJ-l1) was added to 2ml of reaction mixture consisting of 50mM
acetate buffer (pH 6.0) and 0.25% RNA. and the reaction was performed at 37°C for 1-5 min, then terminated by
adding 1ml of MacFadyen reagent." An aliquot (0.3 ml) was diluted with 2 ml of deionized water, and the
absorbancy at 260nm was measured. The amount of RNase which produced an increase in absorbancy of 1.0 at
260nm after a 5 min incubation was defined as one unit.

Protein Concentration--Protein concentration was estimated by measuring the absorbancy at 280nm, taking
that of a 0.1% solution as 1.0.

Polyacrylamide ·Gel Electrophoresis--Disc electrophoresis on polyacrylamide gel was performed by the
method of Ornstein" and Davis 5

) using pH 8.5 gel. Gel electrophoresis was performed at the current of 2.5 rnA per
tube for 1.5 h. Polyacrylamide gel electrophoresis in the presence of 0.1% sodium dodecyl sulfate (SDS) was
performed according to the method of Shapiro et 01.6 ) using 7% polyacrylamide gel. Electrophoresis was carried out



4954 Vol. 35 (1987)

for 4 h at 7 rnA per tube. For both electrophoreses, approximately 20Jlg of protein was applied per tube. The gels
were stained with 0.025% Coomassie brilliant blue. Slab-gel electrophoresis wasconducted using 12% polyacrylamide
gel according to the method of Laemmli."

Molecular Weight Determination--The molecular weights of RNase Rh', and the peptides were estimated by
gel filtration on Sephadex G-50 column (1.5 x 170ern)equilibrated with 50 roM trimethylamine-acetate buffer(pH 8.0)
containing 0.1M NaC] according to Andrews." Fractions of 1.3ml each were collected. Marker proteins used were
ovalbumin (MW 45000), e-chymotrypsinogen (MW 25700), cytochrome c (MW 12400) and insulin (MW 6000).

Amino Acid Analysis--Proteins and peptides were hydrolyzed in evacuated, sealed tubes with 6N HCl at
110DC for 24h. Analyses were performed by the method of Spackman et al.91 with an amino acid analyzer (Nihon
Denshi JLC-200A). Estimation of tryptophan content was performed by the method of Pajot. 10 )

Automated Edman Degradation--A protein sample (about 0.3 JUllol) was reduced and carboxymethylated in
the presence of 8 M urea according to the method of Crestfield et al."! The reduced and carboxymethylated protein
and peptides were subjected to automated Edman degradation!" with a JEOL JAS 47K sequencer.
Phenylthiohydrantoin (PTH)-amino acids were determined by high performance liquid chromatography (HPLC).
HPLC was performed with JASCO Fine Sil C1B- S column (4.6 x 12.5em) equilibrated with solvent A (0.05% H3P04 ;

acetonitrile = 90: 10. vjv). PTH-amino acids were eluted with a concave gradient of solvent A and solvent B (0.1%
H3P04 : acetonitrile =60: 40, vlv) for 16min at a flow rate of 2.0 mljmin, followed by elution with solvent B. An
aliquot of the PTH-amino acid was subjected to isocratic elution on a column of Zorbax ODS (4.6 x 25em) with
12.5mM acetate buffer (pH 4;5) containing 33~i~ acetonitrile. PTH-amino acids were detected by measuring the
absorbance at 254 or 315nm (for dehydrothreonine and dehydroserine).

Circular Dichroism (CD) Spectrum--eD spectra were measured with a JASCO J-40 spectropolarimeter at
25DC. The light path of the cell used was 0.5 or 0.05 em. All data are expressed as molar ellipticity. Protein
concentration was 10JIM.

Results

SDS Slab Electrophoresis of RNase Rh Preparation Having Low Specific Activity
The Specific activity of RNase Rh purified according to the previous paper) is about

237 unit/mg. However, we often observed RNase Rh preparations having low specific activity,
such as 170-200 unit/mg. On disc electrophoresis at pH 8.5, such a preparation gave a single
protein band at essentially the same location as RNase Rh having high specific activity.
However, on 7% SDS disc electrophoresis in the presence of 2-mercaptoethanol, the low
specific activity preparation gave two major bands and a very faint band haying higher
mobility (not seen in Fig. 1); one of the major bands had the same mobility as the high specific
activity band and the other band showed slightly higher mobility. In order to estimate the
molecular weight of the protein species involved in low specific activity preparation, it was
subjected to 12% SDS slab electrophoresis in the presence of 2-mercaptoethanol. Two
additional bands were seen, as well as a protein band having the same mobility as RNase Rh.

..... ... .e-24kDa
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Fig. I. Gel Electrophoreses of an RNase Rh
Preparation Having Low Specific Activity (2 J6
unit/mg)

Left column. disc electrophoresis at pH 8.5. in the
absence of 2-mercaptoethanol; middle column. 7%
SDS disc electrophoresis; right column, 12%SDS slab
electrophoresis. Heavy arrows indicate the mobility of
the native RNase Rh, The electrophoreses were per
formed as described in Materials and Methods.
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The molecular weights estimated by electrophoresis of these three bands were 24, 17and 7 kilo
dalton (kDa). Since 24 kDa is the molecular weight of the native RNase Rh, the other two
bands might be due to the low specific activity species. The sum of these two bands coincides
with that of native RNase Rh (24 kDa), and the presence of these two extra bands indicated
the cleavage of RNase Rh, probably by proteases. The fact that we were not able to observe
these two bands, 17 and 7 kDa in the absence of 2-mercaptoethanol indicated that the enzyme
preparation having low specificactivity consists of the 7 and 17kDa species connected by S-S
bridges. Hereafter, we designate this modified enzyme preparation as RNase Rh '.

Fractionation of Low Specific Activity RNase Rb' by DEAE~Toyopearl Column
Chromatography

The elution patterns on DEAE-Toyopearl650M column chromatography of two enzyme
preparations having specific activity 216 and 172 unit/mg are shown in Fig. 2a and 2b. In the
former preparation, two RNase peaks appeared in addition to the major RNase peak
corresponding to RNase Rh. In the latter preparation we observed a very small RNase Rh
peak and two other enzyme peaks. SDS-slab electrophoresis of these two enzymes in the
presence of 2-mercaptoethanol indicated the presence of the 17kDa protein band and, thus
they were RNase Rh '. By this step of purification, we could separate RNase Rh and RNase
Rh' species very effectively. In this work, we tried to characterize the major RNase Rh'
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Fig. 2. DEAE-Toyopearl 650M Column Chromatography

(a) The enzyme preparation (specific activity 216'unit/mg) was applied to a column of
DEAE-Toyopearl 650M (1.8x 80cm) equilibrated with 50mM Tris-HCI buffer (pH 7.5).
The enzyme was eluted with a linear gradient of NaCI from 'Q-{).2 M in the same buffer.
Each 5.0ml fraction was collected. 0, Az80 (protein); • • AZ60 (activity). The other
experimental conditions were the same as described in Materials and Methods.

(b) The enzyme preparation (specific activity 172unit/mg) was applied to the same
column as in Fig. 2a. The other experimental conditions were the same as in Fig. 2a. The
inset shows the results of slab electrophoresis of the fractions indicated by a-g.
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Fig. 3. Crystals of RNase Rh'
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Fig. 4. Effect of Temperature on the Activities of RNase Rh and RNase Rh '

(a) Effect of temperature on the activities of RNase Rh and RNase Rh '. The enzymatic
activities of RNase Rh and RNase Rh ' (specific activity 172unitfmg) were measured at the
tempera ture indicated by use of the standard assay system except for the temperature. Th e
ordinate shows percent of the maximum activity.

(b) Stability ofRNase Rh and RNase Rh ' to heating, The enzyme (60 ,ug) in acetate buffer
(pH 5.0) was incubated at the indic ated temperature for 5min, then the enzymatic activity
was measured at 37°C. 0 , RNase Rh; e, RNase Rh' ,

component which was eluted just after RNase Rh (specific activity, 160 unit/mg).

Crystallization of RNase Rb'
RNase Rh' thus obtained was concentrated to a small volume (several mg/ml) , then

dialyzed against deionized water. The crystalline materials formed after exhaustive dialysis
were collected by centrifugation. The photograph of typical crystals is shown in Fig. 3.

Effect of Temperature on the Enzymatic Activity and Heat Stability of RNase Rh'
The effect of temperature on the enzymatic activity of RNase Rh' was studied at pH 5.0

and compared with that of RNase Rh, Although the op timum temperature of RNase Rh I was
about 10DC less than that of RNase Rh, the heat stabilities of the enzymes were comparable
(Fig. 4).

CD Spectrum of RNase Rb'
The CD spectra of RNase Rh' and RNase Rh measured at pH 5.0 and room temperature

were almost superimposable, indicating similarity in the gross conformation of both enzymes.

Amino Acid Sequences of 17 and 7 kDa Proteins
In order to estimate the locations of the 17 and 7kDa proteins in RNase Rh, the two
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-, RNase Rh; ----, RNase Rh". The experimental conditions were the same as
described in Materials and Methods.
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Fig. 6. Sephadex 0-50 Column Chromatogra
phy of ReM RNase Rh'

ReM Rblase Rh ' (1.5jjnlol) was applied on a
Sephadex G~50 column (1.8 x 21Ocm) equilibrated
with 50 roM trimethylamine-acetate buffer (pH 8.0).
Each 2.0ml fraction was collected. The column was
eluted with the same buffer. O. A21l0 ; 6. AnD.

peptides were fractionated after reduced carboxymethylation of RNase Rh' by gel-filtration
on a Sephadex G-50 column (Fig. 6). The high and low molecular weight components,
component I and II, respectively, were pooled separately. The molecular weights of both
components were estimated by gel filtration on Sephadex 0-50 to be 17000 and 6-7000. The
amino acid compositions of both components are shown in Table I. The sum of both
components is very similar to the composition of the RNase Rh. The amino-terminal
sequences of ReM RNase Rh, components I and II were determined by Edman degradation.
The results are shown in Fig. 7. Since the N-terminal amino acid sequence of component II
was the same.as that of RNase Rh, it was concluded that component II corresponds to the
NH2-terminal 50 residues or so of RNase Rh, and component I is the C-terminal 160-170
residues of RNase Rh. It was concluded that RNase Rh" consists of the enzyme species

.cleaved at about 50 amino acid residues from the N-terminal. However, the two peptides are
connected by S-S bridges so that the enzyme retained ca. 70% of the activity of the native
RNase Rh.
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component I

10
NH2-Ser-Ser-cys-Ser-Ser-Thr-Alo-Leu-Ser-Cys-

20
Ser-Asn-Ser-Alo-Asn-Ser-ASp-Thr-Cys-Cys-
:.--._===+====¥--+-~-===;----.

30
Ser-Pro-GLu-Tyr-GLy-Leu-Vol-Vol-LeU-Asn-
----+------+--

40
Met-Gln-Trp-Alo-Pro-Gly-Tyr-Gly-Pro-Asp-
-----+-=;.--+----

Asn-Ala-Phe-Thr-Leu-His-Gly-Leu----
----+-==;.----+--+

component II

NH2-Alo-Pro-Ser-Gly-Gly-cys-Asp-Ser-Asn-Arg-
----+--+--+--+---+---+

Ala-Ser-Ser-Ser-Ile-Alo-Ser-Val-Ile-Lys-----+---+--+--+--+--+--+--+

Nrterrninal sequence

NH2-Ser-Ser-Cys-Ser-Ser-Thr-Ala-Leu-Ser-Cys------+--+---+--+--
Ser-Asn-Ser-Alo-Asn-Ser-Asp-Thr-Cys-Cys------+--+---+--+---+

Fig. 7. N-Terminal Amino Acid Sequencesof RNase Rh and Components I and II
Derived from RNase Rh'

-I' indicates each step of Edman degradation.

Discussion

Vol. 35 (1987)

RNase Rh ', which has about 70% of the activity of native RNase Rh, has a very similar
conformation to RNase Rh as judged from CD spectrum, and could be crystallized easily in
spite of its proteolytic modification. The contribution of protease(s) to the formation of
RNase Rh is supported by the fact that when we prepared crude RNase Rh at room
temperature instead of in a cold room, the yield of RNase Rh' increased markedly.

The evidence described here also indicated that the amino acid residues around the 50th
position probably form a loop located at the surface of the molecule, being very susceptible to
proteases during purification. This part of the molecule is probably far from the active site of
RNase Rh. Component II of the minor RNase Rh (the fraction between tube No. 420-450
in Fig. 2) gave the N-terminal sequence Gly-Gly-Cys-Asp---. Thus the proteases also
attack between 3rd and 4th amino acid residues from the N-terminal of component I as well.

These enzyme species are very useful for chemical modification studies of RNase Rh,
because the site of a chemically modified group at the N-terminal part of the molecule could
be easily determined after separation of this part. The application of this enzyme for chemical
modification studies will be reported in a separate paper.
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TABl.E I. Amino Acid Compositions of Components I and II
Obtained from RNase Rh'

RNase Rh'
RNase Rh

Amino acid (theoretical Component I Component II
value)

Residues/mol (nearest integer)

CM-Cys 10 4.69 (5) 5.35 (5)
Asp 28 23.06 (23) 6.84 (7)
Thr 16 11.66 (12) 2.94 (3)

Ser 31 23.36 (23) 9.87 (10)
Glu 14 13.02 (13) 2.40 (2)
Pro 10 5.30 (5) 3.78 (4)
Gly ]8 12.97 .(13) 5.4] (5)
Ala ]6 10.69 (11) 5.11 (5)
Val 11 8.68 (9) 1.82 (2)
Met 4 3.00a l (3) LOOa) (1)
Ile 7 6.00 (6) 0.13
Leu II 6.47 (6) 5.06 (5)
Tyr 17 15.11 (15) 2.13 (2)
Phe 6 4.80 (5) 1.06 (1)
His 3 2.22 (2) 1.31 (1)
Lys 9 8.04 (8) 1.37 (1)
Arg 4 3.85 (4) 0.07
Trp 5 2.86 (3) 1.77 (2)

Total 215 166 51

a) Assumed as Met 3.00 and 1.00 residues per mol for components I and II. respectively.

During the course of characterization, we determined the sequence of the NH2"terminal
48 amino acid residues of RNase Rh. When this sequence is compared with that of the similar
base non-specific and adenylic acid preferential RNase, RNase T2 from Aspergillus oryzael"
several homologous sequences can be seen. They are underlined in Fig. 7.
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One-Step Preparation of 1-Alkenyltriphenylphosphonium Perchlorates
by Electrochemical Oxidation of Triphenylphosphine

in the Presence of Alkenes
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1-6 Yamadaoka, Suita, Osaka 565, Japan
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Electrochemical oxidation of triphenylphosphine in dichloromethane at a graphite anode in
the presence of olefins has been shown to be a convenient method for the preparation of 1
alkenyltriphenylphosphonium perchlorates under mild conditions.

Keywords-triphenylphosphirie; l-alkenyltriphenylphosphonium perchlorate; alkene; elec
trochemical oxidation; constant current electrolysis

Triphenylvinylphosphonium bromide (Schweizer's reagent)!' and related l-alkenylphos
phonium salts are useful building blocks for the synthesis of carbocyclic" and heterocyclic"
compoundsvallylamines;" and l,4-dienes.S

) Applications of l-cycloalkenyltriphenylphos
phonium salts to the synthesis of carbocyclic and heterocyclcic compounds and optically
active organophosphorus compounds have also been reported." 7) However, the preparation
of the phosphonium salts usually involves rather troublesome multistep procedures.l-V" On
the other hand, we found recently that electrochemical oxidation of triphenylphosphine (1) in
the presence of olefins (2) can be an efficient method to prepare l-alkenyltriphenylphos
phonium salts (3)10): l-cycloalkenyl derivatives (Cs-Cs) were obtained in 50-70% yields.
This paper reports further examples of electrochemical preparation of 3 (Chart 1), including
triphenylvinylphosphonium perchlorate (3'0.

electrochem. oxidn.

1 2

Chart 1

Results and Discussion

3

As described previously,'?' the phosphonium salt 3 was obtained by constant current
electrolysis of a mixture of 1 and 2 in dry dichloromethane containing 2,6-lutidinium
perchlorate (Lu tCI04 ) in an undivided electrolysis cell. The results are shown in Table I.

Since the oxidation potentials of the olefins used are higher than that of 1,11) the process
for the formation of 3 can be represented as shown in Chart 2 by analogy with the reactions of
triphenylphosphine radical cation (4) with other nucleophiles.F' LutCI04 acts as a proton
carrier, that is, it is reduced to the free base at the cathode and the latter accepts the proton
liberated at the anode.

In the electrolysis with 2a, .2e, and 2d, the phosphonium salts listed in Table I were
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TABLE 1. Electrochemical Preparation of 3/)
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Olefin 2 (amount (mmol)

a l-Methylcyclohexene (15)
b Cyclohexene ] 15)
c Styrene (3)
d 4-Methylstyrene (3)
e 1,3-Cyclohexadiene (5)
f Ethylene (saturated)

Product 3b
)

(2-Methylcyclohexen-l-yl)P +Ph3

(Cyclohexen-l-ylP't Ph,
C6HsCH = CH-P+Ph3

p-Me-C6H4CH =CH-P+P.hJ

(1,3-Cyclohexadien-l-yl)P +Ph3

CH 2 =CH-P +Ph3

Yield (%Y)

41
53d l

79
ca. 100

92e)

30fl

a) General procedure, see Experimental (amount of 1, 3mmo\). b) Counter anion, CI04 -.

c) Isolated yield based on 1. d) Quoted from ref. 10. e) Obtained as a crude product, see the text.
/) At 0 DC, see Experimental.

- e -I-2 1 + 2. - e, -H+
1 --- Ph3P+· ~ R -CH -CH(R )-PPh3 3

4

Chart 2

isolated, and no other compound derived from 1 and the olefins was obtained. The yield of 3a
was lower than that of 3b under the same electrolysis conditions. In 2a only one position is
available for the attack of the radical cation 4 to give 3a, that is, the 2-position, while 3b will
be formed by the reaction of 4 with 2b at either of the two olefinic carbons. In the case of 2c
and 2d, the radical cation 4 seems to attack preferentially at the position in the molecule with
highest frontier electron density.':" The proton nuclear magnetic resonance eH-NMR)
spectra of 3c and 3d, which exhibit signals due to two vinyl protons with JHH= 18 Hz,
suggest':" that the phosphonium salts are trans isomers. Although the phosphonium salt 3e
was suggested, on the basis of spectroscopic data (see Experimental), to be the major
component of the product isolated in the electrolysis with 2e, it could not be separated from
small amounts of impurities. When the product was treated with sodium hydroxide according
to the known procedure." (l,3-cyclohexadien-l-yl)diphenylphosphine oxide (Se) was ob
tained in 62% yield. In an attempt to prepare the phosphonium salts of the type, R-CHz
CH =CH-P+Ph3 CI04 - (3g), electrolysis of 1 with l ..heptene was examined. An oily product
mixture containing some phosphonium salt was obtained, .but separation of the mixture into
each component has not yet been achieved. In this case, treatment of the mixture with sodium
hydroxide did not give the expected alkenyldiphenylphosphine oxide: Ph3PO was isolated
from the reaction.

The present results together with those reported previouslyl?' may suggest the possibility
of preparing various l-alkenyltriphenylphosphonium salts by electrochemical oxidation.
However, further investigation is required to obtain the phosphonium salts 3g and to improve
the yield of the vinylphosphonium salt 3f.

Experimental

All melting points are uncorrected. Infrared (IR) and IH-NMR spectra were. measured with Nippon-Bunko
A202, and Hitachi R-20 (60 MHz) or lEOL GX-400 (400 MHz) spectrometers, respectively. Constant current
electrolysis was carried out using a Hokuto Denko HA-301 and HA-lll potentiostat/galvanostat.

Materials--LutClO4- was prepared as described previously.!" Dichloromethane was distilled from PzOs and
stored over molecular sieves. Other organic compounds were obtained from commercial sources and were purified by
distillation or recrystallization.

General Procedure for the Preparation of 3--A 50 ml sample tube fitted with a silicon stopper was used as the
electrolysis cell. A graphite plate anode (10.5 x 2cm2) and a stainless steel plate cathode (2.8 x 2cm2) were placed in
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the cell at a distance of ca. 1em through the stopper. A solution of 1 (3 mmol) and 2 (amount, see Table I) in dry,
deoxygenated CH1CI1 (40ml) containing 0.2M LutCIO" and anhydrous K2C03 (3 g, suspended) were placed in the
electrolysis cell. The system was subjected to electrolysis (20 rnA; current density, ca. 1mA/cm2) at ambient
temperature under an N 2 atmosphere until 2 F per mol of 1 (579 C, ca. 8 h) had been consumed: the N2 gas was
supplied from a balloon connected to the cell by a hypodermic needle. The electrolyzed solution, -afterthe K2C03 had
been removed by filtration.was evaported to ca. 1-2ml under reduced pressure. Water (lOOmI) was added to the
residue, and the mixture was extracted with CHCl3 (50 ml x 4). The extracts were dried with anhydrous MgS04 and
concentrated to ca. 5ml under reduced pressure. The phosphonium salt 3 separated out when the residue was added
drop wise to ether (100 ml) with stirring.

(2-Methy-l~yclohexen-l-yl)triphenylphosphoniumPerchlorate (3a): mp 178-180 DC (from CH 2CI2-ether). IR
V;~;IJ em -1: 1590 (C=C), 1100 (CI04 -). NMR (CDCI3) s. 1.2-2.5 (llH, m), 7.5-8.2 (I5H, m). Anal. Calcd for
C2sH26CI04P: C, 65.72; H, 5.74; Cl, 7.76. Found: C, 65.71; H, 5.73; CI, 7.84.

(P-Styryl)triphenylphosphonium Perchlorate (3c): mp 189-190 DC (from CH2CI2-AcOEt). IR v;~;IJcm-l:

1600 (C =C), 1100 (CI04-). NMR (CDC13) 0: 7.17 (1H, dd, J pH=23 Hz, J HH= 18Hz), 7.40-7.45 (3H, m, Hm and
HP), 7.51 (1H~ dd, JpH = 21Hz, J HH = 18Hz), 7.65-7.95 (l7H, m, Ph3P and HO). Anal. Calcd for C26H12CI04P: C,
67.18; H, 4.77; CI, 7.63. Found: C, 67.10; H. 4.71; Cl, 7.45.

[fJ-(4-Methyl)styryl]triphenylphosphoniumPerchlorate (3d): mp 221-223 PC (from CH 2C12-AcOEt). IR
v~~hcm-1: 1600 (C=C), 1100 (CI04 -). NMR(CDCI3 ) fJ: 2.46 (3H, s, CH3) , 7.14 (1H, dd, J pH = 23 Hz, J H H :::: 18Hz),
7.35 (2H, brd, J=9Hz, Hnt), 7.41 (lH, dd, Jp H = 21 Hz, JHH = 18Hz), 7.6-8.0 (l7H, m, Ph3P and HO). Anal. Calcd
for C17H24-CI04P: C, 67.72; H, 5.05; ci, 7.40. Found: C, 67.94; H, 5.11; ci, 7.17.

Electrolysis of 1 (786 mg) in the presence of 2e (400 mg) followed by work-up as described above gave a
crystalline solid as the product (1210mg). The following spectral data, together with the 13C-NMR spectra of vinyl
and allylphosphonium salts,16) suggest that (l,3-eyclohexadien-1-yl)triphenylphosphonium perchlorate (3e) is the
main component ofthe product. IR v~:em-I: 1620 and 1585 (conjugated diene), 1100 (C104 -). IH-NMR (CD3CN)

s. 2.37-2.45 (4H, m), 6.23-6.27 (1H, m,H on C3), 6.42-6.48 (lH, m, H on C4), 6.71 (lH, dd, J pH = 20 Hz,
JHH=5.5Hz, H on C2). 7.68-7.93 (ISH, m, Ar). 13C-NMR (DMSO-d6 ) s [JpC<Hz), assignment]: 113.4 [84.7, C1],
146.5 [9.2, C2l, 123.8 [16.0, C3], 136.8 [9.2, C4], 21.7 [8.4, C5 or C6], 22.9 [6.9, C6 or C5], 117.0 [89.3, P+-C of Ph],
134.1 [10.7, o-C], 130.4 [13.0, m-C], 135.1 [3.1, p-C]. Treatment of the product (900mg, ca. 2 mmol as 3e) with NaOH
in H20-EtOH according to the reported procedure?' followed by column chromatography on silica gel [AcOEt
hexane (5:1)] gave (1,3-cyclohexadien-I-yl)diphenylphosphine oxide (5e) (351 mg, 62%): mp 139-l40°C (from
hexane). IR v~~;1Jcm-l: 1630 and 1600 (conjugated diene). NMR(CDCI3) 0: 2.2-2.4 (4H, m), 6.00-6.12 (2H, m),
6.38 (lH, br dd, JpH = 11 Hz, JH H == 3.5 Hz), 7.35-7.95 (lOH, m). Anal. Calcd for C1sHI 7 OP: C, 77.13; Ii, 6.11.
Found: C, 76.86, H, 6.02.

Triphenyhinylpbosphonium Perchlorate (3f)--Ethylene was bubbled through the solution of 1 (786 mg)' in dry
CH2Cl2 (40rnl) containing O.2M LutCI04 and suspended K2C03 for 30min. The mixture was electrolyzed at O°C as
described above. Work-up of the electrolyzed solution gave 3£ (350 mg): mp 134-136 DC (from CH 1C12-ether). IR
v;~;IJcm-l: 1590 (C=C), 1100 (CI04-). NMR (CDCI3) 0: 5.8-7.0 (3H, m), 7.3-8.0 (15H, m). Anal. Calcd for
CloHH~C104P: C, 61.79; H, 4.67; ci 9.12. Found: C, 62.11; H. 4.63; CI, 9.22.

Acknowledgement This work was supported in part by a Grant-in-Aid for Scientific Research (60570987)
from the Ministry of Education, Science and Culture.

References and Notes

1) E. E. Schweizer and R. D. Bach, J. Org. Chem., 29, 1746 (1964).
2) R. Bonjouklian and R. A. Ruden, J. Org. Chem.• 42, 4095 (1977); I. Kawamoto, S. Murarnatsu, and Y. Yura,

Tetrahedron Lett., 1974, 4223; A. T. Hewson, ibid., 1978, 3267; A. T. Hewson and D. T. MacPherson, ibid.,
1983, 5807; A. G. Cameron and A. T. Hewson, J. Chem. ss«. Perkin Trans. 2, 1983,2979; M. E. Kuehne and R.
J. Reider" J. Org. Chem., 50, 1464 (1985); and references cited therein.

3) E. E. Schweizer, J. Am. Chem, Soc., 86, 2744 (1964); E. E. Schweizer, S. D. Goff, and W. P. Murray, J. Org.
Chem., 42, 200 (1977); E. Zbiral, Synthesis, 1974, 775; K. B. Becker, Tetrahedron, 36, 1717 (1980); J. V. Cooney,
B. D. Beaver, and W. E. McEwen, J. Heterocycl. Chem., 22, 635 (1985); and references cited therein.

4) A. J. Meyers, J. P. Lawson, and D. R. Carver, J. Org. Chem., 46, 3119 (1981).
5) G. Just and B. O'Connor. Tetrahedron Lett., 26, 1799 (1985).
6) T. Minami, H. Sako, T. Ikehira, T. Hanamoto, and I. Hirao, J. Org. Chem., 48, 2569 (1983); T. Minami, Y.

Taniguchi, and I. Hirao, J. Chern. Soc., Chem. Commun.,1984, 1046;T. Minami, T. Hanamoto, and I. Hirao, J.
Org. Chem., 50, 1278 (1985); T. Minami, T. Chikugo, and T. Hanamoto, ibid., 51,2210 (1986).

7) T. Minami, Y. Okada, Y. Taniguchi, R. Nomura, and I. Hirao, The 13th Symposium on Organic Sulfur and
Phosphorus Chemistry, Hiroshima, 1985, Abstract p. 21; T. Minami, Y. Okada, R. Nomura, S. Hirota, Y.
Nagahara, and K. Fukuyama, Chern. Lett.• 1986, 613.



No. 12 4963

8) E. E. Schweizer and A. T. Wehman, J. Chem. Soc. (C), 1971, 343; E. E. Schweizer, A. T. Wehman, and D. M.
Nycz, J. Org. Chem., 38, 1583 (1973).

9) G. Saleh, T. Minami, Y. Ohshiro, and T. Agawa, Chern. Ber., 112. 355 (1979).
10) H. Ohmori, T. Takanami, and M. Masui, Tetrahedron Lett., 26. 2199 (1985).
11) The voltammetric peak potentials of 1 and 2 in acetonitrile (0.1 M NaCl04 ) were as follows: 1, 1.4; 2a. 2.0; 2b,

2.1; 2c, 1.8; 2d. 1.8; 2e. I.S V vs. Ag wire (at a glassy carbon electrode, at 25°C; voltage sweep rate. 50mVs- 1) .

12) H. Ohrnori, K. Sakai, N. Nagai, Y. Mizuki, and M. Masui, Chem, Pharm. Bull., 33. 373 (1985) and references
cited therein.

13) Simple molecular orbital calculation showed that the {J position of the styrenes meets the requirement.
14) L. M. Jackmann and S. Sternhell, "Application of Nuclear Magnetic Resonance Spectroscopy in Organic

Chemistry." 2nd ed.• Pergamon Press. Oxford. 1969, pp. 301-304.
15) H. Ohmori, T. Takanami, H. Shimada. and M. Masui, Chern. Pharm. Bull.; 35, 2558 (1987).
16) T. A. Albright, W. J. Freeman. and E. E. Schweizer, J. Am. Chern. Soc., 97, 2946 (1975) and references cited

therein.



4964

[
Chem. Phar m, BUlL]
35(12)4964-4966{1987)

A One-Pot Isoqainoline Synthesis by Cyclodehydrogenation of
N-Benzyl-a-alkylaminoacetals with Chlorosulfonic Acid:

Formation of 3-Alkylisoquinolines1
)

KAZUKO KIDO* and YASUO WATANABE

Daiichi College of Pharmaceutical Sciences. 22-1 Tamagawa-cho,
Minami-ku. Fukuoka 815. Japan

(Received April 27, 1987)

Vol. 35 (1987)

A direct preparation of fully aromatized 3-alkylisoquinolines (3e-p), was achieved by
cyclodehydrogenation with chlorosulfonic acid of N-benzyl-~-alkylaminoacetals(2e-p) which
were prepared by addition of Grignard reagent to N-benzyliminoacetals (la-d).

Keywords-N-benzyl-ct-alkylaminoacetal; N-(3,4-dimethoxybenzyl)-~-alkylaminoacetal;N
(3-methoxybenzyl)-et-alkylaminoacetal; N-(4-methylbenzyl)-a-alkylaminoacetal; alkyl halide; 3
alkylisoquinoline; benzyliminoacetal; chlorosulfonic acid

In the previous paper," we reported a one-pot preparation of fully aromatized
isoquinolines by the cyclodehydrogenation of benzylaminoacetals and o-alkylbenzylami
noacetals with chlorosulfonic acid(ClS03H) without the use of any other oxidizing agent.

Now we wish to report a direct preparation of fully aromatized 3-alkylisoqunolines (3) by
the cyclodehydrogenation with ClS03H of N-benzyl-a-alkylaminoacetals (2), which were
prepared by the addition of Grignard reagent to appropriate benzyliminoacetals (1).

