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(a romat ic  system).  Th e  N M R  s p e c t r u m  of (II) showed  t h e  

fol lowing s ignals :  ~ 1.40, s, 6, - - C / C H a "  1.89, t ( J = 7  Hz),  
"~CH a ' 

2 ; /~C- -CH2- -CH2- -C- -O;  2.48, t ( J = 7  Hz),  2 , /~C--CH~--  
CH~--C--O;  3.80, s, 3, - -COOCH3; 3.83, s, 3, - -OCH3; 5.63, 
m, 2, NH~;  7.27, s, 1, a r o m a t i c  p ro ton .  

Condensa t i on  of (II) w i t h  1, 2, 3, 4 - t e t r a h y d r o n o r h a r -  
m a n - l - o n e  (III) p e r f o r m e d  w i t h  POC18 in r e f lux ing  to-  
luene  1, gave  t he  d i h y d r o p a r a e n s i n e  (IV), C~4H~aN30 a 
(M+ 401), m p  305 ~ (from i sopropyl  e ther)  w h i c h  was found  
to  be  iden t i ca l  (mixed  rap, TLC a n d  I R  spec t rum)  w i t h  
t he  d i h y d r o d e r i v a t i v e  of t he  n a t u r a l  p roduc t .  

Riassunto. Dal la  cor teccia  del la  Euxylophora paragnsis 
Hub .  v iene  i so la ta  la p a r a e n s i n a  (I) che si r ive la  essere il 

p r imo  alcaloide di t ipo  indolop i r idochinazo l in ico  a conte-  
nere  u n a  un i t~  isoprenica .  
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CMR Spectral Analysis of Tetrahydrocannabinol 

The  biological ly  ac t ive  c o n s t i t u e n t s  of Cannabis sativa 
L. (mar i juana)  h a v e  a roused  m u c h  pub l i c  a n d  scient i f ic  
i n t e r e s t  in  r ecen t  years .  I n  v iew of t he  a d v e n t  of a power-  
ful, new tool  of s t r u c t u r e  analysis ,  13C nuc lea r  m a g n e t i c  
r e sonance  (cmr) spect roscopy,  i ts  app l i c a t i on  to  inves t iga -  
t ions  of t he  chemica l  m a k e - u p  of t he  m a j o r  p sycho to -  
m i m e t i c  m a r i j u a n a  (hashish)  pr inciple ,  1-A 9- te t rahydro-  
c a n n a b i n o l  (ALTHC)  ( la) ,  a n d  re l a t ed  subs t ances  was  
u n d e r t a k e n .  

The  d va lues  of all  c a r bons  of s ix t e t r a h y d r o c a n n a b i n o l  
subs t ances  a n d  mode l  5, o l ive to l  d i m e t h y l  e ther ,  de r ived  
f rom t h e i r  noise r e sonance  decoupled  and  single f r equency  
decoupled  spec t ra  1 are l i s ted  in t i le Table .  A s s i g n m e n t  of 
t h e  chemica l  shif ts  of t he  a r o m a t i c  c a r bons  is based  on  
chemica l  sh i f t  t h e o r y  ~ and  fo rmer  e lec t ron  dens i t y  calcu- 
lat ionsS. Sh i f t  d a t a  of 5 and  cons ide ra t ion  of s u b s t i t u e n t  
effects  a m o n g  a lkanes  4 leads to  t he  i den t i f i ca t ion  of t h r e e  
cen te r s  of t h e  n - p e n t y l  chain .  The  r e m a i n i n g  fl a n d  )p 
ca rbons  can  be  d i s t ingu i shed  b y  in spec t ion  of t he  s ingle 

and its Isomers1 

f r equency  decoupled  s p e c t r u m  of a fl, f l -dideutero der iva-  
t i v e  of 5, p r e p a r e d  b y  sod ium deu te rox ide - induced  deu-  
t e r a t i o n  of n - b u t y l  3 , 5 - d i m e t h o x y p h e n y l  ke tone  a n d  
t r e a t m e n t  of t he  p r o d u c t  w i t h  l i t h i u m  a l u m i n u m  hyd r ide  
and  a l u m i n u m  chlor ide  5. 

1 Carbon-13 Nuclear  Magnet ic  Resonance Spectroscopy of Na tu ra l ly  
Occurring Substances. IX. For the preceding article see E. WEN- 
KERT, C.-J. CHANG, D. W. COCHRAN and R. PELLICClARI, Experien- 
tia 28, paper No. 1099 (1972). 
J. W. EMSLEY, J. FEENEy and L. H. SUTCLIFFE, High Resolution 
Nuclear Magnetic Resonance Spectroscopy (Pergamon Press, New 
York, N.Y. 1966), vol. 2. 

3 R. A. ARCHER, D. B. BOYD, P. V. DEMARCO, I. J. TYMINSKY and 
N. L. ALLINGER, J. Am. chem. Soe. 92, 5200 (1970). 

4 E. G. PAUL and D. M. GRANT, J. Am. chem. Soe. 86, 2984 (1964), 
5 R. F. NYSTRO• and C. R. A. BERGER, J. Am. chem. Soc. 80, 2896 

(1958). 
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Chemical shifts of carbon tetrachloride solutions cited in ppm upfield from carbon disulfide (dcs 2 = (~cca4+ 96.5 ppm) 
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l a  l b  2 3 4 a  4b  5~ 

