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wi th  t hese  obse rva t i ons ,  it  has  been  found  t h a t  iproni-  
azid inh ib i t s  t h e  r e sponse  of t he  ca t  n i c t i t a t i n g  m e m b r a n e  
to  ep inephr ine .  
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Zusammen /as sung  

1- I son i co t i ny l -2 - i sop ropy lhyd raz in  (Iproniazid} blok-  
k ier t  revers ibe l  den Angr i f f so r t  des Adrena l i n s  im Fu rch -  
g o t t s c h e n  ]?rAparat der  K a n i n c h e n a o r t a .  Die W i r k u n g  
wird  der  s t r u k t u r c h e m i s c h e n  ~,hrll ichkeit  zwischen 
Adrena l in  u n d  Ip ron i az id  zugeschr ieben .  

GREENBERG has  o b t a i n e d  s imi la r  resu l t s  as m e n t i o n e d  
a b o v O .  

We have  s tud ied  t h e  i n c o r p o r a t i o n  of aden ine-8-C la 
in to  r a t  a pur ines  u n d e r  c o n d i t i o n s  a l mo s t  iden t ica l  wi th  
those  used by  BROWN et al. 3 for a d e n i n e - l ,  3-N 15. The 
much  lower i nco rpo ra t ion  of & l a b e l e d  a d e n i n e  (Table) 
m a y  be ev idence  for r ing o p e n i n g  in t he  i n c o r p o r a t i o n  
of exogenous  pur ines .  These  conc lus ions  are  no t  in agree-  
m e n t  w i th  those  in t he  s t u d y  b y  MARRIAN et al. 4 based  
on d o u b l y  labeled adenine .  The  r e p o r t s  b y  SCHULMAN 
and  BUCHANAN s and  by  GREENBERG 6 t h a t  t he  2 -ca rbon  
seems  to  be more  labile t h a n  t h e  8 -ca rbon  sugges t  
t h a t  e x p e r i m e n t s  on feeding of 2,4-C 14 a n d  4,8-C 1* 
labeled  aden ine  migh t  give def in i t ive  i n f o r m a t i o n  on 
the  lab i l i ty  of the  2- and  8-carbons  of e x o g e n o u s  a d e n i n e  
in t he  ra t .  

Util ization of Exogenous  Adenine by the Rat 

W e  h a v e  p rev ious ly  specu l a t ed  on t h e  poss ib i l i ty  of a 
c o m p l e x  p a t h  for t h e  i n co rpo ra t i on  of e x o g e n o u s  pu r ines  
a n d  for biological  i n t e r conve r s ions  a m o n g  the  p u r i n e s h  
GREENBERG 2 has  m a d e  the  in t e r e s t i ng  o b s e r v a t i o n  t h a t  
in p igeon  l iver  t he  pu r ine  r ing of h y p o x a n t h i n e  m a y  be 
c o m p l e t e d  a f t e r  i n t r o d u c t i o n  of t h e  r ibose  a n d  phos -  
p h a t e  res idues .  O t h e r  i nves t i ga to r s  have  since p r e s e n t e d  
ev idence  wh ich  sugges ts  t h e  h y p o t h e s i s  t h a t  r ing- 
o p e n e d  i n t e r m e d i a t e s ,  a t  t he  r ibos ide  or r ibo t ide  level 
are  i n v o l v e d  in pu r ine  i n t e r conve r s ions  a n d  syn thes i s .  

