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In 1961, M a s l e r ,  Bauer ,  et al.  [1], in studying the card iac  g lycos ides  of Asclepias  s y r i a c a  L., i s o -  
la ted f rom the epigeal  pa r t  of this plant five compounds of cardenolide nature,  including a new ca rd iac  a l -  
kaloid - syr iogenin  - and two of i t s  g lycos ides .  On the basis  of the d i f ference  in m o l e c u l a r  ro ta t ions  be-  
tween d iace ty l syr iogenin  and ace ty luzar igenin ,  the Czechoslovakian authors  p roposed  the s t ruc tu re  of 12/~- 
hydroxyuzar igenin  for  the new aglycone.  BrUschwei ler  et al. [2] found this aglycone in smal l  amount in 
the mi lky  juice of Ca la t rop is  p r o c e r a  R. Br . ,  but they e x p r e s s e d  doubt [3] as to the c o r r e c t n e s s  of the 
s t ruc tu re  p r e p a r e d  by M a s l e r  et al. [1]. 

On the basis  of the p re sence  in the m a s s  spec t rum [2] of the syriogenin of an ion with m / e  201, a s -  
sumed  to be absent  f rom the s p e c t r u m  [3] of digoxigenin (12fl-hydroxydigitoxigenin), the Swiss inves t iga tors  
suggested that the third hydroxy group in the molecule  of syr iogenin mus t  be p resen t  in one of the follow- 
ing posit ions:  C1, Cs, C~, o r  Cll. In a l a t e r  paper ,  Braun et al. [4] gave a second spec t rum of digoxigeniu 
containing the peak ment ioned above with m / e  201, and at a cons iderable  intensi ty.  Br i i schwei ler  et al.  
[3] had apparen t ly  a s s u m e d  e r roneous ly  that with a hydroxy group p r e sen t  at C12 decomposi t ion of the 
syr iogenin ion of type a [5, 6] should lead to the appearance  of an ion with m / e  203, and not 201. In actual 
fact ,  as  follows f rom work on the f ragmenta t ion  of the cardenol ides  [4-7], the C12 a tom is  re ta ined  in ions 
of type a.  In the spec t r a  of syr iogenin and digoxigenin the oxygen-containing va r i e t y  of these  ions includes 
219 mu (203+ 16), and a f t e r  the el iminat ion of a molecule  of wa te r  ions with m / e  201 a r i s e .  

In l a t e r  publications,  the s ame  au thors  [3] did not re turn  to the question of the s t r u c t u r e  of s y r i o -  
genin. Having avai lable  a sample  of this compound given to us in 1962 by the Czechoslovakian w o r k e r s  
who d i scove red  it  [1], we have a t t empted  to solve this quest ion by a m o r e  detai led invest igat ion of the 
m a s s  spec t rum of syr iogenin.  

The s p e c t r u m  of the sample  taken on a MKh-1303 in s t rumen t  at a t e m p e r a t u r e  of the inlet  sy s t em of 
160°C and with an ionizing voltage of 40 V (Fig. la) ag r ee s  with the spec t rum of syr iogenin given by 
Br i i schwei le r  et al.  [2]. 
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Fig. 1. Mass  s pec t rum of syr iogenin (a) and of [D]syriogenin (b). 
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T A B L E  1. M a s s  N u m b e r s  of the  Ions  p and q 

Aglycones 

Syriogenin RI -- ¢x-H; f,',,, t74 = H; Ra = /3-OH 
Digoxigenin I41 Rt = ~I-I'; h':, R, = H; R:: -: 15-OH 
Digitoxigenin Rx = /~-H;, /4.,, R3, R~ = H 
Periplogenin Rt-- ~-OH;- R.,~ R~, 1~ -= H _ 
Gitoxigenin I?~ - -/5-H; R, R~ = H; R .... /~-OH 
Sarmento~enin t31 R~ ~- ~-H: /~2 = a-0t-I:: R:~ R,=H 
Mallogengn[4] R~ = a-H; ~'?: =/3-OH; ]?j, R~ =: H 

