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The cation binding behavior of arabate was investigated by conductivity measurements with
reference to the various colligative properties of arabate reported previously. The equivalent
conductance of arabic anion, Ap , was found to be about 6 (11 "1 -crn·-1. eq"'1) from the conductivity
titration curves of arabic acid with tetra-n-butylarnmonium hydroxide (TBA-OH). Using the value
of All =6, cation binding of arabate was estimated by the conductivity measurement of TBA
arubate at a constant coucentration of 1.2x 10- 2 (eq/kg) in the presence of various added salts, and
the binding curves were round to be of Langmuir type. Since the saturated amounts of cation
binding, "'""" were observed to be similar to each other among cations of the same valency, since
they increased with the valence number of cations, the interactions of arabate with cations were
suggested to he due to electrostatic fore..l:C. The present r05\11ts arc discussed in terms of the
estimation methods of cation binding behavior of arabate.

Kcywords·-····--gum arabic: arabic acid; conductivity measurement: cation binding

Introduction

Arabate, which is the main component of gum arabic, is a typical polyelectrolyte, and is
widely used as a food additive and a pharmaceutical material" because of its particular
characteristics arising from its branched anionic heteropoJysaccharide structure with a very
low charge density, as discussed previously." Among many useful characteristics of arabate,
its emulsifying ability and binding capacity are excellent. In contrast to the extensive
investigations on the physicochemical properties of linear polyelectrolytes, relatively little is
known about arabate.

Recently, gum arabic has been in short supply worldwide because of under-production in
the Republic of Sudan, which is a main producing country.. Thus, it would be desirable to
develop a substitute for gum arabic. First, however, the physicochemical characteristics of
arabate must be established.

In the previous paper, such colligative properties of arabate as the osmotic coefficient,.
(/>,3) the counterion activity coefficient, l' + 3) and the transport parameter.j.'" were investigated
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to cast a light on the fundamental properties of the branched polyelectrolyte, and the
counterion binding of arabate was elucidated in detail.

In the present work, the characteristic behavior of arabate with counterions was further
studied with tetra-n-butyl ammonium arabate (TBA-arabate) because the interaction of the
TBA ion with arabate can be neglected due to the complete dissociation resulting from the
large size of the TBA ion under the present experimental conditions.l-?' and so the amount of
cation binding to arabate can be directly calculated by using conductivity measurement.7 -9)

This method seems to be simple and convenient than the others based on the colligative
properties of arabate, when comparing the cation-binding characteristics of various polyelec
trolytes similar to gum arabic with those of arabate. Methods for estimation ofcation binding
based on the colligative properties are discussed.

Materials and Methods

Arabic acid was purified from a batch of crude Acacia senegal gum (FI-08), which was a gift from San-ei
Chemicals Engineering Co., as reported previously." TBA-arabate was prepared by adding a calculated amount of
extra pure TBA hydroxide, purchased from Tokyo Kasei Co., to the purified arabic acid solution. All other chemicals
were of reagent grade and were used without further purification. Water used in this experiment was twice-distilled
after being passed through an ion-exchange column.

Conductivity Measurements and Cation Binding to Polyanion--Conductivity measurements were performed at
25 ±O.OI "C with Jones' type cells and with a Metrohm Konduktoskope E 365 B. The specific conductance of anionic
polyelectrolyte solution, K, is expressed by the following equation:

1000'1(=/' mp(Ap+ itc) (I)

where TnI' is the polymer concentration in equivalents (eq/l), f is the transport parameter, that is, the ratio of free
counterion to polyanion in the electric field, itp is the limiting equivalent conductance of polyanion and Ac is the
limiting equivalent conductance of counterion. On adding a salt, C~, to the anionic polyelectrolyte solution, some
cations of the added salt will be bound to the polyanion, resulting in an increase of free counterions corresponding
to pCm , where em is the concentration of the bound cation and p is the cation exchange parameter with a value of
less than 1.0. Then) the specific conductance in a salt-added system, x', is expressed as follows:

1000·«' =(mpf - (l-p)Cm)Ap + (m,l.f'+pCm)l1c+(Cs- Cm)A + + CMA _ (2)

where J1 + is the limiting equivalent conductance of the added cation and A _ is that of the added anion. The
increment of specific conductance induced by the addition of a salt to the anionic polyelectrolyte solution, AK, is
therefore given by Eq, I and Eq. 2 as follows:

lOOO·I-lK=Cm«p-l)Ap+pAc-A.~)+C:,(A++A_) (3)

Equation 3 indicates that Cm can be obtained by measuring both conductance and the value of p, which is dependent
on the dissociation constant. In this experiment, TBA ion was used as a counterion. As this ion cannot be bound to
carboxyl groups of the polymers due to the steric hindrance arising from the large molecular size of the tetrabutyl
group, I can be assumed to be nearly equal to unity, and therefore, the value ofp is negligible. Substitutingp =0 into
Eq. 3, Eq. 3' is obtained:

~~As - 1000· .dK= Cm(Ap + A +) (3)'

where A,. is given as As= (A -I' + ./L).
Provided that the TBA ion can dissociate completely in such a polyanion-counterion system when arabic acid is

titrated with TBA-OH, the specific conductance of the solution, K. at any degree of neutralization. should be given by
the following eq uation:

1000'K= CHAH+ CTDAATDA + exmpAp (4)

According to Eq. 4. the contribution ofa cation should be expressed as 1000'1(+ =CHAu+CrDAATIlA' and this

leads to

10OO(K-K+)=CW7pA p (5)

When the values of CH• CTUM Au and ATBA are found, Ap can be obtained according to Eq. 5.
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Estimation of Equivalent Conductance of Arabic Acid
To obtain the value of the equivalent conductance, A p, according to Eq. 4 described in

Materials and Methods, arabic acid was titrated with TBA-OH or NaOH and the pH and
conductance changes were measured against the degree of neutralization, ~, at a constant
arabic acid concentration of 0.0162 (eq/kl). The results obtained are shown in Fig. 1. The pH
titration curves of arabic acid with TBA-OH or NaOH were approximately the same at all
degrees of neutralization, indicating similar degrees of ionization for both counterions.
Conductometric titration curves, which are also shown in Fig. 1, were both gently concave as
is characteristic of weak acids, but not strong acids, whose conductances show a linear
decrease with neutralization and a sharp increase after ~ = 1.0. However, a different
counterion showed a remarkably different titration curve, due mainly to the difference of
equivalent conductances. By using the pH and conductometric titration curves shown in Fig.
1, and the literature values'?' of A}-) and .I1TBA , which are 349.8 and 19.5, respectively, the
equivalent conductance, A p, given by Eq. 4 was calculated graphically (Fig. 2). Here, (x -K +)
and Ap were plotted against 0:, where (K- K+) is the difference between the observed specific
conductance of the polymer-counterion system (K) and that of the counterion alone (JC+).

As is clear from Fig. 2, the value of (K- I( +) increased sharply at a lower degree of
neutralization and became constant at about Ct =0.3. On the other hand, the value of Ap

decreased gently with neutralization, became constant with an extrapolated value of 6.0
(0 -1 .cnl -1 .eq -1 ).

Specific Conductance of Arabate in a Salt-Added System and Cation Binding
The conductance of TBA-arabate solution was measured in the presence of Kel, NaCI,

LiCI, CaCI2, Bael2 , MgCl2 and LaCI). In the present experiments, the final concentration of
arabate was always kept constant at 1.2x 10- 3 (eqjl).

First, the specific conductance of arabate solution, K, was measured in the presence of
monovalent salts, and the results obtained are shown in Fig. 3. It is clear that the value of L1K

:J:
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Degree of neutralization 1 0/.

Fig. I. pH and Conductometric Titration
Curves of Arabic Acid

(0••). neutralized with tctrabutyJammonium hy
droxide: (CO. C.) neutralized with sodium hydroxide.
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Fig. 2. Apparent Specific Conductance of
Arabic Ion (1\7-1\:-t-). and Equivalent Conduct
ance of Arabic Ion, All' as a Function of
Degree of Neutralization

Each valuewascalculatedfrom the conductometric
titration curve of arabic acid withTBA-OH shown in
Fig.t.
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Fig. 3. Increment of Specific Conductance of
Arabate-Salt Solutions versus Added Salt
Concentration

The broken lines indicate the specific conductance
of corresponding simple salt solutions in the absence
of polymer. 1111" 1.2 x 10-2 eq/l: (0. e), KCI: (8. e).
NaCI: {CD, (), Lief.

Fig. 4. Increment of Specific Conductance of
Arabate-Salt Solutions versus Added Salt
Concentration

The broken lines indicate the specific conductance
of corresponding simple salt solutions. 1111" 1.2x 10- 2

eq/l: (8. ~), Cael2 ; (CD, oi MgCI 2 ; (0. e», BuCI2 ;

(0, .). LaCI3 •

(solid line) increased linearly with increasing concentration of monovalent ion over the added
salt concentration range from 1.5 x 10- 3 to 1.2 X 10-2 (N). The slopes of the linear plots were
in the order of K > Na > Li, reflecting the difference in the degree of association. The broken
lines in Fig. 3 show the observed specific conductances of the corresponding simple salt
solutions in the absence of arabate. The results indicate that the degree of binding of
monovalent cations to arabate increased with increasing concentration of added salt, since the
conductance difference between the solid line and the corresponding broken one may be due
to the binding of the added cation to arabate.

Next, in the presence of divalent and trivalent salts, the specific conductance of arabate
solution, IC, was measured at various concentrations of added salts, (<;. The results obtained
are shown in Fig. 4.

The specific conductances increased linearly with C; at low concentrations of added salts
and bended up near the middle concentration tested in the present experiments so that the
slopes of the solid lines got close to those of the broken lines which show the specific
conductance of the corresponding simple salt solution in the absence of arabate. This may be
mainly due to the saturation of cation binding to arabate, as will be discussed below.

As for the cation binding, the differences between the slopes of the solid lines and the
corresponding broken ones in Fig. 4 as compared with those of Fig. 3 strongly suggest that the
amount of monovalent cation binding to arabate is less than that of divalent or trivalent
cations.

To clarify the characteristics of cation binding to arabate, the amount of binding, em, of
the cation to arabate in relation to Cs was calculated according to Eq. 3 in Materials and
Methods, by using the observed values shown in Fig. 3 and Fig. 4. In the use of Eq, 3',
literature values of limiting equivalent conductance of various cations were taken from
Robinson and Stokes'?': K, 73.5; Na, 50.1; Li, 38.7; Ca, 59.5; Ba, 63.6; Mg, 53.1; La, 69.7.
The value of CsAs was obtained by measurement. The results obtained are shown in Fig. 5,
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Fig. 6. Increment of Specific Conductance of
Arabate-CaCl, Solutions versus Added CaClz
Concentration at Various Arabate Concentra
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Fig. 5. The Relation between the Amount of
Bound Cations, em' and the Concentration of
Added Salt, Cs
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where the amount of bound cation is plotted against the concentration of the added salts.
Each curve was of typical Langmuir type, and the saturated amount of cation bound to
arabate was dependent 011 the cationic . valences in the order of La3 + > Ba 2 + >
Ca2+ ~Mg2+ > Na + >K + »Li ".

Considering that the broken line in Fig. 5 reflects complete cation binding to arabate, it is
clear from Fig. 5 that at very low concentrations of added salts, divalent and trivalent cations
were bound to arabate completely but monovalent cations were 110t.

Dependency of Degree of Cation Binding on Arabate Concentration
The effect of arabate concentration on the cation binding to arabate was examined in the

cases of NaCl and CaC12 • In Fig. 6~ the specific conductance of arabate solution at, various
concentrations is plotted against the concentration of CaClz. The broken line (1) in Fig. 6
shows the specific conductance ofCaC12 solution in the absence of arabate and the broken line
(2) gives the conductivity contribution of CI - ion in the specific conductance of CaCl2

solution. In the relatively low concentration range of C~p the values, .--1 K, of various arabate
solutions were approximately in agreement with the broken line (2). which means that in these
regions almost all of the added calcium ions were bound to arabate.

The amount of calcium bound to arabate was calculated at various concentrations of
arabate with use of Eq. 3', and the results obtained are shown in Fig. 7, where ern is plotted
against ~". At all concentrations of arabate, the binding curves seemed to be of Langmuir type
because of the saturation. The numerical values of X IX 1 and k: at various arabate con
centrations. mp ' were therefore calculated in the presence of CaC12 and NaCl based on the
Langmuir-type binding curve given by the following equation,

.'1:",'kef
x=-----

1+kCr
(6)
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Fig. 8. Degree of Cation Binding to Arabate
Estimated by Conductivity Measurement, ."'1:((,
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Fig. 7. The Relation of the Amount of Bound
Cations em and the Concentration of CaC12 at
Various Arabate Concentrations

Arabate concentration, lUI' (eq/l): I, 2.49 x 10-"; 2,
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TABLE I. Numerical Values of X,t. and kin Eq. 6 at Various Arabate
Concentrations, 111/1, in the Cases of NaCl and CaCl;!

Added salt

Nael

m/I (eqfl) k -'='1.' (mol/eq)

2.49 x 10- 2 1.05 0.40
1.66 x 10- 2 1.16 0.43
0.83 x 10- 2 2.50 0.50
0.33 x 10- 2 4.24 0.59
0.17 x 10-2 3.68 0.68

1.25 x 10- 2 0.34 0.25
0.66 x 10- 2 0.34 0.28
0.33 x 10- 2 0.69 0.33

where k is the binding constant, Cr is the equilibrium concentration of added salt, x is the
amount of binding defined as X= em/Jrlp and x.; is the saturated amount of binding. The
results are presented in Table I. These results are illustrated graphically in Fig. 8, where the
saturated amounts of sodium and/or calcium, x.~)' are plotted against arabate concentration.
As is clear from Fig. 8, X U l increased gradually with decreasing arabate concentration.

Discussion

We have investigated the conductometric behavior of TBA-arabate and found that the
binding characteristics of arabate with the counterions were of Langmuir type, indicating that
the interaction was due to the electrostatic force. This result is fundamentally in good
agreement with the results reported in the previous papers.v'" From these results, it is possible
to estimate the degree of cation binding to arabate. As shown in Fig. 9, in the cases of Na +

and Ca2 + as a mono- and divalent cations, respectively, the degrees of cation binding to
arabate were not always in good agreement with each other. The reasons for this may be
differences in the methods of estimation based on various parameters such as the counterion
activity coefficient, 'Y +, the osmotic coefficient, ep, the transport parameter.j', and the saturated
amount of cation binding, x~. This point will be discussed below.
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Fig. 9. Degree of Cation Binding for Arabate
Estimated from Various Measurements

Calcium. a, I - IfI; b, I - y-+; c. l-f
Sodium. a', 1':"(/1. b'. t -1'+; c', v-r
The broken lines indicate the x.: values from

Fig. 8.

Among these parameters, )'+ and (p are obtained from an assay system based on the
thermodynamic characteristics of arabate, whereas,fand X Q.) are obtained from conductivity
measurements. Thus, the values of (1-)' ... ) and (l - </» shown in Fig. 9, will be essentially
equivalent. It is also suggested that (I -f) will be roughly equivalent to x,... In fact, the degree
ofNa + binding to arabate was, as expected, in the order of x co~ (1 -f) < (1 -)' +)~ (1 - 4». In
the case of Ca2

+, however, unexpected results were obtained. That is, X(I.! was smaller than
(1 - f) and the degree of binding was in the order of x a, < (1 -f) < (1 -}'+) ~ (1 - (/)).

Although the reasons for such a marked difference between x r/, and (1-f) are not clear at
present, the different experimental conditions used may be involved. The value oif was
obtained by the conductivity measurement of arabate solution in the absence of added salts.
In this case, the value of the equivalent conductance of arabic anion, Ap , was determined by
the transference measurement as Ap = 4.4. On the other hand, the value of x rf.> was obtained by
the conductivity measurement of arabate solution in the presence of added salts as Ap =6.
Considering that the value of Ap is reported to depend on the type of counterion, 11) different
counterions will give different values of All' In our experiments.. sodium arabate was used for
the transference measurement and TBzv-arabate for the conductivity measurement. The
difference may be attributable to the low value of X,_'> compared to (l-f)~ as shown in Fig. 9.

In addition, the different ionic strength brought about by the absence 01' presence of
added salts may be one of the 1110re important factors affecting the degree of cation. binding.
In the present work, as in the work on (1-f) reported previously, the literature value of A + at
infinite dilution was used because it is impossible to get an accurate value at finite
concentration in the presence of added salts in addition to polyelectrolyte. It is well known
that the equivalent conductance of an electrolyte solution is dependent on the ionic strength
and that this dependency is much larger in a polyvalent salt system than in a monovalent salt
one. Therefore, at such a high ionic strength as used in the present work, the practical value of
11 + should be smaller than the literature value used, and the deviation would be larger in the
case of CeCl, than NaCl.

In the present work, we investigated the cation binding behavior of arabate by the
conductivity measurement with reference to the various colligative properties of arabate, and
found that the behavior estimated from anyone of the 4 parameters was essentially the same
in the concentration ranges tested. This is because for both Na+ and Ca2 + , as shown in Fig. 9,
the broken lines indicating the conductivity measurements and the solid lines indicating the
others were parallel to each other except at very low concentrations of added salts. This good
relationship seems to be very important when arabic acid ..like substances are to be selected
from among various polyelectrolytes and polysaccharides similar to gum arabic, because this
conductance titration method is very simple and can be carried out easily without any special
techniques or instruments. Therefore, we believe that this method may have some advantages
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over the other three methods, at last in the preliminary experiments.

References

Vol. 35 (1987)

I) This work was presented at the IOIst Annual Meeting of the Pharmaceutical Society of Japan, Kumamoto,
1981.

2) R. 1. Whistler, "Industrial Gums." 2nd Ed., Academic Press Inc., New York, 1973. pp. 197-263.
3) C. Yomota, S. Okada, K. Mochida and M. Nakagaki, Chern. Pharm, Bull., 32,3793 (1984).
4) C. Yornota, S. Okada and M. Nakagaki, Yakugaku Zasshi, 106, 653 (1986).
5) H. P. Gregor and M. Frederick, J. Polymer Sci.• 23, 451 (1957).
6) H. P. Gregor, D. H. Gold and M. Frederick, J. Polymer Sci., 23, 467 (1957).
7) A. Ikegami and N. Imai, J. Polymer Sci.• 56, 133 (1962).
8) H. Noguchi, K. Gekko and S. Makino, Macromolecules. 6,438 (1973).
9) K. Gekko, "Solution Properties of Polysaccharides," ACS Symposium Series, American Chemical Society.

1981, pp. 415-438.
10) R. A. Robinson and R. H. Stokes, "Electrolyte Solutions," Butterworths, London, 1959, pp. 463-465.
11) N. Shavit, Isr. J. Chem., 11, 236 (1973).



No.3

[
Che m. Pharm. BUll.]
35( 3) 941-947 (1987>'

Theoretical Study of Oxygen Atom eD) Insertion into Methane

MITSUO NAKAJIMA, MINORU TSlJDA* and SETSUKO OIKAWA

Laboratory (~r Rio-physical Chemistry. Faculty o] Plumnaceutical Sciences,
Chiba University.-Chiba 260. Japan

(Received August 15, 1986)

Ab initio molecular orbital configuration interaction calculations were carried out on the
intrinsic reaction coordinate (IRe) path of the reaction CH4-+0('D)~CH30H.The oxygen atom
eD) approaches methane nlong the C3 rotational axis of C3 V symmetry on the lowest potential
energy path of the ground state. The ground state and four kinds of excited states of methanol
originate from CH 4 +Oe D). The reaction system of CH4 +Oe S) generates a higher excited state
than those from CH4 +O(I D). It was confirmed that the ground state function along the TRC path
can be approximately expressed by the Hartree Fock function near the saddle point. The increase of
antibonding a* character with the c-o bond formation is the origin of the elevation of energies and
the splitting of the five excited states.

Keywords--oxygcn atom (10); oxidation: ab initio; molecular orbit~lI method; configuration
interaction; intrinsic reaction coordinate; methane; methanol

Introduction

941

Recent developments in research on plasma chemistry as well as on chemical carcino
genesis require a precise understanding of the elementary reaction of an oxygen-atom with
hydrocarbons. Oxygen plasma is widely used, especially in the semiconductor industry."
Further, in carcinogenesis by polynuclear aromatic hydrocarbons, the ultimate carcinogens
are generated through oxidation by cytochrome P-450. 2 1

It has been experimentally established that Oe D) can be inserted into a paraffinic C-H
bond," while O(lS) only ubstracts a hydrogen atom." The singlet oxygen atom adds
stereospecifically to olefin double bonds." whereas triplet oxygen atom addition results in
some loss of the reactant's geometrical iS0111Cric purity.'"

Bader et al, reported ab initio self-consistent field (SCF) potentia] energy surfaces for the
cycloaddition reactions C2H4e At/t)+OeD and ·'P).iJ) Dupuis et al. carried out ab initio
multiconfiguration Hartrce Fock (MCHF) calculations to characterize the reactants, the
transition state, and the products of the electrophilic addition of Oep) to t.he 11: bond of
ethylene."!Walch and Dunning calculated the barrier height and transition state geometry for
the reaction CI-J4 +OCP)~CHJ +OH by using polarization configuration interaction (POL
CO wave functions with the valence double zeta plus polarization basis set." However, there
has been no theoretical research on the insertion of Oe D) into a paraffinic C-H bond.

This paper describes ab initio molecular orbital configuration interaction (MO CI)
calculations on the barrier height, transition state geometry and geometrical change following
the lowest potential energy path of the reaction CH4 - or'D)~CH30H_

Method

All the structures reported in the present research were fully optimized according to the energy gradient method
by using the spin-restricted Hartree Fock (RHF) wave function. The MCHf wave function was also used for
confirmation of the saddle point The optimized structures were analyzed in terms of their harmonic vibrational'
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frequencies. Zero and one imaginary frequency were employed as the criteria for potential minima and saddle points,
respectively. Basis sets used are Pople's STO-3G9

) and his double zeta quality 3-21 G.10) The potential energy
hypersurface was constructed with 3N-6 dimensional mass-weighted Cartesian coordinates, where N is the number of
atoms contained in the reaction system. On the hypersurface, the saddle point was decided at the RHF level firstly,
and then the intrinsic reaction coordinate (IRC)!1) was calculated starting from the saddle point. The lowest potential
energy reaction path obtained was elaborated by the CI method using the graphical unitary group approach
(GUGAi 2); i.e., the electronic state functions were expressed by a linear combination of the electronic configuration
functions obtained by promoting one or more electrons from the occupied MO to the unoccupied ones.

Computer programs used were GAUSSIAN80 for geometry optimization and GAMESS for vibrational analysis
and CI calculation. The program for the IRe was written by us, utilizing GAUSSIAN80 in the energy eigenvalue and
eigenvector as well as the energy gradient calculations.

Results and Discussion

Approach of Oxygen Atome D) to Methane at the Initial Stage of Insertion
A unique route of approach of a free oxygen atomr' D) to methane is determined,

provided that the insertion of oet D) into a C-H bond follows the lowest potential energy
path. The IRe path which starts from the saddle point and goes toward the separation to
Oe D) and CH4 gives the atomic configuration changes of the reaction system following the
route of approach. The IRe and the atomic configuration changes are shown in Figs. 1 and 2,
respectively. The structure at the saddle point belongs to the point group Cs. As shown in Fig.
2, the extrapolation of the atomic configuration changes to - 5.0 A· amu1

/
2 converges to the

structure belonging to the point group C3v where oxygen, carbon and H2 atoms are on the

-113.30 structure II

;:;
CH4 + 0

~
cd

-113.40 t 1"
'--'

3
~

4
l-, saddle point structureQ)

c
Q)

]
~v= 911.9 i cm--;"'".....

l::
.QJ

H2 ~Cb Hs.....
0

Po. -(~. 2' -,;:; i02.2'-113.50
~.. \~o.o·

r;:Jc) ~ a
').>"'j 1.895<..' 95,2° ..
Hq H

.. 3 I&)(HTC-0-H3) =124.0·• I&) : dihedral angle
-113.60

2' 3'
~ !

The lowest energy path (;\.amu1f2 )

-5.0 -4.0 -3.0 -2.0 -1.0 0.0 +1.0 +2.0

Fig. I. The Potential Energy Change along the IRC Path in Insertion ofOeD) into
a C-H Bond of Methane

The saddle point (TS) structure is shown with the normal mode of vibration of imaginary
frequency. and 1,2, 3.4 and I', 2', 3' correspond to the structure changes in Figs. 2 and 3.
respectively. The pseudo-saddle point structure n has two kinds of normal mode of
vibration of imaginary frequency, one of which (\'2) produces the real saddle point structure.
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Fig. 2. The Unique Route of Approach of
or D) to Methane along the IRe Path at the
Initial Stage of Insertion

Each of the structures 1, 2, 3 and 4 corresponds to
the slime point on the lRC path in Fig. J.

TABLE I. Potential Energies (..r.u.) of the Saddle Point Structure
and the Pseudo Saddle Point Structure II

Total Electronic Nuclear repulsion
energy energy energy

Saddle point
-]13.37150 -148.62576 35.25426

structure
Pseudo saddle

-113.36918 -148.53253 35.16334
point structure 1I

three-fold rotational axis C3 • (For numbering of hydrogen atoms, see Fig. 1.)

Structure Changes along the Lowest Potential Energy Path
The oxygen atornr' D) approaches methane along the C3 rotational axis, on which the Hz

and C atoms lie. One of the three H at01l1S on the symmetrical positions, H, in Fig. 1, moves
as if it were pulled by the Oe D) at0I11. and the structure of the reaction system changes to Cs.
The details of the structure change are shown in Fig. 2. At the saddle point, the angles
L HsCO. L H3CO, and L H2CO are 40.0. 95.2 and 136.2 ", respectively, although the first and
the second angles had the same values (70.5 ") and the third was 180.0 n in the C~h structure.
The unique normal mode of vibration of imaginary frequency is shown in Fig. 1, where
methanol is produced by forward displacement following the arrows, and 0(1 D) and methane
are regenerated by backward movement.

We can imagine another transition state structure II which also belongs to the point
group Cs. Pudzianowski and Locw reported the structure II at the saddle point in their
MINDOj3 calculation.P' However, the structure II has two imaginary frequencies, one of
which has the normal mode of vibration (v2 ) leading to the real saddle point structure (Fig. 1).
As shown in Table I, the structure II having smaller nuclear repulsion energy is unstable in
terms of total energy compared with the real saddle point structure because of.its comparative
instability in electronic energy.

Starting from the saddle point, first, the reaction system produces methanol in substantial
cis-conformation with respect to the positions of H2 and Hs, and second, the c-o bond
rotates suddenly to form the real conformation of methanol near the end of the reaction
process. The situation is shown in Fig. 3, where the positional changes of H2, H 3 and H4
around the C-O bond are shown.

The symmetrical plane of the reaction system at the saddle point is maintained during the
IRe calculation because of the symmetrical gradients. For this reason, sometimes it happens
that no lowest energy path is obtained. In order to avoid this difficulty, the C-O bond was
rotated by 50 near the saddle point and then the IRe calculation was performed. This
rotation gave the point l' projected from the smooth curve near the saddle point in Fig. 1.
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Fig. 3. The Rotation of the C-O Bond to Form
the Real Conformation of CH 30 H Near the
End of the Reaction of CH4 +O(lD)

Each of the structures I', 2' and 3' corresponds to
the same point on the IRe path in Fig. I.

Comparing Figs. 1 and 3, one can see that the c-o bond rotation takes place mainly at the
final stage of energy stabilization of the reaction system.

Validity of the IRC at the HF Level
Since five electronic states are generated in the reaction CH4 + Oe D) because of the

quinary degeneration of the lowest singlet state of the oxygen atom, it is important to confirm
that the HF calculation reproduces the real lowest potential energy path.

Reproducibility of 1D and 1S States of Oxygen Atom Perturbed by Methane in CI
Calculation--The 1D and IS states of an isolated oxygen atom can be expressed by a linear
combination of the singly and the doubly excited electronic configuration functions (SD-CI).
The energy separation between ID and is is 51 kcal/mol by STO-3G SD-CI calculation, which
reproduces exactly the experimental value. 14) However, perturbation by methane at the initial
stage of the insertion reaction, where the distance between the oxygen atom and carbon of
methane is 3.6 A, requires the addition of the triply and the quadruply excited electronic
configuration functions (SDTQ-CI) at least for the expression of the 1D and 1S states of the
oxygen atom. The same requirement of SDTQ-CI was also found in the case of the oxygen
atomr' D) perturbed by a hydrogen molecule.

Potential Energy Change along the IRe Path in SDTQ...CI Calculation·-SDTQ-CI
calculations were performed along the IRC path of Fig. 1, and the results are shown in Fig. 4.
The total profile of the lowest potential energy path in Fig. 4 is substantially the same as that
in Fig. 1, although the saddle point position moved slightly from D to C. The structures of the
reaction system at D and C are substantially the same. The activation energy, the energy
difference between the saddle point and the reactants, is 10 kcal/mol in the RHF calculation
and 13kcal/mol in the SDTQ-CI calculation.

The STO-3G MCHF calculations showed that the gradients on the potential energy
hypersurface at the points Band C in Fig. 4 ensured the regeneration of the oxygen atom and
methane. On the other hand, the gradient at D favored the methanol formation. Therefore,
the saddle point exists between C and 0 in this level calculation. The 3-210 RHF calculations
also gave the same conclusion.

As an oxygen atom approaches methane, the energy levels of the quinary degenerated 1D
state separate gradually and the ground state and four excited states are formed. OeS)
produces the A' state of the reaction system, which always has the highest potential energy.
Neither a crossing nor an avoid-crossing takes place on the IRC path among the six potential
energy surfaces generated from the 1D and 1S states of the oxygen atom (Fig. 4). Since the
potential energy increases "monotonously with the progress of insertion in every surface except
the lowest one, OeS) inserts itself into the C-H bond only when the transition takes place to
the lowest energy hypersurface which arises from the 1D state; Experiment showed that Oe S)
abstracts an H atom."
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Fig. 4. The Potential Energy Changes of the Six Electronic States That Arise from
the 0 eD and 1S)+CH4 Reaction along the. IRe Path on the Ground State
Hypersurface

The electronic state from OeS) always keeps the highest energy ic]. Table II).

Electronic Configuration in the Lowest Potential Energy Path and the Origin of the
Elevation of Energy at the Excited States-··-Now, we shall consider the validity of the IRe in
the HF level calculation. The singlet oxygen at0111 (lS)2(2S)2(2P)4 has the lowest state 1D
expressed as 2PZ2PX2_px2Py2_py2Pz2, Px-Pyl-z, Py2pzpx, pzZpxPy and PZ1P X2 _ PZ2py2 as
well as the second lowest state 1S, PX2py2 + py2pzZ +PZ2P X2• (Note these expressions are very
similar to 2Z2 - X2

- y2, YZ, ZX, XY and X2 - y2 for d atomic orbitals and X2 +y2 +Z2 for s
atomic orbital, although the superscript 2 is the number of occupied electrons in the case of
the oxygen atom but an exponent in the case of the atomic orbital.) The state functions of the
reaction system at the initial stage of the reaction, at - 5.0 A.aU1U 1/2 in Fig. 4, where the
distance between the oxygen atom and carbon of methane is 3.6 A, are expressed approx
imately by the function of oxygen atom, because the electronic configuration functions
mainly contributing to these state functions are comprised of the LUMO(Y), HOMO(X) and
second HOMO(Z). The main components of MO Y, X and Z are Py, Px and Pz atomic
orbitals of the oxygen atom, respectively (Table II).

The state functions expressing the reaction system at the points A, C and D of Fig. 4 are
listed in Table II with the MOs, Y, X and Z, which are always LUMO, HOMO and the
second HOMO, respectively, in these structures of the reaction system. The MO energy is also
given for each MO in Table II. In the lowest energy path, the electronic state is expressed
approximately as 2Z2X2 - X2

y 2 - y2Z2 at the initial stage of the reaction, A. The contri
bution of the configuration function Z2X2 increases gradually with the progress of insertion of
the oxygen atom into the C-H bond. At the saddle point, C, the contribution ofZ2X2 reaches
87.0%. These state functions shown in Table II support the validity of the IRe in the HF level
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TABLE II. The Main Configuration Functions Contributing to Each
Electronic State at A, C and D in Fig. 4

O+CH4 (- 5.0) CI-TS (-0.6) TS (0.0)
(A) (e) (D)

q),(A'} = 0.8054 [... Z2X2] 0.9330 [... Z2X2] 0.9472 [... Z2X2]

- 0.4282 [... Z2Y2] -0.1834 [ ... Z2Y2] -0.1114 [ .. 'Z2y2]
- 0.3562 [... X2Y2] -0.1942 [.. ·X2y2]

(['2(A ") = 0.9802 [... ZY2Y] 0.9655 [...ZX2Y] 0.9467 [...ZX2y ]
tP3(A ') 0.9800 [... Z2XY] 0.9582 ~ ... Z;lXY] 0.9329 [.. 'Z2XY]

c}'4(A") = 0.9800 [... ZXy2] 0.9486 [... ZXY2] 0.9208 [... ZXy2]

cP5(A ' ) = 0.6723 [... Z2Y2] 0.6424 [... Z2Y2] 0.5316 [... Z2Y2]

-0.7120 [... X 2Y2] -0.6980 [... X2y 2] -0.7534 [.. 'X2y2]

cPci(A') = 0.5433 [... Z2X2]

0.5588 [... Z2Y2] 0.6583 [... Z2y2] 0.7304 [... Z2Y2]
0.5612 [... X 2Y2} 0.6104 [...X2Y:l] 0.5125 [.. 'X2Y2]

MOZ = 0.99990lPZ 0.9921 02PZ 0.989402PZ
(2a") -0.0064 C2 PZ - 0.0886 C21'Z - 0.0955 C2PZ

( -0.4073) ( -0.3730) (-0.3543)
MOX = 0.9995 021'X 0.9413 02PX 0.8831 02PX
(7a') 0.0192 C2 PX -0.1615 C2 1' X - 0.2035 C21'X

(-OA071) (- 0.3686) ( -0.3462)
MOY = 0.9999 0 21''1' 0.9417 021''\' 0.900402p,\,
(8a') - 0.0048 C2 PV 0.2097 C2P,\, 0.4005 C2pY

(0.2356) (0.2776) (0.3138)

... means (1a'f(2a')2(30')2(4a')2(5a')2(1 a")2(6a')2 in [... X2y 2], etc. X, Y and Z are MO X, MO Y and
MO Z, respectively. MO Y becomes an anti bonding fT'" MO at the points C and D. MO energy (a.u.) is given
in parentheses for each MO.

calculation since the HF state function is always Z2X2 throughout the lowest energy reaction
path. This result also justifies the HF level MNDO and MINDO/3 type semiempirical
calculations on the insertion of an oxygen atom into C_H. 13

)

Only the lowest potential energy bypersurface gives the ground state of methanol and all
others lead to excited states of the methanol, provided that the reaction path is restricted to
the IRe (Fig. 4). A remarkable feature found in the state functions leading to the excited
states is a large contribution of MO Y. At the saddle point, C, MO Y has an anti bonding
character 0'* with respect to the C-O bond where the lobe of Py AO of oxygen couples out of
phase with that of carbon. The antibonding character of MO Y increases with the progress of
methanol formation from C to D as shown in Table II. (The contributions of other AOs are
negligible in MO Y.) The marked contrast in the contribution of MO Y between the electronic
state function for the lowest potential energy hypersurface and those for the five excited states
suggests strongly that the main origin of the elevation of the energy levels in the excited states is
increase of the antibonding 0'* character in the C-o bond which is produced with the progress
of methanol formation.
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A prostacyclin analogue, dl-3-oxa-9(O)-methano-A6(9a)-prostaglandin I} (Ia), has been syn
thesized. The key step for this synthesis is a new, one-step conversion reaction of the (hydroxy
methyl)cyclopropylketone group in 8 and 21 to the '}I,D-unsaturated ketone 9 and 22, respectively,
with iodotrimethylsilane.

Keywords-isocarbacydin; prostacyclin analogue; iodotrimethylsilane; cyclopropane ring;
bicyclo[3.3.0]octane

Many prostacyclin analogues have been synthesized in attempts to develop therapeuti
cally useful 'agents. l ) In 1983, Shibasaki et al.2a, h) reported the synthesis of 9(O)-lnethano
116(9a)-prostaglandin I} (isocarbacyc1in) (2), which was found to be more potent than well
known 9(O)-methanoprostacyc1in (carbacyc1in) (3) in inhibiting plateletaggregation.i'" Since
then, many syntheses of2 and its derivatives have been reported.v":" We3) have also described
the synthesis of dl-isocarbacyclin (2) and its derivatives via a different route. Aiming at

Hooe

OH R';' R2
In: X=O, RJ =OH, R2=H

lb: X=O, RJ=H. R2=OH

2: X=CHz' R1 =OH, R2=H

Chart I

3

synthesizing a biologically more stable isocarbacyclin analogue, we thought of blocking the fJ
oxidation reaction of the carboxylic acid side chain (a-side chain) by replacement of the C-3
methylene group with an oxygen atom. The j3-oxidation reaction of the a-side chain is well
known as one of the main metabolic pathways of prostaglandins, and results in the loss of
biological activity, 3-0xa analogues of both PGE}4tl) and carbacyclin'"? have already been
synthesized, We now report the synthesis of a 3-oxa analogue of isocarbacyclin, dl-3-oxa
9(O)-methano-L16(9lX)-prostaglandin I} (Ia), using anew, one-step conversion reaction.

For the synthesis of 3-oxa-9(O)-methano-L16(9a)-prostaglandin I} (la), we investigated a
new, regioselective method for the introduction of the 6(9a)-double bond (prostaglandin
numbering). OUf basic approach was as follows; if the (hydroxymethyl)cyc1opropylketone
group could be converted to the }',<5-unsaturated ketone group in one step, the double bond at
the 6(9tX) position would be introduced regioselectively (21~22). In order to realize this
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HO ("'O-"Ph &O~Ph
Et Et Et

&COOEt
£OH Me3Sil Et~;: H H >

caOEt o· 56% a
0

C5H11 CsHno 21 22 8 9

Chart 2

approach, we firstly investigated a model reaction using the simple acyclic compound (8) with
iodotrimethylsilane (Me3SiI). Treatment of 8 with 2.5 eq of Me,3SiI in toluene at 25°C
afforded the desired )',c)-unsaturated ketone (9), together with liberation of iodine, in 56%
yield" (Chart 2). Compound 8 was synthesized from methyl 4-oxo-2-nonenoate (4)6) as
illustrated in Chart 3.

As for the mechanism of this reaction, two routes (route A and B) might be possible
(Chart 4). Route A: The cyclopropane ring in 8 was cleaved" by Me3SiI and the hydroxy

Et Et

o/COOMe a LCOOMe b LOH c
) (0

)a (0
)

CSHll o CsHn o CsHn
4 5 6

Et Et Et Et
a) HOCH2CH20H, p-TsOH.PhH

~OH d o~OH) b) EtMgBr, Et20

c) CH2I2.Et2Zn, PhH
o CsHn CSHll d) p-TsOH,Me-lCO, H2O

7 8

Chart 3

Et~route A Et I

Et Et
0

Et

o£OH CSHll

E;~to

CsHn Et CSH11

8

E:~I
H

route B

CSH11
11

Chart 4

group was substituted'" by iodide ion to afford the I~2..diiodide (10), which might be
converted?' to the olefin (9). Route B: The cyclopropyl carbinol moiety in 8 was converted'?'
to the y-iodo olefin (11) by treatment with Me3SiI, and 11 might be converted!'! to 9 with
further Me3SiI. The following results indicate that route A is more probable than route B.
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Similar reaction of 8 with Me3SiI under ice-cooling in place of room temperature, followed by
quenching of the reaction mixture with aqueous sodium thiosulfate solution after 10min, gave
a crude mixture of 9 and a new, more polar product. All attempts to isolate this new product
failed. However, thin layer chromatographic (TLC) analysis of the crude mixture obtained
above in chloroform at room temperature showed that the more polar product was slowly
converted to the olefin (9) with liberation of iodine. It is known that a I ,2-diiodide is unstable
and loses iodine to afford an olefin." Thus, we assigned this new product as the l,2-diiodide
(10), namely an intermediate of this reaction.

Now, we have applied this new, one-step conversion reaction to the synthesis of dl-3
oxa-9(O)-methano-L16(9Gt)-prostaglandin 11 (Ia). The key compound 21 was easily synthesized
from the mono-acetal (12)12) as follows (Chart 5). The Wittig-Honer reaction of 12 with

(\COOMe

Ht:)H
o 0
'--.J

12 13 14: R=CH2COOMe 17: R1,R2=OCH2CH20, R3=OH 20: R=H
15: R=CH2CH20H 18: R1,R2=O, R3 = OH 21: R=COOEt
16: R=CH2CH20CH2Ph 19: R1,R2=O, R3=OMs

Chart 5

trimethyI phosphonoacetate [(MeO)2P(O)CH2COOMe] and sodium hydride in 1,2-dinl
ethoxyethane (DME) gave the a,fj-unsaturated ester (13). Isomerization of the exo-double
bond in ]3 to the endo-double bond was easily accomplished by treatment with lithium
diisopropylarnide (LDA) and hexamethylphosphoric triamide (HMPA)13) in tetrahydrofuran
(THF) at - 78°C to give 14. Reduction of the ester group in 14 with lithium aluminum
hydride (LiAIH4 ) gave the alcohol (15), which was treated with benzyl bromide and sodium
hydride in N,N-dimethylfonnamide (DMF) to give the benzyl ether (16) in 85% yield from Iz.
Oxidation of the double bond in 16 with N-nlethylnlorpholine N-oxide14) and a catalytic
amount of osumiun tetroxide (OS04) gave the fJ-diol (17) in 95(:{~ yield. Treatment of 17 with
He) aq. in acetone gave the ketone (18), which was then converted to the mono-rnesylate (19)
with methanesulfonyl chloride (MsCl) and triethylamine (Et3N) in methylene chloride.
Cyclopropanation of the rnono-mesylate (19) with potassium tert-butoxide (tert-BuOK) in
THF at room temperature afforded the tricyclic compound 20 in 73~~ yield. Finally,
treatment of 20 with LDA and then ethoxyformylimidazole'P' in THF at -78 DC yielded the
desired tricyclic /i-ketoester (21) in 84~~ yield.

We then investigated the key step, the one step conversion reaction (Chart 6). Similar
treatment of the tricyclic fJ-ketoester (21) with Me3SiI in toluene at 25 "C afforded the desired
olefin (22) in 45~;' yield. Under the reaction conditions used, the benzyl group in 21 remained
intact. The bicyclo[3.3.0]octane structure of 22 was confirmed by synthesizing 22 through the
following reactions: acid treatment of 16 gave the ketone (23), which was treated with diethyl
carbonate and sodium hydride in l,4-dioxane to give 22 along with the isomeric fJ-ketoester
after chromatographic separation.

Similar treatment of the tricyclic ketone (20) afforded the olefin (23) in 43%, yield.
We now had the desired intermediate (22), which was then converted into dl-3-oxa-9(O)

methano-Ll6(9atprostaglandin 11 (la) by the following sequence of reactions (Chart 7).
Reduction of the ketone group in 22 with sodium borohydride (NaBH4 ) in ethanol," followed
by protection of the hydroxy group as the tetrahydropyranyl ether; afforded 25 in 79% yield.
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20: R:;:H
21: R=COOEt

Chart 6

6
0........", Ph

H H
R

o

22 45;~';~

23 43':',;,
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After reduction of the ester group in 25 with LiAIH4- in THF, the obtained alcohol (26) was
oxidized to the aldehyde (27) with excess sulfur trioxide (S03) pyridine complex and Et3N in
dimethylsulfoxide (DMSO). The Wittig reaction of 27 with tributyI 2~oxoheptylidenephos

phorane [Bu3P=CHCOCsH ll ] in ether at room temperature gave the a~fJ~unsaturatedketone
(28) in 86~J~~ yield from the ester (25). Reduction of the ketone group in 28 with NaBH4 in the
presence of cerium(lII) chloride (CeCI3) in methanol gave the more polar l Sx-alcohol (29a)
(PG numbering) and the less polar 15fJ-alcohol (29b) in 65~/:' and 33~/~ yields, respectively.
Protection of the hydroxy group in the lSo-alcohol (29a) with dihydropyran (DHP) and p
toluenesulphonic acid (p-TsOH) in methylene chloride. followed by treatment with excess
sodium metal in liquid ammonia at - 78 DC gave the alcohol (31) in 88~~..;; yield from 29a.
Alkylation of the alcohol (31) with lithium chloroacetate (CICH2COOLi) afforded the
carboxylic acid 32 in 85~~ yield. Finally, removal of the protective groups of 32 with
camphorsulphonic acid in aqueous acetone gave dl-3-oxa-9(O)-methano... /.J6{9lX)-prostaglandin
11 (la), rnp 72-74°C, in 74;;, yield.

Byusing a sequence of reactions similar to that described for the synthesis of Ia, the 15/)
alcohol (29b) was led to the 15{J-isolller (Ib).

H

J E
OTHP OTHP

22: R=COOEt
23: R=11

24: R1 =:H. R2~;:COOEt

25: R) =THP, R2::::('OOEt

26: R) ;:THP. R~ ;;::~CH20H

27: R1=THP. R,2 ",,~CHO

Chart 7

28: RI'Rz;;;:: o
2911: R1,,-,=OH. R~=H
29b: R1 ::::;H. R~ :::.-:OH

30: R=CHz}lh
31: R= H
32: R=CH2COOH

dl-3-0xa-9(O)-nlethano-L16(9atprostaglandin It (ta) (IC so: 23 ng/ml) was found to be a
more potent inhibitor of adenosine diphosphate-induced platelet aggregation than (+)..
carbacyclin (3). using rabbit platelet-rich plasma. In a preliminary experiment, la was found
to be more stable than isocarbacyclin (2) in an in vitro experimental model for fJ-oxidation
using liver homogenate. Details will be published elsewhere.

Experimental

Melting points are uncorrected. Infrared (IR) spectra were recorded with a lASeD A-102 spectrophotometer.
Proton nuclear magnetic resonance eH-NMR) spectra were recorded with a Varian T-60A (60 MHz) or EM-390
(90 MHz) spectrometer in deuteriochloroforrn, with tetramethylsilane as internal reference. Mass spectra (MS) were
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obtained with a lEOl JMS-O ISO or JMS-G300 mass spectrometer. Removal of solvents in vacuowas accomplished
with a rotating flash evaporator at 20-30 mmHg and usually at 35-50 "C. Plates for thin layer chromatography
(TLC) were Silica gel 60 F-254 (E. Merck AG) and spots were visualized by spraying a solution of 0.5% vanillin in
20% ethanol in sulfuric acid (v/v), followed by heating. Columns for ordinary chromatography were prepared with
Silica gel 60 (70-230 mesh or 230-400 mesh, E. Merck AO). In general, reactions were carried out under a nitrogen
stream.

Methyl 4,4-Ethylenedioxy-2-nonenoate (5)--A mixture of methyl 4-oxo-2-nonenoate (4)6) (4.860 g), ethyl
eneglycol (15 ml) and p-TsOH (150mg) in benzene (60mI) was heated under reflux using a Dean-Stark apparatus for
5 h. The reaction mixture was diluted with benzene, washed with 5~~ NaHC03 aq. and brine, and dried over Na2SO",.

Removal of the solvent in vacuo gave an oily residue, which was purified by silica gel column chromatography.
Elution with 2-3% AcOEt in hexane (v/v) afforded 5 (6.020 g) as a colorless oil. IR (neat): 1725, 1660cm- 1. lH_
NMR (CDCIJ ) i5: 3.76 (3H, s, COOMe), 3.92 (4H, s, OCH2CH20), 6.06 (tH. d, J= 16Hz. olefinic-H), 6.80 (lH, d,
J= 16Hz, olefinic-H). MS rnf z: 229 (M+ + 1)., 197, 157.

3-Ethyl.fi,6-ethylenedioxy-4-undecefio·3-ol (6)--A solution of 5 (6.020 g) in Et20 (60 ml) was added to stirred
EtMgBr reagent [prepared from Mg metal (3.20g) and EtBr (9.9 ml) in Et20 (160m!)] at room temperature. The
reaction mixture was stirred for 30min. quenched with NH4Cl aq .• and then extracted with Et20. The extracts were
washed with brine and dried over Na2S04 • Removal of the solvent gave an oily residue, which was purified by silica
gel column chromatography. Elution with 4-6% AcOEt in hexane (v/v) afforded 6 (4.140 g) as a colorless oil. IR
(neat): 3300. 1460cm- 1. 1H-NMR (CDCI3) .1: 3.90 (4H, s, OCH2CH20), 5.45 (lH, d, J=16Hz, olefinic-H), 5.80
(lH, d, J= 16 Hz. olefinic-H). MS mjz: 257 (M+ +I), 227, 185.

1-(1-Ethyl-I-hydroxypropyl)-2-(1,1-ethylenedioxyhexyl)cyclopropane(7)--CH212 (3.9 ml) was added to a stirred
solution of 6 (4.140 g) and Et2Zn (l M solution in hexane. 48.5 ml) in benzene (90 m1) at room temperature, and the
whole was stirred for 12 h. The reaction mixture was poured into water and extracted with Et 20 . The extracts were
washed with brine and dried over Nu2S04 • Removal of the solvent in vacuo gave an oily residue, which was purified
by silica gel column chromatography. Elution with 6-8% AcOEt in hexane (v/v) afforded 7 (2.460 g) as a colorless
oil. IR (neat): 3510, 1460cm- 1

• lH-NMR (CDCI3) 0: 3.95 (4H, s, OCH2CHzO). MS mjz: 241 (M+ -Et), 199.
1-(1-Ethyl-l-hydroxypropyI)-2-(1-oxohexyl)cyclopropane (8)-A solution of 7 (2.460 g) and p-TsOH (50 mg) in

a mixture of acetone (50 ml) and water (25 ml) was stirred at room temperature for 30 min. The reaction mixture was
diluted with AcOEt, washed with 5~~ NaHC03 aq. and brine, and dried over Na2S04 • Removal of the solvent in
vacuo gave an oily residue, which was purified by silica gel column chromatography. Elution with 5-7'~; AcOEt in
hexane (v/v) afforded 8 (1.770 g) as a colorless oil. IR (neat): 3500, 1685, 1460cm -1. 1H-NMR (CDC13) (): 2.53 (2H, t,
J=6 Hz, COCthCH2) . MS mlz: 197 (M + - Et).

3-Ethyl-7-oxo-3-dodecene (9)~-Me3SiI (0.31 ml) was added dropwise to a stirred solution of 8 (200mg) in
toluene (20 ml) at 25°C, and the whole was stirred for I h. Sodium thiosulfate aq. was added to the reaction mixture,
and which was extracted with Et20. The extracts were washed with brine and dried over Na 2S04 • Removal of the
solvent gave an oily residue, which was purified by silica gel column chromatography. Elution with I ~';'t AcOEt in
hexane (v/v) afforded 9 (105 mg) as a colorless oil, IR (neat): 1710, 1460cm-t. lH-NMR (CDCI3) (): 2.39 (4H, t, J=
6Hz, cthcOCtJ2CH2)' 4.90-5.40 (IH, m, olefinic-H). MS mjz: 210 (M +), 154, 127.

(IS*,5R*)-3-MethoxycarbonyImethyliden-7,7-ethylcncdioxybicyclo[3.3.0]octnnc (13)~··A solution of 12
(20.00 g) in DME (60 ml) was added to a stirred ylide solution [prepared from trimcthyl phosphonoacctatc (20.00 g)
and 55~~ NaH in oil (3.83 g) in DME (900 mlj] under ice-cooling, and the whole was stirred for 29 h at room
temperature. The reaction mixture was poured into brine and axtracted with AcOEt. The extracts were washed with
brine and dried over Na2S0a.. Removal of the solvent in vacuo gave an oily residue, which was purified by silica gel
column chromatography. Elution with 3--8~';; AcOEt in hexane (v/v) afforded 13 (23.60 g) as a colorless oil. IR
(neat): 1720, 1660cm --1.1 H-NMR (CDCl.,) (~: 3.68 (3H, s, COOMe), 3.88(4H, s, OCH2CHzO), 5.80 (1H, In, olefinic
H). MS mlz: 238 (M +), 207.

(1S*,5R*)-3~Methoxycarbonylmethyl-7,7-ethylenedioxybicyclo[3.3.0]oct-2-cne (14)--A solution of 13
(15.26 g) in THF (86ml) was added to a stirred solution of LDA [prepared from 15% n-BuLi in hexane solution
(56 ml), diisopropylamine (13.5 ml) and HMPA (16.7 ml) in THF (66 ml)] at -78 "C, and the whole was stirred for
40 min at the same temperature. The reaction mixture was quenched with NH4Cl aq., poured into brine, and
extracted with AcOEt. The extracts were washed with brine and dried over Na2S04 • Removal of the solvent in vacuo
gave an oily residue. which was purified by silica gel column chromatography. Elution with 4-20~~~AcOEt in hexane
(v/v) afforded 14 (l5.0Sg) as a colorless oil. IR (neat): 1745cm- 1. IH-NMR (CDCI3 ) (5: 3.68 (3H. s, COOMe), 3.88
(4H, s, OCH2CH20), 5.47 (lH, m, olefinic-H). MS mjz: 238 (M+). 188, 166.

{1S*,5R*)-3-(2-Hydroxycthyl)-7,7-ethylenedioxybicyclo[3.3.O]oct-2-ene (15)-A solution of 14 (14.96 g) in
THF (250 ml) was added dropwise to a stirred suspension of LiAIH4 (3.57 g) in THF (125 ml) under ice-cooling. The
reaction mixture was stirred for 25min, then quenched with 4% NaOH aq. (15ml). The reaction mixture was stirred
at room temperature for another 1h, and then the precipitate was filtered off. Removal of the solvent of the filtrate in
vacuogave an oily residue, which was purified by silica gel column chromatography. Elution with 25-55% AcOEt in
hexane (v/v) afforded 15 (l2.42g) as a colorless oil. IR (neat): 3450cm- 1

. tH-NMR (CDC13) <5: 3.88 (4H, s,
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OCH2CH20). 5.35 (tH, m, olefinic-H). MS m]z: 210 (M+), 180.
(18*,5R*)-3-(2-Benzyloxyethyl)-7,7-ethylenedioxybicyclo[3.3.0]oct-2-ene (16)--A solution of 15 (15.00 g) in

DMF (25ml) was added dropwise to a stirred suspension of 55~~{ NaH in oil (4.60 g) in DMF (SOml) under ice
cooling. The reaction mixture was stirred for 30 min at room temperature. Benzyl bromide (10 rnl) was added
dropwise to the reaction mixture, and the whole was stirred for 20 min at room temperature. The reaction mixture
was poured into water and extracted with EtjO, The extracts were washed with brine and dried over Na2S04 •

Removal of the solvent gave an oily residue. which was purified by silica gel column chromatography. Elution with
3-10% AcOEt in hexane (v/v) afforded 16 (21.40g) as a colorless oil. IR (neat): 1105cm- 1• lH-NMR (CDCI3) <5:
3.88 (4H, s, OCH2CHzO), 4.50 (2H, s, OCHzPh), 5.31 (tH, br s, olefinic-H), 7.35 (5H, s, arorn-H). MS mjz: 300
(M+).

(lS* ,2R*,3R*,5R*)-3-(2-Benzyloxyethyl)-7,7-ethylencdioxybicyclo[3.3.0]octane-2,3-diol (17)--A solution of
16 (20.00 g) in acetone (lOOml) was added to a solution of 0504 (l00 rng) and N~methyhnorpholineN-oxide (10.00 g)
in a mixture of tel't-BuOH (I50ml), acetone (100m!) and water (lOOml) at room temperature, and the whole was
stirred for 6~. Na 2S20 4 was added to the reaction mixture and filtered off. The filtrate was evaporated ill vacuo and
the residue was purified by silica gel column chromatography. Elution with 3---10% AcOEt in hexane (v/v) afforded
17 (20.90 g) as crystals. Recrystallization from AcOEt-hexane gave an analytical sample, mp 56-58 "C. Anal. Calcd
for C19H2b05: C, 68.24; H, 7.84. Found: C, 67.97; H. 7.78. IR (KBr): 3440, 111()cm-t

• lH ..NMR (CDC13) <): 3.88
(4H. s, OCH2CH20). 4.52 (2H, s, OCH2Ph), 7.36 (5H, s. arorrr-H). MS miz: 334 (Mot), 316.

(IR* ,5S*,6R*,7R*)-7-(2-Benzyloxyethyl)..(j,1-dihydroxybicyclo(3.3.0]octan-3-onc (18)---A solution of 17
(20.80 g) in a mixture of acetone (l00 ml), water (50 ml) and cone. HCI (3 ml) was stirred for 30 min ut room
temperature. The reaction mixture was poured into brine and extracted with AcOEt. The extracts were washed with
brine and dried over Nu2S0 4 • Removal of the solvent in vacuo gave an oily residue, which was purified by silica gel
column chromatography. Elution with 3-10~~ AcOEt in hexane (v/v) afforded 18 (18.00 g) as crystals. Recrystalli
zation from AcOEt-hcxane gave an analytical sample. mp 91-93"'C. Anal. Calcd for C17H2 20 4 : C, 70.32; H, 7.64.
Found: C. 70.1l; H, 7.69. IR (KBr): 3440, 1735cm- 1• 'H-NMR (CDCI,I) s. 4.52 (2H, s, OCH2Ph), 7.36 (5H, S,

arom.-H). MS miz: 290 (M+), 272,216.
(IR'" ,5S'",6R*,7R*)-7..(2-Benzyloxyethyl)-7~hydr()xy-5-methanesulphonyloxybicyclo[3.3.0]octan-3-one(19)-

MsCI (5.5ml) was added to a stirred solution of 18 (17.90g) and Et3N (13ml) in CH2C12 (350ml) under ice-cooling,
and the whole was stirred for 50 min. The reaction mixture was poured into brine and extracted with AcOEt. The
extracts were washed with brine and dried over Na 2S0 4 • Removal of the solvent ill vacuo gave 19 (22.51 g) as crystals.
Recrystallization from AcOEt-hexane gave an analytical sample, mp 90-92 '·C. Anal. Calcd for C Il:lH 240nS: C,
58.67; H, 6.57. Found: C, 58.49; H, 6.50. IR (KBr): 3400, 1730cm~·I. IH-NMR (CDC13) <): 3.02 (3H. s. CH3S0 2) ,

4.52 (2H, S, OCH2Ph), 7.36 (5H, s, arom-H). MS mjz: 368 (M+).
(lR*,48*,58'" ,6R*,7R*)-7-(2-BenzyIQxyethyl)-7-hydroxytricyclo[3.3.0.04·I>]octan-3-onc (20)---1l'I'I-BuOK

(3.51 g) was added to a stirred solution of 19 (7.681 g) in THF (300ml) at room temperature, a.nd the whole was
stirred for 20 min at room temperature. After neutralization of the reaction mixture with AcOH, the whole was
poured into water and extracted with AcOEt. The extracts were washed with water and dried over Na2S0 4 • Removal
of the solvent in vacuo gave an oily residue, which was purified by silica gel column chromatography. Elution with
30--60~~ AcOEt in hexane (v/v) afforded 20 (4.170g) as a colorless oil. IR (neat): 3455, 1720cm- t

• JH~NMR

(CDCI3) (~: 4.55 (21-1, s, OCHzPh), 7.35 (5H. s. aroru-H). MS mjz: 272 (M +). 254.
Ethyl( IS'" ,2R*,3S*,5S*,6R*,7R"')-7-(2-Bcnzyloxyethyl)-7-bydroxy-3-oxotricyclo[3.3.0.0",t>]octane-2-earboxylate

(21)----·--A solution of 20 (4.002 g) in THF (70 ml) W4~S added dropwise to a stirred solution of LDA [prepared from
diisopropylamine (5.3m!) and 15~/~ solution of /I-BuLi in hexane (22.0 ml) in THF (240 ml)] at -78 "C. The mixture
was stirred for 20 min. a solution of ethoxyformylimidazolc15 l (4.00 g) in THF (45 ml) was added, and the whole was
stirred for 15 min at -78 "C, After neutralization with AcOH, the reaction mixture was poured into water, and
extracted with AcOEt. The extracts were washed with 51};; Hel aq, and brine, and then dried over Na2S0 4 • Removal
of the solvent ill \'{U'UO gave an oily residue, which was purified by silica gel column chromatography. Elution with
25--50~; AcOEt in hexane (v/v) afforded 21 (4.262 g) as a colorless oil. IR (neat): 3500, 1735, 1715em - I. II-J~NMR

(CDC}3) (): 1.22. (3H, t, J=7Hz. OCH2Cth), 4.11 (2H. q, J=7Hz, OCtJ2CH3)' 4.49 (2H, S, OCHzPh), 7.28 (5H, S,

arorrr-H). MS miz: 344 (M+). 326.
Ethyl (15* ,2R*,5S*)-7-(2-BcnzyJoxyethyl)-3..oxobicyclo[3.3.0]oct-6-en..2-carboxylate (22)---Me3SiI (3.1 ml)

was added dropwise to a stirred solution of 21 (3.010 g) in toluene (200 ml) over 30 min at 25 lie. The mixture was
stirred for 30 min, and sodium thiosulfate aq. was added. The reaction mixture was extracted with EtyO. The extracts
were washed with brine and dried over Na2S0 4 • Removal of the solvent gave an oily residue, which was purified by
silica gel column chromatography. Elution with 4--5~{, AcOEt in hexane (v/v) afforded 22 (I .290 g) as a colorless oil.
IR (neat): 1755, 1720, 1655, 1620 ern -1. IH-NMR (CDCI3) <5: 1.27 (3H, r,J =7Hz. OCH2CtlJ ) , 4. I5 (2H, q, J =7 Hz,
OCtJ2 CH.,), 4.46 (2H, s, OCH:zPh), 5.20 (lH, br s, olefinic-H), 7.25 (5H, s, arom-H). MS miz: 328 (M +), 283,238.

(JR'" ,5S*)-7-(Z-Benzyloxyethyl)bicyclo[3.3.0]oct-6-cn·3-one (23)-A solution of 16 (2.600 g) in a mixture of
acetone (20 ml), water (8 ml) and cone. HCI (0.5 ml) was stirred for 1 h at room temperature. The reaction mixture was
poured into brine and extracted with AcOEt. The extracts were washed with brine and dried over Na;lS04' Removal
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of the solvent in vacuogave an oily residue, which was purified by silica gel column chromatography. Elution with 7
10% AcOEt in hexane (v/v) afforded 23 (2.100 g) as a colorless oil. IR (neat): I740 em -1. 1H-NMR (CDC13) (5: 4.46
(2H, s. OCH2Ph), 5.28 ua, brs, olefinic-H), 7.30 (5H, s, arom.sH). MS m]z: 256 (M+), 166.

Treatment of 23 with (EtO)2CO and NaH--A solution of23 (1.102 g) in dioxane (10 ml) was added dropwise to
a stirred mixture of 55~./~ NaH in oil (940 mg) and (EtO)2CO (17 ml) in dioxane (30 ml) at 80°C, and the whole was
stirred for 30 min at the same temperature. After neutralization, the reaction mixture was poured into water and
extracted with AcOEt. The extracts were washed with water and dried over Na2 S0 4 • Removal of the solvent in vacuo
gave an oily residue, which was purified by silica gel column chromatography. Elution with 5~/~ AcOEt in hexane (v/v)
afforded 22 (280 rng), and elution with 6% AcOEt in hexane (v/v) afforded the isomeric ester (226 mg) as a colorless
oil.

Treatment of 20 with MeJSiI--Similar treatment of 20 (200 mg) with Me3SiI (0.25 ml) in toluene (20 ml)
afforded the olefin 23 (80 mg) as a colorless oil.

Ethyl (IS· ,2R* ,3R*,5S*)-7-(2-Benzyloxyethyl)-3-hydroxybicyclo[3.3.0]oct-6-cne-2-earboxylate (24)--NaBH4

(330mg) was added to a stirred solution of22 (1.281 g) in ethanol (25 ml) under ice-cooling, and the whole was stirred
for 30min. The reaction mixture was poured into brine and extracted with AcOEt. The extracts were washed with
brine and dried over Na 2S0 4 • Removal of the solvent in vacuo gave an oily residue, which was purified by silica gel
column chromatography. Elution with 15-20~~ AcOEt in hexane (v/v) afforded 24 (1.060 g) as a colorless oil. IR
(neat): 3450, 1730em -1. 1H-NMR (CDCI3) ~: 1.22 (3H, t, J =7 Hz, OCH2Ctl3)' 4.09 (2}i, q, J= 7 Hz, OCthCH3) ,

4.46 (2H. s, OCHzPh), 5.26 (IH, br s, olefinic-H), 7.30 (5H, s, arom.-H). MS mlz: 330 (M +), 312.
Ethyl (lS*,2R*,3R*,5S*)-3-(2-BenzyJoxyethyl)-3-(tetrahydropyran-2-yl)oxybicyclo[3.3.0]oct-6-ene-2-car

boxylate (25)--A mixture of 24 (2.201 g), DHP (0.93 ml) and a catalytic amount ofp-TsOH in CH 2Cl2 (60ml) was
stirred under ice-cooling for 30min. The reaction mixture was diluted with CHzCl2, washed with 5~~ NaHC03 aq.
and brine, and dried over Na:!S04' Removal of the solvent in vacuo gave an oily residue, which was purified by silica
gel column chromatography. Elution with 5-1 O~/~ AcOEt in hexane (v/v) afforded 25 (2.620 g) as a colorless oil. IR
(neat): 1730cm -I. IH-NMR (CDCI3) ,5: 1.26 (3H. t, J=6 Hz, Ctl3CH;lO), 4.14 (2H. q, J=6 Hz, CH 3CthO), 4.52
(2H, s, OCH2Ph), 4.65 (lH. br s, OCHO). 5.35 (lH, br s, olefinic-H), 7.36 (5H. s. arom-H). MS mlz:414 (M+), 330.

(IS *,5S*,6S*,7R*)-J..(2-BenzyloxyethyJ)-6-hydroxymethyl-7-(tetrahydropyran-2-yJ)oxybicyclo[3.3.0]oct-2-ene
(26)--A solution of 25 (2.580 g) in THF (15 ml) was added to a stirred suspension of LiAIH 4 (400 mg) in THF
(50 ml) under ice-cooling, and the whole was stirred for 30 min, and then quenched with 4'~Yo NaOH ag. (1.6 ml). The
reaction mixture was stirred at room temperature for another 1 h, and the precipitate was filtered off. Removal of
the solvent of the filtrate in vacuo gave an oily residue, which was purified by silica gel column chromatography.
Elution with 20-25'/;: AcOEt in hexane (v/v) afforded 26 (2.620 g) as a colorless oil. IR (neat): 3470, 1080cm -1. 1H_
NMR (CDCIJ) (): 4.52 (2H, S, OCH2Ph), 5.37 (I H, hI'S, olefinic-H). 7.35 (5H. s, arom-H). MS mjz: 372 (M +), 354.
288.

(IS'" ,58*,6R*,7R*)-3-(2-Benzyloxycthyl)-6-formyl-7-(tetrahydropyran-2-yl)oxybicyclo[3.3.0]oct-2-enc (27)---
A solution of SO:, pyridine complex (2.500 g) in DMSO (I5ml) was added to a stirred mixture of 26 (2.140g) and
Et 3N (lO.OmI) in DMSO (20ml) at room temperature. After being stirred for 45 min, the reaction mixture was
poured into water and extracted with AcOEt. The extracts were washed with water and dried over Nu2S04 • Removal
of the solvent in vacuo gave almost pure aldehyde (27) (2.06 1g) as a pale yellow oil. The crude material was used for
the subsequent step without purification. IR (neat): 1720cm -1. 1H-NMR (CDCI3) (5: 4.52 (2H, s, OCH2.Ph). 4.65
(lH, brs,OCHO), 5.37 (lH, brs, olefinic-H), 7.37 (5H, s. arom.-H), 9.77 (lH, d, J=4Hz, CHO). MS 111/:: 370 (M+).
286.268.

(IS *,SS *,6S -,7R*)-3-(2-Benzyloxyethyl)-6-[3-oxo-l(E)-octenyl]-7-(tetrahydropyran-2-y])oxybicyclo-
[3.3.0]oct-2-ene (28)--Tributyl 2-oxoheptylidenephosphorane (2.36 g) in Et 20 (10 ml) was added to a solution of
27 (2.032 g) in Et

20
(20 rnl), and the mixture was stirred for 5 h at room temperature, then evaporated to dryness. The

residue was purified by silica gel column chromatography. Elution with 4-6/~ AcOEt in hexane (v/v) afforded
28 (2.358g) as a colorless oil. IR (neat): 1695, 1670, 1625cm- l

• IH-NMR (CDCIJ) (5: 4.52 (2H. S, OCHzPh),
5.37 (lH, br s, olefinic-H), 6.17 (IH, dd, J=3, 12 Hz, olefinic-H), 6.75-7.05 (l H, In. olefinic-H). 7.36 (5H, S, arom,»

H). MS mjz: 382 (M + - 84), 364.
(IS'" ,5S*,6S*,7~*)-3-(2-Benzyloxyethyl)-6-[3(S*)-hydroxyoct-l (E)-cnyI]-7-(tctrnhydropyrall-2-yl)oxybicyclo

[3.3.0]oct...2-ene (29a) and (1S* ,5S* ,68*:7R*)-J..(2-BenzyJoxyethyl)-6-[3(R*)..bydroxyoct-l(E)-enyl]-7-(tetrahy
dropyran-2-yl)oxybicyclo[3.3.0]oct-2-ene (29b)--NaBH4 (280 mg) was added to a stirred solution of 28 (2.318 g)
and CeCl 3 '7H20 (2.22g) in methanol (40ml) under ice-cooling. After 30min of 'stirring. the excess reagent was
decomposed by adding AcOH, and the reaction mixture was diluted with brine and extracted with AcOEt. The
extracts were washed with brine and dried over Na2S0 4 • Removal of the solvent in vacuogave an oily residue, which
was purified by silica gel column chromatography. Elution with 10% AcOEt in hexane (v/v) afforded 29b (762mg) as
a colorless oil, and then elution with 12% AcOEt in hexane (v/v) afforded 29a (1.510 g) as a colorless oil. Compound
29a; IR (neat): 3450cm- 1 • IH-NMR (CDCI3) e5: 4.52 (2H, s, OCH2Ph), 4.68 (lH, br s, OCHO), 5.35 (lH, br s,
olefinic-H), 5.60 (2H, m, olefinic-H), 7.36 (SH, s, arom.-H). MS mjz: 468 (M+), 450,406. Compound 29b; IR (neat):
3440cm-1. IH-NMR (CDCI3) (): 4.52 (2H, s, OCH2Ph), 4.70 (lH, brs, OtHO), 5.36 (lH, brs, olefinic-H), 5.60 (2H,
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01, olefinic-H), 7.36 (5H, s, atom-H). MS mlz: 468 (M+). 450,406.
(lS* ,5S*,6S*,7R*)-3-(2-Benzyloxyethyl)-6-[3(S*)-(tetrahydfopyran-2-yl)oxyoct-l(E)-coyl}7-{tetrahydropyran..

2-yl)oxybicyclo[3.3.0]oct-2-ene (30}--A mixture of.29a (1.489 g), DHP (O.44ml) and a catalytic amount ofp-TsOH
in CH2CI2 (15 ml) was stirred under ice-cooling for 1h. The reaction mixture was diluted with CH~C12~ washed with
5~~ NaHC03 aq. and water. and dried over Na2S0 4 • Removal of the solvent in vacuo gave an oily residue, which was
purified by silica gel chromatography. Elution with 6-10% AcOEt in hexane (vjv) afforded 30 (1.721g) asa colorless
oil. IR (neat): 2950, 1020cm- 1

• lH-NMR (CDC13) 0: 4.53 (2H. s, OCH2Ph), 4.73 (2H. br s, aCHO), 5.37 (lH, brs,
olefinic-H), 5.60 (2H, m, olefinic-H), 7.37 (5H, s, arom.-H}, MS mjz: 450 (M+ -102), 406.

(IS* ,5S*,68*,7R*)-3-(2-Hydroxyethyl)-6-[3(S*)-(tetrahydropyran-2-yl)oxyoct..1{E)-enyl)-7-(tetrahydropyran
2-yl)oxybicyclo[3.3.0]oct-2-ene (31)--Excess sodium metal was added to a stirred solution of 30 (1.690 g) in a
mixture of liquid ammonia (80 ml) and THF (30 ml) at - 78°C until a blue color persisted. and the whole was stirred
for 20 min. The reaction was quenched by the addition of NH4CI, and ammonia was evaporated off at room
temperature under a stream of N2 • Water was added to the residue and extracted with Et 20 . The extracts were
washed with brine and dried over Na2S04 • Removal of the solvent gave an oily residue. which was purified by silica
gelcolumn chromatography. Elution with 20-30~~; AcOEt in hexane (v/v) afforded 31 (1.273 g) as a colorless oil. IR
(neat): 3450cm- 1• IH-NMR (CDCI3) t'5: 4.71 (2H. br s, OCHO), 5.43 (lH. br s, olefinic-H). 5.60 (2H, 01, olefinic-H).
MS mjz: 360 (M + - 102). 316, 276.

dl-3-0xa-9(O)-methano-Ll6(9,xl_prostaglandin 11 11,1S-Bis(tctrabydropyran-2-yl)ether (32)--A 15~-~ solution of
n-BuLi in hexane (3.1 rnl)was added to a stirred solution of31 (J.240 g) in THF (6 ml) under ice-cooling. The mixture
was stirred for 10min, DMF (3ml), DMSO (3rnl), CICH2COOLi (540 rng) and NaI (2.00 g) were added to the
reaction mixture, and the whole was stirred for 8 h at room temperature. The reaction mixture was diluted with water,
acidified with 3~~·~ HC1 aq. and extracted with AcOEt. The extracts were washed with brine and dried over Na2S0 4 •

Removal of the solvent in vacuo gave an oily residue, which was purified by acid-washed silica gel column
chromatography. Elution with 20-30% AcOEt in hexane (v/v) afforded 32 (1.186g) as a colorless oil. IR (neat): 1760,
1740cm- 1• IH-NMR (CDCl,,) 0: 4.12 (2H. S, OCthCOOH). 4.74 (2H, br s, OCHO), 5.38 (lH, br s, olefinic-H). 5.60
(2H, m, olefinic-H), 8.17 (l H. s, eOOH). MS mfz: 418 (M + -102), 374. 334.

dl-3-0xa-9(O)-methano-t1(,(9etJ-prostaglandin II (la)--A mixture of 32 (528mg) and camphorsulphonic acid
(50mg) in acetone (20011) and water (10ml) was stirred at 40 "C for 2 h. The reaction mixture was poured into water
and extracted with AcOEt. The extracts were washed with brine and dried over NazS0 4' Removal of the solvent gave
a crystalline residue. which was recrystallized from AcOEt-·hexane to give la (265 mg), mp 72-74 l'C. Anal.Calcd for
C2oH320S: C. 68.15; H, 9.15. Found: C. 68.01; H. 8.97. IR (CHC13) : 3400,1730. 972cm-- 1

• lH~NMR (CDCI3) 0:
2.70-3.20 (lH, m, C)-H), 3.67 (2H. t, J =6Hz, OCl.:J2CH:!), 4.07 (2H, S, OCtl2COOH), 5.40--5.55 (3H, m, olefinic
H). MS mjz: 334 (M -I' -18),316,290. TLC: ~1'=0.48 [AcOEt :AcOH = 10: 1 (v/v)).

15p-lsomer (1b) of la-·---Similar treatment of the 15It~a1cohol (29b) through the reaction sequence described for
the synthesis of 1a gave Ib as a colorless viscous oil. IR (neat): 3350, 1730em "'1, l1-I~NMR (CDCI J ) (): 3.67 (2H, t, J =
6 Hz, octhCH;l)' 4.09 (2B, s, OCl:JzCOOH), 5.40-·····5.55 (3H, m, olefinic-H), MS mtz: 334 (M'" - 1~). 316. 290. TLC:
R/=O,56 [AcOEt: AcOH = 10: 1 (v/v)J. .
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A Quantitative Analysis of Proton Nuclear Magnetic Relaxation:
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In addition to variable-temperature experiments and the analysis of vicinal coupling constants,
a quantitative treatment of TJ values and nuclear Overhauser effect (NOB) factors was applied to
the conformation analysis of novel heterocycles, substituted 4.1-benzothiazepine (1) and 5,1
benzothiazocine (2). The most probable conformations of the seven- and eight-membered rings of 1
and 2, respectively, could be distinguished by comparing the observed TJ values and NOE factors
with those calculated for several possible conformers.

By the quantitative analysis of T
J

values at - 90.2 u(' and at room temperature (24.5 "C), 1 was
found to be in an equilibrium state of rapid ring inversion between two chair forms in the ratio of
0.7: 0.3 (at 24.5 "C), and the major conformer was the chair form with 5-methyl group equatorial.

The X-ray analysis of 2 showed that the eight-membered ring adopted a boat-bout like
conformation in the crystal. Although this conformation seemed to be consistent with most of the
observed relaxation data obtained in solution, the significant shielding effect expected on H4 (\ was
not observed. By a systematic search of the conformers, a bout-chair like conformer was found to
satisfy all the observed relaxation and shielding data.

Keywords----1H-NMR; spin-lattice relaxation time: NOE; X-ray analysis; conformation
analysis: 4, l-benzothiazepine derivative; 5, l-benzothiuzocine derivative

Introduction

957

Analyses of the stable conforrna tions and related dynamic processes of cyclic molecules
in solution constitute an interesting area of nuclear magnetic resonance (NMR) spectros
copy. t I Extensive studies have been done on six-membered ring systems, while a rather limited
number of studies exist on more-than-six-membered ring systems. This paper describes the
conformational analysis of novel seven-( I) and eight-(2) membered heterocycles. which have
been synthesized by Sato et al. as a part of their search for new heterocyclic compounds with
biological activities." In addition to the conventional variable-temperature experiments and
the analysis of vicinal coupling constants, a quantitative treatment of the spin-lattice
relaxation time (T1) values and nuclear Overhauser effect (NOE) factors was applied. The
spin-lattice relaxation rate of an organic molecule in solution is a function of molecular
motion and intramolecular dipole-dipole interactions. The latter is closely related to the
molecular conformation, i.e., intramolecular interproton distances. The molecular motion
must be anisotropic, but the authors have shown that this quantity can be treated as a single
parameter just for the purpose of getting the best coincidence between the calculated and
observed T1 values." This corresponds to an assumption of isotropic molecular tumbling.
Based on this assumption, the configuration of a nitrile group in saframycin A was
determined successfully" and the details of the treatment were described therein. Using that
procedure, the most probable conformations of the seven- and eight-membered rings of 1 and
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2, respectively, could be distinguished by comparing the observed T1 values and NOE factors
with those calculated for the several possible conformers. Other physical quantities were of
course taken into account to avoid reaching incorrect conclusions.

The 1H-NMR spectrum of 1 (in CD30 D) showed two sets of signals with an intensity
ratio of 0.84: 0.16 at - 90.2 °C. The quantitative analysis of T1 and NOE data allowed us to
assign to the major component a chair conformation with the 5-methyl group in the
equatorial position, while the minor component took an inverted chair form. Based on a rapid
ring inversion between these two chair forms, the T1 values and vicinal coupling constants at
24.5°C could be explained well.

As for 2, which shows an inhibitory activity against gastric secretion," an X-ray analysis
was carried out. The X-ray derived boat-boat like conformer seemed to reproduce the
observed relaxation parameters at 24.5°C, but the significant shielding effect on H4 11, which
was expected in this conformation, was not observed. By a systematic search of the
conformers, a boat-ehair like conformer was found to satisfy all the observed relaxation and
shielding parameters. Therefore, 2 was concluded to take a boat-ehair like conformation in
solution.

Results and Discussion

5-Methyl...4,I..benzothiazepine (1)
Chemical Shifts and Coupling Constants--The chemical shifts and coupling constants

measured in CDCl3 and CD30 D are summarized in Tables I and II. The assignments could be
readily made on the basis of decoupling experiments and NOE measurements.

At ambient temperature (24± 0.5 DC), only one set of signals could be observed (see Fig.
1(a)). Methylene protons on C, and C3 were differentiated by comparing the chemical shifts
with those of related molecules, and the assignment was confirmed by NOE measurement in
CD30 D, where a 5% signal enhancement was observed at H 3b «(5: 2.92) on irradiating Hs.

The assignment of aromatic protons was readily made from their coupling patterns and
NOB experiments in CD 30 D . The irradiation of 5-methyl protons at l5: 1.67 caused (a) 25%
signal enhancement of a double doublet at (5: 7.16 and - 5~~{, signal enhancement of a double
triplet at o : 6.91. This observation is consistent with a linear arrangement of 5-CH:h H6 , and
H7 in space, leading to the assignment of (5: 7.16 and 6.91 to H6 and H7 , respectively. Thus,
another double triplet at 7.03 ppm and a double doublet at 6.91 ppm (in CD30 D) could be
assigned to H, and Hg , respectively.

The coupling constants obtained for the protons on the seven-membered ring could not
be explained by any single conformation.

At a lower temperature, the IH-NMR spectrum in CD30 D was found to consist of two
sets of sharp signals (see Fig. l(b»). This indicates the presence of a slow conversion process
between two different conformers in the solution. The ratio of them was estimated from the
integrated intensities to be 0.84: 0.16 at -90.2 DC.

On irradiating a triplet at fJ : 2.59, a doublet at lJ : 3.57 and a triplet at fJ: 3.11 changed to a
singlet and a doublet, respectively, while on irradiating a triplet at {) : 3.11, a doublet at {) : 2.71
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and a triplet at 8: 2.59 changed to a singlet and a doulet, respectively. From these decoupling
experiments, two pairs of methylene signals for the major conformer could be readily
differentiated. The assignment of these signals could be done by referring to the assignment of
the spectra at 24.5 °C.

The assignment of the signals belonging to the minor component was made on the basis
of the following assumption; when two conformers are in equilibrium: with rapid in
terconversion, the observed chemical shifts should be described by an equation similar to Eq.
1, where Jobs, JM, and Jm in Eq. I should be replaced by the corresponding chemical shift
values. By using this relation, the assignment of the minor component signals for H2b, Hg, and
5~CH3 could be done from the chemical shifts of these protons at 24.5 C.1C and those for the
major component at - 90.2°C.

The magnitude of the vicinal coupling constants showed that H2ll and H3b were in trans
and H 2 b and H3a were in gauche relation in the major conformer (M). These observations are
consistent with either a chair or a boat form of the seven...membered ring for both major and
minor components, but the possibility of a twist conformation is negligible.

To differentiate the above alternatives, a quantitative interpretation of T1s was carried
out.

TABLE J. lH-NMR Chemical Shifts for I

Protons
at 24.5 "C ttl - 90.2 "C

(\~()CI.1 (\~D.IO[) D
M

/II ) 1»
(m

H2a 3.12 3.00 2.59 c')

H2b 3.47 3.39 3.57 l'1

H3a 2.90 2.85 2.71 r)

H3h 2.97 2.92 3.1] 2.49
H.s 4.19 4.14 4.10 3.S9
5-Me 1.72 1.67 1.6] 1.72
H(. 7.20 7.16 7.23 7.23
H7 6.97 6.91 7.00 7.00
Ha 7.0H 7.03 7.08 7.08
He, 6.84 6.91 6.97 6.80

-----
Chemical shifts Me given relative to internal TMS as a reference. et) Major conformer <M) in

CD.,OD. h) Minor conformer (m) in CD30D. C') NtH identified.

TABLE II. Coupling Constants (Hz) for 1 (at 24.5 He)

)2a, 3:1

.I2a•3 h

J2b••,"

J2h•3b

12a ,l b

13a•3h
J .5,5-Me

J6 •7

J6 •ti

J7 •8

J7•9

Js.9

2.6
8.8
6.2
2.6

12.8
14.1
7.7
7.8
1.5
7.8
1.5
7.8

2.2
8.4
6.6
2.3

13.1
13.8
7.4
8.1
1.7
7.3
1.5
7.8

2.6
8.3
5.1
2.6

a} In CDCJJ • h) In CDJOD. c) Calculated according to the procedure described in the text.
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Fig. l. lH-NMR Spectra for 1 in CD30D

(a) at room temperature (24.5 "C), (b) at - 90.2 'C, where signals assigned to the minor
component are denoted by prime (').

01 G2

Fig. 2. Possible Conformers for 1

03

Quantitative Analysis of T1 , Values at -90.2°C---The IH-Tt values measured at
-90.2 "C are summarized in Table-III. The calculation of the T, values was carried out for the
geometries of two chair forms and one boat form, which are illustrated in Fig. 2. The effective
'Lc value necessary for the calculation was obtained in the process as the value giving the best
agreement between the observed and calculated T, values." Though r, = 1.0 X 10-to and
0.7 x }O-9 S were possible, 1:c = O.7 x 10-9s was taken, because the negative NOE described
below required cot::» 1.0.6 )

The calculated results are given in the third COlUI1111 of Table III. The T, values for H,
and H6 are very sensitive to the conformation, because interproton distances between H, and
its neighboring protons depend on the seven-membered ring conformation as can be readily
understood from the model geometries shown in Fig. 2. The best agreement between the
observed and calculated T) values was given by the chair conformation with the 5-1nethyl
group equatorial (conformer G 1). This was consistent with the NOE observed at H311 and H3 b

on irradiating n, (Fig. 3).
On the assumption of a ring inversion process between M and m, the minor component
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( a)

(b) HS
y-~-~

(c) irr. H3b H3a
~ "'--""'~-',!'-"'~~

lrv
I I I J

4.0 3.5 3.0 2.5 ppm

Fig. 3. NOE Difference Spectra for t at
-90.2 "C (CDJOD)

(U), control; (b) and (c). spectra obtained on irra
diation of the 5-mcthyl protons and Hs• respectively.

a) The correlation limes, 1'~'."T~k=:.:().7 X10""s were assumed. 1'1 vuluesfor H7 and H.,protons were 11tH
included in the analysis because of signal overlapping, which prevent the accurate 7'1 measurement of these
protons.

where 11 is the number ~lf protons under consideration, and :r\'~lr und Tl~: rneau the observed and calculated 7'1
valuesfor HI proton. 1 hesmallest q value leads to the bestagreement between the observed and calculated T1
values.;1111

(m) can be assigned as the corresponding inverted chair with the 5-methyl group axial (the
conformer G2, see Fig. 2). If the minor component m were G3, the signal assigned to H3h ,

would be a triplet. The possibility of G3 was, therefore, ruled out.
Quantitative Analysis of T1 Values at 24.5°C--In order to confirm the equilibrium

between the conformers Gland 02, the vicinal coupling constants and T L values were
analyzed quantitatively based on the assumption of rapid interconversion of the seven
membered ring between G I and 02. On this assumption, the observed vicinal coupling
constants can be described by Eq. I,

(1)

where PM and Pm are the molar fractions of the major and the minor component, respectively.
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TABLE IV. Observed and Calculated TI Values") for 1 (at 24.5 CC)

r;bs Teal
I

Protons
}I>I 11'-1 III/II

H2o) 2.5 3.0 3.1 2.7
H2b 2.7 2.9 2.8 3.1
H;lu 2.7 2.4 2.7 1.8
H3 h 2.7 2.5 2.4 2.8
Hs 8.1 7.6 7.1 9.3
H(, 6.9 6.6 5.6 11.1
H7 14.3 11.7 11.8 11.7
Hs 14.5 13.6 13.6 13.6
H9 18.2 22.3 22.4 22.0
Me 2.4 2.5 2.5 2.5

q 0.09

a) tc=t~"=J.Ox 10- 11 s were assumed. h) Calculated assuming equilibrium between the conformers
Gland G2. For details, see the text. c) Calculated assuming G 1 geometry (chair with equatorial 5
Me). d) Calculated assuming G2 geometry (chair with axial 5-Me).

The most satisfactory agreement between the observed J values and those calculated by Eq. 1
could be attained with PM =0.7 (Pm =0.3), using JM and Jm taken from the observed coupling
constants at - 90.2 °C; 10.8 Hz for J trcms and 2.6 Hz for Jgauche, respectively (see Table II).

When the molecule is rapidly converting, as mentioned above, the interproton distances
appearing in the relaxation equation must be replaced by the effective .values described by Eq.
2 7),

(2)

The third column of Table IV shows the calculated T} values using the molar ratio PM =
0.7 (Pm =0.3) and the effective interproton distances calculated from the geometries G I and
02. The agreement between the observed and calculated T1 values was excellent, and this is
consistent with the rapid interconversion of the seven-membered ring between the two chair
forms (G 1 and G2). Although a quantitative treatment was not done, the above mentioned
NOE observed between H, and H 3h is consistent with the conclusion that 70% of the
molecules were in the G 1 conformation.
8-Methylsulfonyl-5,1-benzotbiazocine (2)

Chemical Shifts and Coupling Constants--1H-NMR measurement was made in CDC13

and CD30D. The spectral assignments given in Tables V and VI were based on the extensive
decoupling experiments. No significant solvent effect was observed either on the chemical
shifts or on the coupling constants. The variable-temperature experiment showed no spectral
change except line broadening due to increased viscosity in the range from 24.5 to -,90.2°C
(Fig. 4). Thus, it may be safely concluded that 2 adopts a single conformation in solution.

The vicinal coupling constants about C2-C3 and C3-C4 were analyzed using the Karplus
type Eq. 3.8)

.ric = 7-cos q>+ Seos 2q> (3)

The dihedral angles (cp) which are consistent with the observed coupling constants are
illustrated in Fig. 5. The possible eight-membered ring conformation of 2, therefore, should
satisfy these constraints of the dihedral angles as well as the constraint of the dihedral angle
C6-C6a-ClOa-Nl =0°.
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S02-CH 3 -CH 3

H4bH4fl

M

Fig. 4. 'H-NMR Spectra for 2 in CD30D

(u) at room temperature (24.S "C), (b) at - 90.2 T.
I I J I I I

7.0 6.0 5.0 4.0 3.0 2.0 ppm

TABLE V. IH-NMR Chemical Shifts for 2 and 3

2 3u}

Protons
Deucl] (~CD.,OI> (5CDCI)

HZ:1 3.24 3.23 (3.12) 3.20
H2b 4.20 4.34 (4.35)
H~lu 2.14 2. J 7 (2.15) 1.80
H3b 1.92 1.90 ( J.H8)

H4 " 2.53 2.60 (2.54) 2.55
H4 h 2.62 2.64 (2.63)
n, 4.89 5.04 (5.03) 2.06 h}

H7 7.70 7.63 (7.53) 6.55-··-7.3yl
HI) 7.53 7.49 (7.44)
H IO 6.65 6.79 (6.66)
6-Me 1.6R 1.65 (1.60)
S02 Me 3.02 3.03 (3.0S)

Spectra were taken at ambient temperature (24.5±0.5"C) and at -90.2"C (in parentheses). Chemical
shifts are given relative to internal TMS ,IS" reference. il) Values reported in the llteruture." h) (ill for
CHJS-. c) li ll for aromatic protons.

According to the procedure described in the experimental section, the six conformers (G1,
G2, 03, 03', 04, and G4') shown in Fig. 6, which satisfy the above mentioned dihedral
constraints, were derived. In these conformers, the eight-membered ring adopts boat-boat
(BB), boat-chair (Be), or twist boat-chair (TBC) form.?'

Unambiguous differentiation of the most probable conformer among them could be
done by quantitative analysis of T1 values and NOE factors.

Quantitative Analysis of T1 Values and NOE Factors--Some typical partially relaxed
Fourier-transformed (PRFT) spectra for 2 are given in Fig. 7. The observed T. values and
NOE factors are summarized in Tables VII and VIII, respectively.

The relaxation times of the methylene protons except H2b take very similar values in the
range from 0.99 to 1.2s, because the T1 value of a methylene proton is determined dominantly
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TABLE VI. Coupling Constants (Hz) for 2 (at 24.5°C)

leal")

12 11 •3a

12 11 •3 b

12 b•3..

12b•3b

l311.4a

J3 11 .4 h

J3b.4:1

J 3b•4b

JZ:1•2b

13a•3b

J4:1,4 b

1(1.6~MC

17•9

JI).10

4.4
2.9

12.2
2.8
3.3
2.8

11.1
5.6

15.5
13.8
15.4
6.8
2.1
8.5

4.8
2.6

12.3
3.1
3.4
2.8

11.2
6.6

15.5
13.0
14.6
6.8
2.1
8.4

05

4.6 (55.9')
4.0 (- 59.9")

12.8 (171.2'-')
4.7 (55.4")
5.5 (49.8'»
3.9 (- 60.4'»

12.6 (169.3°)
5.6 (49.3")

02

4.7 (55.2°)
3.7 ( - 62.5")

12.9 (173.6")
4.6 (56.0")
5.9 (47.5")
2.9 (-68.SC')

12.3 (J 65.2")
5.7 (48.9")

a) The vicinal coupling constants were calculated according to Eq. 3. Dihedral angles used for the
calculation are shown in parentheses; these values were taken from the X-ray analysis for GS and from the
calculated geometry for G2.

JZ:I,311 ::::::4.8
]2I1,3b:::::: 2.6
12 b,3:1= 12.3
J2h,3b= 3. 1

Fig. 5. Vicinal Coupling Constants and Pos
sible Rotamers about N\-·C,1°·C;\,,-C4 and Cr
C3--C4-,-SS

by the contribution of its geminal proton." An evidently short T1 value of H2 h (0.62 s)
suggests the presence of another proton, in addition to H2a, contributing to J-I2 b relaxation.
This is consistent with the NOB observed at H 2b on irradiating H6 • Thus, the eight-membered
ring of 2 should take a conformation in which H6 is located close to H2b , Among the six
conformers, Gland G2 satisfy this condition (see Fig. 6), while the others do not.

The T1 values and NOE factors expected for the conformers given in Fig. 6 were
calculated assuming Lc= O.l 5 X lO-IOS for the methyl protons ('C~e)31) and 1'c=0.25 X la-lOs
for all other protons." The results are given in Tables VII and VIII. None of the conformers
G3, 03', G4 and 04' could explain either the observed NOEs or the T1 values, while the
agreement between observed and calculated T1 values and NOE factors is very satisfactory for
Gl conformer. As to 02 conformer, the T1 agreement was also satisfactory for all the protons
other than H7 • The observed T1 disagreement for H7 may be ascribed to the ambiguity in the
effective interproton distances between H7 and the 6-methyl protons due to the internal
rotation of the methyl group.'!'

Comparison of theX-RayDerived Conformation with ThoseDerived from lI-I-NMR--In
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~~-~
~i"-'

Be G2
(J(~~+i2"~s

TBe I G4

Fig. 6. Six Possible Conformers for 2

The signs of the dihedral angles and the location of the symmetry (denoted by '),
which define the conformation of the eight-membered ring,"'W) nrc shown. As for the
dihedral angle. C,,--C/til-ClOlI,,-N, H small deviation from the ideal value or 0" was used to
define the conforrmuion. ln G3', the sign of the dihedral angle in the parenthesis was
assumed to classify its eight-membered ring into one of the conformations defined by
Hendrickson et al.; the uctually observed value was - 5,3",

H7 I
~r1H4aI Hg

IfI I H2b H2a<,r-. H3b_
r~ H3a

'-°0° I JI~ f~ t II 1_.'. n ---n -:I;/JI\ -. -.t' ,.

1() -. Nil -n:;' "'X' iU ----I ill b r -o.h I r~.~ -.- .,.
I ""1'- ..,.

.4~·6 - • ...... .... ... -,
.3 .. .....,' 'VI ... I

• [I ..., ... 6

tI If I -V -y .....
8

0.2

I
8.0

I
7,0

I
6.0

I
5.0

I
4·0

I
3.0

I
2.0

1
1.0
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Fig. 7. Typical Partially Relaxed Spectra for 2 in CD30D

order to compare the conformation in solution with that in crystals, Xsray analysis of 2 was
carried out. The ORTEP drawing of 2 is given in Fig. 8. The final atomic coordinates are
presented in Table IX. i 2

) The comparison of dihedral angles revealed that the eight-membered



TABLE VIII. Observed and Calculated NOE Factors for 2

Protons 'lobS flcul

Irr. Obs.
Gt 02 GS 03 03' 04 G4'

He, Hza -0.05 -0.07 -0.08 -0.07 0.04
H2 b 0.21 0.19 0.24 0.21 -0.01
H311 0.23 (Un
H3h -0.07 -0.02
H4a 0.10
H4 b -0.03
6-Mc 0.02 0.03 0.02 0.02 0.02 0.02 0.02 OJl2
H7 0.01

6-Me HI> 0.19 0.16 0.12 0.11 0.21 0.30 0.11 0.26
1-17 0.38 0.45 0.49 0.45 0.47 0.46 0.47 0.45

.-....._.,------~-~~.---_._--_.

11.== (/lrr - In)}II" where J... and Ilrr arc peak intensitiesof control and irradiated spectra. respectively.

05 G5'

Fig. 8. All ORTEP Drawing of 2 Derived from X-Ray Analysis

The conformations of the two independentmolecules in an asymmetricunit are shown.UI

The atomic numbering used in Table IX is given to the unprimed molecule.
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T ABLE IX. Fractional Atomic Coordinates (X 1W) and Thermal Parameters (A2)

for 2, with Estimated Standard Deviations in Parentheses

967

Atom

N(I)
C(2)

C(3)
C(4)

S(5)
C(6)
C(7)

C(8)
C(9)
C(lO)
C(II)
C(l2)
C(13)
S(l4)
0(15)
0(16)
C(l7)
N(l')
C(2')
C(3')
C(4')
8(5')
C(6')

C(7')
C(8')

C(9')
C(IO')
C( 11')

C(12')
C(13')
8(14')
DOS'}
0(16')
e(17')

x

826 (5)

24 (8)

- 684 (8)
-1245 (8)
-1990 (2)
-1034 (6)

- 34 (6)
846 (6)

1666 (6)
1631 (6)
730 (6)

-97 (6)
- 1642(8)

901 (2)
-117 (5)
1644 (5)

1427 (9)
6063 (5)
5797 (8)
5415 (9)
4455 (8)

3365 (2)
3755 (7)
3915 (6)

4460 (6)

5537 (6)
6015 (6)
5490 (6)
4381 (6)
2752 (7)

3820 (2)
2794 (5)
4458 (6)
3643 (9)

y

5016 (10)
4575 (1 J)
5815 (15)
6539 (13)
5401 (3)
4372 (10)
5825 (10)
fi550 (10)
6698 (10)

6216 (10)
5458 (10)
5266 (9)
3808 (14)
7161 (3)
7441 (9)
8317 (8)
5730 (13)
3148 (10)
2991 (13)
4352 (15)
4999 (12)
3821 (3)
2586(10)
3790 (10)
4403 (10)
4511 (10)
4118 (10)
3526 (10)
3353 (9)
1927 (12)
4892 (J)

5425 (10)
5H70 (9)
3~39 (13)

11379 (8)
11568 (II)
11353(13)
9819 (13)
8177 (3)
8094 (10)
7439 (9)
7812 (9)
9317 (10)

10457 (9)
10098 (9)
8572 (9)
6476 (11)
6360 (2)

5006 (8)

6975 (8)
5973 (13)

11316 (8)
12395 (10)

12668 (12)
11222 (12)

10085 (3)
9181 (11)
7288 (9)
6796 (10)
7826 (I 0)
9280 (10)
9842 (9)
8735 (9)
7854 (12)
4~1O (2)
4379 (7)
4774 (9)
3904 (12)

3.17 (26)
3.83 (37)
5.45 (47)
4.95 (45)
4.45 (9)
2.93 (31)
2.52 (29)
2.37 (28)
2.62 (30)
2.39 (28)
2.19 (27)
2.30 (27)
4.47 (39)
2.76 (7)
4.10 (25)
4.27 (27)
5.31 (47)
3.25 (27)
4.07 (37)
5.26 (46)
4.73 (43)
4.40 (9)
3.42 (35)
2.35 (28)
2.64 (30)
2.87 (31)
2.72(30)
2.47 (29)
2.29 (28)
3.R2 (36)
3'()6 (7)

4.48 (26)
5.74 (33)
5.0H (46)

"- .._-~---' -.---"---'--~'-._""'_"_.'__'_._--"'----""'''''-''---'''---

TAIlLE X. Estimated Shielding by the Phenyl Ring in Several Conformations of 2

Geometry
---~..,----------~

GS
05'/1)
02

-0.85
-0.84
-0.09

----0.14
-0.16
-0.05

--0.71
-0.68
-0.14 - (0.04-0.09)

ring of 2 adopts a Gl-type conformation (BB form).13) The T1 values and NOE factors
calculated for the X-ray derived geometry (G5) are also given in Tables VII and VIII.

In this X-ray derived conformer (G5) as well as the model geometry Gl, significant ring
current shifts are expected at H4a , because H4 a is located in the shielding region of the benzene
ring, while H4 b may be slightly shielded. According to the method of Johnson and Bovey,':"
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the chemical shift difference between H4a and H4 b was estimated to be ca. 0.7 ppm (see Table
X). However, this is inconsistent with the observation that Lfb between H4 a and H4 b is less than
0.1 ppm. The chemical shifts of H 40 and H4 b are similar to the values of methylene protons at
C4 in 3,2) which is free from the ring current effects.

On the other hand, the ring current shifts calculated for the 02 conformation (Be form)
are consistent with the observations, as shown in Table X. The vicinal coupling constants
calculated for this conformation also satisfy the observed values (see Table VI).

Taking into account the above-mentioned ambiguity involved in the estimation of
interproton distances, the absence of the ring current effect on H4 :t and H4 b leads to the
conclusion that the eight-membered ring of 2 takes a BC form (02 conformation) in solution
instead of the BB form in crystals, although the G 1 conformation (HB form) or the
conformation in crystals could also satisfy the observed vicinal coupling constants as well as
Tts and NOEs (see Tables VI, VII and VIII, respectively). The interproton distance between
H2 b and H6 , estimated from the T1 value of Ho, is ca. 1.85+0.5 A, which could explain the low
field shift of H2b by the steric compression effect.P'

Experimental

Materials--5-MethylA,1-benzothiazepine (1) and 6-methyl-8-methylsulfonyl-5,I-benzothiazocine (2) were
supplied by Dr. Tomita of our Chemical Laboratories. After the NH protons were replaced with deuterium," the
compounds were dissolved in CD 30 D or CDCl3 to the concentration of ca. 0.5~,~ (wjv) and degassed by repeating
freeze-pump-thaw cycles.

NMR--1H-NMR spectra were obtained on a lEOL GX-400 spectrometer operating at 399.6 MHz. Generally,
64 FIOs were accumulated using 16000data points for a spectral width of 4000 Hz eH). For the variable-temperature
experiments, a lEOL GVTI system was used. The temperature was directly read on the meter and not calibrated. The
measurement and the analysis of Tts and NOEs were carried out as reported previously."

Geometry Generation--The coordinates of the possible conformers, for which the T1 values and NOEs were
calculated, were obtained by either the distance geometry method"! or by the following procedure.

Assume a virtual acyclic linear molecule with 11 atoms corresponding to an n-membered ring. The bond lengths
and bond angles were fixed at the standard values for the relevant atoms. Then the ring closure test was carried out
for the various combinations of the dihedral angles. In order to make the test less laborious, some or the dihedral
angles were restricted to the ranges required from the vicinal coupling constants, while the others were varied in the
range from - 120 to 120(. in steps of 10 or 20 ".

The ring closure was judged first by the criterion of whether the terminal atoms of this acyclic molecule (I st and
nth atom) could be located within the relevant bond lengths ±0.4 A, and then, the bond angles resulting from the ring
formation were checked. If these values were chemically reasonable, the molecular mechanics calculation was curried
out to refine the coordinates.

The computer program for these treatments and calculations is included in our RSCA system.
X-Ray Analysis of 2--·-A crystal of dimensions 0.6 x 0.4 x 0.2 mm, obtained from ethyl acetate, was used for the

X-ray reflection intensity measurements. Crystal data are as follows: ClzNI7NOzS2' monoclinic. 1'21, Z=4. (/=

16.103(3), b=9.487(2), c= IO.903(2)A, #= 126.30(1)'~, Dc:11c• = 1.34gjcm3
•

Intensity data were recorded on a Rigaku AFC-5R with a graphite-rnonochromated CuK(l radiation, using the
0-20 scan technique (2()~ 128"). The 2260 independent reflections (Fo~2a{r~,» were corrected for Lorentz and
polarization factors but not for absorption.

The structure was solved by MULTANt(i).and refined by the block-diagonal least-squares method. Hydrogen
atoms were located from difference Fourier synthesis. The final least-squares refinement, with anisotropic
temperature factors for the non-hydrogen atoms and isotropic temperature factors for the hydrogen atoms, lowered
the R-value to 0.060.

Acknowledgement The authors wish to thank Dr. Kuniyuki Tomita for supplying purified materials and for
his valuable suggestion.
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Four vitamin O2 and D3 metabolites, 24,25-dihydroxyvitamin D2 (8), 24,25-dihydroxy-22
dehydrovitamin D3 (10). 25-hydroxy-24-oxo-22-dehydrovitamin 0 3 (12) and 22,24,25-trihydroxy
vitamin D 3 (14). were synthesized from ergosterol (I) via the hydroxyketone (4) as a common key
intermediate.

Keywords-24,25-dihydroxyvitamin 02; 24,25-dihydroxy-22-dehydrovitamin D3; 25-hy
droxy-24-oxo-22-dehydrovitamin D3 ; 22,24,25-trihydroxyvitamin 03; vitamin 0; ergosterol; high
performance liquid chromatography

There are two of vitamin D,2) namely O2 and D3 , which differ in the side chain structure
but have practically the same biological activity in mammals, including human beings. These
two vitamins are known to be similarly metabolized to 25-hydroxyvitanlin 0 (25-0H-D) in
the liver and subsequently to llX,25-dihydroxyvitamin D [llX,25-(OH)2-DJ or 24R,25
dihydroxyvitamin D [24R,25-(OH)2-D] in the kidney when plasma calcium concentrations are
lower or higher than normal." Many studies have been done on the further metabolism of 25
OH-D3 and }ex,25-(OH}z-D3 • The 26,23-lactone,4) 23-hydroxy,S) 23,24-dihydroxy,h) 24,26
dihydroxy.?' 23-oxo,6) 24-oxo6

, 7 ) and 23-hydroxy-24-oxoB-10) derivatives of 25-0H-03 and
26,23-1actone,11) 23-hydroxy12) and 24_oX013 , 14 ) derivatives of la,25-(OH)2-D have been
isolated and identified as in vivo or in vitro metabolites. The mechanisms of metabolism have
been well discussed I 5

, 16 ) and some of the isolated metabolites were chemically synthe
sized.n - Z1

) However, few reports have appeared on the metabolism of vitamin 02' and the
metabolic fate of the double bond at the 22-position and the methyl group at the 24S-position
in the side chain of vitamin O2 remains to be clarified. We now report the syntheses of four
potential metabolites, 24,25-(OHh-D2 (8), 24,25-dihydroxy-22-dehydrovitamin D3. [Lf2



24,25-(OH)2-D3J (10), 25-hydroxy-24-oxo-22-dehydrovitamin D3 [Lt22_24-oxo-25-0 H-D3J
(12) and 22,24,25-trihydroxyvitamin D3 [22,24,25-(OHh-D3] (14).

First, we investigated the synthesis of 24,25-(OH)2-Dz (8). Though the synthesis of 8
from stigmasterol was reported by Jones et al.,22,23) their synthetic route is rather com
plicated. Therefore, we have developed an improved synthesis of 8 by modification of their
procedure. As shown in Chart 1, ergosterol (1) was converted into the known 20-aldehyde (3)
via a route involving protection of the 5,7-diene group and ozonolysis according to Barton et
al.24 ) Aldol condensation of 3 with 3-methyl-3-(tetrahydropyran-2-yloxy)butan-2-one pro
ceeded very smoothly to afford the hydroxyketone (4a and 4b) as a diastereomeric mixture; 4a
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and 4b were separated, both as colorless crystals, by preparative thin layer chromatography
(TLC) using silica gel. The yields of the less polar (4a: Rj=O.33) and more polar (4b: Rf=
0.19) 22-isomers were 18 and 21~~~ respectively, though their stereochemistry at the 22
position has not been clarified. Dehydration of a mixture of 4a and 4b with p-toluenesulfonic
acid afforded the known enone (5) in 90% yield, which exhibited the proton nuclear magnetic
resonance eH-NMR) signals of two newly formed olefinic protons at 6.36 (d, J = 15Hz, 23
H) and 7.03 (dd, J = 15, 8 Hz, 22-H). The conversion of 3 to 5 was carried out according to
Eyley and Williams.i" who obtained 5 directly without isolation of 4. Methylation of 5 with
methyllithium afforded the methylated 24,25-glycols (6) in 60% yield, and these were refluxed
with lithium aluminum hydride (LiAIH4 ) in tetrahydrofuran (THF) to afford the desired
24,25-dihydroxyprovitamin O2 [24,25-(OH)2-pro-D2 , 7a and 7b] as a mixture of diastereomers
in 70% yield.

The two diastereomers were completely separated by high-performance liquid chroma
tography (HPLC) on a Zorbax SIL column with 2.5~{. isopropanol in n-hexane as the mobile
phase, as shown in Fig. 1, to afford the respective diastereomers in almost equal amounts; the
less polar (peak 1) was confinned to be (24S)-24,25-(OHh-pro-D2 (7a) and the more polar
compound (peak 2) to be the (24R)-isomer (7b) by converting them into the corresponding
24,25-(OHh-D2 (8a and 8b) by ultraviolet (UV) irradiation followed by thermal isorneriza
tion. Figure 2 shows the HPLC profiles of 7a and 7b before and after photochemical and
thermal isomerization as representatives of the provitamin forms (7. 9, 11 and 13).

When 7a and 7b were irradiated by a monochromatic UV ray at 295 nm obtained from a
spectroirradiator, the peaks decreased while those of the respective previtamin forms (15a and
ISh) with retention times of 46.3 and 49.4 min increased. Upon thermal isomerization by
refluxing the irradiated ethanolic solutions for 2 h, the previtamin peaks were converted to
those of the vitaminD forms (8a and 8b) with retention times of 32.0 and 34.0 min,
respectively. These products were purified by HPLC. The eluates corresponding to the
respective peaks were carefully collected and the solvent was evaporated off under reduced
pressure to give the respective vitamins (8a and' 8b) in pure form.

On co-chromatography (HPLC) with authentic Sa and Sb, kindly donated by Dr. Y.
Mazur and Dr. G. Jones, the purified vitamins showed retention times of 32.0 and 34.0n1in,
and were confirmed to be (24S)-24,25-{OH)2-D2 (8a) and (24R)-24,25-(OHh-D2 (Bb),
respectively.

Secondly, we synthesized L122-24,25-(OH)2-D3 (lOa and lOb). ;j22_24,25-(OH)2-pro-D3

(9a and 9b) was produced from the enone (5) by a double reduction procedure. Reduction of 5

peak
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20 30 40
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Fig. I. HPLC Separation of the Diastereomeric
Mixture of 24,25-(OHh-D2 (7a and 7b)
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Fig. 3. HPLC Separation of the Diastereomeric
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Fig. 4. CD Spectra of the 24-Benzoates (l6a
and 16b)

with LiAIH 4 in THF afforded the two provitamins (9a and 9b) in the ratio of 3: 1. On the
other hand, chemoselective reduction of the carbonyl group at the 24-position in 5 with
lithium tri-vec-butylborohydride (t-selectride) in THF at - 78 "C followed by deprotection of
the triazoline ring with LiAIH4 gave 9a and 9b in the ratio of 6: 1; these products were
separated by HPLC on a Zorbax SIL column with 5.5% isopropanol in n-hexane as a mobile
phase, as shown in Fig. 3. The absolute configurations at the 24-position of 9a and 9b were
assigned as 248 and 24R, respectively, on the basis of the following considerations.

Since the 24S-isomer of 24,25-(OH)z-pro-Dz (7a) was eluted faster than the 24R-isomer
(7b) on HPLC, as shown in Fig. 1, we considered that the faster and later peaks observed in
Fig. 3 might also be due to the 24S- and 24R-isomers of the provitamin forms (9a and 9b),
respectively. The faster elution of the 24S-isomers (7a and 9a) than the respective 24R-isoluers
(7b and 9b) is in good agreement with the results on the analogous epimers of 24
hydroxyderivatives of the vitamin D 3 series reported by Sai et al.26

) The provitamin D forms
(9a and 9b) were converted into the respective benzoates (16a and 16b), and their circular
dichroism (CD) spectra were measured. As shown in Fig. 4, a strongly negative Cotton curve
in 16a and a positive one in 16b were observed. Therefore, the prediction of the "exciton
chirality method" developed by Gonnella et at?" is that 9a and 9b have 248 and 24R
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configurations, respectively.
As mentioned above, the reduction of 5 with the two hydride reagents resulted in the

preferential formation' of the 248-01 (9a) rather than the 24R-ol (9b). Sai et al.2a ) have also
reported that the reduction of the Lj22-24-one system in the vitamin D3 series with sodium
borohydride gave the (24S)-24-alcohol as the major product. The preferential formation of9a
over 9b can be explained as follows. The most stable conformation for the enone (5) may be
that shown in Chart 2, in which the 20-hydrogen is syn to the s-cis enone system involving
hydrogen bonding with the 25-hydroxyl group. Hydride ion would attack the carbonyl group
preferentially from the re-face due to the presence of the more bulky steroidal skeleton than
the methyl group in 5. When we used L-selectride as a bulky hydride agent, stereo selectivity in
the reduction of the enone system increased, as described above. Corey et al.28 ) reported the
same effect on the chirality at the ex-position in hydride reduction of the Ct:,!3-unsaturated enone
system.

,...,...

St= _ffi
~RO ~/N

N ):::0
?-No Ph

Chart 2. Presumed Mechanism of the Reduction of 5

As in the syntheses of 8a and 8b, the provitarnins (9a and 9b) were converted into the
respective vitamin forms (lOa and lOb) upon UV irradiation followed by thermal
isomeriza tion.

Finally, we also synthesized A22_25-0H-24-oxo~D3 (12) and 22,24,25~(OH)3-D.~ (l4a and
14b). The enone (5) was heated at 120"C in ethylene glycol in the presence of anhydrous
K2C03 to afford L122_25-0H-24-oxo~pro-D3 (11) as a result ofretro-I,4-cycloaddition. On the
other hand, reduction of each of the two separated hydroxyketones (4n. and 4b) with LiAIH4

in THF afforded the respective 22,24,25-(OHh-pro-D3 (13a and 13b). The compounds were
characterized spectrally except for their absolute configurations at the 22- and 24-positions.
The provitamin D forms (11, 13a and 13b) thus obtained were similarly converted into the
respective vitamin D forms (12, 14a and 14b) upon UV irradiation followed by thermal
isomerization.

Experimental

All melting points were measured on a micro hot-stage apparatus (Yanagimoto) and are uncorrected. lH..NMR
spectra were obtained on a Varian XL-200 spectrometer in CDCl:'! with tetramethylsilane as an internal standard.
Mass spectra (MS) were recorded on a lEOL LMS..OIsa or a Hitachi M·80 spectrometer. UV spectra were obtained
on a Hitachi 323 spectrophotometer in ethanol and infrared (lR) spectra were recorded on a Hitachi IR-215
spectrometer in CHCI 3• CD spectra were obtained on a JASCOJ500C spectropolarimeter in ethanol. Preparative
TLC was carried out on precoated plates of silica gel (Kieselgel 60F254 , 2 or 0.5 rom thickness, Merck). HPLC was
performed on a Shimadzu LC-3A or LC-4A high-performance liquid chromatograph equipped with a Shimadzu SPO
2AS detector (set at 265 nm, 0.005 absorbance unit full scale) or a ShimadzuUVD-2 (set at 254 nrn, 0.001 absorbance
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unit full scale) and a Zorbax SIL column (4.6 i.d. x 250mm or 6.2 i.d. x250mm, DuPont) with 2.5 or 5.5%
isopropanol in n-hexane as a mobile phase. The foIIowing abbreviations are used: s=singlet, d=doublet, t=triplet,
q = quartet, m = multiplet, br = broad, THF = tetrahydrofuran, DHP =dihydropyran, LiAlH4- = lithium aluminum
hydride.

3/J-Acetoxy-22,25-dihydroxy-51X,81X-{3,5--dioxo-4-pheny1-1,2,4-triazolidino)cholesta-6-en-24-one (4a and 4b)--A
solution of n-butyllithium (0.3 ml of 15% solution in n-hexane) was added to a cooled (- 78°C) solution of di
isopropylamine (75 mg, 0.7 mmol) in dry THF (3 ml) with stirring. A solution of 3-methyl-3-(tetrahydropyran-2
yloxyjbutan-z-one."! (68mg, 0.67mmol) in dry THF (2m}) was then added dropwise at -78°C over 15min. The
mixture was stirred at the same temperature for 1h and then a solution of the 20-aldehyde (3)24) (200 mg, 0.36 mmol)
in dry THF (4 ml) was added. After being stirred at - 78°C for 2 h, the reaction mixture was brought back to room
temperature. Dicthyl ether (Et20) and water were added and the whole was vigorously shaken, then allowed to stand
at room temperature. The separated organic layer was washed with brine, dried (Na2S04) and evaporated. The
resulting residue was dissolved in THF (10 ml) containing 1.5 N HCI (2ml) and allowed to stand at room temperature
for 3 h. Et20 was added, and the solution was washed with 5% Na2C03 solution and brine, dried (Na2S04 ) , and
evaporated to give crude 4, which was subjected to preparative TLC (developing solvent: Et20-acetone, 97: 3). The
band of Rf 0.32 was scraped off and extracted with CHC13-MeOH. Removal of the solvent under reduced pressure
gave the Jess polar hydroxyketone (48) as colorless crystals (42mg, 18:~~): mp 143-145.5 "'C (Et20-n-hexane). High
resolution MS mlz: Calcd for C27H4003 (M + -PhCzN302 -CH3COOH): 412.2974. Found: 412.2970. IH-NMR 0:
0.85 (3H, s, 13-Me), 1.00 (3H, s, 10-Me), 1.00 (3H, d. J =6 Hz, 20-Me), 1.38 (6H, s, 25-Me2) , 2.03 (3H, s, 3-0Ac), 4.22
(lH, m, 22-H), 5.48 (IH. m, 3et-H), 6.30, 6.46 (each IH, d, J=8Hz, 6- and 7-H), 7.44 (5H, rn, Ar).

The band of RfO.19 on preparative TLC was scraped off and extracted with CHCI3-MeOH to give the more
polar hydroxyketone (4b) (49 mg, 21~~): mp 153-154 "C (Et20-n-hexane) as colorless crystals. High-resolution MS
mtz: Calcd for C27H4003 (M+ - PhC2N30 2-CH3COOH): 412.2975. Found: 412.2974. IH-NMR 0: 0.82 (3H. s, 13
Me), 0.99 (3H, d. J==6Hz, 20-Me), 1.00 (3H, s, 10-Me), 1.38 (6H, s, 25-Me2) , 2.03 (3H, s, 3-0Ac), 2.50 (l H, ddt J=
17,2.5 Hz, 23-H), 2.92 (IH, dd, J=17, 9Hz, 23-H), 4.27 (lH, br d, J=9.5Hz, 22-H), 5.48 (lH, m, 3-H), 6.28,6.46
(each] H, d, J = 8 Hz, 6- and 7-H), 7.42 (5H, m, Ar).

(22E)-3p-Acetoxy-25-hydroxy-5cx,8cx-(3,5-dioxo-4-pbenyl-l,2,4-triazolidino)cholesta-6,22-dien-24-one (5)--A
mixture of the hydroxyketones (48 and 4b) (lOOmg, 0.15 mmol) was dissolved in benzene and a small amount of p
toluenesulfonic acid was added. This mixture was stirred at room temperature for 2 h, and solid K2C0 3 was added for
neutralization. The mixture was extracted with benzene and the extract was dried (Na2S04) . Removal of the solvent
gave the enone (5) as a colorless glass (90 mg, 90~~). High-resolution MS mlz: Calcd for C27H3B02 (M -I- 

PhC2N30 1-CH3COOH): 394.2869. Found: 394.2860. lR l'nlUX em-I: 3400,1750,1730,1700. IH-NMR 0: 0.83 (3H,
s, ]3-Me), 0.98 (3H, s, to-Me), 1.12 (3R, d, J= 6 Hz, 20-Me), '1.38 (6H, s, 25-Me2), 2.02 (3H, s, 3-0Ac), 3.24 (I H, m,
9-H), 5.45 (lH, rn, 3lX-H), 6.25,6.42 (each lH, d, 1=8 Hz, 6- and 7-H), 6.36 (l H, d, J= 15Hz, 23-H), 7.03 (l H, dd,
J= 15, 8 Hz, 22-H), 7.42 (5H, m, Ar).

(22B)-3P,24,25.Trihydroxy-51X,8cx-(3,5-diox0-4·phcnyl-] ,2,4-triazolidino)ergosta-6,22~diel1e (6)--A solution or
methyllithium (0.6 mmol/ml) in Et20 (2 ml) was added with stirring to a solution of the enone (5) (100 mg, O. ]6 mmol)
in THF (Sml) at 0 "C under argon. The solution was brought back to room temperature, stirred for 0.5 h and then
treated with 5% Hel solution. The reaction mixture was extracted with ethyl acetate, and the extract was dried
(Na2S04-) and evaporated. The crude product was purified by preparative TLC (developing solvent: CH 2Cl2"

MeOH =9: I) to give the 24,25-glycol (6) (57 mg, 60~%~) as a colorless glass. High-resolution MS mtz: Calcd for
C2sH4403 (M'" -PhCzN302): 428.3287. Found: 428.3229. IR vm ltXcm-

1
: 3500,1730,1700. IH-NMR (5: 0.84 (3H, s,

13-Me), 0.99 (3H, s, 10-Me), 1.07 (3H, d, J = 6 Hz, 20-Me), 1.20 (6H, s. 25-Me2 ) , 1.28 (3H, s, 24-Me), 4.48 (Ui. m, 30:
H), 5.60 (2H, 111, 22- and 23-H), 6.26, 6.42 (each IH, d, J = 8 Hz, 6- and 7-H), 7.46 (5H, m, Ar).

(22E)·3p,24,25.Trihydroxyergosta-5,7,22-triene (7a and 7b)--The 24,25-g1ycol (6) (20 mg, 0.03 mmol) in dry
THF (5 ml) was treated with LiAIH4, (21 mg, 0.56 mmol) under reflux for 3 h. After cooling, the excess reagent was
destroyed by adding a few drops of water. The mixture was extracted with ethyl acetate, dried (NazSO",) and
evaporated. The crude product was purified by HPLC on a Zorbax SIL column (4.6 i.d. x 250 mm) with 2.5~~~

isopropanol in ll-hexane as a mobile phase at a flow rate of2.0 ml/rnin to give (24S)-24,25-(OH)2-pro-D2 (7a) (4.2 mg.
33~~) as a colorless glass and (24R)-24,25·(OH)2,;pro-D2 (7b) (4.3 mg, 34%) as a colorless glass.

7a: High-resolution MS mlz: Calcd for C2BH4403: 428.3289. Found: 428.3271. UV A~I~I'l nm: 264,272,281, 292.
IR vmnxcm-

1: 3500,1600. 'H-NMR 0: 0.64 (3H, s, 13-Me), 0.96 (3H, s, to-Me), 1.07 (3H, d, J=6Hz, 20-Me), 3.66
(lH, m, 3et-H), 5.42 (l H, m, 6- or 7-H), 5.60 (3H, m, 22,23-H and 6- or 7-H).

7b: High-resolution MS mfz: Calcd forC2BH440,3: 428.3289. Found: 428.3273..UV A;,~~Hnm: 264, 272,281,292.
IR vmDxcm- l : 3500, 1600. IH-NMR c5: 0.64 (3H, s, I3-Me), 0.96 (3H, s, to-Me), 1.07 (3H, d, J=6Hz, 20-Me), 3.67
(IH, m, 3et-H), 5.42 (IH, m, 6- or 7-H), 5.60 (3H, m, 22,23-H and 6- or 7-H).

(24S)-24,25-Dihydroxyvitamin D2 (8a)--A solution (4 ml) of (24S)-24,25-(OH)2-Pro-D2 (7a) in ethanol
(0.5 mg/ml) was placed in a quartz cell (10 x 10 x 40 mm) in a spectroirradiator and irradiated with monochromatic
light at 295 nm. The irradiated solution was refluxed for 2 h and the solvent was evaporated off. The crude product
was purified by HPLC under the same conditions as above to give (24S)-24,25-(OH)z-Dz (8a) (0.2 mg, 10%) as a
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colorless glass: High-resolution MS 111/=: Calcd for C2sH4403: 428.3288. Found: 428.3307. UV A.;lll~"nm: 265;
).;li~H nm: 228. I H-NMR s. 0.50 (3H. s, 13-Me).0.98 (3H, d, J =6 Hz, 20..Me), 1.14, 1.16.1.20(each 3H, s, 24-Meand
25-Me2) , 3.88 (l H, m, 3Cl-H). 4.76,4.99 (each IH, br s. 19-H2) , 5.50 (2B, m, 22- and 23..H), 5.97, 6.20 (each 1H, d, J =
11 Hz. 6- and 7-H).

(24R)-24,2S-DihydroxyvitaminDz (8b)--As described for the conversion of 7a to 8a, (24R)-24,25-(OHh-pro
D 2 (7b) (2.0 mg, 0.005mmol) was converted into (24R)-24,25~(OHh-D2 (81)) (0.2 mg, 10%) as a colorless glass: High
resolution MS mfz: Calcd for C2/1H4403: 428.3287. Found: 428.3271.UV A.~l~nnm: 265; ?;li~Hnm: 228. IH-NMR b:
4.84, S.08 (each lH, br s, 19-H2) , 5.64 (2H, m, 22- and 23-H).

(22E)-3P,24,25-Tribydroxycbolcsta-5,7,22-trienes (9a and 9b) Reduction with LiAIH4- - The enone (5) (60mg,
0.1 mmol) in dry THF was treated with LiAIH4 (70 mg, 1.8mmol) under reflux for 3h. After cooling, the excess
reagent was destroyed by adding a few drops of water. The mixture wasextracted with ethyl acetate, and the extract
was dried (Na 2S0 4 ) and evaporated. The crude product was purified by HPLC on a Zorbax SIL column (4.6
i.d. x 250 mm) with 5.5% isopropanol in n..hexane as a mobile phase at a flow rate of 1.0nil/min to give (248)-,122_
24,2S-(OHh-pro-D3 (9a) (18.5mg, 45~%) and (24R}-A22_24,25-(OH}l-Pro-D

3 (9b) (7 mg, 17~/~) as colorless crystals.
9a: mp 203-204 1JC (MeOH-l1-hexane). High-resolution MS 111/:: Calcd for C27H.u03~ 4J4.3131. Found:

414.3112. UV A~ll~Hnm: 292, 280, 272, 262. IH-NMR 0: 0.64 (3H, s, 13·Me), 0.94 (3H, s. IO-Me), 1.06(3H, d, J=
6 Hz, 20-Me), 1.13and 1.18 (each 3H, S, 25-Mc2) . 3.62 (l H, m,3cc-H), 3.82 (lB, d, J =7 Hz, 24-H), 5.42 (2H, m, 22- or
23- and 6- or 7-H), 5.62 (2H, m, 22- or 23- and 6- or 7-H).

9b: mp 206-207°C (MeOH-lI-hexane). High-resolution MS mlz: Calcd for C27H4203: 414.3132. Found:
414.3111. UV A~I~1-I nm: 292, 280, 272,262. IH-NMR 6: 0.64 (3H, S, 13·Me), 0.95 (3H, s, lO-Me), 1.08 (3H, d, J=
6 Hz, 20-Me), 1.16and 1.20(each 3H, s, 25-Mc2) , 3.64 (l H, m, 3tX-H), 3.86 (IB, d, J =7 Hz, 24-H), 5.42 (2H, m, 22- or
23- and 6- or 7-H), 5.60 (2H, m, 22- or 23- and 6- or 7-H).

(22E)-3P,24,25-TrihydroxychoJesta-5,7,22-triencs (9a and 9b). Reduction with t-Selectride and LiAIH4 - - The
enone (5) (15 mg, 0.024 mmol) was dissolved in dry THF (2 ml) and n.O) 1111 (0.03mmol) of 1.0M t-selectridc solution
in THF was slowly added at -78 lie. The reaction mixture was kept at -- 78"C for 2 h with stirring, then brought
back to room temperature, and the hydrolyzed with 0.01 ml of 3N NaOH solution. The organoborane was then
decomposed with 0.0 I ml of 30~~~ H20 :!. The reaction mixture was extracted with Et;!O, washed with water, dried
(Nu2S0 4 ) and evaporated to give 3#,24,25-trihydroxy-5Cl,8C(~(3,5-dioxo-4-phenyl-1 ,2.4-triazoJidino)cholesta-6,22
diene (17) (lu mg, 71~~) as a colorless glass. IH-NMR <5: 0.83 (3H, s, 13-Me), 0.98 (3H, s. lO-Me), 1.06 (3H, d, J=
6 Hz, 20-Me), 1.13and 1.20 (each 3H, s, 25-Mcl ) , 3.82 (6(7H, d, .1=7 Hz, 24-H). 3.86 (lj7H, d, J= 7 Hz. 24-H), 4.46
(l H, m, 3-H), 5.46 (l H, dd, J= J5, 7 Hz, 23-H), 5.65 (lB, dd, J= ]5,8 Hz, 22..H). 6.28 and 6.44(each lH, d. J::;::8 Hz,
6- and 7-H), 7.40 (5H, In, Ar),

This triol (17) (5 mg, 0.008 mmol) in dry THF (Sml) was treated with LiAIH4 (9.3 mg;0.24 mmol) under reflux
for 3 h. The crude product was purified by HPLC using a Zorbax SIL column (4.6 i.d. x 250mm) with S.5~~I';'

isopropanol in n-hexane as a mobile phase at a flow rate of 1.0ml/rnin to give 911 (1.9 mg, 57'>{) and 9b (0.3mg, 9~~{).

3P-Acctoxy-24-bcnzoyloxy-25-hydroxy-5tX,8rx-(3,5-dioxo-4-phenyl-l,2,4-triazoJidino)cholcsta-6,22-diencs (163 and
16b}--Mcthul1ol (1 rnl) and NuBH4 (1.7mg, 0.045 mrnol) were added to a solution of the enone (5) (15 mg,
O'<)24mmol) in dry THF (1 ml), The mixture was kept at room temperature for 211 with stirring. then extracted with
ethyl acetate. The extract was evaporated to give a residue, which was dissolved in CHCI~ (2 ml). Benzoyl chloride
(0.031111) was added, and the resulting reaction mixture was stirred in the presence of N,N-diisopropyl ethylamine at
room temperature for 3 h. The usual work-up (CHC1;\ extraction) and purificationby HPLC on a Zorbax SIL column
(4.6 i.d. x 250 mm) with 8;;: isopropanol in Il-hexane as a mobile phase ut a flow rate of 0.4 ml/min gave the 24S
benzoate (16a) (4 rng, 24%) as n colorless glass and the 24R-bcI1zoate (l(;b) (3.8 mg. 221,%'.) as a colorless glass.

16a: lI-I-NMR i): 2.04(3H. s, 3-0Ac), 5.32(lH. d, 1=8 Hz, 24-H), 5.50 (2H, m, 22- or 23-H and 3a-H), 5.76 (lH,
m, 22- or 23-H). 6.26 and 6.42 (2H. d• .T=8Hz, 6- and 7-H), 7.48 (8H. m, Ar), 8.10 (2B, d, J:::::81-1z, Ar).

16b: IH-NMR <5: 0.82 (3H, s, I3-Me), 1.00 (3H, S, IO-Me), 1.06(3H, d, J=6Hz, 20..Me), 1.28 (61-1, s, 25-Me2) ,

2.02 (3H, S, 3..0Ac), 5.32 (lH, d. J =8 Hz, 24-1--1),5.50 (2H, m, 22- or 23-H and 3Cl-H), 5.76 (I H, m, 22- or 23-H), 6.28
and 6.44 (each IB, d, J=8Hz, 6- and 7-H), 7.48 (8H, m, Ar), 8.10 (2H, d, J=8Hz, Ar).

Upon reduction with LiAIH4 , the benzoates (16a and 16b) thus isolated were unarnbigously converted into the
respective alcohols (9a and 9b), which were identical with the respective alcohols prepared directly by reduction of the
enone (5) with LiAIH4 •

(22E)-24,25-Dihydroxy-22-dehydrovitnmin DJ (IOn and IOb)--In the same manner as described for the
synthesis of 8, (24S)-L122-24,25-(OHh-pro-D

3 (9a) and (24R)-L122-24,25-(OHh~pro-D3 (9b) (each 4mg, 0.01 mmol)
were converted into (24S)-L122-25-(OHh-D

3 (lOa) as a colorless glass (0.6 rng, L5'}~) and (24R)-l!1_(24R)-24,2S
(OH)2-D3 (lOb) as a colorless glass (0.6 mg, 15/;;), respectively.

lOa: High-resolution MS mjz: Calcd for C27H4203: 414.3131. Found: 414.3125. UV A;I,?xH nm: 265; A.:;I~Hnm:
228. 1H-NMR (5: 0.56 (3H, s, 13-Me), 1.04 (3H, d, J = 6 Hz. 20-Me), 1.16and 1.20(each 3H, s, 25-Mc2)' 3.86 (J1-1, d,
J=7Hz, 24-H), 3.96 (JH, m, 3cc-H), 4.84 and 5.07 (each IH, br s, 19~Hz), 5.44 (I H, dd, J= 15,7 Hz, 23-H), 5.64 (IH,
dd, J=15, 8Hz, 22-H), 6.04 and 6.26 (each JH, d, J=llHz, 6- and 7-H).

lOb: High-resolution MS mjz: Calcd for C27H4203: 414.3132. Found: 414.3132. UV A.~I~H om: 2~5; A.:~I~n nm:
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228. IH-NMR <5: 0.56 (3H, s, 13-Me), 1.05 (3H, d, J=6Hz, 20-Me), 1.16 and 1.20 (each 3H, S, 25-Me 2) , 3.83 (lH, d,
J=7 Hz, 24-H), 3.96(1H, m, 31X-H), 4.83 and 5.06 (each IH, brs, 19-H2) , 5.42 (lH, dd, J= 15, 7Hz, 23-H), 5.60 (IH,
dd, J= IS, 8 Hz, 22-H). 6.05 and 6.25 (each IH, d. J= II Hz, 6- and 7-H).

(22E)-3P,25-Dihydroxycholesta-5,7,22-trien-24-one (ll)--A mixture of the enone (5) (20mg, 0.03mmol),
anhydrous K 2C0 3 and furan (2.8 g, 0.04 mmol) in ethylene glycol was heated at 120°C for 5 h under N2. The mixture
was then extracted with ethyl acetate, and the extract was washed with 5% HCI, saturated aqueous Na2C03 and
brine, and dried (Na2S04) . After evaporation of the solvent, the crude product was purified by HPLC on a Zorbax
SIL column (4.6 i.d. x 250 mm) with 2.5% isopropanol in n-hexane as a mobile phase at a flow rate of 1.5ml/min to
give the A22_25-0 H.24-oxo-pro-D3 (11) (7mg, 54%) as a colorless glass. High-resolution MS mjz: Calcd for
C27H4003: 412.2974. Found: 412.2969. UV ;.~~~Hnm: 292, 282, 272, 262. IH-NMR c5: 0.51 (3H, s, 13-Me), 0.93 (3H,
s, IO-Me), 1.02 (3H, d. J=6Hz, 20-Me), 1.38 and 1.40 (each 3H, s, 25-Me 2), 3.64 (IH, m, 30;-H),5.40 and 5.58 (each
IH, m, 6-and 7-H), 6.40 (IH, d, J= 15Hz, 23-H), 7.10 (IH, dd, J= IS, 9Hz, 22-H).

(22E)-25-Hydroxy-24-oxo-22-dehydrovitarnin D3(12)--ln the same manner as described for the synthesis of8,
L1 22-25-0 H-24-oxo-pro-D3 (11) (0.5mg, 0.001 mmol) was converted into ,d22-25-0H-24-oxo-D3 (12) (0.015 mg, 3~~)

as a colorless glass. High-resolution MS mjz: Calcd for C27H4003: 412.2976. Found: 412.2989. UV J..~~Bnm: 265:
i.~li~Hnm: 228.

3P,22,24,25-Tetrahydroxycholesta-5,1-diene (13a and 13b)--A solution of the hydroxyketone (4a) (40 mg,
0.06 romol) in dry THF (10 ml) was treated with LiAIH4 (70 mg, 1.8 mmol) under reflux for 3 h. After cooling, excess
reagent was destroyed by adding a few drops of water. The mixture was extracted with ethyl acetate, and the extract
was dried (Na2S04) and evaporated. The crude product was purified by HPLC on a Zorbax SIL column (6.2
i.d, x 250 rom) with 15% isopropanol in n-hexane as a mobile phase at a flow rate of 1.7ml/min to give the 22,24,25
(OH)3-pro-D3 (13a) (18 mg, 70%) as a colorless glass. High-resolution MS mlz:Calcd for C27H4404:432.3236. Found:
432.3234. UV A.~~~H nrn: 292, 280, 272. 262. 1H-NMR (5: 0.64 (3H, s, 13-Me), 0.94 (3H, s, lO-Me), 0.98 (3H, d, J =
6Hz,20-Me), 1.18 and 1.21 (each 3H, S, 25-Me2) , 3.60 (2H, m, 30;- and 22-H), 3.94 (IH, rn, 24-H), 5.40 and 5.58 (each
IH, m, 6- and 7-H).

In the same manner as described for 13a, the hydroxyketone (4b) (40mg, 0.06mmol) was converted into
22,24,25·(OH)3-pro-D3 (13b) (18 mg, 70%) as a colorless glass. High-resolution MS mlz: Calcd for C27H4404:
432.3237. Found: 432.3230. UV A.;I~Hnm: 292, 280, 272,262. IH-NMR (5: 0.63 (3H, s, 13-Me), 0.94 (3H, S, 10-Me),
0.98 (3H, d, J=6Hz, 20-Me), 1.16 and 1.20 (each 3H, s, 25-Me2) , 3.60 (2H, m, 30;- and 22-H), 3.96 (IH, d-like, J~
7 Hz, 24-H) 5.42 and 5.58 (each IH, m, 6- and 7-H).

22,24,2S-Trihydroxyvitamin D3 (14a and 14b)--In the same manner as described for the synthesis of 8,
22,24,25-(OHh-pro-D3 (13a) (4mg, 0.01 mmoI) was converted into 22,24,25-(OHh-D3 (14a). The crude product was
purified by HPLC on a Zorbax SIL column (4.6 i.d. x 250mm) with 5.5% isopropanol in n-hexane as a mobile phase
at a flow rate of' l.? ml/rnin to give 14a as a colorless glass. High-resolutions MS mjz: Calcd for Cz7H440 4: 432.3237.
Found: 432.3217. UV ;"~lp~H nm: 265; A.~II~1i nm: 228. IH-NMR (j: 0.56 (3H, s, 13-Me), 0.97 (3H, d, J= 6 Hz, 20-Me),
1.20 and 1.24 (each 3H, S, 25-Mez), 3.60 (I H, m, 22- or 24-H), 4.00 (2H, rn, 22- or 24-H and 30;-H).4.85 and 5.08(each
1H. br s, 19-H2) , 6.07 and 6.27 (each 1Hv.d, J =11 Hz, 6- and 7-H).

Similarly, 13b (4mg, 0.01 mmo!) was converted into 14b as a colorless glass. High-resolution MS mjz: Calcd for
CZ7H4404: 432.3236. Found: 432.3235. UV A.~~1t nm: 265; i.~II~H nm: 228. 1H-NMR (5: 0.54 (3H, s, 13-Me),0.98 (3H.
d, J =6Hz, 20-Me), 1.17 and 1.21 (each 3H, s, 25-Me2), 3.73 (3H, m,30;-,22- and 24-H), 4.84 and 5.06(each 1H. br s,
19-H2 ) , 6.05 and 6.25 (each IH, d, J= 11 Hz, 6- and 7-H).
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Chemical Transformation of Protoberberines. XII. 1
) A Novel Synthesis

.of Rhoeadine Alkaloids. An Alternative Synthesis of a Key
Intermediate, Benzindenoazepine, for a Synthesis of

(+ )-cis-Alpinigenine and (+ )-cis-Alpinine
from Palmatine"
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Takara-machi, Kanazawa 920. Japan
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A formal synthesis of (± )-cis-alpinigenine (3) and (± )-cis-alpinille (4) was achieved by
conversion of palmatine (7) into the key intermediate, benzindenoazepine (16), via the ring D
inverted 2,3, Il,12-tetraoxygenated phenolbetaine (14) and the 8,14-cyc1oberbine (15) through
photooxygenation, photochemical valence isomerization, and regioselective C-N bond cleavage of
15 as crucial reactions.

Keywords--rhoeadine alkaloid; protoberberine alkaloid; cis-alpinigenine; cis-alpininc;
palmatine; benzindenoazepine framework; 8,14-cycloberbine; photooxygenation; photochemical
isomerization; regioselective C-N bond cleavage

Rhoeadine alkaloids (1)3) possess a unique framework having a benzazepine system fused
with a six-membered hemiacetal or acetal. These alkaloids have been shown to be biosynthe
sized from the corresponding protoberberines (2).4-6) Among several successful syn
theses,":":" those through benzindenoazepines9 •1O•12) such as 6 (R=Me)10) are of great
interest from the viewpoints of both biosynthesis and chemical transformation.

On the basis of biogenetic considerations, we planned a novel synthetic route to
rhoeadine alkaloids (Chart 1). The protoberberine (2) is transformed to the ring D-inverted
protoberberine (5) and then to the benzindenoazepine (6), which has already been converted
to rhoeadine alkaloids (1).
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Chart 1
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3: x= ,,'OH cis-alpinigenine

4 ~ x= ....OMe cis- alpinine
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In the previous papers, we have demonstrated a convenient transformation of a natural
2,3,9,IO-tetraoxygenated protoberberine (2) into a ring D-inverted unnatural 2,3,11,12
tetraoxygenated protoberberine (5) via a spirobenzylisoquinoline,':" as well as an efficient
synthesis of a benzindenoazepine system from a protoberberinephenolbetaine via an 8,14
cycloberbine.v'"" Now we describe a novel and convenient synthesis of the key intermediate,
benzindenoazepine (6), for total synthesis of ( ±)-cis-alpilligenine (3) 15) and (± )-cis.alpinine
(4)15) from a protoberberine alkaloid, palmatine (7) according to our novel pathway
mentioned above.

Irradiation of palmatine (7) in methanol in the presence of sodium methoxide and rose
bengal with a halogen lamp in a stream of oxygen at O°C followed by alumina column
chromatography afforded 8-methoxypalmatinephenolbetaine (SYO) in 60% yield. The struc
ture of 8 was well established by the appearance of a low-field signal due to H-I at () 9.26 ppm
as well as five methoxy signals in the proton nuclear magnetic resonance (lH-NMR)
spectrum. Further irradiation17) of 8 in methanol with a mercury lamp in a stream of nitrogen
effected valence isomerization to give the presumed intermediate (9), which immediately
decomposed to afford the spirobenzylisoquinoline (to) in 81 ~~ yield through solvolysis in
methanol. The product showed a carbonyl band at 1710 C111- 1 in the infrared (IR) spectrum
and a high-field signal due to H-l at () 6.28 ppm (diagnostic of a spirobenzylisoquinoline
skeletonll'" and six methoxy signals in the 1H-NMR spectrum. Sodium borohydride
reduction of 10 afforded stereoselectively'?' the hydroxy-acetal (11) in a quantitative yield.
The trans relationship between the nitrogen and the hydroxy group in 11 was supported by
the H-13 signal at <54.92 ppm in the IH-NMR spectrum.'?' Deacetalization of 11 with IO~/~

hydrochloric acid afforded quantitatively the hydroxy-ketone (12).
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On exposure to 1O~/;, sodium hydroxide in ethanol.l " 12 underwent retro-aldol reaction,
recyclization, and dehydration successively to afford the expected ring D-inverted pro
toberberine (14) via the keto-aldehyde (13) in a quantitative yield. The structure of 14 was
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supported by the chemical shift of an AB-quartet (7.38 and 7.25 ppm) due to the protons on
ring D in comparison with that (8.52 and 7.43 ppm) of 8.

The structure of 14 was fully confirmed by an alternative and conventional synthesis. The
protoberberine (18)19) was synthesized starting from 3,4-dimethoxyphenethylamine and 2,3
dimethoxyphenylacetic acid by a modification of the reported method.j?' Reduction of 18
with lithium aluminum hydride (LAH) in tetrahydrofuran (THF) followed by oxidation with
In-chloroperbenzoic acid (m-CPBA) in dichloromethane afforded the betaine (14) in 63%
yield. The product was identical with that obtained above.

Thus, we succeeded in the ring D inversion of palmatine (7) to the protoberberine (14),
and therefore the next step is the transformation of 14 to the benzindenoazepine framework.

Irradiation!" of 14 in methanol with a mercury lamp in a stream of nitrogen afforded the
8,14-cycloberbine (15) in 78% yield; this product showed a singlet due to the proton on the
aziridine ring at b 3.79 ppm in the 1H-NMR spectrum. Treatment of 15 withp-toluenesulfonic
acid (p-TsOH)14) effected regioselective C14- N bond cleavage to afford the benzinde
noazepine (16) in 58% yield. The product showed a band due to a vinylogous amide at
1655em -1 in the IR spectrum. On treatment with dimethyl sulfate in hexamethylphosphoric
amide (HMPA) and benzene, 16 produced the N-methyl derivative (17) in 78% yield. The
product was identical with an authentic sample'?' in IR and IH-NMR spectra and thin layer
chromatographic behavior. Since 17 has already been converted to (± )-cis-alpinigenine (3)
and (+ )~cis-alpinine(4),1°) the present synthesis of 17 amounts to a formal synthesis of these
alkaloids.

Thus, w,e have developed a novel synthesis of (± )-cis-alpinigenine and (± )-cis-alpinine
and have provided a new general method for synthesis of rhoeadine alkaloids.

Experimental

Melting points were determined on a Yanagimoto micro melting point apparatus and are uncorrected. Organic
extracts were dried over anhydrous Na 2S0 4 and concentrated in vacuo. Column chromatography was carried out
with alumina (Aluminiumoxid 90, Aktivitatsstufe II-III, 70-230 mesh, Merck) and silica gel (Kieselgel 60, 70
230 mesh, Merck). Preparative thin-layer chromatography (pTLC) was performed on alumina (Aluminiumoxid
GF2!W Typ 60jE, Merck). IR spectra were measured with a JASCO A-I02 spectrometer, mass spectra (MS) with a
Hitachi M-80 spectrometer, and IH-NMR spectra with a JEOL FX-100 spectrometer in CDCl3 using tetramethyl
silane as an internal standard, unless otherwise stated. Irradiation was carried out with a lOOW high-pressure mercury
or halogen lamp with a Pyrex filter (Riko Kagaku Co.).

5,6-Dihydro-2,3,8,9, lO..pentamethoxydibenzo[a,g]quinolizinium..l3-olate (8~Methoxypalmatinephenolbetaine)(8)
··-Pahnatinium chloride (7) (505 mg) and rose bengal (l %methanol solution, 0.1 ml) were dissolved in a solution of
methanol (50 ml) containing sodium methoxide (prepared from N a, 100rng), and the resulting solution was irradiated
with a halogen lamp at DoC for 20 min in a stream of oxygen. The reaction solution was adjusted to pH 7-8 with
cone. HCl and concentrated at 30-35 DC. Aqueous KzCO J was added to the residue and the mixture was extracted
with CH2CI2 • The CH 2Cl2 layer was washed with sat.NaCl, dried, and concentrated. The residue was chroma
tographed on A1203 with CH 2Clz and CH1CJ2-MeOH (99: 1). The fraction eluted with CH2C12-MeOH was
concentrated and. the residue was washed with AcOEt to give the betaine (8) (310 mg, 60%) as an orange powder. MS
m]z e~): 397 (M+, 53), 382 (100). High-resolution MS mlz: Caled for C22H23N06: 397.1523. Found: 397.1511. IH_
NMR (5: 9.26·(IH, SI Cl-H), 8.52, 7.43 (2B, AB~q, J=9.5Hz, C12- and CII-H), 6.70 (lH, S, C4-H), 4.66 (2H, t, J=
5.5 Hz, Co-H), 4.03 (6H, s, OCH3x2). 4.00 (3H, S, OCHJ ) , 3.91 (6H, s, OCH3x2), 3.01 (2H, r, J=5.5Hz, Cs-H).

2,3,8,8,9,lo-Hexamethoxynorochotensan~13-one(10)21)_-A solution of the betaine (8) (309mg) in MeOH
(200 m1) was irradiated with an Hg lamp at 0 "C for 1h in a stream of nitrogen. The solvent was evaporated off and
the residue was chrornatographed on Alz03 with CHzCI,2 to give the spirobenzylisoquinoline (10) (272 mg, 81%) as
colorless needles, mp 168-169°C (MeOH). IR v;~~lJcm-l: 1710 (CO). MS mjz (%): 429 (M+, 91),414 (77),398
(62),382 (100). IH~NMR D: 7.63, 7.22 (2H, AB-q, J=8.5 Hz, C12-and Cll-H), 6.60 (IH, s, C4-H), 6.28 (IH, s, Cl~H),
3.99, 3.90, 3.84, 3.46, 3.33, 3.21 (each 3H, s, OCH3 x 6). Anal. Calcd for C23H27N07: C, 64.32; H, 6.34, N, 3.26.
Found: C, 64.12; H, 6.31; N. 3.34.

rel-(13R,14S)-2,3,8,8,9,lO-Hexamethoxynorochotensan-13-ol (ll)--Sodium borohydride (lOOmg) was added
portionwise to a stirred solution of the ketone (10) (l34mg) in MeOH (10ml)-CHCI3 (3m!) under ice cooling, and
the mixture was stirred at the same temperature for 2 h. The solvents were evaporated ofTand the residue was taken
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up in CHCI3 • The CHCl3 layer was washed with sat. NaCl, dried, and concentrated. The residue was chroma
tographed on Al203 with CH2CI2 to afford the alcohol (11) (131 mg, 98~·~) as colorless plates. mp 147-148 ')C (iso
Pr 20). IR v~fI3cm-l:3550 (OH). MS mlz (%): 416 (M + -15,46),399 (32), 368 (l00).'H~NMR <5: 7.11 (lH, dd, J=
8.5, 1 Hz, eI2-H), 7.00 (IH, d, J=8.5 Hz, CII-H), 6.62 (lH, s, C4-H), 6.13 (lH, S, C,~H), 4.92 [IH~ dd, J= 10, 1 Hz,
CI3-H (~d. J =1Hz, by addition of D20)], 3.89, 3.86. 3.84, 3.36, 3.35, 3.20 (each 3H, s, OCH3 x 6). Anal. Caled for
C23H29N07: C, 64.02; H, 6.77; N, 3.25. Found: C. 63.84; H, 6.83; N, 3.30.

,.e/-(13R,14S}-l3-Hydroxy-2,3,9,10-tetramcthoxynorochotensan-8-one (12)--HydrQchloric acid (10%. 6 ml)
was added to a solution of the acetal (11) (110 mg) in MeOH (6011) and the reaction mixture was heated under reflux
for 1 h. After evaporation of the MeOH, the residue was made alkaline with aqueous K2,COa and extracted with
CH 2CI2 • The CH2CI2 layer was washed with sat. NaCl, dried. and concentrated. The crude hydroxy-ketone (12)
(98mg, 100%) was recrystallized from iso-Pr-O to give colorless plates. mp 127.5-129:5 "C. IR v~~~I;,.lcm-l: 3550
(OH), 1710 (CO). MS m]: (~~): 385 (M+, 100), 326 (45), 192 (47). IH-NMR (~: 7.38 (1H. dd, J=8, 0.7 Hz, C I 2-H).
7.30 (IH, d, J=8 Hz, CIl-H), 6.66 (IH. s, C4-H). 5.96 (I H. s, CI~H), 5.16 (IH. d, J=0.7Hz, C13-H), 4.03,3.94.3.84,
3.47 (each 3H. s, OCH3 x 4). Anal. Calcd for C21H2JNO/>: C. 65.44; H. 6.02; N. 3.63. Found: C. 65.41; H. 5.98; N.
3.52. ,

5,6-Dihydro-2,3,11,12-tctramethoxydibenzo[a,g]quinolizinium-l3-0late (14)--1) A solution of the hydroxy
ketone (12) (116 mg) and 10%aqueous NaOH (2 ml) in EtOH (6ml) was heated under reflux with stirring for 40min.
The EtOH was evaporated off and the residue was extracted with CH~CI~. The CH2CI2 layer was washed with
sat. NaCl, dried, and concentrated. The residue was chromatographed on AI20!' with CH2CI2-McOH (49: 1) to
afford the betaine (14) (110 mg, lOO~~) as yellow needles, mp 162-164°C (MeOH). MS m]: (%): 367 (M "'. 85), 352
(100),334 (33). High-resolution MS mlz: Calcd for C21H21NOs: 367.1417. Found: 367.1413. IH~NMR (): 9.15 (l H. s,
C1-H), 7.40 (IH. s, Cg-H), 7.38, 7.25 (2H, AB-q, J = 8 Hz, c; and C lO-H), 6.64 (IH, s, C4,-H), 4.36 (2H, t, J =5.5 Hz.
C(i-H), 4.02, 3.97, 3.88, 3.47 (each 3H, s. OCH., x 4),2.30 (2H, t, J =5.5 Hz, Cs-H).

2) The quaternary base (18) (2.2l6g) was added portionwise to an ice-cooled suspension ofLAH (LOg) in THF
(50011), and the reaction mixture was stirred at room temperature for 3h ill 11 stream of nitrogen. Excess LAB was
decomposed with water and inorganic precipitates were filtered off through a filter cell and washed with CH2C12. The
filtrate and washings were concentrated and the residue was chromatographed on AJ203 with CH 2Cl2 to afford the
dihydro base (1.529 g). A solution of m-CPBA (1.32 g) in CH2Clz (20 ml) was added dropwise to a stirred solution of
the above dihydro base in CH zC12 (50 rnl) at - 20 DC for 15 min in a stream of nitrogen. and the mixture was stirred
for a further 1h at the same temperature. The reaction temperature was allowed to rise to 0 I~C, finely powdered
Na 2SOa (2 g) was added to the reaction solution and the mixture was stirred vigorously at room temperature for 1h.
The inorganic precipitates were filtered off and the filtrate was concentrated to dryness. The residue was treated as
described in I) to afford the betaine (14) (1.064 g, 63~~;) which was identical with that obtained in J).

2,3,11,12-Tetramethoxy-8,14-cycloberbin-13-one (15)---A solution of the betaine (14) (llOmg) in MeOH
(150 ml) was irradiated with an Hg lamp at room temperature for 1h in a stream of nitrogen. The solvent was evapo
rated off and the residue was chromatographed on Si02 with C6Hb-AcOEt (4: l) to afford the cycloberbine (15)
(85.4mg, 78~) as pale yellow prisms, mp 157.5--158.5 PC (MeOH). IR \'~Ill:;~bcm-l: 1710(CO). MS mjz: 367 (M ").
IH-NMR c5: 7.40 (lH, S, C1-1-1), 7.17, 7.02 (2H, AB-q. J:::::8Hz, C9- and CIO-H), 6.67 un. S, C4~H), 4.04,3.91
(each 3H, s, OCH3 x :n, 3.87 (6H, S, OCH., x 2), 3.79 (IH, s, Ca-H). Anal. Caled for C;UHZINO:;: C, 68.65; H,
5.76; N. 3.81. Found: C. 68.42; H, 5.77; N, 3.52.

