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u n h y d r o u s  c o n d i t i o n s ,  n o v e l  m i g r a t i o n s  of a c e t o x y  g r o u p s  
were  o b s e r v e d .  

F o u r  t y p e s  of r e a r r a n g e m e n t s  c a n  n o w  be  d i s t i n -  
g u i s h e d  in  t h e  p - t o l u q u i n o l  a c e t a t e  ser ies :  

(1) A n  external addition of acetate anion t o  t h e  c a t i o n  
Vc  (ar i s ing  via V a  <--+ V b) b y  t h e  a c t i o n  of ace t i c  a n h y -  
d r ide  in a sul[uric acid-catalyzed THIELE reaction. T h e  
p r o d u c t  is ( s t a r t i n g  w i t h  V) d i a c e t y l  c resorc ino l  (XlII, 
l iqu id ,  y ie ld  a b o u t  70 %), h y d r o l y z e d  b y  b a s e  t o  c resor -  
cinol ,  m.  p, 106-107% i d e n t i f i e d  b y  ana lys i s ,  m i x e d  
m e l t i n g  p o i n t ,  a n d  I R - s p e c t r u m .  

(2) An  internal migration o] the ace/oxy group b y  t h e  
a c t i o n  of b o r o n  t r i f l uo r ide  in  e t h e r  i n v o l v i n g  a cycl ic  
c a r b o n i u m  i n t e r m e d i a t e  V d  r e m i n i s c e n t  of s i m i l a r  fn t e r -  
m e d i a t e s  in  r e p l a c e m e n t  r e a c t i o n s  in  w h i c h  c o m p l e x  
n e i g h b o r i n g  g r o u p s  p a r t i c i p a t e L  T h e  r e a c t i o n  p r o d u c t  
in  t h i s  case  is t h e  n e w  monoacetyl cresorcinol (XlI, yie ld  
70%) ,  m. p. 102-104  °, h y d r o l y z e d  to  c resorc inol .  

(3) H y d r o l y s i s  of t h e  p : q u i n o l  a c e t a t e  in  a q u e o u s  
acidic s o l u t i o n  fo l lowed b y  migration o] the atkyl group 
(Ve) l e a d i n g  to  t o l u h y d r o q u i n o n e  (vi i i )  or  to  h o m o -  
gen t i s i c  ac id  ( IX) .  

(4) H y d r o l y s i s  of t h e  p - q u i n o l  a c e t a t e  in  a q u e o u s  
alkaline m e d i u m  fol lowed b y  a benzilic acid type of rear- 
ra~;gement (VII a --> v i i  b) l e ad i ng  a g a i n  to  d e r i v a t i v e s  of 
h y d r o q u i n o n e  ( V I I I ,  I X ) .  

W h e n  t h e  o - q u i n o n e  or/ho-acetate (II) was d i s so lved  
in ace t i c  a n h y d r i d e  in  t h e  p r e s e n c e  of c a t a l y t i c  a m o u n t s  
of su l fu r i c  ac id  a t  r o o m  t e m p e r a t u r e  a n  e x o t h e r m i c  
THIELE r e a c t i o n  of  a n  u n u s u a l  k i n d  o c c u r r e d  y i e l d i n g t h e  
tri~cetyl pyrrogallol d e r i v a t i v e  I X ,  m.  p. 101.5.-102.5 °. 
One  of t h e  poss ib le  r o u t e s  in  th i s ,  as  we be l ieve ,  com-  
b i n e d  intra- a n d  intermolecular acetylation process is pic- 
t u r e d  in  t h e  h y p o t h e t i c a l  i n t e r m e d i a t e s  I Ia->IIe .  IV, 
on  ac id  hyd ro ly s i s ,  f u r n i s h e d  3 , 4 , 5 - t r i h y d r o x y t o l u e n e  
(m. p. 126=7 °) which ,  a f t e r  m e t h y l a t i o n  to  t h e  l iqu id  
3 , 4 , 5 - t r i m e t h o x y t o l u e n e ,  gave ,  o n  o x i d a t i o n  w i t h  po-  
t a s s i u m  p e r m a n g a n a t e  in  ace tone ,  t r i m e t h y l g a l l i c  ac id  
(m. p. 157 °) i d e n t i f i e d  b y  ana lys i s ,  m i x e d  m e l t i n g  p o i n t s  
a n d  i n f r a r e d  s p e c t r a .  

