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The s t r u c t u r e s  of ga lanthamine  (I) and epiga lanthamine  (III) have been s tudied 15reviously [1-4] ,  but some 
ques t ions  of the conformat ion of these  compounds have hi ther to  r ema ined  debatable .  This r e l a t e s ,  in p a r t i c u l a r ,  to the 
or ien ta t ion  of the hydroxyl  group [2]. In addition, the manner  in which r ings  B and C a r e  fused is  not c l ea r .  It is  
obvious that  in o r d e r  to e s t ab l i sh  the s t e r e o c h e m i s t r y  of ga lanthamine and epigalanthamine unambiguously  the use  of 
NMR spec t ro scopy  is  e x t r e m e l y . i m p o r t a n t .  

The p r e s e n t  p a p e r  g ives  the r e s u l t s  of a study of the NM-R spe c t r a  of galanthamine,  epigalanthamine,  and the i r  
O-ace ty l  de r iva t i ve s ,  which has enabled the s t e r e o c h e m i s t r y  of t he i r  molecu les  to be ref ined.  

In the NMR s p e c t r u m  of galanthamine (Fig.  l a ) ,  two two-pro ton  s ignals  a r e  found in the weak- f i e ld  region  
(T 3.4--4.2 ppm) which r e l a t e  to the a and b p ro tons  of the a roma t i c  r ing  A and to the olefinic p r o t o n s f  and°g of r ing  B. 
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Fig .  1. NMR spe c t r a  of ga lanthamine (a), 
ga lan thamine  ace ta te  0o), ep iga lanthamine  

(c), and epiga lanthamine  ace ta te  (d). 

The a r o m a t i c  p ro tons  a and b fo rm a two-sp in  AB sys t em;  the chemical  shif ts  and the sp in - sp in  coupling 
cons tants  found a r e  as  fol lows [6]: T A 3.44 ppm and T B 3.49 ppm with JAB =8.5 Hz. The olefinic pro tons  f and g in I 
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also give a spect rum of the AB type the unsymmet r i ca l  nature  of the in tens i t i es  of the central  s ignals  of which can be 
explained by the additional coupling of the proton g with the H proton at C 1. 

On comparing the regions of the spect ra  of compounds I - IV (Fig. 1, a -d)  it can be seen that the chemical  shifts 
of the a dnd b and~ in pa r t i cu la r ,  the f and g-protons  a re  considerably  affected by acetylat ion and by the or ientat ion of 
the hydroxyl group attached to the C 1 atom of r ing B. 

The signal of the i -pro ton  in the spect ra  of I, II, and IV appears  at ¢ 5.41 ppm in the form of a poor ly - reso lved  
one-proton t r ip le t  because of vicinal  coupling with the h-protons  of the methylene group. By using the double- resonance  
method, the center  of the mult iplet  of one of the protons h was found to be at T 7.84 ppm. 

In the spec t rum of epigalanthamine (Fig. le) ,  the signal of the proton at C t is superposed on signal i and 
therefore  a broad two-proton mult iplet  is observed at T 5.48 ppm. 

The half-width of the signal of the la t te r  proton, i, in spect ra  a, c, and d (see Fig. 1), which is de termined by 
the sum of its vicinal  sp in-sp in  coupling constants  with the h-protons ,  amounts  to 8.0 Hz. This figure is sat isf ied only 
by those values  of the constants  which correspond to the equatorial  or ienta t ion of this proton i. Since the quas i -axia l  
or ientat ion of the C4--C7i bond of r ing  D has been establ ished [1] and the proton i is equatorial ,  the proton i and the 
C4--C 7 bond a re  in the cisoid or ientat ion and, accordingly,  r ing  B has the ha l f -cha i r  conformation and has a cis l inkage 
with r ing  C. 

To de te rmine  the or ientat ion of the hydroxyl group or the corresponding hydrogen atom on carbon atom 1 of r ing 
B in galanthamine and epigalanthamine,  we considered the chemical  shifts of the H proton on C 1 and the sp in-sp in  
coupling constants  of H--C 1 with the neighboring protons h and g. 

The signal of the H--COH proton in the spectrum of galanthamine (Fig. la) is found at 6.00 ppm, and that of 
epigalanthamine at 5.48 ppm, i. e,, in I this proton is more highly screened than in If. The correctness of the 
assignment of the signals at 6.00 and 5.48 ppm to the H--COH proton in compounds I and II is confirmed by their 
paramagnetic shift in the weak-field direction to ~" 4.75 and 4.35 ppm, respectively, on acetylation of the OH group, 
the H--COAc signal in epigalanthamine being superposed on the signal of the olefinic proton g (see Fig. Id). 

