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It has been shown previously [1] that in the mass  spect ra  of the products  of  the deuterat ion of e a r -  
denolides with deuteromethanol there is a part ial  additional shift of the peaks by 1-2 mu. This phenomenon 
has been explained by the replacement  of the hydrogen at C21 of the butenolide ring. It appeared of in teres t  
to confirm these resul ts  by other methods, in par t icu lar  by NMR spect roscopy in which the CH 2 group of a 
butenolide is usually shown by a signal at about 5.0 ppm [2] (the NMR spect ra  were obtained on a JNM-4H- 
100/100 MHz instrument with HMDS as internal standard).  

As the subjects of investigation we used strophanthidin acetate (I) and periplogenin (II). The condi- 
tions of the experiments  were varied.  A solution of (I) in CD3OD was heated to 100°C, and af ter  some time 
the deuteromethanol  was evaporated off, the residue was dissolved in CsDsN, and the NMR spect rum was r e -  
corded with the addition of a few drops of CD3OD. In another experiment,  af ter  the elimination of the bulk 
of the deuteromethanol ,a  solution of (I) in CD3OD previously heated (150°C) for  1 h was placed under the 
conditions usually used for  the mass  spec t rome t ry  of cardenolides (150°C, 2-3 • 10 -~ torr ,  0.5 h), af ter  which 
the sample was dissolved in CD3OD and the NMR spect rum was recorded.  Periplogenin (II) was heated in 
CD3OD solution in a sealed tube at 105°C for  severa l  days and was then recrys ta l l i zed  f rom the same sol -  
vent until a chromatographica l ly  homogeneous sample had been obtained, af ter  which the NMR spec t rum 
was obtained in CD3OD. 

In all cases ,  the signals of the protons of the CH 2 group of the butenolide were located in the usual 
region for  them,forming a quartet  in the spec t rum of a solution of (I) in C~DsN at 5 4.88 and 5.15 ppm with 
Jgem = 17.0 Hz. The signal of the proton in the HCOAe group appeared in the same region. In the spec-  
t rum of a solution in CD3OD , the signals of these protons were found in the 5 4.60-5.00-ppm range, and that 
of the olefinic proton (C22-H) at 5 5.78 ppm. In the spec t rum of (I1), the signal f rom HO-C3H appeared at 
5 4.17 ppm, and the quartet  of the Ctt 2 group in the interval f rom 4.70 to 5.15 ppm. The signals of the un- 
substituted t e r t i a ry  OH groups that appear in the range under considerat ion were shifted by heating the so-  
lutions to 50-95°C during the recording of the spectra .  

By comparing the integral intensities of the olefinic proton and the CH 2 and HCOAc protons in (I) and 
the CH 2 protons in (II) it was established that within the limits of accuracy  of integration, the intensity of 
the CH 2 signal does not decrease .  To c h e c k  this, we also compared  the intensities of the olefinic proton 
and the protons of the angular methyl groups.  Thus, in the exper iments  with the NMR spect ra  deuter ium 
exchange of the CH 2 group of the butenolide ring in a neutral medium was not confirmed.  Consequently, the 
deuterat ion of the methylene group took place only under the conditions of mass  spec t romet ry .  For  a more  
detailed study of this phenomenon, we per formed some additional experiments  and calculations.  Thus, deu- 
terated samples were treated with ordinary methanol; af ter  t reatment ,  somet imes  accompanied by br ief  
heating, the solvent was distilled off and the mass  spect rum was obtained, which was prac t ica l ly  identical 
with that of the initial sample.  In o rde r  to exclude the possibil i ty of an additional shift of the peaks through 
the formation of impuri t ies  on deuteration, the mass  spec t rum of a sample repeatedly recrys ta l l i zed  f rom 
deuteromethanol  was recorded,  and s imi la r  results  were obtained. 
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TABLE 1. R e l a t i v e  Con ten t s  of L a b e l e d  Ions and of the 

