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Continuing a s tudy of  the m a s s  s p e c t r a  of p y r r o l i z i d i n e  a lka lo ids  [1, 2], we have s tudied the d e c o m p o s i -  
tion of  the m a c r o c y c l e  of  b a s e s  f r o m  plants  o f  the genus Senecio (Composi tae) :  r ena rd ine  (I) [3], o tosenine  
(II) [4], and f lor idanine  (HI) and f lo r ica l ine  (IV) [4, 5]. 

C h a r a c t e r i s t i c  fo r  the o tonec ine  nucleus  i s  a s e r i e s  o f  ions ~ t h  m / e  1 6 8 , 1 5 1 , 1 5 0 , 1 2 2 , 1 1 0 , a n d 9 4 , w h i e h  
have  been used by s eve ra l  au thors  [5-8] to e s tab l i sh  the a s s ignmen t  of  compounds  to o tonec ine  d ie s t e r s ;  how-  
e v e r ,  he re  the f r agmen ta t ion  o f  the m a c r o c y c l i c  r ing  has not been c o n s i d e r e d .  
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Scheme 1 

The decompos i t i on  of  the m a c r o c y c l e s  of (I) and (II), d i f fe r ing  f r o m  one ano ther  by an epoxy group in the 
o tosenine  molecu le  (II) at  C5,-C6, , takes p lace  in complex  fashion.  The c o r r e s p o n d i n g  ions in the s p e c t r a  of 
(III) and (IV) have v e r y  low in tens i t i es  (Scheme 1). 

In the m a s s  s p e c t r a  o f  (I) and (II) in the reg ion  of  high m a s s e s ,  apa r t  f r o m  M +, the re  a r e  the peaks  of  
the ions (M - ( C ~ )  + (M - OH) +, (M - 28) + (M - 44) +, and (M - 59) +, and in the s p e c t r a  of (III) and (IV) in addi-  
tion to the ion (M - OH) + the ion (M - HzO) + a p p e a r s  and the ion (M - 28) + is absent  (Fig. 1). 

A de t e rmina t i on  of  the e l e m e n t a r y  compos i t ions  of  the ions ( M -  28) + and (M - 4 4 ) + i n  the s p e c t r u m  of  (II) 

Inst i tute  of  the C h e m i s t r y  o f  P lan t  Subs tances ,  Academy  of Sciences  of the Uzbek SSR, Tashkent .  T r a n s -  
lated f r o m  Khimiya  P r i r o d n y k h  Soedinenii ,  No. 1, pp. 66-71,  J a n u a r y - F e b r u a r y ,  1976. Original  a r t i c l e  sub -  
matted March  13, 1975. 

This material is protected by copyright regbtered in the name o f  Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part 
o / t h i s  publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, 

I microfilming, recording or otherwise, without written permission o f  the publisher. A copy o f  this arffcle is available from the publisher for $ Z 50. 

55 



-1  

~ r 

r ~  

j 
t 

~zL 
L 

. _ r  
. . - - -4  

_ _ _ J  

, ° ~  L I I L i l l l l  , i , 

]. 

f 

- - = _ ~ ,  

56 



TABLE 1. Elementary  Compositions of Some of the Ions in the Spectrum of Floridanine 

III 

m / e  Calculated Found Composition 

441 M + 
397 M - C O  2 (a) 
397 M-C2H40 (b) 
354 M -  87 
338 (a) 
M -(CO 2 +OCOCH3) 
338 (b) 
M -C2H40 + OCOCH3) 
238 
168 

441.1998 
397.2100 
397.1736 
354.1916 

338.1968 
338.1603 

238.1079 
168.1025 

441.2027 
397.2117 
397.1774 
354.1918 

338.1978 
338.1614 

238.1082 
168.1024 

C21H310~N 
C20H3iOTN (35%) 
C19H27OsN (65%) 
CIsH2806N 

C18H28OsN (40%) 
C17H2406N (60%) 

C12HI604N 
C9H1402 N 

showed that these f ragments  are  produced by the ejection of molecules of CO and CG 2, respect ively.  These 
ions may then decompose by pathways d and e as a resul t  which the radicals  COCH 3 and C4HTG are eliminated 
(see Scheme 1). Cleavage at the ad, ae ,  bd, and be bonds can take place directly in the M ~ ions. Decomposition 
at ae leads to the formation of ions with m/e 250 (I) and 266 (II), the f i rs t  of  which is analogous in the s t ruc ture  
of the side chain to the ion with m / e  220 in the spect rum of senecionine [2]. 

