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The epoxidat ion of c e m b r e n e  is one of the poss ib le  routes  fo r  the introduction of functional groups  into 
the cembrane  ca rbon  skeleton and of approach  to analogs of physiological ly  act ive  highly oxidized cembrane  
d i te rpenoids  found in nature  [1-3].  Cembrane  epoxides  a r e  a lso  of in te res t  as  poss ib le  in t e rmed ia tes  in the 
b iosyn thes i s  of complex  c e m b r a n e  de r iva t ives .  

We have studied the products  of the in terac t ion  of c embrane  with equ imolecu la r  amounts  of pe roxyace t ic  
acid in ch lo ro fo rm and of pe rbenzo ic  acid in benzene in the p r e sence  of an excess  of sodium bicarbonate ,  p r e -  
venting the decomposi t ion  of the unstable  epoxides.  According to TLC, the react ion mix tu r e s  in both ca se s  con-  
s is ted  of unchanged cembrene ,  t h r ee  monoepoxides  difficult to separa te ,  and a smal l  amount of po la r  compounds.  

The  m o s t  po la r  monoepoxide p roved  to be e x t r e m e l y  unstable  in re la t ion  to the usual  adsorbents  - s i l ica  
gel and alumina.  A i r - d r y  s i l i ca  gel containing 5% of sodium b icarbona te  caused no decomposi t ion of the c o m -  
pound, but the se lec t iv i ty  of th is  adsorben t  was sufficient only to s epa ra t e  the combined monoepoxides  f r o m  the 
unchanged cembrene  and f r o m  m o r e  po la r  products .  The absence  of the absorpt ion bands of carbonyl  and hy-  
droxy groups  in the IR s p e c t r u m  of monoepoxide f rac t ions  obtained in this  way showed that all  th ree  of its c o m -  
ponents  were  epoxides .  

The two m o r e  po l a r  monoepoxides  were  isolated by ch roma tog raphy  and were  provis iona l ly  cal led epoxides 
A and B in the o r d e r  of t he i r  elution f r o m  a column of s i l i ca  gel. They a r e  i s o m e r s  of the gene ra l  fo rmula  
C20H320 and contain a conjugated dienic s y s t e m  [UV spec t ra :  kmax243 and 240 nm (log ~ 4.20 and 4.19, r e s p e c -  
t ively] .  The p r e s e n c e  of the s ignals  of the Hs, H6a, and H 7 pro tons  in the NMR spec t rum of epoxide B (Fig. I) 
shows that  th is  compound is l l , 1 2 - e p o x y c e m b r e n e  (1). The absence  f rom the NMR s p e c t r u m  of epoxide A of 
the signal of the H6a proton (in the 2.6-3.1 ppm region) that  is c h a r a c t e r i s t i c  for  cembrene ,  2 , 3 - d i h y d r o c e m -  
b r e n e  [4], and epoxide B, p e r m i t s  epoxide A to be  ass igned the s t ruc tu re  of 7 ,8 -epoxycembrene  (II). This  c o n -  
c lus ion is conf i rmed  by the fo rma t ion  of the s ame  diepoxide (III) on the epoxidation of both epoxide A and epox -  
ide B with peroxybenzoic  acid. 
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As has been  shown by Joshi  et  al. [5], epoxides i s o m e r i z e  on act ive  a lumina  into secondary aUyl alcohols  
with the re tent ion ot~ the configurat ion of one of the a s y m m e t r i c  cen te r s .  We have made  use of this  fact  to d e t e r -  
mine  the absolute  configurat ion of the monoepoxycembrenes .  When epoxides  (D and (II) were  i s o m e r i z e d  on a l -  
kaline a lumina (activity grade  II accord ing  to Brockmann) ,  the secondary  alcohols  (IV) and (V), r e spec t ive ly ,  
w e r e  fo rmed .  The conf igurat ions  of the hydroxyl-conta ining a s y m m e t r i c  cen t e r s  in the alcohols  (IV) and (V) 
were  es tab l i shed  on the bas i s  of re la t ionship  between the sign of the long-wave c i r c u l a r  d i ch ro i sm band of the 
o -n i t robenzoa te  of the secondary  alcohol and the configurat ion of the cor responding  a s y m m e t r i c  c en t e r  [6]° 

Novos ib i r sk  Inst i tute of Organic  Chemis t ry ,  Siber ian Branch  of the Academy of Sciences  of the USSR. 
Novos ib i r sk  State Univers i ty .  Trans la ted  f r o m  Khimiya  Pr i rodnykh  Soedinenii, No. 4, pp. 525-531, July-August ,  
1977. Original  a r t i c l e  submit ted Apri l  12, 1977. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation, 227 West 17th Street, New York, AT. Y. 10011. No part 
o f  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
microfilming~ recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available.from the publisher for $7.50. 

