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ORGANIC PREPARATIONS AND PROCEDURES INT. 15( 4), 21+3-243 (1983) 

h FACILE SYNTHESIS O F  DOPAMINE-4-SULFATE 

S c o t t  L. Harbeson,  D a n i e l  J. Kerh .an  and John F .  D e k r n a r d i s *  

D i v i s i o n  of  C a r d i o v a s c u l a r  R e s e a r c h ,  Abbot t  l a b o r a t o r i e s  
North Chicago,  I l l i n o i s  60064 .  

The c a t e c h o l a m i n e  n e u r o t r a n s m i t t e r s  n o r e p i n e p h r i n e  (NE) and ep ineph-  

r i n e  (EPZ) as w e l l  as  the p u t a t i v e  n e u r o t r a n s m i t t e r s  dopamine (DA) and  5-  

h y d r o x y t r y p t a m i n e  (5-HT) a re  known t o  b e  r a p i d l y  c o n j u g a t e d  in genernl 

c i r c u l a t i o n  as w e l l  as i n  a v a r i e t y  o f  p e r i p h e r a l  t i s s u e s . '  

t i o n  p r e d o m i n a t e s  i n  man2 a n d  h a s  been  t h e  s u b j e c t  of a number o f  r e c e n t  

i n v e s t i g a t i o n s . 3  

s e v e r a l  of t h e s e  s t u d i e s  t h a t  s u l f o c o n j u g a t i o n  may h a v e  a b i o l o g i c a l  r o l e  

beyond t h a t  of  b i o d e g r a d a t i o n  of p h e n o l i c  s u b s t a n c e s .  S p e c i f i c a l l y ,  t h e  

S u l f o c o n j u g a -  

O f  p a r t i c u l a r  i n t e r e s t  t o  u s  was t h e  Einding from 

i n d i c a t i o n s  t h a t  dopamine s u l f a t e s  I and  I1 might  b e  i n v o l v e d  i n  p l a s m a  

t r a n s p o r t  of  dopamine4 a n d / o r  a c t  a s  b i o s y n t h e t i c  p r e c u r s o r s  of ep ineph-  

r i n e 5  were i n t r i g u i n g .  

ca l  p r o p e r t i e s  o f  t h e  dopamine-3- and - 4 - s u l f a t e s  ( I  a n d  II r e s p e c t i v e l y ) ,  

w e  r e q u i r e d  gram q u a n t i t i e s  o f  e a c h  i n  p u r e  form. 

In o r d e r  t o  f u r t h e r  i n v e s t i g a t e  t h e  pharmacologi-  

J e n n e r  and  Rose6 had 

Ho& H 0 3 S O L  

NH2 NH2 
I rI 

p r e v i o u s l y  r e p o r t e d  the s y n t h e s i s  o f  t h e  dopamine s u l E a t e s  I and TI. 

T h e i r  p r o c e d u r e ,  however, r e q u i r e d  t h e  p u r i f i c a t i o n  and s e p a r a t i o n  of  I 
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HARBESON, KERKMAN AND D e B E R N A R D I S  

and I1 by i o n  exchange chromatography, and provided  on ly  m i l l i g r a m  

q u a n t i t i e s  of each. 

Our r e g i o s e l e c t i v e  s y n t h e s i s  of dopamine-4-sulfate (11) (Scheme 1) 

employed t h e  p y r i d i n e - s u l f u r  t r i o x i d e  complex' a s  a mi ld  r e a g e n t  f o r  t h e  

p roduc t ion  of t h e  s u l f a t e  c o n j u g a t e  IV ( a l though  on ly  a s i n g l e  s p o t  w a s  

HO 

TI '1 L I '1 

IV 
T FA 

I1 - 
HO 

N O  

Scheme 1 

d e t e c t e d  on t h i n  l a y e r  chromatography, a mix tu re  of IV and V w a s  p robab ly  

produced).  Depro tec t ion  of  t h e  c r u d e  product  was accomplished u s i n g  t r i -  

F l u o r o a c e t i c  a c i d ;  t h e  s o l i d  r e s u l t i n g  from e v a p o r a t i o n  w a s  washed w i t h  

wa te r  t o  remove any of t h e  h i g h l y  aqueous s o l u b l e  3 - s u l f a t e  I. 

a f f o r d e d  T I  upon f i l t r a t i o n .  