The (M - 59) + ions in the spect ra  of (I) and (II) are  formed as a resul t  of a two-stage cleavage reaction,  
which is confirmed by the detection of the following metastable transit ions:  

268*=350+(M-CHa) + _co~306 + } 

284*=366 + ( M - C H 3 ) + ~ 3 2 2  + 
(II) 

The M + ~  (M - CO2) + ~ (M - 59) + transit ion presupposes  that the elimination of CO 2 is accompanied by 
a contract ion of the macrocyc le .  

The appearance of the ion with m / e  250 (250.1085; C13H1604N) in the spectrum of otosenine (II), the analog 
of which is absent f rom the spectrum of (I), is of interest .  The peak of this ion is not shifted in the spec t rum 
of the OD analog of (II), i .e. ,  this a r i ses  in an af cleavage activated by the oxygen of the epoxide group. 

The fragmentation of the es te r  group at C 7 which we found previously in alkaloids with retronecine and 
platynecine nuclei appears  in the otoneeine bases in the form of ions with m/e  238,254,  and 266. The ion with 
m/e  266 (II) (266.1387, C14H2004N) of the same composition may a r i se  by two pathways (see Scheme 1). In the 
s t ructure  of their side chain, the ions with m/e  238 and 254 are  analogous to the ions with m/e  208 of the spec-  
t rum of incanine [1] and with m/e  226 in the spectrum of platyphylline [2[, respect ively.  In the spectrum of (II) 
there is the peak of an ion with m /e  239. Deuteration showed that it is analogous in the position of cleavage 
(id) to the ion with m /e  209 in the spect ra  of tr ichodesmine {1] and senecionine [2]. 

The decomposition of the macrocyc le  of floridanine (III) and floricaline (IV) differs considerably from 
the decomposition of {I) and (II)+in view of the saturated nature of the C5,-C 6, bond and the presence  of an acyl-  
oxy group at C2'. The (M - 44) 1on is also charac ter i s t ic  for the spectra  of (III) and (IV); however,  in (III), as 
a determination of the e lementary  composition shows, 65~ of the (M - 44) 4 ions are obtained through the el im- 
ination of the substituent at C 5, in the form of acetaldehyde (Table 1 and Scheme 2). The spectrum of (III) also 
contains an ion (M - 45) +, which can be formed both by the elimination of CH3CHOH from C5' and of the COOH 
radical .  In the spectrum of (IV), the peak of the (M - 45) + ion has a low intensity, and the ion produced by the 
ejection of the radical f rom C 5, coincides in mass with the ion (M - 87) + [(M - CO 2-  CH3CO)+], which is the 
maximum ion in both spectra  (see Fig. 1). In o rde r  to establish the nature of the (M - 45) + ions in the spect rum 
of (III) and ( M -  87) + in that of f loricaline (IV), we synthesized floridanine propionate (Y), in the spectrum of 
which the peaks of the ions under discussion are split. 

On calculation it was found that the distribution of the intensities is on an average 3, 12, and 85% for  the 
peaks of the ions (M - COOH) +, ( M -  CH3CHOR) + (R = H,-COCH3,-COC2Hs),  and (M - 87) +, respect ively,  of the 
total intensities of the three ion peaks.  
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TABLE 2 

Type of cleavage 
i 

Compound 
I 

PlatyphyUine 
Renardine 
Senecionine 
Incanine 

28 
24 

25 34 
41 16 

ae #c 
(+H) 

100 5 

(+H) (+H) ( ) 
hd 

ld i--H) 

ll0 ~ 36 
13 
0 36 31 

Note.  As  the 100% peak  we took the m a x i m u m  peak in the region 
between M a and 190 m/e .  