Ion with m/e  111 in the M a s s  S p e c t r a  of Some 
D e u t e r o c a r d e n o l i d e s  

Compound 

Strophanthidol 
periplogenin 
Strophanthidin acetate 
Diffugenin 
Digitoxigenone 
Uzarigenin acetate 
DASE 

positiom of the 
OH groups 

38, 5~, 14~, 19 
38. 5~, 14~ 
58, 14~ 
3~, 5~ 
148 
148 

Relative content, % 
lll (D=0) [ 112 (D--I) [ 113 (D=2) 

44 32 24 
46 39 15 
42 42 16 
57 36 7 
56 33 l l  
64 25 10 
81" 14" 5* 

* Mean va lue s  fo r  s e v e r a l  g r o u p s  of p e a k s .  

The a b s e n c e  of a change  in the s igna l  of the CH 2 g roup  of the bu teno l ide  r i n g  in the NMR S p e c t r a p e r -  
m i t s  the a s s u m p t i o n  that  i t s  d e u t e r i u m  exchange  t a k e s  p l a c e  ou t s ide  the tube con ta in ing  the s a m p l e  - d i -  
r e c t l y  in the in le t  s y s t e m .  To p r o v e  th i s ,  a s p e c i a l  e x p e r i m e n t  was  p e r f o r m e d :  a n o n d e u t e r a t e d  s a m p l e  
of p e r i p l o g e n i n  (II) was e v a p o r a t e d  in the in le t  s y s t e m  of the m a s s  s p e c t o m e t e r  and then f r o m  a s e p a r a t e  
r e s e r v o i r  a c u r r e n t  of CD3OD was p a s s e d  th rough  the s a m e  s y s t e m  and, a f t e r  1 min ,  the s p e c t r o g r a m  of 
(II) was  r e c o r d e d .  The s p e c t r u m  obta ined  r e p e a t e d  the s p e c t r a  of s a m p l e s  p r e v i o u s l y  t r e a t e d  wi th  d e u t e r o -  
m e t h a n o l  [1]. Then the s p e c t r u m  of the r e s i d u e  of the s a m p l e ,  r a p i d l y  t r a n s f e r r e d  to a n o t h e r  i n s t r u m e n t ,  
was  r e c o r d e d .  This  s p e c t r u m  showed the a b s e n c e  of the l abe l  both  in the OH g roup  and in the CH 2 g roup  

at  C21. 

It is  n e c e s s a r y  to a n s w e r  the ques t i on  of the s o u r c e  of the d e u t e r i u m ,  s i n c e  on d e u t e r a t i o n  in s o l u -  
t ion p r a c t i c a l l y  a l l  the d e u t e r o m e t h a n o l  is  pumped  out in the l ock  s y s t e m  of the m a s s  s p e c t r o m e t e r .  

The t ab le  g ives  the va lue s  c a l c u l a t e d  by B i e m a n n ' s  me thod  [3] of the p r o p o r t i o n s  of i s o t o p e s  in the 
peak  of the ion wi th  m/e  111 inc lud ing  the l ac tone  r i ng  wi th  the C17-C16 cha in  [4] fo r  a n u m b e r  of c a r d e n o -  
l i d e s  d i f f e r i n g  by the n u m b e r  of hyd roxy  g roups  which  they con ta in .  The f i g u r e s  in the tab le  w e r e  ob ta ined  
with  the d e u t e r a t i o n  of the s a m p l e s  u n d e r  s i m i l a r  cond i t ions  ( ~  100°C, 0.5 h in a s e a l e d  tube,  so lu t ion  in 
CD3OD). On a n a l y z i n g  the f i g u r e s  g iven  it is  p o s s i b l e  to s ee  a t endency  to a d e c r e a s e  in the p r o p o r t i o n  of 
d e u t e r i u m - s u b s t i t u t e d  ions on p a s s i n g  to s u b s t a n c e s  with a s m a l l e r  n u m b e r  of hyd roxy  g r o u p s .  The d e u -  
t e r i u m  d e r i v a t i v e  of d i a n h y d r o s t r o p h a n t h i d i n  e thy l a l  (DASE), the m o l e c u l e  of which  has  no OH g r o u p s ,  c o n -  
t a ins  the s m a l l e s t  amount  of l a b e l e d  m o l e c u l e s  - 19%. Consequen t l y ,  two c o n c l u s i o n s  m a y  be d r awn :  in 
the f i r s t  p l ace ,  the p r e s e n c e  of l ab i l e  d e u t e r o n s  of OD g r o u p s  of a s t e r o i d  m a y  in s o m e  way f a v o r  the in-  
c r e a s e  in the p r o p o r t i o n  of m o l e c u l e s  l a b e l e d  at  C21; and in the s econd  p l a c e  a p r o c e s s  f a v o r i n g  the i n c l u -  
s ion  of the l abe l  in the m e t h y l e n e  g roup  m u s t  take  p l a c e  even  in the a b s e n c e  of o t h e r  l ab i l e  h y d r o g e n  a t o m s  

