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Summary. F r o m  the  l a t ex  of E u p h o r b i a  t i rucal l i  L. growing in Madagascar ,  5 new e u p h o r b i a  fac tors  were isolated.  They  
were cha rac t e r i zed  as 13-O-ace ty l -12-O-acylphorbol -  and  12-O-ace ty l -13-O-acy lphorbol  de r i va t i ve s  ca r ry ing  homolo-  
gous c o n j u g a t e d  u n s a t u r a t e d  f a t t y  acids as acyl  groups.  F u r t h e r m o r e ,  2 m i x t u r e s  of homologous  3-O-acyl ingenol  de- 
r i va t i ve s  are o b t a i n e d  ca r ry ing  t h e  same t y p e  of u n s a t u r a t e d  f a t t y  acids. Due  to t he i r  h igh ly  u n s a t u r a t e d  acyl  groups  
all E u p h o r b i a  fac tors  or f ac to r  groups  isola ted are h igh ly  sens i t ive  to  a u t o x i d a t i o n .  

E u p h o r b i a  t i ruca l l i  L. is a n  a l m o s t  leafless succu len t  s h r u b  
or  t ree  ( 'penci l  t ree ' )  wide sp read  t h r o u g h o u t  all t rop ica l  
regions  of t he  wor ld  3. The  use of E. t i ruca l l i  L. for medica l  
purposes ,  as f ish poison  a n d  as insect ic ide  and  the  h i g h l y  
v e s i c a n t  a n d  i r r i t a n t  p rope r t i e s  of t he  l a t ex  t o w a r d s  t he  
skin  a n d  to m u c o u s  m e m b r a n e s  are well  k n o w n  a. Most  
recen t ly ,  large scale p l a n t a t i o n  of E. t i ruca l l i  L. was  
p r o p a g a t e d  in c o n n e c t i o n  w i t h  i nves t i ga t i ons  of fu tu re  
resources  of gasol ine  4. 
The  ace tone  e x t r a c t  of the  l a t ex  of E. t i rucal l i  L. col- 
lec ted  in M a d a g a s c a r  was  sub j ec t ed  to a series of O 'Keef fe  
d i s t r i b u t i o n s  to  o b t a i n  2 h i g h l y  i r r i t a n t  es ter  f rac t ions  I 
a n d  I I  (for assays  seeS). Base  ca t a lyzed  t r anses te r i f i ca -  
t ions  of f r ac t ion  I I  yields p h o r b o l  (I) a n d  of f r ac t ion  I 
p h o r b o l  (1) and  ingenol  (4), cha rac t e r i zed  as 12, 13,20-tri-  
O - a c e t y l p h o r b o l  (2)6 and  3 ,5 ,20- t r i -O-ace ty l ingenol  (5)7, 
respect ive ly .  B y  c o m b i n a t i o n  of Craig d i s t r i b u t i o n  w i t h  
a d s o r p t i o n  c h r o m a t o g r a p h y  u n d e r  s t r i c t  exclus ion of 
oxygen  f rom f r ac t ion  I I  4 h i g h l y  i r r i t a n t  e u p h o r b i a  fac- 
to r s  Tis-Ti s were isolated.  Similar ly ,  f rom f rac t ion  I a 
f u r t h e r  h igh ly  i r r i t a n t  e u p h o r b i a  fac to r  Ti  9 and  2 i r r i t a n t  
f ac to r  g roups  I a  a n d  Ib  were ob ta ined .  Ti5-Ti 0 were all 
s h o w n  to c o n t a i n  p h o r b o l  (1) a n d  Ia  a n d  I b  to c o n t a i n  
ingenol  (4), respect ive ly ,  and  r ep re sen t  a new class of 
i r r i t a n t  d i t e r p e n e  es ters  in ca r ry ing  homologous  conju-  
ga t ed  u n s a t u r a t e d  acyl  res idues  (for fac tors  Ti l -Ti  4 see s). 
Tis:  MS m/e :  528 (M+), 468 (M+-60), 389 (M+-139), 123 
(base peak ) ;  I R  (KBr ) :  Vmax: 3420, 1740, 1720, 1640, 1605, 
995, 965 cm-1;  U V  (CH3OH):  ~ (e): 193 n m  (14750); 
;tm~x (emax): 205 (12630), 262.5 n m  (23230); 1H-NMR (6, 
CDCla ;  see also c h a r t  1): 7.58 (s, b road ,  l -H) ,  7.35 (dd, 
J4 ' ,5 '  = 16Hz, J 4 ' , , '  ~ 11 Hz,  4 ' -H),  6.56 (dd, J3 ' .4 '  = J~', 
3' = 11 Hz,  3 ' -H),  6.06 (m, 5 ' -H),  5.66 (d, J = 7 Hz, 7-H), 
5.50 (d, J2',3' = 11 Hz,  2 ' -H),  5.42 (d, J = 10 Hz,  12-H), 
4.00 (s, 20-H~), 3.26 (m, S-H), 3.26 (m, 10-H), 2.53 (s, 
5-H~), 2.17 (m, 6'-H~), 2.11 (s, CH3CO ), 1.75 (m, 19-H3), 
1.24, 1.20 (s, 16-Ha, 17-H3), 0.87 (d, J = 6 Hz, 18-H3), 
5.67, 2.95, 2.2 p p m  (OH, exchangeab le ) .  