439 



/\ 

ii 
, +i .~ '+ 
i, l i  ::+' 

+ ' /I'1 
j <_f \t 

f 

_ J _ _  

:! i [ 

H i!+i f'i  !' ,~ +iil + , I 

t /"  

i [  . . . . .  , , 
3 2pp m 

Fig. 1. NMR spect rum of l l , 12 -epoxycembrene  (I) (100 MHz, in 
CC14). 

The o-ni t robenzoates  of the alcohols (IV) and (V) obtained by the react ion of these alcohols with o -n i t ro -  
benzoyl  chloride in pyridine gave a positive Cotton effect at 335 nm ~in methanol solution), which shows the S 
configuration of the a symmet r i c  cen te rs  in the alcohols. In view of the s tereospecif ic i ty  of the opening of the 
epoxide ring when it is i somer ized  on alumina and the t rans  configuration of the nonconjugated double bonds of 
cembrene  [4, 7], it may be concluded that epoxides (I) and (II) have the 11S,12S and 7S,8S configurations,  r e spec -  
tively, and the diepoxide (III) the 7S,8S,11S,12S configuration. 
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The third, least  polar,  cembrene epoxide decomposed completely when the mixture of monoepoxides was 
chromatographed on a i r - d r y  sil ica gel with the formation of the aldehyde (VI) and a mixture of two epimeric  
ketones (VII), which we had obtained previously by oxidizing with chromium trioxide in aqueous acetone [8], and 
also the diol (VIII) and its C4 epimer,  which we have also descr ibed previously  [9]. These products  were  formed 
in a rat io of 3 : 26 : 55 : 13.  Their  s t ruc tures  permi t  the conclusion that the third epoxide is (4S,5R)-4,5-epoxy- 
cembrene  (IX). Although the epoxide (IX) was not isolated in the individual state, the NMR spec t rum (100 MHz) 
of the monoepoxide fract ion c lear ly  showed its most  charac te r i s t i c  signals (6): H2, doublet of doublets with 
components at 5.20, 5,28, 5.36, and 5.44 ppm, J1,2 = 8.0 Hz, J2,3 = 15.5 Hz; H 3, doublet with components at 4.85 
and 5.00 ppm, J3,2 = 15.5 Hz; I-Is, doublet of doublets at 2.90 ppm, Js,6a = 8.0 Hz, Js,~b = 5.5 Hz; Me o singlet at 
1.32 ppm. In the NMR spect rum of the mixture of products  obtained by the passage of the monoepoxide fract ion 
through a column containing a i r - d r y  sil ica gel the signals of the epoxide (IX) disappeared,  and the signals of the 
ketones (VII) and of the diol (VIII) - the main components of the mixture of decomposit ion products of the epox- 
ide (IX) - appeared. 

The s t e r eo i somers  of the epoxides (I) (II) and (IX) did not appear  in the react ion mixtures  in appreciable 
amount, which shows the high s tereospecif ic i ty  of the epoxidation of cembrene.  Fu r the rmore ,  cembrene  epox- 
idizes at each of the three  double bonds in the same conformation in which it exists in the crystal ,  since for  this 
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conformat ion  [7] (see  a lso  r e f e r e n c e  [7] in the p a p e r  of Schmitz et  al. [10]) the d i rec t ions  leading to the f o r m a -  
t ion of epoxides  with the s t e r e o c h e m i s t r y  that  we have es tab l i shed  a r e  favorab le  for  a t tack  by peroxyace t ic  acid. 
F o r  the epoxidation of c e m b r e n e  at the nonconjugated double bonds,  a definite reg iospec i f ic i ty  e x p r e s s e d  in p r e -  
dominant  a t tack  on the Clt-C12 double bond is a lso  observed .  Thus,  the ra t io  of the epoxides (I) and (ID d e t e r -  
mined f r o m  the in tegra l  in tensi t ies  of the s ignals  of the H 3 pro tons  of the NMR spec t r a  if the monoepoxide f r a c -  
t ions was  1.7 : 1 (epoxidation by perbenzoic  acid in benzene) and 2 : 1 (epoxidation by pe rbenzo ic  acid in c h l o r o -  
fo rm) .  In both ca se s ,  the epoxide (IX) made up ~ 60% of the mix ture  of monoepoxides ,  as was de te rmined  f r o m  
the yield of its decomposi t ion  products .  

