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and  e lu ted  sepa ra t e ly  in a m i n i m u m  a m o u n t  of 0.01 M 
p h o s p h a t e  buffer  p H  7.4. The e luates  f rom severa l  
c h r o m a t o g r a p h i c  s t r ips  were  c o m b i n e d  to  ob ta in  suff ic ient  
a m o u n t s  of labelled compounds .  

A 10 -3 M solut ion of  pure  t h io t au r ine  z was  a d d e d  wi th  
labelled t h io t au r ine :  0.5 ml  of th is  solut ion were  c h r o m a t o -  
g r a p h e d  in phenol ,  a n d  the  s t r ip  was  s canned  for  radio-  
a c t i v i t y  by  pass ing  it u n d e r  t he  mica  w indow of a Geiger 
counter ,  p r o t e c t e d  by  a lead shield w i th  a 1.5 cm long 
window:  1.5 cm long por t ions  of  t he  s t r ip  were  coun t e d  
for  1 rain each  (Figure a). 

The  same solu t ion  was  t h e n  m a d e  10 -a or  3 • 10 -s &l in 
respec t  to  h y p o t a u r i n e ,  and ,  a f t e r  15 rain s t and ing ,  0.5 ml  
were  c h r o m a t o g r a p h e d , - a n d  scanned  q u a n t i t a t i v e l y  for  
r ad ioac t i v i t y  (Figure b, c). 

The  p rocedure  was  r e pea t ed  wi th  a 10 -3 M solu t ion  of 
pu re  h y p o t a u r i n e  4 labelled by  the  add i t ion  of ~5S h y p o -  
t aur ine  and  t h e n  a d d e d  wi th  th io taur ine .  

These  e x p e r i m e n t s  show t h a t  r ad ioac t i v i t y  passed  
f rom labelled th io t au r ine  to  h y p o t a u r i n e  and  vice versa, 
and  d e m o n s t r a t e  the  occurrence  of a readi ly  s p o n t a n e o u s  
t r ansu l fu ra t ion  react ion.  

This  react ion,  like those  descr ibed previously ,  is of 
some in te res t  also f rom a technica l  po in t  of view. Transul -  
fura t ion  could in fact  be responsib le  for the  appea rance  in 
r a d i o c h r o m a t o g r a m s  of u n e x p e c t e d  rad ioac t ive  spots  
upon  add i t i on  of unlabel led  compounds .  

Final ly,  t he  above  resul ts  c lear ly d e m o n s t r a t e  t h a t  
s p o n t a n e o u s  t r ansu l fu ra t ion  be tween  c o m p o u n d s  of t h e  
R-SO2-SH a n d  R-SO2H t y p e  is a general  reac t ion  for 
c o m p o u n d s  in wh ich  R is e i ther  a H O O C - C H N H z C H  ~- or 
a H~N-CH,-CH~-residue.  

Rdsumd. Les au teur s  o n t  pr6par6 avec  une  e n z y m e  de  la 
t h io t au r ine  e t  de  t ' h y p o t a u r i n e  marqu6es  p a r  l e e t  S 35 o n t  
d6mont r6  que  ces deux  compos6s  p e u v e n t  6changer  spon-  
t a n 6 m e n t  un  a t o m e  de soufre  en se t r a n s f o r m a n t  l ' un  dans  
l ' au t re .  

Thiotaur;ne llypoteurinc 
r.p.m, t~90 

a 

315 Z07 

314 

1 6 lZ 18 2t~ 30 36 
start cm from starting point 

Unidimensional chromato-radiograms developed in phenol of: (a) la- 
belled thiotaurine; (b) labelled thiotaurine (final concentration 10-aM) 
added with unlabelled hypotaurine (final concentration 10 -3 M); 
(c) labelled thiotaurine (final concentration 10 -3 M) added with un- 

labelled hypotaurine (final concentration 3 • 10 -a M). 
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'Cystine Monosulfoxide' and Related Compounds 

