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Information on the mass  spec t romet ry  of the pyrrolizidine alkaloids has been published previously 
[1-5]. However, there is no information on the fragmentat ion of bases  of the heliotridane se r ies ,  with the 
exception of the amino alcohol laburnine [1]. 

Compounds of the heliotridane group possess  a saturated pyrrolizidine skeleton. In view of this, sub- 
stituents at C 1 may occupy ei ther  the cis or  the trans posit ion with respec t  to the 8-H. The alkaloids that 
we have studied are  based on two s t e reo i somer ic  amino alcohols:  traehelanthamidine (I) and lindelofidine 
(II) [(+)-isoretronecanol].  

H .R I = .... ~ R~ H~ 82= Clt201t 

~i R=Clt20H; R.2=H 

The amino alcohol (I) forms with vir idif loric  acid the es te r  viridiflorine (III) [6], and with trachelanthic 
aeid,trachelanthamine (IV) [7]. The la t ter  acid, in combination with the amino alcohol (II), gives the alka- 
loid lindelofine (V) [6]. The two acids mentioned are distinguished by the relat ive positions Of their hydroxy 
groups. 

As was to be expected, the mass  spec t ra  of viridiflorine (IID and trachelanthamine (IV) are very  s im-  
ilar. Small differences in the intensities of the f ragmentary  ions are observed only in the region of high 
masses  (Fig. 1). The molecular  ions appear in the form of peaks of low intensity. The M -  1 ions, formed 
mainly by the detachment of the hydrogen atom from C8, are of equal intensity to them. A cer ta in  number 
of ions of this type may ar ise  by the splitting off of H" f rom the OH group, since in the calculation of the 
molar  contents in the spec t ra  of the OD analogs (according to Biemann [8]), small  res idues were obtained. 
The presence  of a bulky branched and oxygen-r ich substituent crea tes  the prerequis i tes  for the local izat ion 
of the charge in the side chain. For this reason,  a number of fragments  are formed in the h igh-mass  r e -  
gion. The alternative and alternate splitting off of methyl groups and a molecule of water  leads to the ap- 
pearance of M - 1 5 ,  M - 1 8 ,  and M - 3 3  ions. The shift of the M - 3 3  ion by one mass  unit in the spec t rum of 
the OD analogs shows that the water  molecules are ejected in the form of HDO. Triplets in the 240-242 
m / e  region ar is ing through the local izat ion of the charges on the oxygens of the te r t ia ry  hydroxy groups 
are of considerable intensity in the spec t ra  of (III) and (IV). Ions with m / e  242 are products of the splitting 
out of an isopropyl group from M + (see scheme).  The fragments  with m / e  240 are  formed by the splitting 
out of secondary  ethanol radicals .  The ejection of molecules  of acetaldehyde (ions with m / e  241) takes 
place through s ix -membered  transi t ion states with the migra t ion of the hydrogen of the secondary  OH group 
to the es te r  oxygen atoms. The ions with m / e  241, losing methyl radicals ,  are stabilized in the oxonium 
form (m/e  226). The s t ruc tures  of the fragments  mentioned are confirmed by the corresponding shifts of 
the peaks in the spec t ra  of the OD analogs of (iII) and (IV) (see Fig. 1). 

The peaks of grea tes t  intensity in the spec t ra  of the alkaloids considered general ly  appear in the field 
of low mass  numbers.  They are formed by the el imination of the acyl or  acid residue with the localization 
of the charge on the nitrogen atom. The maximum ion with m/e i24 is obtained by the cleavage of the C ~- CB 
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and CH2-O bonds. The eject ion of a propenyl radical  f rom the la t ter  leads to the formation of the ion with 
m / e  83, which is the mos t  cha rac te r i s t i c  ion for pyrroUzidines  [1]. This ion, in its turn, may  ar i se  di- 
rec t ly  f rom M +. One of the forms of the ion with m / e  83, by losing a molecule of ethylene, is converted 
into an ion with m / e  55 [1, 3, 5]. A satell i te of the ion with m / e  83 is an ion with m / e  82 which is also 
known for the pyrro l iz id ines  [1, 3, 5] (see scheme).  
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The grea tes t  in teres t  is aroused by the second-mos t  intense ion with m / e  142. In the spec t ra  of the 
OD analogs, this peak has shifted by two mass  units in the same ra t ios  as the molecular  peak. The mass  
number,  measured  on a high-resolut ion inst rument  is 142.1241, which corresponds  to the composit ion 
CsH16ON (accurate value 142.1231 at c=12,000,000). Thus, the ion under considerat ion is the protonated 
form of the amino alcohol formed on the splitting off of the acid residue with the simultaneous migra t ion 
of two alcoholic hydrogens into the charged fragment.  In addition to this, the spec t ra  show small  p rope r -  
tions of ions with m / e  140 apparently obtained by the heterolyt ic  cleavage of the O -  CO bond. 