The components  of the po la r  (diepoxide) f rac t ion  of the products  of the epoxidation of cembrene  could be 
isolated in r easonab le  amounts  f r o m  reac t ion  mix tu re s  by the reac t ion  of c embrene  with two equivalents  of p e r -  
benzoic  o r  pe race t i c  acid. When these  mix tu r e s  we re  ch romatographed  on s i l ica  gel  containing 5% of sodium 
b icarbona te ,  the liquid diepoxide (X) was eluted f i r s t  a f t e r  the monoepoxides;  its NMR spec t rum contains s ignals  
s i m i l a r  to those  obse rved  fo r  the epoxide (IX) in the NMR s p e c t r u m  of the mix tu re  of c embrene  monoepoxides .  
When ch romatographed  on a i r - d r y  s i l i ca  gel,  this  diepoxide decomposed  in the s ame  way as epoxide (IX) with 
the fo rmat ion  of the co r respond ing  epoxydiol as the main  product .  In the NMR s p e c t r u m  of the ace ta te  of this  
epoxydiol  (X~ the signal of the tt6a proton is found at 2.82 ppm, its a s s ignmen t  being made by means  of double 
r e sonance  with suppress ion  of the H s and H 7 s ignals .  This  shows the posi t ion of the epoxide ring in t h e  d iepox-  
ide (X) and in the ace ta te  of the co r respond ing  epoxydiol.  The s t e r e o c h e m i s t r y  of compounds (X) and (XI) at C 4 
and C s was shown by the fo rmat ion  of the ace ta te  (XI) by the epoxidation of the monoace ta te  of the diol (VII) with 
pe rbenzo ic  acid in benzene in the p r e s e n c e  of an exces s  of sodium b icarbona te .  

O•,O ''H " ~ ' ~  gSgGHs 
~-S-~r_: O'H 

X XI 

The second component of the diepoxide fraction, eluted immediately after the diepoxide (X), was identical 
with the %8 : ll,12-diepoxT.oembrene (III) obtained by the epoxidation of epoxides A and B (i and II). The stereo- 
i s o m e r s  of the diepoxide (IID were  not p r e s e n t  in apprec iab le  amounts  in the reac t ion  mix tu res ,  which gives  
grounds fo r  a s suming  that  epoxides  (I and II) epoxidize in conformat ions  analogous to the conformat ion  of c e m -  
b r e n e  in the s ame  solvents .  

The th i rd  component  of the diepoxide f rac t ion  obtained in the epoxidation of c e m b r e n e  with pe race t i c  acid 
was identified as  the 5 - O - a c e t a t e  of the diol (VIII), and the cor responding  substance isolated f r o m  the mix ture  
of p roducts  of the reac t ion  of c e m b r e n e  with perbenzoic  acid was identified as  the 5 -O-benzoa te  of the s ame  
diol. This  benzoate  was identical  with the product  of the benzoylat ion of the diol (VIII) with benzoyl chlor ide  in 
pyr idine.  

The fo rma t ion  of the e s t e r s  obtained can be explained by the assumpt ion  that  acet ic  acid o r  benzoic acid, 
as  the ca se  may be, is p r e sen t  in the he te rogeneous  reac t ion  mix tu re  in smal l  amount and adds to the reac t ive  
monoepoxide (IX). The 4 - O - a c y l  de r iva t ive  of the diols would be expected as the normal  product  of the addition 
of the acid to this monoepoxide.  The fact  that  the 5-<)-acyl de r iva t ive  was actually fo rmed  is apparent ly  e x -  
plained by the side reac t ion  of the migra t ion  of the acyl  res idue  f r o m  the t e r t i a r y  hydroxyl  to the secondary  
with the fo rmat ion  of the s t e r i ca l ly  m o r e  s table  ace ta te  o r  benzoate .  A s i m i l a r  i somer iza t ion  takes  place  in 
the reac t ion  of ~ - a r y l  epoxides  with carboxyt ic  acids [11]. 