5,6,7,13-Tetrahydro"2,3,1 J,12-tetramethoxybcnz[d]indeno[1 ,2"h]azepJn-13"one (16)22I.··_·_·A solution of the
cycloberbine (15) (105.7mg) and p-TsOH (71 mg) in anhyd. C(,H6 (lOml) was heated under reflux for 1.511 with
stirring. The Ct,Ii to was evaporated olf nod the residue was taken up in CHCl,3' The CHCl3 layer was washed with
aqueous K2C03 , water, dried. and concentrated. The residue was chromatographed on pTLC (AlzO:\. CHCI3) to
afford the azcpine (16)(61 mg, 58~1,~) as red prisms, mp 234--237 "C (MeOH). IR v~~;h cm -1: 3425 (NH). 1655 (CO).
MS 111/= e~): 367 (M"", 100),352 (45). IH-NMR (): 8.06 (1H, 5. C1-H), 6.76, 6.68 (2H. AB-q,.1 == 8 Hz, C9~ and CIO-H),
6.53 (tH, s, C",-H). 4.03,3.92,3.87,3.83 (each 3H. s, OCH.\ x 4), 3.90-3.60 (21-1, In, C6~H), 3.05-2.95 (2H, m, Cs-H).
Anal. Calcd for C2IHzINOs: C. 68.65; H, 5.76; N, 3.81. Found: C. 68.40; H, 5.82; N. 3.81.

5,6,7,13-Tetraitydro-2,3, II ,12-tetramethoxy-7-mcthylbcnz[d]indeno[1,2..h]llzepin-13-one (17)--Sodium hy
dride (40mg, 50~i';1 mineral oil dispersion) was added to a solution of the azepine (16) (59 mg) in HMPA (0.5 011) and
anhyd. CoH/> (2 ml). The resulting solution was stirred at room temperature for 15 min. Dimethyl sulfate (3 drops)
was added to the stirred solution and stirring was continued at room temperature for 1 h. Aqueous NH 3 (28~~, I ml)
was added to the reaction mixture and stirring was continued at room temperature for 30 min. The reaction mixture
was extracted with CHCla. The CHCI,3 layer was washed with water, dried. and evaporated to dryness. The residue
was subjected to pTLC [AI 20 3 , C(iHn-AcOEt (4: I)] to afford the N-methyl derivative (17) (48mg, 78%) as reddish
purple prisms. mp 164-166°C (MeOH) (lit.'?' mp 159-161 DC). IR v~;I)cm-l: 1650 (CO). MS mjz (%): 381 (M+.
100),366 (53). IH-NMR 1>: 7.81 (lH, s, C1-H), 7.01,6.66 (2H, AB-q, J:=8 Hz, C9- and Clo-H), 6.54 (lH, 5, C4-H),

4.01,3.94, 3.87, 3.85 (each 3H, 5, OCH3 x 4),3.95-3.60 (2H, m, C6-H), 3.40 (3H, 5, NCRa), 3.00-2.80 (2H, m, C5

H). Anal. Calcd for C22H23NOs: C, 69.28; H, 6.08; N, 3.67. Found: C, 69.18; H, 6.13; N, 3.39. The product was
identical with an authentic specimen'?' (IR and IH-NMR spectra, and mixed melting point).
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5,6-Dihydro-2,3,11,12-Tetramethoxydibenzo[a,g]quinolizinium Iodide (18)---A mixture of 3,4-dimethoxy
phenethylamine (ROOg) and 2,3-dimethoxyphenylacetic acid (7.50g) was heated at 190°C for 5h under an Ar
atmosphere. The reaction mixture was recrystallized from MeOH to afford N-(3,4-dimethoxyphenethyl)-2,3
dimethoxyphenylacetamide (11.5 g, 83%) as colorless needles, mp 138-138.5°C (lit. 20u) mp 130-130.5°e). IR
v~~;lJcm-l: 1650 (CO). MS mjz: 359 (M~). IH-NMR D: 7.11-6.53 (6H, m, Ar-H), 5.88 (IH, br s, NH), 3.87, 3.85,
3.83, 3.78 (each 3H, s. OCH3 x 4). 3.53 (2H. s, COCHz), 3.39 (2H, t, J =6.5 Hz. NHCth), 2.67 (2H, t, J =6.5 Hz,
ArCtl2CH2)' Anal. Ca1cd for CZOH2SNOs: C. 66.83; H. 7.01; N, 3.90. Found: C, 66.83; H, 7.08; N, 3.92.

Phosphorus oxychloride (47 g) was added to a solution of the amide (9.3 g) in anhyd. C6 H6 (140 ml), and the
resulting mixture was heated under reflux for 6 h with stirring. The C6Ht> and excess POC13 were evaporated off. The
residue was poured into ice-water, made alkaline with K 2C0 3, and extracted with CHCI3 • The CHCl3 layer was
washed with water, dried, and concentrated to leave the oily imine (8.5 g, 96~~). Sodium borohydride (1.2 g) was
added portionwise to a solution of the imine (8.5 g) in MeOH (130 ml) and stirring was continued at room
temperature for 6 h. The MeOH was evaporated off and the residue was taken up in CHCI3 • The CHCl3 layer was
washed with water. dried, and concentrated to leave the oily amine (8,5 g, quant.). A solution of the crude amine
(8.5 g) and 37% HCHO (105 rnl) in AcOH (105 ml) was heated under reflux for 6 h with stirring. The solvents were
evaporated off and the residue was taken up in CHCI3 • The CHCl3 layer was washed with aqueous K2C03, water,
dried, and concentrated to leave the tetrahydroprotoberberine (8.2 g, 97~Yo) which was recrystallized from MeOH to
afford pale yellow plates, mp 167-167.5 QC (lit. 19 U

) mp 162-163°C). MS 111/=: 355 (M+). IH-NMR ('5: 6.81 (l H, s.
Cl-H), 6.79 (2H, s, Cg- and Clo-H), 6.62 (IH. s, C4-H), 3.92, 3.87, 3.85, 3.81 (each 3H, s, OCH3 x 4). Anal. Calcd for
C2IH2SN04: C, 70.96, H, 7.09; N, 3.94. Found: C. 70.95; H. 7.10; N, 4.03.

A solution of 12 (7.3 g) in EtOH (40 ml) was added dropwise to a refluxing solution of the tetrahydroproto
berberine (3.0 g) and AcOK (4.7 g) in EtOH (200m!) with stirring for 1h, and stirring was continued at the same
temperature for 1.5 h. After the reaction mixture had cooled to room temperature, the precipitates were collected by
filtration. Sulfur dioxide gas was passed through a suspension of the precipitates in water (20 m1) for 2 h with stirring.
The yellow precipitates were collected by filtration to give the quaternary base (IS) (3.9 g, quant.) as yellow needles.
mp 201-202 DC (MeOH). lH-NMR (DMSO-d6 ) t>: 9.88 (lH, s, Ca-H), 8.65 (lH, s, CD-H). 8.28, 7.95 (2H, AB-q, J=
9.3 Hz, Cg- and ClO-H), 7.74 (1H, s, CI-H), 7.12 (lH. s, C4-H), 4.80 (2H. t• .1=5.5 Hz. Cb-H), 4.14. 4.02, 3.97, 3.89
(each 3H. s, OCH3 x 4), 3.24 (2H, t, J =5.5 Hz. Cs-H).
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at the C-l, C-2, or C-3 Position
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In order to investigate the regioselectivity of Baeyer-Villiger oxidation. thirty 5a-cholestan-6
one derivatives with various substituents (methyl, hydrogen, acetoxyrnethyl, methoxy, acetyloxy,
benzoyloxy, trifluoroacetyloxy, p-toluenesulfonyloxy) at the C-I, C-2, or C-3 position were
synthesized from cholesterol. The 6-ox9 functional group of 5a-cholestan-6-one derivatives was
introduced via hydroboration. The 3ft-derivatives were readily obtained by using the native 3fJ
hydroxyl group of cholesterol. The 3a-isomers were obtained by inversion of the configuration of
the 3f3-tosylate 24 with tetra-n-butylammonium acetate in refluxing 2-butanone. The 2fJ-isomers
were derived from the 2-ene 43 by bromohydrination, LiAIH4 reduction, and esterification. The 2fJ
to 2a-hydroxyl group inversion was achieved by Birch reduction of the 2-oxo steroid 51. The lex
derivatives were derived from the known 6fJ-acetoxy-lex-hydroxy-5a-cholest-2-ene (57).

Keywords-Baeyer-Villiger oxidation; regioselectivity; 5cx-cholestan-6-one derivative; hy
droboration; configuration inversion; methoxymethyl group

In Baeyer-Villiger oxidation, the migratory aptitude of alkyl groups with retention of
configuration is in the order of tertiary > secondary > primary, as expected from their
relative abilities to stabilize an electron-deficient, tetrahedral transition state. It was reported
that upon the oxidation of 5cx-cholestan-6-one (1) with peracid, the 6-oxalactone 3 was
obtained as a major product and its regioisomeric 7-oxalactone 2 as a minor product.'? On the
other hand, in the case of 3fi-acetoxy-50:-cholestan-6-one (4) the major product was not the 6
oxalactone 6 but the 7-oxalactone 5.1

) During the course of our synthesis of brassinolide (7)
and castasterone (8), naturally occurring plant growth hormonal steroids, we also observed a
similar unusual phenomenon in the Baeyer-Villiger oxidation of (22R,23R,24S)-2cx,30:,22,23
tetraacetoxy-Se-ergostan-e-one (10); the C-7 carbon migrated more readily than the C-5
carbon, affording the 7-oxalactone 9 with ca. 90% regioselectivity." This high regioselectivity,
which can be ascribed to the effect of not only the 3a-acetoxyl but also the 2a-acetoxyl group,
prompted us to investigate the regioselectivity of the Baeyer-Villiger oxidation of 50:
cholestan-6-one derivatives in more detail. We have prepared thirty 5a-cholestan-6-one
derivatives with various substituents at the C-l, C-2, or C-3 position from cholesterol (11) and
reported the regioselectivity of Baeyer-Villiger oxidation of them." In this paper, we present
details of the synthesis of the 5a-cholestan-6-one derivatives (4, 13-16, 18-20, 22, 26-30,
32, 38., 41, 42, 46, 47, 49, 50, 53-56, 60-63).

The 5cc-cholestan-6-one derivatives (4, 13-16) with substituents at the 3p-position were
prepared from the known 3p-tetrahydropyranyloxy-5a-cholestan-6-one (12).4) Acid hy
drolysis of 12 gave 3f3-hydroxy-5a-cholestan-6-one (13), which was converted into the
corresponding acetate 4, the benzoate 14, the trifluoroacetate 15, and the tosylate 16. 3fJ
Methoxy-Sc-cholestan-c-one (22) was synthesized from cholesterol methyl ether (21) as
follows. Hydroboration of 21 with BH3-tetrahydrofuran (THF) complex, followed by
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alkaline HzOz oxidation gave 6tX~hydroxy-3fJ-methoxy-5a-cholestane, which, without purifi
cation, was oxidized with Jones reagent. The 6-ketone 22 was obtained in 80tX~ yield after
chromatography.

The next target compounds were 5a-cholestan-6-one (18), 2o:,3a-dihydroxy-SlX-cholestan
6-one (19), and 2a,3a-diacetoxy~5lX-cholestan-6-one(20). These 6-0XQ steroids were prepared
from the tosylate 16 according to our procedure used for the synthesis of brassinolide (7).2)

Thus, treatment of 16 with lithium bromide in refluxing dirnethylformarnide gave the 2-ene 17
in 95(\~ yield. Hydrogenation provided Sa-cholestan-6-one (18), quantitatively. Stereoselective
«-face hydroxylation of 17 was carried out with a catalytic amount of OSmiUlTI tetroxide and
an excess of N-methylmorpholine Nwoxide in tert-BuOH·-THF-··H20 (10: 3: 1) to afford the
2lX,3ct-diol 19, which was then acetylated. The 2a,3C(~diacetate20 was obtained in 87~:{. yield
from 17.

Next. we synthesized 5awcholestan-6wonc derivatives substituted at the 3C(~position.

Attempted inversion reaction of the 3fJ-tosylate 16 with various reagents (AcOK Of AeON'll
dimethylformamide (DMF) or dimethyl sulfoxide (DMSO), BzONa/DMF or DMSO. K02/

18~crown-6/DMF--DMSO) and the Mitsunobu reaction of the 3/1-0] 13 turned out to be
fruitless because of the low yield of the inversion product. Therefore, we adopted the reported
method," which involves the inversion reaction of the 31/wtosyl~6/J-ol 24 with tetra-s
butylammonium acetate. The substrate 24 was obtained as follows. Reduction of 13 with
lithium aluminum hydride and recrystallization from ethyl acetate gave crystalline 3f1,6fl
dihydroxy-Sx-cholestane (23) in 75ft: yield. Other stereoisomers were removed by re
crystallization. Treatment of 23 with 1.14eq of p-toluenesulfonyl chloride and pyridine gave
the 3/J-nl0notosylate 24 in 91 ~/;l yield. Heating of 24 with tetra-n-butylammonium acetate and
2wbutanone at reflux temperature gave the inversion product 25, which was then oxidized with
Jones reagent to afford 3lX-acetoxy-5ct-cholestan~6-one(26) in 50~~ yield. Saponification of 26
with 5% KOH/MeOH gave the 3lX-ol 27, which was converted into the benzoate 28, the
trifluoroacetate 29, and the tosylate 30. Refluxing of 24 with methanol also gave the inversion
product 31. Jones oxidation of 31 gave 3a-methoxy-5lX-cholestan-6-one (32) in 50% yield.
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The 3,B-methyl, 3C!- and 3f3-acetoxymethyl derivatives 38, 41, 42 of SlX-cholestan-6..one
were next synthesized. Acetylation of 23 gave the 3fJ,6fJ-diacetate 33. Selective saponification
of the 3.8-acetyl group followed by Jones oxidation provided the known 6fJ-acetoxy-5cx-
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cholestan-3-one (34t> in 76% yield. After exchange of the acetyl group in 34 with a
methoxymethyl (MOM) group. the 3-oxo compound 35 was submitted to Wittig reaction with
methylenetriphenylphosphorane to give the olefin 36 in 73?/~ yield from 34. Hydrogenation of
36 provided the saturated compound 37 as a single product. The 3f,-configuration was
expected from the less hindered, a-face attack of hydrogen. Removal of the MOM group with
cone. H'Cl was followed by Jones oxidation to give 3j3-methyl-5cx-cholestan-6..one (38) in 90%
yield. Hydroboration of 36, followed by alkaline H20 2 oxidation yielded, after acetylation,
two separable products. Chromatographic separation gave the less polar 3cx compound 40 and
the more polar 3P compound 39, in 50 and 27% yields, respectively. These were converted, as
described for 38, into the corresponding 31X-6-oxo steroid 42 (c'5H 4.04 (2H~ d, J= 8Hz,
-eth-OAc») and 3fj-6-oxo steroid 41 (e5H 3.90 (2H, d, J=5Hz, -Cij2-0Ac), respectively.
The stereochemical assignment of41 and 42 was based on the relative chemical shift due to the
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acetoxy methylene in the proton nuclear magnetic resonance eH-NMR) spectra. The 3et
isomer should have lower chemical shift than the 3,B-isomer because of the 1,3-diaxial
interaction between the acetoxymethyl and l«- and 5et-hydrogens.

. Next we describe the synthesis of 5et-cholestan~6-onederivatives with C-2 substituents.
Reduction of Srt-cholest-2-en-6-one (17) with lithium aluminum hydride was followed by
protection of the resulting 6fi-ol as the MOM ether to give 43. Bromohydrination of 43 with
N-bromosuccinimide/H20 followed by reduction with lithium aluminum hydride provided
the 2[3-01 44 «()H 4.10 (1H, m, WI 12 = 8 Hz, 2et-H)) in 50~~ yield from 17. The reaction possibly
proceeded via the 2p,3{J-epoxide, which suffered further reduction in trans-diaxial fashion.
Acetylation of 44, removal of the MOM group, and oxidation with pyridinium chloro
chromate in the presence of sodium acetate gave 2,B-acetoxy-5cx-cholestall-6-one (46) in 79~Ya

yield. Saponification of 46 with 5% KOH/MeOH under reflux provided the less polar Set
compound 47 (19~{, DH 4.1S (l H, m, WI12 = 8 Hz, 2a-H)) and the more polar SfJ compound 48
{69~!~. t5» 3.78 (lH, m, WIll =24Hz, 2a-H)). 2f3-Hydroxy-5a-cholestan-6-one (47) was
converted into the trifluoroacetate 49 and the tosylate 50.

The 2ex-isomers 53-56 were prepared as follows. Jones oxidation of 44 gave the 2-oxo
compound 51. This was treated with Li/NH3-EtOH and subsequently quenched with dry
ammonium chloride to afford, after acetylation, the 2et-acetate 52 (C)H 4.90 (l H, In, WI/2 =
24 Hz, 2f3-H)) as a single product in 86% yield from 44. Regeneration of the 6-oxo
functionality gave 2et-acetoxy-Scx-cholestan-6-one (53) in 9S~~ yield. 2a-Hydroxy-5a
cholestan-6-one (54), obtained by saponification of 53, was converted into the trifluoroacetate
55 and the tosylate 56.

The 6-oxo steroids with 1«-substituents were prepared from the known 6f3-acetoxy-l ex
hydroxy-Sx-cholest-z-ene (57),6) which was obtained from 34 according to the reported
method." Hydrogenation of 57 gave 6{3-acetoxy-lcx-hYdroxy-Scx-cholestane (58). Protection of
the 1«-hydroxyl group of 58 as the MOM ether was followed by saponification to provide the
6f3-o1 59. This was submitted to Jones oxidation and then acid hydrolysis to afford 1cx
hydroxy-So-cholestan-e-one (60) in 80,/;: overall yield. The alcohol 60 was converted into the
acetate 61, the trifluoroacetate 62, and the tosylate 63.

Experimental

Melting points were determined with a hot-stage microscope and are uncorrected. Infrared OR) spectra were
taken with a Hitachi 260-10 spectrometer in chloroform solution. IH-NMR spectra were taken with a Hitachi R-24A
(60 MHz) or lEOL PS~IOO tlOOMHz) spectrometer in dcutcriochloroform solution with tetrumethylsilane us an
internal standard. Column chromatography was done on Kieselge160 F:!54 (Merck. 7()·-230 mesh) and analytical thin
layer chromatography (TLC) was carried out on precoated Kieselgel 60 F2 54 (Merck. 0.25 mm thickness). Work-up
refers to dilution with water. extraction with the organic solvent indicated in parenthesis, washing of the extract to
neutrality, drying over anhydrous magnesium sulfate, filtration, and removal of the solvent under reduced pressure.
The following abbreviations are used; ether. diethyl ether; MeOH. methanol; EtOAc,. ethyl acetate; CHCl;\.
chloroform; CH2CI2• dichloromethane.

3(:l-Hydroxy-5a-cbolcstan-6-onc (13)-The crude 3/i-tetrahydropyranyloxy-5IX-cho)estan-6-one (31 g) obtained
from cholesterol (11) according to the reported method'" was treated with 6 M HCI (50 ml) and THF (400 ml) at room
temperature for I h. Work-Up (ether) and chromatography on silica gel (150 g) with benzene-EtOAc (10: 1) gave the
3f1~oI13 (22.4g, 75% from 11), mp 142-144 lJC (MeOH). IR l'maxcm-1: 1710. lH-NMR 0: 0.66 (3H, S, 18NH3) , 0.74
(3H,5. 19-H

3
) . 0.85 (6H, d, J =6 Hz. 26-H 3 • 27..H3). 3.54 (IH, m, 3~H). Anal. Calcd for C27H4602: C, 80.54; H, 11.52.

Found: C, 80.60; H, 11.54.
3p-Acetoxy-SlX-cholestan-6-onc (4)--The 3/J-ol 13 (225 mg. 0.498 mmol) in pyridine (l ml) was treated with

acetic anhydride (I ml) at room temperature overnight. Work-up (EtOAc) and chromatography on silica gel (20 g)
with benzene gave the acetate 4 (182 rng, 82%), mp 129-130 DC (MeOH). 1H-NMR (5: 0.67 (3H, 5, 18-H3) , 0.80 (3H.
S. 19-H3) , 0.85 (6H, d, J = 6 Hz, 26~H3' 27-H;), 2.00 (3H, 5, acetyl), 4.83 (I H, rn, 3~H). Anal. Calcd for C29H480J: C,
78.32; H, 10.88. Found: C, 78.56; H, 10.85.

31J-Benzoyloxy~5tt-cholestan-6-one (l4)--The 3/J-ol 13 (320 mg. 0.796 mmol) in pyridine (2 ml) was treated with
benzoyl chloride (0.2 rot) at room temperature overnight. Work-up (EtOAc) and chromatography on silica gel (20 g)
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with benzene gave the benzoate 14 (368 mg, 94~~), mp 172-174 °C (MeOH). 1H-NMR <5: 0.67 (3H, s, 18-HJ ) , 0.81
(3H, S, 19-H3), 0.85 (6H, d, J=6Hz, 26-H3~ 27-H 3), 4.85 (lH, m, 3..H), 7.30-7.60 (3H, m, benzoyl). 7.90-8.10 (2H.
m, benzoyl). Anal. Calcd for C34Hso03: C. 80.58; H. 9.95. Found: C, 80.68; H, 9.91

3p-Trifluoroacetoxy-5~-cholestan-6-one(15)--The 3{1-01 13 (402 mg, 1.0 mmol) in CHCl3-pyridine (I : I, 2ml)
was treated with trifluoroacetic anhydride (0.3 ml) at room temperature overnight. Work-up (EtOAc) and
chromatography on silica gel (20 g) with benzene gave the trifluoroacetate 15 (403 mg, 84%), mp 143-145 DC
(CHCh-MeOH). lH-NMR (5: 0.66 (3H, s, 18-H3) , 0.79 (3H, s, 19-H3) , 0.86 (6H, d, J=6 Hz, 26-H;,>" 27-H J ) , 4.86(lH,
m, 3-H). Anal. Calcd for C29H4SF,,03: C, 69.85; H, 9.10. Found: C, 69.77; H, 8.98.

3P-p-Toluencsulfonyloxy-5~-cholestan-6-one (16)--The 3{J-ol 13 (4.02 g, 10.0 rnmol) in pyridine (30ml) was
treated with p-toluenesulfonyl chloride (3.8 g, 20.0 mmol) at room temperature overnight. Work-up (EtOAc) and
chromatography on silica gel (100g) with benzene gave the tosylate 16 (S.Og, 90~~,(;). mp 175-177 I1C (MeOH). IH_
NMR 8: 0.63 (3R, s, 18~H3)' 0.71 (3H. S, 19-H3) , 0.85 (6H, d, J=6 Hz, 26-H:\, 27-H3) , 0.90 (3H, d• .T = 6 Hz, 21-H 3) ,

2.45 (3H, s, tosyl), 4.50 (IH, m. 3-H), 7.40 (2H. d, J=8Hz, tosyl), 7.90 (2H, d, J=8Hz, tosyl). Anal. Calcd for
C34Hs20 4S: C, 73.34; H, 9.41. Found: C, 73.46; H, 9.50.

5oc-Cholest-2-cn-6-one(17)--The 3f/-tosylate 16 (25 g. 45mmol) in dimethylformamide (70 ml) was treated with
anhydrous lithium bromide (10 g, 115 mmol) under reflux for] h. Work-up (EtOAc) and chromatography on silica
gel (lOOg) with benzene gave the 2-ene 17 (16.4g, 95~%;), mp 97-98 PC (MeOH). IR vRlDltcm- l

: 1710. 'H-NMR ():
0.65 (3H, s, 18-H3) , 0.67 (3R. S. 19-H3) , 0.84 (6H, d, J = 6 Hz. 26-H3 , 27-H 3) . 5.53 (2H, m, 2-H, 3~H). Anal. Calcd for
C27Hol40: C, 84.31; H, 11.53. Found: C, 84.37~ H, 11.33.

5oc-Cholestan-6-onc (18)--The 2-ene 17 (300 mg, 0.781 mmol) in EtOAc (20 rnl) was treated with S~~ Pd-C
(30 mg) under a hydrogen atmosphere at room temperature overnight. Filtration and removal of the solvent gave Sa
cholestan-S-one (18) (300 mg), mp 97-98 "C (MeOH). 'H-NMR b: 0.66 (3H, s, IS-H 3) . 0.72 (3R, s, 19-H), 0.85 (6H,
d, J=6Hz, 26-H 3, 27-H 3 ) .

2~,3~-Dihydroxy..5~-cholestan-6-one (19)---The 2-ene 17 (1.0g, 2.0mmol) in terl~BuOH-THF-H20 (10: 3: 1,
10ml) was treated with osmium tetroxide (20 mg) and N-methylmorpholine N-oxide (750 mg, 6.4 rnmol) at room
temperature overnight. Work-up (CH 2CI2) and chromatography on silica gel (30g) with benzene-EtOAc (1 : 2) gave
the 2a,3IX-diol 19 (0.97 g, 89~;~), mp 206-207"'C (CHCI3-MeOH).

2~,3~-Diacetoxy-5~-cholestan-6-one(20)--The 2IX,3IX-diol 19 (400mg, 0.957 mmol) in pyridine l.5ml) was
treated with acetic anhydride (4ml) at 60"C overnight. Work-up (EtOAc) and chromatography on silica gel (30g)
with benzene-EtOAc (25: 1) gave the diacetate 20 (470 mg. 98(~/~), mp 152--153 "C (MeOH). IH-NMR 6: 0.68 (3H, S,

18-H3) . 0.84 (3H. s, 19-H3) , 0.88 (6H, d. J=6Hz, 26-H 3, 27-H 3) , 0.92 (3H, d, .1==6 Hz, 21-H J ) , 1.99 (3H, S, acetyl),
2.08 (3H. s, acetyl), 2.56 (IH, dd, J=9, 6 Hz, SIX-H), 4.92 (IH, m, J-V1/2 =22 Hz, 2//-H), 5.36 (IH, 111, W1/2 =7 Hz. 3fJ
H). Anal. Calcd for C.'lHsoOs: C, 74.06; H. lO.02. Found: C, 74.03; H, 9.94.

3p-Methoxy-5lX-cholestan-6-onc (22)····--·-·Cholesterol methyl ether (21) (500 rng, 1.25mmol) in THF (7 ml) was
treated with 1M BH3--THF complex solution (3m}) at room temperature for 6 h. Then. the reaction mixture was
treated with 3 M NaOH (0.5 ml) and 3()~~; H202 (0.5 ml) at room temperature for 1h. Work-up (ether) gave a crude
product. This in acetone (Srnl) was treated with 2eq of Jones reagent at room temperature for 15min. Work-up
(ether) and chromatography on silica gel (20g) with benzene gave the 6-oxo compound 22 (415mg, 80~~;), mp 132-
135"C (MeOH·-·ether). lH-NMR D: 0.66 (31-1, $, It{~H~\), 0.75 (3H. s, 19-H.\), 0.85 (6H, d, J=6Hz, 26-H.\, 27..H3) , 3.00
(nt 111, 3-H), 3.36 (IH, S, -OCH3) . Anal. Oiled for C2HH.U,02: C, 81.25; H. 11.29. Found: C, 81.18; H, 11.33.

6p..Hydroxy..3p-p-toluenesulfonyloxy-S~-cholestnne (24)-----3fJ-Acetoxy~5a-cholestan-6-one (4) (10g, 22.5 mmol)
in THF (50 ml) was treated with lithium aluminum hydride (2.0g, 52.6 mmol) at room temperature for 1h. Wnter was
carefully added to decompose the excess hydride. Filtration and removal of the solvent gave a crude product, which
was recrystallized from EtOAc to afford the 3/J,6jl-dioJ 23 (6.7 g, 75~~~), mp 189-190 "C. The diol 23 (6.5 g,
16.1 mmol) in pyridine (20 ml) was treated with p-toluencsulfonyl chloride (3.5 g, 18.4mmol) at room temperature
overnight. Work-up (ether) and chromatography on silica gel (70 g) with benzene gave the 3~-monotosylate 24
(7.96g, 91~·~). mp 139-140('C (hexane··EtOAc). IH-NMR (): 0.66 (3H, s, 18-H J ) , 0.90 (3H, S, 19-H3), 2.41 (3H, s,
tosyl), 3.72 (l H, rn, WI 12=8 Hz, 6o:-H), 4.50 (IH, 111, 3-H), .1.30 (2H, d, J= 8 Hz, tosyl), 7.78 (2H, d. J =8 Hz, tosyl).
Anal. Calcd for C34Hs404S: C, 73.07; H, 9.74. Found: C, 73.15; H, 9.44.

3rt~Acetoxy-5~-cholestan-6-one (26)--The tosylate 24 (6.7 g, 12.3 mmol) in 2-butanone (1201111) was treated
with tetra-s-butylammonium acetate (13 g, 43.2 mmol) under reflux for '20 h. Work-up (ether) and chromatography
on silica gel (laO g) with benzene-EtOAc (100: 1)gave the 3G(-acetate 25 (3.13 g, 57~;), rnp ]44-146 "C (MeOH) (lit. S

)

mp 135-136 "'C). 'H-NMR (j: 0.69 (3H. s, IS-H]), 0.86 (6H, d, J= 6 Hz, 26·HJ , 27-H3) , 0.90 (3H, d, J=6Hz, 21-H3) ,

1.01 (3H, S, 19-HJ ), 2.03 (3H, S, acetyl). 3.71 (lH. m, W1/2=7Hz. 6cx-H), 5.08 (IH, m, W1/2=7Hz, 3/J-H). This
product 25 (3.2 g, 7.17 mmol) in acetone (l00 ml) was treated with 1eq of Jones reagent at room temperature for
IOmin. Work-Up (ether) gave the 6-oxo steroid 26 (3.1 g), mp 106.5-107.5 fie (ether-MeOH) (lit." mp 107-108°C).
IH-NMR 0: 0.68 (3H, s, 18-H), 0.75 (3H, S, 19-H3) , 0.86 (6H, d, J=6 Hz. 26-H3, 27-H3) , 0.90 (3H, d, J:;6 Hz, 21
H3) , 2.04 (3H, S, acetyl), 2.54 (lH. ddt J=II, 5Hz, Sa-H), 5.09 (l H, m, W'/2=7Hz. 3fJ-H). Anal. Calcd for
C29H480J: C, 78.32; H, 10.88. Found: C, 78.52; H, 10.95.

3<x-Hydroxy-5oc-cholestan-6-one (27)--The acetate 26 (2.34 g, 5.04 mrnol) in MeOH (SO ml) was treated with
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5% KOH/MeOH (20ml) at room temperature for 3 h. Work-up (ether) and chromatography on silica gel (30 g) with
benzene-EtOAc (50: 1) gave the 30:-01 27 (1.5 g, 72%), .mp 158~160 "C (ether-MeOH) (lit. S) mp 160°C). IR
lImaltcm-

l: 1712. lH-NMR 0: 0.64 (3H, s, IS-H 3) , 0.71 (3H, s, 19-H3), 0.85 (6H, d, J=6Hz, 26-H3, 27-H 3) , 0.89 (3H,
d, J=6Hz, 21-H 3) , 4.12 (IH. m, W1/2 = 8 Hz, 3,B-H).

3ot-BenzoyJoxy-5«-eholestan-6-one (28)--The 30:-01 27 (300 mg, 0.746 mmol) was converted, as described for
14, into the benzoate 28 (374 mg, 98%), mp 137-138 °C (ether-MeOH). I H-NMR e5: 0.66 (3H, s, 18-H3) , 0.79 (3H, s,
19-H,3)' 0.85 (6H, d, J=6Hz, 26-H3 , 27-H3) , 2.67 (IH, dd, J=l1, 5Hz, 5a-H), 5.36 (IH, m, W1/2=8Hz, 3fl-H),
7.30-7.60 (3H, rn, benzoyl), 7.90-8.10 (2H, m, benzoyl). Anal. Calcd for C34-Hso03: C, 80.58; H, 9.95. Found: C,
80.57; H, 9.92.

3ot-Trifluoroacetoxy-5cx-eholestan-6-one (29)-The 3a-0127 (300mg, 0.746mmol) was converted, as described
for 15, into the trifluoroacetate 29 (324mg, 87%), mp 105-I06DC(CHCI~~-MeOH). IH-NMR 0: 0.68 (3H, S, 18-H3) ,

0.78 (3H, s, 19-H3) , 0.84 (6H, d, J==6Hz, 26-H 3 , 27-H 3) , 2.54 (tH, dd, J= 10,6 Hz, 5lX-H), 5.33 (IH, m, WI /2 =8 Hz,
3fl-H). Anal. Calcd for C29H4sF303: C. 69.85; H, 9.10. Found: C, 70.10; H, 8.87.

3~-p"Tolu~nesuJfonyloxy..5a-elJolestan"6-one (30)--The 3r:x"ol 27 (l93mg, 0.48mmol) was converted, as
described for 16, into the tosylate 30 (253 mg, 95~~), mp 146-147°C (ether-MeOH). I H-NMR 0: 0.62 (3H, s, 18
H3) , 0.65 (3H, s, 19-HJ ) , 0.85 (6H, d, J=6Hz, 26-H 3, 27-H 3) , 2.39 (3H, s, tosyl), 2.54 (lH, dd, J=12, 5Hz, SlX-H),
4.74 (I H, m,W1/2 =8 Hz, 3ft-H), 7.28 (2H, d, J=8Hz, tosyl), 7.72 (2H, d, J=8 Hz, tosyl). Anal. Calcd for C34Hs204S:
C, 73.34; H, 9.41. Found: C. 73.40; H, 9.23.

3«-Methoxy-5(.(-cholestan"6-one (32)--The mixture of the tosylate 24 (1.0 g, 1.79 mmol) and MeOH (50 ml) was
reftuxed for 2 d. Work-up (ether) and chromatography on silica gel (20 g) with benzene--EtOAc (20: I) gave the 3r:x
methoxy-6P-oI31 (390 mg, 54%), oil, lH-NMR e5: 0.68 (3H, S, I8-H), 0.85 (6H, d, J =6 Hz, 26-H3, 27-H 3 ) , 1.00 (3H,
S, 19-H3 ) , 3.29 (3H, s, -OCH3) , 3.55 (IH, m, W1/z=8Hz, 3fJ-H), 3.73 (lH, m, W1/z=7Hz, 6cx-H). This in acetone
(IOml) was oxidized with Jones reagent to give the 6-oxo compound 32 (380mg), mp 107-108.5°C (MeOH). IH_
NMR (5: 0.65 (3H. s, 18-H3) , 0.73 (3H, s, 19-H3 ) , 0.85 (6H, d, J=6Hz, 26-H 3, 27-H 3) , 3.29 (3H, S, -OCH3), 3.53 (lH,
m, W1/2=8Hz, 3{3-H). Anal. Calcd for C211H4S02: C, 81.25; H, 11.29. Found: C, 80.87; H, 11.41.

3fJ,6fJ-Diacctoxy"5oc-cholestane (33)--The 3fi,6P-diol 23 (9.0 g, 22.28 mmol) in pyridine (100 ml) was treated
with acetic anhydride (50 ml) at room temperature for 40 h. Work-up (EtOAc) and chromatography on silica gel
(IOOg) with benzene gave the diacetate 33 (9.86g, 91%), mp 137-138°C (MeOH). IH-NMR (5: 0.68 (3H, s, 18-H3) ,

0.85 (6H, d, J= 6 Hz, 26-H 3, 27-H3) , 0.90 (3H, d, J = 6 Hz. 21-H 3), l.00 (3H, S, 19-H3) , 2.01 (3H, s, acetyl), 2.03 (3H, s,
acetyl), 4.75 (l H, m, 3-H), 4.95 (lH, rn, 6-H).

6p-Acetoxy-Stx-cholestan-3-one (34)--The diacetate 33 (8.56 g, 17.5 mmol) in THF--MeOH (l : 2, 150ml) was
treated with 5/,~ KOH/MeOH (40 rnl) at room temperature for 45 min. Work-up (ether) gave a crude product, which
was dissolved in acetone (200 mil.Then, Jones reagent (1eq) was added and stirring was continued for lOmin. Work
up (ether) and chromatography on silica gel (lOOg) With benzene--EtOAc (50: I) gave the 3-oxo steroid 34 (6.5g,
83%), mp 97-99"C (MeOH) (lit,S) mp 99-102 "C). IH-NMR (): 0.70 (3H, s, 18-H3), 0.85 (6H, d, .l=6Hz, 26-H;"
27-H 3) , 0.90 (3H, d, J =6 Hz, 21-H:\), 1.14 (3H, s, 19-H.~), 2.02 (3H,-s, acetyl), 4.85 (l H. m, 6-H). Anal. Calcd for
C2l} H"'ij0.\: C, 78.32; H, 10.88. Found: C, 78.19; H, 10.88.

6fJ-Methoxymethoxy-3-methylcne-5a-cholestane (36)--The 6#-acetate 34 (3.0 g, 6.76 mmol) in dioxane (l ()ml)
was treated with 5% KOH/MeOH (30m}) at 70 DC for 17h. Work-up (ether) gave a crude product (2.88). This in
dioxane (20 ml) was treated with chloromethyl methyl ether (4 ml) and diethylcyclohcxylarnine (5 ml) at room
temperature for 4h. Work-up (BtOAc) and chromatography on silica gel (50 g) with benzene-ErOs,c (20: I) gave the
methoxymethyl ether 35 (2.33 g, 76~~).

A. solution of n-butyl lithium ill hexane (5.7 ml, 8.89 mmol) was added to H solution of mcthyltriphenylphos
phonium iodide (2.5 g, 6.19 mrnol) in THF (10 ml) at 0 ClC. The mixture was stirred at room temperature for 10 min.
Then, a solution of the ketone 35 (2.3 g, 5.16 mmol in THF (10 ml) was added to the ylide solution. The mixture was
stirred at room temperature for I h. Work-up (EtOAc) and chromatography on silica gel (30 g) with benzene-EtOAc
(50: 1) gave the olefin 36 (2.2 g, 96~~), oil. IH-NMR c5: 0.69 (3H, S, 18-H3) , 1.02 (3H. S, 19-H3), 3.33 (3H, OS, ·-OCH3),

3.58 (IH, m, 6-H), 4.55 (4H, m, -OCH20--, =CH2) .

3p-Methyl..5cc-cholestanoo6--one(38)-The olefin 36 (300 mg, 0.676 rnmol) was hydrogenated, as described for 18,
to give 6/J-methoxymethoxy-3p-methyl-5a-cholestane (300 rng), This in THF (5 ml) was treated with cone. H'Cl
(0.2 ml) at 50 ClC for 5 h. Work-up (ether) gave a crude product, which was oxidized with Jones reagent to give the 3/J
methyl steroid 38 (260mg, 98%), mp 102-104 -c (MeOH). lH-NMR fJ: 0.65 (3H, s, 18-H3 ) , 0.68 (3H, S, 19-H3 ) , 0.85
(6H, d, J =6 Hz. 26-H 3 , 27-H 3) . Anal. Calcd for C2sH4sO: C, 83.93; H, 12.07. Found: C, 83.87; H, 12.01.

3cx" and 3p-Acetoxymethyl-5~-cholestan..()..one (42 and 41)---The olefin 36 (1.0 g, 2.25 mmol) in THF (l0 ml) was
treated with 1M BH3-THF complex solution (6mI) at room temperature for 1.5h. Water was carefully added to
decompose the excess reagent. Then, 2 M NaOH (3 ml) and 30% H202 (3011) were added. Stirring WClS continued at
room temperature for 1h. Work-up (ether) followed by acetylation with acetic anhydride (4 ml) and pyridine (Soml) at
room temperature for 18h gave two separable products. Work-up (EtOAc) and chromatography on silica gel (SOg)
with benzene-EtOAc (l00: I) gave the less polar product 40 (570mg, 50%) and the more polar product 39 (3IOmg,
27%).
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The less polar acetate 40 (570mg) in THF (10m!) was treated with 6 M HCI (2 ml) at room temperature for 15 h
and then treated with Jones reagent in acetone (l0 ml). Work-up (ether) and chromatography on silica gel (30 g) with
benzene-EtOAc (100: 1) gave the 3rx-compound 42, mp 68-72 °C (MeOH-ether). 1H~NMR 0: 0.65 (3H, S, IS-H3),
0.74 (3H. s, 19-H3), 0.85 (6H, d, J =6 Hz, 26-H3• 27-H3). 2.02 (3H, s, acetyl). 4.04 (2H, d, J= 8 Hz, -ClI;z-OAc). Anal.
Calcd for C30Hso03: C, 78.55; H, 10.99. Found: C, 78.47; H, 10.92.

The more polar acetate 39 (310 mg) was similarly converted into the 6-oxo compound 41 (210 mg, 71%),
amorphous solid. IH-NMR c'5: 0.65 (3H. s, 18-H3). 0.70 (3H, S, 19-H3) , 0.85 (6H, d, J=6 Hz, 26-H3, 27-H3) . 2.02 (3H,
5, acetyl), 3.90 (2H. d, J=5Hz. -Cth-OAc).

6p-Methoxymethoxy-5o:-cholest-2-enc (43)--5C(-Cholest-2-en~6-one (11) (17 g, 44.3 mmol) in THF (300 ml) was
treated with lithium aluminum hydride (2.0 g. 52.6 mmol) at room temperature for I h. Water was carefully added to
decompose the excess hydride. Filtration and removal of the solvent gave a crude product (17 g). This crude product
was dissolved in dioxane (260 mg) and diethylcyclohexylarnine (25 ml). Chloromethyl methyl ether (10 ml) was added
to the solution. The mixture was stirred at 50 "C for 3 h. Work-up (ether) and chromatography on silica gel (100 g)
with benzene gave the product 43 (lS.2g, 80%), mp 75-76 ClC (MeOH). lH-NMR 0; 0.68 (3H, S, 18"H3) , 0.88 (6H, d,
J=6Hz, 26-H3, 27"HJ) , 0.92 (3H, S, 19"H3) , 3.37 (3H, s, -OCHJ ) , 3.66 (IH, m, Wl/2=8 Hz, 6C(-H), 4.63 (2H, dd, J=
10, 7 HZt -oCHzO-). 5.52 (2H, m, 2-H, 3-H). Anal. Calcd for C2gHso02: C, 80.87; H, 11.70. Found: C, 80.94; H,
11.66.

6/J-Mcthoxymethoxy-So:-cholestan"2p-ol (44)--The 2-ene 43 (8.8 g, 20.5mmol) in glyrne-Hjf) (15: 1, 160ml)
was treated with N-bromosuccinimide (5.0 g, 24.5 rnmol) at room temperature for 1h. Work-up (ether) gave a crude
product, which in THF (150 ml) was treated with lithium aluminum hydride (1.5 g, 39.5 mmol) under reflux for 2h.
Work-up (ether) and chromatography on silica gel (50 g) with benzene-EtOAc (50: I) gave the 2/3-01 44 (5.5 g, 60%),
mp 140-141 "C (MeOH). lH-NMR (): 0.69 (3H, s, 18-H3), 0.88 (6H, d, J=6 Hz, 26-H3, 27-H3), 0.91 (3H, S, 19-H3) ,

3.37 (3H, s, -·OCH,,), 3.65 (lH, rn, W1J2=8Hz, 6-H), 4.15 (lH, m, W,12=8Hz, 20:-H), 4.62 (lH, dd, Jo:;:.: 10, 7Hz,
-OCH10-·). Anal. Calcd for C29Hs20,,: C. 77.62; H, 11.68. Found: C, 77.8S: H. 11.50.

2p-Acetoxy-5Cl:-cholestan-6-one (46)--The 2{J-ol 44 (3.14 g, 7.0 mmol) in pyridine (7 ml) was treated with acetic
anhydride (5 ml) at room temperature overnight. Work-up (EtOAe) gave a crude product (3.3 g). This in THF (60 ml)
was treated with 6 M HCl (6 ml) at 50 "C for 3 h. Work-up (ether) gave a crude product, which was dissolved in
CH 2C12 (100 ml). Then, sodium acetate (800 mg) and pyridinium chlorochrornate (2.4 g, 11.2 mmol) were added to the
solution. The reaction mixture was stirred at room temperature for 30 min, and ether (500rot) was added. Filtration
through a column of Florisil (20 g). elution with ether. and removal of the solvent gave a crude product (2.8 g).
Chromatography on silica gel (40 g) with benzene--EtOAc (100: I) gave the 2IJ-acetoxy~6-ketone 46 (2.4 g, 77%), mp
154-155 "C (MeOH). IH-NMR s. 0.65 (3H. S, 18-H3) . 0.84 (6H, d. J= 6Hz, 26~H", 27-H 3) , 0.88 (3R, s, 19-H3),2.00

(3H. s, acetyl), 5.05 (lB, m, W I /2 = 9Hz. 20:"1'1). Anal. Calcd for C19H4S0:\: C. 78.32; H. 10.88. Found: C, 78.58; H,
10.79.

2p-Hydroxy-5tx-eholestan~6-one (47) and 2p-Hydroxy-Sp-eholestnn-6-onc (48)--The acetate 46 (4.6g t

1O.3nunol) in THF-MeOH (1: I, 60ml) was treated with 5'/~ KOH/McOH (lOml) under reflux for I h. Work-up
(ether) and chromatography on silica gel (150g) with henzenc·-EtOAc (25: 1) gave the less polar Sex-steroid 47
(7S0mg. 19~%,;), mp 196---·197"C (McOH). IH-NMR (5: 0.68 (31-1, S, 18-H;,), 0.86 (6H. d, 1::::6.5 Hz. 26-1-13, 27-H3) ,

l.OO (3H, s, 19-H.,), 0.90 (3H. d, J::.:" 6 Hz, 21-H:\), 4.16 (lB, m, WJ /2 = 9Hz. 2C(~H). Anal. Calcd for C27H4Ci02: C,
80.54; H, 11.52. Found: C, 80.64; H. 11.55.

Further elution with the same solvent gave the more polar 5fl-stemid 48 (2.86 g, 69/,;.), amorphous solid. I H
NMR (5: 0.66 (3H, s, 18-H,l), 0.86 (6H, d, J::::6Hz. 26-H J , 27-1-13),0.91 (3H, ct, J =6 HZ t 21-H J ) , 0.92 (3H. s,19-H.,).
3.76 (IH, m, W1/2=24Hz, 2C(-H). Anal. Calcd for V27H4t,0 2: C, 80.54; H.11.52. Found: C, 80.61; H, 11.57.

2/1-Trifluoroacctoxy-5Cl:-cholestan-6-one (49)---"'_-The 2f1-o1 47 (94 mg, 0.234 mmol) was converted, as described
for 15, into the trifluoroacetate 49 (105mg, 8WYc;). mp 176-177 (IC (acetone). I H-NMR 0: 0.64 (3H. S. It~~H.,), 0.88
(3H. 5, 19-H~,), 5.30 (f H, m, W1/2=8Hz, 2C(-H). Anal. Calcd for C29H4SFJ03: C, 69.85; H, 9.10. Found: C, 70.02: H,
9.14.

2/J-p-Tolucnesulfonyloxy-5Cl:-choh.'Stan-6-one (50)---The 2{J-ol 47 (IOOmg, O.249mmol) was converted, as
described for 16, into the tosylate 50 (l l Srng, 83~;{.), mp 153-155 PC (Meol-l-ether). IH·NMR 0: 0.62 (3H, S, 18
H3) , 0.85 (6H. d, J =6 Hz, 26-H:\, 27-H~\), 0.98 (3H. S, 19-H3), 2.40 (3H. S, tosyl), 5.43 (I H, tnt W1/2 = 8 Hz. 20:-H).7.30
(2H. d, J= 8 Hz, tosyl), 7.72 (2H, d. J=8 Hz, tosyl). Anal. Calcd for C34H5204S: C, 13.34; H, 9.41. Found: C. 73.28;
H,9.56.

6/J-Mcthoxymethoxy-5o:-cholestan-2-onc (51)--The 2fJ-ol44 (3.0g, 6.72mmol) in acetone (SOmI) was treated
with 1eq of Jones reagent at room temperature for 10min. Work-up (ether) gave the 2-oxo steroid 51 (3.0 g), mp 89
90 ·:OC (MeOH). IR l'mOlt em -I: 1710. IH..NMR (5: 0.65 (3H, 5, 18-H3), 0.84 (6H. d, J =6 Hz, 26-H3, 27-H3). 0.89 (3H, s,
19-H;\), 3.29 (3H, S. ~OCH3)' 3.70 (IH, m, WI12=8Hz, 6-H),.4.55 (2H, dd, J= 10, 7 Hz, -OCH20-). Anal. Calcd for
C29H:;o03: C, 77.97; H, 11.28. Found: C, 78.15; H, 11.06.

2lX~Acet()xy-6p-mcthoxymethoxy-5lX-cho]estane (52)--A solution of the 2"oxo steroid 51 (2.76 g, 6.18 mmol) in
THF (80ml) was added to a solution of liquid ammonia (160ml) and ethanol (lOml) at -78°C under an argon
atmosphere. Then. small pieces of lithium (2.0 g) were added portionwise, The mixture was stirred at - 78 "C for
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30min. Then, dry ammonium chloride (50 g) was added portionwise to the reaction mixture at -78 ClC. Work-up
(ether) gave a crude product, which in pyridine (20 ml) was treated with acetic anhydride (10m!) at room temperature
overnight. Work-up (EtOAc) and chromatography on silica gel (60 g) with benzene gave the 2o:-acetate 52 (2.62g,
91~~), mp 79-80"C (MeOH). lH-NMR 0: 0.69 (3H, s, 18-H3), 0.86 (6H, d, J=6Hz, 26-H3, 27-H 3) , 1.02 (3H, s, 19
H3), 1.99 (3H, s, acetyl), 3.30 (3H, S,-OCH3), 3.60 (lH, m, WI 12=7 Hz, 6a-H), 4.50 (2H, dd, J= 10, 7 Hz, -oCH20-),
4.85 (lH, m, WI /2 =24Hz, 2fJ-H). Anal. Calcd for C31Hs404: C, 75.87; H, 11.09. Found: C, 75.32; H, 11.03.

2a:-Acetoxy-5a:-cholestan-6-one (53)--The methoxymethoxy ether 52 (2.4 g, 4.92 mmol) was deprotected and
oxidized, as described for 42, to give the 6-oxo steroid 53 (2.08 g, 95'X;), mp 154-156 "C (MeOH). lH-NMR (~: 0.65
(3H, s, 18-H.~), 0.79 (3H, s, 19-H3) , 0.85 (6H, d, J =6 Hz, 26-H 3 , 27-H.,), 2.01 (3H, s, acetyl), 4.91 (lH, m, W I /2 =
24 Hz, 2{f-H). Anal. Calcd for C29H4S03: C, 78.32; H, 10.88. Found: C, 78.47; H, 10.84.

2a:-Hydroxy-5a:-cholestan-6-one (54)-The acetate 53 (790 rng, 1.78 mrnol) in THF-MeOH (2: I, 30 ml) was
treated with 5% KGH/MeOH (4ml) at room temperature for I h. Work-up (ether) gave the 2a-ol 54 (7I5mg), mp
162-164 ~'C (MeOH). lH-NMR <5: 0.66 (3H, s, 18-H3), 0.74 (3H, s, I9-H 3), 0.85 (6H, d, J=6Hz, 26-H3, 27-H3) , 3.72
(l H, m, 2-H). Anal. Calcd for C27H4(,02: C, 80.54; H, 11.52. Found: C. 80.77; H, 11.36.

2a:-Trifluoroacetoxy-5lX-cholestan-6-one (55)--The 2a-ol 53 (145 mg, 0.361 rnmol) was converted, as described
for 15, into the trifluoroacetate 55 (178 rng, 98~~:), mp 136-137.5 "C (MeOH). lH-NMR (): 0.65 (3H, s, 18-H3) , 0.80
(3H, s, 19-H3) , 0.85 (6H, d, J=6Hz, 26-I-I.~, 27-H 3) , 5.05 (1H, m, 2-H). Anal. Calcd for ClQH45F303: C, 69.85; H,
9.10. Found: C, 69.94; H, 9.08.

2cx-p-Toluenesulfonyloxy~5lX-cho]estan-6-one (56)--The 2a-ot 54 (145 mg, 0.361 mmol) was converted, as
described for 16, into the tosylate 56 (180mg, 93'};», mp 178-180°C (MeOH). IH-NMR D: 0.63 (3H, S, 18-H3) ,

0.69 (3H, S, 19-H3) , 0.85 (6H, d, J=6 Hz, 26-H 3, 27-H 3) , 2.45 (3H, S, tosyl), 4.60 (Il-l, m, 2-H), 7.32 (2H, d. J=8 Hz.
tosyl), 7.78 (2H, d, J = 8 Hz, tosyl). Anal. Calcd for C34Hs204S: C. 73.34; H, 9.41. Found: C. 73.29; H, 9.43.

la-Methoxymethoxy-5a:-cholcstan-6p-ol (59)--The allylic alcohol 576 1 (2.63 g, 5.92 mmol) in EtOAc (100 ml)
was hydrogenated with 5'X) Pd-C (50 mg) at room temperature under a hydrogen atmosphere overnight. Filtration
and removal of the solvent gave the saturated compound 58(2.63 g), oil. lH-NMR (): 0.69 (3H, s, I8-H.,), 0.85 (6H, d,
J=6 Hz, 26-H 3, 27-H3) , 0.94 (3H, s, 19-H3 ) , 2.03 (3H. s, acetyl), 3.65 (lH, m, Wl 12 =6 Hz, Ill-H), 5.08 un, m, WI12=
8 Hz, 6ex-H). This product was dissolved in dioxane (20 ml) and diethylcyclohexylamine (l0 ml). Then, chlorornethyl
methyl ether (4ml) was added to the solution. The mixture was stirred at 50 nC for 3h. Work-up (EtOAc) gave a
crude product, which in dioxane (20 ml) was treated with 5~;~ KOH/MeOH (10 ml) under reflux overnight. Work-up
(ether) and chromatography on silica gel (50 g) with benzene-EtOAc (100: 1) gave the 6jJ-0159 (2.12 g, 80~~{,), oil. 1H
NMR (5: 0.68 (3H, S, IS-H), 0.85 (6H, d, J= 6 Hz, 26-H 3, 27-H 3) , 0.97 (3H, s, 19-H), 3.39 (3H, s, -OCB3), 3.83 (1H,
m, W112=8Hz, IfJ-H), 4.50 (2H, dd, J=10, 7Hz, -OCH20-).

Ie-Hydroxy-Sz-cholestan-e-one (60)--The 6fJ-0159 (2.1 g, 4.69 mmol) in acetone (50 ml) was treated with Jones
reagent (l eq) at room temperature for lOrnin. Work-up (ether) gave a crude product, which in THF (30ml) was
treated with 6 M HCI (6 ml) at room temperature overnight. Work-up (ether) and chromatography on silica gel (50 g)
with benzene·-EtOAc (50:1) gave the lce-ol 60 (1.8g, 95~», mp 18&-..-IS7"C (acetone). IR \'lUlIX

em - 1: 1713. 1H-NMR e5: 0.65 (3H, s, 18-H3) , 0.73 (3H, s, 19-H3) , 0.85 (6H, d, J = 6 Hz, 26-H3 , 27-H;\), 3.76 (1 H, m,
Wl/.~ =8Hz, I[J-H). Anal. Calcd for C27H4Cl02: C, 80.54; H, 11.52. Found: C. 80.61; H, 11.31.

lcx-Acetoxy-5a:o.Cholestan-6-one (61)--The lce-ol 60 (184 mg. 0.458 mmol) was acetylated with pyridine (2 ml)
and acctlc anhydride (l 011) at room temperature overnight. Work-up (EtOAc) and chromatography gave the l«
acetate 61 (172mg, 851,~~). mp 105-106 -c (MeOH). lH-NMR (5: 0.65 (3H, S, 18-1-13),0.80 (3H, s, 19-H), 0.8() (6H, d,
l= 6 Hz, 26-H;h 27-H;~), 2.08 (3H, s,acetyI),4.85 (1H. m, »'112 =6 Hz, Ill-H). Anal. Calcd for C2.,H.t.1l0.1: C, 78.:\2; H,
10.88. Found: C, 78.28~ H, 10.70.

la:-Trifluoroacctoxy-5IX-cholestan-6-onc (62)--The 10:-01 60 (184 mg, 0.458 mmol) was converted. as described
for 15, into the trifluoroacetate 62 (240mg, 98'~:), mp 107-10S':'C (MeOH). lH-NMR (5: 0.64 (3H, 5, IH-H.,), ().t~2

(3H, s, 19-H3 ) , 0.85 (6H, d, J=6Hz, 26-H 3 , 27-H 3) , 5.05 (I H, m, WI12 =6 Hz, lfJ-H). Anal. Calcd for C29H4~F30.1: C.
69.85; H, 9.10. Found: C: 70.15; H, 8.94.

11:t-p-Toluencsulfonyloxy-5iX-cholestan-6-one (63)--The lx-ol 60 (I80mg, 0.448mmol) was converted, as
described for 16, into the tosylate 63 (236mg,-95~~:), mp 139-141 DC (MeOH). IH-NMR (5: 0.62 (3H, S, I8-H 3) , 0.75
(3H, s, 19-H3 ) , 0.85 (6H, d, J=6 Hz, 26-H), 27-H3 ) , 2.42 (3H, s, tosyl), 4.78 (l H. m, W1/2 =6 Hz, IfJ-H), 7.35 (2H, d,
J=8 Hz, tosyl), 7.80 (2H, d, J=8 Hz, tosyl). Anal. Calcd for C34Hs204S: C. 73.34; H, 9.41. Found: C, 73.09; H, 9.37.
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Synthesis of Carbapenems with a Sulfonyl Group in the C-6 Side-Chain
and Their Biological Activity!'

NORIKAZU TAMURA,* HIDEAKI NATSUGARI, YASUHIKO KAWANO,

YOSHIHIRO MATSUSHITA, KOVICHI YOSHIOKA,

and MICHIHIKO GCHIAI

Central Research Division, Takeda Chemical Industries, Ltd..
Yodogawa-ku, Osaka 532, Japan

(Received August 22, 1986)

A new type of 5,6-cL\'·carbapenems (racemic) having a sulfonyl group in the C-6 side-chain
were synthesized by employing the synthetic methodology reported in our previous papers, and an
alternative stereocontrolled synthesis of these 5,6-cis-carbapenems was achieved starting from 8
oxo-7-azabicyclo[4.2.0]oct-3-ene (14) via an intramolecular aldol condensation as the key step.
Chiral 5,6-cis-carbapenems were also synthesized from (lS,6R)-g-oxo-7-azabicyclo[4.2.0]oct-3-ene
(29), which was derived from cis-l,2,5,6-tetrahydrophthalic anhydride. The carbapenerns thus
obtained proved to be highly stable to the mouse kidney homogenate, and most of them showed
good antibacterial activity as well as potent tJ-Iactamase inhibitory activity.

Keywords--earbapenem; C-19393 derivative: aldol condensation; sulfonyl group; antibac
terial activity; dehydropeptidase; mouse kidney homogenate; fJ-lactamase inhibitory activity

Since the discovery of thienarnycin, many naturally occurring and synthetic carbapenern
antibiotics have been reported." Some of them possess highly potent, broad-spectrum in vitro
antibacterial activity. However, because of their susceptibility to renal dehydropeptidase;"
synthesis of carbapenems which are stable to the enzyme while retaining their excellent
antibacterial activity has been desired.

In previous papers" we described a stereoselective synthesis of 5~6-cis-carbapenelns

related to C-193935
) (carpetimycin'") via reductive desulfurization utilizing an organotin

hydride, and found that the antibacterial activity of 5,6-CI:~'-carbapenenls having a bulky
substituent at the C-6 position is generally more potent than that of the 5,6-lrans..isomers. By
applying this synthetic methodology, versatile introduction of various new substituents into
the C-6 position on the carbapenem nucleus seemed possible. As a part of our research
program on the modification of the C-6 substituent to obtain a carbapenem with improved
biological properties, we planned to synthesize a carbapenem having a sulfonyl group in the
C-6 side-chain, expecting that the bulkiness and high polarity of the sulfonyl group might
affect the interaction between the carbapenem and the enzyme. Here we report the synthesis
and biological properties of carbapenems with a sulfonyl group in the C-6 side-chain.

Chemistry
Chart 1 shows the synthetic route to the cis-azetidinones (3a-1, 3b-l, 3c-l) from 2,2

dimethyl-3-oxa-l-azabicyclo[4.2.0]octan-8-one (1).7) The p-Iactatn I was converted into the
aldolization products (2a, 2b, 2c) by sulfenylation with lithium diisopropylamide (LDA) and
diphenyl disulfide followed by an aldol reaction with methylthioacetaldehyde." 3-thiacyc1o
pentanone?' and 4-thiacyclohexanone, respectively (79-83% yield). The aldolization products
(2a, 2b, 2c) were subjected to desulfurization using triphenyltin hydride?' in the presence of
azobisisobutyronitrile (AIBN) (O.2eq) to give the cis-isomers (3a-l, 3b-l, 3c-l) predominantly
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)

OH

~
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9 :: 4
CH3 6

8 N 0 3

o 1><-2

4

Chart 2

together with a small amount of the trans-isomers (3a-2~ 3b-2~ 3c-2) (cis: frans= 71 : 29·
90: 10). The cis and trans-isomers were separated by chromatography on silica gel. In this
reaction. reductive cleavage of only the phenylthio group took place to give 3 selectively,
whereas the alkylthio group in the C-7 side-chain of 2a, 2b. 2c remained intact (Table II).

The relative configuration at the C-9 position of 3~l-1 was confirmed by converting the
compound into the desulfurized compound 4 (Chart 2). The nuclear magnetic resonance
(N M R) spectrum of 4 was identical with that of the compound with R* C w9 configuration.'?'
Therefore the relative configuration of the C-9 position of 3a-l was determined to be S* .111

The exclusive formation of S" is likely to be consistent with Martel et al.'s prediction':"
based on a six-membered transition state mechanism. The configuration of the C-9 position of
3b has not been determined yet. Chart 3 shows the preparation of carbapenem 13a from 3a-l.
The hydroxy group of 3a was protected with a methoxyethoxymethyl (MEM) group.':"
Oxidation of 5a with n1-chloroperbenzoic acid (m-CPBA) gave the sulfone 6a (761~)~ which
was converted into the carboxylic acid 7a by Jones oxidation." The unstable carboxylic acid
7a was transformed into the keto-ester 8a (53~!(;);4) which was converted into the diazo keto
ester 9a (89~i'~). Removal of the MEM group from 9a was effected with titanium tetrachloride
to form the cyclization precursor lOa quantitatively. Construction of the carbapenem ring was
achieved by the rhodium-catalyzed carbene insertion reaction.P' Reaction of 11a with
diphenyl chlorophosphate followed by treatment with N..acetylcysteamine in the presence of a
base'?' gave the carbapenem ester 12a (Table VII). The p..nitrobenzyl (PNB) group of 12a was
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12a C02PNB

R' ::::CH2CH2NHAc
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I3a C02No

MEM=CH20CHzCH20CH3

Chart 3

1 H HR)=Q

3b-1: R' 0 GOH

3c-!: RI =q
OH

»

Chart 4

removed by hydrogenolysis using 10% palladium-eharcoal to give the carboxylic acid (or
sodium salt) of the carbapenem 13a. The carbapenems (13b and 13c) were also obtained from
3b-l and 3c-l, respectively, by a process similar to that employed for the conversion of 3a-l
into 13a (Chart 4).

Our attention was then directed to establishing a new synthetic method in which the use
of LDA and organotin hydride, and a tedious chromatographic separation of cis and trans
isomers, could be avoided. Easily available cis-substituted 8-oxo-7-azabicyclo[4.2.0]oct-3-ene
(14)17) seemed to be a promising starting material for this purpose. A few syntheses of 5,6-cis-
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carbapenems from 14 have already been reported,':" but these syntheses do not permit the
introduction of a hydroxy group into the e-g position of the side-chain. Key features of our
retrosynthetic plan (Chart 5) include i) regioselective generation of the a,ll-unsaturated
aldehyde D via an intramolecular aldol condensation of the dialdehyde E, ii) conversion of D
into the diol C, iii) formation of the bicyclic f3-Iactam B, and iv) synthesis of the carbapenem A
from B by the same procedure as described before (Chart 3).

The synthesis of 20was carried out as shown in Chart 6. After the protection of the amide
nitrogen of the f3-lactam 14 the silylated IJ-Iactam 15 was subjected to osmylation with 0804
N-methylmorpholine N-oxide 19l to furnish a diol 16. The diol 16 was subsequently treated
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with HI04 · 2H20 to give a rather unstable dialdehyde 17 quantitatively. In the intramolecular
aldol condensation, there is a possibility of the formation of two regioisomers (18 and 18').
Actually, by effecting the reaction with morpholine-eamphoric acid,20) a ca. 1: I mixture of 18
and 18' was obtained (the ratio was determined by NMR after reduction with NaBH4 to 19
and 19'). On the other hand, treatment of 17 with piperidine-acetic acid21) afforded 18 highly
regioselective1y but in a low yield (after reduction with NaBH4 , 19 was isolated in 16% yield).
An exclusive formation of the regioisomer 18 was achieved in a good yield by treating 17 with
dibenzylammonium trifluoroacetate.P? Reduction of 18, without purification, with NaBH4
gave 19 in 57% yield from 16 (the other regioisomer 19' was not observed by 13C-NMR or
high performance liquid chromatography (HPLC)). We presumed that this high regioselec
tivity might be due to the bulkiness of the tert-butyldin1ethylsilyl group. Ozonolysis of 15 also
gave 17 which contained unidentified impurities (checked by thin layer chromatography
(TLC)) and the subsequent aldol reaction, without purification, effected with dibenzylam
monium trifluoroacetate afforded 19 in only 19/~ yield.

Treatment of 19 with thionyl chloride gave a mixture of two chlorinated isomers 20a-l
and 20a-2 in a ratio of ca. 1 : 1(determined by NMR). Compound 20a-2 was formed via allylic
rearrangement. Then, 19 was treated with N-bromosucciniInide-dimethylsulfide231 to afford
the bromide 20b-l in 67/~ yield without concomitant formation of the allylic rearranged
product 20b-2. Ozonolysis of 20b-l and subsequent reduction with NaBH4 gave the diol 21 in
97% yield (for the side-chain stereochemistry, vide post), from which the silyl group was
removed with potassium fluoride to furnish the dial 22 in 92~~ yield. The diol 22 was treated
with 2,2-dimethoxypropane to give the acetonide 23 in 63 ~~,~ yield. Since the bromo atom in
the side-chain is susceptible to nucleophiles, 23 serves as a versatile intermediate for preparing
a new type of carbapenems with a variety of functional groups in the C-6 side-chain. The
acetonide 23 was converted into the sulfenyl compound 24 in a good yield by treatment with a
thiol compound in the presence of a base (Chart 7). Preparation of the carbapenems 13 fr0111
24 was achieved in the same manner as shown in Chart 3.

Since the synthesis of the racemic. 5,6-cis-carbapeneln was established, we concentrated
our efforts on the synthesis of optically active 5,6-cis-cC:lrbapenen1s. Chart g shows the
synthesis of the desired chiral bicyclic fJ-lactaln 29 from the racemic compound 25, which was
derived from commercially available cis·l,2,5,6-tetrahydrophthalic anhydride. Enantiomer
resolution of the racemic compound 25 with cinchonidine provided the chiral half ester 26a 24 1

and its enantiomer 26b.24 1The half ester 26a was converted into 27 by Curtius rearrangement

20b-1
1) o,

)

2} NaBH.1

OH
: H H

Br~OH

~j-N, R
o

I

21 : R=Si+
I

22: R=H

OH
:H H

R

N
23 : R=Br
24 : R=SRI

»

OH
02 : H H

R1S~SR2

eOOH

13

Chart 7
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in 79% yield, and 27 was then hydrolyzed to the f3-alnino acid 28 in 76% yield. The f3-amino
acid 28 was transformed into the optically active j1-lactan12925

) with Ph3P-(PyS)2/CH3CN.26)
On the other hand, 26b was also converted into 29 viaesterification (92%), hydrolysis (93~~),

Curtius rearrangement (96%,), and deprotection (73~~;). By the strategy we have described
here, both the enantiomers (26a and 26b) resolved from 25 are wholly utilized in preparing the
optically active compound 29.

The same sequence of reactions employed in the preparation of23 from 14 was applied to
the optically active compound 29 to give the desired optically active /3-lactaln 36. The
stereochemistry of36 was confirmed to be 6R, 7R, 9R by a single crystal X-ray analysis.?" The

Q resolution
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F\, , =<HhH ----?'
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29 : H ~"H
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TABLE I. Biological Activities of Carbapenems with a Sulfonyl Group in the C-6 Side-Chain

H H
: :R'NR'

o COONa

Me OH
M~

Biological
activities

Compound
R1

R1

Ot
SqOH

SCH2CH2NHAc

13b-I

0%

OOH
SCH=CHNHAc

13b-2

O QH
% •

MeS~

SCHlCH2NHAc

13a

0% 9H

PhS~

SCH=CHNHAc
39

o
t
SCH=CHNHAc

C-19393 H2

Antibacterial activity
in vitro (MIC: Ilg/ml: 108 CFU)UI

S. aureus FDA 209P
E. coli 0-111
C. freundli IFO 12681
K. pneumoniae DT
in vivo (ED50 : mg/kg)"
E. coli 0-11 I

3.13 1.56 1.56 1.56 0.78
0.39 0.39 0.39 0.78 O. I
3.13 1.56 3.13 1.56 0.2
3.13 0.78 1.56 3.13 0.78

0.329 0.39 - - 50

fJ-Lactamase inhibitory activity
(ID50 : jlg/ml)el

Source and type of p-Iactamase
S. aureus 1840 PCased l

E. coli TN 713 pease
E. cloacae TN 1282 CSaseE')
P. vulgarisGN 4413 CSase

Half-life in mouse kidney homogenate (min)

0.14 0.0022 0.21 0.65 43
0.014 0.0035 3.2 >5 3.0
0.19 0.040 0.025 0.12 34
0.25 0.055 1.7 2.5 0.60

> 120 > 120 > 120 > 120 15

w
IJ\

a} The MICs were determined by a standard dilution method in Trypticase soy agar (BBL).Z81 h) Protective effect against experimental intraperitoneal infection in mice. c) The ID50s I ~
(concentrations required to cause 50~·~ inhibition) were determined by microiodometric method.i'" d, e) pease. penicillinase; CSase, cephalosporinase. :-

,-..

\0
00
.::j
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reduction of the ozonide of 35 with NaBH4 was proved to proceed selectively to give 9R
stereochemistry. Optically active carbapenems with a sulfonyl group in the C-6 side-chain (39)
were synthesized from 36 by applying the same sequence of reactions as employed for the
synthesis of the racemic compound (Chart 9).

Biological Activity
The in vitro antibacterial activity of the carbapenems with a sulfonyl group in the C-6

side-chain against several bacteria is shown in Table 1. Their /i..lactarnase inhibitory (BLI)
. activity and stability to the mouse kidney homogenate are also given. It should be stressed

that these carbapenems are highly stable to the mouse kidney homogenate (half-life
> 120 min), which should reasonably reflect the behavior towards renal dehydropeptidase.
Most of the compounds showed good antibacterial activity as well as strong BLI activity.
Carbapenems 13a-1 and 13b-2 showed a good in vivo protective effect in mouse infected with
Escherichia coli 0-111, which seems to reflect the in vitro antibacterial activity.

Experimental

Melting points were determined with a Yanagimoto melting point apparatus and are uncorrected. Infrared (IR)
spectra were measured with a Hitachi 215 spectrophotometer. IH-NMR spectra were taken on a Varian EM-390
(90 MHz) and a JEOl OK-400FT (400 MHz) spectrometer, and 13C-NMR spectra were measured with a lEOL OK
400FT (100 MHz) spectrometer with tetrarnethylsilune as an internal standard. Abbreviations are follows: s= singlet;
br s= broad singlet; d =doublet; del=doublet ofdoublets; t= triplet; q::~ quartet. Ultraviolet (UV) spectra were taken
with a Hitachi 557 spectrophotometer. Extracted solutions were dried over sodium sulfate. The MICs (minimum
inhibitory concentrations) were determined by a standard dilution method in Trypticasc soy agar (BBL) as described
previously.i'" The BLI activity were determined as described previously and expressed in terms of ID~o' the
concentration required to inhibit IJ-Iactamase activity by 50~,~.29)

7-(l-Hydroxy-2-methylthioethyJ)-2,2-dimethyl..3-oxa-7-phenylthio-l-azabicyclo[4.2.0]octan..s-one (2a) and 7-(1
Hydroxythiacycloalkyl)-2,2-dimethyl-3-oxa-7-phenylthio--l-al.abicyclo[4.2.0]octan-8-one (2b, c)--As a typical ex
ample, the preparation of 28 from 1 is described. A solution of 2,2-dimethyl-3-oxa-I-azabicyclo[4.2.0]octan-8-olle
(1) (1.00 g, 6.45 mmo1) in dry tetrahydrofuran (THF) (20ml) was added at -78 DC to a solution of LDA, prepared.
from n-butyllithiurn (9.6ml of 15~~~1 hexane solution. 14.7mmol) and diisopropylarnine (2.2ml, 15.7mmol) under a
nitrogen atmosphere, and the mixture was stirred for 15min at - 78 "C. A solution of diphenyl disulfide (1.42 g,
6.50 mmol) in dry THF (6 ml) was added dropwise to this enolate over 5 min at - 78"C. The mixture was stirred for
15min at this temperature, then methylthioacetaldehyde'" (1.16g, 12.9 mmol) was added. The mixture was stirred for
30 min and poured into a mixture of 3~.~ acetic odd (60 ml) and AcOEt (60 ml) at 0 "C with stirring. The organic phase
was separated and the aqueous phase was further extracted with AcOEt. The combined extracts were washed
successively with 0.5N NaOH, water and sat, aq. NaCI, and dried. After evaporation of the solvent. the residue was
subjected to chromatography on silica gel. Elution with hexane..-AcOEt (I : 2, vjv) gave 2a (1.88 g, 83~~/;~) as colorless
crystals (u mixture of two isomers at C-7). Compounds 2b and 2c were synthesized in a similar manner, by using 3
thiacyclopentanone'" and 4-thiacyclohexanone, respectively, in place of'methylthioacetaldehyde. The stereochemistry
of 2b at C-9 has not been determined.

2a: Colorless prism, mp 83-85 "C. Yield g3~~~:. IR \I~~~cm-'I: 1730. 'H-NMR (CDCIJ ) (5: isomer A: 0.79, 1.58
(each 3H. 2x S, 2 x Me), 1.6-2.0 (2H, m, C~-H.!). 2.15 (3H,.s, SMe), 2.89 (2H, d,J=7.5 Hz, CH,2S),3.3-4.0 (3H,m,
C.~·H~,Ch-H), 4.31 <. IH, dd, J =7.5,4.8 Hz, SCH2Ctn. 7.2---7.6 (5H, m, aromatic protons). Isomer B: 1.47, 1.76 (each
3H, 2 x S, 2 x Me), 1.91 (3H, S, SMe), 1.6--2.0 (2H, Ill, CS-H2), 2.96 (2H, m, CH 2S), 3.7--4.0 (3H, m, C4-H 2, C6-H),

4.13 (l H, dd, J=:5.1, 1005Hz, SCH2Cij), 7.2..·..-7.7 (5H, m, aromatic protons). Anal, Calcd for CJ7HnN03S2: C,
57.76; H. 6.56; N, 3.96; S, 18.14. Found: C, 57.69; H, 6.68; N, 4.14; S, 18.38.

2b: Colorless oil. Yield 83'X,. IR V~~I~iclC11l-1: 1740. IH-NMR (CDCI3) (5: l.4u, 1.56 (each 3H, 2xs, 2xMe),
1.5-1.9 (2H. m, CS-H2) , 2.2--2.4 (2H, m, CHz). 2.8--3.2 (4H, m, CH2SCH2) , 3.8-4.2 (3H, m, C4·H2, Cft·H),
7.1-7.9 (5H, m, aromatic protons).

2c: Colorless prism. mp 191-192C>C. Yield 79cX•. IR v~~~cm-l: 1730. IH-NMR (CDCI3) (5: 1.38, 1.48 (each 3H,
2 x s, 2 x Me), 1.6 (2H. m, CS-H2) . 1.7-3.3 (8H, m, 4 x CH2) , 3.7-4.2 (3H. 01, C4-H2• C[)-H), 7.1-7.9 (5H, m,
aromatic protons). Anal, Calcd for C19 H2SNO.,S2: C. 60.13; H, 6.64; N, 3.69; s, 16.89. Found: C, 60.39;H, 6.49; N,
3.68; S, 17.17.

7-(1':HYdroxy-2-methyltbioethyl).2,2-dimethyJ-3-oxa..l-azabicyclo[4.2.0]octan~-onc (3a)' and 7-(1-Hydroxy
thiacycJoalkyl)-2,2-dimethyl-3-oxa-I-azabicyclo[4.2.0]octan-8-one (3b, c)--As a typical example, the preparation of
3a from 2a is described. A mixture of2a (1.32g, 3.73 mrnol), AIBN (120 mg. O.73mmol), triphenyltin hydride (2.62g,



T ABLE II. 2,2-DimethyI-7-(substituted-alkyl)-3-oxa-l-azabicYclot4.2.0)octan-8-ones (3)

....
o
~

PhS H R

R:t() PhsSnH)' RJ=O Hto+
AIBN o NXO o NXOo X

2 cis trans

Stereo- Analysis e~)

Compound
R

chemistry Yield mp IRcm- 1

NMR (CDCI3 ) s Found (Calcd)
at C(6) e~) rC) (~Br)

and C(7) C H N S

3a-l OH cis 70 91-92.5 1720 I}8, 1.72 (each 3H, 2 x s, 2 x CH3 ) , 2. I5 (3H, S, SCH 3) . 53.85 7.81 5.82 13.06
CH3SCHzCH- 1.5-2.2 (2H, m, CHz), 2.68 (2H, d, J = 6 Hz, SCHz), (53.85 7.81 5.71 13.07)

3.33 (IH, dd, J=6.8, 5.3 Hz. CH-CO), 3.6-4.0 (3H, m,
OCH2 , CH-N), 4.12 (lB, m, CH-N)

3a-2 OB trans 19 106-107 1740 1040,1.71 (each 3H, 2xs, 2xCH3) , 2.12 (3H, 5, SCH 3) , 54.03 7.92 5.70 12.77
CH3SCHzCH- 1.5-2.1 (2H, m, CH z). 2.3-3.2 (3H, m, SCHz, CH-CO), (53.85 7.81 5.71 13.07)

3.5--4.2 (4H, m, OCHz, CH-N, CH-O)
3b-l S~OH cis 80 113-115 1740 lAO, 1.74 (each 3H, 2 x S, 2 x CH3) , 1.6-2.2 (2H. m, CH z), 56.28 7.35 5.40 12.65

2.5-3.2 (6H, m, 3xCHz), 3.36 (IH, d, J=6Hz, CHCO), (56.01 7.44 5.44 12.46)
3.7-4.1 (3H, m, CHN, CHzO)

3b-2 S~OH trans 9 145-147 1720 1040, 1.69 (each 3H, 2 x 5, 2 x CH3),.1.6-2.0 (2H, m, CHz), 56.13 7.38 5.37
2.3-3.2 (7H, rn, 2 x CH 2 , eH-CO), 3.5--4.0 (3H, m, (56.01 7.44 5.44)
CHN, CH2O)

3c-I
SYH

cis 64 133-134 1740 1.38. 1.73 (each 3H, 2 x s. 2 x CH J ) , 1.6-3.3 (IOH, m, 57.30 7.85 5.42 12.05
5xCHz), 3.20 (IH, d, J=6Hz, CH-CO). 3:6-3.9 (3H, m, (57.54 7.80 5.16 11.81)
OCHz• CH-N)

3c-2 sYH trans 26 163-164 1720 1040,1.71 (each 3H, 2xs, 2xCH3 ) , 1.6-3.3 (lOH, m, 57.21 7.87 5.49
5 xCH1 ) , 2.81 (IH, d, J=2Hz, CH-CO), 3.55 (lH, m, (57.54 7.80 5.16)
CH-N), 3.7-3.9 (2H. rn, OCH 2) I -<s.

w
VI

C
\0
00
~
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TABLE III. (6R*, 7R+)-2,2-Dimethyl-7-[I -(2-methoxyethoxymethoxy)substituted alkyl]
3-oxa-l-azabicyc1o[4.2.0}octan-8-ones (5)

1005

Compound R
IRcm- 1

(liquid)

5

NMR (CDCI.\) (5

Compound
R

Yield") IRcm- 1

( ~{)) (liquid)

6a OMEM 76 1745

CH"S02CH2 t H.-

61> OI8~OMEM 86 1750

6c O<0MEM Quantitatively 1740
0:8

Sa £MEM 1750 1.37, 1.70 (each 3H, 2 x S, 2 X CH~\), 2.14 (3H. s,
CH3SCH2CH- SCH,,), 1.5-2.1 (2H, m, CH2) , 2.75 (2H, dd,

J == 5.3, 5.3 Hz, 8CH2) , 3.38 (31-1, 54 OCH3 ) .

3.4-4.0 (8H, m, 3 x OCH z, CH-CO. CH-N), 4.2

QOMEM

(tH, m, CH-O), 4.87 (21-1, m, OCH~6)
5b 1745 1.38, 1.71 (each 3H, 2 x S, 2 x CH3 ) , 1.70 (2H, In,

CI-I2) , 2.0-3.2 (6H, m, 3 x CHz), 3.17 (1H, d,
J=5Hz, CH-CO), 3.38 (3H. S, OCH3 ) , 3.3-3.9
(7H, m, 3 x OCH2, CH-N), 4.90 (2H, br s. OCH2O)

5c ryMEM 1745 1.38, 1.71 (each 3H, 2 x S, 2 x CH.,), 1.5-3.1 (lOH,
m, 5 x CHz), 3.38 (3H, s, OCHJ ) , 3.0-4.0 (8H, m,
3 x OCH2 , CH-CO, CH-N), 4.93 (2H, 111, OCH2O)

TABLE IV. (6R*,7R*)-2,2-DimethyI-7-(substituted-sulfonylalkyl)-3-oxa-l-azabicyclo[4.2.0}octan-8-ones (6)

1.37, 1.70 (each 3H, 2 x s, 2 x CH.,), 2.14 (31-1. s,
SCH.,), 1.5----2.1 (2H. m, CH2) , 2.75 (2H, dd, J=
5.3, 5.3 Hz, SCH~), 3.38 (31-1, s, OCB,,). 3.4--4.0
(8H, m, 3xOCH;l' CH--CO, CH-N), 4.2 (tH, 01,

CH-O), 4.87 (2H, m, QCHzO)
1.38, 1.69 (each 31-1, 2 x S, 2 x CH3) , 1.9 (2H, m,
CH 2) , 3.36 (3H, s. OCH3) , 3.0--4.0 (12H, OI,

2 x S02CH2' 3 X OCH2• CH-CO, CH.--N), 4.86
(2H, s. OeH20)

1.38, I.70 (each 3H, 2 x S, 2 x CH 3) , 1.6---3.0 (8H,
m, 3 x CH2, CHS02CH), 3.1--4.0 (lOH, 01,

CHS02CH, 3 x OCHz, CH·-CO, CH-N), 3.36
(3H, s, OCH3) , 5.01 (2ft In, OeHzO)

a) Overall yields from 3.

7.46010101) and acetone (45 ml) was refluxed for 5 h under a nitrogen atmosphere. After further addition of
triphenyltin hydride (1.00 g, 2.84010101), the mixture was refluxed for an additional· 14h. The solvent was evaporated
off and the residue was subjected to chromatography on silica gel. Elution with hexane-AcOEt (4: 1-1: 1, vjv)
afforded the cis-azetidinones 3a-l (643 mg, 70~/~) and the tralls-azetidinone 3a-2 (172 mg, 1911'~). each as colorless
prisms. Compounds 2b and 2c were desulfurized to give 3b and Je, respectively, in a similar manner. The results are
summarized in Table II.

Desulfurization of 3a-l--A mixture of 3a-1 (80mg, 0.33 mmol), Raney nickel (Kawaken Fine Chemical,
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NDHT~90) (l ml) and THF (7 ml) was refluxed for 5 h. The Raney nickel was filtered off and the filtrate was
concentrated. The concentrate was subjected to chromatography on silica gel. Elution with AcOEt-hexane (1: 1
2: I, vjv) afforded 4 as a colorless oil (44mg, 671,Ya). IH~NMR (acetone-zg) 0: 1.15 (3H, d. J=6Hz, Me), 1.36. 1.63
(each 3H, 2 x s, 2 x Me), 1.8 (2H, 01, CS-H2) , 2.8 (lH~ brs, OH), 3.05 (lH, dd, J =5, 7.5 Hz, C7-H), 3.6-4.3 (4H, m,
C4-H, C6-H, CH-O). . .

(6R* ,7R*)-7-[l-(2-Mcthoxyethoxymethoxy)-2-methyIthioethyl]-2,2-dimethyl-3-oxa-l-azabicyclo[4.2.0]octan-8
one (Sa) and (6R*, 7R*)-7-[1-(2-Methoxyethoxymethoxy)thiacycloalkyl]-2,2-dimethyl-3-oxa-l-azabicyclo[4.2.0]oetan
8-one (5b, c)--As a typical example, the preparation of Sa from 3a is described. A mixture of the azetidinone 3a
(286 mg, 1.17 mmol) diisopropylethylamine (0.63 ml, 3.62 mmol), 2-(methoxyethoxy)methyl (MEM) chloride
(0.42 ml, 3.67 mmol) and CH2Clz (8.5 ml) was allowed to stand at room temperature for 140 h under a nitrogen
atmosphere. The mixture was then washed successively with water, 2% acetic acid, sat. aq. NaHC03 • water and
sat. aq. NuCI, and dried. The solvent was evaporated off to give the azetidinone 5a (quantitatively) as a pale yellow
oil. which was used in the subsequent oxidation without further purification. The results are summarized in Table III.

(6R* ,7R*)-7-[1-(2-Methoxyethoxymethoxy)-2-methylsulfonylethyl]-2,2-dimethyl-3-oxa-l-azabicyclo[4.2.0]
octan-8-one (6a) and (6R*, 7R*)-7-[1-(2-Methoxyethoxymethoxy)thiacycloalkyl-S,S-dioxide]-2,2-dimethyl-3-oxa-l
azabicyclo[4.2.0]octan-8-one (6b, c)--As a typical example, the preparation of 6a from Sa is described. A solution
of5a prepared from 3a-1 (274mg, Ll Zrnmol) in CH 2Cl2 (9ml) was treated at O°C with m-CPBA (ca. 70~%;) (597mg).
After being stirred for 2 h, the mixture was washed successively with sat. aq. NaHC03 , water and sat. aq. NaCI. The
organic phase was dried and evaporated. The residue was subjected to chromatography on silica gel. Elution with
AcOEt afforded 6a (310 mg, 76/,~ from 3a-1) as a colorless oil. The azetidinones 6b and 6c were similarly prepared
from 5b and Sc, respectively. The results are summarized in Table IV.

(3R* ,4R*)-4-CarboxymethyJ-3-[1-(2-methoxycthoxymethoxy)-2-mcthylsulfonylethyl]azetidin-2-one (7a) and
(3R*,4R*)-4-Carboxymethyl-3-[1-(2-methoxyethoxymethoxy)thiacycloalkyl-S,S-dioxide]azetidin-2..one (7b, c)--·-As
a typical example. the preparation of 78 from 6a is described. An 8 N solution of Jones reagent (0.43 ml) was added
dropwise to a stirred, cooled (0 "C) solution of the azetidinone 6a (226 mg, 0.73 mmo!) in acetone (4 rnl). The mixture
was stirred for 7 h at O°c. After the addition of isopropyl alcohol (0.3 ml), the mixture was stirred for 10min at O°C

TABLE V. (3R* ,4R*)r3-(Substituted-sulfonylulkyl)-4-(p-nitrobenzyloxycarbonyl
2-oxopropy])azetidin-2-ones (8)

H H
R~OPNB

o.?-N 6 6
H

8

Compound

Sa

8b

8e

R
Yield U

)

tX,)

53

71

60

IR COl··'

(liquid)

1720.1760

1720-1750

1720-1750

2.96 (3H, s, S02CH.\), 3.11 (2H, d. J ,;:7 Hz,
CH 2CO). 3.33 (3H. s, OCB,,), 3.57 (2H, s.
COCH2CO), 3.1..·--4.0 (7H. m, OCH2CH20 ,
S02CH2' CHeO), 4.1 (lH. m, CH-·N). 4.4 (lB.
m, CH-O). 4.83 (2B, s, OCHzO), 5.25 (2B, s,
OCH 2Ar), 6.33 (lH, br, Nij), 7.50 (2H, d, J=
9Hz. arom H), 8.20 (2H, d. J=9Hz, arorn 11)
2.6 (2H. m, CH 2) . 3.30 (3H, s, OCHJ ) , 3.59 (2H,
s, CO-CH2CO), 3.2---3.9 (l lH, m, OCH2CH20.

2 x S02CH2' CH-CO, CH 2CO). 4.2 (J H, m,
CHN). 4.76 (2H, s, CH 2Ar), 6.86 (I H, br, NH).
7.55 (2H, d, J=9 Hz, arom H), 8.22 (2H, d,
J=9Hz, arom H)
2.0-3.0 (6H, m, 2 x CH 2 • CHSCH), 3.34 (3H, s.
OCH3) , 3.63 (2H, s, COCH2CO), 3.1-3.9 (9H, m,
CH2CO, CHeO, OCH2CH20, CHSCH), 4.2 (l H,
m, CHN), 4.92 (2H,m, OCH20), 5.30 (2H. s,
OCHzAr), 6.5 (tH, br, NH), 7.54 (2H, d. J=9Hz,
arom H), 8.23 (2H, d. J=9 Hz, arom H)

a) The yields are based on 6.
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and was then diluted with CH2C1 2 (10 ml). Insoluble materials were filtered off and the filtrate was concentrated. The
concentrate was dissolved in CHCl3 (l0 ml) and the solution was dried and evaporated to dryness to give the acid 78
(205 mg, 82~~) as a colorless oil. Similar oxidation of the azetidinones 6b and 6c gave the acids 7b and 7c, respectively.
These compounds were used in the subsequent reactions without purification. IR v~l~~idcm-l: 1700-1760.

(3R'" ,4R*)-3-[1-(2-Methoxycthoxymethoxy)-2-methylsulfonylethyl]-4-(p-nitrobenzyloxycarbonyl-2-oxopropyl)
azetidin-2-one (8a) and (3R* ,4R*)-3-[1-{2-Methoxyethoxymethoxy)thiacycloalkyl-S,S-dioxide]-4-(p-nitrobenzyloxy
carbonyl-2-oxopropyl)azetidin-2-one (8b, c}--As a typical example, the preparation of8a from 78 is described. N,N
Carbonyldiimidazole (132mg, 0.814mmol) was added [0 a solution of the acid 7a (230 mg. 0.68mmol) in dry THF
(9 mI). After the mixture had been stirred for 6 h at room temperature under a nitrogen atmosphere, magnesium p
nitrobenzyl malonate (407 mg, 0.81 mmol) was added. The mixture was stirred for 20 h at room temperature under a
nitrogen atmosphere and was then diluted with AcOEt and washed successively with dil. BCI, water, sat.
aq. NaHCO,l' and water. The organic phase was dried, the solvent was evaporated off, and the residue was
chromatographed on silica gel. Elution with AcOEt gave the azetidinone 8a (J 87 mg. 53~{;) as a pale yellow oil. The
results are summarized in Table V. •

(3R* ,4Rifc)-4-[3-(Diazo-3-(p-nitrobenzyloxycarbonyl)-2-oxopropyJ]-3-[1-(2-methoxyethoxymetbo?,y)-2-methyl
sulfonyJcthyl]azetidin-2-one (9a) and (3R* ,4R*)-4-[3-Diazo-3-(p-nitrobenzyloxycarbonyl)-2-oxopropy1]-3-[1-(2
metboxyethoxymethoxy)thiacycloaJkyJ-S,S-dioxide]azetidin-2-one (9b, c)--As a typical example, the preparation of
9a from 8a is described. A solution of p-toluenesulfonyl azide (84 mg, 0.43 mmol) in dry acetonitrile (1 ml) and Et3N

(0.19 ml, 1.36 mmol) were added to a stirred, cooled (O°C) solution of the azetidinone 8a (I 87 mg, 0.36mmol) in dry
acetonitrile (6011). After being stirred for 1 h at room temperature, the mixture was diluted with AcOEt, washed with
sat. aq. NaCl, and dried. After evaporation of the solvent, then residue was chromatographed 011 silica gel. Elution
with AcOEt gave the diazo-azetidinone 9a (172 mg, 89%) as a pale yellow oil. The diazo-azetidinones 9b and 9c were
synthesized in a similar manner. The results are summarized in Table VI.

p-NitrobenzyI (5R*,6R*)~2-Acctamidoethylthio-6-[1-hydroxy.2-methylsulfonylethyl)]-2-earbapenem-3-earboxy

late (12a) and p-NitrobenzyJ (SR*,6R>fC)-2-(Substituted)thio-6-(1-hydroxythiacycloalkyJ-S,S-dioxide)-2-carbapcnem-3
carboxylate (12b, c}--As a typical example, the preparation of 12b·1 from 9b is described. Titanium tetrachloride
(1.30011, 11.8 mmol) was added to a stirred, cooled (0 "C) solution of the diazo-azetidinone 9b (72 mg. n.13mmol) ill
CH 2C12 (18 ml) under a nitrogen atmosphere. The mixture was stirred vigorously for I h at 0 DC. then AcOEt (30 ml)
was added, and the reaction mixture was stirred for an additional 1h at 0 "C and poured into a stirred, cooled (O:'C)

TABLE VI. (3R*,4R*)-3-(Substit u ted-sulfonylalkyl )-4-[3-diazo-3-(p-nitrobenzyloxycarbonyl)
2-oxopropyl]uzctidin-2-o11es (9)

H H N2

RW";\r0PNB
N 0 0 9

o H

Compound R
Yield

eiJ
IR em-' l

(liquid)

9a

9b

9c

89

90

98

2140. 1750 2.96 (31-1, s, S02CH3)' 3.35 (3H. S, OCH.,). 3.2-4.0
(9H, m, cnco. CH2eo, OCH2CH20, SO;lCHz),
4.15 (lB, 111. CHN). 4.35 (lH, m, CH-O). 4.87
(2H, ABq, J= 10.5, 7.5 Hz, OCH20), 5.33 (2H, s,
OCH 2Ar), 6.21 (l H, br, NH), 7.51 (lB. d. )=-9 Hz,
urorn H), 8.23 (2H, d, .1=9 Hz. 31'Om 1-1)

2140. 1760 2.6 (2H, m, CH 2) . 3.31 (3H. S, OCH3) , 3.0---3.9
(ll H, m, CJ'J2S0~CH2' OCH2CH 20 , CH,2CO,
CHeO), 4.2 (IH, 111, CHN), 4.83 (2H. hr. OCH20 ),
5.26 (2B. s. OCH2A r), 6.40 (rH, br, NH), 7.54
(2H. d, )=-9Hz, arom H), 8.24 (2H, d, J=9 Hz,
arom H)

2140.1760 2.1-3.0 (6H, m, 2xCH2 , CHSCH). 3.36 (3H, s.
OCH.,), 3.3-3.9 (9H, m, eH2eO, caco,
OCH2CH20 , CHSCH), 4.2 (1H, 01, CHN). 4.93
(2H, br, OeH20), 5.38 (2H. s, OCHzAr), 6.4 (l H,
br, NH), 7.54 (2H, d, J=9Hz, arom H), 8.26 (21-1.
d. J= 9 Hz, arom H)



TABLE VII. p-Nitrobenzyl 2-Carbapenem-3-carboxylates (12)

o
~

H HRWSR'
COOPNB

12

Compound R1 R2 YieldO
) IR em-I UV (EtOH) NMR (acetone-Z) s

(%) (state) nrn

12a
CH3S02CH2t~-

CH2CH2NHAc 32 1765 267 u}

(KBr) 320
12b-l O,QOH CH1CH1NHAc 32 17"70 269 1.90 (3H, S, COCH3) , 2.7 (2H, m, CH2) , 2.8-3.8 (lOH. m,

(liquid) 320 2 x SOlCH z, CHz' SCH2CHzN), 4.08 (lH, d, J=6Hz, CHCO),
4.4 (lH, m, CHN), 5.38 (2H, ABq, J=22, 14Hz, OCHzAr), 7.4
(lH, m, NH), 7.78 (2H. d, J=9Hz, arom H), 8.25 (2H, d,
J=9Hz, arom H)

12Jr.2 O,QOH ~NHAc 36 1765 230 1.97 (3H, 5, COCH 3), 2.45 (2H, m, CHz), 2.7-3.9 (6H, m,
(KBT) 265 2 x SOlCH2 , CH2) , 4.06 (l H, d, J=6 Hz, CHCO), 4.4 (JH, m,

326 CRN), 5.38 (2H, ABq, J=22, 14Hz, OCH2Ar), 5.9 (JH, ct,
J= 14Hz, SCH=C), 7.17 (JR, dd, J= 14, 13Hz, SC=CHN),
7.73 (2H, d, J=9Hz, arom H), 8.21 (2H, ct, J=9Hz, arom H),
9.76 (lH, d, 'J= 13Hz, NH)

12c O,O<'H CH1CHzNHAc 25 1110 268 1.90 (3H, S, COCH3 ) , 2.1-3.7 (l4H, m, 5 x CHz' SCH2CH2N),

(KBT) 319 3.84 (lH, d, J=6Hz, CHCO), 4.4 (JH, m, CRN), 5.40 (2H,
ABq, J=24, 14Hz, OCHzAr), 7.4 (lH,'m, NH), 7.78 (2H, d,
J=9 Hz, arom H), 8.23 (2H, d, J=9 Hz, arom H)

a) Overall yields from 9. b) Not measured, Insoluble in CDC}3 or acetone-db'

~
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TABLE VIII. Sodium 2-Carbapenem-3-earboxylate (13)

H H
Rj=Ql:~ SRI

N 13
COONa

Yieldbl IR cm- 1 UV (H2O)

Compound" Rl R2

(Oi~) (KBr)
nm NMR (DzO) s

(Et~~)

13a OH CHzCH2NHAc 36 1760 299 2.15 (3H, 5, COCH3) , 3.31 (3H. S, S02CH3)' 3.0-4.1 (9H, m,
CH3SOzCH2CH- (169) S02CH2' CH2, SCH1CHzN, CHeO), 4.4 (IH. rn, eHN). 4.8

Oz~H
(l H, m, CH-O)

13b-I CH1CH1NHAc 26 1750 298 2.01 (3H, s, COCH3) , 2.5 (2H, rn, CH2 ) , 2.8-3.9 (10H. rn,
(134) 2 x SOZCH2 1 CH2 , SCH2CH2N), 4.00 (lH, d, J=6Hz. CHCO).

OzS8<OH

4.4 (lH, m, CHN)
13b-2 ~NHAc 41 1755 229 2.20 (3H, 5, eaCH3) , 2.65 (2H, rn, CH 2) , 3.0-4.0 (6H, m,

(312) CH1 , 2xS02CHz), 4.12 (lH, d, J=6Hz, CHeO), 4.50 OH. m,
306 CHN), 6.15 (IH, d, J= 13Hz, SCij =CHN), 7.28 (IH, d,

Cl-H
(312) J= 13 Hz, SCH=CIjN)

13c CH2CH2NHAc 39 1750 300 2.13 (3H. 5, COCH), 2.2-3.9 (14H, m, 5xCH2 , SCHzCH.zN),
0:.8 (166) 3.97 (IH, d, J=6Hz, CHeO), 4.4 (IH. m, CHN)

a) All the compounds were obtained as colorless powders. b) Yields were calculated on the basis of the anhydrous sodium salts obtained by hydrogenolysis of the corresponding p-
nitrobenzyl esters.

Z
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mixture of 20~~~ K 2C03 (50 ml) and AcOEt (20 ml). Insoluble materials were filtered off. the organic phase was
separated and the aqueous phase was further extracted with AcOEt. The combined extracts were washed successively
with water, 20~·~ K2C0 3 • water, sat. aq. NaHC03, water and sat. aq. NaCl, and dried. Evaporation of the solvent gave
the diazo-ester lOb as a pale yellow oil (lR \'~I~~itlem -1: 2140, 1750. 1720). The unstable compound lOb was used in
the subsequent reactions without purification. A mixture of the diazo-azetidinone lOb, a catalytic amount of rhodium
(II) diacetate (5mg), dry THF (4ml), and dry benzene (6ml) was heated at 80('C for 7min under a nitrogen
atmosphere. After being cooled to room temperature, the mixture was evaporated to dryness to give the 2
oxocarbapenam (lib) as a foam (IR v~~~cm-I: 1770, 1720), which was used in the subsequent reactions without
purification. Diisopropylethylamine (0.016 ml, 0.09 mmol) and diphenyl chlorophosphate (0.019 ml, 0.09 mmol) were
added to a stirred, cooled (O°C) solution of the 2-oxocarbapenam (llb) in dry acetonitrile (6 ml) under an argon
atmosphere. The mixture was stirred for 1.5h at 0 ·;'C and then diisopropylethylamine (0.016 ml, 0.09 mmol) and N
acetylcysteamine (11 rng, 0.09 mmol) were added. After being stirred for I h at 0 "C and allowed to stand at -20 "C
for 14 h, the mixture was diluted with AcOEt, washed with water. and dried. After evaporation of the solvent the
residue was subjected to chromatography on Florisil. Elution with acetone-chloroform (l : 1, vlv)afforded 12~1 as a
pale yellow foam. Other compounds (12) listed in Table VII were synthesized in the same manner. Compound t2b-2
was prepared by using the silver salt of the thiol derivative.

Deprotection of the p-Nitrobenzyl Group of the Carbapenem Esters (12) by Hydrogenolysis---As a typical
example, the preparation of 13b~1 from 12b-1 is described. A mixture of 12b-1 (57 mg, 0.11 mmol) and 1O(~~;

palladium-eharcoal (50 mg) in THF (5 ml), pH 7.0 phosphate buffer (2.6 ml) and water (2.6 ml) was stirred under a
hydrogen atmosphere at room temperature for 1.5 h. The catalyst was filtered off, and the filtrate was washed with
AcOEt and concentrated under reduced pressure. The concentrate was' subjected to chromatography 011 Diaion HP
20 using water as an eluent. The fractions (i.~~~~ 298 nm) were collected and lyophilized to give 13b-l as a colorless
powder. The compounds listed in Table VIII were similarly prepared from the corresponding carbapenern esters.

(1S"',6R*)-3,4-cis-7-tert-Butyldirnethylsilyl-3,4-dihydroxy-7-azabicyclo[4.2.0]oct-8-one (16)--A solution of
the silylated {J-lactam 15 (4.70 g, 20 mmol) in acetone (lOml) was added to a solution of N-methylmorpholine N-oxidc
(3.40 g, 25 rnmol), water (24 ml) and OS04 (106 rng, OAmmol) in rerr-BuOl-l (4111\) at 0 ,)C under an argon atmosphere
with stirring. The mixture was stirred for 13 h under an argon atmosphere at room temperature in the dark. A
solution ofNaHS03 (4,3 g) in water (20 ml) was added with stirring, After 10min, magnesium silicate (15g) was added
to the mixture and vigorous stirring was continued for a further 10min. The precipitate was filtered off and the filtrate
was extracted with CHC\3' The extracts were dried and evaporated. The residue Was subjected to chromatography on
silica gel. Elution with AcOEt afforded the dial 16 (3.40 g, 63/;) as colorless crystals, mp 83-,-85 "C. Anal. Calcd for
C13H25N03Si: C. 57.53; H, 9.28; N, 5.16. Found: C. 57.84; H. 9.66; N, 4.92. IR \l~~~cm·-I: 1730, 1700. IH-NMR
(CDCI 3) () : 0.23 (6H, 5, 2 x SiMe), 0.96 (9H, 5, 3 x Me). 1.8--2.4 (4H. m, 2 x CH;;\), 3.18 (2H, br s, 2 x DB). 3.43 (1H.
m, C7-H), 3.6-4.3 (3H. m, C;I-H. C4·H, Cb~H).

The Dialdehydc 17----A solution of the diol 16 (2.08 g, 7.66 111mo1) in freshly distilled THF (60 ml) was treated
with periodic acid (2. I 6 g, 9,48 mmol) at 0 CtC with stirring. The mixture was stirred at room temperature for 45 min,
diluted with water and extracted with CHCI3 • The extract was washed with water, dried and concentrated to give
the aldehyde 17 quantitatively as an oily substance. The unstable dialdehyde was used in the subsequent reactions
without purification. IR v~ll,~ldcm-l: 1730.

Intramolecular AldolCondensation of the Dialdehyde 17·----1) Method A: A solution of the dialdehyde 17. which
was derived from the diol 16 (2'()8g, 7.66 mmol), in dry benzene (140 ml) was treated with dibenzylammonium
trifluoroacetate (465 mg. 1.49 mmol). The mixture was heated at 60"C for 50 min under an argon atmosphere.
Methanol (30ml) and NaBH4 (540mg, 14mmol) were added to the mixture and the mixture was stirred for 1.5hat
room temperature. After evaporation of the solvent, AcOEt and dil. HCl were added to the residue and insoluble
materials were filtered ofT. The organic phase was separated and the aqueous phase was further extracted with AcOEt.
The combined extracts were washed successively with water and sat. aq. NaCl, dried and evaporated under reduced
pressure. The residue was subjected to chromatography on silica gel, Elution with AcOEt--CHCl;, (I : I, v/v) afforded
(lS*,5R*)-6-tcrt-butyldirnethyisilyl-2-hydroxymethyl-7-ox0-6-azabicyc10[3.2.0]hcpt-2-cne (19) (1.104 g, 57~~/;J as a
pale yellow oil. IR v~(~~ldcm-I: 1720. 'H-NMR (400 MHz, CDCl3 ) (5: 0.224 (3H, S, SiMe), 0.235 (3H, s, SiMe). 0.956
(9H. S, 3 x Me). 2.253 (I H, br s, OH), 2.451--2.583 (2H. m, C4-H 2) , 4.063--4.125 (21-1. 01, C1-H, Cs-H), 4.294 (2H, S,

CH~OH), 5.603-5.614 (IH. m, CJ-H). 13C-NMR (CDCIJ ) s. -5.17 (8, Si('H.,), -5.59 (s, Si('H3), 26.23 (q.
3 xCH 3) , 37.27 (t, C4 ) , 52.52 (d, Cs), 60.73 (t, \;H20), 63.99 (d, C1) , 125.48 (d, C3) , 140.72 (s, C;z), 175.79 (s, C7) .

2) Method B: One drop each of piperidine and AcOH was added to a solution of the dialdehyde 17, which was
derived from 16 (392 mg, 1.44 mmol), in dry benzene (15 ml). The mixture was heated at 60 "C for 45 min under an
argon atmosphere. After cooling, MeOH (5 ml) and NaBH4 (60 mg. 1.59 rnrnol) were added to the reaction mixture
and the mixture was stirred for I h at room temperature. After evaporation of the solvent. AcOEt and dil. H'Cl were
added to the residue and insoluble materials were filtered off. The organic phase was separated and the aqueous phase
was further extracted with AcOEt. The combined extracts were washed successively with water and sat, aq. NaCI.
dried and concentrated. The residue was subjected to chromatography on silica gel. Elution with AcOEt···CHC13

(1: 1. v/v) afforded 19 (58 mg, 16%) as a pale yellow oil.
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3) Method C: Morpholine (0.90 ml, 10.32 mmol), camphoric acid (2410 mg, 12.04 mmoI) and hexamethyl
phosphoramide (HMPA) (0.45011) were added to a solution of the aldehyde 17, which was derived from 16 (480mg,
1.77010101), in dry EtzO (40011) at 0 "C with vigorous stirring. The mixture was stirred at 0 ('C under an argon
atmosphere for 23h, then the reaction mixture was diluted with water and extracted with Et20 . The extracts were
washed with a large amount of water, dried and concentrated. The residue was dissolved in MeOH (20 rnl) and
treated with NaBH4 (75 mg, 1.98 mmol), and the mixture was stirred for 1h at room temperature. After evaporation
of the solvent, AcOEt and dil. HCI were added to the residue and insoluble materials were filtered off. The organic
phase was separated and the aqueous phase was further extracted with AcOEt. The combined extracts were washed
successively with water and sat. aq. NeCl, dried and concentrated under reduced pressure. The concentrate was
subjected to chromatography on silica gel. Elution with AcOEt-CHCI3 (l : 1, v/v) afforded a mixture of the two
regioisoniers 19 and 19' (130mg, 291

/,;, ) as a pale yellow oil. The two isomers could not be separated. IR l'~~~~hlcm-l:

1720. IH-NMR (CDCI3) (): 0.23 (6H, s, 2 x SiMe), 0.94 (9H, s, 3 x Me), 2.3-2.8 (3H. 01, CH z, OH), 3.7-4.4 (4H, 01,

C1-H, Cs-H, CHzO), 5.59 (0.5H, br s, olefinic proton), 5.87 (O.5H, br s. olefinic proton).
Chlorination of 19-Thionyl chloride (0.029 ml, 0.40010101) was added to a stirred, cooled (0 "C) solution of

the azetidinone 19 (l 00 mg, 0.39 mmol) in CHCI3 (l mI). After being stirred for 4 h at O°C, the mixture was poured
into ice-water and CHCl3 and extracted with CHCI3• The combined extracts were dried and evaporated, The residue
was subjected to chromatography on silica gel. Elution with CHCl3 afforded an inseparable mixture of 20a-1 and 20a
2 (43mg, 41~/~) as an oily substance. IR v~~~ldcm--I: 1720. lH-NMR (CDCI 3) 0: 0.23 (6H, S, 2 x SiMe), 0.95 (9H, S,

3 x Me), 2.54 (2H, 01, C4-Hz), 4.0-4.3 (3.SH, 01, C,-H, CH1CI of20a-l, CHCI of20a-2), 5.37 (0.5H, dd, J=2, 6 Hz,
olefinic proton of 20a-2), 5.73 (O.SH, br s, olefinic proton of 20a-l). The stereochemistry at C-3 of 208-2 could not be
determined.

(IS*,5R*)-2-Bromomethyl-6-tert-butyldimethylsilyl-7-oxo-e-azablcyclo[3.2.0]hept-2-ene (20b-l)--DimethyI
sulfide (0.27 rnl, 3.68 mrnol) was added dropwise to a solution containing N-bromosu,,~cinimide(555 mg, 3.12mmol)
in dry CH 2Clz (10m1) at OC'C over a period of 3min. The mixture was cooled to -20"C, and the azetidinone 19
(526 mg, 3.68 mmol) in CH2Clz (5 ml) was added dropwise. Then the reaction mixture was warmed to O:C and stirred
for 3 h, diluted with AcOEt and poured into ice-water. The organic phase was washed successively with water and
sat. aq. NaCl, and dried. After evaporation of the solvent, the residue was subjected to chromatography on silica gel.
Elution with CHCl3 afforded the bromide 20b-1 (444 mg, 67'};;) as a pale yellow oil. IR \,~l~~idcm-1: 1740. IH-NMR
(CDCI3 ) s. 0.23 (6H, S, 2 x SiMc), 0.93 (9H, s, 3 x Me), 2.53 (2H, 111, C.+-H2) , 3.9-4.4 (4H. m, C.-H, C~-H, CHzBr),
5.76 (lH. m, C3~H).

Synthesis of 19 viaOzonolysis of J5---·---Asolution oftS (373 mg, 1.57 rnmol)in dry CH2Clz (15ml) was ozonized
at - 78 -'C in an acetone-dry ice bath, until the solution turned blue, at which time the ozone was replaced by a stream
ofdry nitrogen gas. After treatment with McSMe (I 1111), the solution was evapoated to dryness to give the dialdehyde
18, which was converted into 19 (75 mg, 19~~;) by Method A.

(3R'" ,4R*)-3-[(1R"')-2-Bromo-J-bydroxycthyl]-l-tert-butyldimcthylsily1-4-(2-hydroxyethyl)azctidin-2-one (21)
---A solution of20b-I (4441l1g, 1.40mmol) in McOH (l3ml) was ozonized at -78 "C in an acetone-dry ice bath,
until the solution turned blue, at which time the ozone was replaced by a stream of dry nitrogen gas. The reaction
mixture was warmed to -40 '·'C, NaBH4 (50mg, 1.32 mmol) was added, and the mixture was stirred for I h ttt room
temperature. After evaporation of the solvent, AcOEt and dil. Hel were added to the residue and the organic phase
was separated, The aqueous phase was further extracted with AcOEt. The combined extracts were washed
successively with water and sat. aq. Nael. and dried. The solvent was evaporated offto afford the diol 21 (478 mg.
971

; .;: ) as a pale yellow oil. IR v~(~~ldcm·-l: 1740. IH-NMR (CDCI) (): 0.23 (6H, s, 2 x SiMe), 0.97 (9H, S, 3 x Me), 2.0
(2H, 01, CH 2 ) , 3.3·_·-4.4 (7H, rn, OCH~, C.,-H, c-u. CH 2Br, R-C·--O).

(3R'",4RI/I)-3-[(lR"')-2-Bromo-l..hydroxyethyl]-4-(2-hydroxyethyl)azetidin-2-one (22)·-Potassium fluoride
(346mg, 5.96mrnol) was added to a solution of 21 (1050mg, 2.98nlInol) in dry McOH (20ml) and the reaction
mixture was stirred for 1h at room temperature. The solvent was evaporated off, and the residue was purified by
chromatography on silica gel. Elution with AcOEt-- MeOH (20: I, v(v) afforded 22 (656mg. 931

:.-;» as a colorless oil. IR
\,~~~idcm- 1: 1740. IH.NMR (acetone-do) t): 1.7----2.1 (2H, m. CH z), 3.1-4.2 (7H, m, CH,!O, CH-G, C)-H, C4~H,
CH 2Br), 7.2 (IH, br s, NH).

(6R",7R*)-7-[(IR*)..2-Bromo-l..hydroxyethyl]-2,2-dimethyl-J..oxo-S-oxa-I-azabicycJo[4.2.0]octane (23)-
Dimethoxypropane (0.44ml, 3.S8mmol) and one drop of BF3·OEtz were added to a solution of 22 (656mg,
2.76 mmol) in dry CH 2CI2 (l0 ml) and the reaction mixture was stirred for 1.5 h at room temperature. The mixture
was poured into pH 6.86 buffer and extracted with CHzClz. The organic phase was washed with sat. aq. NaCI, dried
and concentrated. The concentrate was subjected to chromatography on silica gel. Elution with hexane-Act) Et (1 : I,
v(v) afforded the acetonide 23 (482mg, 63~;.> as colorless prisms, mp 133-135 "C. Anal. Calcd for C IOH\(,BrN03: C,
43.18; H. 5.80; N, 5.04. Found: C, 43.34; H, 5.59; N, 5.11. IR v~~:cm-l: 1740. IH-NMR (CDCI.~)0: 1040,1.69 (each
3H, 2 x s. 2 x Me), 1.7-2.0 (2H, m, C5-H2) , 2.50 (lH. br s, OH), 3.29 (IH, dd, J= II, 6Hz, C;-H), 3.5-4.3 (6H, m,

C4-H2, C(,-H, CH-Q, CH 2Br).
(6R"',7R"'r7-[(lR*)-I-Hydroxy-2-(methylthio)ethyl]-2,2-dimethyl..S-oxo--3-oxa-I-azabicyclo[4.2.0]oetane (24a)

--An aqueous solution of sodium methylthiolate (l5~{.) (O.60ml) was added to a solution of 23 (239mg,
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0.859mmoI) in dimethylformamide (DMF) (10m1) and the reaction mixture was stirred for I h at room temperature
under an argon atmosphere. AcOEt and water were added to the mixture and the aqueous phase was extracted with
AcOEt. The organic phase was washed successively with water and sat. aq. NaCI, and dried. After evaporation of the
solvent, the residue was subjected to chromatography on silica gel. Elution with hexane-AcOEt (1 : 1, v/v) afforded
24a (190 mg, 90%) as colorless prisms, .mp 75-76°C. Anal. Calcd for C lIH I9N0 3S: C, 53.85; H. 7.81; N, 5.7l.
Found: C, 53.86; H, 7.91; N, 5.61. IR v~~~cm-l: 1740. IH-NMR (acetone-zig) D: 1.41, 1.64 (each 3H, 2xs, 2 x Me),
1.8-2.0 (2H, m, Cs·H:z), 2.16 (3H, s, SMe), 2.58 (lH, dd, J= 14, 705Hz, SCH), 2.98 (lH, dd, J= 14, 3.2 Hz, SCH),
3.39 (tH, dd, .1= 10.3, 5.2Hz, C7-H), 3.6-4.3 (6H, m, C4-H;l, C6-H, CH-Q, CH:zBr).

(6R*,7R*)-2,2-Dimethyl-7-[(1 R*)-2-methylthio-l-( p-nitrobenzyloxycarbonyloxy)ethyl]-8-oxo-3-oxa..l
azabicyelo]'4.2.0]octane (5a-2)--Dimethylaminopyridine (495 mg, 4.05 mmol) and p-nitrobenzyl chloroformate
(436 mg, 2.02mmol) were added to a solution of 24a (333 mg, 1.36mmol) in CH1CI:z (20 ml) at 0 <"C under an argon
atmosphere. The reaction mixture was stirred for 18h at room temperature. After evaporation of the solvent, AcOEt
and dil. HCI were added to the residue. The organic phase was separated, washed successively with water and
sat. aq. NaCI, and dried. After evaporation of the solvent. the residue was subjected to chromatography on silica gel.
Elution with hexane-AcOEt (2: 1-1: 1, v/v) afforded 5a-2 (420mg, 73%) as a colorless oil and unreacted 24a
(39 rng). fR l'~~~~id cm -1; 1760, 1740. 1H-NMR (CDC}3) s. 1.38, 1.70 (each 3H, 2 x s, 2 x Me), 1.7-2.0 (2B, m, Cs-l-I),
2.13 (3H, s, SMe), 2.71 (1 H, dd, J= 14, 7.5 Hz, SCH), 3.17 (IH, dd, J= 14,3 Hz, SCH), 3.5---4.0 (4H, m, C4-H2 , Cb

H, C7-H), 5.25 (IH, rn, CH-O), 5.26 (2H, s, CH;lAr), 7.51 (2H. d, J=9 Hz, aromatic protons), 8.21 (2H, d, J==9Hz,
aromatic protons).

(6R*,7R*)-7-[( lR"')-2-Methylsulfonyl-l-(p-nitrobcnzyloxycarbonyloxy)ethyl]-2,2-dimethyl-8-oxo-3..oxa-I
azabicydo[4.2.0]octane (6a-2)--Starting [rom 5a-2, 6a-2 was obtained as a colorless oil. Yield 97~~:;. IR
\,~~~id ern -): 1770-1730. 1H-NMR (CDCI,,) (): 1.39. 1.70 (each 3H, 2 x s. 2 x Me), 1.7-2.0 (2H, m, Cs-H), 3.00(3H.
s, S02Me), 3.1-4.0 (4H, m, S02CH2, C4-H2, C6-H, C,-H), 5.26 (2H, s, CH2Ar), 5.64 (lH, m, CH-O), 7.5J (2H, d.
J=9Hz, aromatic protons), 8.20 (2H, d, J==9Hz, aromatic protons).

(3R*,4R*)-3-[(IR*)-2-Mcthylsulfonylh1-(p-nitrobenzyloxycarbonyloxy)ethyl]-4-[3-(p-nitrobenzyloxycarbonyl)
2-oxopropyl]azetidin~2-one(8a-2)--Starting from 6a-2, 8a-2 was obtained as a pale yellow foam. Yield 57~";J' IR
v~~~cm-I: 1755,1720. 1H-NMR (acetone-u, (): 3.00 (3H, S, S02Me), 3.13 (2H. d, J:=6.3 Hz, CH2CO), 3.66 (2H. s,
COCH2CO), 3.0-4.0 (3H, m, S02CH2' C3-H), 4.15 (lH, m, C4.-H), 5.28 (2H, S, CH2Ar), 5.30 (2B, s, CH 2Ar), 5.66
(lH, m, CH-O), 7.40 (lH, br s, NH), 7.63 (2H, d, J=9Hz. aromatic protons), 8.18 ~2H, d, J=9Hz, aromatic
protons).

(3R>ft ,4R*)-4-[3-Diazo-3-(p-nitrobenzylox ycarbonyl)-2-oxopropy 1]-3-[( 1R '")-2~methylsulfonyl-l-(p-nitrobenzyl
oxycarbonyl)ethyJ] 3zetidin-2-onc (9a-2)--Starting from 8a-2, 9a-2 was obtained quantitatively us crystals. IR
\'~~~em -I: 2140, 1770, 1730.

p-N itrobenzyI (5R*, 6R*)-2-(2-Acetnmidocthylthio)-6-[(I R*)-2-methylsulfonyI-I-(p..nitrobcnzyloxycarbonyloxy)
ethyl]-2-carbapenem-3-carboxylate (12a-2)----oStarting from 9a-2, 12a-2 was obtained as a pale yellow oil. Yield
36/,(:. IR v~l~~lucm-l: 1760, 1710, 1660. UV }.~II~llnm: 267, 320. 1H-NMR (acetone-a.) 0: 2.10 (3H, s, COMe), 3.05
(3H, S, SO;lMe), 3.36 (2H, d. J==6Hz, S02CH.:!), 2.8--4.0 (6H, m, CI-H. SCH2CH2N). 4.1·--4.7 (2H, m, C~~H, CI,-H),
5.36 (2H, S, CH2Ar), 5.37 (2H, ABq, 1=23, 14Hz, CH 2Ar), 5.80 (11-1. m, CH-O), 7.30 (lH, br s, NH), 7.63 (2H, d.
J=9Hz. aromatic protons), 7.73 (2H, d, J=9Hz, aromatic protons), fU8 (4H, d, J=9Hz, aromatic protons).

Sodium (5R '",6R*)-2-(2-Acetumidocthylthi 0 )-6-[(1R*)-1 ..hydroxy-z-!methylsulfonyl)cthyl]-2-carbapcncm-3
carboxylate 03u"2)--Starting from 12a-2, 13a-2 was obtained as a powder. Yield 24~,;;. IR v~::; em ',,1: 1750. LJV
A.~t~llnm: 298 (1;::::4060, E~~;,,==98). IH-NMR (D:!O) <'5: 2.13 (3H, S, COMe), 3.30 (3H, S, S02Mc), 2.8'-lR (8H, m,
c..n, SCH2CH2N, SOlCHz), 3.97 (tH, ddt J= 10,5 Hz, Co-H), 4.3-4.9 (2H, m, C~-f-I, CH·-Q).

I-Methyl Hydrogen (lR,2S)-1,2-Cyclohex-4-cne Dicarboxylate (26b)--Racemic l-rnethyl hydrogen l,2-cls-l ,2
cyclohex-q-ene dicarboxylate (82.3 g, 0.464 mol) and cinchonidine (136.3 g, 0.463 mol) were dissolved in MeOtl
(400 ml) and insoluble materials were filtered ofT. The filtrate was concentrated and dissolved in acetone (ISO ml), and
the solution was allowed to stand for 4 d at 5 "C. The resulting precipitate was collected by filtration and washed with
acetone. The precipitate was dissolved in a mixture of MeOH (75 ml) and acetone (150 ml). The solution was allowed
to stand at 5 "C for 1d. The resulting precipitate was collected by filtration, and washed with acetone to afford the
cinchonidine salt of26 [mp 156-157"'C, [CCJf)4 -88.4" (,,=0.57, MeOH)]. This salt was suspended in AcOEt (300ml)
and the solution was washed successively with 1 N HCl (twice) and sat. aq, NeCl, and dried. After evaporation of the
solvent, the chiral half ester 26b (22 g, 27}'~) was obtained as a pale yellow oil. [a]~5 - 3.44 1.0 (c == 1.685 CHCI3) . 1H
NMR (CDCI3 ) s, 2.1-2.9 (4H. m, 2xCH2) , 2.9-3.2 (2H, C1-H, C2-H), 3.70 (3H, s, OMe). 5.67 (2H, s, olefinic
protons), 11.68 (I H, s, COOH).

I-Methyl Hydrogen (IS,2R)..1,2-Cyciohex-4-ene Dicarboxylate (26a)--The mother liquor of the cinchonidine
salt of the half ester was dissolved in AcOEt (100 ml) and the solution was washed with I N H'Cl and sat. aq. NaCl,
dried and concentrated. After filtration of insoluble materials, the chiral half ester 26a 0(23 g, 28/~) was obtained as a
pale yellow oil. [CX]f)5 + 3.36" (c = 1.24, CHCI3).

Methyl (lS;2R)-2-[(2-MethyJsulfonyJ)ethoxycarbonylamino]-I-cyclohex-4-ene Carboxylate (27)-~-Triethyl

amine (11 g, 0.108 mol) and ethyl chloroformate (11.8 g, 0.108 mol) were added to a solution of the chiral half ester
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26a (l8.82g. O. 102mol) in CH2CI2 (350m]) at -20c-C. and the mixture was stirred for 40 min at -20 "C. A solution
of sodium azide (14 g, 0.216 mol) in water (75 ml) and tetrabutylammonium hydrogen sulfate (7.3g. 0.0216 mol) were
added to the mixture and the mixture was stirred for I h at 0 DC. The organic phase was separated and the aqueous
phase was further extracted with CH2CI2• The combined extracts were washed with sat. aq. Nael and dried. After
evaporation of the solvent. the residue was dissolved in toluene (ISO011). The solution was stirred at 100°C for
15min. After cooling. a solution of 2-methylsulfonylethanol (31.7 g, 0.255 mol) in THF (150 ml) and ],4
diazabicyclo[2.2.2]octane (DABCO) (2.6 g, 0.0255 mol) were added. The reaction mixture was allowed to stand at
room temperature for 18h. The solvent was evaporated 011' and the residue was subjected to chromatography on silica
gel. Elution with hexane-AcOEt (l : 2, vjv) afforded 27 (24.6 g, 79%) as crystals. mp 90-92 "C. Anal. Calcd for
C12H I9N06S: C. 47.20: H. 6.27; N. 4.59. Found: C. 47.10; H. 6.36; N, 4.57.IR \'~~~cm-l: 1725,1705.1530. IH-NMR
(CDCI3) ,5: 2.0-2.6 (4H. m, 2 xCH2) , 2.6-2.9 (lH. m, C.-H), 2.98 (3H. s, S02Me), 3.33 (2H. t, J=5Hz. S02CH2)'
3.68 (3H, S, OMe), 4.0-4.4 (IH, m, C2-H), 4.49 (2H, t, .1:::::5 Hz. C02CH 2) , 5.63 (2H. s, olefinic protons).

rerr-Butyl (lS,2R)-2-[(2-Methylsulfony)cthoxycarbonylamino]-1-eyclohex-4-ene Carboxylate (31)--1sobutene
was bubbled into a mixture of 26b (25.7 g. 0.139 mol). CH2Cl2 (280 rnl) and sulfuric acid (1.5 ml) for 30 min at 0 "C
with stirring. The mixture was allowed to stand for 3d. After further bubbling of isobutene for 30 min, the mixture
was allowed to stand for 1d. After evaporation of the solvent, the residue was dissolved in Et20 (300 ml) and the
organic phase was washed successively with aq. NuHCO) and sat. aq. NaCI. then dried. After evaporation of the
solvent, the diester (30a) (30.6 g, 92~~) was obtained asa colorless oil. The diester 30a (30.6 g. 0.127 mol) was dissolved
in MeOH (250 ml) and a solution of NaOH (8.34 g, 0.209 mol) in water (! 00 ml) was added. The mixture was allowed
to stand for 20 h at room temperature. After evaporation of the solvent, the residue was dissolved in water and
washed with EtlO. Cone. HCl (21.5011,0.21211101) was added to the aqueous phase, which was extracted with Et20.

The organic phase was washed with sat. aq. NaCI and dried. After evaporation of the solvent, the half ester 30b
(26.9 g, 93~%;> was obtained as colorless crystals. The half ester 30b was transformed into 31 (39.3 g, 96~i;;) as a colorless
oil in a manner similar to that described for the preparation of 27 from 26. IR l' :;I~I~id cm- 1

: 1725, 1520. I H-NMR
(CDCI3 ) 15: 1.44 (9H, s, CMe 3 ) , 2.0-2.9 (51-1, 111, 2xCH2 • C,-H), :.97 OH. s, SO;lMe). 3.32 (2H, t. J:=5Hz,
S02eH;!). 4.0-4.4 (l H, m, C2-H), 4.48 (21-1, r, J = 5Hz, CO;lCH2 ) , 5.5-5.8 (2H. In, olefinic protons).

(lS,2R)-2-Amino-l-cyclohex-4-cne Carboxylic Acid (28)--a) A I N NuOH solution {IOml, 10mmol) wasadded
to a solution of 27 (1.53 g, 5mrnol) in MeOH (25 ml) and the mixture was stirred for 12h. After further addition of 1N

NaOH (3 ml, 3 mrnol), the mixture was stirred for 4 h. The precipitate was dissolved in water and ,IRA-4tH ion
exchange resin (OH - type, wet 49 ml) was added to the solution. The mixture was stirred and the resin was collected
by filtration and washed with water. The desired fraction, obtained by eluting the column containing the resin with
5<;-;. AcOH (200ml), was concentrated. The concentrate was dissolved in water and the solution was stirred with
Dowex 50W (H·~. 15011). The desired fraction, obtained by eluting the column containing the resin with 51

:{ : aq.
ammonia, was evaporated. Acetone was added to the residue and the resulting precipitate was collected by filtration
and washed with acetone to give 28 (532 mg, 76t_~'i;) us colorless crystals. [O:]f} +36.4" (c =0.45. H20).

b) Aqueous 5 N NaOH (151111) was added to a mixture of 31 (8.69g, 25 mmol), dioxane (210 ml) and MeOH
(75 rot). The reaction mixture was stirred for 15min at room temperature, AcOH (4.6rnl, 75 mmol) was added, and
the mixture was concentrated. Aqueous NaHCOJ was added to the residue and the aqueous phase was extracted with
CHCI.\. The organic phase was washed with water and dried. After evaporation of the solvent, trifluoroacetic acid
(15ml) was added to the residue and allowed to stand for 24 h at room temperalure. Dowex 50W (H", 75 rnl) and
water (50 rnl) were added to the mixture at 0 "c. After being stirred at O°Cfor I h, the resin was collected by filtration.
The desired fraction, collected by eluting the column containing the resin with 5~~;: aq. ammonia (300ml), provided 28
(2.56g, 73~';l) as crystals, mp 225 "C (dec). Anal. Culcd for C7H I 1N02 • I/2H 20: C. 55.98; H. 8.06; N, 9.33. Found: C,
55.55; H, 7.93; N, 9.31. IR \'~~~cm·-l: 1700, 1620, 1550. IH-NMR (CDCI.,-CF.\COOH) (~: 2.3-'3.0 (41-1,01,2x CH 2) ,

3,0-·'--3.4 (l H. m, C,-H), 3.8,·--4.3 (1H, m, C2-H), 5.5---6.1 (2H, m, olefinic protons). 7.15 (21-1, br s, NH 2) [e<]f)5 +36.6 ,.
(c= 0.56, H,O).

(lS,6R)-8-0xo-7-azabicyclo[4.2.0]oct-3-cnc (29}..·........·A mixture of 28 (424 mg, 3 mmol), triphenylphosphine
(997mg, 3.8 mmol), 2.2'-dipyridyl disulfide (lG8mg, 3.8 mmol), manganese oxide (652 mg, 7.5 mmol) and acetonitrile
(60 ml) were refluxcd for 3.5 h with vigorous stirring. After cooling, insoluble materials were filtered off and the filtrate
was concentrated. The residue was subjected to chromatography on silica gel. Elution with hexane-AcOEt (I : 2, vJv)
afforded the fJ-lactam 29 (251 mg, 68~~) as a colorless prism, mp 163-164 "c. [C(]r)~ -28.6'"' (c=0.585, CHCf). Anal.
Calcd for C,HgNO: C, 68.27; H, 7.37; N, 11.37. Found: C, 68.04, H, 7.29; N, 11.23. IR v~~~ em - J: 1730. 1700. 1H
NMR (CDC)]) (): 2.0-2.8 (4H, m, 2 x CH 2), 3.35 (IH, rn, Ct-H), 3.98 (lH, rn, ell-H), 5.6-6.3 (3H, In, NH, olefinic
protons). .

(lS,6R)-7.tert-ButyldimethylsiJyI-8-oxo-7-azabicyclo[4.2.0]oct-3-ene (32)---The /J·lactam 29 (251 mg, 2.04
rnmol) was dissolved in DMF (9 ml). tert~B'lItyldimethylsilyl chloride (498 mg, 3.3 mmol) and Et 3N (0.46 ml,
3.3 mrnol) were added to the solution at 0 "C and the mixture was stirred for 1.5h at room temperature. then poured
into ice-water. The aqueous phase was extracted with AcOEt. The combined extracts were washed with sat. aq. NaCI,
and dried. After evaporation of the solvent, the residue was subjected to chromatography on silica gel. Elution with
hexane-AcOEt (6: I. vjv) afforded 33 (484 mg. quantitatively) as a colorelss oil. [CX]~5 -45.9° (c=1.43. EtOH). IR



1014 Vol. 35 (1987)

V~~~idcm-l: 1745. 1725. IH-NMR (CDC13) D: 0.23 (6H, s, 2 x Me). 0.96 (9H, s, CMe3) , 1.8-2.7 (4H, m, 2 x CH2),
3.2-3.5 (lH, m, C1-H). 3.8-4.0 (l H, m, C6-H), 5.5-6.1 (2H. m, olefinic protons).

(lS,SR)-6--tert-Butyldimethylsilyl-2-hydroxymethyl-7-oxo-6-azabicyclo [3.2.0]hept-2-ene (34)-Compound 34
was prepared from optically active 16 in the same manner as that described for the preparation of the racemic
compound 19. Yield 40~·~.

(lS,SR)-2-BromoRlcthyl-6-tert-butyldimetbylsilyl-7-oxo-6-azabicyclo[3.2.0]hept-2-ene (35)--Compound 35
was prepared from 34 in the same manner as that described for the preparation of the racemic compound 20b-1..Yield
66~~.

(6R,7R)-2,2-Dimethyl-7-[(I R)-2-bromo-I-hydroxyethyl]-8-oxo-3-oxa-l-azabicyclo[4.2.0]octanc (36}-Com
pound 36 was prepared from optically active 22 in the same manner as that described for the preparation of the
racemic 23. Yield 714j~, mp 141-142 "C. Anal. Calcd for ClOHu,BrN03 : C. 43.18; H. 5.80; N, 5.04. Found: C, 43.12;
H, 5.79; N, 5.04. [0:]55 + 13.0 o (c=0.54, CHCI3) . NMR and IR spectra were identical with those of the racemic
compound 23.

(6R,7R)-7-[(lR)..1-Hydroxy-2-(phenylthio)ethyl]-2,2-dimethyl-8-oxo-3;..oxa-l-azabicyclo[4.2.0]octane (37)
Compound 37 was prepared from 36 quantitatively as a pale yellow oil. IR v~~~ldcm-l: 1740. IH-NMR (CDCI 3) (5:
1.36,1.69 (each 3H, 2xs, 2xMe)~ 1.7-2.0 (2H, m, Cs-H,2), 2.7 (lH, br s, OH), 2.83 (2H, dd, J=14. 9Hz, CH2S),
3.23 (IH, ddt J= II, 6Hz, Cj-H), 3.5-4.2 (4H, m, C4"H2 , C6"H, CH-0), 7.1-7.5 (5H, m, aromatic protons).

p-N itrobenzyI (5R ,6R)-2..(2..Acetamidovinylthio)-6-[(IR)-I-hydroxy-2"(phenylsulfonyl)ethyl]-2-carbapenem"3
carboxylate (38)-Compound 38 was prepared from the optically active 10 in a manner similar to that described
for the preparation of the racemic compound 12. Yield 56%. IR \1~~~ldcm-l: 1770, 1700, 1620. UV A.~~~Hnm: 263,
325. IH"NMR (acetone-a.) e5: 1.97 (3H, s, COMe), 3.30 (2H, dd, J= 15,9 Hz, S02CH2)~ 3.5-4.0 (3H, m, C)-H, Ct.
H), 4.1-4.7 (2H, m, Cs-H, CH-O), 5.36 (2H, ARq, J=24, 15Hz, OCH2Ar), 5.94 (tH, d. J= 14Hz, SCij=C). 7.18
(tH. dd,J= 14,1 I Hz, NCtl =C), 7.5-8.1 (5H, m, aromatic protons), 7.71 (2H. d, J=9Hz, aromatic protons). 8.20
(2H, d, J=9Hz, aromatic protons), 9.47 (IH, d. J=11 Hz, NH).

Sodium (5R,6R)-2-(2-Acetamidovinylthio)-6"[(IR)-1-hydroxy"2-(phenylsulfonyl)ethyl]-2-carbapenem-3
carboxylate (39)--Cornpound 39 was prepared from 38 in the same manner as that described for the preparation of
the racemic compound 13. Yield 33~~~. IR \'~~~cm-I: 1755,1670. UV ;.~~?nm: 218 (/:= 17650, E~'~:n=372), 305 (/;=
8780,EI~:n = 185). lH-NMR (D20) (5: 2.20 (3H, s, COMe), 3.15 (2H, d, J=9Hz. S02CH2)' 3.6-4.1 (3H, m, C1-H2,

C6-H), 4.2-4.8 (2H, m, Cs-H, CH-O), 6.13 (l H, d, J= 13Hz, SCt]=C), 7.28 (l H, d, J=13 Hz, NCB =C), 7.8-8.2
(5H. m, aromatic protons).
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Regioselective thioacylation of some non-protected glycopyranosides (Me Cl:-D-Glc, Me {J-D
Glc, Me c-n-Xyl, Me fJ-o-Xyl) was examined by the dibutyltin oxide method, using phenoxy
thiocarbonyl chloride as the thioacylating agent. This method gave the mono-thionocarbonates
regioselectively in high yields. Acetylation of these thionocarbonates followed by deoxygenation
with tributyltin hydride smoothly gave the corresponding deoxy derivatives, except for the primary
thionocarbonates. Similar treatment of the pyranosides that have a cis-vicinal glycol (Me z-o-Gal,
Me /J-D-Gal, Me fJ-L-Ara, and Ph c(wL-Ara) led to the formation of cyclic thionocarbonates, which
on acetylation followed by olefinarion 'with trimethyl phosphite afforded the unsaturated deriva
tives in satisfactory yields. On deacetylation and subsequent hydrogenation over platinic oxide,
they gave the corresponding dideoxy derivatives quantitatively. The compounds thus prepared were
identified by analyses of their proton and carbon-13 nuclear magnetic resonance spectra.

Keywords-e-e--glycopyranoside: regioselective thioacylation; dibutyltin oxide; deoxygenation;
cis~vicinal glycol: thionocarbonate: cyclic thionocarbonate; deoxy, dideoxy sugar: unsaturated
sugar; 13C_NMR

Introduction

Thiocarbonyl esters of the secondary alcohols are reduced by tributyltin hydride to give
the deoxygenated derivatives, usually in high yields." In the cases of poly-hydroxy com
pounds (such as carbohydrates), protection of those hydroxyl groups which need not be
involved in the reaction is necessary prior to the thioacylation. .In our previous paper we
reported the regioselective acylation." and alkylation" of some non-protected glycopyra
nosides by using tin compounds. From those results, it is evident that the method using
dibutyltin oxide permits regioselective acylation and alkylation of a particular secondary
hydroxyl group instead of a primary hydroxyl group, and thus thioacylation is also expected
to occur in a similar manner. This reaction, in combination with deoxygenation, should allow
the preparation of deoxy sugars regioselectively, providing useful intermediates for the
synthesis of natural products from easily available carbohydrates. However, the utility of
this approach needs to be established.

In this paper, we describe the selective deoxygenation of some non-protected glycopyra
nosides via regioselective thioacylation by the dibutyltin oxide method.

Results and Discussion

Thioacylation
Among the reagents tested for thioacylation, phenoxythiocarbonyl chloride" was found
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to be the most suitable for the preparation of monothionocarbonates by the BU2SnO method.
Thioacylation with other reagents, such as p-methoxythiobenzoyl chloride, requires pro
longed reaction time (5-6 h) and elevated temperature, even in the presence of catalysts (for
example, 4-dimethylaminopyridine). Under such vigorous conditions, the yields of the desired
products as well as the selectivity were reduced, and in most cases, migration of the thioacyl
group also occurred. Moreover, an appreciable formation of di-p-methoxythiouobenzoate
was observed.

On the other hand, when phenoxythiocarbonyl chloride was used, the regioselectivity as
well as the yields of the monothionocarbonates were excellent and the dithionocarbonates
were not formed. For example, the stannylene derivative of methyl f3-D-xylopyranoside (11),
when reacted with 1.1 mol eq of phenoxythiocarbonyl chloride in dioxane at room tempera
ture, gave the 4-thionocarbonate (l2a) quantitatively within 1h, without any catalyst.

Identification of each product and determination of the product composition were done
as described in a previous paper') by analysis of the carbon-IJ nuclear magnetic resonance
(

13C-NMR) spectra (Table I). In most cases, the monothionocarbonates obtained by the
reaction could be completely analyzed by taking account.of the thioacylation shifts (estimated
from the acylation shift rule) with respect to the non-acylated compounds. Moreover, the
proton nuclear magnetic resonance eH-NMR) signals of all methine protons could be
completely assigned by successive proton decoupling experiments 011 the acetylated de
rivatives (see Experimental).

Stannylation was carried out with Bu2SnO (1.5 mol eq) in refluxing dry methanol as
described in a previous paper." In parallel with the result of acylation, methyl lX-D-

TABLE Y. 13C-Chemical Shilts of Monothionocarbonates and Cyclic Thionocarbonates of Some Hexo-
and Pentopyranosides and Their Thioacylation Shift Values (in Parentheses) in Pyridine-cis

-...-...._-
Thionocarbonate C-l C-2 C-3 C-4 C-5 C-6 OMe C=S

Me «-n-Glc (I) 101.3 73.7 75.3 n.o 74.0 62.7 55.0
2-Phcny1 thionocarbonatc 96.7 84.3 71.7 72.0 74.1 62.1 54.9 195.8
(2a) ( -- 4.6) (+ 10.6) ( -3.6) (0) ( +O.I) (-0.6) (-0.1)

Me fJ-n-Glc (4) 105.5 74.9 78.2 71.4 78.2 62.6 56.7
6-Phcnyl thionocarbonute 105.7 74.9 78.2 71.2 74.7 74.7 56.8 195.6
(5) ( +0.2) (0) (0) ( -0.2) ( -3.5) (+ 12.1) (+0.1)

Me rx~D-Xyl (6) IOI.5 73.7 75.5 71.4 63.1 55.1
2-Phenyl thionocarbonute 97.1 K4A 72.3 71.4 62.9 55.1 195.9
(7n) ( -~ 4.4) (+ 10.7) ( -3.2) (0) ( -0.2) (O)
4-Phenyl thionocarbonutc 101.4 73.6 71.6 83.0 57.9 55.4 195.7
(8a) (--0.1 ) (- O.I) (- 3.9) (+11.6) ( -5.2) (+ 0.3)

Me /J-D-Xyl (11) 106.0 74.6 78.1 70.9 67.0 56.6
4-Phenyl thionocarbonatc 106.0 74.1{ 74.3 82.9 62.0 56.8 195.6
(12a) (0) (+0.2) (- 3.8) (+ 12.0) ( -5.0) (+0.2)

Me O:-D-Gal (15) JO 1.5 70.3 71.5 70.8 72.4 62.5 55.0
3,4-Thionocarbonate 99.S 67.9 83.4 81.2 68.6 60.8 55.6 192.6
(16a) ( - 1.7) (-2.4) (+ 11.9) (+ lOA) ( -3.8) ( -1.7) (+0.6)

Me fJ-D-Gal (13) 106.1 77.3 75.1 70.1 76.8 62.2 56.6
3.4-Thionocarbonate 103.6 71.4 84.8 80.8 72.9 61.0 56.6 192.6
(14a) (-2.5) (-0.9) ( +9.7) (+ 10.7) ( -3.9) (- 1.2) (0)

Me /i-L-Ara (20) 102.0 70A 70.8 70.0 63.8 55.3
3,4-Thionocarbonate 99.7 68.6 82.9 80.9 57.6 55.8 192.5
(21a) (- 2.3) (- 1.8) (+ 12.1) (+ 10.9) ( -6.2) ( +0.5)

Ph cc-L-Ara (I8) 102.7 72.0 74.4 69.3 67.2

3,4-Thionocarbonate 99.2 70.2 83.7 79.6 61.6 192.4
(19a) ( -2.5) (- 1.8) ( +9.3) (+ 10.3) (-5.6)
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Chart 2

glucopyranoside (1) on stannylation followed by thioacylation with phenoxythiocarbonyl
chloride at room temperature gave the 2- and 6-thionocarbonates (2a and 3) in 83.0~;' yield,
the 2-thionocarbonate (2a) was the major product and the 6-thionocarbonate was the minor
product (Table II). On similar treatment. methyl IJ~D-glucopyranoside (4) gave the 6
thionocarbonate (5) as the sole product in 84.8% yield (Table II).

Reduced regioselectivity in thioacylation was observed for methyl o-n-xylopyranoside
(6)., which yielded the 2.. and 4-thionocarbonates (7a and Sa) in the ratio of 54: 46 (Table II).
This result is parallel with that of acylation" and could be ascribed to a partial contribution of
the cyclic tin intermediate 10 besides the major contribution of 9.

On the other hand, it is interesting that the thioacylation of the pyranosides that have a
cis-vicinal glycol produced the cyclic thionocarbonates in high yields. The direct preparation
of cyclic thionocarbonates from non-protected sugars by using other reagents, such as
thiocarbonyldiimidazole'" or thiophosgene7) gave poor results, so the above method repre
sents a facile procedure to obtain the cyclic thionocarbonates without protecting the other
hydroxyl groups. The formation of cyclic thionocarbonates, however, reduces the regio
selectivity of deoxygenation, but these products should be useful as intermediates for the
synthesis of unsaturated and dideoxy sugars. The mechanism of cyclic thionocarbonate
formation is shown in Chart 3.

Cl

{XOHBU2 sno{x~" ,Bu PhO~Clx\~n-BU2-BU2~~OPh {X'_...0.--...... Sn .. \ .,.. C=5

08 / 'BU o-~~ c/

Chart 3



No.3 1019

Thus, methyl {J-D-galactopyranoside (13) on stannylation followed by thioacylation gave
a cyclic thionocarbonate (14a) as a syrup in 85.3% yield with a trace of other thionocar
bonates. This compound (14a) exhibited no aromatic proton signals in its IH-NMR spectrum,
but a signal at ~ 192.6 due to C=S was observed in the 13C-NMR spectrum. On acetylation it
gave the 2,6-diacetate (14b) quantitatively as colorless needles, mp 94-96 DC. This compound
showed two acetyl signa.ls in its 1H-NMR spectrum and the H-2 and H2-6 signals appeared at
low field compared with those of the parent compound (14a). 011 similar treatment, methyl cx
D-galactopyranoside (15) produced the 3,4-cyclic thionocarbonate (16a) and 6-thionocar
bonate (17) in the ratio of71 : 29 with a combined yield of71.5%. On acetylation, 16a gave the
2,6-diacetate (16b) quantitatively as colorless needles, mp 131-132 DC. The identity of this
compound was confirmed by detailed examination of its 1H-NMR spectrum.

Pentopyranosides, such as phenyl «-t-arabinopyranoside (18) and ·methyl /J-L
arabinopyranoside (20) also undergo thioacylation as described above to produce the
corresponding 3,4-cyclic thionocarbonates 19a (colorless needles, mp 202-203 PC) and 21a
(syrup) in 94.9% and 83.2~~ yields, respectively (Table III). These products were completely
analyzed by successive proton decoupling experiments on their acetylated derivatives 19b and
2Ib and from the 13C..NMR spectra.

ii)PhOCSCl
R

13: R2=R3=R4=H, R5;:::CH
lOH, R=IJ-OMe

15: R2=R:\=R4=H, RS:::::CH
20H, R=a-OMe

17: R2 = R.l = R4 = H, RS::.",CH
20CSOPh, R=ct-OMe

18: R2=R3=R4=R5=H, R=ct-OPh
20: R2 = R' = R4::;;:;Rs=H, R=/f-OMc

Chart 4

R

14a: R2=H. R5=CH20H, R=/i-OMe
14b: R2=Ac, R5 = CH20 Ac. R=/I-OMe
16a: R2=H. R5=CH20H, R=ct-OMe
16b: R2=Ac. R5 =CH,20Ac. R::::C(-OMe
19n: R2=R5=H, R=ct-OPh
19b: R2:::::Ac, R5 =H, R=o:-OPh
21a: R2=R5=H, R=II-OMe
21b: R2=Ac. R5=H, R=/I-OMc

Deoxygenation
The acetates of the above thiouocarbonates undergo smooth deoxygenation when heated

at 75--100 "e with 1---1.5 mol eq of Bu3SnH in toluene with the addition of a catalytic
amount of 2,2-azobisisobutYfonitrile (AIBN). Under these conditions, methyl a-D
glucopyranoside 2-thionocarbonate 3A,6-triacetate (2b) gave the 2-deoxy compound (22b) in
75.6~j~ yield. This compound exhibited no aromatic proton signals in its 1H-NMR spectrum,
but it showed two up-field proton signals at b2.28 (IH, dd, J =5.5 and 13.0 Hz) and at () 1.24
(1 H, ddd, J =3.5, 12.0, and 13.0 Hz) due to H2-2 protons, which were again confirmed by
successive proton decoupling experiments. In the 13C-NMR spectrum, the C-2 carbon signal
appeared at (539.0.

Similarly, the 2- and 4-thionocarbonate diacetates, (7b) and (8b), of methyl lX-D

xylopyranoside (6) and the 4-thionocarbonate diacetate (12b) of methyl p-D-xylopyranoside
(11) were deoxygenated to the corresponding deoxy derivatives in the yields given in Table II.
The structures of these products were also confirmed by analyses of the 1H- and 13C-NMR
spectra (Table IV).

The secondary thionocarbonates were smoothly reduced to the corresponding deoxy
derivatives. However, the primary thionocarbonates produced the deoxy compounds in poor
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TABLE II. Yields and Percentage Compositions of the Mono-thionocarbonates
and the Deoxy Derivatives of the Glycopyranosides That Do Not

Have a cis-Vicinal Glycol System

Vol. 35 (1987)

Starting Mono-thionocarbonate Deoxy derivatives
material Yield (~{,) Compositional Yield ()~;)

Me ce-n-Glc (I) 83.0 2-Ester (221) 93.5 2-Deoxy (22b) 75.6
6-Ester (3) 6.5

Me fj-D-Glc (4) 84.8 6-Ester (5) 100.0
Me C(-D-Xyl (6) 76.3 2-Ester (721) 54.0 2-Dcoxy (23) 91.6

4-Ester (821) 46.0 4-Deoxy (24) 83.2
Me /J-D-Xyl (ll) 97.4 4-Ester (1221) 100.0 4-Deoxy (25) 82.6

a) Composition was determined by measuring the OMe peak areas in the I H-NMR spectra.

R

..
R

2b: R*;::;Ac. R 5::::CH
20Ac, R2 = PhOCS- , R=IX-OMe 22b: R4=OAc, RS = CH20Ac, R2;:;::H, R:::::o:-OMe

7b: R4 = Ac. RS=H, R2=PhOCS-, R=a-OMe 23: R4 = OAc, R!=Rs=H, R=lX-OMe
8b: R2=.Ac. RS=H, R4 ::::: PhOCS- , R=o:-OMe 24: R2=OAc, R4=:::R5=H, R=lX-OMe

12b: R2=Ac, RS::::H, R4 :::: PhOCS- , R={J-OMe 25: R.2= OAc, R4=R5=H, R={J-OMc

Chart 5
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HO

HO
OMe

27

yields [for example, the S-thionocarbonates of (X- and #-D-glucopyranoside (3 and 5) and
methyl a-D-galactopyranoside (17)], clearly because of the lesser stability of the primary
relative to the secondary carbon radical."

On the other hand, primary tosylates undergo smooth deoxygenation with an excess of
lithium aluminum hydride (LAH) in refluxing tetrahydrofuran (THF). Thus, tosylation of
methyl e-n-glucopyranoside (1) by using the (Bu,3Sn)20 method." gave the 6-tosylate (26) as
the major product, which on reduction with an excess of LAH gave the corresponding 6
deoxy compound (27) in 71 ~~ yield. Tosylation of methyl p-o-glucopyranoside (4) by using
the Bu2SnO method produced the 6-tosylate (28) in 92.4% yield, and this was also reduced to
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-the corresponding 6-deoxy compound in 68% yield. These 6-deoxy compounds were
characterized by analyses of their 1H- and 13C-NMR spectra.

The cyclic thionocarbonates, produced from the pyranosides with a cis-vicinal glycol,
undergo radical deoxygenation by Bu3SnH, but in these cases two deoxy compounds were
formed, thus reducing the yield as well as the selectivity of deoxygenation. By using this
method, the 3,4-cyc!ic thionocarbonate acetates of methyl (.t- and {i-D-galactopyranosides
were deoxygenated to the corresponding 3- and 4-deoxy derivatives in the yields shown in
Table III. The products were identified and characterized by analyses of their lH_ and 13C_
NMR spectra.

3,4-Cyclic thionocarbonate acetates of pentopyranosides, such as phenyl a-L-

TABLE III. Yields and Percentage Compositions of the Cyclic Thionocarbonates, Deoxy, Unsaturated,
and Dideoxy Derivatives of the Pyrunosides Which Possess a cis-Vicinal Glycol System

Starting 3.4-Thiont)carbonate Deoxy compound
Unsaturated Dideoxy
compound compound

material
Yield e~;) Yield (%) 3-Deoxy: 4-Deox.y Yield (/~) Yield e·~)

~e p~D-(}al (13) (14a) 85.3 56.0 (30) 57: (31) 43 (4th) 65.6 (42) (96)

~e Ci-D-(}al (15) (168) 62.6 56.6 (32) 67: (33) 33 (43b) 55.1 (44) 100
Ph ce-t-Ara (18) (198) 94.9 73.6 (34) 74: (35) 26 (45b) 75.6 (46) 99
Me /I-L-Ara (20) (21a) 83.2 57.3 (36) 5(\: (37) 50 (47b) 64.8 (48) 99

HO~O\

~R

14b :R=B-OMe 30 :R=S-OMe 31 :R=B-OMe

16b :R=o.-OMe :12 : R=o.-OMe 3:l : R=a-OMe

OR OPh

~OPh H~0

S~~OPh
BU3SnH Ac Ac

34

AcO 0

H~OPh19h AcO

a5

0 OH

S)~
BU3Sn H 0

~ +~ H~
Me Me

OMe

21b 36 37

Chart 7
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arabinopyranoside (18) and methyl f3-L-arabinopyranoside (20) also undergo similar de
oxygenation to give the corresponding 3.. and 4-deoxy derivatives in the yields given in Table
III. From the 1H-NMR spectra the 3-deoxy derivative (34) of phenyl a-L-arabinopyranoside
was found to be in the 1C conformation, since its anomeric proton signal appeared at b 5.71 as
a doublet with /=2.5 Hz. Spectral data for the deoxy sugars are listed in Table IV.