2) 15% aq. NH4CI

1) CISOaH

2) H20

la-d

a: R1=R2=H

b: R1=R2=OCH
3

c : R1 =H, R2=OCH
3

d: R1 = CH), R2=H

2e-p

e : R1=R2 = H, R~=CH3
f: R1 = R2::=H, R3=C

2Hs
g: R1=R2 = H, R3=n-C

3H7

h: R1=R2 :;:= OCH), R3 = CH3

i: R1=R2 = OCH 3 , R3 = C2Hs
j: R1=R2 = OCH3 , R3=n-C

3H7

Chart 1

3e-p

k: R1=H, R2=OCH,3, R3=CH
3

): R 1 = H , R2 ::::;: OCH3• R3 = C2Hs
m: R1 = H, R2 = OCH3 , R3 = n-C3H7

n: R1=R3=CH), R2 =H
0: R1 = CH3, R2 = H, R3 = C2Hs
p: R1=CH

3, R 2 = H, R3 = n-C3H7

N-Benzyl-et-alkylaminoacetals (2) were treated with CIS03H at -lODe under a nitrogen
atmosphere, then left to stand at room temperature for 72h or heated 100°C for 10min. The
crude base thus obtained was subjected to gas chromatography. Only one peak was
recognized except for two cases (21~31 and 2m-)o-3m).3) All of the known (3e-h, k, n, 0) and
new bases (3i-j, 31, m and p) obtained by this one-flask operation were shown be identical
with the corresponding authentic specimens prepared by alternative well-known methods.
Various spectral data, especially the ultraviolet (UV) absorption curves, of these bases were
consistent with the fully aromatized structures." Yields of the products (3) based upon the



No. 12 4965

TABLE I. Physical, Spectral and Analysis Data and Yields of N-Benzyl-IX-alkylaminoacetals {2e-p)

Oxalate
Analysis CXJ

Substrate bp CC/mmHg) mp eC) Formula
Calcd (Found) M~~l/Z) Yield (%)

(from EtOH)
C H N

2e 160-162/6 154-156 76
(94-96/0Ab»

2f 132-135/5 133-134 74
(109-110/0.75"»

2gQ
) 183-184/5 108-109 C16H2,N02 72.45 10.19 5.28 265 75

(72.31 10.18 5.22)
2h 230-233/6 130-131 74

(175/2C
)

2i 174-176/5 76--78 71
(160/0.2'")

2jU) 160-163/5 74-75 ClsH31N04 66.46 9.54 4.31 325 70
(66.19 9.20 4.15)

2ka) 165-169/5 148-149 ClsH2SN03 67.42 9.36 5.42 267 79
(67.13 9.12 5.21)

210
) 163-164/6 119-120 C16H27N03 68.32 9.60 4.98 281 76

(68.18 9045 5.08)
2m/I ) 163-165/6 110-111 C1,H29N03 69.15 9.38 4.75 295 75

(68.86 9.48 4.85)
2n 135-136/6 140-141 77

(l12-114/0.5b
»

20 131-133/6 107-108 75
(108-11O/0Ab»

2p") 157-158/7 99-100 C1,H29N02 73.12 10.39 5.20 279 75
(73.12 10.10 5.17)

a) New compounds. b) N. Vinet, Bull. Soc. Chim. France, 1960, 617. c) P. Lejay and Cl. Viel, Ann. Chim.; 1977, (2). 87.

substrates (2) were 3-72%.
In the previous paper" we proposed that CIS03H not only plays the same role as sulfuric

acid in the Pomeranz-Fritsch reaction but also can cause dehydrogenation.
Since the formation of 3-alkylisoquinolines is difficult or fails in the Pomeranz-Fritsch

-synthesis,S) the Schlittler-Miiller procedure'? presented here in which CIS03H is used as a
cyclodehydrogenating agent presented here should be advantageous for one-pot syntheses of
the fully aromatized 3-alkyl-isoquinolines from N-benzyl-a-alkylaminoacetals.

Physical and spectral data, yields and microanalyses of 2e-p and 3e--p are given in
Tables I and II.

Experimental

Melting points were determined on a Yanaco micro melting point apparatus and are uncorrected. UV and mass
spectra were taken on Jasco UVIDEC-505 and JEOL JMS-100 spectrometers. All solutions were dried over
anhydrous MgS04.

Grignard Reaction of Benzyliminoacetals (la-<l): Formation of N-Benzyl-lX-alkyJaminoacetals (2e-p)--A
benzyliminoacetal (la-d, 20 mmol in 30 ml of Et20) was added to a Grignard reagent which was prepared from Mg
(O.583g, 24mmol in 20ml of Et20) and an alkyl halide (CH3I, CzHsBr, n-C3H,Br, 24mmol in 30ml of Et20). The
reaction mixture was decomposed with 15% aqueous NH4CI solution and the product was extracted with Et20. The
extract was dried and distilled. Physical data. yields and elemental analyses are given in Table I.

Treatment of N-Benzyl-a-alkylaminoacetals (2e-p) with CIS03H: Formation of 3-Alkylisoquinolines (3e-p)-
An acetal (2e-p, 10mmol) was added portionwise to CIS03H (11.6 g. 100mmol) at -10 °C with stirring under a
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TABLE II. Physical, Spectral and Microanalytical Data and Yields of 3-AlkyIisoquinolines (3e-p)

mp (OC) or Picrate mp (Oe)
High-resolution

Yield
Base UV l~:?Hnm (loge) Formula MS mjz (M+)

bp (OC/mmHg) (from C6H6)
Calcd (Found)

(%)

3e 63---<54 203-204 217 (4.17).247 (3.75), 253 (3.80), 72
(68b) 259 (3.76), 312 (3.50), 326 (3.57)

3f 120-122/5 173-174 217 (4.74), 258 (3.65), 268 (3.64), 62
(17 I-172bl) 3] 2 (3.48), 326 (3.58)

3g 131-132/5 160-161 221 (4.50), 260 (3.46), 27] (3.49), 60
(l61 c» 313 (3.23), 327 (3.31)

3b 130-131 280-284 234 (4.50), 268 (3.42), 277 (3.39), 69
(132-133dl) (dec.) 289 (3.26), 313 (3.21), 327 (3.18)

3ia ) 58-59 243-244 234 (4.50), 267 (3.54), 277 (3.39), C13HlSN02 217.1099 66
289 (3.38), 314 (3.37), 328 (3.38) (217.1034)

3jU) 67-68 198-199 231 (4.61), 265 (3.48). 277 (3.75), C14H17N02 231.1255 60
289 (3.65), 315 (3.58), 328 (3.58) (231.1250)

3k 65-66 233-234 224 (5.46), 257 (3.29), 265 (3.25), 18
(65-661.'» 333 (3.27), 344 (3.29)

31tl ) 56-57 199-202 224 (5.46), 256 (4.03), 264 (3.96), C12H13NO 187.0994 6
332 (3.59), 343 (3.64) (187.0945)

3mQ
) 84-86 204-206 224 (5.52), 256 (4.00). 264 (3.94), C13H1SNO 201.1153 3

332 (3.62), 343 (3.64) (201.1127)
3D 78-79 209-21 I 224 (4.78), 264 (3.31). 275 (3.34), 55

(193-195bl) 287 (3.20), 31 I (3.24), 326 (3.34)
30 35-36 208-209 223 (4.16), 264 (3.32). 275 (3.27), 51

(194- I 9.6bl) 288 (3.14), 310 (3.23), 326 (3.35)
3pOl 45-46 194-196 223 (4.49), 264 (3.03), 275 (3.10), C13H1SN 185.1201 47

287 (3.08),310 (3. II), 324 (3.17) (185.1202)

a) New compounds. b) N. Vinet, Bull. Soc. Chim. France, 1960. 617. c) 1. M. Albahary, s«, 29, 2391 (1890). d) T.
Koyama, M. Toda, Y. Katsuse and M. Yamato, Yakugaku Zasshi, 90, 11 (J970). e) R. B. Tirodkar and R. N. Usgaonkar, Ind. J.
Chem., 10, 1060 (J972).

nitrogen atmosphere, then allowed to stand in the range from room temperature (for 72 h with reactive substrates
such as 2h-p) to 100 DC (for IOmin with the less reactive acetals such as 2e--g). The reaction mixture was poured
onto crushed ice. After extraction with Et20 , the acidic solution was made alkaline with Na2COJ , and the product
was extracted with CH 2CI2 • The extract was dried, and the solvent was removed to give the product, which was
distilled or recrystallized (from C6H6) . Physical and spectral data, yields and microanalyses of the products are given
in Table II.

Acknowledgement The authors are grateful to Miss Keiko Harada, Mr.Yoki Tasaki and Mrs. Ryoko
Nakazono for mass spectral measurements and elemental analyses.
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The structure of the product from the reaction of diazomethane and 4,5,6,7-tetrahydro
4',4',6,6-tetramethylspiro[I,3-benzoxaselenole-2, I '-cyclohexane]-2',4,6'-trione (I), which was pre
pared by the oxidation of dimedone with selenium dioxide, was proved by X-ray analysis to be
1,2,3.4,8,9,10,11-octahydro-3,3,lO,10-tetramethyl-I,8-dioxodibenzo[h,e][l,4,7]dioxaselenocine (II).
Several l,3-oxaselenoles (IV) derived from bicyclo[3.3.1]nonane-2,4-diones (III) were treated with
diazomethane in ether to give the corresponding dioxaselenocines (V) in good yields.

Keywords-p-diketone; bicyc1o[3.3.I]nonane-2,4-dione; 3-oxaselenole; diazomethane;
selenium dioxide; '1,4,7-dioxaselenocine; X-ray analysis

4967

In our preliminary communication,1) the product obtained from the reaction of diazo
methane and 4,5,6,7-tetrahydro-4',4',6,6-tetramethylspiro[I,3-benzoxaselenole-2,l'-cyclo
hexane]-2',4,6'-trione (1), which was prepared by the oxidation of dimedone with selenium
dioxide (Se02) , was suggested to be 1,2,3,4,8,9,10,11-octahydro-3,3,IO,10-tetramethyldi
benzo[b,e][l,4,7]dioxaselenocine-I,8-dione (II) on the basis of the elemental analysis, phys
ical data, and some chemical reactions. To confirm the structure of compound II, we carried
out an X-ray crystallographic analysis. In this paper, the results of the X-ray analysis and
similar transformations of bicyclo[3.3.1]nonane-2,4-diones (III) are described.

The X-ray crystallographic analysis of compound II (Fig. I) revealed that our earlier
suggestion!' was correct. The bond angles of C6-Se. C4 a- OS- C6 , C6-Se-C7... and CU n-O l2

Cl 2a are 113.2°, 119.3°, 99.8°, and 116.7°, respectively, and the bond lengths of C6-Se and Se
C7a are 1.95 and 1.91 A, respectively.

This is the first example of the transformation of 1,3~selenoles to dioxaselenocines, and
we therefore attempted to extend this reaction to the bicyclo[3.3.I)nonane system, which has
been studied because of its interesting reactivity based on the fork-head interaction between
C3 and C7 • Bicyclo[3.3.1 ]nonane-2,4-dione (IIIaf) was treated with Se02 in dioxane to give an
oxaselenole, 4',5',6',7',8 ',9'-hexahydrospiro[3,7-methanocyclooctane-l,2'-5',9'-metano
cycloocta[1,2-dj-l,3-oxaselenole]-2,4',8-trione (IVa) in a good yield; the product exhib
ited a characteristic pattern around the parent peak (mlz 380, base peak) due to the na
tural isotope abundance of Se in the mass spectrum (MS), and showed carbonyl stretching
bands at 1730, 1705, and 1645 em -1 in the infrared (IR) spectrum. Compound IVa was
treated with an excess of diazomethane to give quantitatively an inseparable mixture of
dioxaselenocines, syn- and anti-Y ,2,3,4,5,6, 10, 11,12,13,14,15-dodecahydro-2,6-methano
11,15-methanodicycloocta[b,e][1,4,7]dioxaselenocine-l,1O-dione (Va and Va'), which showed
a characteristic pattern of the parent peak centered at m]z 394 in the MS, the carbonyl and
olefinic absorption bands at 1655, 1610, and 1580cm- 1 in the IR spectrum. The mixture
exhibited two pairs of AB-type signals at fJ 5.49-6.03 and 5.59-5.72 (4:1 in intensity) due to
the Cg-protons in the nuclear magnetic resonance (NMR) spectrum. From an examination of
a molecular model, the major product was suggested to be the syn-isomer (Va). In the anti-
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Fig. 1. ORTEP Drawing of the Molecule of Compound II
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isomer (Va'), the dioxaselenocine ring is slightly distorted because of repulsion between the
C4 - and Cl 9-methylene groups. and this distortion may affect the chemical shifts of the CB

protons in Va'. This suggestion was confirmed by the result of a similar reaction using the 1,3
oxaselenolse obtained from 9,9-dimethoxybicyclo[3.3.1]nonane-2,4-dione (BIb) or bicyclo-
[3.3.1]nonane-2..4,9-trione (HIe).

The product obtained by the oxidation of IIIb with Se02 was not crystallized and was
treated with diazomethane to give pure 1,4,7-dioxaselenocine in a good yield; the product
exhibited an AB-type signal at f> 5.53 and 6.04 in the NMR spectrum. From the chemical shift
and an examination of a molecular model, this compound was suggested to be syn-l,4~7

dioxaselenocine (Vb). Compound Vb was hydrolyzed with diluted hydrochloric acid to give
the 18,19-dioxo analogue of Va (Vc), which exhibited an AB-type signal (J= 10.6Hz) due to
the Cs-protons at 05.67 and 6.27 in the NMR spectrum.

Similarly, HIe was oxidized with Se02 to give the 9,10'-dioxo analogue of IVa (lVc), but
in poor yield.

Experimental

All melting points were taken on a Kofler block and are uncorrected. Thin layer chromatography (TLC) was
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done on Merck precoated silica gel (Si02) plates. IR spectra were determined by using a lASeO IRMAl diffraction
grating spectrophotometer; absorption data are given in em -1. NMR spectra were recorded in CDCl3 on a lEOL
FX-270 spectrometer with tetramethylsilane as an internal standard. The chemical shifts and the coupling constants
(.I) are given in 0 and Hz, respectively. Ultraviolet (UV) spectra were obtained in CHC13 with a Hitachi 200-10
spectrophotometer, and absorption maxima are given in nm. Gas chromatography (GC) was carried out using a
Shimadzu GC-6AM instrument with a stainless steel column (3 m/m x 3 m) packed with 5~~ SE-30. The nitrogen gas
flow rate was 40 ml/min. Mass spectra were measured with a lEOL D~200 (70 eV, direct inlet system). All solvents
were removed under reduced pressure after drying of the solution over anhydrous Na2S0 4 •

4,5,6,7-Tetrahydr0-4',4',6,6-tetramethylspiro[1,3-benzoxaselenole-2,l'-cyclohexane]M2'4,6'-trione (I)--A mix
ture ofdimedone (3.8 g, 27 mmol) and Sefr, (3.0 g, 27 mmol) in dioxane(50 ml) was stirred at 90°C for 20 h. The filtrate
was concentrated and the residue was recrystallized from EtOH to give golden yellow prisms quantitatively. rnp
167-169°C·(Lit.31 167 °C). TLC (CH 2CI2) : RfO.3 (cf. dimedone: ~lO.I). MS mjz (%): 358 (Mot +2, 12), 356 (M+,
58),354 (M+ -2, 29),352 (M+ -4, 11),273 (M+ -83, 100),83 «CH3hC=CH -C=O+, 59). IR (KBr): vc=o 1730,
1703,1645, 1603. UV. Am ll x (s): 402 (141),300 (3870),250 (sh, 2300),241 (2500). lH-NMR: 0.87 (3H. s. C4.-Me). 1.15
(6H. S, C6-Me), 1.21 (3H, S, C4,-Me), 2.33 (2H, 5, Cs-H), 2.63 (2H, S, C7-H), 2.50,3.02 (each 2H, d, J= 14.5, C3' - and
Cs,-H). 13C-NMR: 25.3, 28.2, 29.9 (each q, Me), 30.4,34.1 (each 5, C6 and C4 .) , 38.7 (t, C1) , 50.0 (t, C3 and CS,), 50.9
(t, Cs), 92.9 (s, C1 or C2) , 106.0 (5, C3a) , 169.9 (s, C,II)' 192.2 (s, C4) , 196.6 (s, C2, and C6·) . Anal. Calcd for C16H2004
Se: C, 54.09; H, 5.67. Found: C, 53.87; H, 5.63.

1,2,3,4,8,9,10,11-Octahydro-3,3,10,1O-tetramethyldibenzo[b,e][1,4,7]dioxaselenocine-l,8-dione (H}-An ex
cess of CH2N2 in Et20 w.as added to a methanolie solution of I (0048 g, 1.4 mmol). The crystalline solid obtained
quantitatively after removal of the solvent was recrystallized from hexane to give pale yellow prisms. mp 108-109 DC.
TLC (CH2CI2) : RfOA. GC (250°C): tR 3.6 min. MS mlz (%): 372 (M+ -2,16),370 (M+, 77), '368 (M+ -2,37),355
(M +-CH3• 49), 83 «CH3h C = CH -C =:0+, 100). IR (Nujol): Vc=o 1678, 1665 (Cj-carbonyl"), vc=o 1630, vc=c
1600. UV Am a x (e): 300 (4200), 257 (13900),240 (sh, 9500). lH-NMR: 1.10, 1.12 (each 6H, s, Me), 2.33, 2.35, 2.39, 2.92
(each 2H, s, CH 2) , 5.78 (2H, s, C6-H). 13C-NMR: 27.8,28.1 (each q, Me). 31.5,32.0 (each s, C3 and C lO ) , 43.6,45.3
(each t, C4 and Cll)' 50.7, 50.9 (each t, C2 and Cg) , 67.4(t, C6 ) , 114.1 (s, C7a) , 129.1 (s, CU a) ' 161.6 (5, C4a) . 171.7(5,
Cll a) , 193.8, 196.2 (each s, C1 and Cs). Anal. Calcd for Cl7Hz204 Se: C, 55.28; H, 6.00. Found: C, 55.24; H, 6.19.

4' ,5' ,6' ,7' ,8' ,9'-Hexahydrospriro[3,7MmethanocyclooctaneMl,2'-5' ,9'-methanocycloocta[I,2-d]-1,3-oxa
selenole]-2,4',8-trione (IVa)--A mixture of bicyclo[3.3.1]nonane-2,4-dione(IIIa, 50mg, 0.33mmol) and Se02

(72 mg, 0.66 mrnol) in dioxane (10 ml) was stirred overnight under reflux.. The reaction mixture was filtered and the
solid on the filter was washed with Et20 . The combined filtrate was concentrated to give a yellow solid, which was
purified through an Sial column. The yellow oil obtained from the CHCl3 eluate spontaneously solidified. IVa: yield,

TABLE 1. Crystal Data for Compound II

Molecular formula
Molecular weight
Crystal system
Space group
Cell dimensions

a
b
c
v

Dx
Final R value

C17H2 204Se

369.35
Monoclinic
P21 /1J

170433 (3) A
5.819(4)

17.314 (6)
1720.0 (2) AJ
4
1.426gcm- 3

3.3'.\

TABLE II. Bond Lengths (A) for the Non-hydrogen Atoms

C(1)-Q(13) 1.219 (3) C(I)-C(2) 1.506 (4) C(2)-C(3) 1.528 (4)
C(3)-C(4) 1.532 (3) C(3)-C(14) 1.530 (4) C(3)-C(15) 1.525 (4)
C(4}-C(4a) 1.499 (3) C(4a)-O(5) 1.358 (3) O(5)-C(6) 1.441 (3)
C(6)-Se(7) 1.949 (3) Se(7)-C(7a) 1.913 (2) C(7a)-C(8) 1.472 (3)
C(8)-O(16) 1.216 (3) C(8)-C(9) 1.508 (4) C(9)-C(10) 1.528 (4)
C(l 0)-C(17) 1.535 (4) C( 1O)-C( 18) 1.528 (5) C(10)-C(l1) 1.527 (3)
C(11)-C(11a) 1.498 (4) C( lla)-O(l2) 1.383 (3) O(12)-C(12a) 1.401 (3)
C( l2a)-C( 1) 1.461 (3) C(12a)-C(4a) 1.344 (3) C(7a)-C(lIa) 1.337 (3)
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lOOmg(80/~). mp 232-234°C(yellowprisms). IR(KBr): vc=o 1730, 170St 1645, vc=c 1605. IH-NMR: 1.1-I.4(IHt
m), 1.4-2.0 (lOR, m), 2.0-2.5 (5H, m), 2.60, 2.93, 3.03, 3.03 (each lR, nearly S, bridgehead H). MS mjs: (%): 380
(M+, 100), 378 (M+ -2, 51), 352 (M+ -COt 9), 298 (M+ -C4H6CO, 37), 269 (M+ -C6HuCO, 12), 256 (mlz
298 -CH2CO, 53), 214 (mlz 256 -CH2CO. 14), 55 (C2H3CO +. 71). Anal. Calcd for CIsH:zo04Se: C, 57.00; H, 5~31.

Found: C, 56.78; H, 5.22.
syn and anti-l,2,3,4,5,6,lO,11,12,13,14,15-Dodecabydro-2,6-methano-l1,1S-methanodicycloocta[b,e][1,4,7]di

oxaselenocine-I,IO-dione (Va}-An excess of CH 2N2 in Et20 was added to a methanolic solution of IVa (90rng).
The crystalline solid obtained after removal of the solvent was recrystallized from hexane. syn- and anti-Va (4:1):
yield, 93mg. mp 128-132°C. IR (Nujo1): \'c=o 1655, Vc==c 1610, 1580. IH-NMR, syn: 1.4-2.0 (l4H, m), 2.22, 2.50
(each lH, d m, J= 12.8, CIS or CI9-H), 2.57, 2.65, 2.69, 3.40 (each IH t brs, bridgehead H), 5.49, 6.03 (each IH, d,
J= 10.3, Ca-H), anti: 3.04(IH, br s, bridgehead H), 5.59,5.72 (each IH, d, J= 10.1, Cs-H). MS mjs (%): 394 (M+, 22),
392 (M+ -2, 10), 366 (M + -CO, 8), 244 (IIla+CSe, 100), 242 (51), 81 (SeH, 36), 69 (c;H6CO+, 41).

TABLE III. Bond Agnles e) for the Non-hydrogen Atoms

C(2)-C(1)-O(13) 122.17 (0.24) C(12a)-e(1)-Q(13) 121.08 (0.22)
C(2)-C(1 )-C(I2a) 116.71 (0.22) C(1)-C(2)-C(3) 114.64 (0.22)
C(2)-C(3)-C(4) 107.73 (0.18) C(3)-C(4)-C(4a) 114.13 (0.20)
C(4)-C(4a)-C( I2a) 122.70 (0.20) C(4)-C(4a)-Q(5) 111.03 (0.19)
O(5)-C(4a)-C( 12a) 126.26 (0.19) C(4a)-O(5)-C{6) 119.26 (0.18)
D(5)-C{6)-Se(7) 113.23 (0.16) C(6)-Se(7)-e(7a) 99.83 (0.11)
Se(7)-C{7a)-C(8) 113.16 (0.17) Se(7)-C(7a)-C(lla) 127.35 (0.18)
C(8)-C(7a)-C(11a) 1.19.50 (0.22) C(7a)-C(8)-O( 16) 120.86 (0.24)
C(9)-C(8)-0(16) 122.21 (0.24) C(7a)-C(8)-C(9) 116.83 (0.22)
C(8)-C(9}-C(10) 114.05 (0.24) C(9)-C(1 O)-C(lI) 108.35 (0.21)
C(1O)-C(l1 )-C(11 a) 113.92 (0.20) C(7a)-C(l Ia)-C(I 1) 124.56 (0.21)
C(7a)-C(lla)-0(l2) 122.42 (0.22) C(II)-C(lla)-Q(l2) 112.87 (0.20)
C(lla)-O(12)-C(l2a) 116.72 (0.18) C(4a)-C(12a)-o(12) 122.71 (0.20)
C(4a)-C(l2a)-C(l) 121.24 (0.20) O(12)-C( 12a)-C(1) 115.94 (0.20)

TABLE IV. Atomic Co-ordinates (x lOs) for Compound II with Estimated
Standard Deviations in Parenthesis

Atom x y z B

C(l) 54544 (14) -2255 (44) 27742 (13) 388 (5)
C(2) 46117 (15) -9882 (47) 25815 (16) 443 (6)
C(3) 40148 (13) 9683 (43) 24782 (13) 372 (5)
C(4) 42027 (13) 24787 (49) 32172 (14) 385 (5)
C(4a) 50533 (I 1) 30772 (38) 34708 (11) 327 (5)
0(5) 51530 (9) 48964 (28) 39725 (9) 391 (3)
C(6) 58830 (14) 51459 (44) 45314 {I 5) 401 (6)
Se(7) 61741 (0) 24166 (5) 51762 (0) 426 (0)
C(7a) 69040 (11) 10608 (43) 46214 (13) 357 (5)
C(8) 74550 (13) - 5300 (47) 51105 (14) 404 (6)
C(9) 80592 (15) -16589 (53) 47238 (16) 477 (6)
C(lO) 83379 (13) -1555 (47) 41119 (13) 408 (5)
C(I1) 76210 (15) 6352 (60) 35098 (14) 456 (6)
C(1Ia) 69511 (13) 14026.(44) 38688 (13) 356 (5)
0(12) 64003 (9) 26687 (29) 33535 (9) 372 (3)
C(l2a) 56239 (11) 18935 (40) 32297 (11) 335 (5)
0(13) 59771 (11) -13402 (41) 25814 (13) 597 (5)
C(14) 40576 (18) 23748 (65) 17454 (16) 528 (7)
C(15) 31936 (15) -473 (63) 24025 (20) 547 (8)
0(16) 73943 (II) -9842 (43) 57810 (10) 592 (6)
e(17) 87917 (18) 19248 (63) 45164 (20) 556 (8)
C(18) 88780 (19) -15136 (75) 36867 (19) 599 (9)
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The 17,17,18,18-Tetramethoxy Analogue of Va (Vb)--A mixture of 7,7-dimethoxybicyclo[3.3.l]nonane-2,4
dione (IIIb, 212 mg, 1mmol) and Se02 (222 mg, 2 mmol) in dioxane was treated under conditions similar to those
used in the preparation of IVa. The product was not crystallized but was further treated with an excess of CH2N2 in
Et20. Crude Vb obtained after removal of the solvent was purified by recrystallization from hexane. mp 200-?02 DC.
The yield was quantitative. IH-NMR: 1.2-2.1 (12H, m), 2.8-2.95 (3H, m, bridgehead H), 3.17, 3.20, 3.22, J.23
(each 3H, s, OMe), 3.77 (IH, dd, J=3.8, 2.7, bridgehead H), 5.53, 6.04 (each IH, d, J= 10.3, Ca-H). MSmjz (%): 514
(M+, 25), 483 (M +-OMe, 9), 304 (IIIb+CSe, 100), 101 (methoxycyclohexenyl, 79). Anal. Calcd for C23H300a Se: C.
53.81; H, 5.89. Found: C, 54.01; H, 5.89.

The 18,19-Dioxo Analogue of Va (Vc)--A 5% HCI solution (1 ml) was added to a mixture of Vb (lOOmg) and
Me2CO (5 ml). The diluted solution was extracted with Et20. The residue obtained after removal of the organic
solvent was recrystallized from Et;O-hexane. mp 228-229 "C, yie1d:80mg (97%). IH-NMR: 1.5-2.4 (12H, m), 3.31,
3.31,3.41,4.15 (each IH, brs, bridgehead H), 5.67,6.23 (each IH, d, J= 10.6, Cg-H). MS mjz (%): 422 (M+, 59),258
(IVc+CSe, 75), 55 (CH 2=CH-C:EO+, 100). Anal. Calcd for C19HIS06 Se: C, 54.17; H, 4.31. Found: C, 54.44; H,
4.28.

The 9,10'-Dioxo Analogue oflVa (IVc)--A mixture of Hlc (166 mg, 1.0 rnmol) and Se02 (287mg, 2.6mmol) in
dioxane was treated in the usual manner. Crude IVc was recrystallized from EtOH (difficult to dissolvel). mp 261
263°C. Yield: 61 mg (15%). IH-NMR: 1.4-2.15 (6H, m), 2.15-2.4 (3H, m), 2.51 (lH, d m, J= 15.7),2.6-2.8 (2H,
m), 3.32 (IH, d like, J=4.7, bridgehead H), 3.59 (l H, dd, J=6.9, 3.1, bridgehead H), 3.65-3.71 (lH, m, bridgehead
H), 3.75 (IH, dd, J=6.5, 3.3, bridgehead H). MS mjz (%): 408 (Mot, 26), 406 (14), 352 (M+ -2CO, 18), 324
(M+ -3CD, 27),91 (50),80 (71), 79 (C4 HsCO +, 100),55 (CH2 = CH- C :=O +.94). Anal. Calcd for Cl 8 H1606 Se: C,
53.08; H, 3.96. Found: C, 52.85; H, 4. I I.

X-Ray Analysis of Compound II--Intensity measurements were made with a Rigaku AFC 5R automatic 4
circle diffractometer using monochromated Cu-XiX radiation. Pale yellow single crystals ofcompound II for the X-ray
study were obtained from hexane. The crystal data, intramolecular bond lengths (A) and bond angles (0) for the
nonhydrogen atoms, and atomic co-ordinates are given in Tables I, II, III, and IV, respectively.

Acknowledgement The authors thank Dr. C. Katayama of the analytical center of Rigaku Denki Co., Ltd.,
for the X-ray analysis, and Mr. M. Morikoshi and Mr. M. Ogawa for the measurements of I3C-NMR spectra and
elemental analyses, respectively.
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The reactions of 2-ehloro-9~phenyl-9H-purine (1) with sodium methoxide, ethoxide, and
phenoxide as O~nucleophiles, with butylamine and piperidine as N-nucleophiles, and withsodium
methylsulfide as an S-nucleophile, afforded 2-methoxy- (3a), 2-ethoxy- (3b), 2-phenoxy- (3c), 2
butylamine- (4a), 2-piperidinc. (4b), and 2-methylthio-9-phenyl-9H-purine (5), respectively. Com
pound 1 also reacted with ethyl cyanoacetate and phenylacetonitrile as C-nucleophiles in the
presence of sodium hydroxide in dimethyl sulfoxide to give ethyl et-cyano-9-phenyl-9H-purine-2
acetate (6a) and o:,9~diphenyl-9H-purine-2-acetonitrile (6b). However, 1 did not react with other
active methylene compounds, ketones or potassium cyanide.

On the other hand, 2-(methylsulfonyl)-9-phenyl-9H-purine (2), prepared easily from 1,
smoothly reacted not only with active methylene compounds but also with ketones and potassium
cyanide. When active methylene compounds, such as ethyl cyanoacetate and phenylacetonitrile,
were used, 2 gave 6a and 6b in good yields. In the cases of ketones and potassium cyanide, the
substitution reactions of 2 proceeded to give the corresponding 2-substituted 9H-purines (7 and
8a-d), as expected.

Keywords--2-chloro-9H-purine; 2-(methylsulfonyl )-9H-purine; nucleophilic substitution;
nucleophile; synthesis

Recently we have reported that a chlorine atorrr" and a methylsulfonyl group" at the 6
position on the 9H-purine ring can be substituted with nucleophiles, resulting in the
introducing of a carbon chain into the 6-position. On the other hand, little work has been
reported on introducing a carbon chain into the 2-position of the 9H-purine ring. We
examined the nucleophilic substitution of a chlorine atom and a methylsulfonyl group at the
2-position and succeeded for the first time in the introduction of functionalized carbons into
the 2-position of the 9H-pllrine ring, giving the expected 2-substituted 9-phenyl-9H-purines
(5, 6, and 7). In the present paper, we describe these results in detail.

Compound 1 was prepared by the substitution reaction of 5-amino-2,4-dichloro
pyrimidine with aniline, followed by cyclization of the resulting 5-amino-4-anilino-2-chloro
pyrimidine with ethyl orthoformate in acetic anhydride.

When a solution of 1 and sodium ethoxide in ethanol was refluxed for 1h, 2-ethoxy-9
phenyl-9H-purine (3b) was obtained in good yield. Similar reactions of 1 with sodium
methoxide and phenoxide under the same conditions gave 2-methoxy- (3a) and 2-phenoxy-9
phenyl-9H-purine (3c), respectively, When 1 was treated with butylamine and piperidine as N
nucleophiles, 2-butylamino- (4a) and 2-piperidino-9..phenyl-9H-purine (4b) were obtained,
respectively. The reaction of I with sodium methylsulfide as an S-nucleophile in dimethyl
formamide (DMF) at 100°C gave 2-methylthio-9-phenyl-9H-purine (5) in 90% yield.