Accord ing  to these  da ta ,  Ti~ con t a in s  a n  ace ty l -  and  an  
2 ,4-oc tad ienoyl  g roup :  The  l a t t e r  is con f i rmed  b y  t he  
base  p e a k  m/e  = 123 (CsHllO , h i g h  res. MS) a r i s ing  f rom 
the  co r r e spond ing  acy loxy  rad ica l  m/e  139: I t  lacks 4 
h y d r o g e n  a t o m s  in c o m p a r i s o n  to oc tanoic  acid, wh ich  
was o b t a i n e d  as m e t h y l  es ter  a f t e r  base  ca t a lyzed  t r a n s -  
es te r i f i ca t ion  in m e t h a n o l  of Ti  5 a n d  ca t a ly t i c  h y d r o -  
gena t i on  of t h e  m e t h y l  es te r  acqu i red  (see t ab l e  1). The  
s t e r e o c h e m i s t r y  of t he  doub le  b o n d s  is d e t e r m i n e d  b y  
doub le  r e sonance  e x p e r i m e n t s :  2 ' -H  appea r s  a t  5.50 p p m  
as d o u b l e t  (J2' ,3'  = 11 Hz) co r r e spond ing  to t he  2', 3'-cis 
doub le  b o n d g ;  4 ' - H  is found  a t  7.35 p p m  as doub l e t  of 
d o u b l e t  (J4',5' = 16 Hz, J3',4' = 11 Hz) co r r e spond ing  
to  t he  4 ' , 5 ' - t r a n s  doub le  b o n d  and  to  t he  coupl ing  of 
3 ' -H  a n d  4 ' -H.  
Select ive  t r an se s t e r i f i c a t i on  of Ti  5 yields  t he  12-mono-  
es ter  of Ti  5 : MS (m/e) : 486 (M+), 346 (M+-140) ; 1H-NMR 
(8,CDC13) w i t h  t h e  s ignal  of t h e  ace ty l  g roup  abol i shed  

