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T h e  A l k a l o i d s  o f  A s p i d o s p e r m a  neb l inae .  A n  A p p l i c a t i o n  of  a D i r e c t l y  C o u p l e d  G a s  C h r o m a t o g r a p h -  

M a s s  S p e c t r o m e t e r  

The  p l a n t  species Aspidosperma neblinae con ta in s  
neb l in ine  as i ts  m a j o r  a lka lo ida l  c o n s t i t u e n t  which  can  
be  o b t a i n e d  b y  c rys ta l l i za t ion  f rom t h e  c rude  bases.  I t s  
s t r u c t u r e  (11) ha s  been  e luc ida ted  1, b u t  t h e  m i n o r  
a lkaloids  of th i s  p l a n t  h a d  no t  been  inves t iga ted .  A 
sample  (390 mg) of t he  ex t rac t ,  f rom wh ich  neb l in ine  
h a d  been  removed ,  was  a t  ou r  disposal ,  b u t  i t  seemed 
t h a t  l i t t l e  could be  done  w i t h  th i s  smaI1 a m o u n t  o5 m a t e r i a l  
w i t h o u t  t h e  app l i ca t ion  of special  t echn iques .  

P rev ious  work  in th i s  l a b o r a t o r y  h a d  ind ica t ed  t h e  
p o t e n t i a l  usefulness  of a gas c h r o m a t o g r a p h  d i rec t ly  
coupled  to  a h i g h  reso lu t ion  mass  s p e c t r o m e t e r  for  t he  
analys is  of complex  a lka lo id  m i x t u r e s  2. ~ o r e  r ecen t ly  
we h a v e  deve loped  a c o m b i n a t i o n  of a s imple  commerc i a l  
gas c h r o m a t o g r a p h  w i t h  a m e d i u m  reso lu t ion  mass  
spec t rome te r  s , a n d  h a v e  cons ide rab ly  i m p r o v e d  t h e  per-  
fo rmance  of t h e  sys tem,  pa r t i cu l a r l y  w i t h  respec t  to  t h e  
gas c h r o m a t o g r a p h i c  resoIu t ion  of complex  molecules  of 
r e l a t ive ly  low vola t i l i ty .  T h e  i nves t i ga t i on  of t he  a lka lo id  
e x t r a c t  of A. mblinae is d iscussed here  as an  example .  

The  e x t r a c t  ~ was f i rs t  c h r o m a t o g r a p h e d  o n  a l u m i n a  
(Woelm II)  f rom wh ich  benzene / ch lo ro fo rm (9:1) e lu ted  
148 m g  of ma te r i a l .  E l u t i o n  w i t h  ch lo roform gave  154 m g  
of a lkaloids  which  inc luded  deace ty lpyr i fo l id ine  (2), 
1, 2 -dehydrodeace ty lpyr i fo l id ine  (9), a sp idospe rmine  (4), 
pyr i fo l id ine  (6), and  a sp idoca rp ine  (7), as i nd i ca t ed  b y  
t h e  gas c h r o m a t o g r a m  of th i s  f r ac t ion  wh ich  is shown  in 
F igure  1. The  benzene / ch lo ro fo rm e lua te  was r e c h r o m a t o -  
g r a p h e d  on  a l u m i n a  f rom wh ich  b e n z e n e / p e t r o l e u m  e the r  
(2:1) e lu ted  e b u r n a m o n i n e  (10) and  d e m e t h y l a s p i d o -  
spe rmine  (5). E l u t i o n  w i t h  benzene  p r o v i d e d  aspido-  
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1: R 1, R 3 = H ;  
2:  R 1 = H ;  
3: R I = COCH3; 
4: R 1 = COCHa; 
5: R 1 = COCH3; 
6: R 1 = COCH3; 
7: R 1 = COCH3; 

R 2 = OCH 3 
R 2, R3 = OCH 3 
R2, R 3 = H 
R 2 = O C H a ;  Ra = H  
R 2 = O H ;  R a = H 
R 2, R 3 = OCH~ 
R~ = O H ;  IR 8 = OCH~ 

spe rmid ine  (1), 1 ,2 -dehydroasp idospe rmid ine  (8), de-  
ace ty lpyr i fo l id ine  (2), 1, 2 -dehydrodeace ty lpyr i fo l id ine  
(9), d e m e t h o x y a s p i d o s p e r m i n e  (3), deme thy l a sp idospe r -  
m ine  (5), a n d  neb l in ine  (11). E l u t i o n  w i t h  b e n z e n e /  
m e t h a n o l  (99: 1) gave  a d d i t i o n a l  deace ty lpyr i fo l id ine  a n d  
i ts  1, 2 -dehydro  der iva t ive ,  a n d  pyr i fo l id ine  and  aspido-  
ca rp ine  (7). 