Next, introduction of functionalized carbon substituents into the 2-position was
investigated. Compound 1 reacted with ethyl cyanoacetate in the presence of sodium
hydroxide in dimethylsulfoxide (DMSO) under the same conditions as those reported" for the
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reaction of 6-chloro-9-:phenyl-9H-purine, that is, heating at 100°C for 1h, to give ethyl et

cyano-9-phenyl-9H-purine-2-acetate (6a) in 29% yield. Similarly, I and phenylacetonitrile
gave et,9-diphenyl-9H-purine-2-acetonitrile (6b) in 23% yield. However, when other active
methylene compounds, ketones, and potassium cyanide were used, the desired products were
not obtained. It appeared from the above results that the chlorine atom at the 2-position of
the 9H-purine ring was less reactive to carbanions than that at the 6-position.

We have reported the nucleophilic substitution reactions of 2-(methylsulfonyl)
quinoxaline.?' l-Imethylsulfonyljphthalazine," 4-(methylsulfonyl)cinnoline,6) and 6-(methyl
sulfonyl)-9-phenyl-9H-purine3) with carbanions and concluded that the methylsulfonyl
group was replaced by carbanions more easily than the chlorine atom. In connection with
such reactivity of themethylsulfonyl group, we examined the reaction of 2-(methylsufonyl)
9-phenyl-9H-purine (2) with carbanions.

2-Methylthio-9-phenyl-9H-purine (5) was oxidized with potassium permanganate in
acetic acid to give 2 in 76% yield. Compound 2 smoothly reacted not only with active
methylene compounds but also with potassium cyanide and ketones. Treatment of 2 with
potassium cyanide in DMSO at 100°C for 1h afforded 9-phenyl-9H-purine-2-carbonitrile (7)
in 74% yield, though the same reaction did not take place in the case of 1.

Nucleophilic substitution reactions of2 with active methylene compounds and ketones in
the presence of potassium hydroxide in DMSO did not take place, but the reaction in
tetrahydrofuran (THF) in the presence of sodium hydride instead of potassium hydroxide
resulted in the formation of thedesired products. Thus, when a solution of 2 and ethyl
cyanoacetate in THF in the presence of sodium hydride was refiuxed for 3h, 6a was obtained
in 58% yield. Compound 2 and phenylacetonitrile also gave 7b in 58% yield. Although the
yields were low, the reaction of2 with acetone and 2-butanone resulted in the formation of 1
(9-phenyl-9H-purin-2-yl)-2-propanone (8b) and 3-(9-phenyl-9H-purin-2-yl)-2-butanone
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(8c). On the other hand, 2 smoothly reacted with acetophenone and cyclohexanone to give 2
(9-phenyl-9H-purin-2-yl)acetophenone (Sa) and 2-(9-phenyl-9H-purin-2-yl)cyclohexanone
(8d) in 62% and 63% yields, respectively.

We concluded that the chlorine atom and methylsulfonyl group at the 2-position were
less reactive to carbanions than those at the 6-position in the 9H-purine ring, and the
methylsulfonyl group was more reactive to carbanions than the chlorine atom at the 2
position in the 9H-purine ring. The substitution reaction of the methylsulfonyl group in 2 with
nucleophiles is a useful method for the introduction of functionalized carbons into the 2
position of the 9H-purine ring.

Experimental

All melting points are uncorrected. Infrared (IR) spectra were measured with a Jasco IRA-1 grating IR
spectrophotometer. Proton nuclear magnetic resonance eH-NMR) spectra were taken at 60 MHz and 23°C with a
Hitachi R-24 high-resolution 1H-NMR spectrometer. Chemical shifts are expressed in parts per million (ppm)
downfield from tetramethy1silane as an internal standard. The following abbreviations are used: s=sing1et.
d e doublet, t= triplet, q =quartet. m e multiplet, br= broad.

2-Chlor<r9-phenyl-9H-purine (l)--A mixture of 5-amino-2,4-dichloropyrimidine (18 g, 0.11 mol). aniline
(10.2g, 0.11 mol), concentrated HCI (4:5 m1), EtOH (45 m1),and H 20 (290rnl) was refiuxed for 1h. The precipitate, 5
amino-4-anilino-2-ch10ropyrimidine, was filtered off. Yield, 14.5g. A mixture of the crude 5-amino-4-anilino-2
chloropyrimidine (l4.5g, 0.066 mol), ethyl orthoformate (90ml), and acetic anhydride (90 ml) was refiuxed for 3 h.
The EtOH was removed under reduced pressure. The residue was diluted with HzO and the mixture was made
alkaline with NazC03, and extracted with CHC13 • The crude product was purified by Si02 column chromatography
with CHC13 and recrystallized from benzene to give 1 as colorless needles, mp 169-170 °C. Yield. 109 (64%). Anal.
Calcd for CuH7C1N4 : C, 57.27; H, 3.04; N, 24.30. Found: C, 57.34; H, 3.10; N, 24.48. IH-NMR (CDCI3) s. 7.28
7.73 (5H, m, Ph), 8.23 (lR, s, C8-H), 8.89 un, s, C6-H).

2-Methoxy-9-phenyl-9H-purine (3a)--1) A mixture of 1 (0.5g, 2.2mmol), NaOMe (0.6g, 11.1 mmol), and
MeOH (20ml) was refluxed for 1h. The solvent was removed under reduced pressure. The residue was diluted with
H20 and extracted with CHC13 • The crude product was purified by Si02 column chromatography with benzene and
recrystallized from benzene to give3a as colorless needles, mp lIO-Il2 "C. Yield, 0.42g (86%). Anal. Calcd for
C12HlON40: C, 63.70; H, 4.46; N, 24.77. Found: C, 63.49; H, 4.25; N, 24.64. IH-NMR (CDCI3) a: 3.95 (3H, s,
OCH l ) , 7.27-7.74 (5H, m, Ph), 8.47 (lH, s, CB-H), 9.17 (lH, S, C6-H).
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2) A mixture of 2 (0.3 g, 1.I mmol), NaOMe (0.3 g, 5.5 mmol), and MeOH (5 ml) was refluxed for 1 h. The
solvent was removed under reduced pressure. The crude product was purified by Si02 column chromatography with
benzene and recrystallized from benzene to give 3a. Yield,0.2g (84%).

2-Ethoxy-9-phenyl-9H-purine (3b)--A mixture of 1 (0.2 g, 0.87 mmo1), NaOEt (0.29 g, 4.3 rnmol), and EtOH
(15 ml) was refluxed for 1 h. The same work-up of the reaction mixture as described for 3a gave 3b, colorless needles
from petroleum benzin-benzene, mp 117-121 DC. Yield, 0.17 g (82%). Anal. Calcd for C13Ht2N40: C, 64.98; H, 5.03;
N, 23.32. Found: C, 65.50; H, 5.06; N, 22.93. lH-NMR (CDCI3) b: 1.48 (3H, t, J=7Hz, OCH2Cij3)' 4.48 (2H, q, J=
7Hz, OCtl2CH3)' 7.27-7.81 (5H, m, Ph), 8.08 (lH, s, C8-H), 8.85 (lH, S, C6-H). .

2-Phenoxy-9-phenyl-9H-purine (3c)-.-A mixture of 1 (0.2 g, 0.87 mmol), NaOPh (0.49 g, 4.3 mrnol), and PhOH
(5ml) was heated at 100°C for 3 h. The same work-up of the reaction mixture as described for 3a gave Je, colorless
needles from petroleum benzin-benzene, mp 130-131 "C. Yield, 0.23 g (92~~). Anal. Calcd for C17H12 N4 0 : C, 70.82;
H, 4.20; N, 19.44. Found: C, 70.73; H, 4.14; N, 19.38. IH-NMR (CDCI3) D: 7.15-7.70 (lOH, m,N-Ph, O-Ph), 8.11
(lH, s, C8-H), 8.78 (lH, s, C6-H).

2-Butylamino-9-phenyl-9H-purine (4a)--A mixture ofl (O.2g, 0.87mmol) and BuNH2 (3ml) was refluxed for
3 h. The excess BuNH2 was removed under reduced pressure. The residue was diluted with H20 and extracted with
CHCI3• The crude product was purified by Si02 column chromatography with CHCI3 and recrystallized from
petroleum benzin-benzene to give 4a as yellow needles. mp 113-115 DC. Yield, 0.14 g (62%). Anal. Calcd for
C1sH 17 Ns: C, 67.39; H, 6.41; N, 26.20. Found: C, 67.36; H, 6.33; N, 26.20. IR v~~:ern-1: 3280 (NH). lH-NMR
(CDCI3) £5: 0.74-1.16 (3H, m, NCH2CH2CHzCth), 1.32-1.84 (4H, m, NCH2C:f:hc:t:hCH3) , 3.27-3.64 (2H, m,
NCthCH2CHzCH3) , 7.24-7.79 (5R, m, Ph), 7.89 (lH, s, C8-H). 8.63 (lH, S, C6-H).

9-Phenyl-2-piperidino-9H-purine (4b)--I) A mixture of 1 (0.2 g, 0.87 mmol) and piperidine (3 ml) was heated at
100°C for 3 h. The same work-up of the reaction mixture as described for 4a gave 4b, yellow needles from petroleum
benzin, mp 78-79 DC. Yield, 0.14g (59%). Anal. Calcd for C16H17Ns:C, 68.79; H, 6.13; N, 25.07. Found: C, 68.48;

H, 6.14; N, 24.97. IH-NMR (CDCI3) b: 1.45-1.85 (6H. m, N~~~~ ;:(CH2)3)' 3.62-4.05 (4H, m,

N~ C!b :::::(CH2)3)' 7.33-7.78 (5H, m, Ph), 7.89 (lH, s, C8·H), 8.70 (IH, s, C6..H).
CH z
2-Methylthio-9-phenyl-9H-purine (5)---A mixture of 1 (lOg, 0.043rnol), 15% aqueous NaSMe (40.5g,

0.086,mol), and DMF (50 ml) was heated at 100°C for 3 h. The mixture was diluted with H20 and extracted with
benzene. The crude product was purified by SiOz column chromatography with benzene and recrystallized from
benzene to give 5 as colorless needles, mp 136-138 "c. Yield, 9.5 g (90%).' Anal. Calcd for C12HlON4S: C, 59.48; H,
4.16; N, 23.13. Found: C, 59.70; H, 4.16; N, 23.45. lH-NMR (CDCI3) 0: 2.55 (3H, s, SCH 3 ), 7.26-7.77 (5H, m, Ph),
8.08 (l H, s, CB-H), 8.80 (I H, s, C6-H).

2-(Methylsulfonyl)-9-phenyl-9H-purine (2)--A solution of KMn04 (4.7 g, 0.03 mol) in H20 (50 ml) was
added to a stirred solution of 5 (3.6g, 0.015mol) in AcOH (30ml). The mixture was stirred for 1h at room
temperature, then sodium hydrogen sulfite was added, and the whole was extracted with CHCI3 • The crude product
was purified by Si02 column chromatography with CHCI) and recrystallized from benzene to give 2 as colorless
needles, mp 197-199°C. Yield, 3.1 g (76%). Anal. Calcd for C12HION402S: C, 52.55; H, 3.67; N, 20.43. Found: C,
52.15; H, 3.60; N, 20.34. IR v~~:cm-l: 1142, 1306 (502)' IH-NMR (CDCI3) b: 3.31 (3H, S, S02CH3)' 7.27-7.74
(5H, m, Ph), 8.47 (lH, s, C8-H), 9.17 (IH, s, C6-H).

Ethyl ec-Cyano-9-phenyl-9H-purine-2-acetate (68)--1) A mixture of 1 (0.2 g, 0.87 mmol), NaOH (0.07 g,
I.74mmol), ethyl cyanoacetate (0.2g, 1.74mmol), and DMSO (3ml) was heated at 100GC for 1h. The mixture was
diluted with H20 and extracted with CHCI3. The crude product was purified by Si02 column chromatography with
CHCI3 and recrystallized from benzene to give 6a as colorless needles, mp 240 "C (dec.). Yield, 78 mg (29%). Anal.
Calcd for C16H13Ns02: C, 62.53; H, 4.26; N, 22.79. Found: C, 62.75; H, 4.17; N, 22.79. IR v~~;cm-t: 1650 (C:::O),
2200 (CN). lH-NMR (CF3COOH) c5: 1.40 (3H, t, J=6Hz, OCH2Ctb), 4.32 (2H, q, J=6Hz, OCtl2CH3 ) , 7.50{5H,
m, Ph), 9.08 (lH, s, C8-H), 9.14 (l H, s, C6-H).

2) A mixture of 2 (0.3 g, 1.1 mmol), 50% NaH (in oil) (0.06 g, 1.2 mmol), ethyl cyanoacetate (0.14 g, 1.2 mrnol),
and THF (5 ml) was refluxed for 3 h. The solvent was removed under reduced pressure. The residue was diluted with
H20 and extracted with CHCI3 • The crude product was purified by Si02 column chromatography with CHCl3 and
recrystallized from benzene to give 6a. Yield, 0.19 g (58%).

cx,9-Diphenyl-9H-purine-2-acetonitrile (6b)--I) A mixture of 1 (0.5 g, 2.2mmol), NaOH (0.25 g, 4.4 mmol),
phenylacetonitrile (0.52 g, 4.4 mmol), and DMSO (8ml) was heated at 100 DC for 1h. The reaction mixture was
worked up essentially in the same way as described for 6a under item 1). The eluate with benzene-ClfCl, (1 : I) was
recrystallized from petroleum benzin-benzene to give 6b as colorless needles, rnp 128-131 DC. Yield, 0.15 g (23%).
Anal. Calcd for C19H13Ns: C, 73.29; H, 4.21; N, 22.50. Found: C, 73.40; H, 4.18; N, 22.41. IR v~~~ em-I: 2240 (CN).

IH-NMR (CDC13) s. 5.44 (lH, s, CH::: Ph), 7.01-7.82 (lOH, m, N-Ph, CH:::: Ph), 8.25 (lH, s, C8-H), 9.02 (IH, s,
- CN CN

C6-H).

2) A mixture of 2 (0.2 g, 0.73 mmol), phenylacetonitrile (0.1 g, 0.88 mmol), 50% NaH (in oil) (0.04 g,
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0.88 mmol), and THF (5 ml) was refluxed for 3 h. The same work-up of the reaction mixture as described for 6a under
item 1) gave 6b (0.13 g) in 58%yield.

9-Phenyl-9H-purine-2-carbonitrile (7)-'-A mixture of 2 (O.2g. 0.7mmol), KCN (O.2g, Jmmol), and DMSO
(3ml) was heated at 80°C for 1h. The mixture was diluted with H 20 and extracted with CHC13 • The product was
recrystallized from benzene to give 7 as colorless needles, mp 164-165°C. Yield, 0.12g (74%). Anal. Calcd for
C12H7Ns: C, 65.15; H, 3.19; N, 31.66. Found: C, 65.16; H, 3.11; N, 31.54. IR v~~~cm-1: 2240 (CN). IH-NMR
(CD~13) i5: 7.37-7.80 (5H, In, Ph), 8.48 (lH, 8, C8-H), 9.11 (lH, s, C6-H).

2-(9-Phenyl-9H-purin-2-yl)acetophenone (8a)--A mixture of 2 (0.2 g, 0.73 mmol), 50% NaH (in oil) (0.04 g,
0.88 mmol), acetophenone (0.11 g, 0.88 mrnol), and THF (5 ml) was refluxed for I h. The solvent was removed under
reduced pressure. The residue was diluted with H20 and extracted with CHC13. The crude product was purified by
SiOz column chromatography with CHCl3 and recrystallized from benzene to give 8a as yellow needles, mp 164-
165"C. Yield, 0:14g (62%). Anal. Calcd f-or C19H14N40: C, 72.60; H, 4.49; N, 17.83. Found: C, 72.68; H, 4.44; N,
17.67. IR v~~~cm-l: 1635 (C=O). IH-NMR (CDCI3 ) b: 4.72 (1.14H, s, CH2C=O), 6.31 (0.43H, s, Clj=C-0H),
7.25-8.05 (lOR. m, N-Ph, PhC=O), 8.14(0.43H, s, C8_H), 8.21 (O.57H, s, CB-H)~ 8.90 (0.43H, s, C>-H), 9.04 (0.57H,
s, C6 _H), 14.08-14.42 (0.43H, br, CH =C-Otl).

1-(9-Phenyl-9H-purin-2-yl)-2-propanone (8b)-A mixture of 2 (O.2g, 0.73mmol), 50% NaH (in oil) (0.04g,
0.88mmol), acetone (0.05g. 0.88mmol), and THF (I5ml) was refl.uxed for 1h. The same work-up of the reaction
mixture as described for 8agave 8b, pale yellow needles from benzene, mp 100-103°C. Yield, 24mg (13%). Anal.
Calcd for C14HIZN40: C, 66.65; H, 4.79; N, 22.21. Found: C, 66.72; H, 4.82; N,22.23. IR v~~:cm-1: 1709 (C=O).
1H-NMR (CDC13 ) f>: 2.24 (3H, s, CH3C=O), 4.15 (2H, s, CH2C=O), 7.26-7.75 (5H, m, Ph), 8.20 (lH, s, CB-H),
9;00 (lH, s, C6-H).

3-(9-Phenyl-9H-purin-2-yl)-2-butanone (8c)--A mixture of 2 (0.5 g, 1.8mrnol), 50% NaH (in oil) (0.1 g,
2 mmol), 2-butanone (0. 15 g, 2 mmol), and THF (10 ml) was refluxed for 1h. The same work-up of the reaction
mixture as described for 8a gave 8c, pale yellow needles from benzene, mp 10I-104°C. Yield, 35 mg (7%). Anal.
Calcd for C15H14N40: C, 67.65; H, 5.30; N. 21.04. Found: C, 67.22; H, 5.30; N, 20.73-. IR l'~~;em -1: 1710 (C=O).
1H-NMR (CDC13) e5: 1.60 (3H. d, J=7Hz, Ctl3CH), 2.15 (3H, s, c:thC=O), 4.20 (tH, q, J=7Hz, CH 3Clj), 7.25
7.80 (5H, m, Ph), 8.25 (lH, 5, C8-H), 9.03 (lH, 5, C6-H).

2-(9-Phenyl-9H-purin-2-yl)cyclohexanone (8d)--A mixture of 2 (O.2g, 0.73mmol), 50% NaH (in oil) (0.04g,
0.88 mmol), cyclohexanone (0.86 g, 0.73 mmol), and THF (5 mI) was refluxed for 1h. The same work-up of the
reaction mixture as described for 8a gave 8d, colorless needles from benzene. mp 138-139°C. Yield, 0.14g (63%).
Anal. Calcd for C17 H 16 N40 : ·C, 69.85; H, 5.52; N, 19.16. Found: C, 69.50; H. 5.49; N, 19.05. IR v~~cm-l: 1640

_ I.. ,/ CH 2-C ~
(C-O). H-NMR (CDC13 ) 8. 1.36-2.08 (4H, m, Ctl2 ..... CH CH ..... C-oH), 2.08-2.80 (4H, m,

-2 2

CH2 :::.~:C~ ;C-OH), 7.28-7.85 (5H. m, Ph), 8.19 (tH, s, C8_H), 8.89 (lH, s. C6-H), 14.03-14.35 (IH. br,
2 -2

,/ CH.,-C s,
CH 2 ..... CH;CH

2
.....C-DtJ)·
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Reaction of gem-dibromocyclopropanes (I) with a higher-order organocuprate prepared from
cuprous thiocyanate and methyllithium, followed by the addition of methyl iodide in situ, readily
afforded dimethylcyclopropanes (2) in good to excellent yields regardless of the functional group in
1.

Keywords-higher-order organocuprate; dibromocyclopropane: dimethylcyclopropane;
substitution reaction; dibromocarbene
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In connection with studies of the total synthesis of a class of natural products that
contain the gem-dimethylcyclopropane ring system, 1) several methods for preparing gem
dimethylcyclopropanes have been developed, e.g. substitution of gem-dihalocyclopropanes
with dimethylcopper lithium (Gilman's reagent)," addition of dimethy1carbene to olefins,"
reaction of diphenylsulfonium isopropylide with conjugated carbonyl compounds." and
thermolysis of a pyrazolidine prepared by cycloaddition of dimethyldiazomethane to an
olefin." Although dimethylcopper lithium has usually been used for this purpose, the reaction
is occasionally sluggish, requiring a long reaction time. 6 - S) Recently, Lipshurtz et al. have
reported that the higher-order organocuprates react readily and efficiently with inactive alkyl
iodides and bromides, affording substitution products.9

- 11) An application of the Lipshutz
method to gem-dibromocyclopropane was attempted in order to develop an efficient method
for preparing gem-dimethylcyclopropane, and we have already reported that reaction of the
higher-order organocuprates with 8,8-dibromobicyclo[5.1.0]octane, followed by the addition
of methyl iodide in situ, afforded the desired dimethylated compound in good yield.V'
Subsequently, we attempted an application of the present method to other gem
dibromocyclopropanes in order to examine its generality and usefulness. We describe here the
results of this substitution reaction.':"

gem-Dibromocyclopropanes (1) except Ic were synthesized directly by reactions of the
respective olefins with dibromocarbene prepared from bromoform and 40% sodium hy
droxide solution in methylene chloride (method A) or from bromoform and potassium tert
butoxide in pentane (method B). The dibromo-silyl ether (lc) was synthesized by reaction of
l-cyclohexene-l-methanol with dibromocarbene (method A), followed by silylation with tert
butyldimethylsilyl (TBDMS) chloride. The yields are indicated in Table I. The structures of 1
were elucidated on the basis of their spectral data, and the stereostructure of Ib will be
discussed later. In a previous paper,':" we reported that Me2Cu(CN)Li2 was more reactive
than Me2Cu(SCN)Li2 in the reaction with dibromobicyclo[5.l.0]octane, yielding over
alkylated by-products. Therefore, the reactions of -1 with Me2Cu(SCN)Li2- MeI were
examined. The results are listed in Table I, showing that reactions proceed smoothly to afford
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ie.: R1=H, R2=a-COOMe

Ib : RI=H; R2=.8-COOMe

Ic : RI = CH20 T BDMS . R2=H

Id : RI=OMe. R2=H

Ie : RI=OMe, R2=tert-Bu

19: R1=H. R2=CH~~J

Ih : R1=H. R2 = CH20 H
1i : R I =H, R2=CH20Ac

2a : RI=H. R2 = a -COOMe
2b : RI =H, R2 =p-COOMe
2c : RI = CH20T BDMS, R2=H

2d : RI =OMe. R2=H

2e : RI =OMe, R2 = tert-Bu

2g : RI =H. R2=CH ~~J
2h : RI =H. R2 = CH20 H
2i : RI =H, R2 = CH20 Ac

Chart I

M~
3

Vol. 35 (1987)

If: R=Br
2f: R=Me

(Cu)
~COOMe

Me ~

A

TABLE I. Yields of gem-Dibromocyclopropanes (1) and gem~Dimethylcyclopropanes (2)a)

Products (Yield, %) Method Products (Yield, %)

1a (62)
A

2a (91)

Ib (34) 2b (76) 3 (IS)
Icc} 2e (75)
1d (91) B 2d (44)d)
le b) (80) B 2eb ) (71)
lfb) (51) A 2f b) (73)
19b) (80) A 2gb) (71)
thO) .(40) A 2hb) (85)
lib) (86) A 2ib) (80) 2hb) (12)

a) Isolated yields. The compounds indicated by b) were inseparable mixtures (about 1 to 1.5
ratio). c) See Experimental. d) The lowyield was assumed to be because of the high volatilityof 2d.

2 in a good yield regardless of the functional group, such as ester, acetate, alkyl ether, silyl
ether, acetal, or hydroxy group. The structures of products were elucidated on the basis of
their spectral data. Dimethylation of Ib gave a small amount of the tricyclic ketone (3)
produced via the metalated intermediate (A) along with the desired dimethylated compound
(2b), indicating that Ib is a cis-dibromide. 12

)

In conclusion, the present method using Me2Cu(SCN)Li2-MeI is efficient for preparing
the dimethyl compound (2) from the dibromo compound (1).

Experimental

The melting point of Ic was determined with a Yanagirnoto micro melting point apparatus, and is uncorrected.
Compounds for which no melting point is given are oily. The infrared (IR) spectra (IR.v

l1111X
) were determined on a

Shimadzu IR-400 spectrometer in chloroform. The proton nuclear magnetic resonance (lH-NMR) spectra were
obtained in chloroform-s at 200 MHz on a lEOL FX 200 instrument with chemical shifts being reported in parts per
million downfield from tetramethylsilane as an internal standard (£5 0.0), and coupling constants in Hertz. Mass
spectra (MS) were taken on a lEOL JMS 01SG-2 instrument (direct inlet) at 70eV. All reactions were carried out
under an atmosphere of argon. The reaction mixture was diluted with water and extracted with ether. The organic
layer was washed with brine. dried over MgS04 , and filtered, then the filtrate was concentrated to dryness in vacuo.
Column chromatography was carried out on silica gel (Wakogel C-200) or Aluminum oxide 90 (Merck, activity H
IlI). Preparative thin layer chromatography (PTLC) was run on 20 x 20 em plates coated with a 0.25 mm layer of
Merck Silica gel GF254 •

General Procedure for Preparation of the Dibromides (l)--Method A: Bromoform (17mmol), tributylamine
(0.2 ml), and 40% aqueous sodium hydroxide (8 ml) were added successively to a solution of an olefinic compound
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(3 mmol) in methylene dichloride (4 ml). The mixture was vigorously stirred under reflux for 2-6 h.
Method B: Bromoform (9 mmol) in pentane (5ml) was added to a suspension of fer/-BuOK (20 mmol) and an

electron-rich olefin (5mmol) in pentane (50ml) at O°C. The reaction mixture was stirred for 2h at O°c. Yields are
given in Table I.

Methyl (1RS,3SR,6SR)-7,7-Dibromobicyclo[4.2.0]heptane-3-carboxylate (Ia) and Metbyl (1RS,3RS,6SR)-7,7
Dibromobicyclo[4.2.0]heptane-3-earboxylate (Ib)--The residue in hexane was chromatographed on silica gel.
Elution with hexane gave Ia. IR: 1720cm- 1. IH-NMR: 3.67 (3H, s, COOMe). MS Calcd for C9H12Br202: 309.9205
(M+). Found: 309.9212. Successive elution with the same solvent gave lb. IR: 1720cm- 1. IH~NMR: 2.48 (IH, dddd,
J= 14.4, 10.3,4.4, 1.9 Hz, CH), 3.67 (3H, S, COOMe). MS Calcd for ~H12Br202: 309.9205 (M+). Found: 309.9199.

(IRS,6RS)-(7,7-Dibromobicyclo[4. 1.0] hept-I-yl)methoxy-tert-butyldimethylsilane (Ic)--(7,7~Dibromobi

cyclo[4.1.0]hept-I-yl)methanol was synthesized from l-cyclohexene-l-methanol in 50% yield according to method A.
mp 104-105 DC (colorless plates from hexane). IR: 3580, 3430cm- 1. IH-NMR: 3.67 (lH, d, J= I1.7 Hz, CtlAHnO),
3.86 (lH, d, J= 11.7Hz, CHAtlaO). Anal. Calcd for CaH12Br20: C, 34.00; H. 4.28. Found: C, 33.83; H, 4.26. A
mixture of the above dibromide (142mg, 0.5mmol), imidazole (102mg, 1.5mmol), and TBDMS chloride (91 mg,
0.6mmol) in dimethylformarnide (I ml) was stirred at room temperature overnight. The residue in hexane WHS

chromatographed on silica gel. Elution, with hexane afforded Ie (l90mg, 95% yield). IR: 1095, 840cm- 1
• lH-NMR:

0.06 (3H, s, Me), 0.08 (3H, s, Me). 0.91 (9H, s, tert-Bu). 3.67 (IH, d, J= 10.1Hz, CtJAHnO), 3.75 (lH, ct, J= 10.1Hz.
CHAHoO). MS Calcd for C14H26Br20Si: 396.0120 (M +). Found: 396.0122.

(IRS,6RS)-7,7-Dibromo-I-methoxybicyclo[4.1.0]heptane (ld)-----The residue in hexane was chromatographed
on silica gel and elution with hexane provided ld. IR: l11O-1070cm -1. IH-NMR: 3.47 (3H. s. OMe). MS Calcd for
CsH12Br20: 281.9264 (M+). Found: 281.9265.

7,7-Dibromo-4-tert-butyl-I-methoxybieyclo[4.1.0]heptane (le)--The residue in hexane was chromatographed
on aluminum oxide, and elution with hexane provided Ie. IR: I12D-1080cm -1. IH-NMR: 0.82,0.84 (totaI9H, each
s, tert-Bu), 3.46, 3.47 (total 3H, each s, OMe). MS Calcd for C12H20Br20: 337.9863 (M+). Found: 337.9865.

MethyI9,9-Dibromobicyclo[6.I.O]decane-4-carboxylate (If)--The residue in hexane was chromatographed on
silica gel. Elution with hexane afforded If. IR: 1720cm -I. 1H-NMR: 3.66,3.67 (tota13H, each s. COOMe). MS Calcd
for CUH16Br202: 337.9518 (M+). Found: 337.9519.

2-(7,7-Dibromobieyclo[4.1.0]hept-3-yl)-I,3-dioxolane (lg)--The residue in hexane was chrornatographed on
aluminum oxide. Elution with hexane and 5% ether in hexane gave 19. IR: 1150-1120 em -1. lH-NMR: 3.84-3.94
(4H, m, OCthCtl20), 4.58 (lH, d, J=4.4Hz, CH). MS Calcd for CIOH14Br202: 323.9363 (M+). Found: 323.9378.

7,7-Dibromobicyclo[4.1.0]heptane-3-methanol (Ih)--The residue in hexane was chromatographed on alumi
num oxide. Elution with 20-50% ether in hexane gave lh. IR: 3600, 3430cm~1. IH-NMR: 3.32-3.52 (2H, m,
CthO). MS Calcd for CSH12Br20: 281.9264 (M+). Found: 281.9263.

3-Acetoxymethyl-7.,7-dibromobicyclo[4.1.0]heptane (li)--The residue in hexane was chromatographed on
aluminum oxide. Elution with hexane and 10% ether in hexane provided Ii. IR: 1730cm- 1• IH-NMR: 2.04 (3H, s,
COMe). 3.76-3.95 (2H. m, CthOAc). MS Calcd for ClOH14Br202: 323.9363 (M+). Found: 323.9363.

General Procedure for Reaction of Dibromides (1) with Me2Cu(SCN)Li2-MeI--Cuprous thiocyanate (345 mg.
2.84mmol) dried under vacuum at 50°C for 2d was placed in a flamed-dried 30ml two-necked flask, and dry ether
(2 ml) was added. Methyllithium (5 ml of 1.1 M ether solution, 5.5 mmol) was added to the suspension at -78 DC and
the mixture was gradually warmed to - 10·oC over 30 min. Then, the mixture was cooled to - 20 DC and a solution of
a bromide (1) in dry ether (2.5 ml) and hexamethylphosphoric triamide (0.11 ml) was added to the mixture at the same
temperature. The reaction mixture was stirred for 1-2h and methyl iodide (1 ml) was added at - 50°C. After 10min.
the reaction mixture was quenched with saturated aqueous ammonium chloride at - 50"C and precipitates were
filtrated off on a celite bed. The filtrate was extracted with ether and the organic layer was washed with 5% aqueous
ammonia. Yields are given in Table I.

Methyl (IRS,3SR,6SR)-7,7-DimethylbicycJo[4.1.0]heptane-3-carboxylate (2~)--Purification of the residue by
pTLC (hexane: AcOEt= 6: 1) gave 2a. IR: 1725cm -1. lH-NMR: 0.65 (2H, m, 2 x CH), 0.93 (3H, S, Me), 0.98 (3H, s,
Me), 3.66 (3H, S, COOMe). MS Calcd for CUH1S02: 182.1308 ("&1:+). Found: 182.1309.

Methyl (1RS,3RS,6SR)-7,7-Dimethylbieyclo[4.1.0]heptane-3-carboxylate (2b) and (IRS,2SR,5RS,7SR)-7M

Methyltricyclo[3.2.1.02
•
7]oetan-6-one (3)--The residue was subjected to pTLC (hexane: AcO Et =7: 1). The upper

zone gave 2b. IR: 1725cm-1. IH-NMR: 0.46 (lH, ddd, J=9.2, 6.5, 2.4 Hz, CH), 0.75 (IH, ddd, J=9.2, 9.2, 505Hz,
CH), 0.96 (3H, s, Me), 0.99 (3H, s, Me), 3.65 (3H, s, COOMe). MS Calcd for Cl1H1SOZ: 182.1307 (M+). Found:
182.1310. The lower zone gave 3. IR: 1725cm-1. IH-NMR: 1.21 (3H,s, Me). MS Calcd for ~H120: 136.0888 (M+).
Found: 136.0887.

