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Four  ba se s  have p rev ious ly  been isola ted f r o m t h e  epigeal  par t  of Vinca Major:  r e se rp in ine ,  majdine,  
akuammine ,  andmajo r id ine  [1]. Continuing an invest igat ion of the alkaloids of this  plant col lec ted  in Apri l ,  1974, 
in Tasl~kent, by the usual  e the rea l  ex t rac t ing  we obtained 0.77o of combined alkaloids.  These  w e r e  s epa ra t ed  
into s ix  f r ac t ions  by t r e a t m e n t  with c i t r a t e -phospha te  buffer  solut ion.  The e the rea l  f rac t ions  w e r e  c h r o m a t o -  
graphed on columns of a lumina.  In th is  way,  in addition to the bases  mentioned,  we isolated akuammic ine  [2], 
e rv ine  [3], v incamaj ine ,  and v incama jo re ine  [4] and a new base  with the composi t ion  CrzH24N904 (mass  s p e c t r o -  
me t r i ca l ly ) ,  mp 195-196 ° (acetone), which we have cal led major in ine  (I}. The UV s p e c t r u m  of (I) shows a b s o r p -  

t ion m a x i m a  at ~n~ax ~ O H  213, 222, and 280 n m  (log £ 4.31, 4.32, and 3.92), which axe c h a r a c t e r i s t i c  for  2H- in-  
dole de r iva t ives  with subst i tuents  at Ct0 (10-methoxyvinorine,  (+)-10-methoxyakuammil ine)  [5, 6], and in the IR 
s p e c t r a  (KBr) t h e r e  a r e  bands at 830 and 880 c m  -1 (1 ,2 ,4- t r isubst i tu ted benzene r ing) ,  1748 c m  -1 (vC =O of an 
ace ty l  group),  1635 c m  - t  (~C =N of 2H-indole),  and 1595 c m  -1 (skeletal  v ibra t ions  of an a roma t i c  ring) and a 
b road  band with its cen te r  a t  3200 c m  -1 (OH group). The m a s s  s p e c t r u m  of the base  is c h a r a c t e r i z e d  by the 
peaks  of ions with m / e  380M +, 362 (M -18)  +, 352 (M-28)  +, 351 (M-29)  +, 350 ( M -  30) +, 337 (M-- 43) +, 321 
(M--59) + and peaks of f l -carbol ine ions with m / e  213 and 199. The facts  given p e r m i t  the hypothesis  that (I) 
belongs to the 2H-indole  ba se s  and is s t ruc tu ra l ly  c lose  to 10-methoxyvinor ine  [5]. 

The molecu la r  ions of t hese  alkaloids differ  by 16 m a s s  units,  and in the IR s p e c t r u m  of (I) t he re  is the 
band of an OH group,  which gives grounds for ass igning  major in ine  to hydroxy der iva t ives  of 10-methoxyvinor -  
ine. The p r e s e n c e  of an OH group is a lso  conf i rmed  by the fo rmat ion  of a O-acety l  der iva t ive  of major in ine  

The reduct ion  of (D with sodium t e t r ahyd robo ra t e  gives a mix tu re  of subs tances  with molecu la r  weights 
of 342,340,  and 324 (mass  spec t rum) .  The subs tance  with mol.  wt. 324 had the s a m e  Rf values  and gave the 
s a m e  color  with c e r i u m  sulfa te  as lochnerine.  

T r e a t m e n t  of the b a s e  with sodium t e t r a h y d r o b o r a t e  led to the reduct ion of the OAc and the O groups and 
to a desmot rop ic  t r a n s f o r m a t i o n  of the 2H-indole b a s e  into the 1H-indole base .  As a r e su l t ,  lochner ine  was 
fo rmed .  The subs tances  with mol.  wt. 342 and 340 axe products  of incomplete  reduct ion of (0. On this bas i s ,  it 
was  a s s u m e d  that  in major in ine  t he r e  is an OH or  an OAc group at the C21 atom. 

To es tab l i sh  the s t r u c t u r e  and s t e r e o c h e m i s t r y  of major in ine  we studied the PMR s p e c t r a  of the base  
i t se l f  and of its ace ty l  de r iva t ive  01). 