a n d  t he  doub l e t  of 12-H sh i f t ed  to 4.85 p p m  ( tab le  2). 
Th i s  upf ie ld  sh i f t  of t he  s ignal  of t he  v ic ina l  C-12 p r o t o n  
u p o n  t r an se s t e r i f i c a t i on  of a 13-ace ta te  is in  acco rdance  
w i t h  ear l ier  o b s e r v a t i o n s  1~ I t  conf i rms  t he  a s s i g n m e n t  
of t h e  (2Z,4E)-2 ,4-oetadienoic  acid res idue  to  pos i t ion  12. 
Ace ty l a t i on  of Ti  5 w i t h  acet ic  a n h y d r i d e / p y r i d i n e  yields 
t he  20-ace ta te  3, MS (m/e) : 570 (M+); 1H-NMR (6, CDC13) 
w i t h  t he  s ignal  of 20-H~ sh i f t ed  downf ie ld  (s, 4.46 ppm) 
and  t h e  s ignal  of one newly  i n t r o d u c e d  ace ty l  g roup  a t  
2.04 ppm.  Thus ,  b y  exclusion,  Ti  5 is 13-O-aeetyl-12-O- 
E(2Z, 4E)-2, 4-oc tadienoyl ]  p h o r b o l  (see s t r u c t u r a l  formula) .  
I n  a s imi la r  way,  the  res t  of t he  new e u p h o r b i a  fac tors  
were s t r u c t u r a l l y  e luc ida ted .  Tie: MS:  (m/e) 554 (M+), 
494 (M+-60), 389 (M+-165); I R  ( K B r ) :  Vmax: 3420, 1740, 
1720, 1640, 1620, 1585, 1005, 975 cm-1;  U V  (MeOH):  

(e): 193 n m  (15440): ~max (gmax): 205 (13600), 304 n m  
{24800) ; 1H-NMR (d, CDCla)  : d i f ferences  to  t he  s p e c t r u m  
of Tis:  7.37 (dd, J4 ' ,5 '  = 16 Hz,  Ja ' ,  4' = 11 Hz),  5.60 
(d, J2',3' = 11 Hz),  b e t w e e n  7.0 a n d  5.8 p p m  4 olefinic 
p r o t o n s  of t h e  acid residue.  Accord ing  to these  d a t a  and  
those  g iven  in  t ab l e s  1 a n d  2, Ti  e is 13-O-acetyl-12-O- 
[ (2Z,4E)-2,4 ,6-decatr ienoyl]  phorbo l .  The  compar i son  of 
our  d a t a  w i t h  those  of t h e  piscicidal  13-O-acetyl-12-O- 
(2, 4, 6 -deca t r i enoy l )phorbo l  of S a p i u m  j a p o n i c u m  11 shows 
t h a t  t he  u n s a t u r a t e d  acid res idue  in t he  l a t t e r  is mos t  
p r o b a b l y  also (2Z,4E)-2 ,4 ,6-decat r ienoic  acid. 
TiT: MS:  (m/e) 606 (M+), 546 (M+-60), 389 (M+-217); I R  
(NBr)  : Vmax: 3425, 1740, 1720, 1630, 1585, 1000 cm-1;  U V  
(MeOH):  Z (e): 194 n m  (17770); ~max (emax): 204 (18240) 
227 (11850), 260 (13090), 357 n m  (44580); 1H-NMR 
(6, CDC13): d i f ferences  as c o m p a r e d  to Tis:  be tween  7.5 
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Char t  1. 1H-NMR-spec t rmn of Tis, 
90 MHz, CDC13/D20, TMS (d = 0.00 
ppm).  
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: RI=R2=R3=H 
: RI=R2=R3=Ac 

: RI=co-cH~CH-CH~CH-CH2-CH2-CH3 ; R2=R3=Ac 
I i '  2'Z3' 4'E5' 6' 7' 8' 

Ti5: R =CO-CH=CH-CH=CH-CH2-CH2-CH3; R2=Ac; R3=H 
1 1' 2'Z3' 4'E5' 6' 7' 8' 9' i0' 

Ti6: R =CO-CH=CH-CH=CH-CH=CH-CH2-CH2-CH3; R2=Ac; R3:H 

Ti7: RI=co-(CH=CH)5-CH2-CH2-CH3; R2=Ac; R3_H 

Ti8: RI=co-(CH=CH)4-(CH2)4-CH3; R2=Ac; R3=H 

Ti9: RI=Ac; R2=CD-(CH=CH)5-CH2-CH2-CH3; R3=H 

: RI=R2=R3=H; ~ : RI=R2=R3=Ac 

: RI=H; R2=R3=C(CH3) 2 

la : RI=co-(CH=CH)n-CH2-CH2-CH3 n=3,4,5; R2=R3=H 

Ib : RI=co-(CH=CH)n-(CH2)4-CH 3 n=2,3,4; R2=R3=H 

Table  1. Charac ter iza t ion  of unsa tu r a t ed  f a t t y  acids 

E u p h o r b i a  factor  
UV: .~max nm (em~x) 