The th i rd  expected d iepoxycembrene  - 4,5 : 7 ,8 -d iepoxycembrene  - was not detected in the mix tu re  of c e m -  
b r e n e  epoxidation products .  It was  apparen t ly  fo rmed  in ve ry  smal l  amount  and on chromatography  was masked  
by the diepoxide (X). 

E X P E R I M E N T A L  

The ins t rument s  and methods have been desc r ibed  p rev ious ly  [8]. The mo lecu l a r  f o rmu la s  of subs tances  
(III-V) were  de te rmined  m a s s - s p e c t r o m e t r i c a l l y  on a MS 902 ins t rument .  The e l e m e n t a r y  ana lyses  of sub-  
s tances  (i), (iI), (IX), and the 5 -O-benzoa te  of the diol (VIII) co r re sponded  to the calculated f igures .  

Epoxidation of Cembrene .  With v igorous  s t i r r ing  and ice cooling 1.75 ml  (9.2 mmole) of 40% pe rexyaee t i c  
acid obtained by G r e e n s p a n ' s  method [12] was added dropwise  to a solution of 2.5 g (9.2 mmole) of cembrene  in 
25 ml  of ch loroform containing 5 g of anhydrous sodium carbonate  in suspension.  Af te r  the addition of the whole 
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of the pe roxyace t i c  acid, the reac t ion  mLxture was s t i r r ed  at the same t e m p e r a t u r e  for  another  hour and was 
poured into a cold sa tu ra ted  aqueous solution of sodium bicarbonate .  The organic  l aye r  was washed with wa te r  
and dr ied  with sodium sulfate,  and the solvent  was dr iven off f r o m  it to give 2.4 g of a mix tu re  of products  
which was  ch romatographed  on 300 g of s i l ica  gel. P e t r o l e u m  e ther  and mix tu r e s  of p e t r o l e u m  e ther  and d ie th -  
yl  e t he r  containing f r o m  0 to 100% of the l a t t e r  eluted success ive ly  1.0 g of cembrene ,  0.02 g of the aldehyde 
(VI), 0.40 g of a mix tu re  of the epoxide (ID and the ep imer i c  ketones (VII), 0.45 g of the epoxide (I), 0.05 g of a 
diepoxide fract ion,  0.02 g of the 5 -O-ace t a t e  of the diol {VIII), 0.26 g of the mix ture  of the diol (VIII)and its C 4 
ep imer ,  and 0.2 g of a po la r  f rac t ion.  The diol (VIII) and its e p i m e r  were  sepa ra ted  by the ch romatography  of 
t h e i r  ace t a t e s  [9]. 

7 ,8 -Epoxycembrene  (II). This  epoxide was separa ted  f r o m  the ketones  (VII) by chromatograph ing  0.40 g 
of  a mix tu re  of these  subs tances  on 10 g of s i l ica  gel containing 10% of s i l ve r  n i t ra te .  This  yielded 0.04 g and 
0.11 g of the e p i m e r i c  ke tones  (VII), identical  with those descr ibed  prev ious ly  [8], and 0.23 g of the ePoxide (ID 
with mp  80-81°C ( f rom ethanol), [a ]~-17.9°C (c 2.79). NMR spec t rum (here and below, the ~ scale  is used, ppm): 
0.76 and 0.81 (3H each, doublets  with J = 5.5 Hz each, methyls  of an isopropyl  group), 1.20 (3H, singlet, Mes), 
1.46 and 1.78 (3H each, s inglets ,  Mei2 and Me4, respec t ive ly) ,  4.95 and 5.55 ( !  H each, doublet  an d t r ip le t  of m u l -  
t ip le ts ,  r e spec t ive ly ,  Hll and Hs), 5.55 (1H, doublet of doublets,  J = 15.5 and 9.4 Hz, H2), and 6o10 ppm (1H, doub-  
let,  J = 15.5 Hz, H3). 

l l , 1 2 - E p o x y c e m b r e n e  (I). Co lo r l e s s  needles  f rom ethanol, mp 70-71°C, [~]~ + 90.7 ° (c 3.86). NMR s p e c -  
t r u m :  1.04 (3H, singlet,  Mel2), 1.63 and 1.68 ppm (3H each, t r ip le ts ,  J = 1.5 Hz each, Me 8 and Me4). The i n t e r -  
p re ta t ion  of the o ther  s ignals  is given in Fig. 1. 

