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The m a s s  spec t r a  of pregnanes  of the 14a s e r i e s  have been studied fa i r ly  fully [1-3]. In recent  yea r s ,  
the m a s s - s p e c t r o m e t r i c  method has been widely used for  in terpre t ing  the s t ruc tu re  of highly hydroxylated 
compounds re la t ing to the group of phytopregnanes  [4-6]. In te res t  in the investigation of the behavior  of 
another  c lass  of plant s te ro ids  - cardenol ides  - under  the action of e lec t ron  impact  has become t radi t ional  

f 

[7-101. 

The spec t r a  of the 14c~-pregnanes and of the cardenol ides  posses s  s eve ra l  fea tures  enabling them to 
be dist inguished f rom one another .  The r eason  for  these  d i f ferences  may  be the C / D - c i s  linkage of the 
r ings with a hydroxyl  in posit ion 14fl which is c h a r a c t e r i s t i c  for  na tura l  m a t e r i a l s .  At the s ame  t ime,  a 
genera l  p rope r ty  is the idea, extended to many  types  of s te ro ids ,  of the predominant  localization of the 
posi t ive charge  c lose  to the angular  subst i tuents  - at C10 and C13. 

We have had the poss ibi l i ty  of t rac ing  the gradual  t r ans fo rma t ion  of the m a s s - s p e c t r o m e t r i c  p r o p e r -  
t ies  with, as example ,  the spec t r a  of the in te rmedia tes  in the synthesis  of the cardenol ide uzar igenin  f rom 
5~-pregn-16-eno lone  [11]. 

The spec t r a  of 5oe, 14~-pregnane-3f l ,  20oe-diol (I) (mass  spec t rum I, see  [3]) and of its d iaceta te  (II) 
were  compared  with the spec t r a  of 5~ ,14f l -p regnane-3f l ,14f l ,20~- t r io l  (Ill) and its monoace ta te  (IV) and 
diaceta te  (V), and also with the spec t r a  of the cor responding  14fl ,15fl-epoxypregnanes with var ious  subs t i t -  
uents in posit ions 3fl and 20~ (VI-IX). In addition, the spec t rum of the product  of one of the last  s tages  of 
the synthes is  of uzar igenin  with a double bond in the 20(22) posit ion - ethyl 5oe-pregnanecarboxylate  (X) - 
was studied. 

The spec t r a  were  r eco rded  onanMKh-1303 ins t rument  (direct  introduction of the sample)  at 80-100°C 
with an ionizing voltage of  40 eV. The OD analogs of subs tances  (I, HI, VI, VII, and X) were  p repa red  by the 
br ie f  i m m e r s i o n  of samples  in C D ~ D  with subs tance  el imination of the solvent in the lock sys t em of the 
m a s s  s p e c t r o m e t e r .  

According to chemica l  resu l t s ,  recent ly  conf i rmed by quan tum-mechan ica l  calculat ions [12], the 
t r a n s - a n t i - t r a n s - a n t i - t r a n s  s te ro id  ring sys t em (substances I and II) is the mos t  s table.  Mass s p e c t r o -  
me t r i ca l ly ,  this fact is conf i rmed by any one predominant  direct ion in which the f ragmenta t ion  of the m o -  
l ecu la r  ion takes  place.  For  the diol (I) such a p roces s  is the c leavage of ring D, leading to the format ion  
of the ions M -  86 and M -  87 (Scheme 1 on the following page). 

Secondary pathways of f ragmenta t ion  a re  l ikewise connected with the e lements  of this ring. The con- 
t r ibut ion of ring A is apparent ly  slight. Even such a readi ly  e l iminated substi tuent as hydroxyl  in position 
3fl with a t r ans  A/B linkage is of low mobi l i ty  [3, 10]. It may  be cons idered  that the ejection of the f i r s t  
molecule  of wa te r  f rom the ion M + (I) takes  place  a lmos t  sole ly  at the expense of C20-OH. The subsequent 
p roce s s  of the el iminat ion of the second molecule  of wa te r  is of insignificant intensity.  At the s ame  t ime,  
the eject ion of wa te r  f rom the ions M - 8 6  and M - 8 7  takes  place to a cons iderable  extent (ions with 216 
and 215 m/e ) .  Since the t rans i t ion  M + -* 234 +, 233 + is conf i rmed by a me tas t ab le  peak, and the t rans i t ion  
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M - H 2 0 - - - 2 1 6  +, 215+Ls not conf i rmed,  this is in favor  of the assumpt ion  of the eject ion of the OH at C20 in 
the f i r s t  s tage .  In the spec t rum of the diaceta te  (II), the spl i t t ing off of the f i r s t  molecule  of CHsCOOH is 
c h a r a c t e r i z e d  by the 100% peak, and although the eject ion of the second molecule  takes  place  with a fa i r ly  
high intensi ty (21%), neve r the l e s s  the t rans i t ion  M - C H s C O O O H - - 2 1 6  +, 215 + is not observed .  