F a t t y  acid or me thy l  ester  
MS: M + (m/e) UV: ~ a ~  nm (em~x) 

Hydrogena t ed  f a t t y  acid me thy l  es ter  
GLC 
(according to au then t i c  reference) 

Ti  5 262.5 (23230) 140 258 (-) 
T i  6 304 (24800) 180 306 (-) 
Ti  7 357 (44580) 232 259 (7350) 357 (44580) 
Ti s 336 (36000) 234 - (-) 
Ti  9 349 (29000) 232 260 (6400) 352 (30850) 

Octanoa te  
Deeanoate  
Te t r adecanoa te  
Te t radecanoa te  
Te t radecanoa te  

Table  2. MS- and N M R - d a t a  re levan t  for the posi t ion of the ester  residues in  Tis-Ti 9 

E u p h o r b i a  factor  (12, 13-diester) 
MS NMR (CDCI3/D20 , TMS, d = 0.00 ppm) 
M + (m/e) 12-H 20-H CH3CO 

Corresponding 12-monoester  
MS NMR (CDC1,]D20, TMS, (3 = 0.00 ppm) 
M + (m/e) 12-H 2 0 - H  

Ti~ 528 5.42 4.00 2.11 486 4.85 4 .00  
Ti  e 554 5.44 4.00 2.10 346 (M+-166) 4.88 4.00 
Ti  7 6 0 6  5.46 4.00 2.10 346 (M+-218) 4.90 4.00 
Ti  8 608 5.48 4.00 2.10 566 4,86 4.00 
Ti  9 606 5.55 4.04 2.12 406 4.82 3.98 
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a n d  5.5 p p m  10 olefinic p r o t o n s  of t he  acid residue.  The  
p reced ing  spec t ra l  d a t a  a n d  those  g iven  in t a b l e s  1 a n d  2 
p rove  t h a t  Ti  7 is 13-O-acetyl -12-O-(2 ,4 ,6 ,8 ,10- te t radeca-  
p e n t a e n o y l ) p h o r b o l .  
Tis: MS:  (m/e) 608 (M+), 548 (M+-60), 389 (IV[+-219) ; I R  
( K B r ) :  Vmax: 3430, 1715, 1625, 1605, 1000 cm 1; U V  
(CH3OH):  ~ (e): 193.5 n m  (17680); ,~max (ernax): 203.5 
(16200), 231 (10530), 336 n m  (35000); 1H-NMR (d, 
CDC13) : d i f ferences  as c o m p a r e d  to  Tia: be t w een  7.4 a n d  
5.5 p p m  8 olefinic p r o t ons  of t he  acid residue.  I n  ac- 
co rdance  w i t h  t he  p reced ing  d a t a  and  those  g iven  in 
t ab l e s  1 a n d  2 Ti  8 is 13-O-acety l -12-O-(2 ,4 ,6 ,8- te t radeca-  
t e t r aenoy l )  phorb01. 
Tig: MS:  (m/e) 606 (M+), 546 (M+-60), 389 (M+-217); U V  
(MeOH):  ~max (e . . . .  ): 260 (9000), 394 n m  (29000); 1H- 
N M R  (d, CDC13): d i f ferences  as compared  to Tis: s l igh t  
downf ie ld  shif ts  of 12-H a t  5.55 p p m  and  OH-9  a t  5.67 
p p m ;  b e t w e e n  7.5 a n d  5.5 p p m  10 olefinic p r o t ons  of t he  
acid residue.  The  c o m b i n a t i o n  of these  d a t a  w i t h  those  
g iven  in t ab les  1 a n d  2 p roves  t h a t  Ti  9 is 12-O-acetyl-13-  
O- (2,4, 6, 8 ,10 - t e t r adecapen taenoy l )  phorbol .  
A c o m m o n  fea tu re  of t h e  e u p h o r b i a  fac tors  Tis-Ti 9 is t h e i r  
m a r k e d  i n s t a b i l i t y  w i t h  respec t  to  a u t o x i d a t i o n  y ie ld ing  
b io logica l ly  i nac t i ve  m a t e r i a l  insoluble  in al l  so lvents .  
F r o m  such  m a t e r i a l s  t he  p a r e n t  a lcohol  m a y  sti l l  be  
o b t a i n e d  b y  mi ld  h y d r o l y t i c  procedures .  
F a c t o r  g roup  Ia  (see formula)  was  s epa ra t ed  in 2 sub-  
f rac t ions  M~3 and  M2~. M23: MS (m/e) 522/496 (M+), 330 
(M+-192/166), 192, 166 ;  1H-NMR (~, CDC13) : 7.8-5.7 p p m  
(7 olefinic pro tons) ,  all  o the r  s ignals  are iden t i ca l  w i t h  
those  of t h e  e u p h o r b i a  f ac to r  16 f rom E. ingens  ~2. M~4: 
MS (m/e):  548/522 (M+), 330 (M+-218/192), 218, 192; 
1H-NMR (d, CDCla) : d i f ferences  to  t he  s p e c t r u m  of M2a : 
7.8-5.7 p p m  (9 olefinic p r o t ons  of t he  acid residue).  F a c t o r  
g roup  I b  was s e p a r a t e d  in 2 sub f r ac t i ons  M~5 and  M~6, 
c o n t a i n i n g  3 f u r t h e r  ingenol  esters.  M25: MS (m/e) 524/ 
498 (M+), 330 (M+-194/168), 194, 168; ~H-NMR (d, CDC13) : 