rt/'e 

mother ions 

372 (M-H,O) 
372 (M--H~O) [ 
356 (M--H20) I 
354 (M- -  2HoO)[ 
354 (M--2H.:,O)I 
354 O1--2H~O)/ 
35t (,',~-2H;O) 1 

p q 

152 21! 
152 211 
162 195 
160 19,5 
162 193 
160 195 
160 195 

To e s t a b l i s h  the  p o s i t i o n  of th i s  s e c o n d a r y  h y d r o x y l  in the  s y r i o g e n i n  m o l e c u l e  i t  p r o v e d  to be use fu l  
to  s tudy  the f r a g m e n t s  f o r m e d  in the d e c o m p o s i t i o n  of the  s t e r o i d  nuc l eus .  The  p r e s e n c e  in the  s p e c t r u m  
of ions  wi th  m / e  111 and 244 e x c l u d e s  p o s i t i o n s  Ci6 and CI5 f o r  the s e c o n d a r y  OH group .  

Synogenin 
! 

" ~ J OH 
OH 

HO ~ v ~  v J: 

H 
b [.~], ~d. r4:, ~ m/e 

_ 228 ~ 247 _H  2 0 

2 0 z ~  "-H20 (o) -CO H O / V i  v " 
H 

b I, 265 role 

In one of  ou r  p r e c e d i n g  p a p e r s  [6] we have  shown tha t  b e c a u s e  of the  s p l i t t i n g  out  of  w a t e r  with the 
i n v o l v e m e n t  of the  3fl-OH group  f r o m  the  m o l e c u l a r  i ons  of  the  a g l y c o n e s  of  the d ig i t ox igen in  s e r i e s  the  
f r a g m e n t a t i o n  of r i n g  C m a y  t ake  p l a c e .  Th i s  l e d  to the  f o r m a t i o n  of two ions ,  s u b s e q u e n t l y  deno ted  by p 
and q (Scheme) .  T a b l e  1 g i v e s  the  m a s s  n u m b e r s  of the m o t h e r  ions  of  t h i s  s e r i e s  and  of the  f r a g m e n t s  
p and q fo r  s o m e  a g l y c o n e s .  Some of the  f i g u r e s  have  been t aken  f r o m  m a s s  s p e c t r a  i l l u s t r a t e d  in the  

l i t e r a t u r e .  

I t  fo l lows  f r o m  T a b l e  1 tha t  the  s p e c t r a  of a g l y c o n e s  hav ing  no s e c o n d a r y  OH g roup  a t  Ci2 o r  in r i n g  
D conta in  a peak  wi th  m / e  195. In g i t o x i g e n i n ,  the ions  p and q a r i s e  a f t e r  the  e l i m i n a t i o n  of  the  16#-OH 
group ,  in v iew of which  the l a t t e r  con t a in s  193 a inu .  C o n v e r s e l y ,  in the  s p e c t r a  of  s y r i o g e n i n  and d i g o x i -  
genin,  the  ion q wi th  m / e  195 i s  d i s p l a c e d  by 16 m u  th rough  the p r e s e n c e  of an add i t i ona l  oxygen a t o m  and 
C12 ( m / e  211). H o w e v e r ,  a c c o r d i n g  to Braun ,  i ons  with m / e  211 ( type dg  [4]) a r e  c h a r a c t e r i s t i c  fo r  a l l  
a g l y c o n e s  con ta in ing  two OH g roups  in  any  p o s i t i o n s  in  r i n g s  A, B, and C. They  c o r r e s p o n d  to ions  of 
t ype  c a c c o r d i n g  to  F a y e z  [5] and  a r e  f o r m e d  by the s u c c e s s i v e  e j e c t i o n  of  t h r e e  m o l e c u l e s  of w a t e r  f r o m  

ions  wi th  m / e  256 ( type dd [4]) ( see  Scheme) .  