It is known that in the cyclohexane r ing the s ignals  of the axial protons are  more  highly screened and appear in 
higher fields than in the s ignals  of the corresponding equatorial  protons [5, 6]. However, it is hardly possible  to use 
these ideas in order  to de te rmine  the or ientat ion of the _H proton at C 1 in galanthamine and epigalanthamine ~dnce its 
chemical  shift depends on the p resence  of adjacent C--O and C-~--C bonds.  A calculat ion of the influence of the 
diamagnet ic  anisotropy of the benzene r ing A on the H proton attached to C 1 in epigalanthamine by Johnson and Bovey's  
method [7] has shown that the change in the sc reen ing  of the tI--C 1 proton as a resul t  of this influence must  be so small  
that it can be neglected.  

We have es tabl ished the or ientat ion of the H at C 1 in galanthamine and epigalanthamine on the bas is  of the values 
of its coupling constants  with the neighboring protons h and g. 

In the spec t rum of galanthamine acetate (see Fig. lb), the signal of the proton at C 1 is a complex t r ip le t  with 
J1 =J2 -- 5.0 Hz and Ja = 1.6 Hz (w 4.75 ppm). The 5.0 Hz constants  cor respond to vicinal  sp in-sp in  coupling of the 
I-I--C 1 proton with the olefinic proton g and also with one of the protons h. It is obvious that the one-proton doublet in 
the weak field at ~" 3.78 ppm, J = 10.5 Hz, in the spect rum of II is due to the proton f and the spect rum of the olefinie 
proton g forms a quar te t  with J1 = 5.0 Hz, Jz = 10.5 Hz. The 10.5 Hz constant  is due to the sp in-sp in  bond of the g and 
f -protons ,  and the additional spli t t ing by 5.0 Hz to the coupling of g with the H--C 1 proton, as is confirmed by double 
resonance .  

Garbisch [8] has shown that the vicinal coupling constant (J) of protons on carbons in sp 3-sp 2 hybridization is 

connected with the dihedral  angles of ~ ( j H )  H ' - - C - - C =  by a re la t ionship the curve of which is given in Fig. 2. 

This re la t ionship for the constant  3j = 5.0 Hz, the dihedral angle • between the tI--C 1 protons and the olefinic 
proton g in II is approximately  40 ° (120°), which cor responds  to a quasiequator ia l  or ientat ion of the Pr--C 1 proton in 
galanthamine.  Consequently, the OH group in galanthamine is quas i -axia l ,  which is in harmony with-Barton '~nd 
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Kirby's conclusion [i]. 

The spect rum of the olefinic protons f and g of epigalanthamine (see Fig. lc) give an AB quadruplet  with ~'A 4.03 
and  T B 4.27 ppm, JAB = 10.0 Hz. 

In consider ing the spectrum,  it can be seen that apart  f rom the large constant,  the components of the quadruplet 
are  broadened.  This broadening of the doublet in the strong field (T 4.27 ppm) is apparent ly due to the in teract ion of 
I-t--C 1 with the olefinic proton g, and the half-width of the l ines  ~ 3.0 Hz. On the bas i s  of Garb isch ' s  curve (see Fig. 2), 
the dihedral  angle • between the H--C1--C ~ protons for J ~ 3.0 Hz should be close to 90 °, which corresponds  to a 

\ 

quas i -axia l  or ientat ion of the _H--C i proton for epigalanthamine.  
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Fig. 2. JCHt_Ctt==(Hz) 
as a function of the 

dihedral  angle ¢% 

Thus, the r e su l t s  of a considerat ion of the vicinal  sp in-sp in  coupling constants  of the It--C 1 proton and the 
olefinic proton g shows the quas i -ax ia l  or ienta t ion of the hydroxyl group in galanthamine and its quas i -equator ia l  
or ientat ion in epigalanthamine.  

At the same t ime,  in these alkaloids invers ion  of the chemical  shift of the ILt--C 1 protons takes place, i . e . ,  the 
s ignals  of the equatorial  protons are more  highly screened and appear in a re la t ive ly  s t ronger  field than the signals of 
the corresponding axial protons.  This phenomenon, reported previous ly  in other cases [9], is apparently due to the 
influence of the diamagnetic  anisotropy of the unshared  pai r  of e lec t rons  of the oxygen atom and of the C--O bond in 
r ing C and of the double bond in r ing  B on the H--C 1 proton. 