differences to  t h e  s p e c t r u m  of M~3 :7 .8 -5 .7  p p m  (5-6 
olefinic p r o t o n s  of t he  acyl  residue).  M ~ :  MS (m/e) :  
550/524 (M+), 330 (M+-220/194), 220, 194; 1H-N1VfI{ 
(6, CDC13): d i f ferences  to  t h e  s p e c t r u m  of M25 :7 .8 -5 .7  
p p m  (7-8 olefinic p r o t o n s  of t he  acid residue).  
Ev idence  for t he  es te r  pos i t ions  resu l t s  f rom N M R - d a t a  
a n d  f rom t r e a t m e n t  of the  2 fac to r  g roups  w i t h  ace tone /  
HC104 followed b y  base  ca ta lyzed  t r anses t e r i f i ca t ion  in 
m e t h a n o l  y ie ld ing  5 ,20-O- isopropyl idene ingenol  (6) 13. 
The  chemica l  s t r u c t u r e  of t h e  f a t t y  acids follows f rom t h e  
spec t ra l  d a t a  (MS a n d  UV) of the  f a t t y  acid m e t h y l  es ters  
o b t a i n e d  b y  t r an se s t e r i f i c a t i on  and  f rom GLC-ana lys i s  
of t he  homologous  s a t u r a t e d  m e t h y l  esters,  o b t a i n e d  b y  
ca ta ly t i c  h y d r o g e n a t i o n .  
Thus  fac to r  g roup  I a  compr ises  3 homologous  3-O-acyl inge-  
nols, each  of wh ich  is es ter i f ied w i t h  a h i g h l y  u n s a t u r a t e d  
f a t t y  acid of t he  t y p e  CHa-(CH2)2-(CH : C H ) n - C O O H  
(n = 3,4,5).3-O-(2,4,6-decatrienoyl)ingenol (n = 3) was 
i so la ted  a l r eady  f rom E u p h o r b i a  ingens  ( euphorb ia  fac to r  
ie )12 and  3-O-(2,4,6,8,10-tetradecapentaenoyl)ingenol (n 
--  5) f rom l a t ex  of E. l a thy r i s  ( euphorb ia  fac to r  L6) 14 a n d  
f rom roots  of E. jo lkini i  Boiss 1~. F a c t o r  g roup  I b  com- 
prises  3 homologous  3-O-acylingenols ,  es ter i f ied w i t h  
h igh ly  u n s a t u r a t e d  f a t t y  acids of t h e  t y p e  CHa-(CH2) 4- 
(CFf C H ) n - C O O H  (n = 2,3,4): T h e y  were u n k n o w n  as 
y e t .  Aga in  t he  f ac to r  g roups  I a  and  I b  are h igh ly  sus- 
cep t ib le  to  a u t o x i d a t i o n  lead ing  to  h i g h l y  insoluble  and  
biological ly  i ne r t  ma te r ia l s ,  f rom which,  b y  h y d r o l y t i c  
procedures ,  t he  d i t e r p e n e  p a r e n t  a lcohol  m a y  be  ob ta ined .  
The  biological  d a t a  of t he  new e u p h o r b i a  fac tors  a n d  
fac to r  g roups  will be  pub l i shed  elsewhere.  