It should be noted that when this deoxygenation reaction was carried out at a higher
temperature and/or a higher concentration of the reagent, undesired side reactions were
observed. For example, when 2Ib was treated with an excess of Bu3SnH (Smol eq) at 100°C,
the methylidene derivative (38) and a compound tentatively assigned as 39, mp 117-119 "C,
were the major products. The reaction with 1.5 mol eq of the reagent at 100°C produced four
products, 36. 38, 39, and 40, of which 40 is the acetyl migration product from the expected 4
deoxy derivative (37).9) The best result was obtained by the reaction of 21b with 1.5mol eq of
Bu3SnH at 75°e, where the expected 36 and 37 were produced in a ratio of 1: 1 with the
combined yield of 56.7% (see Table III). Details of the above side reactions and the structure

<0 0 0

o=/~ AC~~ '0
AcO

OMe OMe HO
OMe

38 39 40
Chart 8

TARLE IV. LlC~Chemical Shifts of Deoxy Derivatives of Some Hcxo- and Pentopyranosides in Pyridine-a,

Dcoxy sugars of C-I C-2 C-3 C~4 C-5 C~6 OMc CH 3 ('=0

2-Dcoxy sugars of
Me C(~D-GIc (22b) 99.2 39.0 69.5 74.4111 73.6"1 62.9 54.4
Me cx-D-Xyl 3.4-diAc (23) 98.5 34.9 68.S") 69.(11) 59.l> 54.8 20.7 160.9

20.9 170.1
3-Dcoxy sugars or

Me cH>-Gal 2.6-diAc (32) 97.3 67.7 32.3 66.1 69.2 64.R 54.H 20.7 170.4
20.9 170.7

Me {f~f)-Gal 2,(l-diAc (30) 103.7 6K7 36.6 65.6 76.4 64.5 56.0 21.0 J69.7
21.7 ]69.9

Ph x-r-Ara 2-Ac (34) 95.1 70.2 33.6 66.2 61.6 2,0.9 170.1
Me IJ~I.-Am 2-Ac (36) 97.9 68.1 32.0 65.9 64.8 55.1 21.0 170.3

4-Dcoxy sugars of
170.5Me cx-J)~Gal 2.6-diAc (33) 98.4 76.9 65.0 36.8 66.4 66.3 54.9 20.7

20.9 170.8
Me /1-D-Gal 2,6-diAc (31) 102.5 76.7 70.4/11 36.6 69.3/11 66.1 56.2 20.6 170.1

2J.O 170.4
Me cx-D-Xyl 2,3~diAc (24) 98.3 72.8 68.2 31.3 57.3 55.0 20.7 170.1

20.8 170.4

Me /J-D-Xyl 2.3-diAc (25) 102.1 72.2 70.9 30.3 60.2 56.2 20.8 169.8
20.8 170.2

Ph C(-L-Ara 2-Ac (35) 100.2 76.3 69.3 34.0 61.7 20.9 170.J

Me {1-L-Anl 2-Ac (37) 98.7 76.9 65.3 34.9 5&.3 55.0 21.0 I70.S
Me /J-L-Ara 3~Ac (40) 101.6 71.6 71.6 31.2 57.5, 55.0 20.9 170.5

6-Deoxy sugars of
Me «-o-Gtc (27) 101.4 74.0 75.1 77.4 68.5 18.6 55.0

Me {J-D-GJc (29) 105.4 75.2 78.2 72.9 76.8 18.6 56.6

(I) Assignments may be interchanged in each row.
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determinations of the by-products will be presented in a separate paper.

Olefination and Hydrogenation
The acetates of the cyclic thionocarbonates synthesized in a foregoing section undergo

olefination according to the Corey-Winter method.l'" to produce the unsaturated sugars in
satisfactory yields. Thus the 3,4-cyclic thionocarbonate 2,6-diacetate (14b) of methyl /3-D
galactopyranoside, when heated under reflux in trimethylphosphite, gave the corresponding
unsaturated derivative (4tb) (65.6%) as colorless needles, mp 78-80°C. In the 1H-NMR
spectrum it showed low-field signals at {) 5.91 (l H, ddd, J= 1.2,1.8, and IO.4Hz) due to H-3
and at 05.85 (lH, ddd, J=2.4, 3.0, and 1004Hz) due to H-4, confirming the presence of a
double bond between the 3- and 4-positions. Moreover, in the 13C-NMR spectrum two low
field signals due to C-3 and C-4 appeared at (5 129.2 and 124.7, respectively (Table V).
Deacetylation with NaOMe in MeOH followed by hydrogenation over Pt02 in MeOH
produced the 3,4-dideoxy derivative (42) quantitatively. This compound showed four high
field proton signals due to H2-3 and H2-4 between D1.45 to 2.12 as multiplets, and in the Be_

NMR spectrum the C-3 and C-4 carbon signals appeared at b 29.0 and 26.0, respectively
(Table V).

The 3,4-cyc1ic thionocarbonate 2,6-diacetate (16b) of methyl o-n-galactopyranoside also
produced the unsaturated C0111pOllnd (43b) in 55.1 ~~/~ yield. The site of unsaturation between
C-3 and C-4 was confirmed by analysis of the IH-NMR spectrum and from IH--13C shift
correlation studies. This compound (43b) on deacetylation followed by hydrogenation gave
the 3A-dideoxy compound (44) quantitatively.

The 3,4-cyclic thionocarbonate acetates of pentopyranosides, such as phenyl a-L
arabinopyranoside (19b) and methyl (3-L-arabinopyranoside (21b), undergo similar olefina-

snAC O ~OH(C1I30) 3P o,? i)NaOMe

----......... Aet"F-= ...
o R H R OAe ii) H2/Pt HO R

AcO
R'

14b: R=e-OMe

lHb: R=Ct-OMe

19b

4tb: R=OMe,R'=H

.tab: R=H,R 1::.:0Me

OPh

~
i)NaOMe

HH '""
~/ . ii)H2/Pt

o OAe

45b

42 : R=f\-OMe

44 : R=a-OMe

~OPh
HO

46

21b

o
~~ i) NaOMe

----........ IHoxc ii) H
2/Pt

OMe

47b

Chart 9

·~Me
48
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TABLE V. 13C-NMR Chemical Shifts of Some Unsaturated Glycopyranosides and Their
Dideoxy Derivatives in CDC13

Compounds C-l C-2 C-3 C-4 C-5 C-6 OMe Me C=O

Me If-D-Gal
3-Enoside, 2,6-diAc (4th) 100.1 67.3 129.2 124.7 71.6 65.9 56.2 21.0 \70.0
3-Enoside (41a) 103.7 66.9 128.4 127.6 75.5 65.0 56.7 20.8 170.1
3,4-Dideoxy (42) 106.4 69.8 29.0 26.0 76.5 . 65.2 56.9

Me a-f)-Gal
3-Enoside, 2,6-diAc (43b) 95.9 66.7 127.9 124.3 66.5 65.3 56.0 20.9 170.7
3-Enoside (43a) 98.2 64.3 128.9 126.4 69.0 64.9 56.1 20.8 170.4
3,4-Dideoxy (44) 99.4 68.2 27.1 26.0 68.5 65.5 55.1

Ph C(-L-Ara
3-Enoside, 2-Ac (45b) 95.9 65.8 131.4 120.1 59.8 21.0 170.2
3-Enoside (45a) 98.6 64.5 129.3 124.2 60.9
3.4-Dideoxy (46) 100.8 68.0 27.7 22.3 63.5

Me /~-L-Ara

3-Enoside, 2-Ac (47b) 96.1 66.5 129.3 121.8 60.2 56.1 21.0 170.6
3-Enosidc (47a) 98.1 64.2 129.0 127.0 60.0 56.1
3.4-Dideoxy (48) 99.7 68.0 27.5 24.0 59.5 55.1

tion to produce the corresponding unsaturated derivatives (45b and 47b) in 75.6 and
64.8% yields. respectively. In both cases, the site of unsaturation was between the C-3 and C-4
positions. Compound 45b was found to be in the 1H 0 conformation, since the anomeric
proton signal appeared at 05.56 as a broad singlet in the 1H-NMR spectrum. On
deacetylation followed by hydrogenation, 45b and 47b gave the corresponding dideoxy
derivatives 46 and 48 quantitatively, as confirmed by analyses of their 1H- and 13C-NMR
spectra. From the 1H-NMR spectrum, 46 was found to be in the Cl conforrnatlon, since its
anorneric proton signal appeared at 05.03 as a doublet with J =5.2 Hz.

Conclusion

The glycopyranosides whose hydroxyl groups are all trans oriented are regioselectively
mono-thioacylated by the Bu2SnO method and are deoxygenated to the corresponding deoxy
derivatives in high yields. In the cases of pyranosides which possess a cl:\··vicinalglycol system,
this method produces the cyclic thionocarbonates, which are smoothly deoxygenated to the
dideoxy sugars through the unsaturated derivatives. The deoxy, unsaturated, and dideoxy
sugars thus obtained should be useful intermediates for syntheses ofcomplex molecules having
chiral centers.

Experimental

Melting points were determined on a Yanaco micro hot stage melting point apparatus and arc uncorrected.
Infrared OR) spectra were recorded in KBr discs on a Jaseo IRA-2 spectrometer and the data are given in em -I.

Unless otherwise stated, IH-NMR (400 MHz) spectra and 13C-NMRspectra (100 MHz) were recorded with a lEOL
JNM GX400 FT NMR spectrometer in pyridine-e/, solution with tetramethylsilane as an internal standard, and the
chemical shifts are given in ~ values. Concentrations were about 0.1-0.3 mmol/ml, Column chromatography was
performed on Wakogel C-200. For thin layer chromatography (TLC) KieselgeJ 60F254 precoated plates were used
and spots were developed by spraying 1% Ce(S04h in 10% H2S0 4 and heating the plates at 100"C until coloration
took place.

Tbioacylation of Pyranosides (General Procedure)--G1ycopyranoside (0.3-0.9 mmol) and Bu2SnO (1.5 mol
eq) in dry MeOH (10-25 ml) were heated under reflux until the mixture became homogeneous and clear (about I h).
The mixture was reftuxed for an additional 2 h, then the solvent was evaporated off in vacuo to leave a glassy solid,
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which was dissolved in dioxane (10-25 mI). Phenoxythiocarbonyl chloride (1.1 mol eq) was added dropwise to the
stirred solution at room temperature. When the tin complex was insoluble in dioxane (in the cases of Me O(-D-Gal and
Me fJ-o-Gal), it was suspended in dioxane. The mixture became clear upon addition of phenoxythiocarbonyl chloride.
Maximum conversion was checked by TLC. After 1-1.5 h, the solvent was evaporated off in vacuo to leave a syrupy
residue, which was subjected to column chromatography for further separation.

Deoxygenation (General Procedure)--The mono-thionocarbonates or cyclic thionocarbonatesobtained by the
above procedure were acetylated with acetic anhydride and pyridine in a usual manner. The acetates (lOO-300mg)
thus obtained were dissolved in toluene (lO-15m)), Bu3SnH (1.1-1.5mol eq) was added, and the mixture was
heated at 75-100°C with the addition of catalytic amount of AIBN for 1-35h. The solvent was evaporated otT in
vacuo to leave a syrup, which was chromatographed for further separation and purification.

Qlefination and Hydrogenation (General Procedure)--The cyclic thionocarbonate obtained by the thioacyla
tion of the pyranosides which possesses a cis-vicinal glycol was acetylated with acetic anhydride and pyridine in a
usual manner. The acetate (20--200 mg) was dissolved in trimethyl phosphite (3-5 ml) and heated under reflux for
70h. Saturated Na2C03 aq. was added to the cooled mixture and the mixture was extracted with CH2CI2. The
organic extract was dried and concentrated in vacuo to leave a residue, which was purified by silica gel column
chromatography with benzene-Acofit. The unsaturated sugar (30--60mg) thus obtained was deacetylated with 0.2 N

NaOMe (0.3-0.6 ml) in MeOH (2.5-5 ml) at room temperature for 20-30min. The reaction mixture was then
made just neutral by adding Dowex 50x 8 (B -~) and filtered. The filtrate wasconcentrated in vacuo to leave a residue,
which was subjected to hydrogenation over Pt02 in MeOH for 4-5 h without further purification. The catalyst was
removed by filtration, the filtrate was carefully concentrated in vacuo and the residue was subjected to preparative
TLC.

Methyl e-n-Glueopyranoslde 2-Phcnyltbionocarbonate (2a)--Ncedles from AcOEt--light petroleum. mp 128-
129"C. lH-NMR (200 MHz): 7.06-7.36 (5H, m, ArH), 5.79 (lH, dd, .".:: 3.9,10.0 Hz, H-2), 5.51 (lH, d, J=3.9 Hz,
H-I), 4.37 (lH, r,J =10.0 Hz, H-3), 3.39 (3H, S, OMe). IR: 3400,2.900, 1040. Anal. Calcd for C14HIK07S: C, 50.90; H,
5.50. Found: C, 50.96; H, 5.54.

The 3,4,6-triacetate (2b) was a syrup. lH-NMR (200 MHz. CDClJ ) : 7.lH---7,44 (5H, m, ArH), 5.62 (lH, dd, J=
10.0, 10.5 Hz, H-3), 5.42 (l H, dd, J =4.0, 10.0 Hz, H-2), 5.18 (IH, d, J= 4.0 HZt H-I), 5.09 (I H, t, J,"= 10.5 Hz. H-4),
4.00-4.36 (3H, m, H-5 and H2-6), 3.46 (3H, s, OMe), 2.02, 2.03, and 2.09 (3H each, s. OAc).

The 6-phenylthionocarhonate (3) was also formed, but was not isolated; it showed an OMe signal at ()3.35.
Methyl p-o-Glucopyranoside 6-Phcnylthlonocarbonate (5)--Syrup. 'H-NMR: 7.17-7.41 (5H, m, ArH), 5.38

(lH, dd, J=0.8, I 1.4 Hz, H-6), 5.17 (lB, dd, J=5.5, I I.4Hz, H-6), 4.72 (IH, d, J=7.6Hz, n-n, 4.22 (lH, t, J=
8.0 Hz, H-3), 4.13 (2B, m, H-4, 5),4.01 (lH, dd, J=7.6, 8.0 Hz, H-2), 3.62 (3H. s, OMc). High resolution (HR) MS
mfz Calcd for CI3HlI~07S: :i18.0773. Found: JI8.0772.

Methyl «-u-Xylopvranostde 2-Phcnylthionocarbonate (7a)--Nccdlcs from hexane--AcOEt, mp l30-l3l uC.

IH-NMR: 7.12-7.36 (5H, m, ArB), 5.BO (lH, dd, J=3.5, 9.5 Hz, H-2), 5.49 (1H, d, J= 3.5 Hz, H-I), 4.71 (l H, t, J=
9.5 Hz, H-3), 4.27 (I H. m, H-4), 3.95·_·---4.08 (2H, m, H2-5), 3.38 (3H, s, OMe). IR: 3400,2900, 1040. Anal. Calcd for
CI3HI/,OhS: C, 52.00; H, 5.37. Found: (',51.96; H, 5.39.

The 3,4-diacctate (7b) forms needles from hexane-ether, mp 139-----140"C. IH-NMR (CDCI;\): 7.{)7.--7.44 (5H,
m, ArH), 5.65 (IH, t, J=9.5 Hz, B-3), 5.39 (l H, dd, J=3.7, 9.5 Hz, H-2)t 5.14 (lH, d, J=3.7 Hz, H-l), 5.05 (I H, ddd,
J =5.8. 9.5, 10.7 Hz, H-4), 3.X4(1H, dd, J::::5.H, 10.7 Hz, H-5eq), 3.66 (l H, l, J::=: 10.7 Hz, H-5nx), 3.47 (3H, s. OMe),
2.05 and 2.08 (3H each, s, OAe). lR: 2950, 1740, 1040. Anal. Calcd for CI7H;wOHS: C, 53.12; H, 5.25. Found: C, 53.02;
H,5.31.

Methyl rt-o-Xylopyranoside 4-Phcnylthionocarbonate (8a)---·Necdlcs from hexane-AcOEt, mp 115----,116 "C.
lH-NMR: 7.17--7.36 (5H, 01, ArB), 5.80 (IH, ddd, J=5.8, 9.2, 10.5 Hz, H-4), 5.07 (I H, d, J= 3.5 Hz, H-I), 4.67 (tH,
t, J=9.2Hz, H-3), 4.26 (lH, dd, J=5.8, 10.5 Hz, H-5eq), 4.14 (IH, ddt .1;:;:3.5, 902Hz, H-2), 3.83 (lH, t, J= 1005Hz,
H-Sax), 3.41 (3H, S, OMe). IR: 2900, 2400, 1040. Anal. Calcd for C I 3H 1lt 0 "S: C, 52.00; H, 5.31. Found: C, 51.99; H,
5.40.

The 2,3-diacetate (8b) forms needles from hexanc-AcOEt, mp 145-----1 47 "c. IH·NMR (CDCl;\): 7.05-----7.43 (5H,
m, ArH), 5.67 (IH. t, J=9.5 Hz, H-3). 5.50 (IB, ddd, J=6.0, 9.5, 10.5 Hz, H-4), 4.89-4.92 (2H, m, 1-1-1 and H-2),
4.07 (lH, dd, J=6.0, 10.7 Hz, H-5eq), 3.76 (l H, t, J=dO.7 Hz. H-5ax), 3.43 (3H, S, OMe), 2.08 and 2.10 (3H each, s,
OAc). IR: 2950, 1740, 1040. Anal. Calcd for C17H200flS: C, 53.12; H, 5.25. Found: C, 52.85; a, 5. t l.

Methyl jJ-o-Xylopyranosidc 4-Phenyltbionocarbonate (l2a)~-Leaflets from hexane-AcOEt, mp 136-137 uC.

IH-NMR (200 MHz): 7.16---7.43 (5H, m, ArB), 5.88 (IH, dt, J= 5.5,9.5 Hz, H-4), 4.67 (lH, d, J=7.5 Hz, H-I), 4.61
(lH. ddt J=5.5, 1105Hz, H-5eq), 4.48 (l H, t, J=9.5Hz. H-3), 4.08 (lB. ddt J::::7.5, 9.5 Hz, H-2), 3.71 (l H, ddt J=
9.5, 11.5 Hz, H-5ax). 3.59 (3H. s, OM e). IR: 3400,2900, 1040. Anal. Celled for C13H1bOf,S: C, 52.00; H. 5.37. Found:
C, 52.19; H, 5.49.

The 2,3-diacetate (12b) forms needles from hexane-ether, mp 126-127"C. IH-NMR (CDCI,,): 7.07-7.44 (5H,
m, ArH), 5.45 (lH. dt, J=4.5, 7.5 Hz, H-4), 5.35 (lH, t,j= 7.5 Hz, H-3), 4.96 (lH"dd, J =6.0, 7.5 Hz, H-2), 4.50 {l H,
d, J=6.0Hz. H-I), 4.35 (lH, dd, J=4.5. 12.2Hz, H-5eq), 3.62 (lH, dd, J=7.5, 12.2 Hz, H-5ax), 3.49 (3H, S, OMe),
2.09 (6H. S, OAc x 2). IR: 2950, ]740, 1040. Anal. Calcd for C17H200aS: C, 53.12; H. 5.25. Found: C. 52.87; H, 5.30.
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Methyl '-D-GaJactopyranoside 3,4-Thionocarbonate (14a)-Syrup. lH-NMR: 5.57 (l H, dd, J=2.0, 7.5Hz, H
4),5.48 (IH, dd, J =6.0, 7.5 Hz, H-3), 4.78 (lH, d, J=7.0 Hz, H-l), 4.51 (lH, dt, J=2.0, 8.0 Hz, H-5), 4.30--4.34 (2H,
m, H2-6), 4.21 (lH, dd, /=6.0, 7.0 Hz, H-2), 3.51 (3H, s, OMe).

The 2,6-diacetatc (14b) forms needles from benzene-AcOEt, mp 94-96°C. lH-NMR (CDC13) : 4.97-5.15 (3H,
m, H-2, 3, 4), 4.75 (l H, br d, J ==ca. 6.0 Hz, H-l), 4.44 (1H, dd, J= 6.4, 11.5Hz, H-6), 4.31 (l H, dd, J=6.4, 11.5Hz,
H-6), 4.18 (lH, dt, J=2.0, 6.4 Hz, H-5), 3.45 (3H, s, OMe), 2.12 and 2.14 (3H each. s, OAc). IR: 1810, 1740, 1040.
Anal. Ca)cd for C1 2Hl(,OsS: C, 45.00; H, 5.04. Found: C, 45.45; H, 5.10.

Methyl oc-D-Galactopyranoside 3,4-Thionocarbonate (16a)--Syrup. lH-NMR: 5.52-5.57 (l H, m, H-4), 5.50
(lH, t,J= 7.0 Hz, H-3), 5.20 (lH, d, J=4.0 Hz, H-l), 4.56 (lH, dt, J=2.0, 7.0 Hz, H-5), 4.31 (IH, dd, J=4.0, 7.0Hz,
H-2), 4.24-4.28 (2H, m, H2-6), 3.42 (3H, S, OMe).

The 2,6-diacetate (16b) forms needles from hexane-CH2CI2, mp l31-132°C. lH-NMR (CDCI): 5.07 (lH, t,
J=7.0Hz, H-3), 5.02 (IH, d, J= 3.7 Hz, H-I), 4.94-4.98 (2H, m, H-2 and H-4), 4.42 (IH, dd, J=7.0, 11.5Hz, H-6),
4.37 (lH, dd, J=6.0, 11.5Hz, H-6), 4.23 (IH, ddd, J=2.5, 6.0, 7.0 Hz, H-5), 3.42 (3H, s, OMe), 2.12 and 2.16 (3H
each, s, OAc). IR: 1720, 1140, 1020. Anal. Calcd for C12H160 SS: C, 45.00; H, 5.04. Found: C, 44.82; H, 5.00.

The 6-phenylthionocarbonate (17) was also formed, but was not isolated; it showed an OMe signal at () 3.47.
Phenyl cx~L-Arabinopyrnnoside 3,4-Thionocarbonate (19a)-Needles from AcOEt, mp 202-203 "C. lH-NMR:

6.99-7.35 (51-1, m, ArH), 5.60 (l H, d, J== 6.0 Hz, H-l), 5.52 (lH, dd, J=6.0, 8.0 Hz, H-3), 5.40(lH, ddd, J=2.5, 3.0,
8.5Hz, H-4), 4.55 (lH, t, J=6.0Hz, H-2), 4.50 (lH, dd, J=2.5, 14.0Hz, H-5eq), 4.30 (lH, dd,J=3.0, 14.0Hz, H
5ax). IR: 3350, 2950, 1080. Anal. Calcd for C1 2H120sS: C, 53.73; H. 4.51. Found: C. 53.97; H, 4.55.

The 2-acetate (19b) forms needles from hexane-ether-Cl-l-Clj, mp 118-12Q<)C. IH-NMR (CDC13) : 7.00-7.34
(SR, 111, ArH). 5.43 (IH, d, J =4.0 Hz, H-I), 5.33 (tH, t, J =4.0 Hz, H-2), 5.11 (IH, dd, J=4.0, 8.0Hz. H-4). 5.02 (lH.
dd, J=4.0, 8.0Hz, H-3), 4.24 (l H, dd, J=4.0, 14.0Hz, H-5), 4.04 (lH, dd, /=4.0, 14.0Hz. H-5). IR: 2950,1740,
1040. AllOI. Calcd for C14H140(jS: C, 54.19; H, 4.55. Found: C, 53.89; H, 4.57.

Methyl p..L-Arabinopyranoside 3,4-Thionocarbonate (21a)--Syrup. lH-NMR: 5.38 (IH, t, J=7.0Hz, H-3),
5.21 (IH, dd, J=2.5, 7.0 Hz, H-4), 4.96 (IH, d, J=3.4 Hz, H-I), 4.32 (tH, dd, J=3.4, 7.0 Hz, H-2), 4.17 (lH, d, J=
14.0Hz, H-Seq), 4.06 (lH, dd, J=2.5, 14.0Hz, H-5ax), 3.36 (3H, s, OMe).

The 2-aeetate (21b) forms needles from hexane-AcOEt, mp 120-121 L>C. 'lH-NMR (CDC13) : 5.05 (l H, r, J=
703Hz, H-3), 4.98 (lH, d, J=3.7 Hz, H-l), 4.95 (IH, ddt J=2.7, 7.3 Hz. H-4), 4.92 (lH, dd, J=3.7, 7.3 Hz, H-2), 4.20
(IH~ d, J=14.3Hz, H-5eq), 3.96 (lH, dd, J=2.7, 1403Hz, H-5ax.), 3.42 (3H, S, OMe), 2.16 (3H, S, OAc). IR: 1740,
1050, 1000. Anal. Calcd for C9H J206S: C, 43.55; H, 4.87. Found: C, 43.62; H, 4.93.

Methyl 2~DeoxY"lX-D-arahino-hexopyranoside 3,4,6-Triacetate (22b)~-Syrup. IH-NMR (CDCl.,): 5.26-5.40
(IH, m, H-3), 5.03 (lB, t, J= 10.0Hz, H-4), 4.87 (lH, d, J=3.SHz, H-l), 4.33 (IH. dd, J=5.0. 12.0Hz, H-6), 4.08
(lH, dd, J=2.5, 12.0Hz. H-6). 3.92--4.01 (lH, m, H-5), 3.37 (3H, s, OMe), 2.28 (lH, dd, J=5.5, 13.0Hz, H-2eq),
1.24 (IH~ ddd, J=3.5, 12.0, 13.0 Hz, H-2ax), 2.03, 2.06 and 2.12 (3H each, s, OAe).

On deacetylation it gave methyl 2-dcoxY-IX-D-arabino-hcxopyranoside (22a) as needles from AcOEt, mp 89-·
90 -c. lH-NMR: 4.96 (lB, d, J=3.5 Hz, H-l), 4.34 (IB, dd, J=5.5, 11.5Hz, H~3), 3.36 (3H, s, OMc), 2.46 (Iii, dd,
1=5.5, 13.0Hz. H-2eq), 2.02 (lB, ddd, J=3.5, 1l.5. 13.0Hz, H-2ax). Anal. Calcd for C7H140S : C, 47.18; H, 7.92.
Found: C, 47.04; H, 7.75.

Methy12~DeoxY-(l-D-thre(}-pentopyranoside 3,4-Diacetate (23)-----Syrup. IH-NMR: 5.57 (IH. ddd, J=5.0, 9.5,
10.0Hz, H-4), 5. J 7 (lH, dt, J= 5.0,9.5 Hz, H-3), 4.79 (IH, dd, J=2.5, 3.5 Hz. H-I), 3.93 (lH, dd, J:::::5.0. 11.0Hz, H
Seq),3.68 (lB, dd, J= lO.O, 11.0Hz, H-5ax), 2.29 (3H, S, OMe), 2.33 (lH, ddd, J=2.5, 5.0, 13.0Hz, H-2eq), 1.82(tH,
ddd, J= 3.5, 9.5, 13.0Hz, H-2ax), 2.00 and 2.02 (3H each, S, OAe). HR-MS m]z Calcd for CWHlhOh: 232.0947.
Found: 232.0951.

Methyl 4-Deoxy-p-l.-tlweo-pcntopyranoside2,3-Diacetate (24)--Syrup. 1H-NMR: 5.60 (l H, ddd, J::: 5.5, 10.0,
12.0Hz, H-3), 5.16 (lH, dd, J=3.4. 10.0Hz, H-2), 5.12 (lH, a, J= 3.4 Hz. H-I), 3.70 (lH, dt, J=2.5, 12.0Hz, H-5ux),
3.58 (lB, ddd, J=1.8, 5.5, 12.0Hz, H-5eq). 3.30 (3H, s, OMe), 2.05-2.11 (IH, m, H-4eq), 1.78 (lH, ddd, 1=5.5,
12.0, 12.5Hz, H-4ax). 2.00 and 2.0I (3H each, s, OAe). HR-MS m]: Calcd for CIOHH.Oo: 232.0947. Found: 232.0950.

MethyI4-Dcoxy-iX-L-th,"eo-pentopyranoside 2,3-Diacetate (25)~-Syrup. I H-NMR: 5.22-5.25 (2B, m, H-2 and
H-3), 4.49 (lH, d, J =6.7 Hz, H-l), 3.94 (IH, dt, J=3.8, 12.0Hz, H~5ax), 3.84 (IH, ddd, J= 1.0,2.8, 12.0Hz, H-5eq),
3.43 (3H~ a, OMe), 2.05-2.11 (lH, In, H-4), 1.68-1.78 (IB, m, H-4), 1.99and 2.01 (3H each, s, OAe). HR-MS m]:
Calcd for C IOH lI,06: 232.0947. Found: 232.0954.

MetllyJ 6-0..Tcsyl-e-n-glucopyrauoside (26)-Needles from AcOEt, mp 118-120°C. lH-NMR: 8.00 (2H, d.
J=7.6Hz, ArH), 7.20 (2H, d, J =7.6 Hz, ArH), 5.04 (lH, d. J=3.7 Hz, H-l), 4.92 (IH, d, J= 10.5Hz, H-6), 4.77 (IH,
dd, J==5.8, 10.5Hz, H-6). 4.44 (I H, t, J=8.9 Hz, H-3), 4.50 (l H, dd, J =5.8,8.9 Hz, H-5), 3.97-4.05 (2H, m, B-2 and
H-4), 3.36 (3H, S, OMe), 2.17 (3H, s, Me). IR: 3400,2920, 1351, .1340, 1195, 1160. Anal. Calcd for C14H;wOsS: C,
48.27; H. 5.79. Found: C, 48.23; H, 7.8l.

Methyl 6-DeoxY"lX-D-glucopyranoside (27)-MethyllX-D-glucopyranoside 6-tosylate (1.4g) and LiAIH4 (0.73g,
4.4mol eq) in THF (l00 ml) were refluxed for 16h. After decomposition of the excess reagent by sat. Na2S04 aq.• the
mixture was filtered and the residue was extracted several times with hot AcOEt. The residue was decomposed by
adding 1N HCl and neutralized with NaHC03, then concentrated to dryness, and the residue was extracted
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thoroughly with hot EtOH-AcOEt. All organic extracts were combined and concentrated to dryness and the residue
was chromatographed in AcOEt. The AcOEt and AcOEt-EtOH (99: 1) eluates gave 27 in 71~:r;; yield (550 mg) as
needles from {\cOEt, mp 96-98 -c (lit. mp 99 "C).11) IH-NMR: 5.05 (lH, d, J==3.7 Hz, H-I), 4.42(tH, r,J=9.2 Hz,
H-3), 4.09-4.14 (IH, m, H-5), 4.08 (lH, dd, J=3.7, 9.2 Hz, H-2), 3.67 (lH, t, J=9.2 Hz, H-4), 3.41 (3H, 5, OMe),
1.58 (3H, d, 1=6.4 Hz, 6-Me).

MethyI6-O-Tosyl-P-o-glucopyranosidc (28)--Syrup. lH-NMR: 7.99 (2H, d, 1=8.0 Hz, ArH), 4.93 (lH, d, J=
10.0Hz, H-6), 4.74 (IH, dd, J=4.5, 10.0Hz, H-6), 4.61 (tH, d, J=8.0 Hz, H-l), 4.1 I (IH, t, J=8.0 Hz, H-3), 3.94
4.07 (2H, m, H-4 and H-5), 3.89 (l H, t, J =:: 8.0 Hz, H-2), 3.52 (3H, S, OMe), 2.18 (3H, S, Me).

On acetylation it gave a triacetate as colorless needles from hexane-Cl-l.Cl-, mp 173-175 "e. IH-NMR
(CDCIJ) : 7.78 (2H, d, J=8.0Hz, ArH), 7.35 (2H, d, J=8.0Hz, ArH), 5.17 (IH, t, J=9.5Hz, H-3), 4.9] (lH, t, J=
905Hz, H-4), 4.89 (IH, dd, J=8.0, 905Hz, H-2). 4.38 (lH, d, J=8.0Hz, a-n 4.13 (IH, dd, J=3.0, 1l.0Hz, H-6),
4.08 (IH, dd, J= 5.5, 11.0Hz, H-6), 3.75 (IH. ddd,.1== 3.0,5.5,9.5 Hz, H-5), 3.44 (3H, S, OMe), 2.46 (3H, S, Me), 1.98,
2.00. and 2.03 (3H each s. OAe). IR: 2900, 1740, 1350, J 175. Anal. Calcd for CZOH.2bOllS: C, 50.63; H, 5.53. Found:
C, 50.35; H, 5.54.

MethyI6-Deoxy-p-D-glucopyranoside (29)--Reduction of 28 with LAH was carried out as described for 27, in
68% yield. After isolation, the product was crystallized from AcOEt as needles, mp 132-133 "'C (lit. mp 130
131 °C).l1J IH-NMR: 4.61 (tH, d, J=7.6Hz. B-1), 4.JO (IH, r, J=7.6Hz. H-3). 3.97 (lH, t, J=7,6Hz, H-2), 3.65
3.80 (2H, m, H-4, 5), 3.61 (3H, S, OMe), 1.61 (3H, d, J ==5.5 Hz, 6-Me). IR: 3400.2900. Anal. Calcd for C7Ht4 0 S: C,
47.18; H, 7.92. Found: C, 46.94; H, 7.92.

Methyl 3-DeoxY-/J-D-xylo"'hexopyranoside 2,6-Diacetate (30}----Syrup. IH-NMR: 4.93--5.06 (IH, In, H-2),
4.38 (JH, d. J =6.5 Hz, H-I), 4.34 (l H, dd, J=6.5, 12.0Hz, H-6), 4.22 (l H, dd, J=6.5, 12.0 Hz, H-6), 3.9] (l H, br s,
H-4). 3.76 (lH, dt, J =1.0,6.5 Hz, H-5), 3.52 (3H. S, OMe), 2.34-2.45 (H-I, m, H-3), 1.58-1.72 (lH. m, H-3). 2.06
2.16 (3H each, S, OAc). HR-MS m]: Calcd for CI1H t R0 7: 262.1052. Found: 262.1059.

Methyl 4~Deoxy-p-I>-xylo~hexopyranoside 2,6-Diacetate (31)-·-Syrup. 1H-N MR: 5.27 (I H, dd, J = 8.0. 9.0 Hz,
H·2), 4.54 (lH, d, J=8.0Hz, H-l), 4.22-4.38 (2H, 111, Hz-6), 3.82-3.94 (2H. m, H-3 and H-5), 3.48 (3H. 5, OMe).
2.22 (IH, ddd, J=2.0, 5.5, J2.5 Hz, H~4eq), 1.86 (IH, t, J= 12.5Hz, H-4ax), 1.98 and 1.99(3H each, s, OAe). HR-MS
m}z Calcd for CIIHIS07: 262.1052. Found: 262.1057.

Methyl 3-DeoxY-IX-D~xylo-hcxopyranoside 2,6-Diacetate (32)--Syrup. I H-NMR: 5.75 (1H, ddd • .! =::3.7, 5.2,
12.0Hz, H..2), 5.17 (lH, d, J=3.7Hz, H-l), 4.70 (lH, dd, J=7.6, 1103Hz. H·6), 4.60 (tH, dd, J=4.6. J1.3Hz. H-6),
4.25 (lH, br s, H-4), 4.18 (IH, dd, J::::4.6, 7.6 Hz, H-5), 3.44 (3H, S, OMe), 2.37 (lH, dt, J=5.2. 12.0Hz, H-3ax), 2.13
(JH, ddd, J=3.2, 5.2,12.0 Hz. H-3eq), 1.99 and 2.03 (3H each, s, OAc). HR-MS m]z Calcd for CllH 1Il0 7: 262.1052.
Found: 262.1047.

MethyI4-DeoxY-('(~D.xylo-hexopyranoside 2,6-Diacctatc (33)-Syrup. lH·NMR: 5.21 (IH, d, J=3.7Hz, H-I),
5.15 (lH, dd, J=3.7, 10.0Hz, H·2), 4.56 (IB, ddd, J=2.0. 5.0, 1O.0Hzl H-3), 4.25--4.33 (2H, m, Hz-G), 4.12-4.18
(IH, m, H-5), 3.36 (3H. s, OMe), 2.27 (lH, ddd, J=2.0, 5.0, 12.5Hz, H-4eq), 1.88 (IH, ABq, J= 12.5Hz, H-4ax), 1.97
and 2.03 (3H each, s, OAc). HR·MS mlz Calcd for ClI H II10 7: 262.1052. Found: 262.1049.

Phenyl 3-Deoxy-!J-L-threo-pcntopyranoside 2-Acetflte (34)----Syrup. IH-NMR: 7.04--7.40 (5H, m, ArH), 5.71
[l H, d, J=:.2.5 Hz, n-n,5.46 (lH, dt, J=2.5, 3.5 Hz, H-2), 4.39--4.54 (lH, m, H·4), 4.01 (lB, br s.Fl-S), 3.98 (lH, d.
J=3.0 Hz, H.5), 2.26 (2B, dd, J=3.5. 7.5 Hz, 1'12-3), 2.08 (311, s, OAe). H.R-MS mlz Calcd for C1lHltiO:\: 240.0998.
Found: 240.1001.

Phenyl 4-DeoxY-~-L~thre(l-pentopyranosidc 2-Acctatc (35)-Syrup. lH-NMR: 7.02--7.37 (5H, rn, ArH), 5.54
(lB, t, J= 8.0 Hz, H-2), 5.30 (lB, d,.J =l:LO Hz, n.n, 4.16---4.28 (lH, m, Hv3), 4.02··-4.12 (lH, rn, H-5), 3.65 (l H. dt,
J=2.5. 11.0 Hz, H-5), 1.88-2.21 (2H, m, H~4), 2.01 (:lH, S, OAc). HR~MS miz Calcd for C 12H 1h0 !\: 240.0998.
Found: 240.1000.

Treatment of 21b with TributyItin Hydride-v-v-i) With excess BU3SnH: A toluene solution (12 ml) of21b (80mg),
Bu.,SnH (470 mg, 5 mol eq), and AIBN (4 mg) was heated at 100"C for 1h in an argon atmosphere with stirring.
Chromatography of the product in benzene-ethyl acetate gave 38 (syrup, 44 mg), 39 (mp 117-119"C, 20 mg), and
trace amounts of 40 and 36.

ii) With J.5mol eq of BU3SnH at lOO"C: 21b (lOOmg) in toluene (I5ml) was deoxygenated with Bu3SnH

(175mg) as described above. Four compounds were obtained after chromatography; 38 (30 mg), 39 (25 mg), 40
(syrup, 22 mg), and 36 (syrup. 10mg) slightly contaminated with 37.

iii)With 1.5 mol eq of Bu3SnH at 75"C: 21b (150 mg) in toluene (23 ml) was deoxygenated with Bu3SnH (261 mg)
and AIBN (6 mg) at 75 "C for I h. Chromatography of the product gave 38' (35 mg) (contaminated with the other
compounds), 39 (27 mg), and an inseparable mixture of 37 and 36 (51 mg). The I H- and 13C-NMRspectra of 37 were
obtained by subtraction of the spectra of 36 from those of the mixture, and confirmed by comparisons of the COSY
and C-H COSY spectra of the mixture and those of the pure 36. The ratio (1 : 1) was determined from the intensity
ratio of the OMe peaks.

Methyl 3,4-0..Methylidene-/J-L-arabinopyranoside 2-Acetate (38)---Syrup. IH-NMR (CDCI): 5.21 and 5.00
(IH each, s, -OCH20 - ), 4.85 (IH, d, J=3.5 Hz, H-l), 4.83 (lH, dd, J=3.5, 7.5 Hz, H-2), 4.37 (lH. dd, J= 5.5, 7.5 Hz,
H·3), 4.07 (IH. d, J= 13.5Hz, H-5ax), 4.04 (l H, dd, J=3, 5.5 Hz, H-4), 3.92 (IH, dd, 1=3.0, 13.5Hz, H·5eq), 3.40
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(3H, s, OMe), 2.15 (3H, s, OAc). 13C-NMR (CDC13) : 170.5 (C=O), 97.1 (C-l), 94.6 (-0CH20-), 74.S, 72.3, 70.2 (C
2, 3, 4), 58.2 (C-5), 55.6 (OMe), 21.0 (OAe). HR-MS mlz Calcd for C9H 1406 : 218.0786. Found: 218.0790.

Methyl p-i.-Arabinopyranoside 3,4-Carbonate 2-Acetate (39)-Colorless needles from hexane-CfljCl., mp
117-119°C. IH-NMR: 5.43 (lH, dd, J=3. 7, 7.3 Hz, H-2), 5.27 (lH, t, J= 7.3 Hz, H-3), 5.17 (lH, dd, J=2.7, 7.3 Hz,
H-4), 5.16(lH, d, J=3.7Hz, H-I), 4.17.(lH, d, J= 14.3 Hz, H-5eq), 3.98 (l H, dd, J=2.7, 14.3Hz, H-5ax), 3.29 (3H,

s,OMe), 1.99 (3H, s, OAe). 13C-NMR: 169.9 (CHJ{;=O), 154.4 (~:;C=O), 96.6 (C-1), 75.9 (C-4), 74.7 (C-3), 70.8

(C-2), 57.7 (C-5), 55.8 (OCH3 ) , 20.5 ({;H3C= 0). IR: 1814, 1724. Anal.Calcd for C9H120 , : C, 46.55; H, 5.21. Found:
C, 46.73; H, 5.29.

Methyl 4-Deoxy-jl-L-threo-pentopyranoside 3-Acetate (40)-Syrup. IH-NMR: 5.56 (l H, dt, J=5.0, 1O.5Hz,
H-3), 5.06 (l H. d, J=4Hz. H-l), 4.00 (lH, dd, J=4.0, 10.0 Hz, H-2), 3.74 (lH, dt, J = 12.0, 2.0 Hz, H-5ax), 3.60 (lH,
ddd, J:::::2.0, 5.0, 12.0 Hz, H-5eq), 3.37 (3H, s, OMe), 2.09 (1H, ddt, J = 12.5, 5.0,2.0 Hz, H-4eq), 2.01 (3H, s. OAe),
1.76 (IH, ddt, J= 12.5,5.0, 10.5 Hz, H-4ax.). HR-MS mlz Calcd for C8H1405~ 190.0841. Found: 190.0845.

Methyl 4-Deoxy-p-L-threo-pcntopyranoside 2-Acetate (37)--IH-NMR: 5.14 (lH, br d, J=3.5Hz, H-l), 5.12
(I H, dd, J= 3.5,9 Hz, H-2), 4.46 (IH, ddd, J= 5, 9, II Hz, H-3), 3.79 (lH, dt, J= 12.0, 2.5 Hz, H-5ax), 3.65 (IH, ddd,
J:=2.0, 5.5, 12.0 Hz, H-5eq), 3.33 (3H, s. OMe), 2.12 (lH, ddt, J= 12.5,5.0, 2.5Hz, H-4eq), 1.97 (3H, s, OAe), 1.95
(l H, ddt, J = 5.0, 11.0, 12.5 Hz, H-4ax).

Methyl 3-DeoxY-iX-L-tllreo-pentopyranoside 2-Acetate (36)--Syrup. 1H-NMR: 5.74 (1H, ddd, J =3, 5, 11.5 Hz,
H-2), 5.06 (IH, br d, J=3 Hz, H-1), 4.20-4.24 (l H, m, H-4), 3.92 (l H, dd, J=2, 12Hz, H-5ax), 3.77 (lH, dd, J=2,
12.0 Hz, H-5eq), 3.41 (3H, s. OMe), 2.33 (IH, ddd, J=3, 11.5, 1205Hz, H-3ax), 2.23 (lH, ddd, J=4, 5, 12.5Hz, H
3eq), 1.99 (3H, S, OAc). HR-MS mlz Calcd for CgHt4Os: 190.0841. Found: 190.0848.

Methyl 3,4-Dideoxy-p-D-el'ythro-hex-3-enopyranosidc 2,6-Diacetate (41b)-Needles from isopropyl ether, mp
78-80"C. IH-NMR (CDCI3) : 5.91 (lH, ddd, J== 1.2,1.8, 10.4 Hz, H-3), 5.85 (lH, ddd, J=2.4, 3.0, 10.4Hz, H-4),
5.14-5.17 (l H, m, H-2), 4.62 (lH, d, J==4.9Hz, H-1), 4.48-4.54 (f H, m, H-5), 4.19 (l H, dd, J=6.4, 11.3 Hz, H-6),
4.15 (lH, dd, J=5.2, 11.3 Hz, H-6), 3.50 (3H, s, OMe), 2.09 and 2.10 (3H each, S, OAc). IR: 1800,1720. Anal. Calcd
for C1 J HJ{}O,,: C, 54.09; H, 6.60. Found: C, 54.02; H, 6.63.

Methy13,4-Didcoxy-P-D-erythro-hex-3-cnopyranoside (41a}-Syrup. IH-NMR (CDCI3) : 5.86 (1H, dt, J =. 10.2,
2.4 Hz, H-3), 5.74 (lH, dt, J= 10.2, 1.8 Hz, H-4), 4.42 (tH, d, J ::=5.8 Hz, H-I), 4.36-4.41 (lH, m, H-5), 4.08 (lH, dt,
J=5.8, 2.4 Hz, H-2), 3.76 (tH, dd, J=3.2, 12.0Hz, H-6), 3.62 (lH, dd, J=6.0, 12.0Hz, H-6), 3.57 (3H, s, OMe).

Methyl 3,4-Dideoxy-p-o-e,ythro-hexopyranosidc (42)-Volatile liquid. IH-NMR (CDCI.,): 4.14 (lH, d, J=
7.6Hz, H-I), 3.59-3.63 (3H, m, H-5 and H2-6), 3.56 (3H, s, OMe), 3.39 (lH~ ddd, J=5.5, 7.6, 10.5Hz, H-2), 2.12
(IH, ddd, J=2.5, 5.5, 10.5 Hz, H-3), 1.59-1.67 (lH, m, H-3), 1.45-1.58 (2H, m, H2~4). HR-MS m]z Calcd for
C7H 1404 : 162.0892. Found: 162.0895.

Methyl 3,4-Djdeoxy-cx-o-eryth,.o-hex-~-enopyranosidc 2,6-Diacetate (43b)-----Colorlcs!i liquid. IH-NMR
(CDCI): 5.84 (IB, dt, J= to.7, 2.1 Hz, H-3), 5.75 (lB, dt, J= 10.7.2.1 Hz, H-4), 5.30-···5.34 (lB. In, 1-I~2), 5.11 (tH,
d, J == 4.2 Hz, H-I), 4.36--4.42 (l H, m, H-5), 4.18 (2H, d, J =4.9 Hz, 1-1 2-6), 3.50 (3H, S, OMe), 2.10 and 2.12 (3H
each, s, OAc).

MethyI3,4-Dideoxy-cx-D-ef·ythro...hex-3-enopyranoside (43a)--Volatilc liquid. IH~NMR (CDCl,,): 5.R 1(l H. dt,
J= 10.4,2.1 Hz, H-3). 5.69 (l l-l, dt . .I= lOA, 2.1 Hz, H-4), 4.92 (IH, d, J=4.6 Hz, H-l), 4.19·-4.26 (2H, 111, B-2, 5),
3.74 (lB, dd, J=3.0, 11.3 Hz, H-6), 3.60 (IB, dd, J=6.1, 11.3 Hz. H-6), 3.53 (3H, s, OMc).

Methyl 3,4-Dideoxy-Ct-o-e"ythro-hexopyrnnoside (44)--·-Volatile liquid. IH..NMR (CDC1,,): 4.70 (IH, d, J=
3.7 Hz. H-1), 3.72-3.79 (I H. m, H-5), 3.62 (1I-I. dd, J =3.4, 11.6 Hz. 1-1-6). 3.59-3.63 (l H, m, H-2), 3.51 (1 H, dd,.I=
6.7, 11.6 Hz, H-6), 3.45 (3H, S, OMc), 1.90 (lB, ddd, J=4.0, 5.5, 11.5Hz, H-3cq), 1.71 (IH, dddd, J=4.0, H.O, 11.5,
11.9 Hz, H-3ax), 1.61 (1H, ddd, .1== 3.4,4.0, 11.9 Hz, H-4eq), 1.48 (1H, dddd, J =4.0,8.0, 11.9, 11.9 Hz, H-4nx). HR
MS miz Calcd for C7H 1404 : 162.0892. Found: 162.0898.

PhcnyI3,4-Didcoxy-P-D-glycero-pent-3-enopyrslloside 2-Acetate (45b)---Syrup. IH-NMR (CDC1,,): 7.27--··7.32
(2H, In. ArH), 7.01-7.09 (3H, In, ArH), 6.17 (lB. dt, J=2.5, 10.0Hz, H-4), 4.94--4.98 un, m, H-3), 5.56 (lH, br s,
H-I), 5.18 (lH, br d, J=4.0Hz, H-2), 4.28 (IH, dd, J=2.5, 17.0Hz, H-5), 4.02 uu, dd, J=2.5, 17.0Hz, H-5).

Phenyl 3,4-Didcoxy-p-o-g/yc:ero-pent-3-enopyranoside (45a)~Syrup. IH-NMR (CDCI): 7.00--7.32 (5H, m,
ArH), 6.00 (2H, s, H-3 and H-4), 5.47 (l l-l, d, .1=2.1 Hz, H-I), 4.24 (IH, dd, J=2.0, 17.5Hz, H-5ax), 4.15 (IH, dd,
J= 1.2, 17.5 Hz, H-5eq), 4.08 (lH, br s, H-2).

Phenyl 3,4-Dideoxy-p-o-g/ycero-pentopyranoside (46)-Volatile oil. IH-NMR (CDCI,3): 7.00-7.31 (5H, m,
ArH), 5.03 (lH, d, J= 5.2 Hz, H-1), 3.96 (lH. ddd, 1=3.5, 6.3, 11.5 Hz, H-5), 3.76 (lH, ddd, J=4.0, 5.2, 7.8 Hz, H-2).
3.58 (lH, ddd, J = 3.0, 7.6,11.5 Hz, H-5), 2.20 (IH, m, H-3), 1.84 (tH, rn, H-4), 1.69 (IH, ddd, J=4.3, 7.8, 12.5 Hz, H
3), 1.58-1.66 (IH, m, H-4). HR-MS m]: Calcd for C11H140,3: 194.0943. Found: 194.0949.

Methyl 3,4-Dideoxy-ex-o-glycero-pent-3-enopyranoside 2-Acetate (47b)-Highly volatile liquid. IH-NMR
(CDCI 3 ) : 5.95 (I H, dt, J= 10.4, 204Hz, H-4), 4.66 (lH, dd, J=2.4, 10.4 Hz, H-3), 5.30 (lH, m, H-2), 4.93 (l H, d, J=
4.0 Hz, H-]), 4.23 (lH, dd, J=2.4, 16.8 Hz. H-5), 4.08 (IH, dd, J=2.4, 16.8 Hz, H-5), 3.50 (3H, s, OMe), 2.12 (3H, S,

OAe).
Methyl 3,4-DideoxY-IX-I>-gIycero-pent-3-enopyranoside (47a)-Highly volatile liquid. 1H-NMR (CDC13) : 5.82
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(lH, dt, J= 10.5, 2.4 Hz, H-4), 5.73 (IH, dd, J=2.1, 1005Hz, H-3), 4.77 (lH, d, J==4.0Hz, H-I), 4.17-4.21 (IH, m,
H-2), 4.14 (lH, dd, J=2.4, 16.8Hz, H-S), 4.02 (lH, dd, J=2.4, 16.8Hz, H-5), 3.53 (3H, S, OMe).

MethyI3,4-DideoxY-~-D-glycero-pentopyranoside (48)--Highly volatile liquid. 1H-NMR (CDCI3) : 4.58 (1H, d,
J=3.1 Hz, H-I), 3.61-3.69 (lH, m, H~2), 3.42-3.53 (2H, 01, H2-5), 3.45 (3H, s, OMe), 1.79-1.85 (lH, m, H-3),
1.62-1.75 (3H, 01, H-3 and H2-4). HR-MS miz Calcd for C6H J203: 132.0787. Found: 132.0792.
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The synthesis of 2-substituted 5-( l-oxido-s-pyridyl )-(4a--lOa)and 5-( f-oxido-z-pyridyl )-1,3,4
thiadiazole derivatives (4b-10b) by substitution reaction of 5-{1-oxido-4-pyridyl)- (3a) and 5-(1
oxido-2-pyridyl )-2-methylsulfonyl-I.3,4-thi~\diazole(3b) is described. 5-{ l-Oxido-d-pyridyl)- (9a)
and 5-(1-oxido-2-pyridy1)-1,3.4-thiadiazole (9b) could be reduced with sodium dithionite to 2-(4
pyridyl)- (IIc) and 2-(2-pyridyl)- I.3.4-thiadiazole Old).

Keywords~2,3-dihydro-l.3,4-thiadiazole~ oxidation; methylsulfonyl-Ls.a-thiadiazolc;
nucleophilic substitution; nucleophile; substituted 1,3,4-thiadiazole~ hydrolysis; sodium borohy
dride; (l-oxidopyridyl)-1,3,4-thiadiazole; sodium dithionite

The 010St COnl1110n procedure for the synthesis of 2,5-di~ubstituted 1\3,4-thiadiazoles is
based on cyclization of acylated thiosemicarbazides or compounds with similar structures. I)

Nucleophilic substitution reaction of 1,3,4-thiadiazole derivatives with strong electron
withdrawing substituents in the 2-position is a valuable procedure for preparing 2,5
disubstituted 1,3,4-thiadiazole derivatives which are not readily obtainable by the common
procedures.

A substituent such as a halogen atorrr" or nitro group" in 1,3,4-thiadiazolc derivatives
can be readily displaced by nucleophiles, due to the low electron density at the carbon atoms 0

in the 1~3,4-thiadiazoIe ring. It has also been reported that methylsulfonyl groups at carbons
with low electron density in heterocyclic compounds can be displaced with nucleophiles." 2
Hydrazino-5-phenyl-I,3,4-thiadiazole has been prepared by hydrazinolysis of 2-u1cthyl
sulfonyl-5-phenyl-l.3A-thiadiazole,5)

Previously, we have reported that acetylation of both pyridine-carbaldehyde methyl
thio(thiocarbonyl)hydrazones (Ia.Ib) with acetic anhydride gave the 2)-dihydro-1,3,4
thiadiazoles (2a,2b) and oxidation of 2a,2b with an excees of 30~j{) hydrogen peroxide in
acetic acid gave 2-methylsulfonyl-5-( l-oxido-pyridylj-I ,3,4-thiadiazoles (3a, 3b) in good
yields'? (Chart I).

We here report on the substitution reaction of the 2-methylsulfonyl-1,3,4-thiadiazoles

N-NH

RJ( }-SCH3

H S

la: R =4-pyridyl
Ib : R=2-pyridyl

28: R= 4-pyridyl
2b: R = 2-pyridyl

Chart 1

3a : R = l-oxido-c-pyridyl
3b: R:= I-oxido-z-pyridyl
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N-N

RJZ. ,).-OC2HS
S

4a,4b

N-NH

RJZ. ~O
S

lOn, lOb

lle, lld

N-N

R-I( )\-SPh
S

5a.5b

a : Ir oxidc-d-pyruiyl
b : I-oxido-z-pyrjdyl
c : 4-pyridyl
d : 2-pyridyl

Chart 2

N-N

RJ( )-NH-Ph
S

Ha. Hb

103]

(3a,3b) with various nucleophiles. Treatment of 3a with sodium ethoxide in EtOH or with
thiophenol in the presence of sodium hydride at 1'00111 temperature gave 2-ethoxy- (4a) or 2
phenylthio-5-(1-oxido-4-pyridyl)-1,3A-thiadiazole (5a) in .7T/;~ or 78~<; yield, respectively.
Reaction of 3a with aniline at elevated temperature gave 2-anilino-5-(l-oxido-4-pyridyl)
I,3,4-thiadiazole (6a). Reaction of 3a with diethyl malonate or ethyl acetoacetate in the
presence of sodium hydride afforded diethyl 5-(1-oxido-4-pyridyl)-2.3-dihydro-l,3,4
thiadiazol-z-ylidcnemalonatc (7a) or ethyl 1-(5-{l-oxido-4-pyridyl)-2,3-dihydro-J ,3,4
thiadiazol-z-ylidenej-l-acetylucctate (Sa) in 83~~~'~ or 81~: yield, respectively. The infrared (lR)
spectra of compounds 7a and 8a showed NH absorptions at 3210 and 3230cm -1, respectively.
The proton nuclear magnetic resonance eH-NMR) spectra of COInpounds 7a «)11 13.54) and
8a (c'j.1 13.60) also indicate the presence of NH protons. These results show that 7a and Sa exist
as the 2,3-dihydro-l,3A~thiadiazole tautorners. Reaction of 3a with NaBH,t. at room
temperature gave 2-(l-oxido-4-pyridyl)-I,3,4-thiadiazole (9a) by substitution of the 2
methylsulfonyl group with a hydride anion. Hydrolysis of 33 with 2 N Hel under reflux gave
5-( l-oxido-4-pyridyl)-2,3-dihydro-1 ,3,4-thiadiazol-2-one (lOa). The structures of compounds
4a-l0a were supported by the analytical and spectral data (Table 1).

Similar treatment of3b with the nuc1eophiles described above also gave 2-substituted 5-(1
oxido-2-pyridy1)-1,3,4-thiadiazoles (4b--tOb). The structures of compounds 4b--lOb were
also supported by the analytical and spectral data (Table II).

It has been reported that pteridine N-oxides could be easily reduced to pteridine by
treatment with sodium dithionite (Na2S104).7) In fact, reduction of9a with 8 eq of Na2S10 4 in
50/~ aqueous EtOH under reflux for 15 min gave 2-(4-pyridyl)-1,3,4-thiadiazole (He) in 94%
yield, while treatment of9b with 30 eq of Na2S204 in 50% aqueous EtOH under reflux for 1h
gave 2-(2-pyridyl)-1 ,3,4-thiadiazole (11d)8) in only 56% yield.



TABLE I. 2-Substituted 5-(I-Oxido-e-pyridylj-I ,3.4-thiadiazoles (4a-10a)

mp (;C) IR \.~~~cm "!
Analysis ej~)

MS
Compd. Yield Calcd (found)

No. e'~)
(Recrystn. IH-NMR signals (ppm) (J=Hz) Formula mlz

solvent) NH CO N-G
C H N

(M+)

4a 77 159-161 1260 aJ 1.42 (3H. t. J=7, CH2Ctl3)' 4.56 (2H, q, J=7. C9H9N3OZS 48.42 4.06 18.82 223
(EtOH) CU2CH3), 7.81 (2H. dd, J=2, 7, PyH), 8.29 (2H. (48.45 4.02 18.92)

dd, J=2, 7. PyH)
5a 78 141-143 ]285 oj 7.40-8.00 (5H. m, ArH), 7.87 (2H. dd. J=2, 7, CI3H9N30S2 54.34 3.16 14.62 287

(EtOH) PyH), 8.30 (2H, dd, J=2, 7, PyH) (54.38 3.00 14.65)
6a 87 274-276 3240 1245 at 6.90-7.76 (5H, m, ArH), 7.85 (2H. dd, J=2, 7. C12HlON4OS 57.76 3.73 20.73 270

(EtOH) PyH), 8.29 (2H, dd, J=2, 7, PyH), 10.99 (IH. br s, (57.74 3.62 20.54)
NH)

7a 83 185-187 (dec.) 3210 1640 1260 bi 1.35 (6H, t, J=7, CH2Cth ), 4.29 (4H, q, J=7, C14HlSN30SS 49.85 4.48 12.46 337
(EtOH) 1625 CtjzCH3 ) , 7.67 (2H, dd, J=2, 7, PyH), 8.23 (2H. (49.49 4.49 12.22)

dd, J=2, 7, PyH), 13.54 (IH. brs, NH)
8a 81 205-207 (dec.) 3230 1630 1240 bl 1.41 (3H, r, J=7, CH2Ct!J), 2.58 (3H, S, COCth), C13H13N304S 50.81 4.26 13.67 307

(EtOH) 1585 4.37 (2H, q, J=7, CthCH3 ) , 7.75 (2H, dd, J=2, (51.11 4.27 13.37)
7. PyH), 8.26 (2H, dd, J=2, 7, PyH), 13.60 (lH,
br s, NH)

9a 82 156-159 (dec.) 1255 aJ 8.03 (2H, dd, J=2, 7, PyH), 8.37 (2H. dd, J=2, C7HsN3OS 46.92 2.81 23.45 179
(EtOH) 7, PyH), 9.72 (lH, s. C2-H) (46.90 2.64 23.19)

lOa 80 280-281 3110 1660 1240 cl C7HsN 302S 43.07 2.58 21.53 195
(MeOH) (42.79 2.47 21.51)

Abbreviations: br s, broad singlet; dd, doublet of doublets: rn, multiplet: q, quartet: s. singlet: r, triplet. a) In DMSO-db • b) In CDCl3 - c) Not soluble in DMSO·d6 or in CDClJ •

(5
W
N

<
~
VJ
VI

,-...-\0
00

d



TABLE II. 2-Substituted 5-(l-Oxido-z-pyridylj-I ,3,4-thiadiazoles (4b-lOb)

mp CC) IR \'~~~cm-l
Analysis (/~)

MS
Compd. Yield

(Recrystn. lH-NMR signals (ppm) (J=Hz) Formula
Calcd (Found)

mlz
No. (~~)

solvent) NH CO N-0
C H N

(M+)

4b 98 183-184 1245 Gl l.50 (3H. t, ]=7, CH 2Ctl3). 4.55 (2H. g, J=7, CgHgN302S 48.42 4.06 18.82 223
(EtOH) CI.:hCH3 ). 7.56-7.74 (2H, m, PyH), 8.38-8.60 (48.62 3.96 18.99)

(2H, m. PyH)
5b 97 172-174 1250 oj 7.40-7.90 (7H. ro, ArM), 8.40-8.65 (2H. m, CI3H9N30S1 54.34 3.16 14.62 287

(EtOH) PyH) (54.39 i.90 14.71)
6b 82 275-278 (dec.) 3250 1250 0) 6.92-7.80 (7H, m, ArH), 8.40-8.58 (2H, m, C11HlON.+OS 57.76 3.73 20.73 270

(E1OH) PyH), 10.85 (l H. brs, NH) (57.82 3.59 20.78)
7b 74 182-184 (dec.) 3190 1640 1240 bl 1.36 (6H. r, J=7, CH 2Cth ), 4.28 (4H, q. J=7. C14H15N30;;S 49.85 4.48 12.46 337

(EtOH) 1620 CthCH3 ) , 7.30-7.56 (2H, m, PyH), 8.20-8.50 (49.75 4.61 12.16)
(2H, m, PyH), 14.01 (lB, br s, NH)

8b 64 217-220 (dec.) 3190 1635 1250 hI 1.41 (3H, 1. J=7, CH 2Ct h ), 2.59 (3H. s, eaCH3 ) , C13H13N30*S 50.81 4.26 13.67 307
(EtOH) 1585 4.36 (2H, q, J=7, Ctl2CH3)' 7.34-7.56 {2H. m, (50.51 3.96 13.56)

PyH), 8.26-8.56 (2B. m, PyH), 12.00-14.50 PH,
br, NH)

9b 76 192-193 1255 al 7.59-7.78 (2H, m, PyH), 8.54-8.73 (2H. m, C7HsN3OS 46.92 2.81 23.45 179
(EtOH) PyH)~ 9.75 (IH, s, erH) (46.83 2.63 23.40)

lOb 95 270-272 (dec.) 3080 1670 1240 al 7.50-7.64 (2H, m, PyH), 8.06-8.50 (2H. ill, C7HsN302S 43.07 2.58 21.53 195
(Benzene-MeOH) PyH), 13.75 (IH, brs, NH) (43.04 2.37 21.29)

Abbreviations: br, broad; br s, broad singlet; m. multiplet; q, quartet; s. singlet: t, triplet. a) In DMSO·dc.' b) In CDClJ •
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Melting points were determined by the capillary method and are uncorrected. IR spectra were recorded on a
Hitachi 215 spectrometer. 1H-NMR spectra were recorded on a JEOL PS-IOOspectrometer using tetramethylsilane as
an internal standard. Mass spectra (MS) were measured with a JEOL D-300 instrument. For column chromatog
raphy, Silica gel 60 (230-400 mesh, Nakarai Chemicals, Ltd.) was employed. Yields, melting points, analytical and
spectral data for 4a-10a and 4b-IOb are given in Tables I and II, respectively.

2-Ethoxy~5-(l-oxid0-4-pyridyl)- (4a) and 2-Ethoxy-5-(I-oxido-2-pyridyl)-1,3,4-thiadiazole (4b)--General
Procedure: A suspension of 33 or 3b (150 mg, 0.58 mmoI) in EtOH (5 ml) was added dropwise to a stirred solution of
EtONa (1.74mmol) in EtOH (4ml) at room temperature. After I h, the mixture was neutralized with HClfEtOH
solution and concentrated under reduced pressure. The residue was chrornatographed on a silica gel column (CHC13

MeOH, 20: I, vjv). Evaporation of the eluates gave a solid, which was crystallized from EtOH to give 4a or 4b.
2-Phenylthio-5-(1-oxid0-4-pyridyl)- (Sa) and 5-(l-Oxido-2-pyridyl)..t,3,4-thiadiazole (5b)--General Procedure:

A suspension of sodium hydride (105 mg, 2.62mmol, 60% dispersion in oil, washed twice with ether) in dry
tetrahydrofuran (THF 4 ml) was added dropwise to a stirred solution of thiophenol (285 mg, 2.59 mmol) in dry THF
(4 ml) at room temperature. After 1h, a suspension of 3a or 3h (300 mg. 1.17 mmol) in dry THF (7 ml) was added
dropwise to the solution of the sodium salt of thiophenol at room temperature. After being stirred for 15min, the
mixture was neutralized with aqueous acetic acid, and concentrated under reduced pressure. The residue was
chrornatographed on a silica gel column (CHC13-acetone, 20: 1, vlv). Evaporation of the eluates gave a solid, which
was crystallized from EtOH to give 5a or 5b.

2-Anilino-5-(1-oxido-4-pyridyl)- (6a) and 2-Anilino-5-( l-oxido-2-pyridyl)-1,3,4-thiadiazole (6b)--General
Procedure: A mixture of3a or 3b (ISOmg, 0.58 mmol) and aniline (1 ml) was stirred at 110-130 "C for 5 h. The mixture
was chromatographed on a silica gel column (CHClrMeOH, 20: 1, v/v). Evaporation of the eluates gave a solid,
which was crystallized from EtOH to give 6a or 6b.

Diethyl 5-(l-Oxido-4-pyridyl)- (7a) and Diethyl 5-(I-Oxido-2-pyridyl)-2,3-dihydro-t,3,4-thiadiazol-2-ylidenc
malonate (7b}--General Procedure: A suspension of sodium hydride (117 mg, 2.93 mrnol, 60~,~ dispersion in oil,
washed twice with ether) in dry THF (4 ml) was added dropwise to a stirred solution of diethyl malonate (470 mg,
2.93 mmol) in dry THF (4 rnl) at room temperature. After 1h, a suspension of 3a or 3b (150 mg. 0.58 mmol) ill dry
THF (7 rnl) was added dropwise to the solution of the sodium salt of diethyl malonate at room temperature. After
being stirred for 3 h, the mixture was neutralized with aqueous acetic acid, and concentrated under reduced pressure.
The residue was chromatographed on a silica gel column (CHCI3-MeOH, 20: 1, v/v). Evaporation of the eluates gave
a solid, which was crystallized from EtOH to give 7a or 7b.

EtlJyl l-(S-(I-Oxido-+pyridyI)- (8a) and Ethyl 1-(S-(1-Oxido-2-pyridyl)-2,3-dihydro-l,3,4-thiadinzol-2-ylidenc)-l
acetyl acetate (8b)-------GeneraI Procedure: A suspension of sodium hydride (117 mg, 2.93 mmol, 60~';; dispersion in oil,
washed twice with ether) in dry THF (4 ml) was added dropwise to a stirred solution of ethyl acetoacetate (380 mg,
2.92 mmol) in dry THF (4 ml) at room temperature. After I h, a suspension or 3a or 3b (150 mg, 0.5& 0101(1) in dry
TJ-IF (7 ml) was added dropwise to the solution of the sodium salt of ethyl acetoacetate at room temperature. After
being stirred at 70 OlC for I h, the mixture was neutralized with aqueous acetic acid, and concentrated under reduced
pressure. The residue was chromatographed on a silica gel column (CHCI 3-..McOH, 20: 1, vlv). Evaporation of the
eluates gave a solid, which was crystallized from EtOH to give Sa or 8b.

Z-{1-0xido-4-pyridyl)- (9a) and 2M(I-Oxido-2-pyridyl)-1,3,4Mthiadiazole (9b)- .. -··_··Oeneral Procedure: NaBH4 (for
38,56 mg, 1.48 mmol; for 3b, 90 rng, 2.38 mmol) was added portionwise to a stirred suspension of 3a or 3b (150 mg,
O.5R mmol) in EtOH (4ml) at DL·C. After being stirred at room temperature for I h, the mixture was neutralized with
acetic acid, and concentrated under reduced pressure. The residue was chromatographed on a silica gel column
(CHCI:\-MeOH, 20: 1, v/v). Evaporation of the eluates gave a solid, which W~IS crystallized from EtOH to give 9a or
9b.

5-(1-0xid0-4-pyridyl)- (10a) and 5-( 1-Oxido-2-pyridyl)-2,3-dihydro-l,3,4-thiadiazol-2-one (lOb)----·General
Procedure: A mixture of 3a or 3b (150 mg, 0.58 mmol) and 2 N Hel (71111) was refluxed for 3 h. The mixture was
neutralized with saturated K2C03 aqueous solution. i) For 3a: The resulting solid was collected by filtration and
washed with hot MeOH to give lOa. ii) For 3b: The mixture was concentrated under reduced pressure. The residue
was chromatogrnphed on a silica gel column (CHCI 3-MeOH, 20: l , vlv). Evaporation of the eluates gave a solid,
which was crystallized from benzene-MeOH to give lOb.

Z-(4-Pyridyl)-1,3,4-thiadiazole (llc)--A mixture of 9a (100 mg, 0.56 mmol) and NU2S204 (780 mg, 4.48 mmol)
in 50% aqueous EtOH (8 ml) was refiuxed for 15 min. The mixture was extracted with CHCI;\ (3 x 50 ml). The
combined extract was washed with brine, and dried over Na2S04 • After removal of the solvent by evaporation, the
residue was crystallized from ether to give lIe (86 mg, 94~~) as colorless crystals, mp 112-114 ClC. IR(KBr):
1600cm- l • IH-NMR (DMSO-d(J) 6: 7.98 (2H, dd, ArH), 8.80 (2H, dd, ArH), 9.82 (IH, s, C2-H). Anal. Calcd for
C,H,N,lS: C, 51.52; H, 3.09; N, 25.75. Found: C, 51.57; H, 2.96; N, 25.72.

2-(2-Pyridyl)-1,3,4-thiadiazole (lld)--A mixture of 9b (100 mg, 0.56 mmol) and Na2S204 (2.918 g, 16.76 mrnol)
in 50~~ aqueous EtOH (15 ml) was refluxed for I h. The mixture was extracted with CHCl3 (3 x 80 ml), The combined
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extract was washed with brine, and dried over NalS04 • After removal of the solvent by evaporation, the residue was
chromatographed on a silica gel column (CHCl3-MeOH, 50: 1, vjv). Evaporation of the eluates gave.a solid, which
was crystallized from petroleum ether to give lId (51 mg. 56%), mp 80-82°C (lit.S

) 83-84°C).
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MS. This work was supported in part by a grant from the Ministry of Education, Science and Culture, Japan.
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Mono-, di- or triacylated griseolic acid derivatives were synthesized by selective acylation or by
selective hydrolysis of the polyacylated derivatives. The inhibitory activities of these compounds
against adenosine 31,5 '-cyclic monophosphate or guanosine 3 ',5'-cyclic monophosphate phos
phodiesterase were investigated to clarify the structure activity relationship. Acylation of the
amino group of the adenine moiety greatly reduced the inhibitory activity. On the other hand,
acylation of the hydroxy groups at the 7'- and 2'-position had relatively little effect on the inhibi
tory activity.

Keywords--griseolic acid; selective partial acylation; adenosine 3' ,5 '-cyclic monophosphate;
guanosine 3',5'-cyclic monophosphate: phosphodiesterase; inhibition

Introduction

Griseolic acid is a new nucleoside type compound which was isolated from the culture
broth of Streptomyces griseoaurantiacus SANK 63479.3 } Its structure was subsequently
determined as I by X...ray crystallographic analysis."!

As illustrated, griseolic acid. which seems to be derived from adenosine and tartaric acid.
has an adenine base. a bicyclic ring in its sugar moiety and two carboxylic acid groups. Thus.
its structure is very similar to that of adenosine 3',5'-cyclic monophosphate (cAMP).

We have reported that griseolic acid is a strong competitive inhibitor of cAMP and
guanosine 3',5'-cyclic rnonophosphate (cGMP) phosphodiesterases (PDE). and thus it in
creases the level of 3' ,5'-cyclic nucleotides in the tissues of treated animals.'? It seems to act as
an antagonist for PDE, probably because its structure is very similar to that of a 3'.5'- cyclic
nucleotide. It is well-known that cAMP, which is widely distributed in animal tissues,
functions as a second messenger for and mediates the effects of a large number of hormones;
as a result, cAMP has a variety of important physiological and biochemical roles.

From this background, we have investigated the relationship between the structures of
griseolic acid derivatives and their inhibitory activities against PDE. In this paper. we wish to
report a synthetic method for acylated derivatives and an examination of their inhibitory
activities against cyclic nucleotide PDE.

Synthesis
An interest in the structure-activity relationship of griseolic acid has prompted us to

synthesize various partially acylated derivatives. Moreover, these compounds should be good
intermediates for synthesizing other derivatives of griseolic acid, as.will be reported elsewhere.
We therefore developed methods for regioselective acylation of each functional group of
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Fig. 1

griseolic acid.
N 6 ,02

' ,07
' - Tribenzoylated Derivative (4)--10 order to synthesize the title compounds,

the general method'" of acylation for nucleosides, that is, reaction with acid anhydride or acyl
halide in pyridine, was applied to griseolic acid, However, the reaction mixture turned dark
brown and the starting material seemed to decompose. The desired compound was not
formed, It seemed likely that this decomposition might be due to the double bond and
carboxylic acid groups in the sugar moiety of griseolic acid,

Thus. we looked for a suitable protecting group, which could be removed under acidic
conditions. for the two carboxylic acid groups. A benzhydryl group was found to be suitable
for this purpose.

Dibenzhydryl griseolate (2) was obtained in good yield by reacting 1 with diphenyl
diazomethane in acetone containing water for 16h at room temperature, This benzhydryl
ester 2 was then benzoylated according to the general method?' to give the Nl),N\02',07'.
tetrabenzoylated derivative (3a). Removal of the benzhydryl groups with trifluoroacetic acid
in the presence of anisole gave the tribenzoyl compound (4).8) Under these reaction
conditions, not only the carboxy-protecting groups, but also one of the N 6-benzoyl groups
were simultaneously removed quantitatively. Consequently, it is considered that this method
is available for preparing an acylated adenine nucleoside-type compound which has only one
acyl group at the N 6-positioll. It has been well recognized that, in the proton nuclear magnetic
resonance eH-NMR) spectrum, the signal of the hydrogen bound to the carbon atom
carrying an acyloxy group of the nucleoside is usually observed at significantly lower field as
compared to that of the original hydroxy nucleoside. The NMR signals of 2'-H and 7'-H' of 4
were observed at about 1.3 ppm lower field than those of 1~ as shown in Table I. Furthermore,
the ultraviolet (UV) spectrum of 4 showed a peak at 277 nm which was very similar to that of
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N 6 _ benzoyladenoside.l?' These results and the elemental analysis data support the structure
of 4.

N 6-Benzoylated Derivative (5)--lt has been well recognized that an acyl group attached
to the amino group of adenosine is difficult to remove in alkaline conditions above pH 13, at
which point the amido proton dissociates. On the other hand, the acyl group of the hydroxy
group in the sugar moiety is easily hydrolyzed.1I } Thus, the N'-monobenzoyl derivative (5)
was obtained in 75% yield by selective hydrolysis of the N° ,02

' ,07
'-tribenzoylated derivative

4. As shown in Table I, the NMR signals of 2'-H and 7'-H of 5 do not show any significant
downfield shift as compared to those of 1. This fact, together with a UV spectrum whose )"mux

isalmost the same as that ofN 6
_benzoyladenosine, 1

0) and the elemental analysis data support the
identification of 5 as N 6-benzoylgriseolic acid.

02'-Benzoylated Derivative (7)--Although selective acylation of the primary hydroxy
group of a nucleoside is possible in some cases, it is generally difficult to selectively acylate one
hydroxy group of a molecule having two secondary ones. In the case of p~toluene
sulfonylation, the authors have found that 2'-p-toluenesulfonyl*5'-adenylic acid can be ob
tained selectively by reacting 5' -adenylic acid with p-toluenesulfonyl chloride in the presence
of sodium hydroxide in aqueous dioxane.':" We expected that the carboxylic acid moieties
of 1 might play the same role as the phosphate group of 5'-AMP in an acylation and would
give the 02'-acyl derivative. As expected, 02'-benzoylgriseolic acid 7 was obtained in good
yield by reacting 1 with benzoyl chloride in a mixture of ethyl acetate and 5 M aqueous tri
sodium phosphate. A 1.3 ppm low-field shift of the NMR signal of 2'-H clearly supports the
structure. of 7.

0 2' , 07'-Diacylated Derivatives(9a and 9b)--Acylation of adenine nucleoside with acid
anhydride usually gives a product acylated at hydroxyl groups in the sugar moiety as a main
product.v" The benzhydryl ester 2 was treated with benzoic anhydride in acetone in the
presence of sodium carbonate at refluxing temperature to give the dibenzoate Sa. Removal of
the benzhydryl groups with trifluoroacetic acid in the presence of anisole gave di-O
benzoylgriseolic acid (9a). The structure of this compound was determined from the NMR
and UV spectra and elemental analysis.

07'.Acylated Derivative (lO)--Since all attempts of selective introduction of an acyl
group at the 0 7 ' position failed, we tried to remove the 02'~benzoyl group of 9a. The
02'benzoy] group of 9a was selectively removed by treatment with 20% methanolic ammonia
in an ice bath for 2 h to give the 07'...benzoyl derivative 10 in good yield. The structure of this
compound was determined from the 'NMR and UV spectra and elemental analysis. It seems
likely that the resistance of the 0 7

' -acyl group to hydrolysis is due to participation of the
neighboring carboxylic acid group at the 91 position.

As shown in Fig. 2, the carboxy anion at the 9' position can attack the carbon atom of
the benzoyl carbonyl group to form a dioxolane structure. This dioxolane anion may be
stabilized by forming an ion pair with an ammonium cation. This type of dioxolane formation

Fig. 2
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TABLE 1. IH-NMR Signals of2'·H and 7'-H in Griseolic Acid Derivatives

1039

Compound No. t 2 3a 3b 4 5 6 7 8a 8b 9a 9b 10

b ppm 2'-H 4.61 4.68 5.75 6.04 5.92 4.72 4.76 5.90 5.93 5.70 5.87 5.64 4.71
(DMSO-d(,) 7'-H 4.52 4.93 5.99 6.13 5.79 4.56 5.82 4.45 6.16 5.98 5.80 5.64 5.82

TABLE II. PDE Inhibitory Activity of Griseolic Acid Derivatives

Compound No. 4 5 6 7 9a 9b 10

IC511 cAMP 0.16 74 13 33 6.8 3.2 9.3 0.31
(JIM) cGMP 0.63 116 72 111 48 90 243 2.9

cAMP/cGMP 0.25 0.64 0.18 0.30 0.14 0.04 0.04 0.10

of acylated ex-hydroxy carboxylic acid has been reported by Arcelli and Concilio.':"
N 6 , 07'.Dibenzoylated Derivative(6)--Compound 4 was treated in the same manner as

described for the synthesis of io to give the title compound 6 in low yield. This low yield may
be due to partial removal of the N6-acyl group under these reaction conditions. The structure
of this compound was determined from the NMR spectrum, in which the signal of 7'-H is
shifted downfield about 1.3 ppm compared to that of 1,and the UV spectrum, which is similar
to that of 4, in addition to elemental analysis.

PDE Inhibitory Activity
As shown in Table II, the PDE inhibitory activity of griseolic acid seems to be weakened

by acylation. Comparing the cAMP PDE inhibitory activity of the monobenzoylated de
rivative, the N6-benzoylated one 5 and the 0 2

' -benzoylated one 7 show about 80 times and 40
times less activity, respectively, whereas the inhibitory activity of the 07'-benzoylated one (10)
is decreased only two times. In addition, the N° ,07

'-dibenzoylated derivative 6 shows about
200 times less activity, whereas the 02',07'-dibenzoylated one (9a) shows only 20 times less
activity. Further, the inhibitory activity of the N6,02',07'-tribenzoylated compound 4 is
reduced about 460 times. A similar tendency was observed in the inhibitory activity on cGMP
PDE. Thus, it seems likely that the amino group at the 6-position plays a very important role
at the binding site of PDE. In contrast, the sugar hydroxy groups, especially that at the 7'
position, do not playa significant role.

These findings are consistent with the conclusion of Severin et a/. j
5) that the amino group

in the adenine moiety of cAMP was involved in binding with PDE. An investigation on the
synthesis and PDE inhibitory activity of griseolic acid derivatives having various functional
groups at the 6-position of the adenine moiety instead of the amino group is in progress in our
laboratory to clarify more precisely the mode of action at the binding site of PDE.

Experimental

Gcneral--Melting points were determined using a Yanagimoto melting point apparatus and are uncorrected.
NMR spectra were obtained with a Varian EM-390 spectrometer (90 MHz) and the chemical shifts are expressed in
ppm from tetramethylsilane as internal standard; s, singlet; d, doublet; t, triplet; dd, doublet of doublets; rn,
multiplet; br d, broad doublet.. UV spectra were obtained using a Hitachi 200-20 spectrophotometer. The thin layer
chromatography (TLC) was carried out on Merck silica gel F2S4 pre-coated TLC plates, layer thickness 0.25 rnm, and
spots were visualized by UV irradiation or by spraying with 30%aqueous sulfuricacid followed by heating. Ordinary
chromatography was performed by the rapid chromatography method"? using Merck silica gel (Kieselgel 60 Art.
9385).
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Dibenzhydryl Griseolate (2)---Griseolic acid (lOg) was suspended in a mixture of 400 ml of acetone and 50 ml
of water. To this was added a solution of 15.4 g of diphenyldiazomethane in }00ml of acetone, and the mixture was
stirred for 16 hat room temperature. The reaction product was then added dropwise to 2 I of hexane. The resulting
powdery substance was collected by filtration, washed with 500 ml of hexane, and dried at 55~65 °C for 10 h under a
pressure of 1-2 mmHg to yield 17.95 g (95.5%) of2 as a white powder. UV (methanol) Am"x nm (e):258 (11800). NMR
(DMSO-d(,) s ppm: 8.37 (IH, s, 2 or 8-H), 8.18 (IH, s, 2 or 8-H), 6.58 (lH, s, 1'-H), 4.68 (lH, d, J=6.0Hz, 2'-H),
6.35 (lH, dd, J=6.0, 3.0Hz, 3'-H), 5.27 (lH, d, J=3.0Hz, 5'-H), 4.93 (tH, s. 7'-H). Anal. Calcd for
C4oH33NsOs' 1/2H20 : C, 66.66; H, 4.75; N. 9.72. Found: C, 66.67; H, 4.60; N, 9.59.

Dibenzhydryl N 6 ,N f'l,0 2',0 7'-Tetrabenzoylgriseola te (3a)--Compound 2 (17.8 g) was dissolved in anhydrous
pyridine. Then 18.5 ml of benzoyl chloride was added, with ice-cooling, and the mixture was kept standing at room
temperature for 16h. with protection from moisture. The reaction product was then ice-cooled, and 10 m! of water
was added. The mixture was stirred at room temperature for I h. The solvent was then distilled off under reduced
pressure. The residue was dissolved in a mixture of 100 ml of ethyl acetate and 50 rn! of water, and the ethyl acetate
layer was separated. This separated layer was washed with dilute hydrochloric acid, water, an aqueous solution of
sodium bicarbonate, and a saturated aqueous solution of sodium chloride, in that order. The organic solution was
separated and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure to leave
a pale yellowish residue. This residue was dissolved in a small quantity of methylene chloride, to which ethanol was
added. The solvent was slowly distilled off under reduced pressure with an aspirator, leaving a yellowish powdery
substance. This substance was collected by filtration. washed with ethanol and then dried to yield 26.4 g of 3a in the
form of a yellowish powder in a yield of 92.5%. A sample for analysis was obtained by purifying the powder by silica
gel column chromatography with a 10% (v/v) solution of acetone in benzene. UV (methanol) AIlI IlX nm (I:): 273 (22000).
NMR (DMSO-d6 ) (, ppm: 8.89 (1H, s, 2 or 8-H). 8.63 (lH. s, 2 or 8-H), 6.04 (tH, d. J=6.6 Hz. 2'-H), 6.63 (1 H, dd,
J::::6.6, 3.0Hz, 3'-H). 5.63 (lH, d, J==3.0Hz. 5'-H), 6.13 (lH, s, 7'-H). Anal. Calcd for ChHH.~l)N50'2:C, 72.39; H,
4.38; N. 6.21. Found: C, 72.13; H, 4.40; N, 6.30.

Dibenzhydryl N 6 ,02
',07

' -Triacetylgriseolate (3b)-- Compound 2 (1.06 g) was dissolved in 10 ml of anhydrous

pyridine, then 1.13 ml of acetic anhydride was added, with ice-cooling. The mixture was stirred for 30 min under ice
cooling and left standing at 50°C for 16h. Methanol (20 ml) was added with ice-cooling, and the whole was stirred for
30 min. The solvent was distilled off under reduced pressure. Ethanol and water were added to the residue and the
solvent was then distilled off. This process was repeated 4 times until the odor of pyridine could no longer be
perceived. Subsequently, the product was dissolved in 15 ml of benzene, and the resulting solution was lyophilized to
yield 1.21 g (96.6~;) of 3bas a crude product. This yellowish powder can be used as such for subsequent reactions, but
a sample for analysis was obtained by silica gel column chromatography using methylene chloride containing I ~~,;.

(v/v) methanol as the eluent. UV (methanol) A",,,x 11111 (s): 262 (15400), 280sh (7900). NMR (DMSO-d(,) () ppm: 8.65
(1 n, s, 2 or 8-H), 8.59 (I H, s, 2 or &-H). 7.00 (lH. s, I '-H). 5.75 (1H, d. J =6.0 Hz, 2'-H), 6.49 (11-1. dd, J::::: 6.0,3.0 Hz,
3' -1-1), 5.35 (1 H. d, J= 3.0 Hz, 5'-H), 5'.99 (1H, s, 7'-H). Anal. Calcd for C4(,H;\lJNsOII: C, 65.94; B, 4.69; N. 1(36.
Found: C, 65.49; H, 4.46; N, 8.30.

Nh,02',07'~Trjbenzoylgriseolic Acid (4)--- Compound 3a (26.2g) was dissolved in 52ml of anisole.
Trifluoroacetic acid (52 ml) was then added, with ice-cooling, and the mixture was stirred for 4 h at room
temperature. The solvent was distilled off under reduced pressure, and the residue was dissolved in acetone. Toluene
was added to the acetone solution and distilled off; this process was repeated 3 limes. The residue was dissolved in
ISO ml of acetone and the solution was slowly poured into 2.51 of hexane with stirring. The resulting precipitate was
collected by filtration, washed with hexane. and dried to yield 17g of a white powder, which was dissolved in a
mixture of 350ml of ethyl acetate and 60 ml of water. and treated with activated carbon. Sodium bicarbonate (R eq)
dissolved in 90 ml of water was added to this solution with stirring, and the mixture was stirred for 2 h. The resulting
solid was collected by filtration, to yield 17.7 g of 4 in an impure form. This was recrystallized from a I: 8 (vjv)
mixture of water and acetone, using activated carbon, to yield 15.7 g (91.9~};') of the disodium salt of 4. UV (methanol)
i'rl1,,~nm (s): 228 (39800), 277 (24900). NMR (DMSO-dtJ <5 ppm: 8.85 (2H, S, 2 or 8-1-0. 6.98 (I H. s, I '-H). 5.74 (tH,
br d, J=6.0Hz, 2'-H), 6.48 (tH, dd, J=6.0. 3.0 Hz, 3'-H), 5.25 (lH. d. .J=3.0Hz. 5'-H), 6.47 un, s, 7'-H). Anal.
Calcd for C3sH23NsNa;z 0 1J • H20: C, 55.78; H, 3.34; N. 9.29; Na. 6.10. Found: C, 55.43; H, 3.59; N, 9.23; Nu, 6.21; mp
238-241 "C (dec.).

The disodiurn salt of 4 (5.2g) was suspended in a mixture of 300mI of ethyl acetate and lORml of water, and the
suspension was stirred until there was hardly and insoluble material left. The pH of the suspension was then adjusted
to 1.3 by addition of 3N hydrochloric acid, under ice-cooling. The organic layer was separated. washed with a
saturated aqueous solution of sodium chloride and dried over anhydrous magnesium sulfate. The solvent was then
distilled off until the organic layer was concentrated to 270 rot Hexane (270 rot) was added to the condensate, and the
resulting white powdery substance was collected by filtration, washed with hexane and dried to yield 4.37 g (89.4~';,) of
4. UV (50% (vjv) aqueous methanol) )'mux nm (I:): 232 (41400).278 (27700). NMR (DMSO-dc,) sppm: 8.88 (1H, S, 2 or
8-H), 8.77 (tH. s, 2 or 8-H). 7.10-8.20 (l6H, m, 1'-H), 5.92 (lH, d, J=6.0 Hz, 2'-H). 6.47 (tH. ddt J=6.0, 3.0 Hz, 3'
H), 5,43 (lH, d, J=3.0Hz, 5'-H). 5.79 (lH, S, 7'-H). Anal. Calcd forC~':iH27NsOI2:C, 59.24; H, 3.84;N, 9.87. Found:
C, 59.48; H. 3.65; N. 9.78.
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N6-Benzoylgriseolic Acid (5)--The disodium salt of 4 (1.47 g) was dissolved in a 1N aqueous solution of
sodium hydroxide, and the solution was left standing for 15 h at room temperature. Ethyl acetate (30 ml) was then
added and the pH of the solution was adjusted to 2.0 by addition of 2 N hydrochloric acid, under ice-cooling.
Insoluble material formed. The mixture was stirred for a further 20 min, and the precipitate was collected by filtration
and recrystallized from aqueous acetone to yield 725mg (75.0~~) of 5 as pale yellow crystals. UV (methanol) AmDx nm
(1-:): 278 (25400). NMR (DMSO-clh) <,5 ppm: 8.87 (IH,s, 2 or 8-H), 8.74 (IH. s. 2 or 8-H) 6.67 (I H, m, I '-H), 4.72 (IH,
br d, J= 6.0 Hz, 2'-H), 6.08 (lH, dd, J=6.0, 3.0 Hz, 3' -H), 5.18 (l H. d, .T =3.0 Hz. 5'-H), 4.56 (l H. s. 7'~H). Anal.
Calcd for C21HI7Ns0i)·lj2H20: C, 51.22~ H. 3.68; N. 14.22. Found: C, 51.63~ H, 3.74~ N, 14.36.

N(',07'-DibenzoyIgriscolicAcid(6)--The disodium salt of 4 (1.7 g) was dissolved with ice-cooling in 17ml of a
0.5 N aqueous solution of sodium hydroxide, and the mixture was stirred for 1 h. The pH of the solution was then
adjusted to I by addition of 3 N hydrochloric acid. Acetone and a solution of 1.5g of diphenyldiazornethane in 10ml
of acetone were added, and the mixture was stirred for 50 min at room temperature. The reaction mixture was treated
in the conventional manner to yield 0.92 g of dibenzhydryl N6,07·..dihenzoylgriseolate. This compound was dissolved
in 8 ml of anisole. Trifluoroacetic acid (R 11"11) was then added. under ice-cooling. and the mixture was left standing for
30 min at room temperature. The reaction mixture was treated ill the same manner as described for 9b to yield 515mg
(37.9~<1) of 6. UV (50~) (v/v) aqueous methanol) Amaxnm (e): 279 (23200). NMR (DMSO-d6 ) lJ ppm: 8.83 (I H, s, 2 or
8-H), 8.73 (lH, s, 2 or 8-H), 7.39 (2H, s, protons of benzene), 6.69 (IH, m, I'-H), 4.76 (l H. d, J=6.0 Hz, 2'-H), 6.08
(tH, dd. J=6.0. 3.0Hz, 3'-H), 5.20 (lB. d, J=3.0Hz, 5'-H), 5.82 (JH, S, 7'-H). Anal. Calcd for
C2sH21N50lO '2/3H20 +1/3Cc,H{j: C. 57.60~ H. 3.89~ N, 11.20. Found: C, 57.56~ H, 3.90; N. 10.96.

02'N Bcnzoylgriseolic Acid (7)-~·---·Griseolic acid (6.81 g) was dissolved in 120ml of a 0.5 M aqueous solution of
trisodium phosphate. Ethyl acetate (120ml) was then added. The mixture was stirred and ice-cooled whilst 18ml of
benzoyl chloride was added, and the whole was then stirred for a further 3h. The reaction product was transferred
into a separating funnel, the aqueous layer was separated, and the organic layer was washed with 20ml of water. The
aqueous layer and the washings were combined and washed with 50ml of ethyl acetate. A further] 00 ml of ethyl acetate
was added to the aqueous layer. whose pH was then adjusted to 2.0 by adding concentrated hydrochloric acid, under
ice-cooling. A solid substance formed. but the mixture was left standing overnight in a refrigerator. The solid
substance wascollected by filtration, washed with it small quantity of water, and then dried to yield 7.60 g (87.5~~) of
7. UV (methanol) ;'max nm (I;): 230 (17600).257 (16000). NMR (DMSO-d6 ) (5 ppm: 8.43 (lH, s, 2 or 8-H), So33 (J H, s, 2
or 8-H), 7.48 (2B, s, NH2) , 7.27 (lB, s, I '-H), 5.90 (IH. d, J=6.0Hz. 2'-H), 6.41 (IH, dd, J=6.0, 3.0Hz, 3'·H), 5.28
(lH, d, J=3.0Hz, 5'-H). 4.55 (IB, s. 7'-H). Anat. Calcd for C:!JH17Ns09'lj2H20 : C, 51.22; H, 3.68; N. 14.22.
Found: C, 51.03; H, 3.43; N, 14.25.

Dibenzhydryl 02·.07·NDibenzoyl~riseolate(8a)---Compound 3 (7.11 g) was dissolved in 200 ml of acetone.
Anhydrous benzoic anhydride (22.6g) and anhydrous sodium carbonate (27.6g) were then added, and the mixture
was rcfluxed for 7 h. Insoluble inorganic substances were filtered off, and the solvent was distilled from the filtrate
under reduced pressure to yield u pule yellow caramel-like residue. The residue was purified by a silica gel column
chromatography using methylene chloride containing I j.;; (v/v) methanol us the eluent to yield 4.3 g (4fi.7~~I) of8a. UV
(methanol) ;'1lI11~ 11m (I:): 257 (l9S00), 2S0sh (5500) NMR (DMSO-d,-.> (5 ppm: 8.43 (l H. s. 2 or 8-H), 8. t7 (l H, S, 2 or 8
H), 7.09 (2H. S, NH,il)' 5.93 (tH, d, J=6.()J-lz, 2'-H), 6.85 (lH, dd, J=6.0. 3.0Hz, 3'-H), 5.57 (lH. d, J=3.0Hz, 5'
H), 6.16 (11"1, S, 7' -H). Anal. Calcd for C!i4~1.~1 N!l0w' 1/2H20: C, 69.81;H. 4.56~ N. 7.54. Found: C. 69.93; H, 4.46; N.
7.50.

Diben:l.hydryl 0 2' ,07'-Diacetyl~riscolatc (8b)-··..--·Compound 2 (\.37 g) was suspended in 20ml of anhydrous
pyridine, and 0.94011of acetic anhydride wasadded. with ice-cooling. The mixture was then stirred whilst protecting
it from moisture. Ethanol was added to the reaction product, whilst ice-cooling, and the mixture was stirred for
30 min. The residue obtained by distilling the solvent from the reaction product under reduced pressure was dissolved
in 30ml of chloroform, and thesolution was washed with water. The organic layerwasseparated and the solvent was
distilled off under reduced pressure. The resulting residue was purified by preparative thin layer chromatography
using benzene containing 1O~,~.; (v/v) methanol as the developing solvent to yield 936 mg (GI.3~.~) of8b as a white solid.
UV (methanol) ;'11111 x nm (I:): 257 (154()(»). NMR (DMSO-dC\) (~ppm: 8.35 (1H, s, 2 or 8-H).8.13 (I H, s, 2 or 8-H). 7.2
8.g (22H. rn, protons of NH

2
and benzhydryl groups), 6.92 (1H. s, I '-H), 5.70 (lH, d. J=6.0 Hz. 2'-H), 6.60(lH dd,

J=6.0, 3.0 Hz, 3'-H), 5.28 (1H, d, .I::;: 3.0 Hz, 5'-H), 5.98 (I H, s, 7'-H). Anal, Calcd for C44H37NsOIO' 1/2H20: C.
65.66; H. 4.76; N, 8.70. Found: C, 65.61; H. 4.46; N, 8.17.

0 2' , 07'-DibenzoylgriseolicAcid (9a)---···Compound 8a (2.80 g) was dissolved in 10ml of anisole. Trifluoroacetic
acid (10 rnl) was then added, under ice-cooling, and the mixture was left standing at room temperature for I h. The
residue obtained by distilling off the solvent under reduced pressure was dissolved in acetone, toluene was added, and
then the solvent was distilled off. This process was repeated 3 times. The resulting yellowish caramel-like substance
was dissolved in 20 rnl of acetone. and this solution was slowly poured into 200 ml of hexane, with stirring. The
mixture was then stirred for 30 min, and the precipitate was collected by filtration. The precipitate was suspended in
20ml of a 5~~ (w/v) aqueous solution of sodium bicarbonate and 20ml of water. Ethyl acetate (SOmI) was added and
the pH of the mixture was adjusted to 0.5-- t.O by the addition of concentrated hydrochloric acid so as to completely
dissolve the precipitate. The pH of this solution was then adjusted to 2.0 by addition of sodium bicarbonate. and the
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resulting white crystalline substance was collected by filtration, washed with 100 rot of water and 100ml of hexane,
and then dried to yield 1.75g (98%) of 9a as a white powder. UV (methanol) Am ll ll nrn (e): 230 (28000)t 256 (17700).
NMR (DMSO-d6 ) <S ppm: 8.48 (lH, s, 2 or 8-H)t 8.32 (I H, s, 2 or 8-H), 7.2-7.8 (l2H, m, protons of NH 2 and
benzoyl groups), 7.15 (lH, S, I'-H), 5.87 (lH, d, J=6.0Hz, 2'-H), 6.51 (lH dd, J=6.0, 3.0 Hz, 3'-H), 5.40 (lH, d,
J=3.0Hz, 5'-H), 5.80 (tH, s, 7'-H). Anal. Calcd for C2sH21NSOlO • Ij2H20 : C, 56.38; H, 3.72; N, ]1.74. Found: C,
56.06; H, 3.94; N, 11.26.

0 2
',07'-Diacetylgriseolic Acid(9b)--Compound 8b (1.0 g) was dissolved in 10ml ofanisole. Trifluoroacetic acid

(l0 ml) was then added, under ice-cooling, and the mixture was left standing at room temperature for 30 min. The
solvent was distilled from the product uuder reduced pressure. The resulting residue was dissolved in acetone.
Toluene was added to the solution for extraction, and then distilled off under reduced pressure; this process was
repeated 3 times to leave a pale yellowish residue. The residue was dissolved in 10ml of acetone, and this solution was
slowly poured into 250 ml of hexane with stirring. The resulting white precipitate was collected by filtration, washed
with hexane, and dried. The precipitate was dissolved in 10ml of saturated aqueous solution of sodium bicarbonate,
with ice-cooling. The mixture was acidified by addition of 3N hydrochloric acid, and a white precipitate was formed.
On further addition of hydrochloric acid to pH 0.5-1.0, the precipitate dissolved again to yield a clear solution. This
clear solution was subjected to reverse phase column chromatography using a prepacked column RP-8 (Merck),
which was washed with water and then eluted with a 1O~~ (v/v) aqueous solution of acetonitrile. The main peaks of
the eluate were collected to leave 412 mg (71.1 ?Io) of 9b as a pale yellowish powder. UV (methanol) i.m"x nrn (I:): 257
(15400). NMR (DMSO-d(» (5 ppm: 8.37 (I H, s, 2 or 8-H), 8.23 (lH, s, 2 or 8-H). 7.41 (2H, S, NH2) , 6.85 (1H, s, I '-H),
5.64 (l H, d, J=6.0 Hz, 2'-H), 6.24 (tH, dd, J=6.0, 3.0 Hz, 3'-H), 5.13 (IH, d, J =3.0 Hz, 5'-H), 5.64 (lH, S, 7'-H).
Anal. Calcd for ClsH17NsOIO·2HaO: C, 43.46; H. 3.85; N, 14.08. Found: C, 43.70; H, 3.99; N, 14.92.

07'-Benzoy]griseolic Acid (lO)-Compound 9n (1.174 g) was dissolved in a 20% (wjv) solution of ammonia in
methanol, and the solution was left standing for 2 h, with ice-cooling. The solvent was distilled off under reduced
pressure to yield a white precipitate, which was suspended in a mixture of 30 ml of water and 30 ml of diethyl ether.
Concentrated hydrochloric acid was added to this suspension until the pH was within the range of 0--1. Initially, a
white insoluble material was formed, then it quickly dissolved. The aqueous layer was separated, washed with 30 ml
of diethyl ether, and then transferred to a beaker, to which solid sodium bicarbonate was added until the pH of the
mixture reached 2.0. The resulting white precipitate was collected by filtration and dried to yield a white powdery
substance, which WaS recrystallized from aqueous acetone to yield 700 mg (72.9'i~) of 10 as a white powder. UV
(methanol) Am"ll.nm (e): 210 (31900),227 (20000), 257 (17500). NMR (DMSO-d6 ) (5 ppm: 8.42 (lH, s, 2 or 8-H), 8.26
(1H, s, 2 or 8-H), 7.44 (lH, S, NH2) , 5.59 (lH, s, 1'_H), 4.71 (l H, d, J=6.0 Hz. 2'-H). 6.11 (lH. dd, J=6.0, 3.0 Hz, 3'
H). 5.17 OH, d, J==3.0 Hz.5f_H), 5.82 (] H. s. 7'-H). Anal. Calcd for e2 1H 17NsO,,. 2H20: C. 48.55; H, 4.07; N, 13.48.
Found: C. 48.90; H, 3.75; N, 13.61.
PDE Inhibitory Activity

The test was carried out following essentially the method of Pichard and Cheung.'?' The rat brains were
homogenized using glass-glass or glass-Teflon homogenizers with four volumes of cold 0.17M Tris··HCI buffer, pH
7.4, containing 5mM MgS04 • The homogenate was then centrifuged at 100000 xg at O"C for 1h. The clear
supernatant solution was stored at -20 "C and used as a cAMP POE preparation. Prior to usc, this solution was
diluted 100··-150 times with 40 roMTris~HCI buffer (pH 7.5). The reaction mixture (total volume, 0.1 ml), consisting
of 40 roM Tris-HCI buffer (pH 7.5). 5 InM MgS04, 50 tiM CaCI 2, 20JiM of snake venom (Crotalus atrox, Sigma),
0.14 JIM [ 14C}cAMP, test material and enzyme solution, was incubated at 30 I~'C for 20min. At the end of this time, the
reaction mixture was treated with Arnberlite IRP-58 resin and the level of residual radioactivity of adenosine was
determined. The experiment was carried out at a number of concentration levels of each active compound, and from
the results, the 50% inhibition value (ICso) was calculated.

A similar experiment was carried out with cGMP as the substrate instead of cAMP. The lC~() value toward
cO MP PDE was also calculated.
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N-PrOlected amino acid 4-phcnolsulfonic acid derivative esters. such as 2,6-dibromo-4
sulfophenyl ester sodium salt, 2,6-dichloro-4-sulfophenyl ester potassium salt and 2-nitl'o-4
sulfophcnyl ester sodium salt, were prepared. These esters are water-soluble active esters, and were
applied for the synthesis of Leu-enkephalin.

Kcywords-water-soluble active ester; 2,6-dichloro-4-sulfophenyl ester: 2,6-dibromo-4
sulfophenyl ester; 2-nitro-4-sulfophenyJ ester; peptide synthesis; Leu-enkephalin

Water-soluble active esters, such as water-soluble carbodiimide." 111ay be advantageous
in peptide synthesis for easy purification of the product by an extraction procedure. In the
preceding paper," p-trimethyhunmoniophenyl ester was examined as a water-soluble active
ester. The ester had good reactivity, .but its purification was rather difficult and it was
somewhat unstable. Here we report water-soluble active esters, substituted 4-sulfophenyl
esters, which are easier to purify and more stable than p-tritnethylamnl0niophcnyl ester.
During our study. Aldwin and Nitecki'" reported the use of 2-nitro~4-sulfophenylester for a
protein-protein crosslinking reaction in the pH range of 6-···--8 in aqueous media. They
prepared N-malei-lnido..6-aminocaproic acid 2-nitro-4-sulfophenyl ester and used it as a
crosslinking reagent.

Since 4-phenolsulfonic acid is a strong acid and 111ay cleave acid-labile protecting groups..
its salt was examined as an ester component, tert-Butoxycarbol1ylalanine (Boc-Ala-Ol-l) was
easily deblocked by 4~phenosulfonic acid but was stable to sodium 4-phcnolsulfonate. Boc
Ala 4-sulfophenyl ester sodium salt [Boc·--Ala-~OPS(Naj] was first prepared and was reacted.
with phenylalanine methyl ester. No reaction was observed, which suggested that an electron
attracting group should be introduced onto the phenyl ring to increase the reactivity of the 4
sulfophenyl ester. 2.6-Dichloro-4-sulfophenyl ester potassium salt lOPS (CI.K)], 2.6-dibron1o
4-sulfophenyl ester sodium salt [OPS (Br, Na)] and 2-nitro-4-sulfophenyl ester sodium salt
[OPS (N02.Na)], each of which has an electron-attracting group on the phenyl ring, were
examined as water-soluble active esters.

Potassium 3,5-dichloro-4-phenolsulfonate,5) sodium 3,5-dibrolno-4-phenolsulfonatefl
)

and sodium 3-nitro-4-phenolsulfonate7
) were. prepared from potassium (or sodium) 4

phenolsulfonate according to the known methods, Esterification of benzyloxycarbonyl
alanine (Z-Ala-OH) and the 4-phenolsulfonic acid derivative was done with dicyclohexylcar
bodiimide (DCC)8) in dimethylforrnamide (DMF) to affordZ-Ala-OPS (el, K), Z-···Ala-OPS
(Br, Na) and Z-Ala-OPS (N02 , Na). All these esters were water-soluble and had good
reactivity. Each ester was reacted with phenylalanine methyl ester to form Zv-Ala-Phe-O'Me
in reasonable yield as shown in Table 1. No side reaction was observed and the product was
easily purified by extraction with ethyl acetate followed by washing out of the unnecessary
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TABLE I. Yields of Z-AJa-Phe-OMe Prepared from Z-Ala Ester and H-Phe-OMc

Esters

Z-Ala-0-o-S03Na

CI

Z-Ala--D D-SOJK
CI

Br

Z-Ala-Oh-so Nay 3

BI'

Z-AJa-O yso,Na
°2N

Yields e;;)

o

72

66

74

B

c
Fig. I. NMR Spectra Showing the Methyl

Signals of Ala in Z-Ala-Phl,;·-OMc

Solvent: CDCI;\. A: standard 1."L. B: standurd I).-L.

C: standard 1.··L+stundnrd 1>-1.. D: prepared by the
ors (Ct. K) method. E: prepared by the OPS (HI', Nu)
method. F: prepared hy the OPS (N()~. Na) method.

material with 5~~ sodium carbonate. 5~~~: citric acid and water.
Nuclear magnetic resonance (NMR) spectra of the synthetic Z-Ala~Phe-OMe were

measured to examine the occurrence of racemization during the reactions according to the
method reported by Weinstein and Pritchard." The methyl signal of Ala in Z-Ala-Phe-OMe
was compared with those of standard Z-LMAla-v·Phe-OMe9•

10
) and Z-D~Ala-L-Phe--OMe9)

as shown in Fig. 1. The methyl signal of Ala in Z-L-Ala-L~Phe-OMe. appeared at 1.34 ppm,
while the methyl signal of Ala in Z-'-D-Ala--L-Phe-OMe appeared at 1.29ppm. A mixture of
Z-L-Ala-L-Phe-OMe and Z-D-Ala.-L-Phe-OMe showed signals at 1.32 and 1.29ppm. All
methyl signals of Ala in Z-Ala-Phe-OMe prepared by three different phenolsulfonic acid
derivative ester procedures appeared at 1.32ppm and no signal was observed at 1.29ppm. The
results suggested that these phenolsulfonic acid derivative esters are applicable to peptide
synthesis.

Next, application of the phenolsulfonic acid derivative ester was examined. Leucine-
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Yie1 ds(%)
esters MA

z

Boc
Z(OMe)

Z(OMe)

JH
2/ Pd

H-Tyr-G1y-G1y-Phe-Leu-OH

08z1-. OPS(Br,Na) : 73

OBZ110PS(Br,Na) : 69
OPS(C1,K) : 71
OPS(N02,Na): 79

OBzl-40PS(C1,K) 69

OBz14 OPS(C1 ,K) 63

74
88

78

60

Fig. 2. Synthetic Scheme for Leu-enkephalin

MA: mixed anhydride method. Boe and Z(OMe) groups were removed by TFA treatment
prior to the coupling reaction.

enkephalin was synthesized by these active ester methods and the coupling yields were
compared with those of the mixed anhydride method11) reported in the preceding paper," as
shown in Fig. 2. The coupling reactions of the esters with amine components were done in
DMF at room temperature, and the protected synthetic intermediates were purified easily by
extraction. No side reaction was observed and the yields were comparable with those of the
mixed anhydride method. N-Benzyloxycarbony1-0-benzy1tyrosine 2,6-dichloro-4-sulfopheny I
ester potassium salt [Z-Tyr (Bzl)-OPS (CI, K)] was not readily soluble in water but it could be
removed from the reaction mixture by washing with water and recrystallization frOITI
methanol,

The reactivity of the phenolsulfonic acid derivative esters in aqueous media was also
examined. Z-Ala-OPS (Cl, K), Z-Ala-OPS (Br, Net) and Z·,-Ala-OPS (NO:!, Na) were each
reacted with glycine methyl ester in water to give Z-Ala-'Gly··-OMe. The precipitation of the
product occurred immediately after the addition of the active ester to the aqueous solution of
glycine methyl ester. The coupling yields were 73~~: by the DPS (Cl, K) method, 65~.~;. by the
OPS (Br, Na) method and 79% by the OPS (NO.2' Na) method, and the products were
identical with an authentic sample prepared by the known method.v"

The phenolsulfonic acid derivative esters may be useful not only for peptide synthesis but
also for the acylation of proteins in aqueous media.

Experimental

Melting points are uncorrected. Solvent systems for ascending thin-layer chromatography (1'1.(') on Silica gel G
(type 60, E. Merck) arc indicated as follows: Rf\:= BuOH-AcOH,,·H20 (4: I : 5. upper phase), I{l~ =d~uOH·

pyridinc-AcOH~-H20 (4: 1: I :2), ~rl=CHCl.cMeOH·-·H20 (8:3: 1. lower phase). ~/<4=AcOEt-·bcnzcnc (1: I),
NMR spectra were taken in CDC13 on a Brucker AM-400 (400MHz).

Treatment of Boc-Ala-Obl with 4-Phenolsulfonic Acid--·_·Boc·-Ala·-OH (100 mg. 0.53mM) dissolved in McOH
(0.5 ml) and 4-phenoIsulfonic acid (92 mg, 0.53 roM) dissolved in MeOH (51111) were combined and the mixture was
stirred at room temperature. To examine the deblocking of Boc-Ala-Obl, the mixture was checked by 'fLC (Rf3
system). The spot of Boc-Ala-Olt disappeared within 2 h and the spot of HvAla.. OH appeared.

Boc-Ala-OH was also treated with sodium 4-phenolsul,fonate under the same conditions and the deblocking of
Boc--AJa-OH was not observed.

General Procedure for Preparation of N-Protected Amino Acid 4..Phenolsulfonic Acid Derivative Estcr-·----- DeC
(4.94g, 24 roM) was added to a DMF solution (30 rnl) of N-protected amino acid (20mv) at - 10"C and the mixture
was stirred for 20min. 4-Phenolsulfonic acid derivative (20mM) dissolved in DMF (30ml) was then added to the
mixture and the whole was stirred overnight in a cold room. The resulting precipitate was filtered off and the filtrate
was evaporated down. The residue was extracted with H20 . and the aqueous layer was washed with ether and
lyophilized. The residue was recrystallized from a suitable solvent,

Z-Ala-OPS (Na)--Prepared according to the general procedure. Recrystallized from ethanol. Yield 74~~';"

mp » 300"'C.Jtf'J 0.45, [C(]~'i - 32.0"(c= 1.0, DMF). Anal.Calcd for C\,HIt,NNaO,S: C, 50,9;H. 4.0: N, 3.5. Found:
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C, 50.9; H, 4.0; N, 3.4.
Z-Ala-OPS (Dr, Na)--Prepared according to the general procedure. Recrystallized from propanol. Yield

78~{" mp 243 11C (dec), RP' 0.38, [ct]~ -12.2;) (c=] .0. DMF). Anal. Calcd for CJ7HI4BrzNNa0 7S: C, 36.5; H. 2.5: N,
2.5. Found: C, 36.7; H, 2.7; N, 2.7.

Z-Ala-OPS {CI, K)-Prepared according to the general procedure. Recrystallized from a mixture of MeOH
and EtOH. Yield 69~~·;. mp>300°C ~r3 0.43. [lX]~5 - ]8.1 '.' (c= 1.0, DMF). Anal. Calcd for CI7Hl4.ClzKNO;S: C.
42.0; H. 2.9; N, 2.9. Found: C, 41.7; H, 3.1; N, 2.7.

Z-Ala-opS (N02 , Na)·-Prepared according to the general procedure. Recrystallized from MeOH. Yield
65~,~~, mp > 300 DC. Rf3 0.35, [~]ri - 31.2 <' (c= 1.0, DMF). Anal. Calcd for CI7H.sNzNa09S: C, 45.7; H, 3.4; N, 6.3.
Found: C, 45.6; H, 3.5; N, 6.0.

Boc-Phc-OPS (Dr, Na)--Prepared according to the general procedure. Recrystallized from a mixture of
MeOH and EtOH. Yield 66~;. mp> 300 DC, Rf30.57, [CC)&5 -44.2 L) (c= 1.0. DMF). Anal. Calcd for CzoH:wBr,2N
NaO,S: C. 36.5; H, 2.5; N, 2.0. Found: C, 36.6; H, 2.7; N, 1.8.

Z(OMc)-Gly-oPS(CI, K}-·-Prepared according to the general procedure. Recrystallized from EtOH. Yield
SIX" mp > 300 '"'C. Rf3 0.45. Anal. Calcd for CI7H14ClzKNOgS: C, 40.6; H, 2.8; N, 2.8. Found: C, 40.4; H, 3.0; N,
2.5.

Z(OMe)-Gly-OPS(Br, Na)--Prepared according to the general procedure. Recrystallized from EtOH. Yield
68~~'i:, mp> 300 "C R.(' 0.45. Anal.Calcd for C1,H14BrNNaOgS:'H20 : C, 34.4; H. 2.7; N, 2.4, Fount: C, 34.3; H. 2.7;'
N,2.5.

Z(OMe)-Gly-oPS(N02, Na)--Prepared according to the general procedure. Recrystallized from a mixture of
MeOH and EtOH. Yield 771;{I' mp> 300°C. Rj'3 0.43. Anal. Calcd for C l 1H ISN2NaOIOS·l/2H>20: C. 43.3; H. 3.4; N.
5.9. Found: C, 43.4; H, 3.4; N, 6.1.

Z-Tyr(Bzl)-OPS (CI, K)-Z--Tyr (Bz1)-OH and HOPS (Cl, K) were reacted with DeC according to the
general procedure. After removal of the precipitated urea. the solvent W~\S evaporated off and the residue was
extracted with H20. Precipitation occurred when the aqueous layer was washed with ether and the precipitate was
collected by filtration and recrystallized from MeOH. Yield 66 110. mp > 300"C, ~r" 0.71. [et]?; -41.0"(c= 1.0, DMF}.
Anal. Calcd for C30H24C12KNOIlS: e. 53.9; H, 3.6; N, 2.1. Found: C. 53.7; H, 3.9; N, 1.9.

General Procedure for Peptide Synthesis with 4-Sulfophenyl Ester Derivative---An N-protected amino acid 4
sulfophenyl ester derivative and an amino component (l : 1 in molar ratio) were dissolved in DMF and the solution
was stirred at room temperature for 15h. The solvent was evaporated orr and the residue was extracted with AcOEt.
The AcOEt layer was washed successively with 5~/~ citric acid. 5~; Na 2C03 and H20, and dried over Na;lS04' The
AcOEt was evaporated off and the residue was recrystallized from a suitable solvent.

l.rAla-l'he-OMe·_····-~prepared according to the general procedure. Recrystallized from AcOEt-petroleum
ether. a) OPS (Cl, K) method: Yield 72};;. mp 101-·_·-103"C, Rf4 0.87, [lXJf)2 -8.1 c' (c= 1.0, EtOH). Anal. Calcd for
C21H24N205: C. 65.6; H. 6.3; N. 7.3. Found: C, 65.8; H. 6.3; N, 7.1. Amino acid ratios in an acid hydrolysate: Ala
l.OO. Phe 0.96 (recovery of Ala. 84~,~{,), b) OPS (Br, Na) method: Yield 66~~), mp 103-104 LIe, ~r 0.87, [ec]r)8 - 8.4 u

(l'= l.O, ElOB). Amino acid ratio in an acid hydrolysate, Ala l.00, Phe 0.97 (recovery of Ala, 89%). c} OPS(NOz, Na)
method: Yield 741:,~;. mp 102''',,···103 '·C. R.{4 0.87, [lXm' - 8.9 (J (c= 1.0. EtOH), Amino acid ratio in an acid hydrolysate.
Ala l.00. Phe 1.05(recovery of Ala. 89~.~;). [lit.12 ) mp 99-100'IC. [ex]ii -·9.3'~(('== 1.0, EtOH)].

Z Ala .. OPS (Na) was also reacted with H-Phe·-OMe but no reaction was observed.
Boc-Phc-Lcu-()8zl·· ··-l30c-·Phe-..OPS (Br, Na) (1.67 g. 2.2 InM) and l-l-Leu-Ofszl {prepared from its tosylate

(787 mg, 2 Jl1M) by treatment with Et.1N} were reacted according to the general procedure. Recrystallized from a
mixture of ether and petroleum ether. Yield 688 rng (73~/;). mp 86-87 OCt Rf3 0.95, Rf" 0.86, [0:]t)4 - 23.0" (c= 1'.0,
McOH). Anal. Cnlcd for C'27HJt,NlOs: C. 69.2; H, 7.7; N, 6.0. Found: C. 69.0; H. 7.7; N, 5.9. Amino acid ratio in an
acid hydrolysate: Phe 1.00, Leu 1.06 (recovery of Phe, 86/,~).

BocPhe .. Leu··OBzI was also prepared from Boc-Phe-Orl (2g 7.5 rna) and l-l-Leu-Olszl tosylate (2.68 g.
6.8 lllM) in DMF by the mixed anhydride method in the usual manner.' I) Yield 2.36 g (74~~'~), mp 87-88 ')C, ~l3 0.86 ,

[aU)7 - 25.7 ' (c= 1.0, MeOH). Amino acid ratios in an acid hydrolysate: Ala 1.00, Leu 0.99 (recovery of Ala, 89 IXI) '
Z(OMc)-Gly-Phc-Lcu-ODzl---Z(OMe)-Gly-OPS (CI, K) (l g. 2mM) was reacted with HvPhe-Leu-Obzl

[prepared from 852mg of Boc-Phe-Leu-Olszl (1.8mM) by trifluoroacetic acid (TFA) treatment followed by Et~N

treatment] according to the general procedure. Recrystallized from AcOEt-petrolcum ether. Yield 787 mg (71%). mp
136-··137 "C. Rf"' 0.93, Rf4 0.76, [ctlf>!l - 10.3" (c= 1.0, MeOH). Anal. Calcd for C3JH39N)O, : C. 67.2; H, 6.7; N, 7.1.
Found: C, 67.1; H. 6.7; N, 6.8. Amino acid ratios in an acid hydrolysate: Gly 1.00, Phe 1.02 (recovery of Gly, 88%).

Z(OMe)-Gly···Phe-Leu-OBzl was also prepared by the OPS (Br, Na) method and the OPS (N02 , Na) method.
The yields were 691~~, by the OPS (Br, Na) method and 79% by the OPS (N02• Na) method. The products were
identical with those prepared by the OPS (CI, K) method and the mixed anhydride method."

Z(OMc)-Gly-Gly-Phe-Leu-OBzl-Z(OMe)-Gly-OPS (CI. K) (603 mg. 1.2 roM) was reacted with H-Gly
Phe-Leu-Obzl [prepared from 590mg of Z(OMe)-Gly-Phe-Leu-OBzl (l mM) by TFA treatment followed by Et3N

treatment] according to the general procedure. Recrystallized from a mixture of AcOEt and petroleum ether. Yield
445 mg (69~~;;), mp 147--···150 "C, R.l3 0.69, [a]r,8 -15.8 O(c= 1.0. MeOH). Anal. CaJcd for CJSH4ZN40H: C, 65.0; H, 6.6;
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N. 8.7. Found: C, 64.9; H, 6.5; N, 8.5. Amino acid ratios in an acid hydrolysate: Gly 2.00, Phe 0.99, Leu 1.03
(recovery of Gly, 84%).

Z-Tyr(Bzl)-Gly-Gly-Phe-Leu-OBzl-Z-Tyr (Bzl)-OPS (CI, K) (620mg, O.93mM ) and H-Gly-Gly-·Phe
Leu-OBzI [prepared from 500mg of Z(OMe)-Gly-Phe-Leu-OBzl (0.77mM) by TFA treatment followed by Et3N
treatment] were reacted in DMF (8rnl)at 30"C for 48 h. The solvent was evaporated off and the residue was washed
successively with 5(~;) Na1C03• 5~{) citric acid and H20. The material was purified by Sephadex LH 20 column
(2.5 x 80 em) chromatography using a mixture of MeOH and dioxane (I : 1) as the eluent. Yield 424 mg (63~~'~), mp
146-150"C, Rf3 0.91, [~]~5 -24.2 o (c= i.e, DMF) Anal. Calcd for CsoHssNs09: C, 69.0; H, 6.4; N, 7.9. Found: C,
69.0; H, 6.3; N, 7.9. Amino acid ratios in an acid hydrolysate: Tyr 0.86, Gly 2.00, Phe 0.96, Leu 1.02 (recovery ofGly,
88~~).

H-Tyr-Gly-Gly-Phe-Leu-oH--Prepared from its protected derivative (435 rng) by catalytic hydrogenation
as described in the preceding paper." Yield 220 mg (79/};;), mp 201-205 "C, ~rJ O. 76, [~]#) -24.9,j (c= 1.0, DMF).
Anal. Calcd for CZHHnNs07: 60.5; H, 6.7; N, 12.6. Found: C, 60.2; H, 6.8; N, 12.2. Amino acid ratios in an acid
hydrolysate: Tyr 0.81. Gly 2.00, Phe 1.04. Leu 1.06 (recovery of Gly, 88~~~). [lit.31: mp 202-206 "C, [ceJFl
- 23.4 "(r = 1.0, DMF)].

Preparation of Z-Ala-Gly-OMe by the Phenolsulfonlc Acid Derivative Ester Methods in H20---Z-Ala

phenolsulfonic acid derivative ester (2.1 mM) was added to a solution of H-Gly-OMe (2.1 rna, prepared from its HCI
salt by addition of EtJN) in H20 (5 rnl). Precipitation of the product occurred immediately and the mixture was
stirred over night. The product was extracted from the mixture with AcOEt and the AcOEt layer was washed
successively with 5% citric acid, 5~~ Na2C03 and H20, and dried over NaZS04 • The solvent was evaporated otTand
the residue was recrystallized from a mixture of AcOEt and petroleum ether.

a) OPS (Cl, K) Method: Yield 73~/;J1 mp 98-100 "C, [~]~C) -23.5" (c= 1.0, MeOH), R.r 0.49. Amino acid ratio in
an acid hydrolysate, Ala 1.03. Gly 1.00 (recovery of Gly, 86~1,{,): Anal. Calcd for C'4H1HN20S: C, 57.1: H, 6.2; N. 9.5.
Found: C, 57.0; H, 6.2; N, 9.6.

b) OPS (Br, Na) Method: Yield 65~~, mp 98-100"C. [~]57 -27.0·e, (c= 1.0, MeOH), R:r 0.49. Amino acid
ratios in an acid hydrolysate, Ala 0.98, Gly 1.00 (recovery of Gly, 91 (.~i:l)'

c) OPS (N02, Na) Method: Yield 79~';~, mp 98-101 ':'C. [rxJ~8 -27.8 .:. (c.' = 1.0, McOH), Rf4 0.49. Amino acid
ratio in an acid hydrolysate, Ala 1.04. Gly 1.00 (recovery of Gly, 8W~·~). (lit. 121Z···Ala···Gly-OMc; mp 98·--99 ···C. [cell)'
-25.1" (£'=5, McOH)].
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Pericyclic reactions of 3,5-lutidine N-oxide with N-phenylmaleimides were investigated. The
primary cycloadducts are thermally labile and undergo I,S-sigmatropic rearrangement to give the
2,3-dihydropyridine derivatives. The proton nuclear magnetic resonance structural assignment of
the l.S-sigmatropy products implies that the primary cycloaddition proceeds through an (!XO

transition state. The reaction behavior is discussed in terms of frontier molecular orbital theory,
based on MINDO/3 and CNDO/2 calculations and kinetic dura. It was concluded that the reaction
falls into the category of a 'normal-type' cycloaddition and t!Jt:.: e.'(() cycloaddition is brought about
by the unfavorable secondary orbital interaction.

Kcywords--·t ,3-dipo!nl' cycloaddition; 3,5-lutidine N-oxide; N~phenylmaleimide; kinetics;
frontier molecular orbital; ('.\"0 cycloadditlon: L5-sigmatropy; substituent effect

Introduction
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1,3-Dipolar cycloaddition is a valuable tool for the construction of five-membered
heterocyclic ring systems." The classical approach to the reaction was revised by Sustmanrr"
and Houk'" from the frontier molecular orbital (FMO) theoretical point of view'! In our
continuing studies on the 1.3-dipolar cyclcaddition reaction of aromatic N-oxides with
dipolarophiles.?' we have examined the cycloaddition of pyridine N-oxides with phenyl
isocyanates and showed that the observed cycloaddition behavior can be rationalized in terms.
of the following controlling factors: (1) highest occupied molecular orbital (HO.MO)-lowest
unoccupied molecular orbital (LUMO) interaction. (2) secondary orbital interaction. (3)
arornaticity, (4) charge-transfer (CT) complexation. From the frontier molecular orbital
viewpoint based on the CNDO/2,7l MINDO/2.B

) and MINDO/39l calculation data, we have
sought a new and more reactive synthon applicable to the I.3~dipolar cycloaddition of
aromatic N-oxides. In this connection. we previously communicated the reaction of N
phenylrnaleimides (II) with 3,5-di111cthylpyridine N-oxide (3,5-1utidine N-oxide) (I) to afford
2,3~dihydropyridine-type cycloadducts (III) arising from 1.5~sigll1atropy of the primary exo
cycloadducts.'?'

We now discuss the reaction in detail with newly obtained data in order to clarify the
overall nature of the reaction.

Results and Discussion

The CNDO/2 method has been used with success to predict the cycloaddition reactivity
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TABLE I. FMO Energy Levels" of the Addends (1 and IIa-k)

Vol. 35 (1987)

MINDO/3 CNDO/2
Compd.

HOMO LUMO HOMO LUMO

Pyridine N-oxide -8.762 0.546 -10.549 2.246
Lutidine N-oxidc (I) -8.662 0.596 -10.420 2.396
N-Substituted maleimides

H -10.485 -0.470
p-McOC6H4 - (lIb) - 13.416 0.882
p-McC/)H4 - (lIe) -13.614 0.873
Ph- (IIa) -13.861 0.837
p-CICbH4- (I1h) -13.563 0.634
p-N02C(;H4- (Ilk) -13.245 0.448

PhN=C=O -8.552 0.915

a) eV.

of various types of 13-dipoles and dipolarophiles. In this study, therefore, CNDO/2
calculations were performed to estimate the relative reactivity of pyridine N-oxides with N
substituted maleimides. The molecular geometries of the parent molecules of pyridine N-oxide
and maleimide were determined by a semiempirical self-consistent field molecular orbital
method based on the MINDO/3 approximation combined with geometrical optimization by
the Fletcher-Powell method." The resulting geometries were then used for the CNDO/2
calculations of substituted molecules. The optimized geometry and dipole moment of pyridine
N-oxide are in agreement with the observed values determined by X-ray crystallographic
analyses.!I) The calculation data are summarized in Table 1.

As can be seen in Table I, the 1,3-dipolar reaction of 3,5-lutidine N-oxide (I) with N
substituted maleimides (II) falls into the category of a normal-type reaction in Sustrnann's
classification." wherein the dominant interaction occurs between the HOMO of I and the
LUMO of II, indicating that a dipolarophile bearing an electron-accepting substituent would
show a high reactivity toward 3,5-1utidine N-oxide (1).

In the reaction of pyridine N-oxides with phenyl isocyanates previously reported from
our laboratory, we could not establish the stereochemistry of the cycloaddition transition
state from the structure of the reaction products, because the dipolarophiles have a linear

Me M Me

~
A

MeaMe
N H

[1, 5]I 0 Ho N-Ph
N& H H 0
J.

ontl»0 exo A
+

M~Me0

Q-Ph N H
B

I [1, 5]
0

0 H H
o N 0 ('IOI

Ph
etulo B

Chart I
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TABLE lIa. Cycloadducts from the 1,3~Dipolar Reaction of 3,5-Dimethylpyridine
N~Oxide with N-Substituted Maleirnides'"

Adduct") R mp ee) Yield 0;;)
IR (cm-1)"1

C=O

IlIa C6Hs- 172.5-173.5 40.2 1715
IIIb p-MeOCc>H4- 187---188 36.5 1700
lIIe o-MeC6H4- 185-186 56.2 1710-1715
IUd m-MeCoH4- - 179-180 4Q.2 1715
lIIe p-MeCtJ-14- 187--188 38.7 1715
Illf o~CICc>H4-- 162-163 42.8 1715-1720
BIg m-CIC6 H,1-- 175 40.5 1710
IlIh p-CIC6H4 -- 209 25.2 1710
XIIi O~N02C(IH4- 207-208 46.3 1730-1735
IIIj rn-N0;lCnH4,- 231-232 44.9 1720
I1Ik P-N02CbH4- - 186-187 34.7 1715-1720
IIII n-C4H)-· 119-120 37.5 1710
IlIm CH3- 184-185 32.8 1682
IBn o:-Naphtyl 231-232 30.0 1715--1720

a) Refluxed for lOh. b) Colorless needles. c) KBr.

TADI.H lIb. Analytical and Mass Spectral Data for the Cycloadducts (Illa>-n)

Anal. Calcd (Found)
MS

Compd. Formula
m]: (M +)

C H N

lIla CpHlhN20~, 68.91 (68.80) 5.44 (5.51) 9.45 (9.40) 296
Illb ClflHlHN204 66.25 (65.98) 5.56 (5.46) 8.56 (8.66) 326

HIe C1HI-I II:lN2O., 69.67 (69.33) 5.80 (5.84) 9.00 (8.98) 3lO
llId C1HH1HN203 69.67 (69.76) 5.80 (5.90) 9.00 (9.07) 310
lIle CIHHII:lN203 69.67 (69.75) 5.80 (6.11) 9.00 (9.13) 310

Illf C1,H 1SCIN2O.\ 61.72 (61.83) 4.54 (4.53) 8.47 (8.45) 330
lUg C1.,I-I 1S(]N2O;\ 61.72 (61.59) 4.54 (4.47) 8.47 (8.93) 330
HIh Ct.,H1SCINzO" 61.72 (62.03) 4.54 (4.17) 8.47 (8.57) 330

I IIi C't7H'SN;,Os 59.g2 (59.98) 4.43 (4.61) 12.31 (12.34) 341
III' CnH1sN;,Os 59.82 (59.85) 4.43 (4.58) 12.3] (12.35) 341J
IIIk Ct7H2SN,J°s 59.82 (60.21) 4.43 (4.51) 12.31 (12.32) 341
1111 C1s H ;WNZ0 3 65.20 (65.44) 7.29 (7.36) 10.14 (10.23) 276

Illm CI1H14N203 61.53 (61.13) 6.02 (5.98) 11.96 (12.11) 234

IUn C2 1H1HN2O.1 72.83 (72.96) 5.20 (5.43) 8.09 (8.14) 346
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structure and both the transition states (exo and endo addition) give the same product. On
the other hand, in the reaction of pyridine N-oxides with substituted maleimides (II), it
may be possible to discuss the stereochemistry of the transition state because of the rigid
ring structures of both addends.

Refluxing a mixture of 3,5-1utidine N..oxide (1) and a slight excess of the N-substituted
maleimides (IIa-n) in toluene for 10h resulted in the formation of crystalline products
(IIIa-n, respectively). The spectral data, physical constants and elemental analyses of the
cycloadducts (IIIa-n) are summarized in Tables IIa--c.

The infrared OR) spectra of III showed characteristic bands at 1690-1 720 em -1,

suggesting the presence of an unconjugated imido carbonyl group. The mass spectra (MS) of
III exhibited molecular peaks corresponding to the 1 : 1 cycloadducts. Four Sp3 carbons were



1052

TABLE IIc. IH-NMR Spectral Data for the Cycloadducts (IIIa-n)

Vol. 35 (1987)

Ina 1.33 (3H, S. C 7., . Me), 1.88 (3H. d. J=2Hz, C()-Me), 4.01 (lH, t, J=8Hz, C3-H), 4.35 (lH, dd, )=8,
2Hz, C3n-H), 4.86 (IB, d, J='8Hz, C2-H), 5.88 (lH, t, J=2Hz, C,-H), 6.93-7.66 (5H, m, -Ar), 7.80
(lH. t, J=2Hz, Cs-H)

ms 1.31 (3H, S, C7 l1' Me), 1.84 (3H, d, J= 1.5 Hz, C6-Me), 3.82 un. s. -OMe). 4.05 (lH, dd, J=9.6,
7.2Hz, C3-H ), 4.37 (lH. ddt J=9.6. 105Hz, C3u-H), 4.91 (IH. d. .1=7.2 Hz. C2-H), 5.91 (lH. to'
.1= 105Hz, C7-H), 6.83-7.22 (4H, m, -Ar). 7.83 (1H, t, J== 1.5Hz, Cs-H)

lIIe 1.38 (3H, S, C,,,-Me), 1.95 (3H, d~ J= 1.8 Hz, C6 -Me), 2.14 and 2.21 (3H, s, ·-Ar·-Me).1Il 3.99--4.50
(2H, m, C3-H. C3a-H), 4.87~5.c)6 (lH, m. C1-H). 6.02 (lH, m, C,-H), 6.97--7.35 (4H, m, -Ar),
7.85-8.98 nn. 111, Cs-H)

HId 1.37 (3H. S, C711-Me), 1.90 (3H, d, J= 1.8 Hz, C*-Me), 2.39 (3H, S, -Ar-Me), 4.09 (1H, dd, .1=9.6,
7.6Hz, Cz-H). 4.42 (lH, dd, );:;9.6, 2.4 Hz, C311-H), 4.95 (lH, d. J=7.6Hz, C2-H). 5.96 em, dd,
.1=2.4, I.8Hz, C7-H). 6.95-7.39 (4H, m, Ar), 7.87 (lH, t, J=2.4Hz, Cs-H)

lIIe 1.31 (3H, S, C7 a-Me), 1.83 (3H. d, 1=2Hz, C(l-Me), 2.35 (3H, s. -Ar·-Me). 4.02 (l H, dd, J=:9,
8Hz. C3-H), 4.35 (IH, dd, ]-:::;;9, 2Hz, C3a~H), 4.88 (IH, d, J=8Hz, CrH), 5.88 (lH, t, J::::2Hz,
C7-H), 6.90-7.35 (4H, m, Ar), 7.79 (lH, t, J=2Hz, CS·H)b)

IIlf 1.38 (3H, S, C7a-Me), 1.96 (3H, d, 1= 1.8 Hz. Cll-Me), 4.04-4.48 (2H. m, C3-H and C3n-H), 4.86--5.11
nn, m, C2-H). 5.97 (lH. m, C7-H), 7.08--7.56 (4H, m, -Ar), 7.85-·7.93 uu, m, Cs-H)

lUg 1.34 (3H. s, C7,,-Me). 1.87 (31-1. d. J= 1.5 Hz. C6-Me), 4.09 (lB, del, .1=8.9, 7.5Hz. C.,-H), 4.38 un,
dd, J=8.9, 1.5 Hz, C3•I-H), 4.94 (l H, d, 1=7.5Hz, C2-H). 5.94 (lH, t • .I= 105Hz, C7-H). 7.10-_·-7.45
(4H, m, -Ar), 7.81 (lH, t, J=: 1.5 Hz, Cs-H)

IIlh 1.35 (3H, s, C7L,-Me), l.82 (3H. d, J=2Hz, C6-Me). 4.03 (Il-l, dd, J=9, 7Hz, CJ-tn, 4.33 (f H, dd .
.1=9, 2Hz. C3 u· H). 4.89 (IH, d, .1= 7Hz, Cz-H), 5.88 (tH, t, J=2Hz. C7-H). 7.10--7.60 (4H, m, ··Ar).
7.80 (l H, t, J=2Hz. Cs-H)

lUi 1.35 (3H, S, C7u-Me), 1.91 (3H. d, J = 1.2 Hz. C(j-Me), 4.01--4.50 (2H, 111, C;\-H and CJot-H), 4.95-····5.10
(l H, m, Cz-}·I), 5.98 (IB, rn, C7-H), 7.25-8.27 (5H, m, ·-Ar and Cs-H)

IIIj 1.39 (3R, S, C7a-Me), 1.93 (3H. d. J =LHz. C()-Mc). 4.17 nn, dd, J =9, 7.2 Hz, Col-H). 4.43 (1H, dd,
J=9, 2Hz, C,':I-H). 5.03 (lB, d, J=7.2Hz. C2-H ). 5.99 (IH, dd, J=.2, 1 Hz, C7-H). 7.05·· X.40 (4H.
m, -Ar), 7.88 (l H, t, .f::=2Hz, C~-H)

IIlk 1.36 (3H, S, C7a-Me), un (3H. e, J=2Hz. e6-Me), 4.16 (lB, dd. J=:8.8, 7.2Hz, C3-1"I), 4.40 (/1"1, dd,
./::::.,8.8, 2Hz, C\,,-H), 4.99 (ttl. d, J=7.2Hz, C2-H). 5.96 (IH, t• .1=2 Hz, C,-H). 7.40- ·R43 (4H, Ill,

···Ar), 7.82 (lH, t. J::=2 Hz, C\-H)
IIII 0.95 (3H, t. J=6.6Hz, aliphatic Me), 1.35 (3H, S. C'7n-Mc), 1.10·····1.70 (4H, m, ··('H2CI12 ·),1.90 (3H.

d. J=;2Hz. C6-Me). 3.46 (2H.1. J=7.2Hz. N,,-CH;?-·), 3.99 (IB, dd, J~:=8.4. 7.2 Hz. CJ-rT), 4.34 (Ill.
dd, .1=8.4, 2Hz, C\l-H). 4.82 (IH, d, J=7.2Hz, C."!-l-l). 5.K9 (lB, t, .I::;~2Hz. C,-H). 7.71) nn, t•
.I:::;:: 2 Hz, Cs-H)

HIm 1.47 (31-1, s, Me), 2.02 (3H, d, .I~::. 1.2 Hz, Me). 3.09 (3H, s. N-Me). 4.13 (Ill, dd, r-: 9.6, 7.2 Hz,
C.\+O, 4.46 (lB. dd, J=9.6, 204Hz, C3,,-H). 4.97 (lH, d. J,,-""" 7.2 Hz, C,,~-H), 6.02 (IB, dd, }:;,,2.4,
102Hz, C 1-r-I). 7.94 (lB, t, .J=2.4Hz. C:;-H)

11In 1.39 (31-(. S, Me), I.96 (3H. br s, Me). 4.0···-4.6 (2B, m, C;\ and C.,,,-H), 4J~5· .. ··5.30 (lB, In, C.!-H),
(i04 (I H. dd, .I==: 1.5 Hz. C7-H), 7.1--8.2 (8H, m, AI' and C:;-Hyl

u) The methyl group of o-Me-C)·{~,· was observed as a split peak. This may result from restricted rotation about the N Ar
bond. b) The high-resolution I H-NMR (400 MHz) spectrum indicates that the C.,proton is coupled with the Ct.-methyl proton (,/;;;'
1.46Hz) and with the C~ proton (J:::::: 2.2Hzjzwhich is again coupled with the C.\iI proton (.1;:::: 2.2 Hz). d The datu call he interpreted
ill terms of a I : 1 mixture of conformational isomers.

observed in the carbon-13 nuclear magnetic resonance (13C-NMR) spectrum of III,12}

suggesting that the product (III) is not the primary adduct (three '\1l' carbons) but the
rearranged product (see Chart 1). Further, the proton nuclear magnetic resonance eH-NMR)
spectra of III exhibited ABX patterns due to three cis-oriented methine protons (.12 •3 :;::7
8Hz, .J3.~~a=8-9Hz).131

The 1H-NMR spectra of the products exhibited essentially the same spectral patterns
attributable to an ABX spin system. The coupling constants were evaluated by first-order
analysis assuming it to be an AMX system. In the case of the cycloadduct from 1 and N-(o-
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Chart 2

TARLE 111. Solvent Effect and Activation Parameters for 1,3-Dipolar
Reaction of r with IIa in Bromobenzene
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Temp.
("e)

100
lOa
100
100
]10
120
130

Solvent
(ET )" )

Toluene
Bromobenzene
Acetophenone
Sulfolane
Bromobenzene
Bromobenzene
Bromobcnzene

(33.9)
(37.5)
(41.3)
(44.0)

kx 101i
(M- 1 .s- 1)

1.95
3.07
2.96
2.93
4.96

11.0
21.4

tlE
(kcal/rnol)

20.0

LlS~

(C.lI.)

-35

(I) See ref. 16.

TAllLE IV. Activation Parameters for Typical l.3-Dipolar Cyc1oaddition Reactions
"'~"'-===-

Reaction"

3,5-Lutidine N-oxidc+ N-phenylmaleimidell)
Pyridine N-oxidc-/- phenyl isocyanate"
C,C-Biphcnylene-N(Cl.Hp-chlorophcnyl)-

NUJ)-cyallouzomcthine imi ne-j.

ethyl acrylate
styrene
phenyl isocyanate

N-Phcnyl-C-mcthylsydnonc+
ethyl cinnamute
dimethyl acctylcnedicurboxylate

(··Phcnyl-N-mcthylnitronc +
methyl methacrylate
2-vinylpyridinc

.dE (kcal/mol) L1S~ (e.u.)

20.0 -35
20.0 -30

12.5 -35
15.6 -3]
12.1 -33

18.3 -32
14.7 -31

15.7 -32
l8.3 -30

....__._.__.._-.._---_.~--
u) Sec ref. 2a. II) This study. c) Sec ref. Sa.

tolyl) maleimide or N-naphthylmaleimide, a distorted ABX pattern was observed. This may bel
caused by restricted rotation about the N-Ar bond, which can be recognized by the presence
of a temperature effect (Chart 2).

From these data, we can safely say that IIIa-n are endo 2,3~dihydropyridine-type

cyclo.adducts formed from the primary exo[4 + 2]rrcycloadducts by 1,5~signlatropic rearrange
ment (Chart 1).

In order to examine the cycloaddition behavior of 3,5-1utidine N~oxide (I) towards N-
substituted maleimides (II), kinetic measurements'f were carried out. The second-order rate
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acetophenone

-5.

bromobenzene

•
sulfolane

Fig. 1. Plots of k vs. ET Values for the Reaction
of I with IIa

a=O.OI6.

33 36 39 42

TABLE V. Substituent Effect in 1.3-Dipolar
Cycloaddition of I with II

log k
'-4.60

p-Substituent
-4.75

OMe
Me
H
CI
NOz

-0.12
-0.311

0.0
0.l14
0.790

9.65
10.3
10.9
8.88

13.1
-5.05

0.60.2
The correlation coefficient (r) excluding CI is 0.992. Slope -5.20-t-----..---r------..---.-----...-

(fI)::::0.0859. -1 -0.6 -0.2 10";

Fig. 2. Plots of k liS. (T;' for the Reaction of I
with n

1'=0.086.

constants of the reaction of I with IIa in several solvents at various temperatures were
obtained by following the disappearance of I by high-performance liquid phase chromatog
raphy (HPLC) using methyl ()- or p-nitrobenzoate as an internal standard.

The energy of activation (dhj for the reaction of I with IIa is 20 kcal/mol,15) moderate
Iy higher than the average for 1,3-dipolar reactions, while the entropy of activation,
tlS~ = - 35 e.u., lying within the range reported for the typical 1,3-dipolar cycloaddition,
suggests a highly ordered transition state.!"

Next, the solvent effect was investigated. As a scale of solvent ionizing power for
clarification of the degree of charge separation in the transition state, the ET values of
Reichardt'P' have been successfully employed in studying the effect of solvent on the rate of
reaction. As illustrated in Fig. 1, plots of log k against ET values show a linear relationship
with a very small slope (only 1.56 x 10- 2

) , comparable to those of typical concerted
reactions.6a,17) The small response to variation of solvent ionizing power rules out an
intermediate involving any significant degree of charge separation.

The substituent effect of the N-phenylmaleimides (II) on the reaction rates were also
examined by plotting the logarithm of logk(x) against 0'; .18) The plots show a linear
correlation. The magnitude of the slope, the p-value, is assumed to be an indication of the
narrowness of the HOMO-LUMO energy gap. The p-value is very small (1.20 x 10- 1) ,

indicating that the FMO energy separation is relatively large, and the positive value indicates
that the reaction falls into the category of normal-type cyc1oaddition. The results hitherto
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HOMO

o~· .~H \ 00 0 \ 0/ \ I

O~\HQ/ €') . , LUMO 0.• ' 8
0
0 \ 9 Ar

@)
endo exa

Fig. 3. Steric Interactions for the endo Cyclo
addition

Fig. 4. Frontier Orbitals and Secondary Inter
actions for the Cycloaddition of I with II

TABLE VI. Frontier Orbital Energies and Coefficients
for 3,5~Lutidine N-Oxide and Protonated 3.5~

Lutidine N-Oxide Calculated by the
MINDO/3 Method

Fig. 5. Hydrogen Bonding between I and II

MeyyMe

o ~"T)Q-H J
o

MeyyMe

~N)
-l-

H+·······..······..···..·O

2.0 A

ArN-tO ArN~O" ·H+ a)

FMO energy level (eV)
LUMO 0.60 -4.11
HOMO -8.66 -13.73

HOMO coefficient
0 -0.590 -0.430
N 0.298 0.428
C2 0.363 0.156

Net charge
0 -0.639 -0.446
N 0.723 0.596
Cz -0.201 0.123

ll) The donor-acceptor hydrogen-bonddistunce (NH· . '0) is
assumed to be 2.0A.

mentioned are fully in accordance with the concerted reaction behavior.
At first glance, it seems reasonable to attribute the exo addition to steric repulsion

between the pyridine moiety of the 1,3-dipole and the N-aryl group of the dipolarophile, in
which the' N-aryl ring and the imide ring can not be coplanar (they lie in a nearly
perpendicular disposition) (Fig. 3). However, this assumption is not acceptable because the
dipolarophile bearing the N-methyl or N-(n-butyl) substituent shows a similar cycloaddition
behavior to give the endo 1,5-sigmatropy product viaexo cycloaddition. These facts indicate
that electronic factors may be operative in stabilization of the transition state.

The frontier orbital interactions for exo and endo transition states are depicted in Fig. 4.
As can be seen in Fig. 4, the secondary interactions of the frontier orbitals in the endo
transition state are an tibonding, indicating that the reaction passing through the eXD

transition state is more favorable than that passing through the endo one.
Interestingly, the parent maleimide did not react with 3,5-1utidine N-oxide (I) under the

conditions used in the case of N-phenyl maleimide (lIa). This anomaly may be explained by
taking into consideration the stabilization by the hydrogen bonding between the oxygen atom
ofl and the acidic hydrogen (-CONlj:CO-) of the imido group. The hydrogen bonding should
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cause a considerable decrease of the FMO energies of I and retardation of the reactivity.
This assumption was confirmed by MINDO/3 calculations on a pair of model compounds
(I and protonated 3,5-1utidine N-oxide). The calculations indicate that the hydrogen bonding
stabilizes the frontier orbital energies and diminishes the frontier coefficient magnitudes and
the net charges of the nitrone moiety, and these changes-are very unfavorable for the normal
type interaction (HOMO of I-LUMO of II) (see Table VI).

The involvement of charge-transfer complexes in cycloaddition has been suggested, and
it has been proposed that charge transfer plays an important role in stabilizing the transition
state.'?' In our previous paper.?" we clarified the influence of charge transfer on the site
selectivity and the reactivity for 1,3-dipolar cycloaddition of 3-methylpyridine (picoline) N
oxide with phenyl isocyanates, In the reaction studied here, the reaction mixture of I and IIa
('110 DC) showed a weak absorption beyond 550nm (tailing), which is characteristic ofacharge
transfer interaction. This finding suggests that charge-transfer complexation occurs only to a
small extent, and this must be-a consequence of the steric disadvantage'?' of nonplanarN
phenylmaleimide, in which the phenyl and the imido rings can not be coplanar.

Finally, mention should be made of 1,5-sigmatropy of the primary cycloadducts.
MINDO/3 calculations on model cycloadducts of pyridine N-oxide with ethylene indicate that
the heat of formation (AHc) of the 1,5-sigmatropy product is 26.7 kcal/mol smaller than that
of the primary one, suggesting the primary adduct to be thermodynamically less stable.
The FMO view on the facility of the rearrangement is that the interaction of the LUMO of
the (J" bond with the HOMO of the diene is assisted by the low-lying LUMO of the N-O (J

bond.

HOMO

Me~Mc

ll.N~
.,J.

o
+
o

O-Ph
o

Chart 3

Experimental

All melting points are uncorrected. Nuclear magnetic resonance spectra were taken with Hitachi R-600, JNM-C
60H and GX-4()() spectrometers ('3C-NMR) for ca. 104:<1(w/v) solution with tetramcthylsilane (TMS) as an internal
standard; chemical shifts arc expressed in (j values. IR spectra were recorded on a lASeO IR~G infrared
spectrophotometer equipped with a grating. Mass spectra were taken with a .fEOL JMS-OISG double-focussing
spectrometer operating at an ionization potential of 75 eV. High performance liquid chromatographic analyses
(HPLC) were performed on a lASeD FAMILIC lOON chromatograph equipped with a ultraviolet detector and a

column of Fine Pak SIL C12.
Molecular orbital calculations were performed on a FACOM M-382 computer in the Computer Center of

Kyushu University.
Cycloaddition ofl with Ha (General Procedure)-·-A solution ofI (0.01 mol) and lla (0.01 mol) in toluene (10 ml)

was refluxed for 10 h. The solvent was evaporated otT under reduced pressure. The residue was chromatogruphed on
silica gel (2.5em i.d. column, 60g) with ethyl acetate to give Illa as colorless needles. Recrystallization from ethyl
acetate gave an analytically pure sample. The physical and spectral data are summarized in Tables Ha-s-c.

Kinetics---A solution of I (5.00 x 10-3 mol), II (5.00 x 10- 2 mol) and benzophenone (2.49x 10-4 11101) in 5 ml
of bromobenzene was placed in a ground-glass stoppered tube and immersed in a thermostated oil bath (Tokyo Rika
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Kikai, HB 200B) controlled to 0.05 "C. The rates were followed at a given temperature by measuring the decrease of I
by HPLC. Methyl o-nitrobenzoare was used as an internal standard.
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(l-Methyl-I H-imidazoIM2-yl)methanol derivatives (4 and 7) were prepared by treating carbonyl
compounds with 2Mlithio-l-methyl-lH-imidazole (2) or by treating 2Macyl-1H-imidazoles (3) with
organometallic reagents or sodium borohydride. The alcohols (4 and 7) were convertible into the
carbonyl compounds via the corresponding quaternary salts (8 and 10). The stable (l-methyl-lH
imidazol-z-yljmethanol system, R-C(OH)-<r=N-CH=CH-~CH3'can be regarded as a masked

form of the carbonyl group as well as a synthon of the group.

Keywords-(l-methyl-IH-imidazol-2-yl)methanol; 2-acyI-IMmethyl-IH-imidazole; carbonyl
compound synthesis; fJ-ketoester; protecting group; latent functionality; symmetric ketone; dihy
drojasmone

I-Acyl-lH-imidazoles have been widely applied in organic synthesis as an important
active acyl species.'>" On the other hand, 2-acyl-I-methyl-IH-imidazoles (3) have been little
studied in regard to synthesis or their synthetic applications. In the previous paper, we
reported syntheses of 2-acyl-l-methyl-l H-imidazoles (3) by treatment of various pyrrolidine
arnides (1) with l-methyl-Z-lithio- fH-imidazole, as well as the use of 3 as an active acyl
source." and conversion of the imidazole ring in 3 into the imidazolium form having a
superior leaving ability. This paper mainly deals with synthesis of (l-methyl-l H-imidazol-2
yl) methanol derivatives (4 and 7) starting from the 2-acylinlidazole (3) and further
conversions of these products into carbonyl compounds by making use of the imidazolium
group as a leaving group.