To summarize: p - q u i n o l  a c e t a t e s  c a n  r e a r r a n g e  t o  
h y d r o q u i n o n e  as wel l  as r e so rc ino l  d e r i v a t i v e s ,  o - q u i n o i d  
c o m p o u n d s  of t y p e  I I  t o  p y r r o g a l l o l  d e r i v a t i v e s ,  w h e r e b y  
no  c h a n g e  in t h e  s t a t e  of o x i d a t i o n  or  r e d u c t i o n  occurs .  
T h e  f o r m a t i o n  of t h e  o - q u i n o i d  c o m p o u n d  I I  f r o m  I w i t h  
lead t e t r a a c e t a t e  m a y  n o t  neces sa r i l y  go t h r o u g h  t h e  
ca t echo l  s t a t e  ~, a c o n s i d e r a t i o n  w h i c h  is s i g n i f i c a n t  for  
e n z y m a t i c  r e a c t i o n s  of a s i m i l a r  k ind ,  s u c h  as t h e  t r a n s -  
f o r m a t i o n  of 3 - h y d r o x y a n t h r a n i l i c  ac id  to  n iac in .  T h e r e  
3 , 4 - d i h y d r o x y a n t h r a n i l i c  acid,  c o n t r a r y  t o  p r e v i o u s  
c l a ims  3 is not t h e  i n t e r m e d i a t O ,  b u t  r a t h e r  t h e  o -qu i -  
n o i d  c o m p o u n d  (or a n  o p e n  a n a l o g %  

T h e  q u i n o l s  d e r i v e d  f r o m  p-creso l  a n d  h y d r o x y p h e n y l -  
a c e t a t e  were  n o t  m e t a b o l i z e d  b y  t h e  e n z y m e  p r e p a r a t i o n  
f rom r a t  l iver  6 as Dr .  LA D u  ~ f o u n d  out .  W e  c o m m e n t  on  
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t h e  n e g a t i v e  r e s u l t  of s u c h  a t e s t  i n  t h e  s a m e  w a y  as  
FROMHERZ a n d  HERMANNS 1 d id  f o r t y  yea r s  ago.  O u r  
r e su l t s  on  t h e  p r e p a r a t i o n  a n d  r e a r r a n g e m e n t  of qu ino l s  
w i t h  v a r y i n g  side c h a i n s  d e r i v e d  f rom p h e n o l s  I [Rx = 
QH.,COCHa; C H 2 - C H ( N H A c ) C O O R ,  etc .]  will  be  re- 
p o r t e d  e l sewhere .  T h a t  s u i t a b l e  n e g a t i v e  cen t e r s  of s ide 
cha ins ,  s u c h  as e t h a n a m i n e ,  are  c a p a b l e  of a d d i n g  in-  
t e r n a l l y  to  t h e  o - q u i n o i d  a n d  p - q u i n o i d  s y s t e m s  I I  a n d  
V is k n o w n  f r o m  p r e v i o u s  w o r k  a n d  c o n s i d e r a t i o n s  2. 
T h e  loss  of  w a t e r  f r o m  a n  i n t e r m e d i a t e  s u c h  as X w o u l d  
l e ad  t o  a s y s t e m  X I  p r e s e n t  in  f l - e r y t h r o i d i n e  3 and ,  
p r e s u m a b l y  in  a s l i g h t l y  m o d i f i e d  form,  a lso i n  glio-  
t o x i n  4. Model  e x p e r i m e n t s  in  t h i s  d i r e c t i o n  are  in  pro-  
gress.  
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Zusammen/assung 