The  ox ida t ion  s t a t e s  which  are i n t e r m e d i a t e  be tween  
cys t ine  (I) and  cys te ic  acid (vii) are of cons iderable  
in te res t  in s tud ies  of the  me tabo l i sm  of eys t ine  1 and  the  
ox ida t ion  of cys t ine  res idues  in p ro te ins  2,a Unt i l  r ecen t ly  
only  two of t he  possible  i n t e r m e d i a t e  ox ida t ion  p roduc t s  
had  been  syn thes i zed ;  t he  th io l su l fona te  (III)4-6 and  the  
sulfinic acid (VI)7. Syn theses  have  been  r epo r t ed  of the  
co r respond ing  th io lsu l f ina te  (II) 4.,.~ disulfone (IV) 10 and  
sulfenic acid (V)n ,  some of wh ich  were  uns tab le ,  b u t  as 
these  p r o d u c t s  h a d  var iable  compos i t ions ,  t h e y  were  
p r o b a b l y  mix tures .  L a s t  yea r  in th is  jou rna l  12 a new 
syn thes i s  of t he  'monosu l fox ide '  (II) was descr ibed ,  
w h e r e b y  I I I  was  r educed  wi th  H I  to  give a s tab le  p roduc t .  

I Cys-S-S-Cys 
iI Cys-S-SO~2ys 
IIl  Cys-S-SOi-Cys ./NH2 
IV Cys-SO~-SO~-Cys Cys = L- -CHI-CH 
V Cys-SOH "~CO2H 
VI Cys-SO~H 
VII Cys-SO3H 

This  preparationX~ has  been  repea ted .  However ,  w h e n  
the  p r o d u c t  is e x a m i n e d  by  p a p e r  e lec t rophores is  in 10% 
acet ic  acid, or b e t t e r  p a p e r  e lec t rophores is  fol lowed by  
p a p e r  c h r o m a t o g r a p h y  in the  t r ansve r se  d i rec t ion  xa i t  is 
found  to  be a m i x t u r e  of (I) and  (III). On po la rograph ic  
r educ t ion  in 0.1 N HC1 solut ion a t  t h e  d ropp ing  mercu ry  

ca thode ,  t he  'monosu l fox ide '  gives a complex  wave  w i t h  
inf lect ions  a t  - 0.18 V and  -- 0.45 V (versus the  s a t u r a t e d  
calomel  electrode).  U n d e r  t he  same condi t ions  and  in the  
s ame  vo l tage  range  I I I  and  I give s imple  waves  w i t h  hal l -  
wave  po ten t i a l s  a t  - -0 .18  V and  - -0 .45 V respect ive ly ,  
again  sugges t ing  t h a t  t he  'monosu l fox ide '  p r o d u c t  is a 
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mix tu re .  "When a l lowed to  r e a c t  w i t h  s u l p h i t e  ion 1 Mol of 
t h e  ' m o n o s u l f o x i d e '  p r o d u c e d  0.5 Mol of t h i o l  as m e a s u r e d  
b y  a m p e r o m e t r i c  t i t r a t i o n  w i t h  mercu r i c  ch lor ide  in. Th i s  
is d i f f icu l t  t o  exp la in  on  t h e  bas is  of  s t r u c t u r e  ( I I )  b u t  c a n  
b e  reconci led  w i t h  t h e  a s s u m p t i o n  t h a t  t h e  p r o d u c t  is a n  
e q u i m o l a r  m i x t u r e  of (I) a n d  ( I I I ) ,  s ince ( I I I )  does  n o t  
y ie ld  t h i o l  u n d e r  t he se  cond i t i ons  *. T he  h y p o t h e s i s  t h a t  
t h e  ' m o n o s u l f o x i d e '  is a n  e q u i m o l a r  m i x t u r e  of (I) a n d  
( I I I )  agrees  w i t h  t h e  f igures  x2 for  e l e m e n t a r y  ana lyses  
a n d  e q u i v a l e n t  we igh t ;  a n d  t h e  specific r o t a t i o n  ([,t]~ t = 
-- 111°)x~ is a p p r o x i m a t e l y  t h e  m e a n  of t h e  r o t a t i o n s  of I 
( -  213 °) a n d  I I I  (-- 22°). C o n t r a r y  to  t h e  p r ev ious  r e p o r t  ~ 
i t  is now found  t h a t  in  t he  reg ion  7 -10  Vt t h e  in f r a - r ed  
s p e c t r a  x~ of t h e  'monos u l f ox i de '  a n d  of a n  e q u i m o l a r  
m i x t u r e  of I a n d  I I I  are  i nd i s t i ngu i shab le .  S imple  a l i pha t i c  
a n d  a r o m a t i c  t h io l su l f ina t e s  are  u n s t a b l e  a n d  r ead i ly  dis- 
p r o p o r t i o n a t e  i n to  a m i x t u r e  of t h e  c o r r e s p o n d i n g  di- 
sul f ide  a n d  t h io l su l fona t e  x~a~ a n d  i t  is poss ible  t h a t  
' cys t ine  m o n o s u l f o x i d e '  decomposes  in  t h i s  w a y  as soon as 
i t  is fo rmed  in t h e  acidic  so lu t ion  (HC1 + KI) .  