(1RS,6RS)-(7,7-Dimethylbicyeio[4.1.0]hept-I-yl)methoxy-tert-butyldimethylsiIane (2c)--The residue in hexane
waschromatographed on aluminum oxide. Elution with hexane afforded 2c. IR: 1080, 840cm- l

• IH-NMR: 0.01 (3H,
s. Me), 0.02 (3H, s, Me), 0.38 (lH, dd, J=8.5, 2.0 Hz, CH), 0.89 (9H, s, tert-Bu), 0.99 (3H, s, Me), 1.08 (3H, 5, Me),
3.41 (lH, d, J= 10.0Hz, CtlAHBO), 3.58 (lH, d, J= 10.0Hz, CHAtlBO). MS Calcd for CI6H320Si: 268.2222 (M+).
Found: 268.2206.

(lRS,6RS}-I-Methoxybicyclo[4.1.0]heptane (2d)--The residue in hexane was chrornatographed on silica gel.
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Elution with hexane gave ~d. IR: 1140cm-1. IH-NMR: 0.68 (lH, dd, J=8.9, 2.0 Hz, CH), 0.99 (3H, s, Me), 1.16 (3H,
s, Me), 3.24 (3H, s, OMe). MS Calcd for ClOH1SO: 154.1358 (M+). Found: 154.1358.

4-tert-Butyl-l-methoxy-7,7-dimethylbicyclo[4.1.0]heptane (2e)-The residue in hexane was chromatographed
on silica gel. Elution with hexane le. IR: 1080em -1. 1H-NMR: 0.80, 0.82 (total 9H, each s, tert-Bu), 0.98, 0.99 (total
3H, each s, Me), 1.16, 1.17 (total 3H, each s, Me), 3.23, 3.25 (total 3H, each s, OMe). MS Calcd for C14H260:

210.1984 (M+). Found: 210.1978.
Methyl 9,9-Dimethylbicyclo[6.1.0]decaoe-4-carboxyJate (2f)--Purification of the residue by pTLC (hexane:

AcOEt=IO: I) gave2f. IR: 1720cm- 1
• IH-NMR: 0.20-0.51 (2H. m, 2xCH), 0.93 (3H. s, Me), l.01 (3H, s, Me),

3.65,3.66 (total 3H, each s, COOMe). MS Calcd for C13H2202: 210.1620 (M+). Found: 210.1627.
2-(7,7-Dimethylbicyclo[4.1.0]hept-3-yl)-1,3-dioxolane (2g)--The residue in hexane was chromatographed on

aluminum oxide and elution with hexane afforded 2g. IR: 1150ern -I. 1 H-NMR: 0.41-0.90 (2H, m, 2 x CH), 0.93,
0.95 (total 3H, each S, Me), 0.98 (3H. s, Me), 3.79--4.00 (4H, m, OCtl2Cti20), 4.57 (lH, d•.J=4.9Hz, CH). MS
Calcd for C12H 200 2 : 196.1463 (M+). Found: 196.1469.

7,7-Dimethylbicydo[4.1.0]heptane-3-methanol (2h)--The residue in hexane was chromatographed on silica
gel. Elution with 5}~ether in hexane provided 2b. IR: 3620. 3440cm- l

. IH-NMR: 0.42-0.91 (2H, m, 2xCH), 0.93,
0.94 (total 3H,each s, Me), 0.99 (3H, s, Me), 3.22-3.52 (2H, rn, Ctl20 ). MS Calcd for CIQHJaO: 154.1358 (M+).
Found: 154.1355.

3-Acetoxyrnethyl-7,7-dimethylbicycio[4.1.0]heptane (2i) and 2b--The residue in hexane was chromatographed
on silica gel. Elution with 5% ether in hexane gave 2i. IR: 1720cm-1

• 1H-NMR: 0.42-0.85 (2H, m, 2xCH), 0.93,
0.94 (total 3H, each s, Me), 0.98 (3H, s, Me), 2.05 (3H, s, COMe), 3.78-3.98 (2H, m, Cti20Ac). MS Calcd for
C1;!H200 2 : 196.1463 (M +). Found: 196.1467. Elution with 40% ether in hexane gave 2h. This compound was identical
with the alcohol (2b) on the basis of IR and 1H-NMR spectral comparisons.
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The major neutral polysaccharide, designated as MVS-I, was isolated from the seeds of Malva
verticillata L. It was homogeneous on electrophoresis and gel chromatography. It is composed OfL

arabinose: n-galactose: n-glucose in the molar ratio of 3: 6: 7. Methylation analysis. carbon-IS
nuclear magnetic resonance, and periodate oxidation studies enabled elucidation of its structural
features.

Keywords-Malva verticil/ata; seed; polysaccharide; MVS-I; arabinogalactoglucan; arabino
3,6-galactan moiety; component analysis; methylation analysis; structural feature
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The seed of Malva verticil/ala L. (Malvaceae) is an Oriental crude drug (Japanese name,
toukishi) used as a diuretic, laxative, and galactopoietic. The mucilages in this plant have
been characterized,l) but no study on the constituents of the seed has been reported so far. We
have now isolated a pure neutral polysaccharide from the seeds of this plant. Its properties
and structural features are reported here.

The seeds were homogenized and extracted with hot water. After addition of ethanol, the
resulting precipitate was dissolved in water. After centrifugation, the supernatant was applied
to a column of diethylaminoethyl (DEAE)-Sephadex A-25 (carbonate form). The eluate with
water was purified by gel chromatography with Sephadex G-25, then applied to a column of
Con A-Sepharose (Pharmacia Co.). The eluate from this with a phosphate buffer was
dialyzed, concentrated and purified by gel chromatography with Sephadex 0-25, then the
eluate obtained was lyophilized.

The polysaccharide gave a single peak on gel chromatography with Cellulofine GeL..
2000m. In addition, it gave a clear band on polyacrylamide gel disk electrophoresis. It had
[a]t4 -13.9° (H 20 , c=O.14). Gel chromatography with standard pullulans gave a value of
77000 for the molecular weight. The polysaccharide is designated as MVS-I.

As component sugars of MVS-I, L-arabinose, n-galactose, and n-glucose were identified.
Quantitative determination showed that the polysaccharide contained 16.1 % arabinose,
39.4% galactose, and 44.5% glucose, and that their molar ratio was 3: 6: 7. No nitrogen was
found in MVS-l. The nuclear magnetic resona-nce (NMR) spectrum and infrared (IR)
spectrum of MVS-I showed no acetyl signal or absorption.

Methylation of the polysaccharide was performed with methylsulfinyl carbanion and
methyl iodide in dimethyl sulfoxide." The methylated product was hydrolyzed, and the
hydrolyzate was converted into the partially methylated alditol acetates. Gas-liquid chroma
tography (GLC)-mass spectrometry (MS)3) revealed derivatives of 2,3,5-tri-O-methyl-L
arabinose, 2,3-di-O-methyl-L-arabinose, 2,4~6-tri-O-lnethyl-D-galactose~2,3,6-tri-O-methyl-D
galactose, 2,4-di-O-methyl-D-galactose, 2,3,4,6-tetra-O-methyl-n-glucose, and 2,4,6-tri-O
methyl-D-glucose as the products in a molar ratio of 3: 3 :2: 6: 4: 1 : 13 from MVS-I.

The 13C-NMR spectrum of MVS-I showed five signals due to anomeric carbons at
b I I 1.889, 110.108, 107.033, 105.845, and 105.225 ppm. The first two signals were assigned to
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the anomeric carbons of «-t-arabinofuranose'" and the signals at 107.033 and 105.845 to the
anomeric carbons of (j-D-galactopyranose residues." -7) The last signal was assigned to the
anomeric carbons of [J-D-glucopyranose. s -7)

MVS-I was subjected to periodate oxidation followed by reduction with sodium
borohydride." The product from MVS-I contained galactose and glucose in a molar ratio of
6: 13. No arabinose was found in the product. Most (93%) of the glucose residues survived
after periodate oxidation, while the half of galactose residues were decomposed by this
treatment.

Based' on the accumulated evidence described above, it can be concluded that the
minimal repeating unit of MVS-I is composed of seven kinds of component sugar units as
shown in Chart 1.

Glcp, glucopyranose;

L
6

(four)G) -+3 {3-o-Galp 1-+

(two) G) -+3 {3~o-Galp 1-+

(six)a> -+4 {3-o..(]alp 1-+

(threej-' -+5 a.-:L-Araf 1-+

(three)a.) a.~L-Araf 1-+

Galp, galactopyranose;
Ara{, arabinofuranose

(thirteen)»

(one)'?

-+3 f3-o-Glcp 1

fi-~Glcp 1-+

Chart l. Component Sugar Residues in the Minimal Repeating Unit in the
Structure of MVS-I

a} Number of residues.

It is conceivable that MVS..;,I contains arabino-Sji-galactan?' moieties. Seeds of various
plants, i.e., Coffea arabica,10) Glycine max, 11, 12) Brassica campestrisP! Brassica napus,t4)

Triticum aestivum.t'" and Raphanus sativusi'" contain arabino-3,6-galactans. In contrast to
these seed polysaccharides, MVS-I is essentially an arabinogalactoglucan. The ratio between
arabinose and galactose is 1: 2 in MVS-I, and the polysaccharide has 1,5-linked CX-L

arabinofuranose units and 3,6-branched f3-D-galactopyranose residues like typical arabino
3,6-galactans. In addition, it possesses l,4-linked fJ-D-galactopyranose residues. The presence
of such units is generally found in arabino-d-galactans."?' Further, MVS-I possesses a
characteristic glucan structure. All D-glucopyranose chains in MVS-I are {J-I,3-linked in
addition to having D-glucopyranose terminals. The results of detailed analysis of the sequence
of structural units will be reported in subsequent papers.

Experimental

Solutions were concentrated at or below 40°C with rotary evaporators under reduced pressure. Optical rotations
were measured with a JASeO DIP-140 automatic polarimeter. The 13C-NMR spectrum was recorded on a JEOL
JNM-GX 270 FT NMR spectrometer in heavy water containing acetone as an internal standard at 30 DC. IR spectra
were measured with a JASCD lRA-2 infrared spectrophotometer. OLC was carried out on a Shimadzu GC-7AG gas
chromatograph equipped with a hydrogen flame ionization detector. GLC-MS was performed with a JEOL JMS-GX
303 mass spectrometer.

Material--The material was imported from China. and its plant of origin was identified by cultivation in 'a'
botanical garden of this College.

Isolation of Polysaccbaride--The seeds (200 g) were homogenized and extracted with hot water (2000ml) under
stirring for I h in a boiling water bath. After suction filtration. the filtrate was poured Into two volumes of ethanol.
After centrifugation and drying, the precipitate was dissolved in water (200ml). The solution was applied to a column
(5 x 78cm) of DEAE-Sephadex A-25 (Pharmacia Co.). DEAE-Sephadex A~25 was pretreated as described in a
previous report.P' The column was eluted with water, and fractions of 20ml were collected and analyzed by the
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TABLE I. Relative Retention Times on GLC and Main Fragments in MS
of Partially Methylated Alditol Acetates
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I,4-Ac-2,3,5-Me-t-arabinitol
I,4,5-Ac-2,3-Me-t-arabinitol
1,3,5-Ac-2,4,6-Me-n-galactitol
1,4,5-Ac-2,3,6-Me-o-galactitol
1,3,5,6-Ac-2,4-Me-o-galactitol
1,5-Ac-2,3,4,6-Me-o-glucitol
1,3,5-Ac-2,4,6-Me-o-glucitol

Relative
retention

time")

0.69
1.12
1.29
1.42
2.00
1.00
1.35

Main fragments (m/z)

43,45, 71, 87, 101, 117, 129, 161
43, 87, 101, 117, 129, 189
43,45,87, 101, 117, 129, 161
43, 45, 87, 99, 101, 113, 117, 233
43, 87, 117, 129, 189
43,45, 71, 87, 101, 117, 129, 145, 161,205
43,45,87, 101,117,129, 161

a) Relative to 1,S.di-O-acetyl-2,3,4,6-tetra-O-methyJ-o-glucitol. Abbreviations: Ac =acetyl; Me =
methyl (e.g., I,4-Ac-2,3,S-Me- = 1,4-di-O-acetyl-2,3,S-tri-O-methyl-).

phenol-sulfuric acid method.'?' The eluates obtained from tubes 9 to 49 were combined and concentrated, and half of
the concentrate was applied to a column (5 x 78 em) of Sephadex G-25. The column was eluted with water, and
fractions of 20 ml were collected. The eluates obtained from tubes 27 to 32 were combined, concentrated and applied
to a column (1.5 x 38 em) of Con A-Sepharose (Pharmacia Co.). The column was equilibrated with 0.067 M phosphate
buffer (pH 7) containing 0.15M NaCI, 1mM MgCl2 and 1mM CaCI2• and kept at 4°C. The column was eluted with
the same buffer. and fractions of 10ml were collected. The eluates obtained from tubes 4 to 10 were combined,
dialyzed against distilled water and concentrated. The solution was applied to a column (5 x 81 em) of Sephadex G
25. The column was eluted with water, and fractions of20 ml were collected. The eluates obtained from tubes 28 to 31
were combined, concentrated and lyophilized. MVS-I was obtained as a white powder (yield, IOOmg from 200 g of
seeds).

Gel Chromatography--.The sample (3 mg) was dissolved in 0.05 Mphosphate buffer (pH 7.5) containing 0.1 M
NaCl and applied to a column (2.6 x 94 em) of Cellulofine GCL-2000 m (Seikagaku Kogyo Co.). Elution was carried
out with the same buffet. Fractions of 5 ml were collected and analyzed by the phenol-sulfuric acid method. Standard
pullulans having known molecular weights were run on the column to obtain a calibration curve.

Polyacrylamide Gel Electrophoresis--This was performed in an apparatus with gel tubes (4x 130mm each)
and 0.005M Tris-glycine buffer (pH 8.3) at 5 mA/tube for 40 min. Gels were stained by the periodate-Schiff (PAS)
procedure. MVS-I gave a clear band at a distance of 4.2 em from the origin.

Qualitative Analysis of Components--Hydrolysis and cellulose thin-layer chromatography (TLC) of com
ponent sugars were carried out as described in a previous report.P' The configurations of component sugars were
proved by GLC of trimethylsilylated ce-methylbenzylaminoalditol derivatives.'?'

Determination of Components--The sample was hydrolyzed, reduced and acetylated as described in a previous
report.21) The derivatives were analyzed by G LC with a column (3 mm x 2 m long spiral glass) packed with 3 C;-~ OV
225 on Gaschrom Q (100 to 120mesh) at 220°C with a helium flow of 50 ml per min. Allose was used as an internal
standard.

Methylation--This was performed with methylsulfinyl carbanion and methyl iodide in dimethyl sulfoxide as
described in a previous report.22) The methylation was repeated three times under the same conditions. Yield was
6 mg from 9 mg of the polysaccharide.

Analysis of the Methylated Products--The products were liydrolyzed with dilute sulfuric acid in acetic acid,
then reduced and acetylated in the manner described in a previous report.f" GLC-MS of partially methylated alditol
acetates was performed with a fused silica capillary column (0.32 mm i.d, x 30m) of SP 2330 (Supelco Co.) and with
programmed temperature increase of 4°C per min from 160 to 220°C at a helium flow rate of I ml per min, The
relative retention times of the products with respect to 1,5-di-O-acetyl-2,3,4,6-tetra-O-methyl-D-glucitol in OLC and
their main fragments in the mass spectra are listed in Table 1.

Periodate Oxidation--The polysaccharide (I 1.3 mg) was oxidized with 0.05 M sodium metaperiodate (6 ml) at
7°C in the dark. The periodate consumption was measured by a spectrophotometric method.v" The oxidation was
completed after 3 d, and the maximal value of consumption was 0.46 mol per mol of anhydrosugar unit. The reaction
mixture was successively treated with ethylene glycol (0.06 ml) at 7°C for I h and sodium borohydride (60 mg) at 7°C
for 16h, then adjusted to pH 5 by addition of acetic acid. The solution was dialyzed against distilled water. The non
dialyzable fraction was concentrated and applied to a column (2.6 x 92 cm) of Sephadex G-25. The column was
eluted with water, and fractions of IOml were collected. The eluates obtained from tubes 19 to 22 were combined,
concentrated and lyophilized. Yield, 8 mg.
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Asymmetric reduction of a-methyl p-keto esters using microbial cells immobilized by the
prepolymer method was examined. It was found that by a proper selection of the prepolymer in the
stage of immobilization, the chemical and optical yields were both improved appreciably in some
cases compared to those obtained by reduction with the native microorganisms.

Keywords--microbial asymmetric reduction; immobilized yeast; a-methyl f3-keto ester; ct

methyl p-hydroxy ester; prepolyrner method
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Immobilization of biocatalysts is known to be effective for enhancing their stability and
allowing easier isolation of the products. Entrapment techniques playa crucial role and still
remain to be improved further. Immobilization with urethane (PU) or photo-crosslinkable

~ ¥a 3R 2R

o COOMe + o COOMe

~
OH 2a OH 2b

o COOMe
0 1

~ ~b ~0 ~ 35 : 28 ~ '\ 35 2R

: COOMe + o : COOMe
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a, Saccharomyces delbrueckii; Saccharomyces fermeniati, Candida albicans
b, Kloeckera saiurnus
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Entry Substrate

TABLE I

Prepolymer Total yield (%) Products; Optical purity (% ee)

Vol. 35 (,1987)

synjanti

With immobilized Kloeckera saturnus
la) 1 None 29 2c; 68 2d; 46 47/53
2 1 PU-J 42 2c; 84 2d; 49 51/49
3b) 1 PU-3 5 2c; 89 2d; 61 52/48
4 1 PU-6 58 2c; 84 2d; 66 49/51
5 1 ENT-4000 16 2c; 83 2d; 63 47/53
6 1 ENTP-4000 53 2c; 84 2d; 73 48/52
7c) 1 ENTP-4000 66 2c; 81 2d; 64 49/51

With immobilized Saccharomyces delbrueckii
80 ) 1 None 43 2a; 90 2b; 91 39/61
9 1 PU-6 33 2a; 56 2b; 74 41/59

10 1 ENT-4000 31 2c; 75 2d; 68 39/61
lie) 1 ENT-4000 64 2c; 81 2d; 57 50/50

With immobilized Saccharomyces fermentati
12") 1 None 21 2a; 84 2b; 86 40/60
13 1 PU-3 36 2a; 94 2b; 96 48/52
14 1 PU-6 9 2a; 95 2b; 97 42/58
15 1 ENT-4000 15 2n; 66 2b; 68 38/62
16 1 ENTP-4000 20 2a; 21 2b; 30 43/57

With immobilized Candida albicans
l7u) 1 None 23 2b; >99 0/>99
18 1 ENT-4000 27 2a; 42 2b; 81 12/88
19a) 3 None 45 4a; 97 4b; 97 78/22
20 3 PU-3 57 4a; 83 4b; >99 75/25
21 3 PU-6 64 4a; 96 4b; >99 75/25
22c) 3 PU-6 79 4a; 95 4b; >99 70/30
23 3 ENT-4000 26 4a; >99 4b; >99 62/38
24cl 3 ENT-4000 37 4a; 84 4b; >99 67/33

a) Solvent: usual liquid medium used previously." b) Solvent: n-hexane saturated with water. c) The filtered, used,
immobilized yeast cells were employed again after reactivation (see Experimental).

resin prepolymers CENT and ENTP) has been developed by Fukui and Tanaka.'? Although
the advantages of this prepolymer method have already been shown in several cases, it is
desirable to expand the scope of this method by testing it with various types of enzymatic
reactions. Thus, we examined the effect of immobilization with these prepolymers on the
previously reported yeast-promoted enantioselective reduction of et-methyl fi-keto esters 1 and
3 to give the corresponding ex-methyl f3-hydroxy esters 2a-d2

) and 4a,b.3
) These compounds

have been proved to be useful chiral synthons leading to bioactive natural products such as
(- )_54 ) and 6.5 )

Selected data on the present asymmetric reduction of 1 or 3 using immobilized yeasts are
presented in Table I. Results obtained in the reduction with native yeasts are also shown for
comparison.

The characteristic features of the present asymmetric reduction using immobilized yeasts
are as follows: 1) By a proper selection of an effective prepolymer, both chemical yield and the
optical purity were improved (entries 6, 7, 13, 21 and 22). 2) The immobilized yeasts can be
used repeatedly (entries 7, 11, 22, and 24). In most cases, the enzymatic activity remains
intact. 3) In some cases, the stereochemistry of the reduction is affected by the prepolymer
used. In entries 10 and 11, products having opposite stereostructure are obtained. 4) Among
the media so far examined, a 20% (wjv) sucrose solution was found to be the best in every
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case. 5) The use of a water-miscible organic solvent such as dimethylsufoxide (DMSO),
tetrahydrofuran (THF) or dioxane, or nonpolar organic solvents saturated with water, was
shown to deactivate the immobilized microbial cells. Only in entry 3, n-hexane saturated with
water could be used as the solvents, but the yield was poor.

Experimental

A typical immobilization procedure employed here is as follows. Thawed yeast cells (4 g) suspended in I ml of
water were entrapped with 2g of water-miscible urethane prepolyrner, PU-3 or PU-6, by mix.ing continuously until
gelation started. Thawed yeast cells (3.5 g) suspended in 1 ml ofwater were also immobilized with 3.5g of photo
crosslinkable resin prepolymer (ENT-4000 or ENTP-4000) in the presence of a photosensitizer, benzoin ethyl ether
(35 mg), under illumination with near-ultraviolet light (wavelength range, 300-400 nm; max.imum intensity at
360nm) for 3 min. The gel blocks thus formed were cut into small pieces (5 x 5 x 5mm) and used for the reduction. A
mixture of a substrate (lor 3; 0.2-0.3 mmol) and immobilized microbial cells thus prepared in water-saturated
organic solvents (lOOmI) (benzene, n-hexane, n-heptane and isooctane) was shaken continuously at 30°C for 3d.
However, the starting material was recovered almost intact in every case except for entry 3. Thus, the reaction
medium was changed to a sucrose solution (20 gj100 rnl) and reduction was carried out under the same conditions as
mentioned above. After completion of the reduction, the gel blocks were separated by filtration from the solution
containing products. The immobilized cells thus recovered were washed with water and reactivated by shaking
continuously in water (100 ml) in the presence of sucrose (20 g) at 30De for one day, then used again (entries 7, 11,22
~~. .

The structures and optical purities of 2a-d,2) 4a,b6 ) were determined after converting the compounds into the
corresponding (+)-MTPA esters," by comparison with authentic samples prepared previously.

References and Notes

I) S. Fukui and A. Tanaka, Adv. Biochem, EngfBiotechnol., 29, 1 (1984).
2) a) H. Akita, A. Furuichi, H. Koshiji, K. Horikoshi, and T. Oishi, Tetrahedron Lett., 23, 4051 (1982); b) Idem,

Chern. Pharm. Bull., 32, 1333 (1984).
3) H. Akita, H. Koshiji, A. Furuichi, K. Horikoshi, and T. Oishi, Tetrahedron Lett., 24, 2009 (1983).
4) H. Akita, H. Koshiji, A. Furuichi, K. Horikoshi, and T. Oishi, Chern. Pharm. Bull., 32, 1242 (1984).
5) S. F. Martin and D. E. Guinn, Tetrahedron Leu., 25, 5607 (1984).
6) NMR signals (400 MHz) due to the C-7 protons of the (+)~MTPA esters of all possible authentic syn- and anti

isomers 4 prepared by the use ofnative yeast of3 are noted here, since these data were not given in the previous
report (ref. 3). syn-(9S,lOR) ester (4a); 06.736, d, J=15.9Hz, syn-(9R,lOS) ester; 06.601, d, J= 15.9 Hz. anti
(98,108) ester (4b); 06.827, d, J=IS.9Hz, anti~(9R,IOR)ester; 06.745, d, J=:15.9Hz.

7) a) J. A. Dale, D. L. Dull, and H. S. Mosher, J. Org. Chem., 34,2543 (1969); b) J. A. Dale and H. S. Mosher, J.
Am. Chem. Soc., 95, 512 (1973).



4988

[
Chern. Phar m, BUlL]
35(12}4988-4989(1987)

Chemistry of Amine-Boranes, XI.!) A Convenient Synthesis
of Dimethylamine-Borane

YASUO KIKUGAWA

Faculty of Pharmaceutical Sciences, Josai University,
1-1 Keyakidai, Sakado, Saitama 350-02, Japan

(Received June 8, 1987)

Vol. 35 (1987)

Dimethylamine-borane was synthesized in good yield from sodium borohydride and di
methylamine hydrochloride by using dimethoxyethane as a solvent.

Keywords---dimethylamine-borane; sodium borohydride; dimethoxyethane; synthesis

Amine-boranes are useful reagents which have many important laboratory and industrial
applications." In particular, dimethylamine-borane (DMAB) has been used widely as a
reducing agent in chemical plating." Commercially available DMAB is prepared by the
reaction of diborane with dimethylamine at low temperature.i'" DMAB is also prepared by
other methods, such as reaction of lithium borohydride (LBH) with dimethylamine hy
drochloride in ether,2b.4-} displacement of tetrahydrofuran (THF) with dimethylamine from
THF-borane,2b) or reaction of sodium borohydride (SBH) and dimethylamine in the presence
of iodine." We wished to prepare DMAB through a more convenient method.

It is generally accepted that ordinary amine-boranes can be prepared by the reaction of
LBH with an amine hydrochloride in ether. The synthesis of pyridine-borane is exceptional,
and can be successfully carried out by the reaction of SBH (instead of LBH) and pyridine
hydrochloride in pyridine." probably because both SBH and pyridine hydrochloride are
comparatively soluble in pyridine. We have investigated the preparation ofDMAB with SBH
and dimethylamine hydrochloride by seeking a proper solvent. Many solvents were tested and
the results were as follows: 1) DMAB was obtained in moderate but practically unsatisfactory
yields in THF or dioxane. 2) Dimethylformamide (DMF) dissolves SBH and dimethylamine
hydrochloride fairly well and DMAB was obtained in good yield; however, chromatography
on a short silica gel column was needed to remove DMF completely. 3) Dimethoxyethane
(DME) was revealed to be the best solvent not only for dissolving the reagents, but also
because it could be easily removed by evaporation. Accordingly DMAB was obtained in good
yield through a simple procedure.

Some secondary amine-boranes such as morpholine-borane or diethylamine-borane were
also synthesized by using the combination of SBH, the amine hydrochloride and DME in
yields of 71% and 55%, respectively. However, it is interesting to note that trimethylamine
borane could not be synthesized at all by the. same procedure.

Experimental

All melting points are uncorrected. SBH was purchased from Morton Thiokol Ltd., Japan, Ventron Division.
DMAB--SBH (925mg, 25 mmol) was added in small portions to a suspension of dimethylamine hy

drochloride (2.24g. 27.5 mmol) in DME (40ml) under stirring. After 1h, the reaction mixture was filtered and the
filtrate was evaporated in vacuo to afford crude DMAB, mp 33°C (1.24g, yield 84%), which was recrystallized from
dichloromethane-hexane to give pure DMAB.7) mp 36°C Oit.S) 36°C).



No. 12

References and Notes

4989

1) Part X: Y. Kikugawa, J. Chem. Soc., Perkin Trans. 1, 1984, 609.
2) a) H. C. Newsom, "Encyclopedia of Chemical Technology," 2nd ed., Vol. 3, ed. by Kirk-Othmer, Interscience

Publishers, New York, 1964, pp. 728-737; b) R. A. Geanangel and S. G. Shore, "Preparative Inorganic
Reactions," Vol. 3, ed. by W. L. Jolly, Interscience Publishers, New York, 1966, pp. 133-141; c) W. Buchner
and H. Niederpriim, Pure Appl. Chem., 49, 733 (1977).

3) H. Narcus, Plating, 54, 380 (1967); Y. Okinaka, ibid., 57,914 (1970); K. Nihei, T. Ohsaka, and H. Sawai, Denki
Kagaku, 44, 402, 656 (1976).

4) H. Noth and H. Beyer, Chern. Ber., 93, 931 (1960). It was claimed in the literature that SBH is also effective for
the synthesis of amine-boranes; however, no experimental details were given. According to ref. 2b, LBH is used
because it is more soluble in organic solvents than the other alkali metal borohydrides.

5) K. C. Nainan and G. E. Ryschkewitsch, Inorg. Chem., 8, 2671 (1969); idem, Inorg. Synth., 15. 122 (1974).
6) R. P. Barnes, J. H. Graham, and M. D. Taylor, J. Org. Chem., 23, 1561 (1958).
7) This was identified by mixed melting point determination with an authentic sample purchased from Morton

Thiokol Ltd., Japan, Ventron Division.
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2-Hydroxy-3-(2'~piperidyl)quinolizidine (5), an intermediate for the synthesis of (±)-leonti
formidine (Ia), was converted into (± )-sparteine (7) by a three-step procedure of oxidation,
Mannich reaction and deoxygenation.

Keywords-lupin alkaloid; leontiformidine; sparteine; 8-oxosparteine; 2-hydroxyleontifor
midine; 2-oxoleontiformidine; 3-(2'-piperidyl )quinolizidine; stereo-structure; Jones-oxidation

In the preceding paper, 1
) we reported the total synthesis of two lupin alkaloids,

leontiformidine (Ia) and leontiformine (Ib), using the 1,3-dipolar cycloaddition reaction of
the enone (2) with I-piperine I-oxide (nitrone 3) as a key reaction, as shown in Chart 1.
Leontiformidine (ta) has a 3-(2'-piperidyl)quinolizidine structure, and another lupin alkaloid,
sparteine (7), has a similar structure in which the C-I and N-I' positions are combined with a
methylene group. Therefore, it seemed likely that 2-hydroxyleontiformidine (5), an in
termediate for the preparation of la, could be converted into 7 by a three-step procedure of
oxidation, Mannich reaction and deoxygenation. This paper deals with the chemistry leading
to C±)-7 from 5.

Chromic acid is generally used in the oxidation of amino alcohols to amino-carbonyl
compounds. However, in the oxidation of 5, epimerization at the C-3 must be considered,
because the C-3 of 8 becomes an active methine carbon owing to the effect of the produced
carbonyl group, and the 2-piperidyl group should take the thermodynamically stable
equatorial form. To avoid epimerization at C-3 of 8, various oxidations without the use of
chromic acid were attempted. Under non-acidic conditions, Oppenauer 'oxidation and
Moffatt oxidation did not occur, and the starting material was recovered. Swem oxidation
gave a complicated mixture. Mild conditions using pyridinium chlorochromate (PCC) gave
unsatisfactory results. Finally, Jones oxidation afforded 8 in 96% yield.

In order to confirm the stereochemistry of the product 8, obtained under rather strongly
acidic conditions, the reductive removal of the carbonyl oxygen was carried out. Wolff
Kishner reaction of 8 did not proceed, but the tosylhydrazone of 8 was reduced with LiAIH4

to give la, whose spectral data were identical with those of an authentic sample.
Consequently, it was found that the stereo-structure at C-3 of 8 did not change during Jones
oxidation.

Next, the Mannich reaction of 8 with HCHO was carried out. Under acidic conditions
with HCl, the reaction did not occur. At pH 7-8 adjusted with AcOH, 8-oxo-sparteine (9)
was obtained in 38% yield. The carbon-13 nuclear magnetic resonance (13C-NMR) data of 9
were consistent with those of Bohlmann and Zeisberg." Since 9 has already been converted to
(± )-7 by van Tamelen and Foltz,3) this synthesis constitutes a formal synthesis of (±)
sparteine.
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Thus, we have achieved a novel synthesis of sparteine, maintaining the stereo-structure
from 2-hydroxyleontiformidine (5). This method should be applicable to the total synthesis of
naturally occurring homologous alkaloids. For example, the quinolizidine-indolizidine
alkaloid l l-epileontidane'" has the structure 10, in which the D-ring of sparteine (7) is
replaced by a five-membered ring and the stereochemistry of chiral centers is the same as that
of 7. Accordingly, it is expected that the synthesis of 10 should be possible by using 1
pyrroline l-oxide (6) instead of nitrone (3) in the foregoing procedures. The correctness of this
assumption is now under investigation in our laboratory.