The a s s ignment  of the s ignals  of the protons ,  the ana lys i s  of the i r  interact ion,  and the de te rmina t ion  of 
the values  of the CSs and sp in -sp in  coupling constants  (SSCCs) of (I} and (11) was made by using the double-  
r e s o n a n c e  co l lapse ,  and the  INDOR methods.  The spec t r a l  r e su l t s  obtained on s p e c t r o m e t e r s  with working 
f requences  v 0 of 100 and 360 MHz (for the O-acetyl  der iva t ives)  a r e  given in Table  1 and Fig. 1. 

In the PMR s p e c t r a  of compounds (I) and 01), the t h r ee  protons of the a r o m a t i c  r ing  give a pa t te rn  c o r -  
responding  to a t h r e e - s p i n  s y s t e m  of the AMX type,  the CS and SSCC values of which can be de te rmined  d i rec t ly  
f r o m  the spec t rum.  

As can be  seen  f r o m  the f igures  given in Table  1, the CS value of the signal  of the X proton - a doublet 
with its cen ter  at 7.53 ppm, J o r t h o = 8 . 5  Hz - shows the posit ion of the OCH 3 group at C10, s ince it is p r e c i s e l y  
in the 10-methoxy-subs t i tu ted  2H-indole  that the signal  of the H12 proton is obse rved  in the weakes t  f ield at 
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TABLE 1. C h a r a c t e r i s t i c s  of the PMR Spec t ra  of Majorinine and its Acetate  

Assignment 

9--H 
II- -H'  

12--H 
17--H~ 

16-H~ 
5- H~ 

6--H~ ax 
3--H~ eq 

14--H~¢, H~ 
15--H~ 

21--H~ 
19--H 

18--CH~ 
17--OCOCH 3 

:21 --OCOCH3 
10--OCH~ 

SSCC, Hz 

19,n ~ 2,3 
/i,,12 =8,5; J,,9-2.3 

J12,ll =2,3 

117,16 < 0 , 5 ;  4J17,6 ~ 1 , 5  

"/16,15 = 6 ;  J16,5 ={~' f16,17 < 0 , 5  

J5.6 =5; J~,6~ <0,5; Js,,s =6 

J6L6~ =12; J05 =5 

=]6,.0 =12;'J6~47 ~I.5; J6~,5 <0,5 

J3,14 = 7 ;  J3,i4,~ = 3  

W t/.:, = 11 

Jt5,16 = 6 ;  "/15,14 = 6 ;  ~J15,19 < 0 , 5  

~121~,19 ~2, 5,/21a,15 ~2 

]I.0,18 ----6,5; 'J19,21~. ,.~2 

Abbrevia t ions :  s) singlet;  d) doublet; t) t r ip le t ;  q) quar te t ;  o) oc -  
tet;  m) mult iplet ;  br .  s) broadened singlet.  
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PMR s p e c t r u m  of ma jo r in ine  ace ta te  (ID at 360 MHz in 
CDC13. 

7.45-7.55 ppm as  compared  with the CS of H 9 [5, 6]. F u r t h e r m o r e ,  although the PlVIR s p e c t r u m  of the de r iva -  
t ive  reduced  at the C---N double bond shows the fo rmat ion  of a mix tu re  of products ,  t he re  is neve r the l e s s  an 
apprec iabIe  upfield shift  of the doublet with 6 7.53 p p m , J = 8 . 5  Hz, to ~ 6.90 ppm, which unambiguously shows 
the posit ion of OCH 3 group in (I) at C10. 

The signal of the 19-H olefinic proton of the ethylidene group in the s p e c t r a  of (I) and (I1) appea r s  in the 
f o r m  of an octet  with J1=6.5 Hz and J2=2.0 Hz. It has been found by the doub le - resonance  col lapse  and INDOR 
methods that  the high SSCC of 6.5 Hz is due to in teract ion of the olefinie proton with the 18-CH 3 proton and the 
low SSCC (2.0 Hz) to its a l lyl  interact ion with the 21-H gem-hydroxy l  proton in (I) and g e m - a c y l  proton in (I]), 
s ince  when the signal of the olefinic proton is sa tura ted ,  a contract ion and an inc rease  take place  in the intensi ty  
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of the 21-H signal  at 4.98 ppm in (D which is supe rposed  on the s ignal  of the g e m - a c y l  proton (17-H) in (ID, and 
converse ly ,  on i r rad ia t ion  with ~2=498 Hz in (1), the 21-H signal ,  the  19-H octe t  at 5.70 p p m  is t r a n s f o r m e d  
into a quar te t  with J = 6.5 Hz. 