To f u r t h e r  i n v e s t i g a t e  possible  i n t e r m e d i a t e  o x i d a t i o n  
p r o d u c t s  of cys t ine ,  t he  pe r fo rmic  acid o x i d a t i o n  m e t h o d  ~ 
h a s  b e e n  s t ud i ed  us ing  v a r y i n g  a m o u n t s  of o x i d a n t  (1-5 
Mol L T h e  p r o d u c t s  of these  o x i d a t i o n s  were a n a l y s e d  
q u a n t i t a t i v e l y  u s ing  t h e  i o d o m e t r i c  r e d u c t i o n  m e t h o d  of 
TOENNIES a n d  LAVINE ~ a n d  also q u a l i t a t i v e l y  b y  t h e  
c o m b i n a t i o n  of p a p e r  e lec t rophores i s  a n d  p a p e r  c h r o m a t o -  
g r a p h y  x~. T h e  r e a c t i o n  course  is f o u n d  to  be  m a r k e d l y  
a f fec ted  b y  t he  p resence  of HC1, p r e s u m a b l y  because  t h e  
e f fec t ive  o x i d a n t  in  t h i s  case is ch lor ine ,  fo rmed  in situ. 
I n  t h e  p resence  of HC1 large a m o u n t s  of t h e  two  in te r -  
m e d i a t e  o x i d a t i o n  p r o d u c t s  I I I  a n d  V I  are  f o r m e d  ~ 
whe rea s  in  t h e  absence  of  HC1 t h e  f ina l  o x i d a t i o n  s tage  
cys te ic  ac id  ( v i i ) ,  is r e a c h e d  w i t h  on ly  m i n o r  a m o u n t s  of 
I I I  a n d  V I  ; a n d  V I I  is t h e  u l t i m a t e  p r o d u c t  w h e n  excess  
of pe r fo rmic  ac id  is used  e i t h e r  in  t h e  p re sence  or  absence  
of HCl.  I t  is n o t e w o r t h y  t h a t  t h e r e  is no  ev idence  for  
i n t e r m e d i a t e s  o t h e r  t h a n  I I I  a n d  V I  whereas  t he  whom 

r a n g e  of p r o d u c t s  f rom R - S - S O - R  to  R - S O 2 - S O ~ - R  c a n  
be  p r e p a r e d  in t h e  s imple  a l i p h a t i c  a n d  a r o m a t i c  series x~.~° 
R e c e n t  work  h a s  s h o w n  t h a t  a l t h o u g h  a p p a r e n t l y  s imple ,  
t h e  o x i d a t i o n  of th io l s  to  d isul f ides  =z a n d  of t h io l su l f i na t e s  
to  t h io l su l fona t e s  s~ m a y  i nvo lve  c o m p l e x  r e a c t i o n  
m e c h a n i s m s  ~.  