Experimental

Infrared (IR) spectra were measured with a Hitachi 215 spectrometer and MS with a JEOL JMS-D300
spectrometer. I H- and 13C-NMR spectra were recorded on a JEOL JNM-GX 400 FT NMR with tetramethylsilane as
an internal standard.
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(± )-2-0xoleontiformidine(8)-i) Oxidation of5 with pee: A solution of5 (500 mg, 2.10 mmol) in dry CH2Cl2

(5 ml) was added to a stirred suspension of PCC (0.90 g, 4.18 mmol) and molecular sieves 3A powder (2.10 g) in dry
CH 2Cl2 (IOml) at room temperature. Stirring was continued for 6h, then water and K2C03 were added and the
solvent was evaporated off in vacuo. The residue was extracted with CH2Clz in a Soxhlet extractor for 12h and the
extract was evaporated in vacuo. The resulting product was chromatographed on silica gel with CH2CI2-CH30H

28~IaNH40H (90: 9 : I) to give colorless crystals of 8. Yield, 263 mg (53.0%).
ii) Jones Oxidation. Fresh Jones reagent (a mixture of Crf), 5.34g, H2S04 4.6ml, and water 8ml make 20ml)

was added to a stirred suspension of 5 (200 mg, 0.84 mmol) in acetone (20 ml) to form a clear solution at O°c. After
being stirred for 2 h, the reaction mixture was warmed to room temperature and then stirred for a further 3 h. The
resulting mixture was concentrated to half the initial volume, water and K2C03 were added, and the solvent was
evaporated off. The residue was extracted with CH1Cl1 in a Soxhlet extractor (or 12h, and the extract was
concentrated to dryness. The solid obtained gave a single spot on thin layer chromatography (TLC). Yield, 190 mg,
96.1 %. IR v~;~4cm-l: 3370(NH), 2930, 2850,2800 (Bohlmann band), 1710 (C=O). I H-NMR (CDC13) 0: 2.66 (2H,
m), 2.78 (lH, ddd, 1=2.4, 7.2, 10.9 Hz), 2.96 (lH, rn), 3.03 (l H, m), 3.16 (1H, dd, J=5.9, 11.2 Hz). MS m]z: 236(M+),
152, 110, 98, 84 (base peak). High MS mlz 236.1887 (Calcd for C14H24N20: 236.1887).

(± )-Leontiformidine (la) From the TosyIhydrazone of 8--A solution of 8 (50mg, 0.21 rnmol) and tosyl
hydrazide (47 mg, 0.25 mrnol) in EtOH (70 pI) was heated at 90°C under an N2 atmosphere for 20 h and then concen
trated to dryness in vacuo. The residue was dissolved in dry tetrahydrofuran (THF) (2 ml) and this solution was
added to a stirred suspension of LiAIH 4 (80 mg, 2.11 mmol) in dry THF under an N2 atmosphere. The mixture
was stirred for 12h at ambient temperature, then the reaction was quenched by the addition of water. The insoluble
material formed was filtered off and washed with CH2CI2• The combined filtrate was dried and evaporated to give
the residue, which was subjected to preparative TLC on silica gel with CH2CI2-CH30H-28% NH4 0 H (90: 9: 1) to
give (±)-la as a pale yellow syrup (34.3mg, 73%). Spectral data of (±)-la were consistent with those of an au
thentic sample. I)

Mannich Reaction of 8: Formation of {± )-8-0xosparteine (9)--A solution of 8 (190 mg, 0.80 mmol) and 35%
formalin (64 J.d, 0.81 mmol) in EtOH (0.5 ml) was adjusted to pH 7-8 with 50~~ AcOH and then heated at 110°C with
stirring for 2 h. After the solution had cooled, the solvent was evaporated off in vacuo and then water, CH 2Cl2 and
K2C03 were added and the whole was extracted with CH2CI1. The organic layer was dried and evaporated in vacuo to
give the residue, which was subjected to column chromatography on silica gel. Elution with CH1CI1-CH30H

28%NH40H (90: 9: 1) afforded (± )-8-oxosparteine (9) as a pale yellow solid (74.3 mg, 37.2%). The spectral data of 9
were consistent with those reported by Bohlmann and Zeisberg." IR v~~~4cm-1: 2935, 2855, 2803,2770 (Bohlmann
band), 1738, 1720 (C =0). 13C-NMR (CDC13)~: 23.32 (t), 23.65 (t), 25.41 (t), 25.52 (t), 29.86 (t), 34.90 (t), 51.88 (d),
54.39 (dd), 54.63 (d), 55.13 (dd), 55.92 (t), 62.16 (dd), 66.64 (d), 66.77 (d), 213.16 (s). MS mlz: 248 (M+), 166, 165, 164,
152, 151, 150, 124, 110,98 (base peak), 97, 96.
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17(X-Digitoxigenin apiosyl-glucosyl-thevetoside and cellobiosyl-thevetoside were isolated, to
gether with known biosides and triosides, from the stems of Cerbera manghas L.

Keywords-Cerbera manghas; Cerbera odollam; Apocynaceae; cardenolide; cardenolide
apioside; 17(X-digitoxigenin cellobiosyl-thevetoside
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In the preceding paper, we described the isolation of glucos-Seulosyl-thevetosides of 17rx.
digitoxigenin and 17a~tanghinigenin, and of cerleaside A (oleagenin «-t-thevetoside) from the
air-dried leaves of Cerbera manghas L. and C. odollam GAERTN.2 ) Cerleaside B (oleagenin fJ
n-glucosyl-f l-s-sj-c-t-thevetoside) was obtained from the fresh leaves of C. odollam, and a
gentiotriosyl-thevetoside of digitoxigenin was isolated from the fresh leaves of C. manghas."
Since the oleagenin glycosides, cerleaside A2)and cerleaside B,l) formed part of the major
glycosides in the leaves of C. odollam, we have examined the glycosides from the stems of the
two species. This paper deals with the isolation of 17a-digitoxigenin glycosides composed of
apiose, glucose and thevetose in the sugar moiety (1), cellobiosyl-thevetoside (2), and
gentiobiosyl-thevetoside (3), along with other known biosides, glucosyl-thevetosides of
digitoxigenin (4), 17ex-digitoxigenin (5), tanghinigenin (6), 17a-tanghinigenin (7) and olea
genin (cerleaside B) (8), and triosides, gentiobiosyl-thevetoside of digitoxigenin (thevetin B)
(9), tanghinigenin (10) and 2'-O-acetyl-thevetin B (11).3)

Compound 1, showing intermediate polarity between biosides and triosides on thin layer
chromatography (TLC), was isolated as a solid from the stems of C. manghas. Since the
negative fast atom bombardment (FAB)-mass spectrum (MS) afforded the (M-I)- peak at
m]z 827 and (M-CsHs0 4 -1)- peak at m]z 695, 1 was considered to be a trioside having a
pentose as the terminal sugar. In the carbon-13 nuclear magnetic resonance (13C-NMR)

spectrum of 1, the signals due to 5 were assignable; there was a downfield shift of C-6 of the
glucose to which the terminal sugar is attached. The carbon signals of the pentose moiety
observed at 6 111.1 (d), 80.3 (s), 77.8 (d), 75.0 (t), and 65.8 (t) and characteristic proton signals
at fJ 4.16 (2H, s), 4.34 and 4.56 (l H each, d, J = 9 Hz) in the proton nuclear magnetic resonance
eH-NMR) spectrum suggest the terminal pentose to be n-apiose." After acid hydrolysis of 1
with O.5N H2 S0 4-50% dioxane, apiose, 5, and 5-anhydride were detected on TLC.

Compound 2 showed the same Rfvalue as 9 (thevetin B) on TLC. In the negative FAB
MS, the peaks of (M - 1)- , (M - hexose - 1)- , (M - (2 x hexose) - 1)-, and (genin - 1)- were
observed at mjz 857, 695, 533 and 373, respectively, suggesting 2 to be a trioside composed of
hexobiosyl-thevetose. The proton and carbon signals due to an aglycone moiety were
assignable to 17a-digitoxigenin. Since 2 was hydrolyzed to 5 with f3-glucosidase, and the
signals due to the hexobiosyl moiety were identified as those of methyl ,B-cellobioside on the
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basis of the 13C-NMR spectra." 2 was determined to be 17cx-digitoxigenin ,B-cellobiosyl
(1~4)-IX-L-thevetoside.

Compound 3 was considered to be the 17iX-isomer of 9 based on the 1H- and 13C-NMR
spectra. The structure was confirmed by enzymic hydrolysis, yielding 5,

Since the isolation of apiin, many glycosides having an apiosyl moiety have been
reported. The occurrence of apiose in a cardenolide glycoside, 1, is reported here for the first
time. Compound 1 is named cerapioside. As with the glycosides from the leaves, the oleagenin
glycoside was included among the major glycosides in the stems of C. odollam.

Experimental

Melting points, optical rotations, IH-NMR, 13C_NMR and MS data were obtained as described in the preceding
paper." Column chromatography and TLC were conducted with the following solvent systems: solv. 1, CHC13
MeOH-H20 (7: 3: 1, bottom layer); solv, 2, EtOAc-MeOH-H20 (4: 1: 0.5); solv. 3, CH3CN-H20. Spots on the
TLC plate were detected by spraying diluted H 2S0 4 and heating the plate. High-performance liquid chromatography
(HPLC) was run on a Waters ALC 200 equipped with a Radial Pack C1scolumn.

Isolation of 1, 2 and 3 from the Stems of C. manghas.--Air-dried stems of C. manghas L., cultivated in die
greenhouse ofFukuoka University and harvested in Oct. 1986 (6 kg) were powdered and percolated with MeOH. The
MeOH percolate was treated in the same manner as described in the preceding paper." The bioside fraction was
subjected to silica gel column chromatography with solv, I and solv. 2, reversed-phase column chromatography with
RQ-l (Fuji gel, solv, 3) and also HPLC (solv. 3) to isolate 1 (17mg), 2 (6mg), 3 (250mg), 4 (85mg), 5 (220mg), 9
(200rng), and 11 (7mg).

Air-dried stems of C. odollam GAERTN•.collected in Singapore in Feb. 1987 (1.2 kg), were treated in the same
manner as described in the preceding paper!' and the following glycosides were obtained; 3 (8 mg), 4 (25 mg), 5
(20mg), 6 (80mg), 7 (20mg), 8 (l3mg), 9 (40trig), and 10 (8rog).

17«-Digitoxigenin P-D-Apiosyl-(I-t6)-P-D-glucosyl..(1-t4)-«-L-thevetoside (1) and Acid Hydrolysis of l--A
solid, [lX]~6 -60.3 O(c=0.85, MeOH). Negative FAB-MS mlz:827 (C41H64017-l)-, 695(M -apiose-l)-, 533(695
Glc)-, 373 (aglycone-I) -. IH-NMR D(ppmjfpyridine-Z): 0.85~ 1.19 (3H each, 5, H-18, H-19), 1.80 (3H, d, J=6 Hz,
H-6'), 3.42 (lH, t, J=9Hz, H-I7), 3.94 (3H, s, 3'-OMe), 4.16 (2H, s, H-5'''), 4.34,4.56 (lH each, d, J=9 Hz, H-4'''),
4.71 rm,d, J=2 Hz, H-2'''), 4.82, 4.97 (IH each, dd, J= 18, 1 Hz, H-21a, b), 5.16 (lH, d, J=4Hz, H-l'), 5.31 (rH, d,
J=8 Hz, H-l"), 5.77 (lH, d, J=2Hz, H-l"'), 6.12 (lH, d, J= 1Hz, H-22). 13C-NMR D(ppm) (pyridine-a.): 30.3 (C
1),26.8,27.1 (C·2, C-6), 73.7, 73.6 (C·3, C·2'), 31.0 (C-4), 36.8 (C-5), 21.5 (C-7), 41.7 (C-8), 36.0 (C-9), 35.4 (C-IO),
20.6 (C-ll), 31.6 (C-12), 49.4 (C-13), 85.2 (C-14), 31.0 (C-15), 24.9 (C-16), 48.9 (C-17), 18.6, 18.5(C-18, C-6'), 23.8 (C
19),172.7 (C-20), 74.1 (C-21), 116.6 (C-22), 174.1 (C-23), 98.5 (C-l'), 85.3 (C-3'), 81.9 (C-4'), 67.5 (C-5'), 60.9 (3'
OMe), 104.9re-i "),75.6 (C-2"), 78.3 (C-3"), 71.9 (C-4"), 76.9 (C-5"), 68.9 (C·6"), 111.1 (C-l"'), 77.8 (C-2'''), 80.3
(C-3'''), 75.0 (C-4'''), 65.8 (C-5'''). Compound 1(3 mg) was refluxed with 0.5 N H2S04-50% dioxane for I h, and the
mixture was deacidified with IRA-4lO, and diluted with H20. The mixture was then extracted with BuOH. The
BuOH extract was concentrated in vacuoand examined by TLC (solv. 1, RfO.65, 0.70) (5, 0.65; 5-anhydride, 0.70).
The H20 layer was again evaporated to dryness in vacuo and the residue was examined by TLC (solv. 1, Rf0.35, D

apiose: 0.35; solv. 2, Rf0.45, o-apiose: 0.45).
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17«-Digitoxigenin p-Cellobiosyl-(1-+4)-«-L.:.thevetoside (2) and Enzymic Hydrolysisof 2--A solid; [~]~4 - 36.6 0

(c =0:25, MeOH). Negative FAB-MS mjz: 857 (C42H6601S-1)-, 695 (857-Glc)-, 533 (69S-Glc)-, 373 (agly
cone-l)-. IH-NMR 0 (ppm) (pyridine-ds): 0.85,1.19 (3H each, s, H-18, H-19), 1.63 (3R, d, J==6Hz, H-6'), 3.42
(IH, t, J=9Hz, H-17f3), 3.~5 (3H, s, 3'-OMe), 4.82, 4.97 (IH each dd, J= 18, 1Hz, H-21a, b), 5.18 (lH, d, J=3 Hz,
H-l'), 5.19 (IH, d, J=8Hz, H-l~"), 5.32 (IH, d, J=8Hz, H-}"), 6.12 (lH, d, J=I Hz, H-22). 13C-NMR 0 (ppm)
(pyridine-zq): 30.3 (C-l), 26.8, 27.1 (C-2, C-6), 73.7, 73.8 (C-3, C-2'), 31.0 (C-4, C-15), 36.8 (C-5), 21.5 (C-6), 41.7 (C
7),36.0 (C-9), 35.4 (C-IO), 20.6 (C-l1), 31.6 (C-12), 49.3 (C-13), 85.2 (C-14), 24.9 (C-16), 48.9 (C-17), 18.5 (C-18, 'C
6'),23.8 (C-19), 172.7 (C-20), 74.1 (C-21), 116.6 (C-22), 174.2 (C-23), 98.5 (C-I '), 85.3 (C-3'), 81.8 (C-4'), 67.3 (C-5'),
61.0 (3'-OMe), 104.9 (C-I "), 74.7 (C-2"). 76.5 (C-3"), 81.8 (C-4"), 76.3 (C-5"), 62.4 (C-6"), 104.6 (C-I '''), 75.2 (C
2'''), 78.4 (C-3"'), 71.6 (C-4"'), 18.2 (C-5'''), 62.5 (C-6"'). All signals of2 taken in CD30 D were in good agreement
with those in the literature." Compound 2 (5mg) was dissolved in 20% EtOH (2m]) and was shaken with cellulase
(Sigma Chern. Co., Ltd.) (5 mg) at 38°C for 5 h. The mixture was extracted with BuOH and the BuOH extract was
examined by TLC and HPLC in parallel with authentic 5 [TLC: solv. I, RfO.65 (5, 0.65). HPLC: solv. 30% CH3CN

H20, I ml/min, tR 7.6 min (5, 7.6min)].
17ot-Digitoxigenin ft-GentiobiosyJ-(1-+4)-oc-L-thevctoside (3) and Enzymic Hydrolysis of 3--A solid, [C(]~8

-55.2° (c= 1.3, MeOH). FAB-MS mlz: 881 (M+Na)+. IH-NMR 0 (ppm) (pyridine-zq): 0.85, 1.19 (3H each, s, H
18, H-19), 1.78 (3H, d, J=6 Hz, H-6'), 3.42 (IH, t, J=9 Hz, H-17fJ), 4.82, 4.98 (lH each, dd, J= ]8, I Hz, H-21a, b),
5.12 (lH, d, J=3 Hz, H-l '),5.13 (IH, d, J=8 Hz, H-l "'),5.32 (IH, d, J=8Hz, H-I "),6.13 (IH, d, J= I Hz, H-22).
13C-NMR 0 (ppm) (pyridine-zj): 30.4 (C-I), 26.8, 27.1 (C-2, C-6), 73.7 (C-3, C-2'), 31.0 (C4, C-16), 36.9 (C-5), 21.6
(C-7), 41.7 (C-8), 36.1 (e-9), 35.5 (C-IO), 20.7 (C-II), 31.7 (C-12), 49.4 (C-13), 85.2 (C-14), 25.0 (C-16), 48~9 (C-17),
18.6 (C-18, C-6'), 23.9 (C-19), 172.9 (C-20), 74.1 (C-21), 116.6 (C-22), 174.2 (C-23), 98.5 (C-l'), 85.5 (C-3'), 81.4 (C
4'),67.6 (C-5'), 61.0 (3'-OMe), 105.6, 104.8 (C-I ': c-i "'), 75.6, 75.2 (C-2", C-2"'), 78.4 (x 2), 78.3 (C-3", C-3"', C
5"'), 71.7, 72.1 (C-4", C-4'''), 77.1 (C-5"), 70.8 (C-6"), 62.9 (C-6"'). Compound 3 (5mg) was hydrolyzed with
cellulase (5 mg) as described above. The BuOH extract showed the same Rfvalue and t R as authentic 5 [TLC: solv. I,
RfO.65 (5, 0.65). HPLC: solv. 30% CH3CN-H20, 1ml/rnin, tR 7.6 min (5, 7.6min)].
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The occurrence of two new bufogenin conjugates, desacetylcinobufagin 3-succinyl-L-arginine
ester and cinobufagin 3-sulfate, together with two known gamabufotalitoxin homologs and
resibufogein 3-sulfate, in the skin ofKorean toad, Bufo bufogargarizans CANTOR, is reported. Their
structures were elucidated by degradative means and/or direct comparison with authentic samples.
These bufogenin conjugates were assayed for inhibitory activity towards guinea pig heart Na + , K + 

adenosine triphosphatase.

Keywords-Bufo bufo gargarizans; toad venom; bufogenin conjugate; desacetylcinobufagin
3-succinyl-L-arginine ester; cinobufagin 3-sulfate; Na +,K +-ATPase inhibition

In the previous paper of this series, we reported the isolation of cinobufagin 3-glutaryl-L
arginine ester together with seven known bufogenins and eight known bufotoxins from the
dried body of Korean toad, Bufo bufo gargarizans CANTOR.3

) The present paper deals with
further studies on.the isolation and characterization of bufogenin conjugates from the skin of
Korean toad. The isolated conjugates were assayed for inhibitory activity towards guinea pig
heart Na +, K + -adenosine triphosphatase (Na +, K + -ATPase; Be 3.6.1.3).

Twenty-six toads obtained in South Korea were sacrificed by freezing in dry ice, and the
skins were immediately flayed off and extracted with ethanol. The ethanolic extract was
.concentrated in vacuo and the residue was subjected to column chromatography on silica gel.
Further separation ofbufogenin conjugates was effected by high-performance liquid chromat
ography (HPLC) using a reversed-phase column.

A new bufotoxin, mp 230-232 "C (dec.), [(X]~3 +18.9°, was isolated as a colorless
amorphous substance. The compound gave negative ninhydrin and positive Sakaguchi tests.
Upon hydrolysis with 6N. hydrochloric acid, arginine was produced and identified by thin
layer chromatography (TLC). On being subjected to enzymic hydrolysis with a hog pancreas
lipase preparation followed by methylation with diazo methane, the bufotoxin afforded,
desacetylcinobufagin 3-succinate methyl ester (3b), which was unequivocally characterized by
direct comparison with an authentic sample." These findings together with the elemental
analysis supported the assignment of the structure desacetylcinobufagin 3-succinyl-L-arginine
ester (4b) for the new bufotoxin. The absolute configuration of arginine was defined by the
substrate specificity of the enzyme used." Although the occurrence, of desacetylcinobufagin 3
succinate (2b) in the skin of Japanese toad has previously been disclosed," this is the first
reported isolation of 4b from the toad venom. Gamabufotalin 3-adipoyl-L-arginine and
-pimeloyl-L-arginine esters were also separated and characterized by direct comparison with
authentic samples."

In addition, bufogenin 3-sulfates were separated by the chromatographic methods
reported in the previous paper." Purification by HPLC on a reversed-phase column provided
a new bufogenin sulfate as a colorless oily substance. The compound was positive with the
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1: R1=H
2: R1 =CO(CH2hCOOH
3: R1 =CO(CH2)2COOCH3
4: R1 = CO(CHz)2CONHGH(CHz)3NHCNHz

I II
COOH NH

5: R1 =S03Na

Chart 1

a: Rz=H
b: Rz=OH
c: Rz=OAc

TABLE I. Inhibition of Guinea Pig Heart Na +,K +-ATPase by Bufogenins
and Their Conjugates

Genin
3-Substituen t Ouabain"

Rb) DAC C

157± 16.3 1480±240C
) 2490±21O 79.1 ± 3.487)

(la, 1.00)d) (lb. 1.00) (le, 1.00)
suc-OH > 10000 4250±350 3100± 550

(2a,4) > 0.15) (2b,4J 0.59) (2e,3) 0.03)
suc-L-Arg·OH 7300±670 5030±270 292± 19.67)

(4a,4) 0.20) (4b, 0.50) (4c, 0.27)
S03 Na > 10000 4860±780

(Sa,S) >0.15) (Sc, 0,02)

a) Reference compound. b) Abbreviations: R=resibufogenin, DAC==desacetylcinobufagin, C=
cinobufagin, suc=CO(CH2)2CO-. c) Mean±S.E. (x lO-8 M, 11=3). d) Figures in parentheses express
the compound number listed in Chart 1 and the potency relative to the respective genin.

barium-rhodizonate reagent (sulfate ion). Upon hydrolysis in the usual manner, the sulfate
yielded cinobufagin (Ic), which was identified by HPLC and mass spectrometry. These data
prompted us to synthesize cinobufagin 3-sulfate (5c), which proved to be identical with the
natural product. Resibufogenin 3-sulfate (5a) .was also isolated and identified by direct
comparison with an authentic sample."

In order to clarify the structure-activity relationship the isolated bufogenin conjugates
and related compounds were tested for inhibitory activity towards Na +, K + ~ATPase.6) The
molar concentrations of these compounds together with ouabain giving half-maximal
inhibition (Iso) of Na +, K +-ATPase from guinea pig heart are listed in Table I. Among the
bufogenins (la-e) having the 14f3,15f3-epoxy structure, Ic exhibited the most potent in
hibitory activity. Bufogenin succinates (2a-e), succinyl-L-arginine esters (4a-e) and sulfates
(5a,c) showed lower activity than the respective genin. These results are compatible with those
presented in the previous report.7)

Further studies on cardiac steroids in toad venoms are being conducted, and the details
will be reported elsewhere.

Experimental

All melting points were taken on a micro hot-stage apparatus and are uncorrected. Optical rotations were
measured with a JASeD DIP-4 automatic polarimeter. Mass spectral (MS) measurements were run on a Hitachi M-
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52G spectrometer. Proton nuclear magnetic resonance eH-NMR) spectra were recorded using tetramethylsilane as
an internal standard on a JEOL FX-IOO spectrometer at 100 MHz. Abbreviations: s=singlet, d=doublet and
dd=doublet ofdoublets. Silica gel HFz54 and Silica gel 60 (70-230 mesh) (E. Merck AG. Darmstadt) were used for
preparative TLC and column chromatography, respectively. A hog pancreas lipase preparation and other reagents
were purchased from Sigma Chemicals Co. (St. Louis, MO) and Nakarai Chemicals Ltd. (Kyoto), respectively.
HPLC was carried out on a Waters ALC/GPC 202 chromatograph equipped with. an ultraviolet (UV) detector
(280nm) and a Develosil OD5-5 column (5~m: 15cmx0.4cm i.d.) (Nomura Chemical Co .• Ltd, Seto) at a flow rate
of I ml/min.

Extraction of Steroidal Components--Twenty-six toads (Hufo bufo gargarizans CANTOR) were collected in the
middle zone of South Korea'" and sacrificed by freezing in dry ice. The skins were immediately flayed off and
extracted with EtOH (61) for 4 months. After removal of insoluble materials by filtration through a Celite layer, the
filtrate was concentrated in vacuo below 50°C to give a brown oily residue (9.67 g).

Isolation of Bufogenin Conjugates--The residue obtained was chromatographed on Silica gel 60
(37 em x 2.5 em i.d.) with AcOEt-MeOH (2: 1) as an eluent. Further purification of the dried eluate by HPLC with
CH3CN-o.25~~ (NH4 h C0 3 (1: 3) gave a new bufogenin sulfate(5c; I mg. ta II min) as a colorless oily substance.
Resibufogenin 3-sulfate (Sa; 1rng, tR 9roin) was also obtained by HPLC in the same way. Its chromatographic
behavior was identical with that of an authentic sample." HPLC: CH3CN-1.5% AcONa (pH 5.0) (I: 3, t R 14.5 min);
tetrahydrofuran-1.5% AcONa (pH 5.0) (l :4, tR 15.5min).

Further chromatography on Silica gel 60 with AcOEt-MeOH (l : 1) as described above gave a crude bufotoxin
mixture, which in turn was purified by HPLC with MeOH-H20 (5 :4; t R 10 min). Recrystallization of the dried eluate
from MeOH-ether gave a new bufotoxin (4b) as a colorless amorphous substance (IOmg). Two known bufotoxin
homologs were also obtained by HPLC with MeOH-H20 (5: 4); gamabufotalin 3-adipoyl-L~arginineester (3 mg; t R

3.5 min) and gamabufotalin 3-pimeloyl-L-arginine ester (3 mg; tR 5.5 min). These bufotoxin homologs were identical
with authentic samples with respect to lH-NMR spectra and chromatographic behavior." .

Structure Elucidation of Compound 4b--The compound showed the following physical and chemical
properties: ninhydrin test, negative; Sakaguchi test, positive. mp 230-232 DC (dec.). [0:]~3 + 18.9 D(c=O.l3. CHCI3

MeOH (l : 1». Anal. Calcd for C34H4SN409' 3/2H20: C, 59.71; H,7.51; N, 8.19. Found: C, 59.79; H, 7.62; N. 7.87.
IH-NMR (CD30DjCDC13)i5: 0.80 (3H, s. 18-CH3) , 1.00 (3H, s, 19-CH 3) , 2.60 (4H, brs, CO(CH2hCO), 3.58 (lH. s,
15C!-H), 4.70 (l H, d, J= 10Hz, 16et-H), 5.08 (IH, br s, 30:-H), 6.20 (IH. d, J= 10Hz, 23-H), 7.25 (lH, d, J=2 Hz. 21
H), 8.02 (IH, ddt J== 10. 2Hz, 22-H). Compound 4b « 1 mg) was heated with 6N HCl (O.5ml) in a sealed tube at
110 "C for 5 h. A portion of the resulting solution was subjected to two-dimensional TLC on Silica gel G (E. Merck
AG) with CHCI 3- MeOH- ]7% NH40H (2: 2: 1) and phenol-HyO (3: 1) as developing solvents, and arginine was
detected by means of the ninhydrin test.

Compound 4b (l rng) was dissolved in MeOH-I %NaCI (l : 9) (2.5 ml) and incubated with a hog pancreas lipase
preparation (I mg) at 37 CC for 2 h. The incubation mixture was extracted with AcOEt. The organic phase was washed
with H20 , dried over anhydrous NaZS04, and evaporated in vacuo. The residue was redissolved in MeOH (0.1 ml)
and treated with an ethereal solution of CHzN2 • After usual work-up, the crude product obtained was purified by
preparative TLC with benzene-AcOEt (1 : 1) as a developing solvent. The adsorbent corresponding to the spot of RJ
0.23 was eluted with AcOEt to give 3b ( < I mg) as a colorless amorphous substance. The product was Identical with
an authentic sample'" with respect to MS and chromatographic behavior. MS'rn/z: 514 (M+), 133, ] IS. HPLC:
CH3CN-H20 (1: 1, tR 8.5 min). TLC: cyclohexane-acetone-Cl-l'Cl, (10:3: 3, RfO.33).

Structure Elucidation of Compound 5c--The compound showed a positive Baz+-rhodizonate test. An aqueous
solution of 5c (ca. 100 Jlg) was adjusted to pH 1.0 with 5~1o H2S04 , saturated with NaCI. and extracted with AcOEt
(2 ml). The organic layer was allowed to stand at 37 DC for 2 h. The resulting solution was washed with 5% NaHC03
and H20, dried over anhydrous Na2S04 , and evaporated. The residue was identical With lc with respect to MS and
chromatographic behavior. MS mlz: 442 (M+). HPLC: CH3CN-H20 (2:1. tR 6.5 min). Compound 5c showed
chromatographic behavior identical with that of a synthetic sample. HPLC: MeOH-1.5% AcONa (pH 5.0) (J : 1. tR

15.5min), tetrahydrofuran-1.5% AcONa (pH 5.0) (1 :4, tR 19.5min).
Synthesis of 5c--Compound 1c (5 mg) in pyridine (2 ml) was treated with sulfur trioxide-pyridine complex

(10 mg) under ice-cooling for 5min and then at room temperature for 90min. The reaction mixture was poured into
ice-water (l0 ml). The resulting solution was adsorbed on Amberlite XAD-2 resin (l0 em x 1.5 ern i.d.), washed 'with
H20 and then eluted with MeOH. The eluate was concentrated in vacuo and the residue in HzO (0.5 ml) was passed
through a Dowex 50W-X8 (Na+ formjcolumn (2.5 ern x 0.5 cm i.d.), After evaporation of the solvent, the desired
compound was obtained as a colorless oily substance (Se, 3 mg). Thecompound showed a positive Ba2 +-rhodizonate
test and its homogeneity was confirmed by HPLC with MeOH-{).5% (NH4hC03 (5:4, /R 8 min). IH-NMR
(CDCI3/CD3CD) 0: 0.81 (3H, s, 18-CH3) , 0.98 (3H, s, 19-CH3) . 1.88 (3H, s. OCOCH3) . 2.85 (IH, d, J= 10Hz, 170:
H), 3.70 (IH, s, 151X-H), 4.72 (IH, br s, 31X-H. 5.45 (lH, d, J= 10 Hz, 16et-H).6.2] (IH, d,J= 10 Hz, 23-H), 7.22 (IH, d,
J=3 Hz, 21-H), 7.95 (l H, ddt J= 10, 3Hz, 22-H). On being subjected to solvolysis as described above, the compound
gave Ic as a sole product.

Assay for the Inhibition of Na +, K+-ATPase-·-The samples were tested for inhibitory activity towards Na + ,



No. 12 4999

K +-A'I'Pase (10 ~Lmol Pi/mg protein). from guinea pig heart by the method described in the previous paper.'? The
concentration of a compound required for 50~~ inhibition was defined as the Iso value.
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A one-step synthesis of a cortisol derivative for radioiodination is presented. The radioim
munoassay for cortisol using the bridge heterologous I 25I-Iabeled antigen was more sensitive than
that using a bridge homologous antigen. Cortisol levels in saliva and serum were easily determined
by direct radioimmunoassay with the proposed 125I-labeled antigen.

Keywords-cortisol; cortisol derivative one-step synthesis; 125I-labeled cortisol; direct

radioimmunoassay; saliva; serum

In radioimmunoassay (RIA) for haptens such as steroids and pharmaceuticals, 3H- or
125I-Iabeled haptens have been widely used. Gamma-emitting 1251 is preferred for labeling of
the hapten because it is easy to count. When the hapten does not possess a suitable chemical
structure for direct radioiodination, it has to be bound with an appropriate functional group
such as an imidazole or phenolic moiety before radioiodination. In this case, a bridge exists
between the hapten and the functional group. The difference in the chemical structure of the
radiolabeled hapten from the original hapten molecule affects the sensitivity and specificity of
the RIA. 1) The importance of the combination of antiserum and enzyme-labeled steroid have
also been pointed out in enzyme immunoassay."

