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will  be  v e r y  diff icul t ,  if n o t  imposs ib le  (see f igure 3). The  
s e p a r a t i o n  of t h e  cen t res  of t he  p ic tu res  m u s t  n o t  exceed 
65 mm,  t he  ave rage  in te r -eye  d i s t ance  in h u m a n s .  A n y  
p i c tu re  sepa ra t ion  larger  t h a n  th i s  will need  d ivergence  
of t he  eye axes  in  order  to  fuse the  f rames ;  needless  to  
say  t h a t ,  if i t  is possible  a t  all, eye s t r a in  will r e su l t  16. 
Conclusion. As v iewing  of s tereoscopic p i c t m e s  is v e r y  
easy  a f te r  some p rac t i ce  is gained,  and  gives a m u c h  
b e t t e r  impress ion  of s te r ic  re la t ionsh ips ,  m u c h  more  use 
should  be  m a d e  of s tereoscopic  p h o t o g r a p h s  of molecu la r  
models .  R e c e n t l y  2 colour  p h o t o s  of a Beevers  mode l  of 

cyc lospor in  A were r e p r o d u c e d  in H e l v e t i c a  Chimica  A c t a  
to  show t h e  c o n f o r m a t i o n  of t he  n a t i v e  pep t ide  17. How-  
ever,  if i n s t e ad  of t h e m  1 s tereo pa i r  of  colour  p h o t o s  h a d  
been  p r in t ed ,  a m u c h  b e t t e r  idea  of t he  p roposed  con- 
f o r m a t i o n  could h a v e  been  ob ta ined .  

16 The trained observer may want to look at such an example; 
e . g . H . B .  Biirgi, H. Gehrer, P. Striekler and F. K. Winkler, 
Helv. chim. Aeta 59, 2558 (1976), see p. 2560. 

17 T . J .  Percher, H.-P. Weber and A. Rfiegger, Helv. chim. Acta 
59, 1480 (1976), see p. 1488a. 
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Summary. A c o n v e n i e n t  one - s t ep  procedure ,  based  upon  t he  tyrosina.se co-ox ida t ion  of dopa  a n d  cys te ine ,  is r epo r t ed  
for t he  syn thes i s  of 5 -S-cys te iny ldopa  (I) in 74~o yield.  Seconda ry  p r o d u c t s  of t he  r eac t i on  t u r n e d  ou t  to  be  2-S- 
c y s t e i n y l d o p a  (II,  14%),  2, 5-S, S -d icys te iny ldopa  (IV, 5%),  a n d  the  h i t h e r t o  u n k n o w n  6 -S-cys te iny ldopa  ( I I I ,  ~ 1%).  

I n  t h e  p a s t  few years ,  t h e  u n i q u e  ca techo l  amino-ac ids ,  
5 -S -cys t e iny ldopa  (I) a n d  2 -S-cys te iny ldopa  (II) ,  h a v e  
been  t he  ob jec t  of ex t ens ive  inves t iga t ions  showing  the i r  
c en t r a l  role in  t he  b io syn thes i s  of p h a e o m e l a n i n s  inc lud-  
ing t r i c h o c h r o m e s  3, 4. More  recent ly ,  a r e l a t ed  c o m p o u n d ,  
2, 5-S, S -d i cys t e iny ldopa  (IV), has  been  ident i f ied  as the  
m a j o r  c o n s t i t u e n t  of t he  re f lec t ing  spheres  in t he  eye of 
some fishes 5. I nc rea s ing  i n t e r e s t  in these  amino-ac ids  is 
p r o v i d e d  b y  t h e  f ind ing  t h a t  large a m o u n t s  of 5-S- 
c y s t e i n y l d o p a  and  r e l a t ed  me tabo l i t e s  are found  in t he  
u r ine  of p a t i e n t s  w i t h  m a l i g n a n t  m e l a n o m a  6, 7, whi le  in 
h e a l t h y  h u m a n s  t h e  level  of excre t ion  is v e r y  low. 
Accordingly ,  ana lys i s  of cys t e iny ldopas  in t he  u r ine  has  
been  p roposed  as a m e t h o d  for the  chemica l  d iagnosis  of 
m e l a n o m a  m e t a s t a t e s .  
A l t h o u g h  a chemica l  syn thes i s  for 5 -S-cys te iny ldopa  ha s  
been  descr ibed  8, to  fac i l i t a te  s tudies  in these  fields we 
r e p o r t  here  a s imple  a n d  more  c o n v e n i e n t  enzymic  pro- 
cedure  wh ich  m a k e s  r ead i ly  ava i l ab le  a l l  t h e  cys te iny l -  
dopas  inc lud ing  a new i somer  9, 6 -S-cys te iny ldopa  (II I ) .  