T h u s  FLAVIN a n d  ]~NGELMAN 3 h a v e  n o t e d  a d i sc rep-  
a n c y  b e t w e e n  specif ic  ac t iv i t i e s  of a d m i n i s t e r e d  guan ine -  
C H a n d  nucle ic  acid  g u an ine  i so la ted  f r o m  Tetrahymena 
gelii. The  poss ib i l i ty  of e x c h a n g e  of t he  8 -ca rbon  was  
ru led  ou t  by  these  a u t h o r s  based  on the  n u t r i t i o n a l  
i ne r tnes s  of 2 , 4 - d i a m i n o - 5 - f o r m y l a m i n o - 6 - h y d r o x y p y -  
r imid ine  a n d  4 - fo rmamido -5 - imidazo l e  c a r b o x a m i d e .  
H o w e v e r ,  n o t h i n g  is said of t he  poss ib i l i ty  of r ibos ides  
or r ibo t ides  of t hese  c o m p o u n d s  being invo lved .  In  th is  
c o n n e c t i o n  BEN ISHAI et al. 4 h a v e  s h o w n  t h a t  t he  ri- 
boside  of  4 -amino-5- imidazo le  c a r b o x a m i d e  is e f fec t ive  
in p r o m o t i n g  t h e  g r o w t h  of an Escherichia coli m u t a n t .  
F u r t h e r ,  t h e r e  is ev idence  t h a t  4 - fo rmamido in l idazo le -  
5 - c a r b o x a m i d e  is u t i l ized  by  m u t a n t s  of E.  coli ~, a n d  
t h a t  the  free amine  is u t i l ized by  yeas t  ~, Lactobacillus ara- 
binosus ~, p igeon  l iver  h o m o g e n a t e s  s, a m u t a n t  of 
O p h i s t i o m a  ~, a n d  by  the  i n t ac t  ra t  1°, F ina l ly  BUCHANAN 
et al. have  found  t h a t  i n c u b a t i o n  of r ad ioac t ive  4-amino-  
i m i d a z o l e - 5 - c a r b o x a m i d e  wi th  inosinic  acid  and  h y p o -  
x a n t h i n e  r e su l t ed  in four  to  five t i m e s  more  ac t i v i t y  in 
the  inosinic  acid  t h a n  in t he  h y p o x a n t h i n e ,  showing  t h a t  
t he  e l e m e n t s  of r ibose  a n d  p h o s p h a t e  are  a d d e d  to  t h e  
c a r b o x a m i d e  pr ior  t o  r ing  closure w i th  ' a c t i ve '  f o r m a t O  ~. 
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Table.-Feeding of Adenine-S-C ta (30 mg per kilo per day) 

Fraction 

Dietary Adenine-8-C ta 
Allantoin 
Urea 
Purine Hydrochiorides 

Atom percent 
Excess C-13 

6"67 
0"035 
0.216 
0"035 

Atom % C-13 calculat. 
ed on basis of 100% 
C-13 in Adenine fed 

100.0 
0.525 
3.24 
0.525 

Feeding of Adenine-1,3-N x5 ('27 mg per kilo per day) ~* 

Atom percent Atom % N-15 eatculat- 
Fraction Excess N-15 ed on basis of 100% 

N-15 in Adenine fed 

Dietary Adenine-l,2-N 15 6.29 100.0 
Allantoin 0.348 5-53 
Urea 0.003 0.05 
Purine Hydrochlorides 0.23 3.65 

75 mg  of adenine-8-C ~8 was inco rpo ra t ed  in to  150 g of 
r a t  feed biscui ts ,  the  aden ine  hav ing  been  f i rs t  d i l u t e d  
w i t h  some  glucose.  F ive  adu l t  male ra t s  ( S h e r m a n  s t ra in)  
to t a l l ing  750 g were  fed the  above  d ie t  a t  t h e  r a t e  of  
10 g per  r a t  pe r  d a y  for th ree  days.  On t h e  m o r n i n g  of 
t he  f o u r t h  day  the  ra t s  were fed un labe led  d ie t  a n d  t h e n  
sacr i f iced in t he  a f te rnoon .  The d ie t  h a d  been  f o r m e d  
into  wafers  and  dr ied  to  min imize  loss d u r i n g  feeding.  
The  o rgans  were r e m o v e d  and  frozen in d ry  ice m e t h a n o l  
so lu t ion .  The  c o m b i n e d  frozen organs  were h o m o g e n i z e d  
th ree  t i m e s  wi th  e thano l  and  once w i t h  d r y  e the r ,  
f i l ter ing each t ime.  The pale p ink  p o w d e r  was  s t i r r ed  
once wi th  ho t  e thano l  and  f i l tered,  a n d  th is  s t e p  was  re- 
p e a t e d  wi th  d ry  e ther .  The d r y  p o w d e r  a m o u n t e d  to  18 g. 

17 g of dry ,  powdered  organs  were  e x t r a c t e d  wi th  
10 % s o d i u m  chlor ide solut ion a n d  the  free nuc le ic  ac ids  
were  o b t a i n e d  by  the  m e t h o d  of PLENTL a n d  SCHOEN- 
HEIMERL The pur ine  hyd roch lo r ide s  were  o b t a i n e d  b y  
t he ,u sua l  p roceduresL  
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A l l a n t o i n  was  i so l a t ed  as t h e  m e r c u r i c  sa I t  ~, a n d  u r e a  
was  i so l a t ed  as t h e  d i x a n t h y d r o l  2. 