When (I) was  ace ty la ted  to give (II), in the s p e c t r u m  of the la t te r  (see Fig. 1) the s ignal  of the 21-H g e m -  
acyl  pro ton  had shif ted downfield by A5 =1.05 ppm as c o m p a r e d  with ~ and had a t r ip le t  s t r u c t u r e  with J l = J ~ =  
2.0 Hz. 

As a l r eady  mentioned,  one of the SSCCs of this  proton is due to al lyl  in teract ion with the 19-H olefinic 
pro tons ,  and the second is caused  by the homoal ly l  in teract ion of 21-H with the  18-CH 3 pro tons ,  as has been 
shown by the doub le - r e sonance  method. 

The one-pro ton  quar te t s  at 4.30 and 4.38 ppm with J l = 7  and J2=3 Hz r e l a t e  to 3-H in 0) and G1) r e s p e c -  
t ive ly ,  and shows its ~ -o r i en t a t i on  [6, 7]. By double i r rad ia t ion  we found that  3-H~ in te rac ts  with the 14-CH 2 
protons  - mult iple t  (2I-1) at 1,95 ppm - and the la t te r  is connected with a b road  s ignal  at 3.28 ppm in the spec-  
t r u m  of (I) (in the s p e c t r u m  of (]19 on an ins t rument  with ~0=360 MHz, this s ignal  a p p e a r s  in the f o r m  of a 
poor ly  r e so lved  t r ip le t ,  see  Fig. 1). Consequently,  the s ignal  at 3.28 ppm r e l a t e s  to 15-H~.  We then e s t ab -  
l i shed that when the 15-H~ signal is sa tu ra ted  (~2=328 Hz), the t r ip le t  at 2.37 ppm, J l = J 2 = 6  Hz in the spec -  
t r u m  of (I) is conver ted  into a doublet,  i .e . ,  the la t te r  r e l a t e s  to the 16-H proton. 

By the applicat ion of the INDOR method to the l ines of the 16-H t r ip le t  it was poss ib le  to detect  a connec-  
tion with the s ignal  of the proton at 3.85 ppm, which, in its turn,  in teracted with the quar te t  at 2.71 ppm, J1 =12 
Hz and J2=5 Hz. It is obvious that  the signal  at 3.85 ppm r e l a t e s  to 5-H and the quar te t  at 2.71 ppm, which has 
a gemina l  SSCC of 12 Hz, belongs to the equator ia l  proton of t h e 6 - C H  2 group. INDOR signals  on the l ines of the 
quar te t  at 2.71 pure enabled us to find the signal  of the axial  proton 6-Haax at 1.67 and 1.70 ppm in the s p e c t r a  
of (I) and (II), r e s p e c t i v e l y ,  this n o r m a l l y  being masked  by the 18-CH 3 signal.  

It must  be  obse rved  that the r e s u l t s  of doub le - resonance  exper imen t s  show the absence  of coupling be-  
tween the 17-H~ and 16-H~ protons  in the s p e c t r u m  of (II) (see Fig. 1)and, t he re fo re ,  the H ~ - C I ? -  C16-H~ 
dihedra l  angle must  be  c lose  to 90 °. In actual  fact ,  it can be seen f r o m  aDre id ing  model of (D that the s ize  of 
this angle is app rox ima te ly  100 °. At the s a m e  t ime,  we found a long- range  s t e reospec i f i c  in teract ion by the M 
or  the W route  between the  6-H~ ax and the 17-H~ protons with a value of 4j ~ 1.5 Hz. 

C6 Ci7 

C7 

H~ H 

We detected a s i m i l a r  long- range  interact ion of protons in the s p e c t r u m  of v incamaj ine  [8] in which, on s a t u r a -  
tion of the 6-I-I a s ignal  with ~2=165 Hz (v0=100 MHz, CDC13 +CD3OD , TMS}, the half-width of the 17-H signal  
at 4.21 ppm d e c r e a s e d  cons iderab ly ,  and its intensi ty  increased .  Apparent ly,  the long- range  s p i n - s p i n  coupling 
between the 6-H~ and 17-H protons is c h a r a c t e r i s t i c  for  alkaloids of the a jmal ine  and sa rpag ine  type and can 
s e r v e  as a r e l i ab l e  c r i t e r ion  in de te rmin ing  the or ienta t ion of subst i tuents  at C17 in them. The or ienta t ion of 
the OH group at C21 was chosen on the bas i s  of the fact  that the PMR s p e c t r a  of major in ine  and vomilenine  [9] 
coincide,  with the exception of the s ignals  of the a roma t i c  protons .  

