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1, R 1+  R 2 = H + O H ; R  3 =  R e = H  
2, R 1 =  R ~ = H ; R  a + R  4 = : H + O H  
3, R 1 = R 2 = R 3 : R~ = H 
4, R 1 +  R 2 =  H +  D ; R ~ :  R 4 = H  
5, R 1 =  R 2 = H ; R  3 + R 4 ~ H + D  

S 
6, R I + R ~ = H + O H ; R  3 =  R 4 = H  

alkaloids indicate  incorpora t ion  of two regular  sesquiter-  
penic units,  of meva lona te  origin 5, which are l inked in a 
symmetr ica l  fashion th rough  carbon and a new hereto-  
a tom, sulfur. The key in te rmedia te  in the  t rans i t ion  from 
C15 to C~0 alkaloids would  appear  to be the  conjugated  
i m m o n i u m  ion 9 which is formed from na tu ra l ly  a b u n d a n t  
nuphar id ine  7 th rough  the  sequence : Po lonovsky  
e l iminat ion by a na tura l  anhydr ide  (e.g. pyrophosphate)  
giving the  enamine  8; and allylic ox ida t ion  of the  C-7 
me thy l  giving the  conjugated  i m m o n i u m  ion 9. Indeed,  
the  t rans format ion  of N-oxide  7 to enamine  8 is facile in 
v i t ro  6. 

Enamine  i m m o n i u m  ion coupling giving dimeric  
s t ructures  is a wel l -known feature  of enamine  chemist ry .  
In  the  present  instance, such coupling involves  a sulfur 
reagent  which reacts  first  as a nucleophile  wi th  9 giving 10. 
In  subsequent  steps, enamine  10 couples wi th  9 giving 11 
in which the  newly  formed enamine  funct ions as a 
thiophi le  displacing leaving group X to give b i s immonium 
ion 12.  Specific reagents  possessing the  reac t iv i ty  
characteris t ics  demanded  of S X -  in this  scheme can be 
reasonably  pos tu la ted  (e.g. thiosulfate).  To complete  
the  biogenesis, the  b i s immonium ion 12 undergoes 
stepwise reduct ion  and hydra t ion  to monohemiamina l s  
and u l t ima te ly  reduct ion  to b isaminesL 

Rdsumd. Les s t ructures  des 6- et 6 ' -hydroxyn6oth io-  
b inuphar id ine  ont  6t6 d6termin6es par  des 6tudes spec- 
trales et la conversion en n6othiobinuphar id ine-6-  et 
6'-dl.  Un  scheme de biog6ngse des C3o, N u p h a r  mono- 
h6miaminals  est propos6. 
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A O n e - S t e p  S y n t h e s i s  o f  (--)-/11- T e t r a h y d r o c a n n a b i n o l  f r o m  C h r y s a n t h e n o l  

We have  recent ly  repor ted  a s imple one-step synthesis  
of ( - - ) -Al - t e t rahydrocannab ino l  (THC) f rom p-mentha-  
2, 8-dien-l-ol  and olivetoN. The format ion  of A~-THC by  
this me thod  is in cont ras t  to previous ly  repor ted  react ion 
of these reagents  2 which yielded AI(6)-THC as the  major  
product .  Two other  syntheses of ( - - ) -A1-THC are f rom 
trans-(+)-2-carene oxide 3 and ( - - ) -verbenol  4. Al though  
carene oxide is conver ted  di rec t ly  into A~-THC, the  route  
f rom verbenol ,  g ives  AI(~ wich mus t  be trans-  
formed to ( - - ) -A1-TCH by addi t ion  and e l iminat ion  
of hydrogen  chloride. On mechanis t ic  grounds,  we 
reasoned tha t  by  v i r tue  of the  posi t ion of the  double 
bond, verbenol  can lead only to A~(~)-THC since the  
double bond has to migra te  into t h a t  posi t ion dur ing 
the  r ing opening of the  cyc lobutane  ring. On the  o ther  
hand, on the  basis of similar  arguments ,  we though t  
chrysanthenol  should lead di rec t ly  to A1-THC. This  was 
indeed found to be the  case, a lbei t  the  yield was modera te .  

Chry santhen~ ([~]D --36 ~ was reduced to the  
corresponding cis-chrysanthenol 5 ~, 7 with  l i th ium alumi-  
n u m  hydr ide  in e ther  (0.5 h) and used wi thou t  fur ther  
pur i f icat ion in subsequent  reaction.  Eqn imola r  quant i t ies  
of chrysanthenol  and ol ivetol  were al lowed to react  in d ry  

methy lene  chloride at  0 ~ for 0.5 h in the presence of 
0.1% boron tr i f luoride etherate .  A resin conta in ing 

