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The alkaloids coccul ine and cocculidine were  f i r s t  i sola ted by S. Yu. Yunusov f rom Cocculus laur i fo l ius  (family 
Men i spe rmaceae )  in 1950. On the bas i s  of the resu l t s  of chemica l  reac t ions ,  these substances  were  asc r ibed  the 
s t ruc tu re  of the indophenanthridine alkaloids Ia and Ib, r e spec t ive ly  [2, 3]. 

R R 

H 3 

c c ~  
! II 

Ii J 
HI 

V! 
lV 

CO H s Coon 

IX viii Vii 

a, R=ON, b, I~=OCH~ 

A mass  s p e c t r o m e t r i c  study of cocculine and cocculidine has shown that although the m / e  values  of the molecu la r  
ions cor respond to the empi r i ca l  fo rmulas  proposed prev ious ly  (271 and 285, respec t ive ly) ,  the peaks of the (M - 15) + 
ions in the spec t r a  have ex t r eme ly  low intensi t ies  (3-5%) (Fig. 1). It is known that the e l iminat ion of a methyl  rad ica l  
is ene rge t i ca l ly  considerably  more  favorable  than the e l iminat ion of a hydrogen atom [4]. Since in the mass  spec t r a  of 
the indophenanthridine alkaloids [5] the peak of the (M - 15) + ion has a high intensi ty because  of the extension of the 
sys tem of conjugated double bonds, i t  was to be expected that in the mass  spec t ra  of cocculine and cocculidine the M - 
- 15 peak should be one of the maximum peaks. The v e r y  low intensi ty of the M - 15 peak in the mass  spec t r a  of the 
alkaloids studied, and also thei r  capaci ty for undergoing a t h r ee - s t age  Hofmann degradation,  leading f inal ly  to a 
biphenyl de r iva t ive  (VII-IX) [2] has given grounds for  doubting the p re sence  of a C-methyl  group in these alkaloids 
and for  proposing for  them the probable s t ruc tu res  II [6] and III. (see Scheme 1 on the following page). 

The mass  spec t r a  of cocculine and cocculidine give no fundamental informat ion on which of the two probable 
s t r uc tu r e s  cor responds  to these subs tances ,  s ince in both cases  the occur rence  of a re t rod iene  decomposi t ion leading 
to the appearance of peaks of ions a and b is possible .  If i t  is borne in mind that in the f i r s t  stage of the Hofmann 
degradat ion of II and III the cor responding  des -N-me thy l  de r iva t ives  with di f ferent  s t ruc tu res ,  IV and V are  formed 
[although the ]products of the fur ther  t ransformat ion  (VII-IX) are  identical  in the two cases] ,  i t  may be expected that 
under  the conditions of mass  s p e c t r o m e t r y  IV and V will  behave specif ical ly ,  which is explained by the nature of the 
l inkage of r ings  B and C. 

In actual fact,  a study of the mass  spec t r a  of des -N-methy lcoccu l id ine  showed that i t  cor responds  complete ly  to 
s t ruc tu re  Vb (Fig. 2 and Scheme 1) and that i t  does not contain peaks of f ragments  with m / e  139 and 134 that a re  
c h a r a c t e r i s t i c  of compounds of type IV. Consequently, s t ruc tu re  II for  cocculine and cocculidine is excluded. Hence 
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they will have s t ruc tu res  IIIa and IIIb respect ively.  The incor rec tness  of the s t ruc tures  I and II for cocculine and 
cocculidine and the co r rec tness  of the s t ruc tu res  that we have now proposed (IIIa and IIIb) are also confirmed by the 
absence f rom the NMR spect rum of cocculine (Fig. 3) of the signals of protons of the C-methyl  group and the signal of 
a benzyI proton. 
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Fig. 1. Mass spec t ra  of cocculine (IIIa), deuterococculine 
(IIIc), and cocculidine (IIIb). 

The proposed s t ruc ture  Vb for des-N-methylcoccul id ine  is completely reflected in its mass  spectrum.  The peak 
of the ion with m / e  166, containing r ings  B and C, has the maximum intensi ty.  The subsequent  spli t t ing out of a 
molecule of methanol and water  f rom this ion leads to ions with m / e  134 and 132 (see Fig. 2 and Scheme 1). The 
t rans i t ions  166 ~ 134 and 134 ~ 132 are confirmed by the presence  of metas table  peaks with m / e  180.0 (calculated 
180.0) and 131.0 (calculated 130.0), respect ively.  The energet ic  sui tabi l i ty  of this process  is explained by the complete 
a romat iza t ion  of r ings  B and C. The peaks of the other ions a r i s ing  through the re t rodiene  decomposit ion of the 
molecular  ion and the spli t t ing out of subst i tuents  have low in tens i t ies  (see Fig. 2 and Scheme 1). 
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Fig. 2. Mass spec t ra  of des-N-methylcoccul id ine  (Vb) and of des -  
N- dimethylcocculidine (VI). 

The main  di rect ion of the f ragmentat ion of the molecular  ions of cocculine (IIIa), its deutero analog {IIIc), and 
cocculidine (IIlb) consis ts  in the re t rod iene  decomposit ion of the ions M + and (M - 1) +, leading to the formation of 
f ragments  a and b. This route of decomposit ion is charac te r i s t i c  for the molecular  ions of the Ery thr ina  alkaloids [8]. 
On the subsequent  e l iminat ion  f rom the ion- rad ica l  a of the subst i tuent  in the aromat ic  r ing in the form of a radical ,  
the ion c is formed (Scheme 2). The peaks of the other f ragments  due to the e l iminat ion of subst i tuents  from M + are of 
low in tens i ty  (see Fig. 1). 

The sequence of the f ragmentat ion of the molecular  ions of compounds IVa-IVc that has been given is confirmed 
by the p resence  in their  spect ra  of the peaks of the metas table  ions the m / e  values of which are  given in the table. 

In the mass  spect ra  of compound VI, the product of the two-stage Hofmann degradation of cocculidine,  the peak 
of the ion with m / e  58 formed as a resu l t  of s imple s - c l eavage  (see Fig. 2) has the maximum intensi ty.  
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Fig.  3. NMR s p e c t r u m  of e o e e u l i n e  (CDC13, 60 MHz).  

V a l u e s  of m/e  of the  M e t a s t a b l e  Ions  in  the  
M a s s  S p e c t r a  of C o m p o u n d s  I I a - I I c  
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The mass  spect ra  were recorded on a s tandard MKh-1303 in s t rumen t  fitted with a sys tem for the introduct ion of 
the sample d i rec t ly  into the ion source  at 100-140 ° C with an energy of the ionizing e lec t rons  of 30-50 eV. 

C O N C L U S I O N S  

1. The mass  spec t ra  of coeeuline and cocculidine and of their  der ivat ives ,  and the NMR spect rum of cocculine, 
have been studied. 

2. It has been es tabl ished that eocculine and cocculidine have the s t ruc tu res  IIIa and IIIb, respect ively .  
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