Thus,  on the bas i s  of the r e su l t s  of an analys is  of NMR, m a s s ,  IR, and UV spec t r a ,  and also of chemica l  
t r a n s f o r m a t i o n s ,  t he  s t r u c t u r e  of the new alkaloid major in ine  has been es tabl i shed as 21 -hydroxy-10 -me thoxy-  
vinorine,  and its s t e r e o c h e m i s t r y  as  shown by fo rmu la  (I). 

EXPERIMENTAL 

The UV spectra were taken on a Hitachi EPS-3T speetrophotometer, the IR spectra on a UR-20 instru- 
ment (KBr), the mass spectra on a MKh-1303 mass spectrometer fitted with a system for direct introduction 
into the ion source, and the PMR spectra on JEOL JNM-4H-100/100 MHz and Varian XL-100 spectrometers in 
CDCI 3 with TMS as internal standard, 6 scale. The double resonance collapse experiments were performed on 
the JNM-4H-100 instrument and the INDOR experiments on the XL-100. The spectrum of majorinine acetate 
was obtained on a Br~ker WH-360 NMR spectrometer with a working frequency for IH nuclei of 360 MHz in 

CDCI3, 0-TMS. 

Isolation and Separation of the Combined Alkaloids. The ground epigeal part of the plant (9 kg) was wetted 
with a 6~ solution of ammonia, and the alkaloids were exhaustively extracted wRh ether. By the usual treat- 
ment, 63.58 g (0.7%} of combined alkaloids was obtained from the concentrated ethereal extract. The whole of 
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the mater ia l  was dissolved in one li ter of benzene and was separated by means of c i t ra te-phosphate  buffer 
solutions into six f rac t ions :  pH 6.5 - 3.60 g; pH 5.64 - 2.90 g; pH 3.87 - 5.58 g; pH 3.54 - 7.00 g; pH 2.85 - 
5.50 g; and pH 2.38 - 5.00 g. The remainder  of the combined mater ia l  (26 g) remained in the benzene solution. 

By separat ing each fract ion on a column of alumina, the following bases  were obtained: f rom the pH 6.5 
f ract ion - a k u a m m i n e  and reserpinine;  pH 5 . 6 4 -  akuammine, vincamajoreine,  and ervine; pH 3.87 - a k u a m -  
micine; pH 3.54 - vincamajine and majoridine;  pH 2.85 - majdine and majorinine; 2.38 - majdine, ervine, and 
reserpinine .  F r o m  the mater ia l  remaining in the benzene, reserpinine ,  a mixture of reserp in ine  and ervine, 
and a mixture of reserp in ine ,  majoridine,  and ervine were obtained. 

O-Acetylmajorinine (II). A solution of 74 mg of majorinine in 2 ml of acetic anhydride was t reated with 
two drops of pyridine and left at r o o m  tempera ture  for a day. After the appropriate  working up, compound (II) 
was obtained with mol. wt. 422. 

Reduction of Majorinine with Sodium Tetrahydroborate .  With s t i r r ing,  100 mg of sodium te t rahydrobor -  
ate was added over 30 min to a solution of 40 mg of majorinine in 30 ml of methanol. A mLxture of crysta l l ine  
substances with mol. wt. 342,340,  and 324 was isolated f rom the react ion products.  

S U M M A R Y  

1. F r o m  the epigeal par t  of Vinca major  have been isolated the known bases akuammicine,  vincamajine,  
vincamajoridine,  and ervine,  and the new alkaloid majorinine with the composition C2~.H24N204, mp 195-196°C. 

2. On the basis of chemical  t ransformat ions  and IR, UV, mass ,  and PMR spec t ra  using the methods of 
double resonance  collapse and INDOR the s t ruc ture  of 21-hydroxy-10-methoxyvinor ine  and the s t e r eochemis t ry  
(D have been established for majorinine. 
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