D e r  D u a t i s m u s  de r  o- u n d  p - H y d r o x y l i e r u n g ,  de r  b e i m  
T y r o s i n  in vivo b e o b a c h t e t  wird ,  1Asst s i ch  in vitro m i t  
B l e i t e t r a a z e t a t  n a c h  WESSELY a n  g e e i g n e t e n  p - s u b s t i -  
t u i e r t e n  P h e n o l e n ,  wie z u m  Beispie l  p - O x y p h e n y l e s s i g -  
s / iurees ter ,  d e m o n s t r l e r e n .  Die o- u n d  p - A z e t o x y l i e r u n g  
f i ih r t  zu A z e t a t e n  o- u n d  p - c h i n o i d e r  V e r b i n d u n g e n ,  die 
e ine  Ffi l le n e u a r t i g e r  s t tu ren-  u n d  b a s e n k a t a l y s i e r t e r  
intra- u n d  intermolekularer U m l a g e r u n g e n  zu D e r i v a t e n  
des  Resorz ins ,  H y d r o c h i n o n s  u n d  P y r r o g a l l o l s  zeigen.  
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T h e  P r e s e n c e  o f  5 - H y d r o x y t r y p t a m i n e  
in  t h e  V e n o m  of  Bufo marinas 

S e r o t o n i n ,  t h e  v a s o c o n s t r i c t o r  s u b s t a n c e  in  m a m -  
m a l i a n  s e r u m ,  h a s  r e c e n t l y  b e e n  i d e n t i f i e d  b y  RAPPORT, 
GREEN, a n d  PAGE I as  5 - h y d r o x y t r y p t a m i n e .  RAND a n d  
REID 2 h a v e  also s h o w n  t h a t  t h r o m b o c y t i n ,  t h e  h e m o -  
s t a t i c  a g e n t  in  p l a t e l e t s ,  is p r o b a b l y  5 - h y d r o x y t r y p t a -  
m i n e .  ERSPAMER a n d  OTTOL~NGHI 3 f o u n d  t h a t  e n t e r -  
a m i n e ,  w h i c h  se rves  as a local  h o r m o n e  in t h e  gu t ,  is 
a p p a r e n t l y  5 - h y d r o x y t r y p t a m i n e .  T h e y  h a v e  also f o u n d  
t h i s  s u b s t a n c e  in  m a n y  i n v e r t e b r a t e  sources .  

JENSEN a n d  CHEN 4 a n d  ~VIELAND 5, in  1934, e s t a b -  
l i shed  t h a t  v a r i o u s  N - m e t h y l  d e r i v a t i v e s  of 5 - h y d r o x y -  
t r y p t a m i n e  w h i c h  h a v e  c o n s i d e r a b l e  p re s so r  a c t i v i t y  
were  p r e s e n t  in  la rge  a m o u n t  in  t o a d  v e n o m .  5 - H y d r o x y -  
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t r y p t a m i n e  was  n o t  r e p o r t e d  b y  t h e s e  a u t h o r s ,  b u t  one  
wou ld  e x p e c t  i t  t o  b e  a p r e c u r s o r  of  t h e  N - m e t h y l a t e d  
d e r i v a t i v e s .  I s o t o p i c  a n d  c h r o m a t o g r a p h i c  t e c h n i q u e s  
h a v e  m £ d e  i t  poss ib le  t o  d e m o n s t r a t e  t h e  p r e s e n c e  of 
5 - h y d r o x y t r y p t a m i n e  to  t h e  e x t e n t  of a b o u t  0-1 p e r  c e~ t  
of t h e  d r y  w e i g h t  of Bufo marinus v e n o m .  