In the s p e c t r a  of  (III-V) the peak  of an ion with m / e  352 can be seen.  Ana lys i s  o f  the s p e c t r a  of  the OD 
analogs  shows that this ion is p roduced  by the e l imina t ion  o f  the CH3CHOR f r a g m e n t  f r o m  the ion (M - CO2)+° 

In the reg ion  of  high m a s s e s  the re  a r e  the peaks  of ions f o r m e d  a s  the r e s u l t  of the e jec t ion  of  the 
acyloxy g roups ,  (M - 59) ~ and (M - 73) 4, both f r o m  C 2, and f r o m  Ce, in (IV) and (V). S imi la r  f r a g m e n t s  a re  
a lso  e l imina ted  f r o m  the (M - CO2) + ions ,  which p r e s u p p o s e s  the exis tence  of  cyc l ic  f o r m s  of  the (M - CO2) + 
ions .  This  i s  con f i rmed  by the f o r m a t i o n  of an ion with m / e  352. 

HI 397(15.5) I[I 338(29) Ill 382(10) 
IV 397(2'2) * IV 338(7) IV 424(8) 
V 397(8) -CH~COd V 338(10) V 438(7) 

-CHaCOH (lID t 
[ -CH.-CHOR (IV V) I 

CH3--°'CH--OR CH3 OCOCH3 -dCOCH, 
i I I 

O=C__S' C_4'CH:_a'CH_2'C_ I'C=O 

I '  ' 

OH CH3 

0 
O 11 CH2 O 

GH 3 

R M + 
I l l  t t  441 (44 )  
IV COCH3 483 (16) 
V COC~Hs 497 (17) 

l-COx 
111 397 (8,5) 
IV 439 (14) 
V 453(20) - cH.~COd 

I c.,e.oR 
]ll  352 (18} 
IV 352 02) 
V 352 (14) 

OC~C//CH~ 

o~OH + 

~ O II ./CH2 

0t3 
• ] I I 238 (321 
IV 238 116) 
v 238 (2o) 

I l l  338 (19) 4 
* IV 380 (16) IV 424(8) 

V 394 (22) V 424 (8) 

Scheme 2 

The ion with m / e  338 in the s p e c t r u m  of  f lor idanine  (IV) is a doublet :  607c of  the ions of this m a s s  a r i s e  

f r o m  the --  CHsC ions by the e jec t ion  of  the CH3CO0 rad i ca l .  

The s p e c t r a  of (III-V) have the peak  of an ion with m / e  238 (III); 238.1082, C12HlsO4N), which is d i sp laced  
by 1 amu on deu te ra t ion .  I t  is  analogous  in compos i t ion  to the ion with m / e  238 in the s p e c t r a  of  r ena rd ine  (I) 
and o tosen ine  (IIi, but this  i on i s  obtained by a mul t i s t age  decompos i t i on  and apparen t ly  has  the s t ruc tu r e  
shown in Scheme 2. 

In view of  the m a s s - s p e c t r o m e t r i c  c h a r a c t e r i s t i c s  of r ena rd ine  (I), including a senec ion ic  acid r e s idue ,  
i t  i s  i n t e re s t ing  to c o m p a r e  this s p e c t r u m  with those of o t h e r  a lkaloids  a lso  e s t e r i f i ed  by this acid (senecionine 
[9] and pla typhyl l ine  [9]) which have been c h a r a c t e r i z e d  p r e v i o u s l y  [2]. This is impor t an t  f r o m  the point  of  
view of  e s t ima t ing  the inf luence o f  the necine nucleus  on the decompos i t ion  of  the m a c r o c y c l e  (Table 2). 
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The p r e s e n c e  of the C I ~  C 2 in the senecionine molecule  causes  an i nc r ea se  in the propor t ion  of c l eav-  
ages  of  the a bond at the cos t  of the allyl s tabi l izat ion of the corresponding cat ions.  In the spec t rum of r e n a r -  
dine (I), the contribution of these ions d e c r e a s e s ,  poss ib ly  because  of the par t ia l  delocal izat ion of the ~ bond 
through conjugation with C 8 ~ O .  Simultaneously the contribution of the f r agments  fo rmed  in the c leavage of 
the b bond i n c r e a s e s .  

