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SYNTHESIS OF 2-AMINOMORPHINE AND 2-AMINOCODEINE . 

REDUCTION OF AROMATIC N I T R O  GROUPS WITH 

FORMAMIDINESULFINIC A C I D .  

* 
Nithiananda C h a t t e r j i e  , Arlene Minar' and 

Donald D . Clarke 1 

New York S t a t e  I n s t i t u t e  f o r  Basic Research i n  
Mental Retardat ion,  S ta ten  I s l a n d ,  NY 10314 

Our i n t e r e s t  i n  the s t e r e o s e l e c t i v e  reduction' of 

t he  carbonyl  groups o f  va r ious  oxymorphone d e r i v a t i v e s  

wi th formamidinesul f in ic ac id  (FSA) l ed  t o  a r e s u l t  i n -  

d i c a t  i n g  t h a t  dihydroc ode h o n e 3  underwent r i ng -  oxygen 

scission'  under the  condi t ions 

reagent .  This observation4 has prompted i n t e r e s t  and 

speculat ion as t o  the scope and mechanism o f  t h i s  reac-  

t i o n  by o t h e r s  5 ,  as w e l l  as ourse lves.  

of reduct ion wi th t h i s  

*To whom a l l  correspondence should be addressed. 
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During the course of  our  synthe t ic  work on morphine 

and codeine compounds (and der iva t ives  a f fec t i ng  the 

cen t ra l  ne.rvous system), the need arose f o r  a f a c i l e  

method o f  reduct ion of the 2-ni t ro der iva t ives  t o  the 

corresponding amines o f  morphine and codeine. exten- 

s ive search of  the l i te ra tu re6-* ,  revealed two methods8 

one w a s  a t i n  and hydrochloric ac id  reduct ion o f  2-nitro- 

morphine (la) t o  2-aminomorphine (Ic), by Bognar and Gaal 6 . 
The other  w a s  an e l e c t r o l y t i c  reduct ion o f  2-nitrocodeine 

(21, t o  2-aminocodeine (Id) by Ochiai and Nakamura 7 . 
Since these experimental methods were somewhat k ibor ious 

and i n  view o f  the l imi ted quan t i t i es  of  s t a r t i n g  mater ia ls  

avai lab le to  u s ,  we wanted t o  avoid these ac id ic  reac t ion  

condi t ions and s o  chose t o  explore the reduct ion of the 

aromatic n i t r o  group by i n  an a lka l ine  medium. 

The 3-phenolic-6-0x0-dihydromorphine der iva t ives  

reduced with s o  far2-5, have shown no r i n g  -oxygen 

sc iss ion4 (as i n  the reduct ion of dihydrocodeinone) : 

therefore we were a l l  the more cur ious as t o  the outcome 

of reduct ion of the n i t r o  group on morphine and 

pa r t i cu la r l y  on codeine. Though has been b r i e f l y  

mentioned as a reducing agent 9 , f o r  the aromatic n i t r o  

group, i n t e r  alial', no published experimental procedure 

using t h i s  agent w a s  found for the preparat ion of 

aromatic amines. 
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We now repor t  the f a c i l e  reduct ion of and ,lJ 

t o  the corresponding amino der iva t ives  & and Id i n  

y ie lds  o f  60 and 81% respect ively.  

1 R- 

a, 

R= NO2 

NH2 

C, R ~ = N H *  

The reduction o f  Q t o  Id deserves fu r the r  comment. 

The product obtained by u s  i s  a known compound, described 

by e a r l i e r  workers; Bognar and Gaal have reported t h i s  

compound t o  be ai r  and moisture sens i t i ve .  We obtained 

a homogeneous product t h a t  w a s  f u r the r  pur i f ied by 

preparat ive chromatography on s i l i c a  g e l  p la tes  for 

purposes of spec t ra l  character izat ion.  This  sample melted 

a t  8SoC (lit.6 83OC); i t s  mass spectrum showed an exact 

molecular weight a t  314.1638 amu ( theo re t i ca l  weight, 
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314.1631). The I R  spectrum showed an absence o f  bands 

