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2,6-dimethylundecanoate .  7 other  residues were no t  
identified. Thus, the  ingenol esters 6 have  the  s t ructures  
given in 
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The occurrence of me thy l  subst i tu ted  long chain fa t ty  
acids in higher  plants  is unusual la;  to our knowledge the  
only branched long chain f a t ty  acid der iva t ives  isolated 
f rom plants  are amides of 7-methyl-octanoic  and 9- 
methyl -decanoic  acid from Japanese  Capsicum 14 and 
methy l -7-methy l -oc tanoa te  f rom hop 15. 

Irritant and cocarcinogenic activities. The i r r i tan t  doses 
50 (IDs0) of the  compounds  isolated are given ill Table  I. 
For  comparison,  croton oil factor  A 1 (TPA), the  main  
i r r i tant  and cocarcinogen from croton oit 6, is used. 

As compared to T P A  the  ingol esters 1 and 2 are not  
i r r i tant  on the  mouse ear. The 12-deoxy-phorbol  esters 
are re la t ively  weak i r r i tants  and i t  is in teres t ing to note  
that ,  wi th in  the  var ia t ions  of the  assay, the  IDs0 of 3 is 
ident ical  wi th  tha t  o~ the  corresponding t igl ia te  s. The 
mix tu re  of ingenol acylates  shows considerable i r r i tan t  
act ivi ty .  

Cocarcinogenic act ivi t ies  were tes ted in the  s tandard  
assay 6 on the back skin of mice using T P A  for comparison.  
The results are g iven in Table  I I  in te rms  of t umor  rates 
and tumor  yields, together  wi th  the  mor ta l i ty  rates in 
each exper iment .  Pronounced necrosis of the  skin is 
observed in the  t rea ted  area after  2-3 applicat ions of 

12-deoxy-phorbol-13-isobutyrate-20-acetate  (4) and -13- 
phenylacetate~20-acetate  (5). Therefore,  the  mor t a l i t y  
of animals  in case of 4 and 5 is re la t ively  high. A definite 
bu t  weak  cocarcinogenic effect is exer ted by  12-deoxy- 
phorbol-13-angelate-20-acetate  (3) (and, perhaps,  by  5). 
Wi th  the  mix ture  of ingenol-3-acylates,  the  mor t a l i t y  is 
not  except ional ly  high. As can be seen f rom Table  I I  
(experiments  541 and 601), p = 0.1 ~Moles of the  mix tu re  
appear  to be equipoten t  to p = 0.01 >Moles of TPA.  

Zusammen/assung. Aus <~Euphorbium~>, dem luftge- 
t rockne ten  La t ex  von Euphorbia resini/era Berg, wurden  
2 neue Es ter  des tri-  und makrozykl ischen,  polyfunk-  
t ionellen Diterpens  Ingol, 2 neue und ein bereits bekannter  
Es ter  des te t razykl ischen polyfunkt ionel len  Diterpens  
12-Desoxy phorbol  sowie ein Gemisch von  neuen Estern  
des te t razykl ischen polyfunkt ionel len  Diterpens  Ingenol  
isoliert. Das Gemisch der  Ingenoles ter  en thgl t  langkett ige,  
methy lverzweig te  Fet tsguren.  Alle isolierten Es te r  wurden  
auf  i rr i t ierende Wirkung  am Mguseohr und auf cocarcino- 
gene Wirkung  an der Ri ickenhaut  der Maus gepriift.  
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T h e  A n a l g e s i c  A c t i o n  o f  1 - F l u o r o c o d e i n e  

I t  is well known 1 t h a t  in t roduct ion  of subst i tuents  into 
the  aromat ic  r ing of morph ine  (I), codeine (2), and their  
congeners leads to a marked  decrease in analgesic effect. 
For  instance, 1-chloro- and 1-bromocodeine show only 
about  1/~ of the po tency  of the  paren t  (2), and the  ac t iv i ty  
of 1-acetocodeine is likewise marked ly  smaller  t han  tha t  
of (2)1. A priori,  this  decrease in pharmacologica l  effect 
due to the  halogen a toms could be. caused by  their  bulk, 
which migh t  interfere wi th  the  proper  a t t a c h m e n t  of the  
molecule to a b inding  site on a receptor,  or by  thei r  
e lect ronegat iv i ty ,  which would influence the  charge 
d is t r ibut ion  in the  a romat ic  ring, and th rough  this the  
analgesic act ion;  the  diminished effect of 1-acetocodeine 
could b e  .explained in a similar manner .  

