
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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lide composi t ion of Ph. alkeken~i collected in the flowering phase in the foothills of the kopet-Dagh in the 
valley of the R. Sumbar (village of Kara-Kala ,  Turkmen  SSR). 

F r o m  the epigeal par t  we isolated a withanolide with the composi t ion C2~-I4008, which we have cal led 

physalactone° The uresence  in the spec t ra  of physalactone0famaximumatkCm2Ha~5OH 228nm (log ~3.94) and  
s t rong bands at • KBr 1100 cm -I ( C - O - C )  and1690 and1710 cm -1 (~,/~--unsaturatedlactone and cycl ic  ketone), Vmax 
the p resence  of the maximum fragment  with m / e  125 in the mass  spectrum, and the appearance of five t h r e e -  
proton singlets at 6 1o04, lo28, 1.43, 1.89, and 1o95 in the NMR spect rum permit ted the assumption that this 
substance belonged to thewithanol ide  group [1_1]o 

The smal l  long-wave shift of the maximum in the UV spec t rum and the compara t ive ly  small  molecular  
extinction coefficient indicates that r ing A is saturated.  

The p resence  in the m a s s  spec t rum of physalactone of ions with m / e  347 and 169(c leavage  between C-17 
and C-20) and ions with m / e  303 and 213 (cleavage between C-13 and C-17 and simultaneously between C-15 
and C-16), in addition to the ion with m / e  125, the p resence  of which in withanolides shows that there  is an un-  
saturated lactone ring in the side chain, es tabl ishes  the posit ions of two hydroxy groups at C-17 and C-20. A 
th ree -p ro ton  singlet at 6 1.43 (21-CH3) and a one-proton t r iplet  at 6 4.86 (22-£1) conf i rm the presence  of an OH 
group at C-20. 

In the NMR spec t rum of physalactone there  is the signal of a methoxy group at 5 3.34. Ions with m / e  516 
(M+), 484 (M - 32), 391 (M -- 125}, and 347 (M -- 169) fo r  thewithanolide itself and the analogous ions for  its a c e -  
tate [M + 558, m / e  466 (M - 60 - 32), 433 (M - 125), 389 (M - 169)] show that the methoxy group and one aeetyl 
group a re  present  in the steroid par t  of the molecule° 

3,53 

~,s~ _ ~ U : ~ : ~  I : " /  ) ~  ~ , ~ , ~ " ~  . . , 

r / ' ~ ,  ~;- -~,,~" | " [  O~ I t OH 

+.  + .  O OH j ~ t , , , r ,  ~ 

role 123 role 189 m/~ 213 ÷ l~J~ 225 

Attention is mer i ted  by the fact that the chemical  shifts of the protons in ring: A and B of physalactone 
agree  well with the chemical  shifts of 3-methoxy-2 ,3-dihydrowithafer in  A (HI [12] (Scheme}. This compound 
was obtained by heating withaferin A in a methanolie solution of p-toluenesulfonic acid° 

The magnitudes of the signal for the C-4 and C-6 protons (6 3.45 and 3.20, respectively} also conf i rm the 
4/3-hydroxy-5/3,6~-epoxy configuration of this par t  of the molecule.  In the opposite case, i.e., with the 4~-hy-  
droxy-5~,6~-epoxy configuration, as has been shown on model compounds of the cholestane ser ies  [13], the s ig-  
nal of the C-4 proton would have 6 3.98 and the C-6 proton 5 3.63. Thus, the s t ruc tu res  of r ings  A and B and of 
the oxygen-containing functions in these r ings  are  completely identical for  physalactone (I} and for  3 -methoxy-  
2,3 -dihydrowithaferin A. 

The UV spec t rum of the new withanolide has, in addition to absorpt ion at 228 nm, another maximum at 
205 nm (log a 3.87), which ref lec ts  the presence  of an isolated di ter t iary  double bond. T h e m o s t  probable pos i -  
t ion of this bond between C-8 and C-14 is shown by the p resence  in the m a s s  spec t rum of physalactone of ions 
with m / e  303 (fragment of the steroid part} and 213 (fragment with the lacone ring), and the absence of an ion 
with m / e  225 (see Scheme). The existence of a ~(14) bond makes cleavage between C-14 and C-15 impossible 
for  physalactone. 