Zusammen/assung.  Die frf iher  als  ~Cys t i nmonosu l foxyd  ~ 
b e s c h r i e b e n e  V e r b i n d u n g  (Th iosu l f i na t  I I )  ve rh i i l t  s ich  
wie e ine  "~quimotekulare M i s c h u n g  y o n  Cys t in  (I) u n d  d e m  
e n t s p r e c h e n d e n  T h i o s u l f o n a t  ( I I I ) .  O x y d a t i o n  y o n  Cys t in  
m i t  Pe ramei sens i iu re  ff ihr t ,  b e s o n d e r s  in  G e g e n w a r t  yon  
HCI, f iber  die Z w i s c h e n p r o d u k t e  T h i o s u l f o n a t  ( I I I )  u n d  
Sul f ins~ure  (VI) zu Cysteinst~ure (VII) .  
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N o r a d r e n o l u t i n  

I t  h a s  b e e n  k n o w n  for  m a n y  yea r s  t h a t  f l uo rescen t  
s u b s t a n c e s  c a n  be  o b t a i n e d  f rom t h e  o x i d a t i o n  p r o d u c t s  of 
a d r e n a l i n e  ( t : R  = CHa) a n d  n o r a d r e n a l i n e  ( I :  R = H)  
b y  t r e a t m e n t  w i t h  a lka l i  a n d  t h i s  p h e n o m e n o n  ha s  b e e n  
wide ly  used  in  t h e  f l uo r om e t r i c  e s t i m a t i o n  of these  ca te -  
c h o l a m i n e s  in  b o d y  f luids (for re fe rences  see HEACOCK 1, 
VON EULER2, a n d  PERSKEY3), T h e  f luorescen t  d e r i v a t i v e  
of ad rena l ine ,  k n o w n  as a d r e n o l u t i n  ( 5 , 6 - d i h y d r o x y - N -  
m e t b y l i n d o x y l  (V: R = CH3)) 4 was  i so la t ed  a n d  cha r ac -  
t e r i zed  seve ra l  yea r s  agoe ;  h o w e v e r  i so la t ion  of t h e  
f luo rescen t  o x i d a t i o n  p r o d u c t  of n o r a d r e n a l i n e  in  t h e  
solid s t a t e  h a s  n o t  y e t  b e e n  repor ted .  B u ' L o c K  a n d  HAR- 
LEY-MASON fai led to  o b t a i n  a n y  c rys t a l l i ne  m a t e r i a l  f r om 
t h e  a lka l ine  r e a r r a n g e m e n t  p r o d u c t s  of so lu t ions  of nor -  
ad rena l ine ,  w h i c h  h a d  been  ox id ized  w i t h  p o t a s s i u m  
fe r r i cyan ide  L A n  a l t e r n a t i v e  unsuccessfu l  r o u t e  a t t e m p t e d  
b y  these  a u t h o r s  v h a s  b e e n  r e e x a m i n e d  a n d  c rys ta l l ine  
n o r a d r e n o l u t i n  (i.e. 5 , 6 - d i h y d r o x y i n d o x y l  (V: R = H)) 
ha s  now been  o b t a i n e d .  

2 - I o d o n o r a d r e n o c h r o m e  ( I I :  R = H) can  be  o b t a i n e d  
f rom t h e  o x i d a t i o n  of n o r a d r e n a l i n e  h y d r o c h l o r i d e  w i t h  
p o t a s s i u m  iodateT, S. (The p rocedu re  desc r ibed  b y  
Bu 'LoCK a n d  HARLEY-MASON gives a poor  yie ld  of 
c rys t a l l i ne  p r o d u c t  a n d  on ly  a f t e r  r e m o v a l  of m u c h  t a r r y  
m a t e r i a l L )  Howeve r ,  a m o d e r a t e  yie ld  of c rys ta l l ine  
2 - i o d o n o r a d r e n o c h r o m e  w i t h  m i n i m a l  f o r m a t i o n  of t a r r y  
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