To decide be tween  these al ternat ives ,  we have  prepared 
the  h i ther to  unknown 1-fluorocodeine (3). Since the  a tom 
of fluorine is hard ly  larger t han  t h a t  of hydrogen (van der 
Waals  radii2: H, 1.2; F, 1.35 A), i ts steric effect should be 
min imal  compared  to tha t  of o ther  subst i tuents ,  which 
are all s ignif icant ly  larger~ (e.g. C1, 1.80; Br, 1.95 A);  on 
the  o ther  hand,  this most  e lec t ronegat ive  of all a toms 
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should  exer t  a powerfu l  e lec t ronic  inf luence  u p o n  t he  
a r o m a t i c  r ing.  I n  add i t ion ,  i t  could p r ov i de  a n  accep to r  
si te  for h y d r o g e n  bond ing .  E x a m i n a t i o n  of t he  analgesic  
a c t i v i t y  of (3) shou ld  t h u s  yield i n f o r m a t i o n  upon  t he  
re la t ive  i m p o r t a n c e  of s ter ic  vs. i n d u c t i v e  inf luences.  

1-Fluorocodeine  (3) was p r e p a r e d  f rom 1-aminocode ine  3 
v ia  t he  d i a z o n i u m  I luorobora te ,  wh ich  was o b t a i n e d  as a 
yel lowish  powder  on  ca r ry ing  ou t  t he  d i azo t i za t i on  in a 
1 : 2 m i x t u r e  of f luorobor ic  acid a n d  e thanol .  S c h i e m a n n -  
r eac t ion  4, i.e. pyro lys i s  of th i s  salt ,  gave  accep tab le  yields 
(,-~ 30%) of (3) on ly  if pe r fo rmed  on a smal l  scale (100-200 
mg). However ,  t he  m e t h o d  of KIRK and  COHEN ~ for 
p h o t o c h e m i c a l  decompos i t i on  of d i a z o n i u m  I luorobora tes  
in  50% aqueous  f luorobor ic  acid p rov ided  the  desi red (3) 
in  s imi la r  yields  on  a 0.5-1.0 g scale. The  c o m p o u n d  was 
i so la ted  b y  co lumn  c h r o m a t o g r a p h y  on  SiO 2 (Merck, 
70-350 mesh)  w i t h  ch lo ro fo rm and  ch lo ro fo rm-ace tone-  
d i e t h y l a m i n e  (5:1:0.5)  as e luan t s ;  i t  was pur i f i ed  b y  
r ec rys t a l l i za t ion  f rom ace tone -hexane .  Colorless crystals ,  
m.p.  176-179~ mol.  wt.  317 (mass spec. ;  cale. for  
ClsH20NO~F, 317). 1-Fluorocodeine  h a d  the  expec ted  
spect roscopic  cha rac te r i s t i c s ;  t he  sp l i t t i ng  of t he  NMIR- 
s ignal  f rom the  p r o t o n  a t  C-2 in to  a doub l e t  (1H;  ~ 6.41, 
J = 12 Hz) b y  t he  a d j a c e n t  f luor ine  conclus ive ly  iden t i f i es  
the  c o m p o u n d  ~. 

The  (3) o b t a i n e d  b y  e i the r  t h e r m a l  or p h o t o c h e m i c a l  
decompos i t i on  of t he  f luo robora t e  was some t imes  
accompan ied  b y  v a r y i n g  a m o u n t s  of (2); s imi la r  replace-  
m e n t  of t he  d i a z o n i u m  group b y  h y d r o g e n  ha s  been  
obse rved  in o the r  ins t ances  7. 

Pha rmaco log i ca l  i n v e s t i g a t i o n  oI (3) gave t he  resul t s  
s u m m a r i z e d  in t he  Table .  Analgesic  a c t i v i t y  was de t e rmin -  
ed b y  t he  h o t - p l a t e  m e t h o d  s . Clearly, n e i t h e r  t he  pa in-  

re l iev ing  effect  no r  the  o t h e r  obse rved  p a r a m e t e r s  were 
s ign i f ican t ly  d i f fe rent  f rom those  of (2). This  f ind ing  
s t rong ly  suggests  t h a t  t he  decrease  in analgesic  p o t e n c y  
found1 on  i n t r o d u c t i o n  of s u b s t i t u e n t s  on t he  a r o m a t i c  
r ing  of (2) a n d  i ts  re la t ives  is caused b y  t he  b u l k  of these  
s u b s t i t u e n t s ;  t he i r  i n d u c t i v e  effect  seems to h a v e  no  
de t ec t ab l e  inf luence.  