In the  m a s s  s pec t r a  of compounds (III-V), the molecu les  of which contain the l e s s  s table  t r a n s - a n t i - t r a n s -  
syn -c i s  sy s t em ,  the propor t ion  of p r o c e s s e s  taking place with the par t ic ipat ion  of the f r agments  and sub-  
s t i tuents  of r ing D i n c r e a s e s  s t i l l  fur ther .  In this case ,  the spli t t ing off of the ring i tself ,  which f igures  in 
the s p e c t r a  of (I) and (II) as the main  p roces s  [the ions M - 8 6  (M-128) and M - 8 7  (M-129)]  is of secondary  
impor tance .  The intensi t ies  of the two peaks in the spec t r a  of (IT[) and (IV) a r e  s im i l a r .  The re la t ive  in-  
c r e a s e  in the M - 8 7  ion is,  in our  opinion, caused by the fact that,  in con t ras t  to 14o~-H compounds,  which 
a r e  capable  of being s tabi l ized in the a fo rm [1], the 14-hydroxy compounds may  also be fixed in fo rm b. 

In the spec t rum of the OD analog of the t r io l  (HI), the peak of the ion M -  87 is only par t ia l ly  shifted 
by 2 ainu. This  means  that ,  on the c leavage of the C14-C15 bond, par t  of the hydrogens of the 14/~-OH 
groups m i g r a t e  to the uncharged f ragment ,  which leads to the production of fo rm b. The i nc rea se  in the 
intensi ty  of the peak  of the M - 1 2 8  ion in the spec t rum of the d iaceta te  (V) with a s imul taneous  d e c r e a s e  
in M -  129 is obviously connected with an i nc rea se  in the volume of the f ragment  being spli t  out. The f r a g -  
menta t ion  of the 3/~ subst i tuent  in the spec t r a  of (III-V) takes place to an insignificant  degree .  Most 
indicat ive in th is  r e s pec t  is the s pec t rum of the monoaeeta te  (IV) in which the peak of the M - 6 0  ion 
is absent  and there  a r e  no peaks  in the h i g h - m a s s  region indicating the f ragmenta t ion  of the 3/~ ace t -  
oxy group. If  we c o m p a r e  the intensi t i t ies  of the e ject ion of a second molecule  of acet ic  acid in the 
d iace ta tes  (II) and (V), we see that for  the l a t t e r  this magnitude (the sum of the in tens i t ies  of the 
M - 2 A c O H  and M--2AcOH--H20 peaks) is approx imate ly  three  t imes  s m a l l e r  than for  M - 2 A c O H  in 
the s p e c t r u m  of (II). F u r t h e r m o r e ,  m a rk ed  d i f fe rences  between the spec t r a  of the 1 4 ~ - H  and 14/~- 
OH compounds a r e  obse rved  in the region of low m a s s  numbers .  This  is connected with the loca l i za -  
t ion of the posi t ive  charge  on the oxygen of the t e r t i a r y  OH group. As a resu l t  of such a p r i m a r y  act  and 
the subsequent  c leavage of the Cs-C14 and C12-C13 bonds, ions a r i s e  with m / e  142 (III, IV) and 184 (V). 
The fu r the r  s tabi l izat ion of these  f r agments  takes  place a f t e r  the spli t t ing out of the subst i tuent  at C17 , 
which leads to the fo rmat ion  of one of the mos t  prominent  ions in the s p e c t r a  of (HI-V), with m / e  97. Ac -  
cording to T e s c h e s c h e  et al .  [ ]3] ,an analogous ion is obtained in the decomposi t ion of the m o l e c u l a r  ion of 
14/~-hydroxy-14/~-pregnane-3,11,12,20- te t rone.  The s a m e  spec t rum contains the peak  of an ion with m / e  
141 cor responding  to the subst i tuent  p resen t  at Ct?; however ,  these  authors do not show whether  the re  is a 
t r ans i t ion  between the ions with m / e  141 and 97, while the convers ion  of the ion with m / e  142 into the 97 
ion has been conf i rmed  for  compounds (III) and (IV) by a me tas t ab le  peak  at 66.3 ainu. According to the 
s a m e  authors ,  when the sample  was deuterated,  the peak  with m / e  97 was displaced by one unit only to the 
extent of 30%. Since in our  exper imen t s  with substance  (HI) the shift was of approx imate ly  the s a m e  m a g -  
nitude, this induced us to seek  o ther  poss ib le  methods for  the format ion  of the ion with m / e  142, the m o s t  

