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I t  has  been shown p rev ious ly  that under  the action of a lkal is  the lactone r ing of the ca rd iac  aglycone 
diffugenin [1] f o r m s  a t au tomer ic  p a i r  - a hydroxy lactone and an aldehyde acid, the methyl  der iva t ives  of 
which can be i so la ted  in the individual s tate  [2]. The methoxy lactone (I) i s  m o r e  s table  in an alkaline m e -  
dium and the methyl  e s t e r  of the aldehyde acid (11) in an acid medium.  
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On compar ing  the m a s s  spec t r a  of the two subs tances ,  the i r  fa i r ly  c lose  s imi l a r i t y  can be seen 
(Fig. 1). As in the s pec t r a  of the cardenol ides  of the strophanthidin s e r i e s  [3] the mo lecu l a r  ions do not 
appear .  In the region of high m a s s e s ,  those  peaks  a r e  s t ronges t  which c h a r a c t e r i z e  the success ive  a l t e r -  
nate  expulsion of CO, H20 , a methoxy radical ,  and methanol  f rom the ton with mite 400 (M-I-I~O) in each 
case .  In spite of the d i f fe rences  in the s t ruc tu re  of the subst i tuents  at C17 , the e ject ions of CH30 and 
CH3OH f r o m  the ions with m / e  400 take place  with approx imate ly  equal in tens i t ies .  At the s ame  t ime,  the 
e l iminat ion of CO and that of H20 in the spec t r a  of (I) and (11) differ  quanti tat ively.  One of the causes  of 
this  i s  the di f ference in the tendency of the subst i tuent  at C17 to spli t  off. The contribution of this  p r o c e s s  
to the total  ion cu r r en t  i s  five t imes  g r e a t e r  in (II) than in (D, which is  apparen t ly  due to the poss ib i l i ty  of 
the exis tence  of a s i x - m e m b e r e d  t rans i t ion  state.  

U role 284 

The ease of spl i t t ing out the substituent is confirmed by the presence in the spectrtLm of (H) of a 
peak with m / e  302 due to the spli t t ing out of 116 ainu d i rec t ly  f rom M +. 

The ion with m / e  284, by eject ing CO and H20 , i s  conver ted  into the ion with m / e  238. The sa te l l i t es  
of this  peak with m / e  239 and 237 a re  fo rmed  through different  methods of spli t t ing out of the subst i tuent  
at Ci7 f r o m  the ion with m / e  354. In the spec t r a  of (I) and (11) there  is  an i nve r se  re la t ionship  between the 

* Deceased. 

Order of the Red Banner of Labor Institute of the Chemistry of Plant Substances of the Academy of 
Sciences of the Uzbek SSR. Translated from Khimiya Prirodnykh Soedinenii, No. 3, pp. 301-304, May- 
June, 1971. Original article submitted March 26, 1971. 

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 g/est 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

289 



h i . . .  u u ~ . i l  , i . .  & . . . .  J .  u l , .  

' f  . . . . . . .  'F . . . . . . .  ¢~ I1 2s8 

o l  • . . . . . . . . . .  J, , I I .  | . • . ~J_ ,e  L 

Fig. 1. Mass  s p e c t r u m  of the m e -  
thoxy laetone if) and of the methyl  
e s t e r  of the aldehyde acid (II). 

in tensi t ies  of the peaks  with m / e  354 and (260 + 261), the coef-  
f icient  of which ~ 5. This  i s  explained by the d i s s i m i l a r  f o r m s  
of s tabi l izat ion of the ions,  which takes  place  according to the 
following scheme:  

R 

M-H20 , I 354 role 

The hypothesis  of the c leavage of the bond adjacent to the qua te rna ry  CI0 a tom is  in good ag reemen t  
with the fact  that  the substi tuent  on this  a tom spli ts  out in the fo rm of CO and not as a fo rmyl  radical .  A 
group of peaks  with m / e  229-231 analogous to the ions with m / e  260 and 261 is  p r e sen t  in the m a s s  spec t r a  
of ca rd iac  aglycones  with a 5 t -OH group that  we have studied (strophanthidin, s trophanthidol,  periplogenin,  
diffugenin, and the i r  der ivat ives) .  On the other  hand, in the spec t rum of pachygenin - an aglycone with a 
As, ~ bond - this group of peaks  is  absent .  At the s ame  t ime,  in the l a t t e r  case  CHO spli ts  off together  with 
CO. The detachment  of the subst i tuent  at CI~ f rom the ions with m / e  260 and 261 fo rms  a group of peaks  
with m / e  144-147. 