Th i s  

The p r e p a r a t i o n  of  t h e  dopamine-3-sulfate (I) was accomplished u s i n g  

S t a r t i n g  w i t h  4-benzyl a m o d i f i c a t i o n  of  procedure  r e p o r t e d  by Hegediis .8 
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A FACIT,E SYNTHESIS OF I10PAMTNR-4-SIJT,FA'11E 

dopamine' (Scheme 2)  t h e  amine  was p r o t e c t e d  a s  t h e  carbobenzoxy u r e t h a n e  

V I ,  and  the s u l f a t i o n  a c c o m p l i s h e d  u s i n g  t h e  p y r i d i n e - s u l f u r  t r i o x i d e  com- 

p l e x S 7  Removal o f  t h e  n i t r o g e n  and  p h e n o l i c  p r o t e c t i n g  g r o u p s  w a s  per -  

formed i n  one  s t e p  by c a t a l y t i c  t r a n s f e r  h y d r o g e n a t i o n 9  ( m o n i t o r i n g  f o r  

t h e  d i s a p p e a r a n c e  o f  s t a r t i n g  mater ia l  by t l c )  due t o  t h e  i n s t a b i l i t y  o f  

t h e  3 - s u l f a t e  I under  s t a n d a r d  c a t a l y t i c  h y d r o g e n a t i o n  c o n d i t i o n s  (1  atln 

H 2 ,  10% Pd/C,  CH30H, RT,  2 h r s ) .  
HO 

Scheme 2 

1 Examinat ion  o f  t h e  H NMR s p e c t r a  of t h e  3- and  4 - s u l f a t e s  I a n d  I1 

r e a d i l y  p r o v i d e d  c o n f i r m a t i o n  o f  t h e  p o s i t i o n  o f  t h e  s u l f a t e  e s t e r .  In 

t h e  case o f  t h e  3 - s u l f a t e  I ,  t h e  p r o t o n  i n  t h e  2 p o s t t i o n  o n  t h e  a r o m a t i c  

r i n g  ( i d e n t i f i e d  by i t s =  c o u p l i n g  c o n s t a n t  J = 1.5 Hz) was s h i F t e d  

d o w n f i e l d  ( n b  a p p r o x i m a t e l y  0.25 ppm) r e l a t i v e  t o  t h e  r e m a i n i n g  a r o m a t i c  

p r o t o n s  due  t o  i t s  p r o x i m i t y  t o  t h e  s u l f a t e  e s t e r  i n  t h e  3 - p o s i t i o n .  

S i m i l a r l y ,  f o r  t h e  4 - s u l € a t e  11, t h e  p r o t o n  i n  t h e  5 - p o s i t i o n  o f  t h e  

a r o m a t i c  r i n g  ( o r t h o  c o u p l e d ,  J = 8 Hz) was d e s h i e l d e d  by t h e  4 - s u l f a t e  

ester (A6  a p p r o x i m a t e l y  0.40 ppm). 
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HARBESON, K E R W  AND DeBERNARDIS 

A s  f a r  as w e  are aware, there  i s  no m e n t i o n  i n  t he  l i t e r a t u r e  o f  the  

d e c o m p o s i t i o n  o f  the  dopamine s u l f a t e s  o n  s t o r a g e  a t  a m b i e n t  t e m p e r a t u r e s .  

However, w e  h a v e  o b s e r v e d  t h a t  the  s h e l f  l i f e  o f  I1 i s  somewhat l i m i t e d .  