Using cortisol as a hapten, we prepared 125I-labeled antigens having a bridge homol
ogous or heterologous to that of the immunogen. For the preparation of the bridge
heterologous antigen, a new type of coupling reagent, which can be applied to an one-step
synthesis of derivatives for radioiodination, is proposed. A direct RIA procedure for cortisol
in saliva and serum is presented as an application of the 125I-Iabeled bridge heterologous
antigen.

Experimental

All unlabeled steroids were obtained from Sigma Chern. Co. (U.S.A.), Na1251 was a gift from Daiichi
Radioisotope Laboratory (Japan) and [1,2.6,7-3H]cortisol (l00 Ci/mmol) was purchased from Amersham (England).
All other reagents were of reagent grade and were used without further purification. ex H-NMR) spectra were
determined on a lEOL 60H spectrometer with tetramethylsilane as an internal standard.

Preparation of Antiserum against CortisoI--Cortisol-3-0-carboxymethyl-oxime (F3-CMO)3) was conjugated
to bovine serum albumin (BSA) according to the method of Erlanger et al.4 ) (the number of cortisol molecules linked
to one molecule of BSA was determined to be 20). The conjugate (1 mg) was dissolved in 0.5 ml of saline and
emulsified with an equal volume of complete. Freund's adjuvant. A rabbit was given three booster injections
subcutaneously at intervals of two weeks and thereafter injections once a month. Blood was collected 10 months after
the initial injection .and centrifuged at 2000 g for lO min. The antiserum was stored at - 20°C. The titer was
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approximately 20000.
Preparation of Coupling Reagent for Derivatization of CortisoI-3-(4~lmidazolyl)propionic Acid Hydrazide

(lPH): Five grams of urocanic acid was dissolved in 72.4 ml of 0.5 N NaOH and catalytic reduction Wascarried out by
using 0.5 g of a 10% palladium-on-charcoal catalyst for 2 h in the usual way. The reaction mixture was filtered and
adjusted to pH 2 with concentrated HCl, and then concentrated under reduced pressure on a water bath. BtOH was
added to the residue and the mixture was filtered. The filtrate was concentrated under reduced pressure and the residue,
crude 3-(4-imidazolyl)propionic acid Hel, was esterified by heating to reflux with SOml of MeOH-HCI for 2 h. After
removal of the excess HCl under reduced pressure, 7.2 g of 100% hydrazine hydrate was added and the whole was
heated at 70°C for 2 h. The reaction mixture was concentrated to dryness in a rotary evaporator. EtOH was added to
the residue and the mixture was filtered to remove hydrazine Hel. The filtrate was passed through an anion exchange
resin column (Amberlite IR-45, OH form, 15 g, 1.5 x 20 em) to remove HCl. The effluent was concentrated to dryness
under reduced pressure and the residue was recrystallized from BtOH. Yield 0.8 g, mp 142°C. 1H-NMR (CD30D) D:
2.31 (4H, m, -CH2CH2 - ) , 6.49 (IH, s, imida 5H), 7.24 (IH, s. imida 2H). Anal.Calcd for C6HlON40: C, 46.74; H,
6.54; N, 36.34. Found: C, 46.77; H, 6.39; N, 35.78.

Preparation of Cortisol Derivatives--Cortisol-3-[3~(4-imidazolyl)propionicAcid] Hydrazone (F3-IPH):
Cortisol (I57mg) and IPH (lOOmg) were dissolved in 21111 of MeOH and refluxed for 6h. Purification by thin layer
chromatography (TLC) (Kiesel-gel 60) using CHCI3-MeOH-H20 (24: 7: I) as a developing solvent gave F3-IPH
(37mg, recrystallizedfrom MeOH). mp 190°C. IH-NMR (CD30D) 8: 0.51 (3H, s, 18-CH 3) , 1.09 (3H. s, 19-CH 3) ,

5.48 and 5.78 (l H, both s, 4-H, anti:syn=2: 1), 6.47 (IB, s, imida 5H), 7.23 (l H, s, imida 2H). Anal. Calcd for
C27H3SN40S .2H~O: C, 60.65; H, 7.92; N, 10.48. Found: C. 60.05; H, 7.72; N, lOAO. Cortisol-3-(O
carboxymethyl)oxime-histamine (F3-CMO-his) was prepared from F3-CMO, ethyl chloroformate and histamine
according to the method of Allen and Redshaw.!"

Radioiodination of Antigens-Antigens were labeled with I251 by the chloramine T procedure of Hunter et a/.5)

Specific activity (according to the method of Morris'"): F3-IPH_12SJ, 700 Ci/rnmol; F3-CMO-his-12 SI, 100Ci/mmol.
Standard Curves--Standard (cortisol) and antiserum were diluted in 0.1 M phosphate butler (pH 7.4)

containing 0.5~~ BSA. Radiolabeled antigens. were diluted in 0.1 M phosphate buffer (pH 7.4). Radiolabeled antigen
(ca. 10000cpm, 0.1 ml) and diluted antiserum (0.1 rnl) were added to a series of standard solutions (0.1 ml), and each
mixture was incubated overnight at 4"C. After addition of 0.5 ml of dextran-coated charcoal, prepared by mixing
dextran T 70 (50 mg) and Norit A (500 mg) in 100ml of 0.1 ~~ gelatin at 4°C, the suspension was vortex-mixed and
allowed to stand for 30 min. at 4°C, and then centrifuged at the same temperature for 15min at 2000 g. The
radioactivity in the precipitate or supernatant was measured in the usual way.

Direct RIA of Cortisol--The flow sheet of the direct assay is shown in Chart 1. Paired samples of saliva and
blood were collected from normal. apparently healthy volunteers. In the study of analytical recovery ofcortisol from
serum or saliva to which had been added a known amount of cortisol, a 2.5?tlaliquot of normal human pooled serum
(Nescol X, Chemo-Sero-Therapeutic Research Inst., Japan) or 0.1 ml of saliva was used. Freecortisol values in sera
were determined by the equilibrium dialysis method?' and the salivary cortisol level was determined by our IPH-RIA
method presented here.

Results and Discussion

The structure of the immunogen, antigens, and related compounds are shown in Chart 2.
Histamine or tyrosine methyl ester derivatives of steroids have been used as substrates for
radioiodination of 3~carboxymethyloximesteroids.l'v" but their preparation involves several
steps. Hydrazide derivatives of phenolic compounds have also been prepared and treated with
steroid.!" Histamine forms mono-iodinated derivatives, whereas tyrosine methyl ester (TME)
can form, in addition to the mono-iodo derivatives, di-iodinated TME derivatives which have
a lower immunoactivity and are less stable.?' Consequently, we used a histamine tracer. An
antigen (F3-IPH) having a heterologous bridge was prepared by coupling cortisol with
hydrazide derivatives of imidazole (IPH) and then radioiodinated. The F3-IPH-125J derived
from a new coupling reagent (IPH) had high specific activity. The hydrazide group can easily
react with the conjugated ketone ofcortisol and can subsequently be easily radioiodinated. An
antigen (F3~C~O-his)having a bridge homologous structure to the immunogen was prepared
by reaction of F3-CMO with histamine, and was derived to F3-CMO-his_125I.

The standard curves for cortisol are shown in Fig. 1. The curve obtained using the
radiolabeled bridge heterologous antigen (F3~IPH-125I) was shifted to a region of lower
concentration of cortisol and was more sensitive than the rediolabeled bridge homologous
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sample or standard solution }
+ total 0.2 ml

BB-BSA

j mix
F3-IPH-U:iI in BB, 0.1 ml

j mix

antiserum in BB-BSA, 0.1 ml

j mix and incubate overnight at 4°C

3% r-globulin in DB, 0.1 ml

j mix

15% PEG in BB, 1 rnl

1 mix
centrifugation for 20 min at 4°C (2000 g)

j
aspiration of supernatant

1
counting (precipitation, bound)

BB: 0.5 M borate buffer (pH 8.6)
BB-BSA: 0.5% BSA in BB
PEG: polyethylene glycol 6000

Chart I. Flow Sheet of IPH-RIA
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Chart 2

antigen (F3-CMO~his-12SI). 3H-Cortisol, which has no bridge site, produced the least
variation of BIB; (where B is the bound activity and Bo is the activity bound in the absence of
unlabeled cortisol) with the change in cortisol concentration.

The amount of cortisol in the samples (serum and saliva) was determined by using the
bridge heterologous radiolabeled antigen (F3-IPH-125I). The detection limit of the IPH-RIA
for cortisol (according to the method of Ekins and Newman'P') was 49 ng/dl. Tables I and II
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TABLE 1. Recovery of Cortisol Added to Normal
Human Pooled Serum

5003

TABLE II. Recovery of Cortisol Added to Saliva

Present
Cortisol (rig/tube)
Added Found

Recovery (%)
Present

Cortisol (rig/tube)
Added Found

Recovery (%)

0.31 1.73 1.99 97.5
0.15 0.75 0.85 94.4 0.31 0.79 1.14 103.6
0.15 0.43 0.58 100.0 0.31 0.40 0.71 100.0
0.15 0.20 0.33 94.3 0.31 0.15 0.47 102.1
0.15 0.13 0.28 100.0 0.31 0.09 0.41 102.5
0.15 0.06 0.21 100.0 Mean: 101.1

Mean: 97.7

show the recovery of cortisol added to serum and to saliva, respectively. The recovery was
satisfactory. IPH~RIA can be used to determine cortisol in the presence of corticosteroid
binding globulin in serum without pretreatment of the sample. The concentration of cortisol
in saliva is known to reflect the free cortisol level in serum, and determination of the cortisol
level in the saliva, especially when it is difficult to draw blood from a vein, such as in children,
seems to be very useful."? The cortisol level in saliva is much lower than that in serum and
saliva sometimes can not be collected in large amounts. Thus, it is important to determine the
amount of cortisol in the smallest possible quantity of saliva. Free cortisol levels in serum
determined by equilibrium dialysis were 7-14% of the concentration of total cortisol in
serum. Salivary cortisol showed a good correlation with the values of serum free cortisol
(Y=1.731 X+O.079ftg/dl, n, 10; r, 0.92; Y, serum free cortisol; X, salivary cortisol).

In conclusion, a new type of coupling reagent (lPH) could be applied to a one-step
synthesis of a derivative for radioiodination. The IPH-RIA, which uses a bridge heterologous
antigen, can be used to determine the cortisol level in serum and saliva with high sensitivity
through a simple procedure using a small quantity of sample (serum 2.5,ul, saliva 100pi).
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Color reactions among a drug, an organic dye and a metal ion were studied, and a simple and
sensitive spectrophotometric method, without solvent extraction, has been established for the
determination of some drugs by ternary complex formation with eosin and palladium(lI)
(probably involving an ion-association complex between (Pdl/(drug)n) cation and eosin anion).
Beer's law held up' to ca. 2.0 x 10- 5 M of each drug at 545nm in the final volume of 10ml, with
apparent molar absorpti vities of 5.7 x 104 1mol"! em -1 for chlorpromazine, 6.7 x 104 for thiamine,
5.5 x Hf for lincomycin, 4.0 x 104 for ofloxacin, and 3.5 x 104 for theophylline. The proposed
method was applied to the determination of these drugs in pharmaceutical preparations. A
fluorescence quenching method for the determination of these drugs by forming this ternary
complex was also investigated for the purpose of enhancing the sensitivity of determination.

Keywords--spectrophotometry; fluorometry; ternary complex; eosin; palladium(II); chlor
promazine; thiamine; lincomycin; ofioxacin: theophylline

Of the methods available for enhancing the sensitivity of determination of organic
compounds, the ion-pair complex formation system between an organic dye and an organic
compound has often been used; suitable organic dyes" are bromothymol blue, bromophenol
blue, bromocresol green, methyl orange, tropaeolin 00, eosin, zincon, chromazurol S,
tetrabromophenolphthalein ethyl ester, etc. These methods are complicated since they require
an extraction procedure due to the formation of water-insoluble complexes. The addition of a
surfactant or a water-micible organic solvent to avoid to any extraction procedure usually
causes decomposition of the ion-pair complexes formed, and thus the organic compounds
can not be determined any longer. In addition, these methods are not sensitive enough.

We have already reported" some simple and sensitive spectrophotometric methods,
which do not require any process of solvent extraction, for the determination of various
organic compounds with an organic dye and a metal ion.

In this research, color reactions of various -drugs by utilizing the ternary complex
formation among an organic dye, a metal ion and an organic compound were studied in
aqueous media, and then suitable conditions for the spectrophotometric determination of
some drugs (chlorpromazine (CP), thiamine (TA), lincomycin (LeM), ofloxacin (OFLX) and
theophylline (TP) by using eosin and palladium (II) (Pd(II» were established. The proposed
method was applied to the assays of these drugs in pharmaceutical preparations. A
fluorescence quenching method to determine these drugs was also investigated.

Experimental

Reagents and Apparatus--Standard aqueous solutions (1.0 x 1O-3M• M=mol1- 1) of CP, TA, LCM, OFLX
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and TP were prepared by dissolving appropriate quantities of Cpo HCl (Sigma Chemical Ltd.), TA· He) (Wako Pure
Co., Ltd.), LCM· HCl (Japan Upjohn Ltd.), OFLX (Daiichi Pharmaceutical Co., Ltd.) and TP (Tokyo Kasei Kogyo
Co., Ltd.). Eosin and Pd (II) solutions were prepared as 2.0 x 10-3 M aqueous solutions, as described in the previous
reports.'! A 0.5% methylcellulose (MC) solution was prepared by dissolving MC (I 500cps, Kishida Chemical Co.,
Ltd.) in cold water. A buffer solution (pH 4.3) was prepared by mixing 0.2M acetic acid and 0.2M sodium acetate
solutions. All other reagents and materials were of analytical grade, and were used without further purification.
Deionized water was used. A Shimadzu model UV 240 spectrophotometer and a Shimadzu model RF-540
speetrofiuorometer with l.O-em quartz celIs were used. The pH measurements were made with a Hitachi-Horiba F-7
AD pH meter with a combination calomel glass electrode.

Standard Procedure for the Spectrophotometry-An aliquot of each drug solution (up to ca.2.0 x 10- 5 rvi) was
transferred to a IO-mlcalibrated flask. To this, 1.5ml of a 0.5% Me solution, 3.0ml of the buffer solution (pH 4.3),
O.75ml ofa 2.0x 1O-3

M eosin solution and 0.75ml ofa 2.0x 1O-3 M Pd(lI) solution were added. The mixture was
diluted to 10ml with water, kept at 50"C for 30min, and then cooled for 5 min in water. The absorbance of the eosin
Pd(II)--drug solution (solution A) was measured at 545 nm against a similarly prepared eosin-Pdtfl) solution
(solution B).

Recommended Procedure for the Fluorometry-A sample solution containing up to ca. 7.5 x 10- 6 M of each
drug was placed in a lO-ml calibrated flask. To this solution, 1.5ml of a 0.5% Me solution, 3.0m) of the buffer
solution, 0.5 ml of a 2.0 x 10- 3 M eosin solution and 0.5 ml of a 2.0 x 1.0-3M Pd(II) solution were added. The mixture
was diluted to 10ml with water and kept at 50°C for 30min. Solutions A and B werecooled to room temperature in
water for 5 min, then the difference of relative fluorescence intensity between solutions A and B at 545nm emission
wavelength with excitation at 462 nrn was measured.

Results and Discussion

On the addition of TA to the eosin-Pd(II) solution (solution B), a distinct difference of
absorbance between the eosin-Pd(II)-TA solution (solution A) and solution B was observed
at around 545 nrn, and the absorbance difference of solution A against solution B was
proportional to the concentration of TA. The absorbance of solution B at 545 nm was
relatively low.

The effect of organic dyes was studied by measuring the difference of absorbance between
organic dye-Pd(II)-TA or organic dye-Pd(II)-LCM and organic dye-Pd(II) solutions. 10n
association reagents such as eosin, phloxine, fluorescein, dibromofluorescein and brom
ophenol blue increased the absorbance of organic dye-PdffI} solution, whereas chelating
reagents such as o-hydroxyhydroquinonephthalein, pyrogallol red, zincon, chromazurol S
and alurninon decreased its absorbance. Eosin was chosen on the basis of sensitivity.

The effect of metal ions was examined. Only Pd(II) was effective among various metal
ions; Pd(I1), iron(lII), titanium(IV), zirconium(IV), aluminumilll), zinctfl), copper(II),
manganese(II), silverfl), etc.

About 30 kinds of drugs were examined in the colored complex formation system with
eosin and Pd(II). The results showed that compounds involving heterocyclic N-bases or S
bases were apt to form colored complexes. In this paper, suitable conditions for the
determination of CP, TA, LCM, OFLX and TP are described.

Study of the Optimum Conditions for the Spectrophotometry
A maximum and constant absorbance of solution A against solution B was observed in

the range of pH 3.8-4.5 with 3.0 ml of a 0.2 M acetic acid-Q.2M sodium acetate buffer
solution.

Solution A without surfactant was unstable and gave a precipitate. In order to solubilize
and stabilize the colored. complex, the, use of various surfactants was tried. Cationic
surfactants such as cetylpyridinium chloride depressed the colored complex formation due to
the formation of an ion-pair complex between eosin and the cationic surfactant. Me
(1500 cps), which is a nonionic and water-soluble polymeric surfactant, was found to be the
best dispersion agent with respect to sensitivity.

The effect of the amounts of eosin and Pd(II) was examined by varying the molar ratio of
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TABLE 1. Sensitivities, Reproducibilities and Complex Compositions
of Some Drugs in the Proposed Method

Drug
sa)

R.S.D. b)
Mole ratio

(x 104
) (Pd :eosin: drug)

CP 5.7 0.5 1: 1 : 2
TA 6.7 1.0 1: 1 : 2
LCM 5.5 0.8 3: 3: 1
TP 3.5 2.1 1: 1 : 1
OPLX 4.0 2.1 1 : 1: 1

a) Apparent molar absorptivity. b) Relative standard deviation (n = 5).

Vol. 35 (1987)

eosin to Pd(II), the amounts of Pd(II) and CP being kept constant. A maximum absorbance
was observed when the molar ratio of Pd(II) to eosin was approximately 1 : 1. Further, it was
found that the eosin-to-Pd(II) ratio in the presence of a drug was 1 : 1. All further work was
thus carried out with 1.5 x 10- 5 M eosin and Pd(II) in the final volume, taking into
consideration the determination limit of drugs.

The color development at room temperature was very slow, more than 24 h being
required. The effects of temperature and time were examined by heating for 10-60 min at
various temperatures (40, 50 and 60DC); an almost constant absorbance was obtained at 50°C
for 25~0min or at 60°C for 20-50 min, followed by cooling to room temperature. As both
of solutions A and B on heating at 60°C formed jelly-like aggregates, which disappeared on
cooling and agitating, the reproducibility was somewhat poor (the conditions are beyond the
cloud point of M~»). The absorbance of solution A against solution B kept at 50°C for
30 min and cooled for 5min in water remained constant for at least 24 h.

Calibration Curves and Nature of Ternary Complex
Under the standard procedure, calibration curves were prepared for CP, TA, LCM,

OFLX and TP. Good linear relationship was obtained in the range up to ca. 2.0 x 10- 5 M of
each drug in the final volume of 10ml. The apparent molar absorptivities (e), the relative
standard deviations (R,S.D., n=5) and the compositions of the ternary complexes obtained
by the molar-ratio and continuous variation methods are listed in Table 1.

Next, a study to establish the character of the ternary complex was performed. The acid
dissociation properties of eosin in the presence of MC were determined spectrophotometri
cally" at an ionic strength of 0.1 at 20±0.1 °C. Eosin exists in any of the following forms,
depending on the pH in aqueous solution:

KKK
H3R+~ H2R~HR-~ R2 -..--- ..-- .....--

Where R denotes the undissociated parts of eosin. It was found that pKa1 , pKa2 and pKa3

in the presence of MC were -2.10,2.85 and 4.95, respectively, and about 80% of eosin at pH
4.3 was estimated'" to be HR". Moreover, this ternary complex without surfactant was fairly
well extracted into n-butanol (dielectric constant, 17.77)) , but got an insoluble film was formed
at the interface of the two phases in methyl isobutylketone (13.1). The color development was
remarkably depressed by the coexistence of small amounts of methanol or cationic surfactant.
On the other hand, Shcherboy et al.B

) reported a fluorometric method for the determination of
Pd(II) with eosin and 1,IO-phenanthroline (phen). On the addition of phen to solution B, the
same colored complex (e;::;:3.4 x 1()4) was produced. This reaction is based on the ion
association complex formation?' between [Pdtphenj]' + as a cationic component and eosin as
an anionic counter-ion. From the results, it is deduced that the ternary complex formed in this
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reaction system may be the ion-association complex between (Pd'fdrugj.) cation and eosin
anion.

Effect of Foreign Substances
The effect of foreign ions and substances on the determination of LCM or CP was

examined. The following ions and substances caused no interference up to at least the
concentrations indicated: IOO-fold molar excess over LCM or CP of Ca(II), Mg(II), K(I),
Na(I), fluoride, chloride, nitrate, sulfate, phosphate, glucose, lactose, succinate and urea; 10:.
to 20-fold molar excess of Cu(II), Co(Il) and 2n(II). Fe(III), iodide, thiocyanate, tartrate,
citrate, salicylate, ascorbate, glycine; caffeine, diphenhydramine and panthothenate interfere
at 1- to 5-fold molar excess over LCM or CPo Human albumin caused positive errors. The
interference of large amounts of Fe(III) could be removed by addition of fluoride ion
solution. To overcome the effects of small amounts of positive interfering substances such as
ascorbate, caffeine, diphenhydramine and pyridoxine, a standard addition method could be
used. The results are summarized in Table II.

Application of the Proposed Method
The proposed method was applied to the determination of Cp· HCI, TA· HCI,

LCM· HCl, OPLX and TP in pharmaceutical preparations (tablet, capsule and injection). The
content of a tablet or capsule was accurately weighed and ground in a mortar to a fine
powder. The required amount of the powder was weighed, transferred into a IOO-mI
volumetric flask, diluted to the mark with water and filtered. An injection without
pretreatment was transferred into a lOO-mI volumetric flask and diluted to the mark with
water. An appropriate amount of the sample solution was taken and assayed according to the
standard procedure. The results obtained by the proposed method were in good agreement
with those results of the other procedures, and recoveries were satisfactory (about 98-101 %).
The results .are presented in Table III.

Study of the Fluorometry
As the formation of this ternary complex reduced the fluorescence of solution B, a

fluorescence quenching method for the determination of these drugs was also investigated.
The uncorrected fluorescence emission spectra of solutions A and B are shown in Fig. I. On

TABLE II. Effect of Foreign Substances

Substance Added"
Recovery of

Added"
Recovery of

LCM (%) CP co
100.0 100.0

Fe(III), alum 2 115.6 2 127.8
Ca(II), chloride 100 100.0 100 100.0
1-, potassium 2 88.0 2 88.7
H2P04 -, potassium 100 100:0 100 100.0
Citric acid 2 86.5 5 91.0
Ascorbic acid 2 ns.: 2 ] 15.5
Glycine 5 83.5 10 91.5
Caffeine 2 1]6.3 2 127.6
Glucose 100 100.0 100 100.0
Pyridoxine 2 117.8 ] 108.3
Diphenhydramine 2 116.3 1 107.6
Calcium pantothenate 2 97.3 5 90.0
Human albumin (20f.lg) 117.4 (10Jlg) 105.2

LCM and CP, 1.0x 10- 5 M; eosin and Pd(II), 1.5 x 10- 4 M; Me, 0.075%; reference, solution B.
a) Molar ratio (substance/LCM or CP).
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TABLE III. Determination of Some Drugs in Pharmaceutical Preparations

Content (mgt· b
)

Recovery"
Sample

(%)
Nominal amount Present method Other method

Cp·HCI tablet 10.0 9.90 9.89d ) 100.8

TA· Hel injection 1.0 1.02 l.Ol e) 100.5
LCM capsule 250.0 253.4 99.1
OFLX tablet 100.0 103.5 102.8fl 99~9

TP injection" 201.3 195.7 I97..4e) 98.4

a) ,Drug content, mg per 1 tablet, capsule or injection. b) Mean of 5 determinations. c) As
aminophylline injection. d) Qnph-Pd/lf) method, ref. 10). e) lP X method, ref. 11). J) UV method, ref.
11).

80

,-..,
~oe
.5 40
~

ex:

500 560 620

Wavelength (nm)

Fig. I. Emission Spectra of Eosin-Pd(II) and
Eosin-:-Pd(II)-CP Solutions under the Recom
mented Conditions

CP, 7.5x IO- 6 M; eosin and Pd(U), 1.0 x 1O-4 M;
MC, 0.075;;;; pH, 4.3; excitation wavelength, 462 nrn.
-e-, CP-eosin-Pd(II); -, eosin-Pd(II).

the addition of CP to solution B, the relative fluorescence intensity (R. fl. int.) of solution B
fell significantly, and the magnitude of the decrease was proportional to the concentration of
CPo

In the development of the recommended procedure for the fluorometry, only the
amounts of eosin and Pd(II) were studied, and the same conditions as for spectrophotometry
were adopted for other reaction variables. The optimal amounts of eosin and Pd(II) were
1.0 x lO-4 Min the final volume of 10ml. The calibration curves were linear in the range up to
ca. 7.5x IO-6 M of these drugs. The quenching effects decreased in the order TA>CP,
LCM > TP > OFLX.

In conclusion, color reactions among various drugs, eosin and Pd(II) were examined,
and spectrophotometric and fluorometric determinations of some drugs (CP, TA, LCM,
OFLX and TP) were established by using ternary complex formation. The ternary complex
formed in this reaction system was regarded as the ion-association complex between
(PdII(drug)n) cation and eosin anion. Compared with the conventional methods using organic
dyes,2,12) or metal ions':" alone, the present method, which does not require an extraction
procedure, has the advantages of simplicity, sensitivity and reproducibility. The present
method should be useful and convenient for the simple determination and detection of various
drugs for quality control and for for screening tests, as well as for assay of pharmaceutical
preparations.
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Centrifugal partition chromatographies (CPC) of three series of compounds, phenols, benzoic
acids and N-phenylanthranilic acids, were performed with acetonitrile as a mobile phase and n
hexane as a stationary phase. Values for the partition coefficient (Pepc ) of these compounds were
determined from the ratio of their concentration in the n-hexane phase to that in the acetonitrile
phase, and they were compared with the partition coefficient between octanol and water determined
by the shaking-flask method (Poct). A significant linear relation was obtained between log Pepc and
log Poct for each series of compounds up to log Poct values of about 6, indicating that CPC is a very
useful method for simple and accurate determination of Poct.

Keywords--centrifugal partition chromatography (Cl'C); partition coefficient; high-per
formance liquid chromatography (HPLC); quantitative structure-activity relationship (QSAR)

In studies on the quantitative structure-activity relationship (QSAR), biological activity
is generally expressed as a linear combination of parameters that represent the physical
properties of the bioactive test compound. The hydrophobic property, generally expressed as
the log of the partition coefficientbetween octanol and water (log Poet)' is the major factor that
influences drug action.'!

The standard method for determining log Poet is the shaking-flask method. However, this
method is tedious and requires relatively large amounts of pure samples and octanol.
Furthermore, determination of log Poet values of above 4 is very difficult, and requires the use
of very rigorous experimental conditions." Thus, a more convenient method is required for
determination of high log Poet values. With recent improvements in techniques of high
performance liquid chromatography (HPLC), this procedure has become widely recognized
as very efficient for determining high values of log Poet. 3

) Octadecyl silica (ODS) and glyceryl
coated controlled pore glass (gly-CPG) have been found to be useful stationary phases for
HPLC, and with these stationary phases log Poet values of up to 6 or more can be determined
easily."

In the HPLC method, log Poet is generally determined from the capacity factor k' of the
test compound on the basis of the linear relation between log Poet and logk'. However,
deviation of data points from this linear relation is sometimes observed." In view of these
facts, an alternative method for simple determination of log Poet is required.

Centrifugal partition chromatography (CPC) was recently developed based on counter
current chromatography (CCC): by application of centrifugal force fields during CCC, the
chromatography can be performed very rapidly, simply and efficiently." CPC has mainly been
used for separation of various compounds including natural products on a preparative scale.?'
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However, it should be also useful for analytical purposes.
We studied the availability of CPC for determination of logPoct < As mentioned above,

chromatography with the use of solid supports as in HPLC sometimes shows anomalous
retention behavior even among compounds in a homologous series. Since CPC is based on the
partition between two immiscible liquid phases without the use of any solid support, CPC is
expected to be more efficient than HPLC for determining log Poet. In this study, we used n
hexane as a non-polar phase, and acetonitrile as a polar phase in the CPC. For determination
of log Poet' performance of the CPC in the octanol-water system would be desirable, but our
attempts were unsuccessful because of the high viscosity of octanol, Since CPC in the n
hexane-acetonitrile system is efficient for separation of organic compounds.I' we used this
chromatographic system as a first step to examine the availability of'Cf'C for determination of
logPoc(' We found that logPoct values of up to about 6 could be determined simply and
rapidly with small amounts of sample compounds.

Experimental

Materials--3'-Substituted N-phenylanthraniIates were kindly donated by Taisho Pharmaceutical Co. (Tokyo,
Japan). Other reagents were obtained from either Wako Pure Chemical Industry (Osaka, Japan), or Nakarai
Chemicals Co. (Kyoto, Japan). Test compounds were dissolved in the mobile phase at a concentration of 0.5
10mgjml, and 0.2 ml samples of the solutions were subjected to chromatography for determination of the log Poct

values.
Performance of CPC-CPC was performed at 2SDC in a centrifugal partition chromatograph, model CPC

LLN, Sanki Engineering Ltd.5 ) The apparatus consisted of cart ride-type micro-cells(total volume Vc =256.0 rot) on a
centrifuge rotor. Chromatography was performed as follows. First the cartridges were filled with the solution used as
the stationary phase, and then the mobile phase was introduced under centrifugation at a constant rate. The total
volume of the stationary phase eluted before elution of the solvent front of the mobile phase was measured
accurately. This volume corresponded to the volume of the mobile phase Vm, and the deviation in values was always
within I%. After elution of the mobile phase through the stationary phase for a certain period to achieve steady
performance of the CPC, the sample solution was injected. The retention volume of the sample, Ve, was determined
from the chromatogram recorded with a UV flow-cell monitor.

In this study, n-hexane was used as a stationary phase. and acetonitrile (CH3CN) as a mobile phase. Each phase
was saturated with the other phase before CPC. The flow rate of the mobile phase and Vrn as well as Ve were
determined in each run.

Determination of Partition Coefficient--The ratio of the concentration of test compounds in the nonpolar
phase CNP (n-hexane) to that in the polar phase Cpp (acetonitrile) corresponds to the partition coefficient in the CPC
system. This value is referred to as Pcpe , and was calculated by the use of Eq. 1.

Pe pc = CNP/Cpr

(1)

Results and Discussion

Figure 1 shows the chromatogram of 2,3,4,6-tetrachlorophenol obtained at a.flow rate of
2.0 ml/rnin and rotation to be of 800 rpm. As described in the experimental section, the total
volume of the separating cartridges Vc was fixed at 256.0 ml, the volume' of the mobile phase
Vm (= 86.0 ml) was determined directly without using unretained compound, and only the
retention volume of the test compound Ve (= 115.3 ml) was measured from the chromato
gram, as indicated in Fig. 1.