307 



O 

(D 

{I] 

(D 

m < 

~ c o  ~ 

0 0 0 

© © 

> > 

probable  of which is shown in Scheme 1. Af ter  the c leavage of the C8-C14 
bond and the migra t ion  of the hydrogen atom f rom the hydroxyl  at C 8, the re  
is a genera l  r e a r r a n g e m e n t  of the McLaffer ty  type [18] which l ikewise favors  
the product ion of an ion with m / e  142. The la t ter ,  by losing a CH3CHOH rad -  
ical,  is conver ted  into an ion with m / e  97 which should not contain the i so-  
topic label  (if the spec t rum of the OD analog is analyzed).  In addition to this ,  
the d i rec t ions  of the p r o c e s s e s  taking place  c lose  to ring D la rge ly  depend on 
the s ize  of the subst i tuent  at C20. The p re sence  of an acetoxy group in this 
posit ion leads to i ts  predominant  expulsion in the f i r s t  s tage,  and the subse -  
quent c leavage of the bonds of ring C lead to the format ion  of a max imu m 
peak with m / e  124 in the spec t rum of the diacetate  (V). Here  the role  of the 
C / D - c i s  linkage is fa i r ly  evident, s ince in the case  of the diaceta te  (II) (C/D-  
t rans)  the cor responding  peak with m / e  108 amounts  to only 14% of the m a x -  
imum peak. In view of the low stabi l i ty  of the substi tuent  at C20 , in the spec -  
t r um of (V) the intensi t ies  of the peaks with m / e  184 and 97 have decreased .  

Cha rac t e r i s t i c  for  the m a s s  spec t r a  of (HI) and (IV) is a max imu m peak 
with m / e  94, the intensi ty of which exceeds  that of the peak with m / e  97 ap-  
p rox ima te ly  2.5-fold. According to the tables  of Unruh and Spi te l ler  [14], the 
peak with m / e  94 can be fo rmed  e i ther  through ring A with a re t rod iene  r e a c -  
tion in ring B o r  through ring D as a resu l t  of the decomposi t ion of 17-acetoxy 
s te ro ids  o r  A16-steroids. In all  the examples  given, the ion cons idered  has 
the composi t ion C 7Hi0. 

By a care fu l  analys is  of me tas t ab le  t rans i t ions  we have es tabl ished 
that in the s pec t r a  of (HI) and (IV) the ion with m / e  94 is fo rmed  d i rec t ly  
f rom the ion M - 6 2 ,  which is the mos t  intense in the region of high m a s s e s .  
Metas table  peaks appear  at 32.2 amu (IH) and 28.0 amu (IV). The f ragment  
with 62 amu mus t  contain not less  than two oxygen a toms and co r respond  to 
C2I-I60 2 (the composi t ion CH~O 3 is unlikely).  Thus,  the appearance  of the M -  
62 ions can be explained by the succes s ive  eject ion of the subst i tuents  at Ct4 
(17 units) and at C17 (45 units).  In ne i ther  spec t rum is the peak of an M - 1 7  
ion observed .  However,  the M - 4 5  ion is a c c o m p a n i e d b y a n M - 4 4  ion. Con- 
sequently,  the format ion  of the M -  62 ion can be represen ted  in the fo rm of 
the a l te rna t ive  eject ion of 18 units (H20) and 44 units (C2H40). However,  the 
ejection of 44 units (in the fo rm of an acetaldehyde molecule)  is not shown by 
me ta s t ab l e  peaks e i ther  in the f i r s t  o r  in the second s tage.  At the s a m e  t ime,  
t he re  is a s t rong m* peak showing the d i rec t  t rans i t ion  M ~ M - 6 2 .  Since 
cases  of the descr ip t ion  of two-s tage  p r o c e s s e s  by a one-s tage  me tas t ab le  
t rans i t ion  a r e  known [15, 16], we a s sume  that  the decomposi t ion of M + leading 
to the format ion  of the ion with m / e  94 apparent ly  takes  place in the way 
shown in Scheme 2. 