When a n a l y z e d  by HPLC ( s e e  E x p e r i m e n t a l )  a sample  o f  t h e  4 - s u l f a t e  I1 

( p r e p a r e d  1 1  months e a r l i e r  a n d  o r i g i n a l  y homogeneous by t l c )  c o n t a i n e d  

o n l y  a b o u t  50% o f  unchanged 11. The o t h e r  components c o n s i s t e d  of  dopa-  

mine a n d  a n  u n i d e n t i E i e d  mater ia l  ( t l c  p r o v i d e d  a similar r e s u l t ) .  

though we have  n o t  a n a l y z e d  a n  e l e v e n  month-ld sample  of the  3 - s u l f a t e  I ,  

a two month-old sample  (HPLC a n a l y s i s )  showed no d e t e c t a b l e  d e c o m p o s i t i o n ,  

and  a f o u r  month-o ld  s a m p l e  (HPLC a n a l y s i s )  showed o n l y  a trace amount of  

d opami ne . 

Al- 

To a v o i d  p o s s i b l e  dopamine c o n t a m i n a t i o n  d u e  t o  d e c o m p o s i t i o n  o f  t h e  

dopamine s u l f a t e s  d u r i n g  s t o r a g e ,  w e  recommend t h a t  s a m p l e s  b e  a u t h e n t i -  

c a t e d  p r i o r  t o  u s e .  

EXPERIMENTAL SECTION 

Neielting p o i n t s  were o b t a i n e d  u s i n g  a Thomas-Hoover "Uni-Melt" m e l t i n g  
p o i n t  a p p a r a t u s  and  are u n c o r r e c t e d .  
V a r i a n  T-60 (60 MHz), o r  a V a r i a n  XL-100 (100 MHz) e q u i p p e d  w i t h  a N i c o l e t  
1080 computer .  A l l  c h e m i c a l  s h i f t s  are  r e p o r t e d  i n  6 u n i t s  (ppm) down- 
f i e l d  of i n t e r n a l  t e t r a m e t h y l s i l a n e .  I n E r a r e d  ( I R )  s p e c t r a  were r e c o r d e d  
on  e i t h e r  a P e r k i n  E l m e r  521 o r  283B s p e c t r o p h o t o m e t e r .  Mass s p e c t r a  were 
o b t a i n e d  w i t h  e i t he r  a n  A s s o c i a t e d  E lec t r ica l  I n d u s t r i e s  , Ltd .  , MS-902 o r  
a V a r i a n  CH7 s p e c t r o m e t e r  a t  a n  i o n i z i n g  v o l t a g e  of 7 0  eV. Combustion 
a n a l y s e s  were per formed o n  e i t h e r  a P e r k i n  E l m e r  240 o r  a C o n t r o l  Equip- 
ment 240X i n s t r u m e n t .  T h i n  l a y e r  chromatography was per formed o n  Brinkman 
p r e - c o a t e d  p l a t e s  ( S i l i c a  Gel 60F-254). 'Ihe t l c  p l a t e s  were v i s u a l i z e d  by  
o n e  o f  t h e  f o l l o w i n g :  UV, n i n h y d r i n  s p r a y  (0 .3  g i n  100 mL n-butanol  a n d  
3 mL g l a c i a l  acet ic  a c i d ) ,  o r  cerr ic  s u l f a t e  s p r a y .  The f o l l o w i n g  s o l v e n t  
s y s t e m s  were u t i l i z e d :  (1) ch loroform-methanol  (9:l); a n d  ( 2 )  t o l u e n e -  
e t h y l  ace ta te  ( 3 : l ) .  
were n o t  p u r i E i e d  p r i o r  t o  u s e .  High p e r f o r m a n c e  l i q u i d  chromatography 
(HPLC) w a s  per formed o n  a Waters HPLC e q u i p p e d  w i t h  a Waters U 6 K  i n j e c t o r ,  
a Waters 6000A s o l v e n t  d e l i v e r y  s y s t e m ,  a S c h o e f f e l  UV d e t e c t o r ,  a n d  a 
Waters c18p bondapak column (4mm x 3 0  cm). 

