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The de te rmina t ion  of the posi t ions  of subst i tut ing groups in the a r o m a t i c  nuclei of the indoline and 
indole alkaloids is usua l ly  p e r f o r m e d  by UV spec t roscopy  [1-14] and in some cases  by oxidizing the a lka -  
loids to the co r respond ing  N-oxalylanthrani l ic  acids [15]. Although UV spec t roscopy  is the s imples t  and 
mos t  acces s ib l e  method,  in i ts  use  the d i f ferences  in the m a x i m a  of the absorpt ion  bands in the subst i tuted 
molecu les  of hexahydroca rbazo les  [1] and indoles [14] a r e  smal l .  F u r t h e r m o r e ,  t he r e  is informat ion that  
the number  of absorp t ion-band  m a x i m a  in the indole alkaloids va r i e s  according  to the posit ion of the sub-  
st i tuents ,  e spec ia l ly  OCH 3 and OH. For  example ,  in the UV spec t rum of the indole alkaloid lochnerine [11] 
with a OCH 3 group in posit ion 10 of the a roma t i c  nucleus,  t he re  a r e  two m a x i m a  - 225 and 280 nm (log 
4.45, 3.92) - and in the s p e c t r a  of gardnutine and hydroxygardnut ine [13], which contain a OCH 3 group in 
posi t ion 11, the re  a r e  four  m a x i m a  - at 223, 260, 295, and 302 nm (log ~ 4.64, 3.64, 3.73, 3.63) and 223,260, 
295, and 301 nm (log ~ 4.61, 3.69, 3.79, 3.70), r e spec t ive ly .  

Since the indole moie ty  of the alkaloids gardnutine and hydroxygardnutine is not conjugated with the 
chromophor ie  group,and the i r  o ther  ch romophores  a r e  s i m i l a r  to those of loehnerine,  it is difficult to ex-  
plain the appearance  of two new m a x i m a  in the UV spec t rum of gardnutine and hydroxygardnut ine only by a 
d i f ference  in the posi t ion of the methoxy group.  

In the p re sen t  p a p e r  we give the r e su l t s  of the use  of the  i n t r amolecu la r  nuc lea r  Ove rhause r  effect  
(NOD to de te rmine  the posi t ion of the subst i tuents  (OCH 3) in the a roma t i c  nuclei of the N-methyl indol ine 
alkaloid major id ine  and in O-ace ty l -N-me thy l loehne r ine  [8, 9]. 

The g rea t  poss ib i l i t i e s  of NOE m e a s u r e m e n t s  for  s t ruc tu ra l  and s t e r eochemica l  pu rposes  have been 
shown p rev ious ly  [16, 17]. In pa r t i cu la r ,  we have used  this  method to de te rmine  the posi t ions  of the me th -  
oxy groups in the  a r o m a t i c  nuclei  of the hydroxyindole alkaloids majdine and i somajdine  [18]. 

The expe r imen t s  on the m e a s u r e m e n t  of the NOE of major id ine  and of O-ace ty l -N-me thy l lochne r ine  
were  p e r f o r m e d  on a Varian HA-100D s p e c t r o m e t e r  (CDC13, in ternal  s tandard  HMDS). The th ree  a ro ma t i c  
pro tons  of major id ine  give a s pec t rum  of the ABC type , the  chemica l  shifts  (CSs) and s p i n - s p i n  coupling 
constants  of which can be de te rmined  approx imate ly  f rom the exper imen ta l  spec t rum (Fig.  1). If  the OCH 3 
group is  located at C10 

H 
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the following ass ignments  of the s ignals  of the pro tons  can be made:  doublet with r 3.53 ppm, Jll~.t~o =8.5 
h 1% 12 Hz - C12-H; quadruplet  wit T 3.36 ppm, Jo~tho = 8.5 Hz and Hz C n - H ;  doublet with T 3.16 

ppm, Jlmt,:ta =2.3 Hz -- Cg-H. Obviously,  J~lr2a ~ 0. ' J ~ a  =2"3 -- 
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Fig.  1. Signals of the a r o m a t i c  
pro tons  of major id ine  (a) and of 
O-ace ty l -N-me thy l l ochne r ine  (b). 