The  b i n d i n g  of (3) to  t he  na rco t i cs  recep tor  of r a t  b r a i n  
has  been  m e a s u r e d  9 b y  Dr. WER~CER A. KLEE, w h o m  we 
wish to t h a n k  for pe rmiss ion  to quo te  his  f indings .  The  
d issoc ia t ion  c o n s t a n t s  obe rved  for (3), (2), and  (1) are 
7 • 10 -7, 8 • 10 -7, a n d  3 • 10 -9 21/I, respect ive ly .  Here,  
again,  the  b e h a v i o r  of (3) is t h u s  no t  s ign i f ican t ly  d i f fe ren t  
f rom t h a t  of (2)10. 

Zusammen/assung. Das b i she r  u n b e k a n n t e  1-Fluor-  
codein  wurde  d u r c h  S c h i e l n a n n - R e a k t i o n  aus  1-Amino-  
codein  dargesteHt.  Es  is t  nahezu  ebenso s t a r k  ana lge t i s ch  
w i r k s a m  wie Codein, und  wird  fas t  ebenso  s t a r k  an  den  
M o r p h i n - R e z e p t o r  des R a t t e n g e h i r n s  gebunden .  Diese 
Befunde  zeigen, dass  die f r i iher  b e o b a c h t e t e  ve r r inge r t e  
Aktivi t~i t  yon  1-Chlor-, 1-Brom-,  u n d  1-Acetocodein  
auf  die R a u m b e a n s p r u c h u n g  der  S u b s t i t u e n t e n  zuri ick- 
zuf i ihren ist. 
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Table I 

1-Fluoro- Codeine (3) 
codeine (2) 

EDso (mg/kg) 7.9 7.5 
Onset of action 4.0 3.4 
Peak of action (rain after 22.8 12.4 
Duration of action administration) 118.8 108.7 

3 E. OCHIAI and T. NAKAMURA, chem. Bet. 72, 604 (1939), and earlier 
literature quoted there. 
A. ROE, in Organic Reactions (John Wiley and Sons, New York and 
London 1960), voI. 5, p. 193. 
K. L. KIRK and L. A. COHEN, J. Am. chem. Soe. 95, 4619 (1973). 

s 1-Fluorodihydrocodeine was prepared in analogous fashion from 
1-aminodihydrocodeine. Mol. wt. 319 (mass spec.). It was not 
obtained crystalline. 

7 CI., e.g., T. KAMETANI, T. SUGAHARI, F. SATOH and M. YAoI, Chem. 
Commun. 7968, 1398; J. chem. Soc. (C), 1969, 520. 

s N. B. EDDY and D. LEIMBACH, J. Pharmac. exp. Ther. 107, 385 
(1953). - A. E. JACOBSON and E. L. MAY, J. reed. Chem. 8, 563 
(1965). 

9 For the method used, see W. A. ]KLEE and R. A. STREATY, Nature, 
Lond. 248, 61 (1974). 

10 The authors are much indebted to Dr. EVERETTE L. MAY, Labo- 
ratory of Chemistry, NIAMDD, for the pharmacological data, and 
to Dr. K. L. KIRK of the same laboratory for the photochemical 
experiments. 

11 Present address: Organic Chemistry Laboratory, University of 
Utrecht, Utrecht (The Netherlands). 

H y p e r s e n s i t i v i t y  to  L y s e r g i c  Acid  D i e t h y l a m i d e  (LSD-25)  and P s i l o c y b i n  in E s s e n t i a l  H e a d a c h e  1 

The  b r a i n  m o d u l a t i o n  of the  pa in  i n p u t  is p a r t l y  
cont ro l led  b y  monoamines ,  m a i n l y  b y  5 - h y d r o x y t r y p t -  
a m i n e  (5-HT) ~, 3. An  i m p a i r m e n t  of the  m o d u l a t i o n  follow- 
ing a def ic iency of 5-HT, has  been  r ecen t ly  h y p o t h e s i z e d  
in t he  m e c h a n i s m  of mig ra ine  a n d  o the r  essent ia l  head-  
aches  (EI-t) 4, 5. Accord ing  to  t he  supe r sens i t i v i t y  p h e n o m -  
enon,  a def ic iency of 5 -HT could induce  an  increased  
r e a c t i v i t y  of t he  specific b r a i n  recep tors  to  t he  same 
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