I s o m e r i z a t i o n  of Epoxides (I) and (II) on Alumina.  A solution of 0.5 g of one of these  epoxides  in 2 ml of 
pentane was t r a n s f e r r e d  to a column containing 10 g alkal ine a lumina  (Brockmann act ivi ty grade  II, fil led by the 
wet  method with pentane as  solvent) and was left for  a day beneath  a l aye r  of solvent.  The products  were  eluted 
with diethyl e ther  and were  ch romatographed  on 10 g of s i l ica  gel. This  gave the alcohols  (IV) ( f rom the epoxide 
(I)) and (V) [ f romthe  epoxide (II)] with y ie lds  of 80 and 70%, respec t ive ly .  

The alcohol (IV) fo rmed  a c o l o r l e s s  oil with n ~  1.5260, [~]~ + 27.5 (c 6.55). IR s p e c t r u m  (cm -1) : 3625 
( f ree  secondary  hydroxy group), 3090, 1655, 905, (> C = CH2), 980 ( t rans -d i subs t i tu ted  double bond). NMR s p e c -  
t rum,  ppm: 1.61 and 1.75 (3H each, singlets,  Me 8 and Me4) , 2.71 (2H, t r i p l e t  of mul t ip le ts ,  protons  at C~), 3.84 
(1H, doublet of doublets,  J = 3.5 and 7.5 Hz, Hll), 4.71 and 4.92 (1H each, n a r r o w  mult iplets ,  Wl/2 = 4 Hz each, 
> C = CH2). 

The alcohol (V) fo rmed  a c o l o r l e s s  oil with n~  1.5290, [~]~ - 39.2 ° (c 5.11). IR spec t rum,  c m ' l :  3620 
(secon-~-~" ~ x y  group),  970 ( t rans -d i subs t i tu ted  double bond). NMR s p e c t r u m  (ppm): 1.51 (6H, singlet  with 
weak splitting, Me 8 and Mel2), 1.70 (3H, t r ip le t ,  J = 1.4 Hz, Me¢), 3.76 (1H, doublet of doublets,  J = 10.0 and 3.5 
Hz, HT). 

4 , 5 : l l , 12 -D iepoxycembrene  (X) fo rmed  a c o l o r l e s s  oil with n~ 1.5030, [a]~ + 32.6 ° (c 4.9). IR spec t rum,  
e ra- l :  975 ( t rans-d i subs t i tu ted  double bond). The UV spec t rum showed no absorpt ion  m a x i m u m  in the 215-400 
nm region. PMR spec t rum,  ppm: 1.03, 1.30, and 1.53 (3H each, singlets,  Mes, Me o and Mel2 , respec t ive ly) ,  
2.89 (1H, doublets,  J = 5.5 and 8.5 Hz, Hs), 4.89 (1H, mult iplet ,  HT) , 4.90 (1H, doublet, J = 16.5 Hz, H3), 5.20 (1H, 
doublet  of doublets,  J = 16.5 and 7.5 Hz, H2). 

7 , 8 : l l , 1 2 - D i e p o x y c e m b r e n e  (III) fo rmed  c o l o r l e s s  needles  f r o m  carbon  t e t r ach lo r ide  with mp 111-112°C, 
1 [ a ] ~ - 1 0 . 0  ° (c 7.16). IR spec t rum,  c m  ~ : 980 ( t rans-d i subs t i tu ted  double bond). UV s p e c t r u m  (in heptane): 

krn~x 242 nm (log e 4.2). NMR spec t rum,  ppm: 1.06, 1.28, and 1.75 (3H each, s inglets ,  Met2, Mes, and Me4, 
respec t ive ly) ,  2.0-2.8 (3H, mult iplet ,  HT, Hll, and, apparent ly ,  one of the protons  at C6), 5.50 (1H, t r ip le t  of m u l -  
t ip le ts ,  J = 8 Hz, Hs), 5.21 (1H, doublet of doublets,  J = 15.0 and 8.0 Hz, H2) , 5.87 (1H, doublet, J = 15.0 Hz, H3). 

