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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 ,  
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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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Compound (Ia): Yield 45%;  m.p.  98-100~ [c~]~ ~ 
--18 ~ (c i in CHC13); I .R.  vmc~x 3520-3400, 1720, 1640, 
1445 cm -~ and no evidence of amide I I  band;  N M R  
d p p m  4.10 (1H, q, J = 6.5 Hz,  Ala C~H), 4.84 (1H, 
4 lines, X par t  of an ABX,  Phe  C~H), 3.7 (1H, m, Pro 
C~H superimposed on Pro CeFI 2 mult iplets) ,  4.90 (1H, bs, 
OH);  MS m/e 399 (M. +, 19%), 381 (M-H20,  2%), 1256 
(3%), 70 (base peak). Hydrazinolys is  ~ of (Is) gave 
a l l y loxyca rbony l -Ala -NHNH 2 and cyclo (-Phe-Pro-). 

Compound (IIa):  Yield 15%;  glassy oil; [e]L~ = + 1 1 4  ~ 
(c 1 in CHC13); I .R.  vm=x 3430 (carbamate  NH),  1710, 
1660, 1495 cm -~ (amide II); N M R  d p p m  5.38 (1H, q, 
J = 65  Hz  Ala Q H ) ,  2.35 (1H, m, Pro C=H), 5.20 (1H, m, 
Phe  C~H), 5.45 (1H, unresolved,  NH) ;  MS m/e 399 
(M+., 10%), 381 (M-H~O, less than  0.1%), 125 * (26%), 128 
(base peak). Hydrazinolys is  7 of (IIa) gave '  a l lyloxy- 
c a rbony l -A la -NI INH 2 and cyclo(-Phe-D-Pro-).  

I t  is known t h a t  N-hydroxyacy l - l ac tams  and N- 
hydroxyacyl -d ike topiperaz ines  can give rise to oxa- 
cyclols s-~.  In  view of the  probable  existence of N-acyl-  
diketopiperazines  as react ion in termedia tes  ill the  forma- 
t ion of cyclols f rom l inear  acyl- t r ipept ides  p-ni t rophenyl-  
esters, and because of the  easy epimer iza t ion  of the  N- 
acyldiketopiperazines  conta ining proline in polar  me- 
d ium ~~ it  seemed interes t ing to examine  the  r eac t iv i ty  
of a cyclol in mild  alkal ine aqueous  buffer. Azacyclol  
(Ib) t was then  al lowed to s tand 1.5 h a t  room tempera tu re  
in the  buffer a l ready cited 5. R e m o v a l  of d ioxane and 
usual f ract ionat ion gave Z-Ala-Phe-D-Pro and Z-Ala in 
acidic fraction.  F r o m  the  neut ra l  fraction,  4 main  com- 
ponents  could be isolated by  TLC. Composi t ion of the  
neutra l  f ract ion was as follows: s tar t ing azacyclol  (Ib) 
(56%), cyclo(-Phe-D-Pro-) (17%), azacyclol  (III) (10%) 
and acyl-diketopiperazine (IIb) (17%). S t ruc ture  (IIb) 
and (III)  were assigned on the  basis of chemical  and 
spectral  propert ies.  

Compound (IIb):  Colourless foam;  [e]~0 = + 8 2  ~ 
(c 2 in CHCI~); I .R.  Vm~ 3430, 1710, 1655, 1495 cm-1;  
N M R  d p p m  5.47 (1H, q, J = 7.0 Hz,  Ala C~H), 2.40 
(1H, m, Pro C~H), 5.27 (1H, t, J = 5.0 Hz,  Phe  C~H), 
5.78(1H, d , J  = 8 . 5 H z ,  NH) ; MS m/e 449 (M+., 4.5% ), 431 
(M-H~O, 0.4%), 125 ~ (32%), 91 (base peak), t l yd raz ino-  
lysis ~ of (IIb) gave cyr and Z-AIa- 
NHNH~.  Compound (IIb) could be synthesized in high 
yield by  t rea t ing  Z-Ala-Phe-Pro  wi th  excess A%O-AcONa 
at IO0~ for 1 h. 