'H NMR were r e c o r d e d  on  e i t h e r  a 

All s o l v e n t s  a n d  r e a g e n t s  were " r e a g e n t  grade ' '  a n d  

N-t-butoxyca rbonyldopamine (I I I).- Dopamine h y d r o c h l o r i d e  (Cordova Chemical 

Co.) (10  g ,  52.7 mmol) w a s  a d d e d  t o  a s o l u t i o n  o f  t r i e t h y l a m i n e  (7.3 mL, 
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A FACTT,E SYNTRFSTS OF DnPAMTNE-b-SIJT,FATR 

5.3 g ,  52.7 mmol) i n  100 mL DMF. A s o l u t i o n  of  d i - t - b u t y l d i c a r b o n a t e  

( A l d r i c h )  (12.6 g ,  58 mmol) i n  20 mL DMF was t h e n  added .  There was an 

i n i t i a l  e v o l u t i o n  o f  g a s .  The m i x t u r e  w a s  a l lowed t o  s t i r  a t  room tem- 

p e r a t u r e  f o r  12 h r s .  The r e a c t i o n  m i x t u r e  was f i l t e r e d  t o  remove t r i -  

e t h y l a m i n e  h y d r o c h l o r i d e  a n d  c o n c e n t r a t e d  under  reduced  p r e s s u r e .  

ace ta te  (150 mL) was added a n d  t h e  r e s u l t i n g  m i x t u r e  was washed w i t h  c o l d  

1 N  HC1 ( 3  x 40 mL). 

and c o n c e n t r a t e d  under  reduced  p r e s s u r e  t o  g i v e  a c o l o r l e s s  o i l .  

was c r y s t a l l i z e d  from e t h y l  a c e t a t e - h e x a n e  t o  g i v e  10.5 g (792)  O F  I L L  a s  

a white s o l i d ,  mp. 135-137'; Rf (1): 

1610, 1515 cm-'; 'H NMR ( 6 0  MHz) (DMSO-3): 

( b r  m, 3H), 3.42-2.83 ( b r  m, 3H), 2.73-2.33 ( b r  m, 2H), 1.42 ( s ,  9T1); inass 

spec t rum,  m/e: - 

- 

E t h y l  

The o r g a n i c  phase  was d r i e d  (MgS04), s u c t i o n  f i l t e r e d  

' k i s  o i l  

0 . 3 5 ;  I R  (KBr): 3485,  3380,  1679,  

6 8.1 ( b r  s ,  2H), 6.8-6.37 

253 (M'), 197, 180, 136, 123, 77, 57. 

Dopamine-4-sulfate (II).- To a s o l u t i o n  o €  [I1 ( 4  g ,  158 m m o l )  i n  32 ml, 

DMF was added p y r i d i n e - s u l f u r  t r i o x i d e  complex ( A l d r i c h )  (3 .6  g ,  

22.6 mmol) and t h e  r e a c t i o n  w a s  a l l o w e d  t o  s t t r  1 2  h r s  a t  room tempera-  

t u r e .  T l c  ( 1 )  i n d i c a t e d  t h a t  no  s t a r t i n g  material  remained. The s o l v e n t  

was f i r s t  removed under  reduced  p r e s s u r e  and  t h e n  u n d e r  h i g h  vacuiim. Re-  

moval of  t h e  I - b u t o x y c a r b o n y l  group w a s  accompl ished  by t r e a t m e n t  of t h e  

o i l  w i t h  7:3 t r i f l u o r o a c e t i c  a c i d - g l a c i a l  a ce t i c  a c i d  (20 mL) a t  room t e m -  

p e r a t u r e  f o r  30 min. E x c e s s  r e a g e n t  was removed under  reduced  p r e s s u r e  

f o l l o w e d  by h i g h  vacuum. The brown s o l i d  was suspended  i n  20 mL water a n d  

t h e n  c h i l l e d  i n  a n  i ce  b a t h .  The w h i t e  s o l i d  was i s o l a t e d  by s u c t i o n  f i l -  

t r a t i o n ,  washed w i t h  5 mL c o l d  water,  5 mL e t h a n o l  a n d  f i n a l l y  1 C  mL d i -  

e t h y l  e t h e r .  Air d r y i n g  g a v e  2 g (54.4%) of  11 as a w h i t e  s o l i d ,  mp. 257- 