In the literature, (l -methyl-I H-inlidazol-2-yl) methanol derivatives (4 and 7) have been
prepared by treatment of aldehydes or ketones with 2-lithio-l-nlethyl-lJ1-inlidazole (2),4) and
in one example by a Grignard reaction of 2-formyl-l-lnethyl-111-imidazole (3a) with 4-phen
oxyphenylmagnesium bromide." We attempted to use a similar Grignard reaction to pre
pare 4 and 7 from various 2-acyl-inlidazoles (3).3) For example, the 2-cyc1ohexylcarbonyl
imidazole (3d) was added to an excess (more than two equivalents) of an ethereal benzylmag
nesium bromide solution to give 7d in 79.0% yield. Lithium reagents such as phenyllithium
and lithium enolate were also usable instead of the Grignard reagent without difficulty. The
secondary alcohols (4) were also obtained by reduction of the 2-acylitnidazoles (3) with so
dium borohydride as well as by Grignard reactions of the 2-formylimidazole (3a). Table I
gives the yields and various data for the (l-methyl-IH-imidazol-2..yl) methanol derivatives
(4 and 7).

In viewof the superior leaving ability of the 2-imidazolium moiety, weconsidered that the
structures of 4 and 7 can be regarded as a protected form of carbonyl group, such as gem
cyanohydrin. It was reported by Breslow that benzaldehyde was produced upon treatment of
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TABLE I. Synthesis of the Substituted 2-ImidazolylmethanoIs (4 and 7)

mp or bp (UC) Isolated

Entry Starting material Nucleophile Product Appearance yield
(Recryst. solv.) (%)

Piperonal (Sa) 2 r" mp 127-128.5 85.7
(J~ I = 3,4-methylene~ Needles

2 3c N(lBH4 dioxyphenyl) (Et2O) 98.0

3 3a CH2 = CHCH2MgBr 4b bp 158 (3 mmHg) 71.4
(R1 :::;::allyl)

4 cydo-CbH 11CHO (5d) 2 r mp 109.5-1 II 76.0

5 3d NaBH4 (R 1 =cvcl()~C H ) Needles 98.0• (, 11

6 3n cyclo-C(,H11MgBr (EtOAc-n~hexane) 63.0

7 Il-C(iH13CHO (5c) 2 70.3

8 3e NaBH4
} 4d bp 132 (3 mmHg) 98.0

9 3a n-C6H t;lMgBr
(R' =n-C(jH 13)

73.2

1O Citronellal (5b) 2 4e bp 112 (O.02mmHg) 88.0

[R1 = Me:zCH(CH z}2-

CHMeCHr ]
12 Benzophenone (6a) 2 r . mp 194-194.5 90.2

(R t =C(,Hs) Needles

13 3b C6H5Li (R 2 =C6Hs) (EtOH) 90.2

7b mp 151-152

14 Acetophenone (6c) 2 (R l =Cf,Hs) Needles 92.3

(R2=CH
3) (Isopropanol)

15 3b n-BuLi r mp 151.5-152 70.9

(R 1 =C6Hs) Needles

16 Valerophenone (6d) 2 (R2 =n-C4Hl) (CC]4) 82.2
7d rnp ]85-186

17 3d CJIsCH 2 MgBr CR ' ::::::c:l'c!o-C6 H l.I) Needles 83.0

(R2 ::::::C6HsCH2 ) (CCI 4 )

7c mp 123-125

IS l-Tetralonc (6e) 2 (R1,R>=@:)l Needles 9004
(CCI4 )

. 7f mp 125.5--127.5

19 3c LiCH2COO-U'rt-Bu (R I = 3.4-methylenc- Prisms 72.5
dioxyphenyl) (CC14 )

(R:!=tert-BuOCOCHz)
7g

20 3c CH cncoocn (R1 ::::: 3A-methylene- Viscous material 90.7
:\ I J
Li dioxyphenyl)

(1{2=CH3CHCOOCH.,)
7h

21 3c LiCHzCOO-[cl'I-Bu (R1 =n-C6H 13 ) Viscous material 63.4

(R 2 = tert-BuOCOCH)
7i mp 61.5-63

22 2-0ctunonc (6b) 2 (R t =CHJ ) Needles 84.5
(R 2 = n-C6H 13) (n-Hexane)
7j mp 170.5-172

23 2-Acetyl-7-mcthoxy- 2 (R 1=CH
3) Leaflets 78.7

benzo(b]furan (6f) (R'=~) (EtOAc)

OCH3

3,4-dimethyl-2-(hydroxyphenyln1cthyl)thiazolium salt with an organic base, but the reaction
was reported as a qualitative, not a preparative, one.?' Quaternization of the alcohols 4a and
7a proceeded easily on refluxing them in ethyl acetate solution in the presence of an excess of
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methyl iodide to give the corresponding crystalline imidazolium salt (Sa and Illa, respectively)
in almost quantitative yields. First, the reactivity of the imidazolium salt 8a were examined.
When 8a was treated with lO~X~ potassium carbonate at 60°C for 2 h, benzophenone was
quantitatively produced, as expected (method A). In the cases of other imidazolylmethanols (4
and 7)~ the corresponding imidazolium salts (10) were used without purification in the
treatment with IO~/~ potassium carbonate. As shown in Table II, the ketones were satisfac
torily reduced. A possible reaction mechanism is illustrated in Chart 3~ where removal of the
proton from hydroxy group by the alkali occurs in an initial stage of the conversion of 8 to
ketone and the equilibrium (a) seems to incline to the right." Although the method A was
applicable to producing aromatic aldehydes from the corresponding imidazolium salts such as
lOa, the method was not effective for producing aliphatic aldehydes, such as citronerall, from
the imidazolium salt 10d~ probably because the initial equilibrium (a) incline to the left owing
to lower steric repulsion in 10 thanS (Chart 3). When stronger alkali, 0.1 N sodium hydroxide,
was used instead of 10% potassium carbonate, a considerable amount of citronella I was
formed. However, in that case, thin-layer chromatography (TLC) of the crude product
demonstrated that the desired aldehyde. was contaminated by by-products which were
presumably fanned by aldol condensation reaction and possible subsequent reactions. Thus,
an excess of sodium 6-aminocaproate was added to the reaction mixture in order to trap the
aldehyde in the aqueous phase as the corresponding Schiff base'" (method B). As shown in
Table II, formation of aldehydes proceeded satisfactorily. In method B, it is presumed that the
equilibrium (a) may incline to the right owing to removal of the produced aldehyde by
trapping with 6-aminocaproate through formation of the corresponding Schiff base, as well as
owing to decomposition of the imidazolium counterpart via a pseudo-base (C) induced by the
strong alkali (Chart 3).

When the imidazolium salt (7a) was treated with sodium hypochlorite in 20~;: acetic acid.
benzophenone was obtained in high yield (method C). Since this procedure does not include a
quaternization step, we expected that it might be generally applicable. However. in the case of
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3;R :::C
6

H
S

a R1= ~X§r<: [ R2 i
lOa:

lOb: R1_ c1lclo~C H
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lOe:
1R =n-C 6H1 3OE

e1I
3

Churt 2

the irnidazolylmethanol (7b), acetophenone produced was contaminated by a small amount
(15/{J of chlorinated acetophenone, so that the usefulness of the procedure seems to be
restricted. The oxidation of7c with m-chloroperbenzoic acid followed by treatment with 10%
potassium carbonate also afforded the corresponding ketone in almost quantitative yield, but
the reaction did not proceed satisfactorily in other cases (method D) (Table II).

When the carbinol (7c) was refluxed in ethyl acetate in the presence of methyl iodide, we
observed a gradual formation of valerophenone, the yield of which reached 86~{, after
prolonged reflux (3 d). I ,3-Dimethyl-l H-imidazolium iodide (9) could also be isolated in 63~~)

yield, indicating that the C-C bond fission occurs in a hydrolytic manner but not through any
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TABLE II. Formation of the Carbonyl Compounds (5 and 6) by Methods A-D

Entry

1
2
3
4
5
6
7
8
9

10

I I

12
13
14

15
16
17
18
19
20

Starting
material

7a
7a
7a
7b
7b
7c
7c
7d
7e
7f

7g

7h
7i
7j

4a
4a
4c
4d
4e
4e

Method

A
C
o
A
C
A
D
A
A
A

A

A
A
A

A
B
B
B
A
B

Product

Benzophenone (6a)
Benzophenone(6a)
Benzophenone (6a)
Acetophenone (6c)bl

Acetophenone (6c)
Valerophenone (6d)
Valerophenone (6d)
R 1 =cyclo-C6HlI ; R2 == benzyl (6g)
I-Tetralone (6e)

<:rsr,COCH,COQ-tert-Bu (6h)

(
~COCHCOO-ter'-BU,OJ8J CH3 (6i)

CH 3(CH2)sCOCH1COO-tert-Bu (6j)
2-0ctanone (6b)

ror---r
Y"O)l...COCH3 (6f)

OCH 3

Piperonal (Sa)
Piperonal (Sa)
R 1 =cydo-C6Hu (Sd)
n-Heptanol (Sc)
Citronellal (Sb)
Citronellal (Sb)

Yield'"
(%)

96.6 (quant.)
(quant.)

80.0
(quant.)
(80.0)
(quant.)
(quant.)

90.0
(quant.)

70.3

85.7

87.7
(quant.)
(quant.)

(quant.)
(47.1)
(84.4)
(83.9)
(nil)

74.5 (79.0)

a) Yields in parentheses wereobtained by OLe and those without parentheses are isolated yields. b) ex
Chloroacetophenone was also produced in 5-15~, yield.

1 CH3
CH 3

R 1+ HO I-x-
R'

1+

R~)X- _(N)
-< )= +

rio I
(a) NR I_ CH

3 CH3 A
HO 8

II H
2O

or 10 (R 2::::H) -OH

(b)

yH3
CH

3
HO 1+

N

decompose -<c HOXN] ~ H~N] -OR..
H N (c)

I I
CH3

CH3 BC

Chart 3
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other process such as autoxidation.
Stability of the imidazolyl methanol derivatives (4a) under various severe conditions was

examined as follows in order to evaluate the characteristics of the molecular system as
protecting group for the carbonyl group: 1N KOH/CH30H/70 Ge/7 h: 20% H2S04/70°C/7 h;
NaBH4/CH30H/room temperature (r.t.)/20h; LiAlH4{fHF/r.t.fN2/20 h; CF3COOH/r.t./
24h; H2/5% Pd-C/C2HsOH/1 atmosphere (atm}/r.t./18 h. Fortunately, it was found on the
bases of gas-liquid layer chromatography (Gl.C) that the substrate (4a) survived almost in
tact under all of these conditions. It is noteworthy that the imidazolylmethanols (4c and 7c),
which might be expected to undergo relatively easy dehydration, were. almost intact after
treatment with 20% sulfuric acid at 70°C for 7 h probably because the first protonation
on the imidazole nitrogen prevented the second protonation on hydroxy group owing to
repulsion between the two positive charges. Thus, we can use the imidazolemethanols (4 and
7) as a characteristic protecting group for the carbonyl group.

If the secondary imidazolylmethanols (4) can be oxidized to the 2..acylimidazoles (3),
various aldehydes may be convertible into ketones and active acyls by applying the present
methodology, including the procedure in the previous report." Although pyridinium chlor
ochromate oxidation of 4a proceeded in 84.3% yield, the other imidazolyhnethanols (4) gave
the 2-acyl derivatives in very low yield probably because of losses during extraction of the
product. We are now investigating more convenient oxidation procedures.

Next, preparations of dihydrojasmone (16),9) a constituent of bergamot oil, was
examined as an application of the present methodology. 1~(4,4~Ethylenedioxypentanoyl)
pyrrolidine (11) was treated with 2-lithio-l-methyl-lH-imidazole (2) to give the correspond
ing 2-acylimidazole (12) in 79.1 ~~ yield." A Grignard reaction of the acylimidazole (12)
with an excess of n-hexylmagnesium bromide proceeded satisfactorily to afford the crystal
line carbinol (13) in 92.6% yield, and 13 was treated with 10% hydrochloric acid for several
minutes to give a ketocarbinol (14). Treatment' of the ketocarbinol (14) according to
method A, described above, furnished the diketone (15) in 97.4<,%; yield; this product was
firstly reported as an intermediate for the synthesis of dihydrojasmone (16) by Stork and
Borche.l'" In our experiment, a direct Grignard reaction of the ketal amide 11 with n-hexyl
magnesium bromide resulted in formation of a complex mixture consisting of 11 (about
60%), the corresponding ketone (2-ethylenedioxyundecan-5-one; about 20~~) and several

11 12 13

J dil.HCl

16 15
Chart 4

14
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unidentified products. This result may be explained in terms of interference by the ketal
function with the approach of the Grignard reagent and several known side reactions in the
Bouveault ketone synthesis. I I

)

Finally, syntheses of symmetric ketones were attempted. For example, 2-ethoxycarbonyl
I -methyl-l H-imidazole (31)5) was treated with an excess of an ethereal solution of cyclohexyl
magnesium bromide to give the corresponding symmetrically disubstituted imidazolyl
methanol (71: R1 = R2 = cyclohexyl) in 81.9% yield. The imidazolylmethanol (71) was treated
according to method A to produce dicyclohexylketone (61) in 78.9% yield. Other examples
listed in Table III also proceeded satisfactorily except for 7n. The reaction of ethyl formate
with Grignard reagent has been well known as a convenient preparation method for
symmetrically substituted secondary alcohols,12) and the present reaction may provide a new
and general procedure for linking two molecules of the same Grignard reagent with one
carbonyl group.

In conclusion, the present methodology should be useful in organic synthesis not only as
a protecting group for the carbonyl group but also as a synthon of various carbonyl
compounds. Characteristic features of the present methodology can be summarized as
follows. i) An excess of Grignard reagent and reducing agent (NaBH4 ) can be used in their
reaction with the 2-acyl-lH-imidazole (3). ii) The resulting imidazolylmethanols (4 and 7) c~n

C2HSOOC--(: ]

CH3

3f

or 2 R1Li

7k-n

Chart 5

method A

6k-m

TABLE III. Conversion of 2-Ethoxycarbonyl-1-methyl-1 H-imidazole (30 into Symmetrically
Substituted Ketones via Symmetrically Disubstituted Carbionols (7)

7 (R' =R2
) 6 (R1 =R2)

Entry R1MgBr or R1Li mp CC} Yield eD Method mp or bp (DC) Yield (~~~)

Appearance (Lit. value)
(Recryst, solv.) (Reference)

7k 6k

[J-MgBr

180.5-182 (dec.) mp 87-88.5
Needles 92.6 A (mp 87-88) Quant.
(CCI4 ) (Ref. 14)
71 61

0
M gBr 153.5-155 bp 130-135 (5mmHg)

2 Needles 81.9 A [bp 158-161 (IOmmHg) 78.9
(EtOAc-n-hexane) (Ref. 15)
7m 6m

W
M gBr 152-153 bp 140-145 (3mmHg)

3 Needles 85.0 D [bp 225 (15 mmHg)] 70.5
(AcOEt) (Ref. 16)
70

rgrC=C-Li 178-179
4 Prisms 88.8 A a)

(CH3OH)

a) A resinous material was produced.



No.3 1065

be regarded as protected forms ofcarbonyl compounds, which are stable under various severe
conditions and can be deprotected under relatively selective reaction conditions. Thus, the
present carbonyl group protection system [-C(OH)-C=N -CH=CH-N(CH3) ] is a new

l I

type, different from the known carbonyl protecting systems such as ketal, acetal, thioketal and
gem-cyanohydrin. iii) The 2-acylimidazoles (3) can be regarded as synthons of various
carbonyl compounds. iv) Imidazole compounds are extractable with aqueous acid, so they can
be easily separated from neutral and acidic compounds. We are now investigating syntheses of
several natural products as further applications of the present methodology.

Experimental

All melting points are uncorrected. Infrared (lR) spectra were taken with a Shimadzu IR-410 spectrometer.
Proton nuclear magnetic resonance eH-NMR) spectra were recorded on a Varian CFT-20 spectrometer using
tetrarnethylsilane as an internal standard and the chemical shifts are given in a-values (ppm). Abbreviations of 1H
NMR signal patterns are as follows: s (singlet); d (doublet): t (triplet): q (quartet); m (multiplet); br (broad). High
resolution mass spectra (HRMS) and low-resolution mass spectra (MS) were both taken with a Hitachi RMU-2
spectrometer. Ultraviolet (UV) spectra in ethanolic solutions were recorded on a Shimadzu-200S spectrometer. Oily
products and low-melting-point products were purified by vacuum distillation with a Kugel-Rohr distillation
apparatus.

General Procedure for Synthesis of (J-MethyJ-tH-imidazol-2-yl)..methanol Derivatives--a) 2-(I-Hydroxy
heptylj-l-methyl-Ur-imidazole (4d): n-ButyUithium (1.6M in hexane; lOmmol) was added to a solution of 1
methyl-IH-imidazole (O.82g, 10mmo!) in tetrahydrofuran (THF) at -7R"'C under an N, atmosphere and the
mixture was stirred for 5min. n-Heptanal (1.14g, 10mmol) was added dropwise to the solution and the mixture was
stirred for 30min while warming to ambient temperature (the cooling bath was removed). Ether (30 ml) and 1O~~~ Hel
(10ml) were added, and the aqueous layer was washed with ether (5 rnl) and basifiedwith solid K,2C03• The separated
oil was extracted with ethyl acetate. The organic layer was evaporated after drying with Na ZS04 to give an oiJy
residue, which was purified by vacuum distillation. bp, 132"C. Yield, 1.38g (70.3~~{J IR (CHCIJ ) : 3160cm- 1 (OH).
IH-NMR (CDCIJ ) ('j: 0.86 (l. 3H, CthCH2- ; J=8Hz), 1.05--1.65 (m, 8H, CH 3 (Ct:h )4'- )' 1.83 «, 2H,
-CthCH(OH)-, J= 8 Hz), 3.68 (s, 3H, NCth), 4.00 (br, 1H, OIj), 4.67 (t, 1H, -CtHOH)--, J:= 8 Hz), 6.76 and 6.86 (d
each, IH each, imidazole H, J = I Hz each). Elemental analysis was performed with the corresponding rnethiodide
(tOe) as described below. .

b) 2-( l-Cyclohexyl-l-hydroxy-2-phenylethyl)-I-methyl-l H-i rnidazole (7d): 2-CycJohexylcarbonyl-l-mclhyl-1 H
imidazole (3d~ 0.96 g. 5 mrnol) was added under ice-cooling to a stirred ethereal solution of benzylmagnesium
bromide, which was prepared from benzyl bromide (1..71 g, 10mmol), magnesium metal (468 mg, 20 mgatom) and
ether (10 ml), The mixture was stirred at room temperature for 2 h and filtered. The mixture was acidified with IOC};;
HCl and the aqueous layer was washed with ether then bacified with solid K2C03 • Separated material was extracted
with ethyl acetate. Evaporation of the solution after drying with NU2S0", gave a crystalline residue, which was
recrystallized from CCI.J to give colorless needles. rnp 185----1X6"C. Yield, 1.18g (B3.0 1

; : . ) . IR (CHCI~): 3520 tOB),
3350cm- 1 (01-1). 1H-NMR (CDCI.~) c): 0.95·--2.20 (rn, II H, cyclohexyl H), 3.12 (s, IB, 01.:.1), 3.25 (d, 2H, --CthC/>H5 ,

J=8 Hz), 3.43 (s. 3B, NC{:h), 6.55--7.30 (m, 7H, imidazole Hand C(,tJs-). Anal. Oded for CIHH24NzO: C, 76.02; H,
8.51; N, 9.85. Found: C, 76.18; J-J, 8.47; N, 10.07.

c) 1-(Diphenylhydl'Oxymcthyl)-I-mcthyl-1H-imidazole (7a): Phenyllithium solution (2.4 M in ether, 6 mmol) was
added to a solution of 2-bcnzoyl-l-methyl-1 /i-imidazole (3b; 0.93 g, 5 mmol) in tetruhyd rofuran (THF; 10ml) at
- 78"C and the solution was stirred for 10min followed by stirring for 30min while warming to ambient temperature
(the cooling bat h and removed). Ether (30 ml) and 1O:~~ HCl (10 ml) were added and the aqueous layer was washed.
with ether and basified with solid K2C0 3 • The precipitated solid was filtered off and recrystallized from ethanol to
givecolorless needles. mp 194-·194.5 "c. Yield, 1.19g (90.2~;). IR (CHCI3 ) : 3370cm -I (OB). IH-NMR (DMSO-d,,)
0: 3.35 (s, 3H, NCtIJ)' 6.74 (s, I H, Oli), 6.73 and 7.11 (d each, 2H, imidazole H, J= 1Hz each), 7.00-7.50 (rn, lOH,
C6tJS- x 2). Anal. Calcd for C17H16 N20 : C, 77.25; H, 6.10; N, 10.60. Found: C, 77.24: H, 5.88; Nt 10.50.

d) 2-[(tert-Butoxycarbonylmethyl)hydroxy(3,4-methylenedioxyphenyl)methyl]-I-mcthyl-1 H-imidazole (7f): tert
Butyl acetate (385mg. 3.3mmol) was added to a solution of lithium diisopropylamide (3mmol) in THF at -78 DC
under N2 and the solution was stirred for 5 min. l-Methyl-z-piperonyloyl-I H-imidazole (x; 0.69 g, 3 mmol) was
added to the solution and the mixture was stirred for 5 min. Stirring was continued for 30min while the mixture was
warmed to ambient temperature (the cooling bath was removed). Water (5 ml) and ethyl acetate (30 ml) were added
and the organic layer was washed with water (5 ml x 2). Removal of the solvent after drying with NaZS04 gave a
crystalline residue, which was purified on a short silica gel column (ethyl acetate as an eluting solvent) followed by
recrystallization from CCI4 to give colorless prisms. mp 125.5--] 27.5"C. Yield. 755mg (72.5%). IR (CHCJJ ) : 3420
(OH), 1700cm- 1 (C=O). IH-NMR (CDCI3) 0: 1.45(s, 9H t -C{CI.:hh), 2.66 and 3.41 (d each, IH each,-CthCOO-,
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J =20 Hz each), 3.40 (s, 3H, NCffJ)' 5.84 (s, 1H, -oui, 5.93 (s, 2H, -oCthO-). 6.60-6.90 (m, 5H, imidazole Hand
Ar-H). Anal. Calcd for ClsHnN20s: C, 62.42; H~ 6.40; N, 8.09. Found: C, 62.56; H, 6.53; N, 7.96.

e) 2.[(3,4-Methylenedioxypheny1)hydroxymethyl]- l-methyl-Uf-imidazole (4a): NaBH4 (0.3 g) was added to a.
solution of 3c (0.5 g) in methanol (15 ml) and the mixture .was stirred at room temperature for 0.5 h. The solvent was
evaporated off' and the residue was extracted with ethyl acetate. The organic layer was washed with water (5 ml), and
evaporated after drying with NaZS04 to give a crystalline residue. which was recrystallized from ether. mp 127.5
128.5 (JC. Yield, quantitative. IR (CHC13): 3120cm- 1 (OH). tH·NMR (CDCIJ) 0: 3.40 (s, 3H, NCij3), 5.79 (s, IH,
-ClJ<OH)-). 5.91 (s, 2H, -oCl:hO-), 5.65 (br, lH, -otl). 6.50-7.00 (m, 5H, imidazole Hand Ar·H). Elemetal
analysis was performed with the corresponding methiodide (10a) as described below. Physical and spectral data for
other imidazolylmethanols (4 and 7) are listed in Table I and below.

2-(l-Hydroxybut-3.enyl)-I-methyl.IH-imidazole (4b): IR (CHCI 3): 3110 (OH), 1642cm- 1 (C=C). HRMS mlz:
CaIed for CgH I 2N20 =:;: 152.0950. Found = 152.0960. 1H-NMR (CDC13) c5: 2.68 (rn, 2H. -CthC(OH)-), 3.69 (s, 3H,
NClh), 4.30 (br. IB, -08),4.74 (t, IH, -CB(OH)-~ J=9Hz), 4.85-5.23 (rn, 2H. Cth=). 5.50-6.10 (m, IH,
CH2=Ctl-), 6.77 and. 6.87 (d each, IH each, imidazole H,J=2Hz each).

2-(Cyclohexylhydroxymethyl).1-methyl-IH·imidazole (4c): IR (CHCI 3) : 3100cm- 1 (OB). IH-NMR (CDCI.) 6:
0.60-2.20 (m, IlH, cyc!o-C6Hu ), 3.66 (5, 3H, NCtl3), 4.20 (br, IB, -Qij), 4.37 (d, 2H, -Clj(OH)-, J= 1OHz),6.75
and 6.89 (d each. 1H each, imidazole H, J= 1Hz each). Anal. Calcd for CllH l SN,20: C. 68.01; H, 9.34; N. 14.42.
Found: C, 67.97; H, 9.11; N, 14.36.

2·(3,7-Dimethyl-l-hydroxyoct-6-enyl)-1-methyl-1H-imidazoIe (4e): IR (CHCI3: 3200cm- t (OH). IH-NMR
(CDCI3) s. 0.93 (d, 3H, c:tJJCH-, J= 8 Hz), 1.00-2.20 (m, 13H, (Cl:h)zC=CH(Ctl2)ZCtl-(CH3)Ctl2-)' 3.68 (s, 3H,
NCth), 4.79 (t~ IH, -Clj:COH)-, J=9 Hz), 5.02 (t, IH,-CtJ, =, J=7 Hz), 6.86 and 6.77 (d each, IH each, imidazole H,
J= 1Hz each). Anal. Caled for C14H24-NzO: C, 71.14; H, 10.23; N, 11.85. Found: C, 70.99; H, 10.68; N, 11.87.

2-(I-Hydroxy-l·phenylethyl)-I-methyl-lH-irnidazole (7b): IR (~Br): 3170cm- 1 (OH). lH-NMR (DMSO-d(,) <'l:
1.82 (s, 3H, CB3C(OH)-), 3.25 (s, 3H. NCB3)' 6.04 (s, IH, -0lj), 6.79 and 7.00 (d each, 2H, Imidazole H, J:= 1Hz
each), 7.00-7.45 (rn, 5H, Ar-H). Elemental analysis was performed with the corresponding methiodide (8c) as
described below.

2-(1·Hydroxy·l~phenyl-l-pentyl)-I·methyl-IH-imidazole(7c): IR (CHCIJ): 3600, 3300cm- J (OH). lH~NMR

(CDC13) s. 0.85 (t, 3H, CthCH2- . J=8Hz). 1.00-1.60 (m, 4H, -(c:tl2)2CH2C(OH)-), 2.39 (t, 2H, -CthC(OH)-,
J= 10Hz), 3.10 (br, IH, 05),3.26 (s, 3H, NCth). 6.75 and 6.92 (d each, IH each. imidazole H, J= I Hzeach),
7.10-7.50 (m, SH, Ar-H). Anal. Calcd for ClsH20N20: C, 73.74; H, 8.25~ N, 11.47. Found: C, 73.76; H, 8.41; N,
11.42.

2-(1-Hydroxy·I,2,3,4-tetrahydro~l-naphthyl)·I·methyl-IH-imidazole (7c): IR (CHCI3): 3470cm- 1 (OH). IH_
NMR (CDCI3) (): 1.70-2.30 (rn, 4H, -C(OH)CthCtb-). 2.65-3.10 (m, 3H. -0lj and C6H4Cth- ), 3.05 (s, 3H,
NCth), 6.80 and 6.97 (d each, IH each, imidazole H, J= 1Hz each), 6.65-7.31 (m, 4H, Ar-H). Anal. Calcd for
C14H16N20: C, 73.66; H, 7.06; N. 12.27. Found: C, 73.74; H. 6.95; N, 12.24.

2-[Hydroxy(3,4~methylendioxyphenyl) (f-methcxycarbonylethylunethyl]- l-methyl- IH·imidazole (7g): A diaste
reomeric mixture was obtained as a viscous material, purification of which for analysis was difficult. IR (CHCI3):
3450 (OH), 1710cm- 1 (C=O).lH-NMR (CDCI3) 0: 1.02 and t.41 (s each, total3H, Cl:b CHCOO-), 3.20-4.20 (rn,
7H, -NCtL and -Cl:J,COOCth). 5.13 and 5.33 (s each, total IH. -0H), 5.93 (s, 2H, -OCl:hO-), 6.50-6.90 (rn, SH.
Ar-H).

2-(l~terl-Butoxycarbonyl·2~hydroxy-2-octyl)-l-methyl-IH-imidazole(7h): A viscous oil was obtained, purifi
cation of which. for analysis was difficult. IR (CHC13) : 3410 (OH), 1700cm- 1 (C=O). IH-NMR (CDC);» 0: 0.83 (t,
3H, CthCHr~ J:::=6Hz), 0.95-1.30 (rn, 8H, CH 3 (Cl:::h)4-)' 1.41 (s, 9H. -C(Ctl3h ), 1.60-2.00 (m, 2H, -cu,c
(OH)-), 2.57 and 3.32 (d each, IH each, -CtJ2COO-, J=21 Hz each), 3.85 (5, 3H, NCij3)' 5.1 I (s, 1H, --0tI), 6.73
and 6.83 (d each, 2H. imidazole H, J == I Hz each).

2~(2-Hydroxyhept-2-yl)·1-methyl-IH-imidazole (7i): IR (CHCI J ) : 3600, 3200cm- l (OH). lH·NMR (CDC1.,) 0:
0.85 (t, 3H. Clj3CH2-' J=6Hz), 1.00-1.50 (m, 8H. CH 3 (CtJz)c), 1.61 (s, 3H, CthC(OH)-). 1.70-2.00 (m, 2H.
-CthC(OH)-), 3.35 (br, 1H, Olj), 3.78 (s, 3H, NCth), 6.77 and 6.84 (d each. IH each, imidazole H, J = I Hz each).
Anal. Calcd for C12H22N20: C, 68.53; H, 10.54; N, 13.32. Found: C, 68.78; H. 10.63: N, 13.57.

2-[I-Hydroxy-I-(8-methoxybenzo[b]furan-2-yI)ethyIJ·l-methy1-1 H-imidazole (7j): IR (CHC13 ) : 3570. 3100cm "
(OH). 1H-NMR (CDCI3) <5: 2.09 (s, 3H, Cij3C (OH)-)~ 3.60 (s, 3H, NCtlJ)' 3.95 (s, 3H, OCth), 4.08 (br, 1H. -05),
6.40-7.30 (m, 6H, Ar-H). Anal. Cal cd for C1sH1()N203: C, 66.16; H, 5.92; N, 10.29. Found: C, 66.24; H, 6.15; N,
10.28.

1,3-Dirnethyl-2-(1-hydroxy-l-phenylethyl)-1-methyJ-lH-imidazolium Iodide (8c) (TypicaJ Procedure for Synthesis
of the Quaternary Salt 8 and lO)---A suspension of 2·( l-hydroxy-l-phenylethylj-l-methyl-1H-imidazole (7b; 1.01 g,
5 mmol) in ethyl acetate (25 ml) was refluxed under N 2 for 2 h in the presence of methyl iodide (5 ml). Removal' of the
solvent gave a crystalline residue, which was recrystallized from CH2Cl2-ether to give leaflets. mp 141-143 "C. Yield.
quantitative. IR (CHCI3): 3200cm- 1 (OH). lH-NMR (CDCI3) 0: 2.26 (5, 3H, C:l:hC (OH)-), 3.89 (s, 6H, 2 x NCth),
5.75 (s, IH, -0.lj), 7.00-7.60 (rn, 7H. imidazole Hand Ar-H). Anal. Calcd for C13H17IN20: C, 45.36; H, 4.98; N,
8.14. Found: C, 45.60; H. 5.13; N, 8.21. Physical and spectral data of other isolated quaternary salts are as follows.
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1,3-Dimethyl-2-(l-hydroxy-l,2,3,4-tetrahydronaphth-l-yl)-1 H-imidazolium Iodide (8b): Colorless leaflets from
ethyl acetate, mp 195-202.5°C. IR (KBr): 3250cm- 1 (OR). lH-NMR (DMSO-d(,) i5: 1.60-2.35 (m, 4H.
-C(OH)Ctl2Cth-). 2.70-3.0 (m, 2H, -CoH4C:th- ), 3.59 (s, 6H, NCth)( 2), 6.80 (br, I H, -OJj), 6.90-7.72 (rn, 6H,
Ar-H). Anal. Ca1cd for ClsHI9IN20: 48.66; H, 5.17; 7.57. Found: C. 48.77; H, 5.44; N, 7.73.

I ,3-Dimethyl-2-[hydroxy(3.4-methylenedioxypheny1)-methyl]-I H-imidazolium Iodide (lOa): .Colorless needles
from ethanol-ether, mp 167-/69°C. IR (KBr): 3200cm -1 (OH). 1H-NMR (DMSO-d{t) 8: 3.81 (s, 6H, NCtb x 2),
6.05 (s, 2H, -OCthO-), 6.35 (s, l H, -eij(OH)-), 6.67--7.02 (rn, 3H, Ar-H), 7.71 (s, 2H, imidazole H). Anal. Ca/cd
for C13H1SIN203: C, 41.73; H, 4.04; N, 7.49. Found: C, 41.84; H. 4.03; N, 7.52.

I,3-Dimethyl-2-cyc1ohexyl- I-hydroxymethyl-IH-imidazolium Iodide (lOb): Colorless needles from acetone
ether, mp 123-124°C. IR (CHCla): 3280cm- 1 (OH). lH-NMR (CDCla) s. 0.70-2.30 (m, IH, cyc!o-C6H tr-), 4.02
(s, 6H, NCl:h x2), 4.93 (rn, IH, -CH)OH)-), 5.04 (8, IH, -OtJ), 7.42 (s, 2H, imidazole H). Anal. Calcd for
C12H211N20: C, 42.97; H, 6.30; N, 9.39. Found: C, 43.04; H, 6.26; N, 9.09.

1,3-Diemethyl-2-(I-hydroxyheptyl)-IH-imidazolium Iodide (IOe): Colorless leaflets from ethyl acetate, mp
105.5-107 "e. IR (CHCl3 ) : 3300em-I (OH). IH-NMR (CDC13) (5: 0.88 (t, 3H, CI.:hCH2- , J= 8 Hz), 1.02--2.10 (rn,
WH, CH.\ (Cth)s-), 4.01 (s, 6H, NCth x 2), 5.09 (d, IH, -OB, 5 Hz), 5.10-5.40 (rn, I H, -Ctj(OH)-), 7.41 (5, 2H.
imidazole H). Anal. CaIed for C12H2JIN20: C, 42.61: H, 6.85; N, 8.28. Found: C, 42.46; H, 7.08; N, 8.26.

Typical Procedure for Method A [Example: Formation of Benzophenone (6a)]---A suspension of l-methyl-z
(diphenylhydroxyrnethyl)- IH-imidazole (7a; 1.32g, 5 mrnol) in ethyl acetate (25ml) was refluxed for 2 h in the
presence of methyl iodide (5 ml) followed by evaporation of the solvent and the reagent. Benzene and 1O~%: K2CO.\
were added to the crystalline residue and the mixture was warmed at 60"C with stirring under an N2 atmosphere for
2h. Evaporation of the organic layer after drying with Na2S0.j.gave a crystalline residue, which was distilled under
vacuum to afford benzophenone. bp 160clC (10 mmHg). Yield, 0.88 g (96.6%).

Typical Procedure for Method B [Example: Formation of Citronellal (Sb)]--A solution of 2-(l-hydroxy·3.7·
dimethyloct-6-en-l-yl)-1-methyl-lH-imidazole (4e~ 2.36 g, 10 mmol) in ethyl acetate (2Sml) was refluxed for 2 h in the
presence of methyl iodide (10ml), followed by evaporation of the volatile portion, to give a crystalline residue, to
which 6-amino-l-caproic acid (5.24g, 40mmol), IN NaOH (50ml) and benzene (20m1) were added. The two-layer
solution was stirred at 80 DC under an N2 atmosphere for 5 h, then acidified with IO~~·;' HCl and extracted with
benzene. The organic layer was evaporated after 'drying with Nu2S0 4- to give an oily residue, which was distilled under
vacuum. bp 80 L'C (3mmHg). Yield, 1.15g (74.5~~).

Typical Procedure for Method C [Formation of Acetophenone (6e)]--A 5~. sodium hipochlorate solution
(5ml) was added dropwise to a solution consisting of 7b (0.606 g, 3 mrnol) and 20% acetic acid, and the mixture was
stirred for 15min, becoming turbid. The product was extracted with ether (30ml) and the ethereal layer was washed
with 1O!j;~ HCl, water and 10/;) K2C0 3, followed by drying with Nu2S04 • Naphthalene (30 rng) Was added to the
solution. GLe analysis showed the presence of acetophenone in 851X. yield as well as e-chloroacetophenone in 5~;;

yield. Work-up after overnight stirring of the reaction mixture gave acetophenone in 80~-;; yield and et-chloroaceto
phenone in l5~/i. yield. GLe conditions: column packing (51;,;, SE-30; 2m x 3mm i.d.); carrier gas (N 2; SOml/min);
column temperature (lOO~20()'>C); injection port (flame ionization detector (FID): 200"C).

General Procedure for Method D (Formation of Benz()phe'lOne)·-·-·m~Chloroperbenzoic acid (520'lng; 3 rnmol]
was added to a stirred solution of 2-(diphenylhydr()xytncthyl)-1~methyl-lH-imidazole (7a; 792mg; 3 mmol) in
CH 2Cl:! (6 ml) and the mixture was stirred overnight followed by treatment of the mixture with 1O~(;' K2CO;\ (lOml)
under stirring for 3 h. The dichlorornethane solution was shaken with 5~';; N a2S20J , water. IO(,~;, Hel and lO~g, K2CO,\

(5 ml each). Removal of the solvent after drying with Nu 2S04 gave an oily residue, which was distilled under vacuum.
bp 160"C (1 mmHg). Yield, 480111g (88.0:~).

Decomposition of 2-( l~n-Butyl-l-hy(lroxy-l-pheny]methy])-l-methyl-lH-imjdazole (7c)--'--A mixture consisting
of the imidazoly/methanol (7c; 2.00 g), methyl iodide (5011), water (0.5 ml) and ethyl acetate (50 ml) was refluxed
under N 2 for 31 h. The solvent was evaporated off and the. residue was extracted repeatedly with ether. Removal of
the solvent by distillation gave an oily residue, which was distilled under vacuum. bp 130<>C (10 mml'Ig). Yield, 1.14g
(86.0~:,~.).The product was identical with an authentic sample of valerophenone. The residue after the extraction with
ether crystallized on standing and it was recrystallized from isopropanol-ethyl acetate to give hygroscopic needles.
mp 96--IOO"C (in a sealed tube). Yield, 1.16g (63.0:~{.). The product was identified as 1,3-dimethyl-lH-imidazolium
iodide by comparison of the IR spectra with that of a sample obtained by quaternization of I-methyl-IH-imidazole
with methyl iodide.

Stability Test of 2-[(3,4-Methylenedioxyphenyl)bydroXYOletbyl]-1-methyl-lH-imidazole (4a)--a) A solution of
43 (200 mg) in 20~~ H2S04 was heated at 85°C for 7 h then basified with solid K2SOJ• The separated material was
extracted with ethyl acetate (20 and 10 ml) and the organic layer' was dried with NU2S04' Removal of the solvent
under reduced pressure gave a crystalline residue, which was shown to be identical with' 4a by IR and TLC
comparisons. mp 126-1'28 "C. Yield, 198mg (99.0%).

b) A mixture consisting of 4a (200 mg), IN KOH (2 ml) and ethanol (5 ml) was refluxed at 85°C and then the
solvent was evaporated off. The residue was extracted with ethyl acetate and the solution was washed with water
followed by drying with NaZS04• Removal of the solvent gave a crystalline residue, which was shown to be identical
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with 4a in the same manner as in i). mp 126-129°C. Yield, 170mg (85.0%).
c) NaBH4 (30 mg) was added to a solution of 4a (50 mg) in methanol (1.5 ml) followed by stirring at room

temperature overnight. The solvent was evaporated off, and then ethyl acetate (20 ml) and water (5 ml) were added to
the residue. The organic layer was dried with Na2S04 • Removal of the solvent gave a crystalline residue, which was
shown to be identical with 4a by IR and TLC comparisons. mp 122-126 DC. Yield, 50mg (quantitative).

d) The irnidazolylmethanol (4a; 232 mg) was hydrogenated in ethanol (5 ml) in the presence of 5% Pd-C (500 mg)
under usual pressure for 2 h. Hydrogen uptake was not observed. The reaction mixture was filtered and the filtrate
was evaporated under reduced pressure to give a crystalline residue, which was identified as 4a by IR and TLC
comparisons. mp 123-128 "C, Yield, 204mg (88.0%).

e) The imidazolylmethanol (4a; 232 mg) was added to a suspension of LiAIH4 (76 mg) in THF (2 ml) and the
mixture was stirred for 20h. Water (I ml) and ethyl acetate (lOrnl) were added to the resulting mixture and the
organic layer was dried with Na,2S04' Removal ofthe solvent under reduced pressure gave a crystalline residue, which
was identified as 4a by IR and TLC comparisons. rnp 122-1 27 "C. Yield. 206mg (88.8/~).

f) A solution of 4a (200 mg) in trifluoroacetic acid (2 ml) was stirred at room temperature for 24 h followed by
evaporation of the reagent under reduced pressure. The residue was basified with 10% K2C0 3 and extracted with
ethyl acetate. Removal of the solvent after drying with Na2S0 4 gave a crystalline residue, which was identical with 4a
on the basis of IRand TLC comparisons. mp 124-128 QC. Yield, 201 mg(quantitative).

Oxidation of 2~(3,4-Methylenedioxyphenyl)hydroxymethyl-l-mcthyl-lH-imidazole (4a)--Powdered pyridinium
chlorochromate (l. 72g, 8 mmol) was added to asolution of the alcohol (4a~ 928 mg; 4mrnol) in CH 2Cl2 (201111) and
the mixture was stirred for 30 min. Ether (50 ml) was added and the supernatant was passed through a column packed
with Florisil. Evaporation ofthe eluate gave a crystalline mass. The residual chromium deposit was treated with IO~~
NaOH (30 ml) followed by extraction with EtOAc (30 ml x 3). The solvent was evaporated off after drying with
Na2S0 4 to give a crystalline residue. The combined crude product was recrystallized from CCI4 • The product was
identical with 3c:mp 104-108!JC. (lit. mp IOS-107°C).31 Yield, 775mg (84.3~~).

2-(2,2~Ethylencdioxy~5-hydroxy-5-undeeyl)-1-methyl-lH-irnidazole(13)--2-(4,4-Ethylened ioxypentanoyl)-I
methyl-I H-imidazole (12; 1.12 g, 5 mmol)" was added at 0 DC to an ethereal solution of n-hexylmagnesium bromide
[prepared from n- hexyl bromide (1.65 g, 10mmol), magnesium (486 mg, 20 mgatom) and ether ( I0 ml)]. The residual
magnesium metal was removed after stirring of the mixture for 2 h at room temperature followed by addition of ether
(30 ml) and I O~; He) (10 mI). The aqueous layer was basified with solid K 2COJ and separated organic material was
extracted with ethyl acetate (30 and 20ml). Evaporation of the solvent under reduced pressure after drying with
Na2S04 gave a crystalline residue, which was passed through a short silica gel column with ethyl acetate. Resultant
solid was recrystallized from CC14-n-hexane to give colorless needles. mp 73-74 L'C. Yield, 1.44g (92.6~~~:). IR
(CHCI3 ) : 3380cm- 1 (OH). IH-NMR (CDC13) 6: 0.60-2.15 (m, 20H, CthCCl;:h.CthC(CI.:h)sCth), 3.74 (s, 3H
NCtI3) , 3.90 (s, 4H, -OCH2CHzO-), 4.26 (s, IH, 05),6.78 and 6.89 (d each. IH each. imidazole H, J=] Hz each).
Anal. Calcd for C I7H.,oN203 : C, 65.77; H. 9.74; N, 9.02. Found: C, 65.63; H, 9.60; N, 8.87.

2~(5-Hydroxy-2~oxo-s.-undecyl)-I-methyl-lH-imidazolc (l4)--The imidazolylmethanol (13; 930 mg, 3 rnmol)
was dissolved in 10% HCI (15 ml) and the solution was stirred for 15 min followed by basification with solid K2C0 3 .

The separated material was extracted with ethyl acetate (30 and 20 ml) and the organic layer was dried with Nu2S04 •

Removal of the solvent gave a crystalline residue, which was recrystallized from ether-a-hexane. mp 76-·78 LIC. Yield,
772mg (96.7~~). IR (CHCl.,): 3410cm- 1 (OH). IH-NMR <.CDC13) (~: 0.84 (t, 3H, Cl:hCHr , J=9Hz), 3.71 (s, JH,
NCl:h), 4.41 (s, IH, -0li), 6.78 and 6.87 (d each. IH each, imidazole H, J= 1Hz each), 1.00--2.60 (m,17H, other
protons). Anal. Calcd for ClsHuiN202: C. 67.63; H, 9.84~ N, 10.52. Found: C, 67.84; H, 9.70; N, 10.65.

2,S-Undccadione (l5)--Method A was used. starting from the ketonic imidazolyl methanol (14; 532mg,
2 mmol), dimethyl sulphate (303 mg, 2.4 mmol) and ethyl acetate (4 ml). The oily product was purified by vacuum
distillation. bp 95--100 "C (l mmHg) [lit. bp 70 "C (0.2 mml-Igj].':" Yield, 358 mg (97.4~:'). This product was
.characterized as 15 on the basis of the following spectral data. IR (CHCI3) : 1715cm- 1 (C=O) [lit. value: 1715cm- 1

(neat)V 3) MS mlz: M+:::=184. lH-NMR (CDCI3) (5: 0.87 (t, 3H, Ctl3C Hz--, J=8Hz). 1.10--1.85 (m, 8H,
CH 3(C f:h )4-- ) ' 2.10 (s, 3H, CtT3CO-), 2.44 (t, 2H, -COCtL! (CHZ)4- ), 2.68 (s, 4H -COCthCthCO--).

General Procedure for Synthesis of Symmetric Ketones [Example: Di-2-thienylketone (6k)]--A solution of 2
butoxycarbonyl-l-methyl-lH-imidazole (3f; 385mg, 2.5mmol)5) in ether (lOml) was added at O°C to a stirred
solution of 2-thienylma.gnesium bromide [prepared from 2-bromothiophene (0.97 ml, to mmol), magnesium metal
(486 mg, 20 mgatorn) and ether (10 ml)J. A usual work-up for the Grignard reaction as described above afforded the
corresponding imidazolylmethanol (7k) as a crystalline product, which was recrystallized from CCl4 as colorless
needles. mp 180.5-182°C. Yield, 690mg(92.6%). IR (KBr): 3500-4000cm- 1 (OH). IH-NMR (CDCl.,) <5: 3.30 (s,
IH, -Qlj), 3.47 (s, 3H, NCH 3) , 6.77-7.45 (m, 8H, Ar-H). Anal. Calcd for C13H120S2: C, 56.50~ H, 4.38; N, 10.14.
FoundrC, 56.25; H, 4.37; N, 9.95.

Treatment of the ImidazoJylmethanols (4c and 7c) with 20% Sulfuric Acid--a) A solution of 2-(cyclo
hexylhydroxymethylj-l-methyl-I H-imidazole (4c; 200 mg) in 20% H 2S0 4 was heated at 70 "C for 7 h and then basi
tied with solid K 2C0 3• The separated material was extracted with ethyl acetate and the organic layer was dried
with NaS04 • Removal of the solvent under reduced pressure gave a crystalline residue, which was recrystallized from
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ethyl acetate-a-hexane to give colorless needles. The product was identified as 4c by IR and TLC comparisons. mp
108-I 10°C. Yield, 168 mg (84.0%).

b) 2-(Butylhydroxyphenylmethyl)-1-methyl-lH-imidazole (7c; 200mg) was reacted as described for a), resulting
in a recovery of7c in 89.0% yield. mp 15J-152"C.
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Two new alkaloids, demethylmaritidine (4) and (- )-N-demethyllycoramine (5), were isolated
from the bulbs of Hymenocallis rotata HERB. (Amaryllidaceae) together with eleven known bases,
vittatine (6), aJkaloid-13 (7), 3-epimacronine (8), ismine (9), pretazettine (10), lycoramine (11),
lycorine (12), tazettine (13), haemanthamine (14), galanthamine (15), and N-demethyIgalanthamine
(16).
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We previously reported l
) the isolation of Ieucotamine (1), O-methylleucotamine (2) and

3-0-acetylunginlinorine (3) from Leucojum asetivum L. (Amaryllidaceae). This paper reports
the isolation of new alkaloids, demethylmaritidine (4) and (- )-N-denlethyllycoramine (5)~

together with eleven known alkaloids, vittatine (6), alkaloid-13 (7), 3-epimacronine (8), ismine
(9), pretazettine (0), lycoramine (11), lycorine (12), tazettine (13), haemanthamine (14),
galanthamine (15), and N-demethyIgalanthalnine (16) from the bulbs of Hymenocallls rotata
HERB. (Amaryllidaceae). Boit and Dopke'" isolated 12-15 along with hipeastrine and
hornolycorine from this plant.

Crude basic material extracted from fresh bulbs of H. rotata HERB. by the method of
Wildman and Bailey" was subjected to preparative thin layer chromatography (PTLC), as
described in Experimental, to give compounds 4---16.

Compound 4, a new alkaloid, was isolated as colorless prisms from acetone, 111p 139--
140°C, C16H19N03 and -[ex]!) +22.9° (MeOH). This base gave a violet color with ferric
chloride reagent. The infrared (IR) spectrum showed absorption due to a hydroxy group at
3380cm -I. In the proton nuclear magnetic resonance eH-NMR) spectrum, the assignment of
two aromatic protons (lO-H and 7~H), O-methyl protons (9-0Me), two olefinic protons (l-H
and 2-H), and methylene protons (6-H 2) was achieved by nuclear magnetic double resonance
(NMDR) analysis: irradiation at 03.74 (OCH3 ) gave a 9.8% nuclear Overhauser effect (NOE)
increment at (57.00 (lO-H); irradiation at c'5 7.00 resulted in a 15~~ NOE increment in the signal
of I-H (06.71). Monitoring the signal of I-H showed an internuclear double resonance
(INDOR) peak at () 6.1] (2-H), which was monitored to give INDOR peaks at b 6.71 and 4.46
(3-H). On monitoring the signal at 1> 1.83 (4-Hcx) ' INDOR peaks were found at <52.26 (4-Hp) ,

4.46 (3-H) and 3.73 (4a-H). Monitoring the signal of the other aromatic proton (7-H) at (j 6.76
showed an INDOR peak at J 4.44 (6-Hc.J From these findings, compound 4 was concluded to
have the partial formula A (see Chart 1). The similarity of the mass spectrum (MS) to that of
crinine (17)4) suggested the presence of a crinine-type skeleton or its antipode (as in maritidine
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Chart 1

(18». The ethylene bridge of l1-C and] 2-C was concluded to have an «-configuration since
the optical rotatory dispersion (ORD) curve of compound 4 showed a positive Cotton effect
at 286 nm, similar to that of rnaritidine (18).5) In the 1H-NMR spectrum, the coupling
constant (5.5 Hz) between 2-H and 3-H and the absence of an allylic coupling between l-H
and 3-H (as in the case of 18) suggested that 3..;H has «-configuration. From these findings.
compound 4 was concluded to be O-demethylmaritidine (4). Stereochemical evidence for this
conclusion was obtained by conversion of 4 to maritidine (18) by methylation with
diazomethane. The resulting product (mp 247-249 "C) was found to be identical with
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rnaritidine (18)6.7) by comparison of spectral (IR and IH-NMR) data.
Compound 5, a new base, was isolated as pale yellow prisms, mp 123-124°C,

C16H21N03' [a]D -39.1 0 (CHCI3). The IR spectrum showed absorptions due to a hydroxy
group at 3550cm- 1 and a secondary amino group at 3360cm- 1. The 1H-NMR spectrum
showed the presence of aromatic protons (2H, singlet), and a methoxy group, but no signal
due to an olefinic proton or an N-methyl group. The MS of compound 5 was similar to that of
lycoramine (11). From these spectral data, compound 5 was assigned as (- )-N
demethyllycoramine (5). This assignment was supported by the fact that compound 5 had a
similar optical rotation ([ct]D - 39.1 0) to that ([alD +38.2 0 (CHCI 3» of (+ )-N-demethyl
lycoramine," except for its sign. For confirmation of this assignment, compound 5
was converted to lycoramine (11) as follows: treatment of compound 5 with boric acid,
formalin, and sodium borohydride (N aBH4 ) gave an N-methylated product, which was found
to be identical with authentic 11 by direct comparison of the IR and 1H-NMR spectra and by
the mixed melting point test. Thus, compound 5 was concluded to be (- )-N
demethyllycoramine (5).

Compound 6 was isolated as colorless needles, C16H17N03' mp 204-205°C, [O:]D
+23.6 0 (CHCI3 ) . Its lH-NMR data (see Experimental) were very similar to those for crinine
(17).9) The IR spectrum (KBr) of compound 6 was identical with that of crinine (17).9) The
ORD curve (with a positive Cotton effect at 304nm) for compound 6 and that (with a
negative Cotton effect at 303nm) for crinine (17) were antipodal. On the basis of these
findings and of the fact that physical data for compound 6 were in good agreement with those
reported for vittatine,'?' compound 6 was established to be vittatine (6).

Compound 7'(mp 236-237°C, C16H17N04' [O:]D + 14.3 o (MeOH» and compound 8
(amorphous powder, C1sH19NOs, [O:]D +225.6 0 (CHC13») were established to be alkaloid-I 3
(7) and 3-epimacronine (8), respectively, on the basis of the facts that their 1H-NMR and IR
spectra were identical with those reported for 7,11,12) and 8.13)

Compound 9, C1sH1SN03' was isolated as an amorphous powder. Its IR spectrum
showed the presence of a hydroxy group, aromatic rings and a methylenedioxy group (see
Experimental). The 1H-NMR spectrum showed signals due to methylenedioxy protons at
lJ 5.98, N-methyl protons at (52.72, and six aromatic protons, of which two singlets at (57.04
and 6.68 indicated the presence of a 1,2,4,5-tetrasubstituted aromatic ring, and two double
doublets at 15 6.80 and 6.75 and two double double doublets at D7.30 and 7.00 showed the
presence of a second 1,2-disubstituted aromatic ring. From these findings and the ultraviolet
(UV) spectrum (see Experimental), compound 9 was assigned as ismine (9).14) This assignment
was confirmed by conversion of compound 9 to its picrate, C1sHtsN03· C6H3N307, mp
156-157°C.14-)

Compounds 10 (amorphous; hydrochloride mp 227-229 "C (dec.j), 11 (mp 106
107 DC), 12 (mp 238-241 DC), 13 (mp 209-210 °C), 14 (mp 196-198 DC), 15 (oil), and 16(mp
152-154°C) were identified as pretazettine (10),15) lycoramine (11),16) lycorine (12),1.17)
tazettine (13),13,18) haemanthamine (14)/5,19) galanthamine (15),1) N-demethylgalanthamine
(16),20) respectively, by direct comparison of spectral data and by mixed melting point tests.

Experimental

All melting points are given as uncorrected values. The spectrophotometers used were a Hitachi IR-215 for IR
spectra, a JEOL JMS-D 300 for MS, a Shimadzu UV-200 for UV spectra, a Union PM-201 for optical rotation, a
JASCO ORD/UV-5 spectrometer for ORD, and a lEOL JNM-PS-lOO or a Hitachi R-22 for lH-NMR spectra with
tetramethylsilane (TMS) as an internal standard. The plates used for PTLC were coated with silica gel (Kieselgel,
PF2S4 Merck). The following, solvent systems were used: 1) CHCI3-MeOH-H20 (70: 15: 2), 2) CHClrEt2NH

(20: 1), 3) CHC13-Et2NH (40: 1), 4) CHCI3-MeOH (40: I), 5) CHCI3-MeOH (10: I), 6) CHC13-MeOH (8: 1), 7)
CHC13-MeOH (5: 1),8) ether-MeOH (2: I), 9) benzene-BtyNl-I (20: 1). UV light, 12 vapor and Dragendorffreagents
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were used for location of compounds.
Isolation of Alkaloids-c-e-Fcllowing the method of Wildman and Bailey," fresh bulbs (9.8 kg) of this plant

collected in our Faculty plot were ground in 99'.1~ EtOH in a mixer. The insoluble material was extracted three times
with 371 of 99~, EtOH. The ethanolic extract was evaporated to approximately 31 in vacuo, acidified (pH 4) with
tartaric acid, and washed with ether to remove neutral and acidic materials. The acidic aqueous solution was made
basic (pH 7.3) with cone. NH40H and extracted three times with 600 ml of CHCI3• The extract was evaporated in
vacuo to give crude alkaloid I (2.10 g, 0.021;;; yield). The above aqueous solution (pH 7.3) was made more basic (pH
8.0) and extracted three times with 800 ml of CHC13 to give crude alkaloids II (2.64 g, O.027~% yield). The aqueous
solution (pH 8.0) was made more basic (pH 10.0) and treated similarly to yield crude alkaloids III (3.82 g. 0.039~·~).

Crude alkaloids I (2.10 g from pH 7.3) were subjected to PTLC (solvent 1) to give five fractions: I-A, RjO.07-0. 18; 1
B, RfO.37-0.49; J~C, ~l0.49-0.57;I~D, RI'0.57-0.65, and I-E. ~rO.65-1.00. Fraction I-A was further subjected
to PTLC (solvent 2) to give pretazettine (10) (~lO.25-0.35) asan amorphous material (41.7 mg), On PTLC (MeOH),
J-B gave crude N-demethylgalanthamine (16, 37.4mg; RfO-O.30) and vittatine (6.26.2 mg; RfO.30--o.43). Fraction
I-C was treated with CHCl3 to give lvcorine'(Iz, 12.3 mg) as CHCl3-insoluble material; the CHCl.\-soluble material
was subjected to PTLC (solvent 2) to give Iycoramine (11, 5.1 mg; Rf 0.69-0.71). Fraction I-D was subjected to
PTLC (solvent 8) to give haemantharnine (14,68 mg; Rf0.43-0.6l) and ga lanthamine (15, 6.2 mg: ~fO.06-0.20).

On PTLC (solvent 5), fraction I~E gave tazettine (13, 22.4mg; Rf0.41-Q.44).
Crude alkaloids II (2.64 g) were subjected to PTLC (solvent 6) to give three fractions: II-A, .R;1'0-O.15; II-B. 'Rf

0.15-0.27, and II-C, Rf 0.27-0.36. Fraction II-A was subjected to PTLC (solvent 2) to give crude de
methylmaritidine (4,56 mg; ~rO.05-o.13), alkaloid-IS (7, 146 mg; Rf0.l 3-0. 18), pretazettine (to) as an amorphous
material (537.6 mg, total 579.3 mg: ~I'O.56-0.65) and tazettine (13, 733 mg, tota1755.6 mg; ~lO.65-0.70). On PTLC
(solvent 9). fraction II-B gave (- )-N-demethyllycoramine (5, 179.8 mg: RfO.24-·0.36). Fraction II-C was subjected
to PTLC (solvent 3) to give N-demethylgalanthamine (16, 33) mg. total 70.7 mg; ~rO.64-..().68).

Crude alkaloids III (3.82g) were subjected to PTLC (solvent 6) to give two fractions: III-A, .«rO.66-Q.80, and
III-B, ~lO.80-{).89. Fraction III-A was purified by PTLC (solvent 4) to afford ismine (9) as an amorphous powder
(53.5 mg). On PTLC (CHCI3) , III-B gave 3-epimacronine (8, 8 mg; RfO.3l-0.4l).

Demethylmaritidinc (4)--This crude base 4 (56.1 mg) was recrystallized from acetone to give prisms, mp 139-
141"c. Ia]r>3 +22.9 r

, «('=0.31, MeOH). IR v~~::cm-l: 3380.1500. IH-NMR (pyridine-tis) (~: 7.00 (lH, s, io-ni 6.76
(lH,s, 7-H),6.71 (lH,d,J=9Hz, 1-H),6.l1 (IH,ddd,J=9,5.5, 1 Hz, 2-H), 4.44 and 3.79 (each IH,d,J=16Hz,6
H2) , 4.46 (lB. dd, J=5.5, 4Hz, 3-H), 3.74 (3H, S, OCH3) , 3.73 (tH. dd, J= 12, 4Hz, 4a-H), 3.43 and 2.88 (each lH,
m, l2-H2) , 2.26 (l H, ddd, J= 12,4, I Hz, 4-HfJ, 1.98 (2H, m, ll-H 2 ) , 1.83 (lH, ddd, J= 12,12. 4Hz, 4-H;x). ORD
(c = 0.0061. MeOH)M 23 (nm): +1340 tl (350), +1790,. (330), +3130 "(310), +6270 ,. (300)(peak), 0" (286). - 2240 IJ

(274) (trough), 0" (258), + 1790" (250), +4300" (240). MS m]: C~{;): 273 (M+, 30), 256 (14),255 (64). 254 (100). 230
(10), 218 (5), 201 (25). 189 (17), 175 (10), 174 (6). High MS 111/=: Calcd for C16HI')N03: 273.1365. Found: 273.1360.

Methylation of Dcmethylmaritidine (4)-·--A mixture of 4 (9.7 mg), McOB (l ml) and ethereal CH 2N2 left to
stand for 3 d. Evaporation of the mixture gave a crude product (11.1 lug). This product was purified by PTLC( solvent
7) and crystallized from acetone-CffCl, to give maritidine (17) as colorless prisms (3.8 mg), mp 247-249 "C (dec.)
(lit.?II) mp 253--256 "C). [~]i\() +22.6" (c=O.22. McOH) (lit. 7/1) ret];;) +25.1 (, (McOH)). IR I'~~:~cm-l: 3350.1600,
1510. I H-NMR (DMSO-dll ) 8: 6.98 (l H, S, 1O-H), 6.69 (I H, d, J = 11 Hz, I-H), 6.66 (I B. s, 7-H), 5.83 (lH, dd,.1= 11.
S Hz, 2-H), 4.77 (1H, d, J =6 Hz, OH), 4.57 and 3.HO (each 1H. d• .I= 16Hz, 6-H z). 4.17 (1H. br s. 3-H), 3.75 and 3.69
(each 31-1. s, 2 x OCH 3) . High MS mjz: Calcd for C17H21NO,,: 287.1521. Found: 2H7.lS15.

( - )-N-Dcmethyllycoraminc (5)·----·Crudc 5 (179.8 mg) W,tS recrystallized from acetone as colorless prisms
(95.6mg). mp 123--124"C. [a]r)9 -39.1 ,. (c=0.95, CHC1J) . IR V~~iC1l1-1: 3550, 3360, lH-NMR (CDCl,,) 0: 6.61 (2H,
s, 11- and 12-H), 4.32 (IH, 1, .1=3 Hz, 16-H), 4.04 (lH, 111, 2-H), 3.90 (2H. s. 9-H;l>'3.80 (3H. s, OCH.,). MS m/=e<;):
275 (M"', 15),274 (22),257 (l00), 246 (2),228 (22)\ 202 (81). 174 (73). High MS 111/=: Calcd for C l6H21NO.1: 275.1521.
Found: 275.1579. Anal. Calcd for C16H1 1NO.\· H20: C, 65.51; H, 7.90: N, 4.78. Found: C, 65.80; H, 7.98; N, 4.76.

Methylation of ( - )-N-Dcmcthyllycoramine (5)··----A solution of H3B03 (18.5 mg) and formalin (0.15 ml) in
MeO H (1.45 ml) was added to a solution of 5 (11.4 mg) in MeOH (1.45 ml), and the mixture was stirred for 5 min.
NaBH4 (43.9mg) was added and stirring was continued for I h. After addition of CH 3COOH (0.15ml) and I-hO
(4.77ml). the mixture was concentrated in vacuo. The residue was made basic (pH 11) with NH40H and extracted
with CHCI3 • The extract was washed with H20. dried and evaporated to give a crude product (1O.2mg). This product
was crystallized from ether to give 11 as colorless needles, mp 107-1ID DC. This-compound was identical with an
authentic sample of 11 described below as judged by direct comparison.

Vittatine (6)--The crude base 6 (26.2 mg) was crystallized from acetone as colorless needles, mp 204-205 DC
(lit. lO} mp 207-208 DC), [IX]~Z +23.6';' (c=0.47, CHCIJ ) (lit. 10) [a]r; +26" (c= 0.5, CHCI J».IR v~~~cm-l: 3150, 1500.
1480. lH-NMR (CDClJ ) <5: 6.86 (lH, s'ID-H), 6.60 (lH, d, J= 10Hz. i-rn, 6.48 (lH, s, 7-H), 5.96 (lH, dd, J= 10,
5Hz, 2-H), 4.40 and 3.74 (each IH, d, J=16Hz, 6-Hz), 4.36 (l H, m, 3-H), 2.42 (l H, s, OR). ORD (c=O.OO49,
MeOH)[M]22 (nm): +894 I:> (350), +3240 o (320), +6030 I.. (304) (peak), 0" (293), - 5800 lJ (280) (trough), - 5590 I:'

(270) (peak), - 6930 o (254) (trough), 01)(244), +5590 o (240). High MS mjz: Calcd for C 16H17N03: 271.1208. Found:
271.1209.
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Alkaloid-13(7)--The crude base 7 (l46mg) was recrystallized from MeOH-acetone as colorless needles, mp
236-237°C (lit.ll ) mp 248-250°C, lit.J2l mp 235-237°C). [o:]~) +14.3° (c=0.49, MeOH) (lit. ll l [o:]~1 +12 0

(c=O.9. MeOH». IR ,,~~~cm-l: 3350,1500, 1480. IH-NMR (CDCI3) 6: 7.00 (lH, s, IO-H). 6.63 (lH, 5, 7-H), 6.46
(IH, d, J= 10Hz, I-H), 6.24 (IH, dd, J= 10, 4Hz, 2-H), 5.94 (2H, s, OCH20), 4.52 and 3.94 (each IH, d, J= 16Hz, 6
H 2) . High MS miz: Calcd for C1oH17N0 4 ; 287.1157. Found: 287.1153.

3-Epimacronine (8)-Pale yellow powder (8mg) (lit. 13
) mp 125-127°C). [lX]~8 +225.6,0 k=O.l5, CHCJ])

(lit.':" [lX]h7 +267.0 o (c=0.54, CHCI3».IR v~~~ em -I: 1710, 1610, 1500. 1H-NMR (CDCI3 ) (~: 7.52 (lH, s, 9~H), 6.73
(IH, s, 12-H), 5.97 (lH, d. J= 10Hz, 2-H), 5.44 (lH, ddd, J= 10,2, 2Hz, I-H), 6.01 (2H, s. OCH20 ), 4.43 (l H, dd,
J= II, 8 Hz, 6a-H), 4.12 (I H, rn, 3-H), 3.40 (3H, s, OCH,3)' 3.16 (IH, dd, J= II, 10Hz, 6-H'l)' 3.10 (lH, m, 4a-H), 2.76
(lH, dd, J= 10.8 Hz, 6-H p), 2.50 (3H, s, N-CH3 ) . High MS mlz: Calcd for CtHH"lNOc;: 329.1263. Found: 329.1266.

Ismine (9)--Amorphous powder (lit. 14
) mp 99.5-100.5 ·)C). IR v~~~ em-1 3400~ 1600, 1580, 1040, 930. UV

}.~~?H nm (log e): 241 (4.04),292 (3.74). UV i.~j,?Hnm (log s): 268 (3.42). IH-NMR (CDCIJ) (): 7.30 and 7.00 (each
IH, ddd,J=7, 7, 2 Hz, 5- and 4-H), 7.04 and 6.68 (each 1H, S, 3'· and 6'-H), 6.80 and 6.75 (each IH, dd, J=7, 2 Hz.
6- and 3-H), 5.98 (2H, S, OCH10), 4.21 (2H, s, Ar-Cth-OH), 3.00 (2H, br s, NH and OH), 2.72 (3H, s, N-CH3) . High
MS mjz: Calcd for ClsHlSN03: 257.1052. Found: 251.1050. This amorphous powder was converted to its picrate as
yellow prisms, mp 156-153 "'C (dec.) (from EtOH) (Iit,l4-) mp 158-159 L'C). Anal. Ca1cd for C;uHlsN4-0lo: C, 51.85;
H, 3.73; N. 11.52. Found: C, 51.71; H, 3.59; N, 11.15.

Pretazettine (IO)--This amorphous base (10) (579.3 mg) was crystallized as colorless prisms of its hy
drochloride, mp 227-229 DC (from EtOH). Anal. Calcd for ClsH21NOs'HCI; C, 58.76; H, 6.03; N, 3.81. Found: C,
58.65; H, 6.11; N, 3.50. This hydrochloride was identical with authentic pretazettine hydrochloride'P' as judged by
direct comparison.

Lycoramine (ll)-~Thecrude base 11 (5.1 rng) was crystallized from ether as colorless needles, mp 106-107 "C,
IR v~~~cm-l : 3200.1610,1590,1495. IH-NMR (CDCI) s. 6.61 (2H, s, 11- and 12-H), 4.00 and 3.60 (each IH, d,
J= 14 Hz, 9-H2 ) , 3.99 (lH, m, 2-H), 3.80 (3H, s, OCH3) , 2.92 (l H, s, OH), 2.35 (3H, s. N·CH3). MS m/=(I'~): 289 (M +,

65),288 (100),271 (2),246 (4),232 (II), 228 (6), 216 (7),202 (15), 187 (14), 174 (10). This base was identical with
authentic 111(1) as judged by direct comparison.

Lycorine(12)--The melting point of this base 12 (3.4 mg), 238-241 "C (dec.) (from EtOH), was not depressed
by admixture with an authentic sample!' of 12 and its IR spectrum was.identical with that of authentic 12.1)

Tazettine (13)--The crude base 13 (755.6 mg) was recrystallized from EtOH as colorless needles. mp 209-
210 "C (dec.). Anal. Calcd for ClI~H21 NOs: C, 65.24; H, 6.39; N, 4.23. Found: C, 65.11; H, 6.53; N, 4.12. This base was
identical with authentic 1313

) as judged by direct comparison.
Haemanthamine (14)--The base (14, 41.9mg), mp 196-198 °C, [ct]r; + 15.9" (c=O.25, McOH) was obtained

by recrystallization of crude base (68.Grog) from EtOH. High MS mjz: Calcd for C17H!lJN04: 301.1313. Found:
301.1309. This compound 14 was identical with authentic 14I S

} as judged by direct comparison.
Galanthamine (15)--This base 15 (6.2mg), an oil (lit.'? mp 125-126"C), was shown to be identical with

authentic 151 ) by comparisons of TLC behavior, and ORD and IH-NMR spectral data.
N-Demethylgalanthamine (16)--The crude base 16(70.7 mg) was crystallized from acetone as colorlegs needles,

mp 152-153 ('C. [a]51 -72.9° «('=0.29, CHCI3) . High MS mjz: Calcd for C\flH19N03: 273.1365. Found: 273.1332.
This base 16 was found to be identical with authentic 1620

) as judged by direct comparison.
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The usefulness of a new deprotecting procedure was demonstrated in the solution syntheses of
two porcine spinal cord peptides, designated neuromedin U-8 and neuromedin U-25. Protected
neuromedin U-8 (8-residue peptide). prepared by condensation of two fragments, served as a C
terminal amino component for the synthesis of neuromedin U-25 (25-residue peptide). Onto this
fragment, five peptide fragments were successively condensed by the azide procedure to construct
the entire amino acid sequence of neuromedin U-25, a possible biosynthetic precursor of
neuromedin U-8. All protecting groups were cleaved from protected neuromedin U-8 and
neuromedin U-25 by 1M trimethylsilyl trifluofomethanesulfonate-thioanisole in trifluoroacetic
acid. The results were compared with those obtained by triftuoromethanesulfonic acid deprotection.
In terms ofcontractile activity in rat uterus, neuromedin U-25 was twice as active as neuromcdin U
8.

Keywords--porcine spinal cord peptide; neuromedin U-8; neurornedin U-25; thioanisole
mediated deprotection: trifluorornethanesulfonic acid deprotection; deprotecting reagent; trimethyl
silyl trifluoromethanesulfonate; uterus contractile activity

Recently, we" found that trimethylsilyl trifluoromethanesulfonate (trimethylsilyl triflate,
TMSOTf) cleaved various protecting groups currently employed in peptide synthesis more
readily than TFMSA.4

) By using this newly found deprotecting reagent, we synthesized two
peptides isolated by Minamino et al." from porcine spinal cord; an 8-residue peptide and a 25
residue peptide, designated neuromedin U-8 and neuromedin U-25, respectively. Their
sequence analysis revealed that U-25 contained the U-8 sequence, preceded by paired Arg
residues, a typical biosynthetic processing signal." Thus, U-8 is thought very likely to be
processed biologically from U-25. Their C-terminal amide structures were confirmed by the
solid phase synthesis." Following our syntheses of neuromedins B, C,7) K and L,8) we
synthesized U-8 and U-25 in order to examine the relationship between structure and function
of these neurocandidate peptides. In combination with the TFA-Iabile Z(OMe) group,"
amino acid derivatives bearing protecting groups removable by 1 M TFMSA-thioanisolej
TFA4) were employed, i.e., Arg (Mts),lO) Asp(OBzI), Glu (OBzI), and Lys (Z). Later it was
found that these side chain protecting groups could be cleaved more smoothly when
TFMSA was replaced by TMSOTf.3

) Thus, in the 'final steps of the syntheses, deprotec
tions were performed in two ways and the results were compared. Six peptide fragments
served to construct the entire amino acid sequence ofU-25, as shown in Fig. 1. U-8 was ob-
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1-2 [6] Z(OMe)-Phe-Lys(Z)-NHNH2-----------~----__.

3-7 [5] Z(OMe)-Val-Asp(OBzl)-Glu(OBzl)-Glu(OBzl)-Phe-NHNH2- - - - - --.

8-9 [4] Z(OMe)-Gln-Gly-NHNH2- - - - - - - - - - - - - - --.

10-13 [3] Z(OMe)-Pro-Ile-Val-Ser-NHNH2- - - - - - - - - - ---.

14-17 [2] Z(OMe)-Gln-Asq-Arg(Mts)-Arg(Mts)-NHNHz- - - - - --.

18-25 [IJ Z(OMe)-Tyr-Phe-Leu-Phe-Arg(Mts}-Pro-Arg(Mts)-Asn-NH~
position

H-Phe-Lys-Val-Asp-Glu-Glu-Phe-Gln-GlY-Pro-Ile-Val-Ser-Gln-Asn-Arg-Arg
Tyr-Phe-Leu-Phe-Arg-Pro-Arg-Asn-NH2

J<-U-8

Fig. 1. Synthetic Route to Neurornedin U-25

Z(OMe)-Tyr-NHNH2- - --.
1. azide

Z(OMe)-Phe-OH 2. NH
2
NHz

H-Leu-OMe----' azide

Np 1. Np

2. TFA /
1. DCC+HOSU/

Z(OMe)-Arg(Mts)-OH 1. MA 2. TFA

H-Asn-NH2 2. TFA
Z(OMe)-Tyr-Phe-Leu-Phe-Arg(Mts)-Pro-Arg(Mts)-Asn-NH2

i1 M TMSOTf-thioanisole/TFA [IJ
H-Tyr-Phe-Leu-Phe-Arg-PrO-Arg-Asn-NH:) (U-8)

Z(OMe)-Phe-ONp-------------,

Z(OMe)-Arg(M tsj-ONp

H-Pro-OH------'

Fig. 2. Synthetic Scheme for the Protected Octapeptide Amide [1] and U·8

tained by deprotection of the Ceterminal octapeptide fragment [1].
Fragment [1], Z(OMe)-Tyr-Phe,-Leu-Phe-Arg(Mts)--Pro-Arg(Mts)--Asn--NH2 (posi

tions 18-25 of U~25, protected U-8), was prepared, according to the scheme shown in Fig.
2, by azide condensation11) of two components, Z(OMe)-Phe··-Arg(Mts)-Pro-Arg(Mts)-Asn-
NH2 (component 1) and Z(OMe}-Tyr-Phe-Leu-NHNH2 (component 2). First, Z(OMe)-
Arg(Mts)--Pro-OH, prepared by the Np method, 12) was condensed by DeC in the presence of
HOSU1 3

) with a TFA-treated sample ofZ(OMe)--Arg(Mts)--·Asn-NH2 prepared by the mixed
anhydride (MA) method.':" The resulting protected tetrapeptide amide was treated with TF A,
then condensed with Z(OMe)-Phe--OH by the Np method to give component 1. Component 2
was prepared by the azide condensation ofZ(OMe)-Tyr-NHNH2 with a TFA-treated sample
of Z(OMe)-Phe-Leu-OMe,15) followed by the usual hydrazine treatment of the resulting
protected tripeptide ester. The purity of fragment [1], prepared by condensation of these two
components, was ascertained by thin layer chromatography (TLC), elemental analysis and
amino acid analysis after 6 N HCl hydrolysis, as was 'done with other fragments. This
protected octapeptide [1] served as a key intermediate for the synthesis of U-25, and its
deprotection with 1M TMSOTf-thioanisole/TFA afforded U-8. In this deprotecting step, the
time required for complete removal of the two Mts groups from protected U-8 was less than
60min in an ice-bath, while removal by 1M TFMSA-thioanisole/TFA required 120min.

Fragment [2], Z(OMe)-Gln-Asn-Arg(Mts)-Arg(Mts)-NHNH2 (positions 14-17), was
prepared by stepwise Np additions of two residues, Asn and GIn, to a TFA-treated sample of
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Z(OMe)-Val-OSu-------------......

Z(OMe)-Asp(OBzl)-ONp---------.

Z(OMe)-Glu(OBzl)-ONp,------.
1. Np

Z(OMe)-Glu(OBzl)-ONp 2. TFA

H-Phe-NHNH-Troc:----'

Su

Vol. 35 (1987)

Z(OMe)-Val-Asp(OBz!)-Glu(OBzl)-Glu(OBzl)-Phe-NHNH-Troc

1Zn-AcOH
Z{OMe)-Val-Asp(OBzI)-Glu(OBzl)-Glu(OBzl)-Phe-NHNH2

Fig. 3. Synthetic Scheme for the Protected Pentapeptide Hydrazide IS] (Positions
3-7)

Z(OMe)-Arg(Mts)-Arg(Mts)-OMe,16) followed by the usual hydrazine treatment of the
resulting protected tetrapeptide ester. Fragment [3], Z(OMe)-Pro-Ile-Val-Ser-NHNHz
(position 10-13), was prepared in a stepwise manner also starting from a TFA-treated
sample of Z(OMe)-VaI-Ser-OMe. 17

) The active Np and the MA methods were employed to
introduce two residues, lIe and Pro, respectively and the resulting tetrapeptide ester was
converted to [3} by hydrazine treatment as stated above. Fragment [4}, Z(OMe)-Gln-Gly-
NHNH2 (positions 8-9), was easily obtained by hydrazine treatment of the known dipeptide
ester, Z(OMe)-Gln-Gly-OMe.18

)

Fragment [5], Z(OMe)-Val-Asp(OBzl)-Glu(OBzl)-Glu(OBzl)-Phe-NHNH2 (positions
3-7) was prepared in a stepwise manner starting from H-Phe-NHNH-Troc as shown in Fig.
3. The Np method was employed for condensations of two Glu(OBzl) and one Asp(OBz])
residues and the Su method'?' for Z(OMe)-Val-OH. The Troc group was removed from the
resulting protected pentapeptide derivative by treatment with Zn powder'?' to give [5]. The N
terminal fragment, Z(OMe)-Phe-Lys(Z)-NHNHz (positions 1 and 2), was prepared by the
usual hydrazine treatment of the corresponding dipeptide ester, which was easily prepared by
the Np method.

Six peptide fragments thus obtained were assembled successively by the azide procedure
to minimize racemization. DMF was employed as a solvent, and the amount of the acyl
component was increased from 1.2 to 2 equivalents as chain elongation progressed. The
products were purified either by precipitation from D MF with an appropriate solvent, such as
AcOEt or MeOH or by gel-filtration on Sephadex LH-20 using DMF as an eluant.
Throughout the synthesis, Leu was used as a diagnostic amino acid in acid hydrolysis in order
to ascertain the homogeneity of each product. Recovery of Leu was compared with those of
newly added amino acids after each condensation. Thus, satisfactory incorporation of each
fragment was ascertained (Table I).

In the final step, protected U-25 was treated with 1M TMSOTf-thioanisolejTFA in the
presence of m-cresol and EDT in an ice-bath for 60 min to remove all protecting groups
employed. The deprotected peptide was briefly treated with dil. ammonia to reverse any
possible N --+0 shifr"! at the Ser residue. In this step, ammonium fluoride was added to ensure
the complete hydrolysis of the O-trimethylsilyl groups possibly attached at the Ser and Tyr
residues. The treated peptide was purified by gel-filtration on Sephadex 0-25, followed by
reversed-phase high performance liquid chromatography (HPLC) on a TSK-GEL LS-410KG
column using isocratic elution of 26% acetonitrile in 0.1%TFA. Synthetic U-25 thus purified
exhibited a sharp single spot on TLC and a single peak in analytical HPLC and behaved as a
single component on disc isoelectrophoresis. Its 6 N Hel hydrolysate (Table I) and its leucine
aminopeptidase (LAP) digest contained amino acids in the ratios predicted by theory. The
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TABLE I. Amino Acid Ratios in 6N HCl Hydrolysates of Synthetic
Neuromedin U-25 and Its Intermediates

Protected peptides Syn.
Residue

18-25 14-25 10---25 8-25 3--25 1-25 U"25

Asp 1.03 2.20 2.16 1.95 3.30 3.29 3.02 (3)
Ser 0.94 0.79 0.92 0.82 0.78 (I)
Glu 1.09 1.10 2.01 4.46 4.47 4.02 (4)
Gly 1.02 1.14 1.11 1.14 (I)
Val 0.72 0.73 1.64 1.94 1.87 (2)
lie 0.69 0.75 0.80 0.93 0.94 (1)
Leu 1.00 1.00 1.00 1.00 1.00 1.00 1.00 (1)
Tyr 0.94 0.97 0.97 0.98 0.96 1.02 1.01 (I)
Phe 1.99 2.11 2.07 1.97 3.19 4.10 3.71 (4)
Lys 0.93 1.04 (I)
Arg 2.07 4.38 4.28 3.92 4.24 4.03 3.84 (4)
Pro 0.97 1.07 2.09 1.99 2.15 2.35 1.93 (2)

Reeov. (~,;;) 92 83 80 90 80 85 78

overall yield from protected U-25 in the present new deprotecting procedure was 52~,~';. For
comparison, deprotection by using 1M TFMSA-thioanisole/TFA was carried out. Protected
U-25 was treated with the above reagents for 150min, then purified asstated above, except for
ammonium fluoride treatment. The overall yield in this experiment was 4TJ~. To determine
optimal deprotecting conditions, we preliminarily treated a small amount of each sample with
either one of the reagents and examined the purity of the product by HPLC. The rate of
deprotection by TMSOTf was clearly faster than that by TFMSA. 111 preparative experi
ments, U-8 and U-25 were obtained in better yields by the new procedure than by the TFMSA
deprotecting procedure as stated above. On the basis of these experimental results, we
consider that our new deprotecting procedure with TMSOTf is applicable to practical peptide
synthesis, and is superior to the previous TFMSA deprotecting proced ure,

The biological activity of neurornedin U-25 on rat uterus contraction was compared with
that of V-8. Isolated uterus from female rats of the Wistar strain (about 200 g body weight)
was suspended in a bath containing modified Locke-Ringer solution (35 ('C) bubbled with 95~/;;

02-5/';'~ CO2 and the contraction was recorded with a recticorder (KN 260, Natsume
Seisakusho Co., Ltd.) via an isotonic transducer (KN 259). With regard to uterus stimulating
activity (molar basis), neurornedin U-25 was about twice as potent as neuromedin U~8.

Experimental

General experimental procedures described herein are essentially the same as described in part CXXXIXn J or
this series. Prior to condensation, the NCl-Z(OMe) group was removed by treatment with TFA in the presence of
anisole. The active ester reaction was performed at room temperature. An azide was prepared with isoamyl nitrite
and the reaction was performed at 4 "C. A mixed anhydride (MA) was prepared with isobutyl chloroformate, then the
reaction was performed in an ice-bath. Unless otherwise stated, products were purified by one of the following
procedures. A (extraction procedure): The product was dissolved in AcO:~t. The organic phase was washed with 5~%,;

citric acid, 5~{) NaHCO-, and HzO-NaCI, dried over Na2S04 and concentrated. The residue was recrystallized or
precipitated from appropriate solvents. B (washing procedure): After evaporation of the solvent, the residue was
treated with 5% citric acid and ether. then the resulting powder was washed with 5~~,~: citric acid. 5% NaHC03 and
H20, and recrystallized or precipitated from appropriate solvents. C (gel-filtration procedure): The product partially
purified by procedure B was dissolved in a small amount of DMF and a solution was applied to a column of
Sephadex LH~20, which was eluted with DMF. Fractions (6.5 ml each) corresponding to the front main peak
(monitored by ultraviolet absorption (UV) measurement at 275 nm) were combined and the solvent was removed by
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evaporation in vacuo. The residue was precipitated from DMF with ether.
Rfvalues in TLC performed on silica gel (Kieselgel G, Merck) refer to the following solvent systems: Rf, CHCI3

MeOH (10 :0.5), Rj; CHCI3-MeOH-HzO (8:3: 1), Rf3 n-BuOH-AcOH-pYridine-HzO (4: 1: I :2), Rf4 n-BuOH
AcOH-pyridine-HzO (30: 6: 20: 24). HPLC was conducted with a Waters 204 compact model. LAP was purchased
from Sigma (Lot. No. L-6007).

Z(OMe)-Arg(Mts)-Asn-NH2--The title compound was prepared by the MA method and purified by
procedure B, followed by precipitation from DMF with AcOEt; yield 86%, mp 191-195°C, [a]r; -5.3 0 (c=0.9,
DMF), Rj; 0.61. Anal. Calcd for C2HHJ9N7011S: C, 53.07; H, 6.20; N, 15.47. Found: C, 53.40; H, 6.34; N, 15.16.

Z(OMe)-Arg(Mts)-Pro-OH-A mixture of DCC (5.67g, 27.5mmol), Z(OMe)-Arg(Mts)-OH (13.01 g,
25.0 mmol) and Np-OH (5.06 g, 27.5 mmol) in THF (150 rnl) was stirred for 5 h. The filtered solution was added to a
solution of H-Pro-OH (8.64 g, 75.0 mmol) in H20 (30 ml) containing Et3N (13.9 mI, 0.1 mol) and the mixture was
stirred for 24 h. The solvent was evaporated off and the residue was dissolved in 5% NH40H. The aqueous phase,
after being washed with AcOEt, was acidified with 5~~ citric acid and the resulting precipitate was extracted with
AcOEt. The extract was washed with H20 - NaCl, dried over Na2S04 and concentrated. The residue was recrystallized
from AcOEt and ether; yield 12.30g (801i;;), mp 101-104 DC, [C(]f>'I -23.3 O(c=0.9, MeOH), R.h. 0.54. Anal. Calcd for
CZ9H39NsOsS:C, 56.38; H, 6.36; N, 11.34. Found: C. 56.38; H, 6.41; N, 11.4J.

Z(OMe)-Arg(Mts)-Pro-Arg(Mts)-Asn-NHz-A mixture of Z(OMe)-Arg(Mts)-Pro...()H (1O.19g, 16.5
mmol), SuO H (2.09 g), 18.2mmol) and DCC (3.75 g. 18.2 mmol) in THF (100 ml) was stirred for 5 h and filtered.
The filtrate was added to a solution of a TFA-treated sample of Z(OMe)-Arg(Mts)-Asn-NHz (9.51 g, 15.0mmol)
and Et3N (4.59 ml, 32.9 mmol) in D MF (100 ml) and the mixture was stirred overnight. The solvent was removed by
evaporation and the residue was purified by procedure B, followed by precipitation from DMF with AcOEt; yield
12.58g (78%), mp 137-139°C. (C(]f>3 -18.7" (c= 1.0, DMF), Rj; 0.58. Anal. Calcd for C4sH6SN12012SZ·HzO: C,
53.02; H, 6.49; N, 15.46. Found: C, 53.10; H, 6.65; N, 15.28.

Z(OMe)-Phe-Arg(Mts)-Pro-Arg(Mts)-Asn-NHz (Positions 21-25)---A mixture of Z(OMe)-Phe-ONp
(4.32g 9.60mmo1), Et3N (2.45 ml, 17.6mmol) and a TFA-treated sample of the above protected tetrapeptide amide
(8.55 g, 8.0 mmol) in DMF (100 ml) was stirred overnight and concentrated. The residue was purified by procedure B,
followed by precipitation from DMF with AcOEt; yield 7.59 g (78%), mp 144-147 DC, (C(]fi -15.7 D(c= 1.0, DMF),
Rfz 0.68. Amino acid ratios in a 6 N HCI hydrolysate: Phe 1.00, Arg 2.05, Pro 0.95, Asp 1.00 (recovery of Asp, 83~~).

Anal. Calcd for CS7HnN13013S2·1/2H20: C, 55.86; H, 6.42; N, 14.86. Found: C, 55.74; H, 6.39; N, 14.75.
Z(OMe)-Tyr"';Phe-'Leu-OMe--The azide [prepared from 6.47g (18.0mmol) of Z(OMe)-Tyr-NHNH2 ] in

DMF (60m1) and Et3N (2.51 ml, 18.0mmol) were added to an ice-chilled solution of a TFA-treated sample of
Z(OMe)-Phe-Leu-OMe20} (6.85 g. 15.0 rnmol) in DMF (60 ml) containing Et3N (2.09 ml, IS mmol), then the solution
was stirred overnight and the solvent was removed by evaporation. The residue was purified by procedure A,
followed by recrystallization from AcOEt and ether; yield 7.90 g (85%), mp 183-185 "C, [C(]~' -28.8 0 (c= 1.8,

.MeOH). ~f~ 0.37. Anal. Calcd for CJ4H4 JN30g '1/2H20 : C, 64.95; H, 6.73; N, 6.68. Found: C. 65.07; H, 6.74; N,
6.92.

Z(OMe)-Tyr-Phe-Leu-NHNH2 (Positions 18-20)--The above tripeptide ester (6.20g, 10.Ommo!) in MeOH
(60 ml) was treated with 80% hydrazine hydrate (1.90 ml, 3 eq) at room temperature overnight. The solution was
concentrated and the residue was precipitated from DMF with MeOH, yield 5.32 g (86%), mp 224-226 "C, (a]~'

- 37.0" (c =1.0, DMF), Rj; 0.59. Amino acid ratios in a 6 N Hel hydrolysate: Tyr 0.97, Phe 1.01, Leu 1.00 (recovery
of Leu, 93%).Anal. Calcd for C33H4-JNS07: C. 63.96; H, 6.67; N, 11.30. Found: C, 63.88; H, 6.59; N, 11.27.

Z(OMc)-Tyr-Phe-Lcu-Phe-Arg(Mts)-Pro-Arg(Mts)-Asn-NH2 [1] (Positions 18-25)----The azide [prepared
from 3.72g (6mmol) ofZ(OMe)-Tyr-Phe-Leu-NHNH21in DMF (40ml) and Et3N (0.84ml, 6mmol) were added to
an ice-chilled solution of a TFA-treated sample of Z(OMe)-Phe-Arg(Mts)--Pro-Arg(Mts)-Asn-NHz (4.87 g,
4.0 mmol) in D MF (50 011) containing Et3N (0.56 ml, 4.0 mmol). The solution was stirred overnight and concentrated.
The residue was purified by procedure B, followed by precipitation from DMF with AcOEt; yield 4.88 g (74%), [a]sl
-49.5 0 (c= 1.0, DMF), Rj; 0.57. Amino acid ratios in a 6N HCI hydrolysate: Tyr 0.91, Phe 1.94, Leu 0.97, Arg 2.01,
Pro 0.95, Asp 1.00 (recovery of Asp, 95%). Anal. Calcd for CBtHt06N160J7S2' 3/2H 20: C, 58.36; H, 6.59; N, 13.45.
Found: C, 58.16; H, 6.59; N, 13.68.

Z(OMe)-Asn-Arg(Mts)-Arg(Mts)-OMe-A mixture of Z(OMe)-Asn-ONp (3.51 g, 8.40 mmol) , Et 3N
(2.15ml, 15.4mmol) and a TFA-treated sample ofZ(OMe)-Arg(Mts)-Arg(Mts)-OMe16) (6.11 g, 7.0mmol) in DMF
(100 ml) was stirred overnight and concentrated. The residue was purified by procedure A, followed by re
crystallization from .MeOH and ether; yield 5.64 g (82%), mp 127-130 DC, ((X]ii - 13.9 0 (c = 1.4, MeOH), Rf2 0.64.
Anal. Calcd for C44H62NlOOIZSZ' 3/2H 20; C, 52.11; H, 6.46; N, 13.81. Found; C, 52.26; H, 6.39; N, 13.31.

Z(OMe)-GIn-Asn-Arg(Mts)-Arg(Mts)-OMe---A mixture of Z(OMe)-Gln-ONp (4.66 g, 10.8mmol), Et3N

(2.75ml, 19.8mmol) and a TFA-treated sample of the above protected tripeptide (8.88g, 9.0mmol) in DMF (120ml)
was stirred overnight and concentrated. The residue was purified by procedure B, followed by precipitation from
DMF with AcOEt; yield 7.22g (72%), mp 125-128 °c, (Cl]f>~ -13.8 ° (c= 1.3, DMF), Rf2 0.56. Anal. Calcd for
C4gH70NtZ014S2' 1/2H20: C, 52.34; H, 6.37; N, 1~.95. Found: C, 52.45; H, 6.71; N, 14.85.

Z(OMe)-GIn-Asn-Arg(Mts}-Arg(Mts)-NHNHz[2] (Positions 14-17)--The above protected tetrapeptide
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ester (3.92g, 3.51mmol) in DMF (40ml) was treated with 80% hydrazine hydrate (1.1 ml, 5eq) at room temperature
overnight. The solvent was removed by evaporation and the residue was precipitated from DMF with MeOH; yield
3.15 g(80%), mp 146-148 DC, [<x]~ -6.0° (c=0.7, DMF), Rf2 0.55. Amino acid ratios in a 6N Hel hydrolysate: Giu
1.00, Asp 1.03, Arg 1.99 (recovery of Glu, 83%). Anal. Calcd for C4sH70N14013S2' H20: C, 50.87; H, 6.40; N, 17.30.
Found: C, 50.74; H, 6.23; N, 17.29.

Z(OMe}-lJe-Val-8er-OMe-A mixture ofZ(OMe)-Ile-ONp (7.50g, 18.0mmol), Et 3N (4.60ml, 33.0mmol)
and a TFA-treated sample ofZ(OMe)-Val-Ser-OMe17) (5.74g, 15.0mmol) in DMF (lOOml) was stirred overnight
and concentrated. The residue was purified by procedure B, followed by precipitation from DMF with ether; yield
6.53 g (88%), mp 225-228 DC, [o;]t? -2.2" (c=0.9, DMF), Rfi 0.88. Anal. Calcd for C24H:nN308: C, 58.17; H, 7.53;
N, 8.48. Found: C, 58.35; H, 7.75; N, 8.74.

Z(OMe}-Pro-I1e-Val-8er-QMe-A MA [prepared from 4.97 g (10.8 mmol) of Z(OMe)-Pro-OH' DCHA] in
THF (50 ml) was added to an ice-chilled solution of a TFA-treated sample of the above protected tripeptide ester
(4.46g. 9.0mmol) in DMF (50mI) containing Et3N (1.25ml, 9.0mmol) and the solution was stirred for 5h. The
solution was concentrated and the residue was purified by procedure B, followed by precipitation from DMF with
AcOEt; yield 4.03g (76%), mp 217-219"C, [ex];;' -34.1 0 (c=0.9, DMF), Rfi 0.82. Anal. Calcd for C29H44N409: C,
58.77; H, 7.48; N, 9.45. Found: C, 58.93; H, 7.63; N, 9.62.

Z(OMe}-Pro-I1e-Val-8er-NHNH2 [3] (Positions IO-13)--The above protected tetrapeptide ester (5.93g,
1O.Ommol) in DMF (lOOmI) was treated with 80% hydrazine hydrate (3.13ml, Seq) overnight. The solvent was
evaporated off.and the residue was precipitated from DMF with MeOH; yield S.22g (88/~)' mp 244-247"C, [o;]~3

- 26.1 0 (c:;::: 1.3, DMF), Rh. 0.58. Amino acid ratios in a 6 N Hel hydrolysate: Pro 0.98. lie 1.02. Val 0.97. Ser 1.00
(recovery of Ser, 86%). Anal. Calcd for C28H44N60a: C, 56.74; H, 7.48; N, 14.18. Found: C, 56.48; H, 7.47; N, 14.00.

Z(OMc)-Gln-Gly-NHNH2 [4] (Positions 8-9)-Z(OMe)-Gln-Gly-OMelll ) (3.81 g, 1O.OmmoI) ill DMF
(30ml) was treated with 80~~ hydrazine hydrate (3.13 ml, 5 eq) as stated above and purified by precipitation from
DMF with MeOH; yield 3.13g (82%), mp 195-197°C, [ex]~3 -2.1" (c=0.9, DMF), Rj; 0.38. Amino acid ratios in a
6N HCI hydrolysate: Glu 0.98, Gly 1.00 (recovery of Gly, 90/~). Anal. Calcd for C\f,H2JNsOt>: C. 50.39; H. 6.08; N.
18.36. Found: C. 50.29; H, 5.97; N, 18.54.

Z(O,Me)-Glu(OBzl)-Phe-NHNH-Troc-A mixture of Z(OMe)-Glu(OBzl)-ONp (11.29 g, 21.6 rnmol), Et.,N
(5.52ml, 39.6mmol) and a TFA-treated sample ofZ(OMe)-Phe-:NHNH-Troc (9.34g, 18.0mmol) in DMF (lSOml)
was stirred overnight and concentrated. The product was purified by procedure A, followed by recrystallization from
MeOH; yield 9.75 g (73%), mp 151-154 rJC, [ex]~' -16.4 0 (('=0.8, DMF), R;f; 0.78. Anal. Calcd for C33H4~Cl3N409:

C, 53.70; H, 4.78; N, 7.59. Found: C, 53.89; H, 4.76; N, 7.63.
Z(OMe}-Glu(OBzl)-Glu(OBzl}-Phe-NHNH-Troc-A mixture of Z(OMe)--Glu(OBzl)-ONp (5.96 g.

11.4rnmol), Et3N (2.91 mi. 20.9 mmol) and a TFA-treated sample of the above dipeptide derivative (7.01 g,
9.50 mrnol) in DMF (100 ml) was stirred overnight and concentrated. The product was purified by procedure A,
followed by recrystallization from MeOH; yield 7.64 g (84~), mp 120-121 "C, [ex]~3 ·-12.5 c, (c= 1.0. DMF). R.I~ 0.75.
Anal. Calcd for C4sH4sCl3Ns012: C, 56.46; H, 5.05; N, 7.32. Found: C, 56.37; H, 5.22; N, 7.70.

Z(OMe}-Asp(OBzl)-Glu(OBzl}-Glu(OBzl)-Phe-NHNH-Troc-A mixture of Z(OMe)-Asp(OBzl},.·ONp
(4.27 g, 8.40 mrnol), Et 3N (2.15 ml, 15.4mmol) and a TFA-treated sample of the above protected tripeptide derivative
(6.70g, 7.0mmol) in DMF (lOOmI) was stirred overnight and concentrated. The product was purified by procedure
A. followed by precipitation from DMF with ether; yield 6.53 g (801:.ori). mp 130-133 "C, [C(]f)' -10.6" (c= 1.0, DMF),
R:ft 0.50. Anal. Calcd for CS6Hs9C13N601S: C, 57.86; H, 5.12; N, 7.23. Found: C, 5H.OO~ H, 5.09; N, 7.28.

Z(OMe)-Val-Asp(OBzl)-Glu(OBzl)-Glu(OBzl)-Phc-NHNH-Troc--A mixture of Z(OMe)-Val--OSu (2.27 g,
6.0 mmol), Et3N (1.53 ml, 11.0mmol) and a TFA-treated sample of the above protected tetrapeptide derivative
(5.81 g. 5.0 mmo1) in DMF (lOOmi) was stirred overnight and concentrated. The product was purified by procedure B,
followed by precipitation from DMF with AcOEt; yield 4.93 g (78~':'), mp 208-21 J "C, [tXlf)l ~26.7" (c=0.8, DMF),
Rj; 0.75. Anal. Calcd for C61HbSCI3N7011,: C, 58.07; H, 5.43; N, 7.77. Found: C, 57.90; H. 5.48: N, 7.98.

Z(OMe)-Val-Asp(OBzl)-Glu(OBzl)-Glu(OBzl)-Phe-NHNH2 [5] (Positions 3---7)------·The above Tree-de
rivative (3.78g, 3.0mmol) in DMF-AcOH (40ml-lOml) was treated with Zn powder (1.96g, lOeq) at room tem
perature for 8 h. The solution was filtered, the filtrate was concentrated. and the residue was treated with 3~:

EDTA. The resulting powder was washed with 5% NaHC03 and H20 and precipitated from DMF with MeOH;
yield 2.67g (82%), mp 215-217°C, [a]~3 -21.4° (c=1.0, DMF), R:I; 0.59. Amino acid ratios in a 6N HC)
hydrolysate: Val 0.89, Asp 1.04, Glu 2.11, Phe 1.00 (recovery of Phe, 82%). Anal. Calcd for CSSHIi,N7014: C, 64.13;
H, 6.22; N, 9.03. Found: C, 63.92; H, 6.11; N, 8.97.

Z(OMe)-Phe-Lys(Z)-OMe---The title compound was prepared by the Np method and purified by procedure
B, followed by precipitation from DMF with ether; yield 85%, mp 137-138 CJC, [o:Jfi -31.0° (c::=0.8, DMF), R.f;
0.79. Anal. Calcd for C33H39N30a: C, 65.44; H, 6.49; N, 6.94. Found: C, 65.37; H, 6.41; N, 6.81.

Z(OMe)-Phe-Lys(Z)-NHNH2 [6] (Position t-2)--The above protected dipeptide ester was treated with
80~~ hydrazine hydrate (5 eq) as stated above and the product was purified by precipitation from DMF with MeOH;
yield 87%, mp 180-183 °C, [ex]~3 -24.5 o (c=0.9~ DMF), Rj; 0.63. Amino acid ratios in a 6N Hel hydrolysate: Phe
1.07, Lys 1.00 (recovery of Lys, 80%). Anal. Calcd for CnH39NsO,: C, 63.46; H, 6.49; N, 11.56. Found: C, 63.44; H.
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6.47; N, 11.50.
Z(OMe)-Gln-Asn-Arg(Mts)-Arg(Mts)-Tyr-Phe-Leu-Phe-Arg(Mts}-Pro-Arg(Mts)-Asn-NH2 (Positions 14

25)--The azide [prepared from 2.68g (2040mmol)of fragment [2JJ in DMF (40ml) and Et3N (0.40ml, 2.88mmol)
were added to an ice-chilled solution ofa TFA-treated sample of fragment [1] (3.28g, 2.0mmol) in DMF.(30ml)
containing Et3N (0.28ml, 2.0 mmol) and the mixture, after being stirred for 24h, was concentrated. The product was
purified by procedure B~ followed by precipitation from DMF with EtOH; yield 3.55g (69%)~ mp 176-180"C, [a]~'\

-17.9 G (c=l.l, DMF), Rj; 0.56. Anal. Calcd for C12oH164N2S027S4·3H20: C, 55.15; H, 6.56;'N, 15.01.Found: C,
55.32; H, 6.73; N, 14.70.

Z(OMe)-Pro-Ile-Val-Ser-Gln-Asn-Arg(Mts)-Arg(Mts)-Tyr-Pbe-Leu-Phe-Arg(Mts)-Pro-Arg(Mts)-Asn-·
NH2 (Positions lO-25)---The azide [prepared from J.20g (2.03mmol) of fragment [3]]in.DMF (10m!) and Et3N
(O.34ml, 2.44mmol) were added to an ice-chilled solution of a TFA-treated sample of the above protected
dodecapeptide amide (4.00g, 1.56mmol) in DMF (40rnl) containing Et3N (0.22ml, 1.56mmoJ)and the mixture, after
being stirred for 24 h, was concentrated. The product was purified by procedure B, followed by precipitation from
DMF with MeOH; yield 3.21g (69~~), mp 203-206°C, [a]~3 -47.1 ° (c=Oo4, DMF), RJ; 0.47. Anal. Calcd for
C139H196N32032S4'4H20: C, 55.14; H, 6.79; N, 14.81. Found: C, 54.87; H, 6.86; N, 14.63.

Z(OMe)-Gln-Gly-Pro-Ile-Val-8er-Gln-Asn-Arg(Mts)-Arg(Mts)-Tyr-Phc-Lcu-Phc-Arg(Mts)-Pro-Arg
(Mts)-Asn-NH2 (Positions 8-25)--The azide [prepared from 0.76g (2.0mmol) of fragment [4]] in DMF (lOm1)
and Et3N (0.33 ml, 204 mmol) were added to an ice-chilled solution of a TFA-treated sample of the above
hexadecapeptide amide (2.96g, I.Ommol) in DMF (30 ml) containing Et3N (0.14011, 1.0mmol) and the mixture, after
being stirred for 24 h, was concentrated. The product was purified by procedure B, followed by precipitation from
DMF with MeOH; yield 2.70g (86%), mp 188-192 DC, [a]f? -11.0° (c=0.8,· DMF), Rh. 0.46. Anal. Calcd for
C146H207N3S03SS4·5H20: C, 54.27; H, 6.77; N, 15.18. Found; C, 54.11; H, 6.58; N, 14.99.

Z(OMc)-Val-Asp(OBzl)-Glu(OBzl)-Glu(OBzl)-Phe-Gln-Gly-Pro-IIe-Val-8cr-Gln-Asn-Arg(Mts)-Arg
(Mts)-Tyr-Phe-Leu-Phe-Arg(Mts)-Pro-Arg(Mts)-Asn-NH2 (Positions 3-25)--The azide [prepared from
276 mg (0.26mmol) of fragment [5]] in DMF (10m!) and Et3N (43 JlI, 0.31 mmol) wereadded to an ice-chilledsolution
of a TFA-treated sample of the above protected octadecapeptide (400 mg, 0.13 mmo1) in DMF (15ml) containing
Et3N (18 jll, 0.13mmol) and the mixture, after being stirred for 24 h, was concentrated. The product was purified by
procedure C, followed by precipitation from DMF with MeOH; yield 430mg (84%), mp 246-248 C1C, [aJ~3 -46.7 0

(c=OA, DMF), Rf2 0.60. Anal. Calcd for C!9SH262N40046S4 ·9H 20: C, 55.86; H, 6.73; N, 13.36.Found: C, 55.60; H,
6.54; N. 13.16.

Z(OMe)-Phe-Lys(Z)-Val-Asp(OBzl)-Glu(OBzl)-Glu(OBzl)-Phe-Gln-Gly-Pro-Ile-Val-Ser-Gln-Asn-Arg
(Mts)-Arg(Mts)-Tyr-Phe-Leu-Phe-Arg(Mts)-Pro-Arg(Mts)-Asn-NH2, Protected U-25-The azide [prepared

(a) (b)

Fig. 4. HPLC of Synthetic Neuromedin U-25

a). crude sample; b), purified sample.

Fig. 5. Disc Isoelectrofocusing of Synthetic
Neuromedin U-25

(+) (- )
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from 135mg (0.20mmol) of fragment [6]] in DMF (10ml) and EtJN (28,u1, 0.20mmol) were added to an ice-chilled
solution of a TFA-treated sample of the above tricosapeptide (403 mg, O.IOmmol) in DMF (15 ml) containing Et3N
(14 Ill, 0.10010101) and the solution, after being stirred for 24h, was concentrated. The product was purified by
procedure C; yield 350mg (79%), mp 238-240 "C, [iX]f] -9.1 o (c::::0.8, DMF), Rj; 0.54. Anal. Ca1cd for
C21SH289N4JOSOS4 ·4H20: C, 58.02; H, 6.63; N, 13.35. Found: C, 58.13; H, 6.58; N, 13.11.

Synthetic U-25--(a) Protected U~25 (50mg) was treated with 1M TMSOTf-thioanisolejTFA (2.25011, 200eq)
in the presence of m-cresol (l18./l1, 100eq) and EDT (18.9 ttl, 20eq) in an ice-bath for 60 min, then dry ether was
added. The resulting powder was colleetcd by centrifugation, washed with dry ether and dissolved in H20 (10mI).
Under cooling with ice, the pH of the filtered solution was adjusted to 8.0 with 5~·{, NH~OH, and 1M NH4F/H20
(282/ll, 25eq) was added. After 30min, the solution was adjusted to pH 6.0 with I N AcOH. The solution was applied
to a column of Sephadex 0-25 (3.3 x 103cm), which was eluted with the same solvent. The fractions (9.2ml each)
corresponding to the front main peak (tube Nos. 39-49, monitored by UV absorption measurement at 275nm) were
collected and the solvent was removed by lyophilization to give a powder; yield 34.6mg (98~;). A part of the crude
product (l7 mg) thus obtained was purified by HPLC on a TSK-GEL LS-410KG column (21.5x 300O1m), by
isocratic elution with 26~~ acetonitrile in 0.1 (~..;~ TFA aC). at a flow rate of 8.0ml per min. The eluate corresponding to
the main peak (retention time 33min, Fig. 4-a) was collected. The rest of the sample was similarly purified by HPLC.
The eluates were combined and the solvent was removed by evaporation. The residue was applied to a column of
Sephadex 0-25 (1.8 x 55em), which was eluted with 0.1 N AcOH. The desired fractions (monitored as described
above) were collected and the solvent was removed by lyophilization to give a fluffy white powder, yield 18.5mg
(53~~). The overall yield from protected U-25 was 52~~~: [(X]~8 -78.6 o (c=OA, H20), a single spot on TLC: Rf.,0.39,
Rf4 0.46. The retention time was 25min in HPLC on an analytical Nucleosil 5C18column (4.0 x 150mm), eluted with
a gradient of acetonitrile (l5~~ to 40~/~, 40 min) in 0.1~~':' TFA aq. at a flow rate of 0.8011 per min (Fig. 4-b).
The mobility in disc isoelectrofocusingon 7.5<X. polyacrylamide gelcontaining Pharrnulyte (pH 3-10) was 6.3em from
the origin toward the cathodic.end of the gel, after running at 200V for 4 h (Fig. 5). Amino acid ratios in a 6 N H'Cl
hydrolysate are listed in Table I. Amino acid ratios in a LAP digest (numbers in parentheses are theoretical): Asp
0.97 (l), Ser 0.96 (1), Glu 1.83(2), Pro 1.70(2), Gly 0.94 (l), Val 1.71 (2), lIe 0.90 (l). Leu l.00 (1), Tyr 0.92 (l), Phe
3.42 (4), Lys 0.99 (I). Arg 3.37 (4), Asn and GIn were not determined (recovery of Leu. 70~~~).

(b) Protected U-25 (100mg) was treated with 1M TFMSA-thioanisole/TFA (4.5ml) in the presence of m-l~rcsol

(0.24rnl, 100eq) and EDT (37.7pI, 20eq) in an ice-bath for 150min, then dry ether was added. The resulting powder
was treated with 5(~;') NH40H at pH 8.0 for 30min and purified by gel-filtration on Sephadex G-25, followed by
HPLC as stated above; yield 33.2mg (47<X, from the protected peptide). A mixture of thesamples obtained in (a) and
(b) emerged as a single peak (retention time 25 min) from a Nucleosil 5el8 HPLC column (4.0 x 150mm), which was
eluted with a gradient of acetonitrile (l5~~ to 40~\~, 40 min) in 0.1(Xl TFA aq. at a flow rate of 0.8 ml per min. Amino
acid ratios in a 6N net hydrolysate: Asp 2.87. Ser 0.80, Glu 3.92, Gly 1.01, Val 1.68, lIe 0.89. Leu 1.00,Tyr 1.04,Phe
3.78. Lys 0.92, Arg 3.81, Pro 1.96 (recovery of Leu, 69t:.~;).

Synthetic U-8--(a) Protected U-S (50mg) was treated with 1M TMSOTf-thioanisole in TFA (0.9ml, 30eq)
in the presence of »r-cresol (48 tll, 15eq) in an icc-bath for 60 min, then dry ether was added. The deprotected peptide
was treated with 5~:~, NH40H containing NH4F (Itleq) at pH 8.0. then submitted to gel-filtration on Sephadex G~10

(2.8 x 87em) as stated above. Yield 28.3rng (B41:.,~). The final purification was achieved similarly by HPLC on a TSK
GEL LS-41 OKGcolumn (21.5 x 300mm) using isocratic elution with 22~~;; acetonitrile in 0.1~~~, TFA aq. The purified
peptide (retention time 50min) was passed through a column or Sephadex G-tO using 0.1N AcOH and finally
lyophilized to give a flutfy powder: yield 14.4mg (51~.~), overall yield from the protected peptide was 42/;;. [lX1?>'1
-44.7" (c=0.2, H20), a single spot on TLC: R,I; 0.55, Rj~ 0.75. The retention time was 20min in HPLC on a
Cosmosil SC18 column (4 x 1SO mm) on gradient elution with acetonitrile (15--40~~~~, 40 min) in 0.1~~;.. TFA aq. at a
now rate of 0.8 nil/min: Amino acid ratios in a 6 N Hel hydrolysate und a LAP digest (numbers in parentheses): Asp
1.01, Leu 1.00 (1.00), Tyr 0.99 (0.93), Phe 1.97 (1.89), Arg 1.91 (1.73). Pro 0.99 (0.86). Asn was not determined,
recovery of Leu 81 ~~ (79~~::).

(b) Protected U-8 (200mg) was treated with 1M TFMSA-thioanisoleffFA (3.7rnl, 30eq) in the presence of m
cresol (OAml, 30eq) in an ice-bath for 120min. then dry ether was added. The deprotected peptide was treated with
5~;; NH 4 OH at pH 8.0 and then purified by gel-filtration on Sephadex 0-10, followed by HPLC as described above;
yield 43.3 mg (32~~/~). A mixture of the samples obtained in (a) and (b) emerged as a single peak (retention time,
20min) from a Cosmosil Sel8 HPLC column on gradient elution with acetonitrile (15~%; to 40~~, 40 min) in 0.1 ~.;;

TFA aq. at a flow rate of 0.8 011 per min. Amino acid ratios in a 6N H'Cl hydrolysate: Asp 1.03,Leu 1.00,Pro 0.97,Tyr
0.94, Phe 1.99. Arg 2.07 (recovery of Leu, 72~:{,),
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Synthesis of 6,5'-Cyclo-2' ,5'-dideoxypyrimidine Nucleosides
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6,5 '-Cyclo-2',5 '-dideoxyuridine and 6,5 I -cyclo-S'-deoxythymidine, pyrimidine dcoxynucleo
sides fixed in the anti conformation, were synthesized. The key intermediate, 3'-O-acelyl-5-chloro
2 ',5'-dideoxy-5'-iodouridine (12), prepared from 2'-deoxyuridine, was cyclized by treatment with
tributyltin hydride to the 6,S'-cyclo derivative (13), then dehydrochlorinated to furnish, after de-O
acetylation, 6,5'-cyclo-2',5'-dideoxyuridine (14). For the synthesis of 6,5'-cyclothymidine, 3'-0
acetyl-Z',5'-dideoxy-5'-iodo-5-phenylthiomethyluridine (22) was prepared from 2'-deoxyuridine
and this compound was cyclized by treatment with tributyltin hydride to yield, after de-O
acetylaion, 6,5'-cyclo-5'-deoxythymidine (24).

Keywords--eyclonucleoside; C-cyclouridine; 6,5 '-cyc1o-2',5 -dideoxyurtdine: 6,5'-cyclo-S"
deoxythymidine; 5-bromo-6,5'-cyclo-2',S'-dideoxyuridine; radical cyclization; tributyltin hydride;
NMR;CD
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We have reported the synthesis of a number of carbon..bridged cyclonucleosides for
studies of the conformation of nucleosides and their interactions with enzymes which require
nucleosides and nucleotides." For example, 6,5'-cyclo-5'-deoxyuridine 2',3'-cyclic phos
phate, a uridine cyclic phosphate conformationally fixed in the anti form, was found to be a
substrate for pancreatic ribonuclease." For the purpose of studying the conformational
preference of the substrates of deoxynucleoside phosphorylases, the 2'-deoxy derivatives
of 6,5'-cyclouridines appear to be useful candidates. This paper dea Is with synthetic
studies of such compounds, such as 6,5'-cyc1o-5'-deoxythymidinc.

The key synthetic step we have developed for 6,5'-cyclization in uridine and cytidine is
the generation of a radical at the 5'-position of 5'-dcoxy-Y-halogeno..5-halogenouridine
derivatives (for example, 1) and successive intramolecular radical addition to the double bond
at the 5,6-position, giving a 6,5'-cyclo-5,6-dihydro-5-halogenouridine (2). The dehydrohalo
genation of 2 furnishes the product (3) after deprotection." For the synthesis of the 2' -deoxy
compound, the deoxygenation of the 2' -hydroxyl of 3 seemed to be an appropriate route.
However, several attempts at the 2'-deoxygenation of 3 were unsuccessful despite the various
methods available for 2' -deoxygenation in ribonucleosides." Therefore" we started the
synthesis from 2'-deoxyuridine derivatives. Since 5-bromo-2'-deoxyuridine (BUDR, 4) is
commercially available, we used this compound.

Treatment of 4 with triphenylphosphine and iodine'? in dirnethylformamide (DMF)
afforded the 5'-deoxy-5'-iodo compound (5), which was converted to the 3'-O-acetate (6).
Cyclization of 6 by dropwise addition of a mixture of tributyltin hydride (Bu3SnH) and
azobisisobutyronitrile (AIBN) in toluene under reflux proceeded slowly, and after addition of
an excess of the reagents, the main product was 5'-O-acetyl-6,S'-cyc1o-2',5'-dideoxy-5,6
dihydrouridine (7). It is conceivable that as the radical addition proceeded rather slowly with
2'-deoxyribosides, the initially formed 5-bromo-6,5'-cyclo-5,6-dihydro compound (7a) was
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easily further reduced by Bu3SnH to 7. An attempt at the re-bromination of7 at the 5-position
by bromine in carbon tetrachloride resulted in the formation of the 5,5-dibromo (8) and 5
bromouridine (9) compounds as an inseparable mixture. Treatment of the mixture with
sodium methoxide afforded 5-bromo-6,5'-cyclo-2',5'-dideoxyuridine (10), a fixed model of
BUDR in an anti conformation.

Since the bromo function reacted too easily with Bu3SnH in the above reaction, we next
selected 5-chloro-2'-deoxyuridine (II) as the starting material. Compound II,. prepared from
3',5'-di-O-acetyl-2'-deoxyuridine by chlorination with N-chlorosuccinimide followed by de
acetylation, was converted to 3'-O-acetyl-2',5'-dideoxy-5'-iodouridine (12) by a similar route
to that described above, or by 5'-O-tosylation, 3'-O-acetylation, and successive displacement
of the tosyl group with sodium iodide. The latter method seems to be more suitable for large-
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AcO
15
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16

13 14
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scale preparations. Cyc1ization of 12 by addition of Bu3SnH and AIBN in toluene under
reflux afforded the desired 5-chloro-6,5'-cyclo-5,6-dihydrouridine (13) in 75% yield. The
structure of 13 was confirmed on the basis of nuclear magnetic resonance (NMR) and mass
spectra (MS). The stereochemistry of the radical addition (cis-5,6-addition to give a
compound with a 6(R)-configuration) was similar to that found previously in the uridine
series." Treatment of 13 with sodium methoxide in methanol gave 6,5'-cyclo-2',5'
dideoxyuridine (14).

In enzymatic studies ofdeoxynucleoside phosphorylases, the thymidine counterpart of 14
is required. Although treatment of 3'-O-acetyl-5'-deoxy-5'-iodothynlidine (15)6) with Bu3SnH

and AIBN afforded 6,5'-cycIo-5,6-dihydrothymidine (16), several attempts at the regeneration
of the 5,6-double bond of 16 were unfruitful. Therefore we investigated another approach
which involves the 6,5'-radical cyclization of a 5-phenylthiomethyluridine derivative, since it
has been reported"? that some alkylthiomethylalkenes (A) cyclize to give. an intermediate (B)
in which the alkylthiyl becomes a radical leaving group to give the vinylcycloalkane (C). To
test this possibility, 2',3'-O-isopropylideneuridine was converted to the 5-phellylthioluethyl
derivative (17) by the known procedure," and 17 was 5'-O-mesylated and then substituted
with sodium iodide to give 5'-deoxy-5'-iodo-2',3'-O-isopropylidene-5-phenylthionlethyl
uridine (18). Treatment of 18 with Bu3SnH and AIBN in refluxing toluene gave the 6,5'
cyc1o-5-methyluridine (19), in good yield, rather than the 5-methylene-5,6-dihydro COlTI
pound (19A), which would be the presumed intermediate. Compound 19 was deprotected
to furnish 6,5'-cyclo-5'-deoxy-5-methyluridine (20). The structure of 20 was fully confirmed
by instrumental analysis (see Experimental).

Based on the above findings, 2'-deoxyuridine was converted to its 5-phenylthiomethyl
derivative (21) by the sequence of hydroxymethylation, acetylation, substitution with
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thiophenoxide, and finally deacetylation. Compound 21 was then converted to 3'-O-acetyl-2',
5'-dideoxy-5'-iodo-5-phenylthiomethyluridine (22) by the normal procedure. Radical cycli
zation of 22 with Bu3SnH and AIBN gave the expected cyclothymidine (23) in 76% yield, and
this was deacetylated to furnish 6,5'-cyclo-5'-deoxythymidine (24). The structure of 24 was
also fully confirmed by instrumental analysis. The circular dichroism (CD) spectrum of24 was
similar to those of compounds in the ribo series, such as 6,5'-cyclo-5' -deoxyuridine,"
exhibiting a strong positive band at the main absorption region. Studies 011 the biological
activities of 6,5'- cyclo-2',S"-dideoxypyrimidine nucleosides will be the subject of a future
communication.

Experimental

Melting points were determined on a Yanagimoto MP-3 micromelting point apparatus and are uncorrected.
The IH-NMR spectra were recorded on a lEOL FX-lOOFT or FX-270FT spectrometer in an appropriate solvent
withtetramethylsilane as an internal standard. Chemical shifts are reported in ppm (a), and signals are described
as s (singlet), d (doublet), t (triplet), m (multiplet), or br (broad). All exchangeable protons were confirmed byaddi
tion of D 20. Ultraviolet (UV) spectra were recorded on a Shimadzu UV-260 spectrophotometer. MS were mea
sured on a lEOL D-300 spectrometer. CD spectra were recorded on a JASCO J-500A spectropolarimeter at
room temperature. Silica gel used for column chromatography was Merck Kieselgel 60 (70-230 mesh).

5-Bromo-2',S'-dideoxy-5'-iodouridine (5)--Triphenylphosphine (9.86g, 37.5 mmol) and 12 (4.76g, 37.5mmol)
were mixed in DMF (30ml) at room temperature for 15min. Compound 4 (7.63g, 25mmol) was added to the
solution and the mixture was stirred overnight at room temperature. MeOH was added, the solvent was removed in
vacuo, and the residue was dissolved in a small volume of MeOH, which was absorbed on silica gel. The gel was dried
and placed on top of a column of silica gel. The column was washed with CHCI3 , then eluted with 4~{1 MeOH-CHCI3 •

The eluate was concentrated and the residue was crystallized from MeOH to give 5 (3.85 g, 37~{,), mp 160-161 °C
(dec.). UV A~~? nm: 269:5. MS mlz: 418, 416 (M+). NMR (DMSO-d(): 11.87 (lH, br s, HN-3), 8.lO(lH,s, H~6), 6.16
(lH, t, J!'.2,=5.6 Hz, H-l '), 4.16 (lH, m, H-3'), 3.83 (lH, m, H-4'), 3.50 (2H, m, HO-3',5'), 2.23 (2H, m, H-2'). Anal.
Calcd for CgH10BrI N20 4 : C, 25.98; H, 2.42; N, 6.73. Found: C, 26.15; H, 2.42; N, 6.73.

3'-O-Acetyl-5-bromo-2',5'-dideoxy..5'-iodouridine (6)--A mixture of 5 (3.85 g, 9.3 mmol), Ac20 (1.75 ml,
18.6 mmol) and a catalytic amount of 4-dimethylaminopyridine in acetonitrile (50 ml) was stirred at room
temperature for 9 h. MeOH was added to the solution, the solvent was removed in vacuo and the residue was
crystallized from EtOH to give 6 (3.79g, 89~~~), mp 152-153°C. UV A~~~Bnm: 277. MS mlz: 460,458 (M+), 269
(M + - base). NMR (CDCI): 8.16 (lH, br s, HN-3), 7.25 (IH, s, H-6), 6.27 (lH, t, J, '.2' =5.6 Hz, H-I '), 5.35 (1H, In,

H-3'), 4.11 (tH. m, H-4'), 3.92 (2H, 5, H-5'), 2.40 (2H, m, H-2'), 2.10 (3H, s, Ac). AnalCalcd for CIIHaBrI Nz o; C,
28.66; H, 2.87; N, 6.08. Found: C, 28.71; H, 2.58; N, 6.00.

3'-O-Acetyl-6,5'-cyc1o-2',5'-dideoxy-5,6-dihydrouridine (7)-A mixture of Bu3SnH (0.485ml, 1.8mmol) and
AIBN (30 mg) in toluene (3 ml) was added dropwise to a suspension of 6 (688.5 mg, 1.5 mmol) in toluene (150 ml) at
reflux under an Ar atmosphere over a period of I h. The mixture was further refluxed for 2 h, and the solvent was
removed ill vacuo. The residue was crystallized from EtOH to give 7 (285.8 mg, 75/~J, mp 238-239 "C. MS mjz: 254
(M+). NMR (CDC13 ) : 7.57 (lH, br s, HNJ ) , 6.36 (IH, el, J 1' ,2 'o =5.0Hz, H-l'), 5.15 (lH, m, B-3'), 4.47 (IH. dd,
J4-'S'A = 1.9 Hz, J4 '.5'b= 4.0 Hz, H-4'), 3.61 (l H, tt, JS'U.(1 = 11.8 Hz, JS' b,6 =4.6 Hz, JSa,6 = 12.5 Hz, JS b,6 =4.2 Hz, H-6),
2.74 (lH, dd, JuL'm= 16.8 Hz, H-5b), 2.52 (I H, dd, H-5a), 2.34 (2H, m, H-2'), 2.10 (3H. s, Ac), 1.96 (l H, ddd,
JOI'1/I= 13.4Hz, H-S"a), 1.79 (IH, m, H-S'b). Anal. Calcd for CllH14N205: C, 51.97; H, 5.50; N, ] 1.01. Found: C,
52.08; H, 5.42; N, 10.84.

3' -O-Acetyl-5,5-dibromo-6,5'-cyclo-2' ,5' -dideoxy.5,6-dihydrouridine (8) and 3'-O-Acetyl-5-bromo-6-5'-cyclo-2' ,5'
didcoxyuridinc (9)--A mixture of 7 (508 mg, 2 mmol) and N-bromosuccinimide (856 mg, 4.8 mmol) in CCl.j. was
refluxed for 4 h, the solvent was removed in vacuo and the residue was partitioned between CHC13 and H20. The
organic layer was separated and dried over Na2S04, and the solvent was evaporated off to leave a mixture of 8 and 9
as a foam, which was used in the next step without further purifications. MS mjz: 412,410,408 (M + of 8), 332, 330
(M+ of 9). UV A~~~Hnm: 281.3.

5-Bromo-6,5'-cyclo-2',5'-dideoxyuridine {lO)--A mixture of8 and 9 (456mg, ca. 1.1 mmol) was dissolved in
MeOH (5 ml), ] N NaOMe in MeOH (2.3 ml) was added, and the solution was stirred for 5h at room temperature.
The solution was neutralized by addition of Dowex 50 (H + form), the resin was filtered off, the filtrate was
concentrated, and the residue was crystallized from EtOH to give 10 (253mg, 78%), mp 195-196 °C (dec.), MS mlz:
290,288 (M +). UV J.~:?Hnm (s): 283.3 (9565). CD (H20) [0] nm + 148000 (281). NMR (DMSO-d6 ) : 11.71 (lH, br s,
HN3) , 6.21 (lH, d, J1' ,2' a = 5.4 Hz, H-l'), 5.27 (lH, d, J=4.4Hz, HO-3'), 4.47 (l H, d, J2 'b.3,= 6.6 Hz, H-3'), 4.26 (lH,
m, H-4'), 3.05 (2H, dd, H-5'), 1.94 (2H, m, H-2'). Anal. Caled for CgHgBrN204: C, 37.40: H, 3.14; Br, 28.53; N, 9.69.
Found: C, 37.43; H, 3.35; Br. 27.16; N, 9.62.
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S-Chloro-2'-deoxyuridine (11)-,-A mixture of 3'.s'-di-O-acetyl-2'-deoxyuridine (15.7 g, 49mmol) and N
chlorosuccinimide (7.85 g, 58.8mmol) in AcOH (lOOmI) was stirred at 80°C overnight. The solvent was removed in
vacuo and the residue was partitioned between CHCI 3 and H20 . The organic layer was dried over Na2S0 4 and the
solvent was evaporated off. The residue was dissolved in MeOH saturated with NH 3 (200mI) and the mixture was
stirred overnight at room temperature. The solvent was removed and the residue was crystallized from EtOH to give
1191(8.41 g, 65%)~ mp 181-183 °C (mp 178-179.5 ne91) . MS mlz:264, 262 (M+). UVA.~:?Hnm: 277.NMR (DMSO
d6 ) : 11.76 (lH, br s, HN 3

) , 8.31 (tH, s, H-6), 6.11 (lH, t, J= 6.6 Hz, H-l'), 5.21 (IH, dd, J2 'h,3,=:5.0 Hz,
J2'o.3 ' = 4.4 Hz, H-3'), 5.16 (lH, t, HO-5'), 4.25 (lH, m, H-4'), 3.80 (lH, d. HO-3/), 3.60 (2H, br d, H-5'), 2.14 (2H,
t, H-2'). Anal. CgHllCIN20S requires: C, 41.16; H, 4.22; N. 10.67. Found: C, 41.13; H, 4,25; N, 10.49.

3'-O-Acctyl-5-chloro-2',S'-didcoxy-5'-iodouridine (12)--Method a: A mixture of triphenylphosphine (7.86 g,
30mmoI) and 12 (7.62g, 30mmol) in DMF (30ml) was stirred for 15 min. Then. 11 (S.25g. 15mmol) was added and
the solution was stirred overnight at room temperature. The solvent was removed and the residue was dissolved in a
small volume of MeOH, and adsorbed on silica geL The gel was dried and placed on top of-a column of silica gel
(4 x 70cm). The column was washed with CHC13 , then eluted with 8% MeOH-CHCI3 . The eluate was concentrated
and the residue was crystallized from EtOH to give 5-chloro-2',5'-dideoxy-S'<iodouridine (6.88 g, 37~Ya), mp 177
178°C. MS mjz: 374, 372 (M+). NMR (DMSO-d6 ) : 11.89 (IH, brs, HN3

) , 8.02 (lH, s, H-6), 6.15 (lH, t, J1',2·= 6.6 Hz
H-1'), 5.48 (lH, d, J=4.15 Hz, HO-3'), 4.22 (lH, m, H-3'), 3.85 (lH, m, H-4'), 3.49 (2H, m, H-5'), 2.37 (lH, dd, H
2'a), 2.19 (lH, ddd, H-2'b). The compound (1.36g, 3.7 mmol) was then added to Ac20 (0.76 ml, 7.3 mml) containing
a catalytic amount of DMAP in acetonitrile (15ml), and the mixture was stirred overnight at room temperature.
MeOH was added, the solvent was removed, and the residue was crystallized from EtOH to give 12 (1.39 g, 92~~), mp
153-1541~C. MS mjz: 416, 4f4 (M+), 269 (sugar"). NMR (CDCI3) : 8.79 (lH, br s, HNJ), 8.06 (lH, 5, H-6), 6.28 (lH,
dd, J1••2 •b = 5.6 Hz, J1 ' ,2 '8 = 7.1 Hz, H-1'), 5.05 (lH, m, H-3'), 3.94 (IB, m, H-4'), 3.58 (2H, m, H-5'), 2.41 (2H, m, H
2'),2.12 (3H, s, Ac). Anal. Calcd for CllH12CIIN20S: 31.87; H, 2.92; Cl, 8.55; I, 30.61. N, 6.76. Found: C, 31.91; H.
2.90; CI, 8.58; I, 30.71; N, 6.83.

Method b: Compound 11 (2.51 g, 9.6 mmol) in pyridine (30ml) was treated with TsCI (2.0 g, 10.5mmol) in an ice
water bath overnight. The solvent was removed in vacuo and the residue was crystallized from EtOH to give the 5'-0
tosylate (1.70g, 42%), mp 169-170°C (dec.). MS mjz: 390.388 (M+). This tosylate (1.67g, 4.0mmol) was then
added to Ac20 (0.57 ml, 6 mmol) containing a catalytic amount of DMAP in acetonitrile (50 ml) and the solution was
stirred at room temperature for 2 h. MeOH was added to the solution and the solvent was removed in vacuo. The
residue was dried by co-distillation twice with benzene and then dissolved in 2-butanone (50ml). Nal (75001g.
5 mmol) was added and the solution was refluxed for I h. The solvent was removed in vacuo and the residue was
partitioned between CHCI3 and H 20 . The organic layer was dried over Na2S04 • the solvent was removed in vacuo,
and the residue was crystallized from EtOH to give 12(1.52g, 92%). The physical constants were identical with those
of the product obtained by method a.

3'-O-Acetyl-S-chloro-6,5'-cyc1o-2',S'-dideoxy-5(R),6(R)-dihydrouridine (13}--A mixture of BU3SnH (0.81 ml,
3 mmol) and AIBN (40 mg) in toluene (3 m1) was added dropwise to a suspension of 12 (1.03'g, 2.5 mmol) in toluene
(lOa ml) under reflux in an Ar atmosphere over a period of 50 min. The mixture was further refluxed for 2 h, and the'
solvent was removed in vacuo. The residue was crystallized from'EtOH to give 13 (540mg, 75~~), mp 14'6--147'"'C.
MS mjz: 290. 288 (M+), 253 (M-" -Cl). NMR (CDCI:\): 7.56 (lB. br s, NHJ

) , 6.34 (IH; del, J I '.2'b = 5,OHz,
J 1' .2·o = 1.5 Hz, H-l'). 5.15 (lH, m, H-3 /), 4.56 (lH, m, H"4'), 4.28 (lH, d, Js.6 = 1l: 3 Hz, H-5), 3.62 (lH, tt,
J5'11 .6 = I1.4 Hz, JS'b.(,= 6.1 Hz, H-6), 2.33 (3H, m, H-2',5'a). 2.10 (3H, s, Ac), 1.85 (lH, ddd, J5 ,u:o= 13.7 Hz, H-5'b).
Anal. Calcd for CllH13CIN20S: C, 47.77; H. 4.54; N, 9.70. Found: C. 47.57; H, 4.40; N. 9.65.

6,5'-Cyclo-2',5'..didcoxyuridinc (14)---A solution of 13 (288 mg, I rnmol) and 1N NaOMe (in MeOH, 2.2 ml) in
MeOH (10 ml) was refluxed for 2h. The solution was neutralized by addition of 1N HCI, the solvent was evaporated
off, and the residue was crystallized from EtOH to give 14 (168 mg. 80~~), mp 247-249 "C. MS miz: 210 (M "). UV
;'~~?nm (D): 269.9 (10600). CD (H]O) [O]nm :+1.84x J()4 (269.5). NMR (DMSO-d6) : 11.15 ua, br s, HN3), 6.20
(lH, d, JI ' ,2 'a =5.1 Hz, H-I'), 5.68 (IH, s, H-5), 5.38 (lB. br s, HO-3'), 4.39 (IH, d, .I2'h,3' =6.8 Hz, H-3/), 4.23 (lH, dd,
J4 ' .5 ' 11 =7.1 Hz, J4 '.; 'b= 3.2 Hz, H-4'), 3.14 (lH, dd, J 2'II.b = 12.0 Hz, H-2'a), 2.74 (lH, ddd. H-2'b). 2.39 (IH. m, H-5'a),
5'a), 1.95 (lH. m, H-5'b). Anal. Calcd for C9HION20 4 : 51.43; H, 4.80; N. 13.33. Found: C, 51.00; 1-1, 4.78; N, 13.13.

3'-O-Acetyl-S'-deoxy-S'-iodothymidine (15)--A solution of thymidine (4.84 g, 20 mmol) and TsCI (4.57 g.
24 mmol) in pyridine (30 ml) was stirred in an ice-water bath for 3.5 h, Water was added to the solution and the
solvent was removed in vacuo. The residue was dried by co-distillation with toluene several times and crystallized
from EtOH to give the 5'-O"tosylate (3.43 g, 8.7 mrnol, 44~~~;), which was dissolved in acetonitrile (200ml). Ac20

(I.78ml, 17.4mmol) and a catalytic amount ofDMAP were added and the solution was stirred for 30 min. MeOH
was added to the mixture and the solvent was removed in vacuo. The residue was dissolved in 2-butanone (100ml),
Nal (1.57 g. 10mmol) was added, and the mixture was refluxed for 5 h. The solvent was evaporated off and the
residue was partitioned between CHCI 3 and H20. The organic layer was dried over Na2S04 and the solvent was
removed in ;,IQCuo. The residue was crystallized from EtOH to give ISb) (2.88 g, 84%), mp 132-133°C (lit." 131 DC).
UV A.~~~H nm: 264.4. NMR (CDCI 3) : 9.20 (lH, br s, HN3

) . 7.60 (lH, d, JS-Me,(' = 1.2Hz, H-6), 6.33 (tH, t.
J1••2 ,= 8.3Hz, H-l '),5.04 (lH, m, H~3'), 3.90 (l H, dd, J4 ••S•u =3.9 Hz, J4 '.5'b= 3.3 Hz, H-4'), 3.56' (2H, m, H-5'), 2..30
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(2H, m, H-2'), 2.20 (3H, s, Ac), 1.97 (3R, s, Me-5). Anal. C12HlSIN20S requires: C, 36.57; H, 3.84; N, 7.11. Found: C,
36.73; H, 3.86; N, 6.89.

3'-O-Acetyl-6,5'-cycJo-5'-deoxy-5(R),6(R)--dihydrothymidine (16)--A mixture of Bu3SnH (1.4 mmol) and
AIBN (100 mg) in toluene (8 ml) was added dropwise over a period of 1.5h to a solution of 15 (2.37 g, 6 mmol) in
toluene (200ml) under reflux in an Ar atmosphere. The mixture was refluxed for 2 h and the solvent was removed in
vacuo. The residue was crystallized from EtOH to give 16 (678 mg, 42%), mp 164-165 DC. MS mlz: 269 (M +). NMR
(CDC13 ) : 7.48 (lB, br s, HN 3 ), 6.38 (JH, dd, J t ·•2' t>= J.7Hz, J I·,2'a= 4.4 H z, H-I'), 5.13 (lH, m, B-3'), 4.50 (lH, dd,
J4,',s·a=4.2Hz, J4 'S b= 2.0Hz, HA'), 3.25 un, u, J 5'u.b==11.5Hz, J S'b.6=4.9Hz, Js.6 = 11.5 Hz, H-6), 2.42 (1H, dd,
H-5'b), 2.32 (lH, m, H-5), 2.09 (3H, s, Ac), 2.05 (lB, ddd, J S':I.b= 13.5 Hz, H-5'a), 1.74 (1H, ddd, J2 'u,h= 13.7 Hz,
H-2'a), 1.36 (1H, ddd, H-2'b), 1.24 (3H, d, Me-5). Anal. Calcd for C12HlhN20S ·0.25H20 : C, 52.94; H, 6.01;
N, 10.27. Found; C, 52.87; H, 5.95: N, 10.27. .

2' ,3'-O-Isopr()pylidene-5~phenylthiomethyluridinc (17)--A mixture of 2',3'-O-isopropylideneuridine (l Dg,
35mmol), pyrrolidine (I4.7ml, 176mmol) and 35~~ formaldehyde (15.1 ml, 171 mmol) in H20 (180m!) was refluxed
for 1h. The solu tion was concentrated and the resid ue was dried by co-distillation with toluene several times. The
final residue was taken up in acetonitrile (100 ml), PhSH (3.85 ml, 35 mmol) was added, and the mixture was refluxed
for 4 h. The solvent was removed in vacuo and the residue was taken up in CHC13 and applied to a column of silica gel
(7 x 25 ern). The column was washed with CHCI3 , then eluted with 4% MeOH-CHC13• The eluate was concentrated
and the residue was crystallized from EtOH to give 17 (9.35g, 66~~), mp 144-145°C. MS mlz: 406 (M+), 391
(M+ -Me). 297 (M+ -SPh). 174 (sugar+). UV ;.~:~~Hnm: NMR (CDCI3): 8,70 (lH, br s, HN3) , 7.30 (5H, m, Ph).

7.15 (IH, s, H-6), 5.57 (1H, d, J!',2'= 204Hz, H-I'), 4.77 (2H, m, H-2',3'), 4.12 (IH, m, H-4'), 3.80 (4H, m, H-5' and
CH 2-5), 2.30 nn, t, HO-5'), 1.55, 1.34 (3H each. s. iso-Pr). Anal. Calcd for CI9Hz2Nz06S: C, 56.15; H, 5.46; N, 6.89~

S, 7.89. Found: C, 56.08; H, 5.54; N, 6.86; S, 7,86.
5' -Deoxy-5'-iodo-2' ,3'-O-isopropylidene-5-phcnyltbiomethyluridine (t8)--MsCI (0.26 ml, 1.2mmol) was added

to a solution of 17(405rng, 1mmol) in pyridine (5 rnl) under cooling in an ice-bath, and the solution was then stirred
at room temperature for I h. A small volume of H 20 was added and the solvent was removed in vacuo. The residue
was partitioned between AcOEt and H20, the organic layer was dried over Na,lS04' and the solvent was evaporated
off to leave the 5'.O-mesylate as a foam (450 mg, 93~'~). The mesylate (1.57 g, 3.2 mmol) was dissolved in 2-butanone
(SOml) containingNal (576mg, 3.8 mmol) and the solution was refluxed for 4h. The solvent was removed in vacuo
and the residue was partitioned between AcOEt and H20. The organic layer was dried over Na2 S0 4 and the solvent
was evaporated off' to leave 18 (1.56g, 94%) as a foam. MS mlz: 516 (m" ), 501 (M+ -Me), 407 (M+ -PhS). NMR
(CDC13): 9.00 (fH, br s, HN3), 7.35 (5H, m, Ph). 6.96 (I H, s, H-6), 5.61 (l H, d, .II',Z' = 1.5 Hz, B-1 '),4.59 (2H, Ill, H
2',3'), 3.81 (3H, m, H-4' and CH 2-5), 3.34 (2H, m, H"5'), 1.55, 1.34 (3H each, s, iso-Pr).

6,5'-Cyclo-S'-deoxy..2',3'-O-isopropyUdene-5-mctnyluridine (19)--A mixture of Bu3SnH (0.59 ml, 3.0mmol)
and AIBN (50 mg) in toluene (5 ml) was added dropwise over a period of 2 h to a solution of 18 (1.18g, 2.3 mmol) in
toluene (200 ml) under reflux in an AI' atmosphere. The solution was further refluxed for 2 h, then the solvent was
evaporated off. The residue was dissolved in a small volume of CHCI3 and applied to a column of silica gel
(5 x IDem). After washing of the column with CHC13) 19 was eluted with 4~.f~ MeOH·-CHCI3• The eluate was
concentrated and the residue was crystallized from EtOH to give 479 mg (74?-{;), mp 237-238 "'C. MS mit: 280 (M ""),
265 (M+-Me), UV A~~~I'[nm: 271.7. NMR (CDCI,t): 8.35 (lH, br s, HN3) , 6.22 (lH, S, H-I'), 4.64 (3H, br s, H
2' ,3',4'),3.12 (IH, dd, )4',5'11 =7.1 Hz, JS'u.b= 18.6 Hz, H-5'a), 2.77 (l H, d, H-5'b), 1.83 (3H, S, Me-5). 1.52, 1.32 (3H
each, s, iso-Pr). Anal. Calcd for CIJHlbNzOs: C, 55.71~ H, 5.75; N, 10.00. Found: C, 55.71; H. 6.02: N, 9.93.

6,5'-Cyclo-S'-dcoxy-S-methyluridine (20)--A suspension of 19 (280 mg, 1 mrnol) in trifiuoroacetic acid (20 ml)
was stirred at room temperature during which time a solution was formed. The solvent was removed in vacuo, and the
residue was taken IIp in a small volume ofMeOH and adsorbed on silica gel. This gel was dried and placed on top ofa
column of silica gel, which was eluted with 16~~ MeOH-CHCIJ . The eluate was concentrated and the residue was
crystallized from EtOH to give 20 (223 mg, 93~~), rnp 281-282 °C. MS miz: 240 (M +). UV A.~71~ um (I:): 275.4 (9100).
CD (H 20 ) [O]nm: +].03x 104 (270). NMR (DMSO-d6 ) : 11.22 (lR, br s, HN 3

) , 5.82 (lH. d, J",2,=1.0Hz, H-I'),
5.35, 5.11 (IH each, d, HO-2',3'), 4.43 (l H, d, J2 ',3, = 6.1Hz, H-2'), 3.31 (2H, br s, H-3',4'), 2.88 (IH, dd .
.14 ' ,5 '1\=5.4 Hz, JS'u,b =17.6 Hz, H-S'a), 2.76 (l H, d, H-S'b), 1.67 (3H, S, Me-5). Anal. Caled for ClOH12N20 5 : C, 49.71;
H, 5.03; N, 11.66. Found: C, 49,52; H, 5.11; N, 11.49.

3' -O-Acctyl-2'-decxy-Scphenylthtomethylurtdine (21)--A mixture of 2' -deoxyuridine (11.4 g, 33 mmol) and
paraforrnaldehyde (6 g) in 0.5 N Et]N in HzO (125 m1)was stirred at 60°C. Paraforrnaldehyde (9 g and 6 g) was added
after 1d and 2 d, respectively, and after 3 d the solution was concentrated. The residue was dried by co-distillation
with benzene several times. The final residue was dissolved in pyridine (100 ml), AC20 (40 ml) was added, and the
solution was stirred overnight at room temperature. A small volume of MeOH was added and the solution was
concentrated ill vacuo, The residue was partitioned between CHCl3 and H20. The organic layer was dried over
NaZS04 and the solvent was evaporated off in vacuo. The residue (4.4 g, 11.5 mmol) was dissolved in DMF (10 ml):
PhSH (3.8 ml, 34.5 mmol) and EtJN (4.8 ml, 29 rnmol) were added, and the mixture was stirred overnight at 60,oC.
The whole was partitioned between AcOEt and H20. The organic layer was separated, and dried over Na 2S04 , and
the solvent was removed in vacuo. The residue was dissolved in MeOH saturated with NH3 (lOOml) and kept
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overnight at room temperature. The solvent was removed ill vacuo, and the residue was dissolved in MeOH and
adsorbed on silica gel. This gel was dried and placed on top of a silica gel column (4 x 20em), which was eluted with
20% MeOH-CHCI3 • The eluate was concentrated to leave the 5-phenylthiomethyl derivative (3,15 g, 30%) as a foam.
MS m]z 318 (M+). NMR (DMSO-d6 ) : 11.43 (IH, brs, HN3

) , 7,68 (lH, s, H-6), 7.31 (SH, m, Ph), 6.09 (lH, t,
J1'.2,= 7.3 Hz, H-l /), 5.19 (lH, d, HO-3 /), 4.97 (lH, m, HO-5 /), 4.14(1H, m, H-3 /), 3.80 (2H, 5, ~H2-5), 3.75 (lH, m,
H-4'), 3.50 (2H, d, J4 '5 ' =4.6 Hz, H-5'), 1.96 (lH, m, H-2'a), I.75 (lH, m, H-2'b). The compound (1.20 g, 3.8 mmol)
and dimethoxytrityJ chloride (1.34 g, 4.0 mmol) were dissolved in pyridine (20 ml) and the solution was stirred for
30 min at room temperature. The solvent was removed in vacuoand the residue was partitioned between CHCl., and
H20 . The organic layer was dried over NaZS0 4 and concentrated in vacuo. The residue was chromatographed on
silica gel (4 x 10em) and eluted with 10% MeOH-CHCI3 • The eluate was concentrated and the residue was taken up
in pyridine (30 rnl). Ac20 (0.8 rnl, 7,8 mmol) was added and the solution was stirred overnight at room temperature.
The solvent was evaporated off and the residue was dried by co-distillation with toluene several times. The final
residue was dissolved in CHCl3 (300ml) and cooled. A solution of 2% benzenesulfonie acid in MeOH (125ml) was
added and the mixture was kept for 10min in an ice-water bath, The solution was neutralized by addition of 5~;~

NaHC03 , and CHCI3 (400m1) was added. The separated organic layer was dried over Na2S04 , the solvent was
removed in vacuo, and the residue was chromatographed on silica gel (4 x 10em). The eluate with 1O<j~ MeOH in
CHCl3 was concentrated to leave 21 as a foam. MS miz: 392 (M+), 283 (M+ -PhS). NMR (CDCI3 ) : 9.46 (lH, br s,
HN3), 7.51 (IH, s, H-6), 7.2 (5H, m, Ph), 6.23 (IH, dd, J=6.I, 8.4 Hz, H-l'), 5,22 (lB, m, H-3'), 4.00 (lB, 10, H-4'),
3.81 (4H, m, H-5' and CH2S), 2.25 (IH, m, H-2'a), 2.09 (3H, s, Ae), 2.00 (lH, m, H-2'b).

3'-O-Acctyl-2',5'-dideoxy-5'-iodo-5-phenylthiometbyluridine (22)--Compound 21 (663 mg, 1.7mmol) and
MsCI (0. 16!TIl, 2.0mmol) in pyridine (lOrn!) were stirred for 9h at room temperature, The solvent was removed in
vacuo and the residue was partitioned between CHCl3 and HzO, The organic layer was separated and dried over

Na 2S0 4 , and the solvent was removed to leave the 5'-O-mesylate (671 mg, 85~,~) as a foam. MS mjz: 470 (M'~), 374
(M+ - MsO), 361 (M + -PhS). NMR (CDCI3) : 9.02 (l H, br s, HN3) , 7.20 (5H, m, Ph), 6.78 (1H, s, H-6), 6.24(IH, dd,
J1',2'b= 5.6, J 1' ,2 ' [1 =7.2 Hz, H-I '), 4.44 (l H, 111, H-3'), 3.80 (2H, s, CH 2S), 3.40 (2H, d, J= 3.7 Hz, B-S'), 3.12 (lH, m,
H-4'), 3.04 (3H, S, CH3S03 ) , 2.30 (lH, m, H-2'b), 2.12 (3H. s, Ac), 1.88 (lH, m, H-2'a), A solution of the 5'-O-mesyl
derivative (490 mg, 1.1 mmol) and Nal (202 mg, 1.3mrnol) in 2-butanone (20 ml) was refluxed for 4 h. The solvent was
removed in vacuo and the residue was partitioned between CHCl3 and H20. The organic layer was separated. the
solvent was removed, and the residue was chromatographed on silica gel with 2% MeOH-CHCI3• The eluate was
concentrated to leave 22 (500mg, 89lj~) as a foam. MS mjz: 502 (M+), 393 (M+ -PhS). NMR (CDC13) : 9.30 un,
br s, HN3

) , 7.20 (5H, m, Ph), 6.78 (IH, s, H-6), 6.20 (lH, dd, .ll'.2·\l=6.0 Hz, JJ ',2'0 =9.0Hz, H-l '), 3.90 (lH, 10, H-3 /),

3.76 (5H, m, H-4',5' and CH2S), 3.14 (lH, m, H-4'), 2.36--1.75 (2H, rn, H-2'), 2.09 (3H, 5, Ac).
3-0-AcetyJ-6,S'-eyclo-5'-deoxythymidine (23)--A mixture of Bu::\SnH (0.23ml, 0.85 mmol) and AIBN (50mg)

in toluene (4.5 ml) was added dropwise to a solution of 22 (356.4 mg, 0.7 mmol) in toluene (lOa mI) over a period of
1.5h under rct1ux in an Ar atmosphere. The mixture was further refluxed for 2 h, then the solvent was removed in
Ilacuo. The residue was chromatographed on silica gel with 1~~;I MeOH--CHCI3• The eluate was concentrated and the
residue was crystallized from EtOH to give 23 (l43.5mg, 76~·;~), mp 209-210 "'C. MS mjz: 266 (M "). VV A~~~))jnm:

270.6. NMR (CDCIJ ) : 7.99 (lH, br s, HN3), 6.47 (lB, d, J1',2'u= 5,5Hz, H-1'), 5.08 un, dd, J2 ' h,3 ' =2.9 Hz,
.12' 11 .3 ' =6.6 Hz, H-3'), 4.68 (lH, d, J4 ' ,5':' = 6.6 Hz, H-4'), 3.30 (1H, dd, JII,h== 19.1 Hz, H-5'a), 3.04 (lH, d. H-S'b), 2.60
(l H, ddd, H-2'b), 2.33 (IH, dd, J

".
h = 12.3 Hz, H-2'a), 2.10 (3H, S, Ac), 1.92 (3H, S, CH3-5), Anal. Calcd for

C12H14N205: C. 54.13; H. 5.30; N, 10.52. Found: C, 53.93; H. 5.33; N, 10.24. .
6,S'-Cyclo-5'-deoxythymidinc (24)---A suspension of 23 (133mg, O.5mmol) in MeOH saturated with NH3

(to ml) was stirred overnight at room temperature. The solvent was evaporated off and the residue was crystallized
from EtOH to give 24 (73 mg, 70%), mp 232-233 -c MS mlz: 224 (M +). UV ),,~~~H nm (I:): 274.4. (9700). CD (H 20)
[O]nm: +18400 (270). NMR (CD30D): 6.41 (lH, dd, J1',2'h= 2.2 Hz, J1 ',.2'11 =6.6 Hz. H-l'), 6.27 (lB, d.
J 2' b :\,=6.2 Hz, H-3'), 4.38 (IH, m, H-4'), 2.52 (2H, m, H-5'), 2.12 (2H, m, H-2'), 1.96 (3H, S, CH3-5). Anal. Calcd for
ClQH12N 20 4 : C, 53.57; H, 5.34; N, 12.50. Found: C, 53,77; 1-1,5.17; N, 12.52.
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Structure Cristalline d'un Nouvel Agent Inotrope, la Bis-cyclopropyl
methyl-t,4-piperazine (Bis-chlorhydrate)
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(Recu Ie 24 juillet, 1986)

The crystal and molecular structure of 1,4-bis-(cyclopropylmethyl)piperazine dihydrochloride
has been determined by single-crystal X-ray diffraction analysis. The crystals arc monoclinic, space
group P2tlc, with a = 11.641(7), b = 7.017(2), c= 9.32(4)A, p= 107.99(6)':, Z == 2. The structure was
solved by direct methods. The hydrogen atoms were included in the refinement. The final R value is
0.035 for 1513 reflections considered to be observed. :rhe bond distances and angles are in good
agreement with the expected values. The 1,4-bis-cyclopropylmethylpipera;dniul11 (2-t-) ion has the
"chair" conformation with a symmetry center. The crystal packing is due to the electrostatic
attraction between chloride and nitrogen atoms, reinforced by hydrogen bonds.