T h e  m a s s  s p e c t r o m e t e r  r e su l t s  a re  g i v e n  in t h e  T a b l e  
for  ou r  e x p e r i m e n t  a n d  t h a t  of BROWN etal. x. 

I t  wil l  be seen  t h a t  f r o m  a c o m p a r i s o n  of ou r  d a t a  
w i t h  t h o s e  of t h e  N-15 e x p e r i m e n t  t h e r e  is m a r k e d l y  
less i n c o r p o r a t i o n  of t h e  8 - ca rbon  t h a n  ot t h e  1, 3 -n i t ro -  
gens  of  d i e t a r y  a d e n i n e  i n t o  nuc le ic  ac id  p u r i n e s .  W e  
t h u s  f i nd  s u p p o r t  for  ou r  ea r l i e r  h y p o t h e s i s  r e g a r d i n g  
t h e  c o m p l e x  p a t h ,  i n v o l v i n g  r i n g  o p e n i n g ,  fo l lowed in  
t h e  i n c o r p o r a t i o n  of e x o g e n o u s  pu r ine s .  

The author is indebted to Sir CtIARLES HARINGTON for his gener- 
ous gift of isotopically labeled forufic acid, to Prof. A. HADDOW for 
providing animal facilities, and to Dr. R. BENTLEY for mass Spectro- 
meter measurenlents. This work was done during the tenure of a 
British-American exchange fellowship of the American Cancer 
Society and the British Empire Cancer Campaign. 

~,[. GORDON a 

Imperial College o[ Science and Technology, London, 
January 20, 1955. 

Zusammen[assung 

Der  E i n b a u  y o n  ora l  a n  R o t t e n  v e r a b r e i c h t e m  A d e n i n -  
8-C xS in den  P u r i n a n t e i l  d e r  N u k l e i n s ~ u r e n  w u r d e  m i t  
d e n  in  d e r  L i t e r a t u r  f t i r  die A u f n a h m e  y o n  A d e n i n -  
1, 3-N 15 b e s c h r i e b e n e n  ~Ver ten  ve r g t i chen .  Die  w e s e n t -  
l ich ge r inge re  A u f n a h m e  yon  A d e n i n - 8 - C  la l~isst d a r a u f  
schl iessen,  dass  de r  E i n b a u  y o n  e x o g e n e n  P u r i n e n  u n t e r  
R i n g 6 f f n u n g  erfolgt .  

1 G. B. BROWN, P. M. ROLL, A. A. PLENTL, and L. F, CAVALIERI, 
J. Biol. Chem. 172, 469 (1953). 

2 0 .  FossE, Ann. Chem. 6, 13 (1916). 
8 Present address: Squibb Institute for Medical Research, New 

Brunswick, New Jersey. 

~ 3 b e r  ein carcinostatisch wirksames  
Hydrochinonderivat 

Vor  k u r z e m  h a b e n  DOIvIAGK, PI~TERSEN u n d  GAUSS in 
de r  Z e i t s c h r i f t  ffir K r e b s f o r s c h u n g  f iber  2 ,5 -Bis - i i thy len-  
i m i n o - b e n z o c h i n o n  (I) b e r i c h t e t L  Die  V e r b i n d u n g  w i r k t  
n a c h  d iesen  A u t o r e n  au f  dos  ~ r a c h s t u m  des au f  1Rotten 
i n t r a m u s k u l / i r  i r n p l a n t i e r t e n  Y o s h i d a - S a r k o m s  (Asci tes-  
F o r m )  h e m m e n d .  

V/ i r  b a t t e n  diese S u b s t a n z  s c h o n  1 ~ J a h r e  v o r  de r  
D o m a g k s c h e n  P u b t i k a t i o n  h e r g e s t e l l t  u n d  w a r e n  zu 
j e n e m  Z e i t p u n k t  be r e i t s  e i n e n  S c h r i t t  w e l t e r  ge l ang t ,  
h a t t e  s i ch  d o c h  n a c h  U n t e r s u c h u n g e n  y o n  LOUSTALOT, 
SCHXR u n d  MEIER ~ in u n s e r e n  b io log i schen  L a b o r a t o r i e n  
h e r a u s g e s t e l l t ,  dass  dos  r o t  gefXrbte  B i s - / i t h y l e n i m i n o -  
b e n z o c h i n o n  be i  p e r o r a l e r  G a b e  S dos  W a c h s t u m  y o n  
f i b e r i m p f b a r e n  M~use-  u n d  t ~ a t t e n t u m o r e n  w e n i g  
h e m m t e .  D e m g e g e n i i b e r  e rwies  s ich  a n  e i n e m  b r e i t e n  
S p e k t r u m  y o n  s i e b e n  f i b e r i m p f b a r e n  T u m o r e n ,  ebenfa l l s  
be i  p e r o r a l e r  A p p l i k a t i o n ,  e in  u r s p r t i n g l i e h  als  N e b e n -  
p r o d u k t  g e w o n n e n e s ,  f a rb loses  H y d r o c h i n o n d e r i v a ~  be i  
e n t s p r e c h e n d e r  D o s i e r u n g  y o n  a u s s e r g e w 6 h n l i c h e r  W i r k -  
s a m k e i t  2. 