The  a l u m i n a  c h r o m a t o g r a m s  p r o b a b l y  were no t  neces- 
sary,  cons ider ing  t h e  exce l len t  r eso lu t ion  of t he  gas 
c h r o m a t o g r a p h ,  b u t  t h e y  h a d  a l r eady  been  done  before  
t h e  GC-MS s y s t e m  was  ful ly developed.  The  c o n t e n t  of 
each  of t h e  a l u m i n a  f r ac t ions  was  d e t e r m i n e d  b y  in j ec t ing  
a 10 ~g po r t i on  of each  in to  t he  gas c h r o m a t o g r a p h ,  a n d  
t a k i n g  r ap id  osc i l lograph scans  of t h e  mass  spec t ra  as 
each  c o m p o n e n t  emerged,  as i nd i ca t ed  b y  t h e  f l ame 
ion iza t ion  de tec tor .  All  c o m p o u n d s  ob ta ined ,  w i t h  t h e  
excep t ion  of neb l in ine  a n d  e b u r n a m o n i n e ,  be longed  to  t he  
a sp idospe rmine  c lass  of a lkaloids ,  a n d  t h e  iden t i f i ca t ion  
of each was read i ly  poss ible  b y  t h e  cha rac t e r i s t i c  aspido-  
spe rmine  f r a g m e n t a t i o n  p a t t e r n s  5, 

The  resu l t s  are  s u m m a r i z e d  in  t h e  Table ,  wh ich  indi -  
ca tes  t h e  c o m p o u n d s  iden t i f i ed  a n d  t h e i r  c o n c e n t r a t i o n s  
in our  a lka lo id  sample .  

1, 2 -dehydroasp idospe rmid ine  (8) a n d  1, 2-dehydro-  
deace ty lpyr i fo l id ine  (9) were n o t  comple te ly  s epa ra t ed  
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Fig. 1. Gas chromatogram of the chloroform eluate of A. neblinae. 
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K. S. BROWN and C. DJERASSI, J. Am. chem. Soe. 86, 2451 (1964). 
2 j .  T. WATSO~ and K. BIE~tAN~, Analyt. Chem. 37, 844 (1965). 
a Gas chromatography was done with a Varian Aerograph HyFI 

Model 600D gas chromatograph, with a Model 326 linear tempera- 
ture programmer. Glass columns, 5 It • 1/8 in. were packed with 
1% SE-30 on 100-200 mesh Gas-Chrom Q. Each chromatogram 
was programmed from 150-250 ~ at 8~ and samples of 10 Fg 
in 10 ~1 of methanol were introduced into a glass-lined injector 
at 300 ~ A Hitachi Perkin-Elmer mass spectrometer, Model 
RMU-6D, was used with 3 see scans over the range m]e 14-500. 
A pressure reduction system 2, maintained at 210 ~ was connected 
to a 'T' at the flame detector base by 8.9 in. of 0.0075 in. I.D. 
stainless steel tubing at 250 ~ which gave approximately a 1:1 
split of column effluent between the flame detector and pressure 
reduction unit. We are indebted to Mr. R. MURPHY for the con- 
struction of this system. 
We thank Dr. M. GORMAN (Eli Lilly and Co.) for the contribution 
of this extract. 

5 K. BIlE;MANN, M. SPITELLER-FRIEDMANN and G. SPITELLER, J. Am. 
chem. Soc, 85, 631 (1963). 



EXPERIENrlA 25/7 Specialia 679 

f rom t h e i r  co r r e spond ing  1, 2 - sa tu ra t ed  compounds .  How-  
ever,  successive mass  spec t ra l  scans  whi le  each  c o m p o u n d  
was emerg ing  f rom th e  gas c h r o m a t o g r a p h  showed pa r t i a l  
s e p a r a t i o n  ( the d e h y d r o  c o m p o u n d s  h a v e  a s l ight !y  longer  
r e t e n t i o n  t ime)  a n d  t h e i r  s t r u c t u r e s  were obv ious  f rom 
the  peaks  a t  M-29 a n d  M-7011. 

