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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.  
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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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Results. GC-MS analysis on 1% OV-17 showed only one 
peak  which exhib i ted  m/e  138(18) as the molecular  ion 
wi th  a base peak  a t  m/e  107 and o ther  large peaks at  m/e 
77(16), 53(5), 51(5) and 39(5). Comparison of re ten t ion  
t imes  (isothermal, 150~ and mass spectra of the un- 
known mater ia l  wi th  those of syn the t ic  fl-(o, m, and p- 
hydroxypheny l )e thano l  prepared  by l i th ium a luminum 
hydr ide  reduct ion  of the  corresponding me thy l  esters, 
p - m e t h o x y m e t h y l  phenol  and 2-phenoxyethanol  indicated 
t h a t  the  na tura l  mater ia l  was f l - (p-hydroxyphenyl)e tha-  
nol. The base peaks of all 3 hyd roxypheny l  e thanol  iso- 
mers and the  p - m e t h o x y m e t h y l  phenol  were ident ical  
while t h a t  of 2 -phenoxyethanol  was m/e  94. The me thoxy-  
me thy l  phenol  elutes s ignif icant ly  earl ier  than  the  hydro-  
x y p h e n y l  e thanols  and the  isomers of the  l a t t e r  can be 
dis t inguished from bo th  thei r  i so thermal  gas chromato-  
grams and thei r  mass spectra.  Bo th  the  m and o isomers 
h a v e  s ignif icant ly  higher  m/e  77(35) and m/e  108(67,22). 
When  f l - (p-hydroxyphenyl)e thanol  was placed on the  
perch of a galago, the  animals  responded to it  in a way  

which was never  observed wi th  any  o ther  odorants  (in- 
cluding its isomers). The galago, s lowly and del iberately,  
placed its open m o u t h  over  the  t rea ted  spot. This  response 
appeared to place ei ther  the  inside of the  m o u t h  or the  
back  of the  tongue in con tac t  wi th  the perch, and thus  
cons t i tu ted  a h ighly  d is t inc t ive  type  of b i t ing  behavior .  
Discussion. Scent  mark ing  is impor t an t  in the  social bio- 
logy of m a n y  pr imates ,  and the  chest  gland of G. cras- 
s icaudatus  is f requent ly  ut i l ized as a mark ing  gland.  
Field observat ions  of G. senagalensis indicate  t h a t  galagos 
f requent ly  mark  the i r  terr i tor ies  6 and the  chest  gland 
secret ion m a y  possess an i m p o r t a n t  pheromona l  role for 
these animals.  However ,  we are unable to in te rpre t  the  
pa t icu la r  significance of the  oral presenta t ion  to sites 
marked  wi th  f l - (p-hydroxyphenyl)e thanol  and the  exac t  
funct ion  of this compound  remains to be de termined.  
Nevertheless ,  wi th  the  ident i f icat ion of this first  a romat ic  
compound  in the exocr ine secretion of a pr imate ,  i t  m a y  
be possible now to explore  scent  mark ing  in p r imates  in 
te rms  of defined chemical  releasers of behavior .  

( - ) - ( R ) - l - O - G e r a n y l g e r a n y l g l y c e r o l  f rom the b r o w n  alga Di lophus  fasciola  1 
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Summary. A novel  e ther  lipid, ( - ) - (R)- l -O-geranylgeranylg lycero l  (1), has been isolated f rom the  brown alga Dilophus 
faseiola and its s t ruc ture  p roved  by  spectroscopic methods  and chemical  degradat ion.  

A m o n g  the  b rown algae, members  of the  fami ly  Dic tyo-  
taceae  are a par t icu la r ly  r ich source of new na tura l  com- 
pounds2. Dur ing  the  course of our  search for novel  me- 
tabol i tes  of Medi te r ranean  macroalgae,  we have  now 
inves t iga ted  a fur ther  species, Di lophus fasciola (Roth) 
Howe,  belonging to the  same family.  
Material and methods. Chloroform ex t rac t ion  of the 
freeze-dried alga gave a green oil which was chromato-  
graphed on silica gel using increasing concent ra t ions  of 
e ther  in l ight  pe t ro leum as the  eluent.  Repea ted  chro- 
m a t o g r a p h y  of the  more p o l a r  f ract ions even tua l ly  re- 
sul ted in the isolat ion of ( - - ) - (R) - l -O-gerany lgerany lg ly-  
cerol (1) (0.15% yield, d ry  weight  of alga) as a colourless, 
viscous l iquid,  E~JI~ --2.1 ~ (c 1.5 in CHC13). 

H. OR ~ O R  

1 R f H  2 R = A c  

Results and discussion. Compound  1, Vmax (liquid film) 
3300 cm -1 (OH), had  molecular  formula  C~H4003 (high 
resolut ion mass spec t romet ry  m/e  364.2972; calculated 
for C~3H4003 364.2977). The  I R -  and UV-spec t ra  of 1 
indica ted  the  absence of carbonyl  and conjuga ted  sys tem 
in the  molecule.  On ace ty la t ion  wi th  acetic anhydr ide  in 
pyridine,  1 afforded the  d iace ta te  2 (M + m/e  448), oily, 
[~]D - -8 .4  ~ (c 1.5 in CHCIa), v,nax 1750 cm -1, which 
showed no h y d r o x y l  I R  absorpt ion.  Thus  2 of the oxygen  
funct ions  of I were assigned to 2 hydroxyls  (which mus t  
be vicinal ,  since 1 gives a pos i t ive  per iodate  test), the  
remain ing  oxygen  be iag  p robab ly  invo lved  in an ether  
l ink (~max 1150 cm-1). These results  and the  mass spec- 
t r u m  which indica ted  c leavage of the  molecular  ion wi th  

loss of 92 ainu (CzHsO3) suggested t h a t  1 mus t  be a C,0 
1-ether of glycerol.  Indeed,  the  P M R  spec t rum of 2 in 
CC14 conta ins  all the  required pro ton  signals3: a) singlets 
for 2 ace ty l  protons  a t  6 1.98 and 2.01, b) an A B X  sys tem 
(AB-part ,  4.20 d, JAB 14 Hz ;  X-par t ,  4.98 d, obscured by  
over lapping  wi th  the  signal of v inyl  protons) which could 
be assigned to the  -CH(OAc)CH2OAc group and c) a 
double t  a t  6 3.43 assigned to -CH~O-.  I r rad ia t ion  a t  
6 4.98 simplif ied the  AB-pa r t  in to  an AB sys tem and a t  
the  same t ime  collapsed the  double t  a t  6 3.43 to a singlet. 
The s t ruc ture  of the  addi t ional  C,0-moiety could be de- 
duced f rom the  remain ing  P M R  signals ~b 1.60 (9H, s, 
3 v inyl  Me's),  1.67 (6H, s, 2 v inyl  Me's), 2.03 (12H, m, 6 
>C=CHCH2-) ,  3.94 (2H, d, J 7 Hz, >C=CHCH~O-) ,  
5.10 (3H, b, >C=CHCH~-)  and 5.29 (1H, bt,  
> C=CHCH20-)] ,  which closely paral leled those repor ted  4 
for a l l - t rans-geranylgeraniol .  
A t  this  j unc tu re  it  became apparen t  t h a t  the  new com- 
pound  mus t  be represented by  the  formula  1, which is 
also suppor ted  by the  f r agmenta t ion  pa t t e rn  in the  MS 
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