A p p r o x i m a t e l y  2 g of d r i ed  v e n o m  o b t a i n e d  f r o m  6 
t o a d s  I were  g r o u n d  in  a P o t t e r  g lass  h o m o g e n i z e r  w i t h  
a t o t a l  of  400 m l  of  0.02 N HC1 in  75 p e r  c e n t  e t h a n o l .  
T h e  e x t r a c t  was  e v a p o r a t e d  in vacuo a t  45 ° t o  a b o u t  
80 m l  a n d  p o u r e d  whi l e  s t i l l  w a r m  i n t o  350 m l  of  0.01 
N HC1. A f t e r  s t a n d i n g  s e ve r a l  h o u r s  to  p e r m i t  c o m p l e t e  
p r e c i p i t a t i o n ,  t h e  sol ids  were  r e m o v e d  b y  c e n t r i f u g a t i o n  
a n d  w a s h e d  w i t h  30 -40  m l  of 0-01 N HC1. T h e  c o m b i n e d  
ac id  s o l u t i o n  a n d  w a s h i n g s  were  e x t r a c t e d  t w i c e  w i t h  
e q u a l  v o l u m e s  of n - b u t a n o l  a n d  t h e  b u t a n o l  d i s c a r d e d .  

MIXED 
CHROMATOGRAM 

I '3 '  

=0 .53  
Chromatogram of a mixture of S3S-labeled pipsyl derivative obtained 
from Bu/o marinus venom and the I131-1abeled pipsyl derivative of 

an authentic sample of 5-hydroxytryptamine. 

A f t e r  coo l ing  t o  10-15  °, t h e  a q u e o u s  p h a s e  w as  a d j u s t e d  
w i t h  d i lu t e  N a O H  to  p H  10 a n d  e x t r a c t e d  t h r e e  t i m e s  
w i t h  e q u a l  v o l u m e s  of n - b u t a n o l .  To t h e  c o m b i n e d  b u t a -  
no l  e x t r a c t s  ( a b o u t  1 1) was  a d d e d  1 1 of h e p t a n e .  W a t e r  
f r o m  t h e  b u t a n o l  l a y e r  s e p a r a t e d  o u t  a t  t h i s  s tep .  T h r e e  
mi l l i l i t e r s  of 6 N HC1 were  a d d e d  a n d  t h e  m i x t u r e  s h a k e n  
in  a s e p a r a t o r y  funne l .  T h e  ac id  l a y e r  was  w i t h d r a w n  
a n d  t h e  o r g a n i c  p h a s e  was  r e - e x t r a c t e d  w i t h  60 m l  of 
w a t e r .  T h e  c o m b i n e d  a q u e o u s  e x t r a c t s  were  e v a p o r a t e d ,  
u n d e r  n i t r o g e n ,  to  a p p r o x i m a t e l y  10 ml,  w a s h e d  w i t h  a n  
e q u a l  v o l u m e  of n - b u t a n o l ,  a n d  f u r t h e r  e v a p o r a t e d  to  
a p p r o x i m a t e l y  1 ml.  T h e  e n t i r e  so lu t i on  was  d e p o s i t e d  
(as a l ine) across  t h e  t ops  of  2 s h e e t s  of  WHATMAN NO. 3 
f i l t e r  p a p e r ,  a n d  one  d i m e n s i o n a l  c h r o m a t o g r a m s  were  
d e v e l o p e d  u s i n g  a m i x t u r e  of b u t a n o l ,  p r o p i o n i c  acid ,  a n d  
w a t e r  in  t h e  p r o p o r t i o n s  5 : 2: 3. T h e  b a n d  of  5 - h y d r o x y -  
t r y p t a m i n e  (R!  a b o u t  0.25) was  l o c a t e d  b y  m e a n s  of i t s  
c h a r a c t e r i s t i c  p i n k  f luorescence  in  u l t r a v i o l e t  l igh t .  T h i s  
f l u o r e s c e n t  b a n d  was  c u t  f r o m  each  s h e e t  a n d  e l u t e d  
w i t h  0.1 N HC1. T h e  e l u a t e  was  a d j u s t e d  to  a p H  of 8.95 
a n d  a v o l u m e  of  8 m l  a n d  s u b j e c t e d  to  24 t r a n s f e r  c o u n -  
t e r - c u r r e n t  d i s t r i b u t i o n  s b e t w e e n  n - b u t a n o l  a n d  0-1 M 
b o r a t e  buf fe r ,  p H  8-95. I n  t h i s  s y s t e m ,  p u r e  5 - h y d r o x y -  
t r y p t a m i n e  h a s  a p a r t i t i o n  r a t i o  of a b o u t  1. T u b e s  8 to  
16 w h i c h  c o n t a i n e d  t h e  b u l k  of m a t e r i a l  posses s ing  spec-  
t r a l  c h a r a c t e r i s t i c s  s im i l a r  to  5 - h y d r o x y t r y p t a m i n e  were  
poo led  a n d  c o n c e n t r a t e d  to  a b o u t  2 ml.  A ha l f  m i l l i l i t e r  
p o r t i o n  c o n t a i n i n g  a b o u t  1 0 0 / , g  of  a p p a r e n t  5 - h y d r o x y -  
t r y p t a m i n e  was  t r e a t e d  w i t h  S s5 l a b e l e d  p - i o d o p h e n y l -  
su l fony ]ch lo r ide  (p ipsy l  ch lor ide)  t o  y ie ld  t h e  cor res -  
p o n d i n g  d e r i v a t i v e .  A n  a u t h e n t i c  s a m p l e  of 5 - h y d r o x y -  
t r y p t a m i n e  3 was  t r e a t e d  w i t h  1131 l abe l ed  p ipsy l  chlo-  