To confi rm the course  of fragmentat ion descr ibed  above, the mass  spec t ra  of a number of derivatives 
were  recorded.  In the spec t ra  of the monoacetate of t rachelanthamine (VI), in the region of low mass  num- 
bers  the pat tern  was basical ly  s imi la r  to that of the alkaloids (HI} and (IV). In addition to this, two new peaks 
appeared in this region. An ion with m / e  184 (142 +42) shows the possibil i ty of the migra t ion of the acetyl 
radical  to the nitrogen atom and may be the acetyl analog of the ion with m / e  142. In this case,  the la t te r  
may be formed f rom the ion with m / e  184 by the ejection of a ketone molecule.  The mass  number of the 
ion with m / e  184 is 184.1335 (C10H1802 N =184.1338). The ion with m / e  159 is obtained with the local izat ion 
of the charge on the oxygen of the t e r t i a ry  OH group as a resu l t  of the splitting off of the es te r  residue to- 
gether with the pyrrol iz idine nucleus. The smal l  peak of ions with m / e  117 p resen t  in the spec t ra  of the 
initial alkaloids (shifted by two units in the spec t ra  of the OD analogs) consequently represen ts  the deacyl 
analog of this ion. 

In the region of high mass  numbers of the spec t ra  of the monoacetate (VD, the ion with m / e  240, of 
the same composit ion as in (£1-[) and (IV), has the g rea tes t  intensity. The format ion of the ion with m / e  241 
takes place this time with the migra t ion of the hydrogen f rom the CH 3 group (McLafferty decomposition} [1] 
with the eject ion of a molecule of vinyl acetate. In addition, in the spec t rum of (VI) there is a low-intensi ty  
peak of anY[ -44  ion (with m / e  283), the appearance of which may be connected with the ejection of a mol -  
ecule of acetaldehyde with the simultaneous migra t ion of the acetyl radical  to the quaternary  carbon atom. 
The peaks with m / e  242 in the spec t ra  of (III) and (IV} are shifted to m / e  284 in the spec t rum of (VD. 
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Fig.  1. M a s s  s p e c t r a  of  v i r i d i f l o r i n e  (a), t r a c h e l a n t h a m i n e  (b), l i n -  
de lo f ine  (c),  t r a c h e l a n t h a m i n e  a c e t a t e  (d), and v i r i d i f l o r t n e  a c e t o n i d e  (2). 

A m a x i m u m  p e a k  wi th  m / e  124 is  c h a r a c t e r i s t i c  fo r  v i r i d i f l o r i n e  a c e t o n i d e  (VII). No ion wi th  m / e  
142 is  f o r m e d ,  and the ion  wi th  m / e  140 has  a v e r y  low in t e ns i t y .  A n u m b e r  of c o n s i d e r a b l e  p e a k s  a r i s e  
as  the r e s u l t  of the f r a g m e n t a t i o n  of the a c e t o n i d e  g r o u p  ( M - 1 5 ,  M - 5 8 ,  1V[-75, and 59). The m o s t  p r o m i -  
nent  of th is  s e r i e s  is  the p e a k  wi th  m / e  157 f o r m e d  by  the e j e c t i o n  of  the e s t e r  m o i e t y  of the m o l e c u l e  f r o m  
M + of the a c e t o n i d e  (VII). 

L e t  us now c o n s i d e r  the s p e c t r u m  of the a l k a l o i d  l i n d e l o f i n e  (V) (see Fig.  1). I t  con ta ins  the s a m e  
p e a k s  as  the s p e c t r a  of (l-[I) and (IV). H o w e v e r ,  the r a t i o s  of  the i n t e n s i t i e s  of the p e a k s  have  changed  s u b -  
s t a n t i a l l y .  In o r d e r  to c o m p a r e  t hem,  we g ive  the c o n t r i b u t i o n s  of the m a i n  ions  of the s p e c t r a  of v i r i d i -  
f l o r ine  and l i n d e l o f i n e  to the to ta l  ion  c u r r e n t .  

Substance b5 82 83 96 124 140 142 226 
Ill  1,60 2,08 4.08 0,96 21.90 0.83 11.50 0,71 
V 3,5~ 3.32 8,35 1.60 38,20 1.07 9,32 0.21 

Substance 240 241 242 252 26 ~ 270 284 M+285 
Ill 2,08 0,88 0,84 1 ,46  2,50 0,42 0,29 0,25 
V 0.54 0.32 0 .21  0.64 0.21 0 .11  0,32 2.0) 