We performed CPC with acetonitrile-saturated n-hexane as a stationary phase, and n
hexane-saturated acetonitrile as a mobile phase, because the test compounds were sufficiently
soluble in both solvents to give a measurable chromatogram. It is noteworthy that
solubilization of the test compounds is a limiting factor in chromatographies, We carried out
CPC with three series of compounds, phenols, benzoic acids and N-phenylanthranilates, and
determined log Pc pc values according to Eq. 1.The values of Vm , Ve , and log Pepc obtained are
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Fig. 1. Chromatogram of 2,3.4.5-Tetrach1oro
phenol

TABLE Y. Chromatographic Data. and log Pepc and log POCl Values of Phenols,
Benzoic Acids and N-Phenylanthlanilates

Compounds Vm (ml) Ve (rnl) logPcpe log POel
a)

Phenols
4-C6Hs 83.5 93.1 -1.25 3.20
2,4-Cl2 87.0 104.2 -0.99 3.08
2,4,6-ClJ 84.0 107.6 -0.86 3.62
2,3,4,6-C14 86.0 115.3 -0.76 4.10
2,3,4,5,6-C1s 85.5 121.3 -0.68 5.12
4-CN 86.0 89.3 -1.71 1.66

Benzoic acids
3-Cl 87.5 95.3 -1.33 2.68
4-CI 87.0 95.7 -1.29 2.65
3-CH3 86.0 92.0 -1045 2.37
4-N02 87.5 9004 -1.76 1.83
4-CN 86.0 8804 -1.85 1.56

N-Phenylanthranilates
Not substituted 86.0 91.3 -'-1.51 4.36
3'-CF3 86.5 97.6 -1.18 5.62
2',3 '-(CH3h 86.5 98.3 - 1.16 5.37
3'-N02 86.7 92.0 -1.50 4.57
3'-OH 87.0 90.0 - i.75 3.49
3'-OCH3 86.8 91.3 -1.58 4.56
3'-COCHJ 86.5 90.2 -1.66 4.31

a) Cited from refs. 8 and 10.

summarized in Table 1.
We next examined the relation of log P cp c with log poe!' In all cases log P~pc increased

linearly with increase in log Poct' The linear relations could be expressed by Eq. 2.

logPpct =a+blogPc pc (2)

For these three series of compounds the following relations shown as Eqs. 3-5 were obtained
by least-squares calculation. In these equations n is the number of compounds, r is the
correlation coefficient and s is the standard deviation. Values in parentheses under coefficients
a and b are those of the 95% confidence intervals. These equations are highly significant by the
F-test.

For phenols:

log P pet = 6.361+2. 782log Pepc

(1.602) (10458)

n=6, r=0.926, 8=0.487

(3)
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For benzoic acids:

log PUCI =5.237 + 1.961 log Pcpc

(0.502) (0.325)

n=5, 1'=0.995, s=0.059

For N-phenylanthranilates:

(4)

5013

(5)

(6)

(7)

log P OCI =8.991 +2.965 log Pcpc

(1.591) (1.067)

n=7, r=0.950, s=0.242

From Eqs. 3-5 and Table I, it is concluded that values of log P oct of up to about 6 can be
determined by CPC. Of the compounds tested in this study, flufenamic acid (3'
trifluoromethyl-N-phenylanthranilic acid) had the highest log Poet (5.62). The flow rate for
CPC of flufenamic acid was 2.0 ml/min, and one run took less than 50Iniu. These
chromatographic conditions afforded good resolution for accurate determination of Ve in a
short period. Values of log Poet of more than 6 could also be determined easily.

The regression analysis for all compounds resulted in a very poor correlation as shown in
Eq.6.

log POCI =5.813 + 1.6681ogPcpc

(2.313) (1.663)

n=18, 1'=0.468, s=1.158

However, the correlation between log POel and log Pe pe for compounds in the series of phenols
and benzoic acids was highly significant as shown in Eq. 7-, suggesting that the chromato
graphic behavior of phenols and benzoic acids are similar, while that ofN-phenylanthranilates
is different.

log Poet =6.125 +2.548 log Pc pc

(0.795) (O.602)

11= 11, r=0.953, s=0.348

The reason why N-phenylanthranilates showed such an "anomalous" behavior should be
clarified in subsequent studies. The tendency for a six-membered ring formation by
intramolecular hydrogen bonding between the carboxyl and amino groups of N
phenylanthranilates'" may be related to the anomalous chromatographic behavior. Influences
of chemical structure on the correlation have been observed in HPLC on an ODS stationary
phase.t?' Furthermore, log POel values of up to about 6 have been determined by HPLC on an
ODS-columh.3

) Thus, the CPC method appears to be comparable in effectiveness to the
HPLC method for determination of log Poct'

For improvement of the CPC procedure for determining log Poet values, chromato
graphic conditions must be developed that to give a single correlation between log P epe and
log Poct for a wide variety of compounds in different chemical series. Cl'C is based on liquid
liquid partition, and the chromatographic mechanism involved is simpler than that in the case
of HPLC. Furthermore, a wide variety ofchromatographic conditions can be obtained by use
of different combinations of stationary and mobile phases. Thus, further studies should lead
to the development of suitable chromatographic conditions for determination of the log Poet

values of a wide variety of compounds.
In conclusion, CPC was found to be useful for determination of log Poet' when a

calibration curve was drawn based on the linear relation between log Pe pe and log Por:,t for
compounds in the same chemical series as the test compounds. This method is as effective as
HPLC, but is simpler.
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Formation of Fluorescent Substances in the Reaction of the Hydroperoxide
Isomers of Methyl Linoleate and Amylamine
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The formation of fluorescent substances through the reaction of degradation products of four
geometrical isomers of methyl linoleate hydroperoxides with amylamine was studied. The 9- and
13-positional monohydroperoxide isomers having the cis-trans and trans-trans configurations were
separated from autoxidized methyllinoleate by high performance liquid chromatography (HPLC)
and their abilities to form fluorescent substances with amylamine in the presence of heme were
compared. These four isomers produced the same fluorescent substances exhibiting excitation and
emission maxima at 350 and 420nm, respectively, and also showed the same abilities for
fluorescence formation and the same elution profiles of fluorescent substances (FS-I and FS-II) on
HPLC. This study proved that all four geometrical isomers were involved in the production of
fluorescent substances upon reaction with amino compounds.

Keywords--lipid peroxidation; methyl linoleate; 9-hydroperoxide; 13-hydroperoxide; hy
droperoxide geometrical isomer; fluorescence
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Lipid peroxides have been suggested to play important biological roles in aging and in
the etiology of cancer, and to produce toxic effects such as inactivation of enzymes,
deoxyribonucleic acid (DNA) or various cell components.v" It is well known that these.
lipid peroxides react with various amino compounds such as amino acids, proteins or DNA to
form fluorescent pigments in vivo and in vitro/"

Although malondialdehyde has been considered to be involved in the formation of
fluorescent pigments.v?' recent studies have suggested that the degradation products derived
from hydroperoxides of linoleic acid or methyl linoleate (ML) are closely involved in
fluorescence formation through reaction with amino compounds.T"?' Moreover, these
hydroperoxides are easily degraded by various types of catalyst such as heme compounds,
metals or FeCI3-eysteine.

1O-12) It is also known that ML hydroperoxides (LOOH) obtained
through autoxidation of ML mainly consist of 9-hydroperoxy-ML (9-LOOH) and 13
hydroperoxy-ML (I3-LOOH) and that both of these are further autoxidized to complex
mixtures of various oxidized products, generally termed secondary oxidative products
(SP).13,14)

We previously demonstrated that SP prepared from autoxidized ML also produced
fluorescent substances similar to that of LOOH degraded by heme through reaction with
amylamine.P' This result suggested that the degradation products of both 9-LOOH and 13
LOOH formed by diverse catalysts and SP derived from LOOH during autoxidation are
involved in fluorescence formation through reaction with amino compounds.

However, it was not clear which hydroperoxide of 9-LOOH and 13-LOOH was related
directly to the formation of fluorescent substances. Therefore, in the present study, 9-LOOH,
13-LOOH and their two geometrical isomers were separated from LOOH by high per
formance liquid chromatography (HPLC) and their capacities for fluorescence formation
were compared through reaction with amylamine after preincubation with heme.
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Preparation of Four Hydroperoxide lsomers--ML (3 g), obtained from Tokyo Kasei Kogyo Co., Ltd., was
autoxidized by stirring at 30"C for one week. Autoxidized ML was subjected to silica-gel column chromatography
(2 x 40cm; Wako gel C200. Wako Pure Chemical Industries Ltd.) and LOOH and SP were eluted with
hexane-ethylether (7: 3) and methanol according to the method of Terao and Matsushita.l'" An aliquot of each
fraction was subjected to thin-layer chromatography (TLC: Silica-gel 60, Merck) developed with hexane-ethylether
acetic acid (60: 40: I) and then each LOOH and SP fraction was evaporated under a nitrogen stream. 9-LOOH, 13
LOOH and their two corresponding geometrical isomers were separated by both normal- and reversed-phase HPLC
according to the method of Chan and Levett.'?' Normal-phase HPLC was carried out on a silica-gel column (Si-5;
4 x 300 mrn; Varian) with hexane-isopropanol (100: 0.75) at a flow rate of 1ml/rnin. Reversed-phase HPLC was
carried out on a j1-Bondapak FFAA (3.9 x 300mm; Waters) using methanol-water· (70: 30) at a flow rate of
0.8 ml/min. A ultraviolet (UV) detector (Lambda-Max model 480LC spectrophotometer; Waters) was used to
monitor the effluent at 233nm. The UV absorption spectrum of each LOOH was measured with a Hitachi 200-10
spectrophotometer. The concentrations of the 9- and 13-positional isomers having the cis-trans and trans-trans
configurations were estimated using molar absorbance values of 26000 (at 236 nm) or 28600 (at 233 nm). l BI

Each LOOH was reduced to the corresponding hydroxyl isomer with NaBH4 in methanol and the electron
ionization mass spectrum (MS) was measured with a lEOL D300 mass spectrophotometer. The ionization voltage
was 30eV. Gas-liquid chromatography cae) was carried out using a glass column packed with 5% Silicon SE-52 on
Celite 545 SK DMCS (Gasukuro Kogyo Inc.). The column temperature was 250°C.

Fluorescence Formation and Analysis--Each LOOH (500 nmol) was preincubated with heme (5nmol) in 2 ml
of methanol at 37 DC for 45 min. One miUiliter of methanol containing amylamine (2 jlmol) as a model amino com
pound was added to the preincubation mixture and then incubation was performed at 37 DC for 20 h for fluores
cence formation. SP (1 mg) of ML was also incubated with amylamine (2 prool) in 3 ml of methanol at 37°C for
20 h. Fluorescence spectra were measured with a Hitachi MPF-3 fluorescence spectrophotometer and the inten
sities were expressed as percentages of that of a quinine sulfate standard (0.1 pg/ml in H 2S0 4 ) , HPLC of fluorescent
substances was carried out on a Jl-Bondapak FFAA (3.9>< 300nm; Waters) using tetrahydrofuran-acetonitrile
water (15: 40.:55) at a flow rate of I ml/min. Fluorescence peaks were monitored with excitation and emission
maxima at 350 and 420nm with a Hitachi 650-lOLC fluorescence spectrophotometer.

Preparation of Degradation Products from 13-LOOH with Heme--[1-14C]13-Hydroperoxylinoleic acid was
prepared from [1-14C]linoleic acid (New England Nuclear) using soybean lipoxygenase (Sigma Chemical Co.) in 0.1 M

borate buffer (pH 9.5).19) The products were methylated with diazomethane and purified by TLC. [1-14C]13-LOOH
diluted with non-labelled 13-LOOH (l umol) was incubated with heme (lOnmol)in 4ml of methanol at 37°C for
45 min and the reaction mixture was passed through a Sep-pak Sicartridge (Waters) with hexane-ethyl ether (7: 3) to
separate heme compounds from the degradation products of 13-LOOH. The degradation products were subjected to
reversed-phase HPLC on p-Bondapak FFAA using acetonitrile-methanol-water (20: 45: 55) followed by methanol
at a flow rate of 1 ml/min. The radioactivity in each fraction was measured with a liquid scintillation counter (Aloka:

.LSC-900). Seven major fractions were collected separately and the compounds extracted with chloroform-methanol
(2: 1) were used for fluorescence formation through reaction with amylamine. Analysis of their structures was carried
out on the basis of UV absorption and GC-MS fragmentation data as described above.

Results and Discussion

LOOH prepared from autoxidized ML by silica-gel column chromatography was
subjected to normal- and reversed-phase HPLC to separate the four geometrical isomers. The
four purified isomers (A-D) were identified on the basis of the GC-MS fragmentation patterns
of their corresponding hydroxy derivatives and UV absorption spectra according to the
methods of Chan and Levett'?' and Lezerovich.l'" and the four hydroperoxy isomers were
assigned the following structures: A, methyl 13-hydroperoxy-9-cis-ll-trans-octadecadienoate
(I3-LOOH: c-t); B, methyl 13-hydroperoxy-9-trans-ll-trans-octadecadienoate (I3-LOOH:
t-t); C, methyI9-hydroperoxy-IO-trans-12-cis-octadecadienoate (9-LOOH: t-c); D, methyl 9
hydroperoxy-IO-trans-12-trans octadecadienoate (9-LOOH: t-t).

When LOOH, 9-LOOH (C+D) and 13-LOOH (A+B) were incubated with amylamine
after degradation by heme) all of the hydroperoxides showed marked production of
fluorescent substances having the same fluorescence intensities and fluorescence spectra with
the same excitation (348-350nm) and emission (415-420nm) maxima (Table I). These
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TABLE 1. Fluorescence Formation through Reaction of Hydroperoxide
Isomers with Amylamine

Fluorescence
Fluorescence peak height

EX~:?H Em~:?H
intensity

(nm) (nm)
(%)

FS-I FS-n
(ern)

LOOH 350 420 365.0 3.2 12.3
9-LOOH 350 4]8 349.0 3.6 12.7

13-LOOH 348 415 347.0 3.7 11.2

9-LOOH (t-t) 347 414 334.0 3.3 12.5
9-LOOH (t-e) 348 415 338.0 2.8 11.7.

13-LOOH (t-t) 350 415 358.0 2.8 10.8
13-LOOH.(c-t) 349 412 369.0 3.7 11.6

SP 345 415 980.0 14.8 23.7

Each of the LOOH isomers (500nmol) was incubated with amylamine (2pmol) at 37°C for 20h after
preincubation with heme (Snmol). SP (1mg) were also incubated with amylamine (2,umol) under the same
conditions. Fluorescence intensities of reaction mixtures and fluorescence peak height of fluorescent
substances were measured as described in Materials and Methods.

1055

FS-II
(a) (b) ( c)

10 .. 10

FS-I

5 5

~

'-
,

'--

10 5 10
Retention time (min)

Fig. 1. High-Performance Liquid Chromatography of Fluorescent Substances
Formed from Hydroperoxides with Amylamine

Fluorescent substances formed from SP (a). 9-LOOH (b) or 13-LOOH (c) with
amylamine were separated on a p-Bondapak FFAA column using the methods described in
Materials and Methods.

LOOHs preincubated without heme, however, produced only small amounts of fluorescent
substances.

Next, the four geometrical isomers (A-D) were incubated with amylamine under the
same conditions as those described above, and the resulting fluorescent substances were
analyzed. The spectra of the fluorescent substances derived from these isomers with
amylamine after degradation by heme also showed the same excitation (347-350 om) and
emission (412-415nm) maxima. Moreover, the fluorescence intensities of these reaction
mixtures showed the same values (Table I).

The fluorescent substances produced from SP with amylamine in methanol were eluted at
retention times of 6.0min(FS-I) and 10.5 min (FS-II) on HPLC (Fig. la).15) Similarly, 9
LOOH (Fig. lb), 13-LOOH (Fig. lc) and the four geometrical isomers also showed the same
two fluorescence peaks.

These results indicate that the 9- and I3-positional isomers and their cis-trans and
trans-trans configurations in LOOH have no influence on the ability to form fluorescent
substances, and that moreover, a common compound with the .basic .structure essential for
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Fig. 2. Distribution of Products Derived from 13-Hydroperoxy Methyl Linoleate
with Heme on HPLC

The products derived from 13-LOOH were subjected to HPLC on a .u-Bondapak FFAA
column using acetonitrile-methanol-water (20: 45: 55) and methanol. The ability to
produce' fluorescence was measured by reaction of the effluent with amylamine (0). The
effluent was also monitored' for absorbance at 245 nm (-) and for radioactivity' ( 0 ).

fluorescence formation may be produced by degradation of both 9-LOOH and I3-LOOH
having cis-trans and trans-trans configurations. Chan et al. have shown that LOOHs
interconvert thermally and that this thermal isomerization occurs by P-scission of peroxy
radicals formed from LOOH.20

) Therefore, 9-LOOH: t-c and I3-LOOH: c-t may be
converted, respectively, to 13-LOOH: t-t and 9-LOOH: t-t in the presence of heme at 37 DC.

For the purpose of separating the degradation products responsible for fluorescence
formation, [1-14 C]13-LOOH (l,uCi: l umol) was incubated with heme (IOnrnol) at 37°C for
45 min and an aliquot of the reaction mixture was subjected to reversed-phase HPLC. As
shown in Fig. 2, seven radioactive fractions were obtained. In order to identify the compounds
present in the fractions, an appreciable amount of each was collected by HPLC with repeated
injection. A combination of UV spectral .analysis and GC-MS fragmentation of each
compound established the following structures of the components present in fractions II-VI.
MethyI9-hydroxy-I2,13-epoxylinoleate (II), methyl9-keto-12,13-epoxylinoleate (III), methyl
13-hydroxylinoIeate (IV), 13-LOOH (V) and methyl I3-ketolinoleate (VI) were the major
degradative compounds present, as described previously by Hamberg!' a) and Dix and
Mamett.i!" However, we were unable to obtain sufficient data for the identification of the
degradation products in fractions I and VII. When the fractions were examined to determine
their potentials for fluorescence formation, the most marked formation of fluorescent
substances was obtained from fraction VII through reaction with amylamine, two fluores
cence peaks (FS-l and FS-II) being observed (Fig. 2). On the other hand, the other six major
fractions showed only small amounts of fluorescent substances. These results suggest that
none of these major degradation products (II-VI) was directly available for fluorescence
formation.

Although the degradation products of LOOH produced by heme or SP consist of various
oxidized products, when SP was also subjected to reversed-phase HPLC under the same,
conditions as those described above, the source responsible for fluorescence formation was
eluted with methanol (data not shown).

From our results obtained in this study, it was apparent that the same fluorescent
substances were formed from 9- and 13-LOOH in-the presence of heme as were obtained from
SP through reaction with amylamine, Furthermore, these results also indicate the possibility



No. 12 5019

that common sources available for fluorescence formation exist in the degradation products
of 9- or I3-LOOH through reaction with heme and SPa With regard to the structure of the
fluorescent substance, from the results of GC-MS fragmentation of purified FS-II formed
from SP with arnylamine, we suppose that the formation of FS-II may occur in the region of
the 5 carbon atoms between the C9 arid CI3 positions in ML, involving a methyl ester group
originating from ML (lio et al., unpublished data). However, the fine structures of these
sources and the fluorescent chromophobic group remain to be clarified. Further studies will
therefore be required in order to characterize the fluorescent substances and the sources
responsible for fluorescence formation.
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Malonaldehyde contents in oxidized lipid samples were determined fluorometrically by
applying the reaction reported by Sawicki et al. (Anal. Chem., 35, 199 (l963)). This assay is based on
the reaction of malonaldehyde with ethyl p-aminobenzoate in an acidic medium, followed by
treatment with alkaline dimethylforrnamide to afford fluorescence. Time course studies of the
malonaldehyde contents in methyl linoleate, soybean' oil and sesame oil oxidized by the active
oxygen method showed that the contents increased and subsequently decreased with increasing
oxidation time. The malonaldehyde contents were always lower than those estimated by means of
the thiobarbituric acid method.

Keywords-'-malonaldehyde; malonaldehyde dianil; fluorescence; oxidized lipid; fluorometric
assay

Malonaldehyde is one of the secondary products formed during oxidation ofpolyunsatu
rated fatty acids." Formation of the aldehyde has been regarded as significant because it is
toxic," carcinogenic" and mutagenic." It readily reacts with proteinsv'" and nucleic acids" to
cause various biological and physicochemical alterations of the biopolymers. Determination
of malonaldehyde in oxidized lipids has usually been performed by the thiobarbituric acid
(TBA) method.i" However, TBA is not specific to malonaldehyde but reacts with many
other lipid oxidation products including monofunctional aldehydes.P-'?'

Sawicki et al.1I
) reported thatp-substituted aromatic amines react with malonaldehyde or

tetramethoxypropane under acidic conditions to afford malonaldehyde dianils, which fluo
resce on treatment with alkaline dimethylformamide (Chart 1).12) This time, we determined

dimethylformamide/
~ ~ alkali

or • X'-&N=CH-CH=CH-~~-X ------- fluorescence

CH30.....CH-CH2CH....OCH3 X /Q\.-NH2
CH30""" 'OCH3 ~

solvent

Chart 1

malonaldehyde contents in oxidized lipid samples by means of a procedure based on their
reaction.

Experimental

Materials--Ethyl p-aminobenzo'ate, dimethylformamide (for spectroscopy), acetonitrile, dimethylsulfoxide
(for spectroscopy) and tetra-x-propylamrnonium hydroxide (10% in water) were obtained from Wako Pure Chemical
Industries, Ltd. Tetrarnethoxypropane (TMP) and methyl linoleate were the products of Tokyo Kasei Kogyo,
Company, Ltd. Purified soybean oil was obtained from Showa-sangyo Company, Ltd. Japanese Pharmacopoeia
grade sesame oil was used.

Analysis--Fluorescence spectra were measured with a 650-40 Hitachi fluorescence spectrophotometer with
excitation and emission slit widths of 10nm. Fluorescence spectra and intensities were not corrected. Oils (methyl
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linoleate, soybean oil and sesame oil) were oxidized by means of the active oxygen method (AOM).13 1 A 20-mI
portion of each oil was placed in a tube and aerated with purified air at the rate of 2.3 ml/s and at 98°C. The peroxide
values (POV) of the oxidized oils were determined according to Wheeler's method.':" Determination of rnalonal
dehyde by the TBA method was performed as described.P' Thus. 1.0mgof the sample was mixed with 1.0ml ofO.5~'-;:

TAB solution and 3.0 ml of 0.5% trichloroacetic acid, and the mixture was bubbled with nitrogen gas to remove
oxygen. The mixture was then heated in a sealed tube at 60°C for 90min. The mixture was extracted with 3.0ml of
chloroform, and the absorbance at 532nm of the supernatant was determined.

Fluorometric Determination of Malonaldehyde--A mixture of 2.0ml of the solvent (dirnethylformamide,
acetonitrile or dimethy sulfoxide) containing the lipid sample (standard TMP or oxidized oil) and 1.0ml of
dimethylforrnamide containing 1.0% concentrated hydrochloric acid and 1.0% ethyl p-aminobenzoate. The mixture
was heated at lOOce for 5 min. After cooling, 0.5 ml of lO/~ solution of tetra-n-propylammoniurn hydroxide was
added. Fluorescence spectra and intensities were measured within 5 min. For measurement ofmalonaldehyde, control
fluorescence intensities without the lipid sample were subtracted.

Results and Discussion

In order to apply Sawicki's reaction to the determination of malonaldehyde contents in
oxidized lipid samples, ap-substituted aromatic amine that produces stable fluorescence and a
solvent that dissolves oxidized lipid samples and does not disturb the formation of
fluorescence are necessary.

Fluorescence produced by the reaction of TMP and ethyl p-aminobenzoate in dimethyl
formamide showed excitation maxima at 473, 488 and 496 nm and an emission maximum at
557 nm (Fig. lA),1l) and the fluorescence remained stable at room temperature for at least
60 min. While the intensity of the fluorescence due top,p"-sulfonyldianiline was higher,"!' it
was less stable than that due to ethyl p-aminobenzoate. The calibration curve of the
fluorescence intensities due to ethyl p-aminobenzoate in dimethylformamide (excitation at
496 nrn and emission at 557 nm) was linear with respect to the amount of TMP up to 1.2 nmol.

Dimethylformamide could. not dissolve lipid samples. Acetonitrile and dimethyl sulf
oxide were adequate to dissolve methyl Iinoleate, soybean oil and sesame oil. The use of these
solvents made the reaction mixtures containing lipid samples completely clear throughout the
reaction. Fluorescence produced in the reaction of TMP and ethyl p-aminobenzoate in
acetonitrile showed excitation maxima at 472, 482, 492 nm and an emission maximum at
547 nm (Fig. IB solid curve): the emission maximum was shifted to shorter wavelength as
compared to that of the fluorescence produced in dimethylformamide. In this case the
calibration curve of fluorescence intensity (excitation at 472 urn and emission at 547nm) was
linear with respect to the amount of TMP up to 2.0 nmol. Fluorescence produced in the
reaction of TMP and ethyl p-aminobenzoate in dimethyl sulfoxide showed excitation maxima
at 473,486, 496nm and an emission maximum at 564nm (Fig. ·le solid curve): the emission
maximum was shifted to longer wavelength as compared to that of the fluorescence produced
in dimethylformamide. In this case the calibration curve of fluorescence intensity (excitation
at 496 nm and emission at 564 nrn) was linear with respect to the amount of TMP up to
2.0nrnol.

Fluorescence development by monofunctional aldehydes such as acetaldehyde, 1
propanal, 1-butanal, l-hexanal, l-heptanal, f-octanal, 2,4-hexadienal, 2,4-heptadienal and
2,4-decadienal was tested. Thus, 1.0 nmol of the aldehyde was reacted with ethyl P:
aminobenzoate in acetonitrile. Only acetaldehyde and l-propanal exhibited significant
fluorescence with spectra similar to that of TMP. The fluorescence intensities of 1..0 nmol of
acetaldehyde and 1-propanal were 1/100 and 1/200 of that of 1.0nmol of TMP, respectively.
Other aldehydes showed no significant fluorescence. The results indicate that formation of the
fluorescence was selective to malonaldehyde. In order to determine the' influence of
unoxidized lipid samples on the fluorescence development, various amounts of TMP were
reacted with ethyl p-aminobenzoate in the presence of 1.0 mg of unoxidized methyllinoleate
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TABLE 1. Comparison of the Malonaldehyde Contents in the Oxidized Oils Estimated
by the Fluorometric Method and by the TBA Method

Malonaldehyde (nmol/mg oil)
Sample (POV: meqjkg)

Fluorometric (A)al TBA (Btl
Ratio (A/B)

Methyl linoleate (39)
(I 660)

Soybean oil (31)
(714)

Sesame oil (9)
(800)

o
2.5
0.03
0.56
o
0.4

0.35
5.8
0040
1.15
o
0.5

o
0.43
0.075
0.49

0.80

a) Malonaldehyde contents were estimated as described in the legend to Fig. 2. b) Malonaldehyde
contents were estimated as described in Experimental.

or soybean oil in dimethyl sulfoxide. Thefluorescence spectra and intensities were similar to
those obtained in the absence of the oils, indicating that unoxidized lipid samples do not
interfere with the formation of fluorescence.

Methyl linoleate, soybean oil and sesame oil were oxidized by the AOM. 13 ) Fluorescence
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spectra of the reaction mixture of these oxidized oils with ethyl p-aminobenzoate in
acetonitrile (Fig. 1B) or dimethyl sulfoxide (Fig. 1C) were identical to those of the reaction
mixtures of TMP. The calibration curves of the fluorescence intensities in dimethyl sulfoxide
were linear with respect to the amounts of the oxidized oils, methyl linoleate (POV:
1478meq/kg), soybean oil (714meqjkg) and sesame oil (800 meq/kg), up to l.Omg.

Time courses of the malonaldehyde contents in the AOM-oxidized methyl linoleate,
soybean oil and sesame oil estimated by the above method employing ethylp-aminobenzoate
and dimethyl sulfoxide are shown in Fig. 2. The malonaldehyde contents in these oils
increased and subsequently decreased with increasing oxidation time. The time course profiles
were similar to those of peroxide values.

The malonaldehyde contents estimated by the above method were compared with those
estimated by the TBA method with various oils and at different stages of oxidation (Table I).
The values were always lower than those found by the TBA method. Since it has been shown
that TBA reacts with not only malonaldehyde but also other secondary products of lipid
oxidation,9.10) this discrepancy may be reasonable. Determinations of malonaldehyde by the
acid decomposition-acetylation-gas chromatographic COC) method.l'" dansyl pyrazole-high
performance liquid chromatographic (HPLC) method.l " and direct HPLC method!" have
demonstrated that the malonaldehyde content oxidized lipid samples are lower than those
obtained by use of the TBA method.

The fluorometric method originally reported by Sawicki et al. l l
) may be useful for deter

mination of malonaldehyde in oxidized fats and oils. This method may be more selec
tive for malonaldehyde than the TBA method.
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l l-Substituted 3-methyl-3,4,1O,ll-tetrahydro-l H,5H-pyrano[4.3-b][ 1,5]benzodiazepin-l-ones
were synthesized and tested for analgesic activity.

Keywords-pyranobenzodiazepinone: Mannich reaction; aminopyrine; analgesic activity; 3:
hydrcxy-c-methyl-2-penten-S-olide

In the course of our synthetic studies on biologically active compounds using dimedone,
tetronic acids, and tetramic acids,'! we reported that some l O-substituted 3,3-dimethyl
3,4,9,10-tetrahydro-1H-furo- and -pyrrolo[4,3-b][1,5]benzodiazepin-I-ones (1 and 2) showed
analgesic activity as strong as that of aminopyrine in the phenylquinone writhing test in
mice." Namely, the extents of inhibition were 56.1% with Ia, 61.0% with Ib, and 68.3% with 2
at the dose of 50mg/kg p.o., while that of aminopyrine was 66.2%. The above observations
prompted us to synthesize benzodiazepinone derivatives fused with other heterocyclic
compounds in order to test their analgesic activity. We therefore synthesized II-substituted 3
methyl-3,4, lO,11-tetrahydro-lH,5H-pyrano[4,3-b][1,5]benzodiazepin-l-ones (6), which are
isomers of 1, and investigated the structure-activity. relationships.

Synthesis of pyranobenzoidiazepinones (6) was performed by using a method similar to
that employed previously for the preparation offurobenzodiazepinone derivatives (1).3)Thus,
the enaminolactones (5a and 5b) were prepared by boiling a benzene solution of 3-hydroxy-5
methyl-2-penten-5-olide (3)4) and an equimolar amount of 1,2-diaminobenzene (4a) or 1,2
diamino-a-chlorobenzene (4b) in 85.1 and 39.9% yields, respectively. When ethanol solutions

o H.2N~X

9~ H2NNMOH 4a:X=H"
4b: X=Cl

3

o.
q~ H2NyYX RCHO

M~ AcOHir:
~ EtOH

5a: X=H
5b: X=CI

ft
R H0:0-NXI ~ I

N
H

6a: X=H, R=CaHs
6b : X=H, R=2-CIC6H4

6c : X=H, R=4-N02C6H4

6d : X=H, R=3-CHsC6H4

6e : X=H, R=2-pyridyl
6£ : X=H, R=2-thienyl
6g : X=H, R=2-(5-nitro)furyl
6h : X=Cl, R=C6Hs

la : X=O, R=4-N02C6H4

Ib : X=O, R=2-pyridyl
2 : X=NH, R==2-CIC6H4

Chart 1
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TABLE I. Melting Points, Yields, and Elemental Analyses of 6

Analysis (%)

6 R X
mp (OC) Yield

Formula
Ca1cd (Found)

(Recryst. solv.) (%)
C H N

a C6Hs H 268-269 92.4 C19H1SN202 74.49 5.92 9.14
(MeOH) (74.68 5.89 9.18)

b 2-CIC6H4 H 259-260 71.4 C19H17CINzOz 66.96 5.03 8.22
(MeOH) (67.02 4.98 8.38)

c 4-N02C6H4 H 280-283 70.7 C19H17N304 64.95 4.88 11.96
(MeOH) (64.95 4.88 11.94)

d 3-CH3C6H4- H 265-268 98.4 C2oHzoN202 74.98 6.29 _ 8.74
(EtOH) (75.19 6.29 8.77)

e 2-Pyridyl H 282-284 91.8 ClsH17N302 70.34 5.58 13.67
(MeOH) (70.46 5.61 13.64)

f 2-Thienyl H 274-276 95.7 C17H16N202S 65.36 5.16 8.97
(MeOH) (65.58 5.19 9.01)

g 2-(5-Nitro)furyl H 300 93.4 C17HlSN30S 59.82 4.43 12.3]
(MeOH) (59.83 4.57 12.26)

h C6Hs CI 229.5-230.5 49.2 C19H17ClNz02 'CzHsOH
Q

) 65.20 5.99 7.24
(EtOH) (65.50 6.02 7.53)

a} Exact Mass Calcd for C19H17CIN202: 340.0978. Found: 340.0982.