S c h e m e  .2 

. t "  H + + " ~ t  

- CH~--CHOH H- 

M - H~O M - 62 / 
M + , ~  ~ _o/) / ~  LTi274 (~0) 
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_m, ~ g4 (~oo) 

308 



The m a s s  spec t rum of the OD analog of (III) conf i rms  this scheme.  The ~ peak is shifted by t h r ee  
units  [the numb er  of act ive hydrogens in the molecule  of (IH)]. The M - 4 4  peak is shifted by two units,  
which shows the absence  of the migra t ion  of deuter ium f rom the 20ot-OD group into the charged  f r agmen t  
on the eject ion of a molecule  of vinyl alcohol (acetaldehyde).  The peak of the M - 6 2  ion is shifted by one 
unit (through the 3/3-OD group). And, finally, the peak of the ion with m / e  94 undergoes  no isotopic shift  
wha tever .  This  peak will poss ibly  play the role  of analyt ical  peak  in the d i scovery  of 20oe-hydroxy-14/3- 
p regnanes ,  s ince the m a s s  spec t r a  of, for  example ,  pregnane compounds in the molecu les  of which these  
OH groups  exis t  but which also have a number  of hydroxyls  in ring C [4-6] do not contain any apprec iab le  
peaks  wha tever  with m / e  94. This  type of decomposi t ion becomes  secondary  when the 20-OH group is 
rep laced  by an acetoxy group, as can be seen  f rom the spec t rum of the d iaceta te  iV), where  the intensi ty  
of the peak  with m / e  94 is 8% of the m a x i m u m .  

Let  us fu r the r  cons ider  the m a s s  s pe c t r a  of the 14/3,15/3-epoxy compounds (VI-IX). On the one hand, 
the introduction of the oxido ring s impl i f ies  the sys t em mentioned and makes  the m o l e c u l a r  ion m o r e  s table ,  
this being the 100% ion in the case  of the epoxy diol (VI) (Table 1), and on the other  hand we obse rve  a 
g r e a t e r  d ive r s i ty  of f ragmenta t ion  pathways,  obviously due to the local izat ion of the cha rge  on the oxygen 
of the epoxide. 

To explain the f ragmenta t ion  of compounds (VI-IX) the bas ic  concepts  of the work of Strong, Brown, 
and Dje ras s i  [17] on the decomposi t ion of the molecule  of cyclohexane oxide and its var ious  deutero  analogs 
a r e  appl icable .  Two main  points e m e r g e  f rom this work: 1) the decomposi t ion of the m o l e c u l a r  ion of an 
epoxy compound is p receded  by a number  of i n t r amolecu la r  r e a r r a n g e m e n t s ,  and 2) in cycl ic  epoxides,  in 
con t r a s t  to al iphatic  epoxides,  the C - O  bonds or  the br idge C - C  bonds, and not the C - C  bonds of the ring, 
a r e  c leaved  f i r s t .  It has  also been poss ib le  to extend these  ideas to the s p e c t r a  of epoxides in which the 
epoxide ring is at tached to the f i v e - m e m b e r e d  ring D. 