259'; Rf ( 2 ) :  

1235-1210, 1050, 838 cm-'; 'H NMR ( 6 0  MHz) (DMSO-3): 

4H a b s e n t  w i t h  D20), 7.12 ( d , l H ,  J = 8 Hz) ,  6.73 (m, 2H), 3.33-2.50 ( b r  m ,  

4H); mass spec t rum,  m/e: 
&. Calcd f o r  C H NO S:  C ,  41.20; H ,  4 .75 ;  N ,  6 .01 8 11 5 

Found: C ,  41.04;  H ,  4 .75 ;  N ,  6 .01  

- 

0.52; I R  (KBr): 3400,  3200,  1595,  1525,  1505,  1280-1250, 

6 8.33-6.33 ( b r  m, 

1 5 3  (M+-S03>, 124, 123, 106, 80. 

N-Carbobenzyloxy-4-benzyldopamine ( V I )  .- Benzyldopamine h y d r o c h l o r i d e '  

( 5  g ,  17.9 mmol) was suspended  i n  25 mL water w i t h  sodium b i c a r b o n a t e  

(3 .75g,  44.6 mmol) and  10 mL d ioxane .  To t h i s  m i x t u r e  was added benzyl-  

c h l o r o f o r m a t e  ( A l d r i c h )  ( 5  x 0.56 mL) o v e r  a p e r i o d  of  30 min. The 
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HARBESON , KERKMAN AND DeBERNARDIS 

mix tu re  w a s  a l lowed t o  s t i r  2 h r s  a t  room tempera ture .  The r e a c t i o n  

mix tu re  was d i l u t e d  i n t o  100 mL wa te r  and a c i d i f i e d  w i t h  1 N  H C 1  t o  pH 1. 

T h i s  mixture  was e x t r a c t e d  w i t h  e t h y l  acetate ( 3  x 50 mL). 

phase was d r i e d  (MgS04), f i l t e r e d  and c o n c e n t r a t e d  t o  a brown s o l i d  under  

reduced p res su re .  R e c r y s t a l l i z a t i o n  from e t h y l  ace t a t e -hexane  y i e l d e d  

4.58 g (68%) o f  VI as a g r e y  s o l i d ,  mp. 124-126'; 

(KBr): 

7.20 (my lOH), 7.0-6.52 (my 3H), 5.68 ( s ,  lH) ,  5.12 (s, 4H), 4.90-4.57 

( b r  m, lH), 3.42 ( 4 ,  2H, J = 6 Hz), 2.68 ( t ,  2H, J = 6 Hz); mass spectrum, 

m / e :  
&. Calcd f o r  C23H23N04: 

The o r g a n i c  

Rf (2) :  0.50; I R  

6 7.58- 3520, 3337, 1687, 1543, 1521, c m - l ;  'H NMR (CDC13): 

377 (M+), 316, 225, 181, 120, 91. 

C ,  73.19; H,  6.14; N ,  3.71 
Found: C ,  72.73; H ,  6 .15 ;  N ,  3.60 

Dopamine-3-sulfate (I).- To a s o l u t i o n  of VI (3.55 g ,  9.4 mmol) i n  21 mL 

d r y  DMF was added p y r i d i n e - s u l f u r  t r i o x i d e  complex (2.9 g ,  18.2 mmol), and 

t h e  r e s u l t i n g  s o l u t i o n  was s t i r r e d  f o r  12 h r s .  T l c  (2 )  i n d i c a t e d  t h a t  a l l  

s t a r t i n g  material had been  consumed. The s o l v e n t  w a s  removed f i r s t  unde r  

reduced p r e s s u r e  and t h e n  under  h i g h  vacuum. Depro tec t ion  w a s  accomplish- 