TABLE II. IR and IH-NMR Spectral Data of 6

6

a

b

c

d

e

f

g

h

3250, 1655, 1560, 1280, 1255,
1075, 1065, 1050, 960, 940,
865, 795
3380, 3290, 1640, 1610, 1550,
1280, 1255, 1210, 1055, 750

3350,3220, 1630, 1600, 1565,
1550, 1345, 1260, 1205, 1090,
1060, 825, 740

3280, 1625, 1545, 1250, 1070,
1060, 950, 930, 795, 700

3320, 3250, 1640, 1555, 1270,
1070, 935, 755

3360, 3270, 1650, 1630. 1550,
1260, 1065, 750, 720

3330, 3220, 1635, 1610, 1545,
1275, 1090, 105~ 805, 790

3280, 1655, 1605, 1565, 1495,
1400, 1240, 1200, 1020, 950,
805, 700

IH-NMR 8 (J in HZ)u,h)

1.36 (3H, d, J=6, CHC.t;h), 2.72 (2H, m, CthCH), 4.50 (l H, m,
CH 3Cij:), 5.67 (lH, d, J=5, CHNH), 6.12 (IH, d, J=5, NU), 6.48
7.20 (9H, m, ArH), 8.83 (1H, br s, NH)
1.36 (3H, d, J=6. CHCtJ3)' 2.77 (2H, m, CHCEh), 4.54 (IH, m,
CljCH2) , 5.52 (l H, d, J=6, CijNH), 5.98 (lH. d, J=6, CHNij),
6.44-7.40 (8H, In, ArH), 9.03 (lH, NH)
1.37 (3H. d. J=6, CHCth), 2.76 (2H, m, CHCth), 4.54 (l H, m,
CljCH3 ) , 5.76 (l H, d, J=5, CBNH), 6.32 (IH, d. J=5, CHNij),
6.50-7.00 (4H, m, ArH), 7.42 (2H, d, J=8, ArH), 8.00 (2H, d, J=8,
ArH), 9.00 (l H, s, NH)
1.34 (3H, d, J=6, CHCtl3) . 2.14 (3H, s, ArCH3 ) , 2.70 (2H, m,
CHC.\:h), 4.44 (lH, m, CijCH3 ) . 5.57 (lH, d, J=6, CljNH). 6.02
(IH, d, J=6, CHNij), 6.42-7.00 (8H, m, ArH), 8,73 (lH, br s, NH)
1.35 (3H, d, J=6, CHCtl3) , 2.68 (2H, m, CHC\:}:z), 4.50 (lH, m,
CijCH3 ) , 5.39 (0.6H, d, J=6, CijNH), 5.66 (O.4H. d, )=6, CtlNH).
5.97 (lH, brd, J=6, CHNij), 6.40-6.60 (3H, m, ArB), 6.76-7.06
(3H, m, ArH), 7.36-7.50 (IH, m, ArH), 8.30 (IH. m, ArH), 8.80
(IH, br s, NH)
1.34 (3H, d, J =6, CHCth), 2.64 (2H, m, CHCtl2) , 4.42 (lH. In,

CtlCH3 ) , 5.79 (IH, d, J=6, CtINH), 6.12 (IH, d, J=6, CHNij),
6.52-7.12 (7H, m, ArH). 8.79 (lH, br s, NH)
1.34 (3H, d, J == 6, CHCth), 2.68 (2H, m, CHCth), 4.51 (I H, In.

CtlCH3) , 5.41 (lH, d, J=6, CljNH), 6.I5(lH, d, J=4, ArH), 6.39
(IH, d, J=6, CHNH), 6.60-6.98 (4H, m, ArH), 7.32 (IH, d. J=4,
ArH), 9.02' (l H, br s, NH)
1.34 (3H, d, J=6, CHCth), 2.67 (2H, m, CHCt}z), 4.46 (IH, m,
CtlCH3) , 5.61 (IH, d, J=6, CtlNH), 6.36 (IH, d, J=6, CHNtl),
6.48-7.16 (SH, m, ArB), 8.88 (lH, br s, NH)

a) Measured in DMSO-d6 • b) br, broad; d, doublet; m, multiplet; s, singlet.
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of 5 and an equimolar amount of an aldehyde were stirred at room temperature in the
presence of 2-3 drops of acetic acid overnight, the Mannich-type cyclization took place
cleanly to give the corresponding l l-substituted 3-methyl-3,4,IO,11-tetrahydro-IH,5H
pyrano[4,3-b][I,5]benzodiazepin-I-ones (6a-h). The generality of this reaction is illustrated
by the good to excellent yields obtained in the reactions using aldehyde with a variety of
electron-withdrawing and electron-releasing substituents on the phenyl group. Further, when
the aldehydes had a heteroaromatic ring in place of the phenyl ring, the reaction also occurred
in good yields.

The structures of 6 were assigned on the basis of elemental analyses, and infrared (IR)
and nuclear magnetic resonance (NMR) spectral data. The IR spectra (Nujol) of 6' had
absorptions at 3220-3380 ern-1 (NH stretching band) and at 1625-1655 em -1 (lactone
carbonyl). In the NMRspectra (in DMSO-d6 ) of 6, the C-II methine proton signals were
found to be coupled with the N-I0 proton with the coupling constant of 6Hz. Although it is
possible for two isomers to exist regarding the configuration of the substituents at C-3 and C
11 of 6, single isomers were isolated in all cases except 6e, judging from the NMR spectra. In
the case of 6e, the methine proton signal appeared at 05.39 and 5.66 as a doublet in the
integration ratio of 3 :2. The stereochemistries of 6 were not determined.

For the analgesic activity test, the compounds 6c and 6e were selected, because they are
isomers of la and Ib, which exhibited considerable activity, as mentioned above. The result of
the test using the phenylquinone writhing method" showed that both 6c and 6e were much
less active than the corresponding compounds la and Ib (the extents of inhibition of6c and 6e
were 18.2% and -1.1%, respectively, at the dose of 50mgjkgp.o.).

These results indicated that the dimethyldihydrofuranone moiety is important for the
appearance of the analgesic activity among these compounds in the series."

Experimental

Melting points were determined on a Yanagimoto micro-melting point apparatus, model MP-S3, and are
uncorrected. IR and 1H-NMR spectra were measured with a Hitachi 260-30 infrared spectrometer and a lEOL JNM
FX 200 (200 MHz) spectrometer, respectively, using tetramethylsilane (TMS) as an internal standard. Mass spectra
(MS) were measured with a JEOL JMS-HX 100 spectrometer.

3-(2-Aminoanilino)-5-methyl-2-penten-5-0Ude (5a)-A solution of 3-hydroxy-5-methyl-2-penten-5-olide (3t>
(l g, 7.8 mmol) and 1,2-diaminobenzene (4a) (0.844 g, 7.8 mmol) in benzene (25 ml) was stirred at reflux tem
perature, while water was removed as an azeotropic mixture. When no more water appeared. the precipitates that
had formed were filtered off, washed with benzene, and recrystallized from ethanol to give 1.44g (85.1%) of 5a as
colorless needles; rnp 225--226°C. IR v~~~olcm-l: 3450,3370,3240, 1658, 1618, 1580, 1300,1255, 1220, 1058, 1010,
820, 755. NMR (DMSO-d6) .5 : 1.30 (3H, d, J=6.5Hz, CthCH), 2.50 (2H, m, CHCt}z), 4.30 (IH, S, =CH), 4.42 (lH,
m, CH3CtlCH2) , 4.86 (2H, br s, NHz), 6.57 (lH, dt, 1=8, 2Hz, ArH), 6.76 (lH, dd, J=8, 2Hz, ArH), 6.90-7.04
(2B, m, ArH),'8.14 (IH, brs, NH). Anal. Calcd for CUH14N202: C, 66.04; H, 6.47; N, 12.84. Found: C, 65.90; H,
6.55; N, 12.63.

3-(2-Amino4-ehloroanilino)-5-methyl-2-penten-S.olide (5b)-A solution of 3 (2 g, 15.6 mmol), 1,2-diamino-4
chlorobenzene (4b) (2.97 g, 15.6mmol) and a catalytic amount of p-toluenesulfonic acid monohydrate in benzene
(50 ml) was stirred at reflux temperature as above. Recrystallization of the crude product from isopropanol afforded
1.574g (39.'9%) of 5b; mp 199-202°C. IR v~~~Olcm-l: 3470, 3340, 3160, 1620, 1580, 1300, 1245, 1205, 1005, 810.
NMR (DMSO-d6 ) £5: 1.31 (3H, d, J=6Hz, CHCth), 2.46 (2H, m, CHCB2) , 4.26 (lH, S, CH=), 4.40 (lH, m,
Cij:CH3) , 5.16 (2H, br s, NH2) , 6.50 (lH, dd, J=8, 2Hz, ArB), 6.75 (IH, d, J=2Hz, ArH), 6.89 (IH, d, J=8Hz,
ArH), 8.07 (lH, br s, NH). Anal. Calcd for C12H13CIN202: C, 57.04; H, 5.19; N, 11.09. Found: C, 57.10; H, 5.31; N,
11.06.

General Method for Syntheses of U-8ubstituted 3-Me(byl-3,4,10,11-tetrahydro-lH,5H-pyrano[4,~h][l,5]ben

zodiazepia-f-ones (6a-g) and the 8-Chloro Derivative (6h)-An enaminolactone (5) (IAmmol) was dissolved in
ethanol (15 ml). An equimolar amount ofan aldehyde and 2-3 drops ofacetic acid were added to the above solution,
and the whole was stirred at room temperature overnight. Precipitates formed were filtered off and recrystallized from
the appropriate solvent. Yields, melting points, microanalyses, and IR and NMR spectradata are listed in Tables I
and II.
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STRUCTURE-ACTIVITY CONSIDERATION OF NOVEL ANTICANCER PLATINUM PYRIMIDINE
"GREENS"

Takehiko Shirnura,a Takenori Tornohiro,a Kiyoshi Maruno,b Yasuo Fujirnotob and

Yohmei Okuno*,a

National Chemical Laboratory for Industry (NCLI),a Tsukuba 305, Japan

and The Institute of Physical and Chemical Research,b Wako-shi 351, Japan

.Platinum pyrimidine greens are very effective against L1210 cells,

but the blues are inactive. A clear relationship between the activity

and size of Pt-green molecules has been observed; smaller molecules

with up to Pt-decanuclear complexes are much more active than larger

ones. Formation of macrocells by the greens have been found for the

first time with L1210 cells. The more active the green complex is,

the denser is the population of the macrocells. These findings could

be related to the membrane permeability.

~EYWORDS platinum uridine green; L1210 cell anticancer

activity; rnacrocell formation; activity-molecular size relation;

inactive platinum uridine blue

During the course of our extensive studies on antitumor platinum pyrimidine

oligomer complexes, 1-5) we have discovered that the effect of platinum "green"

species isolated by gel filtration as a minor product on the life span of mice

bearing L1210 leukemia was exceedingly high. 1) In the earlier investigations,G)

the materials used for biological assays were not always sufficiently purified.

Therefore, it is very probable that the activity of platinum blues reported so

far has been caused by green species included in the samples. To test the

assumption, efficient and selective synthesis of platinum greens was essential.

Thi s has been achieved very recently by the authors. 2,4) Since then we have

been examining the structure-activity relationships using L1210 cells in tissue

culture, and describe here the new results.

The platinum uridine greens investigated in this work have been prepared

from aquated cis-diiododiamroineplatinum(II)7) and uridine treated with hydrogen

peroxide as mentioned in a preceding paper. 4) Their molecular range from 8 to

28 as numbers of Pt in the molecule (platinum octamer to octacosamer). These

are summarized in Table I, and the microanalytical data are given in the

reference part. 8)

Biological activities were determined by examining the inhibition of growth

of L1210 cells in tissue culture. The·cells were cultured in the presence or

absence of test samples (final concentration of 5 or 10 u g/ml) at 37°C in



No. 12 5029

culture medium (GIBCO RPMI 1640) containing kanamycin and 10% of fetal bovine

serum. The ratios of growth of the treated vs. control cells (initially employed

1 x 105 cells/ml, and grew to 1.4 x 106 cells!ml after 4 days) were determined.

The bioassay results are also summarized in Table I.

Table I. Growth Inhibition of L1210 Cells in Tissue Culture
by Platinum Uridine Greens

Molecular size Growth inhibition, % Ratio of Remarksf)

Samplea) Synthesisb) Pt:Ud:NH3c) 5 ug!ml 101Jg!mld) macrocellse)

1 A 10 6 20 78.0 92.8
2 II 11 6 22 59.2 93.7
3 II 11 9 20 77.1 0.43 84.1
4 B 10 8 19 84.8 1. 34 91.3
5 11 9 4 16 99.3 3.0 99.8
6 A 11 8 21 91.6 2.05 97.3
7 B 8 5 15 99.2 3.25 99.8
8 A 13 1 3 20 32.4 68.3
9 B 1 4 1 4 23 12.3 51 .9

10 " 13 12 23 20.9 69.2
11 " 16 16 28 35.5
129) B 28 28 29 -1.9 0.0035 -1. 5

a) Prepared in the same manner described in ref. 4. b) A: further details and
microanalytical data are given in reference 8. 'B: synthesized in the previous
work; see ref. 4. co) Calculated from elemental analysis results. d) Sample
concentration used for the activity study. e) Ratios of macro- and normal-L1210
cells with a 10 llg/ml dose after 4 days at 37°C. See text. f) Growth inhibition
at a 10 llg/ml dose determined excluding macrocells formed. See text. g) Pt-blue
complex; prepared by air oxidation.

At a 10 ~'g!ml dose, platinum uridine greens were considerably active, but

the corresponding blue material again clearly had no effect on the cell growth

(actually, platinum blue sample had some promoting effect on the cell growth;

12 in Table I). These observations are thoroughly consistent with our earlier

discoveries with in vivo experiments using CDF1 mice. 1)

It turned out that, among the green materials examined here, different

preparations showed different activities; growth inhibition was distributed from

35.5 to 99.3% as shown in the Table. If we take molecular size into

consideration, there seems to be a reasonable relation to the activity. Figure

1 shows the percentage of growth inhibition relative to molecule size (shown as

numbers of platinum included). Clearly, smaller molecules are more active than

larger ones. And molecules which contain up to 10 platinums (up to Pt

decanuclear complexes; see samples 1, 4-7) are the most effective against L1210

cells. To determine the best complex, related studies with lower molecules are

currently in progress, which will be reported in detail later in a full paper.

A wholly parallel tendency occurs with a smaller dose (5 ~g/ml), though lesser

efficiency resulted (Table I & Fig. 1).
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There were considerable numbers of macrocells which were approximately

twofold longer in diameter than the normal L1 210 cells. The numbers of both

cells were counted separately, and the ratios of macro- vs. normal-cells were

calculated. The data are listed in Table I. Clearly the more active the

material is, the denser is the population of the macrocells. For example,

although almost no macrocells were detected in the presence of blue complex

(sample 12), over three quarters of the surviving cells (even though only 0.7

0.8% of the cells survived compared with the control) were macrocells in the

most eff icient examples (see samples 5. and 7). In the last column of the Table

I, growth inhibition determined excluding such macrocells are listed for

reference.

Our present findings may be the first direct evidence of macrocell

formation in animal cells with platinum greens. But two decades ago, formation

of macrocells (up to 300 times larger than the normal bacteria) was reported in

growth experiments with E. coli under electric fields using Pt-electrodes. 10 )

Thus we have concluded that without doubt platinum uridine greens are

active against L1210 cells, but that the corresponding blues ~re inactive. The

activity differences recognized among the green comp-lexes examined here are

explainable by an evident relationship to the size of the molecules. Formation

of macrocells has been perceived in the presence of Pt-greens for the first time

with L1210 cells, which seems to be concerned with the .mode of biological

reactions. The above results may be. related to the permeability of the

membranes. This is one of the most important targets to be studied.
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The structure of a new secoiridoid glucoside, sambacolignoside (1),
which had been isolated from Jasminum sambac (L.) Ait. together with
seven new oligomeric iridoid glucosides and oleoside 11-methyl ester
(2), was elucidated as 7-0-[(+)-1-hydroxypinoresinol-B-D-glucoside
{7-6 '1l)]-01eoside 11-methyl ester. This is the first example of a
lignan linked secoiridoid glucoside.

KEYWORDS--Jasminum sambac; Oleaceae; sambacolignoside; lignan
secoiridoid glucoside; oleoside Il-methyl ester; (+)-l-hydroxy

pinoresinol-l-B-D-glucosidei COSY

Jasminum sambac (L.) Ait. (Japanese name, Matsurika) is an oleaceous shrub
indigenous to Southeastern Asia, India and Arabia. Its flower is used to add
fragrance to Jasmin tea. Recently, the secoiridoid glucosides, jasminin and
sambacin were isolated from the leaves of this plant, together with several
flavonoids. l) As a part of our studies on the secoiridoids of the Jasminum
Plants,2,3) we have performed a detailed survey of the MeOH extract of the fresh
leaves of this plant and isolated a new lignan-secoiridoid glucoside, sambaco
lignoside (1), seven new oligomeric iridoid glucosides, and the known oleoside
11-methyl ester (2)4,5) through a combination of several chromatographic methods.

This paper defines the structure of the first glucoside, sambacolignoside (l).

Sambacolignoside (l) was obtained as a white powder, C43H54022 (positive ion
FABMS m/z 923 [M+H]+, negative ion FABMS m/z 921 [M-H]-), [a]D -97.1° (MeOH). It
showed UV maxima (MeOH) at 233 and 280 nm (log € 4.55 and 3.71) and IR bands (KBr)
at 3435, 1730(sh), 1710, 1630, 1610(sh) and 1520 cm-1.

As described below,6) the 1H-NMR spectrum of 1 indicated typical signals due

to oleoside methyl ester, though the location of the carbomethoxy group was
ambiguous. The spectrum further exhibited signals of a pair of l,2,4-tri
substituted benzene protons and two aromatic methoxy groups. The bathochromic
shift of the UV absorption maxima to 247 and 292 nrn upon addition of NaOH revealed
additionally the presence of aromatic hydroxy group(s). Moreover, irradiation of
the methoxy singlets at 0 3.85 and 3.89 resulted in a 3.1% enhancement of the
doublet (J=2.0 Hz) at 5 7.07 and a 4.2% increase of the doublet (J=2.0 Hz) at
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respectively. These findings demonstrated that the aromatic protons and

substituents belong to two guaiacyl groups. This was further confirmed by
spectral data (Table I).
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The 1H_1H COSy spectra (obtained in CD30D or CD30D-pyridine-dS (1:1)
(Fig. 1» and the 13C_NMR spectrum of 1 indicated the presence of a 1-hydroxy-2,6

diguaiacyl-3,7-dioxabicyclo[3.3.0]octane ring skeleton and a glucose moiety in

addition to the above described oleoside methyl ester moiety. The coupling
constants of the signals due to protons on the dioxabicyclooctane ring were in
good accordance with those of paulownin (3),7) suggesting the same relative

configuration of this ring in both 1 and 3. The lower field shift of the signal
of C-1 in the lignan moiety of 1 in comparison with those of ~ and (+}-l-hydroxy
pinoresinol (4)8) was accounted for by the glycosidation of the hydroxy group on
this carbon. The a-linkage of glucose was deduced from the anomeric proton signal
(6 4.39, d, J=8.0 Hz).

All the above findings led us to the assumption that 1 is composed of
oleoside methyl ester (part A) and (+)-I-hydroxypinoresinol-1-B-D-glucoside (5)
(part B), the latter of which had recently been isolated from Olea europaea L. and
o. Africans Mill. of the oleaceous family. 9) In fact, hydrolysis of 1 with 0.2 N
NaOH afforded oleoside 11-methyl ester (2) and the above lignan glucoside (5).
Formation of oleoside I1-methyl ester (2) from 1 indicated the linkage of the
oleoside methyl ester moiety (part A) with the lignan glucoside moiety (part B)

through the 7-carboxy group.
Finally, the attached position of oleoside 11-methyl ester (2) to the lignan

glucoside (5) was determined by comparative studies of the 13C_NMR signals of 1,
5, and oleoside dimethyl ester (6). The 13C_NMR signals of 1 were in good

accordance with the corresponding carbon signals of 5 and G except for shifts of
signals due to C-5'" and C-6'" of the lignan glucoside moiety (part B) and the
absence of the 7-methoxy carbon signal of the oleoside methyl ester moiety (part
A). These differences can only be explained by the linkage of the 7-carboxy group
of 2 to the G'''-hydroxy group of 5. The downfield shift of lH-NMR signals due to

G'"-methylene protons of the part B also supported this conclusion. Thus, the
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PPM 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8

5.0

Fig. 1. la_1H COSY Spectrum of the 1-Hydroxy-2,6-diguaiacyl-3,7

dioxabicyclo[3.3.0]octane Ring of 1 in CD30D-pyridine-d5(1:1)

Table I. 13 C':'"NMR Data for 1, 5 and 6 in CD30D

6 1 5

Carbon Part A Part B Carbon

1 95.2(d) 95.0(d) '99 ..2(s) 99.2(s) 1
3 1SS.1(d) 1SS.1(d) 89 ..4(d) 90.1(d) 2
4 109.4(s) 109.4(s) 72.1(t) 72.2(t) 4
S 31 ..8(d) 31.8(d) 60.4(d) 60.3(d) 5
6 41 ..0(t) 41 ..3(t) 87.6(d) 87.0(d) 6
7 173.5(s) 172.9(s) 73.8(t) 73.4(t) 8
8 124.8(d) 125.1(d) 128.8(s), 133.2(s) 128.2(s) , 132.3(5) I' , 1"
9 130.6(s) 130.5(s) 113.8(d), 111.0(d) 114.2(d), 11O.9(d) 2' 2",

10 13.6(q) 13.8(q) 148.5(s), 149.4(s) 148.7(s), 149.8(s) 3' , 3"
11 168.6(s) 168.7(s) 147.4(s), 147.4(s). 148.2(s) , 148.7(5) 4' 4",

OMe 51.9(q) 52.0eq) 1i5.4(d) , 116.3(d) 115.5(d), 116.7(d) 5' , 5"
52.2(q) 122 ..l(d) , l20.1(d) 122.5(d), 120.1(d) 6' , 6"

56.7(q), 56.7(q) 56.6(q), 56.6(q) OMe
l' lOO.9(d) lOO.8(d) IOO.ICd) IOO.I(d) 1'"
2' 74.8(d) 74.S(d)* 74.9(d)* 74.9(d) 2'"
3 ' 78.4(d) 78.5(d)+ 78.2(d)+ 78.4(d) 3'"
4' 71.4(d) 71.6(d) 71.6(d) 71.3(d) 4'"
5' 77.9(d) 78.0(d) 75.2(d) 78.0(d) 5'"
6' 62.7(t) G2.S(t) 65.l(t) 62.G(t) G'"

Values with the same superscript are interchangeable.
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absolute structure of sambacolignoside was determined to be 7-0-[(+)-1-hydroxy
pinoresinol-1-B-D-glucoside(7-6'")]-oleoside 11-methyl ester (1).

Oleoside (7) type secoiridoid glucosides are characteristic of oleaceaous

plants, and several lignans and lignan glucosides have been isolated from plants

of this family. Sambacolignoside (1) represents the first lignan linked seco
iridoid glucoside.
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Nine new norlanostane-triterpenoid oligoglycosides (sarasinoside)
were isolated from the Palauan marine sponge Asteropus sarasinosum and the
structures of three major oligoglycosides named sarasinosides A1 (1),
Bl (§), and Cl (~) have been determined on the basis of chemicaI and
physicochemical evidence including the x-ray analysis of the sapogenol.

KEYWORDS --- sarasinoside Ali sarasinoside Bli sarasinoside Cli
norlanostane triterpenoid oligoglycosidei marine spongei Asteropus
sarasinosumi N-acetylglucosarninei N-acetylgalactosamine; X-ray analysis;
ichthyotoxic activitYistarfish fertilized egg development inhibition

In marine organisms, sea cucumber and starfish of echinoderm have been

characteriz~d to produce saponins. l) Besides these echinoderms, only a limited

number of marine organisms have been shown to contain glycosides. For example,
pregnane- or cholestane~type steroidal monoglycosides or diglycosides from soft
coral, 2) gorgonians,3,4) or fish. 5) In search of biologically active marine

natural products, 6) we have isolated nine new ichthyotoxic norlanostane-triterpen

oid oligoglycosides named sarasinosides AI' A2 , A3, B1, B2, B3, CI, C2, and C3'
from the Palauan marine sponge AsteropuB sarasinosum and have elucidated their
chemical structures. 7) This paper communicates the evidence consistent with the
structures of sarasinosides Al (1), Bl (g), and Cl (i), which are specified as

having one mole each of N-acetylglucosamine and N-acetylgalactosamine in their
oligosaccharide moieties. This is the first isolation of triterpene oligoglyco

sides from marine organisms other than the sea cucumber.

The freeze-dried subject sponge (1.2 kg) was extracted with MeOH (r.t.). The

extract was partitioned into a mixture of AcOEt and water and the water-soluble

portion was then partitioned into a mixture of n-BuOH and water to afford the n

BuOH soluble portion (140 g). The n-BuOH soluble portion (20 g) thus obtained

was subjected to silica gel column chromatography (CHC13-MeOH-H20) to furnish
three saponin fractions: sarasinosides A (1.4 g), B (1.1 g), and C (0.3 g).8)

Each fraction was further separated by HPLC (ZORBAX-ODS, MeOH-H 20) to afford major

saponins: sarasinosides Al (2) (136 mg), A2 (49 mg), and A3 (80 mg) from A, .
sarasinosides Bl(~) (100 mg), B2 (33 rng), and B3 (67 mg) from B, and sarasinosides

C1 (..!)(26 mg), C2 (7 mg), and C3 (20 mg) from C.

Sarasinoside Al (7), C62HIOOo26N2·2H2o,9) mp 207-210
0C,

(aJ~5 _14° (MeOH),
IR(KBr): 3370 (br), 1067 (br) em-I, showed a UV maximum at 237 nm (MeDH, E=13500)

ascribable to a conjugated enone moiety. Hydrolysis of 1 with 20% aq. H2S04-MeOH
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(1:1) yielded two isomeric sapogenols: 1, c29H4602' mp l24-l27 QC and !9, C29H4602'
mp l53-l55°C. Both possess a conjugated enone moiety in their side chains [2: IR

-1(CC14) 1690, 1621 em , Amax (MeOH) 236 nm (E=12200), 0 6.06 (1H, s), 1.88, 2.14
(both 3H, s); ~: IR (CC14) 1688, 1618 em-I, Amax (MeOH) 239 nm (€=13300), 0 6.07

(lH, s), 1. 89, 2.15 (both 3H, s)].
The lH NMR decoupling experiments (500 MHz) and the l3C NMR analysis of 2 and

~, have led us to presume their norlanostane structures, which have been finally
confirmed by the x-ray analysis of ~ with ~14 (0 5.13, m, l5-H),(Fig. 1) .10) 13c
NMR signals (d5-pyr.) due to ~8(14) carbons of ~ were observed at 0c 127.1 (s, C-S)

and 141.8 (s, C_14),11) whereas signals due to tetrasubstituted olefin carbons of

sarasinoside Al (2) were observed at 0c 127.5 (s) and 136.4 (s) assignable to C-8

and C_9. l l) Therefore, it has become evident that the aglycone of 1 has a 68

moiety as depicted in ~,and acidic hydrolysis of 2 caused the double bond migration

in the aglycone to furnish artifact sapogenols, 9 and 10, having a thermodynamically
12) "'"' '"'-

more favored double bond.
The oligosaccharide moiety of sarasinoside Al (1) comprises 2 moles of glucose

and 1 mole each of xylose, N-acetylglucosamine, and N-acetylgalactosamine,13) which
are connected by a-glycosidic linkages [0 5.58 (d, J=8.6 Hz), 5.56 (d, J=B.S),

5.20 (d, J=7.6), 5.15 (d, J=8.6), 4.53 (d, J=B.2); 0c 106.7, 105.5, 102.6, 102.2,

101.7, each d]. Enzymatic hydrolysis of sarasinoside Al (2) with crude hesperi

dinase provided Al-pro-l (~), C42H670llN·2H2o, mp l7l-l74°C, [a);O r20 0 (MeOH),

and Al-pro-2 (1), C56Hg002lN2·3H2o, mp 196-l98°C, [a]~O -13° (MeOH). Methanolysis
of fully methylated Al-pro-l (prepared with DMso-NaH-CH3I) liberated methyl 3,4
di-o-methylxylopyranoside,14) thus the structure of Al-pro-l (~) has been eluci

dated. On the other hand, methanolysis of fUlly methylated Al-pro-2 (1U liber

ated methyl 2,3,4,6-tetra-O-methylglucopyranoside and methyl 3-Q-methylxylopyran

oside.14) Another enzymatic hydrolysis of sarasinoside Al (1) using ~-glucosidase

(Type II from almonds) gave Al-pro-3 (~), cS4aS702lN·2H20, mp l89-192°C, [a]~O -25 0

(MeDH). Methylation followed by methanolysis of ~ liberated methyl 2,3,4,6
tetra-O-methylglucopyranoside, methyl 3,4,6-tri-o-methylqiucopyranoside, and methyl
3,4-di-o-methYlxylopyranoside.14)

In the l3C NMR spectra of Al-pro-2 (1'> and Al-pro-3 (,2), signals of C-6 It in
the N-acetylglucosamine moieties are observed at a lower field (Oc 69.8 in ~, 69.6
in ~) than that in Al-pro-l (~) (Oc 62.5) due to glycosidation s.hift .16) Conse
quently, the structures 1 and .2, have been assigned as shown. In a similar manner,

methylation analysis of sarasinoside Al (2) furnished methyl 2,3,4,6-tetra-O
methylglucopyranoside, methyl 3,4,6-tri-O-methylglucopyranoside, and methyl 3-0
methylxylopyranoside,14) so that the structure of sarasinoside Al (2) has been

determined.

Sarasinoside Bl (~), C61H98025N2· 2H20, mp 197-l99 QC, [a.l~O -16 0 (MeDH),
showed the l3c NMR spectrum which closely resembled the spectrum of sarasin

oside Al (1) except for some signals due to the oligosaccharide moiety. Signals

due to C-8 and C-9 were observed at 0c 127.7 (s) and 136.4 (5), while acidic

hydrolysis of ~ provided ~ and *9. Thus, the aglycone of ~ has been shown to be

identical with that of 1. Sarasinoside Bl (~) contains one mole each of glucose,
N-acetylglucosamine, N-acetylgalactosamine, and two moles of xYlOse,13) connected

by a-glycosidic linkages [0 5.56 (d, J=8.S Hz), 5.43 (d, J=7.3), 5.21 (d, J~7.3),
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Fig. 1. Since the conformations of two
crystallographycally independent molecules
(A and B) are almost identical, the ORTEP
drawing of the molecule B is shown here.

5.20 (d, J=8.2), 4.57 (d, J=

7.6); 0c 106.7, 105.5, 103.2,

102.3, 102.0, each d]. Hydro

lysis of sarasinoside B1 (~)

with crude hesperidinase fur

nished Bl-pro-l (=Al-pro-l) (£)

and Bl - pr o- 2 (!), C55H8S020N2·
2H20, whereas hydrolysis using

~-glucosidase afforded Bl-pro-3
(~), C53HSS020N·2H20. Among
these hydrolysates, Bl - pr o- 2 (!)

was found to be identical with sarasinoside Cl in all respects. Methylation anal-
'. 13
ys~s and C NMR analysis of sarasinoside Cl (!) (=Bl-pro-2), Bl-pro-3 (~), and

sarasinoside BI (~), have finally shown that their structures are expressed as

shown.

Among nine sarasinosides, the following biological activities have been found

: ichthyotoxicity against killifish Poeai~ia retiouZata [LDSO 0.39 ~g/ml for 1,
0.71 ~g/ml for~, and inhibition against cell-division of fertilized eggs of the

starfish A8te~ina pectin.ife~a17) [10 ~g/ml for I and ~] •
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