The alkaloids of A. neblinae 

% of extract 

Aspidospermidine (1) 5 
1,2-Dehydroaspidospermidine (8) 5 
Deacetylpyrifolidine (2) ~ 
1,2-Dehydrodeacetylpyrifolidin e (9) 
Demethoxyaspidospermine (3) 7 
Aspidospermine (4) s 
Demethylaspidospermiue (3) ~ 
Pyrifolidine (6) 6 
Aspidocarpine (7) 9 
Eburnamonine (10) 10 
Neblinine (11) 1 

} 0.1 

3.3 

0.9 
1.3 
4.7 

26.3 
18.7 
0.05 
0.8 

A t y p i c a l  example  is shown  in F igure  1, wh ich  rep resen t s  
t he  gas c h r o m a t o g r a m  of t he  ch lo roform e lua te  of t he  
a l u m i n a  column.  The  weigh ts  i nd i ca t ed  in th i s  f igure are  
t he  q u a n t i t y  of each  c o m p o n e n t  in  one 10/zg in ject ion.  
The  mass  spec t ra  of 2 of these  componen t s ,  asp idosper-  
mine  (4) and  pyr i fo l id ine  (6), are  r e w o d u c e d  in the  
F igures  2 a n d  3, resp6ct iyely.  E v e n  0.4 t~g of aspidosper-  
m ine  p r e sen t  in  th i s  m i x t u r e  was suff ic ient  • give all 
exce l len t  mass  spec t rum.  The  Peaks  a t  role 147, 207, a n d  
281 in t h e  spec t ra  of these  f igures are  due  to  p r o d u c t s  
f rom the  l iquid phase  of t he  gas c h r o m a t o g r a p h  column.  
These  peaks  were ident i f ied  as such  b y  t he  record ing  of 
a b a c k g r o u n d  s p e c t r u m  b e t w e e n  c h r o m a t o g r a p h i c  peaks ;  
t h e y  do n o t  h i n d e r  t he  i n t e r p r e t a t i o n  of t he  mass  spec t ra  
of t h e  alkaloids,  b u t  in  fac t  are  found  useful  as mass  
m a r k e r s  in t he  case  of a v e r y  weak,  o the rwise  u n c o u n t a b l e  
spec t rum.  

Such  a s y s t e m  enables  one to  speedi ly  s epa ra t e  c rude  
a lkaloid  m i x t u r e s  and  ~ imul taneous ly  o b t a i n  t h e  mass  
spec t ra  of t he  c o m p o n e n t s  a n d  t h u s  lends  i tself  wel l  for 
de ta i led  sc reen ing  of such  e x t r a c t s  and  t h e  i n v e s t i g a t i o n  
of t he  a b o v e  m e n t i o n e d  sample  sha l l  serve as a n  example  z~. 
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Fig. 2. Mass spectrum of com- 
ponent B (aspidospermine) of 
Figure 1. 

, ; ' 4  ,,,.,I 
100 lZO 

i~N,05) 

38~ 

"JS~ qnn ~ 356 ]1 

.... I . . . .  ,b,,,l, ,,.,,,',.,~-.-~.,,,.,,,'.!, ,-v,,~.l,,~-,..~L.,.-.~....~, .,,.,.~, ..,.,:, ~.,.,~--, ~,,,.~, :-.,-,, .;,,., ,.,~,,, , .4 ,  ~,,I,,l.: .4: ,  lJ . . . .  
1~o ~6o lao zoo zz0 z~0 26o zso aoo az0 a , o  a6o aso ~oo 

Fig. 3. Mass spectrum of com- 
ponent C (pyrifolidine) of 
Figure 1. 
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Zusammen/assung. Die Ana lyse  der  B a s e n f r a k t i o n - c o n  
Aspidosperma neblinae m i t  Hi l fe  eines m i t  e inem Massen-  
s p e k t r o m e t e r  gekuppe l t en  G a s - C h r 0 m a t o g r a p h e n  f t ihrt~ 
zur  Iden t i f i z i e rung  der  fo lgenden Alkalo ide :  Aspidosper -  
midin ,  1, 2 -Dehydroasp idospe rmid in ,  Deace ty lpyr i fo l id in ,  
1, 2 -Dehydrodeace ty lpyr i fo l id in ,  D e m e t h o x y a s p i d o s p e r -  
rain,  Asp idospermin ,  D e m e t h y l a s p i d o s p e r m i n ,  Pyr i fo l id in ,  
Asp idocarp in ,  E b u r n a m o n i n ,  u n d  Nebl in in .  
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