Keywords--X-ray analysis; 'crystal structure; chair conformation; 1,4-bis-cyclopropyl
methylpiperazinium (2+ ) ion

1093

Le traitement de l'insuffisance cardiaque congestive continue d'etre domine par les
glucosides digitaliques, ce quijustifie la recherche d'autres agents cardiotoniques. Selectionnee
parmi une cinquantaine de derives ayant fait l'objet de brevets deposes par Robba et
Aurousseau!' au nom de la firrne INNOTHERA, la bis-cyclopropylmethyl-Ld piperazine"
dont l'activite inotrope positive a etc mise en evidence chez l'Homme dans des cardiomyo
pathies non obstructives" est actuellement en phase clinique 1. Elle a ete soumise a une
etude radioacristallographique a I'etat de bischlorhydrate.

Determination de la Structure Crtstalline
Le cristal choisi a pour dimensions: 2HO x 220x 180J!m. Les parametres de la maille elementaire determines t\

partir de 24 reflexions avec le rayonnement MoKa(6,8 <0 < 14,3 t') ont pour valeurs: '1= 11,641(7); b=7,OI7(2); c=
9,32(4) A.; 11= 107,99(6)". v=701,7 A3; 2=2; Dm = 1,28(2); D,,,::::d,26 Mg-rn -3;:JI=0,440mm"'! (MoKa) ; Mr=267,2;

groupe spatial P2I /e; FtOOO)=288.
Les intensites ont ete mesurees sur un diffractometre automatique CAD-4 ENRAF-NONIUS, avec un balayage

to- 20, d'arnplitude s U =0,80 +0.35 tan e. 1~ ()~ 35 ": - 18~ h~ 18; 0~ k ~ 11; 0~ 1~ 14. Les reflexions 400, ()40 et
002' ont ete choisies pour controler les intcnsites, L'ecart-type relatif moyen sur les intensites est de 0,02; 2712
reflexions independantes ont etc mesurees; 1513 d'entre elles repondant au critere I> 3a(f) ont etc retenues pour
l'affinement.

Aucune correction d'absorption n'a etc effectuee.

La structure a ete resolue par les methodes directes a l'aide de MULTAN 80.4 )

L'affinernent base sur F a ete effectue par la methode des moindres carres a I'aide d'un
programme amatrice complete." Les facteurs de diffusion corriges desf' etf" sont issus de
"International Tables of Crystallography?', au COUfS de l'affinement, il a ete tenu compte des
corrections reelles de diffusion anomale pour CI, N et C. Les positions des atomes non-
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Fig. 1. Vue en Perspective du Cation (Bis·cyclopropyI-methyl-I,4)piperazinium
(2+)

Les ellipsoides d'agitation thermique correspondent a 50~~~; de probabilite.

Fig. 2. Vue Stereoscopique du Contenu de la
Maille Elementaire

hydrogene ainsi que les facteurs d'agitation therrnique anisotrope ont ete affines. Les positions
des atomes d 'hydrogene ont ete localisees avec la serie de F ourier des differences Fo- - Fe
puis affinees. Les facteurs d'agitation thennique des atomes d'hydrogene ont ete laisses fixes et
correspondent a ceux de l'atome porteur. Voici les valeurs obtenues a l'issue du dernier
affinement: R= 0,035; R w=O,038 avec Ie schema de ponderation: W= l/a2 (F)~ la valeur
maximale du rapport AIa est egale a0,64.

Les valeurs maximale et minimale de la densite electronique dans la serie de FOURIER
finale des differences valent 0,13 et ~O,09 e·A-3.

Les distances et angles valentiels ont ete calcules a l'aide du programme ORFFE 3,7) les
distances aux plans moyens par Ie programme NRC.8

) Le dessin du cation (bis-cyclo
propylmethyl-Ldjpiperaziniurn (2+) (voir Fig. 1) et la vue stereoscopique de la maille elemen
taire (Fig. 2) ont ete: obtenus a l'aide du 'programme ORTEP.9)

Les coordonnees atomiques relatives sont rassemblees dans Ie Tableau I, les principales
distances interatomiques et les angles valentiels dans le Tableau II. La Fig. 1 represente une
vue en perspective du cation (bis-cyclopropylmethyl-l.a) piperazinium (2+) et precise la
numerotation atomique utilisee. Ce cation presente un centre de symetrie (qui coincide avec
celui du groupe spatial), a la difference du cation N-methyl piperazinium (2+) dans Ie
complexe de la N-methyl piperazine avec Ia phenylbutazone'P'; en effet, ce dernier cation
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TABLEAU I. Coordonnees Atomiques, Facteurs de Temperature Equivalents
et Ecarts-Type (Entre Parentheses)

x y z Bell (A2)

Cl 0,17254 (5) 0,55345 (6) 0,04662 (5) 3,2
N(l) 0,1246 (I) -0,0223 (2) -0,0008 (1) 2,1
C(2) 0,0955 (2) 0,0460 (3) 0,1399 (2) 2,5
C(3) -0,0247 (I) -0,0334 (2) 0,1422 (2) 2.4
C(I I) 0,2439 (2) 0,0516 (3) -0,0112 (2) 2,7
C(ll I) 0,3481 (2) -O,OIOJ (3) 0,1228 (2) 3,2
C(112) 0,3873 (2) 0,/114 (4) 0,2659 (3) 4,5
COI3) 0,4616 (2) 0,1058 (4) 0.1580 (3) 4,3
H(Nl) 0,135 (2) -0,144 (4) 0,006 (3) 2,1
H(C2A) 0,162 (2) 0,002 (4) 0,233 (3) 2,5
H(C2B) 0,093 (2) 0,186 (4) 0,136 (3) 2,5
H(C3A) -0,043 (2) 0,009 (4) 0.232 (3) 2,5
H(C3B) -0,026 (2) -0,179 (4) 0,141 (3) 2,5
H(CIIA) 0,236 (2) 0,190 (4) -0,015 (3) 2,7
H(CIIB) 0,248 (2) -0,002 (4) ·-0,108 (3) 2,7
H(CIII) 0,355 (2) -0,141 (4) 0,132 (3) 3,2
H(CI12A) 0,419 (3) 0,049 (4) 0,369 (4) 4,5
H(CI12B) 0,342 (3) 0,231 (5) 0,269 (3) 4,5
H(CI13A} 0,540 (3) 0,042 (5) 0,190 (3) 4,4
H(CI13B) 0,458 (3) 0,221 (5) 0,090 (4) 4,4

Bcq= ~ 2;.L.f~i,iii;,iij'
- I j

possede un plan de syrnetrie passant par les atornes d'azote et perpendiculaire au plan des
atomes de carbone. Dans le compose cite en titre, Ie noyau piperazinium (2+) presente une
conformation de type chaise. Les distances C-N et C-_·C intracycliques sont tres voisines de
celles decrites dans le bichlorhydrate de piperazine monohydrate l l

) qui presente une symetrie
1. Les distances C--C et C·--N de l'ion piperazinium (2-!-) ont des valeurs respectivement egales ,i
1,527 A d'une part, 1,490 et 1,509 A d'autre part.

Ces va leurs sont nettement superieures ,\ celles decrites dans l'hexahydrate de pipe
razinel" de syrnetrie 2jrn: 1,491 A pour Ia liaison C-··C et 1,458 A pour la liaison C-N.

La double charge cationique est apportee par les protons rattaches aux deux atornes
d'azote du noyau piperazine. Les atomes N(l) et N(1i) sont situes de part et d'autre du plan
moyen defini par les atomes C(2), C(3) et leurs centrosyrnetriques, a une distance egale a
o,681(1)A. Les angles de liaison endocycliques ont une valeur moyenne de 110,3(9)°. La
distance N(1}-C( II) reliant le noyau piperazine au groupement methylene en pont est un peu
plus longue que Ies valeurs couramment admises pour les liaisons du type N(sjr3)- C(sp3). En
revanche, la distance C(ll)--·C(I II) reliant ce pont au cyclopropane est plus courte que la
longueur habituelle C(Sp3)-C(Sp3) et peut etre comparee ~\ celles rencontrees dans Ie chloro-l
phenylsulfonyl-l , dimethyl-Z.S cyclopropane'<': 1,511 et 1~515A. Les distances C-C ,\
l'interieur du cyclopropane sont plus courtes que les valeurs observees pour des simples
liaisons de type paraffinique; elles sont tres voisines de celles observees dans le derive
precedemment cite.':" Les angles endocycliques sont tres proches de 60 (I. Le plan du
cyclopropane (Tableau III) fait un angle de 29,70° avec le plan moyen du cycle piperazine
(defini par e(2), C(3) et leurs homologues centrosymetriques).

L'electroneutralite du compose est assuree par les ions CI- qui sont lies aux protons H +

rattaches aux atomes d'azote par la liaison hydrogene: N(l)-H(NI)" ,Clii : 3,034(l)A et
174(2) 0 avec Ie code de symetrie ii: (x, -1 +y, z).
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TABLEAU II.

1,492 (2)
1,489 (2)
1,512 (2)
1,512(2)
1,489 (3)
1,497 (3)
1,500 (3)
1,490 (3)
0,86 (3)
1,00 (2)
0,98 (3)
0,95 (3)
1,02 (3)
0,98 (3)
0,97 (3)
0,92 (3)
0,99 (3)
1,00 (3)
0,97 (3)
1,01 (3)

a) Distances interatomiques (A) et angles r)
Distances (A)

N(I)-C(2)
N( 1)-C(3 i

)

N(l)-C(ll)
C(2)-C(3)
C(ll)-C(lll)
C(lIl )-C(112)
C( III )-C(113)
C(l12)-C(113)
N(I)-H(NI)
C(2)-H(C2A)
C(2)-H(C2B)
C(3)-H(C3A)
C(3)-H(C3B)
C( I l)-H(CI IA)
C( ll)-H(CII B)
C(III)-H(Clll)
C( I12)-H(C1 12A)
C( I12)-H(C112B)
C(1l3)-H(ClI3A)
C(l13)-H(CII3B)

b) Liaison hydrogene

Angles CO)

C(2)-N( I )-C(3 i
)

C(2)-N(1)-C(1I)
C(3i)-N(1)-C(lI)

N( 1)-C(2)-C(3)
C(2)-C(3)-N(l i)
N( I)-C(ll )-C(lll)
C( II )-C( I II )-C( 112)
C( II )-C( III )-C( 113)
C(112)-C(lll )-C(l13)
C(111)-C(112)-C(1l3)
C(112)-C(113)-C(111 )

108,8 (1)
113,4(1)
110,2 (1)
110,4 (I)
111,8 (1)
112,5 (1)
119,4 (2)
117,3 (2)
.59,6 (2)
60,3 (1)
60, I (2)

N(l)-H-Clii 3,034(I)A, 174 (2)"

c) Liaisons intermoleculaires (d < 3,60 A) et ecarts-type
Cl-C(2 i ii ) 3,57I(l)A

C(113)-C(113iV
) 3,567(5)A

Code de symetrie, i: -x, -y, -z. ii: x, I-y.:. iii: x, I/2-y, -1/2+z. iv: I-x, -y, -z.

TABLEAU III. Equations des Differents Plans Moyens (Ponderes a Partir des Ecarts-Type
sur les Positions Atomiques), Distances des Atomes aces Plans Moyens

et Angle Diedre entre 'Plans

a) Parametres rapportes aun systeme de coordonnees cartesiennes en A
I m n p

Cycle. A -0,3687 0,9291 -0,0283 O.
Cycle B 0,3830 -0,7673 0,5144 2,0178

b) Distances des atomes aux plans moyens (les ecarts-type sont mis entre parentheses)
Cycle A defini par les atomes suivants: e(2), C(2 i

) , C(3), C(3 i
)

Distance de N(1) au cycle A: - 0,681(1) A
Cycle B defini par les atornes C(1II), C(lI2), C(ll3)

c) Angle diedre (A, B)= 150e
'

Plans moyens IX +m Y+nZ=p.

La Fig. 2 represente une vue stereoscopique du contenu de la maille elementaire;
l'empilernent des molecules sous forme d'entites isolees s'effectue selon la direction ii. La
cohesion cristalline est assuree par les contacts de van der Waals habituels. Les parametres
d'agitation thermique anisotrope des atomes non hydrogene sont rassembles dans le Tableau
IV~

En conclusion, l'etude radiocristallographique de la bis-cyclopropylmethylpiperazine a
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TABLEAU IV. Parametres d'Agitation Thermique Anisotrope ( x 103)

Atomes fill fi22 fi33 flu {J13 {J23

Cl 9,52 (4) 9,68 (8) 10,80 (5) 0,81 (5) 3,77(4) 0,56 (6)
N(I) 5.7 (1) 8,9 (2) 6,7 (I) 0,5 (I) 2,6 (1) 0,2 (I)
e(2) 6,2 (1) 13,7 (3) 6,2 (2) -0,2 (2) 2,6 (1) -0,7 (2)
C(3) 6,3 (1) 12,9 (3) 6,1 (2) 0,4 (2) 2,6 (l) 1,2 (2)
C(1l) 5,9 (I) 13,3 (3) 9,6 (2) -0,5 (2) 3,5 (1) -0,6 (2)
C(1II) 6,3 (1) 14,3 (4) 12,6 (2) 0,9 (2) 2,5 (2) -0,8 (2)
C(l12) 8,1 (2) 28,2 (6) 12,1 (3) 0,0 (3) 1,6 (2) -4,1 (3)
C(1l3) 6,5 (2) 22,6 (5) 17,5 (4) -1,2 (2) 2,7 (2) -3,2 (4)

T=exp{ -1I2/J1t +k2f1u +PP33+2hk/112+ 211/#1:!- +2k1fJ2.l }'

permis de preciser la conformation chaise du cycle piperazinique ainsi que la configuration
trans di-equatoriale des deux substituants cyc1aniques. L'heterocycle est caracterise par la
presence d'un centre dinversion et par l'absence d'un plan de symetrie ala difference de la N
methylpiperazine citee precedemment'?' qui presente simultanement ces deux elements de
syrnetrie, Nous pouvons ainsi entreprendre l'etude du mecanisme de l'activite hernodyna
mique de ce nouvel agent inotrope.
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Ethyl (+ H2S,3S )-3-[(S )-3-methyl-l-{3 -methylbutylcarbarnoyl )butylcarbamoyl ]-2- oxirane
carboxylate (EST; la) is expected to be useful as an oral therapeutic agent for muscular dystrophy
on the basis of its potent inhibitory activities against the cysteine proteinases involved in the
myofibrillar protein degradation that occurs in the disease. Through extensive investigations aimed
at developing a new synthetic method for la that would be suitable for industrial application, it has
been found that r-arginine can be used as a new, efficient resolving agent to obtain optically pure L

trans-epoxysuccinic acid (3a), and the active ester method usingp-nitrophenol is very effective in the
coupling reaction. of ethyl L-trans-epoxysuccinate (7a) and t-leucine isoamylamide (8a) because of
the extremely low formation of by-products.

To examine the contribution of the stereochemistry of the tram'-epoxysuccinic acid and leucine
moieties to the inhibitory activity against cysteine proteinases, the diastereomers (lb--d) of la were
synthesized by a similar method and the rate constants of inactivation of papain by la-d were
measured. Compound Ia, having L-trans-epoxysuccinic acid and t.-leucine moieties, showed the
most potent activity among them.

Keywords--synthesis; L-trans-epoxysuccinic acid; t-leucine isoarnylarnide: optical resolu
tion; arginine; active ester method; inhibitor; cysteine proteinase; muscular dystrophy

Ethyl (+ )-(2S,38)-3-[ (S)-3-1uethyl-l-(3-methylbutylcarbalTIoyl)butylcarban10yl]-2
oxiranecarboxylate (EST~ la) is an ester derivative of (+)-(2S,3S)-3-[(S)-3-n1ethyl-l-(3
methylbutylcarbalDoyl)butylcarballloyl]-2-oxiranecarboxylic acid (E-64-c; 2),1) which is a
potent inhibitor of cysteine proteinases.v "

Compound 2 is expected to be a new type of therapeutic agent for muscular dystrophy on
the basis of recent data suggesting that the progressive loss of muscle proteins in this disease
arises because of a marked increase of intracellular cysteine proteinases such as calcium
activated neutral protease and lysosomal cathepsins.t-" However, the low absorbability of 2
from the intestine was one of the problems to be solved for practical use, since an oral drug is
desirable for long-term use in chronic diseases, such as muscular dystrophy. Compound la

EST (la): R =CzHs
E-64-c (2): R =H

Fig. 1
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has been demonstrated to show potent inhibitory activity against cysteine proteinases in
tissues when given orally,'? Further, the long-term administration of 13 to inherited muscular
dystrophic hamsters prevented the development of necrotic changes in the myocardium,
accompanied with a marked decrease in calcium deposition and prolonged life span." These
effects were presumed to be due to the potent inhibitory activity against cysteine proteinases.
Therefore, there has been a growing expectation that this drug may be practically useful as a
therapeutic agent for muscular dystrophy.

On the other hand, the development of a method suitable for industrial production of 1a
is necessary. We report herein efficient synthetic methods for la and its diastereomers (lb-d),
and the effect of the stereochemistry on the inhibitory activity.

As shown in Fig. 1, la consists of L-trans-epoxysuccinic acid (3a; 28, 38), t-leucine and
isoamylamine. Although there are some reports on the preparation of D-lrans-epoxysuccinic
acid (3b; 2R, 3R) by stereoselective synthesis" or fermentation." little work has been done on
the preparation of the L-isomer (3a). Ohashi and Harada'?' reported the optical resolution of
oL-trans-epoxysuccinic acid (4) with ( - )-ephedrine by diastereomeric salt formation. Mori
and Iwasawa,'!' and Seebach and Wasmuthl'" have reported a stereoselective synthesis of the
diethyl ester of 3a from n-tartaric acid and (- )-malic acid, respectively. However, the
resolution seems to be available only on a laboratory scale, and the stereoselective syntheses
were considered to be expensive because of the complex processes involved. Therefore, we
tried to find a new resolving agent (for 4) available for industrial use. Compound 4 was
prepared by epoxidation of fumaric acid according to the method of Payne and Williams.':"

As a result of studies with various optically active amines, five compounds were found to
be useful for the resolution of 4, as shown in Table 1.

o-e-Phenylglycine amide and dehydroabiethylamine gave 3a in low yield. Though ( -)
ephedrine'?' was superior to the above two reagents, it was inferior to arginine in terms of
optical purity and yield. When L-phenylalanine amide was compared with L..arginine, the
former was inferior in optical purity though the former was superior in yield. The optical
purity of 3a obtained by using L-phenylalaninol was at the same level as that obtained by
using t.-arginine, though the yield was much lower. In terms of economy, t-arginine is
preferable to t-phenylalaninol. Consequently, L-arginine was selected for the practical
resolution of 4. The n-isomer (3b) was also obtained in high optical purity by the same
procedure using n-arginine. As shown in Chart I, diethyl L-Irans-epoxysuccinate (Sa) was
synthesized from 3a in good yield.

However, the extraction of 3a from the aqueous solution was so troublesome that the
direct esterification of the diastereomeric salt (6a) was tried by the use of 3.0eq of sulfuric acid
without isolation of 3a. This method turned out to be much more efficient than the two-step
method.

TABLE I. Resolution of IlL-trans-Epoxysuccinic Acid (4) by Using
Various Optically Active Arnines

L-trans-Epoxysuccinic acid (3a)
Resolving agent

t-Phenylalaninol
t-Phenylalanine amide
o-e-Phenylglycine amide
Dehydroabiethylamine
i.-Arginine
(- j-Ephedrine'?'

+ 121.0<:!
+ 109.8~'

+ 110.8"
+ 116.0'"
+ 122.2"
+ 117.8"

40.0
68.0
32.2
26.2
54.7
48.0
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i.-arginine
~

----/C02H
H02C"Q7 . l. -arginine

(L)

6a 5a

diL H2S0\' ~TSOH
/ EtOH

d C02H
H02C 0

( L)

3a
Chart I

)

DCC

HOON02COZH
)0 Et02Clt()7' -----+

(L)

KOH

EtOH

5a 7<1.

dCOZ{}NOZ
Et02C 0

( L)

9a

Ka. deo-i-Leu-IAA
EtOZC·O

( L)

EST (In)

isoamylamine 10% uc; AcOEt
Boc·L·Leu"'OH·HZO ) Boe-r-Leu..IAA )r H-L-Leu-IAA

DCC··HOBt
11a lOa Ha

Chart 2

Compound 1a was prepared from the diethyl ester (Sa) and t-leucinc according to the
scheme shown in Chart 2. The diethyl ester (Sa) was hydrolyzed to the half ester (7a) and then
coupled with t-leucine isoarnylamide (H-L-Leu-IAA) (8a). Among many possible methods,
the active ester method using p-nitrophenol (HONp) was finally selected for this reaction
because of the extremely low formation of by-products. The active ester (9a) was easily
prepared from the half ester (7a) and HONp by using N,N' -dicyclohexylcarbodiimide (DeC)
in good yield. Compound 8a was prepared from N-(tert-butoxycarbonyl)-L-Ieucine isoamyl
amide (Boc-L-Leu-IAA) (lOa)14) by using a conventional method of peptide chemistry.

This synthetic route (shown in Chart 2) was expected to be suitable for industrial
production since no special purification step, such as column chromatography, was necessary
in any reaction step.

The physical properties of la and its isomers (lb-d) prepared by similar procedures are
summarized in Table II. The chemical shifts of the epoxy ring protons, the melting point and
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TABLE II. Physical Data for EST (la) and Its Diastereomers (lb-d)

Configuration Chemical shift
Compound [lX]f~ uJ mp r'C) of epoxy ring

t-ESb) Leu" protons (ppm)

Ia L L +51.T' 126.2 3.48 3.69
Ib L D +93.4" 133.5 3.55 3.69
Ie D L -92.6" 133.4 3.55 3.69
Id D D -50.0" 123.8 3.48 3.69

a) (c= 1.00, EtOH). b) tram··Epoxysuccinic acid moiety. c) Leucine moiety.

TABLE III. Rate Constant for Inactivation of Papain

Configuration
Rate constant'?

Compound (M- 1, min-I)
t-ESu) Leu/l)

la L L 277
Ib L D 58
Ie D L 102
Id D D 25

a) tmlls-Epoxysuccinic acid moiety. /I) Leucine moiety. c) The rate constant!' were measured ac
cording to the method of Barrett et al.17

)

IWI

the specific rotation showed that ld and lb were the antipodes of la and Ic, respectively.
To examine the contribution of the stereochemistry of the trans..epoxysuccinic acid and

leucine moieties to the inhibitory activity against cysteine proteinases, we measured the rate
constants of la and its isomers (lb-d) for the inactivation of papain. As shown in Table III,
the stereochemistry strongly influenced the inhibitory activity. Compound la reacted with
papain faster than the other three isomers. The reactivity of the D-J) isomer (Id), which
showed the lowest rate, was approximately one-tenth of that of la (L-'L isomer). The
configuration of the leucine moiety seems to play an important role in the binding of Ia to
papain rather than that of the epoxysuccinic acid group, based on a comparison of the rate
constants of Ib, Ic and 1a. It was suggested that the L-L isomer (1a) has the best conformation
for approach to the active site of papain, and its epoxy ring may be located closer to the active
thiol group as compared with the epoxy rings of the other three isomers. The in vitro and in
vivo inhibitory activities of la for cysteine proteinases were reported in the previous paper."!

Experimental

Melting points were determined with a Yanagimoto micro melting point apparatus and are uncorrected.
Infrared (lR) spectra were measured with a lASeO DS-70IG spectrophotometer. Proton nuclear magnetic resonance
(lH-NMR) spectra were taken on a Varian XL-200 spectrometer using tetramethylsilane or sodium trimethylsilyl
propionate-a, as an internal standard. Chemical shifts are given on the 6 scale. Optical' rotations were obtained with a
JASCO DIP-140 or JASeO DIP-360 digital polarimeter. Mass spectra (MS) were recorded on a Shimadzu LKB-9000
spectrometer.

Examples of Optical Resolution of DL-trans-Epoxysuccinic Acid (4)--a) Optical Resolution with L
Phenylalanine Amide: A mixture of 4 (0.396 g, 3.0 mmol) in 95% MeOH (1.0 ml) and r-pbenylalanine amlde'"
(0.492 g, 3.0 mmol) in 95~~ MeO H (2.0 ml) was kept at room temperature overnight. The separated crystals were
collected by suction. Yield. O.372g of acidic salt (83.8%). mp 176-177°C. [lX]h7 +64.6 0 (c=:0.90, MeOH). Anal.
Calcd for C13H lc,N20c,: c. 73:75; H, 9.69; N, 3.74. Found: C, 73.95; H, 9.54; N, 3.65.

A solution of the above, salt (0.354 g. 1.54 mmol) in 5 ml of water was applied to a column of Dowex 50 x 8 (H-
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form, 100-200 mesh, 0.5 x 7 em) and the column was washed with water until the effluent become neutral. The
effluent was evaporated to dryness under reduced pressure to give the crude (+)epoxy acid, 0.154 g. Recrystallization
from dioxane and n-hexane gave 3a as colorless prisms of mp 176-177 °C (lit.'?' mp 188°C). Yield, 0.128 g (81.1 %).
[all; + 109.80 (c = 0.82, EtOH). The overall yield of optical resolution was 68.0%.

b) Optical Resolution with t-Phenylalaninol: t-Phenylalaninol"? (7.55 g, 50 mmol) in 20 ml of EtOH was added
to a solution of 4 (6.60 g, 50 mmol) in 20 ml of hot EtOH (80 DC) at 80 DC. The mixture was allowed to cool to room
temperature and then kept at 5°C overnight. The crystals were collected by suction and washed with cold EtOH.
Recrystallization of this salt from MeOH (43ml) gave 4.61·g of neutral salt (42.5%), mp 167-169.5°C. [1X]~8 +39.8 o

(c=0.6, MeOH). Anal. Calcd for C22H30N207: C, 60.81; H, 6.96; N, 6.45. Found: C, 60.79; H, 6.99; N, 6.43.
The above salt (4.61 g, 11mmol) was treated with an ion-exchange column by the same procedure as in a).

Colorless prisms 1.32g of3a (94.3~~). mp 171-172°C. [IX}~O +121 0 (c=1.20, EtOH). The overall yield of optical
resolution was 40.0%.

c) Optical Resolution with t-Arginine: t-Arginine (234.9 g, 1.35 mol) in warm water'(650 ml) was added
gradually to a stirred solution of 4 (178 g, 1.35 mol) in MeOH (2600 ml), and the mixture was allowed to stand
overnight at room temperature. The precipitate formed was filtered by suction and washed with MeOH-water (4: I,
1000 ml) to give crude 6a (201.2 g). Recrystallization of 6afrom MeO He-water (2: I, 3000 ml) gave pure 6a as colorless
prisms. Yield, 170.2g (82.5%). mp 172°C (dec.). [a]&2 +54.7 0 (c= 1.00, H20). Anal. Calcd for ClOHlSN407: C, 39.21;
H, 5.92; N, 18.29. Found: C, 39.17; H, 5.90; N,I8.46. IR (KBr): 3340, 3140,1650,1490,1390,1330,1260, l170cm- l .

1H-NMR (D20) D: 1.54-2.02 (4H, m, -C:H2Cth-), 3.22 (2H, t, J =6 Hz, -NHCB2-)' 3.48 (2H, s. epoxy ring), 3.84
(lH, t, J=6Hz, -cno,

The corresponding n.n-isomer (6b) was obtained as colorless prisms by the same procedure as described above.
Yield. (84.0%). [alii' - 54.0" (c= 1.00, H20 ) .

Compound 6a (73.1 g) was added to a stirred solution of dilute H2S0 4 (95% H2S04-H20 , 1 : 10, 330 ml) under
ice-cooling. The mixture was saturated with sodium chloride, and then extracted with acetone-AcOEt (7: 3,
400 ml x 3). The combined extract was washed with brine (40 ml x 3), dried over MgS04 , and then concentrated in
vacuo. Crude 3a obtained was crystallized from dioxane-a-hexane (95: 5) to give colorless needles. Yield, 20.9 g
(66.3%). mp 178-180 cC. [1X]~6 + 122.2 l1 (c= 1.01. EtOH). IR (KBr): 3080, 1685, 1405, 1295, 1235, 1080cm -I. IH_
NMR (D20) (5: 3.77 (2H, s, epoxy ring). Anal. Cafcd for C.;H40S: C, 36.37; H, 3.06. Found:'C, 36.52; H, 3.27.

By the same procedure as described above, the n-isomer (3b) was obtained as colorless needles. Yield, (67.0/~).

[a]~6 -121.6 o (c = 1.00, EtOH).
Diethyl L-trans-Epoxysuccinate (5a)~-Method A: A stirred suspension of 6a (107.1 g, 0.35 mol) in EtOH

(1050 ml) was treated dropwise with 95% H2S0 4- (l 02.9 g, 1.05 mol) at room temperature, and then the mixture was
stirred under reflux for 4.5 h. The solvent was evaporated off in vacuo and the residue was poured into ice-water
(200 ml), then extracted with AcOEt (300 ml x 3). The extract was washed with saturated aqueous NaHC03

(200 mJx 2) and brine (200 ml x 2) successively, then dried over MgS04 and filtered by suction. After evaporation of
the solvent, the residue was purified by fractional distillation to provide Sa as a colorless oil. Yield, 50.4 g (76.6~~). bp
78-80°CjO.9mmHg (lit. lI) bp 98-99°Cj3mmHg}. [C(]~6 + 110.5° (c=1.12, EtOH). IR (neat): 2980,1740,1370,
1325,1275, 1195, 1025cm- t • IH-NMR (CDCI3) 0: 1.31 (6H, t. I=7Hz, -CH3x2), 3.66 (2H, s, epoxy ring), 4.28
(4H, dq, J=7, 2Hz~ -CH2- x 2).

By the same procedure as described above, the n-isorner (5b) was obtained as acolorless oil. Yield, (72.3~~). [C(l~6

- 109A" (c= 1.00, EtOH).
Method B: P:Toluenesulfonic acid monohydrate (1.73 g, 0.009 mol) was added to a stirred suspension 'of 3a (40 g,

0.3 mol) in EtOH (350 mI), and the mixture was refluxed for 7 h, then the solvent was evaporated off in vacuo. The
resulting residue was dissolved in benzene (500ml) and washed with saturated aqueous NaHC03 (250m}), water
(250 rnl) and brine (250 ml) successively, anddried over MgS04 • The solvent was evaporated off in vacuo and the
residue was purified by fractional distillation to give Sa as a colorless oil. Yield, 44 g (78%). bp 77-79 °CjO.9mmHg.
[a]~S + 109.3 (') (c= 1.00, EtOH).

Ethyl p-Nitrophenyl L~irans-Epoxysuccinate(9a)-A solution of 85% KOH (6.72 g, 0.1 mol) in EtOH (67 ml)
was added dropwise to a stirred solution of Sa (18.8 g, 0.1 moljin EtOH (ISO ml) at 4-6°C. The reaction mixture was
stirred for I h under ice-cooling and then for 4 h at room temperature. After evaporation of the solvent in vacuo below
50 ClC, water (50 ml) was added to the residue and the solution was washed with AcOEt (50 ml x 2). The aqueous layer
was acidified (pH =2) by using 6 N HCl under ice-cooling and extracted with AcOEt (70 ml x 3). The extract was
washed with brine (70 ml x 2), dried over MgS04 and filtered. Evaporation of the filtrate in vacuo gave the crude half
ester (7a) (13.1 g) as a colorless oil.

N,N'.Dicyclohexylcarbodiimide (12.9 g. 0.0625 mol) in AcOEt (26ml) was added dropwise to a stirred solution
of the crude 7a (10.0 g) and p-nitrophenol (8.69g, O.0625mol) in AcOEt (55ml) at 4-5°C, and the mixture was
stirred for 3 h under ice-cooling and for I h at room temperature.

The precipitate of N,N'-dicyclohexylurea formed was filtered off and washed with AcOEt (20 ml). The combined
filtrate and washings were concentrated in vacuoand the residue was crystallized from AcOEt-n-hexane to give pure
9a as pale yellow needles. Yield, 14.1 g (65.8% from Sa). mp 86-87°C. [ct]~O +114.8° (c= 1.00, AcOEt). Anal. Calcd
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for C12Hll N07: C, 51.24; H, 3.95;N, 4.98. Found: C, 51.38; H, 3.95; N, 5.05. IR (KBr): 1755,1735,1515,1340,1305,
1195,1170,1020,860, 855cm- 1• IH-NMR (DMSO-d6 ) s. 1.26 (3H, t, J=:8Hz, -oCH,2CtJ3)' 4.06 (lH, d, J=2Hz,
epoxy ring), 4.08 (lH, d, J=2Hz, epoxy ring), 4.24 (2H, q, J=8 Hz, -oCl::hCH3) , 7.58 (2H,d, J ==8 Hz, aromatic),
8.36 (2H, d, J=8 Hz, aromatic).

By the same procedure as described above, the n-isomer (9b) was obtained as pale yellow needles. Yield, (67.1%
from 5b). [(X]~6 -114.1 0 (c=1.01, AcOEt).

EST (la)-L-Leucine isoamylamide (8a) (7.l2g, 0.035 mol) in AcOEt (13 ml) was added dropwise to a stirred
solution of the active ester (9a) obtained by the above procedure (l0.0 g, 0.035 mol) in AcOEt (l00 ml) at room
temperature, and stirring was continued for 4 h at the same temperature. The precipitate formed was filtered off and
the filtrate was washed with 2% aqueous NaOH (30mlx5), brine (40ml), 5~~ HCI (40ml) and brine (40mlx4)
successively, and dried over MgS04 • The solvent was evaporated off in vacuo and the residue was crystallized from
EtOH to give pure la as colorless fine needles. Yield, 9.08g (74.6%). rnp 126.2"'C. [cx]~O +5J.7° (c=l.OO, EtOH).
Anal. Calcd for C17H30N20S: C, 59.63; H, 8.83; N, 8.18. Found: C, 59.78; H, 8.60; N, 7.95. IR (KBr): 3290,2960,
1755, 1642, 1555,900 ern-1. 1H-NMR (CDCl,,) (5: 0.85-1.04 (12H, m, -CH3x 4), 1.32(3H, t, J = 7 Hz, -oCH2Ct h ),

1.41 (2H, q, J=7Hz, -NHCHzCth-), 1.47-1.76 (4H, 111, -CH~ x 2, ~~;CHCH2-)' 3.1J-3Al (2H, m, -NHCB2-)'

3.48 (tH, d, J=2Hz, epoxy ring), 3.69 (lH, d, J=2Hz, epoxy ring), 4.27 (2H, dq, J::=7, 2 Hz, -oCtllCH3), 4.35
4.50 nn, m, -NHCB::), 6.16-6.30 (lH, m, -CONHCH2-), 6.80 (lH, d, J=8Hz, -conucno.

By the same procedures as described above, Ib, Ic and Id were obtained as colorless fine needles by using the
active ester (9a or 9b) and leucine isoamylamide (Sa or 8b).

Ib: Yield, (69.8%). rnp 133.S°C. [cx]r,° +93.4° (c=1.00, EtOH). IR (KBr): 3300, 3240,2950,1760,1640,1563,
900cm- t

• IH-NMR (CDCI3 ) 0: 0.86-1.08 (l2H, m,-CH.l x 4),1.32 (3H, t, J=7Hz, -OCH:tCth): 1.39 (2H, q, J=

7 Hz, -NHCHzCth-), 1.48-1.76 (4H, m, -CH~ x 2, ~~::CHCth-). 3.13--3.40 (2H, m, ~NHCth-), 3.55 (lH, d,

J=2Hz, epoxy ring), 3.69 (lH, d, J=2Hz, epoxy ring), 4.27 (2H, dq, J=7, 2Hz, --QCI.:hCH3), 4.32-4.48 (lH,
m, -NHClj::), 5.94-6.12 (IH, m, -CONtiCH2- ) , 6.68 (l H, d, J=8 Hz, -CONtlCH~).

Ie: Yield, (70.5%). mp 133.4DC. [cx]~O - 92.6':' (c = 1.00, EtOH).
Id: Yield, (73.6%). mp 123.8"C. [cx]~O - 50.00 (c = 1.00, EtOH). .
Bee-t-Leucine Isoamylamide(IOa)--N,N'~Dicyclohexylcarbodiimide(10.32g, 0.05 mol) in AcOEt (20ml) was

added dropwise to a stirred solution of Bee-t-leucine monohydrate (11a) (12.47g, 0.05mol), isoamylamine (4.36g,
0.05 mol) and l-hydroxybenzotriazole (6.76g, 0.05mol) in AcOEt (35 ml) while keeping the temperature at 3-8°C,
and the mixture was stirred for 1.5h at the same temperature and then for 2.5 h at room temperature. The precipitate
of N,N'-dicyclohexylurea formed was filtered off and washed with AcOEt (40ml). The combined filtrate and
washings were washed with 5% HC) (100ml), brine (100ml), saturated aqueous NaHCOJ (100 ml) and brine (100 rnl)
successively.

The organic layer was dried over MgS04 and filtered. The filtrate was evaporated in vacuo. The residue was
dissolved in »-hexane (50 rot) and insoluble materials were filtered off and washed with small amounts of n-hexane.
The filtrate and washings were concentrated in vacuo to give lOa as a colorless solid, which could be used for the next
step without further purification. Yield, 14.45g (96.1 %). An analytical sample was obtained by recrystallization from
MeOH·-water (2: 1)after purification by silica gel column chromatography (Wako gel C·200, AcOEt-ll-hexane, I : 3).
mp 88--9()"C. [CX]f)4 -24.6° «('::::1.00 EtOH). Anal. Calcd for C\()H32N203: C, 63.95; H, 10.76; N, 9.32. Found: C,
64.28; H, 10.37; N, 9.40. MS mjz: 300 (M+). IR (KBr): 3240,2960,1690,1640,1555,1520,1310,1240, 1165cm- 1

•

I H-NMR (CDC13) <5: 0.92 (I2H, m, -CH3 x 4), 1.30---1.80 (I5H, m, tert~Bu, ~·CthCB':: x 2), 3.27 (2H, m,
-CONHCtl2-)' 4.07 (l H, m, -CONHCtl~},·4.96 (IH, d, ./=8 Hz, -NtlBoc), 6.22 (IH, m, -~ONijCH2-)'

By the same procedure as described above, the n-isomer (lOb) was obtained from Boo-n-leucine monohydrate
(llb) as a colorless solid. Yield, (97.0%). mp 87-89°C. [ce]f,4 +24.0" (c= 1.02, EtOH).

t-Leuclne Isoamylamide (8a)---Compound lOa (18.5g, 0.062 mol) was dissolved in 10% HCi-AcOEt (65 ml)
and the mixture was stirred for 2.5h at room temperature. After evaporation of the solvent, water (50ml) was added
to the residue and the solution was washed with AcOEt (50 ml). The aqueous layer was alkalified (pH> 10) with 25~~

aqueous NaOH and extracted with AcOEt (50ml x l, 25 ml x 2). The extract was washed' with brine, dried over
MgSO;j. and filtered by suction. The filtrate was evaporated in vacuo to give crude Sa as a pale yellow oil (12.3g,
99.6X,), which could be used for the next step without further purification. IR (neat): 3280-2940, 1640, 1530, 1465.
1365cm- 1• IH-NMR (CDCl3) c5: 0.88-1.05 (12H, rn, -CH3 x4), ),22-1.86 (8H, m, -CthCtt: x z, -NHl ) , 3.2~

3.46 (3H, m, -eONHCth-, H2NCtl~). 7.12-7.36 (lH, m, -CONH-).
The corresponding n-isomer (8b) was obtained from iOb by the same procedure as described above, as a pale

yellow oil. Yield, (99.3%).
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From the leaves of Tltujopsis dolabrata 5mB. et Zucco {CupressaceaeI, four new flavanonol
glycosides, the 3-0-fJ-D-xylopyranosidcs (1 -+4) of (+ Haxifolin, (- j-taxifolin, (+ j-epitaxifolin
and (- j-epitaxlfolin, together with (+ I-catechin (5), (- l-epicatcchin (6) and thirteen oligomeric
procyanidins (7-19), were isolated and their chemical structures were characterized by spectro
scopic and chemical investigations.

Keywords-Thujopsis dolabrata; Cupressaceae; tlavanonol glycoside: taxifolin xyloside;
oligomeric procyanidin
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The leaves of Thujopsis dolabrata SIEB. et Zucco (Cupressaceae) are used as a folk
medicine for treatment of diabetes. With regard to the constituents of the title plant, detailed
examinations on essential oils and flavonoids have been reported. We have now investigated
the leaves of this plant, and have isolated four flavanonol xylosides (1----4), together with (+)
catechin (5), (- )-epicatechin (6), and thirteen oligomeric procyanidins (7--19). This paper
deals with the isolation and structure elucidation of these compounds.

The methanolic extract of the title plant was subjected to a combination of Sephadex LI-·I
20, MCI gel CHP 20P and Bondapak CIS chromatographies with various solvent systems to
yield compounds 1-19. Compounds 5·_·--19 were identified as (+ j-catechin, (- j-epicatechin,
procyanidins B-L B-2, B-4, B-5, B-6. B-7, C-I and C-2,2) gambiriin C;H epicatechin-tcji-s S)
epicatechin-(4{1 -+8)-catechin,2(') epicatechin-(4fJ -+6)-epicatechin-(4fJ-+8)-catechin,4) epicate
chin-(4fJ -+8)-epicatechin-(4fJ -+6)-catechin,2c) and catechin-I4a~8)-cpicatcchin-(4/3 -+8)-catc
chin." respectively, by comparison of their physical and spectral data of with those of au
thentic samples.

Compound 1, an amorphous powder, [O:]D - 8.4 ", was positive to the ferric chloride
reagent (dark green) and negative to the anisaldehyde-sulfuric acid reagent. The ultraviolet
(UV) maxima at 291 and 330 (sh) 111n were suggestive of a flavanone analogue. The proton
nuclear magnetic resonance eH-NMR) spectrum of 1 showed aliphatic signals at <) 5.28, 4.70
(each 1H, d. .1= 9 Hz) ascribable to the flavanone H-2 and H-3, respectively, the coupling
pattern indicating them to 'be in a trans relationship. Five aromatic proton signals appeared at
05.96 (2H, br s), 6.85 (2H, br s) and 7.04 (1H, s). In addition, the carbon-I 3 nuclear rnagnetic
resonance (13 C-N MR) spectrum exhibited the signals of a pentosyl moiety at () 64.7, 70.0,
72.1,76.6 and 102.2. The enzymatic hydrolysis of 1 yielded o-xylose, RfO,67 (on thin layer
chromatography (TLC», [CX]D+ 19.2 L)~ and an aglycone (20), colorless needles, mp 21R-
220°C. [O:]D+ 17.3°, the latter of which was found to be identical with an authentic sample of
(+ )-taxifolin with respect to the physical constants and I H-NMR spectrum. The maximum
(291 nm) in the UV spectrum of 1 showed a bathochromic shift (14 nrn) upon addition of
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AICI3 , and subsequent addition of Hel caused a further bathochromic shift (6nm). On the
other hand, addition of NaOAc caused a bathochromic shift of 37 nm. The 13C-NMR
spectrum of 1 showed shifts of the C-2 (- i .7), C-3 (+0.9) and C-4 (-3.2) signals compared
with those of 20. Thus, the location of the xylosyl moiety was established to be at the C-3
position of the taxifolin moiety. The configuration at the anomeric center was determined to
be {3 on the basis of the coupling constant (J = 7 Hz) of the anomeric proton signal.
Compound 1 was therefore characterized as (+)-taxifolin 3-0-{3-o-xylopyranoside.

Compound 2, an amorphous powder, [a]o - 122.20
, was positive to the FeCl3 reagent.

The UV spectrum of 2 showed a curve similar to that of 1. The 13C-NMR spectrum suggested
the presence of' a xylopyranosyl moiety. On enzymatic hydrolysis with crude hesperidinase,
compound 2 furnished n-xylose and an aglycone (21), colorless needles, mp 219-221 °C,
[O!]o -20.6 0. The lH_ and 13C-NMR spectra of 21 were coincident with those of 20, but the
circular dichroism (CD) spectrum showed a reversed Cotton curve, as shown in Fig. 1. Thus,
compound 21 was characterized as (- )-taxifolin. The location of the sugar linkage to the
flavanonol moiety and the mode of the glycosidic linkage were determined in the same way as
described for 1. Compound 2 therefore could be represented as (- )-taxifolin 3-0-f3-D
xylopyranoside.

Compound 3, an amorphous powder, [a]D+2.3 0
, and compound 4, an amorphous

powder, [ctJD - 93.3 0, were positive to the FeCl3 reagent. The UV spectra of these compounds
were also analogous to that of 1. The signals at b 5.46 and 4.46 (each 1H, d, J =3 Hz) in the
1H-NMR spectrum of 3 could be assigned to H-2 and H-3, respectively, the coupling
constants of which indicated the cis-configuration. The 13C-NMR spectra of 3 and 4
suggested the occurrence of a o-xylosyl residue in each molecule. Hydrolysis with crude
hesperidinase gave n-xylose and an aglycone (22), [0:]0+58.8 0, whose 1H-NMR spectrum
showed signals due to H-2 and H-3 at () 5.46 (d, J =3 Hz) and 4.46 (d, J =3 Hz), respectively.

[oJ X 10-3

4

3

2

1

o+---~--~-~--",,"*-""':3lI"""'E-nm
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[oJ x 10-:1

3

2

1
o+---"';;~__-L-_--*__---,-:--_~
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1: 2R,3R 3: 2S,3R
2: 2S,3S 4: 2R,3S Fig. 1. CD Spectra of Compounds 20-23
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The absolute configurations at C-2 and C-3 were deduced by comparing the C.D spectrum of
22 with those of 20 and 21. That is, the CD spectrum of 22 showed positive and negative
Cotton effects at 295 and 341 nm, respectively, the signs and positions being in good
agreement with those of 21, while the signs were opposite in the case of 20. Therefore, the
configuration at C-2 in 22 was determined to be the same (S-series) as that in 21, establishing
the structure of 22 to be (2S, 3R)-3,3',4',5,7-pentahydroxyflavanone (designated as (+)
epitaxifolin). The location of the xylosyl linkage in 3 was determined in the same way as
described for 1.

Compound 4 showed two doublet signals (each J=4 Hz) at <55.56 and 4.69 arising from
H-2 and H-3, respectively, indicating these positions to be in the cis relationship. Hydrolysis
of4 afforded xylose and an aglycone (23), [ex]o-59.5". The IH-NMR spectrum of 23 was
superimposable on that of 22, but the CD spectrum showed opposite signs, confirming that 23
is an enantiomer of 22. Therefore, compound 23 could be represented as (2R, 35)-3,3',4',5 .. 7
pentahydroxyflavanone (named ( - )-epitaxifolin). The xylosyl moiety in 4 was concluded to
be combined with C3-OH of23 on the basis of a 13C-NMR comparison between 4 and 23 and
a similar UV spectral comparison (with addition of AIC13 or NaOAc).

Experimental

Melting points were determined on a Yanagimoto micro-melting point apparatus and are uncorrected. Optical
rotations were taken with a JASCO DIP-4 digital polarimeter. Field desorption (FD-) and fast atom bombardment
mass spectrum (FAB-MS) were obtained with a lEOL JMS DX-300 instrument. IH~ und 1.\C-NMR spectra were
recorded on lEOL PS-IOO and lEOL FX-IOO spectrometers, respectively, using tetramethylsilane as an internal
standard, and chemical shifts are given in the;j scale. Column chromatography was carried out with Sephadex LH~20

(25-100 JIm, Pharrnacia Fine Chemical Co., Ltd.), MCI gel CHP 20P (75-150 JIm, Mitsubishi Chemical Industries,
Ltd.), Bondapak Cl!dPorasil B (37-75 JtU1, Waters Associates, Inc.) and Kieselgel 60 (70·_··230 mesh, Merck). TLC
was conducted on precoated Kieselgel 60 F2s4- plates (0.2 mm, Merck) and spots were located by ultraviolet
illumination and by spraying FeCI., and anisaldehyde-sulfuric acid reagent. TLC for sugar was performed on Avicel
SF cellulose plates (Funakoshi) with the upper layer of n-BuOH--pyridille-watcr (6: 2: 3)+pyridine (l) and spots
were visualized with aniline hydrogen phthalate reagent. CD spectra were taken with a JASCO J~20C spectrometer.

Isolation-c-c-The fresh leaves (3.3 kg) of Thujopsis dolabrata were extracted twice with refluxing MeOH. The
extract was concentrated, and the brown residue was defatted with lZ"hexane. The insoluble residue was then
partitioned between n-BuOH and water. Evaporation of the aqueous layer gave a residue (139 g), which was
chromatographed on Sephadex LH-20 with aqueous MeOH containing increasing amounts of MeOH (water ...... 60~/;1
MeOH 70~~~ MeOH-+80% MeOH~-+MeOH) to give tractions I---VIl. Fraction IV was subjected to Mel gel
(H20 McOH), Sephadex LH-20 (60% aq, MeOH), and Bondapak Cll~ (H20-ioMeOH) chromatographies to afford
1 (89mg), 2 (48mg), 3 (30mg) and 4 (47mg). Fractions V---VII were each subjected to a combination of Sephadex
LH-20, Mel gel and Bondapak C1H chromatographies in the same way as above to give 5 (700mg), 6 (28mg), 7
(94 mg), 8 (40mg), 9 (56 mg), 10 (29 mg), 11 (27 mg), 12 (34 mg), 13 (26 mg), 14 (27mg), 15 (12 O1g), 16 (t12 mg), 17
(49mg), 18 (25mg) and 19 (34mg).

(+ )..Taxifolin 3-0-p-o-Xylopyranoside (l}-An amorphous powder, [a]tl - 8.4 " (c== l.OO, acetone). IH-NMR
(acetone-d(>+D20) i>: 3.16--4.14 (6H, rn, xylosyl-Hg), 4.70 (l H, d, J=9Hz, H-3), 5.28 (l H, d. J=9Hz, H-2), 5.96
(2H, br s, 11-6,8),6.85 (2H, br s, H"5',6'), 7.04 (lH, s, H-2'). UC-NMR (acetone-db+D20) />: 64.6 (C-5"), 70.0 (C"
4"), 72.1 (C-2"), 74.0 (C-3), 76.6 (C-3"), 82.8 (C-2), 96.1 (e-8), 97.0 (C-6), 102.0 (C-IO), 102.2 (C-l "), 115.4, 116.0
(C-2',5'), 120.2 (C-6'), 128.2 (C-l'), 145.8 (C-3'), 146.6 (C-4'), 163.3 (C-9), 164.7 (C-5), 168.3(e-?), 194.9 (C-4). UV
;.~:~Hnm (Jog e):291 (4.43),330 (sh) (3.86), i.~~?·J+AICbnm (log I:): 305 (4.38),380 (sh) (3.43), ;.~~?II'f-AICI.\+HClnm (log
I:): 311 (4.38),380 (sh) (3.50), ;.~~?H+NnOAcnm (log e): 298 (sh) (3.84),328 (4.60).

(+)-Taxifolin (20)-A mixture of compound 1 (40.9mg) and crude hesperidinase in water (5011) was
incubated for 1h at 37 ·)C. Usual work-up gave products which were subjected to Sephadex LH-20 column
chromatography with MeOH to give 20 (19.3 mg) and o-xylose (13 mg). Compound 20, colorless needles, mp 218-
220°C, [lX]to+17.3 LJ (c=0.57, acetone), IH-NMR (acetone-db) (5: 4.51-4.65 (2H, m, H-3 and 05), 5.02 (lH, d,
J= 11Hz, H-2), 5.92--6.00 (2H, m, H-6,8), 6.79-6.97 (2H, m, H-5',6'), 7.06 OH, d, J=2Hz, H-2'), 7.80-10.0 (4H,
m, arom.H), 13C-NMR (acetone-do) ~: 73.1 (C-3), 84.5 (C-2), 96.1 (C-8), 97.1 (C-6), 102.0 (C-IO), 115.8 (C~2', 5'),
120.8(C-6'), 129.8(C-I I), 145.7 (C-3'), 146.6 (C-4'), 164.1 (e-9), 165.0 (C-5), 167.9(C-7), 198.1 (C~4). CD (c=0.0397,
MeOH): [Oh74 0, [01297 -4.28 X 103, [01318 0, [0]332 +9.01 X 102

, [Oh75 O. n-Xylose, [tx];; + 19.2G (c=0.51, H20), was
identical with a standard sample on TLC (RIO.67).
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( - )-Taxifolin 3-O-fl-n--Xylopyranoside (2)--An amorphous powder, [lX]51
- 122.2 o (c = 1.00, acetone). 1H

NMR (acetone-s, +D20) e5: 3.10-3.64 (5H. m, xylosyl-Hg), 4.57-4.87 (2H, m, H-I",3), 5.26 (I H, d, J = 9 Hz, H-2),
5.98 (2H, br s, H-6,8), 6.84(2H, br s, H-5',6'), 7.02 (l H, br s, H-2'). I3C-NMR (acetone-a, + D20) e5: 65.2 (C-5"), 70.i
(C-4"), 73.4 (C-2"), 75.5 (C-3), 76.9 (C-3"), 82.7 (C-2), 96.1 (C-8), 97.1 (C-6), 101.7 (C-1O), 104.3 (C-I "), 115.6, 115.8
(C-2',5'), 120.4 (C-6'), 128.5 (C-1'), 145.7 (C-3'), 146.4 (C-4'), 163.4 (e-9), 164.8 (C-5), 168.4 (C-7). 195.8 (C-4). UV
).~~?Hnm (log s): 291 (4.58),330 (sh) (3.94), ;.~~?H+AIClJnm (log s): 299 (4.51),385 (sh) (3.50), ;'~~~H+AJCI.1+HClnm

(loge): 310 (4.52),385 (sh) (3.39), ;.~~?H+N110Acnm (loge): 290 (sh) (4.17). 329 (4.73).
(- )-Taxifolin (21)---Compound 2 (25.5 mg) was hydrolyzed with crude hesperidinase in the same way as

described for 1 to give (- j-taxifolin (21) (10.1 mg) and p-xylose (9.8mg). Compound 21, colorless needles. mp 219
221 <'C, [a]~ -20.6° (c=0.32, acetone). IH-NMR (acetonc-zi.) 0: 4.51-4.65 (2H, m, H-3 and Oij). 5.02 (IH, d, J=
11 Hz, H-2), 5.92-6.00 (2H, m, H-6,8), 6.79-6.97 (2H, m, H-5',6'), 7.06 (lB, d. J==2Hz, H-2'), 7.80-10.0 (4H, m,
arorn. H). 13C-NMR (acetone-zi.) c5: 72.9 (C-3), 84.4 (C-2), 96.0 (C~8), 97.0 (C-6), 101.3 (C~ 10), 115.8 (C-2',5'), 120.6
(C-6'), 129.3 (C-1 '), 145.7 (C-3'), 146.5 (C~4'), 163.9 (C-9), 164.4 (C-S), 168.0 (C-7), 195.5 (C-4). CD «('=0.092,
MeOH): [Ob74 0, [{}b9"1 +4.02 X 103

, [Ohla 0, [Oh32 - 9.77 X 102
, [Oh75 O. .

(+)-Epitaxifolin 3-0-P-D-Xylopyranoside (3}--An amorphous powder, [a]t4 +2.3 o (c= 0.25, acetone). IH
NMR (acetone + 0 20) b: 3.04--4.22 (5H, m, xylosyl-Hj), 4.30 (l H, J=6Hz, anorneric H), 4.46 (l H, d, J=3 Hz, H
3),5.46 (Hl, d, J= 3 Hz, H-2), 5.94-6.02 (2I-l, m, H-6,8), 6.80 (1H, d, J=8 Hz, H-5'). 6.94 (1H, dd, J=2.8 Hz. H-6'),
7.14(lH,d,J=2Hz,H-2').13C-NMR(acetone~d6+D20)(j:65.9(C-5"),70.2 (C-4"), 73.6 (C-2"), 76.1 (C-3), 77.8
(C-3"), 81.1 (C-2), 96.1 (C-8). 97.0 (C-6), 101.9 (C-lO), 103.9 (C-I "),115.8 (C-2',S'), 120.1 (C-6'), 127.7 (C-I '),145.6
(C-3'), 146.2 (C-4'), 163.4 (C-9), 164.9 (C-5), 168.0 (C-7), 194.2 (C-4). UV ;.~~?Hnm (log e): 291 (4.43),330 (sh) (3.83),
}.~~?H+AICIJnm (log e): 301 (4.38), 385 (sh) (3.42), ;.~~~H+AICl3+HClnm (log' e): 310 (4.40), 385 (sh) (3.51),
).~:?H+NaOAcnm (log g): 288 (sh) (4.02), 330 (4.60).

(+)-Epitaxifolin-Compound 22 (8 mg) together with. n-xylose was obtained by enzymic hydrolysis of 3
(19mg) in the same way as described for 1 and 2. Compound 22, an amorphous powder, [a]~o+58.8'> (c=0.26,
acetone). IH-NMR (acetone-ox) (): 4.46 (1H, d, J=2 Hz, H-3), 5.46 (1H, d, J=2 Hz, H-2), 5.94-6.02 (2H. m, H-6.8),
6.80 (lH, d, J=8 Hz, H-5'), 6.92 un, dd, J=2,8 Hz, H-6'). 7.10 (lH. d, J=2 Hz, H-2'). CD (c=0.0658, MeOH):
[0]268 O. [0]295 + 3.19 X 103

, [()]322 0, [Oh41 - 1.52 x 103
, [Oh7S O.

(- )~Epitaxifolin3-0~P-[)..Xylopyranoside(4)-An amorphous powder. [aJG1 -93.3 n (c=0.89, acetone + H20 ).
IH-NMR (acetone-d6+H20) 8: 3.10-3.80 (5H, m, xylosyl-Hj), 4.62 (IH, d. J:;6Hz, anomeric H), 4.69 (lH, d,
J=4Hz, H-3), 5.56 (IH, d, J=4Hz, B-2), 5.95-6.02 (2H, m, H-6.8), 6.76 (lH, d, J=8Hz, H-5'), 6.90 (lH, dd,
J =2,8 Hz, H-6'), 7.10 (I H, d,.l =2 Hz. H-2'). 13C ·N MR (acetone-db +°20) 15: 65.9 (C-5"), 70.2 (C-4"), 73.6 (C-2"),
76.1 (C-3), 77.8 (C-3'), 81.1 (C-2), 96.1 (C-8), 97.0 (C-6), 101.9 (C-lO), 103.9 (C-1"), 115.8 (C-2',5'), 120.1 (C-6'),
127.7 (C-l'), 145.6 (C-3'), 146.2 (C-4'), 163.4 (e-9), 164.9 (C-5), 168.0 (C-7). 194.2 (C-4). UV ).~~?Hntn (log 1:): 291
(4.40), 330 (sh) (3.79), ;.~~?H+AICh 11m (log s): 298 (4.38), 385 (sh) (3.24), }.~~?II+AICt.I+HCI nm (log I:): 306 (4.40), 385
(sh) (3.35), ;.~~?H+NUOACnll1 (log ,:): 288 (sh) (4.18), 330 (4.78).

(- )-Epitaxifolin (23)--Compound 4 (26mg) gave upon enzymic hydrolysis compound 23 (12 mg) and 1)

xylose. Compound 23, an amorphous powder, [<x]~O - 59.5" (c= 0.13. acetone+H20). 1H-NMR (acetone-db) (): 4.28
(lH, br s, H-3), 5.43 (lH, d, J=2Hz. H-2), 5.95-6.02 (21-1, m, H-6.8), 6.80 (lH, d, J=8Hz. H-5'), 6.92 (lB, ddt
J=2,8Hz, H-6'), 7.10 (lH. J=2Hz, H·2'), CD (c=0.0789, MeOH): [O]zhH 0, [Oh9S -4.18x103

, [Ohn O.

[Oh41 +2.03 X 103
• [Oh7H O.

Acknowledgement We are grateful to Dr. K. Murakami of the Faculty of Pharmaceutical Sciences.
Tokushima University for collection of materials.
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A new phenolic glycoside, icariside AI (IV), and six new terpenic glycosides, icariside B1 (V), B2

(VI), C 1 (VII), C2 (VIII), C3 (IX), and C, (X), have been isolated from Epimeilium grandiflorum
MORR. var. tltunbergianum (MIQ.) NAKAI .. together with three. known glycosides, salidroside (I).
thalictoside (II) and benzyl glucoside (III). The structures ofIV-X were established on the basis of
chemical evidence and spectral data.

Keywords-Epimedium grandijlorum var. thunbergianum; 9.10-dihydrophcllanthrenol gly
coside; ionone derivative; sesquiterpene glycoside; icariside A; icariside B~ icariside C
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The aerial parts of Epimedium grandiflorum MORR. var. thunbergianum (MIQ.) NAKAI

have been used since ancient times as a tonic in China and Japan. The constituents of this
plant were investigated by Takemoto et al. (flavonoids and Iignans)!' and Tomita and Ishii
(alkaloid)."

Our interest has been directed to the reinvestigation of the constituents of the aerial parts,
with the aim of isolating some biologically active substances." In this paper, we wish to
describe the isolation of seven new glycosides, icariside Al (IV), BI (V), B2 (VI), C 1 (VII), C2

(VIII), C3 (IX), and C4 (X), along with three known glycosides, salidroside (I), thalictoside
(II), and benzyl glucoside (Ill). The structures of these compounds were determined on the
basis of chemical evidence and spectroscopic studies.

Salidroside (1) was identified by direct comparison [thin layer chromatography, infrared
(Ik), proton nuclear magnetic resonance eH-NMR), and carbon-13 nuclear magnetic
resonance (13C-NMR) spectra] with an authentic sample."

Thalictoside (II), C l 4H 19NOS' mp 138···..·139"C was identified by comparison of various
data (mp, JR, I H-N MR) with reported values."

Benzyl glucoside (III), C13H 1H0 (> ' l /4H10, [a]\)-59.2°, was obtained as colorless
needles. mp 123--124 "C. The IH-NMR spectrum exhibited AB-type signals due to a benzylic
methylene at () 4.85 (1H, J = 12Hz) and 5.17 (l H, J = 12Hz), a doublet signal due to an
anomeric proton at (~5.01 (l H, J = 7 Hz) and multiplet signals due to aromatic protons at
(j 7.25-7.65 (5H). These data led us to conclude the structure of this compound to be Ill,
previously synthesized by Bonner et al. (lit. mp 121 °C).6) This is the first isolation of III from
this plant.

Icariside Al (IV), C24H3001O' [a]I)-22.9 C
\ , was obtained as colorless needles, mp 220

222 "C. The ultraviolet (UV) spectrum showed absorption maxima at 280 (4.27), 302 (4.17)
and 312 (4.19) nm (log D). The IH-NMR spectrum exhibited a broad singlet signal due to
benzylic methylene protons at (52.68 (4H), four singlet signals due to methoxyl protons at
t5 3.84, 3.87, 3.91 and 4.1 I (each 3H), a doublet signal due to an anomeric proton at t5 5.75
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(l H, J=7 Hz) and three singlet signals due to aromatic protons at c5 6.92, 7.43 and 8.31 (each
IH). From these data, IV was assumed to be a 9, lO-dihydrophenanthrene derivative having
four methoxyl groups and a glucosyl residue." The 13C-NMR spectrum exhibited four me
thoxyl carbon signals at D56.1, 56.5, 60.8 and 61.5, the latter two signals might be due to
ortho-disubstituted methoxyl groups because of the downfield shifts." Acid hydrolysis af
forded glucose as the sugar moiety and enzymatic hydrolysis afforded an aglycone IVa.
Acetylation of IVa afforded a monoacetate IVb and methylation of IVa afforded a methyl
ether IVc. In the IH-NMR spectrum of IVa, two aromatic proton signals (06.66 and 6.76)
were long-range-coupled with a benzylic methylene proton signal at 02.71 (4H, brs) and
another one was deshielded at c5 7.97.7 ) Nuclear Overhauser effects (NOE) were observed at
the proton signals at fJ 6.76 (21%) and 7.97 (24%) on irradiation at the methoxyl signals.
From these data, IVa was assumed to be 7-hydroxy-2,3,4,6-tetramethoxy-9,10-dihydro
phenanthrene, previously isolated from Combretum psidioides." The identities of IVa, IVb
and IVc were established by comparison of the physical and spectral data (mp, UV, 1H
NMR) with reported data. Therefore, the structure of icariside Al was concluded to be IV.

Icariside B1 (V), C19H300S ·1/2H20 , [et]D-73.5 0, was obtained as an amorphous powder.
The UV spectrum showed an absorption maximum at 232 (4.16) nm (log e) and the IR
spectrum showed the presence of hydroxyl groups (3450 cm -1), an allenic structure
(I945cm- l ) anda conjugated ketone group (l670cm-1). The IH-NMR spectrum exhibited
four singlet methyl signals at () 1.09 (3H), 1.51 (6H), 2.21 (3H), the last one being due to a
methyl ketone, a carbinol proton signal at i5 4.95 (1H, m), an anomeric proton signal at () 5.12
(l H, d, J=7Hz) and an olefinic proton signal at i55.92 (lH, s). Acid hydrolysis afforded
glucose as the sugar moiety and enzymatic hydrolysis afforded an aglycone Va. In the 1H
NMR spectrum, a carbinol proton signal was observed at 04.32 (m, W1/2 = 17.5 Hz). From
these data, Va was assumed to be grasshopper ketone, previously isolated from Romalea
micropteral'" The identity of Va was established by comparison of the physical and spectral
data (mp, UV, IR, IH-NMR) with reported data. In the 13C-NMR spectrum of Va, two
carbinol carbon signals were observed at (563.8 (d) and 72.3 (s). The former was shifted
downfield by 8.2 ppm in the 13C-NMR spectrum of V, but the latter was shifted downfield by
only 1.0ppm. Therefore, the glucosidation position was decided to be at C-3. These results led
us to conclude the structure of icariside BI to be V.

Icariside B2 (VI), C19H300S· 1/2H20, [ex] I) - 102.1", was obtained as colorless needles, mp
172.5-174.0 ClC. The UV spectrum showed an absorption maximUlTI at 230 (4.06) nm (log s)

HOO~H2-CH2-0-GIC Ro-O~RcCH2-N02 OCH2-0-GIC

n:R==Glc III
IIa : R=Gle (OAc)4

IV: R=Glc
IVa: R=H
IVb: R=Ac
rve : R=Me

11 I~ H

)5(/,'~'3 5R ~ OH Il
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TABLE I. 1H-NMR Chemical Shifts and Coupling Constants

Proton
No.

VII} VI")

1.97 (3H, s)

4.32 (lH. rn, W1/2 = 17.5Hz) 7.21 (1H, d. J = 15Hz) 4.84 (l H. m, W1/2 =18Hz)
6.51 (Il-l, d, J= 15Hz) 6.92 (l H, d. J= 15Hz)

6.25 urr. d. J=15Hz)
2.29 (3H. s) 2.22 (3H. s)

{
0.96 (3H. s) {O.99 (3H. s)

1 13 ('6H ) 1.19 (3H. s)
. , • s 1.22 (3H. s)

4.95 (IH, d. J=7Hz)

3 4.95 (tH. m)
7
8 5.92 (IH. s) 5.87 (IH. s)

10 2.2\ (3H, s) 2.19 (3H. s)

11 } {1 09 (3H ) { 1.16 (3H. s)
12 l' 51 (6H' s) 1.39 (3H. s)
13 . • s 1.43 (3H. s)

Anomeric 5.12 (l H. d. J =7 Hz)
OAe

Run at 89.55MHz in (.1) pyridine-cis b) CDCl.\ c) CCI4 solution.

and the IR spectrum showed the presence of hydroxyl groups (3500, 3400 em -1) and a
conjugated ketone group (l685cm- t ) . The IH-NMR spectrum exhibited four singlet methyl
signals at () 0.96 (3H), 1.13 (6H), 2.29 (3H), the last one being due to a methyl ketone, an
anomeric proton signal at b4.95 (1 H, d, J;:=: 7 Hz) and a pair of trans olefinic proton signals at
() 6.51 (1 H, d, J = 15 Hz) and 7.21 (1 H, d, J = 15 Hz). In the 13C-NMR spectrum, three oxygen
bearing carbon signals were observed at () 67.1 (s), 69.9 (s), 71.5 (d), and the fanner two signals
were assigned to epoxy carbons. Acid hydrolysis afforded glucose as the sugar moiety and
enzymatic hydrolysis afforded an aglycone VIa, which was aeetylated immediately, to give an
acetate Vlb. The I H-NMR spectrum of Vlb exhibited an acetyl methyl signal at () 1.97 (3H, s)
and a carbinol proton signal at lj 4.84 (l H, m, WI 12= 18 Hz) suggesting that VIb has an
equatorial acetoxyl group. From these data, Vlb was assumed to be 3jJ-acetoxy-5a,6a-epoxy
fJ-ionone, previously synthesized from a constituent of Nicotiana tabacum L.Il) The identity of
Vlb was established by comparison of the physical and spectral data [mp, [/X]o, UV, IR, IH_
NMR, circular dichroism (CD)] with reported data. These results led us to conclude the
structure of icariside B2 to be VI.

Icariside C I (VII), e21H 3s08, [a]D - 22.5 0
, was obtained as an amorphous powder. The

IR spectrum showed the presence of hydroxyl groups (3450 em - ~) and double bonds
(l645cm- 1) . The IH-NMR spectrum exhibited three singlet methyl signals at fJ 1.36, 1.46,
1.49, a vinyl methyl signal at <5 1.66 (brs), an anomeric proton signal at <55.16 (lH, d,
J = 8 Hz), an olefinic proton signal at -05.51 (l H, br t, J = 7 Hz) and three olefinic proton
signals at C5 5.16 (l H, dd, J= 11, 2Hz), 5.52 (lH, dd, J= 18,2 Hz), 6.17 (IH, dd, J= 18, 11 Hz)
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TABLE II. I3C~NMRChemical Shifts

Carbon No. VIII Vab) vr-

AgIycone moiety
1 36.3 36.1 35.1
2 47.ll·) 48.8L

· ) 44.8
3 72.0 63.8 71.SCI
4 48.IL·t 49.0L') 37.8
5 71.3 72.3 67.1
6 119.8 118.8 69.9
7 197.8 198.2 143.0
8 100.6 100.8 133.3
9 209.6 209.6 197.J

10 26.5 26.4 27.7(/)
II 29.3d ) 29.1 d ) 29.0'/)
12 31.1d) 30.9d ) 22.5")
13 32.0(/) 31.8d ) 20.0

Sugar moiety
I 103.1 103.2
2 75.4 75.3
3 78.6L') 78.7l·)

4 71.7 71.8L·)

5 78.3L'1 78.4(')

6 62.8 62.8

Run at 22.5 MHz in tI) pyridine-r/, Il) CDCl.) solution. c-I.') Assignments may be interchanged in each
column.

which were due to a vinyl group. In the 13C-NMR spectrum, twenty-one carbon signals were
observed, including six signals due to a glucopyranosyl moiety. Acid hydrolysis afforded
glucose as the sugar moiety and enzymatic hydrolysis afforded an aglycone Vlla, colorless oil,
[a]o-13.4 Ll

• The lH-NMR spectrum of VIla exhibited a carbinol proton signal at {> 3.76 (l H,
dd, J = 10, 2 Hz), while the t3C-NMR spectrum of VIla exhibited fifteen carbon signals
including three carbinol carbon signals at () 72.4 (s), 72.7 (s), 78.5 (d). From a comparison of
these spectral data with those of nerolidol,':" VIla was assumed to be 3,7,] I-trimethyl-l,6
dodecadien-3., 10, l l-triol. The identity of VIIa was established by chemical synthesis of XIII
from (+ )-nerolidol (XI).13) Compound XIII was obviously a mixture of lOS and lOR from
the synthetic process, but the two isomers were not distinguishable in the 1H- and 13C-NMR
spectra. Thus, in order to decide the stereochemistry at C-l 0, the Cotton effect of the a-glycol
in the presence of a shift reagent Euifod), was examined. The CD spectrum of VIla showed a
positive Cotton effect, [Oh05 +41322, and a negative Cotton effect, [Ob85 - 27716, suggesting
C-IO to be S.14) In the 13C-NMR spectrum of VIla, three carbinol carbon signals were
observed at lJ 72.4 (s), 72.7 (s), 78.5 (d). The last one was shifted downfield at 090.7 (d) in the
13C-NMR spectrum of VII, so the glucosidation position was decided to be C-IO. These
results led us to conclude the structure of icariside C, to be VII.

Icariside C2 (VIII), C21H3S0g'lj2H20, [et]D-19.3 L
' , was obtained as an amorphous

powder. The IRand 1H-NMR spectra were very similar to those of VII. Acid hydrolysis
afforded glucose as the sugar moiety and enzymatic hydrolysis afforded an aglycone VIla. On
comparison of the 13C-NMR spectra of VIII and VIla, the signal ofC-IO ((j76.9) of VIII was
shifted upfield by 1.6 ppm and that of C-II (£5 80.9) was shifted downfield by 8.2 ppm.
Therefore, the structure of icariside C2 was concluded to be VIII, with a glucosyl residue at e
ll.

Icariside C3 (IX), C21H3S0S ·1/2H20, [Cl]D-34.7 0, was obtained as an amorphous



TABLE III. IH-NMR Chemical Shifts and Coupling Constants

z
p
v,)

Proton No.

la
1b
2
6

10

12 }
13
15
14

Anomeric

ViI VIII IX X

5.52 (lR, dd, J= 18, 2Hz) 5.54 (IH, dd, J= 17, 2 Hz) 5.39 (l H, dd, J=18. 1.5Hz) 5.58 (lH. dd, J= 17, 2Hz)
5.16 (lR. dd, J=ll, 2Hz) 5.17 (lH. dd, J= 10, 2Hz) 5.23 (1H. dd, J = 11, 1.5 Hz) 5.18 (l l-l. dd, J= 10, 2Hz)
6.17 (lH, dd, J= 18. 11Hz) 6.17 (l H, dd. J= 17. 10Hz) 6.28 (lH. dd, J= 18, 11 Hz) 6.18 (l H, dd, J= 17, 10Hz)
5.51 (lH, brt, J=7Hz) 0) 01 01

{ 1.36 (3H, 5) f1.49 (6H. s) r-nl (3H, s) { 1.35 (3H, s)
1.46 (3H. s)

h.51 (3H, s)
1.52 (3H, s) 1.43 (3H. s)

1.49 (3H. 5) 1.58 (3H. s) 1.48 (3H, s)
1.66 (3H, br s) 1.67 (3H. br 5) 1.65 (3H, br s) 1.67 (3H, brs)
5.16 (lH. d. J=8Hz) 5.23 (lH, d, J=7Hz) 4.95 (lH, d. J=8Hz) 5.01 nn. d, J=8Hz)

Proton No. VIla XIII Xa

la 5.56 (IH, dd, J= 18, 2Hz) 5.53 (lH, dd, J= 17, 2Hz) 5.56 (lH. dd, J= 17, 2Hz)
Ib 5.17 (IR, dd, J= 11, 2Hz) 5.16 (l H. dd, J=11, 2Hz) oj

2 6.17{lH,dd,J=18, 11Hz) 6.17 (lH, dd, J= 17, 11Hz) 6.17 (1H, dd.J=17. 11Hz)
6 5.45 (IH, br t, J=7Hz) 5.43 un, br t, J=7 Hz) 0)

10 3.76 (IH, dd, J= 10, 2Hz) 3.74 (LH, dd, J= 10, 2Hz) 3.77 (l H, dd, J = 10, 2 Hz)

12} { 1.48 (3H, 5) f 1.48 (6H. s) { 1.49 (3H, s)
13 1.49 (3H. s]

1.1.51 (3H, s)
1.50 13H. s)

15 1.53 (3H, s] . 1.54 (3H, s)

14 1.71 (3H, brs) l.69 {3H, br s) 1.70 (3H. br s)

Run at 89.55MHz in pyridine-a, solution. a) Overlapped with H20.

-
w
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TABLE IV. 13C-NMR Chemical Shifts

Carbon No. VII VIU IX X VIla XIII

Aglycone moiety
I 111.3 111.4 114.8 111.2 111.2 111.9
2 147.1 147.1 144.6 147.2 147.2 147.1
3 72.5") 72.5 80.1 72.4u ) 72.4°) 73.1(1

)

4 43.5 43.4 42.3 43.4 43.4 43.4
5 23.5 23.4 23.0 23.4 23.4 23.7
6 128.5 125.8 125.1 125.8 125.3 125.6
7 135.2 135.3 135.5 135.2 ]35.5 135.7
8 30.7 30.6 30.8 31.2 30.9 31.0
9 36.7 37.6 37.6 36.5 37.7 37.9

10 90.7 76.9 78.9u1 90.3 78.5 78.7
11 73.6u) 80.9 72.7 72.0°1 72.7") 73.4(1

)

12 24.3h1 21.6ul 26.0b) 25.2hl 26.0hl 26.1/1)

13 28.6 28.6 23.6 28.4 28.5 28.7
14 16.4 16.4 16.3 16.1 16.3 16.8
IS 26.gb! 24.2nl 26.1/J) 27.0hl 26.1hl 26.6/tl

Sugar moiety
1 106.8 98.8 99.8 106.1
2 76.2 75.4 75.4 75.5
3 78.gt'1 78.8/') 78.5u1 78.6cl

4 71.8 71.8 72.0 71.8
5 78.3C

) 78.2bl 78.1C1
) 7805")

6 62.9 62.8 63.1 62.7

Run at 22.5 MHz in pyridine-a, solution. a-c') Assignments may be interchanged in each column.

powder. The IR and 1H-NMR spectra were similar to those of Vl l and VIII. Acid hydrolysis
afforded glucose as the sugar moiety and enzymatic hydrolysis afforded an aglycone VIla. In
the 13C-NMR spectrum of IX, the signal of C-3 (880.1) was shifted downfield by 7.7 ppm,
while those of C-2 (0 144.6),C-4 (£5 42.3) and C-13 (823.6) were shifted upfield by 2.6, 1.1 and
4.9 ppm, respectively, compared with those of VIla. Therefore, the structure of icariside C3

was concluded to be IX, with a glucosyl residue at C-3.
Icariside C4- (X), e2l H3808 • 1/2H20, [a]D + 3.4 ", was obtained as an amorphous powder.

The lH_ and 13C-NMR spectra were very similar to those of VII, though C~11 and C-12
showed small differences in the chemical shifts. Therefore, X was assumed to be an epimer of
VII at C-IO. The aglycone Xa obtained by enzymatic hydrolysis of X gave the same IR and
1H..NMR spectra as a synthetic product, XIII. The CD spectrum of Xa in the presence of
Eutfod), showed a negative Cotton effect, [Oh05 - 32768, and a positive one, [Oh84 +20480,
opposite to those in the case of VIla. Thus, the stereochemistry at C..I0 was decided to be R
and the structure of icariside C4 to be X.

This is the first report of the isolation of a dihydrophenanthrene derivative and terpenic
gIycosides from Epimedium species. Studies on the structures of other minor glycosides (polar)
are in progress.

Experimental

Melting points were taken on a Yanaco MP-500 micromelting point apparatus and are uncorrected. Optical
rotations were determined with a JASCD DIP-140 digital polarimeter. IR spectra were run on a JASCO A-202 IR
spectrometer and UV spectra on a Shimadzu UV-360 recording spectrometer. Mass spectra (MS) were measured on a
lEOL JMS-IOO mass spectrometer. CD spectra were recorded on a JASCO J-20A spectropolarimeter. IH_ and lJC_
NMR spectra were recorded on a JEOL FX~90Q NMR spectrometer (89.55 and 22.5 MHz, respectively). Chemical
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shifts are given on the 15 scale with tetramethylsilane as an internal standard (s, singlet; d, doublet; r, triplet; m,
multiplet; br, broad). Gas chromatography (GC) was done on a Hitachi K53 gas chromatograph. High-performance
liquid chromatography (HPLC) was done on a Kyowa Seirnitsu model K880 instrument.

Isolation--Aerial parts of E. grandiflorum MORR. var. thunbergianum (MIQ.) NAKAI (15kg), collected in
summer 1985, in Niigata prefecture, Japan, were extracted twice with hot water. The extract was absorbed on
Amberlite XAD-2 and the resin was eluted with methanol after being washed with water. After repeated
chromatography of the methanol eluate (420 g) on silica gel with a chloroform-methanol system and HPLC (column;
Develosil ODS-lO, 20 x 250 mm) with a water-acetonitrile system, ten glycosides were isolated.

Salidroside (I): Amorphous powder (50 mg). IR v~~~ em -I: 3420, 1670, 1620, 1600, 1525, 1445, 1380, 1260, 1250,
1165, 1130,1075,910. IH-NMR (pyridine-ds)c): 3.02 (2H, t, J=7Hz, H2-/f), 4.94 un, d, J:::::7Hz, H-I'), 7.17 (4H,
brs, H-2, H-3, H-5, H-6). 13C-NMR (pyridine-Z) (5: 36.0 (C-fi), 62.8 (C-6'), 71.1 (C-4'), 71.7 (C-ct), 75.2 (C-2'), 78.5,
78.6 (C-3'fC-5'), 104.7 (C-I'), 116.2 (C-3, c-si 129.5 (C-O, 130.5 (C-2, C-6), 157.3 (C-4).

ThaJictoside (II): Colorless needles from methanol-ethyl acetate (330 mg), mp 138-139 "C. Anal. Calcd for
CI4HI9NOB: C, 51.06; H, 5.82; N, 4.25. Found: C, 50.78; H, 5.65; N, 4.07. IR ,,~~~cm-I: 3520, 1620,1550,1520, 1385,
1240,1105, 1075, 1050, 1015. IH-NMR (pyridine-z.) (): 3.23 (2H, t, J=7 Hz, Hz-!i), 4.84 (2H, t, J=7 Hz, Hz-ex), 5.60
(lH, d. J=7Hi, H-I '),7.22 (2H, d, J=9Hz, H-3, H-5), 7.31 (2H, d, J=9Hz, H-2, H-6). 13C-NMR (pyridine-zq) i5:
32.7 (C-fJ), 62.4 (C-6'), 71.3 (C-4'), 74.9 (C-2'), 76.8 (C-ct), 78.5, 78.8 (C-3'jC-5'), 102.2 (e-I'), 117.3 (C-3, C-5), 130.1
(C-I, C-2, C-6), 157.8 (C-4).

Benzyl Glucoside (III): Colorless needles from methanol-ethyl acetate (390mg). mp 123-124 QC, [ctJri-59.2')
(c=0.67, methanol). Anal. Calcd for C1.,H 1B06 ·1/4H.z0: C, 56.82; H, 6.79. Found: C, 56.66; H, 6.53. IR v~~~cm-I:

3450,1640. 1505, 1460, 1420, 1375, 1160,1110,1085,1055, 1030. IH-NMR (pyridine-tis) D:4.85 (lH, d, J= 12Hz, H
ex), 5.01 (lH, d. J=7 Hz, H-I'), 5.17 (IH, d, J= 12Hz, H-ex'),7.25-7.65 (5H, m, H-2, H-3, H-4. H-5, H-6). J3C-NMR
(pyridine-zq) s. 62.7 (C-6'), 70.8 (C-ex), 71.6 (C-4'), 75.0 (C-2'), 78.3 (C-3', C-5'), 103.8 (C-l'), 127.7 (C-4), 128.1 (C-2,
C-6), 128.5 (C-3, C-5), 138.8 (C-I).

Icariside At (IV): Colorless needles from methanol (1.4 g), mp 220-222 "C, [Cl:]ii - 22.9 (J (c=0.59, methanol).
Anal. Calcd for C24H3001O: C, 60.24; H, 6.32. Found: C, 60.14; H, 6.29. UV A~~?H om (log 1:): 216 (4.53), 233 (sh,
4.36),272 (sh, 4.2]),280 (4.27),302 (4.17),312 (4.19). IR v~~:cm-I: 3520, 3420,1615,1595, 1525, 1460, 1405, 1265,
1220,1115,1080,1050,1045. lH-NMR (pyridine-as) (5: 2.68 (4H, br s, H2-9, H2- IO), 3.84,3.87,3.91,4.11 (each 3H,
s, OMe), 5.75 (l H, d, J = 7 Hz, H-I'), 6.92 (I H, s, H-I), 7.43 (l H, s, H-8), 8.31 (lH, s, H-5). I3C-NMR (pyridine-c.) ~ :
29.6,30.9 (C-9jC-IO), 56.1,56.5 (rnethoxyl at C-2/C-6), 60.8, 61.5 (methoxyl at C-3fC-4), 62.5 (C-6'), 71.4 (C-4'), 75.0
(C-2'), 78.7, 79.0 (C-3'jC-5'), 102.6 (C-I'), 112.4, 112.7, 112.9 (C-lfC-5fC-8), 122.6, 125.8 (C-8afC-IOa). i31.6 (C-4a),
134.7 (C-3), 143. [ (C-4b), 148.4, 148.7 (C-6jC-7), 150.8, 152.1 (C-2/C-4).

lcariside B1 (V): Amorphous powder (525 mg), [ctl?i -73.5" (c= 1.00, methanol). Anal. Calcd for
CI9H300s'lf2HzO: C, 57.71; H, 7.90. Found: C, 57.56; H j 7.76. UV A.~~~Bnm (log s): 232 (4.16). IR v~~~cm-l: 3450,
1945, 1670, 1460, 1370, 1245, 1170, 1160, 1080, 1030, 955. IH_ and 13C-NMR: Tables I and II.

Icariside B2 (VI): Colorless needles from methanol-ethyl acetate (51Omg), rnp 172.5-I74.0"C, [C(]~'j -102.1"
(c=0.97, methanol). Anal. Calcd for Ct9H30011'1/2H20: C, 57.71; H, 7.90. Found: C. 57.92; H, 7.66. UV i.~:?Hnm

(log I:): 230 (4.06). IR v~~~cm-l: 3500, 3400,1685,1390,1365, 1250,1l70, 1125, 1085, 1045,1025, 990, 90~. IH_ and
13C-NMR: Tables I and II.

Icariside CI (VII): Amorphous powder (1.12g), [ex]r)s-22.5" (c= 1.00, methanol). Anal. Calcd for C21H380R: C.
60.27; H, 9.15. Found: C, 60.27; H, 9.14. IR v~:~~cm"'I: 3450, 1645, 1470, 1455, 1415, 1385, 1370, 1170, 1150, 1075,
1030, 965, 925, 900. IH_ and l;lC-NMR: Tables III and IV.

lcariside C.z (VIII): Amorphous powder (420 mg), [ctJf),) - 19.3 [l (c=0.96, methanol). AfUlL Calcd for
C2IH.'HO~· H 20: C, 57.78; H, 9.24. Found: C, 57.81; H, 8.97. IR v~~~cm-l: 3450, 1645, 1470, 1455, 1415,1390,1375.
1160, 1080, 1040, 1020, 925. IH_ and 13C-NMR: Tables III and IV.

Icariside C.~ (IX): Amorphous powder (315 mg), [alr;-34.7" «('=0.88, methanol). Anal. Calcd for
C2IH3H0!l·1/2H20: C, 59.00; H, 9.19. Found: C, 59.26; H, 9.09. IR \'~~~cm-l: 3450, 1640, 1455, 1415,1390,1375,
1160, 1075, 1040, 1030,925. IH_ and 13C-NMR: Tables III and IV.

Icariside C4 (X): Amorphous powder (35"mg),[a]fi+3.4 (1'(c =0.87, methanol). Anal. Calcd for ell H300B. 1j2H 20 :
C, 59.00; H, 9.19. Found: C. 59.16; H, 9.12. IR v~~~em-I: 3350,1645,1390,1370,1315,1270, 1230, 1180, 1160,1140,
1105, 1010,990.920,870. IH_ and 13C-NMR: Tables III and ~V.

Acetylation of Thalictoside (lI)--Thalictoside (II, 10mg) was dissolved in pyridine and acetic anhydride (each
0.3 ml), and the reaction mixture was left at room temperature. The reagents were evaporated off in vacuo and the
residue was recrystallized from methanol to give a tetraacetate (Ila, 8 mg) as colorless crystals, mp 165-166 DC. IR
v~~;cm-l: 1755.1620,1560.. 1525, 1440, 1380, 1230,1100,1070,1050;910. IH-NMR (CDCI) ;;:2.05, 2.06, 2.07, 2.09

(each 3H, s. OAc), 3.28 (2H, t, J=7 Hz, Hz-P), 4.60 (2H, t, J=7 Hz, Hz-IX), 6.98 (2H, d, J=9Hz, H-3, 1-1-5), 7.16 (2H,
d, J=9 Hz, H-2, H-6).

Enzymatic Hydrolysis of Icariside AI (I\')---'-A solution of icariside Al (IV, 13mg) in water (2 ml) was treated
with fi-glucosidase (50 mg) at 37°C for a day. The reaction mixture was diluted with water and extracted with ethyl
acetate 3 times. Ethyl acetate was evaporated off and the residue was recrystallized from methanol to give colorless
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needles (IVa, 6mg), rnp 179-180 DC. [lX]ff 0" (c::::: 1.56, chloroform). UV ;~:?Hnm (log e): 215 (4.61), 233 (sh, 4.59),
273 (sh,4.19), 281 (4.26),301 (4.13),313 (4.13).lR I'~:~cm-l: 3430, 1610, 1580, 1520,1450,1415,1405,1345,1330,
1265, 1210, 1180, 1150, 1065, 1040, 850. MS mlz: 316 (M+, 100), 301 (M+ -CH3, 34), 286 (M+ -2 x CH 3, 6), 270
(16), 151 (17). IH-NMR (CDCI3) (j: 2.71 (4H, br s, H2-9, H2-1O), 3.77, 3.93,3.95,4.00 (each 3H, S, OMe), 5.73 (lH, S,

OH), 6.66 (lH, brs, H-8), 6.76 (lH, br s, H-l), 7.97 (lH, 5, H-5). 13C-NMR (CDCI3) e5: 29.3, 30.3 (C-9/C-1O), 55.8,
56.1 (rnethoxyl at C-2/C-6), 60.1, 61.2 (methoxyl at C-3jC-4), 110.3, 111.0, 111.2 (C-l/C-5/C-8), 120.2 (C-8a), 125.1
(C-lOa), 130.5 (C-4a), 135.0 (C-3), 139.0 (C-4b), 147.2, 147.3, 147.6 (C-4/C-6/C-7), 150.5 (C-2).

Acetylation oflVa--IVa (8 mg) was acetylated in the same way as II. A monoacetate IVb (6 mg) was obtained
as colorless needles, mp 143-144 °C after recrystallization from methanol. UV ;.~~~Hnm (log e): 218 (4.56), 233 (sh,
4.37),273 (sh, 4.19), 280 (4.24), 294 (sh, 4.12),310 (4.17). IR \!~~~~cm-I: 1785, 1615, 1590, 1525,1470,1455,1415,
1405, 1370, 1340, 1290, 1265, 1250, 1220, 1200, 1110, J065, 1040, 950, 910, 890. 1H-NMR (CDCI3) (): 2.36 (3H, 5,

OAc), 2.73 (4H, br s, H2-9, H2- 1O), 3.77 (3H, s, OMe), 3.94 (9H, s, OMe x 3), 6.75,6.77 (each IH, brs, H-l/H-8), 8.03
(lH, 5, H-5). 13C-NMR (CDCI3) <5: 20.8 (OAe), 29.1, 30.0 (C-9/C-IO), 55.9, 56.2 (methoxyl at C-2/C-6), 60.4, 61.0
(methoxyl at C-3/C-4), 110.9 rc-n, 111.8 (C-5). 117.5 re-s), 124.6. 126.4 (C-8a/C-lOa). 131.3 (C-4a), 134.2 (C-3),
142.1 (C-8b), 144.3 (C-7), 147.3, 148.1 (C-6/C-4), 151.4 (C-2). 169.3 (C =0).

Methylation of IVa--A mixture of IVa (5 rng), dimethyl sulfate (0.2 ml) and anhydrous potassium carbonate
(100 mg) in dry acetone (2 ml) was refluxed for 3 h with stirring. After removal of the precipitate by filtration, the
filtrate was concentrated to a syrup, which was chromatographed on a thin layer plate (Kiesel gel GF254 ; benzene
acetone (95 : 5» to yield a methyl ether (IVe, 3 mg) as colorless needles (methanol), mp 108-109°C. UV ;.~~~H nm
(log e): 216 (4.58), 233 (sh, 4.20),273 (sh, 4.0~), 281 (4.1 l), 301 (4.01),312 (4.00). IR v~~~cm-l: 1610, 1520, 1495,
1465,1415,1400,1265,1245,1220,1190,1130, 1085,1055,1005. lH-NMR (CDCI3) 0: 2.74 (4H, br s, H2-9, H 2- 1O),
3.79, 3.90,3.94 (each 3H, s, OMe), 3.95 (6H, S, OMe x 2),6.62,6.72 (each IH, br s, H-l/H-8), 8.02 (lH, s, H-5). 13C_
NMR (CDCI.) (): 29.4,30.6 (C-9/C-1O), 55.9, 56.0 «(IC) and (2C), methoxyl at C-2/C-6/C-7), 60.5, 61.1 (methoxyl at
C-3/C-4), 107.7 (C-8), 111.0, 111.1 (C-l/C-5), 120.9 (C-8a), 125.2 (C-lOa), 130.4 (C-4a), 134.2 (C-3), 141.6 (C-4b),
147.3, 147.4 (C-4/C-6), 151.5, 151.7 (C-2jC-7).

Enzymatic Hydrolysis of Icariside 8 1 (V)--A solution of icariside BI (V, 27 mg) in water (2 ml) was treated with
cellulase (30 mg) at 37°C for 5 h. After being diluted with water the reaction mixture was passed through an
Amberlite XAO-2 column, which was washed with water. The methanol eluate was purified by HPLC (Develosil
ODS-I0, 20 x 250 mm; H20-CH3CN (77: 23» to give an aglycone (Va, 11.5 mg) as colorless needles (acetone
benzene), mp 134-136°C, [lX]f?-63.0° (c=1.15, methanol). UV ;.~~~~Hnm (log e): 232 (4.15). IR v~~~cm-l: 3350,
1945, 1680, 1595, 1465, 1370, 1240, 1190, 1165, 1150, 1070, 1045, 990, 955, 860, 820. IH- and 13C-NMR: Tables I and
II.

Enzymatic Hydrolysis of leariside B2 (VI)~-A solution of icariside B2 (VI, 9 mg) in water (0.5 ml) was treated
with /1-glucosidase (l 0 mg) at 37°C for 13 h. The reaction mixture was worked up in the same way as described for IV
to give an aglycone (VIa, 5 mg) as an amorphous powder. This was acetylated in the usual way with pyridine and
acetic anhydride (each 3 drops) to give Vlb (4 rng) as colorless needles (ether-hexane), mp ]29-130 "C, [lX]r)5 - 104.7"
(c=0.25, chloroform). CD (c=0.039, methanol) [0] (nm): -37326 (232). UV ).~~?Hnm (log s): 230 (4.09). IR
v~~~cm-I: 1740, 1685, 1390, 1375, 1270,1255,1170,1050,1045,1000,915. MS mjz: 266(M+, trace), 191 tl), 175 (4),
163 (5), 149 (8), 135 (10), 124 (24), 123 (l00). 1 H-NMR: Table I.

Enzymatic Hydrolysis of Icarisides C1 (VII), C1 (VIII) and C3 (IX)-A solution of icariside C 1 (VI, 34 mg) in
water (1 ml) was treated with cellulase (30 mg) at 37 DC overnight. The reaction mixture was worked up in the same
manner as described for VI. The methanol eluate was purified by HPLC (Develosil OOS-IO, 20 x 250 mm; H20

CH 3CN (63: 37» to give an aglycone (VIla, ] 1 mg) as a colorless oil. [lX]~'1-13.4 L) (c= 1.08, methanol). IR
v~IJil-'cm-l: 3450, 1610, 1460, 1380, 1165, 1080, 1000,930. CD (c=0.010, carbon tetrachloride with equimolar
Eu(fod)3): +41322 (305), -27716 (285). From VIII (14 mg), VIla (5 mg) was obtained in the same manner.
[aU)s -12.2 0 (c=0.49, methanol). CD (£.'=0.010, carbon tetrachloride with equimolar Eu(fodh): +35840 (305),
-23040 (284). From IX (14 mg), VIla (2.8 mg) was obtained in the same manner. [lX]fi -13.4° (c=.0.19, methanol).
CO (c= 0.0 10, carbon tetrachloride with equimolar Eu(fodh): + 31530 (305), - 222z0 (284). IH-NMR: Table III.

Enzymatic Hydrolysis of Icariside C4 (X)--A solution of icariside C4 (X, 13mg) was treated in the same
manner as described for VII to give an aglycone (Xa, 7 mg) as a colorless oil. [a]r; +44.5 o (c= 0.64, methanol). IR
v~~;hem-I: 3450, 1610, 1460, 1380, 1160, 1080. CD (c=O.OlO, carbon tetrachloride with equimolar Eu(fodh):
-32768 (305), +20480 (284). IH-NMR: Table III.

Acid Hydrolysis of Glycosides IV, V, VI, VII, VIII, IX and X--A solution of a glycoside (ca. 0.1 mg) in 10%
sulfuric acid (2 drops) was heated in a boiling water bath for 30 min. The solution was passed through an Amberlite
IRA-45 column and concentrated to give a residue, which was reduced with sodium borohydride (ca. 1 mg) for 1 h at
room temperature. The reaction mixture was passed through an Amberlite IR-120 column and the eluate was
concentrated to dryness. Boric acid was removed by co-distillation with methanol and the residue was acetylated with
acetic anhydride and pyridine (1 drop each) at room temperature overnight. The reagents were evaporated off in
vacuo. From each glycoside, glueitol acetate was detected by GC. Conditions: column, 1.5% OV-17, 3mmx l m;
column temperature, 200 DC; carrier gas, N2; tR4.8 min.
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Synthesis of 3,7, ll-Trimethyl-l,6-dodecadien-3, 10, ll-triol (XIII)---m-Chloroperbenzoic acid (2.5 g) was add
ed to a stirred solution of (+ )-nerolidol (XI, 2.8 g) in dichloromethane (25ml) and saturated aqueous sodium
hydrogen carbonate (25 ml). The mixture was stirred for 17 h at room temperature, then the dichloromethane layer
was washed with saturated aqueous sodium chloride' and dried over sodium sulfate. Removal of the solvent afforded
a crude product. which was chrornatographed on silica gel using benzene-acetone (9: 1) as the eluent to give 10, I 1
epoxyneroJidol (XII. 2.6 g) as a colorless oil. A solution of XII (850 mg) in 0.1 N sulfuric acid (33ml) and
tetrahydrofuran (33 ml) was stirred for 5.5 h at room temperature. The reaction mixture was diluted with water and
passed through an Amberlite XAD-2 column. After washing of the column with water, the methanol eluate was
purified by HPLC (Develosil ODS-IO, 20 x 250mm; H20-CH3CN (70: 30» to give 3,7, l l-trimethyl-Lti-dodeca
dien-J, 10, l l-triol (XIII, '150mg) as a colorless oil. Anal. Calcd for ClsH2S03: C, 70.27; H, ] 1.01. Found: C,
70.24; H, 11.03. IR v~~~cm-l: 3450, 1610, 1460, 1380, 1165, 1080, 1000, 930. lH- and 13C-NMR: Tables III and
IV.
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The mechanism of. the color reaction and the structures of the colored products of cortisone
(la) and deoxycorticosterone (2a) with pyrrole were elucidated. In the presence of cupric acetate, 1a
and 2a were converted to the oxidation products (lb and 2b) which have a glyoxal side chain at
C(l?). For studying the chemical structures of the colored products derived from corticoids,
phenylglyoxal (3a) was used as a model compound with a glyoxal side chain. By reacting 3a with
pyrrole in hydrochloric acid, di(2-pyrrolyl)benzoylmethane (3b) was produced as an intermediate in
the formation of the colored product. Compound 3b was changed to [5-(2-pyrrolyl)-2(2H)
pyrrolylidene](2-pyrrolyl)benzoylmethane (3d) by reaction with pyrrole in the presence of cupric
acetate and hydrochloric acid. Compound 3d in dichloromethane gave the absorption maximum at
480nm. Corticoids Ib and 2b were converted to the colored products, 21-[5-(2-pyrrolyl)-2(2H)
pyrrolylidene)-21-(2-pyrrolyl)-4-pregnene-3, 11,20-triolle (Ie) and 21-[5-(2-pyrrolyl )-2(2H j-pyrroly
lidene]-21-(2-pyrrolyl)-4-pregnene-3,20-dione (2e), by reaction with pyrrole under the above con
ditions. Corticoids .Ie and 2e in dichloromethane gave absorption maxima at 510 and 480nm,
respectively. Corticoid Ie showed fluorescence at 562 nm with excitation at 516 nm.

Keywords--corticoid; cortisone; deoxycorticosterone; phenylglyoxal; color reaction; pyr
role; fluorescent reaction; 13C-NMR

Corticoids are hormones secreted by the adrenal cortex, and are administered for
treatment of various diseases such as Cushing's syndrome, adrenal insufficiency, Addison's
disease, etc.

In our previous papers," we reported a new colorimetric and fluorometric method for the
determination of corticoids in pharmaceutical preparations and serum. The color reaction
includes two steps. In the first step, the ketol side chain at C(17) of the corticoid was oxidized
to a glyoxal side chain in the presence of cupric acetate. In the second step, reaction of the
glyoxal group with pyrrole proceeded in the presence of cupric acetate and hydrochloric acid.
The colored mix.ture was measured colorimetrically at about 580nrn in the case of
mineralocorticoids and at about 600nm in the case of glucocorticoids. The products obtained
from glucocorticoids also showed fluorescence at about 620nm with excitation at about
600nm. This paper describes the structural elucidation of the colored products produced from
corticoids.

In order to confirm the production of a glyoxal side chain at C(l7), a solution of la was
bubbled with air in the presence of cupric acetate and then the oxidation product (lb) was
condensed with o-phenylenediamine in the manner reported by Lewbart and Mattox." The
product (Ic) (Table I) has absorption maxima at 238, 310, and 320nm corresponding to those
of quinoxaline.

The carbon-I 3 nuclear magnetic resonance (13C-NMR) signal of Ic are summarized in
Table II.

All the carbon signals of Ic were assigned on the basis of the data for cortisone acetate (4)
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Chart 1

and quinoxaline (5).3) Deoxycorticosterone (2a) was also oxidized by cupric acetate. The
product was an oily substance, whereas Ib was a colorless powder. The reaction of the
oxidation product with o-phenylenediamine was carried out to confirm the formation of the
glyoxal side chain at C(1?). The product (2c) shows absorption maxima at 238, 310, and
320 nm (Table I). The 13C...NMR data are shown in Table II. We concluded that the oxidation
product formed from 2a had a .glyoxal side chain, as shown in Chart 1.

In order to clarify the structure of the colored product, we employed phenylglyoxal (3a)
as a model compound with a glyoxal side chain, because acetaldehyde and benzaldehyde did
not show coloration on reacting with pyrrole in the presence of cupric acetate and
hydrochloric acid.':" It has been reported" that the aldehyde group reacted with pyrrole at the
a-position in hydrochloric acid, yielding a 2,2'-dipyrrole compound. Reaction of 3a under
the same conditions gave a colorless reaction mixture. This mixture reacted further with
pyrrole in the presence of cupric acetate, giving a coloration. We presumed that the colorless
product would be formed first from 3a and pyrrole in hydrochloric acid without cupric
acetate. The mass spectrum (MS) of the colorless product (3b) gave the molecular ion peak at
mlz 250 (Table III). Its infrared (IR) spectrum showed new absorptions due to a pyrrole ring
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TABLE L Physical Data for Compounds Tested

Compd.
mp IRa) Absorption max. b)

st')
(OC) (cm " ') (nm)

Ib·CH3 OH 121-134 3436 (OH) 238 26000
(dec.) 1702 (C=O)

1652 (C::=O)
Ie 240-243 3444 (OH) 238 53300

(dec.) 1706 (C=O) 310 7800
1670 (C=O) 320 9000

2e 260-262 1674 (C=O) 238 53300
(dec.) 1616 310 7400

320 8500
Id 254-248 3400 (OH) 228 33600

(dec.) 1710 (C=O)
1646 (C=O)

3b 64-67 3392 (NH) 240 15600
1676 (C=O) 280 2700
1596, 1580
1558

3e·lJ5H2O 143-146 2812 (N-eH3) 238 22000
1694 (C=O) 282 2600
1596, 1580

3d·lj3H2O 181-189 3424 (NH) 238 14400
1666 (C=O) 280 6400
1602 (polyene) 480 18500
1582, 1554

le'lj2C6H6 3400 (OH, NH) 284 16100
1706 (C=O) 510 40900
1668 (C=O)
1622 (polyene)
1568, 1534

2c 3432 (NH) 238 3400
1660 (C=O) 280 10400
1602 (polyene) 480 29900

a) IR spectra were measured by the KBr disc method. b} Absorption maxima were measured in
CH2C!2' e) Molar extinction coefficient.

H UH)J H ~ JB;J-Q:CJ
N N C N N N C N N

0 HooH 0 H00 H
') ~I

CHO HC} Cu (OAc)z, HC} ~I yH3

(J 3b N 3d

CHi aHD
Ol/(O 0

~ J::B;LJ(CJ
3a I ~C'J.

N C~ N NN N C N .:> It;

0 CHoCH3 ~. 0/ Ho I

CH3

Hel
f/

I
~

3c 3e

Chart 2
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TABLE II. 13C-NMR Data for Cortisone Acetate (4). Ic, 2c,
and Quinoxaline (5) in CDC13

Carbon 43 ) Ie 2c 531 Id

Steroid
1 34.8 35.1 35.8 34.5
2 33.7 34.4 32.9 33.9
3 199.6 199.4 199.1 199.5
4 124.5 124.2 123.9 124.8
5 170.4 168.6 170.8 168.7
6 32.2 32.1 32.J 32.3

7 32.3 33.4 32.9 32.4
8 36.5 36.8 36.0 36.6
9 62.5 62.4 56.2 62.6

10 38.2 37.9 38.7 38.3
11 208.7 209.6 20.9 209.2
12 49.8 49.5 38.1 45.5
13 51.2 52.8 53.9 52.1
14 49.8 49.5 45.6 50.1
15 23.2 23.4 24.5 23.4
16 35.0 35.1 35.8 34.8
17 88.8 83.8 56.5 89.6
18 15.4 16.2 13.3 16.1
19 17.2 17.0 17.4 17.3
20 204.3 207.6
21 67.3 45.6

-OCOCH 3 168.4
-OCOCH., 2004
Quinoxaline

2 155.5 156.6 144.8
3 143.4 146.3 144.8
5 130.1 129.6 129.6
6 128.7 128.8 129.4
7 128.8 129.1 129.4
8 129.7 129.3 129.6
9 140.2 141.4 142.8

10 14I.l 142.2 142.8
Pyrrole

A-2 127.4
A-3 107.0
A-4 110.5
A-5 123.7
B-2 126.4
B-3 106.9
B-4 108.8
B-5 123.5

N--CH;\ 33.8

at 1580 and 1558ClTI -1 , respectively. The chemical shifts of 3b are summarized in Table IV.
Cushley et al." assigned the carbon signals of pyrrole derivatives as shown in Table IV.

The signals of carbonyl and tertiary carbons of 3b were at 198.1 and 45.1 pprn and the
chemical shift of the quartenary carbon at the o-position of pyrrole was 127.9 ppm. From the
above results 3b was concluded to have the structure shown in Chart 2.

Compound 3a was also reacted with 1-methylpyrrole in hydrochloric acid. As shown in
Table III, the MS of 3c gave the molecular ion peak at mjz 278 and C I I H 13N2 ion peak at mjz
173. All the carbon signals of 3c are assigned in Table IV. The structure of 3c was elucidated
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TABLE III. Physical Data for Compounds Tested

Analysis (%)

Compd, Formula
MS Found (Calcd)

(m/z)
C H N

Ib·CH3OH C21H260S' CH30H 358 67.73 7.62
(M+ -CH3OH) (67.67 7.74)

Ie C27H30N203 430 75.47 7.02 6.42
(M+) (75.32 7.02 6.51)

2e C27H32N20 400 80.07 7.96 6.89
(M+) (80.96 8.05 6.99)

Id C:HH3~N204- 173 73.93 7.35 5.43
(M + - C2oH2804) (74.08 7.62 5.20)

3b C 1(lH 14N2O 250 76.65 5.68 10.96
(M+) (76.78 5.64 11.19)

3c·1/5H;zO Cl11H1SN20'1/5H20 278 76.55 6.46 9.85
(M + - 1/5 H2O) (76.68 6.58 9.94)

173
(M+ -C7HsO)

3d·l/3H2O C2oHISN30· 1/3H;20 313 75.12 4.78 12.91
(M + -1/3 H2O) (75.22 4.94 13.16)

le·l/2C6H6 C33H3sN3°4-·1/2C/:lH6 75.05 6..41 7.57
(74.98 6.64 7.28)

2e C33H37N302 77.97 7.45 7.90
(78.07 7.35 8.28)

TABLE IV. 13C-NMR Data for 3b, 3c, 3d, the Pyrrole (6),
the I-Methylpyrrole (7), and the Bipyrrole (8) in CDCI3

Carbon 3b 3c 3d 65 ) 75 ) 85)

Benzyl
1 133.4 132.9 133.1
2 128.8 128.7 128.7
3 128.7 128.6 128.3
4 136.6 136.7 137.7
5 128.7 . 128.7 128.3
6 128.8 128.6 128.7

C=O 198.1 195.8 194.6
C-H. c= 45.1 45.8 130.3

Pyrrole
A-2 127.5 127.9 126.8U) 120.9 124.3 129.4
A-3 107.5 107.0 111.3/Jl 110.7 111.2 106.0
A-4 108.4 110.0 119.2 110.7 111.2 111.5
A-5 118.5 123.1 123.7') 120.9 124.3 120.2
B-2 127.5 127.9 147.7 129.4
B-3 107.5 107.0 135.411 ) 106.9
8-4 108.4 110.0 134.0 11 ) 111.5
B-5 118.4 123.1 162.1 120.2
C-2 127.8a)

C-3 1l1.6b)

C-4 114.7
C-5 124.6')

N-CHJ 34.1 34.1

a-d) The assignments may be reversed, but those given are preferred.
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as shown in Chart 2.
When 3b was allowed to stand in the presence of cupric acetate and hydrochloric acid

without pyrrole, the mixture did not give the coloration. However, when 3b was brought into
contact with pyrrole under the same conditions as described above, the reaction mixture was
colored. The alkaline and acidic solutions had absorption maxima at 480 and 580nm,
respectively. Compound 3c was also reacted with pyrrole in the presence of cupric acetate
and hydrochloric acid, but the reaction mixture was colorless. It appears that 3b is an
intermediate in the color reaction and that the addition of pyrrole is essential for this color
reaction. As shown in Tables I and Ill, the MS of the colored product (3d) obtained from Sb
gave the molecular ion peak at m]: 313, and 3d in dichloromethane had the absorption
maximum at 480 nm. Its IR spectrum in the range of 1600-1 700em -1 showed a new and
strong absorption at 1602em -1 due to polyene. The results suggested that the colored product
might have a benzoyl group, three pyrrole groups and conjugated double bonds. The chemical
shifts of 3d are shown in Table IV. In a comparison of its signals with those of 3b, the signal at
45.8 ppm due to a tertiary carbon was absent in the spectrum of 3d, suggesting that a new
double bond existed between the tertiary carbon and the ex-position of pyrrole on 3b,
Compound 3d might have three tautomeric forms as indicated in Chart 3.

~AD-O~ ~c N N

O
' : OH H

'\
~

form II
rn A?=C) OMt'
"NAcf" N .- N~~ As)J(eY

H 0'=() H N C N NH H H

(, I prodigiosin

form III

~ Fl§U
N e~"~ "Nt'
H (;=0 H

~ ~
V -, -:
form I

Chart 3

To further examine the structure of 3d, reaction of 3b with l-methylpyrrole instead of
pyrrole was undertaken. The product (3e in Chart 2) gave a new absorption maximum a.t
476nm and its MS had the molecular ion peak at mjz 327. On comparing the absorption
maximum of 3d with that of 3e, both wavelengths were in agreement. Therefore, 3d should not
take the form III tautomeric in Chart 3 because 3e containing l-methylpyrrole could not have
a tautomeric structure such as form III. We next took account of the chemical shifts of
prodigiosin (9), a red bacterial pigment, having a methoxybipyrrolemethene skeleton, as
shown in Chart 3~ and of Zn(II) porphin (10). In the 13C-NMR spectrum of 10, Abraham et
at. assigned the three signals at 149.3, 131.7, and 104.3ppm to the C(- and fj~carbon of'pyrrole
and meso carbon.i" Cusheley et at. reported the assignment of carbon signals of 9 as
demonstrated in Table V.5)

If 3d takes the form II structure, all carbon signals of the pyrrole rings should. appear
below 149ppm, based on the signals of 10. However, a signal at 162.1 ppm was present in the
case ofJd. The tautomeric structure of 3d should therefore be form L The signals at 147.7 and
162.1 ppm were assigned to the B-2 and B-5 carbons on the pyrrole B ring. The two signals at
135.4 and 134.0ppm were assigned to the tertiary carbons by reference to the fJ-carbon signals
of 10. The other signals due to carbons on the pyrrole A and C rings were assigned on the
basis of the data for 8, 9, and 10, as shown in Table IV. Compound 3d is concluded to have
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TABLE V. 13C-NMR Data for le, 2e, 3d, and Prodigiosin (9) in CDCl3

Carbon Ie ~c 3d 95)

Steroid
16 34.8 35.5
17 61.1 56.2
18 16.6 12.8
19 17.3 17.3

C=O (20) 204.0 205.2
meso (C=) 160.6111 128.6 130.3 118.7

Pyrrole
A-2 128.4 127.8 126.8 130.1
A-3 117.8 117.9 119.2 123.8
A-4 112.5 111.1 111.3 126.9
A-S 123.7 124.7 123.7 139.6
B-2 165.9t11 147.3 147.7 140.7
B-3 126.31t1 136.3 135.4 171.9
B-4 125.2ht 135.1 134.0 98.2
B-S 167.8(1

) 161.9 162.1 162.4
C-2 124.7 128.3 127.8 131.4
C-3 113.6 114.6 114.7 115.3
C-4 112.1 111.1 111.6 112.6
C-S 118.5 126.5 124.6 125.4

Alkyl
OCH3 61.0

I' 28.3
2' 32.9
3' 34.5
4' 25.2
5' 16.7

A-5-CH 3 12.7

(I, b) The assignments may be reversed, but those given are preferred.
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the form I structure and the reaction of 3a with pyrrole proceeds as shown in Chart 2.
To examine the intermediate of the colored product obtained from Ib (like 3b in Chart 2),

Ib was reacted with pyrrole in hydrochloric acid. However, it was difficult to separate and
purify the colorless product. Thus, we synthesized Id as a colorless powder from I band 1
methylpyrrole in hydrochloric acid, as shown in Chart 1. Its MS gave the fragment ion peak at
mjz 173 which corresponded to that of 3c (C I I Hi3N2 ion). The chemical shifts are shown in
Table III.

A comparison of the spectrum of Id with that of 4 revealed nine new signals due to two 1~

methylpyrroles and one signal due to tertiary carbon at C(21), like that of 3c. On the basis of
the 13C-NMR data of 3c and 4, all the carbon signals of Id were assigned. The result suggested
that an intermediate such as 3b is involved in the coloration of corticoids with pyrrole.

After oxidation of 2a, the oxidation product (2b) was reacted with pyrrole in the saIne
way as 3d. The colored product (2e) gave absorption maxima at 280 and 480 nm in acidic and
alkaline solutions, respectively, like 3d. As shown in Table III, the IR spectrum of2e showed a
new and strong absorption at 1602cm- 1 (polyene). The new carbon signals were in reasonable
agreement with those of 3d. For the assignment of all the carbon signals as shown in Table V,
2e should have a structure resembling the form I tautomer in Chart 3.

Corticoid Ib was treated with pyrrole in the same way as 3d. The reaction mixture in an
acidic medium gave the absorption maximum at 600 nm and showed fluorescence at 620 nm
with excitation at 598 nm. In alkaline solution, its absorption maximum changed to 510nm
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and its fluorescence to 562 nm with excitation at 516 om. The change of the absorption
maxima of the reaction mixture in acidic and alkaline media corresponded to that from 3d and
2e. The chromophore of le may thus be similar to that of 3d and 2e. The absorption maxima
of the reaction mixtures obtained from glucocorticoids differed from those obtained from
mineralocorticoids.1a,b) The differences of the absorption maxima were about 20 nrn. The
structural difference between glucocorticoids and mineralocorticoids is the presence or
absence of the hydroxy group of the steroidal skeleton at C(7). Thus, there may be some the
interaction between the chromophore and the hydroxy group, such as a hydrogen bond. The
IR spectrum of Ie showed strong polyene absorption at 1622 em -1 (Table II) which differed
to that of 2e or 3d (l602cm- 1). The uC-NMR signals of Ie are shown in Table V. On the
basis of the data for 2e and 10, the signals of the A-2, A-3, A-4, and A-5 carbons on pyrrole A
ring were assigned at 128.4,112.5,117.8, and 123.7 ppm, respectively, and those ofC-2, C-3,
C-4, and C-5 on the pyrrole C ring at 124.7,113.6, 112.1, and 118.5 ppm, respectively. The five
residual signals (167.8,165.9, 160.6, 126.3~ and 125.2ppln) due to B-2, B-3, B-4, B-5, and
C(21) of Ie obviously differed from those of 2e. 111 a comparison of the signals. of the steroidal
skeleton with those of Id, a difference of the C(17) signals (61.1 and 89.6 ppm) was observed.
In the case of 2e, the C(l7) signal appeared at 56.2 ppm. The results suggested that the
deshielding effect of the hydroxy group on C( 17) of Ie was reduced because of hydrogen bond
formation between the chromophore and the hydroxy group. Loewenstein and Margalit
reported a change of the methyl carbon signal caused by hydrogen bond formation between
methyl isocyanate and methanol.?' A comparison of the methyl carbon signal of methyl
isocyanate with that of acetonitrile showed that the chemical shift of the methyl carbon of the
former compound moved to higher field as the amount of methanol was varied from 0.4mol
per mol of methyl isocyanate to none (methyl isocyanate alone). The difference was 25ppm.
Thus, the signals of B-2 and B-5 should be shifted to low field because of the hydrogen bond
formation. From a stereochemical model of Ie, which has a hydrogen bond, the seven-
membered ring. which was newly formed due to the hydrogen bond between the hydroxy
group at C(] 7) and the lone pair of the nitrogen atom on the pyrrole B ring. takes a planar
structure with respect to the pyrrole B ring. The result suggested that the signals due to B-3
and B-4 of Ie should be shifted to high .field (such as 125.2 and 126.3 ppm) in comparison with
the signals at 135.1 and 136.3 ppm of 2e because of the strong n electron shielding effect owing
to the formation of the planar structure. If the structure of'phenolphthalein (a pH indicator) is
compared with that of fluorescein (having fluorescence), the structural difference is the
absence and presence of an ether linkage between two benzene rings. As fluorescein, having
the ether linkage, has a planar structure involving two benzene rings, this might account for
the fluorescence:') By analogy, this supports the planar structure of Ie involving the seven
membered ring and pyrrole B ring. On the basis of the existence of the hydrogen bond and
planar structure, the signals of B-2, B-3, B"4~ B-5, and C(21) were assigned at 165.9, 125.2,
126.3, 167.8; and 160.6 ppm as shown in Table V.

From the present study, we concluded that the color reaction of corticoids such as la and
2a proceeds by the mechanisms shown in Charts 1 and 2. Corticoids 11\ and 2a were oxidized
in the presence ofcupric acetate to form a glyoxal side chain (1b and 2b). Corticoids Ib and 2b
were reacted with pyrrole in the presence of cupric acetate and hydrochloric acid. In the first
step, 1band 2b were condensed with two pyrroles in hydrochloric acid and consequently
dipyrrole compounds such as 3b were formed. Secondly, the dipyrrole compounds were
further reacted with a pyrrole in the presence of cupric acetate and hydrochloric acid. The
colored products, such as Ie and 2e, had absorption maxima at 480 and 510 nm, respectively.
Corticoid te was fluorescent because of the formation of a hydrogen bond between the
chromophore and the hydroxy group at C( 17).8)
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All melting points were taken on a micro hot-stage apparatus and are uncorrected. 13C-NMR spectra were
recorded on a JEOL FX NMR spectrometer at 200 MHz using tetramethylsilane as an internal standard. MS were
obtained on a JEOL JMS-DX33 mass spectrometer equipped with a JEOL JMA-DA5000 computer, employing a
direct injection method. The apparatus used for the high-performance liquid chromatography (HPLC) was a Hitachi
655 liquid chromatograph equipped with a variable-wavelength UV monitor monitoring the absorbance at 254 nm
and with a Shimadzu C-RIB Chromatopac. HPLC was carried out on a LiChrosorb Si 60 (5 t-tm, 25 x OAcm i.d.; E.
Merck AG, Darmstadt) column under the ambient conditions at a flow rate of 1ml/min. For column chromatog
raphy and thin-layer chromatography (TLC), Silica gel 60 (0.062-0.2 mm; E. Merck AG, Darmstadt) and pre
coated TLC plates with Silica gel F254 (E. Merck AG, Darmstadt) were used, respectively. Absorption spectra were
measured with a Hitachi 557 dual-wavelength, double-beam spectrophotometer. The apparatus for IR spectrometry
was a Hitachi 270-30 IR spectrophotometer.

17,21-Dihydroxy-21-methoxypregn-4-ene-3,1l,20-trione (lb)--Corticoid la (400 mg) was dissolved in 0.5 mM
methanolic cupric acetate solution (lOO ml). Air was bubbled into the solution for 50 min. After addition of H20, the
reaction product was extracted twice with CH 2CI2 (80 ml), After being washed with H20, the extract was dried over
anhydrous Na.zS0 4 • After evaporation, the oily residue was crystallized from MeOH-H20. The product was
recrystallized with MeOH-H20 to give Ib (285 mg) as a colorless powder.

17p..(2*Quinoxalinyl)-17-hydroxy-3,ll-diox0-4-androstene (lc}--Corticoid lb (200 mg) was dissolved into
MeOH (5 ml) and NaHSOJ (0.08 g) in H20 (30 ml) was added to the solution.. After heating of the mixture for 5 min,
o-phenylenediamine (0.08 g) in H20 (50 ml) was added and the whole was heated for 30 min. The precipitate was
collected by filtration and then recrystallized from MeOH-H20 to give 1c (0.131 g) as colorless needles.

2-(3-0xopregn-4-ene-17p-yl}quinoxaline (2c)--Corticoid 2a (0.66 g) was dissolved in 1 roM methanolic cupric
acetate solution (100 ml) and treated by procedures similar to those described for lb. NaHS03 (0.13 g) in H20 (30 ml)
was added to the oily residue and the synthetic procedures for Ic were followed. Recrystallization of the crude
product with MeOH gave 2c (0.366 g) as colorless prisms.

21-Bis(1, l-dimethyl-2-pyrrolyl)-17-hydroxy-3, 11,20-trioxopregn-4-ene(ld)---Corticoid Ib (140 mg) was dissolv
ed in MeOH (40ml), then 2.5% methanolic I-methylpyrrole solution (20 ml) and HCI-MeOH (7: 13, 80 ml) were
added to the solution. The mixture was reacted for 30 min at 40°C. The reaction mixture was processed in the same
manner as described for 1b. The residue was subjected to TLC using CH 2Clz-MeOH (96: 4) as a developing solvent.
Elution of the adsorbent corresponding to the spot (RfO.37) with CH2CI2-MeOH and recrystallization of the crude
product from tetrahydrofuran-hexane gave Id (60 mg) as a colorless powder.

Di(2-pyrrolyl)benzoylmethane (3b)-Compound 3a (100 mg) was treated by the same procedure as used for Id
but with pyrrole instead of l-methylpyrrole. The oily residue was subjected to column chromatography on silica gel
(3 x 2cm i.d.) using CH 2Clz-hexane (8: 2). The fraction containing the desired substance was collected and
evaporated. Recrystallization of the oily residue from benzene-hexane (2: 8) gave 3b (22 mg) as yellow needles.

Bis(1-methyl~2-pyrrolyl)benzoylmethane (3c}--Compound 3a (250 mg) was treated as described for the
preparation of 3b, but with 1-methy lpyrrole and CH 2Cl2-hexane (6: 4) instead of pyrrole and CH 2CI:chexane (8 : 2).
Recrystallization from CH2Cl2-hexane (l : 5) gave 3c (160 mg) as yellow needles.

[5-(2-Pyrrolyl)~2(2H)~pyrrolylideneJ(2-pyrrolyl)benzoylmethane (3d}-Compound 3a (134 mg) was dissolved
in MeOH (100 ml). Then 2.5% methanolic pyrrole solution (17 ml) and HCI-MeOH (3: 7, 94 ml) containing 94 mg of
cupric acetate were added and the mixture was reacted for 30 min. After addition of H20. the reaction product was
isolated by the procedure described for 3b. Recrystallization from benzene-hexane (1: 9) gave 3d (II mg) as a brown
powder.

21-[5-(2-Pyrrolyl)*2(2H)"pyrrolylidene]-21-(2-pyrroJyl)-4-pregnene-3,11,20Ntrione (1e)-Corticoid I b (60 mg)
was dissolved in MeOH (90 ml). Then 2.5~~ methanolic pyrrole solution (20 ml) and HCI-MeOH (3: 7, 70 ml)
containing 35 mg of cupric acetate were added. After 40 min at 40 <"C, the reaction mixture was treated by the
procedure described for 3d. The residue was subjected to HPLC on LiChrosorb Si 60 (5,urn) using CH2Cl2--MeOH

(98.5: 1.5) as the mobile phase. The desired fraction (tR 7.1 min) was collected. and evaporated. Recrystallization of
the product from benzene-hexane gave Ie (3.3 mg) as a red powder.

21-[5-(2-Pyrrolyl)-2(2H)-pyrrolylidene]-21-(2-pyrrolyl)-4-pregnene-3,2O-dione (2e)--Corticoid 2a (330 mg) was
treated as described for lb. The oily residue was dissolved in MeOH (lOOml). This solution (30ml) was treated with
2.5% methanolic pyrrole solution (18 ml) and HCI-MeOH (3: 7. 60 ml) containing 60 mg of cupric acetate. After
standing for 50 min, the reaction mixture was processed as described above using CH 2CI2-MeOH (99.4: 0.6) instead
of CH 2CI2• The desired fraction (tR 7.9 min) was collected and evaporated. Recrystallization of the product from
benzene-hexane gave 2e (19 mg) as an orange powder.
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Antitumor agents including mitomycin C (MMC) and methotrexate (MTX) were coupled to
monoclonal antibodies against murine bladder tumor cell line MBT-2 for the purpose of enhancing
their drug activity. MMC was conjugated with antibody through two carriers, periodate-oxidized
dextran and dithiopyridylated serum albumin, and MTX was conjugated with antibody either
directly or through dithiopyridylated serum albumin or poly-t-lysine via an amide bond. These
conjugates were assayed for growth inhibitory effect on MBT-2 bladder tumor cells, MeA clone 15
embryo cells and P388 leukemic cells. The cytotoxicity tests demonstrated that drug-antibody
immune conjugates were 10to 100 times more cytotoxic against antibody-reactive MBT-2 cells than
nonimmune drug conjugates and showed a similar level of cytotoxicity against antibody
nonreactive cells to that of the nonimmune conjugates. This selective cytotoxicity was also
confirmed by competitive inhibition of unconjugated antibody, showing a dependency on antibody
binding to the target cell surface antigens. The targeting effect was further assessed by evaluating the
suppression of tumor growth subsequent to in vitro treatment of MBT-2 cells with immune
conjugates. Half of the mice receiving cells treated with immune conjugates survived more than 40 d
after inoculation. while none or one of 7 mice receiving cells treated with unconjugated drug,
antibody alone or nonimmune conjugates survived at 40 d after inoculation.

Kcywords--mitomycin C~ methotrexate; drug-monoclonal antibody conjugate; selective
cytotoxicity; murine bladder tumor cell; cell surface antigen

The idea of targeting cytotoxic agents was proposed by Ehrlich at the beginning of the
century, l

) but such a goal has become feasible only with the recent advent of monoclonal
antibody production." Monoclonal antibodies, because of their purity and specificity, and the
ability to obtain them in large quantities, represent very attractive carriers for tumor
therapeutic agents." Many cytotoxic agents coupled with monoclonal antibodies have been
proposed and investigated for cancer chemotherapy with various degrees of success."

Among them, imrnunotoxins prepared by coupling biological toxins to antibodies have
received much attention because of their enormous cytotoxic potential." Such an approach
would, however, appear to require absolute tumor specificity of monoclonal antibodies in
order not to damage normal tissues, and it is probably unrealistic to expect to obtain such
truly tumor-specific antibodies. An alternative is to couple conventional chemotherapeutic
drugs which have acceptable side effects. Such antibody-targeted drugs would be expected to
provide either improved therapeutic effects or reduced side effects. Several researchers
reported successful conjugates prepared by direct coupling of drugs to antibodies." but this
type of conjugate has the drawback that there are only a small number of functional groups
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available per antibody molecule which can be used for chemical coupling without significant
loss of antibody binding activity. Then a carrier molecule was used to which the drug was
attached and which in turn was linked to the antibody in order to obtain a higher molar ratio
of drug to antibody. Dextran.?" 7) serum albumint''" and synthetic polypeptides such as poly
t-glutamic acid'" were used for this purpose.

We have developed two monoclonal antibodies to the cell surface antigens of chemically
induced transitional cell carcinomas of mouse urinary bladder. to) The t111nOr cell line was
initiated from primary FANFT (N~[4-(5~nitro-2-furyl)-2-thiazolyl]fornlan1ide)-inducedmu
rine bladder tumors arising in C3H/He mice and established as a stable cell line MBT-2, which
is useful as an in vitro model for bladder cancer. In the present study we have conjugated these
monoclonal antibodies with mitomycin C (MMC) and methotrexate (MTX), which are widely
used in cancer chemotherapy, but the utility of which is limited by several side effects
including severe bone marrow depression and gastrointestinal damage. Dextran, human
serum albumin (HSA) and poly-t-lysine (PLL) were chosen as carrier molecules because of
their good biological stability in aqueous solutions, and M.MC or MTX molecules were
coupled to monoclonal antibodies through the carriers. This paper describes the selective
cytotoxicity of these drug-antibody conjugates against murine bladder tumor cells.

Experimental

Target Cells--Three established murine cell lines (MBT-2,1I) MeA clone 1512 ) and P388) were used in the
present study. MBT-2 and embryonal MeA clone 15 cell lines were grown as monolayers in Eagle's minimum
essential medium supplemented with 1O~'~~1 newborn calf serum (NCS) and passaged routinely after detachment
with 0.1 ~%'l trypsin in calcium- and magnesium-free phosphate-buffered saline.

P388 leukemia cells were maintained by weekly transplantation of tumor cells into the peritoneal cavity of female
DBA/2 mice. P388 cells were grown in RPMI 1640 medium supplemented with I Ol:.;~ NCS in vitro.

Cell Extracts for Binding Assay---Various tissues from C3H/He mice were washed with 0.02 M phosphate
buffered saline (PBS~ pH 7.3) and chopped up with scissors. After addition of lysing buffer containing 1mM NuHCO;\
and 1mM phenylmcthylsulfonylfluoride.':" the material was homogenized OQ icc, followed by centrifugation for
3min at 500 x 9 at 5 "C. The superna taut fraction was further centrifuged for ~min at 2000n x 9 and the pellet was
sonicated in 0.02 M Tris-HCI buffer (pH 8'(») containing 0.1 MNaCI, 1111M ethylenediaminetetrn acetic acid (EDTA)
and 0.5,%,. Nonidct P-40 in a cell disrupter. The lysate was spun for 20min at IOOOOOxg and the supernatant, which
contained solubilized membrane proteins, was stored at - 80 ':'C. l 4

)

Binding Assays-c--c-Enzymc-linked immunosorbcnt assays (ELISA) were carried out for the measurement of
antibody activity. Protein from cell extracts in PBS wallplated (50Jlg per well) on a Hat-bottomed microplate with 96
wells (N unc Co., Denmark) and left at 5"C overnight. The plate was washed twicewith PBS and allowed to stand at
51)C overnight with 100 Jtl of PBS containing 1~\; bovine serum albumin (BSA) to reduce nonspecific binding. Then
50 pi of spent hybridoma medium or control medium was added. The plate was incubated at room temperature I'm
2 h, after which the medium was aspirated off, and the plate was washed. Subsequently, 100Jll of horseradish
peroxidase (Hk.Pj-labeled rabbit anti-mouse immunoglobulin G (IgG; Miles-Ycda Ltd., Israel) in 1(~.t;. BSA--I1BS was
added at the dilution of 1: 10000. The plate was incubated for another 2 h at room temperature and washed three
times. Then 0.1 M citrate buffer (pH 5.5) containing O.04M o-phenylenediamine and 6mM H202 as substrates was
added to the attached cell material and the plate was incubated at room temperature for 20 min. After addition of 4 N

H2S04 to stop the reaction, optical density was measured at 492 nm by using a Titertek Multiskan (Flow
Laboratories Inc., Virg., U.S.A.).

Cultured cells in 100JlI of growth medium (25000 cells/well) were plated in a flat-bottomed sterile tissue culture
microplate with 96 wells (Nunc Co.) and incubated overnight to allow the cells In become adherent. After washing
with Hank's balanced salt solution (HBSS), the plate was used for the binding assays described above.

Mixed Hemadsorption (MHA) Assay-----MHA assays for the detection of antibodies against cell surface
antigens were performed by a slight modification of the method of Tachibana et al.15

) To prepare indicator cells,
sheep red blood cells (SRBC) in PBS were incubated with an equal volume of I : 100diluted mouse anti-SRBC serum
for I h at room temperature. The mixture was washed three times with PBS, resuspended in PBS at the original SRBC
concentration, and treated with an equal volume of I :40 diluted rabbit anti-mouse IgG for 2 h at room temperature.
The doubly-sensitized SRBC were washed three times with PBS and resuspended in O.2f:.~ BSA-HBSS at the
concentration of 0.25~~~.

Aliquots of 100Jll of target cell suspension were inoculated into wells of a microplate to give 10000cells/well and
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the plate was incubated overnight. After removal of non-adherent cells by washing with 0.2% BSA-HBSS, serially
diluted antibody solutions (50 Ill/well) were added and incubated for 2 h at room temperature. After washing of the
plate with 0.2~~ BSA-HBSS, 50 JlI of indicator SRBC suspension (0.25!j~) was added to each well and incubation was
continued for another 2 h at room temperature. Non-adherent SRBC were removed by gentle aspiration, followed by
observation under a phase-contrast microscope.

Monoclonal Antibodies--An antibody, designated 1-3C6-9, was obtained from a hybridoma produced by
fusing spleen cells from a C3H/He mouse immunized against MBT-2 cell extracts with P3-X63-Ag8-Ul mouse
myeloma.'?' and another antibody, designated 7-4B6-2, was obtained by the same method from spleen cells of a
hybrid mouse (C3H/He, female x Balb/c, male) immunized against cultured MBT-2 cells.

Binding of MMC to Monoclonal Antibody--MMC (Kyowa Hakko Co., Tokyo, Japan) was conjugated with
monoclonal antibody through two different carriers, dextran and HSA.

Dextran Conjugate: Dextran T-500, mean molecular weight 510000 (Pharmacia Fine Chemicals, Sweden), was
oxidized to polyaldehyde dextran (PAD) with sodium periodate, extensively dialyzed against water, lyophilized and
stored at 4°C}7/ The PAD was incubated with MMC at a molar ratio of I :200 in a minimum volume of 0.1 M

phosphate buffer (PB; pH 8.9) with stirring for 30 min at room temperature. Immunoglobulin in 0.1 M PB (pH 8.0)
was then added to the reaction mixture at a 2: 1 molar ratio to the PAD used and incubation was continued at 5°C
for a further 20 h. The conjugate was separated from any free drug by Sephadex G-25 gel filtration.

Albumin Conjugate: HSA was first incubated with a 3-fold molar excess of N-succinimidyl-3-(2-pyridyldithio)
propionate (SPD P; Pharmacia Fine Chemicalsj.l'" After incubation at room temperature for 40 min, the reaction
mixture was subjected to Sephadex 0-25 column chromatography using 0.02 M PB (pH 5.3) as the eluent. Then MMC
in 0.1 M PB (pH 6.0) and solid l-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (ECDI; Wako Pure
Chemicals, Osaka, Japan) were added to the dithiopyridylated HSA (HSA-DTP) in molar ratios of 80: I : 200
(MMC-HSA-ECDI). After incubation at 5 "'C for 2 d the reaction was terminated by applying the mixture to a
Sephadex G-25 column. MMC-HSA-DTP thus synthesized was reduced with dithiothreitol (OTT) at a final
concentration of 10rnM for 30min and applied to a Sephadex G-25 column pre-equilibrated with 0.1 M PB (pH 6.0)
containing 5 mM EDTA.

Monoclonal .antibody was maleimidated with N-suceinimidyl-4-( N-maleimidomethyl)cyclohexane-I
carboxylate (Zieben Chemicals Co., Tokyo, Japan) as described elsewhere,'?' and added to the reduced MMC-HSA
conjugate. The reaction mixture was then concentrated to a small volume using a collodion bag and incubated
overnight at 5 "C, followed by Ultrogel AcA-34 column chromatography using PBS as the eluent.

Binding of MTX to Monoclonal Antibody--MTX (Fluka AG, Switzerland) was conjugated with monoclonal
antibody directly and through two different carriers, HSA and PLL.

Direct Coupling: MTX was activated with N-hydroxysuccinimide and dicyclohexylcarbodiimide in dimethylfor
mamide, and added to the antibody solution in 0.02 M PB (pH 8.0). After incubation at 5 "C overnight, the conjugate
was separated from free drug by Sephadex 0-25 gel filtration.

Albumin Conjugate: The active ester of MTX described above was added to HSA-DTP in a molar ratio of 50: I
and incubated at room temperature for 3 h. After centrifugation, the supernatant was subjected to Sephadex 0-25
column chromatography, followed by reduction with DTT. The reduced MTX-HSA conjugate was coupled with
maleimidated monoclonal antibody and purified by Ultrogel AcA-34 column chromatography, as described above.

PLL Conjugate: PLL, molecular weight 30000-70000 (Sigma Chemical Co., Mo., U.S.A.), was first
dithiopyridylated with SPDP and to the resulting PLL-DTP (containing one DTP residue per 120 lysine residues) was
added the active ester of MTX in a molar ratio of 1: 5 (M'I'Xs-lysine residues of PLL). After incubation at room
temperature for 3h, MTX-PLL-DTP conjugate was separated by Sephadex G-25 gel filtration, and then coupled
with monoclonal antibody by the same method as used in the preparation of the albumin conjugate.

Cytotoxicity Tests--ln Vitro Studies: MBT-2 of MCA clone 15cells in 1ml of growth medium (2000 cells/well)
were plated in a sterile tissue culture plate with 24 flat-bottomed wells (Flow Laboratories Inc.) and incubated
overnight to allow the cells to become adherent. The drug or conjugate was filtered through a 0.22 Jim Millex filter
(Millipore Corp., Mass., U.S.A.}and various dilutions in 1 rnl of growth medium were added to the wells, after which
the plate was incubated for 45-100 min at 37°C. After washing of the plate twice with HBSS, I ml of fresh medium
was added to each well and the plate was cultured at 37<"C for 5-6d. The cell growth was judged by counting the
cells with a hemocytometer (TOA Microcell Counter CC-108. Kobe, Japan).

In Vivo Studies: MBT-2 cells that had been treated with conjugate or various controls were tested for their ability
to grow after transplantation into mice and the effect of the conjugate was evaluated in terms of the prolongation of
survival time in the recipient mice. The pretreatment was carried out by incubating 2.5 x 106 cells with the drug or
conjugates (50 pg as free M MC) and the cells were intraperitoneally injected into C3H/He mice at 2.0 x lOs
cells/mouse after washing with PBS.
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Results

i 131

Specificity and Affinity of Monoclonal Antibody
Binding studies by ELISA performed during the initial screening of hybridomas

indicated that antibodies formed by hybridomas 1-3C6-9 and 7-4B6-2 bind preferentially to
the surface of MBT-2 cells from transitional cell bladder carcinomas. Both monoclonal
antibodies showed little or no reactivity to other tissue extracts including spleen, thymus,
liver, lung, kidney, colon, stomach and urinary bladder extracts from normal C3H/He mice.

To further investigate the antibody specificity and affinity, MHA assays were performed.
In these assays, antibody 1-3C6-9 showed definite reactivity to MBT-2 cells at the con
centration of 0.5-2.0 jlgjml, but not to MeA clone 15 or P388 cells. Antibody 7-4B6-2 had a
higher affinity for MBT-2 cells than 1-3C6-9, while the former antibody showed slight cross
reactivity to MCA clone 15 cells. The binding activity to MBT-2 cells was not significantly
inhibited in the presence of various tissue extracts or even after adsorption with lymphoid and
liver cells from normal C3H/He mice,

These two monoclonal antibodies of 1-3C6-9 and 7-4B6-2 were determined to be an
IgG2a and an IgM, respectively, by using class- or subclass-specificantisera,

Characterization of Drug-Antibody Conjugates
MMC-Antibody Conjugates--MMC molecules were linked to 1-3C6-9 IgG and 7-4B6

2 IgM monoclonal antibodies through PAD. The degree of substitution by MMC of the
dextran was estimated to be one molecule per approximately 50--60 glucose units, and thus
26 and 180 molecules of MMC were indirectly linked to one antibody molecule of 1-3C6-9
and 7-4B6-2, respectively (Table I). The antibody activity of MMC-PAD-antibody con
jugates was determined by ELISA using cultured MBT-2 cells as target antigen and the two
conjugates showed 14 and 27% of the binding activity of the respective original antibody.

HSA was also used as a linker between MMC and antibody. HSA was first substituted by
SPDP and determined to contain 2.1 dithiopyridyl (DTP) residues per molecule of HSA. The
HSA-DTP was further substituted with MMC using ECDI and the product showed a molar
ratio of 10: 1 of MMC to HsA. After reduction with DTT, MMC-substituted HSA was
added to maleimidated IgM monoclonal antibody 7-4B6-2 in a 24: 1 molar ratio. The pooled
conjugate fractions obtained by Ultrogel AcA-34 column chromatography have a probable
formula of (MMClO-HSA)8-{7-4B6-2) with a molar ratio of 78: 1 of MMC to antibody.
though some free antibody would be present in this preparation. This MMC-HSA··-antibody
conjugate retained 71 % of the reactivity to cultured MBT-2 cells of the original antibody
7-4B6-2 (Table I).

