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Robins and Crout [1, 2 ] have studied chemically the absolute configuration of the side chains of the 
macrocyclic pyrrolizidine alkaloids monocrotaline and trichodesmine. To prove that the alkaloids axillarine 
and axillaridtne belong to the bases of this ser ies ,  they recorded the mass spectra of nine compounds and 
found in them a character is t ic  peak (M-89 in trichodesmine) [3], which has been discussed by Spiteller [4] 
and Culvenor [5]. For  the alkaloids crispatine [6] and fulvine [7] the relative intensities of the peaks appear- 
ing in the region of high masses have been given. The molecules of the lat ter  two alkaloids differ only by 
the configuration of the OH group at C3, but their  mass spectra differ sharply. The reasons for  this phenom- 
enon are not discussed by Crout [3]. 

We decided to study in more detail the mass spectrum of trichodesmine (I) [8, 9] and also that of an- 
other alkaloid from the family Boragtnaceae, incanine (II) [10], which has not been studied previously. We 
have established that in the region of low masses both alkaloids give a pattern corresponding to all bases 
of the retronecine t y p e -  peakswith m/e  136,120,119,  93, and 80 [3, 4, 11]. However, there are marked 
differences in the high masses.  In a comparison of the spectra of (I) and (II) with the spectra given in the 
l i terature for  monocrotaline (III) [4], crlspatlne (IV), and fulvine (V) [3], it  was found that the spectra  of 
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(I), (III), and (V) a re  p rac t ica l ly  identical ,  and the spec t rum of (II) is  s imi l a r  to the spec t rum of (IV). 
Scheme 1 shows the p r o c e s s  of f ragmentat ion of the e s t e r  moiety of the molecules  of the f i r s t  three  com-  
pounds.  

In addition to the molecu la r  peak, in the region of high mass  numbers  there  a re  the peaks of severa l  
f ragments ,  the main one of which is  formed by the cleavage of the a and d bonds with the migrat ion of one 
hydrogen atom to the f ragment  split  off. Workers  who have explained this p roces s  within the f ramework  
of r e a r r a nge men t s  of the McLaffer ty  type [3, 4, 6] have considered that the hydrogen is split  off f rom the 
hydroxy group at C3'. To cheek this,  we recorded  the spec t rum of theOD ana logof t r i chodes ime  (I)and found 
that only ~ 20% of M + loses  both active hydrogens in the formation of the ions M - 8 9 .  Approximately  80% 
of these ions contain OH at C3' , while the hydrogen apparent ly migra tes  f rom the CH 3 group located on the 
same carbon atom. The ions with m / e  281 (i) and 253 (V) a r i se  in the cleavage of bonds b and d. In the 
spec t rum of the OD analog of (I), the peak with m / e  281 is  shifted by two mass  units,  i .e . ,  in this  c a s e d e -  
composit ion must  begin with the cleavage of bond d with t r an s f e r  of hydrogen s imi l a r  to that descr ibed  
above f rom the CH 3 at C3! , and the cleavage of bond b is  accompanied by the migrat ion of I-I- f rom the OH 
at C2, to -CH20-~ 

Charac te r i s t i c  fo r  all three  compounds considered is  the cleavage of bonds a and e, giving r i s e  to 
ions with m / e  193 (III, V). In t r ichodesmine  (I) the cleavage of bond e is  accompanied by the migrat ion of 
one hydrogen in e i ther  di rect ion,  and a pa i r  of ions with even mass  numbers  (222 and 220 m/e)  is formed.  
In the spec t rum of (I), there  is ,  in addition, a peak with m / e  209 which is  shifted on deuterat ion by one unit 
and which can be obtained by the cleavage of bonds d and g. The analogous decomposit ion of the molecule  
of fulvine (V) leads to an ion with m / e  193. Thus,  in the spec t rum of (V) the l a t t e r  ion may be composi te .  
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The p roces s  of f ragmentat ion of the e s t e r  moiety of the molecule  of incanine (II) and of c r i spa t ine  (IV) 
i s  shown in Scheme 2. The f i r s t  act of decomposit ion is  the elimination of a molecule  of CO 2 (ac) which, 
as is  well known, is  also cha rac te r i s t i c  of alkaloids with a 12 -membered  ring [11, 12]. The subsequent 
format ion  of the main f ragments  f rom the M - 4 4  ion can be explained by assuming that the eject ion of CO 2 
i s  accompanied by a contract ion of the ring and not by ring c losure  of the side chain. In agreement  with 
this,  f rom the ion with m / e  265 of (IV), by de cleavage,  a pa i r  of f ragments  with m / e  222 and 220 a r i s e s .  
Ions s imi l a r  in composit ion with m / e  250 and 248 in  the spec t rum of incanine (H) a re  obtained f rom the ion 
with m / e  293 by ad cleavage.  Analogs of the two l a t t e r  ions with r e spec t  to the position o f  cleavage (ad) in 
the spec t rum of (IV) a re  the ions with m / e  238 and 236. These two pa i rs  of ions can also be formed d i rec t ly  

* (+H) indicates  the migrat ion of hydrogen to the charged f ragment  and ( -H)  to the neutral  f ragment .  
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f rom M +. The ions with m / e  266 and 264 in the spect rum of (iI) may be considered as pseudoanalogs of the 
ions with m / e  238 and 236 f rom (IV), since they may be a consequence of a di f ferent  type of cleavage - bd 

- wlfich is  absent in the case  of (IV). 