OH l ' ~  OH 

Chrysanthenol Olivetol d I-THC 

~ 2 5 %  (GLC)S AI_THC was obta ined and no AI(6)-THC 
was observed.  The  A1-THC was separated by  chromatog-  
r aphy  on th ick  silica gel plate  (1 : 4 e thyl  ace ta te /hexane)  
and was found to be ident ical  to an  au then t ic  sample  of 
( - - ) -z t l -THC (NMR, IR ,  TLC, GLC). The  opt ical  ro ta t ion  
corresponded to the  ~/o opt ical  pu r i ty  of the  s ta r t ing  
chrysanthenone.  The  iden t i ty  of A1-THC was fur ther  
confirmed by  its conversion to AI(6)-THC wi th  p- toluene-  
sulfonic acid in boiling benzene and comparison wi th  an 
au then t ic  sample.  
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The  d i rec t  s y n t h e s i s  of A ~-THC f r o m  c h r y s a n t h e n o l  m a y  
h a v e  s o m e  b i o g e n e t i c  imp l i ca t i ons ,  espec ia l ly  s ince 
c h r y s a n t h e n o n e  a n d  c h r y s a n t h e n y l  a c e t a t e  7 h a v e  b e e n  
f o u n d  to  occu r  n a t u r a l l y .  A b iogene t i c  ' p i n a n e  r o u t e '  9 v ia  1 
to  A1-THC a n d  c a n n a b i c h r o m e n e  c a n  be  e n v i s a g e d  w h i c h  
does  n o t  r e qu i r e  t he  i n t e r m e d i a c y  of c a n n a b i d i o l .  Th i s  is 
of interes~ s ince cannab id io l ,  w h i c h  is cons ide red  an  
i n t e r m e d i a t e  in t h e  p r o p o s e d  s c h e m e  ~~ for  t h e  bio-  
s y n t h e s i s  of A t -THC,  h a s  b e e n  r e p o r t e d  to  be  a b s e n t  f r o m  
severa l  C a n n a b i s  a n d  h a s h i s h  s a m p l e s  11. A l t e r n a t i v e l y ,  

OH H 

Cs H17 

C5Hll 
1 2 

t h i s  f ac t  can  be a c c o m m o d a t e d  b y  a b iogene t i c  s c h e m e  
p r o c e e d i n g  v i a  i n t e r m e d i a t e  ~2 2 to  give  A~-THC ( p a t h  a) or  
c a n n a b i c h r o m e n e  ( p a t h  b) 1~. 

Zusammenfassung. E i n e  E i n s c h r i t t - S y n t h e s e  y o n  ( - - ) -  
A ~ - T e t r a h y d r o c a n n a b i n o l  (THC) a n s g e h e n d  y o n  C h r y s a n -  
t h e n o l  m i t  m 6 g l i c h e n  b i o g e n e t i s c h e n  F o l g e r u n g e n  wi rd  
b e s c h r i e b e n .  
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Evidence for a Base Catalyzed Interconversion of Azacyclols Derived from N-(Acylalanyl)-  
Phenylalanyl-Prolin-Lactams 

W e  h a v e  recen t ly1 ,  2 r e p o r t e d  on  t h e  p o s s i b i l i t y  of 

o b t a i n i n g  cyclol  p e p t i d e s  (I) s t a r t i n g  f r o m  l inea r  N - b e n z y l -  

o x y c a r b o n y l t r i p e p t i d e s  p - n i t r o p h e n y l e s t e r s .  I n  one of t h e  

p r o p o s e d  r o u t e s  for  t h e  azacyc lo l  f o r m a t i o n ,  we p o s t u l a t e d  

the  i n t e r m e d i a c y  of an  a c y l a l a n y l - d i k e t o p i p e r a z i n e .  I n  

t h i s  p a p e r  we w i s h  to  r e p o r t  f u r t h e r  r e s u l t s  o b t a i n e d  in 

t h i s  field. 

D u r i n g  a n  i n v e s t i g a t i o n  c o n c e r n i n g  t h e  in f luence  of 

s t r u c t u r a l  f a c to r s  on  azacyc!o l s  f o r m a t i o n ,  we h a v e  f o u n d  

t h a t  t w o  m a i n  c o m p o u n d s  were  f o r m e d  b y  t r e a t i n g  t h e  

p - n i t r o p h e n y l e s t e r  of N - a l l y l o x y c a r b o n y l - A l a - P h e - P r o 3 ,  4 

w i t h  an  a q u e o u s  mi ld  a lka l ine  bu f f e r  u n d e r  t h e  c o n d i t i o n s  

a l r e a d y  desc r ibed  5. I n  fac t  p r e p a r a t i v e  T L C  on si l ica gel 

of t h e  r e a c t i o n  m i x t u r e  gave ,  in  a d d i t i o n  to  t h e  e x p e c t e d  

azacyc loI  (Ia),  a f u r t h e r  cyclic t r i p e p t i d e ,  w h i c h  r e su l t ed  

to be acyl-trans-diketopiperazine ( I Ia ) .  

1 G. LUCENTE and A. ROMEO, Chem. Commun. 197/, 1605. 
G. LIJCENTE, A. ROMEO and G. ZA~'OTTI, Gazz. chim. ital. 702, 941 
(1972). 
This compound was obtained by acylation of Ala-Phe-Pro with 
aliyloxyearbonyl chIoride. 

4 All new compounds gave correct elemental analyses; NMR-spectra 
were recorded at 100 IVlHz in CDCI 3 with TMS as internal standard ; 
mass spectra (MS) were recorded on an A.E.I. MS 12 (direct inlet 
system at 150~ and 70 eV). Abbreviations in accordance with 
IUPAC-IUB Commission on Biochemical NomencIature, Arch. 
Biochem. Biophys. 750, 1 (1972). 

s One h at room temperature in a dioxane-aqueous buffer solution 
(0.1 M NaHCO 3 : 0.1 M Na2CO 3 : dioxane-1:1 : 2). 
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