5 -O-Benzoa te  of the Diol (VIII). Co lo r l e s s  oil with n ~  1.5250, [~ ]~-21 .4  ° (c 4.56). IR spec t rum,  cm- l :  
980 ( t rans-d isubs t i tu ted  double bond), 1030, 1070, 1130, 1280, 1500, 1590, 1610, 1700 (benzoyloxy group) 3600 
(hydroxy group).  The UV s p e c t r u m  quali tat ively coincided with the UV spec t rum of ethyl benzoate .  

5 -O-Ace ta te  of the 11,12-Epoxydiol  (XI). The po la r  f rac t ion  (0.2 g) obtained in the separa t ion  of the oxida-  
t ion products  of c e m b r e n e  (see above) was acetyla ted  with acet ic  anhydride (0.5 ml) in pyridine (5 ml) at 20°C 
fo r  5 h. Af te r  the usual  working up and chromatography  of the product  on 10 g of s i l ica  gel) 0.1 g of the 
5 -O-ace t a t e  of the l l , 12 -epoxyd io l  was  obtained with n~  1.5028 and [a]~ + 38.2 ° (c 5.24). IR spec t rum,  cm- l :  
980 ( t rans-d i subs t i tu ted  double bond), 1240, 1750 (OCOCH3), 3600 (hydroxy group). The re  was no max imum in 
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the UV spec t rum in the 210-400 nm region. NMR spect rum,  (ppm): 1.08, 1.17, 1.62, and 1.98 (3H each, singlets,  
Mel2 , Me4, Mes, and OCOCH3, respect ively) ,  2.82 (1H, multiplet,  H6a), 4.45 (1H, doublet of doublets, J = 2 and 
8 Hz, I I4), 5.3 (1H, multiplet ,  HT), 5,38 (2H, singlet, H 2 and H3)o 

The same aceta te  was obtained s imi la r ly  f rom the mixture  of products  formed f rom the diepoxide (X) 
when it was chromatographed on a i r - d r y  s i l ica  gel. 

S U M M A R Y  

1. It has been es tabl ished that the epoxidation of cembrene  with perbenzoic  and perace t ic  acids takes 
place s te reospec i f ica l ly  at each of the t r i subst i tu ted  double bonds with the format ion of 4S,5R-, 7S,8S-, and 
l lS ,12S-monoepoxycembrenes ,  the s t ruc tu re s  and absolute configurat ions of which have been establ ished by 
spec t ra l  methods.  

2. Epoxidation of cembrene  at the Cll -Cl2 double bonds under  the conditions used takes  place p r e f e r e n -  
t ia l ly  as  compared  with epoxidation at the C 7 - C  8 double bond. 
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W I T H A N O L I D E S  O F  P h y s a l i s  

I. PRYSA LACTONE 

V. A. Maslennikova, R. 
and N. K. Abubakirov 

N. T u r s u n o v a ,  UDC 547.926 

The f i r s t  r e su l t s  of  a chemica l  study of Physa l i s  alkekengi L. were  published more  than a century  ago [1] 
when a b i t t e r  substance,  which was called physalin, was isolated f rom the leaves of this plant. No s t ruc tura l  
investigations were  c a r r i e d  out at that t ime.  Beginning only in 1969 have communicat ions appeared on the 
chemica l  s t ruc tu re  of the s teroid compounds contained in Physal is ;  in par t icu la r ,  physal tns  A [2], B [3], and 
C[4], having the s t ruc tu re  of 13 ,14-seco-16 ,24-cyc los te ro ids ,  have been found (collected in Japan) in P. alkekengi 
va r .  Frauchet t i .  In addition to those mentioned, withaphysalins A, B, and C have been isolated f rom P h, ~ninima 
[5], withaphysacarpin f rom Ph. ixocarpa  Brot .  [6], and withanolide B and 4fl-hydroxywithanolide E f rom Ph .  
peruviana  [7, 8]. 

Different  chemotypes  of the same plant species  contain withanolides differing f rom one another  by 
t he i r  chemical  s t ruc tu re  and amount [9, 10] and the re fo re  we cons idered  it des i rable  to study the withano- 
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