Compound (III) : Colourless foam; soluble in 1 N NaOH 
from which can be reprecipitated on acidification. 
[~n20 +71 ~ (c 1 in EtOH); I.IR. Vma~ 3500-3300, 1715, 
1645, 1440 cm-~; NMR ~ ppm 4.30 (IH, q, J = 7.0 Hz, 
Ala C~H), 4.40 (IH, m, Pro C~H), 4.15 (IH, unresolved 
m, X part of an ABX, Phe C~H), 6.30 (IH, bs, OH); 
MS m/e 449 (M. +, 30%), 431 (M-H~O, 2.5%), 125 ~ (17%), 
91 (base peak). Hydrazinolys is  v of (III)  gave cyclo(-Phe- 
D-Pro-) and Z-Ala-NHNH~.  

W h e n  the  same t r e a t m e n t  wi th  the  alkal ine but ler  was 
applied to N-acyldiketopiperazine  (IIb), a react ion 
mix ture  conta ining the  same components  as for azacyclol  
(Ib) was obtained.  I n  this case the  composi t ion of the  

neut ra l  f ract ion was as follows: s ta r t ing  mater ia l  (IIb) 
(35%), cyclo(-Phe-D-Pro-) (40%), azacyclol  (Ib) (8%), 
azacyclol  (III) (18%). 

The  above  results seem to indicate  t h a t  in the  mild  
alkal ine med ium an equi l ibr ium can be established 
between acyl-trans-diketopiperazJne (IIb) and its cis- 
isomer. Each  isomer can in tu rn  equi l ibrate  wi th  the  
corresponding azacyclol.  The  cis - isomer of (IIb) could no t  
be detected,  and this  fact  can be ascribed to the  a l ready 
known ins tabi l i ty  of these cis-isomers 1~ and to a higher  
t endency  to isomerize into the  corresponding azacyclol  
(Ib). The different  r eac t iv i ty  be tween acyl-trans-diketo- 
piperazine (IIb) and the  corresponding cis-isomer can be 
reasonably  related to the  a l ready known different  con- 
format ions  be tween I~L and LL isomers of cyclic dipep- 
t ides ~3,~. Such different  conformat ion  should influence 
the  reac t iv i ty  of the  amide carbonyl ;  in the  cis-isomer 
the  amide bond is in fact  forced into a s l ight ly non-planar  
ar rangement .  When  the  synthesis  of the  cis-isomer of 
(IIb) was a t t e m p t e d  by  react ing Z-Ala-C1 wi th  the  N- 
t r imethyls i ly l  de r iva t ive  of cyclo(-Phe-Pro-) ,  only aza- 
cyclol (Ib) was obtained.  

The base ca ta lyzed  interconversion,  observed by  us in 
the  case of t i le described azacyclols, was no t  found in the  
case of oxacyclols  conta ining the  same dil~etopiperazine 
system. Such different  behaviour  could possibly derive 
ei ther  f rom a higher  ins tabi l i ty  of the  corresponding 
hydroxyacyl -d ike topiperaz ines  or f rom a greater  s tabi l i ty  
of the  oxacyclols. 

Riassunto. J~ s ta ta  s tud ia ta  la reat t ivi tX in ambien te  
acquoso b landamente  alcalino dei cicloli t r ipeptidici .  Si 
messo in evidenza un equil ibrio t ra  i sJstem~ azaciclolici 
a t t raverso  le corr ispondent i  aci l-alanil-dichetopiperazine.  
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Vinca  A l k a l o i d s  X X X V A  D e s a c e t o x y v i n b l a s t i n e  a N e w  M i n o r  Alka lo id  f r o m  V i n c a  r o s e a  L.  
( C a t h a r a n t h u s  r o s e u s  G. D o n )  

In  the  process of pur i fy ing larger quant i t i es  of V L B  2 
(vincaleukoblast ine (I)), we have  not iced the  presence of a 
new" dimeric indole-indoline alkaloid. Physical  and 
chemical  da ta  clearly indicated t h a t  the  new compound  is 
desace toxyvinblas t ine  (II). 

The  UV and I R  spectra  of V L B  and desace toxy V L B  
are qui te  similar.  The  na tu re  of the difference be tween  the  
2 alkaloids is immed ia t e ly  apparen t  f rom the  N M R  and 
mass spectral  data.  Thus,  the  signal of the  acety l  me thy l  
of V L B  (s, $ = 2.10 ppm) a is missing in the  NIV[R- 