V e r a n l a s s t  d u r c h  die e i n g a n g s  e r w ~ h n t e  P u b l i k a t i o n  
sei d a h e r  t iber  d iese  S u b s t a n z g r u p p e  s c h o n  j e t z t  be-  
r i c h t e t .  

1 G. DOMAGK, S. PETERSEN und W. GAuss, Z. Krebsforschung 
a9, 617 (1954). 

2 p. LOUSTALOT, 13. SCHXR und R. MEIER, vgl. die nachfolgende 
Arbeit, Exper. 11~ 186 (1955). 

s Die Verbindung ist in Wasser schwer 16slich. 

Das  n u n  v o n  DOMAGK b e s c h r i e b e n e  2, 5 -B i s -~ thy l en -  
i m i n o - b e n z o e h i n o n  (I) w i r d  in  b e s o n d e r s  g u t e r  A u s b e u t e  
b e i d e r  E i n w i r k u n g  y o n  zwei  Mol ~ t h y l e n i m i n  a u i  dre i  
Mol B e n z o c h i n o n  e r h a l t e n .  

A n d e r s  v e r l ~ u f t  die R e a k t i o n ,  w e n n  au f  e in  ode r  
m e h r  Mole ~ t h y l e n i m i n  n u r  e in  Mol B e n z o c h i n o n  ver -  
w e n d e t  wird.  A n f a n g s  b i l d e t  s ich  d a b e i  n u r  das  Ch inon -  
d e r i v a t  I .  I m  L a u f e  m e h r e r e r  S t u n d e n  e n t s t e h t  j e d o c h  
e in  h e t l r 6 t l i c h e s  K r i s t a l l g e m i s e h ,  in  w e l c h e m  m a n  u n t e r  
d e m  M i k r o s k o p  die o r a n g e n  !Rhomboede r  des  C h i n o n s ,  
n e b s t  weiss l ichen ,  m i k r o k r i s t a l l i n e n  K o n g l o m e r a t e n  e r -  
k e n n t .  Diese  s e h m e l z e n  n i c h t  bis  310 ° u n d  s ind  un-  
15slich in W a s s e r  u n d  a l l en  o r g a n i s c h e n  L O s u n g s m i t t e l n .  
I h r e  A n a l y s e  s t i m m t  au f  2 , 5 - B i s - ~ t h y l e n i m i n o - h y d r o -  
c h i n o n  (II) .  

Die  n e u e  V e r b i n d u n g  I I  i s t  in  2-n. N a t r o n l a u g e  16slich, 
u n d  w i r d  y o n  t ibe rschf i s s igem B e n z o c h i n o n  be i  80 ° g l a t t  
z u m  B i s - / i t h y l e n i m i n o - b e n z o c h i n o n  (I) o x y d i e r t .  U m -  
g e k e h r t  1/isst sie s ich aus  d e m  C h i n o n  I d u r c h  H y d r i e -  
r u n g  g e w i n n e n .  

W e i t e r e  U n t e r s u e h u n g e n  l e g t e n  j e d o c h  die V e r m u t u n g  
nahe ,  dass  das  2, 5 - B i s ~ t h y l e n i m i n o - h y d r o c h i n o n  n i c h t  
als solches,  s o n d e r n  als  inneres Salz I I I  vor l ieg t .  Diese  
A n n a h m e  wi rd  d u r c h  da s  I R . - S p e k t r u m  b e s t ~ t i g t :  e ine  
C ~  O- ode r  e ine  O t t - B a n d e  f e h l t  v611ig, da f i i r  t r e t e n  be i  
3,67 u n d  3 ,88 /~  A b s o r p t i o n e n  auf ,  die a u f  L a d u n g s v e r -  
s c h i e b u n g e n  h i n d e u t e n .  V e r m u t l i c h  i s t  a b e r  dieses  
i n n e r e  Salz  I I I  n i c h t  m o n o m e r  (x = 1), s o n d e r n  b i l d e t  
e ine A r t  I o n e n g i t t e r ,  in  d e m  zwei  ode r  m e h r e r e  H y d r o -  
c h i n o n k e r n e  i n t e r m o l e k u l a r  ih re  P r o t o n e n  a u s g e t a u s c h t  
h a b e n ,  so dass  de r  S a u e r s t o f f  de r  e i n e n  Moleke l  d e m  
S t i c k s t o f f  e ine r  z w e i t e n  gegenf ibe r  l i eg t  u n d  so for t .  I n  
de r  F o r m e l  I I I  k 6 n n t e  x d a h e r  e i n e n  h o h e n  \ V e r t  h a b e n .  

