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It is known that the position, the chemical  shift  (CS), of the signal of the NH proton in NMR spect ra ,  l ike that of 
the OH proton, is governed by the nature of the hydrogen bond and depends on the concentra t ion and the t empera tu re .  

The p r e s e n c e  of a hydrogen bond always shifts a proton signal in the weak-f ie ld  direct ion,  and a r i s e  in the 
t empera tu re  has the opposite effect  [1]. When the t empera tu re  and concentrat ion a re  constant, the CS of the N--H 
proton can be used to e s t ima te  the degree  to which i n t e r -  and in t r amolecu la r  hydrogen bonds ex is t  in var ious  alkaloids.  

In this paper  we give the r e su l t s  of the measu rem en t s  of the CS of the signal of the N--H proton in the NMR 
spec t r a  of the Vinca alkaloids [2] (table). 

CS of the Signals of the N- -H Protons in Various Vinca Alkaloids 
in CDCla 

T T 
Alkaloids ppm Alkaloids ppm 

Viaeanine (I) 
2,16, 19, 20-Tetrahydrovincanine 
(n) 
Vinervinine (II1) 
Akuammicine (IV) 
2,16-Dihy droakuammicine (V) 
Ervamine (VI) 
Ervinidinine (VII) 
Dihy droervinidinine (VHI) 
Ervincinine (IX) 
Copsinine (X) 
Pseudocopsinine (XI) 

-0,6! 

6.50 
,I. 17 
I. 05 
6.00 
1.16 
1.09 
5.65 
1.10 
6.50 
5.68 

Picrinine (XII) 

Vincaricine (XIII) 
Reserpinino (XIV) 
Ervine (XV) 
O-Acetyltombosine (XVI) 
O-Acetylininhimbine (XVII) 
Vinerine (XVII1) 
Vineridine (XIX) 
Majdine (XX) 
Isomajdine (XXI) 
Carapanaubine (xxn)  

6.50 

6.50 
2AO 
2.15 
1.75 
2.03 
1.05 
0.56 
2.18 
T .51 
0.80 

All the spec t r a  were  obtained on a JNM-4H-100/100 MHz ins t rument  at room t empera tu re  (22-24 ° C) using 
concentra t ions  of 5-10% in CDCI3 solution with HiVIDS as in ternal  standard.  

The ass ignment  of the s ignals  to the N--I-I protons was made on the bas is  of a compar i son  of the spec t ra  taken at 
room t empera tu r e  and at a higher  t empera tu re  of the sample ,  and also on the bas i s  of the method of deu te r ium-  
exchange with CD~OD and D20. 

In view of the fact  that the spec t ra  of all the substances  were  taken at s t r i c t ly  ident ical  concentrat ions ,  we 
checked the concentra t ion dependence of the CS of the NH group in the case  of r e se rp in ine  (XIV). 

When the solution was diluted m o r e  than three  t imes  (from 15 to 5%) the signal of the NH group in XIV shifted in 
the s t ronge r - f i e ld  d i rec t ion  by only 0.15-0.20 ppm. Consequently i t  may be considered that a change in the 
concentra t ion of between 5 and 10% has an insignif icant  effect  on the CS of the NH proton. 

The f igures  in the table show that the CS of the signal  of the N--H proton in the a -methy lene indo l ine  alkaloids (I, 
HI, IV, VI, VIII, and IX) and in the indole alkaloids (XIV-XVII) di f fer  considerably.  As a rule ,  the CS of the NH in the 
a -methy lene indo l ine  alkaloids appears  in a weaker  field (-0.69 to -1 .20  ppm) than in the indole alkaloids (1.72-2.15 
ppm), and the CS of the NH group in the hydroxyindole alkaloids (XVIII-XXII) occupies an in te rmedia te  posit ion (0.56- 
2.18 ppm). 

The most  c h a r a c t e r i s t i c  fact  is that in the 2, 16-dihydro de r iva t ives  of the (~-methyleneindoline alkaloids (I, IV, 
VII), as in the alkaloids X-XIII ,  the signal of the NH proton is shifted marked ly  in the s t rong- f ie ld  d i rec t ion  to ~- = 
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= 5.50-6.50 ppm. Thus, for example, in akuammicine {IV), ~ = 1.05 ppm, and in its dihydro derivat ive (V) I"NH = 6.00 
ppm. A s imi l a r  pat tern  is observed in the case of e rvamine  (VI), vincanine (I), e rvinidinine  (VIII), etc., and also for 
the alkaloids copsinine (XI), etc. 

This impor tant  c r i t e r ion  can be used successful ly  for the recogni t ion and identif ication of new alkaloids of Vinca 
and for s t ruc tura l  purposes .  

Ear l i e r ,  one of the authors [3] showed that the integral  in tens i t ies  (A) of the N--H bands in the IR spect ra  of the 
a -methylene indol ine  alkaloids and their  2, 16-dihydro der ivat ives  differed substant ia l ly  (almost threefold). The 
assumption was also made that a N- -H . . .  O ~ C - - H  chelate bond was formed in vincanine (I). Such a marked weak-field 
shift of the NH signal in the NMR spec t rum to -0 .69  ppm and its independence of the tempera ture  and dilution 
apparently confirm the conclusion that a chelate bond exists  in a vincanine.  

Since the main  contr ibut ion to the shift f rom the hydrogen bond in the NMR spec t ra  is made by the polar izat ion 
of the X--H bond [4], i t  is obvious that the shift in the signal of the NH proton in the s t rong-f ie ld  direct ion and the 
decrease  in the in tens i ty  of the IR bands in these alkaloids can be explained by a decrease  in the polari ty of the N--H 
bond. Consequently the changes in the pa rame te r s  in the NMR spect ra  (% NH) and the IR spect ra  (A and vN_ H are due 
mainly  to the change in the polar i ty  of the N--H bonds, although there is  no s t r i c t  corre la t ion  between % VNi_ I, and A. 

C O N C L U S I O N S  

On the bas is  of the resu l t s  of measu remen t s  of the chemical  shifts of the signal of the NH proton in Vinca 
alkaloids, i t  has been establ ished that the CS of the NH group in the a -methyleneindol ine  alkaloids and their  2, 16- 
dihydro der ivat ives  differ substant ial ly .  
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