The m o s t  f u n d a m e n t a l  f e a t u r e  of the s p e c t r u m  of l i n d e l o f i n e  (V) i s  the i n c r e a s e  in  the s t a b i l i t y  of the 
m o l e c u l a r  ion  which ,  in th is  c a s e ,  is  a p p r o x i m a t e l y  e igh t  t i m e s  m o r e  i n t e nse  than  in v i r i d i f l o r i n e  (III), th is  
o b v i o u s l y  be ing  connec t ed  wi th  a change  in  the o r i e n t a t i o n  of the s u b s t i t u e n t  a t  C 1. In  a d d i t i o n  to the in -  
c r e a s e  in  the i n t e n s i t y  of  M + t h e r e  is  a d e c r e a s e  in  the c o n t r i b u t i o n  of  f r a g m e n t s  f o r m e d  by  the l o c a l i z a -  
t ion of  the c h a r g e  in  the s i de  chain .  If the above  c o n t r i b u t i o n s  of the ions  a r e  s u m m e d ,  beg inn ing  wi th  the 
ion  of 226 m / e  and go ing  up to M +, i n c l u s i v e ,  the s u m  for  v i r i d i f l o r i n e  w i l l  be a p p r o x i m a t e l y  twice  as  g r e a t  
a s  for  l i nde lo f t ne .  F o r  ions l o c a l i z i n g  the c h a r g e  on the n i t r o g e n  a t o m  ( f rom 55 to 142 m / e ) ,  c o n v e r s e l y ,  
t h e i r  f r a c t i o n  of  the to ta l  ion  c u r r e n t  in  l i n d e l o f i n e  is  f a r  g r e a t e r  t han  in  v i r i d i f l o r i n e .  
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The intensities of the M - 1  peaks in the spec t ra  considered are apparently s imilar .  However, on cal-  
culating the molar  proport ions in the group of M + peaks in the spec t rum of [D] lindelofins more  res idues  
are obtained than in vir idif lorine,  which shows a re la t ively  g rea te r  part icipat ion of OH groups in the fo rma-  
tion of the M -  1 ions. The splitting off of hydrogen f rom C 8 in viridflorine may be affected by the s te r ic  
influence of the cis substituent with r e spec t  to it at C 1. In the molecule of lindelofine (Hs/R 1 trans) this in- 
fluence is apparently not so great .  

We have also compared the mass  spec t ra  of the amino alcohols trachelanthamine (I) and lindelofidine 
(II). The values given below of the relative intensities of the main peaks of these spec t ra  differ only slightly. 

Substance 141 (M +) 140 124 110 83 82 55 
I 23~8 9.1 15.2 9,1 I00,0 37,0 21,2 

l[ 24.0 10.0 16,6 10,5 100,0 50.0 25,5 

THUS, the s tandard use of the method of e lec t ron  impact  does not pe rmi t  pyrrol iz idine amino alcohols 
with different orientations at C1 to be distinguished. If a large substituent is present ,  it does become pos-  
sible to distinguish the i somers .  This hypothesis requires  fur ther  confirmation. 

EX13E R I M E  N T A L  

The mass  spec t ra  were takenonanMKh-1303 ins t rument  with a sys tem for the direct  introduction of 
the substance at 80-100°C with an ionizing voltage of 40eV. The OD analogs were obtained by immers ing  
the samples  for a shor t  time in CDsOD. The e lementary  composit ion of the 142 ion in the spec t rum of (III) 
was determined on an MS-902 ins t rument  by M. I. Gorfinkel (Novosibirsk). 

Trachelanthamidine (I). The substance was obtained by the hydrolysis  of (IV) [9]; bp 134°C at 8 m m  
Hg, n~ 1.4980. 

Lindelofid[ne (II) was synthesized by the saponification of (V) [10]; bp 108°C at 3 mm Hg, mp 42°C. 

Viridiflorine (III), mp 102.5-103.5 ° C; Trachelanthamine (IV), mp 91-92 ° C; and Lindelofine (V), mp 106- 
107°C. These alkaloids had been isolated at various times by workers  of the l abora tory  of alkaloid chem- 
i s t ry  of the Institute of the Chemistry of Plant  Substances of the Academy of Sciences of the Uzbek SSR. 

Trachelanthamine Acetate (VI). To 3 g of t rachelanthamine (IV) was added 5 g of acetic anhydride 
(the mixture became hot and the substance (IV) dissolved), af ter  12 h 10 ml of water  was added, and the mix-  
ture was neutral ized with potass ium carbonate and extracted three times with chloroform,  af ter  which the 
ch loroform ex t rac t  was dried with potass ium carbonate. Evaporat ion of the solvent and chromatography 
of the residue on a column of A120 s (solvent ch lo ro fo rm-methano l )  gave a product  with mp 75°C (from ac-  
etone}. 

Viridiflorine Acetonide (VIII). To a solution of 500 mg of viridiflorine in 20 ml of absolute acetone 
was added 1 g of conc. H2SO4, and the mixture was left for 12 h; it was then neutral ized with anhydrous po- 
tassium carbonate and fi l tered f rom inorganic mater ia l .  The filtrate was evaporated to dryness ,  giving 
500 mg of the liquid acetonide. 

S U M M A R Y  

2"he fragmentat ion in the mass  spec t ra  of three pyrrol iz idine alkaloids and two amino alcohols has 
been studied. The spec t ra  of alkaloids with different orientations of the substituent at C 1 differ appreciably 
f rom one another in the rat io of the intensities of the fragments .  
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