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T h e  chemica l  shif t  (CS) of the s i g n a l o f a n R - - N C H  s group in an NMR s p e c t r u m  in deu te roch lo ro fo rm 
solution changes o v e r  a wide r ange  (6 1.88-4.20 ppm) accord ing  to the nature  of R [1-5]. When the n i t ro -  
gen a tom is p re sen t  in a sa tu ra ted  f i v e - m e m b e r e d  ring, i .e. ,  in N-methy lpyr ro l id ine ,  ~ NCH s is 2.33 ppm, 
and in the alkaloid nicotine it is 2.15 p p m  [1]. 

In the A m a r y l l i s  alkaloids,  the NCH 3 s ignal  of the pyr ro l id ine  ring is found in the ~ range  f r o m  2.0 
to 2.5 ppm [6-9]. Only in a seco  de r iva t ive  of  the alkaloid cl ivonine (HI) does  the CS of the NCtI s have an 
anomalous ly  low value of 5 1.84 ppm, which is due to the a r r a n g e m e n t  of this group above the cen te r  of the 
a r o m a t i c  r ing [10]. 

However ,  the CS of the NCH s group of the alkaloid galanthusine (II) a p p e a r s  at 5 1.58 ppm (0-HMDS) 
[11, 12] (the r e a s o n  fo r  such a l a rge  d iamagne t ic  shift  is not d i scussed  by the authors  of t hese  papers ) .  To 
de t e rmine  the f ac to r  causing the anomalous  upfield d i sp lacement  of the NCH s s ignal  in galanthusine,  we 
have studied the NMR s p e c t r u m  of t e t r ahydrounger ine  (I) [13], which has the  s a m e  skele ton as  galanthusine 
and d i f fe rs  f r o m  the l a t t e r  by the mutua l  posi t ions  of the OCH s and OH groups  in r ing C. The s p e c t r u m  of 
(I) was  obtained on a JNM-4H-100/100  MHz ins t rumen t  (CDC13, 0 - T M S ) .  

In the NMR s p e c t r u m  of (I) the NCH 3 s ignal  is found at 1.73 ppm, i.e.,  0.60 ppm upfield as  c o m p a r e d  
with the CS of the NCH 3 group of N-me thy lpy r ro l i d ine  [1]. 

The r e su l t s  of a cons idera t ion  of mode l s  of (I) and (II) showed that the pro tons  of the NCH s group in 
them a re  s c r eened  to the m a x i m u m  extent by the a r o m a t i c  r ing when the N - C H  3 group is /%quas iequator -  
ial, i.e., when the lone pa i r  of e l ec t rons  of the n i t rogen a tom and the C l l c - H  bond a r e  in t r a n s  i n t e r r e l a -  
t ionship and when C has  the h a l f - c h a i r  conformat ion .  In these c i r c u m s t a n c e s ,  calculat ion of the con t r ibu-  
tion of the d iamagnet ic  a n i s o t r o p y  of the a r o m a t i c  r ing at the NCH s p ro tons  by Johnson and B o v e y ' s  method 
[14] g ives  a m a x i m u m  value o f  /x5 of +0.50 ppm. This  value of the contr ibut ion a g r e e s  wel l  with the ob-  
se rved  expe r imen ta l  d i f fe rence  A ~ = 0.6 ppm fo r  the CS of the NCH 3 group  in N-me thy lpy r ro l i d ine  and in s u b -  
stance (D. Thus,  the r e s u l t s  of a compar i son  of the CSs of the NCH 3 groups  in t e t r ahydrounger ine  (I), ga lan-  
t l~s ine  (II), and N-me thy lpy r ro l i d ine  p e r m i t  the mos t  p r e f e r r e d  conformat ion  to be se lec ted  as the half -  
chai r  conformat ion  f o r  r ing C and the f l -quas iequator ia l  or ienta t ion  for  NCH 3, which is located above the 
plane of the a r o m a t i c  r ing in (I) and (II). 

I. R= OH, 
R=OCH a 

]z. P,.= OCH z, 
R,== OH 

H0- "R 

t 
a ~ b ~ O H  

H HO H 

Inst i tute  of the C h e m i s t r y  of  Plant  Substances ,  Academy of Sc iences  of the Uzbek SSR. T r a n s l a t e d  
f rom Khimiya  l>rirodnykh Soedinenii,  No. 5, pp. 686-687, Sep t embe r -Oc tobe r ,  1973. Or ig ina l  a r t i c l e  sub-  
mitred March  20, 1973. 