We have p e r f o r m e d  the deuterat ion of (I) and {iI) by br ief ly  heating solutions of the subs tances  with 
CD3OD. The shif ts  of the peaks  in the spec t r a  of the D analogs conf i rmed  the course  of f ragmenta t ion  de-  
sc r ibed  above. The peaks  with m / e  400, 372, 284, and 256 in the spec t r a  of (I) were  shifted by one unit, 
and the peaks  with m / e  354 and 238 did not change. Somewhat different  r e su l t s  were  obtained in the case  
of the methyl  e s t e r  (II). The peaks  with m / e  400 and 372 were  shifted by two m a s s  units ,  and the peaks  
with m / e  284, 260, and 256 by one m a s s  unit. The group of peaks  with m / e  237-238 did not undergo an i s o -  
topic shift. Thus,  one excess  a tom of deuter ium is  fixed in the aldehydo acid side chain. I t  can hardly  be 
a s sumed  that the i so topic  label  is  p r e s en t  in posi t ion 22, i .e . ,  in the ~ posit ion to the C =O bond, since the 
deuterat ion of (I) under  analogous conditions does not lead to an additional shift. Most l ikely  an equi l ib-  
r ium with the vinyl alcohol not comple te ly  shifted in the direct ion of the aldehyde fo rm is  observed,  l ead-  
ing to the accumulat ion of deuter ium by the following mechan ism:  

,o,.LoO = 

Substance (II) was a lso  heated for  a long t ime  in CD3OD solution (20 h, ~ 100°C). Under these  condi-  
t ions,  the M - H 2 0  peak shifted by five and pa r t i a l ly  even by six m a s s  units.  The fact  that  the peaks  in the 
region of high m a s s e s  shifted in corresponding fashion and the peak with m/e  284 shifted by only one m a s s  unit 
p e r m i t s  the s t a tement  that  all  the deuter ium a toms  with the exception of one were  p r e sen t  in the side chain 
at  Clr. In addition to the introduction of deuter ium at C20 , the t r anses t e r i f i ca t ion  of the methyl  e s t e r  into 
the t r ideu te romethy l  e s t e r  took place.  F u r t h e r m o r e ,  a cer ta in  amount of the isotopic label pene t ra ted  into 
C22. An ana lys i s  of the spec t rum shows that  the main fo rm produced as a resu l t  of prolonged heating is  
the methoxy lactone fo rm (I). In actual fact,  the in tensi ty  of the peaks  with m / e  284 and 260 dec rea sed  and 
that with m / e  354 inc reased .  

In addition to the spec t r a  of the methoxy der iva t ives  {i) and (II), the spec t r a  of the hydroxy lactone 
{III) and of the 3f l ,2 l -diacetoxy lactone (IV) were  taken. The spec t rum of (HI) differed l i t t le  f rom the spec -  
t r a  of eardenol ide  der iva t ives ;  he re  the split t ing out of the hydroxy lactone subst i tuent  took place with a 
v e r y  low intensity.  In the spec t rum of the diacetate  (IV), the main contribution was made by the s u c c e s -  
sive spli t t ing out of two molecules  of acet ic  acid (see Scheme), but a fundamental  role  was a lso  played by 
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the splitting ou t  of the substi tuent at Cl~ as a whole (the absence of the corresponding m e ,  stable peaks 
suggests that  a f te r  the splitting out of the acetoxy group f rom C21 the splitting out of the lactone residue 
does not take place).  

428 (1) 350(100)-d~322 (37) 
t t 

AcOH ,AcOH I,AcOH 

AcOL [ CHACO 
~ 36s (7) 

314 (8) 326 (26) ,h-~-5-ff-+266 (30)-C5-~238 (23) 

(The re la t ive  intensi t ies ,  %,are given in brackets;  AcOL - acetoxy lactone.) 

Thus, on compar ing the spec t ra  of (I), (III), and (IV),it can be seen that the na ture  of the substi tuent 
at C21 has an influence mainly on the quantitative changes. The qualitative fea tures  include the ejection of 
ketene f rom the ion with m / e  410 (confirmed by a m* peak) in the spec t rum of (IV). A s imi la r  p rope r ty  is  
pos se s sed  by the aceta tes  of phenols or  vinyl alcohols.  Consequently, the e lect ron density on the C21 atom 
is higher,  which ag rees  well with the behavior of the hydroxy lactone grouping in the IR spect rum,  where 
C= O absorbs  about 1800 cm - i  [2], i .e . , in  the same range of f requencies  as f i ,T-unsaturated f i ve -membered  
lactones [4]. 

Exper imenta l  condit ions:  MKh-1303 ins t rument  fitted with a sys tem for  the d i rec t  introduction of 
the sample;  t empera tu re  120-140°C; ionizing voltage 40 eV. 

SUMMARY 

The fea tures  of the mass - spec t rome t r i c  behavior of the products  of the alkaline i somer iza t ion  of dif- 
fugenin conf i rm the conclusions drawn previous ly  concerning the s t ruc tu res  and re la t ive  stabi l i t ies  of these 
compounds. 
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