However ,  an a l t e rna t ive  a s s ignment  of these  s ignals  is p o s -  
s ible  if the OCH3 group is located at Cll, in which case  T 3.53 ppm 
co r r e sponds  to Cg-H ,  v 3.36 ppm to C10-H, and r 3.16 ppm to 
C12- H. Consequently,  it is difficult f r o m  the CSs alone to make  
an unambiguous choice between C10-OCH 3 and C l l - O C H  3 in m a j o r i -  
dine. Hence,  s t a r t ing  f r o m  the co r re l a t ion  found between the value 
of the NOE and the CH 3-  H dis tance [16], it might  be expected that 
in ma jor id ine  a NOE will be obse rved  between the signals  of the 
N - C H  3 group (7.33 ppm) and one of the doublets at C12-H (in the 
ca se  of C10-OCH 3, with the doublet at T 3.53 ppm, J = 8 . 5  Hz, and 
in the case  of Ct~-OCH 3 with the doublet at 3.16 ppm, J =2.3 Hz). 
The exper iment  showed that  on sa tura t ion  of the N - C H  3 signal  
iv i r r  =267 Hz) the in tegra l  in tensi ty  of the s t rong- f i e ld  doublet with 
T 3.53 ppm, J = 8 . 5  Hz, i nc reased  by 18 ~- 2%; i .e. ,  the NOE is 18%; 
the intensi t ies  of the r emain ing  s ignals  of the a r o m a t i c  protons  did 
not change. These  r e su l t s  unambiguously  show the c o r r e c t n e s s  of 
the a s s ignment  of the OCH 3 group to C10 in major id ine:  if it (OCH 3) 
were  p r e sen t  at C11 , a NOE should have been obse rved  between the 
N - C H  3 group and the weak-f ie ld  doublet at T 3.16 ppm, J = 2.3 Hz. 

The chemica l  shif ts  of the a r o m a t i c  pro tons  of O-ace ty l -N-me thy l l ochne r ine  di f fer  subs tant ia l ly  f rom 
the chemica l  shif ts  of these  s ignals  of ma jo r id ine  (Fig.  1), which can na tura l ly  be explained by a di f ference 
in the ~ - e l e c t r o n  densi ty  of the cha rges  on the carbon a toms  in the indole N - C H  3 and the indoline N - C H  3 
s y s t e m s ,  on the one hand, and the co r respond ing  contr ibution of the r ing cu r r en t s  of the f i v e - m e m b e r e d  
r ing to the shielding constants  of the a r o m a t i c  protons  of the O-ace ty l -N-me thy l lochne r ine ,  on the other  
hand [19]. Jus t  as  in the case  of major id ine ,  f r o m  the CSs of the a roma t i c  pro tons  of O - a e e t y l - N - m e t h y l -  
loehner ine  it is imposs ib l e todeduce  whether  the OCH 3 group is a t tached to C10 o r  Ctt. 

However ,  when the N - C H  3 s ignal  was sa tu ra ted  (v i r r  =346 Hz), a NOE (13%} of the weak- f ie ld  doublet 
with T 2.90 ppm, J = 8.5 Hz, was observed ,  which, as  in the ca se  of major id ine ,  unambiguously  shows the 
location of the OCH 3 group in O-ace ty l -N-me thy l l ochne r ine  at C10. Thus,  the method of m e a s u r i n g  the in t r a -  
m o l e c u l a r  NOE is a convenient and unambiguous one for  de te rmin ing  the posi t ions  of subst i tuents  in the 
a r o m a t i c  nulcei of the N-methyl indol ine and N-methyl indole  alkaloids.  

S U M M A R Y  

The use  of the NOE method has  p e r m i t t e d  the unambiguous de te rmina t ion  of the posi t ion of the OCH s 
groups at C10 in the  a r o m a t i c  nuclei  of ma jo r id ine  and of O-ace ty l -N-me thy l l ochne r ine  and has t he reby  
shown the poss ib i l i ty  of using this  method fo r  de te rmin ing  the posi t ion of subst i tuents  in the benzene r ings  
of the N-methyl indol ine and indole a lkaloids .  
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