1 We wish to thank Dr. C. BERlCARp LEWIS of the Institute of 
Jamaica for supplying the specimens of Bu]o marinus. 
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generously supplied by the Abbott Laboratories, North Chicago, 
Illinois, U.S.A. 

r ide  f o r m i n g  t h e  c o r r e s p o n d i n g  113x l abe l ed  d e r i v a t i v e .  
T h e  S ~5 l a b e l e d  m a t e r i a l  o b t a i n e d  f r o m  t h e  t o a d  v e n o m  
a n d  t h e  1131 l abe l ed  d e r i v a t i v e  of p u r e  5 - h y d r o x y t r y p -  
t a m i n e  e x h i b i t e d  i d e n t i c a l  R I v a l u e s  on  p a p e r  c h r o m a t o -  
g r a m s  a n d  a m i x t u r e  of t h e  t w o  y i e lded  a s ingle  spo tL  
H o m o g e n e i t y  was  f u r t h e r  e s t a b l i s h e d  b y  d e m o n s t r a t i n g  
t h a t  IX3~/S~ r a t i o s  in  c o n s e c u t i v e  t r a n s v e r s e  s e g m e n t s  
of t h e  s p o t  on  t h e  m i x e d  c h r o m a t o g r a m  were  c o n s t a n t  
t h r o u g h o u t  (see F igure )  3 

T h e  f i n d i n g  of  5 - h y d r o x y t r y p t a m i n e  in  t h e  t o a d  in-  
c reases  t h e  n u m b e r  of  a n i m a l  species  in  w h i c h  t h i s  ma-  
t e r i a l  h a s  n o w  b e e n  f o u n d  a n d  f u r t h e r  sugges t s  i t s  
gene ra l  phys io log i ca l  i m p o r t a n c e .  I t s  p r e sence  in the  
t o a d  g l a n d  in  r e l a t i v e l y  la rge  a m o u n t s  s h o u l d  m a k e  the  
t o a d  a use fu l  e x p e r i m e n t a l  a n i m a l  in  w h i c h  to  s t u d y  i ts  
b i o s y n t h e s i s .  T h e  p r e sence  of t h e  m e t h y l a t e d  d e r i v a t i v e s  
s u g g e s t s  t h a t  m e t h y l a t i o n  m a y  be  a p a t h w a y  for  m e t a b o -  
l i sm of  5 - h y d r o x y t r y p t a m i n e  in  o t h e r  an ima l s .  U n t i l  
now,  t h e  m e t h y l a t e d  d e r i v a t i v e s  of  5 - h y d r o x y t r y p t a m i n e  
h a v e  b e e n  c o n s i d e r e d  p e c u l i a r  to  t h e  t o a d ;  t h e y  m a y  
p r o v e  t o  be  of m o r e  w i d e s p r e a d  phys io log ica l  i m p o r t a n c e .  