Dos A u f t r e t e n  e ines  s o l c h e n  H y d r o c h i n o n s  in de r  
F o r m  eines  i n n e r e n  Salzes u n d  se ine  T u m o r w i r k s a m -  
ke i t  w a r e n  so b e m e r k e n s w e r t ,  dass  e ine we i t e r e  che-  
mi sche  B e a r b e i t u n g  angeze ig t  sch ien .  

Z u n / i c h s t  w a r  es m6gl ich ,  die R e a k t i o n  so zu le i ten ,  
dass  n u t  das  H y d r o c h i n o n  I I I ,  n i c h t  a b e r  B i s -Athy len -  
i m i n o - b e n z o c h i n o n  (I) e n t s t a n d .  

D a n n  w u r d e  die F r a g e  abgekI~Lrt, o b  b i s h e r  be i  de r  
D a r s t e l l u n g  y o n  A m i n o c h i n o n e n  be i  uns  a n d  a n d e r -  
w~trts 1 das  A u f t r e t e n  y o n  A m i n o h y d r o c h i n o n e n  fiber-  
s e h e n  w o r d e n  wlire. D a z u  w u r d e  die R e a k t i o n  zwi schen  
B e n z o c h i n o n  u n d  P i p e r i d i n  bzw.  B e n z o c h i n o n  u n d  P y r -  
ro l id in  h e r a n g e z o g e n .  I m  e r s t e r e n  F a l l  i so l i e r t en  wi r  
n u r  die b e r e i t s  b e k a n n t e n ,  permanganatfarbigen Pr i s -  
m e n  des  2, 5 - B i s - p i p e r i d i n o - b e n z o c h i n o n s  (IV) 2. E i n z i g  
be i  A n w e n d u n g  eines  g ro s sen  ~3berschnsses  a n  P ipe r i -  
d in  l iess s ich  n e b e n  vie l  h a r z i g e n  P r o d u k t e n  e ine  s eh r  
ger inge  Menge  des  weissen,  s c h w e r  16sliehen 2 ,5-Bis -  
p i p e r i d i n o - h y d r o c h i n o n s  (V) g e w i n n e n .  Be i  de r  1Reaktion 
y o n  B e n z o c h i n o n  u n d  ]°yrrolidin k o n n t e  h i n g e g e n  f iber-  
h a u p t  ke in  H y d r o e h i n o n  V I I  e n t d e c k t  w e r d e n ;  es e n t -  
s t a n d e n  n u r  die k a r m i n r o t e n  P l a t t e n  des  2, 5 -Bis -pyr -  
r o l i d i n o - b e n z o c h i n o n s  VI .  Trimethylenimin l i e fe r te  e b e n -  
falls n u r  e in  Ch inon ,  dos  in  v i o l e t t e n  P r i s m e n  kr i s ta l l i -  
s i e r ende  2 , 5 - B i s - t r i m e t h y l e n i m i n o - b e n z o c h i n o n .  Dem- 
nach verldiu/l die Reaktion mit den hbheren Homologen des 
A'thylenimins ganz verschieden yon der~enigen mit A'thyIen- 
imin selbst. 

A u s  d iesen  C h i n o n e n  d u r c h  R e d u k t i o n  e r h a l t e n e  
H y d r o c h i n o n e ,  n~imlich dos  e r w ~ h n t e  2 ,5 -Bi s -p ipe r i -  
d i n o - h y d r o c h i n o n  (V) n n d  das  2, 5 -B i s -py r ro l i d ino -  

t Vgl. die Zusammenfassung bei M. MARTYNOFF und G. TSATSAS, 
Bull. Soc. Chim. Fr. 14, 52 (1947), und C.J. CAVALLITO, A. E. SOR:A 
und J. O. I-toPI'E, J. Amer. Chem. Soc, 72, 2661 (1950). 
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