Scheme 3 shows the main  f ragmenta t ion  pathways of the epoxy compounds (VI-IX), and Table  1 gives 
the cor responding  m a s s  numbers  and intensi t ies .  Attention is a t t r ac ted  f i r s t  of all  by the high intensi t ies  
of the M - 4 5  (M-87)  peaks ,  which dist inguish these  spec t r a  f rom those  of the 14fl-hydroxy compounds.  
Here  at l eas t  two routes  for  the fo rmat ion  of these  ions a r e  poss ib le .  The f i r s t  is connected with the c l eav -  
age of the C i5 -O bond and the migra t ion  of hydrogen f rom C16 (a), which leads to the fo rmat ion  of the ion b, 
f rom which the eject ion of the subst i tuent  at C1T is e x t r e m e l y  probable .  The f ragment  b, through a t r a n s i -  
t ional  cycl ic  fo rm b ' ,  is conver ted  i n t o a n M - 1 0 4  ion (VH-IX). In the ca se  of the diol (VI), the ion b m a y  
give r i s e  through a s i x - m e m b e r e d  s ta te  c to an M - 4 4  ion which, by el iminat ing water ,  is conver ted  into the 
analogous M - 6 2  ion. The m e c h a n i s m  given for  the el iminat ion of a molecule  of aceta ldehyde is conf i rmed  
by  the fact  that  in the s pec t rum  of the OD analog of the diol (VD the M - 4 4  peak is shifted by two uni ts .  
Analysis  of the shifts  of the M - 1 8  peak in the s a m e  spec t rum shows that only about half  the molecu les  
lose  wa te r  in the fo rm of HDO. The r e m a i n d e r  of the M - 1 8  ions a r e  apparent ly  fo rmed  by the eject ion of 
H20 f rom the ion b. 

• , + . ~ , , , ~ / + .  Scheme 3 

" ~, =~-gr ,~-~ =- c I ~ /  LOS " ~'1 - 

'~ ' \  I-o~=+. I-o~,1+" ~ ' • J. ~-coc, ,"- -=-~.~z~ . 

OH t .  Q / yr .  R~R~H $ ~  , r,, I 

u , . .  L0~R,=,;~=ac s~ ~ H  L,, ,+. i 

~ ' T ~ - - I ' ~  - - ~ T ; ~  z . , ,%, ,m ~rA ~, ,., F ~ ~.r~o.,. 

~ , ~  H + 

309 



The second method for  the fo rmat ion  of the M - 4 5  (M-87)  ions is the c leavage of the br idge C14-C15 
bond (d), leading to the production of the dihydrogenated ion e, which is s tabi l ized in the oxonium form.  

Epoxy compounds with acetoxy groups in the 20~ posi t ions (VII-IX) fo rm the M - 4 3  radica l  ion through 
the c leavage  of the C t s -  O bond and the migra t ion  of hydrogen f rom C20 (g). Subsequent decomposi t ion of 
the M -  43 ion leads to the ion M -  126. The la t t e r  can a lso  be produced f r o m  the f o r m  g without going 
through the s tage  of fo rmat ion  of the M -  43 ion. Like the M -  126 ion, the M -  84 ion in the s p e c t r u m  of 
the diol (VI) is obtained by the c leavage of the bonds of r ing D (f) and the migra t ion  of the hydrogen of the 
C20 - O H  group.  This is shown by an isotopic shif t  of the M -  84 ion by two units.  

Another  va r i e ty  of i n t r amolecu la r  r e a r r a n g e m e n t s  of epoxides leads to the appearance  of the oxo 
form h, which e l imina tes  the e lements  of ring D. The ions M - 1 0 2  (M-144) so fo rmed a re  fa i r ly  stable,  
while the ions with m a s s e s  g r e a t e r  by one unit (M-101,  M-143)  undergo fu r the r  decomposi t ion with the 
a l te rna t ive  eject ion of a molecule  of ethylene and R1OH. The resul t  of this p roces s  is intense peaks of ions 
with m / e  215 and 187. All the t rans i t ions  a r e  conf i rmed by me tas t ab le  peaks .  