TABLE I. Composition and Antibody Activity of Drug- Monoclonal
Antibody (Ab) Conjugates

Conjugates

MMC-PAD-{l~3C6-9)

MMC-PAD-(7~4B6-2)

MMC-HSA-(7-4B6-2)
MTX-(7-4B6-2)
MTX-HSA-(7-4B6-2)
MTX-PLL-{7-4B6~2)

Molar ratio
of drug/Ab

26
180
78
31

160
180

~~~ antibody
activity"

14
27
71
15
15
18

a) The reactivity to MBT-2 cells was expressed as 'X, activity of the original antibody in each case. (1
3C6-9). IgG2~Ab; (7-4B6-2). IgMAb.



1132 Vol. 35 (1987)

MTX-AntibodyConjugates--In the direct conjugation of MTX and antibody 7-4B6-2,
approximately 31 drug molecules were linked to an antibody molecule and the antibody
activity of the conjugate was 15~~ of that of the original antibody (Table I).

Dithiopyridylated HSA was coupled with the active ester of MTX and the product with
a molar ratio of 29: 1 of MTX-HSA was added to maleimidated antibody 7-4B6-2 in a 20: 1
molar ratio. The MTX-HSA-antibody conjugate showed an approximate molar ratio of
160: 1 of MTX to antibody and retained 15% of the reactivity to cultured MBT-2 cells of the
original antibody.

PLL was also dithiopyridylated with SPDP, followed by coupling with the active ester of
MTX. The conjugate has a probable empirical formula of MTX27-PLL-DTP2.3 on the
assumption that the molecular weight of PLL used here is 40000. The MTX-PLL conjugate
was further coupled to IgM monoclonal antibody 7-4B6-2 with retention of 18% of the
antibody activity of the original antibody and the molar ratio of MTX to antibody in the
MTX-PLL-(7-4B6-2) conjugate was estimated to be approximately 180.

In Vitro Cytotoxicity
MMC-Antibody Conjugates--MMC-PAD-{1-3C6-9) conjugate was tested for cyto

toxic activity against MBT-2 (bladder tumor), MCA clone 15 (embryo) and P388 (leukemia)
cell lines. MMC-PAD conjugate without immunoglobulin molecules and MMC-PAD
normal IgG (NIgG) with no reactivity to MBT-2 cells were also prepared and used as controls
in the cytotoxicity test. The target cells were incubated at 37 DC for 80 min with MMC or its
conjugates, and further cultivated in fresh growth medium for 5 d. In a cytotoxicity test
against antibody-reactive target cells (MBT-2), MMC-PAD-{I-3C6-9) conjugate was 3 times
more active than free MMe, while nonimmune conjugates including MMC-PAD and
MMC-PAD-NIgG were 3 to 5 times less active than free MMC, when the concentrations
giving 50% inhibition of cell growth (ICso in Table II) were compared. MMC-PAD-(l-3C6
9) showed significant cytotoxicity at a low dose of 12ng/ml, and 200--500 ng/ml of
nonimmune conjugates was required in order to show a similar level of cytotoxic effect. In a
test against antibody-nonreactive cells (MeA clone 15 and P388), MMC-PAD-(1-3C6-9)
demonstrated a similar level of cytotoxicity to that of nonimmune conjugates, which was 2--3
times less than that of free MMC in the MCA clone 15 system and al0105t the same in the
P388 system (Table II).

In order to further investigate the selective cytotoxicity of MMC··-PAD--(l-3C6-9),
antibody-reactive MBT-2 cells were incubated with the conjugate in the presence of free
antibody 1-3C6-9 for 60 min. The antibody' solution at 5 tlg/n11 inhibited the cytotoxicity of 56
and 167ng/ml as free MMC of the immune conjugate by 86 and 29<.%~, respectively. As free
monoclonal antibody had little or no effect on cell growth at concentrations of less than
50pg/ml, the decreased cytotoxicity was supposed to result from the inhibitory effect of free

TABLE 11. Cytotoxicity of MMC and Its Dextran Conjugates against
MBT~2, MeA Clone 15 and P388 Cell Lines

ICsol/) (pg/ml as free MMC)
Sample

MBT-2 MeA clone 15 P388

MMC 0.48 0.21 0.57
MMC-PAD 2.2 0.50 0.58
MMC-PAD-NIgG 1.5 0.54 0.56
MMC-PAD-MoAb 0.16 0.48 0.51

a) 50~1 inhibition of cell growth. Mo.Ab, monoclonal antibody 1-3C6-9 against MBT-2 cells.
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antibody on the binding of the immune conjugate to MBT-2 cell surface antigens.
HSA conjugate of antibody 7-4B6-2 was also subjected to a cytotoxicity test against

MBT-2 and MCA clone 15 cells. MMC-HSA-DTP conjugate, an intermediate in the
preparation of MMC-HSA-antibody, was used as a control, as well as free MMe. The target
cells were incubated at 3TOC for 45 min with test samples and cultivated in fresh growth
medium for 6 d (Table III). In a test against MBT-2 cells. MMC-HSA-(7-4B6-2) conjugate
showed more than 10 times higher cytotoxicity than nonimmune conjugate MMC--·HSA
DTP. although the former conjugate had the same inhibitory effect as the latter conjugate on
MeA clone 15 cell growth. Moreover, the cytotoxic effect of the immune conjugate was 10 to
15times that of free MMC and the covalent coupling of specific antibody to MMC was found
to considerably increase its cytotoxicity. This increased cytotoxicity of MMC-HSA-·antibody
conjugate was diminished in the presence of free antibody, as was that of MMC-PAD
antibody conjugate described above, and these results suggest that the cytotoxicity of the
antibody conjugates was dependent upon antibody binding to the target cells.

MTX-Antibody Conjugates--MTX--antibody conjugates were also tested for in vitro
cytotoxicity against MBT-2 bladder tumor cells. Nonimrnune conjugates MTX-HSA-DTP
and MTX-PLL-DTP were used as controls. The target cells were exposed to these drug
solutions at 37°C for 100min, washed and cultivated in fresh growth medium for several
days. Immune conjugates including MTX--(7-4B6-2) showed about 10 times higher cytotox
icity than free MTX, while nonimmune conjugates were 4 to 10 times less toxic to MBT-2
cells (Table IV). Since unconjugated antibody 7-4B6-2 was not toxic at concentrations which
were equivalent to those in the immune conjugates, the immune conjugates showed the
increased cytotoxicity through antibody binding to the target cells. These results mean that

TABLE III. Cytotoxicity of MMC and Its Albumin Conjugates
against MBT-2 and MeA Clone 15 Cell Lines

------------_.._._----

Ie IIIso
(Jig/tnl as free MMC)Sample

--_.__._-------
MMC
MMC--HSA-DTP
MMC-HSA-MoAb

MBT-2

13
3.0
0.29

MeA clone 15

1.1
0.63
0.65

------_......-.-._--~

a) Described in Table 11.

TARLE IV. Cytotoxicity or Various MTX-Antibody Conjugates
against MBT-2 Cell Lines

=======._-.
Sample

MTX
MoAb
MTX-MoAb
MTX-HSA-DTP
MTX-HSA-MoAb
MTX--PLL-DTP
MTX-PLL-MoAb

lC It}so
(flg/ml as free MTX)

0.81
>20'-)

0.091
3.3
0.073
8.5
0.080

1
<0.04

8.9
0.25

11
0.095

10

a) Described in Table II. b) ICStl of each sample was divided by that of free MTX. (.) Expressed us
antibody amount (jls/ml).
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TABLE V. The Effect of Previous Treatment") of MBT-2 Cells with
MMC-Antibody Conjugates on Tumor Growth in Vivo

.Life span (d)
Survivors

Sample
at 40dMedian value Mean±S.D.

Control (saline) 21 21.0±2.9 0/7
MoAb (7-4B6-2) 22 22.4±3.4 0/7
MMC 30 31.9±7.gb) 1/7
MMC-PAD 24 24.1 ±6.3 0/7
MMC-PAD-NIgG 31 33.4±6.3'" 1/7
MMC-PAD-MoAb >40 >40'" 4/7
MMC-HSA-DTP 23 23.1 ±4.3 0/7
MMC-HSA-MoAb 38 >40") 3/7

a) MBT·2 cells were treated at room temperature for 60 min in vitrowith various conjugates and injected
intraperitoneally into C3H/He mice. Each group consisted of 7 mice. b) Significantly different from the
control (p<O.OI).

immune conjugates were 40 to 100 times more active than nonimmune conjugates as targeting
drugs.

In Vivo Cytotoxicity
Immune conjugates including MMC-PAD-(7-4B6-2) and MMC-HSA-(7-4B6-2) were

tested for effect on tumor cell growth in vivo. MBT-2 cells were treated with the conjugates at
room temperature for 60min, and then the cells were transplanted intraperitoneally into
syngeneic C3H/He mice. Life span and survival of mice receiving 2 x 105 cells are shown in
Table V. The median survival times of control mice and the mice receiving cells treated with
antibody alone were 21 and 22d, respectively. In the group of mice receiving cells treated with
free MMC a I.S-fold prolongation of life span was observed, but there was little prolongation
in the group of mice receiving cells treated with MMC-PAD and MMC-HSA-DTP
conjugates. The nonimmune conjugate MMC-PAD-NlgG showed some cytotoxic effect, but
the highest survival rate was observed in the groups of mice receiving cells treated with the
immune conjugates MMC-PAD-(7-4B6-2) and MMC-HSA-(7-4B6-2). These two groups
showed median survival times of >40 and 38 d, respectively. Four and three out of 7 mice
receiving cells treated with MMC-PAD-(7-4B6-2) and MMC-HSA-(7-4B6-2) survived even
at 40 d after inoculation, respectively, and these results suggest that the cells treated with the
immune conjugates had only a slight tumorigenic capacity.

Discussion

Hellstrom et al.13 ) established two hybridomas secreting antibodies to antigens that are
more strongly expressed in mouse transitional-cell bladder carcinomas than in other ITIOliSe
tumors or normal tissues. We have also cloned two hybridomas, 1-3C6-9 and 7-4B6-2,
secreting antibodies which preferably bind to a stable cell line of mouse bladder tumor.
Although the monoclonal antibodies were not strictly specific for bladder carcinoma, since
binding to cells from some control tissues or to embryonal cells was detected, they were
employed to assess.the therapeutic applicability of drug coupling with monoclonal antibody
directed against tumor cell surface antigens.

Several kinds of drug-antibody conjugates were prepared with or without using dextran,
albumin and polylysine as carriers in the present study. In the direct coupling of MTX and
IgM antibody 7-4B6-2 without carriers, the extent of substitution was 31mol of drug per mol
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of antibody and the MTX-(7-4B6-2) conjugate showed selective cytotoxicity against MBT-2
cells while retaining 15% of the antibody activity of unconjugated antibody. Another
preparation of MTX-(7-4B6-2) conjugate with a molar ratio of 45: 1 of MTX to antibody
showed less than 1% of the reactivity to MBT-2 cells of unconjugated antibody, and
demonstrated little targeting effect, although the data are not shown here. In the direct
conjugation, a high molar ratio of drug to antibody resulted in significant loss of antibody
binding activity. On the other hand, conventional chemotherapeutic drugs such as MMC,
MTX or daunomycin, are less toxic than biological toxins and therefore a high molar ratio of
drug to antibody is desirable from this viewpoint. Tsukada et al." and Pimm et al.4 a) reported
that 20-50 molecules of daunomycin or adriamycin could be coupled to one IgG antibody
molecule through a dextran bridge. Conjugation of MMC to IgG and IgM antibodies here
was effected through a dextran bridge to give molar ratios of 26 and 180, respectively,
resulting in sufficiently cytotoxic conjugates (Table 1). The Schiff base linkages formed
between MMC or antibody and dextran were not reduced with sodium borahydride since the
reduction caused significant loss of antibody activity, although Tsukada et al.," Pirnm et al.,4a)
and Levi-Schaffer et al.20

) adopted a reduction procedure. Even so, chemical coupling of anti
body to dextran caused 70-80% reduction in its antibody activity toward MBT-2 cells.'The
release of MMC from the dextran conjugates thus formed was less than 10~') of the original
content in the conjugates during incubation in PBS at 37°C for 80 min. The released MMC
probably made only a slight contribution to the cytotoxic activity of the conjugates. HSA and
PLL were also used as carriers since the conjugates can be synthesized more controllably,
giving defined products, as indicated by Garnet et a/.4 b

) and Ryser and Shen,"" respectively. In
the preparation of MMC-HSA-antibodY conjugate, MMC was coupled with monoclonal
antibody through an albumin molecule with a good retention of antibody activity, although
the substitution of HSA by MMC was smaller than that in the dextran conjugates (Table I).
The smaller MMC substitution in the MMC-HSA-antibody conjugates obtained here was
probably due to the use of only a 2.5-fold excess of ECDI when MMC was coupled to HSA~

DTP molecules. Kojima et a/. 22
) coupled MMC molecules effectively to the carboxyl group of

e-aminocaproic acid which was introduced onto dextran as a spacer. They introduced one
molecule of MMC per approximately 14--17 glucose units by using a 35-fold molar excess of
BCDI. In the preparation of MTX-HSA and MTX-·PLL conjugates, the active ester method
resulted in high substitution of HSA and PLL by MTX. More than 25 MTX molecules were
introduced into one carrier molecule under mild conditions.

The degree of maleimidation of an antibody molecule had a marked effect on the
composition of the drug-carrier-antibody conjugate. Highly maleimidated IgM antibody 7
4B6-2 which had 30-50' maleimide residues per mol of antibody gave an insoluble
polymerized conjugate. In particular, considerable precipitation was observed during the
coupling procedure of MTX-PLL conjugate and maleimidated antibody. It was probably
accelerated by the fact that the antibody used here was an IgM. In the present study,
therefore, we introduced only 13 maleimide residues into one antibody molecule and coupled
the maleimidated antibody with drug-substituted carrier molecules. Such small substitution
with maleimide residues probably means that some free antibody remains in the drug-carrier
antibody preparations, and this might lower the targeting effect. Further study is planned on
the conjugation procedures between drug and antibody.

In cytotoxicity tests, we adopted 45-100min exposure of target cells to drug or
conjugate. Overnight or one-day incubation with drug or conjugate obscured the selective
cytotoxicity of antibody-targeted drugs, and the immune conjugates showed a level of
cytotoxicity similar to that of nonimmune conjugates. On short exposure, antibody-targeted
drugs were more cytotoxic than free drugs to antibody-reactive MBT-2 cells, while they had
almost the same activity on antibody-nonreactive MeA clone 15 or P388 cells as free drugs
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and nonimmune conjugates.
The cytotoxic action of immune conjugates on MBT-2 cells was significantly diminished

by the coexistence of free antibody. At the two levels of 56 and 167ng as free MMC, MMC
PAD-(l-3C6-9) conjugate showed 28 and 34% cell growth inhibition, but the addition of
5 tLg of monoclonal antibody 1-3C6-9 diminished the degree ofcell growth inhibition to 4 and
24%, respectively. Fifty-six and 167ng of the conjugate as free MMC contained approx
imately 1 and 3 J1g of antibody, respectively, and so 5Jig of free antibody strongly competed
with the two levels of the immune conjugate for binding to MBT-2 cell surface antigens. These
results suggest that the higher toxicity of the immune conjugate against MBT-2 cells depends
upon the specificity of the antibody used for the preparation of the conjugate. MMC-HSA
(7-4B6-2) conjugate also showed selective cytotoxicity against MBT-2 bladder tumor cells and
its action was diminished in the presence of free antibody 7-4B6-2. Covalent coupling of
NIMC to HSA had little effect on its cytotoxic action against MBT-2 cells, but further
antibody attachment resulted in about IO-fold increased activity over free MMC (Table II).

The growth of the tumor cells subsequent to in vitro treatment with the immune
conjugates was prevented in more than 50/~ of the recipient mice. The treatment with the
nonimmune conjugates including MMC-PAD and MMC-HSA-DTP had little effect on
prolongation of the life span of the recipient mice and all the mice used died within 40 dafter
inoculation. About half of the mice receiving cells treated with the immune conjugates.
however, survived even at 40 d after inoculation. Thus the selective cell-killing effect was also
confirmed by interference with the transplant capability of tumor cells.

Akaza et al.23 ) reported a lectin-targeted bleomycin conjugate which was effective as an
intravesical chemotherapeutic agent for murine bladder tumor. Here, we have developed
antibody-targeted drug conjugates using MMC and MTX, and examined them as potential
chemotherapeutic agents against murine bladder tumor. The results indicated that the
immune conjugates could be useful as selective chemotherapeutic agents against bladder
tumor and may be suitable for intravesical treatment.
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Peritoneal exudate cells (PEe) from C3H/He mice given bakers' yeast mannans, WNM and
WAM025, showed marked cytolytic activity against MM46 tumor cells in vitro. Because the
cytotoxicity of the PEe was strongly inhibited by actinomycin D, it was assumed that the cytolytic
factor was a proteinous material(s). Of the macrophages and polymorphonuclear leucocytes (PMN)
separated from the PEe, only the former cells were found to display cytolytic activity. Quinacrine) a
phospholipase A2 inhibitor. and sodium azide. a myeloperoxidase inhibitor. did not reduce the
cytotoxicity of macrophages from mice treated with acidic mannan (WAM025). In contrast,
diisopropylfluorophosphate, a serine protease inhibitor, inhibited the cytolysis of the MM46 target
cells by WAM025-treated macrophages. Chyrnostatin, a chymotrypsin inhibitor, and elastatinal, an
elastase inhibitor, also inhibited the cytolytic effect. It is therefore concluded that serine proteases
secreted into the medium from the macrophages activated by mannans participated in the cytolytic
destruction of neoplasmic cells.

Keywords-mannan; cytotoxicity; macrophage; serine protease; tumoricidaI effect

Macrophage activation for nonspecific tumoricidaI activity against target tumor cells can
be induced by various immunopotentiators. In· our previous reports, it was found that
mannan of bakers' yeast was able to enhance the immunological response of mice to
transplanted tumor cells and to lethal infection with pathogenic microbes.' -4) In order to
identify the competent cells in acidic mannan (WAM025)-treated peritoneal exudate cells
(PEe), we carried out an in vitro cytolysis assay by macrophages and polymorphonuclear
leucocytes (PMN) separated from the PEe by the Percoll gradient centrifugation technique."
The results indicated that WAM025-treated macrophages were able to display a marked
cytolytic effect, while PMN from the same source did not show the effect. Because the
chemical entity involved in the cytolysis of tumor cells by WAM025-treated macrophages
remained to be identified, we attempted to characterize the cytolytic factor elicited in mouse
macrophages by the administration of the yeast mannans.

The relevancy of serine protease release to tumoricidal activity of macrophages has been
reported in mice treated with BCG6

, 7) and Nocardia rubra cell-wall skeleton." However, the
real cytolytic factors of antitumor polysaccharide-treated macrophages have not been
elucidated to date, although many reports have been published on identifying various lytic
factors produced by cytolytically activated macrophages such as oxygen intermediates.P:"?'
lysosomal enzymes,11,12) proteases,6,7) complement component C3,13) tumor necrotic factor, 14)

prostaglandins.P' and myeloperoxidase.'?' Therefore.. the present study was designed to
investigate the possible role of serine proteases in the cytolysis of target tumor cells by
antitumor mannan-induced macrophages.
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Mice--Male 6- to 8-week-old C3H/HeSlc mice were obtained from the Shizuoka Cooperative for
Experimental Animals, Shizuoka, Japan.

Mannans--The preparation of mannan was conducted in accordance with our previous descriptions. I, 17)

Briefly, the bulk mannan of bakers' yeast (a wild type strain of Saccharomyces cerevtsiae) obtained by extraction of
the parent cells with hot water followed by fractional precipitation with Fehling's solution was fractionated by
diethylaminoethyl (DEAE)-Sephadex column chromatography. The mannan subfractions eluted with water and
0.25 M NaCl were designated as WNM and WAM025, respectively. Lentinan was purchased from Ajinomoto Co.,
Inc, Tokyo.

Treatment of Mice---Mice were injected intraperitoneally (i.p.) with mannans (WNM and WAM025) at
150mgjkg/d, for 5d. Lentinan (50 mg/kg/d) was injected i.p. into mice for 5 d. Assays were performed at 6 dafter
the first polysaccharide administration.

Preparation of Peritoneal Phagocytes--PEC from mice injected i.p. with the polysaccharides were collected by
washing the peritoneal cavity of mice with Hanks' balanced salt solution (Hanks' BSS, pH 7.2). For the experiment
on individual types of phagocytes, rnacrophages and PMN in PEC were separated by Percell-gradient centrifugation
according to the description in the previous paper." The homogeneity of macrophages and PMN was found to be
more than 98% by May-Giemsa staining.

Assay ofCytolysis--Cytolytic activity was examined as described previously" in accordance with the report by
Hashimoto and Sudo.l'" Namely. a solution of 3H-uridine in IO,ul of physiological saline was added to a cell
suspension containing 1 x 107 MM46 tumor cells and the radioactivity was adjusted by the addition of physiological
saline to l/ICi/mL After incubation for 24h. the cells were sedimented by centrifugation at 250 xg for 10min, and
then washed 3 times with RPMI 1640 medium containing IO~{; FBS (10% FBS-RPMI 1640 medium). The
macrophages and PMN. each 1-2 x lOf) cells. were mixed with the target cells (l x 1(4

) in round-bottomed wells (7
mm diameter) of a microplate (NUNC, Roskilde, Denmark). The mixture was incubated in 0.2 ml of lOj~; FBS
RPMl 1640 medium at 37°C for 24 h in the presence of 5~:; CO2, The ceJls were harvested on glass filter papers, and
counted by means of a Beckman LS-7800 liquid scintillation counter. The extent of target cell cytolysis was calculated
from the following equation:

cytolysis O~) = 100 x (A - B)/A

where A is (tumor cell only(cpm)-background(cpm» and B is (test sample-treated tumor cell(cpm)-back
groundtcpmj). Inhibition of target cell cytolysis was calculated from the following equation:

inhibition (%)=.100 x (A - B)/A

where A is cytolysis in the absence of inhibitor (C;;;) and B is cytolysis in the presence of inhibitor e;,).
Quantification of Neutral Proteases-e-c-Macrophagcs (3 x 105 cells/well) separated by Percell-gradient centrif..

ugation of PEe obtained after polysaccharide administration were incubated at 37 "C for 24 h in 1O~~ PBS-RPMI
1640 medium in flat-bottomed wells of a microplate (NUNC, Roskilde, Denmark), in the presence or absence of
diisopropylfluorophosphate (DFP) (0.2-2mM). After centrifugation, the neutral protease activity of the super
natant was assayed by measuring the release of trichloroacetic acid (TCA)-soluble peptides from casein according to
the reported method'?' with a slight modification as follows. Each incubation mixture contained 200 Jtl of 2(:1)
substrate solution, 100 III of 0.5 M phosphate buffer. pH 7.2. and 80-90/d of the enzyme solution. After incubation at
37 11C for I or 2 h, 4ml of 5% (w/v) TCA was added. The preparations Wereremoved by filtration through Toyo No.3
filter paper and the absorbance at 275 nm of the filtrate was read, One unit of the enzyme was expressed as the activity
causing an increase in absorbancy of 0.01 per min.

Inhibitors--Actinomycin D, quinacrine and sodium azide were purchased from Nakarai Chemicals. Ltd,
Kyoto. OFP was purchased from Sigma Chemical Co .• St. Louis, Mo., U.S.A. The inhibitor solutions were prepared
by dissolving the chemicals in RPMI 1640 medium daily. Chymostatin and elastatinal were obtained from the Protein
Research Foundation, Minoh, Osaka; stock solutions (10 mg/ml) in dimethyl sulfoxide, were prepared.

Results and Discussion

The cytolytic activities of PEe obtained from WNM- and WAM025-treated mice were
assayed against MM46 tumor cells, in the presence or absence of actinomycin D. Table I
shows that the PEe from mice treated with either mannan displayed a marked cytolytic effect.
It has been reported by Ito et al.B) that actinomycin D inhibited the ability of Nocardia rubra
cell wall skeleton (N-CWS)-induced macrophages to cytolyze target tumor cells, indicating
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TABLE I. Effect of Actinomycin D on Cytotoxicity
to MM46 Tumor Cells of PEe from Mice

Given Mannans
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TABLE II. Cytolysis of MM46 Tumor Cells by
Macrophages and Polymorphonuclear

Leucocytes from Mice Given
WAM025 and Lentinan

PEe Concentration Average
Inhibition

treated of actinomycin cytolysis"
e~)

Average cytolysis"!
with" D (ttg/ml) (/~) Cells treated withal (~~~)

Untreated 3 Macrophages PMN
WNM 0 25
WNM I 10 60 Untreated 0
WAM025 0 23 WAM25 20 0
WAM025 1 5 78 Lentinan 26 0

a) PEC were harvested from mice injected i.p. with polysac- a) PEe were obtained from mice injected i.p. with polysac-
charide as described under Materials and Methods. Cytolysis charide, and were separated into macrophuges and PMN by
was performed at 37 "C for 24 h in 5~/;, CO;t. b) Ratio of the Percell-gradient centrifugation. Cytolysis was performed at
number of effector cells to that of tumor cells was 100: 1 in the 37 ':'C for 24 h in 5~~ CO 2 , b) Ratio of the number of effector
presence or absence of actinomycin D (0.1 and 1.0Jig/mI). cells to that of tumor cells was 100: 1.

that protein synthesis may be required for the cytotoxicity exhibited by N-CWS-induced
macrophages. Actinomycin D at 0.1 and 1pg/n11 significantly inhibited cytolysis by all treated
PEC, the inhibition being 78/~. It was therefore assumed that some proteinous substance(s)
produced by the macrophages might be responsible for cytotoxicity of PEe from mice treated
with both mannans.

The cytolytic activities of macrophages and PMN obtained from PEC of WAM025- and
lentinan-treated mice were assayed against MM46 tumor cells (Table II). The number of
PMN from PEe of WNM-treated mice was almost the same as that of the control group.
Therefore, this polysaccharide was not used in this experiment. It was clear that macrophages
from the nontreated mice and PMN from the WAM025- and lentinan-treated mice were unable
to exhibit cytolytic activity against the tumor cells, while the macrophages from treated mice
showed a marked cytolytic effect.

As proteinous factors produced by activated macrophages, phospholipase A2, via the
production of prostaglandins D2 and E2 (possessing antitumor activityj.l?' and myeloperox
idase (mediating cell killing as the active component of H20 2-myeloperoxidase-chloride

systemr'?' have the ability to destroy tumor cells. To determine the possible role ofWAM025
induced phospholipase A z and/or myeloperoxidase, peritoneal macrophages were assayed
with 3H-uridine-Iabeled MM46 tumor cells in the presence of quinacrine'?' or sodium azide,"!'
at doses which did not show detectable cytotoxicity of the effector cells. These substances did
not exhibit any inhibitory effect 011 the cytolytic activity of WAM025-induced macrophages,
as shown in Table III. Thus, it was unlikely that phospholipase A2 and myeloperoxidase of the
macrophages were responsible for the cytolysis. It also seems likely that active oxygens are not
responsible for the cytolytic effect, because PMN did not show the effect." Adams et al.6 •7 )

demonstrated that cytolytically activated macrophages secreted a potent, tumor specific lytic
substance (CF) whose activity was principally due to a neutral serine protease and was reduced
by inhibitors of neutral proteases. Interestingly, they22 ) also reported that the direct binding
of BeG-activated macrophages to target tumor cells triggered secretion of CF. The effect of
DFP, an inhibitor of serine protease, on the cytolytic activity of WAM025-induced
macrophages was examined. DFP at 2msr significantly inhibited the cytolysis of WAM025
induced macrophages (67% inhibition). To test the possibility that DFP is toxic to the
macrophages, macrophages from WAM025-administered mice were cultured with or without
OFP at 2 mM for up to 48"h. However, the viability (tested by trypan blue exclusion) and
morphology showed no significant, alterations. In order to determine whether serine proteases
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TABLE III, Effect of Several Enzyme Inhibitors on Cytotoxicity to MM46
Tumor Cells of Macrophages from Mice Given WAM025
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Macrophages
treated withal

WAM025
WAM025
WAM025
WAM025
WAM025
WAM025
WAM025
WAM025
WAM025
WAM025
WAM025
WAM025
WAM025

Inhibitor

DFP
DFP
Chyrnostatin
Chyrnostatin
Chymostatin
Elastatinal
Elastatinal
Elastatinal
Quinacrine
Quinacrine
Sodium azide
Sodium azide

Concentration

O.2mM
2mM
2/1g/ml

20/lg/ml
200/lg/ml

2/ lg/ml
20llg/ml

200llg/ml
111M

IOllM
ImM

IOmM

Cytolysis":"
C:~)

20tO,S
21±0.4

7±O.06
20± 1.1
l6±O.5
IO±O.04
21±1.7
12±O.1
4±O.2

21±O.?
35± 3.6
20±O.02
20±O.7

Inhibition
(%)

5
67
o

20
50
5

40
80
5

-75
o
o

a) Micewere giveni.p. injection ofWAM025 (150mgjkg/d) on days 0--4. Macrophages were separated
by Percell-gradient centrifugation of PEC from mice on day 5, and were incubated at 37"C for 24h in SII;,
CO2 , b) Ratio of the number of effector cellsto that of tumor cellswas 100: I, in the presenceor absence of
several inhibitors. c) Mean ±S.D. of J experiments.

TABLE IV. Effect of DFP on the Cytotoxicity to MM46 Tumor Cells of Culture
Supernatant of Macrophages from Mice Given WAM025

Culture supernatants COlleen tration
Cytolysis":" Inhibition

of macrophages ofDFP
treated withal (Il1M)

(%) e~;)

WAM025 0 28 ±3
WAM025 0.2 6 ±O.2 79
WAM025 2 a.6±O.OS 98

a) Mice were given i.p. mjccuon of WAM025 (150mgjkg/d) on days 0--4. Macrophages
(5 x IO~ cells/well) were separated by Pcrcoll-grudiem centrifugation of FEe from mice on day 5, and were
incubated at 37"C for 24h in 5'~(. CO2, with/wilhout OFP. The supernatants were obtained by
centrifugation. b) The supernatuuts (each RO Jll) were mixed with the target cells (I x 104

) in wells. The
mixture was incubated at 37T Ior 24 h in 5'\. COz, l') Mean±S.D. of 3 experiments.

were involved in this activity, we examined the effect of chymostatin, an inhibitor of
chymotrypsin, and elastatinal, an inhibitor of elastase, on the cytolytic activity of the
polysaccharides-treated macrophages. Treatment of the macrophages with chymostatin and
elastatinal, 200ltg/ml, caused inhibition of 50 and 80%, respectively, of the cytolytic activity.

To examine the role of serine proteases in the supernatant of the macrophages on the
cytolytic effect against the same tumor cells, the macrophages were incubated with DFP in a
similar manner to that described in Table III. As shown in Table IV, OF? at 0.2 and 2mM
inhibited the cytolytic activity of the culture supernatants, (79 and 98% inhibition, re
spectively). The cytotoxicity of the culture supernatant obtained by incubation with mac
rophages and DFP (Table IV) was lower than that in the case of direct incubation with
macrophages in the presence of DFP (Table III). This might be due to some decrease of serine
protease activity during prolonged incubation with DFP under the conditions in Table IV.

To examine the production of proteases in the medium, mice were given i.p. injection of
WNM and WAM025 on days 0-4. Macrophages (3 x 105 cells/well) were separated by
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5o 0.2 2

OF? (mM)

Fig. 2. Effect of DFP on Neutral Protease
Activity of Culture Supernatants of Macro
phages in Mice Given WAM025

PEe were obtained from mice injected i.p. with
WAM025 (150mg/kg/d) on days 0--4. Macrophages
(3 x lOscells/well) separated by Percell-gradient
centrifugation of PEC in mice on day 5 were in
cubated at 37°C for 24 h in 5% CO2 , in the presence
of DFP. After centrifugation, the neutral protease
activity of the supernatant was measured.

1.0

.!E.
0;
o

<00 0.5,..
x
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1.0
!!l
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0

(0

0.,...
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0.5or-

.....
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untreated WNM WAM025

Fig. I. Neutral Protease Activity of Culture
Supernatants of Macrophages in Mice Given
Mannans

PEC were obtained from mice injected i.p. with
rnannans as described under Materials and Methods.
Macrophages (3 x 105 cells/well) separated by Percoll
gradient centrifugation of PEC were incubated at
37°C for 24 h in 5% CO2, After centrifugation, the
neutral protease activity in the supernatant was
measured.

PercoIl-gradient centrifugation of PEe from the mice on day 5, and were incubated at 37°C
for 24 h in 5% CO2 , After centrifugation, the neutral protease activities in the supernatant
were measured. As .shown in Fig. 1, the neutral protease activities from macrophages treated
with WNM and WAM025 were increased about 3.0 and 3.5 times as compared with untreated
macrophages. This finding indicates that these polysaccharides can enhance the release of
neutral protease activity from mouse macrophages. The above observations also indicate the
importance of the role of secreted serine proteases in the cytolysis. To examine this role, the
inhibitory effect of DFP on the protease activity was assayed after 24 h cultivation of
WAM025 treated macrophages. The protease activity of the culture supernatant was
measured (Fig. 2). DFP (2-5 mv) significantly inhibited the serine protease activity of the
supernatant (about 80~~ inhibition).

Chymotrypsin and elastase are well known as typical serine proteases. It appears that the
cytotoxicity is mediated by these serine proteases secreted into the medium by macrophages
from mice treated with antitumor polysaccharides.

Recently, a linear P-I, 3-g1ucan from Alcaligenes faecalis, TAK, was reported to induce
tumoricidal activity of PMN23

,24 ) by releasing hydrogen peroxide, but this did not seem to be
the case in the present experiments (Table II). Recently, Schmidt et al.25

) found that the lysis
of target tumor cells by NK cells was closely related to the exocytosis of 35S..labeled
proteoglycan from the NK cells. Thus, it is conceivable that many cells in addition to
macrophages have various cytolytic activities on target tumor cells by releasing cytolytic
substances.

Because WAM025 contains protein, N-acetylglucosamine, and phosphorus, comprising
phosphomannan-protein complexies),' 7) whereas WNM consists of a simple polysaccharide
with a very small amount of protein," the mannan moiety alone may play some important
role in evoking the tumoricidal effect, including the induction of serine protease activities, in
macrophages from mice treated with both mannans, WNM and WAM025. In other words,
the production of serine proteases by the macrophages seems to be one of the key processes in
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the antitumor effect of yeast mannans. The mechanism of serine protease production might be
similar to those in macrophages treated with BCG6, 7) and N-CWS.8) Kitagawa et al.26 )

reported that enzymatically active membrane-bound serine proteases were essential for human
PMN and macrophages to initiate and maintain 0; production in response to stimuli. Our
previous paper" and the present data showed that superoxide release from the PMN was
clearly, higher than that from the macrophages, but the PMN did not show any tumoricidal
activity. Thus, it is suggested that serine protease-producing activity of macrophages is not
always related to the active oxygen releasing activity of the same cells.
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Anti-inflammatory Activity of Low-Molecular-Weight

Melanoprotein from Squid (Fr. SM II)

TSUTOMU MIMURA,*·a SUSUMU ITOH,o KAZUTAKE TSUJIKAWA,o

HIROSHI NAKAJIMA, a MIKIO SATAKE,b YASUHIRO KOHAMAa

and MASARU OKABEo

Faculty of Pharmaceutical Sciences. Osaka University,a Yamadaoka 1-6. Suita, Osaka 565.
Japan and The Central Research Laboratory of Nippon Suisan Co., Ltd."

Kitanocho, Hacliiohji, Tokyo 192. Japan

(Received July 18, 1986)

Low-molecular-weight melanoprotein obtained from Ommastrephes bartrami LESUEL (Fr. SM
II) was subjected to an anti-inflammatory screening procedure and was shown to have a potent
inhibitory activity against carrageenin-induced rat paw edema. Fr. SM II was then studied with
various acute inflammatory models and appeared to suppress the enhanced capillary permeability
of mouse ear induced by xylene and the acceleration of vascular permeability induced by compound
48/80. Using the carboxyrnethylcellulose pouch method, both leucocyte emigration and protein
exudation into the pouch fluid were potently inhibited by Fr. SM II. Fr. SM II was also effective in
subacute inflammation induced by the felt pellet and the croton oil granuloma pouch methods.
Thus, in addition to its anti-ulcerogenic activity, Fr. SM II also has anti-inflammatory activi
ty.

Keywords--squid melanin; anti-inflammatory activity; carrageenin-induced paw edema;
capillary permeability; CMC pouch; felt pellet-induced granuloma; croton oil granuloma pouch

The authors have reported that low-molecular-weight melanoprotein from Om.
mastrephes bartrami LESUEL (Fr.SM II) has anti-ulcerogenic activity based on its inhibition
of gastric juice secretion.1

) The mechanism of anti-ulcerogenic activity of this melanoprotein
was reported in previous papers.r-"

In the present paper, the anti-inflammatory activity of Fr.SM II was examined using
carragenin-induced rat paw edema. We also examined the anti-inflammatory mechanism of
Fr.SM II using both acute and subacute inflammatory models.

Materials and Methods

Preparation of Fr.SM I1--Fr.SM II was obtained from the ink bags or Ommastrephes bartrami LESLJEL as
described in a previous paper. I) Briefly, the ink bags were chopped into piecesand the suspension was homogenized in
a Waring blender, then extracted by adding I N NaOH to the homogenate at pH 9.0. The extract was filtered through
a dou ble gauze layer and the filtrate was dialyzed against distilled water. The undialyzable fraction (crude melanin)
was separated into high- (Fr.SM I) and low- (Fr.SM II) molecular-weight fractions by gel filtration on a Sephadex G
100 column equilibrated with 0.1 M phosphate butTer (pH 7.0) containing 0.5 M NaC\.

Carrageenin-Induced Rat Paw Edema--According to the methods described by Vanarman et al.4 ) and Winter
et al.,5) male SD rats (purchased from Japan Keari Co.) weighing 150-170 g were fasted for 24 h prior to experiments
but were supplied with water ad libitum. Carrageenin (Picnin-A, Zushikagaku) was suspended in 0.9~/~ NaCI to make
a 1.5<;;: (w/v) suspension. The right hind paw was inoculated with 0.1 ml of the prepared carrageenin suspension while
the left hind paw was 'given saline. At an indicated time, the volume difference between the carrageenin-inoculated
and saline-injected paws was recorded as the amount of edema, and the swelling percentage was calculated on the
basis of the volume of the saline-injected paw. Saline was given intraperitoneally 30 min before the carrageenin



No.3 1145

injection. Dexamethasone (Sigma) as a positive control was given subcutaneously 30min before the carrageenin
injection.

Vascular Permeability Test Using Mouse Ear--According to the method described by Fujimura et al.,h) male
ddy mice weighing I5-20 g were injected with 5~·;; pontarnine sky blue (0.1 ml/10g b.w.; PSB) through the vein.
Immediately after the injection. the left ear was pinched for 5 s between two felt pads which were soaked in xylene
beforehand. Fifteen minutes later, both ears were removed and placed between two plates (10 x 45 mm), each of
which had a hole (6 rnm diameter) in its center. The plates were then placed in a cuvette and the optical density (00)
value of the bluish color in the left ear was measured at 630 nrn (the right ear was used as a blank). The dye
concentration was calculated from a calibration curve and expressed as pontamine sky blue concentration. Thirty
minutes prior to the stimulation, the sample to be tested was administered intraperitoneally to the mouse.
Dexamethasone. used as a positive control. was administered subcutaneously.

Capillary Permeability Test with Various Pblogists--According to the methods of Thomas and West" and
Crunkhorn and Willis," male SD rats weighing 150-180 g were fasted and had their backs shaved 24 h prior to
experiments, but were supplied with water tid libitum. Histamine 2HCl (Wako Pure Chemical Ind., Ltd.), serotonin
creatinine sulfate (Seikagaku Kogyo Co., Ltd.), bradykinin (Seikagaku Kogyo Co., Ltd.), prostaglandin E~ (PO E~)

(Sigma) and compound 48/80 (Sigma) solutions were prepared at concentrations 01' I mg/ml, 100ltg/mi. 50 Jig/mi.
10Jlg/mland I mg/ml, respectively. Then 0.1 rol of a phlogist and saline was administered intradermally at two points
in the left and right back, respectively. Immediately after that, the rats were injected intravenously with I~~.~ Evans
blue (l ml/kg, Nakarai Co., Ltd.). Thirty minutes later, the rats were killed and skinned. The capillary permeability
was expressed by the multiplying major and minor axes of the blue area caused by the phlogist, The sample was
administered intraperitoneally 30min prior to the injection of the phlogist.

Anti-inflammatory Activity Test Using the Carboxymethylcellulose (CMC) Pouch Method--According to the
method described by Ishikawa et al.•9 ) carboxymethylcellulose was dissolved in 0.9~,;; NaCI to make a 2~:;'1 solution.
Nitrogen gas (5 m1) was injected subcutaneously into the backs of male rats weighing I3()---·1 50g, and the next day,
CMC solution was injected into the N2 gas sue.For the measurement of leucocyte number and protein content in the
CMC fluid. 0.2 ml of the pouch fluid was collected in a tuberculin syringe at 1.5.3.0.4.5 and 6.0 h after the injection of
the CMC solution. Leucocytes from 0.1 ml of the pouch fluid were stained with O.051~,:. brilliant cresyl blue in saline
and were counted with a hemocytometer. The remaining pouch fluid (0.1 rnl) was used for the determination of
protein concentration using the Folin-Lowry method. The sample was administered intraperitoneally 30min prior to
the administration of the CMC solution.

Felt Pellet-Induced Granuloma-c-e-Felt pellet-induced granuloma was basically prepared according to the
methods reported by Robert and Eezanic'?' and Nakumura and Shimizu. I I) Nine male rats of SD strain weighing
150-·180g were used for each group. Felt pellets, weighing 35± 1mg (0.5-0.6c01 in diameter) each, were prepared
from a felt plate 0.6cm thick and sterilized in an autoclave for 30min at 120"C. Two or the pellets were implanted
into the subcutaneous space of the scapular region under pentobarbiturate anesthesia and 0.1 ml of 4000 Ll/rnl
penicillin was injected subcutaneously. On the eighth day of the implantation, the felt pellets. along with the
surrounding inflammatory tissue,were removed from the animals. The removed granulomas were dried at 60··'C until
they reached constant weight. The increase in weight was determined by subtracting the original weight of the fell
pellet. Liver, spleen, adrenal glands and thymus were also weighed immediately after excision and were expressed as
the weight per !OO g body weight. The sample was administered intraperitoncally at 24 h intervals for Xd. As a
positive control. dexamethasone was administered subcutaneously.

Croton Oil Granuloma Pouch--The procedure employed was basically the same as that of Seric'?' and Itoga
and Miyake.':" Male rats ofSD strain weighing 150·_···180 g were used. A pouch was formed by injecting 20ml of N2

gus into the subcutaneous space of the back under pentobarbiturate anesthesia. Then J 01\ of 1~\; croton oil (Wako
Pure Chemical Ind., Ltd.) dissolved in sesame oil (Nakurai Chern.) was injected into the pouch and 0.1 ml of
4000 U/ml penicillin was injected subcutaneously. On the eighth day of the injection. the animals were sacrificed and
the wet weights of the pouch and the exudate were measured. Liver, spleen, adrenal glands and thymus were also
weighed immediately after the incision and were expressed as weight per 100g body weight. The sample was
administered intraperitoneally at 24 h intervals for 8 d. As a positive control, dexamethasone was administered
subcutaneously.

Statistics--The significance of differences between drug-treated and control animals was evaluated by means
of Student's test.

Results

Effect of Fr .8M II on Carrageenin-Induced 'Paw Edema
Fr.SM II depressed the paw edema dose-dependently when administered intraperi

toneally (Fig. 1) or intravenously (Fig. 2). It is noteworthy that there was no difference in the
inhibitory activity between the two methods of administration. Therefore, we employed
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Fig. 1. Effect of Fr. SM n on Carrageenin"
Induced Paw Edema in Rats (i.p.)

• , control,") 0 Fr. SM II") 10mg/kg, A 20mg/kg,
~ dexamethasone? I rng/kg. a) Saline. b) Sample was
administered intraperitoneally 30min prior to the
carrageenin injection. c) Sample was administered
subcutaneously, 30 min prior to the carrageenin in
jection. All values represent mean±S.E. (n=8). Sig
nificantly different from the control group: d) p < 0.05,
e) p<O.OOl.

Fig. 2. Effect of Fr. SM II on Carrageenin
Induced Paw Edema in Rats (i.v.)

• Control,") 0 Fr. SM II") lOmg/kg, ... 20mg/kg.
a) Saline. b) Sample was administered intravenously
30min prior to the carrageenin injection. All values
represent mean ±S.B. (n =8). Significantly different
from the control group: c) [1<0.001.

TABLE 1. Effect of Fr. SM n on Enhanced Capillary Permeability
Induced by Xylene in Mice

Treatment
Dose

(rng/kg)
Vascular permeability

(PSBd ) mg/df)

Contror"
Fr. SM lIb)

Dexamethasone")

10
20

1

4.12±O.35
4.65±0.40
2.91 ±0.15")
2.41 ± 0.16J>

0) Saline. b) Sample was administered intraperitoneally 1 h prior to the intravenous administration of
PSB. c) Sample was administered subcutaneously I h prior to the intravenous administration of
PSB. d) PSB; pontamine sky blue. All values represent mean ± S.E. (11 = 8). Significantly different from
the control group: e) p < 0.01,f) P < 0.00 I.

TABLE II. Effect on Accelerated Capillary Permeability Induced by Various Phlogists in Rat Skin

Treatment
Dose Colored area (mm")

(mg/kg) Histamine Serotonin Bradykinin PO E2 Compound 48/80

Control" 126.0± 10.6 275.2±29.1 93.0±6.8 58.6±5.0 441.1 ±24.3
Fr. 8M lib) 10 137.9± 6.3 274.8±26.1 86.2±6.2 53.6±7.6 397.6±23.4

20 126.1 ± 5.9 268.4±34.1 112.5±6.7 60.8±3.7 315.6± 17.1')

a} Saline. b) Sample was administered intraperitoneally 30min prior to the injection of Evans blue solution. All values
represent mean ±S.E. (n=8). Significantly different from the control group: c) p<O.OOl.
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intraperitoneal administration in the following experiments.

Effects of Fr.8M II in the First Phase of Inflammation
Fr.SM II at a dose of 20 mg/kg significantly depressed the accelerated vascular

permeability of the ear induced by xylene (Table I).
Fr.SM II at a dose of 20 mg/kg significantly depressed the acceleration of the vascular

permeability in the back induced by compound 48/80, but not those produced by serotonin
and PG E2 • Fr.SM II slightly increased the acceleration of vascular permeability induced by
histamine and bradykinin (Table II).

Effect of Fr.8M II in the Second Phase of Inflammation
In the CMC pouch method, which represents the second inflammatory phase, Fr.SM II

at doses of 10 and 20 mg/kg significantly suppressed leucocyte ernigration at 4.5 h after the
injection of CMC solution and significantly suppressed protein exudation from 3 h after that
time (Tables III and IV).

Effect of Fr .8M II on the Subacute Inflammatory Models
Felt pellet-induced granuloma was employed as one of the subacute inflammatory

TABLE III. Effect of Fr. SM II on Leucocyte Emigration into the Pouch Fluid in the CMC Pouch Method

6.0 (h)

6.73±O.54
6.31 ±0.33
6.96±0.67

10.31 ±0.39
8.67±O.SOd
8.27 ±0.3211

)

8.14± 0.39
8.81 ±0.19
8.50±0.48

Leucocyte count in 1mrrr' of pouch fluid ( x 103
)

3.0 4.5
Treatment

Dose
(rug/kg) 1.5

Control" 7.40±O.30
Fr. SM 11M 10 7.31 ± 0.44

20 7.12±O.59

-------------------------_._--_...

a) Saline. b) Sample was administered intraperitoneally 30min prior to the ('Me udministration. All values represent
mean±S.E. (11=~). Significantly different from the control group: c) p<O.05, tI) p<O.()I.

TABLE IV. Effect of Fr. SM II on Protein Exudation into the Pouch Fluid in the CMC Pouch Method
===============================

Treatment
Dose

(rug/kg) 1.5
mg of protein I ml of pouch fluid

3.0 4.0 6.0 (h)

Control"
Fr. SM II"' 10

20

14.89:lI.1H
12.35±0.75
14.02±O.IO

22.29± LIB
19.14±1.16
17.17± 1.12d

)

28.3 ) :!: ] .62
23.6S ±2.J 5
21.84± 1. 17,JI

43.23 ±2.11
28.53 ~}~ 1.6T'f
27.67 ± 1.02")

CI) Saline. b) Sample was administered intrapcritoncally 30min prior to the ('Me administration. All values represent
meun± S.E. (1/:::: R). Significantlydifferent from the control group: r) p<O.05. t1) jJ <O.O!.

TABLE V. Effect of Successive Administration of Fr. SM II 011 Granuloma
Formation Induced by Felt Pellct in Rats

Treatment
Daily dose

(mg/kg)
Granuloma formed by felt pellet

(rng)

Control"
Fr. SM II"'

Dexamethasone"

5
10
0.5

35.8± 1.1
35.7 ±1.2
29.8± lAd)

7.8±O.9L!1

a) Saline. h) Sample was administered intraperitoneally for 8d. c) Sample was administered sub
cutaneously for 8d. All values represent mean±S.E. (11= 18). Significantly different from the control
group: d) p<O.OI, e) p<O.OOI.
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TABLE VI. Effect of Successive Administration of Fr. 8M II on Various Wet Organ
Weights in Rats with Felt Pellet Granuloma Pouch

Treatment
Daily dose Relative wet organ weights

(rug/kg) Adrenal" Thymus" Spleerr" Liver"

Control" 7.9±0.6 194.3± 11.2 298.1 ± 18.5 4.3±0.1
Fr. SM lIb) 5 8.9±0.8 185.7± U.S 292.9±20.8 4.7±0.2

10 11.1 ±0.5°) 180.8± 6.3 452.2 ± 9.7") 4.7 ± O.l}')
Dexamethasone") 0.5 4.0±0.2Y ) 28.3± 4.0h) 95.8± 7.4/1) 5.2±0.O'/)

a) Saline. b) Sample was administered intraperitoneally for 8d. c) Sample was administered subcutaneously for
8d. d) mg/IOOg final body W1. e) g/lOOg final body wt. All values represent mean±S.E. (n=9). Significantly different from
the control group:/) p<0.05. g) p<O.OI, 11) p<O.OOl.

T ABLE VII. Effect of Successive Administration of Fr. 8M II on Granuloma
Formation and Exudate in the Granuloma Pouch Method in Rats

Treatment
Daily dose Pouch fluid Pouch wall

(rug/kg) (ml) (g)

Control" 14.75± 1.73 4.54±0.45
Fr. 8M lI h) 5 15.69±2.40 4.15±0.69

10 9.31 ± 1.2411 ) 2.64± 0.38<')
Dexamethasone") 0.5 0.00 ± O.OOn 1.62 ± O.36f1

a) Saline. b) Sample was administered intraperitoneally for 8d. c) Sample was administered sub
cutaneously for 8 d. All values represent mean±S.E. (11 =9). Significantly different from the control
group: d) p <0.05. C') p <O.OI.f) p <0.001.

T ABLE VIII. Effect of Successive Administration of Fr. 8M II on Various Wet Organ
Weights in Rats with Granuloma Pouch

Treatment
Daily dose Relative wet organ weights

(rug/kg) Adrenal" Thymus" Spleen'" Liver")

Control" 8.7±O.2 191.9 ± 11.8 367.9± 17.3 4.7±O.1
Fr. 8M IIh) 5 11.7 ± O.BIlI 144.0± 14.2f1 420.4 ± 15.4J'1 4.5±0.2

IO 11.2± O.5/J1 165.3± 6.9 336.9± 13.9 4.8±0.1
Dexamethasone") 0.5 5.4 ± 0.4") 63.5± 6.5'11 103.0± 8.311 ) 6.7±O.6")

a) Saline. h) Sample was administered intraperitoneally for 8 d. c) Sample was administered subcutaneously for
8d. d) mg/lOOg final body wt. e) g/lOOg final body wt. All values represent mean±S.E. (n=9). Significantly different from
the control group: f) p <0.05. g) P< 0.01, h) p <0.001.

models. Fr.SM II significantly suppressed the granuloma formation at doses of 5 and
10rug/kg. Dexamethasone showed significant suppression at a dose of 0.5 mg/kg (Table V).
The weights of various organs at the end of the experiments are summarized in Table VI.
Fr.SM II significantly increased the weights of the adrenal glands, spleen and liver.
Dexamethasone significantly decreased the weights of the spleen, thymus and adrenal glands
and increased that of the liver.

The granuloma pouch method was employed as another subacute inflammatory model.
Fr.SM II significantly suppressed the pouch fluid accumulation and the granuloma formation
at a dose of 10mgjkg. Dexamethasone was much moreeffective (Table VII). The organ
weights at the conclusion of the experiments are shown in Table VIII. Fr.SM II significantly
increased the weights of the adrenal glands and spleen, but decreased that of the thymus, while
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dexamethasone significantly decreased those of the spleen, thymus and adrenal glands and
Increased that of the liver.

Discussion

Melanin is a high-molecular-weight compound formed by oxidative polymerization of
various forms of quinones, which originate from tyrosine and exist as melanoproteins after
being combined with proteins in the cytosol. Since melanoprotein has an indefinite molecular
weight and a random sequence of constituent units, there have been few reports concerning its
biosynthesis or physiological significance. Recently, it was reported that the melanins of Str.
bottropensis (GIS),14,15) Octopus vulgaris CUVIER (OMy 6 ) and Otnmastrephes bartrami
LESUEL (Fr.SM II)l -3) exhibit anti-ulcer activity as evaluated in tenus of the inhibition of
gastric juice secretion.

In this paper, we examined the anti-inflammatory activity of Fr.SM II, and found that
Fr.SM II suppressed carrageenin-induced rat paw edema when given either by intraperitoneal
or intravenous administration (Figs. 1 and 2). In our previous report,'? it was demonstrated
that the intraperitoneal administration of Fr.SM II caused no squirming and no stimulation
of peritoneal capillary permeability in mice. Therefore, in the following experiments, Fr.SM II
was administered intraperitoneally.

According to Vineger et al.17
) and Dirosa et al.,t8, 19) carrageenin-induced rat paw edema

can be classified into three steps. The first step (from 0.5 to 1.5 h) is mediated by histamine
and/or serotonin, the second (from 1 to 2 h) by bradykinin and the third (after 2 h) by
prostaglandins (PGs). As shown in Figs. I and 2, the first step of carrageenin-induced paw
edema was significantly inhibited by Fr.SM II, so it was assumed that the fraction affected the
histamine- and/or the serotonin-related process. Since Fr.SM II had anti-inflammatory
activity in the carrageenin-induced paw edema, its effects on other experimental inflammatory
models were also examined.

In general, the inflammation process can be divided into three phases. During the first
phase, tissue damage caused by local stimulants and an enhancement of the vascular
permeability takes place. Next, an emigration of leucocytes is observed. The third phase is
characterized by granuloma formation and tissue regeneration.

Fr.SM II suppressed the non-specifically enhanced vascular permeability caused by
xylene, and at the same time, suppressed the enhancement of vascular permeability caused by
compound 48/80 (Table II). The latter compound is known to affect mast cells, causing release
of chemical mediators such as histamine, serotonin and the eosinophilic chemotactic factor of
anaphylaxis (ECF-A). Therefore, it was assumed that Fr.SM II inhibited the release of these
chemical mediators from the mast cells.

Moreover, Fr.SM II inhibited the emigration of leucocytes and the exudation of protein
into the CMC pouch fluid, which corresponds to the second phase of inflammation. It was
supposed that the effect was based on a lowering of the vascular permeability, which leads to
inhibition of the leakage of protein through the vessels and results in inhibition of leucocyte
emigration.

Moreover, Fr.SM II was effective in subacute inflammation, which was caused by felt
pellet granuloma and the croton oil granuloma pouch, as well as acute inflammation. In the
subacute inflammatory models, the toxicity of the tested sample has to be considered. As
shown in Tables VI and VIII, the weights of the adrenal glands and spleen increased but that
of the thymus decreased. FrOlTI these results, the authors considered that Fr.SM II had showed
little toxicity on successive administration. However, the reason for the changes in the thymus
and adrenal grands is not clear, and we intend to carry out a histological investigation of the
effect of Fr.SM II on these organs.
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Although the physiological significance of the anti-inflammatory activity of melanin
must await further investigation, it is clear that Fr.SM II has anti-inflammatory activity in
addition to anti-ulcer activity.
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Interactions in vitroand in vivo between semi-alkaline proteinase (SAP) and protease inhibitors
of rabbit serum were studied. As a result of the purification of SAP inhibitors from rabbit serum.
the caseinolytic activity of SAP was found to be inhibited by /XI-rnacroglobulin (cct M) and a}~

proteinase inhibitor (alP!)' SAP was stoichiometrically bound to IX} M at a molar ratio of 1 : 1 and
the proteolytic activity remained constant at 16% of the original activity even in the presence of
excess IX I M. In contrast, the proteolytic activity of SAP decreased linearly with increase in the
amount of (XlPI, but a lO-fold molar excess of !XIPI was needed for complete inhibition.

The disappearance rate of intravenously injected 125I-labe1ed SAP (1251-SA P ) from rabbit
serum was also investigated by using high-performance liquid chromatography (HPLC). Serum
levels of 1251_SAP decreased biexponentially after a single injection. The results of gel-permeation
HPLC of rabbit serum on a TSK 0-3000 SW column indicated that SAP was mainly bound to IX

macroglobulins and that a-macroglobulin-SAP complex was cleared from the blood circulation
with a half-life of 10 min.

Keywords-e-e--semi-alkaline proteinase; rabbit serum; serum protease inhibitor; high-per
formance liquid chromatography

1151

Semi-alkaline proteinase (SAP) from Aspergillusmelleus is now used clinically as an oral
anti-inflammatory drug, but the mechanism of its action is still obscure. To understand the
pharmacological effect of SAP, detailed pharmacokinetic studies are necessary. Our previous
papers dealt with the quality of C01l1111CrciaI SAP preparations and showed that they were not
pharmaceutically equivalent.l-" An assay method for SAP in biological fluids, however, is still
required for the evaluation of biological equivalence of SAP preparations.

Enzyme activity measurement is not useful for determining the concentration of the
protease in biological fluids, because the enzyme activity is easily affected by the endogenous
proteases, activators and inhibitors. Thus. radioimmunoassay (RIA) procedures are being
developed for the quantitative measurement of the protease in biological fluids." - 5) However,
several investigators have reported that the immunoreaction i11 the RIA is inhibited by some
high-molecular-weight protease inhibitors such as (X2-macroglobulin in the biological
fluids. 6 - S )

Recently, high-performance liquid chromatography (HPLC) has been widely used for the
separation of proteins and peptides." -12) In the present paper, we attempted to determine the
125I-Iabelled SAP e25I-SAP) and 125I-SAP-protease inhibitor complexes in rabbit serum by
using HPLC, and to apply the HPLC method to studies on the interactions in vitro and in vivo
between SAP and protease inhibitors of rabbit serum.
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Materials--Carricr-free NallS} (2mCi) and Enzymobeads were purchased from New England Nuclear and
Bio-Rad Laboratories, respectively. Sephacryl S-200, DEAE-Sephacel and Sephadex G-25 were obtained from
Pharmacia Fine Chemicals.

Purification of SAP--Purification of SAP from Aspergillus melleus was performed as previously described.':"
The molecular weight of SAP was estimated to be 3.4 x 104 by gel filtration and sedimentation analysis.

Radioiodination of SAP--A 2% glucose solution .(20pi) was added to a mixture containing 20 JLl of SAP
(O.22mg), 50jd of 0.2M phosphate buffer (pH 6.77), 50JlI of Bio-Rad enzymobeads and l2.5}l1 ofNal2sI (0.25mCi).
After standing at 25°C for' 1 h, the reaction mixture was chromatographed on Sephadex G-50 equilibrated with
15mMTris-HCI buffer (pH 8.0) containing I mM Cael2• Fractions containing radiolabeled protein were pooled. The
specific activity of l25I-labeled SAP e2sl -SAP) was about 0.26 jlCi/jlg and no loss of its proteolytic activity was
observed.

Inhibitory Assay Method--SAP (lO/lg) and protease inhibitor in a final volume ofO.5ml of 50mM Tris-HCl
buffer (pH 8.0) were incubated at 37DC for 10min prior to the addition of 2.5 ml of 1.2t}~ casein in 0.1 M phosphate
buffer (pH 7.0): The reaction mixture was further incubated at 37 DC for lOrnin. then the enzyme reaction was
terminated by the addition of 2.5 ml of solution containing 0.11 M trichloroacetic acid, 0.22 M sodium acetate and
0.33 M acetic acid, and the absorbance of the filtrate was measured at 280 nm. One inhibitory unit was defined as the
amount of protease inhibitor which inhibited 1.0 JIg of SAP under the above conditions.

Ultrafiltration--A Diaflo pressure dialysis apparatus (model 52) with a YM-1O membrane (Amicon Corp.)
was used for ultrafiltration of pooled rabbit serum.

Purification of Protease Inhibitors from Rabbit Serum--Rabbit blood was allowed to clot spontaneously at
room temperature and 50ml of rabbit serum thus obtained was concentrated to 20 ml by ultrafiltration. The
concentrated serum was applied to a column (3.0 x 96em) of Sephacryl S-200 equilibrated with 50 mM phosphate
buffer (pH 7.0) containing 0.1 M NaCI. Two peaks with SAP inhibitory activity were eluted from the column icf. Fig.
I). The first peak was purified further by chromatographies on DEAE-Sephacel and Zn-chelate Sepharose 4B.14 • IS )

The obtained inhibitor gave a single protein band on polyacrylamide gel electrophoresis and the molecular weight
was calculated to be 8.2 X 105 by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and gel
filtration on Sepharose CL-6B. The final preparation was purified about 22.4-fold from the rabbit serum with a
recovery of 56~i~. The second peak was purified further by chromatographies on Cibacron-Blue Sepharose 4B,
DEAE-Sephacel and Sephadex G-100. The purified inhibitor showed a single band on disc polyacrylamide gel
electrophoresis and its molecular weight was estimated to be 6.2 x 104 by SDS-PAGE. The final preparation
represented a 59.6-fold purification with a recovery of 47%.

Animal Experimcnt--Male rabbits (2.90-3. 15kg) were given KI in their drinking water for five days to
prevent uptake of iodine by the thyroid and fasted for 24h prior to the experiment. 125I_SAP (3 x 107 cpm/rabbit) was
injected into a marginal ear vein of rabbits at a dose of 0.5 mg/kg. Blood was obtained from the vein of the other car
at timed intervals after injection and the serum was separated by centrifugation for analysis.

Chromatographic Conditions--HPLC was performed on a Hitachi 638-80 liquid chromatograph equipped
with a TSK GEL 0-3000 SW column (7.5 x 600 mm, Toyo Soda). As a mobile phase, 0.2 Mphosphate buffer (pH 7.0)
containing 0.1% SDS was used at a flow rate of 0.5 ml/rnin.

HPLC Separation of Rabbit Serum--A 50 Jd aliquot of serum was injected into the HPLC instrument and
fractions of l.Oml were collected. The radioactivity of each fraction was counted in an Aloka Autowell y-Systcm
ARC~On '

Results and Discussion

Effect of Protease Inhibitors of Rabbit Serum on the Caseinolytic Activity of SAP
As it appeared that administered SAP was trapped by protease inhibitors in biological

fluids, the interaction between SAP and the protease inhibitors of rabbit serum in vitro was
investigated. As shown in Fig. 1, rabbit SerUlTI was fractionated on a Sephacryl S-200 column,
and the SAP inhibitory activity of each fraction was assayed. Two peaks with SAP inhibitory
activity emerged from the column (fraction numbers 55 and 85). The inhibitors were purified
as described in "Materials and Methods".

It is well known that rabbit serum contains two immunologically distinct «-macroglob
ulins, C(I-macroglobulin and lXl-macroglobulin, and that rabbit C(t-macroglobulin is antigeni
cally related to human (X2-macroglobulin.16 -18) Our preparation gave a single precipitin line
against anti-human (X2-macroglobulin antibody (data not shown). Therefore, this purified
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inhibitor was identified as lXl-nlacroglobulin (lX l M) based on the molecular weight and
immunological character. As the second inhibitor eluted in gel-filtration on SephacrylS-200
was bound to pancreatic trypsin and chymotrypsin at a molar ratio of approximately 1 : I, the
purified inhibitor was considered to be lXI-proteinase inhibitor (IXl PI) as judged from the
molecular weight and protease inhibition spectrum.

Figure 2 shows the effects of rabbit IXl M and alPI on the caseinolytic activity of SAP.
When the molar ratio of a] M to SAP was increased, the residual activity decreased linearly to
16% of the control, and then leveled off. At this saturation point, the binding molar ratio of
a1M to SAP was calculated to be 1 : 1. It is well known that human IX2M- protease complexes
retain enzymic activity for low-molecular-weight substrates, but the hydrolysis of large
substrates tends to be sterically hindered.l?' The binding of SAP to the rabbit a1M results in a
reduction, but not total absence of caseinolytic activity, indicating that the inhibition of
enzymic activity results from the steric hindrance of access of casein to bound SAP.

In contrast, the caseinolytic activity of SAP decreased linearly with the amount of added
aIPI, but a 10-fold molar excess of !Xl PI was needed for the complete inhibition ofcaseinolytic
activity of SAP. The binding stoichiometry of SAP to a.M was not the same as that of other
proteases. Berthillier et al.17

) reported that 2 mol of trypsin or chymotrypsin was bound to
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Fig. 2. Effect of Rabbit ctl-Macroglobulin (A) and ctl-Proteinase Inhibitor (B) on
the Caseinolytic Activity of SAP

SAP (10Jig) was preincubated with vuri?us amounts of !XI~ or tXl p~ in O.~ ml ?f. 50mM
Tris-HCI buffer (pH 8.0) at 37 "C for 10nun and then the residual caseinolytic acnvity was
measured.
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1mol of rabbit tX1M. A similar variability has been observed in the binding ratio of the various
proteinase-human 1X2macroglobulin complexes.i" - 22)

Separation of 125I_SAP and 125I-SAP-Protease Inhibitor Complexes Using HPLC
HPLC fractionation was carried out on a TSK G·3000 SW column for the separation and

quantification of 125I_SAP and 125I-SAP-protease inhibitor complexes. 125I_SAP was in-
cubated with the purified (XtM or atPI at 37°C for lGrnin, and the mixture was subjected to
HPLC. As shown in Fig. 3, 125I-SAP-a1M complex (fraction numbers 17), 125I-SAP-ccIPI
complex (fraction numbers 22) and 125I_SAP (fraction numbers 26) were well separated from
each other. Thus, the HPLC fractionation method was found to be useful for the determina
tion of 12SI_SAP and I251-SAP-protease inhibitor complexes separately on the basis of their
elution volumes.

Interaction between l2sI_SAP and Rabbit Serum in Vitro
The interaction between 125I_SAP and rabbit serum was studied by HPLC fractionation

of mixtures of I25I-SAP and different amounts of serum. The 125I_SAP was incubated with 2td
(30~~ saturation of SAP-inhibiting capacity of serum) or 10 tl1 (100% saturation) of rabbit
serum at 37°C for 10 min and then the reaction mixture was subjected to HPLC. As shown in
Fig. 4, the radioactivity appeared in three fractions. The first peak was eluted with the cc
rnacroglobulins fraction, the second was eluted with unbound SAP fraction and the final one
was eluted with degraded products of SAP. When a large amount of serum was added, the
radioactivity of the o-macroglobulins fraction increased. However, no peak corresponding to
125I-SAP-cx1PI complex was observed. When mixtures of I25I_SAP, purified aIM and ClIPI
(molar ratio of 1: 0.3: 3 or 1: 1.5: 15) were analyzed as described in Fig. 4, the radioactivity
was mainly observed in Cl1M fraction and unbound SAP fraction, but the radioactivity of CC l M
fraction increased on increasing the amount of inhibitors (data not shown). These results
indicated that SAP has a higher affinity for «-macroglobulins than for (Xl PI in rabbit serum.

Serum Levels of 12sI..SAP after Intravenous Administration to Rabbits
The disappearance of 125I_SAP injected intraveneously was studied by using HPLC
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fractionation. Figure 5 shows the elution profiles of rabbit serum following the intravenous
administration of 0.5 mg of 12sI_SAP per kg. Radioactivity in the serum Srnin after dosing
appeared mainly in both e-macroglobulins and low-molecular fractions, and «-macroglo
bulins contained 75% of the applied radioactivity. The radioactivity in the «-macroglobulins
fraction gradually diminished with time and disappeared I h after the administration. The
radioactivity eluted around fraction number 28 (degradation products of SAP) gradually
increased, reached a maximum almost 1h after the administration, and then decreased.

Figure 6 shows the time course of the total radioactivity of rabbit serum after intravenous
administration of 125I_SAP. The curve for disappearance of radioactivity followed a biphasic
pattern with half lives of ~O min in the a-phase and 5 h in the If-phase. The radioactivity
derived from ce-macroglobulins fraction in rabbit serum was measured by HPLC fractionation
and the results are included in Fig. 6. The rate of decrease in 125I-SAP-et-macroglobulin
complex coincided with that of the fast disappearance phase. These results suggest that the
administered 125I_SAP exists mainly in e-macroglobulins-bound form in the rabbit serum at
the early stage and then low-molecular-weight metabolites begin to appear with time. The
results of our pharmacokinetic study of SAP were similar to those obtained by Katayama and
Fujita23 ) in experiments with elastase. They reported that the serum levels of elastase declined
biexponentially with half-lives of 13.6min and 5.5 h after intravenous administration of 1.311_

elastase to rats.
Since the HPLC method presented here enables the measurement of 125I_SAP and 1251_

SAP-protease inhibitor complexes in rabbit serum on the basis of their elution volumes and
can be applied to study the disappearance of 125I-SAP-protease inhibitor complex and
degradation products of SAP in rabbit serum, it should be useful for pharmacokinetic studies
of SAP.
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Chronic Effect of Salviae Miltiorrhizae Radix on Renal Tissue
Blood Flow and Blood Pressure in Uremic Rats
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The chronic effect of oral administration of Salviae Miltiorrhizae Radix extract on renal tissue
blood flow and blood pressure was investigated in uremic rats. Chronic administration of the
aqueous extract from Salviae Miltiorrhizae Radix to rats significantly increased renal tissue blood
flow by 32 and 38% on days 12 and 24. respectively. Blood pressure measured by the tail-cuff
method was significantly decreased by 4-8~~ on the 6th. lSth, and 24th d. The uremia-alleviating
action of Salviae Miltiorrhizae Radix extract is discussed 011 the basis of the present results.

Keywords--Salviae Miltiorrhizae Radix: uremic rat; renal tissue blood flow; blood pressure
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It has previously been shown that the aqueous extract from Salviae Miltiorrhizae Radix
was effective in rats with uremia induced by an adenine diet, during the course of screening 15
crude drugs used in traditional Chinese medicine for renal diseases and hemostasis.!'
Furthermore. we have reported that the oral administration of Salviae Miltiorrhizae Radix
extract to adenine-fed rats resulted in significant decreases of serum urea nitrogen, creatinine,
methylguanidine, and guanidinosuccinic acid and increases in the excretion of urinary urea
and creatinine. which suggested that Salviae Miltiorrhizae Radix might alleviate the uremic
state by improving renal function."?" In the present study. further investigations were carried
out to determine the effects of chronic administration of this preparation on two parameters
of renal function. i.e., renal blood How and blood pressure.

Materials and Methods

Animals and Treatmenrs-s-c-Male Wistar rats of 10weeks of age. initially weighing 280---300g. were used in the
experiment. The animals were fed ad libitum on an I8IX, casein diet containing O.75~~: adenine. The 18~(;; casein diet
had the following composition (in 100 g): casein 18g, «-comstarch 57.9g. sucrose 15g. soybean oil 2 g. salt mixture"
4 g, vitamin mixture" 1g, cellulose powder 2 g, and choline chloride 0.1 g. To this diet, adenine was added at the level
of 0.75 g/ I00g of the diet. The adenine feeding procedure produced experimental chronic renal failure. as reported
previously."·-9) During the adenine feeding period, Salviae Miltiorrhizae Radix extract was allowed ad libitum at a
concentration of I mg/rnl in water, while control rats were given tap water. The dose of Salviae Miltiorrhizae Radix
extract was about 30 rng/rat/d during the experimental period. There were no statistically significant differences
between the control and Salviae Miltiorrhizae Radix extract-treated groups with regard to body weight or food intake.

Extraction of Salviae MiJtiorrhizacRadix---Roots of Salviae Miltiorrhizac Radix tSalvia Miltiorrhiza BUNGE).

produced in China, and supplied by Tochimoto Tenkaido Co., Ltd., Osaka. Japan, were finely powdered and
extracted with distilled water at 1001:>C for 40 min (roots: water-s 1: 10. w/v), as described previously. I) The aqueous
extract was filtered through 4 layers of gauze and the filtrate was freeze-dried under reduced pressure to leavea brown
residue in a yield of about 25%.

Measurement of Blood Flow in Renal Tissue--Renal blood flow was determined with a needle-type bipolar
electrode electrolytic organ rheometer (Biomedical Science Co" Ishikawa, Japan), by applying a hydrogen gas
clearance method. I O, ll ) The procedure was as follows: rats were anesthetized by intraperitoneal administration of
30mg/kg body weight of sodium pentobarbital (Abbott Laboratories, North Chicago. III.. U.S.A.) and laparoto-
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mized. Then, a needle-type electrode was obliquely inserted into the renal cortex 1-2 mm below the renicapsule,
while plate-type Ag-AgCI electrodes were implanted under the skin. Electrodes A and B were used for the
determination of hydrogen concentration and the generation of hydrogen gas, respectively. From electrode B a
current of 101lA was applied to the renal cortex for 40s, and the change in the polarocurrent of hydrogen gas
generated was recorded. The half-life of the approximate index from each figure was then applied to the calculation of
renal blood flow using the equation given below. Apparent blood flow based on the diffusion of hydrogen gas was
obtained postmortem from the diffusion data.

69.3

half-life obtained from clearance curve (min)

apparent blood flow based on the
diffusion of hydrogen gas in the
body (mlj100 g renal tissue/min)

Measurement of Blood Pressure--For the determination of blood pressure, a RAT USM-I05-R-type
automatic sphygmotonograph (Ueda Manufacturing Co., Tokyo, Japan) was used. Systolic blood pressure was
determined in the rats without anesthesia.

Statistics--The significance of differences between the control and Salviae Miltiorrhizae Radix extract-treated
groups was tested by the use of Student's r-test.

Results

Chronic Effect of Salviae Miltiorrhizae Radix Extract on Renal Blood Flow
Figure 1compares the relative renal blood flow in rats of the three groups. On day 6, renal

tissue blood flow in the control rats fed an adenine diet was significantly decreased by 17~: as
compared with normal rats, while renal tissue blood flow in the adenine-fed rats treated with
Salviae Miltiorrhizae Radix extract tended to be slightly higher than in the control rats. On
day 12, a significant fall of renal tissue blood flow in control rats was observed as compared
with normal rats. At this time, treatment with Salviae Miltiorrhizae Radix extract significantly
increased renal tissue blood flow by 32~~ from 73.1 mljl00 g tissue/min to 96.21nl/l00 g
tissue/min (p < 0.05). When renal tissue blood flow in Salviae Miltiorrhizae Radix extract
treated rats was compared with that of normal rats, there was almost no difference. On day
24, a large decrease of renal tissue blood flow in control rats was noted in comparison with
normal rats. At the same time, Salviae Miltiorrhizae Radix extract significantly increased the
renal tissue blood flow by 38% from 56.6 ml/100 g tissue/min to 78.1 lull100 g tissue/min
(p<O.Ol). Figure 2 shows representative examples of hydrogen gas clearance curves (left) and
semi-logarithmic plots of these clearance curves (right) at 24d after oral administration.
Chronic administration of Salviae Miltiorrhizae Radix extract increased the rate of hydrogen
gas clearance in renal tissue.
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Fig. 1. Chronic Effect of Salviae Miltiorrhizae
Radix Extract on Renal Tissue Blood Flow

N, normal rats; C, uremic rats (control group); S,
uremic rats (Salviae Miltiorrhizae Radix extract
treated group).

Values are means ±S.E. of 6 rats. Figures in paren
theses are percentages of the normal or control value.
a) Significantly different from the normal or control
value, p<O.05, b) p<O.Ol.
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Fig. 3. Chronic Effect of Salviae Miltiorrhizae
Radix Extract 011 Blood Pressure

N, norm al rats; C. uremic rats (con trol group); S,
uremic rat s (Salviae Mih iorrhizae Radix extract
treated gro up).

Values arc means j, S.E. or 6 rats. Figu res in paren
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tI ) Significantly different from the normal or con trol
value, p <O.1l5, b) p < O.Ol. d p < O.OClI .

Chronic Effect of Salviae Miltiorrhizae Radix Extract on Blood Pressure
As shown in Fig . 3, there were no significant differences in blood pressure among the 3

groups on day 0 prior to administration of adenine. After the administration of adenine for 6 d,
blood pressure was increased by 3% but there were no statistically significant differences as
compared with normal rats. The administration of Salviae Milt iorrhizae Radix extract
significantly decreased blood pressure by 8% from 129.9 to 119.5 mmHg (p <0.05). On day 12
of adenine administration, blood pressure was significantly higher in control rats than in
normal rats, but slightly lower in Salviae Miltiorrhizae Radix extract-treated rats (not
significant). On day 18, blood pressure in control and Salviae Miltiorrhizae Radix extract
treated rats was significantly higher than that of normal rats . However, in extract-treated rats,
blood pressure was decreased significantly by 5% (p < 0.05). On day 24 of adenine or extract
administration, increases in blood pressure parallelling those on day 18 were noted . Blood
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pressure in Salviae Miltiorrhizae Radix extract-treated rats was significantly lower than in
control rats (137.0mmHg VS. 143.0mmHg, decrease rate 4%, p<O.05).

Discussion

It is widely accepted that in renal failure, the renal blood flow naturally falls pro
gressively. Decrease in the renal blood flow is accelerated by complications such as cardiac
insufficiency, dehydration, electrolyte disorders, etc., in addition to the changes in the kidneys
themselves, and renal blood flow has a direct influence on the glomerular filtration rate. I l

) On
the other hand, patients with renal failure frequently have complicating hypertension.
Generally, it is known that hypertension is caused by an increase of extracellular fluid and that
it can also be associated with the renin-angiotensin-aldosterone system and vasopressor
amines. At the same time, the existence of the prostaglandins, kinin-kallikrein system as an
anti-vasopressor factor, and depressor substances has been proved. 13)

In the present experiment, adenine-fed rats showed a decrease in renal blood flow on the
6th, 12th, and 24th d of 17-38% compared with normal rats. However, chronic treatment
with Salviae Miltiorrhizae Radix extract increased the renal blood flow by 14-38%. This
finding is also supported by a recent report that Salviae Miltiorrhizae Radix improves the
circulation of the capillary blood vessels and increases coronary blood flow."?

Renal blood flow is adjusted not only neurologically and humorally, but also by
autoregulation.P' These neurological and humoral factors are also associated with blood
pressure.l'" In this study, therefore, we investigated the effect of Salviae Miltiorrhizae Radix
extract on blood pressure, and it was found to significantly decrease the blood pressure in
uremic rats. This result agrees with a report that Salviae Miltiorrhizae Radix has hypotensive
activity clinically.I?) These observations imply that neurological and humoral factors re
sponsible for lowering blood pressure may mediate an increase in renal blood flow. These
effects of Salviae Miltiorrhizae Radix were in agreement with those which have been observed
in rats given the traditional Chinese prescription "onpi-to (wen-pi-tang)" composed of Rhei
Rhizoma, Ginseng Radix, Glycyrrhizae Radix, Zingiberis Rhizoma, and Aconiti Japonici
Tuber.l'"

On the other hand, renal vascular resistance has generally been calculated by dividing the
mean blood pressure by renal blood flOW. I9) In the present experiment, renal vascular
resistance in Salviae Miltiorrhizae Radix extract-treated rats was decreased by 20-30/{}
compared with control rats. The fall in renal vascular resistance together with the increase of
renal blood flow and decrease of blood pressure during Salviae Miltiorrhizae Radix extract
administration is of interest. It may be that the diminished renal vascular resistance and the
attendant increase in renal blood flow would be large enough to increase the glomerular
filtration rate. It -can thus be postulated that the increased renal blood flow produced by
Salviae Miltiorrhizae Radix extract may contribute to the increases in the urinary excretion of
uremic toxins such as urea, creatinine, electrolytes, and so forth, reported previously."

Though renal blood flow is an important determinant of renal function, it remains to be
seen whether the observed increase in renal blood flow and decrease of renal vascular
resistance produced by Salviae Miltiorrhizae Radix extract affects the renal elimination of
uremic toxins. Further studies are therefore in progress in our laboratory to define more
accurately the relative contributions of parameters of renal function to the observed
improvement of uremic states by Salviae Miltiorrhizae Radix extract.
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The Chemical Structure of an Antitumor Polysaccharide in Fruit Bodies
of Grifola frondosa (Maitake)
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A polysaccharide was extracted from fruit bodies of Grifola frondosa (maitake), and the
chemical structure and antitumor activity were studied. The extracted polysaccharide could be
hydrolyzed by {:f~gIucanase into glucose, indicating it to be a {:f-glucan. The sample gave methyl
2,3,4,6-tetra-O-, methyl 2,4,6-tri-O~, methyl 2,3,4-tri-O- and methyl z.c-di-O-methylglucoside in the
molar ratio of 4: 2 : I : 4 on methylation. In the carbon-I 3 nuclear magnetic resonance spectrum, the
signals of C-6' (related to (1-6) bonding) and C-3' (related to (1-3) bonding) were observed in
addition to those of free C-6 and C-3. These results indicate that the major chain is made up of {~

l.S-linked glucose residues with branches of (3-1,3-linked glucose. This glucan inhibited the growth
of Sarcoma 180 tumor in ICR mice.

Keywords--Grifola frondosa (maitake); fJ-l,6 glucan; antitumor glucan; antitumor activity

Polysaccharides consisting of a [3-1,3 glucopyranoside main chain with [j-I,6-linked
glucose branches have been isolated from various fungi belonging to Basidiomycetes. It has
been reported that such polysaccharides possess antitumor activities. 1

-4) Furthermore, Kohno
et al. obtained TC-13 polysaccharide possessing antitumor activity from Actinomycetes."
Recently, Miyazaki et al. obtained a 6-branched (j-l, 3 glucan from Grifola frondosa'"
However, in the present investigation. we obtained an apparently different polysaccharide
from G. frondosa.

Materials and Methods

Extraction of Polysaceharlde-s-e--Tbe process used for extracting polysaccharide from the powdered fruit bodies,
which is illustrated in Fig. l , is based on that described by Chihara for extraction of lentinan from shiitake ILenttnus
edodesi." The powder (500 g) was mixed with 5000 ml of deionized water. The mixture was heated at tOO "C for 10 h
and centrifuged (at 6000 rpm for 10 min), then the supernatant and an equal volume of EtOH were combined and left
at 4 DC for 1211. The precipitate was separated and dissolved in deionized water. Then, 25~~~ cetyltrimethylammonium
hydroxide (CTA-OH) was added dropwise with stirring until the pH exceeded 12 and the mixture was allowed to
stand at 4°C for 12 h to obtain about 14g of pellet. This pellet was treated with 20<./;; and then 50~, acetic acid to
remove the acid-soluble fraction. About 3 g of substance insoluble in the acids was obtained. It was treated with 6~·;;

NaOH to separate the alkali-soluble fraction. The solution was then combined with 4 volumes of EtOH to precipitate
polymers. The pellet thus obtained was dissolved in water and the solution was treated with a 2: 1 mixture of CHCl3

and MeOH to remove protein. The solution was again treated with 4 volumes of EtOH. The resulting pellet was a
light brown powder, which was insoluble in cold water, was positive for the anthrone reaction, and contained about
22% protein, as determined by Lowry's method. Based on these results, this substance was considered to be a
proteoglycan.

Carbon-13 Nuclear Magnetic Resonancee3C-NMR)Spectrum--A solution was prepared from 10rng ofsample,
0.8 ml of heavy water and NaOH to make 0.2 M, and the spectrum was taken on a Varian XL-200 (50.3 MHz) at
40 "C with acetonitrile as the standard.

Methanolysis--To determine the constituent monosaccharide, 1 mg of the proteoglycan was methanolyzed in
1ml of 5% (wjw) HCI in MeOH solution at lOO~'C for 6 h in a sealed tube. The product was diluted with toluene
EtOH (l : 1), and the mixture was dried under reduced pressure to remove He1. After trimethylsilylation, it was
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analyzed by gas liquid chromatography (GLC).
Enzymatic Digestion--(i) 0:- and IJMGlucosidase: The sample (1 mg) was dissolved in 1.5 ml of IllS M phosphate

buffer containing 0.1 mg of either e-glucosidase (pH 6.8) or fJ-glucosidase (pH 5.25)and incubated at 37 "C.
(ii) exoMfJ-l ,3 Glucanase: The enzyme (0.1 mg) and the sample (I mg) were disso lved in 1 ml of 1/10 MIMcllvaine

buffer (pH 5.0). The mixture was incubated at 50 "C for 24 h then supplemented with an equal volume of enzyme
solution and further incubated for another 48 h. This enzyme has been purified from a culture solution of Tricoderma
spp. in our laboratory.

Methylation Analysis--In order to investigate the modes of linkages of monomer units in the polysaccharides,
the sample was methylated by Hakomori's method."! After complete methylation, 2 ml of 5~~ (wjw) HCl-MeOH
solution was added, and the methylated products were hydrolyzed at 100"C in a sealed tube. The methylated sugars
were analyzed by GLC using a Shimadzu NOS column.

Smith Degradation--Smith degradation was performed in order to determine whether the I ,6 linkage exists in
the main chain or as branches. The sample (5 mg) was dissolved in 1ml of water. and this solution, 20 ml of 0.1 M

acetic acid-sodium acetate buffer (pH 4.6) and 30011 of 0.1M sodium metaperiodatc were combined. The mixture was
diluted with deionized water to make 100 !TIl. The solution was stirred at 4 "C for 144 h in the dark. After completion
of the reaction, I g ofsodium borohydride was added. and the reaction mixture was al lowed to stand for 30 h at 25 "C.
The solution was adjusted to pH 4.0 with 6 N acetic acid and evaporated in vacuo. The residue was washed 3 times
with 3 ml of MeOH. The precipitate was dissolved in water, and adjusted to pH 1.0 with I M sulfuric acid. The solu
tion was allowed to stand for 24 hat 25 "C, then filtered. The filtrate was evaporated and the residue was dissolved in
I ml of water. The solution was submitted to gel filtration on a Sepharose CL-4B column (1.5 x 23 em) to determine
the molecular weight distribution.

Sedimentation Velocity--The sedimentation pattern and velocity was measured at 60000rpm by using nn
analytical ultracentrifuge (Hitachi 282 with RA~60H rotor, single cell) equipped with the Schlieren's method.

Antitumor Activity--{i) Transplantation Method: Sarcoma 180 tumor cells from the peritoneal cavity of male
fCR mice (7 weeks old) were suspended in Hanks' solution and 2 x IOn cells were injected subcutaneously in the
axillary region of male ICR mice (5 weeks old).

(ii) Administration of Sample and Measurement or TUlTIor Size: Given amounts of tile sample were injected into
the peritoneal cavity. of mice daily for 10d starting from either the 1st or the 9th day after the irnplantion of the
tumor cells. The solid tumor was removed and weighed on the 13th day after the treatment was completed. The
inhibition ratio (~;) was calculated as follows. [I -(weight of tumor mass from animals treated with drug 7 weight of
tumor mass from animals receiving no treatment)] x 100.

. (iii) Disc Electrophoresis of the Serum: Mice were treated intraperitoneally with I or 10mg/kg of the sample. and
every 6 h, the blood was withdrawn from the caudal vein. The serum was separated, 10 pI was applied to a
polyacrylamide gel plate (pH 8.2), and electrophoresis was carried out at a current of 5 mAo

Results and Discussion

The results of chromatography of the sample, purified by the process shown in Fig. 1~ on
a Sepharose CL-4B column are illustrated in Fig. 2. The sample gave two fractions. MTvla
and MT-1 b. The molecular weight of the former is about 1.8x 105 while that of the latter is
approximately 3 x 104

• Both of them were proteoglycans containing about 18.2 and 50~>;~

protein, respectively. MT-l a)containing lessprotein, was further separated into 4 subfractions
on a diethylaminoethyl (DEAE)-Sepharose CL~6B column as shown in Fig. 3. MT-2 and MT
2' wereeluted from the column with 1/15 M phosphate buffer (pH 7.2) and MT-3 and MT-3'
were eluted with the same buffer containing 0.25 M NaCl. MT-2, which consists mainly of
polysaccharides passing through the column without retention, and MT-3, containing a
considerable amount of protein, were dialyzed and further chromatographed on a Sephadex
0-25 column to remove salts. The desalted MT-2 and MT-3 fractions contained 0.6 and 6.6~/~;

protein, respectively. MT-2 showed an apparent molecular weight of 2 x 106
, but this might

reflect association of lower-molecular-weight species. The purified major fraction MT-2 gave
a single peak (S20. \V =6.09) on ultracentrifugal analysis, suggesting that the substance eluted in
this fraction is a polysaccharide essentially uniform in molecular weight. In order to identify
the constituent monosaccharides, MT-2 was trimethylsilylated after methanolysis. The OLe
gave only glucose, indicating that the polysaccharide is a glucan. When the polysaccharide
was treated with cx- and fJ-glucosidase, only [I-glucosidase could hydrolyze it into glucose, and
it was hydrolyzed by a highly specific exo-B-) ~ 3-g1ucanase from Tricoderma, as shown in
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Fig. 2. Elution Profile of MT-I from a Sepharose CL-4B Column

Column, 2.5 x 45cm; 5.25 ml/fraction.
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Fig. 3. Elution Profile of MT-Ia from a DEAE-Sepharose CL~6B Column

Column. 3.0 x 32em: 8.3rnl/fraction.
e-., 620nm; 0---0, 280nm.

TABLE I. Susceptibilities of M'Ivl a , MT-2 and MT-3 to Glucosidases

Enzyme
MT-Ia

Liberated glucose (mg)'"
MT-2 MT-3

a-Glucosidase
fJ-Glucosidase
exo-fi-l,3 Glucanase

0.16
0.45

0.21
0.43

0.13
0.36

a) Glucose liberated (mg) from 1.00mg of sample.

C-l

J,

(1.,.3 )
(1~6) c-6

C-6~ ~

(free) IC-3'\ (free)
I~ c-6

!

(1...3)
C-3'
~

110 100 90 80 70 60 40 ppm

Fig. 4. 1"C-NMR Spectrum of MT-2

Table 1.After a 24 h incubation, about 45~;; of glucose residues were liberated, indicating that
at least 45% of glucose residues are included in chains made up of /3-1, 3-1inked glucose units
with non-reducing terminal glucose units. Furthermore, in the 13C-NMR spectrum, as shown
in Fig. 4, the signals ofC-6' (70.7 ppm) (related to (1-6) bonding) and C-3' (87.4 ppm) (related
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TABLE II. Gas Liquid Chromatographic Analyses of Methylated MT-2 and MT-3

Molar ratio
Methyl glucopyranoside of

MT-2 MT-3

2.3.4,6-Tetra-O-Me-glucose
2.4.6-Tri-O-Me-glucose
2.3.4-Tri-O-Me-gJucose
2,4-Oi-D-Me-glucose

Fig. 5-a. Probable Structures of MT-2

4.00 5.00
1.97 1.00
1.00 1.87
4.00 5.00

Fig. 5-b. Probable Structures of MT-3

to (1-3) bonding) were observed in addition to free C-6 and C-3~ suggesting that MT-2 is a f1
glucan with 1,6- and I, 3-bonding. Subsequently, the sample was methylated and analyzed to
examine the mode of linkage. As shown in Table II, MT-2 gave methyl 2,3,4,6-tetra-O-,
methyl 2,4. 6-tri-O-~ methyl 2,3, 4-tir-O- and methyl 2,4-di-O-lnethylglucopyranosides in the
molar ratio of 4: 2: I : 4. In MT-3, the molar ratio was 5: 1 :2 : 5. These results mentioned
above indicate that the polysaccharides in both MT-2 and MT-3 are highly branched and
made up ofchains of glucose units with f1-I, 3 and fJ], 6 linkages. The yield of MT-2 was 0.62 g
from 5 kg of dried fruit bodies of maitake and that of MT-3 was 0.27 g. In order to clarify
whether the L,6linkages are present in the main chain or the branches, Smith degradation was
carried out. Gel filtration on a Sepharose CL-4B column following the degradation revealed
that the molecular weight of MT-2 was reduced from 1.8 x lOS to less than 3 x 104

• As ],3- or
1,3,6-linked glucose chains are resistant to periodate oxidation, the reduction of molecular
weight of MT-2 indicates that the], 6-linked glucose units from the main chain. Based on the
results mentioned above, as shown in Fig. 5-a and Fig. 5-b. It is concluded that the MT-2 is
made up of P-l,6-linked glucose residues with f3-1,3-linked glucose branches.

Generally, polysaccharides isolated from various fungi of Basidiomycetes are C-6
branched.fj-l,3-linked'glucans.1 - 3 •7) Recently, Miyazaki et al. reported that the neutral
glucan extracted from G.frondosa contained mainly et-I,4 and 6-branched fJ-I,3linkages and
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TABLE III. Antitumor Activities of MT-Ia and MT-2 against Sarcoma 180
Transplanted in ICR Mice

From 1st day after From 9th day after

Doses transplantation transplantation
Agent

(mg/kg/d x 10)
Tumor wt. TIR Tumor wt. TIR

(g) (~~) (g) (%)

Saline 3.4± 1.5 4.9±O.7
MT-la 1 O.7±O.5") 79.9 0.7±O.7 86.6

10 l.l±0.2'" 69.1 O.7±O.6") 86.0
·20 1.1 ±0.6hl 69.4 3.9±O. ]t,1 20.6

MT~2 1 0.7±O.3hl 80.2
PS~K 300 7.1 ±O.3 -4.7 5.3± 0.3M -7.1
Lentinan 1 2.9±O.S") 33.6 2.3±2.6 54.4

r-Test: (.I)p<O.Ol, h) p<O.05. Mice: 8··-l0 x 2.
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control MT-la lentinan

Fig. 6. Disc-Electrophoretograrns of Sera from
M'Ivla-Inoculated Mouse (after 72 h)

the acidic glucan contained fi-l,6 and 6-branched /1-1,3 linkages." However, the authors have
obtained a highlybranched polysaccharide different from the glucan which was isolated from
the same fungus by Miyazaki et al. The structures of our polysaccharides remain to be fully
clarified; Fig. 5 shows some possibilities for MT-2 and MT-3. Yadornae et al. found that 6
branched IJ-1, 3-linked neutral and acidic glucans showed potent antitumor activity against
Sarcoma 180 solid tumor.'? Therefore, the antitumor activities of this C-3-branched {J-1, 6
linked polysaccharide were investigated as mentioned above. Mice were treated with MT-Ia
and MT-2 from the 1st or 9th day after implantation of Sarcoma 180.The results are given in
Table III. When mice were treated with 1-20mg/kgjd of MT-Ia daily for IOd starting from
the 1st day after the implantation, the inhibition rates ranged [rOITI 69.1 to 79.9%. The rates
were 86.0 and 86.6% when 1mg and tOrng/d of MT-Ia were started from the 9th day after
implantation, respectively. These results suggest that the antitumor activity of MT-1a is more
potent than that of lentinan (prepared in our laboratory from L. edodes) employed as a
positive control. The relation of antitumor activity of polysaccharides with chemical structure
mostly remains to be elucidated, but. among {3-1, 3-linked glucans with I, 6-glucoside
branches, such as scleroglucan,'?' schizophyllan," grifolan'P' and lentinan, lentinan, which is
most highly branched, is most active. The present glucan possesses antitumor activity more
potent than that of lentinan, possibly partly because the degree of branching is greater than
that of lentinan. As a part of studies to elucidate the mechanism of antitumor activity of the
glucan, sera were taken from ICR mice at various intervals after administration ofMT.. la and
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analyzed by polyacrylamide gel electrophoresis. According to Chihara et a/. ll ) LA, LC and
LB proteins in the a- and f3..regions of the serum increase transiently when animals are treated
with lentinan, which shows antitumor action through activation of cellular immunity. When
1-10mg of MT-la was administered, a new protein appeared at the position corresponding
to LA protein after 24 h and the' band 'became most intense after 72h as shown in Fig. 6. The
significance of the new serum protein remaines to be studied, but it has been reported that the
synthesis of this protein is also induced by immunopotentiators such as zymosan, 11)

picibanil!" and grifolan." In conclusion, the authors have isolated a highly branched peptide
polysaccharide from fruit bodies ofG.Jrondosa; it comprises about 0.6% protein and hasafJ-l ,6
linked glucan main chain with I, 3-linked branches. It inhibits the growth of an allogeneic
tumor in mice through the activation of cellular immunity. The effect on a syngeneic tumor
and the influence on macrophages, natural killer cells and T cells will be reported shortly.

Acknowledgement The authors wish to thank Dr. Kanichi Mori and Mr. Tetsuro Toyomasu, Mushroom
Research Institute of Japan, for supplying Maitake.
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Tannic acid inhibited the growth of Photobacterium phosphoreum in liquid culture and also
decreased the viability, expressed in terms of the colony forming activity.

The activity of glucose dependent oxygen consumption of whole cells was inhibited by tannic
acid. It was found that the activity of reduced nicotinamide adenine dinucleotide (NADH) oxidase
of the sonicated membrane of Photobacterium phosphoreum decreased when tannic acid was added
to the assay system. The results suggested that the targets of tannic acid action were NADH
dehydrogenase and the terminal oxidase.

The inhibitory effect of tannic acid on the terminal oxidase was compared in the cases of
purified terminal oxidase (cytochrome b560-d complex) and sonicated membrane vesicles. The
oxidase activities toward ubiquinol-l and N,N,N ',N '-tetramethyl-p-phenylencdiamine dihydro
chloride (TMPD) in the presence of ascorbate were both inhibited by tannic ...icid in both sonicated
membrane and purified cytochrome b560-d complex. The inhibition of ubiquinol- J oxidase activity
in sonicated membrane was biphasic and noncompetitive in both phases. The inhibition of the
ubiquinol-1 oxidase activity of purified terminal oxidase was monophasic and noncompetitive. On
the other hand, the inhibition of TMPD oxidase activity in the presence of ascorbate in both
membrane vesicles and purified enzyme was uncompetitive. Thus, the mechanisms of inhibition of
the two kinds of oxidase activity by tannic acid were different.

Keywords--tannic acid; cytochrome b560~d; Photobacterium phosphoreum; terminal oxidase;
respiratory chain
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We have previously purified to near homogeneity and characterized the terminal oxidase
complex of Photobacterium phosphoreum." This enzyme contains two polypeptides (54000
and 41000), with protoheme and heme d as prosthetic groups. Moreover, the purified oxidase
showed N,N,N', N <tetramethyl-o-phenylenediamine dihydrochloride (TMPD)-dependent
oxygen consumption in the presence of ascorbate or ubiquinol-l as a substrate, and the
enzyme is involved in the pathway of oxidative phosphorylation.

Tannic acid contained in Chinese nutgall is a polyphenol and is composed of glucose and
gallic acid.2 - s l The known pharmaceutical effects of this compound are astringency and
antimicrobial action." However, the antimicrobial effect has not yet been studied from a
biochemical viewpoint.

In this work, we found that the growth of Photobacterium phosphoreum was inhibited by
tannic acid and that the targets of tannic acid in the respiratory chain were reduced
nicotinamide adenine dinucleotide (NADH) dehydrogenase and the terminal oxidase (cyto
chrome b560-d complex). In order to understand the mechanism of action of this acid,
we carried out some kinetic studies of the enzymes that were affected by tannic acid.
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Organism--Strain lAM 12085 of Photobacterium phosphoreum was obtained from the Institute of Applied

Microbiology, The University of Tokyo, and was grown in the medium described previously." Inocula of 10 ml of
seed culture were incubated in 2-1 volumes of medium in 5-1glass containers at 25 -c for 20 h with vigorous aeration
by shaking, and cells were harvested in the middle of the exponential phase of growth. The yield was 5 g wet weight of
cells/l, The cells were stored at - 20 "C before use.

Preparation of Cytochrome b560-d Complex--The procedures for solubilization and purification of the
cytochrome b560·d complex were as described previously.'!

Preparation of Sonicated Membrane-------The frozen cell pellet was thawed and suspended with buffer A (10 mM
Tris-HCl (pH 7.0). lOmM MgCI 2) . The suspension was sonicated with a Tomy Seiko UR-200P ultrasonic disruptor
with cooling in an ice bath. The sonicated lysate was centrifuged at 20000 x 9 for I h, and the supernatant obtained was
centrifuged at 100000 x 9 for I h. The precipitate was washed twice with buffer A by centrifugation. The membrane
vesicle preparation obtained was used for the experiments.

Assay of Oxidase Activity--U.biquinol~loxidase activity was assayed as described previously."?" A mixture
(20/11) of cytochrome b560-d complex (l ug), phospholipids (acetone washed soybean phospholipids, asolectin 2 mst).
and 50 roM Tris-HCl (pH 7.5) was incubated at 4 ':'C for 5 min, and the activity was measured at 25';'C by recording
the increase of absorbance of ubiquinol-l at 278 11m. The activities for oxidation ofNADH, and oxidation ofTMPD
in the presence of ascorbate were measured according to the methods of Kasahara and Anraku.'?' and Kita et a/.,7}
respectively, using a Clark type oxygen electrode (Rank Brothers, Rank oxygen electrode). The NADH oxidase
activity of whole cells was assayed after preincubation of the cells in the assay chamber for 30min.

Assay of NADH Dehydrogenase Activity--Assay of NADH-menadione dehydrogenase activity was carried
out by the method described previously.i!' The concentrations of NADH and menadione were 150 and 200 11M.

respectively.
Other Method--Protein was determined by the method of Lowry et a/.l l

) with bovine serum albumin as a
standard.

Chemicals--Ubiquinol-I was a generous gift from Eisai Co., Ltd. Five lots of tannic acid purchased from 4
companies were used in our experiment (No. 1, Wako Pure Chemical lot No. K WP7592; No.2, Wako Pure Chemical
lot No. EPR7215; No.3, Nakarai Chemicals lot No. M4Rl112; No.4, Kanto Chemical lot No. OOIH5101; No.5,
Sigma-lot No. 64F~0049).

Only the data obtained with tannic acid No. I are presented in this paper, but the results with other tannic acids
were almost the same (datu not shown).

Results

Effect on the Growth of Photobacterium phosphoreum
First of all, we examined the effect of tannic acid on the growth of P. phosphoreum in

liquid culture (Fig. 1). The doubling time of celt growth increased about I.S-fold when
100 J~g/ml of tannic add was added to the culture medium. The 'final growth yield of cells
decreased drastically above 200 Jtg/ml of tannic acid. There was no effect on the growth in the
presence of tannic acid at concentrations below 10 jlg/n11. The cells could not grow at all at
about 250 ,ug/ml of inhibitor. Similar results were obtained in plate cultivation (Fig. 2). Cells
were not viable in the presence of more than 500llg/ml of the inhibitor. No effect was
observed in the presence of tannic acid at below 10llgjInl. It is clear that tannic acid is a potent
inhibitor of the growth of Photobacteium phosphoreum.

To determine whether the inhibitory effect of tannic acid is bacteriocidal, bacteriostatic,
or bacteriolytic, we examined the growth curve of cells after addition of the inhibitor. When
2001tg/nl1 of tannic acid was added to the culture medium, the increase of turbidity of the
culture (monitored by measuring the absorbance at 650 11m) was interrupted and the turbidity
remained unchanged for at least 5 h. The viable cell count (based on the ability to form
colonies) showed a similar pattern (data not shown). These results indicated that the type of
inhibitory effect was bacteriostatic.

The effect.of tannic acid on bacterial growth was essentially the same among 5 lots from 4
companies (see Materials and Methods).
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Fig. 1. Effect of Tannic Acid on the Growth of
P. phosphoreum in Liquid Culture

Tannic acid was added at 0 time to the culture
medium: (e), 10tlg/ml; (~), 100jlg/ml; (A), 200
Jlg/ml; (0), 250Jlg/ml; (0), control (no addition),
The conditions of culture are described in Materials
and Methods.

o
o

100

Oc!le-EF---J-__l--_.....L-_-J.--/

1000 100 10 1 0.1 0

Tannic acid (/.tg/mO

Fig. 2. Effect ofTannic Acid on the Viability of
P. phosphoreum

The cultivation was curried out on plates at 25"C
for 48h. The number of colonies was counted, and
relative viability was expressed as the ratio of the
number of colonies in the presence of tannic acid to
the control.

84 6
Time (h)

2
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Fig. 3. Inhibition by Tannic Acid of the Elec
tron Transfer Activities of P. phosphoreum

Whole cells were used for NADH oxidase activity
assay (D). Otlier activities were assayed with son
icated membranes. CA.), NADH oxidase; (OJ, NADH
dehydrogenase; (.), ubiquinol-1 oxidase: (.6J,
TMPD+ascorbate oxidase. NADH dehydrogenase
activity was determined by NADH-·menl1dionc as
say.II) NADH oxidase activity was assayed with a
Clark type electrode by the reported method.l?' In
each assay, the enzyme preparation was incubated
with the indicated concentration of tannic acid at
25 "C for 5min.

ol..-.__-L..__--J. ..L-.__-J.._l

o 100 200
Tannic acid (/I.g/ml)

Fig. 4. Inhibition by Tannic Acid of the Elec
tron Transfer Activities of Purified Cyto
chrome b560-d Complex of P. phosphoreum

The assay procedures were the same as described
in the legend to Fig. 3. The ubiquinol-l oxidase (OJ
and TMPD -l-ascorbate oxidase activities (.) were
measured.

Effect on the Electron Transfer Activities of the Respiratory Chain
As shown in Fig. 1 and Fig. 2, tannic acid was an effective inhibitor of the growth of P.

phosphoreum. The respiratory chain is one of the primary systems which regulate growth, so
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we studied various activities of the respiratory chain of P. phosphoreum in an in vitro assay
system. In the case of whole cells, glucose-dependent oxidase activity was not inhibited in the
presence of 200 J1g/ml of tannic acid, if preincubation of whole cells with the inhibitor was
omitted before the assay (data not shown). This result indicates that it is difficult for tannic
acid to pass through the outer membrane, peptide glycan, or inner membrane of whole cells.
The inhibitor was probably taken up slowly by simple diffusion into 'cells. Indeed, after
incubation for 301nin, the oxidase activity was inhibited. by tannic acid (Fig. 3).

In order to avoid this complication, we used sonicated membrane for this experiment.
Figure 3 shows that tannic acid quite effectively inhibited NAD H dehydrogenase and NADH
oxidase, and less effectively inhibited TMPD oxidase activity (in the presence of ascorbate)
and ubiquinol-I oxidase activity of the respiratory chain. At the concentration of 50 ILg/ml,
tannic acid inhibited about 90/~ of NADH oxidase activity, about 70% of NADH
dehydrogenase activity, and about 30~X~ of TMPD oxidase activity. Since the NADH oxidase
activity includes the activities of NADH dehydrogenase and ubiquinol oxidase, the site of
inhibition should be either NADH dehydrogenase or cytochrome b560-d complex. NADH
dehydrogenase of P. phosphoreum has not been characterized well. NADH-menadione (Fig.
3) and NADH-ferricyanide (data no shown) were detected in sonicated membrane vesicles in
this experiment. The NAD.H dehydrogenase activity was activated by addition of KeN in the
absence of tannic acid, but was decreased by addition of KeN in the presence of the inhibitor.
We do not know the reason for this at present. In the' following study, we examined only the

-0.02 0 0.02 0.04
l/ubiquinol-l (P.M'-I )

Fig. 6. Double-Reciprocal Plot of the Effect on
Ubiquinol-l Oxidase Activity of Purified Cyto
chrome b560-d Complex

The conditions of assay were the same as in the
legend to Fig. 5. (0), 110 addition; (e), in the
presence of 10 Jlg/Illl tannic acid; (.6,), 25/lg/ml tannic
acid. The plot is typical of noncompetitive inhibition,
like Fig. 5. The K1 value was calculated to be 18.8
jlg/ml and Km for ubiquinol-I was 69.0mM, which was
not altered by the addition of tannic acid. One
milligram of purified enzyme contained 28.8 U of
cytochrome d.
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0.04o 0.02
l/ubiquinol-l (/iM-1)

Fig. 5. Double-Reciprocal Plot of the Effect of
Tannic Acid on Ubiquinol-I Oxidase Activity
in Membrane Vesicles of P. phosphoreum

The assay mixture, in a total volume of f ml,
contained 0.1 mg of membrane, 50 mM Tris-HCI (pH
7.S), various concentrations of ubiquinol-l , and/or
tannic acid. (0), no addition; (.6,.), in the presence of
20Jlg/tnl tannic acid; (.), 120 jlg/ml tannic acid. The
plot is typical of noncompetitive inhibition. The K,
values were calculated to be 58.2 Jlg/mt in the presence
of low concentrations of tannic acid and 40.0 Ilg(ml in
the presence of higher concentrations of tannic acid.
The Km for ubiquinol- I was 76.9 111M, and this was not
altered by addition of tannic acid. One activity unit
(U) was equal to 0.001 absorbance unit at 645 nm, and
1mg of membrane vesicles contained 2.46 U of cyto
chrome d.
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terminal oxidase.

Effect on the Electron Transfer Activities of the Purified Terminal Oxidase
The terminal oxidase of P. phosphoreum was purified and characterized as previously

described.'! This purified terminal oxidase, a cytochrome b560-d complex. was used in the
studies of the inhibitory effect of tannic acid. Phospholipids were essential for full activation
of the purified enzyme, and the ubiquinol oxidase or TMPD + ascorbate oxidase activity was
measured in the presence of 31TIM asolection, soybean phospholipids. The ubiquinol oxidase
activity was more sensitive to tannic acid than the activity ofTMPD +ascorbate oxidase (Fig.
4). This result was similar to that obtained with the sonicated membrane at relatively high
concentrations of tannic acid (Fig. 3). The inhibition pattern of ubiquinol-l oxidase activity
by the inhibitor was monophasic, different from that in sonicated membrane, The con
centrations required for 50~: inhibition of the activity (IDso) estimated from the dose response
curve (Fig. 4) were 105pg/ml (TMPD +ascorbate) and 20 Jig/Inl (ubiquinol oxidase),
respectively.

Enzyme Kinetics
We next studied the inhibition kinetics of ubiquinol oxidase. by tannic acid at various

concentrations of ubiquinol-l. As shown in Fig. 3, the inhibitory pattern of ubiquinol-l
oxidase activity on the membrane was biphasic. To examine the difference between the two
phases of inhibition. we studied the kinetics of the oxidase at about 201

} ;' and 80% inhibition.
The kinetic pattern in the presence of 20 Jtg/In! tannic acid was similar to that in the presence
of 120 pg/nll, showing that the Kill value did not change in the presence of the inhibitor. The
results are illustrated in a double-reciprocal plot in Fig. 5, which clearly indicates that tannic
acid is a noncompetitive inhibitor of ubiqui no1-1 oxidase activity. We then performed similar
experiments on the ubiquinol-I oxidase activity of purified cytochrome b560-d complex (Fig.
6). The inhibition constant was 69 Ilg/ml, which was close to the IDso value estimated from the
dose-response curve. The Km value did not change in the presence of the inhibitor .

-1

Fig. 8. Double-Reciprocal Plot of the Effect on
TMPD Oxidase Activity of Purified Cyto
chrome b560-d Complex of P. phosphoreum in
the Presence of Ascorbate

The conditions of assay were the same as in the
legend to Fig. 7. (0), no addition: <e), in the
presence of 40 Jlg/ml tannic acid; (Ll), 100Jig/mi
tannic acid.

2o 1
l/TMPD (mM'-I)
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The assay was carried out with an oxygen electrode.
The assay mixture; in a total volume of I 011. contain
ed 1.0mg of membrane. 50 roM Tris-HCl, 5111M as
corbate. various concentrations of TMPD. and/or
tannic acid. (0). no addition; (.), in the presence or
100Jlg/ml tannic acid.

012
l/TMPD (mM- 1)

Fig. 7. Double-Reciprocal Plot of the Effect of
Tannic Acid on TMPD Oxidase Activity in
Membrane Vesicles of P. phosphorcum in the
Presence of Ascorbate
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The effect of tannic acid on TMPD +ascorbate oxidase activity was also examined (Fig.
3). The kinetics of inhibition by tannic acid of TMPD +ascorbate oxidase activity in
sonicated membrane was uncompetitive, as shown in Fig. 7, and this was different from the
case of ubiquinol-l oxidase. A similar result was obtained with purified cytochrome b560-d
complex (Fig. 8).

Discussion

We showed that tannic acid inhibits the growth of P. phosphoreum, One of the inhibitory
sites is probably the respiratory chain, based on the results of glucose oxidase assay on whole
cells and NAD H oxidase assay on sonicated membrane (Fig. 3). The inhibition of glucose
oxidase activity was observed only when preincubation with inhibitor was carried out, and the
uptake of inhibitor by the cells was probably a limiting step. NADH dehydrogenase activity
was also sensitive to the inhibitor, but no further study was carried out at this time.
Experiments on the dehydrogenase activity are in progress. Tannic acid also inhibited the
ubiquinol-l oxidase activity and TMPD oxidase activity in the presence of ascorbate,
indicating that the terminal oxidase was one of the sites of action of tannic acid.

In E. coli, it was reported that the only terminal oxidase present in the early exponential
phase of growth was cytochrome b562-o complex and tha t cytochrome b558-d complex was
also synthesized in the late exponential phase or early stationary phase.7 •

S
) The Km and Vmllx

values of ubiquinol oxidase activity in membrane vesicles at the early exponential phase were
the same as those of the purified oxidase, cytochrome b562-o complex, but the values of the
oxidase activity in the membrane at the late exponential phase were between those of purified
cytochrome b562-o and cytochrome b558~d. The cytochrome b560-d of P. phosphoreum was
probably the only terminal oxidase over the growth phase, because the Km and Vm ux values of
the oxidase activity were the same on the membrane and in a purified sample."

It is interesting that the inhibition pattern of ubiquinol oxidase activity on membrane
vesicles is biphasic. Both phases were examined kinetically, and only Vma x varied in the
presence of the inhibitor, indicating that this inhibition is noncompetitive. In the presence of
low concentrations of inhibitor, the pattern of inhibition of ubiquinoI-1 oxidase was the same
as that of TMPD +ascorbate oxidase. Inhibition of the ubiquinol-l oxidase activity of the
purified enzyme at relatively low concentrations was monophasic. The TMPD +ascorbate
oxidase activities of sonicated membrane and purified cytochrome b560..d were also decreased
by the addition of the inhibitor, and uncornpetitive-type inhibition was observed. It is possible
that this inhibitor does not interact with the free enzyme (E) or substrate (S), but interacts
with ES complex. If this is correct, the inhibitor may bind to substate-reduced cytochrome
b560-d complex.

Various lots of tannic acid were used (see Materials and Methods), and their inhibitory
activities on growth and on oxidase activity on membrane vesicles were almost the same (data
not shown). These results indicate that the major compound(s) contained in all the tannic acid
preparations exhibit the activities.

Commercial tannic acid is a very complex and non-uniform mixture, We therefore
attempted the isolation and purification of components of commercial tannic acid. Several
partially purified compounds were obtained. However, gallic acid, digallic acid, and minor
components of higher molecular weight did not have inhibitory activity. The other com
ponents which were partially purified have almost the same activity as the commercial
preparation (data not shown). Complete purification and characterization are in progress in
our laboratory.
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The in Vitro Effects of Tannic Acid on Rat Liver Mitochondrial
Respiration and Oxidative Phosphorylation
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The ill vitro effects of tannic acid on the membrane structure and function of rat liver
mitochondria were investigated. The respiratory control ratio (RCR) decreased by about 50~~ on
addition of 50,ugjml tannic acid to highly coupled mitochondria, but the adenosine-St-dipho
sphate/oxygen (ADP/O) ratio was constant. The uncoupler-induced respiration was also inhibited
in the same manner as the RCR. Moreover. the respiratory control disappeared and the ADP/O
ratio could not be measured at concentrations of tannic acid above 100J!g/ml. On the other hand.
the oxygen consumption rate of succinate-dependent respiration decreased on addition of more
than 100 tlgJml tannic acid (50% inhibitory concentration (ICso)= 150 I!g/ml tannic acid) to
mitochondria. These findings suggest that tannic acid at lower concentrations inhibits the electron
transport system to decrease the RCR. but does not impair the membrane, retaining the coupled
reaction, while at higher concentrations it impairs the structural integrity of mitochondrial
membranes, and directly inhibits the electron transport system.

Tannic acid inhibited the succinate oxidase, reduced nicotinamide adenine dinucleotide
(NADH) oxidase, succinate dehydrogenase, and NADH dehydrogenase activities of submito
chondrial particles (SMP). The ICso values of tannic acid toward these enzyme systems were
estimated to be 35, 45, 30. and 15Ilg/m1, respectively. Tannic acid competitively inhibited succinate
dehydrogenase and NADH dehydrogenase. However, it did not show significant inhibition of the
cytochrome oxidase activity of SMP. It is thus concluded that tannic acid exerts its effect on
mitochondrial respiration and oxidative phosphorylation through action on the membrane and on
both succinate dehydrogenase and NADH dehydrogenase of mitochondria.

Keywords-s-s--tannic acid; mitochondria; dehydrogenase; respiratory control; submitochon
drial particle

Introduction

Tannin, a general term for water-soluble polyphenols included in plants, is a major
component in various oriental medicinal plants. Tannic acid, which is a kind of tannin (also
called Chinese gallotannin), is readily available as a commercial reagent prepared from
Chinese nutgall, This compound possesses protein-aggregating, astringent, and antibacterial
actions.I) As regards toxicity, it was reported that tannic acid might be absorbed from the
gastrointestinal tract, denuded surfaces, and mucous membranes and then cause severe
centrilobular necrosis of the liver.?-4) We have recently observed that tannic acid exerted its
antibacterial effects on Photobacterium phosphoreum through inhibition of nicotinamide
adenine dinucleotide (NADH) dehydrogenase and the terminal oxidase of the respiratory
chain. 5) From these results, we supposed that tannic acid might influence the respiratory chain
of mitochondria in animal cells. In this work, the in vitro effects of tannic acid on rat liver
mitochondria were investigated.
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Preparation of Mitochondria--Rat liver mitochondria were prepared according to the method of Hogeboom?'
with some modification. Wistar rats (male. 250-300 g weight), purchased from Sankyo Labo, Co., were used in this
study. In order to obtain intact mitochondria with high respiratory control and normal adenosine-5'
diphosphate/oxygen (ADPjO) ratio, we chose the following procedure for the preparation of the rat liver
mitochondria. The liver was quickly excised and thoroughly washed with ice-cold 0.25 M sucrose following
decapitation of the rat. The liver was minced into small pieces with a pair of sharp, chilled scissors. The finely minced
tissue was gently homogenized with a loose-fitted Potter-Elvehjem homogenizer in 0.251.1 sucrose, 0.1 mM
ethylenediamine tetraacetic acid (EDTA), and 5mM Tris-·HCI, pH 7.4 (solution A). at the rate of lOml/g of liver. The
homogenate was centrifuged at 700 x 9 for 10min. The supernatant obtained was centrifuged at 7000 x 9 for tomin.
The precipitate was washed once with solution A by centrifugation, and then washed twice with 0.25 M sucrose,
adjusted with KOH to pH 7.4 (solution B), by repeating the above centrifugations. The final mitochondrial pellet was
suspended in a minimal volume of solution B. The above procedures were carried out at 4 "C.

Preparation of Submitochondrial Particles (SMP)--The fat liver SMP was prepared according to the method
of Gregg?' with some modification. The isolated mitochondria were sonicated with a Tomy Seiko UR-200p ultrasonic
disrupter in 50 mM phosphate butfer, pH 7.4. with cooling in ice water. The treated suspension was centrifuged at
7000 xg for 10min to remove undisrupted mitochondria. and the supernatant thus obtained was then centrifuged at
100000 xg for I h. The packed pellet was suspended in SOmM phosphate buffer, pH 7.4, 50~;' glycerol by gentle
homogenization. The SMP were stored at -20 "C before use.

Tannic Acid--Tannic acid mainly used In this study was purchased from Wako Pure Chemical Industries (Lot
No. K WP7592). In order to check the difference of activities of tannic acids from various makers. several other tannic
acids were used (Nakarai Chemicals, Lot No. M4RI 112; Kame Chemical, Lot No. 001 H5101; Sigma Chemical, Lot.
No. 64F-0049; Wako Pure Chemical. Lot No. EPR721 5). Tannic acid was adjusted with NaOH to pH 7.0 before lISC.

Assay of Electron Transport Activity of Mlrochendrla-v-c--The succinate-dependent respiration rate of mitochon
dria was determined polarographically in an oxygen monitor equipped with a Clark type oxygen electrode as
described by Estabrook."! Freshly prepared mitochondria were incubated in the reaction chamber containing I ml
of assay mixture (125 roM sucrose, 20 JiM cytochrome e, 50mM KCI, 6 mM MgC12• 20 tiM rotenone, and 15roM
phosphate buffer, pH 7.0) at 25°C for 3 min before addition of 10111M succinate. The substrate-induced oxygen
consumption was plotted on a strip chart recorder. and then 400 JIM ADP was added to the assay system to stimulate
the respiration to state 3. After the consumption of ADP the respiration will change to state 4. The respiratory
control ratio (RCR) was expressed as the ratio of the respiration rate of state 3 to that of state 4.

Succinate Oxidase and NADH Oxidase Activity of SMI>------Substrate (lOmM succinate or 4 111M NADH) was
added to the assay mixture (0.7mg of SMP. tannic acid, 20JlM cytochrome c. I 111M EDTA, and 0.1 M phosphate
buffer. pH 7.4) at 25 "C. and oxidase activity was determined polarographically.

Cytochrome Oxidase Activity of SMp·_·--·---Ascorbatc (16 111M, adjusted to pH 7.4) as the electron donor was
added to the assay mixture (0.7 mg of SMP. tannic acid, 20 JIM cytochrome c. and 0.1 M phosphate butler, pl-l 7.4) at
25('C, and oxidase activity was determined polarographically.

Succinate Dehydrogenase and NADH Dehydrogenase Activities of 8MP --·--Substratc (20 mM succinate or 1mM

NADH) was added to the assay mixture (0.7 mg of SMP. tannic add, 0.06 mM 2. e-dichlorcindophcnol (D'Cl!'), and
0.3111M KeN) at 25"C, and the dehydrogenase activity was determined spectrophotometrically by measuring the
absorbance change of DCIP at 600 nm.

Effect of Tannic Acid on Redox Behavior of Cytochromes band c j +c·---In order to investigate the effect of
tannic acid on electron transport between cytochrome b and cytochrome C1 +c in succinate oxidoreductase, we em
ployed the following procedure. In the control experiment. an excess amount of sodium succinate was added to the
suspension containing SMP (3.0 mg/ml), and the succinate reduced-minus-oxidized difference spectrum was re
corded on an Aminco DW-2C spectrophotometer. In the inhibitory experiment. 30 J~gjml tannic acid was added
to the same suspension before the addition of an identical amount of sodium succinate. The complete reduction of
cytochromes was carried out by the addition of sodium dithionite.

Other Metheds-c-s-Various polyphenols included in cornmertial tannic acid were fractionated by Sephadex LB-
20 (Pharrnacia Fine Chemical) column chromatography according to the method of Nishioka ct ",1.")

The protein concentration was determined by the method of Lowry et al. IOI with bovine serum albumin as a
standard.

Results

The Effects on the Respiratory Control and Oxidative Phosphorylation of Mitochondria
Addition of ADP induced an approximately fivefold increase in the rate of succinate

dependent respiration (Fig. I). However, in the presence of 50lig/In} tannic acid this
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control 5011g!ml
tannic acid

~

1 min

Fig. 1. Inhibitory Effect of Tannic Acid on
Succinate-Dependent Respiration of Rat Liver
Mitochondria

Mitochondria (1.42 mg of protein/ml) were prein
cubated in the assay mixture (125OlM sucrose, 20JIM
cytochrome c, 50mM KCI, 6mM MgClz, 20/IM rote
none, and 15IDM phosphate butTer) for 3min at 25 "C
in the presence or absence of tannic acid before
addition of lOmM succinate. ADP (400}IM) and
CCCP (100 nM) were added as indicated. Oxygen
uptake was measured with a Clark-type oxygen elec
trode.
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Fig. 2. Effects of Tannic Acid on the Respiratory Control of Rat Liver
Mitochondria

(0). Succinate oxidase; CA.), respiratory control ratio; (.6.), succinate-dependent res
piration in the presence of 0.1 11M CCCP. The control succinate oxidase activity of
0.020 Jln101 02/min/mg of mitochondria was taken as 100%. Conditions were the same as for
Fig. 1 except that the indicated concentrations of tannic acid were used.

respiratory control ratio decreased to about 50%. This effect was found to be dose-dependent.
On addition of more than 100flg/ml tannic acid, this respiratory control disappeared (Fig. 2).
On the other hand, the ratio between the amount of ADP added and the oxygen consumed in
state 3 (ADP/O ratio) was maintained at about 2.0 in the presence of tannic acid until its
respiratory control disappeared (Fig. 2). The increase in oxygen consumption rate with an
uncoupler, carbony1cyanide m-chlorophenylhydrazone (CCCP), was inhibited by up to
IOO,ug/ml tannic acid (Figs. I, 2). This inhibitory pattern is similar to that of RCR. More
over, succinate-dependent electron transport activity was inhibited by more than 100ug]
ml of tannic acid and its 50% inhibitory concentration (ICso) was about 150Jlg/ml (Fig. 2).
We also found that the substrate-induced respiration (state 4) was slightly increased by
low concentrations of tannic acid.

The Effect of Tannic Acid on the Electron Transport Activities of the Respiratory Chain of SMP
In view of the findings that tannic acid inhibited the succinate-dependent respiratory
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Fig. 4. Effects of Tannic Acid on the Succinate
Reduced-Minus-Oxidized Difference Spectra
of the Submitochondrial Particles

The spectra were recorded with an Aminco DW·2C
dual wavelength spectrophotometer at 20 "c. The
sample cuvette contained 3 mg of submitochondrial
particles in 1ml of assay mixture. (---), control
experiment; t· ... ), inhibition experiment in the pres
ence of 30 Jtg/rot tannic acid.
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Tannic acid (~g/ml)

Fig. 3. Effects of Tannic Acid on Various Oxi
dase Activities of the Rat Liver Submitochon
drial Particles

(.), Succinate oxidase; (0), N AD H oxidase; <L:~J,

cytochrome oxidase. The control activities were 0.068,
0.032, and 0.023 Jlmol O;dmin/mgof protein, respec
tively. The activities of submitochond rial particles
(0.7 mg of protein/nil) were assayed with an oxygen
electrode.

500 550 600

Fig. 5. Effects of Tannic Acid on NADH and
Succinate Dehydrogenase Activities of the Sub
mitochondrial Particles

(.), Succinate dehydrogenase: (0), NADH de
hydrogenase. The control activities were 0.035 and
0.3911mol DCIP/min/mg of protein, respectively.50 100

Tannic acid (~g/ml)
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activity of mitochondria, we investigated the effects of tannic acid 011 SMP to determine the
inhibitory site of tannic acid on the respiratory chain. As shown in Fig. 3, tannic acid inhibited
succinate oxidase and NADH oxidase activities (leso: 35 and 45/tg!ml, respectively), but did
not significantly inhibit cytochrome oxidase activity. The results obtained suggested that the
crossover point was prior to the cytochrome oxidase. We found that the spectral features of
both cytochromes band C1 +c in the succinate reduced-minus oxidized difference spectrum of
SMP were not changed after incubation with tannic acid (Fig. 4). It appears that tannic acid
does not inhibit the electron transport between cytochromes band C1 +c, and thus the
crossover point is prior to cytochrome b. Furthermore, it was shown that tannic acid inhibited
succinate dehydrogenase and NADH dehydrogenase activities (Fig. 5) (lCso: 30 and 15ltg/lUI,
respectively). The above results suggest that the inhibitory sites of tannic acid on the
respiratory chain are both succinate dehydrogenase and NADH dehydrogenase.
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Fig. 6. Double Reciprocal Plot of the Effect of
Tannic Acid on Succinate Dehydrogenase Ac
tivity of the Submitochondrial Particles

The concentrations of tannic acid were 0 (0), 5
(.), and lOJlg/ml (R).

Fig. 7. Double Reciprocal Plot of the Effect of
Tannic Acid on NADH Dehydrogenase Ac
tivity of the Submitochondrial Particles

The concentrations of tannic acid were 0 (0), 0.5
C...>. and 5Jig/ml (.).

Enzyme Kinetics
Since the inhibitory effects of tannic acid on the respiratory chain were found to be located

at succinate dehydrogenase and NADH dehydrogenase, we performed some kinetic studies to
establish the mechanism of inhibition by tannic acid. The results are illustrated by double
reciprocal plots in Figs. 6 and "7, indicating that tannic acid is a competitive inhibitor of both
succinate dehydrogenase and NADH dehydrogenase.

Discussion

When succinate was used as a substrate, the respiratory control ratio and the ADP/O
ratio of prepared mitochondria were about 4.5 and 1.9, respectively. These data indicated that
the mitochondrial preparation was highly coupled and active in oxidative phosphorylation.
When tannic acid was present in the assay medium, the RCR was decreased and this effect was
dose-dependent, but the ADP/O ratio was constant. The decrease of RCR was caused by the
alteration of state 3 respiration, since the state 4 respiration did not change greatly with
tannic acid at concentrations below 75fLg/ml, and the inhibition of state 3 respiration was not
released by the addition of uncoupler CCCP. These findings suggest that tannic acid inhibits
the electron transport system of mitochondria, but does not much impair the .membrane
barrier, and does not inhibit coupled oxidative phosphorylation.

We found that the succinate-dependent respiration (state 4) was slightly increased by
tannic acid, suggesting that the respiration was somewhat uncoupled due to leakiness of the
mitochondrial membrane to ions induced by the inhibitor. Although this effect might be
similar to that of an uncoupler of oxidative phosphorylation,11) it was very small and
probably did not significantly affect the ADPjO ratio.

At high concentrations of tannic acid (above 100 ltg/lUI), the respiratory control was not
observed, the ADP/O ratio could not be measured, and the succinate-dependent electron
transport system was inhibited. These data indicate that tannic acid impairs the mitochondrial
membrane and then directly inhibits the exposed electron transfer system. The inhibitory sites
of tannic acid on the electron transport system are considered to be both succinate
dehydrogenase and NADH dehydrogenase. This conclusion is supported by the findings that
the succinate- and NADH-supported respiratory systems were inhibited by tannic acid but
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cytochrome oxidase was not influenced, and the crossover point was prior to cytochrome b
from the difference spectral data. 111 fact, both the dehydrogenases of SMP were inhibited
competitively by tannic acid (Figs. 5, 6), even though this inhibitor is not obviously
structurally related to succinate and NADH. As a similar example, pyrophosphate, which is
not structurally related of succinate, is a strong competitive inhibitor of succinate dehy
drogenase.l " It is not yet clear how tannic acid reacts with the dehydrogenases.

The orientation of the mitochondrial inner membrane is opposit.e to that of SMP (inside
out), and in the case of mitochondria, there is an outer membrane outside of the inner
membrane which carries the respiratory chain components. Regardless ofthese differences, the
inhibitory effect of tannic acid on uncoupler-induced activity or state 3 respiration activity of
mitochondria (lCso= 65 and 40 Jig/mI, respectively; determined from the data in Fig. 2) was
similar to that on succinate oxidase of SMP (ICso=35.Jig/ml).

As described above, the decrease of RCR was caused by the decrease of state 3
respiration while state 4 respiration remained almost constant in the presence of the inhibitor.
One possible explanation is that tannic acid may hardly be taken up by mitochondria in the
presence of membrane potential (state 4 respiration).

From the above results, we may draw the following conclusions. At lower concentrations
of tannic acid, it inhibits the electron transport of mitochondria to decrease the respiratory
control ratio but does not inhibit the coupled reaction in oxidative phosphorylation. At higher
concentrations, tannic acid breaks the membrane barrier of mitochondria to dissipate the
coupled reaction, and then competitively inhibits succinate dehydrogenase and NADH
dehydrogenase.

Tannic acid prepared from Chinese nutgall is readily available from commercial sources,
but this contains many structural analogues composed of glucose and gallic acid. and the
composition of polyphenols may differ from lot to lot. Therefore, we investigated the effects
of five different lots of tannic acid purchased from four companies on the N ADH
dehydrogenase activity of SMP. Their IC so values were almost the same (15-30 Iig/ml) (data
not shown). Furthermore, we tried to fractionate tannic acid by Sephadex LH-20 column
chromatography and obtained 15 fractions, although it is difficult to isolate each polyphenol
from tannic acid. Three of the 15 fractions separated by the chromatography had no
inhibitory effect. On the other hand, the others (12 fractions) had strong inhibitory activities
against succinate oxidase of SMP and their ICso values were 21--44/lg/ml, similar to that of
the whole tannic acid. One of the former 3 fractions was the 'first fraction eluted from the
column and contained mainly gallic acid and digallic acid. The other two were the last-but
one fraction and the final fraction, and contained mostly high-molecular-weight polyphenol.
No inhibitory effect was observed with pure gallic acid, which is consistent with the above
result. The isolation and characterization of each polyphenol are in progress in our
laboratory.
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The previously reported method for the preparation of decylenediamine-dextran T70 (T70
CIO ) was improved, and several chemical properties of the polymer support were examined.
Methotrexate (MTX) was conjugated to T70-C IO by using l-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride. The T70-C IO,-·MTX conjugate (T70-C lO-MTX) and T70-C IO carrying
adsorbed MTX (T70-C1o•adsorbed MTX) were dialyzed in order to examine the nature of the
adsorption of MTX on T70-CJ()-MTX. Before and after dialysis. the activity of these derivatives
was assayed in terms of the binding affinity to dihydrofolate reductase. A more stable T70-C tO was
obtained by using more severe reaction conditions in the Schiff's base formation between
diaminodecane (ClO ) and oxidized dextran T70 and in the subsequent reduction. Conjugation was
successful and the separation by gel-filtration (Sephadex G50) was good. The chemical properties of
T70-C IO and T70-CIO-MTX were consistent and similar to those of the previous preparations.
From the dialysis experiment, T70-C IO-MTX was estimated to have about 5 to 6~~ of the inhibitory
activity of free MTX.

Keywords-c--e-conjugation; T70-ClU-MTX~ T70-C IO • adsorbed MTX; dialysis; activity; DHFR
fluorescence

Introduction

1183

The modification of antitumor agents with macromolecules might make it possible to
obtain persistent and high local concentrations of the inhibitor at the tissue or cellular
leve1. 1

•
2

) Hydrolyzable macromolecules or hydrolyzable conjugation bonds would permit slow
release of the active agent." Moreover, in utilizing degradable macromolecules, it is important
that the antitumor drug should be modified in such a way that effective binding to the target
molecule is still possible." Such modifications should reduce the acute toxicity which follows
the administration of a large amount of free drug. Further, injecting or implanting
macromolecule-drug conjugates into the body cavities or tissues where malignant cells might
remain after surgical operation would be useful for maintaining local therapeutic potency and
for preventing the recurrence of cancer.

In the previous work, decylenediarnine-dextran T70 was found to be useful for the
conjugation of methotrexate (MTX) and mycophenolic acid (MPA).5) However, the previous
preparation procedure gave only a small amount of the products and the polymer support was
not completely stable. Thus, the preparation of the polymer support was reexamined. Further,
the possibility that free MTX might be adsorbed on the polymer support had to be examined.
In this work, the effectiveness ofT70-C10- MTX conjugate was studied in detail, by measuring
the inhibitory activities of T70-ClO- MTX and T70-ClO carrying adsorbed MTX toward
dihydrofolate reductase (DHFR) before and after dialysis.
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Material--Dextran T70 (T70), with a molecular weight of 70000 was purchased from Tokyo Kasei Industrial
Co. MTX and DHFR from chicken liver were obtained from Sigma Chemicals Co. All other chemicals were
commercial reagent-grade products.

Preparation of Spacer-Introduced Dextran--The previously reported method for the preparation of T70-C IO

was changed as follows. The binding reaction time of oxidized dextran T70 (T70-CHO) and diaminodecane (CIQ)was
increased to 6h and the pH was adjusted to about 9.0 with NaOH and HCI solutions. The subsequent reduction of
the Schiff's base was executed under more severe conditions than beforeNamely, about ten times as much NaBH4 as
before was added, and the reaction time was changed to 22 h, while the pH was maintained at about 9.5 with NaOH
and HCI solutions. Finally, T70-CIO was obtained as powder by lyophilization after sufficient dialysis against H20.

These procedures are shown in Chart 1.

IT70 (10g in 100 ml H20 ) I
NaI04 2.635 g, 1 h, in the dark

(CH20Hh 7.654 g

dialyzed against H20, 2 d, 5°C

/T7o-CHOI
H2N(CH2hoNH2 2.553 g, 6 h, pH 9

NaBH4 6.8 s, 14 h, pH 9.5

NaBH4 2.8g, 8h, pH 9.5

dialyzed against H20, 2 d, 5°C

freeze-dried Chart 1. Preparation of the Polymer Support,
T70-CtO

Characterization of T70-C ,o--The result of elementary analysis was as follows: C, 42.66: H, 6.65; N, 0.97;%;.
The molecular weight distribution was investigated by gel-filtration (Sephadex G50) by using a 50 mMNaCI aqueous
solution for elution. The absorbance of each fraction at 260 nrn was measured, then the fraction was lyophilized and
the product was weighed. The formation of the effective polymer support, T70-CH2NH(CH2)lONH2' was checked by
measuring the reactivity to ninhydrin; 1ml of the sample solution and 0.5 ml of ninhydrin aqueous solution (1~;:a

(w/v) were mixed, heated in a boiling water bath for 5 min and assayed colorimetrically at 570 nm. As for the
macromolecular fractions, the amounts of bound spacer (C IO ) were calculated from the weight-and nitrogen ratio
obtained by elementary analysis.

Further, the stability of T70-C IO was investigated under conditions similar to those of the conjugation reaction,
that is, stirring for .24h at pH 6.0. Subsequently, the molecular weight distribution was checked by gel-filtration
(Sephadex 050) with a 50 msr NaCI aqueous solution as the eluent. Each fraction was weighed and checked for
reactivity to ninhydrin, content of CIO and ultraviolet (UV) absorption at 260nm.

To confirm the binding of C IO to T70-CHO and the subsequent reduction of the Schiff's base by NaBH 4 ,

Fehling tests were carried out on T70-C lO and T70-CHO at several concentrations as reported previously."
Preparation of T70-CIO-MTX Conjugate and T70-CIO Carrying Adsorbed MTX--T70-CIO (300 mg) was

dissolved in 10rnl of purified water, and MTX (5 mg) and l-ethyl-3-(3-dimethylaminopropyl)carbodiimide hy
drochloride (EDe) (300 mg) were added. The pH was adjusted to about 6.0 with I N NaOH and 1 N HCI. The mixture
was stirred for 24h in the dark at room temperature. The polymer conjugate, T70-C lO-MTX, was obtained from the
macromolecular fractions after gel-filtration (Sephadex G50). T70-C IO-MTX, was estimated spectrophotometri
cally at 260 nm and the spectrum of the macromolecular fraction was compared with that of intact MTX.

An aqueous solution (lOml) ofT70-C10 (300mg) and MTX (5 mg) without EDC was stirred for 24 h at pH 6.0 in
the dark at room temperature, and T70-C IO carrying adsorbed MTX (T70-C lO ' adsorbed MTX) was obtained from
the macromolecular fractions after gel-filtration.

The amount of MTX contained in T70-CIO-MTX and that in T70-ClO ' adsorbed MTX were calculated from
their ultraviolet absorptions at 260 nm in a 0.1 N NaOH aqueous solution and the weight of the macromolecular
fractions used (No. 10-13). The void volume and the total volume corresponded to fractions No. 10 and No. 28,
respectively. The fraction size was 5 ml, and the amount of sample loaded was 5 ml (see Fig. 4).

Dialysis Experiment--Seamless cellulose tubing supplied by Union Carbide Corporation was used throughout
this work. The pore diameter was 24 A.
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Walpole's buffer (pH 2.3) was used as the dialysis medium. T70-ClO-MTX and T70-CIO • adsorbed MTX were
dialyzed by the same procedure. The amount of MTX removed was checked from the UV absorption of the
remaining sample at 260 nm and its spectrum in a 0.1 N NaOH aqueous solution.

T70-CIO-MTX and T70-C1o'adsorbed MTX were prepared at the same concentration (wjv) in purified water,
and dialyzed under the following conditions. T70-CIO-MTX (3 ml) and T70-CIO · adsorbed MTX (3 rut) were packed
so that the tube surface areas were almost equal. Dialysis was carried out in a 3 I flask with magnetic stirring at
800 rpm at 4°C. Walpole's buffer (2.4 1) was used as a dialysis medium for 24h, then it was replaced with purified
water (2.5 1) and dialysis was continued for 24h. Finally, the medium was replaced with fresh purified water (2.5 1)
and further stirred for 24h. After dialysis, the volume of each sample was measured. The UV absorption spectra of all
samples before and after dialysis were compared in a 0.1 N NaOH aqueous solution. These samples were used for the
activity study of T70-CIO-MTX.

Activity Study ofT70-CIO-MTX--The activity measurement was based on the fact that the specific binding of
MTX causes quenching of DHFR fluorescence quantitatively." All experiments were conducted at room temperature
in 15 ml of Bistris buffer, pH 7.0, containing SOOmM KCl. DHFR was prepared at the concentration ofO.S J1M. T70
CIO-MTX and T70-C IO ' adsorbed MTX before dialysis were prepared to give MTX concentrations of 0.7. 1.4 and
2.8JiM. T70-C1o was used at the same concentration (wjv) as T70-C10 ' adsorbed MTX. The samples after dialysis were
prepared similarly. DHFR solution (1.5 ml) and the substrate solution (1.5ml) were mixed and the fluorescence at
320nm (excited at 288 nm) was measured after 2 min. 7

•8) The inhibitory activity of the substrate wascalculated as the
ratio of the quenching of the DHFR fluorescence by the substrate to that by free MTX.

Results and Discussion

The elementary analysis ofT70-ClO indicated that it contained 59.7 mg ofdiaminodecane
(ClO ) per gram, so that the degree of substitution with C lO in T70-C 10 was one molecule per
14-15 glucose units. The Fehling reaction showed that essentially no aldehyde groups
remained in T70-C10 ' Namely, the formation of T70-C lO was effectively accomplished.

The gel-filtration pattern of T70-C lO (Fig. 1) indicated that the molecular weight of T70~
ClO is at least lOOOO, judging from the characteristics of the Sephadex GSO column. The
macromolecular fractions, No. 12-16, contained 74.1% of the total eluted T70-C lO by weight.
The content of C lO in each fraction ranged from 7 to 8%> of eluted T70~CI0' being similar to
that of the previously obtained T70-C) o- In the ninhydrin reaction test of native T70-C lO
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Fig. 1. Elution Profiles of T70~CIO Checked by
Several Methods on Sephadex Gsa Gel-Filtra
tion with a 50 mM NaCl Aqueous Solution

0, weight; 1:::., absorbance at 260nm; O. absorb
ance at 570 om after ninhydrin reaction; .1 weight of
contained CJO(x 10).

Fig. 2. Elution Profiles of T70-C10 Checked by
Several Methods on Sephadex 050 Gel-Filtra
tion with a 50mM NaCI Aqueous Solution
after the Stability Test

0, weight; 6" absorbance at 260nm; O. weight of
contained CIO '

Only the macromolecular fractions showed strong
positive reactivity to ninhydrin.
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(5.6 mg/ml of 50mM NaCI (pH 7-8»), the absorbance at 570 nm was 2.836. The high
reactivity to ninhydrin in the macromolecular fractions indicated that the polymer support,
T70-CH2NH(CH2)lONH2~was formed effectively. Further, the elution patterns in terms of
absorbance at 260 nm and reactivity to ninhydrin gave similar profiles to that by weight. These
results suggested that T70-C lO was macromolecular and structurally uniform. After a stability
test in a pH 6.0 aqueous solution for 24h, the gel-filtration pattern was similar to that of the
original T70-C lO (Fig. 2). The relationship of absorbance at 260 nm to the ninhydrin
reactivity, weight and content of CIO in each fraction was similar to that before the stability
test. Thus, T70-ClO obtained in this study was found to be a stable polymer.

T70-ClO-MTX conjugate (T70-C lO-MTX) and T70-C lO carrying adsorbed MTX (T70
Clo'adsorbed MTX) were obtained from the macromolecular fractions, No. 10-13, after
gel-filtration (Fig. 3). In the case ofT70-C lO • adsorbed MTX, MTX was eluted throughout the
range. With T70-C lO-MTX, a small peak appeared at the fraction No. 25 in the low
molecular fractions but the UV absorption spectrum was not that of MTX. Thus, MTX was
supposed to be bound to the polymer support almost completely through an amide bond in
T70-C lO-MTX.

The ultraviolet spectra of the obtained derivatives, the polymer support and free MTX
were all available (Fig. 4). and the spectra of T70-C IO-MTX and T70-C lO • adsorbed MTX
appeared to correspond to the summation of the spectrum of the polymer support and that of
MTX. Thus, the content of MTX in each derivative was calculated as shown in Table 1.

The results of the activity study of T70-CIO-MTX and T70-C lO • adsorbed MTX before
dialysis and of T70-C lO are shown in Fig. 5. T70-C IO had no binding affinity for DHFR.
Namely, the polymer support was inactive. T70-C lO ' adsorbed MTX showed the same activity
as free MTX at the equivalent content of MTX. Thus, MTX adsorbed by T70-C lO was
considered to be separated quickly from the polymer support and then to interact with
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TABLE I. Bound Drug Amounts and UV Absorption Parameters of MTX Derivatives

Compound
Bound drug amounts ;'max. (I) Amul(. (II)

(JiM/g) (nrn) (nrn)

MTX 258 302
T70-C10' adsorbed MTX 13.5 258 301
T70-C IO- M TX 67.4 261 304
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Concentration is given us that of MTX for MTX
derivatives. T7U·C 11l WU$ used at the same concentra
tion (w/v) as T70-CIll' adsorbed MTX.

DHFR.
The UV absorption spectra before and after dialysis are shown in Fig. 6. After dialysis,

the volume of the samples was maintained at about 3.0 n11. Therefore. the absorbances before
and after dialysis represent the contents of the polymer support and MTX, respectively. Since
only a small decrease in the UV absorption was observed for T70-C lO--MTX, most of the
MTX was concluded to remain in the conjugate. On the other hand, the UV absorption of
T70-C lO ' adsorbed MTX was considerably reduced by dialysis and the spectrum after dialysis
showed almost the same profile as that of T70-C lO • This suggests that the polymer support
was stable under the above dialysis conditions. The activities of the samples before and after
dialysis are shown in Fig. 7. The activity of T70-C) o' adsorbed MTX was corrected to that at
the same concentration (w/v) of T70-C10-MTX. The activities of T70-C1o--MTX before and
after dialysis were 8.7 and 5.9~~~, respectively compared with that of free MTX. If the
ultraviolet absorption ofthe sample after dialysis is adjusted to that before dialysis, the activity
of T70-ClO-MTX after dialysis would be 7. I :~~' The small difference between the activity
before dialysis and that after might be due to adsorbed MTX or the remaining low-molecular
conjugate. The activities of T70-ClO ' adsorbed MTX before and after dialysis were 19.5 and
O.5/~ at the same concentration (w/v) as T70-ClO-MTX. Thus, adsorbed MTX was removed
almost completely by dialysis. As for T70-C lO-MTX after dialysis, the activity of the
remaining free MTX would be at most 0.5%, if any. Consequently, T70-C 10-MTX could be
estimated to have 5.4-5.9% activity. This value is a little greater than those of the MTX
derivatives of Whiteley," Harding'?' and Shen and Ryser." Sirotnak et al, indicated that the
}'-carboxyl group of the glutamic acid residue of MTX does not have to be free for inhibitory
activity, on the basis of a structure-activity relationship study.'!' The lower inhibitory activity
of T70-ClO-MTX as compared with free MTX is considered to be owing to the steric
hindrance by the bulky polymer support, assuming that the l'-carboxyI group undergoes
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-.-, T70-C 10-MTX before dialysis; -0-,
T70-C IO-MTX after dialysis; -A.-, T70-ClO'ad

sorbed MTX before dialysis; -6,-, T70-C10 'ad
sorbed MTX after dialysis; -0-1 MTX; ---.A---,
T70-C IO ' adsorbed MTX before dialysis) corrected
to correspond to the same concentration (w!v) as
T70-C IO-MTX; ---b,,---, T70-C lO • adsorbed MTX
after dialysis, corrected to correspond to the same
concentration (w/v) us T70-C lO-MTX.
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Fig. 6. Spectra of T70-C1o- MTX and T70-CJO'
adsorbed MTX before and after Dialysis

I, T70-C IO-MTX before dialysis; 2, T70-C IO-MTX
after dialysis; 3. T70-C IO • adsorbed MTX after dial
ysis; 4, T70-C IO • adsorbed MTX after dialysis.

T70-CIO ' adsorbed MTX before dialysis was used
at the same concentration (w/v) as T70-C IO-MTX.

amidation with the polymer support preferentially. Nevertheless. T70-C IO--M:rX is considered
to be a potent inhibitor of DHFR.
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Participating factors in the uptake of Jiposomes by the liver were examined in a small-volume
circulating perfusion system. The volume of the perfusate was 23 rnl, which corresponds to the
blood volume of the rat. It is considered that this system is suitable for examining the factors
participating in the uptake in vivo. Au indispensable factor for the uptake was found in fresh serum.
and the uptake proportionally depended on the amount of the factor in serum. The properties of the
factor were investigated with serum pretreated in various ways. The experiment with preheated
serum, indicated that the factor is very heat-sensitive arid may be a protein. When serum was
dialyzed with a cellulose membrane, the activity penetrated through the membrane. and its
molecular weight was concluded to be below 17000 daltons. The sum of the activities on both sides
of the membrane in equilibrium dialysis was almost equal to that in fresh serum. This strongly
suggests that the factor does not participate cooperatively with other factors in the uptake. The
uptake activity disappeared when serum was incubated with liposomes at 38 ':>C for 5 min in
advance. The interaction of the factor with liposomes appears to be very fast and irreversible.

Correspondence of the uptake by the liver and elimination from the perfusate in the perfusion
system to the in vivo behavior after i.v. injection was also examined. Correspondence of the uptake
was observed, but the elimination kinetics from perfusate and blood were different. It is suggested
that the uptake is dominated by the factor described here, but the elimination kinetics is partially
affected by other factor(s).

Keywords--liposome; perfused liver; uptake; clearance; serum participating factor; dialysis;
opsonin; interaction; heat-sensitivity

Introduction

1189

It is generally accepted that substantial fractions of intravenously injected liposornes are
rapidly taken up by the liver." This is a problem to be overcome in the case of usage of
liposornes for sustained release of a drug or targeting to other organs or tissues. It is necessary
to control the uptake of liposomes by the liver. However, the detailed mechanism of the liver
uptake of liposomes is still uncertain.

As reported in the previous paper;" we studied the uptake mechanism of liposornes by
single perfusion of rat liver. Large liposornes (reverse-phase evaporation vesicles (REV),
about 0.1-0.2 ttm in diameter) were able to pass through the liver without any interaction or
interference and there was little uptake by the liver during perfusion with phosphate-buffered
saline (containing no blood components). On the other hand, small liposomes (small
unilamellar vesicles (SUV), about 0.06 f.lnl in diameter) showed uptake corresponding to
about 0.25 timol of total lipid (about a half of injected liposomes) without any participation of
blood components. These results suggest that the uptake mechanism of REV may be different
from that of SUV, and opsonization by or interaction with the blood components may be
indispensable for the uptake of REV by the liver. If REV can escape opsonization or
interaction, they may be able to pass through the liver freely and it may be possible to design
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drug carriers that can circulate through the whole body for a long time: Therefore, it is
necessary to examine the indispensable factor(s) in blood.

Although liver perfusion is considered to be the most suitable method for examining the
participating factor(s) in the uptake of liposomes from blood by the liver, very few studies
have been reported in this area. Tyrrell et al.4 ) studied the effect of serum protein fractions on
liposome-cell interactions in the perfused rat liver, and reported that the cx- and p-globulin.
fractions of bovine serum enhanced the uptake of anionic liposomes into the perfused rat liver.
However, the protein fractions were not from fresh rat blood and they used a large volume of
perfusate compared with the rat blood volume. Therefore, their results did not necessarily
reflect the in vivo uptake profiles of liposornes by the liver. Hildenbrandt and Aronson"
reported that the uptake of asialoglycopholin-liposomes by the perfused rat liver required
Ca2 + . Smith et al.6 } studied the kinetics of uptake of liposomes by perfused rat liver. They
showed that the uptake was gradual, reaching a plateau of 60~>~ of the initial load after 20 min
of perfusion, and it was significantly lower in livers obtained from silica-treated animals.
However, they did not refer to the blood components affecting the uptake.

In this experiment, we designed a circulating liver perfusion system with a small volume
of perfusate, corresponding to the blood volume of a rat. The participating factor in the
uptake of liposornes was examined with fresh rat blood or blood components as the perfusate,
and the uptake profile was kinetically compared with that in vivo after intravenous injection of