The cleavage of bond e, which in t r ichodesmine and i ts  analogs (see Scheme 1) led to the appearance 
of ions with a low intensity,  is  he r e  the main p roces s  for  the f ragments  with m / e  222 (100%, II) and 194 
(45%, IV). Other  analogs also exis t  in both spectra:  

M-45 M-124 

II 292(22) 213(15) 225(31) 154(15) 
IV 26~(46) 185(37) 2'25(17) 154(45) 

So f a r  as concerns  the d i f ferences  between the spec t ra  of (II) and (IV), they a re  mainly introduced 
through the p resence  in the incanine molecule  of an isopropyl  group at C1L T h i s  leads to the formation of 
the ion M - 4 3  in the spec t rum of (II). An isopropyl  radical  can also be split  off f rom the ion M - 4 4 ,  giving 
another  va r ie ty  of ions with m / e  250 (see Scheme 2), which, by losing a molecule  of acetaldehyde,  is  con- 
ver ted  into the intense ion with m / e  206. This fo rm of cleavage of M + (iI) is  conf i rmed by the spec t rum of 
the OD analog. 

Consequently, s tart ing f rom the facts that cr ispat ine  (IV) and fulvine (V) a re  d i a s t e r eo i somers  and 
the mass  spec t ra  of the o ther  th ree  compounds are  s imi l a r  to the spec t rum of e i ther  (IV) or  (V),we assumed 
that the alkaloids (i, III, and V) belong to the s t e r eo i somer s  of one se r i e s  and (I1) and (IV) to the o ther .  The 
necess i ty  f o r  this type of m a s s - s p e c t r o m e t r i c  charac te r iza t ion  is  due to the fact that until recen t ly  there  
was no single opinion on the re la t ive  configuration of:the OH groups in the molecule  of t r ichodesmine (i). 
The ease of prepara t ion  0f a cycl ic  sulfo e s t e r  was explained by S. Yu. Yunusov and N. V. Plekhanova [9, 
13] by the p resence  of a c is-diol  grouping. The dif ference in the time of oxidation of t r ichodesmine  (I) and 
monocrotal ine (iII) by per iodic  acid was used by Adams [14] to show that (I) is  a t rans-d io l  and (III) a c i s -  
diol. However,  in the paper  by D. Robins and D. Crout mentioned above [1], the cis  or ientat ion of the OH 
groups of both alkaloids was demonst ra ted .  In addition to this,  the use of such a powerful method as c i r cu -  
l a r  d ichroism did not pe rmi t  the re la t ive  posit ions of the substi tuents in the side chains of cr ispat ine  (IV) 
and fulvine (V) to be established [5]. On the basis  of the analogies that we have found in the mass  spec t ra ,  
we have assumed that the hydrogen at C~, and the hydroxyl  at C 3, in the molecule of fulvine (V) have the cis  
or ientat ion and in the molecule of c r i spa t ine  (IV),the t rans  orientat ion.  The trans position of the OH at C2~ 
and the hydrogen at Cs w can also be assumed fo r  the molecule  of incanine (iI). 

EXPERIMENTAL 

The mass  spec t ra  of the samples  of t r ichodesmtne (I) with mp 160°C and of incanine (II) with mp 97°C 
were  takenon anMKh-1303 ins t rument  fitted with a sys tem fo r  the d i r ec t  introduction of the sample at a 
t empera tu re  of the inlet  tube of 110°C and an ionizing voltage of 40 V. The deuterat ion of (I) and fib with 
deuteromethanol  was pe r fo rmed  d i rec t ly  in the inlet  sys tem of the mass  spec t romete r .  

C O N C L U S I O N S  

On the basis  of the resul ts  of a compar ison of the mass  spec t ra  of macrocyc l ic  pyr ro l lz id ine  alkaloids 
with a known configuration of the side chain ( t r ichodesmine,  monocrotaline) with the spec t ra  of incanine,  
cr ispat ine ,  and fulvine a hypothesis  has been put forward on the re la t ive  positions of the substi tuents at C2'~ 
and C 3' in the molecules  of the th ree  l a t t e r  compounds. 
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