SCH2CH(NH~)CO2H 

H O \ ( ~ ]  

I SCH2CH(NtI2)CO2H 

I I  

H O v ~ / S C H ~ C H ( N H 2 )  CO2H 

H O ~ / \ C H 2 C H ( N H 2 ) C O ~ H  

I I I  

SCH~CH(NH2)CO~H 

H O / " ~ ) \ C H ~ C H  (NH2) CO2H 
SCH2CH(NH~)COeH 

IV 

Synthesis and isolation o/ cysteinyldopas ( I - IV) .  Af te r  
severa l  t r ia ls ,  t h e  o p t i m a l  cond i t ions  for t he  p r e p a r a t i o n  
a n d  s e p a r a t i o n  of cys t e iny ldopas  were es tab l i shed  as fol- 
lows: a so lu t ion  of L - d o p a  (99 mg;  0.5 mmoles)  and  
L-cys te ine  (121 mg ;  1.0 mmole)  in  0.05 M sod ium phos-  
p h a t e  buffer ,  p H  6.8 (60 ml) was  v igorous ly  s t i r red  a t  
22 ~ (oxygen n o t  b u b b l e d  in to  t he  solut ion)  in  t h e  pres-  
ence of m u s h r o o m  ty ros inase  (18 rag;  2750 un i t s / r ag ;  
f rom S igma  Chem. Co.) a n d  t h e  course  of t he  r eac t i on  
was fol lowed b y  m o n i t o r i n g  t he  U V  s p e c t r u m  (in 0.1 N 
HC1) of a l iquo t s  t a k e n  a t  su i t ab l e  in te rva ls .  Af te r  30-45 
min,  t h e  in i t i a l  a b s o r p t i o n  m a x i m u m  of dopa  a t  280 n m  
was comple t e ly  rep laced  b y  new m a x i m a  a t  255 a n d  
293 nm,  co r r e spond ing  to t he  cys t e iny ldopa  ch romo-  
phore .  A t  th i s  s tage,  t h e  o x i d a t i o n  was s t opped  b y  
ac id i f ica t ion  to p H  1 w i t h  6 N HC1 a n d  t he  r eac t i on  mix-  
t u r e  was  passed  t h r o u g h  a c o l u m n  ( 1 . 8 •  cm) of 
Dowex  50 W - X  2 (200-400 mesh,  H + form).  Af te r  wash ing  
w i t h  0.5 N HC1 (250 ml),  t he  c o l u m n  was  e lu ted  w i t h  
3 N HC1 a n d  f rac t ions  of 20 ml  were col lec ted  and  
ana lyzed  s p e c t r o p h o t o m e t r i c a l l y  b e t w e e n  240 a n d  350 nm.  
F r a c t i o n s  3-13 c o n t a i n i n g  cys t e iny ldopas  ( I - IV)  were 
c o m b i n e d  t o g e t h e r  a n d  e v a p o r a t e d  to d ryness  to  give a 
colourless res idue w h i c h  was t a k e n  up  in 2 N HC1 (2 ml) 
and  c h r o m a t o g r a p h e d  as descr ibed  in t he  figure.  4 peak  

1 The generic term 'cysteinyldopa' is proposed to designate the 
various coteehol amino-acids arising from addition of cysteine 
to dopaquinone. 