liposomes.

Experimental

Materials--Hydrogenated egg-phosphatidylcholine was a gift from Nippon Fine Chemicals Co., Ltd. (Osaka,
Japan). Dicetylphosphate and cholesterol were purchased from Nakarai Chern. Ltd. (Kyoto, Japan) and {4_14C}_

cholesterol was from New England Nuclear (Boston, Mass). All other chemicals were of reagent grade or better.
Preparation of Liposomes--The liposornes used in this experiment were composed of hydrogenated egg

phosphatidyIcholine, dicetylphosphate and cholesterol in a molar ratio of 4: I : 4. and they contained appropriate
radioactivity of [14C]cholesterol as a liposomal marker. The liposomes (rnultilarnellar vesicles (MLV)) were prepared
as described in a previous paper?' and sized by extrusion through a polycarbonate membrane having a pore size of
OApm.81

02/C02 (95 : 5)-)
saturated with
water vapor
at 38DC

perfusate containing
Iiposomes (10 tlmol/23 ml )

20 ml/min
-E--

Roller pump
(Furue Sci. Co.,
Tokyo)

Krebs solution saturated
with O:z/C02 at 38De
for cannulation

Fig. 1. Illustration of the Perfusion System Used in the Present Experiment
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Perfusion System--The liver of a Wistar male rat (body weight 300± 15g) was perfused in situ with Krebs
Henseleit acid carbonate-buffered solution (Krebs solution, pH 7.4, composed of 118.5mM NaCI, 4.75rnM KCI,
2.54mMCaCI2• 1.19mM KH2P04 • 2.43mM MgS04 and 25.0mMNaHC03) which was saturated with 02/C02 (95: 5),
from the portal vein to the interior vena cava according to the method of Tyrrell et al.4l at 38fJC. At 5min after the
start of perfusion, the perfusate was changed to the small-volume perfusate (23ml, corresponding to the blood
volume of a rat) containing liposomes (10pmol as total lipids) and circulating perfusion at 38('C was started as
illustrated in Fig. 1. The flow rate of the perfusate was 20ml/rnin and an Allihn type condenser was used as an
artificial lung.

Perfusate--The perfusate used in circulating perfusion was based on Krebs solution. In the case of whole
blood, 10 ml of blood freshly drained from the carotid artery of a rat with 200 units of heparin was diluted with
Krebs solution to 23 ml and used. In the case of serum, an appropriate volume of fresh rat serum was diluted with
Krebs solution to 23ml.

Animal Experiment and Sample Trcatment--In the perfusion study, at an appropriate time after starting
circulating perfusion, 0.1 ml of perfusate was sampled at the top of the artificial lung shown in Fig. I. After 12 min,
the perfusion was stopped and the liver was isolated and homogenized. In the in vivostudy, a Wistar male rat (body
weight 300 ±15g) was cannulated in the femoral artery and femoral vein as described in a previous paper.?' Liposorne
suspension was injected through the cannula inserted in the vein. At an appropriate time after injection, 0.1 ml of
blood was collected from the cannula inserted in the artery. At 12min after the injection. the animal was sacrificed,
and the liver was isolated and homogenized. Radioactivity of [l4.C)cholesterol as a liposomal marker in the sample
was counted after treatment as follows. In the perfusion with no blood cells, 0.1 ml of perfusate was transferred into a
liquid scintillation vial, and 0.9ml of water and lOml of liquid scintillation cocktail (Scintisol EX-H, Wako Pure

Chern. Co., Osaka, Japan) were added. Then the radioactivity was counted with a liquid scintillation counter (Aloka
LSC-673. Tokyo, Japan). In the case of the in vivo study and perfusion with whole blood, 0.5 ml of 301

'.,;; H20 :! and
0.5 ml of2 N KOH solution in isopropanol were added to 0.1111101' blood or perfusate in a liquid scintillation vial, and
treated as described in a previous paper."! The volume of the liver homogenate was adjusted to 50 ml with water and
I ml of the diluted homogenate was transferred into the liquid scintillation vial. and treated as described in the previ
ous paper.'?'

Pretreatment of Semm--Freshly obtained serum was used. However, in order to examine the factor in serum
participating in the uptake of liposomes by the liver, dialyzed serum or preheated serum was used in some
experiments. Serum was dialyzed in cellulose tubing (Sanko Pure Chern. Co., Tokyo) against 21 of Krebs solution at
4 "C for 2d and the solution was changed 3 or 4 times during the dialysis. Equilibrium dialysis was carried out in an
equilibrium dialysis cell with two chambers separated by a cellulose membrane (Sanko Pure Chern. Co.); the volume
of each chamber was 6 ml. Serum was placed in one chamber and Krebs solution in the other, and the cell was shaken
for 2d at 4 "C. In the experiment with preheated serum, serum which had been incubated at 45, 56 or 60 "'C for
30 min was used.

Results and Discussion

Uptake of Liposomes by Perfused Liver
Time courses of liposomes in the perfusate during circulating liver perfusion with Krebs

solution. whole blood and SerUJ11 are shown in Fig. 2. When whole blood was used as the
perfusate, fresh blood was diluted with Krebs solution (10 ml of whole blood in 23 ml of
perfusate; hematocrit 20%) for convenience of perfusion. The concentration of serum was
5.4ml/23 ml of perfusate, taking into account the serum volume in 10 fill of blood.

As shown in Fig. 2, arapid decrease of radioactivity in the perfusate was observed in the
initial phase in all experiments. This is due to the dilution with the Krebs solution remaining
in the liver before the circulating perfusion even after correction for the dead volume of the
tubing used in the system. Thereafter, no disappearance of radioactivity was observed in the
perfusate of Krebs solution. On the other hand, substantial activity disappeared from the
perfusate containing whole blood or serum, though no significant difference was found be
tween whole blood and serum. Remaining radioactivity in the liver after 12min of perfusion is
shown in Fig. 3 in the experiments. About 8% of the radioactivity used in the perfusion with
Krebs solution was found in the liver at the end of perfusion. On the other hand, remaining
radioactivity with whole blood and serum amounted to 27.4% and 30.0%, respectively. The
difference between the results with Krebs solution and whole blood or serum is significant
(p<O.Ol) and that between whole blood and serum is not (p>O.05). These results suggested



1192 Vol. 35 (1987)

~ 100
C/)

o
"'l:l

'"S

The perfusate consisted of Krebs solution alone
(.), or SAml of serum (.) or lOml of blood (A) in
23 rnl of Krebs solution, and it contained 10 Il1nol of
liposomes (as total lipids). Each value represents the
mean ±S.D. of three experiments.

30
>.

-+J

~
t)

CIS';"""
o Q)

.... Ul
"'0 0
~"'O

15tlO ......
s:: 0

'a~
'c; ~
S
QJ

c::

0
(A) (B) (C)

Fig. 3. Liposomal Radioactivity Remaining in
the Liver after Perfusion
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that some component(s) in the serum is essential for the uptake of liposomes by the liver, and
blood cells are not required for the uptake in the present system. The observed radioactivity in
the liver after the perfusion with Krebs solution seems to be due to the remaining perfusate
containing liposomes in the liver at the end of perfusion, corresponding to the blood VOlU111e

in rat liver. Therefore, all later data on the uptake of Iiposomes by the liver are expressed as
corrected values by subtracting the radioactivity in the perfusate remaining in the liver vessels.

Effect of Serum Concentration
The effect of serum volume contained in the perfusate on the uptake of liposomes by the

liver was examined. Amount of liposomal radioactivity taken up by the liver (corrected for the
perfusate volume remaining in the liver) after perfusion with perfusate containing 0.68, 1.53,
2.7, 5.4 and 10.8 ml of serum are shown in Fig. 4 as percentages of the initial load. The uptake
showed a linear increase up to 5.4 ml of serum. This result indicates that the uptake activity is
proportional to the amount of the factor in serum. However, at 10.8 ml of serum the uptake
did not increase as expected, apparently because of saturation in this system. The saturation
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may be caused by restriction of oxygen supply, flow rate of perfusate, temperature or other
biological factors. Suppression of physical functions of the liver might also be the reason for
the saturation because of the effects of the cannulation and/or the perfusion procedure.

Effect of Preheating of Serum
The heat stability of the factor participating in the uptake of liposomes by the perfused

liver was examined. The results are shown in Fig. 5 in terms of the percentage found in the
liver after perfusion. With non-treated serum 21.6~,~ of the dose was taken up by the liver, as
shown above. On the other hand, with serum preheated at 44°C for 3D min, 12.7~/~ of the load
was found in the liver, and the uptake activity decreased to about 60% of that of fresh serum.
The activity linearly decreased with increase of preheating temperature, as shown in Fig. 5.
The results obtained in this experiment showed that the participating factor in serum is very
heat-sensitive, and may be a protein or peptide.

Effect of Dialysis of Serum
Fractionation of the serum proteins by salting-out with ammonium sulfate"!' was

attempted in order to elucidate the properties of the participating factor. However, uptake
activity was not observed in any fraction. Two possible reasons were considered for the loss of
the activity. One is irreversible denaturation of a protein having the uptake activity during the
salting-out processes with ammonium sulfate. The other is leakage of the activity through the
cellulose membrane during dialysis for desalting: The effect of dialysis of the serum was
examined, and the results are shown in Fig. 6. The uptake after perfusion with serum dialyzed
at 4°C for 2 d was very low compared with that with fresh SerU111, as shown in Fig. 6 (p< 0.01).
On the other hand, with serum left at 4 DC for 2d, uptake corresponding to that with fresh
serum was observed (p > 0.05).

After equilibrium dialysis at 4°C for 2 d, experiments with the media in both chambers of
the dialysis cell were carried out. The uptake with the medium from the chamber filled with
serum was decreased (16.9%) although not significantly (p >0.05), and corresponding activity
was found on the other side (filled with Krebs solution). The Stun of the uptake with both

Fig. 6. Effects of Dialysis and Incubation with
Liposomes on the Liver Uptake of Liposornes

(A): with fresh serum (control).
(B): with serum dialyzed in cellulose tubing at 4 "C

for 2d.
(C): with serum left at 4 "C for 2 d.
(D): with medium from the serum side after equi

librium dialysis at 4°C for 2d.
(E): with medium from the Krebs solution side after

the equilibrium dialysis.
(F): with serum incubated with non-labeled lipo

somes (10 Jllnol of total lipids) at 38°C for 5min in
advance.

The volume of serum corresponded to S.4ml and
Iiposomal content to 10Jlmol (as total lipids). Each
value represents the mean ±S.D. of three experiments.
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Fig. 7. Comparisons or Elimination and Liver
Uptake of Liposomes in Vivo and ill Situ

(a): Semilogurithmic plots of elimination of lipo
somes from perfusate containing 5.4ml of fresh SCl"UIn

(e) and from blood (A.) after intravenous injection.
(b): Uptake of liposorncs by the liver after perfusion

(A) and i.v. injection (B). The open column shows the
value corrected for the in vivoserum content (sec the
text).

Liposornal dose was 10Jlmol (as total lipids) and
each value represents the mean ± S.D. of three experi
ments.
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media is almost equal to that with fresh serum. The uptake with the medium in the Krebs
solution chamber was significantly higher than that with Krebs solution (p <0.01) without the
correction for perfusate in the liver. The results suggest that the serum factor participating in
the uptake of liposomes by the liver penetrated through the cellulose membrane. The cut-off
limit of the membrane was 17000 daItons (Da). Therefore, the molecular weight of the factor
may be below 17000 Da. As components in serum having an opsonic activity, immunoglobu
lin G (lgG),12) complement, 13) fibronectin, 14) and C-reactive protein (CRP)15) are known, but
these have large molecular weights. The fact that the sum of the activities in the two chambers
of the equilibrium dialysis cell was equal to that with fresh serum suggests that the factor
participates independently of other components in serum, since multiple components
participating in the uptake would not be expected to show the same permeability in dialysis. If
components with different permeabilities participate cooperatively, the sum of aetivities in the
two chambers should be lower than that with fresh serum, and should be restored when the
two solutions are mixed.

Effect of Preincubation with Liposomes
Interaction of the factor with liposomes was also examined. The uptake activity with

serum which was incubated with nonlabeled Iiposornes (10 pmol of total lipid) at 38°C for
5 min almost disappeared, as shown in Fig. 6. This result shows that the factor interacted with
liposomes like opsonin, not with liver cells, and it does 'not activate' the cells. The interaction
of the factor with liposomes is very rapid and is irreversible. However, it is uncertain whether
the interaction involves binding of the component to the liposomes or consumption by
transformation of the factor interacting with the liposomes.

Correspondence to in Vivo Behavior of Liposomes
The correspondence of the results obtained in the perfusion experiments to the in vivo

behavior of liposomes after intravenous injection was examined. Eliminations from perfusate
and blood and uptakes by the liver are shown in Fig. 7. It seems that the elimination from
blood is faster than that from perfusate (Fig. 7-a) and liver uptake is greater in vivo (Fig. 7-b).
However direct comparison of these two cases is unreasonable. because the perfusate was not
1OO~~ blood but diluted serum (5.4 ml of serum in 23lnl of perfusate) for technical reasons in
the perfusion system. A proportional increase of uptake with increase of the volume of serum
contained in the perfusate was observed in the perfusion experiment as mentioned above (Fig.
4). Though the linearity was not maintained at high serum concentration (10.8 rnlj23 ml), if
the saturation is due to functional suppression of the liver in the present system for the reasons
mentioned above, the intact liver would be expected to show more uptake with pure serum. If
the linearity is extrapolated to the volume of serum in 100% whole blood (12In!), the liver
uptake is expected to be 48.1% as shown in Fig. 7-b by the open column. This value
corresponds quite well to the in vivo uptake (51.4 %), and it is assumed that the factor found in
the perfusion experiment may proportionally participate even in in vivo uptake of liposomes
by the liver.

The semilogarithmic plots of time courses of the two cases in Fig. 7 showed linear
decreases. The half-lives were calculated from the slopes as 27.0 and 5.78 min in situ and in
vivo, respectively. These values are not consistent even if the correction of serum volume is
considered. Therefore, other factors may affect the rate of elimination of liposomes, besides
the factor found in the perfusion experiment, e.g. blood flow in other organs, uptake by other
organs, oxygen supply, interaction with blood cells, etc.

Conclusion

The results of the present study on the uptake mechanism of liposomes by rat liver with
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the small-volume circulating perfusion system may be summarized as follows.
1) An indispensable factor for the uptake of liposomes is present in serum.
2) The uptake proportionally depends on the amount of the factor.
3) The factor is a heat-sensitive proteinous substance.
4) The molecular weight of the factor is less than 17000Da and it may participate in

the uptake independently of other factors. ,
5) The interaction of the factor with liposomes is very rapid and is irreversible.
6) The factor may be dominant in the in vivo uptake by the liver.
H is not clear whether the interaction involves binding of the factor on the liposomal

surface, as in the case of opsonin, activation of liposomes with consumption of the factor, as
in the case ofcomplement, alteration of the liposomal properties (e.g. aggregation), or others.
More detailed studies on the interaction of the factor with liposomes, identification of the
factor and a kinetic study on the correlation of in vivo and in situ uptakes are in progress.
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The effect of probenecid on the disposition of cefpiramide was studied in rats. Cefpiramide
(50 rug/kg) was injected into rats through a femoral vein. Probenecid (75 or 150rug/kg) was
administered simultaneously with cefpiramide, The plasma concentration of cefpiramide and the
amount excreted into the bile were monitored with a high-performance liquid chromatograph
(HPLC). Population pharmacokinetics with Akaike's information criterion (AIC) was applied to
analyze the effect of probenecid on the disposition of cefpiramide. The result of the Ale method
was compared with that of the X'2 test. It was concluded that probenecid exclusively inhibits the
biliary excretion of cefpiramide. The presence of probenecid does not influence the volume of
distribution of cefpiramide or the non-biliary elimination rate. The administration of 75 rng/kg of
probenecid markedly suppresses the biliary excretion of cefpiramide. However, the effect of
150 mg/kg of probenecid on the elimination rate of cefpiramide is almost the same as that of
75mgjkg.

Keywords--probcnecid; cefpiramide; population pharmacokinetics; MULTI (ELS); bile
excretion; MULTI; extended least-squares

Introduction

Cefpiramide (Fig. 1) is a new semisynthetic c.ephalosporin antibiotic which has a broad
spectrum and high activity against gram-positive and gram-negative bacteria including
Pseudomonas aeruginosa," Cefpiramide shows much longer plasma half-lives in rabbits, dogs
and rhesus monkeys" and humans'? as compared with other cephalosporin antibiotics. This
antibiotic has the peculiarity that the major elitnination route is not the urinary excretion but
biliary excretion as the intact drug.2 ) Cefpiramide, therefore, is considered to be a potentially
useful in research on membrane transport.

It is well known that the administration of probenecid with many penicillins and
cephalosporins results in prolongation of the half-lives of these drugs in the body." The
pharmacological action of probenecid is believed to be inhibition of the renal tubular
secretion of organic acids" which are mainly eliminated through the urinary excretion. It is of
interest in connection with our understanding of membrane transport to investigate the effect
of probenecid on cefpiramide elimination.
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Fig. l. Structure of Cefpiramide
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Population pharmacokinetics, which deals with plural time courses altogether, has
attracted growing attention since the proposal of Sheiner et al.6 ) The theoretical basis of
population pharmacokinetics is an extended nonlinear least-squares method. This analysis
has usually been used in the field of clinical pharmacokinetics." ,8) The present report is
concerned with an attempt to apply population pharmacokinetics to the evaluation of the
pharmacodynamic effect of probenecid on the disposition of cefpiramide in rats. Akaike's
information criterion (AIC) is shown to be effective in the population pharmacokinetic
analysis.

Experimental

Reagents and Materials--Cefpiramide was a gift from Yarnanouchi Pharmaceutical Co., Ltd. (Tokyo, Japan).
Probenecid was provided by Sigma Chemical Company (MO, U.S.A.). Heparin was obtained from Novo Ind.
(Denmark). Sodium pentobarbital solution (Nenbutal for animal injection, Abbott Lab., IL, U.S.A.) was used to
anesthetize rats. Trichloroacetic acid for the precipitation of protein was obtained from Wako Pure Chern. Ind. Ltd.
(Osaka, Japan). Acetonitrile and the other chemicals for high-performance liquid chromatographic (HPLC) analysis
were commercial prod ucts of reagent grade. Water was purified by distillation. The prepared mobile phase for HPLC
was degassed before use.

Determination ofCefpiramide by HPLC--A high-performance liquid chromatograph (LC-3A, Shimadzu Co.,
Kyoto, Japan) equipped with a variable-wavelength UV detector (SPD-2A, Shimadzu Co., Kyoto, Japan) was used
with a stationary phase of Chemcosorb 7-0DS-H (50 x 4.6 mrn i.d., Chernco Co., Osaka, Japan). A short precolumn
(50 x 4.6 rom i.d.) packed with LiChrosorb RP-2 (E. Merck Co.) was attached to guard the main column. The
detection wavelength was set at 254nm. The flow rate of the mobile phase v-as set at l.5mljmin. The peak area was
recorded with a Chromatopac C-R 1B (Shimadzu, Kyoto, Japan). Column temperature was 30"C. The mobile phase
composition for the analysis of cefpiramide in plasma.and bile was phosphate buffer (pH = 7.0, 1/15M)--a.cetonitrite
(85: 15 vjv). The pretreatments before HPLC injection are described in the following section.

Rat Expcriments--Under anesthesia by i.p. administration of pentobarbital (30-40mg/kg), male Wistar rats
weighing 200·-250 g received 50mgjkg cefpiramide alone (treatment I), 50mg/kg cefpiramide with 75 mg/kg
probenecid (treatment 11), or 50rug/kg cefpiramide with 150mg/kg probenecid (treatment III). Cefpirarnide and
probenecid dissolved in warm pH 7.4 isotonic phosphate buffer (2.54~i~ NaH2P04 ·2Hz0 -4.41~~~ Na 2 HP0 4 • 121-12° )
were rapidly injected into a femoral vein. Blood samples (0.2 ml) were collected from a jugular vein at 5, 10. 15,20,40,
60 and 120min after the injection. Test tubes used to collect blood were heparinized. After centrifugation of the blood
at 3000 rev/min for 5 min, 251tl of 0.1 M phosphate buffer (pH 7.4) and 450 ilg of a 51

:-;; aqueous solution of
trichloroacetic acid were added to 25ft! of plasma. After centrifugation and precipitation of protein, 51Ll of the
supernatant was injected into the liquid chromatograph. Rats were opened with a midline incision and the bile duct
was cannulated with PE-50 polyethylene tubing (Clay Adams, NJ, U.S.A.), before the injection of cefpirarnide anti
probenecid into a femoral vein. Bilesamples werecollected at 3D, 60, 90 and I20min after the injection of cefpiramide
and probenecid. The 'collected bile was diluted with 0.1 M phosphate buffer (pH 7.4) to 2ml. Then 450ILl of an
aqueous solution of 51:-;~ trichloroacetic add was added to the bile sample. After centrifugation of the sample at
3000rev/min for 5 min, 5Jt! of supernatant was injected into the liquid chromatograph. Calibration curves for plasma
and bile samples were freshly prepared by spiking plasma and bile with appropriate amounts of cefpiramidc.

Data Analysis-c-o-Prior to application of the extended nonlinear least-squares (ELS) method, the plasma and
bile data on cefpiramide were evaluated by MULTI, which is based on an ordinary nonlinear least-squares (OLS)~)J

approach, in order to reduce the number of population model candidates. Since all time courses of plasma
concentration excepting that of one rat showed monoexponential decrease on the testing by Ale, a one-compartment
model was adopted for the analysis of plasma and bile data. When both plasma lind biledata for a rat were available,
the simultaneous least-squares method was applied using the following equations:

C\l= D/~.rd exp( - kef)

Fb = Fh!.f)(l -exp (-kef))

(I)

(2)

where Cp is plasma concentration, D is the dose, k, is the elimination rate constant, J;~l is the biliary recovery ratio of
cefpiramidc, and Fh;x, is the recovery ratio at infinite time. The biliary excretion rate constant kh and non-biliary
elimination constant knh are calculated by means or the following equations.

(3)

(4)
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The estimated pharmacokinetic parameters were compared among treatments I, II and III by the one-way analysis of
variance(ANOVA) with a paired r-test.With reference to the results of ANOYA. some population pharmacokinetic
models were constructed for the time course data of treatments I, II and III. The effect of probenecid on the
disposition of cefpiramide was evaluated by using MULTI(ELS). which is based on the extended least-squares
method.l'" The results of the AlC method for extended least-squares were compared with those of the X2 test."

Results and Discussion

Figure 2 presents the time course of plasma concentration of cefpiramide without
probenecid (treatment I), with 75 mg/kg probenecid (treatment II) and with 150mg/kg
probenecid (treatment III). When the data points of treatments II (6) and III (D) are too
close, those of treatment III are shifted to the right in Fig. 2. Figure 3 shows the time course of
the biliary recovery ratio Fb • It appears that the presence of probenecid inhibits the
elimination of cefpiramide from the plasma and the excretion into the bile. Table I shows the
pharmacokinetic parameters estimated by MULTI and the results of ANOVA. The volume of
distribution (Vd) and the non-biliary elimination rate constant (k nb) are independent of the
presence of probenecid. Nakagawa et a1.3

) showed that 60% and 35% of administered

4-5

60

o 20

150

200

50 15

Fig. 2. Time Courses of Cefpiramide Plasma
Concentrations with Probenecid Treatments I,
II and III

Fig. 3. Time Courses of Cefpiramide Biliary
Excretions with Probenecid Treatments I. II
and III

0. treatment I; 1:::... treatment 11; 0. treatment III. O. treatment 1; 6. treatment II: D. treatment in.

TABLE 1. Pharmacokinetic Parameters of Cefpiramide without Probenecid and with Probenecid
(75 and 150 rng/kg) by Ordinary Least-Squares Method

Treatment (NrJ Vd (nil/kg) k~ (/h) (Nb ) Fj)u, (%) kh ((h) knh (/h)

(3) mean 294 0.0310 (3) 53.9 0.0168 0.0142
S.D. 44 0.0056 2.3 0.0037 0.0019

II (4) mean 317 0.0161 (2) 25.0 0.00441 0.0135
S.D. 35 0.0037 1.5 0.00085 0.0036

III (5) mean 324 0.0187 (4) 13.1 0.00269 0.0182
S.D. 44 0.0069 2.5 0.00072 0.0055

ANOVA (5?~) NS s S S NS
Paired z-test (5%) I~ II 1:# II I:/: II

I~III I :#III I:/: III
II = III II :#III II=III

Np• number of rats for which plasma data are available; Nb, number of rats for which bile data are available; Vd, volume of
distribution; kc' elimination rate constant; Fb'f.'• recovery ratio of cefpiramide into bile; kb • biliary excretion rate constant, knb• non
biliary elimination rate constant; NS, not significant at the 5~:, level; S, significant at the 5% level.
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cefpiramide are excreted into the bile and the urine of rats" respectively. Therefore, kn b

approximately represents the urinary excretion rate constant. ANOVA shows that the
differences of ke, 'Fb 00 and k b among the treatments are significant at the 5% level. The
following paired t-test at the 5% significance level revealed that the values of kc' Fb co and kb
decrease in the presence of probenecid. The difference of k, (or kb) between treatments II and
III is insignificant, but the difference of Fb 00 between treatments II and III is significant. Based
on the results of OLS, the four population models were selected.

Modell
The population time course data of treatments I, II and III are expressed by the following

population model. .

e"= D/(Vd +1]v)exp( -eke + tlk)t) +t:c

Fh=(Fb '"'' +tlF){I-exp( -(ke +Ilk)t) +f:p

(5)

(6)

where Cp is plasma concentration, Fb is the recovery ratio in the bile, D is the dose, Vd is the
volunle of distribution, 11v is the inter-individual variation around Vd, k, is elimination rate
constant, 11k is the inter-individual variation around k c' Fb 00 is the bile recovery ratio at infinite
time, 11F is the inter-individual variation around Fb 00, ec is the intra-individual variation of
plasma concentration, and f~F is the intra-individual.variation of bile recovery ratio. In model
1, the population parameters are assumed to be the same among the treatments (i.e.
probenecid has no influence on the disposition of cefpiramide),

Model 2
Fb wand k; of treatment I are different from those of treatments II and III. These

parameters are the same between treatments II and III.

Model 3
The value of kc of treatment I is different from those of treatments II and III. The values

of Fb IT· are different between treatments I and II, and between treatments II and III. This
model corresponds to the results of ANOVA.

Model 4
Both ke and Fb ct.. are different among treatments I and II, and treatments II and III.
The variances of the inter-individual variations and the intra-individual variations are

assumed to be the same among the treatments, Table II presents the results of MULTI(ELS).
Model 3 gives the minimum Ale, and this result agrees with that of ANOVA. Sheiner et al.
proposed the X2 test for the selection of a population model." The difference of Ob between
models 1 and 2 is 17.9, which is greater than the critical value of 10.6 (p <0.005, degree of
freedom 2). The difference of Ob between models 2 and 3 is 22.0, which is greater than the
critical value of 7.88 (p < 0.005, degree of freedom 1). The difference of Ob between models 3
and 4 is 0.5, which is less than the critical value. Therefore, the X2 test selects model 3 as the
best model, which coincides with the result of the Ale method. The estimated population

TABLE II. The Values of Objective Function (Db) and Ale for Population
Models by Extended Nonlinear Least-Squares Method

Db
Ale
Number of parameters

Modell

697.4
713.4

8

Model 2

679.5
699.5

10

Model 3

657.5
679.4

11

Model 4

657.0
681.0

12
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TABLE III. The Estimated Population Mean Parameters and Variances
of Inter- and Intra-individual Variations

Vd =312(ml/kg), w2 (Vd}=654(mI
2jkg2

)

k; (I) ::::0.0247 (lmin), k, (II)=kc (III)=O.OI56 (/min)
w2 (ke)==4.98 x 10- 5 (froin2)

Fbro(I)=57.6(~/~), FbCIJ(II}=26.3e~), FblY)(III)=14.8C~~)

w2 ir;:>;»=8.55 (~.~2)

(J2 (Cp)= 293 (Jlg2/rnI2)

(J2 (Fb) == I.70(/~2)

I, II and III specify treatments I, II and III, respectively. (Ii and (f2 specify the variances of inter- and
intra-individual variations, respectively.

parameters are given in Table III.
It is concluded that probenecid exclusively inhibits the excretion of cefpiramide into the

bile of rats. Probenecid is believed to inhibit the active transport of organic acids through the
renal tubular membrane." Therefore, the present result raises the possibility that the excretion
of cefpiramide into the bile includes an active transport process in the liver. The VOIUl1le of
distribution and the urinary excretion rate of cefpiramide are not affected by the presence of
probenecid.

Biliary data could not be obtained for SOUle rats in the present report. The ordinary least
squares method cannot estimate the parameters for biliary excretion in this case. However
population pharmacokinetics can be used to evaluate groups of time courses where some data
are deficient.
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Microencapsulation of indomethacin OM) was carried out by it simple coacervation method
using ethylcellulose. To control the release ofIM, its surface was modified by dry-blending it with a
carboxy-vinyl polymer (Hiviswako 104, HW) by pulverization in all automatic ceramic mortar
before encapsulation. Suppositories containing intact 1M and microencapsulated 1M (1M-Me)
were prepared by the fusion method. Dissolution and release testing of the 1M-Me and of the
suppositories were carried out by the methods of .IPX and Muranishi et al., respectively. The
dissolution rate of microencapsulated intact 1M decreased as the content of, the coacervation
inducing agent, polyethylene (PE), was increased. The release rate profile of the suppositories
containing these microcapsules did not show an apparent zero-order release, and the release rate
was rapid without PE, When the PE content was 1~; (w/v), the release rate was too slow and a large
portion of 1M remained in the 1M-Me. On the other hand. suppositories containing micro
encapsulated HW-modified 1M (HW/IM = 111) showed an apparent zero-order release profile and
about 100% of the 1M in the 1M-Me was released.

These results showed that the surface modification ofIM with HW before encapsulation is a
good method to prepare sustained-release suppositories containing 1M-Me.

Keywerds-c--c-microcapsule: suppository: indomethacin; ethylccllulose: coacervation; carboxy
vinyl polymer; surface modification; sustained release

1201

The advantages of suppositories over other forms of drug administration are reduced
side effects from gastrointestinal irritation and the avoidance of both disagreeable taste and
first-pass effects. Sustained-release suppositories are preferable to conventional suppositories
because they reduce the frequency of drug administration. There arc several reports!"?' on the
preparation of sustained-release suppositories with various additives and structure-altering
devices, and there are several papers on indomethacin (1M) microcapsules," - 15) but little work
has been done on the use of microcapsules in sustained-release suppositories.!":'?' Therefore,
the use of microcapsules in sustained-release suppositories was investigated.

Among the methods of microencapsulation using ethylcellulose as a wall material, 1f~ - 25)

the simple coacervation method was chosen, and the 1M surface was modified with carboxy
vinyl polymer (Hiviswako 104, HW), which served as a core material controlling 1M release.
Sustained-release suppositories were evaluated by in vitro release testing.

Experimental

Materials--IM was purchased from Sumitomo Chemical Co., Ltd.; the average particle size was 20 Jim as
measured by a particle size distribution analyzer (granulorneter model 715, CILAS Co., Ltd.). Ethylcellulose (N
100NF. viscosity, 90-100 cP, ethoxy content. 48.0-49.5~/~), polyethylene (Sun Wax 13IP. M.W. 3500) and HW
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were obtained from Hercules Co .• Ltd., Sanyo Kasei Co., Ltd., and Wako Pure Chemical Industries Ltd .•
respectively. All other chemicals were reagent-grade commercial products. Ethylcellulose and polyethylene are
abbreviated as EC and PEt respectively.

Preparation of 1M Microcapsules--The preparation was carried out according to the method of Samejima et
al.181Cyclohexane solution (300 ml), containing PE (0. 0.7, 1.0% (w/v». the coacervation-inducing agent, was placed
in a 500 ml three-necked round-bottomed flask. The flask, equipped with an air-tight stirrer having three blades, a
thermometer and a reflux condenser, was set in a water bath. While stirring at 324 rpm, 6-18 g of EC was added at
room temperature. To form a homogeneous solution. the water bath temperature was maintained at 80-82 "C. Then
12-24 g of either 1M or surface-modified 1M was suspended in the solution. With continued stirring for 60 min, the
system was cooled to 40°C, and then cooled quickly to 25 "C, The microcapsules (IM-MC) that formed were
recovered by decantation, washed with cyclohexane and dried under reduced pressure.

Surface Modification of IM--This procedure was carried out according to the method of Koishi et al.26
) 1M

(30 g) and HW (15 or 30g) were mixed using an automatic ceramic mortar (Yarnato-Nitto, Labomill, UT-21. Yamato
Kagaku Co., Ltd.) for 1h at room temperature.

Size Distribution of Microcapsules--After drying of the microcapsules, they were sieved by a mechanical
shaker (Tutui Rika Co., Ltd.) using a 118 standard sieve for 10min.

Determination of 1M Content--Microcapsules (25 mg) were dissolved in a solution (50 ml) consisting of equal
volumes of ethanol and 0.2 M phosphate buffer solution (pH 7.2). After extraction with a sonicator for 30 min, the
residues were removed on filter paper. The above-mentioned solution was added to the filtrate (1 ml) to make 20 ml.
The 1M content was assayed spectrophotometrically at 318 nm (Shimadzu spectrophotometer, model UV 240). The
microcapsules with particle sizes from 177pm to 250/l.m were used in subsequent experiments. The EC content was
calculated by means of the following equation: EC(%)=[(lM-MC)-IM -HW] x 100/(IM-MC) where MC, 1M and
HW represent the weight of each substance. The weight ofHW was calculated from its ratio to 1M. The Eecontents
were 60.6± 1.6 (8.D.)%' and 20.1 ±0.9 (S.D.)% respectively.

Dissolution of 1M from Microcapsules--Dissolution of 1M from the microcapsules was tested by the JP X II
method at 37°C; stirring was maintained at 100rpm. The dissolution medium was 900 ml of 0.2 M phosphate buffer
(pH 7.2). Microcapsules (36 mg 1M) were dispersed in the dissolution medium. At appropriate times, 5 ml of the test
solution was removed and filtered through a Millipore filter (pore size 0.45 um), and 5 ml of fresh dissolution fluid was
added to maintain the original volume. The 1M concentration was assayed spectrophotometrically at 318 nm.

Preparation of 1M Suppositories--The suppository formula is shown in Table I. The suppositories were made
by the fusion method. The bases (45 g) were fused in a beaker on an oil bath at 70°C and cooled to 50 "C. Then, intact
1M or 1M-Me (1.5g 1M) was added to the bases and dispersed by stirring for 30min. The fused bases containing
intact 1M or iM~MC were poured into suppository molds, which were quickly placed in a refrigerator at 5DC.

Release of1M from Suppositories-- Suppository 1M release was measured according to a modification of the
method of M uranishi et al.27

) The suppository release apparatus was obtained from Toyama Industries Co., Ltd. The
test solution was the same medium as used in the IM~MC dissolution test. A suppository, along with 3 ml of the test
solution, was placed in a cylindrical cell equipped with a MiIlipore filter (pore size 3.0 pm). The cell was connected
with the releasing-fluid glass vessel contained 300 ml of the test solution. The apparatus was maintained at 37 "C, At
appropriate times, I ml of the releasing fluid was removed and diluted with a mixture of equal volumes of ethanol and
0.2M phosphate buffer (pH 7.2); one ml of fresh released fluid was added to the vessel to maintain the original
volume. The 1M concentration was assayed spectrophotometrically at 318 nrn,

Observation of the Surface and the Cross Section of Microcapsules with a Scanning Electron Microscope--

T ABLE I. Suppository Formula

Component mg

1M-Me
Glycerine
Dibutylhydroxytoluene
Distilled water
Hydrogenated caster oil
POEbl (40) monostearate
Macrogol 1540
Macrogol 4000
Macrogol6000

Total

a) 1M content. h) POE: polyoxyethylene.

50.0U
)

120.0
0.8

30.0
6.0

30.0
13.0

1186.2
64.0

1500.0
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Microcapsules were coated with gold vapor using an ion coater (model 1B-3. Nissei Industry Co., Ltd.) and observed
under a scanning electron microscope (model 8-450. Hitachi Co.• Ltd .).

Results and Discussion

Electron Microphotographs of Intact 1M, IM~MC and the Cross Section of IM-MC
Electron microphotographs of intact 1M, 1M-Me and the cross section of 1M-Me are

shown in Fig. 1. The photograph of the cross section of JM-Me showed that these
microcapsules were multinuclear microcapsules, because the boundary between the core and
the wall materials was not clear.

A B c
Fig. I. Scanning Electron Micrographs of Intact 1M, 1M-Me and a Cross Section

ofIM-MC

A: intact 1M. B: IM-MC. C: cross section of 1M-Me. Scale: A. x 50(); B. x 1000; C.
x 5000.
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Fig. 3. Release of 1M from Suppositories Con
taining IM-MC and the Effect of the PE Con
tent on 1M Release

Suppository containing intact 1M: O . Suppository
containing 1M-Me (BC 600,';;): 6 . D ••. PE content
(w!v): 6 . o~.; O. 0.70;.;': • • 1.0%.

100
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Fig. 2. Dissolution of 1M from IM-MC at
Various Levels of PE Content

PE content (w!v): O. o :}~ : c: 0.7~·;': 0. 1.0~:•. EC
content (w!v): 60~·;••: intact 1M.
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Dissolution of 1M from IM·MC
The results of the dissolution test of 1M from IM-MC are shown in Fig. 2. The

dissolution rates of 1M were very slow and decreased with increasing PE content. PE may
make the 1M-Me wall smooth and tight. l'"

Release of 1M from Suppositories Containing Intact 1M and IM-MC
The results of release tests from suppositories containing intact 1M and IM-MC are

shown in Fig. 3. The release rates of 1M from suppositories decreased as the PE content
increased, in accordance with the results in the dissolution test of 1M from 1M-Me. The'
release rates of 1M from suppositories containing IM-MC prepared without PE or with O.r~:

(wjv) PE were fast compared with the dissolution rate ofIM from IM-MC; the times required
to dissolve 50~~ of the 1M from 1M-Me (150) were 2 and 4 h, respectively. It is possible that a
part of the 1M in the 1M-Me dissolved in the base of the suppository during preparation.

Surface Modification of 1M
In animal tests, a zero-order release profile is generally required to sustain a plasma 1M

A B

Fig. 4. Surface Mod ification of 1M with HW in an Automatic Ceramic Mortar

HW/IM= 1/1 (w/w) . Scale: A, x 500: B, x 5000.

8
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Fig. 6. Release of 1M from Suppositories Con
taining HW-Modified 1M-Me lEC 20%, PE
1% (w!v)]

0: HW/IM= 1/2 (w/w). ,6.: HW /IM= I II (w /w).
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Fig. 5. Dissolut ion of 1M from HW-Modified
IM-MC [EC 20%, PE 1~~ (w!v)]

0: HW/IM= 1/2 (w/w). ,6.: HW/IM"" 1/1 (w/w).

100
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level. Suppositories containing 1M-Me which directly microencapsulated intact 1M did not
show a zero-order release profile in the release test. Koishi et a1.28

) reported that the release of
a drug from a wax matrix was improved by the addition of an acrylic polymer\ and also
reported29

•
30

) that powder surface wettability could be varied by powder/powder dry
blending. Thus, surface modification of 1M with HW by dry blending was investigated with
the aim of forming fluid channels in the Me in order to improve 1M release. Electron
microphotographs of this modification, involving dry blending of 1M and HW (I/l, w/w) with
an automatic ceramic mortar for 1h, are shown in Fig. 4. The strong adhesion of HW to the
1M surface indicated that this 1M surface modification procedure was effective. When HW
modified 1M was immersed in cyclohexane, stirred for ~O min at 324 rpm and dried, electron
microphotographs taken appeared the same as those taken when HW-Inodified 1M had not
been washed with cyc1ohexane.

Dissolution of 1M from HW-Modified 1M-Me
The results of the dissolution tests of HW-modified 1M-Me are shown in Fig. 5. The

ratio of HW to 1M (HW/IM, w/w) was 0.5 to 1. Approximately 100% of the 1M was released
from both microcapsules after 1h. This indicates that the 1M located in the microcapsule
center was dissolved and completely released via fluid channels formed after HW dissolved.

Release of 1M from Suppositories Containing HW-Modified 1M-Me
The results of the release test from suppositories containing Hw-modified 1M-Me are

shown in Fig. 6. The suppositories containing HW-modified 1M-Me (HW/IM = 1/2) did not
show a zero-order release profile except when the HW/IM ratio was 1/1. The suppository
release rates were slow compared with the dissolution rates from microcapsules. It is possible
that the dissolution fluid in the case of microcapsules (900 ml) was enough to dissolve HW,
forming fluid channels, but in the case of the suppositories, the 3011 of release fluid in the inner
cell was insufficient for fluid channel formation. Therefore, in the suppositories HW dis
solution and microcapsule fluid channel formation occurred gradually. In addition, the high
fluid viscosity in the inner cell from the swollen or gelled HW, which could be eluted from
the microcapsules, would make 1M release from the suppositories slow. When the HW/1M
ratio was 1/2, the suppositories did not show a zero-order release pattern because of
insufficient fluid viscosity. Since the total amount of rectal fluid in animals such as rabbits is
small, it can be expected that 1M plasma levels will.be sustained if suppositories are used.

Comparison between Surface Modification and Physical Mixtures of HW and 1M us Core
Materials

A physical mixture of equal amounts of HW and 1M (I/I, w/w) was microencapsulated
with ethylcellulose by the method described above. The 1M released from these suppositories
was compared with that from suppositories containing Hw-modifted 1M-Me. The results are

5

Time (h)

10

Fig. 7. Release of 1M from Suppositories Con
taining Microcapsules [EC 20~~. PE 1% (w/v)J

Me core materials were as follows. 0: HW
modified 1M (HW/IM= I/l) (w/w). 6: physical mix
ture oflM and HW (HW/IM:::: Ill) (w/w).
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shown in Fig. 7. When a physical mixture was prepared, a zero-order release profile was
observed initially, but the release rate decreased with time. On the other hand, suppositories
containing HW-rnodified1M-Me showed a zero-order release profile that did not decrease for
9h, and approximately lOO~~ of the 1M was released. It was considered that in the physical
mixture of HW and 1M, both H'W and 1M might be localized: in some microcapsules there
might be no HW in the center although 1M is present. On the other hand, when surface
modification was used, HW and 1M were considered not to be localized in the microcapsules.
and fluid channels formed allowing the release ofthe 1M.

The findings indicate that the surface modification of 1M with HW before microencapsu
lation with ethylcellulose is a good method to obtain a sustained-release suppository
containing microcapsules.
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The kinetics of the solid-state isothermal transition of bromovalerylurea polymorphic forms (I,

n and III) at high temperature were investigated by means of differential scanning calorimetry.
Kinetic analysis according to the method of Hancock and Sharp indicated that the transition of
form I to form II follows the one-dimensional diffusion mechanism. The activation energy for this
transition calculated from the Arrhenius plots was 826.2 k.l/mol. On the other hand, it was found
that the transition of form III to form I conforms with the mechanism of random nucleation and
two-dimensional growth of nuclei (Avrami-Erofeev equation). This activation energy was estimat
ed to be 185.2 kl/mol. It was concluded that the mechanism and the value of activation energy were
both different between the two kinds of isothermal transitions of bromovalerylurea polymorphic
forms.

Keywords--bromovalerylurca polymorphism; isothermal transition; kinetic analysis; dif
ferential scanning calorimetry; X-ray' powder diffractornetry
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In the previous papers.i "?' we investigated the kinetics and mechanisms of the isothermal
transition of polymorphic forms in the solid state. It was confirmed that the kinetics and
mechanisms of the isothermal transition were different among drugs and among polymorphic
forms of the same drug.

Watanabe" reported that bromovalerylurea had two polymorphic forms (forms I and
II). Furthermore, Kiwada et al'" found a new polymorphic form (form III) of bromovaleryl
urea, and reported that form II was the most stable and form III was the most unstable at
higher temperature.

This paper is concerned with the kinetics of the isothermal transition of bromovaleryl
urea polymorphic forms (forms I, II and III) in the solid state at high temperature, based
on differential scanning calorimetry.":"

Experimental

Materials--Bromovalerylurea was a commercial product (Lot No. 2761EN) of lP X grade (Nihon Shinyaku
Co., Ltd.). All other chemicals were reagent-grade commercial products.

Preparation of Polymorphic Forms--1) Form I: Form I was prepared by the method of'Watanabe!' as follows.
Bromovalerylurea (5 g) was dissolved in 200 ml of methanol at 64-65 we and recrystallized at room temperature. The
resulting crystals were collected by filtration and dried at 30 "C in a vacuum.

2) Form II: Form II was obtained by heating form I at about 130°C for I h under a flow of dried nitrogen gas.
3) Form III: Form III was obtained by a modification of the method of Kiwada et al.(I) as follows. Form I (10 g)

was dissolved in 40ml of methanol at 64-65 "C and maintained in a freezer at -20"C for about 1 week. The
resulting crystals were collected by filtration and dried at 30 DC in a vacuum.

Forms I, II and III thus obtained were passed through a 200 or 300 mesh sieve. All crystalline forms were stored
at 4°C in a desiccator and then used for experiments.

Identification of Polymorphic Forms--Each polymorphic form passed through a 200 mesh sieve was identified
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by X-ray powder diffractornetry (Rigaku Denki, Miniflex, Ni-filter, Cu-x, radiation, 35 kV, 20mA). The X-ray
powder diffraction patterns of the three polymorphic forms were in agreement with those reported by Kiwada et al.,<')
respectively.

Thermal Analysis--Thermal analysis was carried out with a differential scanning calorimeter (DSC; Perkin
Elmer, model DSC-2C) and a thermogravimeter (TG; Perkin-Elmer, model TGS-2).

Preparation of Calibration Curve for Form I or Form III by DSC~-Known quantities of form I (passed through
a 200 mesh sieve) or form III (passed through a 300 mesh sieve) were accurately weighed into aluminum pans.
Thermograms of these samples were run at a heating rate of 5°C/min (for form I) or 20 DC/min (for form III) with a
sensitivity of 4.2 ml/s (for form I) or 8.4 OlJ/s (for form III). Dry nitrogen gas was passed at 20 ml/rnin during all DSC
experiments. The area under the transition peak of form I to form II at 130 DC (Fig. 1a) or that of form III to form I at
111 DC (Fig. Ic) was measured in units of J1.V· s with a Chromatopac (Shirnadzu, C-RIA). As can be seen in Fig. 2,
each calibration curve gave a straight line (form I, 1'=0.996; form III, 1'=0.997).

KineticStudy of Isothermal Transition--Form lor form III (5 ±0.5 mg) was accurately weighed into aluminum
pans. The samples were then placed at selected constant temperatures (± 0.1 °C) for a suitable period in the analyzer
unit of the DSC. Thermograms for each sample were run under the same conditions as described in the case of
preparation of the calibration curves, and the area under the transition peak was measured. The residual fractions
(1-0:) of form I or form III" were calculated from the appropriate calibration curve.

Scanning Electron Microscopy--Changes of crystal shapes during the isothermal transition of polymorphic
forms were observed with a scanning electron microscope (Nihon Denshi, JSM-T20).

----~--_..._-...-..--------..._-_..._-_ ... ---------........ ~..

Fig. I. DSC-TO Curves of Brornovalcrylurea
Polymorphic Forms

-------. DSC curves: _. -----. TG curves. Heating rate:
S"C/min for forms I and II; 20 "Cjmin for form III.150100

Temperature (OC)

(a) form I

-_ .._--~-----------------------_ .._--------"..... ~

(b) form II 152"C~ ~

------------------------------------i53"C 1
(c) form III 11l°e

50

a (b).......
X ·4
~

>-
~ 3

S
E

2...
0......

......
0

~ 1~...
~

o

III
(n )

0 4-X
.........
m

>- 3
:t........
~

s 2
~
0

'+<

"+-l
0

ro
~

~
ro

~
~
~

2 3 4 6 7 c, 0 1· 2 4 7

Weight of form I (mg ) Weight of form III (rng )

Fig. 2. Calibration Curves for Bromovalerylurea Form I and Form III by DSC

(a) Form I: Y=:57752X-9019.6 (1':=0.996); heating rate, SOC/min; sensitivity, 4.2mJjs.
(b) Form III: Y=6537.9X -3044.2 (r=0.997); heating rate, 20 "C/min; sensitivity,

8.4mJ/s.
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DSC and TG Curves of Polymorphic Forms
The DSC and TG curves (heating rate: forms I and II, 5 "Czmin; form III, 20°Cjmin) of

the three polymorphic forms are shown in Fig. 1.
Form I gave a characteristic thermogram with two endothermic peaks; one at 130°C

corresponded to the solid-state transition of form I to form II, and the other at 152°C was
attributed to fusion accompanied with decomposition of form II (Fig. la). Form II showed
only one endothermic peak at 152°C due to fusion accompanied with decomposition (Fig. 1b).
Form III exhibited a small endothermic peak at 111°C, attributable to transition of form III
to form I, and sharp endo- and exothermic peaks at about 144---148°C corresponding to
fusion of form I and recrystallization to form II, with a large endothermic peak at 153°C due
to fusion accompanied with decomposition of form II (Fig. 1c). In this case, the X-ray powder
diffraction pattern of form I obtained by recrystallization from methanol was identical with
that of form I obtained on transition of form III by heating. The polymorphic transformation
pathway of the metastable form III during heating was III~ I -+ II, without direct transition of
form III to form II.

None of the polymorphic forms showed any decrease in weight until the melting point
during heating.

The Isothermal Transition of Form I to Form II
Figure 3 shows the isothermal transition cui-yes'of form I to form n at 117, 118~ 119 and

120 DC. The four curves were all exponential and this isothermal transition appeared to be
temperature-dependent.

The kinetic analysis of the isothermal transition of form I to form II was carried out
accoring to the method of Hancock and Sharp." and the m value for this transition was
estimated, based on Eq.I:

In[ -In(l-a)]::: In B+I11·In t (a=O.l 5 -0.5) (1)

where m is the intrinsic value for various theoretical equations of solid-state decomposition, IX
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Fig. 3. Residual Fraction of Form I during the
Isothermal Transition to Form II of Bromo
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Isothermal Transition of Form I to Form II of
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Fig. 5. Plots of (1:2 versus t for the Isothermal
Transition of Form I to Form II of Bromo
valerylurea

O. 117 "C (r=0.990); e. 118"C (r=0.996); 6..
119'"'C (1'=0.984); .A" 120 'C (" =0.995).

(a) (b)

Fig. 6. Scanning Electron Microphotographs of Bromovalerylurea Cryst als during
the Isothermal Transition of Form I to Form II at 120"C

(a) form I before healing (x 500). (h) after 60 min ( x 750).

is the fraction of transition, t is the heating time and B is a constant. The relationship between
the theoretical equations and the m value was discussed in the previous paper."

The m value for the isothermal transition of form I to form II was estimated to be
O.62±O.04 (mean± S.D.; n=4), as shown in Fig. 4. These results suggest that this transition
proceeds by the one-dimensional diffusion mechanism (ci=/C't, m=0.62).8 -101The plots of
(X2 against t at any temperature were linear, as shown in Fig. 5. The apparent transition rate
constant (k) at 120"C calculated from the slope of the straight line (Fig. 5) was about 7 times
higher than that at ) 17°C.

From the results of observation with a scanning electron microscope, it was found that
the crystalline shapes during the isothermal transition of form I to form II apparently
changed, as shown in Fig. 6; the leaflet (parallelogramic) crystals of form I were transformed
into needle crystals of form II. These results correspond well with the therrnomicroscopic
observations reported by Kiwada et al.61

The Isothermal Transition of Form In to Form I
The isothermal transition curves of form III to form I at 75, 77.5, 80 and 82.5°C are

shown in Fig. 7. It was confirmed, by means of X-ray powder diffractometry, that form III did
not directly transform to form II during heating at the temperatures described above. The
transition rates were relatively lower at the earlier period of transition and then increased
rapidly at any temperature.
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Fig. 10. Scanning Electron Microphotographs of Bromova lerylurea Crystals dur
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(a) form III before heating ( x 1500). (b) after 40min (x 1500).
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Fig. 11. Arrhenius Plots for the Isothermal
Transition of Bromovalerylurea Polymorphic
Forms

0, form l-l-form II (1'= -0.996); •• form Ill-«
form I (r= -0.983).

As shown in Fig. 8, the m value for the isothermal transition of form III to form I was
calculated to be 2.09±0.41 (mean±S.D.; n=4) according to the same method as described
previously. Accordingly, this transition may conform with the mechanism of random nu
cleation and two-dimensional growth of nuclei (Avrami-Erofeev equation, [-In( 1- CX)]1/2 =
k-t; m=2.00).9-11) The plots of [-In(l-a)p I2 against t at four temperatures showed
good linearity (Fig. -9). The value of k at 82.5 °C was about 4 times that at 75 DC. This transi
tion mechanism is similar to that of carbamazepine polymorphic form I to form 1112

) and
benoxaprofen polymorphic form I to form 11. 1

)

Figure 10 shows scanning electron microphotographs of bromovalerylurea crystals
during the isothermal transition of form III to form I at 82.5 "C. It was confirmed that the
columnar crystal's of form III were transformed into smaller parallelogramic crystals of form
1. In this case, the occurrence and growth of nuclei of form I within a crystal of form III were
not clearly observed on scanning electron microphotographs.

Activation Energy for Isothermal Transitions
The activation energy for the isothermal transition of form I to form II was calculated to

be 826.2 kl/mol from the slope of the Arrhenius plots, as shown in Fig. 11. This value
appeared to be very high. This high activation energy may be related to the energy required to
unpack the crystal structure, which is very rigid. More-research is needed to explain the high
value of this activation energy.

On the other hand, the activation energy for the isothermal transition of form III to form
I was calculated to be 185.2 kl/mol in the same manner as described above (Fig. 11). The
activation energy for the isothermal transition of form I to form II was thus about 4 times
higher than that of form III to form I. It was concluded that the mechanism and the value of
activation energy were both different between the two kinds of isothermal transitions of
bromovalerylurea polymorphic forms.

Acknowledgement The authors are grateful to Prof. Yoshihisa Matsuda of Kobe Women's College of
Pharmacy for the use of a scanning electron microscope.
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Liposome preparations containing dexamethasone or its ester derivatives were formulated as
eye drops. Steroids were efficiently incorporated into the liposomes; the incorporation ratio was not
affected by the period of sonication or the addition of stearylamine or dicetylphosphate, but was
decreased by the addition of cholesterol. The incorporation ratio appears to be governed by
partition equilibrium between the lipid membrane and the aqueous phase. A theoretical interpreta
tion of the findings was attempted by using partition theory. No release of dexamethasone
palmitate from liposomes was detected, but a small portion of other steroids was rapidly released
when the liposome preparation was diluted with a buffer solution. The amount of steroid released
from the liposomes may also be governed by the partition equilibrium.

Keywords--eye drop; liposorne; anti-inflammatory steroid; incorporation; release profile;
partition theory; ultrafiltration; dexamethasone; ester derivative

The topical application of eye drops is a convenient and useful therapeutic method for
the treatment of various ocular diseases. An ophthalmic preparation should be a clear
aqueous solution to avoid temporary blurred vision and local irritation by particulate foreign
matter. However, ocular drug availability as eye drops is very low due to rapid clearance of
the drops from the precomeal area, and water-soluble drugs are hardly absorbed by the
cornea.'! For instance, it was reported that corneal absorption of pilocarpine from a solution
is terminated within only 5 min following instillation." Thus, an effective and safe ophthalmic
preparation appears to be quite difficult to make. Many attempts to overcome these problems
have been made using various delivery systems such as ointment," viscous solution,"! gels,S) or
Ocucert.?' Recently, the use of liposomes has also been reported," but whether a liposornal
preparation will provide any therapeutic advantage remains in question.

The topical instillation of anti-inflammatory steroids is commonly carried out in the
therapy of serious ophthalmic inflammation such as iritis or choroiditis. The dosage form
should be an aqueous suspension since the steroids are poorly water-soluble or a water soluble
derivative solution. Various problems may be encountered in making such a preparation. A
higher concentration of a fiuoromethorone suspension did not improve the aqueous humor
drug concentration." and as the particle size ofdexamethasone suspension increased, the drug
concentration in the cornea or aqueous humor decreased." Furthermore, Leibowitz et al.t O

)

reported that unless the corneal epithelium is damaged, dexamethasone sodium phosphate, a
water soluble derivative of dexamethasone is not absorbed by the cornea.

It thus appears that a more sophisticated preparation which increases the ophthalmic
availability and prolongs the interval between doses is necessary to make steroidal therapy
safer and more effective. Gregoriadis"" has suggested the carrier potential of liposomes for
lipid-soluble substances, and a number of studies!" concerning the application of liposomes
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containing anti-inflammatory steroid have been reported, mainly for the treatment of
rheumatoid arthritis. In the field of ophthalmology, Singh and Mezei':" reported that
liposomes increased the ocular tissue concentration of triamcinolone acetonide. However, the
details of the mechanism or factors affecting this improvement in availability have yet to be
established.

In the present work, to estimate the usefulness of liposomes for steroid therapy in
ophthalmology, we formulated various liposome preparations containing dexamethasone or
its ester derivatives as eye drops, and investigated the factors affecting the incorporation of
steroids. In addition, the release profiles of drugs from liposomes were studied. The mecha
nisms involved are discussed.

Materials and Methods

Materials-e-c-Dexamethasone (D M) and dexamethasone acetate (DA) were obtained from Roussel Uclaf (Paris.
France). and dexamethasone valerate (OV) and dexamethasone palmitate (DP) were synthesized by the method of
Show et al.14

) Synthesized steroids were identified by thin layer chromatography (TLC). infrared (IR) and nuclear
magnetic resonance (NMR) examinations. Egg yolk lecithin (EYL) and dipalmitoyl phosphatidylcholine (DPPC),
whose purity was in excess of 99~~, were obtained from Sigma Chemicals CSt. Louis, U.S.A.). All other chemicals
were of reagent grade and were obtained commercially.

Preparation of Liposomcs--Suitable amounts of phosphatidylcholine and steroid were dissolved in chlo
roform, and cholesterol, stearylamine (SA) or dicetylphosphate (OCP) were added as required. The organic solvent
was evaporated under vacuum to a thin lipid film. The film was dried and suspended in pH 7.4 isotonic phosphate
buffer by Vortex mixing followed by ultrasonic radiation, usually for 2.5 mill, using an Ohtake 5202 sonicator under
nitrogen. The liposomes containing DPPC were prepared at 70°C, and the others were prepared at 0 "'C. After
standing for a period of 1h at room temperature, the liposome suspension was filtered with polycarbonate membrane
filter of I Jim pore size (Nuclepore Corp., Pleasanton, U.S.A.) to remove foreign matters such as metal particle
formed during sonication.

Evaluation of Liposome-Steroids Interaction--The Iiposome preparations were ultraflltered using a micropar
tition system, MPS~1 (Amicon, Mass. U.S.A.). and the steroid concentration in the preparation (CT) and that in the
ultrafiltrate (Cw) were assayed by high performance liquid chromatography (HPLC). The steroid concentration
before membrane filtration (Cs) was also determined. Recovery of the steroid in the membrane filtrate (FR) was.

FR(%)=(C
T

) , 100 (1)
Cs

Cw was considered to be free steroid concentration. since phosphatidylcholine was not detected in the ultrafiltrate.
Thus, the incorporation ratio in the liposornes OR) was,

IR(~;) = (.~~=~~.~-) .100 (2)
CT

and the distribution ratio of the steroid (DR) was.

CT-Cw
OR=----- (3)

Cw
Dexamethasone Uptake into the Liposomes--The EYL liposornes free of the steroids were prepared by the

previous method. and DM solution was prepared in ethanol at a concentration or 25 mM. Then 50 Jll of the DM
solution were added to 10 ml of the empty liposorne suspensions, and the final DM concentration was adjusted to
50 I~g/ml. After periodic incubation at 37 <'C. the free DM concentration was estimated by ultrafiltration (MPS~I).

Release Experiment--Following preincubation at 37°C for 1h. the Iiposorne preparation was diluted with
phosphate buffered saline (pH 7.4) prewarmed at 37 1'C, and immediately after dilution, it was incubated at 37 "C.
The initial steroid concentration in the preparation (Cr) and that in the aqueous phase (Cw) were determined
before dilution. The free steroid concentration was monitored by periodical ultrafiltration of samples. Retention

of the steroid in the liposomes was,

. . . CT/N-CN
rernammg ratio (4)

(CT-Cw)/N

percent rernaining e tremaining ratio}' 100
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where N is the dilution ratio and eN is the steroid concentration in the ultrafiltrate of the samples.
Analytical Methods--The steroids were determined by HPLC on an apparatus (LC-6A, Shimadzu, Kyoto)

equipped with a variable wavelength ultraviolet (UV) detector (SPD-6A, Shimadzu). The stationary phase used was a
Nucleosill0C18 (Macherey-Nagel, Dueren, Germany) packed column (4 x 300mm), and 95% methanol in water for
DP or 70% methanol in water containing 1%acetic acid for other steroids was used as the mobile phase, at a flow rate
of 1.0 ml/rnin. Chromatograms of the standardsolution were obtained and calibration lines were constructed on the
basis of peak area measurements. Phosphatidylcholine was assayed using a Wako Phospholipid B-Test (Wako
Chemicals, Osaka) based on a colorimetric reaction. No disturbance of the colorimetric reaction due to the presence
of the steroids was detected.

Results and Discussion

Factors Affecting Steroid Incorporation into Liposomes
The physicochemical properties of the steroids used in this study are shown in Table 1.

The ester derivatives showed higher partition coefficients to chloroform and lower solubilities
in the buffer than DM. DP was almost insoluble in the buffer and the partition coefficient was

. so high that it could not be determined exactly. Other steroids showed amphiphilic properties.
However, DM, which had the highest hydrophilicity, showed a maximum solubility of only
80/!gjml in the buffer solution.

Though the interaction of drugs. and liposomes has been evaluated by gel filtration'<' or
ultracentrifugation.l'" some problems were encouhtered when using these methods in the
preliminary experiments. Steroid leakage during gel filtration was unavoidable, and a portion
of the liposomes remained in the supernatant following ultracentrifugation. On the other
hand, there were no problems such as adsorption, release of the steroid or appearance of
phosphatidylcholine in the filtrate when the micropartition system was 'used for estimating

TABLE 1. Physicochemical Properties of Dexamethasone and Its Ester Derivatives

Compound
Molecular Melting point

PCCHCh
u) SoIubilityb>

weight (OC) (Jlg/rol)

Dexamethasone 392.45 262-264 9.0 80.5
Dexamethasone acetate 452.52 226-229 657 29.6
Dexamethasone valerate 493.58 214--217 8780 1.3
Dexamethasone palmi tate 630.88 55-60 0.052

(I) Partition coefficient between chloroform and water. h) Solubility in pH 7.4 buffer solution at 37"C.

TABLE II. Effect of Sonication Time on the Incorporation of Various Steroids in Liposomes

Sonication Distribution
Filtration ratio (%tJ± S.D. Incorporation ratio (~~) ± S.D.

time (min) volume (%)U)
OM DA DV DP DM DA DV DP

2.5 1.5 101.3 99.6 100.2 101.6 90.5 94.7 99.5 (100)
±2.6 ± 1.5 ±0.9 ± 1.5 ± 1.3 ±0.3 ±O.O

5.0 1.3 101.5 100.6 98.0 100.8 91.8 95.5 99.5 (100)
±2.0 ± 1.6 ±0.9 ± 1.5 ±O.8 ±0.2 ±O.l

10.0 1.0 100.7 102.1 99.3 99.3 92.2 96.0 99.6 (l00)
±0.4 ±2.9 ±2.7 ±0.6 ±0.3 ±0.6 ±O.O

20.0 0.7 100.5 101.4 99.5 100.5 92.0 95.7 99.6 (100)
±2.0 ±2.1 ±0.3 ±OA ±1.5 ±0.2 ±O.O

a) Determined by the method of Oku et al.17I b) Recovery of the steroids in the filtrate after polycarbonate membrane (I ~m)
filtration.
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free steroid concentration in the liposome suspension.
The effect of the sonication period on the incorporation of various steroids is shown in

Table II. The concentrations ofEYL and the steroid were fixed at 16and 0.5 roM, respectively,
in the following experiments. No steroid loss during membrane filtration was observed in any
system. The incorporation ratio increased with increasing -lipophilicity of the steroids. Even
DM, whichshowed the lowest lipophilicity, provided a high incorporation ratio of more than
90% and DP was confirmed to be completely incorporated into the liposomes. From a
practical standpoint, the amount of the steroids in the inner aqueous phase may be small
enough to be neglected, because of the low free concentration of steroids and the small
distribution volume of the liposomes. Liposome diameter appeared to become smaller with
increasing time of sonication, since the turbidity and distribution volume decreased. However.
the incorporation ratio was not affected by the sonication period. Thus, the steroids may be
incorporated mainly into the lipid bilayer, and the incorporation ratio may depend on the
properties of the lipid constituting the liposorne membrane and not on the shape or size of the
liposomes.

The effects of cholesterol on free steroid concentration are shown in Fig. 1. The free
concentrations of various steroids except DP increased with the addition of cholesterol. This
is in agreement with the previous reports that the penetration of hydrocortisone decreases
upon addition of cholesterol to DPPC monolayer systems/B) and the addition of cholesterol
to lipid dispersion decreases the uptake of hydrocortisone and other steroids by the
membrane.l?' Even when cholesterol was added to the liposomal membrane, free DP could

r-l

~ 40
;:L

30

20

10

o

o 1 2 3 4

Fig. J. Effect of Cholesterol on Free Steroid
Concentration in the Liposome Preparation

Each preparation contained 16mM EYL and n.s
mM steroid. e. DM; o, DA; O. DV: f). DP.

Cholesterol (mM)

TABLE III. Effect of Lipid Composition on the Incorporation of Steroids in Liposomes

Incorporation ratio C~~)±S.D.
Composition of liposomes

DM DA DV DP

EYL: steroid = 16 : 0.5 90.5 ± 1.3 94.7 ±0.3 99.5±O.0 (100)

EYL: SA: steroid = 16: 2: 0.5 91.2±O.5 94.5±0.2 99.5±O.O (100)

EYL:DCP :steroid = 16: 2: 0.5 90.5 ±1.1 94.9±0.6 99.5 ±O.l (100)

DOpe: steroid = 16 : 0.5 92.1 ±OA 95.8±0.6 99.7±O.0 (100)

DPPC: steroid=16: O.5a
} 78.5 ± 1.4 91.0 ±0.2 99.3±O.0 (100)

a) Prepared at 70 "C. Others were prepared at o"c.
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not detected. Cleary and 2ats18
) suggested that since hydrocortisone has a polar group at each

end of the molecule, a horizontal orientation is favored, so that all polar groups remain
hydrated. On the other hand. Fildes and Oliver'?' suggested that cortisone-21-palmitate is
anchored in the phospholipid bilayer by an acyl side chain. Thus, it is likely that the
incorporation mode of D P differs from those of other steroids.

Table III shows the incorporation ratio of steroids into various liposomes. DP was
completely incorporated in all cases. As far as other steroids were concerned, the in
corporation ratio was unaffected by the addition of SA or DCP, which rendered the liposomal
surface electrically charged. The ratio was affected by the species of phosphatidylcholine. It is
considered that the addition of SA or DCP may not induce any transition in the inner
structure of the lipid membrane, while the membrane structure consisting of saturated
phosphatidylcholine is so rigid that the number of binding sites of amphiphilic steroids in the
liposomes may be reduced.

Mechanism of Incorporation
The influence of additional DM concentration on liposome-steroid interaction is

illustrated in Fig. 2. The liposomes consisted of EYL and DM, and the concentration of EYL
was fixed at 16n1M. The free OM concentration increased linearly with additional DM
concentration up to 2 mM, but further addition had no effect. This plateau level coincided with
the solubility of DM in the buffer. When free DM became saturated, the recovery of DM in
the membrane filtrate dropped while EYL was entirely recovered in the filtrate. This steroid
loss may be caused by crystallization. However, the incorporation ratio of DM was always
90% irrespective of additional DM concentration. This suggests the existence of a partition
equilibrium of the steroid between the liposomes and the aqueous phase.

To confirm this hypothesis, the uptake of DM by empty liposomes was investigated. Free
DM concentration after the addition of DM to the liposome suspension is shown in Fig. 3. It
was much lower than that following the addition of DM only 5 min later. This steady-state

012 3

Additional concentration (mM)

Fig. 2. Influence of Additional Dexamethasone
Concentration on Free Steroid Concentration
and Recovery of Phosphatidylcholine or Dexa
methasone in the Polycarbonate Membrane
Filtrate

0, free dexamethasone concentration; e. dexa
methasone recovery in polycarbonate membrane fil
trate; <t, phosphatidylcholine recovery in polycar
bonate membrane filtrate.

Fig. 3. Free Dexamethasone Concentration
Profile after Addition of the Steroid Solution
to the Various Empty Liposome Suspensions

0, 32mM EYL; ct,·16mM EYL;., 8mM EYL.
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(5)

(6)

free concentration decreased with increase in EYL concentration. Thus, additional DM may
be rapidly taken up by the liposornes, possibly by the partition of OM to the liposomal
membrane.

If a partition equilibrium is established, the partition coefficient (PC) may be defined as,

cL xL'VW
PC=-=--=constantc; XW,vL

where CL is the steroid concentration in the lipid membrane, Cw is that in the aqueous phase,
XL and Xw are the steroid amounts in the liposomes and the aqueous phase, respectively, and
VL and Vw are the volume ratios of the liposomes and the aqueous phase, respectively. The
DR is,

DR= xL = CL·VL =PC.(2 ..)
x; cwo Vw 1- vt

Since VL « 1and VL = WJA where WL is the lipid concentration in the liposorne suspension and
A is specific gravity of the lipid, Eq. 6 becomes,

DR=(PC), JtJ!, (7)
A I.

The correlation of the distribution ratio in the liposome preparations determined by Eq.
3 with the additional concentration of EYL is shown in Fig. 4. The distribution ratio of each
steroid increased linearly with EYL concentration, which is in agreement with the theoretical
relation between DR and WL in Eq. 7.21

) It is thus confirmed that the incorporation ratio of
steroids such as DM, DA or DV may be governed by partition equilibrium. The partition
coefficient of DA and that of DV are 2 times and 20 times greater than that' of DM~
respectively, from the slopes of the lines in Fig. 3.

As far as DP was concerned. neither free steroid nor crystal could be observed in any

7

N
6I

0
r-I

X 5
0

.0-1
4+J

rU
H

s::: 3
0

.0-1
+J

2::s
.Q
H
+J 1en
.0-1
t:l

0

o 10 20 30 40 50 60

EYL concentration (mM)

Fig. 4. Relationship between Distribution
Ratio of the Steroid and Phosphatidylcholine
Concentration in the Liposorne Preparation

Each liposome preparation consisted of EYL and
steroid. and contained O.5mM steroid . • • OM; <t,
DA; 0, DV.

rg
<,
tJI
;:1- H--t---!- -t-20
s:::
0

.0-1
.\-l
ltl
J..l r+-+--++.\-l
s:::
(1) 10C)
s:::
0
C)

'"0
-0-1
0 o---a-O----O- -0-H
(1) 0 , , . , , ----.\-l

C/) 0 1 2 24

Time (h)

Fig. 5. Free Steroid Concentration in the Lipo
some Preparations after Incubation at 37('C
without Dilution

Each preparation contained J6mM EYL and 0.5
roM steroid . • • OM; o, DA; O. DV.



1220 Vol. 35 (1987)

system. DP was considered to be completely incorporated into the liposomes as one of the
components constituting the membrane structure, such as cholesterol.

Release of Steroids from Liposomes
Arrowsmith et a/.22

) reported that the in vitro release of steroids from liposomes proceeds
by first-order kinetics once an initial phase of rapid loss is terminated, but the details of the
initial phase were not discussed.

The free steroid concentration in the liposome preparation following incubation at 37°C
is shown in Fig. 5 to confirm the stability of steroid incorporation. The free concentration of
each steroid was quite stable for 24 h.

The release profiles of the steroids following dilution are shown in Fig. 6. A part of the
steroids was rapidly released within 5 min and after that no further release occurred within
24 h. The percentage of steroids remaining in the liposornes at the steady state increased with
the lipophilicity of the steroid, and decreased with increasing dilution ratio. Considering that
this rapid release may be caused by transition of the equilibrium as a result of dilution, we
carried out the following theoretical analysis.

The volume ratio of the lipid (VL) was so small that the volume ratio of the aqueous
phase (Vw) could be considered as unity. From Eq. 5, the steroid amount in the Iiposomes
(XL) is,

(8)

(9)

(12)

where XT is the total amount in the liposome preparation. Since VL is sufficiently small, Eq. 8
becomes,

PC·VL
XI, ·XT

1+PC· vL

Thus, the steroid amounts in the liposomes before dilution, Xo, and after dilution, XN' are,

rcr,
X o . X T (10)

1+PC- VL

PC·(Vr/N} . X
X N 1+PC-(VdN) T (11)

where N is the dilution ratio. The remaining ratio in the liposomes, RN , is,

x N 1+PC' VL
RN x, N+PC- VL

---N+ PC-VL

RN 1+ PC -VL 1+PC -vL

The correlation between the reciprocal value of the remaimng ratio in the steady state
determined experimentally by applying Eq. 4, and the dilution ratio is shown in Fig. 7. A
linear correlation appears to exist for each steroid. This is in close agreement with the
theoretical relation in Eq. 12. Thus it is confirmed that release of the steroid from the
liposomes may occur during transition of the equilibrium. As long as the preparation is not
diluted or the free steroid concentration is not decreased, the steroid will not be released from
the liposomes.

Drugs instilled as eye drops rapidly disappear from the precorneal area.P' If it is possible
for liposomes to be retained at the precorneal area for a reasonable period of time, they might
serve as a good drug vehicle. However, even ifliposomes remain at the precorneal area, drugs



No.3

100

l:rl 90I=:
'r-!
I=:

'r-! 80ltI
S
Q)
H 70

.j..J
I::
Q) 60o -tH
Q)
III 50

2.0
0

.,...f
1.8.j..J

(lj
l-I

lJ'l 1.6
s::

'.-1s::
1.4.r-t

~
Q)

1.2H
<,
r-I

1.0

1221

, , I , J t , ,

to51

Dilution ratio

Fig. 7. Relationship between Reciprocal Value
of the Remaining Ratio of the Steroids in the
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Fig. 6. In Vitro Release Profile of the Steroids
from the Liposomes after Dilution with PBS
(pH 7.4)

•• OM (x 5); ct. DA ( x 5); 0, DV ( x 5); ... DM
(x 10); A. DA (x 10); D., D¥ (x 10).

slowly released from the liposomes may not be absorbed by the ocular tissue due to rapid
clearance by tear flow. The liposome preparation containing DP~ which is completely
incorporated into liposomes and not released, may not be satisfactory, unless the liposomes
can be directly taken up into the cornea or DP can be transferred directly from the liposome
membrane to the cell membrane, as in the case of cholesterol.r" It is doubtful whether a
considerable amount of drug can be absorbed in such a manner. Incorporated steroids except
DP may be released by dilution of the preparation with tears or clearance of free steroids. Free
steroids in the precorneal layer may possibly be retained for a longer period. Besides, a
liposome preparation, in contrast to other drug delivery systems, can be easily self
administered by patients. Accordingly, liposome preparations containing steroids such as
DM, DA or DV could prove to be useful ophthalmic delivery systems for treatment of various
eye inflammations.
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Particulate matter in micronomicin, sisomicin and tobramycin injection solutions sealed in
glass ampules was identified as barium sulfate crystals by using scanning electron microscopy and
energy dispersing X-ray analysis. Barium sulfate crystals isolated from these solutions occurred as
single or agglomerated crystals which were 0.5-2.0IlID long in maximum dimension. Barium
sulfate crystal formation in usual ampules tended to increase with increasing temperature of
sterilization, but that in surface-treated ampules did not increase during sterilization at high
temperature.

Keywords--particulate matter; contamination; barium sulfate; glass ampule; aminoglycosidc
antibiotics; scanning electron microscopy; energy dispersing X-ray analysis
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In 1963 and 1964, Garvan and Gunner!' reported that large volume parenteral solutions
often contained a variety of foreign particulate matter in alarmingly large quantities, and they
claimed that the use of a rubber closure gave rise to specific contaminants. Further, a
Symposium on Safety of Large Volume Parenteral Solutions sponsored by the FDA2) in 1966
emphasized the importance of foreign particulate matter present in injectable solutions. Since
then, an increasing number of reports have described the presence of such particulate matter
and the consequent safety problem? -12) A requirement that certain small volume injections
meet particulate matter standards became official in USP on January 1, 1986.

A recent report?' states that barium sulfate was found in injectable solutions sealed in
glass ampules when sulfate or an oxidant such as sodium sulfite is contained in the products.
This paper deals with the formation of barium sulfate crystals as a reaction product between
aminoglycoside antibiotics and glass ampules.

Experimental

Opening of Ampule·--In order to avoid detachment of glass fragments into the product solution at the time
of ampule opening, the inner pressure of the ampule was made higher than atmospheric pressure by heating up to
70°C according to the method of Sommerville.and Gibson"!' and then the ampule was opened.

Sampling of Product Solution in Ampule and Preparation of Test Sample Solutioo--'A commonly used glass
syringe which is substantially free from foreign particulate matter production was transferred into a 150ml clean glass
container for foreign particle counting, and then made up to 100ml with ultra-clean distilled water, filtered through a
0.22 um pore-size membrane filter.

Sterilizing Conditions and Count of Foreign Particulate Matter--Four conditions, 126°C for 15min, 121 ~'C for
20 min, 115 DC for 30 min, and 100L"lC for 60 min, were employed to observe the influence of sterilizing conditions on
the appearence of foreign particulate matter in solution. Commercial micronomicin solution was filtered through a
0.45 Jlm Millipore filter and sealed in fresh ampules. A commonly used ampule and a surface-treated (ammonium
sulfate) ampule were used in this test.

Count of Foreign Particulate Mattcr--A polyethylene magnetic stirrer (2.0cm length) was placed in a
measurement container containing the sample solution, and the container was housed in a measuring apparatus,
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HIAC PC·305 automatic particle counter (HIACjRoyco Instrument Division, Pacific Scientific Co., Ltd., California,
U.S.A.). The solution was stirred gently for 2 min and vacuum-degassed for 3 min. Measurement was done four times
on each sample solution (10 ml). The first value was discarded, and the last three were averaged to obtain the mean
value.

Scanning Electron Microscopy (SEM)-,-The remaining sample solution after HIAC measurement was
collected, made up to 100 ml, and passed through a 13 mm diameter Millipore filter with a pore size of 0.45 Jim. The
residue was washed with 200 ml of ultra-clean distilled water and dried at 30°C. The dry filter was fixed on an
aluminum stub (l x ] em) with double-sided adhesive tape. gold-coated by a usual method using an Eiko IB-3 ion
coater (Eiko Engineering Co., Ltd., Tokai-mura, Ibaragi, Japan), and inspected with a Hitachi-Akashi MSM-4
scanning electron microscope (Hitachi Co., Ltd., Tokyo, Japan).

Identification of BaS04--Sample solution which might contain BaS04 on the basis of SEM was filtered
through a Nucleopore filter and the residue was washed, dried and coated with carbon at 150A thickness with a
Hitachi HUS-5B high vacuum evaporator (Hitachi Co., Ltd., Tokyo, Japan) at 30Aand I x 10- 6 Torr. This sample
was examined under a Hitachi 8-45 scanning electron microscope (Hitachi Co., Ltd.) at 20 kV, and simultaneously
subjected to energy dispersing X-ray analysis (EOX) (Horiba Seisakusho, Tokai-mura, Ibaragi, Japan) at 10eV for
100s.

TABLE I. Particle Counts in Aminoglycoside Injections

Particle diameter (Jim)
Sample Lot. No.

2 5 10 20

Blank 63 10 0.8 0.8

Micronomicin 120 rng/arnpule 107AAJ U
I 13028 514 27 0

60 mg/arnpule 011AAJU
) 12213 729 12 0.5

Treated ampule 120mg/ampule 258 40 11 0

Sisomicin (A) 75 mg/ampule 28A003 205 65 19 2.5
(B) 75mg/ampule YOO3Au l 435 95 24 2.5

Tobramycin 60mg/ampule 1036") 3388 683 53 0.8
0017 570 138 30 5.8

Gentamicin 60 mg/ampule 1516 838 180 23 6.8
0514 423 90 25 3.3

Particle counts: per ampule by HIAC PC-305. a) BaSO.1- was identified. Values are means of 9
ampules.

TABLE II. Particle Counts in Micronomicin Ampule (l20mg/umpulc)
Sterilized under Various Conditions

Particle diameter (Jim)

Sample

Blank

Usual ampule

Treated ampule

Values are means of 9 ampules. a) BaS04 was identified.
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Results and Discussion
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Count of Foreign Particulate Matter in Aminoglycoside Antibiotics Sealed in Ampules
As reported in Table I, micronomicin preparation was found to contain a relatively large

amount of particulate matter in comparison with the other preparations. Two sisomicin
preparations are commercially available from two companies, A and B, and the product from

Fig. 1. Particulate Matter (BaS04 ) in Micronomicin Ampule

s Ba

Fig. 2. SEM and EDX of BaS04 in Micronomicin Ampule
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Fig. 3. Particulate Matter in Sisomicin Ampule

company B contained a larger amount of particulate matter than that from company A.
Particulate matter count varied from batch to batch in the case of tobramycin preparation.

Count of Foreign Particulate Matter and Effect of Sterilization Conditions
The relation between particulate matter content and sterilization temperature for

micronomicin is shown in Table II. In view of the fact that the count of particulate matter in
usual ampules tends to increase with increasing temperature, the count is considered to
depend on the Ba content of the ampule. The count of particulate matter for surface-treated
ampules did not increase at high temperature. Recently the Parenteral Drug Association 12)

has recommended the use a barium-free container, e.g., type KG-33 from Kinble, for
injectable products, especially those containing SO~ - , although it is also desirable to employ a
lower temperature of sterilization, aseptic procedures and container-surface treatment.

Foreign Particulate Matter in Solution of Aminoglycoside Antibiotics Sealed in Ampules
Particulate matter in ampules was collected on filters and inspected by S~M. As

illustrated in Fig. 1, a number of crystalline particuiates were found, in accordance with the
report of Boddapati et al.9 ) Although their particulates were in the size range from 8--30JIm,
ours were as small as 0.5-2.0 JLm. The BDX result verifying the presence of Ba and S
supports the view that these crystalline particles are crystals of BaS04 (Fig. 2).

Sisomicin preparation, an imported product, is commercially available from two
companies. The preparation from company B was found to contain agglomerated crystals
(Fig. 3) which were presumably BaS04 crystals in view of the BDX result. Tobramycin
preparation contained crystals of BaS04 in one batch, but gentamicin preparation did not.
The nature of the particles formed might depend upon the sterilization conditions, the
material of the ampule and the nature of the product itself.

References and Notes

1) J. M. Garvan and B. W. Gunner, Med. J. Aust., 2, 140 (1963); idem, ibid., 2, 1 (1964).
2) National Symposium Proceedings, Safety of Large Volume Parenteral Solutions, Food and Drug

Administration, Washington, D.C., 1966.
3) S. Turco and N. M. Davis, New Engl. J. Med., 287, 1204 (1972); idem. Hasp. Pharm., 8, 137 (1973).
4) J. Y. Masuda andJ. H. Beckerman, Am. J. Hasp. Pharm., 30, 72 (1973); idem. ibid., 31,1189 (1974).
5) P. P. Del.uca, R. Rapp, B. Bivins. H. McKean, and W. Griffen, Am. J. Hosp. Pharm., 32, 1001 (1975).



No.3 1227

6) W. E. Evans, L. F. Barker, and J. V. Simone, Am. J. Hosp. Pharm.• 33, 1160 (1976).
7) T. Rebagy, R. Rapp, B. Bivin, and P. P. DeLuca, Am. J. Hosp. Pharm., 33,433 (1976).
8) T. Rebagy and P. P. Del.uca, Am. J. Hosp, Pharm., 33, 443 (1976).
9) S. Boddapati, 1. D. Butler, S. Im, and P. P. DeLuca, J. Pharm. s«, 69, 608 (1980).

10) M. J. Pikal and J. E. Lang, J. Parent. Drug Assoc., 32, 162 (1978).
11) T. G. Sommerville and M. Gibson, Pharm. J., 211. 128 (1973).
12) Technical Method Bulletin No.3, Glass Containers for Small Volume Parenteral Products: Factors for

Selection and Test Methods for Identification, Parenteral Drug Association Inc., Philadelphia, U.S.A .. 1982.



1228

[
Chern. P harm, BU II.J
35( 3 )1228-1233(1987)

Effect of Cholesterol on Liposome Stability to Ultrasonic
Disintegration and Sodium Cholate Solubilization

TOSHIHISA YOTSUYANAGI,* HOTAKA HASHIMOTO,

MOTOKAZU IWATA and KEN IKEDA

Faculty of Pharmaceutical Sciences, Nagoya City University,
Mizuho-ku, Nagoya 467. Japan

(Received October 2, 1986)

Vol. 35 (1987)

Liposorne disintegration by either ultrasonic vibration or sodium cholate solubilization was
investigated as a function of cholesterol (CH) content in the egg phosphatidylcholine (PC) liposome
membrane. Turbidity changes were used as an indication of the membrane stability to these stresses.
First-order disintegration constants (ku for ultrasonic stress and k; for sodium cholate solubili
zation) were calculated to evaluate the membrane stability. A plot of k.; against membrane CH
content gave a sigmoidal curve on which inflection points occurred at about 15 mol~~ and 33 mol%
CH. In contrast, the plot of k, against membrane CH content gave a biphasic curve with only one
inflection point at about 17 mol~;;; CR. These results can be explained in terms of the molecular
packing model of phospholipids and CH proposed by Presti et al. (Biochemistry, 21, 3831 (1982)}.
Disintegration by ultrasonic stress was little affected by the accumulation of Cl-l-rich domains up to
15mol% CH, but disintegration by sodium cholate was abruptly suppressed in the same CH,
content range. These results indicate that the mechanisms of disintegration of CH-rich domains and
interfacial boundary phospholipid are entirely different between the two stresses.

In the Iiposorne disintegration by sodium cholate, it was suggested that the penetration
saturation step of the surfactant molecule into the bilayer is rate-determining for pure PC
liposomes, while the lamellar-micellar transition step is rate-determining for Cl-l-rich 'liposornes.

Keywords--liposome stability; cholesterol; egg phosphatidylcholine liposome; ultrasonic
vibration; sodium cholate; turbidity change; disintegration mechanism

The physical integrity of Iiposornes is affected by a variety of external stresses-such as
ultrasonic vibration, surfactants and freezing.' -6) Ultrasonic vibration, used for the size
reduction of vesicles, transforms large multilarnellar liposomes into small vesicles. An
explanation of this rearrangement process has been given." The destruction of liposomal
structures by bile salt surfactants may be one of the important factors influencing drug carrier
activity after oral administration.V"

The ability of liposomes to resist degradation by externally applied stresses depends on
lipid composition, in particular cholesterol (CH), and also vesicle size and surface charge"
We studied the disintegration of phosphatidylcholine (PC)/CH liposomes caused by ultra
sonic vibration and sodium cholate solubilization. The time course of vesicle disintegration
was followed by measuring the turbidity changes. Disintegration rate constants obtained from
turbidity measurement were used to evaluate the stability of liposomes to these externally
applied forces.

Experimental

Materials--PC was extracted from egg yolk and purified by column chromatography on silicic acid
(Mallinckrodt, 81. Louis)." Sodium cholate was purchased from Katayama Chern. Co. (Osaka), and recrystallized
from acetic acid as cholic acid. CH and all other chemicals were of reagent grade.
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Preparation of Liposomes-Liposomes were prepared essentially by the method of Bangham et al.10) In short,
the required amounts of PC and CH (0-57 mol%) were taken in a round-bottomed flask, and dried to give a thin
film. Tris buffer (pH 7.4, I.S. 0.1 with Nael) was added to make a final PC concentration of I x 10- 3 M based on
phosphorus.l!' and the mixture was shaken gently then dispersed in a vortex mixer for 3min.

Disintegration Rate of Liposomes by Ultrasonic Vibration--Turbidities of the multilamellar liposomes (MLV)
prepared above varied significantly even for liposomes of identical lipid composition. Therefore liposome samples
were briefly sonicated (probe-type scnifier, model UR 200P, 20 kHz, Torny Seiko Co., Tokyo) for 2.5 min to obtain
reproducible initial turbidities. This preliminary sonication was uniformly applied to all of the liposomes containing
0-57mol% CH. The resulting suspensions were allowed to equilibrate at room temperature for 30min, which was
taken to be t =0 for the calculations of disintegration kinetics. Ultrasonic vibration was continuously applied for
various periods to each sample, the volume of which was always maintained ttt 10ml in a 50 ml glass centrifuge tu be
under a nitrogen stream at 40°C. The samples were left standing for 30rnin at room temperature, then turbidity
measurements were carried out in a I em quartz cell at 400 nm, using a Hitachi 124 spectrophotometer.

Disintegration Rate of Liposomes by Sodium Cholate--The disintegration kinetics of iiposomes in sodium
cholate solution was also followed by measuring the turbidity changes. Turbidity was monitored at 66011m by a
stopped-flow apparatus (model RA-401, Union Giken, Osaka) equipped with a UV-VIS detector." Liposomes were
first subjected to ultrasonic vibration to give various initial turbidities for the cholate disintegration studies. An equal
volume of the liposome suspension containing 3 x 10-4- M phosphorus was quickly mixed with a 0.02 M sodium
cholate solution (Tris buffer, pH 7.4, 1.S. 0.1, 25 C1C).

The concentrations of lipid and surfactant are diluted to half in the cell of the apparatus. Accordingly, the initial
turbidity was presumed to be half of the original turbidity.

Turbidity reduction by ultrasonic vibration or surfactant solubilization was treated as a pseudo-first-order
process, and first-order liposorne disintegration rate constants, ku and ks' respectively, were obtained from the
turbidity measurements; ku was calculated from the initial slope of the plots shown in Fig. I, and k; was obtained
from the linear plots of turbidity disappearance.

Results and Discussion

. Disintegration Behavior under Ultrasonic Vibration
The sonication system used for the disintegration of liposomes gave reproducible

turbidity changes (± 5% scattering). Unlike the disintegration of vesicles in surfactant
solution, in which the bilayer was assumed to be disintegrated by successive stripping of shells
from the vesicles, yielding mixed micelles, ultrasonic vibration merely tears the vesicles into
smaller bilayer fragments and ultimately finer vesicles. These small vesicles contribute to the
total turbidity of the suspension. Because of this, turbidity reduction at the early stages of
disintegration was used to calculate k ; values. The rate constant (k u) wasassumed to represent
membrane stability to ultrasonic stress: the smaller the rate constant, the more resistant the
bilayer membrane.

Figure 1 shows the turbidity reductions of CH containing liposomes. At less than
17mol% CH, linearity was generally poor for long sonication times. As the CH content
increased to more than 33mol~~), the reduction showed an initial slow stage and a subsequent
faster stage. Decreasing the sonication stress by using a bath.. type sonicator, instead of a
probe, prolonged the initial slow stage significantly." The reason for this is not clear.

The k.; values were calculated from the initial slope, and also from the terminal linear
portion at CH contents of more than 33n101%. Figure 2 shows a plot ofk., liS. mol% CH in the
liposomes. The sigmoidal shape of the k.; vs. mol%CH plot had three distinct regions. These
regions are defined by the two inflection points at about 15mol/~ CH and about 3311101% CH.
From 0 to 15 mol% CH, the membrane stability remained almost unchanged (stage 1). From
15mol% CH to 33 D101% CH, a rather sharp increase in membrane stability occurred (stage
II). Increasing CH beyond 33 mol% caused only a moderate increase in membrane stability
(stage III). At stage III there was little difference between the increments of the stability
obtained from the initial and terminal slopes of the turbidity reductions (Fig. 1).

Presti et al.12) proposed a model for the molecular packing of CH and phospholipids in
membranes. According to their model, phases are formed as a function of the CH content in
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Fig. 1. First-Order Plots of the Turbidity
Change due to Liposome Disintegration by
Ultrasonic Vibration

The PC concentration is constant at 1 x 10-3 M.

Numbers indicate CH content (mol~~{,), All liposome
suspensions were subjected to a prior sonication of
2.5 min. Points are the mean values of 3-5 deter
minations and were reproducible better than ± 5~";"

Fig. 2. The Effect of CH Content on the Dis
integration Constant (k u) of Liposornes by
Ultrasonic Vibration

k ; was calculated from the initial slope (e-e). k;
was also obtained from the subsequent linear portion
for liposomes containing 33.3. 40.0 and 50.0 mol~:-;,

CH (0-0). PC concentration, 1x 10-3 M. ~ shows
an inflection point at which the membrane stability
anomalously changes.

the bilayer: under 20 mol% CH, CH-rich domains are formed and surrounded by a
continuous phospholipid domain or phase. At about 20 mol/,~ CH, the continuous PC
domain disappears, but interfacial boundary phospholipid remains, separating the CH-rich
domains. Further increasing the membrane CH causes the fraction of interfacial boundary
phospholipid to gradually diminish and become zero at ca. 33.3mol%. Uncomplexed
phospholipid molecules finally disappear at 5011101% CH.

Based on this model, the relationship between ku and mol%CH can be interpreted as
follows. The membrane stability, i.e. k u' changed very little in stage I, where Cl-l-rich domains
are present but do not occupy a large fraction of the membrane. The inflection point observed
at 150101% CH, which probably corresponds to the first critical ratio in Presti's model, reflects
a critical ratio under which the contribution of the CH-rich domains produced in the
continuous PC phase to the stability is still minor in the egg PC liposomes. In stage II, the
stability increased dramatically with increasing CH content. This is a reasonable reflection of
an accumulation of the Cfl-rich domains, in other words, a decrease of the interfacial
boundary phospholipid. The second inflection point observed at 33 mo1% CH coincides with
the second critical point (33.3 mol% Cl-l) in the model, at which the bilayer contains only CH
rich domains. Further incorporation ( > 33mol%) of the sterol into liposomes results in a mild
increase in membrane stability (stage III) where the CH-rich domains are transformed to the
1: 1 hydrogen-bonded complexes up to about 50 mol% CH. Membranes containing 50 mol%
CH are stabilized about four-fold compared to CH free membranes. This also suggests strong
interactions among resulting PCjCH 1: I complexes.·It is therefore reasonable to consider
that tearing of bilayers by sonication occurs mainly in the free phospholipid domain.

The ultrasonic velocity has been considered to be a good measure of the mechanical
properties of membranes. 13.14) In the liquid-crystalline state of dipalmitoylphosphatidyl
choline (DPPC) liposomes, the limiting value of ultrasonic velocity shows an abrupt increase
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in the region of 15 to 30mol% CH. The k u values also start changing abruptly near 15mo]%
CH. When egg PC liposomes are used instead of DPPC liposomes, it seems that the stabilizing
effect of CH against ultrasonic vibration is not sensitive to the fatty acid composition of
phospolipids but rather to the disappearance of interfacial boundary phospholipid. It is
noteworthy that a macroscopic mechanical property represented by the ultrasonic disinteg
ration rate constant (k u) is consistent with Presti's model.

Disintegration Behavior in Sodium Cholate
A mechanistic sequence for the disintegration of liposomes by surfactants has been

proposed, in which the mode of action of sodium cholate was classified into type B,, 5) We
reported previously that the turbidity disappearance of pure PC liposomes clearly followed
first-order kinetics despite the presence of polydispersed vesicles in terms of size." An
explanation was given for the linearity of the first-order plots by introducing the average size
factor (iF). The reduction rate of the total turbidity (TIOl ) is expressed by

(1)

where k is the size-independent disintegration rate constant, Ai is the scattering coefficient of
the i-th vesicle, n, is the number of the i-th vesicle, and m and i denote the size classes of the
largest and the .i-th vesicles sensitive to the turbidity changes at a certain wavelength. The
absorbance (T=An) of a dispersed system containing monodispersed particles is given byl6.17}

111(10/1)
T=--=Kna2n (2)

L

(
a )P

K=K o T (3)

where 10 and I are the intensities of the incident and transmitted light, respectively. a is the
particle radius, L is the length of scattering path, K and Ko are the total scattering coefficient
and the size-independent component of the scattering coefficient, respectively, and p is the
exponent of the wave-length (A). The term (A i - Ai-I)/A j in Eq. 1 can be therefore represented
based on Eqs. 2, 3 and T= An as

(4)

If 4>j' which is intrinsically size-dependent, is defined as an average size factor (c/». Eq. 1
can be represented as a first-order kinetic equation with regard to Ttot , i.e.

d~1>l .:r.;'--:=k'lJ L Ajni (m>j)
dt i=:)

:::::kll T;ot (5)

Accordingly, the experimentally obtained first-order disintegration rate constant (~) contains
an average size factor cF, which may be useful to characterize the disintegration behaviors of
dispersed systems with different size distributions.

The turbidity changes of liposomes containing 0-57 mol% CH followed first-order
kinetics. Figure 3 shows the pseudo-first-order rate constant (k s ) obtained as a function of the
initial turbidity and CH content at the constant sodium-cholate concentration of 0.01 M. The
egg-PC/bile salt molar ratio was maintained at 0.1 throughout, i.e. excess of bile salt. The k,
value depended on the initial turbidities, which reflect different size distributions of vesicles,
even when the composition of PC and CH was fixed, and the curves appeared to be generally
biphasic. Values oik, for PC liposomes (CH free) were most sensitive to the initial turbidity.
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The concentrations of PC and sodium cholate were
always maintained at 3x 10- 3 and 2.0x to- 2 M, re
spectively. CH content (mol~~): 0 (a), 9.2 (b), 14.0 (c),
·29.6 (d) and 57.1 (e). The temperature was 25 'C.
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Fig. 4. The Effect of CH Content on the Dis
integration Constant (k s) at Different Initial
Turbidities

Initial turbidity: 1.0 (e), 0.5 (0) and 0.25 (6). !
shows an inflection point at which the membrane
stability anomalously changes.
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Fig. 3. Effects of Initial Turbidity and CH
Content on the Disintegration Constant (k s) in
Sodium Cholate Solution

Incorporating CH into the membrane decreased the biphasic nature of the curve (Fig. 3); at
about 50mol% CH, k, was little affected by the initial turbidity.

In connection with the theory described earlier, the dependency of ks on the initial
turbidity reflects the difference of the size factor; the relationship k; = fa = fer; holds because f(
is assumed to be a size-independent disintegration constant for a single bilayer. However, as
the CH-rich domains were accumulated, the dependency of k; on the initial turbidity
gradually diminished, suggesting that the size factor ;p apparently becomes rather constant
despite the fact that various initial turbidities were used. These results (Fig. 3) raise the
question of why k, =fiP does not always hold for pelCH membranes as the CH content
increases, because we previously estimated (Pi to increase 2.5 times as the vesicle size decreased
by half in radius in model calculations" and such changes of <Pi should be intrinsically
applicable irrespective of CH content. Therefore, the physical meaning of the parameter k
involved in kf; may differ between the pure PC liposomes and the CH-rich liposornes. This
discrepancy could be accounted for by a stepwise disintegration mechanism of the bilayer. Step
I is the penetration-saturation step of bile salt molecules followed by step II, the lamellar
micellar phase transition step.

As shown in Fig. 4, the relationship between CH content and k, was biphasic when the
initial turbidity was maintained at 1.00 D. The same tendency was also seen with other initial
turbidities (0.25 and 0.5). Accumulation of CH-rich domains in the l11errlbrane is responsible
for the abruptly increasing stability up to about 17mol%, and as interfacial boundary
phospholipid appears, the membrane shows relatively minor increments of the stability. It was
also noted that the kg dependency showed an inflection point at about 17mol% irrespective of
the initial turbidity. It seems likely that with CH-rich liposomes (e.g. 1: 1 molar ratio) the
amount of the surfactant molecule that penetrates into the bilayer is limited and the transition
rate is slowed.

Accordingly, the larger the bilayer in radius, the slower the integration rate. If the f
reflects the lamellar-micellar phase transition rate for the CH -rich liposomes, it seems
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probable that k, = f ~~constant in consequence of the mutual compensation of the changes
in the two parameters, k and <p. With Cfl-free liposomes, the penetration-saturation step is
rate-determining and k is a size-independent parameter; it was assumed previously that the
dependency of k, on the initial turbidity is due to changes of (p. Furthermore, the size of the
mixed micelles decreases readily. Although the consistency of the theory and results should be
further examined, we assume that the disintegration rate of the pure PC liposomes is mainly
governed by the former step and with increasing CH content in the membrane the latter step
becomes predominant.

In conclusion, there is a marked difference between the liposome stabilities to ultrasonic
vibration (physical stress) and the disintegrating action of cholic acid (chemical stress) as a
function of the CH content. The role of CH incorporated in egg PC liposomes is often said to
be to make the bilayer membrane "more solid-like,"but the amounts of CH used are not
always rationalized in the literature. The observed variation of the membrane stability may
provide useful criteria for compounding CH in liposomes and in assessing their response to
external stresses.
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Chemical and Pharmaceutical Studies on Medicinal Plants in Paraguay. I.
Isolation and Identificarion of Lens Aldose Reductase Inhibitor

from "Tapecue," Acanthospermum australe O.K.!)
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The EtOH extract of "Tapecue," Acanthospermum australe, was found to have a potent
inhibitory activity towards rat lens aldose reductase (AR). From the active fraction of the extract,
5,7,4'-trihydroxy-3,6-dimethoxyflavone was isolated. It was found to have higher activity (ICso=
1 x 10- 7 M) than quercitrin, which is a known inhibitor of AR (ICso= 1.8 x 10- 6 M in our bioassay).

Keywords-A canthospermum australe: Cornpositae; 5,7,4'-trihydroxy-Lo-dimethoxy
flavone; aldose reductase inhibitor; rat lens

There is a traditional system of medicine, "Medico de Yuyo," employing medicinal
plants in Paraguay. In screening tests for biological activities of these plants "Tapecue,'
Acanthospermum australe (Compositae), showed weak inhibitory effects onji-glucuronidase
activity and 011 the growth of KB cells and high inhibitory activity towards rat lens aldose
reductase (AR). This paper deals with the isolation and identification ofchemical constituents
in "Tapecue," and identification of the active component inhibiting rat lens AR, which plays a
significant role in the reduction of aldose to alditol under abnormal conditions such as
diabetes.

"Tapecue" is an important crude drug which has traditionally been used for the
treatment of blood stagnation, rheumatism and arthritis by internal administration, and of
swelling and bleeding by external application in "Medico de Yuyo." Various diterpenes,"
acanthospermaI A, tridecapenta-3,5,7,9, ll-yne-l-ene, thymol, isothymol, etc. have been
isolated from this plant" but no studies in relation to the biological activity have been
reported. Chemical and pharmacological studies of another plant of the same genus,
Acanthospermum glabratum" have revealed no AR inhibitory activity.

EtOH : H20 (7: 3) extract (A) was suspended in water and extracted with z-hexane,
CHC13 and n-BuOH successively to afford n-hexane extract (B), CHCl3 extract (C), n-BuOH
extract (E) and residue (F) (Fig. 1.)

The extract E (Table I), which was most active, was applied to a column of polyamide,
and elution with MeOH : H20 (3: 2) followed by MeOH and CHCl3 gave four fractions (fr.
1-4) (Fig. 1).
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Acanthospermum australe 1.0 kg

extd. with hot EtOH:H20 (7:3)

coned. in vacuo
ext. (A)

suspended in H20

extd. with n-hexane

I I
n-hexane ext. (B) aqueous layer

I extd. with CHela

I I
CHCla ext. (C) aqueous layer (D)

Iextd. with n-BuOH

I I
n-BuOH ext. (E) H20 ext. (F)

I MeOH

MeOH ext. 20.8g insolJbles
chrornatographed on polyamide

(MeOH:H20 (3:2)t MeOH t CHCls)

1235

I
fro 1

9.68 g (13.O%)Ct)

I
fr.2

0.76 g (24.5%)Ct)

I
fro 3

1. 73 g (62.09cOa)

I
fr.4

4.52 g (18.0%)"-)

Fig. 1. Fractionation of Biologically Active Constituents of Acanthospermum
australe

a) Values in parentheses indicate the inhibitory activities towards crude rat lens aldose
reductase at the concentration of II/gIro!.

TABLE 1. Inhibition of Crude Rat Lens Aldose Reductase by Extracts
from Acanthospertnum australe and Compounds 1-6

Extract ICso (JIg) Yield (~/;.) Compound Ie:1() (JIM)

A 2.3 100 0.1
B 20.0 13 2
C 4.0 14 3 3.2
D 2.6 4 9.2
E 1.5 29 5 4.8
F 13.0 43 6

Quercitrin'" 1.8

(1) Quercitrin was assayed previously, and was tested again as a referenceill this study.

Three crystalline compounds 1, 2 and 3 were obtained from fr. 3, which exhibited higher
activity than other fractions, by gel-filtration and silica gel column chromatography.
Compounds 4, 5 and 6 were obtained from [r.2 and fro 4.

Compound 1, yellow needles, exhibited a positive reduction test for flavonoids. Infrared
(IR) and ultraviolet (UV) spectra of 1 showed the characteristic absorption patterns of fla
vonoids. In the proton nuclear magnetic resonance eH-NMR) spectrum of 1, peaks due to
four aromatic protons appeared as A2B2 type signals attributable to B ring protons. Another
aromatic proton signal at 6.6 ppm assigned to the C-8 proton and a 6H singlet at 3.8 ppm
attributed to two methoxyl groups were observed. The presence of three hydroxyl groups at
C-5, C-7 and C-4' in 1 was determined by analysis of the UV spectrum." From the above
results, 1 was concluded to be 5,7A'-trihydroxy-3,6-dimethoxyflavone6

) and this identification
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Fig. 2. Lineweaver-Burk Plots of Lens AR
Activity

Enzyme activity was measured at each substrate
concentration in the presence and absence of inhibi
tors. Key: (D) control, (.) in the presence of 10- 7 M

1, (A) 5 x 10- 8 M 1 and (.) 10- 6 M quercitrin. The
substrate is glyceraldehyde (S) and the velocity units
(V) are changes in 00340 /200s.

was confirmed by comparison of the physical and spectral data with those of an authentic
sample.

Compounds 2~ 3, 4 and 5 were identified as trifolin, hyperin, rutin and quercetin.
respectively, by comparison of the physical and spectral data with those of authentic samples.

Compound 6~ a pale yellow powder, exhibited a negative reduction test for flavonoids
and a positive color reaction to FeCl3 and was concluded to be caffeic acid from the physical
and spectral data.

Inhibitory Effect on Crude Rat Lens AR
Compound 1, which has not previously been tested for inhibitory activity towards AR,

exhibited the highest activity (lCso= 1.0>< 10- 7 M) among compounds 1-6 and was about 18
times more potent than quercitrin (lCso= 1.8 x 10 -6 M) (Table I).

According to Okuda et al. ,7) axillarin and LARI 1 are the most potent inhibitors of
aldose reductase known so far (ICso=5.2 x 10-8 and 4.2 x 10- 8 M), respectively, being at least
6 times more potent than quercitrin (3.1 x 10- 7 M). Some flavonoids showed varying activities
depending on the solvent used," and different values of ICso of quercitrin were found by
Varma et al.9 ) and Okuda et al.." and in this work, so the comparative potency of compounds
should be estimated under the same conditions. As judged from the relative potencies (ICso)
of compound 1, axillarin and quercitrin, 1 might be as potent as or more potent than axillarin.

We concluded that compound 1 is mainly responsible for the rat lens AR inhibitory
activity of this plant.

Kinetics of Inhibition by Compound 1
Kinetic studies were conducted with 1 in order to determine the type of inhibition and the

inhibition constant (KJ The Lineweaver-Burk plots are shown in Fig. 2. Compound 1 was
found tobe a non-competitive inhibitor at the concentrations of 1.0 x 10- 7 and 5.0 x 10- 8 M,

as was seen in the cases of quercitrin"? and axillarin,?' but it did not show the same type of
inhibition at the concentration of 5.0 x 10- 7 M.Okuda et al." reported that many uncorn
petitive inhibitors display non-competitive inhibition at low concentrations and switch to
uncompetitive inhibition at higher concentrations. In our experiment, 1 showed a similar
action. The K, value of 1 for lens AR was 2.05 x 10-7 M.

The inhibitory effect of 1 on lens AR was also checked in the presence of. a large amount
of bovine serum albumin (BSA). Compound 1 showed almost the same degree of inhibition in
the presen.ce and absence of BSA, suggesting that 1 inhibits the activity of lens AR even in the
presence of other proteins.
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The melting point is uncorrected. IR and UV spectra were obtained with Hitachi 260-10 and Hitachi 220S
spectrometers. I H-NMR spectra were taken with a Hitachi R-24B (60 MHz) spectrometer with tetramethylsilane as
an internal standard, and chemical shifts are given in 0 (ppm). Mass spectra (MS) were obtained on a JEOL-JMS-D
200 instrument. Paper partition chromatography (PPC) was performed on Toyo filter paper No SIB employing the
descending technique with AcOH: H2 0 (15: 85) and tert-BuOH: AcOH : H20 (3: 1: I) (TBA) as developing solvents,
and the spots were detected under a UV lamp. Thin layer chromatography (TLC) was performed on Kieselgel 60F254

plates (Merck); spots were detected under a UV lamp and by heating after spraying 1O/{1 H2S0 4,
Plant Materials--"'Tapecue" was purchased from local dealers in Asuncion., Paraguay and identified as

Acanthospermum australe O.K. (aerial part) by Dr. H. Koyama. Faculty of Science, Kyoto University.
Bioassay--Crude AR was obtained from the supernatant fraction of the homogenate of rat lens according to

the method of Kador and Sharpless.'?' One unit was defined as the amount catalyzing the oxidation of l umol of
reduced nicotinamide adenine dinucleotide phosphate per minute. Samples (1.4-2..0 units) were stored frozen until
needed. The inhibitory effects of extract A~F and the isolated compounds on AR were assayed by the method
previously reported." Samples were dissolved in dimethylsulfoxide. which was found to have no effect on the enzyme
activity at below 0.1%concentration.

Extraction and Fractionation--Dried powder (l kg) of "Tapecue" was extracted with hot EtOH : H20 (7: 3)
(I h x 3). The EtOH: H20 (7: 3) solution was concentrated in vacuo to give the extract A (118 g). Extract A (100 g) was
suspended in H20 (600 ml) and extracted with n-hexane (SOO ml x 3), CHCJ 3 (800 mI x 3) and n-BuOH (670 ml x 3)
successively to yield the biologically active extract E (29 g). The MeOH solubles (20.8 g) of E (21 g) was
chromatographed on polyamide (Waco C-200, 280 g, 5 x 50 em). Elution with MeOH: H 20 (3: 2). MeOH and CHCl3

gave fro 1 (9.68 g), fr. 2 (0.76 g), fr. 3 (1.73 g) and fr. 4 (4.52 g). The most biologically active fr. 3 was subjected to gel
filtration (Toyopearl HW-40F) and silica gel column chromatography to give compounds ,1 (13 mg), 2 (2 mg) and 3
(41 mg). From fro 2, compounds 4 (21 mg) and 5 (7 mg) were obtained by column chromatography (silica gel and
Sephadex LH 20). Compound 6 (110 mg) was obtained from fr. 4.

Compound 1 (5,7,4'-Trihydroxy-3,6-dimethoxyOavone)--YelIow needles. mp 199-200°C (CHCl.\/MeOH).
PPC ~fO.34 (15% A,cOH), 0.86 (TBA). Mg+HCI: orange; Zn+HC1; red-violet. MS mjz: 330 (M+), 315. UV ;'~::II~H

nm (log c): 341 (4.22).270 (4.14). IR v~~~cm-I: 3450,1660, 1610.
Compounds 2-6-2,. mp 236"C (MeOH), 3. mp 233-234"C (EtOH), 4, mp 192-195°C (MeOH/H20), 5

mp > 300 "C, and 6, mp 220-222 DC (MeOH/H20 ), were identical with authentic trifolin, hyperin rutin, quercetin
and caffeic acid, respectively.
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Adsorption of Hydrogen Sulfide, Dimethyl Sulfide, and Their Binary
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The adsorption behavior of gas mixtures composed of hydrogen sulfide and dimethyl sulfide in
the pores of Nscontaining activated carbon (N-CAC) was investigated on the basis of adsorption
isotherms of the pure components and binary gas mixtures. Hydrogen sulfide and dimethyl sulfide
were mainly adsorbed into smaller micropores and into larger micropores, respectively. The
adsorption capacity of N-CAC for hydrogen sulfide was increased by 25-35% as compared with
that of raw activated carbon (R-AC). The .adsorption capacity of N-CAC for dimethyl sulfide was
decreased by 20% as compared with that of R~AC. The experimental adsorption isotherms of
binary gas mixtures at 'different molar ratios agreed closely with the theoretical adsorption
isotherms on N-CAC. However, the experimental adsorption isotherms of the binary gas mixtures
did not agree with the theoretical adsorption isotherms on R~A.C and the amounts adsorbed on R
AC were very much smaller than the theoretical ones. These results indicated that adsorption of
each component on N-CAC did not interfere with that of the other component. and that hydrogen
sulfide and dimethyl sulfide entered micropores of different sizes in N-CAC. It was concluded that
N-CAC is a characteristic adsorbent having a greater adsorption capacity for hydrogen sulfide in
these binary gas mixtures. It seemed that adsorption of the binary gas mixtures was mainly
competitive on R-AC and selective on N-CAC.

Keywords--binary gas mixture; hydrogen sulfide; dimethyl sulfide; N-containing activated
carbon; selective adsorption; experimental adsorption isotherm; theoretical adsorption isotherm

Malodorous gas mixtures are often discharged into the atomosphere as wastes frOITI

industrial facilities such as sewage disposal plants, fish and animal processing plants, etc., and
the concentration and composition ratio of these substances, which may also be toxic even at
relatively low concentration, usually fluctuate greatly with time. Thus, it is important to find
selective adsorbents which can remove the undesirable components specifically. However,
only a few reports are available on adsorption of binary malodorous gas mixtures. I) Lewis et
al.2

) and Danner and Choi" have reported on the adsorption of mixed hydrocarbon gases 011

activated carbon and zeolite. They found that data on the adsorption isotherms of the pure
components are very helpful to clarify the occurrence of competitive or preferential
adsorption of a binary gas mixture.'-"

This report describes the adsorption behavior of hydrogen sulfide and dimethyl sulfide
gas mixtures at different molar ratios in the pores of N-containing activated carbon (N
CACt·5

) having a greater adsorption ability for hydrogen sulfide.

Experimental

Materials--Hydrogen sulfide gas was of certified grade from Seitetsu Kagaku Co., and its purity was indicated
to be 99.9~;. Dimethyl sulfide gas with a purity of better than 98.0% was obtained from Seitetsu Kagaku Co.
Activated carbon No.1 (raw activated carbon (R-AC» was obtained commercially from Wako Pure Chemical Inds.
Ltd. (SDE 6318). Activated carbon No.2 (N-CAe) was prepared by impregnating activated carbon No. I with 20%
methylol melamine urea alcohol solution." The particle size of these adsorbents was 32-48 mesh. The procedure for
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measurement of pore volume was described previously."
Procedure for Pure Component Adsorption-Adsorption isotherms of hydrogen sulfide and dimethyl sulfide on

activated carbon were determined in an all-glass vacuum system similar to that described previously."
Procedure for Binary Mixture Adsorption--Adsorption isotherms of hydrogen sulfide and dimethyl sulfide gas

mixtures (l :3,1: 1. and 3: 1) were measured at 30"C and at equilibrium pressures up to approximately lOOTorr.

Results and Discussion

Adsorption of Pure Hydrogen Sulfide and Dimethyl Sulfide
Figure 1 shows the adsorption isotherms of pure hydrogen sulfide and dimethyl sulfide

on R-AC and N-CAC at 30°C. The amount of hydrogen sulfide adsorbed on N-CAC was
increased by 25-35% as compared with R-AC in the range up to 50Torr and by 10-20% as
compared with R-AC in the range up to 175Torr. On the other hand, the amount of dimethyl
sulfide adsorbed on N-CAC was decreased by approximately 20% as compared with R-AC in
the range up to 175Torr. Dubinin?' pointed out that the pore structure of an adsorbent can be
divided into three classes i.e., micropores (radius < 15-16A), transitional pores (15
16 <radius < 1000-2000 A), and macropores (radius> 1000-2000A). Later, Dubinin'P'
further classified the finest pores of adsorbent with equivalent radii up to 15-16 A into
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micropores (radius <6-7 A) and supermicropores (6-7 < radius < 15-l6'A). Figure 2
shows the differential 'pore size distribution curves of R-AC and N-CAC in the range up to
15A. The differential pore volume of N-CAC having pore radii smaller than 6.5 A was 20%
greater than that of R-AC. On the other hand, the differential pore volume of N-CAC with
pore radii of 7.0-8.5 A was much less than that of R-AC. The relationship between the
amount adsorbed and differential pore size distribution can best be explained by assuming
that hydrogen sulfide and dimethyl sulfide were mainly adsorbed into micropores (radius <
6-7 A) and into supermicropores (6-7 <radius < 15-16A), respectively, in the range of
low pressures.

Adsorption of Binary Mixtures of Hydrogen Sulfide and Dimethyl Sulfide
Figure 3 shows experimental and theoretical adsorption isotherms of hydrogen sulfide

and dimethyl sulfide gas mixture (l : 1) on R-AC and N-CAC at 30 ')C. Theoretical adsorption
isotherms of the binary mixture were calculated from the experimental adsorption isotherms
of the pure components by using the law of partial pressures. The experimental adsorption
isotherm of the binary gas mixture (1 ,: 1) on N-CAC agreed closely with the theoretical
adsorption isotherm in the range up to 100Torr. However, there was poor agreement in the
case of R-AC; the amounts adsorbed on R-AC were very much smaller than the theoretical
ones. Nishida et al." reported that the amount of hydrogen sulfide and methanethiol gas
mixture (l : 1) adsorbed on activated carbon was much less than the theoretical amount.
Nishida et al. pointed out that hydrogen sulfide and methanethiol were competitively
adsorbed on activated carbon.' >Lewis et al.,2l and Danner and ChoP> reported that in the
adsorption of a binary mixture of hydrocarbons on activated carbon and zeolite, each

be
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component interfered with the adsorption of the other. Our results on the adsorption
behavior of a binary gas mixture (1 : I) on N-CAC were different from theirs, but our results
on R-AC agreed with theirs. 1

- 3) Our results indicate tha t in the adsorption of a binary gas
mixture of hydrogen sulfide and dimethyl sulfide on N-CAC. each component did not
interfere with the adsorption of the other component, and that hydrogen sulfide and dimethyl
sulfide selectively entered micropores ofdifferent size in N-CAC. Moreover, the characteristic
sizes obtained by using the Dubinin-Radushkevich equation"!' for hydrogen sulfide on R-AC
and N,:,CAC were 4.32 and 3.66A,5} respectively. The characteristic sizes for dimethyl sulfide
on R-AC and N-CAC were 4.79 and 5.16 A, respecti vely. The characteristic size of
micropores is an average radius which corresponds to the characteristic point of the
adsorption isotherm. R-AC showed little difference between the characteristic sizes for
hydrogen sulfide and dimethyl sulfide. However, N-CAe showed a considerable difference.
This difference in the case ofN-CAe can best be explained by assuming that hydrogen sulfide
and dimethyl sulfide enter mainly smaller micropores and larger micropores, respectively, and
that hydrogen sulfide and dimethyl sulfide did not mutually interfere in adsorption on N-CAC
in the low-pressure range. It was concluded that N-CAC is an adsorbent having a new
character, because the adsorption behavior of a binary gas mixture on N-CAC was clearly
different from those reported by Nishida et al.,1) and Lewis et al.,2) and Danner and Choi."
Figure 4 shows experimental and theoretical adsorption isotherms of hydrogen sulfide and
dimethyl sulfide gas mixture (1: 3) on R-AC andN..CAC at 30 D e. The experimental
adsorption isotherm on N-CAC approximately agreed with the theoretical adsorption
isotherm in the range up to 60Torr. However, the amounts adsorbed 011 R-AC were much
smaller than the theoretical ones. These results indicated that each component in the binary
gas mixture did not interfere with the adsorption of the other when dimethyl sulfide was
predominant in the gas mixture. Figure 5 shows the experimental and theoretical adsorption
isotherms of hydrogen sulfide and dimethyl sulfide gas mixture (3: 1) on R-AC and N-CAC at
30 !,;'C. The experimental amounts of gas mixture adsorbed on N-CAC were decreased by 10
25% as compared with the theoretical ones, and those on R-AC were decreased by 40·-80<j'~

as compared with the theoretical ones in the range up to 50 Torr. This result indicated that
when hydrogen sulfide was predominant in the binary gas mixture, each component in the
binary gas mixture did not interfere markedly with the adsorption of the other on N-CAC and
selectively entered micropores ofdifferent size. These results(Figs. 3...,.--5) indicate that N-CAC
is a characteristic new adsorbent whose adsorption properties do not depend markedly on the

Fig. 6. Adsorption Isotherms of Hydrogen Sul
fide-Dimethyl Sulfide Gas Mixture (1 : 3) on R
AC and N-CAC

e. R-AC; O. N-CAC.
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Fig. 8. Adsorption Isotherms of Hydrogen Sul
fide-Dimethyl Sulfide Gas Mixture (3 : 1) on R
Ae and N-CAC
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composition ratio of hydrogen sulfide and dimethyl sulfide gas mixtures.
Figures 6, 7, and 8 show adsorption isotherms of hydrogen sulfide and dimethyl sulfide

gas mixtures (l : 3, 1: 1, and 3: 1, respectively) on R-AC and N-CAC at 30°C. The adsorption
capacity of N-CAC for the 1 :3 mixture was larger than that of R-AC in the range up to
5Torr. The adsorption capacity ofN-CAe for the 1: 1mixture was also larger than that ofR
AC in the range up to 35 Torr. The same was also true for the 3 : 1 mixture up to 150Torr. The
results indicate that each component of the gas mixture was adsorbed more competitively on
R-AC with increase in the molar ratio of hydrogen sulfide in gas mixture. On N-CAC,
however, each adsorbate did not interfere with the adsorption of the other component, and
hydrogen sulfide and dimethyl sulfide entered micropores of different sizes. I t was concluded
that N-CAC is a characteristic adsorbent having greater adsorption capacity for hydrogen
sulfide from gas mixtures composed of hydrogen sulfide and dimethyl sulfide at different
molar ratios.
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Indomethacin gel preparations made by dissolving the drug in Pluronic aqueous gels were
administered rectally to rabbits and the drug plasma levels were determined. When indomethacin
gel preparations with 20% (w/w) Pluronic F-127 were given to rabbits, the plasma concentration
reached the maximum level 0.5 h after administration. On the other hand. the 25~,~ (w/,w) Pluronic
F-127 gel preparation did not show a sharp peak of plasma concentration and produced II

sustained-release effect. The 30% (w/w) gel preparation also gave a sustained-release effect, but it
was not a desirable preparation because its [AUCJbo was only half that ofa commercial suppository.
Pluronic F-I 08 and Pluronic F-98 did not give a sustained-release effect at the concentration of 25~';;

(w/w).

Damage to the mucosal membrane by Pluronic F-127 was rarely found in the rectum. In
addition, the individual differences in drug plasma levelsfollowing rectal administration of the 25t:~

(w/w) Plutonic F-127 gel preparation were small compared with those of other preparations,
These results suggest that the 25'i;' (w/w) Pluronic F-127 gel is most suitable for use as a vehicle

for rectal administration of indomethacin with prolonged action and with reduced side effects.

Keywords--Pluronic F-127; Pluronic F-I08; Pluronic F-98; indomethacin: gel preparation;
sustained release; rectal administration; rectal absorption; rabbit

1243

The possible use of Pluronic F-127 gel as a vehicle for drug delivery has been examined."
Pluronic F-I27 consists of approximately 70~~/:) ethylene oxide and 30<.%'; propylene oxide with
an average molecular weight of 11500. The unique characteristic of this copolymer is reverse
thermal gelation; concentrated solutions (20-40~~ w/w) of the copolymer are fluid at
refrigerator temperature (4-5 °C), but are soft gels at body temperature." This suggests that
when poured onto the skin or injected into a body cavity, the preparation will form a solid
artificial barrier and sustained-release depot. In recent years, Pluronic F-127 has been
evaluated as a vehicle for novel dosage forms, either for dermatological use3 .4 } or topical
ophthalmic application." Since Pluronic F-127 has low toxicity and is inexpensive, it might be
suitable for use in the preparation of other dosage forms of commercial drugs.

Indomethacin has been widely used as a non-steroidal drug having anti-inflammatory
and anti-pyretic effects. However, when given by the usual oral administration route,
indomethacin may produce gastrointestinal side effects. In order to minimize such side effects,
rectal administration of the drug has been attempted.?' Furthermore, sustained-release
suppositories of indomethacin were prepared to obtain desirable plasma concentrations, since
a high plasma level of the drug has-an adverse effect on the nervous system."

In the previous paper," it was suggested that indomethacin preparations based 011

Pluronic F-127 aqueous gel may be practically useful as a rectal preparation with prolonged
action and reduced side effects. The purpose of the present study was to investigate in more
detail the rectal absorption of indomethacin from Pluronic gels in rabbits.
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Experimental

Materials~-Indornethacinwas obtained from Sigma Chemical Co., St. Louis. Pluronics were a gift from Asahi
Denka Kogyo Co.. Tokyo and BASF Wyandotte Co.. Parsippany, and were used as received (Pluronic F-127.
Pluronic F-I08. and Pluronic F-98).

Preparation of Pluronic Gels--All Pluronic formulations were prepared on a weight percentage basis by the
cold process. An appropriate amount of Pluronic was slowly added to cold phosphate buffer at pH 7.2 in a vial
containing a magnetic stirring bar with gentle mixing. The container was left overnight in a refrigerator to ensure
complete dissolution. With time. a clear. viscous solution formed. Indomethacin was dissolved in each gel at a
concentration of 0.8~·;, (w/v).

Measurement of Drug Release from Pluronic Gels--Indomethacin release rates were measured by using a

plastic dialysis cell containing a membrane barrier (Visking Co., type 36/32).21 The drug concentration of the sample
was determined with a spectrophotometer at 266nm. All experiments were carried out in triplicate and average values
were plotted.

Rectal Absorption-White male rabbits weighing 3.3-3.8 kg were fasted for 3611 prior to the experiments but
allowed free access to water. Pluronic gel preparation was administered into the rectum 3-5 em above the anus
through a stomach sonde needle for rats (KN-348, Natsurne Seisakusho, Tokyo) fitted on a glass syringe: the gel was
chilled prior to filling the syringe to facilitate this procedure. Indomethacin gel preparation was given 'as 3 ml of
Pluronic gel containing 25 mg of the drug. At predetermined intervals. I 011 of blood was collected from the ear vein
and cen trifuged at .3000 rpm for 10min. The plasma concentration of indomethacin was determined chromatographi
cally by the method of SkeJlern and Salole?' with slight modifications."

Morphological Studies on Rectal Tissue in Rats--Male, Wistar rats weighing 200g were fasted for 18 h prior to
experiments but allowed free access to water. The Pluronic F-127 gel without drug (OAml) was administered to the
rat rectum. After I and 6h, the rectum was isolated, rinsed with a saline solution. fixed in 10% formalin and cut into
slices. The slices were stained with hematoxylin-eosin. and observed under a light microscope (model PM-lO
A, Olympus. Tokyo).

Results

In Vitro Release Experiment
The effects of Pluronic F-127 concentration on the drug release kinetics .are illustrated in
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Fig. 1, which shows the cumulative amount of indomethacin released versus time. The
apparent release rate (k) was determined by measuring the slopes (rng/h) of the lines by the
least-squares method. A plot of the k values as a function of vehicle concentration was linear
(Fig. 2). The release rate decreased as the concentration of Pluronic F..127 in the vehicle
increased. The reason for the decreased release rate may be an increase in the viscosity of the
vehicle. It was reported that the higher the Pluronic F-I27 concentration, the greater the yield
strength" or rigidity of the gels.to) Since the gels are micellar. it may also be assumed that
micellar solubilization contributed to the decrease in drug release."? Further studies will be
required to obtain a 'complete understanding of the mechanism.

In the previous paper." concentrated solutions ofPluronic F-98 and Pluronic F-I08 were
also transformed from low viscosity transparent solutions to soft gels on heating from 5 to
37 c'C. Thus, indomethacin release from Pluronic F-127 gels was compared to that from the
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Fig. 4. Effect of Pluronic F~127 Concentration
on Indomethacin Absorption after Rectal Ad
ministration to Rabbits
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Each value represents the mean of 3 experiments.
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TABLE 1. Comparison of l'mtlX' COUll' and [AVenD Values between Pluronic
Gel Preparations and Commercial Suppository

Gel
Tmllx (','nlux [AUC]~O

Form conen.
ei;' w/w)

(h) (Jig/mltl (leg' h/ml)"

Pluronic F ~127 20 0.5-1.5 4.28 ± O.69c1 15.57± 1.98
Pluronic F-127 25 0.5-2.0 1.93± 0.16'H 12.71± 1.28
Pluronic F-127 30 1.0-2.0 1.57 ± 0.32dl 8.82±2.291')
Pluronic F-98 25 0.5-2.0 2.11 ± 0.1Od) 8.63 ± O.75f1

Pluronic F-I08 25 0.5 2.68 ± 0.21dl 12.42± 1.04
Commercial suppository" 0.25-0.75 9.29± 0.63 15.57± 1.27

a) The area under the curve (A DC) was calculated by means of the trapezoidal method. b) Each value
represents the mean ±S.E. of 4 rabbits. c) Significantly different from the commercial suppository;
p<0.005, d) p<O.OOI, e) p<O.I,j) p<O.OI. (I) reference 8.
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other Pluronics at the concentration of 25% (w/w) (Fig. 3); the rates of release were F-98 = F
108> F-127. This order seems to be the reverse of the order of viscosity of the gels at 370C. 10

)

Plasma Concentrations of Indomethacin after Rectal Administration
The plasma levels of indomethacin after rectal administration of Pluronic F-127 gel

preparation at various concentrations are shown in Fig. 4. Table I summarizes the parameters
of bioavailability, with the previous results" using commercial indomethacin suppositories.

5

E.....
0\
;:>. 4
c:
0-.....a
L.. 3.....
c:
llJ
Uc:a
u

2
0
E

'"0-c,

2 ·4 6
Time (h )

8 10

Fig. 5. Rectal Absorption of Indomethacin
from 25% (w!w) Pluronic Gels in Rabbits
., Pluronic F-127; 0, Pluronic F-108; 6., Pluronic

F-98.
Each preparation contained 25 mg of the drug.

Each value represents the mean±S.E. of 4 rabbits.

( A )

Fig. 6. Histological Observation of Rectal
Mucosa at Dh (A), 1h (B), and 6h (C) after
Rectal Administration of 25% (w/w) Pluronic
F-127 Gel without Indomethacin in Rats
(x240)
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Figure 4 shows that absorption of indomethacin from the 20% (w/w) gel preparation was
rapid, and the mean maximum plasma concentration (Cmax) was 4.28 Jlgjml at 0.5 h, which
was lower than that (9.29 ttg/ml) of the commercial suppository. Then indomethacin was
eliminated rapidly from the plasma: On the other hand, the 25% (wjw) Pluronic F-127 gel
preparation did not give a sharp peak of plasma concentration, but produced a sustained
plateau plasma level of indomethacin from 0.5 to 4 h without a lag time, and the plasma level
of indomethacin maintained for over 10h. In the case of 30% (w/w) Pluronic gel, a low and
plateau plasma level of indomethacin was maintained for over 10h. As shown in Table I,
however, the 30% (wjw) gel preparation is unfavorable because its [AUC]6° value was only
half that of the commercial suppositories. The mean [AUC]6° value after administration of
25% (w/w) gel preparation was 80.6% of that of the commercial suppository, and there was no
significant difference in extent of bioavailability between the two.

Indomethacin gel formulations prepared from Pluronic F-98 andPluronic F-108 (25%
wjw) were administered rectally to rabbits and the drug plasma levels were compared with
those after rectal administration of the 25/,~ (w/w) Pluronic F-127 (Fig. 5). The gel
preparations ofPluronic F-98 and Pluronic F-108 showed peak plasma.concentrations of 2.11
and 2.68 tlgjml, respectively, after 0.5 h, and later the concentration decreased rapidly. These
Pluronic gels did not give a sustained-release effect.

Morphological Studies on Rectal Tissue in Rats
In order to examine the rectal mucosal damage caused by the Pluronic F-127 gels,

Pluronic F-127 gels without indomethacin was administered into the rectum of rats. As
illustrated in the photographs in Fig. 6, no mucosal damage caused by the Pluronic F-127 gel
was observed as-compared with the control. This result indicates that Pluronic is suitable for
use as a vehicle for rectal administration.

Discussion

As a part of an investigation into the potential use of Pluronic F-l27 gels as sustained
release depot preparations, we studied the in vitro and in vivo release characteristics of
indomethacin from various gel formulations. In the in vitro release experiments, the effect of
the gel concentration was evident; the higher the concentration of the gel, the slower
indomethacin release was (Fig. I). As is evident from Fig. 4, the results of in vivo absorption
experiments at various concentrations coincide with the in vitro ones. That is, the 20~Yc; (wjw)
Pluronic F-127 gel produced a sharp peak of plasma concentration and did 110t give a
sustained-release effect. At higher concentrations (25 and 30~) wjw), where drug release was
slower, indomethacin absorption was also slower and the plasma level was maintained for
longer. However, the 30% (w/w) gel preparation is not desirable, because its [AUC]bo value
was only half (56%) that of the commercial suppository, indicating that the extent of
bioavailability was small. The 25:;;) (wjw) Pluronic F-I08 and Pluronic F-98 did not give a
sustained-release effect (Fig. 5). On the basis of the release experiments (Fig. 3),so111e
differences in the blood levels after rectal administration of the F-98 or F-l 08 gels and the F
127 gel would be expected. However, the results obtained in this study indicate that there are
no distinct differences in the blood levels. The low plasma levels of the F-98 or F-I08 gels
appear to be attributable to their higher osmotic pressure and/or greater hydrophilicity than
the F-127 gels, but further work is.required to clarify this point.

The 25% (w/w) Pluronic F-127 gel preparation gave a plateau level of drug in the plasma
after rectal administration without producing a sharp peak of plasma concentration.
Therefore, it was considered that this Pluronic gel preparation is a suitable dosage form for
reducing the incidence of side effects and the frequency of administration.
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In particular, Pluronic F-127 is desirable because it has low toxicity. The toxicological
properties of this series of block polymers have been studied, and the results indicate that
Pluronic F-127 is one of the least toxic ofcommercially available block polymers." Although
one must take into consideration the membrane damage due to some surfactants, which is
undesirable, damage to the mucosal membrane by Pluronic F-127 was rarely found in rat
rectum (Fig. 6). Malik et a/. ll } reported that Pluronic F-68 has no effect on the membrane. In
addition, the individual differences on rectal administration of the 25% (w/w) Pluronic F-127
gel preparation seemed to be small compared with those of other preparations.

These results suggest that indomethacin preparations based on Pluronic F-127 aqueous
gelgiven by rectal administration may have clinical potential. There are several dosage forms
available for the rectal delivery of drugs: suppositories, rectal gelatin capsules, and enemas."
Pluronic F-127 gel is potentially useful for sustained-drug release when given In the form of
enemas.

Pluronic F -127 gel possess several properties which appear to be particularly suitable for
the formulation of enema dosage forms. There is no practical difficulty in administration of
the gel preparation, since the gelation is reversible, and this reversible sol-gel property allows a
cool solution to flow into the rectum. Since it is water-soluble, Pluronic gel can be easily
removed by washing in water.

The preparation of gels based on Pluronic F-127 is a very simple matter. One may use
either a "cold" or a "hot" technique." Once the Pluronic is completely dissolved, ingredients
may be added.

Another advantage of using Pluronic F-127 is its general applicability to most drugs;
water-insoluble material become solubilized in the surfactant micelles (the Pluronic gels are
known to contain a large population of micelles4 •

12
) .
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Twelve dipeptides (1-12) containing j-aminobutyric acid (GABA: H-}'Abu-·OH: 37) at the C~

terminal were synthesized. Another six dipeptides (13-18) containing GABA analogues such as '}.~

amino-ji-hydroxybutyric acid [GABOB: H-}'Abu(20H}-OH: 38], IJ-alanine (39) and e-aminocaprlc
acid (EACA: l:Acp: 40) at the C-terminal were also synthesized. Their properties are presented,
together with preliminary findings on the immuno-crossreactivity with antiserum against GABA.

Keywords--dipeptide; }'-aminobutyric acid (GABA); GABA analogue; irnmunohisto
chemistry; imrnuno-crossreactivity; absorption test
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Many neuroscientific studies have suggested that gamma-aminobutyric acid (GABA) is a
chemical neurotransmitter in the nervous system of vertebrates.v" Neuroanatornically,
GABAergic neurons have been visualized by immunohistochemical methods.conventionally
by using antisera against glutamic acid decarboxylase (an enzyme synthesizing GABA)4) and
recently by using antisera against GABA itself.5

•
6

) The latter method seems much better than
the former, because it can directly detect the transmitter molecule. Since, however, the
reliability of the method depends upon the specificity of anti-GABA serum, the immunologi
cal crossreactivity of the antiserum should be as low as possible with various other
compounds that may also be present in the nervous system.

In our immunohistochemical study using an anti-GABA serum, which was proven to
have very low immuno-crossreactivities with many other amino acids," we noticed that some
dipeptides containing GABA at the Csterminal showed quite high immunoreactivities with
the anti-GABA serum. Rat brain sections, for example, that were incubated with the
antiserum used as the first antibody in a usual immunohistochemical procedure, revealed
numerous neuronal structures stained positively for GABA-like immunoreactivity." When
the antiserum had been preincubated with a crossreactive compound, the staining intensity of
GABA-like immunoreactivity was decreased or even completely abolished. All the C-terminal
GABA-containing dipeptides listed in Chart 1 were crossreactive on this criterion (Fig. 1).
Interestingly enough, when the antiserum was absorbed with some dipeptides containing
GABA at the Nsterminal, such as homocarnosine, no such effect was seen.

A similar phenomenon has been reported with antisera against another amino acid,
taurine. Namely, Kimura et al.S) observed that SOUle naturally occurring dipeptides, that
contained taurine at the C-terminal, had very high immuno-crossreactivities with antisera
against taurine. Although no precise knowledge is yet available concerning the immuno
recognition sites of the antigens of interest, it is very likely that many unknown dipeptides
containing antigenic amino acids at the C-terminal may also have strong crossreactivity with
anti-amino acid sera. However, only a few dipeptides containing GABA at the C-terminal
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H-X~eAcp-OH

X: Phe (17) Pro (18)

have been synthesized." Further, dipeptides containing such GABA analogues as fi-Ala,
GABOB and EACA have not been reported so far.

In the present study, we synthesized eighteen dipeptides (1-18), aiming to analyze
systematically their immuno-crossreactivity with GABA antiserum. We present here the
details of the syntheses and some immunochemical and physiochemical properties of these
unique dipeptides,

Eighteen dipeptides (1-18) were synthesized by the routes shown in Chart 2. Two
methods using active esters were chosen for the first condensation step, and protecting groups
were easily removed in a usual manner. The first method using N-hydroxy-5-norbornene-2,3
dicarboximide (HONB) with N,N'-dicyclohexylcarbodiimide (DeC) was carried out accord
ing to Fujino et al.t O) In the second method, N,N' -disuccinimidyl carbonate (DSC) was used to
form active esters, Z-X-ONSU,ll) and unprotected GABA or an analogue was used as the C
terminal component. Dipeptide benzyl esters containing a proline residue (Z-Pro-Y-OBzl)
were difficult to purify. In contrast, Z-Pro-Y-OH was easily obtained as a pure crystalline

H-X-rAbu-OH

x. Gly (1) Ala (2) Val (3) Leu (4) Ile (5) Pro (6) Hyp (7)
Ser (8) Thr (9) Phe (10) Tyr (11) Asp (12)

H-X-yAbu(20H)-QH H-X-fiAla-OH

X: Phe (13) Pro (14) X: Phe (15) Pro (16)

Z-X-rAbu-OBzI

X: Gly (19) Ala (20) Val (21) Leu (22) Ile (23) Hyp (24)
Ser (25) Thr (26) Phe (27) Tyr(OBzl) (28) Asp(OBzl) (29)

Z-X-rAbu-OH Z-X-yAbu(20H)-OBzI Z-X-yAbu(20H)-QH

X: Pro (30) X: P\le (31) X: Pro (32)

Z-Phe-tSAla-OH Z-Pro-eAcp-OH

X: Phe (33) Pro (34) X: Phe (35) Pro (36)
H-rAbu-OH (37) H-yAbu(20H)-OH (38) H-.BAla-OH (39) H-eAcp-OH (40)

Chart 1
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Z
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Chart 2

TABLE 1. Specific Optical Rotation Values at the Sodium D Line of Neutral
Dipeptides and Their Amino Acid Components" at 20-25 "C

Compd.
Dipeptidcs (H-X-Y-OH)

[ex]D k= I, H20)

Amino acid components (H-X-OH)

[et]D (c= 1-5, H20) [exll) (c::: 1-5, aq. HCl)

2
3
4
5
6

14
16
18
7
8
9

10
13
15
17
11

+ 15.1"
+40.T
+31.6"
+28.6"
-47.3"
- 31.9"
- 50.8"
-47.6"
-35.8"
+12.5'"
+19.2')
+54.1':'
+60.3"
+63.4"
+42.9"
+44.6"

+ 1.8"
+5.6"

-11.0"
+1'2.4<'
-86.2"
-86.2"
-86.2'"
-86.2'"
-76,0'"
-7.5"

-28.5')
-34,5°
-34.5"
-34.5°
-34.5"

It)

+ 14.6°
+28.3'"
+28.3"
+39.5"
-60.4"
-60.4"
-60.4°
-60.4'"
-50.5°
+ 15.1 0

-15.0°
-4.5"
-4.5"
-4.5°
-4.5°

-10.5°

a) "Data for Biochemical Research," ed. by R. M. C. Dawson. D, Eliott, W. H. Eliott and K. M. Jones,
Clarendon Press, Oxford, 1974. b) Insoluble.

solid, so that dipeptides containing proline were synthesized by the latter method.
Specific optical rotation values of sixteen neutral dipeptides (2-18) and their amino

acid components are shown in Table I. The [O:]D values of the dipeptides, except Ser, Phe and
Tyr derivatives (8, 10, 11, 13, 15, 17), were similar to those of the amino acids located at the N-
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TABLE II. Proton Magnetic Resonance Spectra of Dipeptides (H-X-y-oH)
and C-Terminal Amino Acids (H-Y-OH)

Signals of N-terminal moiety (-X-)

1 3.77 (2H, s)

2 1.50 (3H, d, J=7). 4.02 (lH, q, J=7)

3 1.01 (3H, d, J=7), 1.02 (3H, d, J=7), 2.12
2.24 (lH, m),·3.72 (lH, d, J=7)

4 0.94 (3H, d, J=6), 0.96 (3H. d, J=6), 1.58
1.75 (3H, m), 3.94 (lH, t, J=7)

5 0.92 (3H, t, J= 7), 0.98 (3H, d, J = 7), 1.17
1.29 (lH, m), 1.45-1.56 (lH, m), 1.89-2.00
(IH, m), 3.79 (l H, t, J=6)

6 1.97-2.11 (3H, m), 2.36-2.49 (IH, m), 3.34
3.77 (2H, m), 4.32 (lH, dd, J=7, 8)

7 2.15 (IH, ddd, J==3.5, 10, 14),2.47 (IH, dddd,
J=2, 2, 8, 14), 3.41 (fH, ddd, J=2, 2, 12.5),
4.53 (IH, dd,J==8, 10),4:68--4.72 (lH, m)

8 3.91 (1H, dd, J=6, 12.5), 3.97 (IH, dd, J=4,
12.5), 4.07 (1H, dd, J=4, 6)

9 1.29 (3H, d, J=6.5), 3.79 (tH, d, J=6), 4.12
(lH, dq, J=6, 6.5)

10 3.09 (IH, dd, J=9, 13),3.23 (lH, dd, J=6, 13),
4.12 (lH,.dd, J=6, 9), 7.24-7.42 (5H, m)

11 3.00 (lB, dd, J=9, 14), 3.16 (IH, dd, J=6, 14),
4.06 OH, dd, J=6, 9), 6.86 (2H, d, J=8), 7.13
(2H, d, J=8)

12 2.95 (lH, dd, J=7, 18),3.01 (lH, dd. J=6, 18),
4.27 (lH, dd, J=6. 7)

37

13 3.10-3.29 (2H. m), 4.17-4.23 (lH, m), 7.25
7.45 (5H, m)

14 2.01-2.11 (3R. m), 2.41-2.54 (IH, m), 3.30
3.48 (2H, m), 4.37 (lH, dd, J=7, 8)

38

15 3.10 (l H, dd, J=9, 14),3.21 (IH, dd, J=6, 14),
4.15 (IH, dd, J=6, 9),7.20-7.43 (5H, m)

16 2.10-2.18 (3H, m), 2.38-2.47 (lH, rn), 3.35
3.46 (2H, m), 4.35 (IH, dd, J=7, 8)

39
17 3.08 (lH, dd, J=9, 13), 3.22 (lB, dd, J=6, 13),

4.12 (lH, dd, J=6, 9), 7.20-7.45 (5H, m)

18 1.96-2.11 (3H, m), 2.39-2.49 (IH, m), 3.35
3.48 (2B, m), 4.33 (lB, t, J=7.5)

40

Dvalues ex tert-BuOH (1.23), J in Hz. measured in 0.1N Del/D20 .

Signals of Cvterminal moiety (-Y-)

1.77 (tt, J=7.5, 7, PH), 2.25 (t, J=7.5, (XH),
3.25 (t, J=7, yH)

1.78 (tt, J=7, 7, PH), 2.29 (t, J=7, (XH), 3.24,
3.27 (dt, J=7, 14, yH)
1.80 (tt, J=7, 7, PH), 2.31 (t, J=7, (XH), 3.24,
3.30 (dt, J= 7, 14, yH)
1.81 (n, J=7, 7, PH), 2.36 (t, J=7, (XH), 3.22,
3.32 (dt, J=7, 14, yH)
1.80 (tt, J=7,.7, PH), 2.34 (t, J=7, (XH), 3.23,
3.31 (dt, J=7, 14, yH)

1.79 (U, J=7, 7, PH), 2.29 (t, J=7, (XH), 3.24,
3.29 (dt, J=7, 14, yH)
1.80 (tt, J=7, 7, PH), 2.33 (t, J=7, (XH), 3.25,
3.31 (dt, J=7, 14, yH)

1.79 (tt, J=7.5, 7.5. PH), 2.29 (t, J=7, 5, aH),
3.27 (t, J=7.5, yH)
1.21 (tt, J~7, 7, PH), 2.37 (t, J=7, aH), 3.28
(t, J=7, yH)
1.46-1.63 (m, PH), 1.94-2.11 (rn, (XH), 2.98,
3.25 (dt, J=7, 14, yH)
1.48-1.61 (m, f3H), 1.97-2.13 (m, aH), 2.97,
3.29 (dt, J=7, 14, yH)

1.81 (tt, J=7, 7, {3H), 2.40 (t, J=7, aH), 3.23,
3.33 (dt, J=7, 13.5, yH)
1.90 (U, J=7.5, 7.5, fJH), 2.34 (t, J=7.5, (XH),
3.01 (t, J=7.5, yH)
2.09-2.32 (rn, (XH), 3.10-3.29 (rn, )'H), 3.88
4.35 (m, PH)
2.41-2.54,2.58-2.65 (rn, (XH), 3.30-3.48 (m,
yH), 4.13--4.22 (m, PH)
2.46 (dd, J=7, 15, (XH), 2.51 (dd, J=5, IS, (XH),
2.96 (dd, J=9, 13, yH), 3.17 (dd, J=3, 13, yH),
4.-1 9-4.26 (m, PH)
2.34 (ddd, J=5, 8, 17, (XH), 2.44 (ddd, J=5, 6,
17. (XH), 3.25 (ddd, J =5, 8. 14, PH), 3.45 (ddd,
J=5, 6, 14, fJH)
2.64 (t, J=6.5, ctH), 3.49,3.57 (dd, J=6.5, 13,
PH)
2.58 (t, J=6.5, (XH), 3.18 (t, J=6.5, (JH)
0.97-1.07 (m, yH), 1.22-1.34 (rn, t5H), 1.48
(tt, J=7, 7, PH), 2.30 (t, J=7, (XH), 2.91-3.00,
3.15-3.23 (m, eH)
1.30-1.38 (m, I,H), 1.49-1.60 (m, t5H), 1.60
(tt, J=8, 8, PH), 2.38 (t, J=8, (XH), 3.19, 3.29
(dt, J=7, 14, eH)
1.29-1.38 (m, yH), 1.55 (tt, J=7.5. 7.5, t5H),
1.62 (U, J=7.5, 7.5, PH), 2.20 (t, J=7.5, (XH),
2.24 (t, J=7.5, eH)
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terminal under acidic conditions. However, no relationship was apparent between the values of
the dipeptides and those of the amino acids under neutral conditions (around pH 7). The
values seemed to depend not on the total charge of molecules, but on the charge of the hetero
atom next to the carbonyl group: CO-NH-, CO-OH or CO-O - .

Table II shows the band J values of dipeptides (1-18) in 0.1 N DCI, taken from the
proton nuclear magnetic resonance (1 H-NMR) spectra. Signals derived from GABA were
characteristic. The chemical shifts of «H, f3H and i'H of the GABA residue in these peptides
were similar to those of GABA itself.

The peptide containing Gly (1) had one kind of }'H proton signal, while 1110st of the
other peptides (2-7, 10-12) had two kinds of yH proton signals. Two other peptides
(8, 9), however, containing Ser and Thr, respectively, also showed only one kind of },H
proton signal.

All of the dipeptides studied in this paper possessed more or less strong immunological
absorption capability as mentioned above. A quantitative evaluation of the immuno
crossreactivity of the anti-GABA serum is in progress.

Experimental

Melting points of all compounds are uncorrected. I H-NMR spectra were obtained by using tert-butanol
(1.23 ppm) as an internal standard with a Brucker AM-400 spectrometer. Optical rotations were measured with a
JASeO DIP-140 spectrometer.

Immunostaining Procedure--The avidin-biotin-complex (ABC) method 12; was used as an immunohistochemi
cal procedure. Immunostaining for GABA-like immunoreactivity was carried out in rat brain tissues according to the
procedure described by Kimura and Tanaka.6

) For absorption tests, only the first step of the staining procedure was
modified. Namely, a 0.3};; Triton-X solution (100 tIl), in which a test sample (3.3mg or none) was dissolved, was
added to a diluted solution of anti-GABA serum (I ml; 1 : 10000). The absorption ability of the sample was judged
from the staining intensity compared with that of the non-absorbed control.

Method A-----a) Z--Hyp-}'Abu--OBzI (24): DeC (4.54g) was added to a solution of Z-Hyp-OH (4.78g) and
HONB (4.34 g) in THF (lOaml) at O°C, and the mixture was stirred at the same temperature for an additional I b.
then at room temperature for I h. Z--Hyp-ONB was formed, and the resulting DCU was filtered off. The filtrate was
concentrated in vacuo. The oily residue was dissolved in dioxane (100 ml), and to this solution, GABA-OBzI p

toluene sulfonate (7.3l g) and triethylamine (2.()2g) were added at room temperature. After stirring of the mixture for
20h followed by evaporation ;/1 vacuo, the oily residue was dissolved in ethyl acetate (100 ml). The solution was
washed successively with water, 5~~; aqueous sodium hydrogen carbonate, brine, 10";;; aqueous citric acid and brine.
After being dried over sodium sulfate, the organic layer was evaporated to dryness in l'lICUO. The crystalline residue
was recrystallized from ethyl acetate-ether (15 ml : 50 ml) to yield pureZ-HYP-}'Abu-OBzI (24) (7.15 g, 81~~J, mp 72
73 nC, [et]1) --15.0" (c= 1, DMF).

Eleven other protected dipeptides (19-23, 25-30) were similarly synthesized: Z--Gly-}'Abu-OBzl (19) (84~Ya),

mp 83..5---85 "C: Z-Ala--}'Abu-OBzl (20) (88~XJ, mp 99.5--100.5°C, [ct]D+6.4 ,'. (c~ 1, DMF); Z-Val-yAbu--OBzl
(21) (78~X'), mp 1l4.5~116 ';'C, [exJ~)+ 10.1 L> (c= 1, DMF); Z-Leu-j'Abu--OBzI (22) (50~~'{J, mp 73-74 PC, [exJI) -3.8 o

(c= 1, DMF); Z·-I1e--yAbu·-OBzl (23) (56%), mp 106.5--I09'\C, [Cl]o +6.7l.1 (c= J, DMF); Z--Ser-l'Abu--OBzl (25)