12 H.J.  Opferkuch and E. Hecker, Tetrahedron Letters, 261 (1974). 
13 13. Sorg, Thesis 1975, University of Heidelberg. 
14 W. Adolf and E. Heeker, Experientia 27, 1393 (1971). 
15 D. Uemura and Y. Hirata, Tetrahedron Letters, 881 (1973). 
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Summary. f l - ( p -hyd r oxypheny l ) e t hano l  is p r e s e n t  in  t h e  

A l t h o u g h  p h e r o m o n e s  h a v e  been  d e m o n s t r a t e d  to  be  of 
m a j o r  i m p o r t a n c e  in t he  social b io logy of p r i m a t e s  e, t h e  
c h e m i s t r y  of these  exocr ine  p r o d u c t s  sti l l  c o n s t i t u t e s  re- 
l a t i ve  t e r r a  incogni ta .  Indeed ,  excep t  for t h e  iden t i f i ca t ion  
of s h o r t  cha in  f a t t y  acids as sexua l  releasers  for Macaca  
m u l a t t a  3, no p r i m a t e  p h e r o m o n e s  h a v e  been  ident i f ied .  
I t  h a s  been  es tab l i shed ,  however ,  t h a t  s imi la r  acids are 

p r o d u c e d  b y  o t h e r  m o n k e y s ,  baboons ,  a n d  h u m a n s  4. The  
pu rpose  of t he  p r e s e n t  no t e  is to r e p o r t  t he  i den t i f i ca t ion  
of f i - ( p - h y d r o x y p h e n y l ) e t h a n o l  in  t he  ches t  g l and  secre- 
t i on  of t he  galago Galago c rass i cauda tus .  Th i s  c o m p o u n d  
releases a n  u n u s u a l  b e h a v i o r  response  in th i s  p r i m a t e  a n d  
m a y  c o n s t i t u t e  one of i ts  m a r k i n g  phe romones .  
Material and methods. T he  secre t ion  was o b t a i n e d  b y  
wip ing  t h e  ches t  g l and  loca ted  on  the  mid l ine  a b o u t  t he  
base  of t h e  t h r o a t  ove r  t h e  c l av ick  w i t h  a b s o r b e n t  t issue.  
The  t i ssues  were i m m e d i a t e l y  e x t r a c t e d  w i t h  c h r o m a t o -  
q u a l i t y  m e t h y l e n e  chlor ide  and  these  e x t r a c t s  were used 

ches t  g land  secre t ion of the  galago Galago c rass icauda tus .  

for all s u b s e q u e n t  analyses .  Ana lyses  were pe r fo rmed  on 
a n  L K B - 9 0 0 0  gas 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  (GC- 
MS) 5 us ing  a 1% OV-17 co lumn  and  a 10% SP-1000 
co lumn  b o t h  on  Supe lcopor t  80-100 mesh  (Supeleo, 
]3ellefont, Pa.) .  The  co lumns  were p r o g r a m m e d  f rom 50 ~ 
to 300 ~ and  200 ~ respect ively .  
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