The absence  of a 7r bond in the necine nucleus ofplatyphyl l ine makes  cleavage a uneharac te r i sUc ,  and 
ions a r i s ing  in the f ragmenta t ion  of the e s t e r  group at C 7 (id, hd), have the g rea t e s t  in tensi t ies .  

An in teres t ing  analogy is  obse rved  in a compar i son  of the spec t r a  of senecionine and the l l - m e m b e r e d  
alkaloid incanine [10], which have the s a m e  nucleus and e lements  of the mac rocyc l e  between the a and e bonds. 
The quanti tat ive c h a r a c t e r i s t i c s  of the c leavages  of  the cor responding  bonds a r e  fair ly c lose .  

It  i s  known that the CH 3 groups  a t  C 2, and C 3, in senecionine a r e  in the t ransoid  or ienta t ion  [11]. On the 
bas is  of the r e su l t s  of  a study of the m a s s  spec t r a  we have proposed the same mutual or ienta t ion for  incanine 
[1]o The s imi l a r i ty  of  the s p e c t r a  of  these compounds mentioned above conf i rms  this hypothesis .  

E X P E R I M E N T A L  

The m a s s  spec t r a  of s amples  supplied by worke r s  of the alkaloid chemis t ry  labora tory  of IKhRV (Institute 
of the Chemis t ry  of Plant  Substances) we re  taken on an MKh-1303 ins t rument  with a s y s t e m  for  the d i rec t  
introduction of the sample  at l l0°C with an ionizing voltage of 40 V. 

The e l emen ta ry  composi t ions  of the ions were  measu red  on an MS-3301 ins t rument  (Institute of Chemical  
Phys ic s  of  the Academy of Sciences of the USSR) with the par t ic ipat ion of A. F. Dodonov. The OD analogs were  
obtained by b r ie f  s teeping of the samples  in CD3OD. 

Floridanine Propionate  (V). A solution of 0.13 g of f loridanine in a mix ture  of  1 ml of pyridine and 3 ml 
of propionic  anhydride was kept fo r  5 days ,  and then the excess  of anhydride and pyridine was evapora ted  off 
under vacuum to a volume of 1 ml° The res idue  was t rea ted  with 3 ml of  water ,  neut ra l ized  with sodium 
bicarbonate ,  and then it was made alkaline with sodium carbonate .  Substance (V) was ext racted f rom the mix-  
ture with e ther  (3 × 5 ml). After  the el imination of the e ther ,  the res idue was r ec rys t a l l i zed  f rom acetone.  
This gave 65 mg of  c r y s t a l s  with mp 200-201°C. 

S U M M A R Y  

It has  been shown that the f ragmenta t ion  of the mac rocyc l e  of the otonecine bases  quali tat ively r e s e m b l e s  
the decomposi t ion of macrocyc l i c  alkaloids with the re t ronec ine  skeleton.  The p r e s e n c e  of an oxygen-containing 
substi tuent  at  C s, and of an alkoxy group at  C2,, when there is no C 5' --: C 6' double bond, substantial ly changes 
the di rect ion of decomposi t ion of the mac rocyc l e .  

A s imi la r i ty  of the spec t r a  of 11- and 1 2 - m e m b e r e d  bases  with s im i l a r  mutual or ienta t ion of CH 3 groups 
at C 2, and C 3, has  been noted. 
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