S. UDENFRIEND, C. T.  CLARK, a n d  E.  T iTus  

Section on Chemical Pharmacology, National Heart 
Institute, National Institutes o[ Health, Public Health 
Service, Federal Security Agency, Bethesda, Maryland, 
J u l y  5, 1952, 

Zusammen]assung 

5 - H y d r o x y t r y p t a m i n  ( S e r o t o n i n ,  E n t e r a m i n ,  T h r o m -  
b o c y t i n ) ,  d a s  in  n e u e r e r  Ze i t  a u s  B l u t  o d e r  G e w e b e  v'er- 
s c h i e d e n e r  T ie re  i so l i e r t  w u r d e ,  k o n n t e  n u n  a u c h  u n t e r  
V e r w e n d u n g  y o n  I s o t o p e n t e c h n i k  u n d  P a p i e r c h r o m a t o -  
g r a p h i e  als  u n m e t h y l i e r t e r  Vor l i iu fe r  de r  s c h o n  b e k a n n -  
t e n  K r C t e n b a s e n  i m  G i f t e x t r a k t  yon  Bu[o marinus im 
A u s m a s s e  y o n  0 ,1% (bezogen  au f  t r o c k e n e n  G i f t e x t r a k t )  
n a c h g e w i e s e n  w e r d e n .  

t The radioactive tryptamine derivatives were located on the 
chromatograms by radioautography. 

2 The radioactivity of the samples, which were essentially weight- 
less, was measured with a 1-8 mg/cm 2 mica window G, M. counter. 
The amounts of 1131 and S 35 in each sample were determined by 
measurement of radioactivity with and without an aluminum ab- 
sorber as described by A. S. KESTOS, S. UDENFRIEND and M. LEVY, 
J. Amer. Chem. Soc. 72, 748 (1950) and S. UDENFRIE~D, J. Biol. 
Chem. 187, 65 (1950). 

Further  E x p e r i m e n t s  on  the  F i x a t i o n  in vitro of 
R a d i o c a l c i u m  to  S e c t i o n s  of  B o n e  

H i s t o r a d i o g r a p h y  of g r o u n d  sec t ions  of t o t a l  bone  
s h o w s  t h a t  m i n e r a l s  a re  u n e v e n l y  d i s t r i b u t e d  in  the  
s t r u c t u r e s  of s e c o n d  o r d e r  of b o n e  c o m p a c t a  a n d  spon-  
giosa,  viz.  t h e  Ca c o n t e n t  is lower  in  b o n e  t i s sue  of re- 
c e n t  f o r m a t i o n  1. N'o c h a n g e s  of t h e  degree  of t h e  X - r a y  
a b s o r p t i o n  in  r e c e n t l y  l a id  d o w n  a n d  o ld  s t r u c t u r e s  oc- 
c u r  w h e n  o r g a n i c  c o m p o n e n t s  of  b o n e  a re  r e m o v e d  by  
m i c r o i n c i n e r a t i o n  (a t  700°C for  3 h)  2 or  b y  t r e a t m e n t  
w i t h  g l y c o l / K  h y d r o x i d e  (GABRIEL'S m e t h o d ) .  

T h e  i n v e s t i g a t i o n  h a s  b e e n  f u r t h e r  e x t e n d e d  a n d  the  
n e w  d a t a  c an  be  s u m m a r i z e d  as fo l lows:  

(1) G r o u n d  sec t ions  of t o t a l  b o n e  (40 to  50 /z in 
t h i c k n e s s )  deca lc i f i ed  f rom 18 t o  24 h in h i g h l y  d i lu ted  

x A. ENGSTRGM and R. AMPRINO, Exper. 6, 276 (1950); R. 
AMPRINO and A. ENGSTRGM, Acta Anat. 15, 1 (1952). 

2 R. AMPRINO, Z. Zellforsch. 37, 144 (1952). 