2 This work was supported in part by a grant from Consiglio Na- 
zionale delle Rieerche, Roma. 

3 H.M. Thomson, Angew. Chem. Int. Ed. 13, 305 (1974). 
4 G. Prota and R. H. Thomson, Endeavour 35, 32 (1976). 
5 S. Ito and J. A. C. Nicol, Tetrahedron Lett. 1975, 3287. 
6 H. Rorsman, A-M. Rosengren and E. Rosengren, Yale J. Biol. 

Med. d6, 516 (1973). 
7 G. Agrup, P. Agrup, T. Anderson, 13. Falek, J. A. Hausson, S. 

Jaeobsson, H. Rorsman, A-M. Rosengren and E. Rosengren, 
Acta derm.-vener., Stockh. 55, 337 (1975). 

8 G. Prota, G. Seherfllo and R. A. Nieolaus, Gazz. ehim. ital. 98, 
49s (1968). 

9 Evidence for this compound has been previously obtained by 
GLC-MS analysis (H. Rorsman and E. Rosengren, private com- 
munication). 
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Peak in the figure Compound Yield" Rz b Retention time ~ UV a PMR ~ 
(fractions) (min) ~.m~ nm (e) )LmJn nm (e) d 

A 6-S-Cysteinyldopa 3 mg 0.57 51.5 J292 (1.00) ~275 (o.62) 6.93 (s), 7.21 (s) 
(39-47) (III) (~_1%) [255 (1.91) [244 (1.69) 

B 2-S-Cysteinyldopa 30 mg 0.61 51.5 /295 (3280) /272 (1220) 6.90, 7.03 
(52-66) (II) (14%) [256 (2470) /250 (2400) (ABq, J = 8gz) 

C 5-S-Cysteinyldopa 154 mg 0.71 78.5 ~293 (2860) ~273  (1360) 6.93, 7.01 
(70-98) (I) (74%) [254 (3590) [248 (3420) (ABq, J = 2gz) 

D 2,5-S,S-Dicysteinyldopa 20 mg 0.40 55 J302 (3140) ~297  (3090) 7.16 (s) 
(105-119) (IV) (5%) [273 ' (8560) ~251  (371.0) 

�9 Pereent yields are spectrophotometrically determined on the basis of the molar extinction coefficients (e). b Relative to dopa on a Merck 
cellulose plate with n-propanol-lN HC1 (3:2, v/v). cOn the long column (Beckman type M 72 resin) of a Beckman model 120 B amino acid 
analyzer using as the eluent the pH 4.25 buffer; dopa appeared at 66 min. aTaken in 0.1 N HC1; for I I I  e was not determined and therefore 
the values iI1 parentheses are relative absorbances, eTaken in 1N DC1 using t-butanol ((5 1.28) as an internal reference. Only the aromatic 
signals are reported which are indicative of the aromatic substitution patterns. 

f rac t ions  (A-D) appeared  f rom the  column which  were 
concen t r a t ed  in a ro t a ry  evapo ra to r  and  then  dr ied in 
vacuo over  P205 and  NaOH.  
TLC of f ract ions  B - D  gave single spots  de tec tab le  b y  
UV- t igh t  or n inhyd r in  and  FeC13 reagents ,  while f rac t ion  
A con ta ined  2 compounds  which  were sepa ra ted  by  pape r  
c h r o m a t o g r a p h y  on W h a t m a n  3 MM in n-propanol-1  N 
HCI (2:1, v/v).  E lu t ion  of the  major  and  fas ter  m o v i n g  
b a n d  wi th  0.1 N HC1 gave pure  6-S-cys te iny ldopa  (III) .  
A l though  the  cys te iny ldopas  ob ta ined  as above  were 
prac t ica l ly  homogeneous  and  a lmos t  colourless, for ana-  
lyt ical  purposes  t h e y  were fu r the r  pur i f ied by  re -chroma-  
t o g r a p h y  on a small  co lumn of Dowex  50 W (eluent:  
2 N HC1). Af te r  th is  step,  compounds  I and II  could also 
be crystal l ized as needles  b y  evapora t ion  of the  e luates  
and  subsequen t  t r e a t m e n t  of the  residues wi th  a few 
drops  of 6 N HC1. 
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Elution profile of the reaction mixture (see text) from a column of 
Dowex 50 W-X 2 (200-400 mesh, H+ form) showing the clear-cut 
separation of the cysteinyldopas formed. The column (1.8 • 20 cm) 
was eluted with 2N He1 at a flow rate of 50 ml/h; fractions of 8 ml 
were collected and monitored at 293 nm for I - I I I  (until fraction 
105) and at 302 nm for IV (from fraction 106; indicated by the 
arrow). After this latter compound had started to emerge, elution was 
carried on with 4 N HC1. 