e d  by d i s s o l v i n g  t h e  o i l  in 1 1  mL methanol  and s t i r r i n g  w i t h  ammonium f o r -  

mate (2.0 g ,  31.7 mmol), 10% pa l l ad ium on carbon (1.8 g )  and 0.5 mL ace t i c  

a c i d .  Gas e v o l u t i o n  began a f t e r  40 min and a t  t h i s  p o i n t  t l c  i n d i c a t e d  

complete r e a c t i o n .  The mix tu re  was s u c t i o n  f i l t e r e d  t o  remove s o l i d s ,  and  

t h e  f i l t r a t e  was c o n c e n t r a t e d  t o  a n  o i l ,  f i r s t  under  reduced p r e s s u r e  and  

t h e n  under h i g h  vacuum f o r  12 h r s .  

water -e thanol  and r e c r y s t a l l i z e d  from t h e  same s o l v e n t  sys tem t o  y i e l d  1.1 

g (50%) of I as a g r e y  s o l i d ,  mp. >250° ( L i t . 8  275-277'); Rf ( 2 ) :  

I R  (KBr): 3400, 3120, 1620, 1595, 1510, 1285-1235, 1060, 1050, 805, 

795 cm-I; 'H NMR (100 MHz) (DMSO-3): 

D20), 7.06 (d ,  lH, J = 1.5 Hz), 6.80 (my 2H), 3.09-2.56 ( b r  m y  4H); mass 

spec t rum,  m/e. 
- Anal.  Calcd f o r  C8H11N05: 

------- 

The p roduc t  w a s  c r y s t a l l i z e d  from 

0.58; 

6 8.1-7.2 ( b r  m, 4H, a b s e n t  w i t h  

153 (M' - SO3), 124, 123, 106. 
C,  41.20; H,  4.75; N ,  6.01 

Found: C ,  41.35; H ,  4.95; N ,  6.09 

HPLC of  t h e  Dopamine-sulfates I and 11.- A 10 pg/mL DMSO s o l u t i o n  of t h e  

4 - su l€a te  I1 ( syn thes i zed  e l e v e n  months ear l ie r  and  s t o r e d  a t  ambient t e m -  

p e r a t u r e )  was p repa red  and  3 U L  of  t h i s  s o l u t i o n  was ana lyzed  by HPLC 

u s i n g  as a n  e l u a n t  a n  aqueous s o l u t i o n  which w a s  10% i n  methanol ,  0.5% i n  

a c e t i c  a c i d ,  and 0.005 M i n  sodium hexamate. The f low rate  was 1 mL p e r  - 
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A FACILE SYNTHESIS OF DOPAMTNE-4-SULFATE 

min, and t h e  p r e s s u r e  w a s  1000 p s i .  UV d e t e c t i o n  was a t  254 nm. Approxi-  

mate ly  50% of t h e  material w a s  e l u t e d  i n  a peak a t  5 min r e t e n t i o n  t ime 

( t h e  4 - s u l f a t e  11). The remainder of t h e  m a t e r i a l  w a s  d i v i d e d  e q u a l l y  

between two peaks ,  one a t  7.2 min r e t e n t i o n  t i m e  ( u n i d e n t i f i e d )  and t h e  

o t h e r  a t  9.0 min r e t e n t i o n  t i m e  (dopamine). 

On HPLC a n a l y s i s  of t h e  3 - s u l f a t e  I (10  pg/mL i n  DMSO, c o n d i t i o n s  t h e  same 

as  f o r  I1 above) a f t e r  2 months of s t o r a g e ,  t h e r e  was found a s i n g l e  peak 

(I) e l u t i n g  a t  5.0 min r e t e n t i o n  t i m e  ( 9  p L  i n j e c t i o n ) .  Analys is  o f  I 

a f t e r  4 months of  s t o r a g e  ( 9  p L  i n j e c t i o n )  showed a t r a c e  ( <  1 % )  of a n  

a d d i t i o n a l  peak a t  9 min r e t e n t i o n  t i m e  (dopamine). 
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2 .  

3. 

4. 

5. 

6. 
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