© 19 75 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

665 



It  mus t  be  mentioned that the a rom a t i c  protons  H 8 and H i in {I) and ;(~) give~ signals  at, r espec t ive ly ,  
7.52 and 6.79 p p m  (I) and 7.37 and 6.52 ppm (II), while in (III), they a r e  at 6.82 and 6.85 ppm; i.e.,  when the 
lactone r ing is opened only in (HI) does the s ignal  f r o m  H 8 shift  upfield, and in (I) and (II) it s c a r c e l y  changes 
in compar i son  with unger ine  [8]. This  can be explained by the different  a r r a n g e m e n t s  of the Ar-CI-I2OH 
group re la t ive  to H 8 in (I), (II), and (HI). Probably,  in (I) and (II) H 8 and CH2-OH a r e  in the syn or ientat ion 
(a) and a r e  located in the s a m e  plane so that the fo rmat ion  of an i n t r amolecu l a r  H bond between the O and 
the H 8 is poss ible ,  while in (HI) the CI-I2-OH conformat ion  is  dif ferent  (b). 

When the s pec t rum  of (I) was  taken at a t e m p e r a t u r e  of + 55°C, the H a signal  shifted upfield by 0.08 
ppm, which conf i rms  the ex is tence  of a hydrogen bond between H a and the OH group. 

F u r t h e r m o r e ,  calculat ion of the contr ibut ions of the magne t ic  anisot ropy (AS)~) and the e l ec t r i c  field 
(A6 E) of the OH group at the HI a proton in conformat ion  a us ing Z i i r c h e r ' s  p a r a m e t e r s  [15] gives  a value 
o3 ~6 =~6E+A6)~ =0.33 ppm (downfield), and in the b conformat ion theeont r tbu t ions  of/ ,  6)~ and ~ 5  E to H a 
a r e  negligibly smal l .  

LITERATURE CITED 

1. C.N. Ma and E. W. Warnhoff, Can. J. Chem., 43, 1849 (1965). 
2. D. Chapman and P. Magnus, Introduction to Practical High Resolution Nuclear Magnetic Resonance 

Spectroscopy, Academic Press, London (1966). 
3. G. Slomp and G. Lindberg, Anal. Chem., 39, 60 (1967). 
4. B.I. Ionin and B. A. Ershov, NMR Spectroscopy in Organic Chemistry [in Russian], Leningrad (1967). 
5. D. Emsley, J. Feeney, and L. Sutcliffe, High Resolution NMR Spectroscopy, Pergamon Press, Oxford 

(1965-1966). 
6. W.A. Hawksworth, P. W. Jeffs, B. K. Tidd, and T. P. Toube, J. Chem. Soc., 1991 (1965). 
7. W. D~pke, M. Bienert, P. W. Jells, and D. S. Farrier, Tetrahedron Lett., 451 (1967). 
8. M.R. Yagudaev, Kh. A. Abduazimov, and S. Yu. Yunusov, Khim. Prirodn. Soedin., 94 (1970). 
9. M.R. Yagudaev and S. Yu. Yunusov, Khim. Prirodn. Soedin., 505 (1972). 

10. P.W. Jeffs, J. F. I-lansen, W. D~pke, and M. Bienert, Tetrahedron, 27, 5065 (1971). 
11. D.M. Tsakadze, A. Abdusamatov, R. Razakov, and S. Yu. Yur~sov, Khim. Prirodn. Soedin., 773 (1970). 
12. S. Yu. Yunusov, T. N. Kiparenko, R. Razakov, A. Abdusamatov, and D. M. Tsakadze, S0obshch. Akad. 

Nauk GruzSSR, 65, (2), 333 (1972). 
13. Kh. A. Abduazimov and S. Yu. Yunusov, Dokl. Akad. Nauk SSSR, 153, 1315 (1963). 
14. C.E. Jo~hnson and F. A. Bovey, J. Chem. Phys., _29, 1012 (1958). 
15. R.F. Z~rcher, Progress in Nuclear Magnetic Resonance Spectroscopy, Vol. 2, New York (1967), 

Chapt. 5. 

666 