Let us fu r the r  a t tempt  to evaluate  the contr ibution of ring A in the f ragmenta t ion  of the compounds 
considered.  For  this purpose  it is n e c e s s a r y  to compa re  the m a s s  spec t r a  of the diaceta te  (VIII) and of 
the 20~-ace ta te  3f l -propionate  (IX). In both spec t ra ,  just  as in the spec t rum of the monoaceta te  (VII) the 
peak of the M -  60 ion is the m a x i m u m  peak. The el iminat ion of a molecule  of propionic acid f rom M + (IX) 
takes  place with a fa r  lower  intensity,  and the s ize of the peak  of the M -  74 ion is only 9%. It can be ~een 
f rom Scheme 3 that all  the main  p r o c e s s e s  of the decomposi t ion of the ions begin in ring D, and only in the 
l a t e r  s tages  of decomposi t ion does the el iminat ion of the 3fl subst i tuent  in the fo rm of R1OH take place.  In 
accordance  with this ,  al l  the main  peaks in the region of high m a s s e s  in the spec t r a  of (IX) a r e  shifted by 
14 units as compared  with the cor responding  peaks of the spec t rum of (VIII) (see Table  1). The right side 
of the t a b l e  gives the ions having the s a m e  values of m / e  in all  the spec t r a  and, consequently,  ref lect ing 
the contribution of ring A or ,  r a the r ,  its subst i tuent  in posi t ion 3~.  The cause  of the appearance  of the ion 
with m / e  298 may  be the succes s ive  expulsion of the R2OH and R1OH molecules  f rom M +. Never the les s ,  
in the pure  fo rm this p rope r ty  appea r s  only in the spec t r a  of the comple te ly  es te r i f ied  compounds (VIII} and 
(IX), s ince the ion with m / e  298 in the s pec t r a  of (VI) and (VII} can a r i s e  as the resu l t  of the ejection of the 
H20 formed at the expense of the epoxide oxygen f rom the M-R2OH ion. A study of the spec t rum 
of the 3fl-OD analog of compound (VII) has shown that the rat io  of the intensi t ies  of the peaks  with 
m / e  298 and 299 is the s a m e  as that of the peaks of M + and M + 1. Consequently,  the 3fl-OH group does not 
take par t  in the p roce s s  under  considerat ion.  In addition to this ,  in the spec t r a  of (VD and (VII} the ion with 
m / e  298 does not e l iminate  a molecule  of water ,  giving an ion with m / e  280, while in the spec t r a  of (VIII} 
and (IX) the intensi ty of the la t te r  is 5-6%. Thus,  the expulsion of the 3fl substi tuent  begins to take place 
to an apprec iab le  extent only a f t e r  the c leavage  of the bonds of the main  skeleton (ions with m / e  215 and 
187}, and its par t ic ipat ion in the f i r s t  s tages  of decomposi t ion depends s t rongly  on the cor responding  vol-  
ume.  In this connection, it was in te res t ing  to cons ider  the routes  of appearance  of the ions with m / e  271 
and 253. Cha rac t e r i s t i c  for  e thers  (VIII) and (IX) is the success ive  a l te rna t ive  eject ion of 87 ainu subst i t -  
uent at C1~) and of R1OH, leading to the format ion  of an ion with m / e  271, which, by el iminating water ,  is 
conver ted  into an ion with m / e  253. Metas table  peaks conf i rm both sequences of the format ion  of the ion 
with m / e  271. For  the monoace ta te  (VII), only one of the di rect ions  of decomposi t ion is confirmed:  
A4+-~289--~,o~271_---fi~,o~253. Since, as has been shown above, RIOH is not e l iminated f rom (VII) in the 
f i r s t  s tage and the ion with m / e  271 undergoes  no shift in the spec t rum of the OD analog of (VH), it follows 
f rom this that  in the t rans i t ion  289 ~ 271 a molecule  of wa te r  is e l iminated through the R1OH group, and in 
the la t te r  t rans i t ion  it is as the resu l t  of the c leavage of the epoxide bonds. In the spec t rum of the diol (VI) 
the peak of the ion with m~e 271 is of low intensity,  and the ion with m / e  253 is absent ,  which also shows 
the s tabi l i ty  of ring A to e lec t ron  impact  in this molecule .  