The  r e s u l t s  of our  e x p e r i m e n t s  show tha t  the  a p p e a r a n c e  of an ion  with  m / e  211 in th i s  way  has  no 
fundamen ta l  s i g n i f i c a n c e .  We d e u t e r a t e d  a s a m p l e  of  s y r i o g e n i n  wi th  CD3OD. As in the  c a s e  of o t h e r  
c a r d e n o l i d e s ,  th i s  l ed  to an add i t i ona l  sh i f t  of  the  M + peak  by 2 mu.  Th i s  phenomenon  i s  c a u s e d  by the  
exchange  of the  h y d r o g e n  a t o m s  a t  C21 u n d e r  m a s s  s p e c t r o m e t r i c  cond i t ions  [6, 8]. With  the  p r e s e n c e  of 
a h y d r o x y l  a t t a c h e d  to the  C12 a t o m  in the  s y r i o g e n i n  m o l e c u l e  and the f r a g m e n t a t i o n  of  the  ion M--H20  by 
the c l e a v a g e  of the  C n - C 1 2  bond, ion p wi th  m / e  162 does  not  u n d e r g o  an i s o t o p i c  sh i f t ,  and  ion q wi th  m / e  
211 i s  sh i f t ed  by four  m u  (C12-OD,  C14-OD , C21-D2). The  m a s s  s p e c t r u m  of  the d e u t e r o  ana log  (F ig .  lb)  
c o n f i r m s  o u r  h y p o t h e s i s .  S i m i l a r  r e s u l t s  w e r e  ob ta ined  f o r  d ig i tox igen in ,  g i t o x i g e n i n ,  and  p e r i p l o g e n i n  
d e u t e r a t e d  u n d e r  the  s a m e  cond i t i ons ,  in the  s p e c t r a  of which  ions  p a r e  not  d i s p l a c e d  and i ons  q p r o v e  to  
be sh i f t ed  by 3 mu.  

F u r t h e r m o r e ,  the  s p e c t r u m  of  D - s y r i o g e n i n  shows  tha t  the  ion with  m / e  211 i s  not  f o r m e d  by the 
e l i m i n a t i o n  of w a t e r  f r o m  the  ion  with  m / e  229 ( type df [4]), s i n c e  th i s  ion  con ta in s  p r a c t i c a l l y  no i s o t o p i c  
l a b e l .  Th i s  f ac t  a l s o  t h r o w s  doubt  on the s t r u c t u r e  of the  ions  of t ype  c [5] ( s e e  Scheme) .  P r e v i o u s  a u t h o r s  
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[4, 5, 7] have a s s u m e d  that  these  ions a r i s e  through C13-C17 and C14-C15 c leavages  and the migra t ion  of 
hydrogen f rom C18 into the neutra l  f ragment .  F o r  the spec t rum of D-syr iogenin ,  this  m e c h a n i s m  would 
lead to d i sp lacements  of the peaks  with m / e  265, 247, and 229 by 3, 2, and 1 mu,  respec t ive ly .  In actual  
fact,  the shifts  amount to 2, 1, and 0 mu.  Consequently,  in our  opinion, the s t ruc tu re  b 1 is  p r e f e r ab l e  for  
ions of the type under  considera t ion (see Scheme).  

The fo rm b I m a y  s e rve  as one of the sources  of the s e r i e s  of ions of type a [4-7] fo rmed  by the e l i m -  
ination of the keto group f rom ring C. 

The 5 ~ - H  configuration of syriogenin is  conf i rmed by the fact  that  i t s  m o l e c u l a r  ion is  m o r e  s table  
than that  of digoxigenin. We have r epo r t ed  a s i m i l a r  cor re la t ion  p rev ious ly  in a considera t ion of the m a s s  
spec t r a  of the ace ta t e s  of uzar igenin and digitoxigenin [6]. We a re  inclined to consider  that  the Czechos lo -  
vakian authors  gave the s t ruc tu re  of syr iogenin cor rec t ly ,  and it  i s  in fact  12-hydroxyuzar igenin .  

SUMMARY 

The results of a study of the mass spectra of syriogenin and its D-analog confirm that this cardiac 
aglycone has the structure of 3~,12B,14-trihydroxy-5c~,14fl-card-20(22)-enolide. 
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