(61'J~), mp 137--138 "C, [etJl) +17.5' (c;'l, DMF); Z-Thr-j'Abu-OBzI (26) (95~:.), mp 94.5-95.5"C, [rx]D+2.0"
«('=1, DMF); Z-·Phe--j'Abu-OBzI (27) (70~{1)' mp I33-134L\C, [Cl]D-8.9'" (c=l, DMF); Z-Tyr(OBzl)-)'Abu--OBzI
(28) (92~;:), mp 138----139 -c, [Cl]D -13.0" (c= I, DMF); Z-Asp(OBzl)-}'Abu-OBzI (29) (87%), mp 111-112 "C, [et]D
-6.5 t, (c= 1, DMF); Z.-Phe-yAbu (20H)-OBzl (32) (70~~~), mp 122-123°C, [etJo - }0.8 u (c= 1, DMF).

b) H-Gly-yAbu-OH (1): Hydrogenation ofZ-Gly-yAbu-OBzl (19) (4.6 g) over a Pd catalyst in the usual manner
in a mixed solvent of MeOH-AcOH-H20 (30ml: 10 ml: 5 ml), followed by removal of the catalyst and evaporation of
the solvent, ga ve a residue. The residue was dissolved in a mixed solvent of EtOH and toluene (20 ml: 30 ml), and the
solution was evaporated to dryness to give a colorless solid. Recrystallization from H;!O-EtOH gave pure H-Gly
yAbu-QH (1), (2.05g, 85%), mp 212-215 "C(dec.). Anal. Calcd forC6H12NZ03 : C, 44.99; H, 7.55; N, 17.49. Found: C,
44.97; H, 7.62; N, 17.41.

Ten other dipeptides (~-1l, 13) were similarly obtained: H-Ala-yAbu-QH (2) (87%), mp 215-218 DC (dec.).
Anal. Calcd for C7H14N203: C, 48.26; H, 8.10; N, 16.08. Found: C, 48.26; H, 8.04; N, 15.98; H-Val-}'Abu-OH (3)
(69%). mp 202-203 DC. Anal. Calcd forC9H 18 N203: C, 53.44; H, 8.97; N. 13.85. Found: C, 53.78; H, 9.02; N, 14.00;
H-Leu-yAbu~OH (4) (73~~), mp 179.5-180.5°C. Anal. Calcd for ClOH20N203: C, 55.55; H, 9.47; N, 13.07. Found:
C, 55.53; H, 9.32; N, ]2.95; H-Ile-yAbu-OH (5) (56%), mp 152-154 °C (amorphous); H-Hyp-yAbu-QH (7) (75%),
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mp 210-211 DC. Anal. Calcd forC9H16N204: C, 49.99; H, 7.46; N, 12.96. Found: C, 49.85; H, 7.87; N, 12.66; H-Ser
yAbu..,.()H (8) (82%), mp 188-191 '"'C (dec.). Anal. Calcd for C7H14N204: C, 44.20; H, 7.42; N, 14.73. Found: C,
43.91; H, 7.78; N, 14.82; H-Thr-yAbu-OH (9) (52%), mp 136 DC (dec.). Anal. Calcd for CaH16N204: C. 47.05; H,
7.90; N, 13.72. Found: C, 47.25; H, 7.99; N, 13.89; H-Phe-yAbu-OH (10) (82%), mp 173.5-174.5 "C, Anal. Calcd
for C13H1SN203: C, 62.38: H, 7.25; N, 11.19. Found: C, 62.03; H, 7.38; N, 10.95; H-Tyr-;IAbu-OH (11) (72%), mp
68-71 DC (amorphous). H-Asp-'},Abu-oH (12)(83%), mp 216-218 DC (dec.), [0:]0+12.6O(c=1, 0.1 N NaOH). Anal.
Calcd for CSHI4N20S: C, 44.03; H, 6.47; N, 12.84. Found: C, 44.00; H, 6.61; N, 12.59; H-Phe-yAbu(20H)-OH (13)
(75%), mp 177-179 DC. Anal. Calcd for C13HlSN204: C, 58.63; H, 6.81; N, 10.52. Found: C, 58.41; H, 6.90; N, 10.42.

Method B--a) Z-Pro-yAbu-QH (31): Z-Pro-QNSu (1.73 g) in acetonitrile (30ml) was added to a solution of
GABA(0.52 g) and TEA (0.51 g) in water-acetonitrile (10 ml: 10ml) at room temperature. After stirring of the mixture
for 20 h and evaporation in vacuo, the residue was dissolved in a mixed solvent of 1 N aq. HCI (20ml) and ethyl acetate
(50 ml). The organic layer was separated, washed with brine and extracted with 5~~ aqueous sodium hydrogen
carbonate (30 ml x 3). The extract was washed with ethyl acetate (30mlx 2) and acidified with 6 N aq. HCI. The
separated oil was extracted with ethyl acetate (30 ml x 3) and the organic solution was washed with brine (30 ml),
dried over sodium sulfate and evaporated in MCUO. The oily residue was triturated with petroleum ether. The
crystalline product was recrystallized from ethyl acetate-ether (55 mI :.30ml) to give pure Z-Pro--'J'Abu-OH (31)
(0.89g, 53%), mp 73-75 -c, [0:]0 -29.5 0 (c= 1, H20 ).

Five other protected dipeptides (33-37) were similarly synthesized: Z-Prcr-yAbu (20H)-0H DCHA (33)
(84%), mp 128-130°C, [cr:JD -18.7" (c=::: I, DMF); Z-Phe-j3Ala-0H (34) (82%), mp 136-137°C, [o:Jo -11.5 0

(c=I, DMF); Z-Pro-f3Ala-oH (35) (83%), mp 134-136°C, [lX]D -31.7" (c=l, DMF); Z-·Phe-/;Acp-OH (36)
(46%), mp 126-128 "C, [ce]D -10.2 o (c= I, DMF); Z-Pro-r.Acp-OH (37) (92%), mp 92-94°C, [IX]D -26.2') (c= I,
DMF).

b) H-Pro-}'Abu-OH (6): Hydrogenation of 31 (4.0 g) was carried out as in method A b) to give pure H-Pro
yAbu-oH (6), (1.50g, 63%), mp 202-205 °C (dec.). Anal. Calcd for C9H1BN203: C, 53.98; H, 8.06; N, 13.99. Found:
C, 53.71; H, 8.17; N, 13.66.

Five other dipeptides (14-18) were similarly obtained: H-Pro-}'Abu(20H)-OH (14) (91~~), mp 210-212 -c.
Anal. Calcd for C9H1.6Nz04: C, 49.99; H, 7.46; N, 12.96. Found: C, 50.03; H, 7.70; N, 13.14; H-Phe-fJAla-oH (15)
(88%), mp 21&-220 DC (dec.). Anal. Calcd for C12fI16N203: C, 61.00; H, 6.83; N, 11.86. Found: C, 61.13; H, 6.93; N,
11.94; H-Pro-pAla-0H (16)(54%). mp 218-219°C (dec.). Anal. Calcd for CaH14N203: C, 51.60; H, 7.58; N, 15.04.
Found: C, 51.47; H, 7.73; N, 15.08; H-Phe-BAcp-OH (17) (92%), mp 130-132 "C (dec.). Anal. Calcd for
ClsH22N203: C. 64.73; H, 7.97; N, 10.06. Found: C, 64.56; H, 8.18; N, 10.04; H-Pro-eAcp-OH (18) (59%), mp 182
183-c, Anal. Caled for c., HzoN 203 : .C. 57.87; H, 8.83; N, 12.27. Found: C, 58.00; H, 9.09; N, 12.50.
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A series of 4-diazomethyl-2( 1H)-quinoiinones 4a-f was prepared, and the physical and
chemical properties were compared with those of the known 4-diazomethylcournarins. In view of
their easy accessibility, high stability and reactivity, these new diazoalkanes "are expected to be
practical reagents for the fluorescence labeling of carboxylic acids, although the fluorescence
intensities of the labeled esters are less than those of the esters with the corresponding coumarin
reagents.

Kcywords--stable diazoalkane; diazomethyl-z-quinolinone; carboxylic acid; fluorescence
labeling; fluorescence quantum yield
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Stable but reactive diazoalkanes bearing an intrinsic function capable of introducing a
fluorophore into non-fluorescent compounds through facile reactions can serve as practical
reagents for use in high-performance liquid chromatographic detection of acidic substances
such as carboxylic acids, alcohols, etc.2) As an extension of our recent studies on diazomethyl
substituted coumarins" and benzo-fused coumarins'? aimed at developing such fluorescent
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TABLE 1. Preparation of 4-Diazomethyl-2(l H)-quinolinones 4

Vol. 35 (1987)

Starting
Reaction" 2......3 Reaction" 3-+4

material Product

No.
Reaction Yield/Jl Reaction Yield No.
time (h) O~) time (h) (/~)

2a 3.5 93 5 76 4a
2b 7 98 8 98 4b
2c 4 99 4.5 86 4c
2d 6 95 4 76 4d
2e 5 82 3.5 99 4e
2f 4 88 1<:1 93 4f
2g 6 95 0.75 53 4g

a) See the experimental section. b) Yield of crude product. c) Reaction carried out at 40 "c.

labels, we have now synthesized 4-diazomethyl derivatives 4a-d of I-methyl-2(lfl)
quinolinone, which is isosteric to coumarin, together with the analogous tricyclic derivatives
4e-g, as shown in Chart I. The products were compared with the reported coumarin
derivatives! ,3) with respect to stability. reactivity and fluorogenic properties to examine their
availa biIity as practical reagents.

The preparation of the new diazoalkanes was readily carried out in good yields as shown
in Chart 1 and Table 1. Treatment of 4-fornlyl-I-methyl-2(l H)-quinolinones 2a-d (obtained
by oxidation of the corresponding 4-methyl derivatives 1 with selenium dioxide) with p
toluenesulfonylhydrazine in ethanol at room temperature gave almost pure precipitates of the
tosylhydrazones 3a-d. Conversion of 3a-d into the desired diazoalkanes 4a-d was
achieved by treatment with 0.2 N sodium hydroxide according to Cava, et al.4 ) The above
procedure was also successfully applied to the preparation of 4e-g.

All of the diazo compounds obtained are almost non-fluorescent yellow or orange
crystals. Characteristic infrared (lR) absorption bands due to a diazo group and proton
nuclear magnetic resonance CH-NMR) signals due to diazornethyl and C3-H protons,
together with the microanalysis data, shown in Table II. were consistent with the expected
structures of 4a-g, The presence of a substituent at the CS position in 4d and 4g causes the
low-field shifts of the diazomethyl proton signals relative to that of the parent 4a (..1b:
0.32 ppm for 4d, 0.43 ppm for 4g) in the 1H-NMR spectra, as was reported previously" for the
corresponding 4-methyl proton signals of Id and 19. Low-field shifts of the 4-formyl proton
signals of 2d and 2g are likewise observed (LIb: both 0.39 ppm). Similarly to the 4
diazomethylcoumarin reagents, the present diazomethyl derivatives 4a-g are stable enough
to be stored at rOOlU temperature for a year in a desiccator without any detectable
decomposition. Even in a refluxing solvent such as chloroform, ethanol or tetrahydrofuran
(THF) most of the diazo compounds are stable, with the exception of 4d and 4g. However. a
significant decrease in ultraviolet (UV) absorption was observed for 4a at Amax 230 and 332 nm
after standing in ethanol without detection from light, as was similarly observed for 4
diazomethylcoumarin." The possible photodegradation of 4 was not further investigated.

The diazomethyl derivatives 4a-f reacted smoothly with carboxylic acids to give 2(1H)
quinolinon-4-ylmethyl esters (5a-f, 6a-8a, 6b-8b) in fairly good yields by refluxing an
equimolar mixture in chloroform for 1-2 h with addition of silica gel catalyst," as shown in
Table III. Reactions of methanesulfonic acid (without catalyst) and methanol (with fluorob
oric acid catalyst) with 4a are also listed in Table III. For the labeling of acetic acid (0.2 mmol
scale) without addition of silica gel catalyst. the use of one molar excess of the diazo reagent
and refluxing for 4 h were needed to complete the reaction.
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TABLE II. 4-Diazomethyl-2( IH)-quinolinones 4

Appearance mp
Analysis e~)

IR
1H-NMR (CDCl)

No. (Recrystn. (dec.)
Formula Calcd (Found)

"KBr appm
tm]: MT) CHNz NCH3 (3H, s), CHN2 (lH, s), C3-H (lH, s)

solvent) ('T)
C H N

cm- 1

others

4a Orange prisms (THF) 147-149 Cl1HgN3O 66.31 4.55 21.10 2061 3.67 5.34 6.23
(199) (66.59 4.46 21.03) 7.12-7.66 (4H. m, Ar-H)

4b Orange prisms (CH 3CN) 152-154 C1ZHllNJ02 62.87 4.84 18.33 2066 3.65 5.27 6.12
(229) (63.04 4.81 18.36) 3.92 (3H, 5, OCHJ), 6.75-6.84 (2H, m, C6.8_H),

7.31 un, d, J=8.5Hz. C5-H)

4c Orange plates (CH3CN) 151-153 C12Hl1N3O 67.59 5.20 19.71 2060 3.66 5.30 6.17
(213) (67.96 5.22 19.60) 2.49 (3H, s, CCH3) , 6.97-7.30 (3H, m, Ar-H)

4d Pale brown prisms" b) C13H1JN)O 68.70 5.77 18.49 2060 3.67 5.66 6.25
'(227) (68.73 5.92 18.08) 2.42 (3H, S, C'-CH3) , 2.70 (3H, S, C5.CH

3 ) ,

6.83 (lH, S, C6-H), 7.05 (lH, s, CB·H)

4e YeUow prisms (Benzene) 140-142 C13HllN3O 69.32 4.92 )8.66 2071 - 5.33 6.25
(225) (69.49 4.93 18.50) 2.08 (2H, m, C9.H), 2.98 (2H, r, CS-H), 4.18

(2H, t, ClO·H), 7.00-7.36 (3H, Ill, Ar-H)

4f Orange leaves (Benzene) 151-153 CJSHl1N3O 72.27 4.45 16.86 2072 3.75 5.47 6.28
(249) (72.55 4.47 16.80) 7.36-7.93 (6H, m, Ar-H)

4g Yellow Prisms ll
} hI ClsH11N30 72.27 4.45 16.86 2028 3.83 5.77 6.46c}

(249) (72.46 4.72 16.31) 7.50-7.92 (5H, m, Ar-H), 8.64 (lH, d, J=
8.1 Hz, eta_H)

a) Not recrystallized. b) Changed to a white powder on heating. c) C2-H.

N
V\
~
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TABLE HI. Reactions" of 4 with Acidic Substances XH

CHN2 t(n + XH -N2 I~

N 0 N
I I

4a-£ 5a--f, 6a--l0a, 6b--8b

Diazo reagent XH Catalyst
Reaction

Product
Yieldb)

No. time (h) (%)

4a CH3COOH Si02 2 Sa 75
4a CH3COOH None 2 Sa 62
4b CH3 COOH Si02 2 5b 79
4c CH3COOH Si02 2 5c 77
4d CH3 COOH Si02

2C) 5d 51
4e CH3COOH Si02 2 5e 78
4f CH3COOH Si02 2 5f 68
4a ll-C15H3ICOOH Si02 I 6a 83
4a C6HsCOOH Si02 I 7a 57
48 C6Hs CH ==CHCOOH Si02 I 8a 62
43 CH 3S03H None 1") 9a 80
43 CH 30 H HBF4

3"} lOa 61
4b n-C 1s H31COOH Si02 6b 87
4b C6HsCOOH Si02 7b 63
4b C6 HsCH==CHCOOH Si02 8b 75

a) Carried out in refluxing CHC1.l' See the experimental section. b) Isolated yield. c) Reaction
carried out at room temperature.

TABLE IV. Comparison of Fluorescence Quantum Yields

CH20COA

R2~~

R~~O

Quantum yield")
R1 R2 A

X=NCH 3 X=O

H H CH 0.011 0.O20'·}3

CH30 H CH 3 0.024 0.080")
CH.l H CH 3 0.012 0.050")

Benzo'? CH3 0.022 0.0035c
l}

CH30 H n-C 1sH3 1 0.025 O.IOOc)
CH30 H C6Hs 0.022 0.120")

a) Determined in EtOH. relative to quinine sulfate (O.55). b) Benzene ring fused at the 6-7
positions. c) Data reported in ref. 3. d) Data reported in ref. I.

In conclusion, the accessibility, stability and reactivity of the present diazo compounds 4
as practical labeling reagents are comparable to those of the known 4~diazomethyl

coumarins.v" However, the fluorescence intensities of the esters labeled with 4 are generally
less than those of the esters with the corresponding coumarin reagents, as shown in Table IV.
It should be. also noted that the linearly benzo-fused quinolinonylmethyl acetate Sf is
moderately fluorescent, although the corresponding coumarinylmethyl acetate is almost non
fluorescent.
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Experimental

All melting points were determined on a Yanaco micro melting point apparatus and are uncorrected. IR spectra
were determined using a Hitachi 215 grating spectrophotometer. IH-NMR spectra were recorded on a lEOL JNM
FX-IOO spectrometer (100 MHz). Mass spectra (MS) were taken on a Shimadzu LKB-900B spectrometer. UV spectra
were obtained in EtOH with a Hitachi 200-10 spectrophotometer. Fluorescence (F) spectra were measured in non
fluorescent EtOH on a Shimadzu RF-503 spectrofluorometer. Relative fluorescence quantum yields were determined
according to the method of Parker and Rees?' using quinine sulfate in 0.1 N H2S0 4 as the standard.

7-Methoxy-l,4-dimethyl-2(1H)-quinolinonc (lb)--Prcpared from 7-methoxy-4-methyl-2( 1H)-quinolinone8
)

with iodomethane as usual. Leaves from hexane, mp 92-93 "C. 1H-NMR (CDCI) c5: 2.40 (31:1, s, C4-H), 3.64 (3H, S,

NCH3) , 3.91 (3H, s, OCH3) , 6.42 (IH, s, C3.H), 6.77 (lH, 5, C8-H), 6.81 (lH, d, J=8.4Hz, C6-H), 7.58 (IH, d,
J=8.4Hz, C5-H). Anal. Calcd for C12H 13N02: C, 70.91; H, 6.45; N, 6.89. Found: C. 70.97; H, 6.30; N, 6.75.

4-Formyl-2(lH)-quinolinones 2a-g-Compounds 2a-g were obtained by heating a mixture of 4-methyl-

TABLE V. 2(lH)-Quinolinon-4-ylmethyl Esters and Ether 5-10

Analysis (~.~)

Calcd (Found)

F (EtOI-I)U)
mp (OC)

No. (Recrystn.
solvent)

Formula

c H N

IR
V

KBr
co

em-I

UV
;'~~~H nm (loge) ;.;::ux

nm nm

Quantum
yield"
x 103

6,6

8.3

8.1

12

16

12

25

11

22

24

11

22

<I

384

377

385

377

377

389

377

388

390

387

385

395

399

458

322

286
333

275
331
274
331
290
332

222.5 (4.60), 229 (4.56),
244 (4.15), 276.5 (4.38),
330 (3.80)
229.5 (4.32), 269 (3.56),
275,5 (3.55), 329.5 (3.54)
228 (4.53), 269 (3,73),
275.5 (3,71), 329 (3.83)
229 (4.39), 254.5 (3.73),
285 (3.59), 328 (4.03),
34\ (3.94)
228 (4.67), 253.5 (3.9l),
281 (3.75), 327,5 (4,13),
340.5 (4.04)
258 (4.25), 279.5 (4.41),
327.5 (4.12), 34] (4.03)

270.5 (3.82), 330.5 (3.81) 275
334
276
333

230 (4.60), 270 (3.80), 274
276 (3.78), 330.5 (3.84) 332
229 (4,45), :!55 (3.82), 289
287.5 (3.66), 328 (4,08). 331
341 (4.00)
231 (4.56), 275.5 (3.84), 333
329.5 (3.93)
229 (4.44), 234 (4.44), 289
251 (4.07), 285 (3.86), 332
328 (3.75)
235 (4.48), 248 (4.15), 279
275.5 (3.75), 332.5 (3,72) 336
255.5 (4.56), 266.5 (4.57), 267
267.5 (4.49). 316.5 (3.98), 331
329.5 (4.08), 377 (3.54) 379
229.5 (4.40), 269.5 (3.61), 275
275 (3.59), 330 (3.64) 333

4.01 1718
3.80) 1656

4.33 1723
4.07) 1645

3.28 1746
3.42) 1727

1640
4.78 1724
4.84) 1658
4.39 1724
4.44) 17 to

1657
5.24 1613
5.07)
6.89 1644
7.14)
3.06 1732
3.39) 1640

5.44 1747
5.42) 1648
4.98 1749
5.10) 1659

5.7] 1747
5.84) 1657
5.40 1739
5.52) 1650

6.06 1749
6.14) . 1663
5.36 1744
5.35) 1646

4.90
4.81
6.45
6.28
9.47
9.44

5.30
5.47

5.15
5.09
5.37
5.41

5.48
5.50

9.66
9.46

6.16
6.04
6.61
6.63

5,88
5.9/
5.37
5.23

5.67
5.58
5.79
5.82

72.19
(72.34

53.93
(53.99
70.91

(70.49
73.48

(73.12

75.83
(75.57

70.57
(70.06

70.02
(70.18
72.58

(72.77

67.52
(67.65
64.36

(64.29

68.55
(68.56
69.48

(69.28

73.70
. (73.90

75.22
(75.20

8b 140-141fl C21H19N04

(iso-PrOH)

7a 133-135/) CIl~HlSN03

(MeOH)
Sa I54-156tl

) C10H17N03

(iso-PrO1-1)

7b 147-149fl C19H17N04

(EtOH)

6a 70-72Jl C27H4INO.,
(MeOH)

5a 119-120C
) C13HI3N03

(Hexane)
5b 152-154d

) C14HlSN04
(iso-PrOH)

5e 130-132(') CIsHlSN03
(iso-Pr02 )

Sf 173-175l!1 C17H1SN03

(iso-PrOH)

5c 143-145C
) CI4HlSN03

(iso-PrOH)
5d 156-158fl C1SH17N03

(iso-PrOH)

9a 113---114l!) C12HI3N04S
(THF)

lOa 91--93") Cl2HI3N02
(Hexane)

6b 73-740 ) C2sH43N04
(MeOH)

a) Fluorescence: ex, ex.citation; em, emission. b) Relative to quinine sulfate" (0.55); ex, 320 nrn. c) Needles. d) Yellow
plates. e) Pale yellow prisms. J) Prisms. 1/) Plates.
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2(1H)-quinolinones la-g and Se02 at 180-200 DC according to the previously reported method." Except for the
known compounds, 2a,91 2c,IO) and 2e,91chromatography over silica gel was necessary for the isolation' of pure
products.

4-Formyl-7-methoxy-I-methyl-2( I H)-quinolinone (2b): Prepared from 7-methoxyl-1 ,4-dimethyl-2( IH)
quinolinone (lb). Yellow needles from benzene, mp 181-182°C. Yield, .65A;. lH-NMR (CDCI) 0: 3.72 (3H, s,
NCH3 ) , 3.93 (3H, s, OCH3) , 6.83-6.99 (3H, m, C3

•
b

•
B_H), 8.75 (I H, d, J = 9.2 Hz, C5-H), 10.07 (l H, s, CHO). Anal.

Calcd for C 12HllN03 : C, 66.35; H, 5.10; N, 6.45. Found: C, 66.44; H, 5.12; N, 6.31. .
4-Formyl-1,5,7-trimethyl-2(1H)-quinolinone (2d): Prepared from I,4,5,7-tetramethyl-2(l H)-quinolinone51(id).

Brown prisms from benzene. mp 167-169 °C. Yield, 84/,~. IH-NMR (CDCI 3) 8: 2.47 (3H. s, C7-CH
3) , 2.53(3H, S, C5_

CH), 3.71 (3H, S, NCHJ ) , b.77, 6.96 (lH x2, 2s, C'.B-H), 7.09 (lH. s, C3-H), 10.51 (IH, s, CHO). Anal. Calcd for
CUH1JNOz: C. 72.54; H, 6.09; N, 6.51. Found: C, 71.98; H, 6.00; N, 6.48.

4-Formyl-l-methyl-2( IH)-benzo[g]quinolinone (2f): Prepared from 1,4-dimethyl-2(1H)-benzofg]quinolinone"
(If). Orange prisms from THF, mp 205-207"'C. Yield, 79%. IH-NMR (CDC13) c5: 3.78 (3H, 5, NCH3) , 7.10 (IH. s,
C3_H), 7.45-8.00 (5H. m, Ar-H), 9.32 (lH, s, CS.H), 10.11 (lH, s, CHO). Anal. Calcd for ClsHIIN02: C, 75.93; H,
4.67; N, 5.90. Found: C, 76.00; H. 4.72; N. 6.03. .

I-Formyl-4-methyl-3(4H)-benzoI./1quino!inone (2g): Prepared from] .4-dimethyl-3(4H)-benzo[f]quinolinonesl

(lg). Yellow prisms from acetonitrile-hexane, mp 180-182 GC. Yield, 60~~. I H-NHR (CDCI3) 0: 3.90 (3H, s. NCHJ),
7.06 (IH, 5, C2·H), 7.55-8.15 (6H. m, Ar-H), 10.51 (lH, 5, CHO). Anal. Calcd for ClsHtIN02: C. 75.93; H, 4.67; N,
5.90. Found: C, 75.79; H, 4.41; N, 5.76.

Preparanon of 4-Diazomethyl-2(1H)-quinoJinones 4a-g--4-Diazomethyl-l-methyl-2(I H)-quinolinone (4a)
--A suspension of 2a (3.74g, 20mmol) and p-toluenesulfonylhydrazine (4.lOg, 22mmol) in EtOH (SOml) was
vigorously stirred at room temperature for 3.5 h. The collected and dried precipitate (crude 3a, 6.61 g,
93~~) was suspended in CH 2Cl2 (300 ml), and 0.2 N NaOH (300 m!) was added dropwise at 10 '''C. The reaction
mixture was stirred vigorously at room temperature for 5 h, then the organic layer was separated and the water layer
was extracted with CH zCl1 (lOOml x 3). The combined CH 2Cl2 solution was washed with water (50 ml) and dried
over anhydrous MgS04 • Evaporation of the solvent ill vacuo followed by recrystallization of the residual solid from
THF gave 4a as orange prisms (2.82g, 71~{, from 2a), mp 147-149°C (dec.).

Compounds 46--g were obtained by procedures similar to that described for 4a: reaction times and yields are
shown in Table I, and physical and analytical data are listed in Table II. Compounds 4d and 4g were unstable on
warming, and hence were not recrystallized.

Reaction of 4-DiazomethyJ-2(1H)-quinolinones 4a-f with Acidic Substances. Esterification of Acetic Acid with
4a--Method A: A mixture of 4a (880mg, 4.4mmol). AcOH (240mg, 4mmol) and silica gel (Wakogel C-200,
800 mg) in CHCI,3 (20ml) was vigorously stirred under reflux for 2 h, whereupon N2 gas evolution was observed. The
reaction mixture was filtered to remove the silica gel, washed with CHC13 and concentrated in vacuo to afford 1
mcthyl-2(lH)-quinolinon-4-ylmethyl acetate (Sa), which was recrystallized from hexane as needles, O1p 119--120 DC
(lit. II) mp 117-117.5 -ci Yield, 75~/;; (694mg). IH-NMR (CDCI3) <5: 2.20 (3H, S, CH3CO), 3.73 (3H, s, NCH... ), 5.36
(2H. s, CH2 ) , 6.80 (1H, s, C3-H), 7.33-7.69 (4H, m, Ar-H). The same reaction without addition of silica gel gave Sa
in 62~~ yield.

The reaction of AcOH with 4b-fand those of other acidic substances with 4a-b were carried out by procedures
similar to that described above, except that no silica gel was added in the reaction of rnethanesulfonic acid and two
drops of 40~; HBF4 were added in place of silica gel in the reaction of methanol; reaction times and yields are shown
in Table III, and physical and analytical data for the products are listed in Table V.

Method B: A mixture of48 (80mg. OAmmol) and AcOH (l2mg, 0.2m01ol) was refluxed in CHCI.l (2 ml) for 4h.
Compound 5a was observed as the sole product by thin-layer chromatography, and the yield (90~:;) was determined
by the titration method as reported previously."

The microscale reaction of AcOH with 4b-f was carried out by the same procedure. Yields of the products were
as follows: 92~~ with 4b; 94~/;; with 4c; 50/,:. with 4d carried out at room temperature; 90~;; with 4e; 85~'~ with 4f.

Acknowledgement The authors are indebted to the staff of the Center for Instrumental Analysis, Hokkaido
University, for elemental analyses.
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A Convenient One-Pot Synthesis of Carboxylic Acid Anhydrides
Using 1,1'·Oxalyldiimidazole1

)
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Faculty of Pharmaceutical Sciences, Kobe Gakuin University,
lkawadani, Nishi-ku, Kobe 673. Japan

(Received July 30, 1986)

Aliphatic, aromatic, and heteroaromatic carboxylic acids (5a-i) react with 1,1'-oxalyldi
imidazole (6l in acetonitrile under reflux in the presence of methanesulfonic acid (12) to give the
corresponding carboxylic acid anhydrides (9a-i) in 30-98% yields.

Keywords-dehydration; carboxylic acid anhydride: N-acylimidazole; 1,1'-carbonyldi
imidazole; 1,1'-oxalyldiimidazole

It is well known that l,l'-carbonyldiimidazole (I?) is a useful dehydrating reagent. For
example, the reaction between maleic acid (2) and 1 in tetrahydrofuran has been shown to
afford maleic acid anhydride (3) in 88% yield." More recently, Iizuka and co-workers have
also reported that carboxamides (4) react with 1 in the presence of allyl bromide to give the
corresponding nitriles (5) in good yield." Compound 1, though commercially available, is
too expensive to utilize on a large scale. Furthermore, the toxicity of phosgene, used for the
preparation of 1, means that preparation of 1 in the laboratory is quite troublesome. On
account of these shortcomings, we were prompted to examine the possibility that 1,1'
oxalyldiimidazole (6)5) in place of 1 may be generally effective as a dehydration reagent. As a
result of our study on the reactivi ty of 6~ we have reported recently that 6 can be conveniently

CDI (1)
HOOC· CH:=CH· COGH

2

CDI (1)

allyl-Br

4

R·C==N

5

Chart 1

(CDl)

1

ODl (6)
R·CH=N·OH----

7

2R·COOH

8

ODI (6)

R·C~N

5

R·c·a·C·R
8 8

9

Chart 2

N::::=:\' ~N

V-8-8-N~

(00l)

6
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used for the dehydration of aldehyde oximes (7) to the corresponding nitriles (5) under mild
and neutral conditions." As a continuation of our work on the utility of 6, we sought a
convenient synthesis of carboxylic acid anhydrides (9).

In this short communication we would like to report another successful application of a
readily available dehydration reagent, 6, for the transformation of carboxylic acids (8) into 9.
Thus, the reaction of benz-oic acid (5b) (l eq) with 6 (1 eq) in acetonitrile was carried out at
40°C for 2 h, with liberation of carbon dioxide and carbon monoxide, to provide the
corresponding N-acy1Jmidazole intermediate (11), which subsequently reacted with a second
molecule of the acid 8 (1eq) under refluxing conditions for 3 h in the presence of
rnethanesulfonic acid (12) to afford benzoic anhydride (9b) in 98% yield. Similarly, heteroaro
matic compounds, 2-furoic and 2-thenoic acids (8d and 8e) were converted to the desired
carboxylic acid anhydrides (9d and ge) in 66% and 71 %yields, respectively. A dicarboxylic
acid, phthalic acid (8h) was intramolecularly dehydrated with 6 to give phthalic anhydride
(9h) in 84%' yield. An advantage of 6 as a dehydrating reagent is that 9 can be isolated very
easily; the removal of the by-products, imidazole, methanesulfonic acid, and/or imidazolium
methanesulfonate is achieved simply by washing the reaction mixture with water.
Representative results are summarized in Table 1.

As shown in Chart 3, the reaction probably proceeds via the formation of a mixed acid
anhydride intermediate (10) from the reaction of the carboxylic acid 8 with 6 at 40°C, and
subsequently concerted eliminations of CO2 , CO, and imidazole occur to afford the
corresponding N-acylimidazole 11 through step 2. At step 1, II reacts with a second molecule

TABLE l. Preparation of Carboxylic Acid Anhydrides «RCO}zO; 9)
Using 1,1 '-Oxalyldiimidazole (001; 6)

Compd.
Reaction time (h)
Steps 1 Step 3 Yield ll

} mp c'ct) IR V~l~:~cm-l
No. R and 2, under e~) Found Reported ;C=O

9a-i
at 40 CJC reflux

a CH3(CH2) 14- 3 94 61-63cl 62.5-63.51:1) 1803 1740

b 0- 2 3 98 41-421/ ) 41---4t» 1788 1725

c 02N-Q- 2 56 188--190/) 189---1909 ) 1797 1728

d 0- 2 66 71-72fJ 71-7310) 1791 1734
0

e 0- 2 71 59-61)') 60.5-61.5111 1761 1701
S

f -CH2·CH2- 3 39 119-120°) 118-11912 ) 1866 1782
g -CH2 • CH2 • CH 2- 2 30 55-5611) 52-5513) 1806 1755

h (JC 2 2 84 132-133e) 1331Oa) 1854 1764

6-b 3 2 42 218-220e ) 21714 ) 1764 1734

a} Yield of the-products (9a-i) after purification. Compounds (9a-i) were characterized by comparison of their melting point
and IR data with those of authentic samples. b) All melting points are uncorrected. c) Recrystallized from 11·

hexane. d) Recrystallized from benzene-pet. ether. e) Recrystallized from benzene. I> Recrystallized from benzene-
cyclohexane. g) Recrystallized from ethyl acetate. h) Recrystallized from ether.
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0 R·COOH
°yG~o ~N 8

R~'~ R'CO-N~ (R·CO)20
N~O -CO2 CH:I·SO:{H 9() -CO 12

11

10

step 2 step 3

Chart 3

Chart 4

of8 in refluxing acetonitrile in the presence of 12toprovide the corresponding carboxylic acid
anhydride (9) as the final product.

Thin layer chromatography (TLC) monitoring showed that there was no detectable
benzoic anhydride 9b when the reaction of benzoic acid (8b) with 6 was performed under the
above-mentioned reaction conditions without 12 at step 3. This finding suggests that the
formation of N-acylin1idazoliurn methanesulfonate from the reaction of 11 with 12 as shown
in Chart 4 is essential to enhance the leaving ability of the imidazole ring from 11, so that
concerted nucleophilic attack of 8 on the carbon atom of the acyl group of 11 can take place
smoothly to form the corresponding 9.

Thus, in conclusion 1,1'-oxalyldiimidazole (6) can be conveniently used for the direct
conversion of carboxylic acids 8 to the corresponding carboxylic acid anhydrides 9 under mild
reaction conditions.

Experimental? I

Carboxylic Acid Anhydrides (9a-e) from Monocarboxylic Acids (8a-e)--General Procedure: Compound
6 (5 mmol) was added to a. solution of a carboxylic acid 8 (5 mmol) in acetonitrile (30 ml). The mixture was stirred at
40 "C for the time listed in Table I (steps 1 and 2). After cooling to room temperature, the same carboxylic acid 8
(5 mmol) was further added in one portion. and a solution of 12 (10 mrnol) in acetonitrile (10 ml) was added dropwise
at room temperature. The resultant mixture was stirred under reflux for the time listed in Table I (step 3). On cooling
to room temperature again. the mixture afforded a white precipitate. This was filtered off, and the filtrate was
evaporated in \'(JCllO. The residue thus obtained was poured into ice water and extracted with two 50 mI portions of
ethyl acetate. The extract was washed with water, and dried over anhydrous sodium sulfate, then the organic solvent
was removed ill vacuo to give the crude product (9), which was further purified by recrystallization (see Table I).

Cyclic Carboxylic Acid Anhydrides (9f-i) from Dicarboxylic Acids (8f-i)--·General Procedure: Compound 6
(2 nunol) was added to a solution of a dicarboxylic acid (8) (4 mmol) in acetonitrile (30 ml). The resultant mixture was
stirred at 40°C for the time listed in Table I (steps 1 and 2), then allowed to cool to room temperature. A solution of
12 (10 mmol) in acetonitrile (10 ml) was added dropwise at room temperature. The reaction mixture was stirred under
reflux for the time listed in Table I (step 3). The white precipitate was filtered off, and the filtrate was worked up as
described for 9a-e to give the crude cyclic product (9), which was further purified by recrystallization (see Table I).

Acknowledgment 'This work was supported in part by a Grant-in-Aid for 'Scientific Research (No.
61226013) from the Ministry of Education, Science and Culture, Japan.
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Studies on Peptides. CXLIX.1, 2 ) Solid-Phase Synthesis of a Rabbit
Stomach Peptide by Application of aNew Polymer Support

and a New Deprotecting Procedure

NOBUTAKA FUJII,Q YOSHIO HAYASHI,Q KENICHI AKAJI,Q SUSUMU FUNAKOSHI,Q

MASAHARU SHIMAMURA,b SADAO YUGUCHI,c LAWRENCE H. LAZARUS,d

and HARUAI(I YAJIMA*,a

Faculty of Pharmaceutical Sciences, Kyoto University." Sakyo-ku, Kyoto 606. Japan.
Fiber Research Laboratories, Toray Industries, Inc ..h Sonoyama, Otsu 520,

Japan, Shov...·a Industry Co., Ltd..c Moriyama, Shiga 524.
Japan and National Institute of Environmental Health

Sciences.' Research Triangle Park,
N.C. 27709, U.S.A.

(Received September 19, 1986)

A newly found rabbit stomach peptide, H-Pyr-Val-Asp-Pro-Asn-Ile-Gln-Ala-QH, was
synthesized by the solid-phase method. A new polymer support, cross-linked polystyrene
polypropylene composite fiber (IONEX), was employed to facilitate multiple washing processes in
chain elongation reactions. fJ-Cycloheptyl aspartate, Asp(OChp), was employed for the first time in
this solid-phase peptide synthesis. In the final step of the synthesis, the peptide was cleaved from the
resin, together with other protecting groups employed, by treatment with 1M trimethylsilyl
triftuoromethanesulfonate-..thioanisole in trifluoroacetic acid. The deprotected peptide was found
to be identical with the sample obtained from the natural source.

Keywords-·~rabbit stomach peptide synthesis; new polymer support; polystyrene-poly
propylene composite fiber; ~-cycloheptyl aspartate; trimethylsilyl trifluoromethanesulfonate de
protection; trifluoromethanesulfonic acid deprotection

Recently, Lazarus et a/.3 ) isolated a physalaemin-like immunoreactive peptide from the
rabbit stomach (PHLIP-8) and its sequence, H-Pyr-Val~Asp-Pro-Asn-Ile-Gln-Ala-OH,

was determined by mass-spectrometric analysis. In order to confirm this sequence, we
synthesized this heptapeptide by the solid phase method (Fig. 1).

General methods employed here are essentially the same as described by Merrifield."!
However, several modifications have been made. As a support, a chloromethylated fiber
resin, cross-linked polystyrene-polypropylene composite fiber (IONEX),5) was adopted.
This fiber (Fig. 2) has a higher mechanical strength and larger surface areas per unit of
weight than the usual polystyrene-divinylbenzene bead-resin and its volume is not changed by
organic solvents, such as methylene chloride, DMF and MeOH. The latter property facilitates
the multiple washing procedures required for solid-phase peptide synthesis. A new amino

OChp

Z (OMe ) -pyr-Va l-lsp-Pro-Asn- I 1e- G1n-A1 a-O-CH2-0 fiber-resint 1M TMSOTf-thioanisole/TFA

H-Pyr-Val-Asp-Pro-Asn-Ile-Gln-Ala-OH

Fig. 1. Application of the TMSOTf Deprotecting Procedure to Solid-Phase
Peptide Synthesis
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Fig. 2. Microscopic Picture of IONEX Corn
posite Fibers

Fiber length I mm, diameter 35--40 JII11.

acid derivative, Asp(OChp),6) was employed for the first time in solid-phase synthesis in
combination with a new deprotecting reagent. In the final step of the synthesis, the
octapeptide was cleaved from the resin, together with other protecting groups, Z(O Me) and
Chp, by treatment with 1M trimethylsilyl trifluoromethanesulfonate (TMSOTf)-thio
anisole/TFA.7) Recently, we found that this reagent cleaved various BzI and Tos-type pro
tecting groups, and even the Chp group more readily than 1M TFMSA-thioanisolejTFA.8)

The deprotected peptide was purified by gel-filtration, followed by preparative high perfor
mance liquid chromatography (HPLC) on a TSK-GEL LS~41OKG column using isocratic
elution with acetonitrile in 0.1%TFA aq. Alternatively, TFMSA deprotection was performed
for comparison. The time required for TMSOTf deprotection was 60 min. while TFMSA
deprotection required 120min. The yield in the former experiment was 27.4~~ from the
peptide resin, while that in the latter case was 15.8%. Both purified products exhibited an
identical retention time, when examined by analytical HPLC on a Nucleosil 5C18 column.
Identity of the synthetic peptide with the natural peptide was established by mass
fragmentation studies."

By means of the above experiments, we confirmed the sequence of the natural peptide. In
addition. this is the first example of application of the TMSOTf deprotecting procedure to
solid-phase peptide synthesis. Establishment of the utility of the fiber-resin will require the
accumulation of further results, especially in relation to syntheses of larger and more complex
peptides.

Experimental

An automated solid-phase synthesizer, Vega Biotech. Coupler 250C was employed. HPLC was conducted with a
Waters 204 compact model. Optical rotation and ultraviolet (UV) absorption were measured with a Union PM 101
instrument and a Hitachi model 100-20 spectrometer, respectively. Rfvalues on thin layer chromatography (TLC),
performed on silica gel (Kieselgel G, Merck), refer to the following solvent systems: Rf, n-BuOH-AcOH-pyridine
H20 (4: I: I :2) and Rj; 1I-BuOH-AcOH-AcOEt--H20 (1: I: 1: 1).

Solid-Phase Synthesis-Z(OMe)-Ala-OCH2-fiber~resin(Ala content « 0.61mmol/g) was prepared by coupl
ing Z(OMe)-Ala-OH to chloromethylated IONEX (Lot. No. A-S03) by the standard procedure." Starting with 1.0g
of the Z(OMe)-Ala-resin, each ofderivatized amino acids, corresponding to the sequence ofPHLIP-8, was condensed
successively onto the resin, i.e., Z(OMe)-Gln-OH, Z(OMe)-Ile-OH, Z(OMe)-Asn-OH, Z(OMe)-Pro-OH, Boc
Asp(OChp)-QH, Z(OMe)-Val-OH, and Z(OMe)-Pyr-OH. The GIn and Asn residues were introduced by the Np
method?' and the rest of the residues by the symmetrical anhydride procedure.'?' NIl~Deprotection,neutralization and
washing were performed according to the schedule of Chang et al.11l Washing the resin was easily performed. Since
this resin has a pale brown color. the ninhydrinl 2) test was not accurate enough, so after two coupling reactions, a
part of the resin was subjected to acid hydrolysis to ensure the satisfactory incorporation of the respective amino
acids. Thus, 1.38g of protected PHLIP-8~resin was obtained.
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Fig. 3. HPLC of the Rabbit Stomach Peptide
(PHLIP-8)

A mixture of the two samples obtained in (a) and
in (b) W:1S injected (6/lg each).

Vol. 35 (1987)

Deprotcction--(a) The peptide resin (0.1 g) was suspended in 1M thioanisole/TFA (1 ml, 16 eq), and TMSOTf
(to a final concentration of I M) and »i-cresol (0.19 ml, 30 eq) were added. The mixture was stirred in an ice-bath for
60 min, then the solution was filtered and the resin was washed with TFA (2 ml). The filtrate and the washing were
combined and concentrated in vacuo at a bath temperature below 15°C, then dry ether was added and the resulting
powder was collected by centrifugation. The deprotected peptide was dissolved in ice-chilled 5~{ NH40H (2 ml)
containing NH4,F(10 eq) at pH 8.0 to ensure the hydrolysis of trimethylsilyl compounds. After 10min, the solution
was neutralized with 1 N AcOH and applied to a column ofSephadex G-IO (2.8 x 85cm), which was eluted with 0.01 M

NH4HC0 3 buffer (pH 7.8). The solvent of the desired fractions (l 0.5 ml each, tube Nos. 19-26, monitored by using
the Folia-Lowry test)3» was removed by lyophilization to give a fluffy powder; yield 25 mg (47%). Subsequent
purification of the crude product (6 mg each) was performed by reverse-phase HPLC on a TSK-GEL LS-410KG
column (21.5x 300mm), by isocratic elution with 17% acetonitrile in 0.1 %TFA aq. at a flow rate of 6.0 ml/min. The
eluate corresponding to the main peak (retention time of 40.2 min, monitored by UV absorption measurement at
233 nm) was collected .. The rest of the sample was similarly purified and the solvent of the combined eluates was
removed by lyophilization to give a white fluffy powder; yield 14.5 mg (27.4%. based on the starting loading of Ala
onto the resin); [lX]~O -114.6 D (c=O.I, 0.01 M NH4HC03) , a single spot on TLC, R.f; 0.36, RJ2 0.48. HPLC on a
Nucleosil 5C 18 column (4 x 150mm), with 17~~ acetonitrile in O. t%TFA aq. as the mobile phase at a flow rate of
0.8 ml/rnin, resulted in a single peak with a retention time of 9.5 min. Amino acid ratios in a 6 N HCl hydrolysate
(numbers in parentheses are theoretical): Asp 1.96 (2), Glu 1.94 (2), Pro 0.93 (l), Ala l.00 (1), He 0.97, Val 0.94
(recovery of Ala, 81 /;~).

(b) The peptide resin (0.50 g) suspended in I M thioanisole/TFA (10 ml) was similarly treated with TFMSA (to a
final concentration of I M) in the presence of m-cresol (0.5 ml, 30 eq) in an icc-bath for 60 min, then at room
temperature for 60 min. The deprotected peptide was treated with 5(i;. NH ...OH (3 ml), then purified by gel-filtration
on Sephadex G-l 0, followed by HPLC on a TSK·GEL LS-41OKG column as described above; yield 41.8 mg (I5.8,/(~

from the peptide resin); Rf, and Rf}.were identical with those of the sample obtained in (a). A mixture of the samples
obtained in (a) and (b) emerged from a Nucleosil5C18 column (4 x 1500101)as a single peak (retention time, 9.5 min),
when eluted with 17% acetonitrile in 0.1(/~ TFA aq, at a flow rate of 0.8 ml/min (Fig. 3). Synthetic PHLIP-8 yielded a
mass fragmentation pattern identical with that of the natural peptide as reported." Amino acid ratios in a 6 N BCI
hydrolysate: Asp 2.04, Glu 1.94, Pro l.05, Ala l.00, lIe 0.96, Val 0.94, (recovery of Ala, 88~~). Anal. Calcd for
CJ7HsllNJoOJ4-' H20: C, 50.21; H, 6.83; N, 15.82. Found: C, 50.42; H, 6.70; N, 16.08.
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Synthesis and Biological Activities of 2,3-Dimethyl-l,4-benzoquinones
Having Alkylthio and Arylthio Side Chains

Korcm MORl,* K YOKO TAKAHASHI, TAKEO KISHI

and HIROTERU SAYO

Faculty of Pharmaceutical Sciences, Kobe-Gakuin University,
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New 2,3-dimethyl-l,4-benzoquinones having an alkylthio or arylthio side chain at the 5
position and two alkylthio side chains at the 5- and 6-position were synthesized as possible
antimetabolites of coenzyme Q. These compounds were tested for inhibition of coenzyme Q in
mitochondrial succinoxidase and reduced nicotinamide adenine dinucleotide (NADHH)xidase
systems, and were found to show greater inhibition of the NADH-oxidase system than of the
succinoxidase system. 5,6-Di-octylthio-2,3-dimethyl-I,4-benzoquinone showed greater inhibitory
activities than S-alkylthio-2,3-dimethyl-l,4-benzoquinones. 5-Arylthio-2,3-dimethyl-l,4-benzo
quinones showed potent inhibitory activities towards both enzyme systems.

Keywords--coenzyme Q analog; 5-alkylthio-2,3-dimethyl-l,4-benzoquinone; 5-arylthio-2,3
dimethyl-l,4-benzoquinone; succinoxidase; NADH-oxidase; 5,6-dialkylthio-2,3-dimethyl-I,4
benzoquinone

Coenzyme Q (ubiquinone, CoQ) has a 2,3-dimethoxy-5-methyl-6-multiprenyl-I,4
benzoquinone' structure, and has been reported to play an important role in the electron
transport system in the mitochondria. Many kinds of coenzyme Q analogs that act as
antagonists have been synthesized. I -10) They inhibit succinoxidase and reduced nicotinamide
adenine dinucleotide (NADH)-oxidase in vitro and show antitumor activity in vivO.4.5) Alkyl
or arylthio derivatives of 2,3~dimethoxy-l,4-benzoquinone,6,7) 5-methyl-2,3-dimethoxy-I,4
benzoquinone.T" 2-hydroxy-I,4-naphthoquinone,9) and 6-hydroxy-quinolinequinone10 ) were
obtained by the reaction of quinones with thiols in ethanol. Studies of the biological activities
of these analogs have indicated that an alkylthio side chain with a long carbon chain and an
arylthio side chain are the effective substituents of CoQ antagonists. This paper describes the
synthesis and biological activities of new 2,3-dimethyl-I,4-benzoquinones having an alkylthio
or arylthio side chain at the 5-position and two alkylthio side chains at the 5- and 6-positions.

Results and Discussion

Synthesis of 2,3-Dimethyl-t,4-benzoquinones Having Alkylthio and Arylthio Side Chains
New 5-alkylthio and 5-arylthio~2,3-dimethyl-l,4-benzoquinones were prepared by treat-

i) RSH in EtOH
----->
ii} Fremy's salt

or Ag20

R
CH~

CH3V
o

C QC:VSR +
o

IT-IV, VI, vn
Chart 1

CHaASR

CHaJl)lSRo
V
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ing 2eq of2,3-dimethyl-I,4-benzoquinone (I) in ethanol with a hexane solution of 1eq of the
alkyl or arylthiol by the method shown in Chart I. The addition of the thiol to the quinone (1)
proceeded readily, and the reaction mixture containing the alkylthio- or arylthio
hydroquinone was oxidized with Fremy's salt to give the quinone (II-IV, VI, or VII). The

TABLE 1. Effects of Quinones on Succinoxidase and NADH~Oxidase Activities in Beef Heart Mitochondria

Succinoxidase NADH-oxidase

Compd.
Relative Relative

(No.) Antimetabol ite Antimetabolite
Concentration" enzyme

CoQ index"
Concentration") enzyme

CoQ index"
activity" activity'?

None 100 100
Standard 6 55 4 61
inhibitor') 8 56 5 6 54 4

10 49 8 41
5-RS-2,3-Dimethyl-l,4-benzoquinones

R
n-C1sH37 (II) 500 9S 100 95

>287 200 88 >291
500 78

n-C12H25 (III) 500 84 250 51
1000 83 >575 500 42 151

1000 38
n-CRHI7 (IV) 250 73 10 76

500 62 552 50 70 105
1000 49 250 42

400 10
Di-n-CaH17 (V) 100 69 50 83

500 54 345 100 65 87
1000 40 250 28

{J-C IOH7 (VI) 100 65 10 62
200 51 132 50 27 10
500 45 100 12

1000 32 500 16
C6Hs (VIl) 10 82 25 74

50 62 50 30
100 47 49 100 14 20
500 7

5~RS~2,3-Dimethoxy-l ,4-benzoquinonest'l
R

n-Cl sH37 500 96 500 99
{J-ClOH7 1000 91 >425 1000 98 >567

16 68 8 84
20 59 11 16 50 9
28 46 24 33
40 32

2-RS-l,4-Naphthoquinonesfl

R
n-CJSH3 7 100 99 >37 100 100 >49
{J-C10H7 80 78 20 85

120 64 >73 30 72 28
200 57 60 48

a) nmol ina flask. b) Percentage ofspecific activity in thepresence of inhibitor to thatof thecontrol. c) Themark(» means
that antimetabolite CoQ index is greater than the number shown. d) 7-n-Dodecylthio-6-hydroxy-5,8-quinolinequinone. e) Ref.
6. f) Ref. 9.
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reactions gave overall yields of 34-48 ~~ based on the amount of 1. 5,6-Di-n-octylthio-2~3
dimethyl-l,4-benzoquinone (V) was also obtained from the reaction of I and n-octanethiol
under similar conditions.

Inhibition of Succinoxidase and NADH-Oxidase Systems
The newly synthesized quinones were evaluated in mitochondrial succinoxidase and

NADH-oxidase systems for inhibition ofcoenzyme Q lO (CoQlQ). 7-n-Dodecylthio-6-hydroxy
5,8-quinoIinequinone was used as a standard inhibitor. To compare the inhibitory activities of
the quinones, the inhibitory activities are expressed as antimetabolite COQlO indices!' for
approximately 50~{ inhibition of enzyme activity. This index is calculated on the basis of nmol
of the inhibitor per nrnoI of COQlO. The results are summarized in Table I. It can be seen that
these quinones caused a slightly greater inhibition of the NADH-oxidase system thanof the
succinoxidase system. A dependence of the inhibitory effects for both enzyme systems on the
length of the alkylthio side chain was observed, and the 5-n-octylthio group was slightly more
effective in both enzyme systems than n-dodecylthio and n-octadecyJthio groups. Moreover,
5,6-di-n-octylthio-2,3-dimethyl-l A-benzoquinone (V) showed more potent inhibitory ac
tivities than 5-alkylthio-2,3-din1ethyl-l,4-benzoquinones (II-IV). Two 5-arylthio-2,3
dimethyl-l A-benzoquinones (VI, VII) exhibited potent inhibitory activities towards both
enzyme systems. On the other hand, in order to evaluate the effect of the presence of the 2,3
dimethyl group on the activities, the inhibitory effects of II and VI were compared with those
of 5-RS-2,3-dimethoxy-l A-benzoquinones6 ) and 2-RS-l,4-naphthoquinones9l (Table I).
Table I shows that VI and 5-j1-naphthylthio-2,3-dimethoxy-lA-benzoquinone caused greater
inhibitions of both enzyme systems than 2-fi-naphthylthio-1 A-naphthoquinone. In the case of
n-octadecylthio analogs, all three kinds of quinones showed weak inhibitory activities in both
enzyme systems. From these results, it is considered that the 5-arylthio-2,3-dimethyl-l,4
benzoquinone moiety is effective for the inhibition of succinoxidase and NADH-oxidase.
Further investigations should be done on shorter-chain homologs of 5,6-dialkylthio-2,3
dimethyl-l A-benzoquinone.

Experimental

Melting points were determined on a Yanagirnoto micro melting point apparatus, and arc uncorrected. Infrared
(IR) spectra were taken in KBr with a Hitachi 260-30 spectrophotometer. Nuclear magnetic resonance (NMR) spec
tra were measured with a Hitachi R-22 NMR spectrometer in CDCl3 with tetrarnethylsilane (TMS) as an inter
nal standard. Chemical shifts are given as /5 values (ppm): s, singlet; t, triplet; br, broad; m, multiplet. Mass spectra
(MS) were measured with a Hitachi M-60 mass spectrometer. Beef heart mitochondria were isolated by the
usual procedures.P' The final mitochondrial pellet, which was a mixture of heavy and light particles; was sus
pended in 0.25 M sucrose and was used immediately or kept frozen until used. Phospholipid micelles were prepared
by sonication of commercial soybean ·phospholipids (Asolectin)"" and used instead of mitochondrial phospho
lipids. Protein was determined by the Lowry method.l " The amount of CoQJO in the mitochondrial preparation
was determined by the modified Craven's assay"? after extraction with pentane.l " The mitochondria contained
2.61 nmol of CoQlO/mg of mitochondrial protein.

Synthesis of 5-Alkylthio-2,3-dimethyl-l,4-benzoquinones (II, III)--A solution of n-octadecancthiol (590 mg) in
n-hexane (20 ml) was added dropwise to a solution ofI (277 mg) in EtOH (20ml) at room temperature under stirring.
After being stirred for 3 h. the reaction mixture Was evaporated to dryness under reduced pressure. The residue was
purified by column chromatography on silica gel with n-hexane-benzene (I : 1) as the eluent. The first eluate afforded
di-n-octad ecyldisulfide (424 mg). The second eluate was concentrated under reduced pressure and diluted with McOH
(10 ml). A solution of Fremy's salt (2.4 g), I N sodium acetate (1.4 ml) and H20 (40 ml) was added to the MeOH
solution. After being stirred for 20 min, the reaction mixture was extracted with Et 20. The extract was concentrated
to a volume of 20 ml and Ag,20 was added in order to oxidize the residual hydroquinone. The insoluble material was
removed by filtration. The filtrate and the third eluate were combined and evaporated to dryness under reduced
pressure. The residue was recrystallized from n-hexane to afford 5-n-octadecylthio-2,3-dimethyl-I,4-benzoquinone
(II). Yield 424 mg (36.2~~). NMR (CDC}3) (j: 0.87 (3H, s, CH2-ee:3) , 1.0-1.8 (32H. br, (CH.z)lb)' 2.02 (6H, S, CH 3 on
the ring), 2.73 (2H, t, SeH 2) , 6.32 (l H, s, H on the ring). Compound I (367mg) and n-dodecanethiol (544mg) were
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TABLE II. Physicochemical Data for 5-RS-2,3-dirnethyl-1 ,4-benzoquinones

Analysis (%)
Compd.

R
Yield mp

Formula
Calcd (Found) MS IR

No. (~~) CC) (M+) (cm-I,KBr)

C H

II n-C 1sH3 7 36.2 78.5-79 C26H.l ;l.° 2S 74.23 10.45 420 2920 (C-H)
(74.06 10.70) 1660 (C=O)

III n-C 12H25 46.4 69--70 C:!OH.U02S 71.38 9.58 336 2910 (C-H)
(71.56 9.79) 1660 (C=O)

IV n-CgH 17 34.7 61.5-62 C H,H2402S 68.53 8.63 280 2920 (C--H)
(68.33 8.74) ]660 (C=O)

VII) Di-n-CsH17 6.2 31-·-31.5 C24H4002S 67.88 9.49 424 2920 (C-H)
(67.64 9.63) 1650 (C=O)

VI If-CJOH7 48.2 123-124 ClHH1402S 73.45 4.79 294 1665 (C=O)
(73.25 4.73) 1575 (C=C)

VII C6Hs 46.5 90-91 Cl4H1202S 68.83 4.95 244 1650 (C=O)
(68.84 4.68) 1575 (C=C)

a) S,6-Di-1l-octylthio-2,3-dimethyl-1 A-benzoquinone.

reacted in a manner similar to that described for the synthesis of II to afford 5-rl-dodecylthio-2,3-dimethyl-I,4
benzoquinone (III). However, the oxidation procedure with Ag20 was unnecessary in this case. Yield 422 rng
(46.4%). NMR (CDCI3) (5: 0.87 (3H, s, CHz-Cth), 1.0-1.8 (20H, br. (CH 2) 1O) ' 2.02 (6H, S, CH3 on the ring), 2.73
(2H, t. SCH2) , 6.32 (tH, s. H on the ring). The physicochemical data are summarized in Table II.

Synthesis of 5,6-Dialkylthio-2,3-dimethyl-l,4-benzoquinone (V)--A solution of n-octanethiol (350 mg) in n
hexane (IO rnl) was added dropwiseto a solution of! (280 mg) in EtOH (20011) at room temperature under stirring.
The reaction mixture was treated in the usual manner and the residue was purified by column chrom..itography on
silica gel with n-hexane-·benzenc (1 : I) as the eluent. The eluates were separated into three fractions; fraction I
(colorless), fraction 2 (brown color), fraction 3 (brown color). Fraction I was concentrated to dryness to give di-n
octyldisulfide. Fraction 2 was concentrated under reduced pressure and the residue was purified by column
chromatography on alumina with n-hexnnc-benzene (3: 2) as the eluent. The eluate was concentrated under reduced
pressure and the residue was recrystallized from gO~~';'1 EtOH to afford V. Yield 539mg (6.2r,~:'). NMR (CDC1J ) (~: 0.87
(6H, 8, CHJ ) , 1.0-1.8 (24H, br, (CH 2)h) ' 2.01 (6H, s, CH.,), 2.73 (2H, i. SCI-I.'!). 6.34 (lH, s, H on the ring). Fraction 3
was concentrated under reduced pressure and the residue was recrystallized from petroleum ether to afford 5-11
octylthio-2,3-dimethyl-I,4-benzoquinone (IV). Yield 200mg (34.7(:'~J. NMR (CDCl3) b: 0.87 (3H, s, CHrcth).
1.0-1.8 (l2H, br, (CH 2)6)' 2.01 (6H, S. CH J on the ring), 2.73 (2H, t, SCH z), 6.34 (IH, s, H on the ring). The
physicochemical data are summarized in Table II.

Synthesis of 5-Arylthio-2,3-dimethyl-l,4-benzoquinones (VI, VII)--A solution or /J-nnphthalenethio) (257 mg)
in Et,20 (10 011) was added dropwise to a solution of! (199 mg) in EtOH (10 ml) at room temperature under stirring.
The mixture was stirred for 3 h until the solution became colorless. The reaction mixture was treated in the usual
manner and the residue was purified by column chromatography on silica gel with benzene-e-hexane (1 : I) as the
eluent. The eluate was concentrated under reduced pressure and the residue was recrystallized from n-hexane to
afford VI. Yield 207 mg (48.2~{;). NMR (CDC1;i) (): 1.96 (3H, s, CH 3) , 2.04 (3H, s, CH 3) , 5.84 (l H, S, 1-1), 7.3--8,2
(7H, 01, ClOH7) . Compound I (241 mg) and benzenethiol (231 mg) were reacted in a manner similar to that described
for the synthesis of VI to afford 5-phenyIthio-2,3-dimethy)-1,4-benzoquinone (VII). Yield 201 mg (46,51;,:.). NMR
(CDCI 3) 8: 1.99 (3H, s, CH3) , 2.05 (3H, S, CH3) , 5.84 (l H, S, H), 7.45 (5H, s, CoHs)' The physicochemical data are
summarized in Table II.

Inhibition of Mitochondrial Succinoxidase and NADH-Oxidasc Systems--Succinoxidase and NADH-oxidase
activities were determined manometrically in a Gilson differential respirometer.':" A total of 2.6 ml of the reaction
mixture in the main compartment ofeach 15ml flask contained: 1.0 ml of0.1 M Tris-Hfll buffer (pH 7.6); 0.5 ml of I M

sucrose; 0.1 ml of 0.8mM ethylenediarninetetraacetic acid (EDTA); 0.05 ml of Asolectin (20 mg/ml); 0.25 mg of the
standard inhibitor dissolved in ethanol; 0.1 ml of 2'1~ cytochrome c; mitochondrial enzyme (0.667 mg of protein for
the succinoxidase assay and .0.659 mg of protein for the NADH-oxidase assay). Then, 0.2 ml of 0.75 M succinate or
0.075M NADH was put in the side arm and 0.2 ml of 6 N KOH was put in the center well. The reaction was initiated
by addition of the substrate from the side arm into the reaction mixture, and the activity was determined at 30 DC.
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The anti-thrombic activities of a 70~{ methanolic extract (CMe) from Cinnarnomi Cortex on
blood coagulation and fibrinolysis were investigated. CMe prevented the hepatic venous throm
bosis in high butter diet-treated rats, and the decreases of blood platelets and fibrinogen in norma]
rats induced by endotoxin. CMe also inhibited the blood platelet aggregation induced by collagen,
arachidonic acid and adenosine diphosphate (ADP) and the conversion of fibrinogen to fibrin
induced by thrombin in in vitroexperiments. Cinnamic aldehyde, a major' essential oily component
of CMe were showed stronger inhibitory activity than that of CMe on the blood coagulation. These
results suggest that Cinnamomi Cortex has anti-thrombic activities.

Keywords---erude drug; Cinnamomum cassia; cinnamic aldehyde; thrombosis; blood platelet
aggregation; thrombin; disseminated intravascular coagulation
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Cinnamorni Cortex (the cortex of Cinnamomum cassia BLUME) is frequently used as a
crude drug for treatment of inflammation, headache and pyrexia in the traditional Chinese
system of medicine. Cinnamomi Cortex is also a main component in Keishi- Bukuryo-gan,
which is used for Oketsu syndrome. We reported that Keishi-Bukuryo-gan possesses anti
thrombic activity.'? The possibility arises that Cinnamorni Cortex may be effective against
disseminated intravascular coagulation (Ole).

The purpose of the present investigation was to study the preventive effect of Cinnamorni
Cortex on experimental DIe induced by endotoxin in rats, as well as on blood platelet
aggregation and the conversion of fibrinogen to fibrin (in vitro models).

Materials and Methods

Materials--A 70% methanolic extract (CMe, yield 21.6%) was prepared from Cinnamomi Cortex. The sources
of other materials were as follows: cinnamic aldehyde (Kishida Chemical Co. Ltd., Japan), endotoxin (Escherichia
coli055: B5, Difco Lab., U.S.A.), dextran sulfate (Pharmacia Fine Chemicals. Sweden), adenosine diphosphate' 2Na
(ADP, Sigma Chemical Co., U.S.A.), collagen, arachidonic acid and aspirin (Sigma Chemical Co., U.S.A.).

Animals--Male Wistar-King strain rats weighing 150-200 g and male JW strain rabbits weighing 2-2.5 kg
were used for the experiments. They were fed a standard diet (Nihon Clea, Japan) for a minimum period of 7d and
then fasted for 24h before the start of the experiments.

Endotoxin-Induced DIe in High Butter Diet-Treated Rats-e--c-Endotoxin-iaduced DIC mopeI was prepared
according to Renaud." Rats were fed on a high butter diet (salt-free butter (30%), cholesterol (15%) and bile powder
(2 g) in a laboratory chow) for 15 weeks. CMe (200 or 500rug/kg) was orally administered to those rats for 7d before
the intravenous injection of endotoxin (0.1mg/kg). The animals were killed by decapitation 8h after the 'injection of
endotoxin, and the livers were quickly removed and subjected to microscopic examination for hepatic infarcts; The
results of histological observation were rated as follows: 3, severe hepatic infarct; 2, moderate; I, slight; 0,
undetectable.

Endotoxin-Induced DIe in Normal Rats--Experimental DIC was induced by a modification of the method of
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Schoendorf et aJ.31CMe (50, 200 or 500mg/kg) and cinnamic aldehyde (0.1 or 0.5 mMfkg)were administered orally to
rats I h before the injection of endotoxin (O.l rng/kg) into the tail vein. Blood samples were withdrawn from the heart
into plastic syringes at 4 h after the injection of endotoxin, while the rats were anesthetized with pentobarbital. As
anticoagulants, 0.0 I M sodium ethylenediarninetetraacetic acid (EDTA) was used for platelet counts and a I : 9
volume of 3.8% sodium citrate for prothrombin time and fibrinogen determinations.

Blood platelets were counted with an automatic blood cell counter (Coulter counter, model S-Plus. Coulter Co .,
U.S.A.). Fibrinogen was determined according to the method of Quick." The prothrombin time was measured with a
COAG-A-Mate dual-channel device (General Diagnostic. Warner-Lambert Co.• U .S.A.). Fibrin degradation
product (FDP) was determ ined by means of the latex aggreg ation ttst (FD PL test U, Teikoku Zoki, Japan).

Euglobulin Lysis Time (ELT) in Normal Rats- -Whole blood samples were collected in plastic syringes from the
heart of rats anesthetized with pentobarbital at I h after the oral administration of CMe (50, 200 or 500 rug/kg) or
cinnamic aldehyde (0.1 or 0.5 mM/kg). One-tenth volume of 3.8?/~ sodium citrate was added to the blood sample and
the mixture was centrifuged at 4000 rpm at 4 "C for I0 min. Using the plasma thus obtained. ELT was measured in the
manner reported by Kaulla and Schultz." After addition of 9.8 !TIl of precooled water, the plasma was incubated at
4 °C for 5 min in a stream of CO2 gas, then centrifuged at 4000 rpm for 10min. The resulting precipitates were
dissolved in 0.7 ml of 1/15N phosphate buffer solution, then 40/d of thrombin solution (125 U/ml ) was added. The
coagulating plasma was incubated at 3YC, and the ELT was measured.

Whole blood samples obtained from the heart at 30 min after intravenous injection of dextran sulfate (I or
10mgjkg) were treated in the same manner as mentioned above, and the ELT was measured .

Blood Platelet Aggregation Test- -Whole blood samples were collected from pentobarbital-anesthetized rabbits.
Nine ml of the'blood of rabbit and I ml of sodium citrate (3.8 ~c;) was transferred into a plastic tube, and centrifuged at
1000rpm for 10min to obtain pla telet-rich plasma (PRP). PRP was removed with a siliconized pipet. and stored in a
plastic test tube with a screw cap. The remaining red cell precipitate of the blood samples was further centrifuged at
3000 rpm for 30 min to give platelet-poor plasma (PPP), which was used as a maximal transmittance standard.

The platelet aggregation test described by Born and Cross'" was performed with collagen (500/lg/ml),
arachidonic acid (50mM) and AD? (211M) as aggregating agents. A a .2ml aliquot ofPRP was placed in a test tube
and the content was,stirred at 1200rpm for 3 min at 37 "C. then a 10111 aliquot of a test solution was added . After
3 min, an aggregating agent was added to the reaction mixtu re. Changes in the light transmittance of the reaction
mixture were continuously recorded with a Husm system platelet aggregometcr (Rika Electric Co ., Japan) and the
transmission at the maximal aggregation after the addition of an aggregating agent was recorded. Platelet
aggregation was expressed as the percent incre ase in the transmitt ance taking the transmittance of a control mixture
containing no test solution as zero. An anti-platelet aggregating agent, aspirin, was used as a standard drug.

Thrombin-Induced Conversion of Fibrinogen to Fibrin- -Fibrinogen (500 mg) was dissolved in 100ml of 0.05 M
NaCI containing 0.05 MTris-acetate buffer (pH 7.4). A test solution (0.1 ml) was added to I.Rml of the fibrinogen
solution with st irr ing. After I min, 0.1 ml of thrombin solution (0.2 Uzrnl) was udded to the mixture and the whole
was gently stirred until a fibrin clot appeared. The time required for clotting was recorded. An anti-thrombin agent,
heparin, was used as a standard drug.

Results

Endotoxin-Induced DIe in High Butter Diet-Treated Rats
In high butter diet-fed rats, intravenous injection of endotoxin induced hepatic infarct

Fig. 1. Hepatic Vein Thrombosis Induced by
Endotoxin (0.1 mg/kg) in a Hyperlipemic Rat
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TABLE 1. Effect of CMe from Cinnamomi Cortex on the Endotoxin-Induced
DIC in High Butter Diet-Treated Rats

Hepatic infarct score"
Treatment Dose (mg/kg) Route No. of rats Mean±S.E.

3 2 0

Control p.o. 15 6 5 2 2PJ 2.0±0.3
CMe 200 p.o. 15 3 2 5 5 1.2±0.3

500 p.o. 15 1 2 4 8 0.7 ± 0.2")

Each value is the mean ±S.E. a) Hepatic infarct score: 3, severe hepatic infarct; 2, moderate; I, slight;
O. undetectable. b) Number of rats. c) Significantly different from the control, p <0.01.
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TABLE II. Effects of CMe and Cinnamic Aldehyde from Cinnamomi Cortex and Aspirin
on the Endotoxin-Induced DIe in Normal Rats

Treatment Dose Route
No. of Blood platelets Fibrinogen Prothrombin FDP

rats (x 104/mm3) (mg/dl) time (s) (Jlg/ml)

Normal p.o. ]0 115±4 201 ±20 11.6±0.2 0.1 ±O.I
Control p.o. 10 62±7 127±2l 13.9± 1.0 1.6±OA
CMe 50 (rug/kg) p.o. 10 68±5 138± 12 13.9±0.8 1.5±0.3

200 (rug/kg) p.o, 10 71 ±3 154±18 14.3±0.7 1.1±0.3
500 (mg/kg) p.o, 10 88±5 172± ga) 13.3±OA 1.0±0.l

Cinnamic aldehyde 0.1 (mM/kg) p.o, 10 71±5 147±16 13.1 ±OA 1.2±O.2
0.5 (mx/kg) p.o. 10 86±611

) 161±5il
) 13.3±OA 1.1 ±0.2

Normal p.o. 10 92± 12 240± 17 13.4±O.3 O.3:!:O.1
Control p.o. 10 32±4 77±12 16.9±0.5 1.9±O.5
Aspirin 0.5 (mM/kg) p.o. 10 48±3°) 108± 10 15.4± 1.0 I.7±O.5

1.0 (mM/kg) p.o, 10 64±3b) 140± 81» 14.9±0.8 L8±0.7

Each value is the mean ±S.E. Significantly different from the control, a) p < 0.05, b) p < 0.01.

with partial or straggling thrombus and hemorrhage (Fig. 1). Table I showed that CMe
(500 rug/kg) significantly inhibited the formation of hepatic infarct in high butter diet- and
endotoxin-treated rats.

Endotoxin-Induced DIe in Normal Rats
It was shown that DIe could be induced by injection of endotoxin (0. I mg/kg) into the

tail vein, resulting in decreases of blood platelets and fibrinogen, prolongation of prothrombin
time and an increase of FDP. Before the injection of endotoxin, CMe (50, 200 or 500 rug/kg)
or cinnamic aldehyde (0.1 or 0.5 mM/kg) was administered, and its preventive effect against
the endotoxin-induced DIe was examined (Table II).

The blood platelet count was 115±4 x 104 /mm3 in normal rats injected with saline only.
It was reduced to 62± 7 x 104/mm3 in rats injected with endotoxin (0.1 mg/kg). When rats
were given CMe (500 rug/kg) or cinnamic aldehyde (0.5 roM/kg), the reduction of the blood
platelet count by endotoxin was significantly smaller.

The level of fibrinogen was 201 ±20mg/dl in normal rats given saline only. The level
decreased to 127± 20 mgjdl in DIC rats. The decrease of fibrinogen levels was significantly
less in rats given CMe (500 mg/kg) or cinnamic aldehyde (0.5 mM/kg).

Prothrombin time was 11.6±O.2 s in the normal rats, while it was prolonged to 13.9 ± 1.0 s
in the DIC rats. No shortening of prothrombin time was observed in rats given CMe (50, 200
or 500mg/kg) or cinnamic aldehyde (0.1 or 0.5 mM/kg), as compared with the control.

The FDP level was 0.1 ±0.1 ~g/ml in normal rats injected with saline only. The level
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TABLE III. Effects ofCMe and Cinnamic Aldehyde from Cinnamomi Cortex

and Dextran Sulfate on the ELT in Rats

Treatment Dose Route No. of rats ELT (min)

Normal (water) p.o. 10 108 ± 13
CMe 200 (mgrkg) p.o, 10 104±24

500 (rag/kg) p.o. 10 110±22
Cinnamic aldehyde 0.1 (mM/kg) p.o, 10 99± 15

0.5 (mM/kg) p.o, 10 107 ± 13
Normal (saline) i.v, 10 115 ±23
Dextran sulfate I (mg/kg) i.v. 10 62± 11

10 (mg/kg) i.v. 10 36±4U
)

Each value is the mean ± S.E. a) Significantly different from the normal, P< 0.0 I.

TABLE IV. Effects of CMe and Cinnamic
Aldehyde from Cinnamomi Cortex and

Aspirin on Collagen-Induced
Blood Platelet Aggregation

TABLE V. Effects of CMe and Cinnamic
Aldehyde from Cinnamomi Cortex and
Aspirin on Arachidonic Acid-Induced

Blood Platelet Aggregation

increased to 1.6 ±OApg/ml in the DIC rats. When CMe (50, 200 or 500 mg/kg) or cinnamic
aldehyde (0.1 or 0.5 mM/kg) was administered to rats 1h before the injection of endotoxin, the
FDP levels were not reduced.

A clear preventive effect of aspirin (used as a standard drug) was recognized on blood
platelets and fibrinogen, but not on prothrombin time or FDP.

ELT in Normal Rats
As shown in Table III, ELT was 108±13 min in the normal rats orally given water only.

When 10mg/kg dextran sulfate (as a standard drug) was injected into rats, the ELT was
significantly shortened to 36±4min. It was not shortened when 200 or 500mg/kg of' Clvle or
0.1 or 0.5 ffiM/kg of cinnamic aldehyde was given.

Collagen-Induced Blood Platelet Aggregation
As shown in Table IV, the incubation of CMe (50 to 100tLg/ml) with PRP weakly

inhibited the blood plateletaggregation induced by collagen. Cinnamic aldehyde (1.0 mst), as
well as the active control agent, aspirin, showed an inhibitory effect on blood platelet
aggregation induced by collagen.

Arachidonic Acid-Induced Blood Platelet Aggregation
As shown in Table V, CMe (l00 JIg/ml) showed weak inhibition of arachidonic acid-
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TABLE VI. Effects of CMe and Cinnamic
Aldehyde from Cinnamomi Cortex and

Aspirin on ADP-Induced Blood
Platelet Aggregation

TABLE VII. Effects of CMe and Cinnamic
Aldehyde from Cinnamomi Cortex and
Heparin on Conversion of Fibrinogen

to Fibrin Induced by Thrombin
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induced blood platelet aggregation. Cinnamic aldehyde and the active control agent, aspirin,
both showed potent inhibition of blood platelet aggregation induced by arachidonic acid.

ADP-Induced Blood Platelet Aggregation
As shown in Table VI, CMe (I 00 Ilg/n11) inhibited blood platelet aggregation induced

by ADP. Cinnamic aldehyde also had an inhibitory effect, but aspirin did not.

Thrombin-Induced Conversion of Fibrinogen to Fibrin
As shown in Table VII, the clotting time of the control without addition of any test

solution was 150±3 s. The clotting time was prolonged significantly by incubation with
10U/ml of heparin, an anti-thrombic agent, before addition of thrombin. CMe at a
concentration of 50 or IOOllg/ml inhibited the conversion of fibrinogen to fibrin. Cinnamic
aldehyde at a concentration of 0.5 or 1.0mM also significantly prolonged the clotting time.

Discussion

CMe of Cinnamic Cortex inhibited the hepatic venous thrombosis in high butter diet
treated rats, and the decreases of blood platelets and fibrinogen induced by endotoxin in
normal rats. CMe also inhibited collagen-, arachidonic acid- and ADP~induced blood platelet
aggregation and thrombin-induced conversion of fibrinogen to fibrin in vitro.

However, CMe had no effect on euglobulin lysis time in rats. Cinnamic aldehyde, major
essential oily component which is contained in CMe prepared from Cinnamomi Cortex,
showed greater inhibitory activity than CMe on the blood coagulation in vitro and endotoxin
induced DIC in normal rats.

Consequently, cinnamic aldehyde seems to be an active principle of CMe.
Among the five crude drugs (Moutan Cortex, Cinnarnomi Cortex, Paeoniae Radix,

Persicae Semen and Hoelen) that make up Keishi-Bukuryo-gan, Moutan Cortex extract was
previously shown in exhibit anti-thrombic activity.":" In the present study, Cinnamorni
Cortex was also found to have such activity.
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A spectrophotometric method for determination of salicylaldehyde (SA) with 1,3-diphenyl-2
thiohydantoin (DPTH) is described. The method is based on the formation of a pigment having an
absorption maximum at around 510nm from SA in acetone in the presence of sodium hydroxide.
This method is simple and allows the determination of SA in the concentration range of 0.2-
lOpM/ml. .

Keywords--salicylaldehyde; 1,3-diphenyJ-2-thiohydantoin; spectrophotornetry
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In the field ofclinical chemistry, monoamine oxidase activity is often measured as a good
indicator of liver function impairrnent.l" However, the nl0st common assay method, the
benzylamine method." is time-consuming. This method may be improved by the use of 2
hydroxybenzylamine, a benzylamine derivative. Therefore, we studied the determination of
salicylaldehyde (SA) which is considered to be the product of oxidation of 2-hydroxybenzyl
amine by monoamine oxidase.

Many methods have been reported for the determination of SA, including those based on
titrimetry.r-" chromatography." gravimetry;" and colorimetry," However, these methods
have various disadvantages with reard to sensitivity or specificity, requirement of .special
equipment, and troublesome procedures. Among them colorimetry is the n108t convenient.

Recently we developed?' an analytical method for formaldehyde using 1,3-diphenyl-2
thiohydantoin (DPTH) and sodium hydroxide. We have extended this method to the
determination of SA, because it was recognized that the reaction between DPTH and
formaldehyde or SA proceeded in the same manner.

Experimental

Reagents and Apparatus--SA, 2-hydroxy-3-methoxybenzaldehyde (HMBA-3), 2·hydroxy-5-methoxy
benzaldehyde (HMBA-5), and 2-hydroxy-l-naphthaldehyde (HNA) were purchased from Wako Pure Chemi
cals (Osaka). p-Resorcylaldehyde (fi-RA) and pyridoxal were from Nakarai (Kyoto) and Sigma (St. Louis), respec
tively. DPTH was synthesized according to the method of Shirai et al.t O

) All other chemicals were of reagent grade.
DPTH solution (44mM) was prepared by dissolving 600mg of DPTH in 50mI of acetone. This solution was

stable for at least one week when stored at room temperature in the dark. Standard solutions used to obtain the
calibration curve were prepared by diluting freshly distilled SA in ethanol, to give SA concentrations up to 10pM/ml.

Visible adsorption spectra and absorbances were measured with a spectrophotometer (model Spectra-20,
Beckman) using lOx 2 mm cells.

Procedure-To 2.5ml of DPTH solution in a test tube, 1.0ml of the test or SA standard solution, containing
0.2-10 JLM/ml of SA, and 0.3 ml of 0.17 M sodium hydroxide were added successively. The mixture was allowed to
stand for 30min at 25±5°C. To prepare the blank, the same procedure was foIJowedexcept that the l.Om1 of test
sample was replaced by 1.0ml of ethanol. The absorbances of the test, standard, and blank solutions were measured
at the wavelength of 51Onm, using acetone as a reference.
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Optimization of the Conditions for Color Formation
Figure 1 shows the absorption spectrum of the reaction mixture at SA and DPTH.

Several solvents, such as acetone, ethanol, isopropanol, and others, were examined, and
acetone was selected because of the high solubility of DPTH. DPTH concentrations in the
range of22-60mM were tested, and 44mM gave almost maximal absorbance for SA. Sodium
hydroxide was selected to facilitate the color reaction according to the literature.9,11) Its
concentration was set at 0.17 M, because sodium hydroxide was precipitated at higher
concentrations.

Coloration with Other Substrates
Since other aldehydes analogous to SA were expected to be colored under the established

conditions, their reactivity was tested under the standard conditions. Table I compares the
absorbances of the reaction mixtures obtained. HMBA-3 and HMBA-5 gave about 65% of
the absorbance of SA at the same concentration as that of SA, but the absorbances of other
aldehydes were less than this. Interestingly, salicylic acid gave no absorbance.
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Fig. 1. Absorption Spectra of Reaction Mix
tures in the Visible Region under the Proposed
Conditions Using Acetone as a Reference

Salicylaldehyde concentrations were 0 (reagent
blank; ---) and 6.7 (- and ---)JIM/ml. 1,3
Diphenyl-2-thiohydantoin (DPTH) was not contain
ed in one case (---).

TABLE 1. Absorbances of Reaction Mixtures Obtained from Various Aldehydes and
1,3-Diphenyl-2-thiohydantoin unde the Standard Conditions

Aldehyde

2-Hydroxy-3-methoxybenzaldehyde (HMBA-3)
2-Hydroxy-S-methoxybenzaldehyde (HMBA-5)
,B-Resorcylaldehyde (,B-RA)
2-Hydroxy-I-naphthaldehyde (HNA)
Van iline
Pyridoxal
Salicylaldehyde (SA)
Salicylic acid

Concentration of each aldehyde was 7.5 JIM/rol.

Absorbance

0.475
0.450
0.200
0.135
o
o
0.720
o

Relative absorbance
to SA (~~)

66
63
28
19
o
o

100
o
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Fig. 2. Time Course of Color Formation

Salicylaldehyde concentrations were 1.0 (0), 3.8
(£'), 7.6 (0 and .), and 10.0 (e)JIM/ml. 1,3~

Diphenyl-z-thiohydantoin (DPTH) was not contain
ed in one case (0).

The proposed method
(salicylaldehyde(PM/ml) )

Fig. 3. Correlation between the Results Ob
tained by the Proposed Method and the INAH
Method

TABLE II. Reproducibility and Precision of the Proposed Method
for the Determination of Salicylaldehyde

Salicylaldehyde (JIM/ml)

Measured
Added

Mean S.D.")

Within-assay (n= 10)

Between-assay (n= 14)

3.8
7.6

3.8

3.6
7.5

3.9

0.1
0.2

0.2

1.8
2.1

4.8

(I) Standard deviation. b) Coefficient or variation C:·;;).

Effect of Reaction Time
The color reaction between DPTH and SA was studied at 25±5°C. Figure 2 illustrates

the time-course of coloration at 25±5 fJC for various DPTH concentrations. Under the
conditions mentioned above, absorbance peaked within 30min, and remained unchanged for
30min thereafter.

Accuracy and Precision
The calibration curve was linear in the range of 0.2-10 pM/ml of SA, but at lower

concentrations large errors were observed. The values of standard deviation, in both within
and between-assay modes are shown in Table II.

Figure 3 shows the SA concentrations of identical sample solutions, prepared by diluting
freshly distilled SA in ethanol, measured by the proposed method and the isonicotinoic acid
hydrazine method'" (the INAH method), adopted because at its simplicity. The results of
these two methods showed a good correlation (11=23, r=0.99), and the regression equation
was y=O.99x+O.Ol.
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Recently, Sinnhuber et al. showed'<' that in the color reaction between 2-thiobarbituric
acid (TBA) and malonaldehyde (MA), two molecules ofTBA were coupled with one molecule
of MA to produce the pigment. The red pigment from DPTH and formaldehyde was also
considered to be produced in a similar manner." The color reaction under the present
conditions was presumed to proceed as follows: DPTH was coupled with SA in the presence
of sodium hydroxide, and the phenolic hydrogen of the coupled compound derived from SA
was removed by sodium hydroxide to give anionic-type structure which is responsible for the
color.

Under the proposed conditions, SA was the most sensitive among the aldehydes
examined in this study (Table I). In the absence of HMBA-3 and HMBA-5, our present
method is considered to be very useful for determining the concentration of SA with good
reproducibility and a simple procedure. This method may therefore be applicable to the
determination of monoamine oxidase activity in the clinical field.
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The chemical -structure and antitumor activities of a polysaccharide from mycelia of
Cochliobolus miyabeanus (Ascomycetes) were examined. The polysaccharide extracted with 4 N

acetic acid was purified by Sepharose CL-4B and diethylaminoethyl (DEAE)-Sepharose column
chromatography; 0.3 g of this antitumor glucan (As-£) was obtained from 100g of dried mycelia.
The purified polysaccharide (As-I) contains 99.1%sugar and 0.9% protein and its molecular weight
was approximately 1.2 x 106

• The chemical structure of As-I was determined by methylation, Smith
degradation and carbon-I 3 nuclear magnetic resonance analyses. The results suggested that As-I
has a 1,3-linked main chain with branches from the 6 position of some glucose residues. As-I
(0.5 mgjkgjd) caused tumor growth inhibition in the allogeneic system of ICR mice-Sarcoma 180
tumor (50% inhibition ratio) when given by intraperitoneal injection.

Keywords--p-I,3 glucan; antitumor polysaccharide; antitumor activity; Cochliobolus miya
beanus
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Antitumor polysaccharides have been found in fungi of Basidiomycetes spp. They are {J
1,3 glucan to which (J-l,6 glucan side chains are attached, and they have potent activity.1-3)
Previously, the authors reported that a major polysaccharide in cell walls of hyphae of
Cochliobolus miyabeanus (Ascomycetes) is a fJ-I,3 glucan with branches of 1,6-1inked glucose
units." In this paper, a polysaccharide resembling the previous one in structure was isolated
from hyphae, and its antitumor activity was evaluated.

Materials and Methods

Growth of MyceJia--The hyphae of fungi (ATeC 38724) were cultured in a potato liquid medium containing
2% sucrose. After cultivation for 148h, the growing mycelia were collected and washed with water.

Extraction and Purification of Polysaccharide-Tbe crushed mycelia were heated with 4 N AcOH at 1.2
atmospheres pressure for 60 min in an autoclave. The supernatant was shaken with an equal volume of CHCI 3:

MeOH (9: I) to remove protein and EtOH was added to the mixture to make a final concentration of 80~~. The pellet
obtained was designated as fraction A-S. A-S was purified by Sepharose CL-4B column chromatography and further
purified by ion-exchange chromatography on a diethylaminoethyl (DEAE)-Sepharose CL-6B column to give two
fractions. One fraction (As-I) was eluted with 0.0125 M Tris-HCl buffer (pH 7.2) and the other (As~II) with the same
buffer containing 0.5 M NaC!. As-I contained less than 0.9% protein.

Methanolysis--As-I (5 mg) was dissolved in 5% MeOH-HCl, heated at 125'JC for 6h in a sealed tube, and
analyzed by gas liquid chromatography (OLC) (Shimadzu SE-30 column packing) after trimethylsilylation.

Enzymatic Analysis--As-I (l mg/rnl) and Ct- or {J-glucosidase(I mg/ml) prepared in 0.0 I M McIlvaine buffer (pH
6.15) were incubated at 30°C for 48 h. After removal of the enzyme protein, liberated glucose was determined by the
use of glucose oxidase.

Methylation Analysis--As-I (15mg) was methylated by Hakomori's method," and the methylated product
was converted into methylated alditol acetate derivatives by the conventional method and analyzed by OLC (NOS
column, Shimadzu).

Nuclear Magnetic Resonance Analysis--A~-I (25 mg) was dissolved in D20 containing 0.01 N KOH and the
carbon-13 nuclear magnetic resonance (l3C-NMR) spectrum was obtained at 40°C with a Varian XL-200
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(50.3 MHz). The INEPT method was employed for assignment.
Smith Degradation--In order to determine whether the 1,6-substituted glucose residues in the As-I glucose

chain are present in the main chain or as side chains, the sample was submitted to Smith degradation. As-I (5 mg) in
20 ml of acetic acid-sodium acetate buffer (pH 4.6) and 30 ml of 0.1 M sodium metaperiodate was diluted with distilled
water to make 100 ml. The solution was. shaken for 144 h at 4°C in the dark, and I g of sodium borohydride was
added. The reaction mixture was allowed to stand for 30 min and then adjusted to pH 4.0 with 6 N acetic acid. The
solution was dried and the residue was washed with MeOH. The resulting pellet was dissolved in water, adjusted to
pH 1.0 with 1 N H2 S0 4 and left at 25DC for 24 h. After neutralization, the solution was submitted to gel filtration on a
Sepharose CL-4B column.

Ultracentrifugal Sedimentation Analysis--As-I was examined for homogeneity, and the sedimentation
coefficient was measured, in a single sector cell by the Schlieren method with an analytical ultracentrifuge (Hitachi
model 282). The sample was centrifuged at 20"C and 60000 rpm.

Preparation of Lentinan-like Polysaccharide--The lentinan-like polysaccharide was extracted from the
powdered fruit bodies of shiitake iLentinus edodes) according to the method of Chihara et a/.6 )

Assay for Antitumor Activity--Sarcoma 180 tumor cells (2 x 106
) were implanted subcutaneously in the right

axillary region of male ICR mice (5 weeks old). The mice were given As-I intraperitoneally at various doses daily for
IOd from 24 or 216 h after tumor implantation. Tumor masses were extirpated after 28 d and weighed, and the
inhibition of tumor growth was determined. Separately, ICR mice (5 weeks old) into which 2 x 106 P-388 tumor cells
had been inoculated intraperitoneally, were given As-I daily for 10d at various doses. The longevity of the treated
animals was evaluated in terms of the time required for half of the animals to die.

Disk EJectrophoresis of Serum--Mice were given As-I at O.5-1.0mg/kg/d intraperitoneally and blood was
sampled from the caudal vein periodically. A 0.5 ml portion of the serum was applied to 10% polyacrylamide gel (pH
8.6) and analyzed by disc electrophoresis (5-7 rnA/tube). The gel was stained with amidoschwarz lOB and
examined.

Results and Discussion

The high polymer extracted with hot 4N AcOH was chromatographed on a column of
Sepharose CL-4B. Since it contained protein, the polymer fraction (M.W. approximately
1.2 x 106

) was further purified on a DEAE-Sepharose CL-6B column. Two fractions, As-I and
As-II, were separately eluted with 0.0125 M Tris-HCI buffer (pH 7.2) and the same buffer
containing 0.5 M NaCI, respectively". As-I was further purified on the same column to remove
low-molecular-weight substances. The purified As-I was proved to be homogeneous by

TABLE I. Gas Chromatographic Analysis of Methylated Alditol Acetates
Derived from As-I

Sugar (as alditol acetate)

1,3,5-Tri-O-Ac-2,4,6-tri-O-Me-glucitol (1,3 bond)
1,3,5,6-Tetra-O-Ac-2,4-di-O-Me-glucitol (1,3,6-bond)
1,5-Di-O-Ac-2,3A,6-tetra-O-Me-glucitol (non-)

Molar ratio

3.01
1.00
1.03

TABLE II. 13C_NMR Chemical Shifts of 1,3- and 1,6-Linked Glucans

Carbon atom
Laminarin Lentinan

(l ,3-) (1,3-and 1,6-)

C-l 105.3 104.9
C-2 74.2 74.4
C-3 87.1 87.3
C-4 70.4 70.5
C-5 76.8 75.1
C-6 62.3 62.3
C-6'Q) 70.9

As-I

105.1
74.4
86.9
69.8
76.3
62.4
71.1

a) C-6': C-6 at the branch point of fJ-I,3 glucosidic linkage.
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Fig. I. Chemical Structure of (As-I) from My
celia of Cochliobolus miyabeanus

TABLE III. Antitumor Activity of As-I against Sarcoma 180
in IeR (Crj: CD-I) Mice

Sample
Dose No. of Average of Inhibition

(mg/kg) mice tumor (g) ratio e~)

Control 40 7.34±0.25/ll 0.0
I As-I 1.0 20 6.37±0.77h1 13.2

0.5 26 3.69 ± Lilt} 49.7
0.1 25 5.42±0.96/l) 26.2

II As-I 0.5 27 4.61±1.2I M 37.1
0.1 25 5.51 ±O.96(1} 24.9

Ilentinan 1.0 20 4.29 ± 1.09111 41.5
0.5 21 4.20 ± 0.73/11 42.8

II lentinan 1.0 15 4.45 ± 1.24"} 39.4
0.5 16 5.21 ± 2.01(II 28.8

I: daily injection for 9d from the lst day after tumor implantation. II: daily injection for 9d from the
9th day after tumor implantation. r-Test: a) p<O.05, b) p<O.OI, c) p<O.OOl.

ultracentrifugal analysis.
Thus, As-I is a proteoglycan consisting of O.91'~ protein and 99.1%polysaccharide. The

sedimentation coefficient measured in 1%solution, S20. w' was 1.20S. As-I was methanolyzed
in 5% MeOH-HCI at 125°C for 6 h in a sealed tube. ·After methanolysis, the sample was
trimethylsilylated and analyzed by GLC. Only glucose was identified, indicating that As-I is a
glucan. In order to investigate the intramolecular linkages, As-I was treated with cx- or f3-1 ,3
glucanase. The glucose was liberated from this gluean only by exo-h-) ,3 glucanase. Thus, As-I
is identified as a f3-glucan possessing non-reducing terminal units joining by 1,3-linkages. As-I
(20mg) was methylated thoroughly by Hakomori's method and analyzed by GLC after
methanolysis. As shown in Table I, 1,3,5-tri-O-Ac-2,4,6-tri-O-Me-glucitol (arising from 1,3
disubstituted glucose), 1,3,5,6-tetra-O-Ac-2,4-di-O-Me-glucitol (from 1,3,6-trisubstituted glu
cose), and 1,5-di-O-{\.c-2,3,4,6-tetra-O-Me-glucitol (from non-reducing terminal glucoses)
were detected in the molar ratio of 3.0: 1.0: 1.0. This indicates that this polysaccharide
comprises a f3-1,3 glucan chain with 1,6-linked branches. As-I was further analyzed by 13C_

NMR spectroscopy. As 'shown in Table II,· the 13C-NMR spectrum showed a signal at
71.9 ppm, which is to be attributed to C-6' and was not found with laminarin, a f3-l,3 glucan.
Smith degradation did not cause a marked reduction of the molecular weight. The chemical
structure illustrated in Fig. 1 is therefore proposed for As-I. This chemical structure resembles
those of shizophyllan and lentinan. All these polysaccharides, however, were isolated from
fungi of Basidiomycetes, and this is the first report of such a polysaccharide from a typical
Japanese rice plant disease pathogen of Ascomycetes. Structurally similar polysaccharides
isolated from fungi belonging to Basidiomycetes can inhibit the growth of not only allogeneic
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tumors, but also certain types of syngeneic tumors.l-v" First, using an allogeneic system of
ICR mice-Sarcoma 180 the antitumor activity of As-I was evaluated. As shown in Table III,
in mice receiving O.5mg/kg/d of As-I daily for 9d, the tumor growth was inhibited by 49.7%.
The 'inhibitory effect is comparable to that of a lentinan-like substance employed as a positive
control. When the tumor-bearing mice were treated daily for 9 d from the 9th day after tumor
implantation, the inhibition rate was 37.1%. However, As-I was entirely ineffective against P
388 leukemia.

These results suggest that, in general, branched {J-glucans such as lentinan exert their
antitumor action through activation of cellular immunity. Furthermore, serum were taken
from mice at various times after injection of As-I and analyzed by polyacrylamide gel
electrophoresis. As found by Chihara et al. ,8) LA, LC and LB proteins' in the ct- and f3-regions
of the serum increased transiently when animals were treated with lentinan, which activates
cellular immunity against tumors.9

, l O) When 0.5 mg of As-I had been administered, a new
protein appeared in the position corresponding to LC protein after 48 h and the band became
very marked after 72 h. The significance of the new serum protein remains to be established.
In conclusion, we isolated a polysaccharide from the hyphae of Cochliobolus miyabeanus,
(Ascomycetes), and showed that it has a l,3-linked main chain with 1,6-linked branches. The
antitumor activity against an allogeneic tumor is comparable to that of lentinan, a structural
analogue isolated from shiitake (Lentinus edodes, Basidiomycetes).
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The polysaccharide As~I, a fJ-l.3 glucan possessing l.e-linkcd side chains, isolated from
mycelia of Cochliobolus miyabeanus (Ascomycetes), inhibited the growth of Sarcoma 180 solid
tumor in ICR mice. As~I also inhibited the growth of solid tumors ofIMC·carcinoma in CDPI mice
by 32% and that of solid tumors of MM-46 carcinoma in C3H mice by 99.3% at 0.1 mg/kg/d (10
times). However, As-I has no direct cytotoxic activity against tumor cells. The effect of As-Ion
macrophages was studied, because branched fl-I,3 glucans may stimulate cellular immunity. As~I

activated macrophage spreading and phagocytosis of tumor cells. Accordingly, the antitumor
activity of As-I might be host-mediated, like that of other p-I,3 glucans,

Keywords--Cochliobo/us miyabeanus; fJ-I.3 glucan; antitumor activity; macrophage activa
tion; phagocytic activity
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In the previous paper," we described the isolation of fJ-glucan possessing I,6-linked side
chains from the mycelia of Cochliobolus miyabeanus (Ascomycetes) and showed that it
inhibited the growth of Sarcoma 180 solid tumor in ICR mice. According to Chihara et al,2)
small doses of lentinan isolated from shiitake (Lentinus edodesi, the chemical structure of
which resembles that of this glucan, caused some regression of various syngeneic tumors in
mice and its combined use with chemotherapeutic agents prolonged the survival of mice
bearing syngeneic tumors. In the present investigation, the {i-glucan obtained from the
mycelia of Cochliobolus miyabeanus inhibited the growth of syngeneic tumors and activated
macrophages.

Materials and Methods

Animals--Male mice of ICR (4 weeks old), C3H, CDF j , BALBjC and C57BLj6N (6 weeks old) straines
purchased from Charles River Japan were raised for I week before being used for tests.

Tumors--MM-46 tumor cells were transplanted into male C3H mice, IMC-carcinoma cells into CDF1 mice.
Meth-A fibrosarcoma cells into BALBje mice, B-16 melanoma and Lewis Lung carcinoma into C57BL/6N mice
and Sarcoma 180 cells into ICR mice, in the axilla. In all experiments, 2 x 106 tumor cells were transplanted s.c.

Collection of Macrophages from the Peritoneal Cavity--The peritoneal cavity of a mouse was washed with
Hanks' solution and the washings were centrifuged at 1200 rpm for tomin. Cells from the pellet were suspended in
RPMI 1640 medium and 1.0 x 106 cells per well were inoculated onto a 24~well plastic plate (Linbro, Flow Lab.,). The
plate was incubated at 35°C in a 5% CO2 atmosphere. As macrophages were firmly adherent after 30 min in culture,
non-adherent cells were removed by washing with Hank's solution 3 times. A I ml portion of RPMI 1640 medium
was added to each well and the macrophages were incubated in a 5% CO 2 atmosphere as above. The cells were fixed
for 2 h with glutaraldehyde and 3 times more in MeOH, followed by staining with Giemsa. The number of spreading
cells was determined by examining 200 cells per sample at random." For the evaluation of phagocytic activity, I x 10'7
fluorescein-Lzsrerra or latex particles were added to glass-adherent cells, and 60 min later, extracellular Listeria or
latex particles were rinsed away with phosphate buffered saline (PBS). The number of intracellular particles per 200
cells was counted to assess the phagocytic activity,"

Preparation of Fluorescein Ilsteria-s-s-Ltsteria were inoculated into nutrient broth medium containing 0.1 ml of
fluorescein solution and cultured at 37 DC for 16 h. After centrifugation (I 500rpm, 20 min), the bacterial sediment was
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washed and heated at 98DC for 15min. The bacteria were suspended in saline.

Results and Discussion

Vol. 35 (1987)

A dose of 0.5 or 1.0 mg/kg/d of As-I was injected i.p. into mice daily for 9d~ starting at
24 h after the implantation of Sarcoma 180 tumor cells. The solid tumor masses were removed
and weighed 30 d after the implantation. The extents of tumor growth inhibition were 49.7%
and 26.2%, respectively, while the extent of inhibition at 0.5 mg/kg/d of lentinan was 42.8%.
On the other hand, glycoprotein consisting of 61% protein and 39% glucan from mycelia
showed essentially no antitumor action at 0.5 mg/kg/d.

The dependence of the antitumor effect of As-Ion the period of administration was next
examined. The inhibition was 51.8 j~ when As-I was injected i.p. daily for 9 d starting at 24 h
after the tumor implantation, and it was still as high as 37.1%when As-I was injected daily 9
times from 1 week after the tumor implantation. As-I, however, showed no antitumor activity
at all when daily injection for 3d was repeated 3 times at 3-d intervals after the implantation,
when 4.5 mg was injected at once immediately after the implantation, or when 2.25 mg of As-I
was injected twice. These results indicate that As-I should be administered (i.p.) successively
for a certain period in certain doses in order to exert antitumor action.

The effects of As-Ion syngeneic tumors were examined. In mice in which Meth-A
fibrosarcoma (in BALB/C mice), Lewis Lung carcinoma- or B-16 melanoma (in C57BL/6N
mice) were implanted i.p., no prolongation of the survival was found in terms of the time
required for half of the mice in a group to die. In contrast, As-I inhibited the growth of solid
tumors of IMC-carcinoma in CDF1 mice by 32% and that of solid tumors of MM-46
carcinoma in C3H mice by as much as 95.2% (25% complete regression) and 99.3% (75%
complete regression) at 0.1 and 0.5 mg/kg/d, respectively as shown, in Table I. These results
show that As-I is effective against some syngeneic tumors. However, the tumor growth
recurred when the mice were left without treatment for 3 weeks after the disappearance of the
tumor. Whether or not the antitumor activities of As-I depend on cytotoxic activity or
immunostimulating activity was studied. MM-46 carcinoma cells were collected from
the peritoneal cavity of tumor-bearing C3H mice and harvested by centrifugation at 1200 rpm
for 10min. Isolated tumor cells were suspended in Hanks' solution with 5011gjml As-I to
give a concentration of 3 x 106 cells/ml. The suspension was .incubated in a 5% CO 2 atmos
phere for periods ranging from 0 to 90 min. After the incubation, the cells were collected
and rinsed in Hanks' solution. Then 2 x 106 cells were implanted (s.c.) ·into C3H mice, and
after 32 d the tumor mass was removed and weighed. No significant difference was ob
served between tumors arising from cells treated with As-I and those from intact cells receiv-

TABLE I. Antitumor Effects of As-I against Various Syngeneic Tumors

Antitumor activity

Tumor

Meth-A fibrosarcoma in BALB/C mouse
B-16 melanoma in C57BL/6N mouse
Lewis lung carcinoma in C57BL/6N mouse
IMC carcinoma in CDF 1 mouse
MM-46 carcinoma in C3H mouse

Ascites Solid
type" type"

+ 11.5 23.8cl

-5.8 21.3
+ 13.2 10.4
+ 17.4 32.0b)

+26.8 95.2 (25% complete regressiony'{'
+29.5 99.3 (75% complete regression) d.e)

a) ILS of median survival (%). b) Inhibition (%). c,d) As-I administered on days 1-9 (c, O.5mg/kg;
d, 0.1 mg/kg). t-Test: e) p<O.05,j) p<O.OI.
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TABLE II. Spreading Rate of Macrophages Treated with As-I

Sample Dose (ftg/rol) Spreading rate

Saline (control) 1.00
As-I to 1.9811

)

100 1.551' )

Laminarin fO 1.14
100 0.97111

Lentinan 10 2.17111

100 1.77"1

Spreading rate e No. of spreading cells/total cells. r-Test: a) p<O.05. b)" <0.01.
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Fig. I. Phagocytic Activities of (A) Latex Particles and (B) Fluorescein-Listeria by
Macrophages

O. 10,ugjm[ As-I; •• 50 jig/lUI As-I; 0, 50llgjml lentinan; 6.. control (saline).

ing no treatment. This indicates that tumor cells treated with As-I were capable of growing.
Namely, this result suggests that As-I exerts no direct cytotoxic action against tumor cells.
The effect of As-Ion macrophages was next studied, because the antitumor activity of As-I
required a certain period after treatment for its manifestation, and structurally related
lentinan can activate cellular immunity." -7) The activation of macrophages was assessed in
terms of spreading rate. Macrophages were collected 24h after subcutaneous injection of
As-I into the femoral region of ICR mice. The macrophages were fixed and stained, and
spreading ones were counted. Being adherent to glass and extended to form a distinctive
shape, activated macrophages are readily distinguishable from non-activated ones. The
number of spreading macrophages approximately doubled after treatment with I0/1g/1111
As-I. Larninarin, which has no antitumor action, could not activate macrophages (Table
II).

In order to determine whether the activation of macrophages involves direct action of
As-lor is an indirect function mediated by other cells (e.g. T lymphocytes, NK cells), the effect
of As-Ion phagocytosis of fluorescein-Listeria and latex particles was studied in vitro. To
increase the yields of macrophages, 3.0 ml of 1.5% methylcellulose (Me, 4000 cP), an inducer,
was injected into the peritoneal cavity of K'R mice. In peritoneal cells harvested one day after
the injection, neutrophils were dominant, while macrophages were not mature and resembled
monocytes. After 3-4d, however, the yield of mature macrophages increased to about 20
times that for untreated mice. After cultivation, the macrophages induced by methylcellulose
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TABLE III. Phagocytosis of Latex Particles

Sample

Saline
As-I

Laminarin

Lentinan

Dose (/lg/ml)

5.0
10.0
50.0
5.0

10.0
50.0
5.0

10.0
50.0

Phagocytic enhancement
ratio (after 48 h)

1.00
2.04b)

1.31 al

lAO/»
1.11
0.96u )

1.16U
)

1.91 b)

104711)
0.91/1)

I-TeSl: a) p<O.05, b) p<O.OI.

TABLE IV. Phagocytosis of Latex Particles

Resident M¢ Me-elicited M¢

Sample
Dose

Phagocytic Phagocytic
(/ig/ml) enhancement

O<X< lOa) lO<Xa l

enhancement
O<X< IOU) 10< XII)

rate (~Io)
e~) (%)

rate (%) (%) (~~)

Saline (control) 1.00 60.0 8.0 1.00 61.7 10.7
As-I 5.0' 1.85±O.19 51.6 25.4 1.89± 0.30 57.7 21.0
Laminarin 5.0 1.21±0.18 21.2 4.3 1.14± 0.33 15.6 3.7
Lentinan 5.0 2.22±0.55 61.3 24.3 2.34±0.93 51.0 30.0

a) M4J phagocytizing 1 to 9 latex particles. or 10 or more particles.

(Me macrophages) were transferred to RPMI 1640 medium containing As-I at 1-50 Ilgjml
and phagocytosis of latex particles or fluorescein-Listeria was assessed after incubation for
42-78 h. As shown in Fig. lA, the phagocytosed latex particles increased in number
in macrophages treated with As-I, especially after incubation for 80 h. Phagocytosis of
fluorescein-Listeria also increased (Fig. 1B). Maximum phagocytosis was observed when
1 x 106 cells/well were exposed to As-I at 51~g/ml for 48 h as shown in Table III. Table IV
summarizes the effects of As-Ion the latex phagocytic activity of macrophages obtained
without inducing agents and those induced with methylcellulose. The treatment with As-I
approximately doubled (1.9) the phagocytic activity in both cases. In other words, although
methylcellulose increased the yield of macrophages about 20 times, the macrophages so
induced were activated by As-I just as well as those from the untreated source. When the
effects of As-Ion the phagocytic activity of macrophages were studied in vivo, macrophages
were harvested 48-144 h after i.p. administration of 100Ilg of As-I to IeR mice and
phagocytic action towards fluorescein-Listeria was assessed. The phagocytosis was approx
imately doubled 144h after administration of As-I, in agreement with the results obtained in
the absence ofT cells and complement in vitro. Based on these results, it is considered that As
I directly activatesmacrophages even in the absence of T cells and complement.F" A non
antitumor polysaccharide, laminarin, did not exhibit such activities.

In summary, As-I, extracted from mycelia of Cochliobolus miyabeanus (Ascomycetes) and
structurally similar to, but less branched than, lentinan, is able to inhibit allogeneic and
syngeneic tumors in vivo. However, As-I did not inhibit the growth of transplants in mice when



No.3 1293

the tumor cells to be implanted were preliminarily exposed to As·I in vitro. Accordingly, the
antitumor activity of As-I might be host-mediated like that of lentinan. It was confirmed that
in macrophages cultured after collection from the peritoneal cavity, both phagocytic activity
and spreading were approximately doubled by As-I, suggesting a stimulation of non-specific
phagocytic activity of macrophages in vitro. Moreover, macrophages harvested from the
peritoneal cavity of mice treated with As-I phagocytosed latex and Listeria particles as
effectively as those directly treated with As-I in vitro did. Similar results have been obtained
with f3-glucans extracted from fruit bodies and mycelia of Basidiomycetes, but such activity
has not been found in polysaccharides from Ascomycetes except for As-I from Cochliobolus
m iyabeanus. Our next paper will deal with the effects of As-Ion activated macrophages,
cytotoxic cells, natural killer cells and killer cells.
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Double layer suppositories (D-15) of nifedipine (NF), prepared by using a solid dispersion
system of polyethylene glycol 4000 as a water-soluble carrier and cellulose acetate phthalate as a
poorly water-soluble carrier, were administered to healthy volunteers, and their sustained-release
characteristics, bioavailability and clinical utility were investigated. It was found that D-15 was able
to maintain a therapeutically effective level of NF from 30 min to 10h without causing an
excessively high peak level and offered good bioavailability. From the results of pharmacokinetic
analysis by using the compartment model method, it appeared that the plasma concentration- time
course after rectal administration of 0-15 is satisfactorily accounted for by a one-compartment
model with first-order release and absorption steps. The value of release rate constant of D-15
obtained was smaller than that of absorption rate constant, and the sustained-release effect was
apparently attributed to the slow release of NF from the suppository.

The plasma level of NF rapidly decreased as removing D-15, and the plasma level showed
hardly any irregularities arising from the removal and the renewal of suppositories.

Accordingly, it was concluded that D-15 is an effective sustained-release dosage from and
represents a convenient mode of therapy with reduced frequency of drug administration and
reduced risk of side-effects.

Keywords--nifedipine; sustained-release suppository; cellulose acetate phthalate-polyethyl
ene glycol matrix; solid dispersion; rectal administration; pharrnacokinetic analysis

Nifedipine (NF), a calcium channel blocker, is increasingly used in the treatment of
hypertension and angina pectoris." However, NF is inactivated rapidly through oxidative
biotransformation, resulting in a short duration of action." Therefore, several sustained
release dosage forms of NF have recently been developed in an attempt to reduce the
frequency of drug administration and the incidence and intensity of side-effects.t-" A few
studies on rectal sustained-release dosage forms of NF have been carried OUt.

6
,7 )

Kleinbloesem et a/.B
) reported that NF could be given rectally through an osmotic pump

system at zero-order rate for 24 h.
In the previous paper," we reported that double layer suppositories of NF prepared by

using a solid dispersion system of polyethylene glycol 4000 (PEG) as a water-soluble carrier
and cellulose acetate phthalate (CAp) as a poorly water-soluble carrier show a sustained
release effect and good bioavailability in rabbits.

In this paper, the double layer suppositories of NF reported previously?' were adminis
tered to healthy volunteers, and their bioavailability and clinical utility were investigated.

Experimental

MateriaIs--NF (Lot No. 2044100) was a gift from Sawai Pharmaceutical Co., Ltd. PEG and CAP were
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purchased from Wako Pure Chemical Ind., Ltd. All other chemicals were reagent-grade commercial products.
Preparation of Suppositories--(1) Conventional Suppositories (e-O): e-o was prepared by the fusion method

using PEG alone as a base according to the previous paper. 7)

(2) Double Layer Suppositories (0-15): D-15 was prepared by the use of 15:~{) (w/w) CAP-PEG matrix as a base
according to the previous paper." D-15 included NF only in the outside layer of the suppositories.

The content of NF in all suppositories was 10mg.
Administration Experiment--Our volunteers were five healthy men aged 25 to 43 years (mean age: 32 years)

and weighing 52 to 65 kg (mean body weight: 57 kg). All volunteers gave their consent after receiving full verbal
and written information about purpose and risks of the study.

Each administration experiment was performed for a group comprising three volunteers, who were randomly
selected from all volunteers. The interval between the various parts of the experiment was at least 2 weeks in all
volunteers. None was on any medication during the course of the experiment, and all volunteers could move around
freely during the experiments.

Blood samples (3-4 ml) were drawn from a forearm vein before and at 0.5. I, 2. 3. 4,6, 8 and 10h after rectal
administration. The plasma was immediately separated after centrifugation and frozen at -4°C until assay.

Assay of NF--Plasma. concentrations of NF were determined according to the previous paper."
Data Analysis--The computer simulations of plasma concentration-time courses were carried out using

the MULTI program" with a personal computer (NEC, PC~980IVM).The nonlinear least-squares algorithm used
was the Simplex method at the preliminary fitting. and the converged values were further analyzed by the modi
fied Marquardt method.

Results and Discussion

Plasma Levels of NF after Rectal Administration
Figure 1 shows the plasma concentration-time curves of NF after rectal administration

of C-O and D-15. The absorption of NF after administration of c-o was very fast, and the
mean maximum plasma concentration was 80. I ng/ml at I h. Subsequently, the plasma level
declined rapidly to a value below 10 ng/ml at 8 h after administration (Fig. I). On the other
hand, the administration of D-15 resulted in a plateau plasma level in the range of 20-
35 ng/ml from 301nin to 10 h (Fig. 1).

Aoki et al. t O) reported that the lowest therapeutically effective level of NF may be in the
range from 20 to 30 ng/rnl, and Stern et al.11

) reported that the minimum toxic concentration
of NF is not necessarily constant, but adverse effects such as headache and flushing may be
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Fig, 1. Plasma Concentrations of NF after Rectal Administration of C-O and 0-15
to Healthy Volunteers

O. Coo; •• 0-15.
Each point represents the mean ±S.D. in=J).
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observed at plasma concentrations exceeding 50-70 ng/ml. In our experiments, all volunteers
experienced side-effects such as headache, flushing or dizziness after administration of C-O, in
particular at the time of peak plasma level. However, no marked side-effects were observed
during administration of D~15.

From these results, it was concluded that D-15 is a suitable dosage form for obtaining a
desirable level of NF for a long time.

Pharmacokinetic Analysis
The plasma concentration-time course of NF after intravenous administration to rabbits

or man follows a two-compartment nl0del.3
,12 ,13 ) On the other hand, it is known that the

plasma concentration-time course after oral administration is consistent with a one
compartment model with a first-order absorption step because of the fusion of compartments,
even though the plasma concentration-time course after intravenous administration is
explained by a two-compartment model.l "

Therefore, the pharmacokinetic analysis of the plasma concentration-time course of NF
after rectal administration ofC-O was performed according to a one-compartment model with
a first-order absorption step, as shown in Fig. 2 (model A). The calculated plasma
concentration-time curve fitted well with the observed plasma data, as can be seen in Fig. 1.
These results suggest that the plasma concentration-time course after rectal administration of
c-o follows a one-compartment model with a first-order absorption step.

Furthermore, the curve fitting of the plasma concentration-time course data after rectal
administration of D-15 was carried out by using a one-compartment model with two
consecutive first-order steps in order to clarify the release rate of NF from a suppository, as
shown in Fig. 2 (model B). The computer analysis was done by simultaneous fitting of the
equation for both c-o and D-15. The calculated plasma concentration-time curve was
successfully fitted to the observed plasma data (Fig. 1). From these results, it appears that the
plasma concentration-time course after rectal administration of 0-15 is satisfactorily
accounted for by a one-compartment model with first-order release and absorption steps. The
pharmacokinetic parameters obtained are listed in Table I.

The value of absorption rate constant (ka) or elimination rate constant (K) was not
significantly different between C-O and D-15, and the value of release rate constant (k r) was
smaller than that of k.; From these results, it was concluded that the sustained-release effect
achieved by 0-15 is apparently attributable to the slow release of NF from a suppository.

model A one-compartment model with first-order absorption

Cp==H. [e-K(t-to> _e-ka.(t-1o>] tk;» K)

D 0 -I x. I ~ I I X, c, V

Xa=D
at (::::::(0

model B one-compartment model with two consecutive first
order input steps

o
ka

F

Fig. 2. Pharmacokinetic Compartment Models
Used for NF

D, dose administered; F, fraction of drug absorbed;
Xr, amount of drug in release site; X.' amount of drug
in absorption site; X, amount of drug in the body; C,
plasma concentration of drug; V, apparent volume of
distribution; k, release rate constant; k., absorption
rate constant; K, elimination rate constant; 10 , 10' lag
time.
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TABLE 1. Pharmacokinetic Parameters?' of NF after Rectal Administration
of C-O and 0-15 to Healthy Volunteers

Parameter

Dose (mg)
Number of volunteers
Age (years)
Body weight (kg)
H (ng/ml)
P (ng/ml)
Q (ng/ml)
R (ng/rnl)
k" (h- J

)

K (h -I)
k; (h - J)

[AUClt (ng- h/rnl)"

e-o

10
3

32.0± 9.6
58.016.6

166.2±93.8

1.199±0.284
0.366±0.035

295.0 ± 104.6

D-15

10
3

33.0 ±9.2
55.3 ±2.9

4.17±OA4
-294.3 ±49.5

290.2±49.1
1.051 ±O.072
00402 ±0.024
0.288 ±O.040
285.3 ±51.6

a) No lag times were observed from the results of pharmacokinetic analysis. Each value represents the
mean ±S.D. b) Calculated by the trapezoidal rule with extrapolation to infinity.
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Fig. 3. Effect of Removal of D-15 on the
Plasma Level of NF

The arrow shows the time of removal (L). Each
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8

On the other hand, the areas under the plasma concentration-time curves (AUC) of C-O
and D-15 were almost the same.

Removal and Renewal of D-15
One serious disadvantage of oral sustained-release preparations is the lack offlexibility

on adrninistration.P' In the case of an oral sustained-release dosage form, it is difficult to
respond to changes in the condition of a patient, because its action is maintained for 8-12 h
once it is administered.

Figure 3 shows the effect of removal of D-15 at 2 h after administration on the plasma
concentration-time course. When the suppository was removed, the plasma level of NF
rapidly decreased. These results suggest that D-15 is much safer than oral sustained-release
preparations.

The effect of renewal of D-15 on the plasma concentration-time course is shown in Fig.
4; i.e., D-15 was removed at 2h after administration and then a new D-15 was inserted after
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30 min. The plasma level curve showed hardly any irregularity in spite of the removal and
renewal of suppositories. These results indicate that, even when the suppository is eliminated
due to defecation and so on, readministration of a new D-15 provides a therapeutically
effective level of NF for a long time without causing an excessively high peak level. However,
this dosage form might be unsuitable for patients with serious diarrhea.

In this administration experiment, no pain or discomfort in the rectal loop was
encountered.

Conclusion

The rectal administration of D-15 to healthy volunteers resulted in a therapeutically
effective level of NF from 30 min to 10h without causing an excessively high peak level, and
bioavailability was good. Therefore, it appears that the administration of D-15 containing
10mg of NF will be sufficiently effective in the treatment of hypertension if D-15 is taken twice
daily. In addition, this dosage form may be useful to prevent the frequent crises of angina
pectoris early in the morning if D-15 is given before bedtime.

Accordingly, it was concluded that D-15 should represent a convenient mode of therapy
with reduced frequency of administration and reduced risk of side-effects.
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Contribution of N4-Acetylsulfadimethoxine to the Interaction of
Sulfadimethoxine with Ketoprofen in Rabbits
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The contribution of N4-acetylsulfadimethoxine (N4 -AcSOM ). it major metabolite of sulfadi
methoxine (SDM), to the serum protein binding and pharrnacokinetic interactions between SDM
and ketoprofen (KPF) was investigated in rabbits. When SDM and KPF were intravenously co
administered, KPF indirectly reduced the serum protein binding ofSDM through the interaction of
KPF with N 4-AcSDM. and significantly increased the total body clearance (Cl to l ) and steady-state

volume ofdistribution (Vdss) of SDM. In addition, the co-administration of N4-AcSDM was found
to increase e/tot and Vdss of SDM. These results indicate that N4~AcSOMcontributes substantially
to the serum protein binding and phannacokinetic interactions between SDM and KPF in rabbits.

Keywords--sulfadimethoxine; ketoprofen; drug-metabolite interaction; N 4-acetylsulfadi
methoxine: serum protein binding; pharmacokinetic parameter; protein binding displacement

1299

Several investigators have demonstrated that a metabolite can contribute to drug-drug
interaction.l " " For example, when warfarin and chloral hydrate were co-administered, a
major metabolite of chloral hydrate. trichloroacetic acid, reduced the serum protein binding
of warfarin and enhanced its anti-coagulant activity.!' In addition, probenecid indirectly
reduced the serum protein binding of sulfadimethoxine (SDM) through the interaction of
probenecid with N4-acetylsulfadimethoxine (N4-AcSDM),2) a major metabolite of SDM.4

)

However, the contribution of metabolites to drug-drug interaction has not yet been fully
examined. The purpose of the present study was to elucidate the contribution of N 4-AcSDM
to the serum protein binding and phannacokinetic interactions between SD M and ketoprofen
(KPF) in rabbits.

Experimental

Materials--SDM was purchased from Daiichi Pharmaceutical Co.. Tokyo. KPF was kindly supplied by
Kaken Pharmaceutical Co .• Tokyo. N4~AcSDM was synthesized from SDM by the method of Uno et al." All other
chemicals were of reagent grade.

Animal Experiments--Male albino rabbits weighing 2.5-3.5 kg were used in a cross-over design. An interval
of at least 10d was taken to minimize the residual or cumulative effect of the preceding dose. SDM at a dose of
50 mg/kg was administered intravenously as a bolus to rabbits. KPF or N.j.~AcSDM at a dose of 25 rug/kg was
administered intravenously as a bolus immediately after SOM administration. The injections ofSDM, KPF and N4'
AcSDM were prepared by dissolving the drugs in saline solution containing the same molar amount ofNaOH. Blood
samples were collected from the ear vein. The blood was centrifuged at 3000 rpm for' 15min and the serum or plasma
was separated.

Protein Binding Experiments--Ill vivo and ill vitro protein binding experiments were carried out by means of
the ultrafiltration method described previously." The in vi~'o protein binding of SD M was determined for the serum
obtained at 2 h after intravenous bolus administration of SDM alone or in combination with KPF. The ill vitro
protein binding ofSDM was determined for the serum prepared by the addition ofSDM with or without KPF or N4-
AcSDM. .

Pharmacokinetic Analysis--The plasma SOM concentration data were analyzed by statistical moment
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analysis to obtain values for the total body clearance (Cltot) and steady-state volume of distribution (Vdss) of SDM
according to the following equation71:

Cltot=D/AUC

Vds-~::::D'MRTIAUC

(1)

(2)

where D is the dose, AUC is the area under the plasma SDM concentration-time curve from zero to infinite time and
MRTis the mean residence time. A UCwas determined by means of the trapezoidal rule until the last data point (el)

with the area to infinity being calculated as CliP. The elimination rate constant (p) was obtained from the log-linear
regression line of the SDM concentration time curve. The values of AVC and MRT were calculated by using a
microcomputer.

. Analytical Methods--SDM concentrations in serum, plasma and ultrafiltrate samples were measured by the
method of Bratton and Marshall.'" Total SDM (SDM +metabolites) in serum was measured by the same
method after hydrolysis (0.5N HCl, 100DC) for 1 h. N4--AcSDM concentration in serum or plasma was estimated
by subtracting SDM from total- SDM concentration, since no metabolite other than N4-AcSDM was detected in
serum or plasma by the extraction method of Rieder."

Statistical Analysis-e-c-Statistical significance of differences between means was determined by the paired
Student's r-test. A p-value of 0.05 or less was considered to be significant.

Results and Discussion

Serum Protein Binding Interaction
The effect of KPF on the in vivo and in vitro bindings of SDM to rabbit serum was

examined. As shown in Fig. 1, KPF markedly reduced the in vivo binging of SDM to rabbit
serum. On the other hand, KPF had little effect on the in vitro binding of SDM to rabbit
serum (Fig. 2). It is noteworthy that KPF reduces only the in vivo binding of SDM to rabbit
serum.

OUf previous paper" showed that N4--AcSDM strongly displaces SDM from its protein
binding sites. Since N 4-AcSDM is the major metabolite of SDM in rabbits," it may
contribute to the in vivoprotein binding interaction between SDM and KPF. As shown in Fig.
3, the co-administration of KPF was found to increase the serum concentration of N4 _

AcSDM at 2 h after intravenous bolus administration ofSDM. This finding implies that KPF
indirectly reduces the in vivo serum protein binding of SDM, by causing an increase in the
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serum concentration of N4-AcSDM.

To elucidate further the mechanism of the in vivo protein binding interaction between
SDM and KPF, we examined the in vitro binding of 80M to rabbit SerU111 in the presence of
N 4-AcSDM at the same concentration as that found at 2 h after intravenous bolus
administration of SDM alone or in combination with KPF. As shown in Fig. 4~ the in vitro
serum protein binding of SDM in the presence of N4-AcSD M was closely similar to the in vivo
serum protein binding of SDM shown in Fig. 1. Therefore, it is concluded that N4 -AcSD M
plays an important role in the in vivo protein binding interaction between SDM and KPF in
rabbits. A similar mechanism has been observed in the in vivo protein binding interaction
between SDM and phenylbutazone in rabbits.'?'

It is well-known that nonsteroidal anti-inflammatory drugs such as KPF and bucolorne
depress the renal excretion of drugs or metabolites which are actively secreted by the
tubules.J'v " Since N 4 -AcSD M is actively secreted by the tubules.':" unlike SOM, KPF may
cause the increase in the serum concentration of N4-AcSDM by depressing its renal excretion.

Pharmacokinetic Interaction
Figure 5 shows the time course of the plasma concentrations of SDM and N4-AcSDM

after intravenous bolus administration of SDM alone or in combination with KPF. The co
administration of KPF markedly decreased the plasma concentration of SDM, while the co
administration of KPF markedly increased the plasma concentration of N 4 -AcSD M . In
addition, the pharrnacokinetic parameters were derived from the SDM plasma concentration
data. As shown in Table I, the co-administration of KPF significantly increased ClllH and Vd ss

of SDM. Recently, the displacement of one drug from its protein binding sites by another has
been reported to induce increases. in Cllot and/or Vd ss of the drug. 14

•
1S

) For example, Arirnori et
al. reported that penicillins displace phenytoin from its protein binding sites, and significantly
increase Clto t and Vdss of phenytoin. 15) Thus, the increases in C/lo l and Vdss of SDM induced by
KPF may be explained on the basis of the displacement ofSDM from its protein binding sites
by N 4-AcSDM.

To confirm the contribution of N 4-AcSDM to the pharmacokinetic interaction between
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Fig. 6. Time Course of Plasma Concentration
of SDM and N4-AcSDM after Intravenous
Bolus Administration of SDM Alone or in
Combination with N4-AcSDM to Rabbits

Each point represents the mean ±S.E. of 5 rabbits.
-0-, plasma concentration of SDM (SDM alone);
-e-. plasma concentration of SOM (with N'~'-

AcSDM); b", plasma concentration of N4-AcSDM

(SOM alone); ...., plasma concentration of N 4
_

AcSDM (with N4-AcSDM).

TABLE I. Pharmacokinetic Parameters of 8DM after TABLE II. Pharmacokinetic Parameters of SDM after
Intravenous Bolus Administration of 8DM Alone Intravenous Bolus Administration of SOM Alone or

or in Combination with KPF to Rabbits in Combination with N4wAcSOM to Rabbits

Parameter SDM alone With KPF Parameter SDM alone With N4-AcSDM

CllOl (m]/ll/kg)
Vd!i5 (ml/kg)

35.4± 3.2
358± ]3

52.1 ±6.2")
526±4311

}

ClIo! (rnl/h/kg)
VdS$ (ml/kg)

35.9± 1.6
384±8

51.9±4.4(1
)

620± llb)

Each value represents the mean ±S.E. of 5 rabbits.
a) Significantly different from SDM alone (p <0.05).

Each value represents the mean ±S.E. of 5 rabbits.
a) Significantly different from SDM alone (p<O.O/).
b) Significantly different from SDM alone (p<O.OOl).

SDM and KPF, we examined whether the co-administration of N4-AcSDM decreases the
plasma concentration of SDM after intravenous bolus administration. As expected, the co
administration of N4-AcSDM markedly decreased the plasma concentration ofSDM (Fig. 6),
resulting in significant increases in elf01 and Vdss of SDM (Table II). Interestingly, the co-

.administration of N4~AcSDM, in contrast to that of KPF, caused a marked decrease in the
plasma concentration of SDM at the early stage (distribution phase) after intravenous bolus
administration. These observations indicate that N4-AcSDM contributes to the pharmaco
kinetic interaction between SDM and KPF in rabbits.
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A method for determination of ticlopidine in plasma by high-performance liquid chroma
tography was established. The plasma samples (0.2 ml) were extracted with hexane. After
evaporation, the hexane extracts were redissolved in the mobile phase containing phenobarbital as
an internal standard, and an appropriate volume was injected onto a column of Cosmosil 5C8
(150x4mm, i.d.); mobile phase, acetonitrile-l Orna phosphate buffer of pH 4.0 (30:70 vjv); flow
rate, l.Omljmin; spectrophotometric detection at 230 nm. Ticlopidine and the internal standard
were separated from interfering plasma components by this method. The peak height ratio of
ticlopidine to the internal standard was proportional to the ticlopidine concentration in the range
from 0.1 to 2.0Itgjrot.

Keywords-s-c-ticlopidine: HPLC; rabbit plasma; human plasma; oral administration; intra
venous administration

Ticlopidine hydrochloride (Tl": Hel), 5-(o-chlorobenzyI)-4,5,6,7-tetrahydrothieno[3,2
c]pyridine hydrochloride, is a potent anti-thrombotic agent. 1

-
3

) Usually anti-thrombotic
therapy with a drug such as Tl": HCI is a long-term process, and it is important to monitor not
only the anti-thrombotic effect but also drug concentration in plasma. Although 'TP: HCl has
been used in the treatment of thromboembolism, cerebral infarction and transient ischemic
attack," the relationship between the anti-thrombotic effect and the behavior ofTP in plasma
after administration is still unclear. This may be due to the lack of a sensitive and simple assay
for TP in plasma.

Several analytical methods-?' have been developed for the quantitative determination of
TP in plasma. The reported gas chromatographic (GC) method" seems to be unsuitable for
routine analysis because of the need for time-consuming pretreatment such as repeated
back-extraction, and the sensitivity is not sufficient for studies with small animals such as
rabbits, dogs and rats. For a 0.2 ml plasma sample, the quantitation limit of the GC method
was about 0.2 ,ug/ml in our laboratory. Therefore, we developed a high-performance liquid
chromatographic (HPLC) method to determine TP in rabbit and human plasma.

Experimental

Materials-c-c--Tl": HCI was a gift from Daiichi Seiyaku Co., Ltd. Other chemicals were of reagent grade.
Apparatus and Conditions---The HPLC apparatus consisted of a Hitachi 635S liquid chromatograph and a

Hitachi 635M UV monitor (Hitachi Seisakusho, Tokyo). The column was a stainless-steel tube (150 x 4mm, i.d.)
packed with Cosmosil Se8 (Nakarai 'Chemical, Kyoto). The mobile phase consisted of 30% acetonitrile in 10mM
phosphate buffer (pH 4.0). The flow rate was set at 1.0ml/rnin. The eluate was monitored at 230 nrn. Operations were
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carried out at room temperature. TP concentration was determined by the method of peak height ratios.
Calibration Curve--An appropriate volume (10-200~) of the methanolic Tp· He} stock solution was add

ed to a glass-stoppered test tube. After removal of the methanol under reduced pressure, TP was redissolved in 0.2ml
of plasma by mixing thoroughly. Concentrations of 0.1, 0.3, 0.5, 1.0 and 2.0 jlg/ml in plasma were prepared. Then
0.5 ml of 1N NH40H was added to each sample (0.2 ml) of plasma and the solution was extracted with 6 ml of 11

hexane for 10min using a mechanical shaker. After 10min of centrifugation at 1200xg, 5 ml of the organic layer was
transferred into a 15-ml glass test tube and evaporated to dryness under reduced pressure at room temperature. The
residue was redissolved in 60 jll of the mobile phase of HPLC containing phenobarbital (PB) (5 jlgjml) as an inter
nal standard. A 50JlI aliquot of the solution was injected into the HPLC column.

Determination of Plasma Concentration--Male albino rabbits, weighing 2.3-3.2 kg, were used. Food was
withheld for 24 h prior to use, and water was permitted ad libitum. For oral administration. Tl": HCl (300 mg/body)
was administered via a stomach tube as an aqueous solution (60mg/ml). For intravenous injection, Tp· HCl
(50 mg/body) was injected into the marginal vein of one ear as a 50mg/ml aqueous solution. Blood samples (0.5 ml)
were collected in heparinized glass centrifuge tubes from the marginal vein of the contralateral ear prior to drug
administration and at intervals for 6 h. After immediate centrifugation. the plasma was transferred to a 10011 glass
stoppered test tube and TP was extracted in the same way as described for preparation of the calibration curve.

Results and Discussion

Chromatograms
Figure 1 shows typical chromatograms obtained from blank rabbit and human plasma,

rabbit plasma withdrawn after oral administration ofTP: HCl, and human plasma containing
1.0~lg/ml of Tl": H'Cl. Chromatograms from blank rabbit plasma (Fig. Ia) and human plasma
(Fig. Ic) did not contain any interfering peak showing a retention time similar to those ofTP
and PB. The retention times of TP and PB were 7.9 and 5.5 min, respectively.

Calibration Curve and Recovery
The calibration curve for determination of TP in rabbit plasma was linear over 0.1

2.0,ug/ml and the regression equation was as follows: y=0.647x+6.36 x ]0- 3 (1'=0.9998),
where y is the peak height ratio to PB and x is the TP concentration (Itg/ml) in plasma. The
detection limit was 0.04Itg/ml 'at a signal-to-noise ratio of 5: 1. The coefficient of variation
(n = 3) was less than 4:%; (Table I). The extraction recovery of TP from the rabbit plasma was
93% as well as from the human plasma, and did not change between 0.2 and 0.5 n11 sample
volume. The plasma samples were stable for at least 2 weeks when stored at - 20 "C.

(8)

3

( b)

2

o 5 10 15
Time {min)

(e) (d)

Fig. 1. Typical Chromatograms Obtained from
Various Plasma Samples

(a), blank rabbit plasma; (b), rabbit plasma ob

tained after oral administration of Tp· Hel (300mgl
body); (e), blank human plasma; (d), human plasma
containing Tp· He] (D.2/Ig) and internal standard.

1, internal standard; 2, TP; 3, unknown peak.
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TABLE I. Reprod ucibility of the Analysis of Ticlopidine in Rabbit Plasma

Added amount of
Tp· nci (JlgJml)

0.1
0.3
0.5
1.0
2.0

Mean±S.E.

0.104 ±O.002
0.302± 0.006
0.505 ±0.012
1.002± 0.005
1.997±O.OII

c.v. ~~~

3.7
0.6
1.0
0.2
0.1

(J) Mcan±S.E. and coefficient of variation (COV.) of three determinations.

10 0.8
(a) (b)

I
~ 2

0.6Q)

\-=>
c::
t,) \ 0.4c
Q
U

~co

rt -i-t--~/f
E
CI)

D.2co <.ii:
~...........

2
0.1 0

D 2 3 4 0 2 4 5 6
Time ( h )

Fig. 2. Plasma Concentration-Time Courses of
Ticlopidine Following Intravenous and Oral
Administrations of Ticlopidine Hydrochloride
in Rabbits

(a), intravenous administration (50mgjbody, n=8);
(b), oral administration (300 mg/body, n=5). Each
point represents the mean ±S.E.

Determination of Plasma TP
The present method was applied to determination of plasma TP in rabbits. The plasma

concentrations ofTP after intravenous and oral administrations of Tl": Hel are shown in Fig.
2. After intravenous administration, plasma TP declined rapidly and the pharmacokinetic
parameters calculated on the basis of a linear two-compartment model, Co =Ae -at +Be-{J ',

were as follows: A, 9.34± 1.55flg/ml~ ex, 11.09 x IO~2± 1.45 x lO-2min-l~ f3, 9.13 x 10-3±
0.74 x lO-3min-l~ T1/2 (~), 80.3±7.8min. After oral administration, the variation in the
plasma concentration of TP was much larger than that after intravenous administration
and the maximum plasma concentration ranged between 0.07 and 0.57 pgjml. In a few.
cases, the plasma concentration was still increasing at the end of the experiment, indi
cating that the absorption process was still going on. The reason for the variability in in
testinal absorption of TP: He} is not clear.

The HPLC method is convenient for determining TP in plasma and the sensitivity is 5
times higher than that of the GC method. Under the experimental conditions which we used,
the TP peak was well separated from the peaks of other plasma components. Although in this
study we did not assay human plasma after administration Tp· Hel, the results in Fig. I and
Table I showed that the method should be applicable to TP in human plasma as well as in
rabbit plasma. It was reported'? that the maximum concentration of TP in human plasma
after oral administration (500mg/body) is about 1.9pgjml, and that dose is about 2.5-5
times larger than the usual dosage. Assuming that the plasma concentration is proportional to
the dose administered, the HPLC method seems to be sufficiently sensitive for use within the
therapeutic concentration range.

This simple HPLC method should be valuable for monitoring the plasma concentration
ofTP in patients and for examining the relationship between TP concentration in plasma and
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anti-thrombotic effect.
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A new lupin alkaloid, (-)-lusitanine (I), has been isolated from

the fresh stems of Maackia amurensis var. buerqeri and M. tashiroi

(Leguminosae), together with other types of the alkaloids. Its

absolute configuration has also been established as (1R,6R)-5-(g)-aceta

rnidomethylidenequinolizidine (1) on the basis of chemical transformation

into its dihydro-derivatives 11 «1R,SR,6S)-(+)-acetamidomethylquinoli

zidine) a~d III «1R,S~,6R)-(-)-acetamidomethylquinolizidine)and of

their spectral evidence.

KEYWORDS ---- lupin alkaloid; quinolizidine alkaloid; (-)-lusita

nine(1g,,6R); (+)-lusitanine(1;g,,6.§'>; absolute configuration; Maackia

arnurensisi Maackia tashiroi; Leguminosae; (+)-acetamidomethylquinolizi

dine(1 R,SE, 6R); (- )-acetamidomethylquinoli zidine( 1!i, S.§., 6!i)

During the course of our studies of the lupin alkaloids in leguminous plants

which grow mainly in Japan, a new lupin alkaloid, (-)-lusitanine (X), has been

isolated from the 7S% EtoH extracts of the freshly harvested young stems of Maackia
amurensis var. buergeri(Maxim.) and M. tashiroi Makino (Legurninosae) as colourless

needles, mp 185-186°, [ a J53 _4.6 0 (c=O.60, EtOH), together with other types of the
alkaloids such as (+)-13S-hydroxymamanine,1) arnmodendrine and so on. 2)

The planar structure of (-)-lusitanine (I) was readily proved by the MS, IR,
mp, 1H-NMR and 13C_NMR data 6) to be the same structure as {+)-lusitanine which had

previously been isolated from the flourishing aerial parts of Genista lusitanica
(=Echinospartum lusitanicum(L.)Rothm (Leguminosae) by Wicky and steinegger.3,4,5)

However, the data on the optical rotation of I showed an opposite value

compared with (+)-lusitanine, [~]~7 +6.9° (c=2.50, EtOH), suggesting that I is the
enantiomer of (+)-lusitanine (IV) reported by Wicky et al. 4)

The absolute configuration of (+)-lusitanine (IV) has never been confirmed but
it has tentatively been proposed to be 1R,6!i in the stereostructure shown as a
figure. 5)

We report herein the absolute configuration of (-)-lusita~ine and
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(-)-lusitanine W (of.)-lusit~nine

Chart 1. Stereostructures of (-)-lusitanine( I ) and (+)-lusitanine(rv)

(+)-lusitanine as I and IV, respectively, based upon the chemical transformation of

(-)-lusitanine (I) into (+)-acetamidomethylquinolizidine (II: lR,5R,6R) and

(-)-acetamidomethylquinolizidine (III: 19,,5§.,6R).. (-)-Lusitanine (I) was

converted to a mixture of the diastereomers II and III in the presence of Pto2 by a

method of Wicky et al. 4) These were separated from each other by silica gel

column chromatography using the solvent system of cyclohexene-diethylamine (9:1!v)

with increasing Et2NH content, and purified by recrystallization from petro ether.

The structures of II and III were established carefully by analyzing the IR,

MS, 1H- NMR and 13 C-NMR data. 7,B) II was completely identified as (1S.,5g,6B.)-{+)

acetamidomethylquinolizidine by comparing its IR, mp and [~JD data with the

authentic samples which had already been stereospecifically synthesized from

(+)-epilupinine{1R,5§.,6g.> and (-)-anagyrine(7!,9R,11R) by Okuda, Kataoka and

Tsuda. 9)

The value of optical rotation of II, [~]53 +53.,0 (c::::0.16, EtOH), derived from

(-)-lusitanine (I), also is very close to these values, [a]~O +56.7° (c=O.74, EtOH)

and [aJ5° +56.40 (c~O.71, EtOH), of the authentic samples 9) prepared from

(+ )-epilupinine and (-) -anagyrine, respectively.

From this information, it is concluded that the absolute configuration of

II is 19,5!,6R as shown in Chart 1. Consequently, the stereostructure for

(-)-lusitanine (I), isolated from the Maackia species, can now be defined as in I:

(1g,6g)-5(E)-acetamidomethylidenequinolizidine.

These results led us to define the absolute. configuration of (+)-lusitanine

(IV), separated from the Genista species,3-S) as shown in Chart 1, L,e, 19,6.§..

Thus, the absolute configuration of (-)-acetamidomethylguinolizidine (III) has also

been confirmed to be 1R,5g,6g as shown in Chart 1.

Full details of the basic ingredients in the Maackia species will be published

elswhere. 1 0)
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We describe a total synthesis of Proteus mirabilis lipid A via a new

common key disaccharide intermediate bearing two amino and six hydroxyl

groups which are chemically differentiated.

KEYWORDS -- total synthesis; pro teus mi r eb iL is lipid A; disaccharide

intermediate; chemical differentiation

The lipid As have received much attention. 2) Especially, Shiba's group has

synthesized the biologically active constituents of lipopolysaccharide (LPS) of Gram

negative bacteria, Salmonella mutant (1a);) Escherichia coli (1b)4) and Salmonella

minnesota (1c).5) They used the elegant two-fragment condensation method. Also, a

formal synthesis of 1a was realized by us using the novel disaccharide intermediate

bearing two amino and six hydroxyl groups which were chemically differentiated. G)
Here we describe a short synthesis of a new common key disaccharide intermediate

(2) and the first total synthesis of Proteus mirabilis lipid A (1e) from 2.

1a: 1
R

2
= R3= R4

= HR = CH3(CH2),O-'
( Salmonella mutant )

1b: 1 R2
= CH3(CH2 ) ' 2CO-, R3::; CH3(CH 2),OCO-, R4:::R = CH 3(CH2),O-' H

( Escherichia coli )

1 c:
, 2 R3= CH 3(CH 2)10 CO-, R 4:::R = CH 3(CH2)10-' R = CH3(CH2)12CO-, CH 3(CH2)14CO-

( SJlmonella minnesota )

1d: 1 2 R3:::
CH3(CHZ)12CO-, R

4=R = CH3(CH2),O-' R = CH3(CH2)12CO-, H

( Proteus mirabilis )

1e:
, 2 R3= CH3(CHZ)12 CO-, R

4= CH3(CH2)'4CO-R = CH 3(CH2)10-' R = CH3(CH2)12CO-,
( Proteus mirabilis )
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The synthesis route to 1e, using the readily available disaccharide (2) as a

key intermediate, was constructed as shown in chart 1.

The reducing glucosamine part of 2 was prepared as follows. The primary protec

tion of the amino group of D-glucosamine hydrochloride (3) with the 2,2,2-trichloro

1,1-dimethylethyloxycarbonyl (TCBOC) group afforded 47 ) [87%, mp 141-142 0C, [~]~4

+37.0° (c=1.00, MeOH)]. The following glycosidation of N-TCBOC-glucosamine (4) in

2% dry HCl in allyl alcohol at 100°C for 1.5 h gave the ~-allyl glycoside (5)7)[62%,

mp 143-146°C, [a]~5 +91.7° (c=1.00, MeOH)], which was then converted into 4,6-iso

propylidene derivative (6)7) with 2,2-dirnethoxypropane-TsOH in DMF at room temperature
21

for 5 h [82%, mp 129-131°C, [~]D +63.9° (c=1.34, CHC13 ) ] . Acylation of the free

hydroxyl group of 6 with TCBOC-Cl in pyridine containing a catalytic amount of 4

dimethylaminopyridine (DMAP) at room temperature for 11 h gave 77) [94%, mp 65-67°C,

(a]~l +50.4° (c~1 .01, CHC13)J. The isopropylidene group of 7 was then removed by

hydrolysis with 90% acetic acid at 90°C for 15 min to yield 87 ) [83%, mp 74-77°C, [UJ;4

+55.3° (c=1.00, CRCl 3)]. Selective benzoylation of 8 with benzoyl chloride in pyridine-
7) 21

CH2Cl 2 at O°C for 7 h afforded the 6-benzoyl compound (9) [77%, mp 69-70 0C, [al D
+ 52.0° (c=1 .01, CHC13)]. Then 9 was benzylated with benzyl trichloroacetimidate and

a catalytic amount of trifluoromethanesulfonic acid in CH2ClZ at room temperature for

48 h to yield 107) [83%, mp 50-51°C, [a]~9 +49.7° (c=0.30, CRC13)]. And 10 was then

debenzoylated with aqueous NH 40H-MeOR (1 :10) to give 11 7) [57%, mp 41°C, [a]~l +53.8°

(c=1.06, CRC13 ») , which is the reducing glucosamine component in the disaccharide

synthesis.

Coupling of ~he two component, 11 and 12 ~n the presence of FeC1 3 and N,N,N' ,N'

tetramethylurea (TMU) and Molecular Sieves 4A in CHZCl 2 at room temperature for 48 h

gave a (3(1406)-disaccharide (13)7,8) [80%, mp 102-104°C, [a]~O +32.8° (c=1.41, CHC1
3)],

which was deacetylated with aqueous NH40H-MeOH (1:10) to give 147) [76%, mp 153-154°C,

[~]~7 +31.6° (c:1.00, CRCl3)]. The two hydroxyl groups on position 4' and 6' were

reprotected by conversion into the isopropylidene derivative (15)7) [69%, mp 117

118°C, [~]~O +17.7° (c~O.55, CHCl 3)]. Then the N-chloroacetyl group was removed with

thiourea and diisopropylethylamine in THF refluxing for 5 h to give the general key

intermediate (2)7) [95%, mp 88-89°C, [a]~O +23.1° (c=0.31, CHCl~)].
For the successful completion of this approach to the total synthesis of le, the

free amino and hydroxyl groups of 2 were acylated with (R)-3-tetradecanoyloxytetra

decanoic acid in the presence of dicyclohexylcarbodiimide (DCC) and a catalytic amount

of DMAP in CH2Cl 2
at room temperature for 17 h to give 167) [98%, mp 132-134°C, [a)~9

+11.8° (c=1 .41, CRC13)]. Removal of the isopropylidene group of 16 with 90% acetic

acid at 90°C for 15 min afforded 177) [75%, mp 88-90 0C, [a]~O +15.1° (c=O.68, CRel 3 ») ,
whose 6'-hydroxyl group was selectively protected with benzyloxymethyl chloride and

TMU in CHZCl z to give 187) (54%, mp 94-96°C, [0];0 +14.6° (c=1.28, CHC13)]. The

phosphorylation of 18 with diphenylphosphory,l chloride in the presence of pyridine

and DMAP in CH2C1 2 at room temperature for 2 h gave 197) (87%, syrup, [a]~O +20.8°

(c=0.74, CHCl 3)]. Treatment of 19 with zinc-acetic acid at room temperature for 24 h

gave 207) [89%, syrup, [a]~3 +22.9° (c=0.68, CRe13)]. The free amino group of 20 was

acylated with (R)-3-hexadecanoyloxytetradecanoic acid and DCC in CH2C12 at room tem

perature for 22 h to give 21 7) [78%, mp 53-55°C, [a)~3 +15.0° (c=0.57, CHC13 »).
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3 4: RS... TCBOC, R6
z R7.. R8", R9.. H 8: R5=

5: R
S" TCBOC, R6=All y l , R7... RB.. R9= H R8..

6: RS" TCBOC, R6..Allyl. R7", H 9: R5..

R
S• R9= (CH3)ZC:: R

S=
7: RS" R7

= TCBOC. R
6= Allyl 10: R5=

R8 , R9", (CH 3)ZC'::::
R8=

511: R ...

R8=

RbDR 0 H,OH

HO
NH Z
HCI

ACb
OAc a H.OAc

AcO
NHe..o

lZ CHzCl
R100~O, /Ob,
Rll~ R9~OR6

N'H NH
R13 ~5

13: RS= R7= rCBOC. R6.. Allyl. R9... Bzl
RIO.. Rl l .. RI Z= Ac. RI3",~COCH2Cl

14: RS.. R7= rCBDC. R6.. Allyl. R9... Bzl
RIO", Rl l• R12", H, RI3.-COCH~Cl

15: R5.. R7.. TCBDC. R6... Allyl, R9= Bzl
RIO. RI I ,. (CH3),C'::. R12.. H, R13",-COCI{2Cl.

2: RS", R7= TeBDC. R6.. Allyl, R9= Bzl
RIO, Rll .. (CH3)zC(. R12 .. R13.. H

20:
21:

22:

23:

24:
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Bz , R9.. Bz I
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Ie
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CH3(CH2)12COO CH3(CHZ)14COO BzIO
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The remalnlng hydroxyl group of 21 was acylated with (R)-3-benzyloxytetradecanoic acid

and DCC in the presence of DMAP in CH2Cl Z to give 227) [70%, mp 48-49°C, [a]~3 +18.9°

(c=2.18, CHCl 3 »). The allyl glycoside was in turn isomerized with iridium complex

and the resultant 1-propenyl glycoside was treated with iodine in aqueous THF to give

23
7)

[87%, syrup, [a]~2 +12.6° (c=0.89, CHC13)]. The glycosidic hydroxyl group was

then phosphorylated with n-BuLi and dibenzylphosphoryl chloride in THF at -70°C and

the reaction product (24) was immediately hydrogenolyzed, first with Pd-black to re

move the benzyl groups and then with platinium dioxide to cleave the phenyl esters of

4'-phosphate group in THF-MeOH (10:1). The final product was isolated by means of a

silica gel column (CHC13-MeOH-H20-Et3N = 20:5:1:0.05). After acidic precipitation,

lyophilization from dioxane afforded 1e7,9-11) [10% yield from 23, mp 60-62°C, [a]~3

+4.6° (c=0.22, CHCl
3)].

Further application of this method to the synthesis of KDO-KDO-lipid As 1 2) is
actively under way.
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EVIDENCE THAT T-KININ DOES NOT MEDIATE PAW SWELLING INDUCED BY
CARRAGEENIN: STUDIES WITH PLASMA HIGH MOLECULAR WEIGHT KININOGEN AND

LOW MOLECULAR WEIGHT KININOGEN DEFICIENT RATS
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Kohji Yamaki, Akiko Yamasu and Takeshi Nakanoa
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Paw swelling induced by carrageenin was compared in Brown Norway
Kitasato rats (normal) and Brown Norway Katholiek rats, deficient in
HMW and LMW kininogens. The increase in the paw volume of the former
after the carrageenin injection was about 50-70% of the initial
volume, whereas that of the latter was about 10%. Pretreatment with
captopril, a kininase inhibitor, enhanced the edema significantly in
the former but had no effect in the latter. The T-kininogen level in
the plasmas of both strains increased gradually and peaked on the 2nd
day at 10 times of the control level. But the paw swelling peaked at
4-5 hours after the carrageenin injection. These results indicate
that bradykinin but not T-kinin induces paw swelling by plasma
exudation.

KEYWOARDS----HMW-kininogen; T-kininogen; captopril; T-kininj paw
edema; carrageenin

1315

T-kinin, isoleucyl-seryl-bradykinin, was identified as a peptide released by

trypsin from a distinct kininogen of rats. 1 } The kininogen was named '1'-

kininogen 2) and was differentiated from the classical BMW and LMW kininogens,

since it did not release any kinin by the action of either plasma kallikrein or

glandular kallikrein. 3,4) It has been reported that the plasma level of T-

kininogen increases following inflammatory stimuli or injection of bacterial

lipopolysaccharide (LPS).S-7) The content of the mRNA encoding T-kininogen in

the liver also increased after rats received LPS.8)

This is proof that neither T-kinin nor T-kininogen playa role in the paw

swelling of rats induced by the intradermal injection of carrageenin in rats

congenitally deficient in plasma HMW and LMW kininogens.9)

Inbred strains of male Brown Norway Kitasato (B/N-Ki) rats, 12-15 weeks old

with normal plasma kininogens, and Brown Norway Katholiek (B!N-Ka) rats deficienct

in plasma HMW and LMW kininogens, but with normal levels of T-kininogen,J,4) were

injected in the right paw with 0.1 ml sterile saline solution of 1% carrageenin

(lambda-carrageenin, Sigma). The paw volume was measured with a mercury
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plethysmograph before and at 1, 2, 3, 5, 24 h after tbe carrageenin

injection. 10 ) The B/N-Ka and B/N-Ki rats were each divided into two groups; one

group of each strain received intravenously 10 mg/kg captopril (kindly supplied

from Sankyo co.,Ltd.). The other groups received saline 30 min before the

carrageenin injection. Blood samples were drawn from the subclavian vein before

the carrageenin injection, and rats from each group were exsanguinated at the

indicated times after the carrageenin inj ection. Plasma was obtained from the

ci trated blood as previously described. 4) T-kininogen and HMW-kininogen were

measured by radioimmunoassay using 125I-labeled kininogen as previously

described. 6)

Table I clearly indicates that the B/N-Ka rats show less swelling and thus HMW

kininogen has an important role in the induction of plasma leakage. This

coincides with our previous result of carrageenin-induced pleurisy,11) in that

B/N-Ka rat showed less pleural fluid accumulation than the normal strain, B/N-Ki

and Sprague-Dawley rats. The result also agrees with Damas et al.12 ) who report

a role of the plasma kallikrein-kinin system in urate crystal-induced paw edema

in kininogen-deficient rats. These results also demonstrate that T-kininogen may

not ha ve any r ol e in the paw swelling I since the level of T-kininogen in B/N-Ka

rat plasma is the same as that in B/N-~ rat plasma, and it increased in the same

way it did in B!N-Ki rats as shown in Fig. 1. Pretreatment with captopril in

B!N-Ki rats enhanced paw swelling at 1-2 hr, indicating that bradykinin may be

released from HMW-kininogen by plasma kallikrein activation, as previously

reported for sprague-Dawley rat.11) Pretreatment with captopri 1 may inhibit

kininase and cause bradykinin to stay longer at the site to induce more

swelling. As shown in Fig. 2, the plasma levels of HMW kininogen in B!N-Ka rats

Table I. Percentage increase in paw volumes in Brown Norway Kitasato (B!N-Ki)
and Brown Norway Katholiek (B/N-Ka) rats after carrageenin injection
with or without pretreatment of captopril (10 mg/kg)

Hours after carrageenin injection
235 24

---~-------------------------------------------------- --- - - - - - - - - - - - - - - - - - - - - - - - --

B/N-Ki (vehicle) 30.4 .:!:. 3.2 45.5 ±. 4.7 50.2 .:!:. 5.1 48.8 .±. 3.4 21. 7 .±. 2.1

B!N-Ki
(n = 12) *

5.8 *61.9 6.7 59.9 7.5 56.5 4.7 21 .7 2.6(captopril) 69.0 .±. .±. .:!:. .±. .±.
(n = 10)

B/N-Ka (vehicle) 10.8 ± 1.7
(n = 12)

B/N-Ka (captopril) 9.0.±. 2.0
(n = 11)

6.8.±. 1.1

6.2 ±. 1.5

8.0 .±. 1.2

7.5 ± 2.2

11.8 .±. 2.1

8.1 .±. 1.2

9.3 .±. 1.2

5.7 ± 1.4

Data are means with standard errors. n: number of rats used. *: statistically
significant at 5%.
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were 1/30 - 1/50 as high as those in B/N-Ki rats and showed no change during

inflammation. The B/N-Ka rats showed no enhancement with captopril, indicating

that T-kinin may not be released from T-kininogen at the paw site. If T-kinin

has been released the effect would be enhanced, since exogenous T-kinin caused the

same degree of vascular permeability increase in rats as bradykinin does.1 1) T-

kinin was also inactivated with rat plasma as bradykinin and captopril partly

prevented the inactivation (Data not shown).

Furthermore, the plasma level of T-kininogen increased at 24 h after the

carrageenin injection, when the paw swelling had already decreased. The peak

swelling was at about 5 .h and at that time the T-kininogen level had not yet

increased. The time lag in the increase of T-kininogen also indicates no role of

T-kinin, if any release, for the increased vascular permeability during paw

swelling. The profiles and increased levels of T-kininogen in both strains were

almost the same, also indicating that the different degree of swelling did not

reflect the level of T-kininogen but HMW kininogen (Fig. 2), since the level of

HMW kininogen in B/N-Ka rats was less than 1/30 of that of normal rats. A.Il of

these results indicate that neither T-kinin nor T-kininogen has any direct role in

the paw swelling, while bradykinin may be ·released from the HMW kininogen to

induce vascular permeability increase in the paw. This is quite different from

the report of Barlas et al. 13), who found that in rats, T-kinin is released in the

granuloma induced by carrageenin. Thus the question remains : What is the role

of the increased level of T-k1ninogen ?
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A novel method is described for the introducing the 2,2-dichloro

ethyl group at the 2-quinolone ring. The method from 4-substituted 2

quinolone consists of 1) photoaddition of the quinolone to 1,1-dichlo

roethylene, 2) base treatment of the cross adduct giving a bicyclo

butane, and 3) conversion of the latter to the final product with

hydrogen chloride. By applying this reaction to 4-methoxy-2-quinolone,

a short-step synthesis of dictamnine is accomplished.

KEYWORDS ---- photo [2+2] cycloadditioni 2,2-dichloroethylation;

furo[2,3-Q]quinoline; dictamnine; 1,1a-methanocyclopropa[£Jquinoline;

cyclobuta[£]quinoline; 2-quinolone

1319

Photochemical cyclobutanation of a cyclic enone system, coupled with subse

quent C-C bond fission in the strained four-membered ring, provides a useful

method for the construction of a variety of complex carbon frameworks. 2,3) Our

continuing studies concerning the application of this method to heteroaromatic

compounds 4,5) have led us to examine the chemical behaviour of the cross adducts

obtained from 2-quinolones and 1,1-dichloroethylene, with an expectation that the

cyclobutanes thus formed would undergo C-C bond formation between 1- and 2a

positions to give highly strained bicyclobutane derivatives.

Here, we wish to report the r ea c t Lon of the cross adduct obtained by photo

addition of 4-substituted 2-quinolones to 1,1-dichloroethYlene with a base to give

the bicyclobutane derivatives ~ expected C-C bond formation and their further

reactions. The scope of the bicyclobutane formation and the application of this

reaction to the synthesis of dictamnine are also reported.

A solution of 1.75 9 (0.01 mol) of 4-methoxy-2-quinolone (~) and 19.2 g (0.2

mol) of 1,1-dichloroethylene in methanol (1000 ml) was irradiated with a 400-W

high-pressure mercury lamp through a Pyrex filter at room temperature for 1.5 h.

Concentration of the reaction mixture gave 2.57 9 (95%) of the cross adduct (2a:

mp 158-159 °C)6) as a sole product. The regiochemistry of the adduct was dete~
mined unequivocally by its NMR spectrum showing an ABX pattern [~ 2.76 (H2-endo'

dd, ~=12 and 8 Hz), 3.24 (H2-e xo' dd, ~=12 and 8 Hz), and 3.50 (H2a' t, ~=8

Hz) ].6)

Treatment of ~ with base (~-BuOK/tetrahydrofuran,room temperature, 3 h)

gave two products (3a: mp 213-215 DC and 5a: mp 213-215 DC) in the respective

yields of 65 and 12~ From NMR spectra, t~ major product (l3)7). was revealed to

be 1-chloro-7b-methoxy-1a,7b-dihydro-1,1a-methano-lg-cyclopropa{£)quinolin-2-(3g)-
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one and the latter to be a simple cyclobutane-fused quinolone formed by base

catalyzed elimination of methanol. The formation of ~ proceeds through the ring

closure of ~ via intramolecular SN2 displacement of the C,-Cl bond by an attack

of the carbanion at the 2a position. Treatment of }e with dry hydrogen chloride in

dichloromethane (room temperature, a few min) afforded 3-(2,2-dichloroethyl)-4

methoxy-2-quinolone (~: mp 197-198 °C)8) in a quantitative yield.

OMe

~U~~O
R

12,A9

a: R==H, b: R==Me

2a,2b
-~

OMe
~CI

UN~odt
R

4a,4b
~!~

The same sequence of reactions applied to 1-methyl-2-quin~lones (18 and 1£)
also afforded dichloroethyl derivatives Ci9: mp 119-120 °c and 19= mp 122-123 °C)

via the corresponding bicyclobutane derivatives (~: rnp 80-82 °c and ~: oi1 9 » ) as

isolable intermediates.

Though each step in the above transformation proceeded with almost quantita

tive yields,10) the adduct (~) obtained from 1-methyl-2-quinolone (19) directly

afforded under the same basic conditions the dichloroethyl compound in 20% yield

<19: mp 84-85 °e) as the only isolable product. In this case, none of the corres

ponding bicyclobutane (~) was detected. These facts clearly indicate that the

presence of a substituent at the 8b position in the adduct (l) may play an impor

tant role in the formation of the bicyclobutane system (1), and the effects can be
attributed to the steric strain in the adduct (£) which facilitates the formation

of a central bond in the bicyclobutane (1). The conversion of ~ to ! is best

explained by assuming the spiro compound (2) as an intermediate. An alternative

mechanism involving ~ as the intermediate (e.g. l--£~i) is denied by the inert-

c CI Cl
R ci1 d1 R

ex) -:7
1

:PI CJCo;CI
~ I N 0 Cl~ N 0 ~ N 0 ~ N 0

Me Me Me Me

}S,19 2c,2d 3c,(3d) 4c,4d- ....... "...., ......... "'- -...

c: R==Me, d: R=H

Cl

~[:d1H

'

RR
~CIbose P 'J'

=-- ~ I r:.a N a ct~, 0 R'
1. \ ~ / 4....,

base

b
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ness of l under these acidic conditions.

The 1-unsubstituted 3-(2,2-dichloroethyl)-2-quinolones thus obtained may be

useful synthons for furo[2,3-Q]quinolines, when one considers that the 2,2-dichlo

roethyl group can function as a masked formylmethyl group. Actually when ~ was

treated with potassium carbonate in acetone (reflux, 3 h), dictamnine (6: mp 131

132 °c, lit. 11) mp 132-133 °C), a furoquinoline alkaloid of Dictamnus ;lbus Linn.

and Skimmia repens Nakai; Rutaceae, was obtained in 75% Yield as a sole product.

The most efficient synthesis of this alkaloid so far reported involves cyclization

of 3-formylmethyl-4-methoxy-2-quinolone (8), obtained from 4-methoxy-3-(3-methyl

but-2-enyl)-2-quinolone by ozonolysis, Wi~h polyphosphoric acid.12) However, the

high temperature (~ 180°C) in acidic medium required for the cyclization step

inevitably results in the concomitant formation of the angular compound (9).12)-/ Wid ~ 0OMe

oc3Q ci:?U'XCHO PPA :P' I ~ I +.,.
~ N 0 IJ ~ N"'" 0 ~ N 0

H H

~ 6 9,.... ,..,
Elucidation of the detailed mechanism in each step in the above sequence and

the scope of the reaction is now under investigation to develop a general method

for synthesizing furo[2,3-Q]quinoline and its derivatives.
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TIN-THALL REACTION, A VERSATILE METHOD FOR CROSS COUPLING

TIN COMPOUNDS WITH THALLIUM COMPOUNDSl)

Vol. 35 (1987)

Masanori Somei,* Fumio Yamada, and Katsumi Naka

Faculty of Pharmaceutical Sciences, Kanazawa University, Kanazawa 920, Japan

A new cross coupling reaction between tin compounds and thallium

.compounds is developed and its versatility is demonstrated by the
co~venient synthesis of various 4-substituted indoles.

KEYWORDS tin-thall reaction; thallation-palladation;

cross coupling; 4-substituted indole; thallium compound; tin compound;
palladium acetate; 4-(3-pyridyl)-3-indolecarbaldehyde

Our short step synthesis strategy for ergot alkaloids shown in Chart 1 led us

to examine various known cross coupling reactions that have possibilities for in
corporating pyridine derivatives 2) and cyclic compounds 2) into the 4-position of

the indole nucleus. This survey resulted in the successful development of thalla
tion-palladation3) and boronation-thallation rnethods. 2,3) In our continuing work in

search of an effective cross coupling reaction working directly at the 4-position

of the indole nucleus, we have now found a new palladium-catalyzed reaction between

tin and thallium compounds, designated the tin-thall reaction, as a version of the
thallation-palladation method. 3) It has the advantage of being carried out in the

presence of air and moisture.

R3~R2

S

M Z

69

Chart 1.

The reaction of (3-formylindol-4-yl) thallium bis-trifluoroacetate4) (2), pre

pared in 72% yield from 3-indolecarbaldehyde (~), with (3-pyridyl)trime~hyltin5)
in the presence of a catalytic amount of palladium acetate in refluxing N,N-dimeth
ylformamide produced 57% yield of 4-(3-pyridyl}-3-indolecarbaldehyde (~)2,6) to

gether with ~ and 4-methyl-3-indolecarbaldehyde (~) in 28% and 3% yields, respec

tively (Chart 2). Under similar reaction conditions, 4 was produced in 33% yield,
together with 48% yield of 1, by treating 2 with tetramethyltin. 4-Phenyl-3-indole

carbaldehyde 2) (5) was also- prepared in 54% yield in addition to 36% yield of 1 by- ~
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Chart· 2.

6

One Pot

7...

~ / 5
'"'"

---... 6dHO

H
4
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Table. The Palladium-Catalyzed Tin-Thall Reaction

Run Thallium Compounds Tin Compounds Products (%)

(CF3COO)2Tl CHO n-Bu CHO 9)
1 ad (n-Bu)4 Sn

O?(3)+
1...

(53)H

2 Q-T({OCOCF3)2 Ph4Sn
0-0 10)

(84)

(J(COOMe ()(COOMe 10)
3

Tt(OCOCF3)2
Me4Sn

Me (38)

10)

4 MeO~Tl(OCOCF3)2 Ph4Sn Me0-O-O
(49)

qSnMe3
11)

5 Me0-o-Tl(OCOCF3)2 MeO~
(40)
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treating ~ with tetraphenyltin.

The tin-thall reaction can be carried out in a one-pot procedure and the de

sired compounds are obtained directly from the starting materials. For example,

after thallation of ~ with thallium tris-trifluaroacetate in trifluoroacetic acid,

the solvent was removed under reduced pressure to give crude ~, which was treated

without purification with (3-pyridyl)trimethyltin to afford ~, l, and! in 45, 25,

and 6% yields, respectively. The one-pot procedure and recycling of the recovered

starting material make the present reaction profitable.

The structures of 3 and 5 were verified by direct comparison with authentic
~ 2)

samples, prepared according to our reported procedure. The structure of 4 was

unequivocally proved by the following alternative synthesis. 4-Indolecarbaldehyde7)

(~) was converted to 4-methYlindole8 ) (2) in 90% yield by the Wolff-Kishner reduc

tion using hydrazine, potassium hydroxide, and ethylene glycol. The subsequent

Vilsmei~r reaction applied to 7 afforded 4 in 66% yield.
tV ""'"

Further applications of the tin-thall reaction and their results are summariz-

ed in the Table. As can be seen, variation of the substituent on both the tin and

thallium compounds seems to have signific~nt effect on the reaction, although the

yields have not been optimized.

Investigations for establishing optimum reaction conditions such as changing

solvents, reaction temperatures. catalysts, species of tin compounds, etc., are

currently in progress.
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