The m a s s  spec t rum of ethyl p regnanecarboxyla te  (X) s imul taneous ly  contains e lements  cha rac t e r i s t i c  
of the 14fl-hydroxy compounds (III-V} and, in addition, has fea tures  approximat ing  it to the spec t r a  of the 
cardenol ides .  But it is f i r s t  n e c e s s a r y  to obse rve  those fea tu res  of the spec t rum of (X) which a r e  due to 
the p re sence  of an e s t e r  group at C22. The detachment  of a molecule  of ethanol f rom M + taking place in the 
f i r s t  s tage (Scheme 4) and possess ing  a low intensi ty fo rms  an ion with m / e  400 which is the source  of all  
the main  ions in the spec t rum of (X}. The deuterat ion of the compound at the 14-OII group has shown that 
the molecule  of ethanol is fo rmed  with the par t ic ipat ion of the hydrogen of this group, s ince the peak with 
m / e  400 undergoes  no shift wha tever  in the spec t rum of the OD analog. The high intensity of this peak is 
apparent ly  due to the fact that some  of the ions a r e  s tabi l ized in the fo rm of lactone ions. The fur ther  
t r an s fo rma t ion  of the r e m a i n d e r  of the ions depends on the poss ibi l i ty  of the c leavage of the bonds of ring C 
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and, especia l ly ,  r ing D. By analogy with compounds (I-IX), the spec t rum of (X) contains the peaks of ions 
with m / e  291 and 292, of medium intensity,  giving a doublet with m / e  231 and 232 a f t e r  the e jec t ion  of a 
CH~COOH molecule .  A cha rac t e r i s t i c  fea ture  of the m a s s  s p e c t r o m e t r y  of (X) is the local izat ion of the 
charge  at CIT, leading to the appearance  of intense peaks in the l o w - m a s s  region.  Thanks to this c i r c u m -  
s tance,  in the c leavage of the s a m e  bonds the m a x i m u m  ion with m / e  109 is fo rmed.  The t rans i t ion  400- -  
109 is well  desc r ibed  by a me tas t ab le  peak  at 29.8 amu.  The o ther  ion of this s e r i e s  with m / e  95 a r i s e s  
as the resu l t  of the c leavage  of the C15-Ci6 bond. Essen t i a l ly  the re  is a pa ra l l e l  he re  with the spec t r a  of 
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the cardenol ides ,  in which ions of type d appear  [8, 10], fo rmed  through the lactone r ing with the CIT-C16 
chain. The c leavage of the Cs -CI4  bond ini t iates the expulsion of hydrogen f rom Cs, which, as is well  
known [3, 10] m a y  depar t  with the substi tuent  at Cs. This  gives r i se  to a rad ica l  ion with m / e  340 which 
decomposes  in s e v e r a l  d i rec t ions .  It is poss ib le  that the l a rge  n u m b e r  of daughter  ions is explained by the 
fact  that some  of the ions with m / e  340 exis t  in a doubly charged form~ The ion under  cons idera t ion  c o r -  
responds  to the 356 (M-60)  ion in the s pec t r a  of the ace ta tes  of uzar igenin  and of digitoxigenin [10] and, 
like the l a t t e r  ion, on c leavage of the Clh-Cl6 bond, g i v e s a n i o n  with m / e  246 (c [8, 10]) not containing the 
isotopic label  in the spec t rum of the OD analog. In the spec t rum of (X) the re  is also an intense ion with 
m / e  203 (a) which is cha r ac t e r i s t i c  of cardenol ides .  An analogy with the spec t r a  of uzar igen in  and digitox- 
igenin also appea r s  in the p re sence  of peaks  with m / e  179 and 162 obtained by the c leavage of the Cl l -C12 
bond and the local izat ion of the charge  in one or  other  pa r t  of the molecule .  We mus t  a lso  r e m e m b e r  the 
p r e sence  in the spec t rum of (X) of an ion with m / e  316 apparent ly  a r i s ing  through the decomposi t ion of one 
of the fo rms  of the m o l e c u l a r  ion in which the 14fl-hydroxyl  undergoes  ring c losure  with the 20(22) double 
bond. 

SUMMARY 

i. The mass spectra of several intermediates in the synthesis of uzarigenin from 5~-pregn-16- 
enolone have been characterized. Their general features and the differences between the spectra of 14~- 
H and 14fl-OH compounds have been discussed. 

2. R has been established that all the main processes of the decomposition of the molecular ions of 
the compounds studied take place close to ring D, and the contribution of ring A is small. The sequences 
of ejection of the 3fl and 20o~ substituents and also the characteristics of their fragmentation in dependence 
on their volume have been investigated. 

3. Schemes are proposed which explain the' fragmentation pathways of 14fl,15/~-epoxy compounds. 

4. It has been shown that the introduction of a double bond into the 20(22) position of 14fl-hydroxy 
steroids leads to the appearance in the mass spectra of fragments due to the decomposition that is typical 
for the cardenolides. 
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