All this has enabled us to put forward for physalactone the s t ructure  4/~,17,20~(R)-trihydroxy-3-methoxy- 
1-oxo-5/3,6/3-epoxy-22R-witha-8(14},24-dienolide (I). The R configuration at C-22 is based on the c i r cu la r  d i -  
c r o i s m  curve (D247 = 14,200, At  + 4.3). The  nomencla ture  at  C-20 is given in accordance  with F iese r '  s s y m -  
bols  [14]. 
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The quest ion na tura l ly  a r i s e s  of whether  physalactone is a nat ive product ,  since 3 - m e t h o x y - 2 , 3 - d i h y d r o -  
wi thafer in  A (II) was f i r s t  isolated d i rec t ly  f r o m  Withania somui fe ra  [12, 15], but Lavie  et  al.  came  to the con -  
clusion that  the conditions fo r  its isolat ion could lead to the addition of methanol  to the 42 double bond. The 
mild conditions fo r  the isolat ion of physalac tone  a r e  evidence in favor  of its nat ive nature .  

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

F o r  t h in - l aye r  ch romatography  (TLC) we used type KSK s i l ica  gel containing 5~ of gypsum in the b e n z e n e -  
c h l o r o f o r m - m e t h a n o l  (5 : 5 : 1) sys t em.  The revea l ing  agent was a sa tu ra ted  ch lo ro fo rm solution of SbC13 (with 
heating). The UV s p e c t r u m  was taken on a Specord UV-Vis spec t rophotomete r ,  the IR spec t rum on a UR-20 
ins t rument ,  the m a s s  spec t r a  on a MKh-1303 m a s s  s p e c t r o m e t e r  at an ionizing voltage of 40 eV, and the NMR 
spec t rum on a JNM-4H-100/100 MI-Iz ins t rument  with HMDS (in this  paper ,  the s ignals  have been  reca lcu la ted  
to TMS). The solvent was CDCI 3. 

Isola t ion of Physa lac tone .  The comminuted  a i r - d r y  epigeal  pa r t  of the plant (3 kg) was covered  with cold 
w a t e r  and the mix tu re  was heated to the boil .  The hot m a s s  was p r e s s e d  out through linen, and the plant  m a t e -  
r i a l  was  again covered  with cold wa te r  and heated. The combined aqueous ex t r ac t  was r eex t r ac t ed  with c h l o r o -  
fo rm.  Af ter  the solvent had been  dist i l led off, 14 g (0.46%) of a light g reen  powder  was obtained. 

The powder (5 g) was ch romatographed  on a column containing 400 g of s i l ica  gel. Elution was c a r r i e d  
out with mix tu re s  of equal vo lumes  of ch lo ro fo rm and benzene containing amounts  of methanol  gradual ly  i n c r e a s -  
ing f r o m  1 to 5%. F rac t ions  with a volume of 300 ml were  col lected and were  examined by TLC.  F rac t ions  
43-51 (0.7 g) contained mainly  one compound showing a br ight  pink co lo r  on TLC.  Af te r  r ech romatography ,  
0.5 g (0.016% of the weight of the plant) of amorphous  physalaetone was obtained. Composi t ion C29H4008, [o / ]~-  

C2H~OH KBr 
4 .3 '  (c 2.9, methanol) ,  Xmh ~ 205 (e 7500), 228 am (e 7000), Vma x 3400, 1710, 1690, l l 0 0 e m  -1. Mass  spec t rum 

m / e :  516 (0.6%), M+; 484 (2%), M - 3 2 ;  466 (7%), 484--H20; 448 (10%), 466-H20 ;  430 (2.5%), 448--H20; 391 (9%), 
M--125; 363 (5.5%), 391-H20 ;  359 (5%), M - 1 2 5 - 3 2 ;  347 (4.5%), M - 1 6 9 ;  341(4%), 359-H20;  326 (3°5%), 347-H20 ;  
303 (5%), M-213; 213(14%); 169(32%), 152 (74%); 125(I00%). NMR, 5:1.04 s (3H); 1.28 s (3H); 1.43 s (3H); 
1.89 s (3H); 1.95 s (3II); 3.20 t (1H); 3.34 s (3H); 3.45 d (1H); 3.63 m (1H); 4.86 t (1H)o 

Physalactone 4-O-Acetate. A mixture of 0.5 g of the withanolide, 1 ml of pyridine, and I ml of acetic 
anhydride was left at room temperature for a day. Then the solvents were evaporated off in vacuum, the resi- 
due was dissolved in 1 ml of methanol, and the solution was poured onto ice. After recrystallization from aque- 
ous methanol the acetate had mp 170-172°C; empirical formula C31H4209. vKBr 3400, 1730, 1710, 1690, 1235, max 
ii00 cm -i. Mass spectrum: m/e 558 (2.5%) M+; 540 (1%), M-H20; 522 (2.5%), M-21120; 498 (1%), M--60; 480(1%), 
498-H20; 466 (6%), 498-32; 462(4%), 498-2H20; 448 (24%), 466--H20; 433 (20%), M--125; 415 (2%), 433-H20; 
401 (6.5%), 433-32; 389 (9%), M--169; 383 (8.5%), 401-H2Oo The NMR spectrum was similar to that of physalac- 
tone A, with the exception of the proton at C-4, which was shifted downfield (5 4.57). 