in the m o l e c u l e .  

In a g r e e m e n t  wi th  the f i r s t  c o n c l u s i o n  we m a y  a s s u m e  the e x i s t e n c e  of d e u t e r i u m  exchange  be tween  
m o l e c u l e s  s o r b e d  on hea ted  s u r f a c e s  of the in le t  s y s t e m ,  which  l e a d s  to the p a r t i a l  l o s s  of the l abe l  f r o m  
the OD g roups  and to i t s  a c c u m u l a t i o n  in the m e t h y l e n e  g roup  th rough  the p r i m a r y  i so tope  e f f ec t  [5]. This 
is  in h a r m o n y  wi th  the r e s u l t s  of p r e c e d i n g  w o r k  [11, i .e°, wi th  the d e c r e a s e  in the v a l u e s  of A and B in 
d e u t e r o e a r d e n o l i d e s .  The phenomenon  o b s e r v e d  obv ious ly  depends  on f e a t u r e s  of the s t r u c t u r e  of the c a r -  
d e n o l i d e s ,  s i n c e  in the c a s e  of o t h e r  s t e r o i d  compounds  no add i t i ona l  sh i f t  has  been  o b s e r v e d .  

A second ,  but  not  l e s s  i m p o r t a n t ,  s o u r c e  of d e u t e r i u m  c o n s i s t s  of r e s i d u e s  of d e u t e r o m e t h a n o l  s t r o n g l y  
r e t a i n e d  in the c r y s t a l  l a t t i c e  of the c a r d e n o l i d e s .  The r e s i d u a l  CD3OD i n c r e a s e s  the amoun t  of OD g r o u p s  
in the c a r d e n o l i d e  m o l e c u l e s ,  and a l s o  p a r t i a l l y  r e p l a c e s  the h y d r o g e n  at  C21 in the e x c i t e d  s t a t e ,  even  in 
the c a s e  of a h y d r o x y l - f r e e  compound .  The r e s u l t s  of a s i m i l a r  e x p e r i m e n t  on the d e u t e r a t i o n  of DASE in 
the in le t  s y s t e m  showed that  unde r  t hese  cond i t i ons  about  6% of the h y d r o g e n s  at  C21 a r e  r e p l a c e d  by 
d e u t e r i u m .  

S U M M A R Y  

It has  been  shown by the N M R - s p e c t r o s c o p i c  me thod  that  when c a r d e n o l i d e s  a r e  t r e a t e d  wi th  CDzOD 
no d e u t e r i u m  exchange  of the p r o t o n s  of the CH 2 g r o u p  of the bu t eno l ide  r i ng  t a k e s  p l a c e .  The e n t r y  of the 
l abe l  into th is  p o s i t i o n  t a k e s  p l a c e  in the m a s s  s p e c t r o m e t e r .  
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