C(1) 38.5 44.3 38.3 b 37.8 b 40.2 36.4 34.8 

C(2) 82.9 77.6 82.4 82.9 83.0 88.2 86.5 

C(3) 51.1 50.9 51.0 49.6 49.8 50.5 48.5 

C(4) 85.1 79.0 85.2 89.9 83.0 82.7 86.5 

C(4 a) 38:5 38.2 37.9 b 37.6 b 38.6 39.0 34.8 

C(6) 115.9 115.9 116.3 116.7 115.2 115.8 

C(6 a) 146.8 147.2 147.5 145.8 68.5 68.5 

C(7) 167.4 167.8 160.9 164.0 167.0 167.1 

C(8) 161.0 161.7 73.8 72.2 161.8 b 162.0 

C(9) 60.6 59.0 58.2 58.2 163.6 163.6 

C(10) 67.8 68.9 156.4 153.4 155.7 155.8 

C(10a) 158.7 158.6 164.6 164.9 60.8 61.0 

C(10b) 83.6 77.9 82.2 76.3 81.8 88.2 ~ 95.2 

9-Me 169.2 169.4 169.0 168.9 170.5 170.7 

6co-Me 173.2 173.4 174.0 169.9 167.0 167.1 

6fl-Me 164.9 165.3 164.9 174.2 268.6 168.8 

cr 157.0 157.7 156.9 159.0 157.0 156.5 156.2 

fl-C 161.0 161.3 160.9 160.4 161.0 161.1 160.9 

7-C 162.0 162.5 161.9 161.5 162.0 ~ 162.0 161.4 

b-C 170.0 170.3 169.9 169.9 170.0 170.1 169.9 

e-C 178.4 178.7 178.4 178.3 178.4 178.5 178.5 

C=O 25.9 

CMe 172.0 

OMe 137.6 138.1 
138.1 

For sake of comparison the THC numbering system is used for 5. b These values within any column may  be reversed. ~ Weak signal visible only 
in the single frequency decoupled spectrum. 

JOHNSON'S m e t h o d  of  a n a l y s i s  of  r e s i d u a l  c o u p l i n g  6 is 
u t i l i z e d  on  t h e  o f f - r e s o n a n c e  p r o t o n - d e c o u p l e d  s p e c t r a  of  
A g - T H C  ( l a )  a n d  A S - T H C  (2) for  t h e  d i f f e r e n t i a t i o n  of  t h e  
b r i d g e h e a d s  C(6a) a n d  C(10a)  in  l a ,  i t s  a c e t a t e  ( l b ) ,  2 a n d  
i t s  cis i s o m e r  (3). U s e  of  t h e  c h a r g e  d e n s i t y  d a t a  ~ f a c i l i t a t e s  
d i s t i n g u i s h i n g  t h e s e  b r i d g e h e a d s  f r o m  e a c h  o t h e r  in  
c o m p o u n d s  4. T h e  e x p e c t e d  low- f i e ld  p o s i t i o n  of  a n  o x y -  
g e n a t e d ,  n o n - p r o t o n a t e d  c a r b o n  i d e n t i f i e s  t h e  r e m a i n i n g  
h e t e r o c y c l i c  c a r b o n  s i t e ,  - -C(6) .  

T h e  c o m b i n a t i o n  of  e f f e c t s  of  t h e  9 - m e t h y l  g r o u p  
d e s h i e l d i n g  C(8) a n d  C(10), C(1) m o d e r a t e l y  s h i e l d i n g  C(10) 
a n d  t h e  gem-dimethyl f u n c t i o n  p o w e r f u l l y  s h i e l d i n g  C(7) 
m a k e s  t h e  b v a l u e s  of  C(7) a n d  C(10) of  s u b s t a n c e s  2, 3 
a n d  4 p r e d i c t a b l y  d i f f e r e n t  a n d  i d e n t i f i e s  C(7) a n d  C(8) 
o f  A g - T H C  ( l a )  a n d  i t s  a c e t a t e  ( l b ) .  F u r t h e r m o r e ,  a l l y l i c  
c a r b o n s  of c y c l o h e x e n e  r i n g s  p o s s e s s i n g  s i g n a l s  n o r m a l l y  
d o w n f i e l d  of  t h e i r  h o m 0 a l l y l  n e i g h b o r s  7 p l a c e s  C(8) of  4 a  
a n d  4 b  in  p r o p e r  s h i f t  r e l a t i o n s h i p  w i t h  C(7) a n d  C(10).  
T h e  a s s i g n m e n t s  of  c h e m i c a l  s h i f t s  of  a l l  o t h e r  a l i cyc l i c  
c a r b o n s  e v o l v e  f r o m  s t a n d a r d  t h e o r y S .  

M e t h y l c y c l o h e x a n e S  a n d  1 - m e t h y l c y c l o h e x e n e  ~ s e r v e  
as  m o d e l s  for  t h e  9 - m e t h y l  g r o u p  of  c o m p o u n d s  4 a n d  t h e  
g r o u p  of s u b s t a n c e s  1, 2 a n d  3, r e s p e c t i v e l y .  D i f f e r e n t i a -  
t i o n  o f  t h e  C(6) m e t h y l  g r o u p s  d e p e n d s  o n  t h e i r  c o n f o r m a -  
t i on ,  a n  a n a l y s i s  of  w h i c h  h a s  b e e n  r e c o r d e d  s, a n d  t h e  
e x p e c t a t i o n  of  a n  a x i a l  s u b s t i t u e n t  t o  b e  u P f i e l d  of  a n  
e q u a t o r i a l  o n e  s , 9. 

Zusammenfassung. D i e  l s C - N M R - S p e k t r e n  d e s  T e t r a -  
h y d r o c a n n a b i n o l s  u n d  s e i n e r  I s o m e r e n  w u r d e n  a u f g e n o m -  
m e n  u n d  v o l l s t ~ n d i g  a n a l y s i e r t .  
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