SUMMARY 

1. A new withanolide, which has been called physalactone, has been isolated from Physalis alkekengi L. 
growing in Turkmenia. It has the structure of 4f~, 17,20~(R) -trihydrexy-3-methoxy-l-oxo-5fl, 6fl-epoxy-22R- 
witha-8(14), 24-dienolide. 
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S T E R O I D  S A P O N I N S  A N D  S A P O G E N I N S  O F  A l l i u m  

X. NEOAGIGENIN 6-O-BENZOATE FROM All ium tu r coman icum 

G. V .  P i r t s k h a l a v a ,  M.  V.  G o r o v i t s ,  
a n d  N.  K.  A b u b a k i r o v  

UDC 547.926+547.918 

Continuing a sys t ema t i c  study of the s teroid  sp i ros t ans  of plants  of the genus Al l ium [1], we have inves t i -  
gated A. t u r c o m a n i c u m  Rgl. The p r e sen t  p a p e r  gives information on the s t e r o i d  sapogenins of the epigeal  pa r t  

of th is  plant.  

F r o m  the total  sapogenins obtained by the hydro lys i s  of the ex t rac t ive  compounds we isolated the known 
genins yuccagenin,  neoagigenin,  alliogenin, and 2~ ,3~-d ihydroxy- (25S) -5~-sp i ros tan-6-one .  This  is the f i r s t  
t i m e  that  the l a s t -men t ioned  compound, which we have cal led neoagigenone,  has  been  isolated f r o m  plants .  It 
has  been  obtained p rev ious ly  by the se lec t ive  oxidation of neoagigenin [2 ]. 

F r o m  the s ame  combined product  we obtained a new s te ro id  sapogenin (1D with the composi t ion  Cz4H4806. 
Judging f r o m  the ra t io  of the in tensi t ies  of the absorp t ions  bands  in the IR spec t rum at 930 c m  -1 (strong) and 
900 cm -1 (weak), the genin (II) mus t  be ass igned to the s teroid  sp i ros t ans  of the 25S s e r i e s  [3, 4]. The exis tence  
of e s t e r  absorpt ion  at 1720 and 1280 cm -1 and of f requenc ies  re la t ing  to a benzene  ring (1600, 1585, and 718 c m  -1) 
p e r m i t  the assumpt ion  that  the molecule  of the sapogenin (II) contains an e s t e r  grouping of a r o m a t i c  c h a r a c t e r .  

The na ture  of th is  grouping is shown by the m a s s  spec t rum of compound (II) in which, toge ther  with ions 
c h a r a c t e r i s t i c  fo r  sp i ros tan  sapogenins the re  a r e  s t rong peaks  of ions with m / e  122 (C7H602) and 105 (C7H50) 
c h a r a c t e r i s t i c  of benzoic  acid. 

When the sapogenin (II) was  subjected to alkaline saponification,  the neu t ra l  f r ac t ion  was  found to contain 
neoagigenin (I), and benzoic  acid was identified by TLC in the acid f rac t ion  of the hydroly zate. 

The fac t s  given show that  the sp i ros tan  (II) is a neoagigenin benzoate .  The NMR spec t rum of the sapogenin 
(II) has  a one-pro ton  signal with Wl/2 = 6 Hz at 5 5.16 belonging to an equator ia l  proton geminal  to a benzoate  
group, and t h e r e f o r e  the benzoic  acid mus t  have es te r i f i ed  the hydroxyl  at C-6.  

x.E=CIHsCO 

The proposed  s t ruc tu re  is conf i rmed  by the p repa ra t ion  of the sp i ros tan  (II) f r o m  neoagigenin (I). Fo r  
th i s  purpose ,  neoagigenin was conver ted  by benzoylat ion into the t r ibenzoa te  which, without being isolated in the 
pure  form,  was subjected to se lec t ive  saponification. The neoagigenin 6 -O-benzoa te  isolated f r o m  the reac t ion  
products  was identical  in mel t ing point, specif ic  rotation, and spec t ra l  p rope r t i e s ,  with the sapogenin (II) isolated 

f r o m  the plant r aw m a t e r i a l .  
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