In all the spect ra  given, the s ignals  of the methyl protons of the aromat ic  OCH 3 groups have the form of nar row 
th ree -p ro ton  s inglets  at T 6.24-6°28 ppm, and those of the NCH 3 groups at ~ 7.70-7.71 ppm. Volpp and 
Bubewa-Iwanowa [3] made the opposite ass ignment  of the signals,  which contradicts  l i t e ra tu re  informat ion on the 
chemical  shifts of the OCH 3 and the NCH 3 groups.  Our ass ignment  is  confirmed by the split t ing of the th ree-pro ton  
singlet  of NCH 3 (T 7.~1 ppm) in the spec t rum of epigalanthamine obtained in CF3COOH solution into a doublet as a 

+ 
r e su l t  of the format ion of the--NHCH 3 ion and coupling with the NH proton, and also its shift in the weak-field 
d i rec t ion [10]. The O-COCH~ signal in the spec t rum of II appeared at 8.04 ppm, and in IV it appeared at 8.01 ppm. 

The ass ignment  of the s ignals  of the other methylene protons of r ings  B and D has been made on the bas is  of the 
r e su l t s  of double resonance  for  galanthamine acetate.  

Two mult iple ts  in the strong field with a center  at T 8.45 ppm belong to one of the e-protons ,  and the second 
e-proton was found at ~- 7.90 ppm. The d-protons  give a two-proton mult iplet  with a center  at 6.95 ppm, and the 
h-protons  give s ignals  at 7.84 and 8.05 ppm. The two nonequivalent protons from the Ar--CH2--N methylene group form 

-Tgem = 15.0 Hz. anAB sys tem and are  found in the form of two one-proton doublets with cen te rs  at ~" 6.00 and 6.28 ppm, ~AB 

It can be seen f rom a compar ison  of spec t ra  I - IV (Fig. 1, a -d)  that with the i somer iza t ion  of galanthamine (I), 
i. e . ,  in epigalanthamine (III) and its acetyl der ivat ive  {IV), the signal of one of the e protons undergoes a considerable  
diamagnet ic  shift of 0.5 ppm, in consequence of which the spectra  III and IV have a two-proton mult iplet  with a center  
at T 8.45 ppm re la t ing  to the nonequivalent  e protons .  
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It mus t  be ment ioned that  to a ss ign  the s ignal  of the OH proton we s tudied the dependence of the NMB spec t r a  of 
ga lanthamine on the concent ra t ion  and the t e m p e r a t u r e .  It was found that  T 7.37 ppm signal  i s  cons ide rab ly  d i sp laced  
in the s t rong- f i e ld  d i rec t ion  when the sample  i s  di luted and heated to +50 ° C. This  s ignal  obviously belongs to the 
proton of the OH group, and i ts  change with t e m p e r a t u r e  and dilution shows the ex i s tence  in galanthamine (I) of an 
i n t e r m o l e c u l a r  hydrogen bond, in addit ion to the i n t r a m o l e c u l a r  hydrogen bond between the OH and the O of r ing C [1]. 

The s p e c t r a  of compounds I - I V  were  ob t a ine don  a JNM-4H-100 ins t rument  with a working f requency of 100 MHz 
in d e u t e r o c h l o r o f o r m  solut ion using HMDS as in te rna l  s tandard .  The chemica l  shifts  a r e  given in the T-sca le .  

C O N C L U S I O N S  

1. F r o m  a cons ide ra t ion  of the sp in - sp in  coupling cons tants  of the pro tons  in the NMR spe c t r a  of galant:hamine, 
ep iga lanthamine ,  and the i r  acetyl  de r iva t i ve s ,  it  has  been es t ab l i shed  that  the OH group in galanthamine is  quas i - ax i a l  
and in ep iga lan thamine  it i s  quas i - equa to r i a l ,  and r ing  B has  the ha l f - c ha i r  conformat ion in c is  fusion with r ing  C. 

2. The axial  pro ton  at C 1 in ep iga lanthamine  g ives  a signal  in a weaker  f ie ld  than the co r respond ing  equator ia l  
p ro ton  in ga lan thamine .  The dependence of the chemica l  shift  of the signal  of the OH proton  in galanthamine on the 
concent ra t ion  and the t e m p e r a t u r e  show the ex i s t ence  of an i n t e r m o l e c u l a r  hydrogen bond between the mo lecu le s  of the 
subs tance  in solut ions.  
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