Resul ts  and  discussion. Biogenetical ly,  5 -S-cys te iny ldopa  
(I) and  2-S-cys te iny ldopa  (II) arise f rom the  1, 6-addi t ion 
of cys te ine  to  dopaqu inone  p roduced  by  ty ros inase  oxida-  
t ion of dopa  3, 4. A l though  th i s  enzymic  reac t ion  has  been  
s tud ied  in v i t ro  in var ious  laborator ies  5, ~0 1~, i t  has  never  
been  used for p repa ra t ive  purposes  1~, ma in ly  because of 
t he  lack of adequa te  m e t h o d s  for separa t ing  the  cys te inyl-  
dopas  formed.  The resul ts  descr ibed here  show t h a t :  
a) under  sui table  condi t ions ,  the  reac t ion  is prac t ica l ly  
q u a n t i t a t i v e  giving main ly  5-S-cys te iny ldopa  (I) along 
wi th  s ignif icant  amo u n t s  of (II), (III) ,  and  (IV); b) the  
separa t ion  of the  p roduc t s  can be readi ly  accompl ished  
by  column c h r o m a t o g r a p h y  on Dowex  50 W using as the  
e luent  2 N HC1. 
The table  summar izes  the  ident i f ica t ion  of the  isolated 
cys te iny ldopas  and  the i r  ch roma tog raph ic  and  spect ra l  
da ta .  The a s s ignment  of s t ruc tu re  I I I  to the  new cyste inyl-  
dopa  isomer f rom peak  A (see figure) is der ived f rom tile 
close s imi lar i ty  of i ts  UV s p ec t ru m to those  of I and II ,  
and  the  I?MR spec t rum charac ter ized  by  two  1H-singlets  a t  

6.93 and 7.21, cons i s t en t  wi th  the  presence  of para-  
o r ien ted  a romat ic  pro tons .  A p a r t  f rom the  p repa ra t ive  
value,  tile p re sen t  work  m a d e  i t  possible to reexamine  the  
posi t ional  r eac t iv i ty  of dopaqu inone  toward  cys te ine:  
the  ra t io  of 5-, 2- and  6-S-cys te iny ldopa  being approxi -  
ma t e l y  14 74: 14: 1, which  is ve ry  likely to be similar to  
the i r  ra t io  of fo rmat ion  in phaeomelanogenes is  4. 

10 S. Bouchilloux and A. Kodja, Bull. Soc. Chim. Biol. d2, 69 
(1960). 

11 E. Fattorusso, L. Minale, S. De Stefano, G. Cimino and R. A. 
Nicolaus, Gazz. chim. ital. 99, 969 (1969). 

12 H. Rorsman, A-M. Rosengren and 1~. Rosengren, Acta derm.- 
vener., Stockh. 52, 353 (1972). 

13 A procedure has been described by Ito and Nicol ~ for the isolation 
of 2,5-S, S-dicysteinyldopa in 8.5% yield. 

14 The ratio does not take into account the amount of 2,5-S,S- 
dicysteinyldopa formed. 