a t  1527 and 1338 cm-l which were c h a r a c t e r i s t i c  o f  the 

n i t r o  group o f  Q. ThelH spectrum of I d  - w a s  o f  

p a r t i c u l a r  i n t e r e s t  toward f u r t h e r  assurance o f  the 

i n t a c t  oxygen br idge and thus  t he  i d e n t i t y  of the product 

a s  2-aminocodeine; it showed a broad s i n g l e t  a t  b 6.02 

due t o  the aromat ic proton a t  c-1; t he  v i n y l i c  protons 

a t  C-7 and C-8 appeared as a s e t  o f  doublets  (J  = 10 Hz) 

a t  5.73 and 5.28 respec t i ve l y .  The 5p-proton-appeared as 

a doublet  a t  4.84 ( J  = 6 Hz). The 6t-hydroxy o r i e n t a t i o n  

was confii-med by observat ion o f  t he  6 p p r o t o n  which app- 

eared as a broad m u l t i p l e t  centered a t  4.16. These chem- 

i c a l  s h i f t  va lues  and coupl ing cons tan ts  a r e  i n  harmony 

w i t h  those i n  the  l i t e r a t u r e  These cons ide ra t i ons  

show t h a t D  i s  reduced smoothly t o  Id with no obvious 

s ide  r e a c t i o n .  I t  must  a l s o  be noted here t h a t  although 

t h i s  r e a c t i o n  w a s  c a r r i e d  out  under homogeneous condi- 

t i o n s  (us ing  e thano l  as cosolvent)  t he  opening o f  t he  

4 ,  5c-ether br idge d i d  n o t  occur i n  t h i s  reduc t i on  as 

was the  case i n  the reduct ion o f  6-0x0 compounds i n  the 

codeine s e r i e s ,  repor ted by Brine and coworkers 5 . 
The 'H spectrum o f  2-aminomorphine (2) i n  

dimethylsul foxide (d6)  showed a broad s i n g l e t  at  5.84 

due t o  the aromat ic proton a t  '2-1; a s e t  of doub le ts  

(J = 10 Hz) a t  5.50 and 5.21 a t t r i b u t a b l e  t o  the  protons 

a t  C - 7  and C - 8  r e s p e c t i v e l y ,  a doub le t  a t  4.64 (J  = 6 Hz) 
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due t o  the 5 -proton and a broad m u l t i p l e t  centered a t  

4.06 ass ignable t o  the 6 x p r o t o n .  The N-methyl s i n g l e t  

appeared a t  2.30. 

P 
I 

I n  an e f f o r t  t o  e l u c i d a t e  t h e  genera l  s y n t h e t i c  

u t i l i t y  of t h i s  reagent  f o r  the p repara t i on  of aromat ic 

amines by reduct ion of the corresponding n i t r o  groups i n  

common organic compounds, we app l i ed  t h i s  methodology t o  

2-ni t robenzoic ac id  (2). 3-ni t rophenol  and '+-n i t ro-  

to luene (2); t he  so le products obta ined were 2-amino- 

benzoic ac id  ( 5 )  3-aminophenol (61, and 4-aminotoluene 

hydrochlor ide ( 2 )  i n  i s o l a t e d  y i e l d s  o f  85, 90, and 56% 

respectively.Though no e f f o r t s  weremade t o  optimize these 

y i e l d s ,  these r e s u l t s  neve r the less  i n d i c a t e  the prepara- 

t i v e  p o t e n t i a l  o f  FSA as a reducing agent  f o r  aromat ic 

n i t r o  groups. 

T h i s  method may a l s o  be considered as an a t t r a c t i v e  

chemical mode f o r  compounds t h a t  a r e  acid s e n s i t i v e .  I t  

i s  a l s o  c l e a r  t h a t  FSA has now beenldemonstrated t o  be 

va luable f o r  modi f icat ion of the aromat ic moiety ( r i n g  A )  

o f  morphine d e r i v a t i v e s  i n  a d d i t i o n  t o  r i n g  C of  r e l a -  

t ed   substance^^-^. 

Experimental Sect ion.  

General exper imental  procedures were as repor ted 

ea r l i e r2 " .  Melt ing p o i n t s  were obtained on a thermolyne 

mel t ing p o i n t  apparatus,  model No. Mp-1200, and a r e  
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reported uncorrected. Thin layer  chromatography w a s  

performed on s i l i c a  ge l  p l a t e s  obtained from Analtech 

Inc . ,  Newark,Delaware. Solvent system was EtOAciMeOH: 

NH40H, 75:20: j  by volume. Aromatic n i t r o  compounds were 

obtained f rom Aldrich Chemical c o . ,  Inc . ,  Milwaukee, 

Wisconsin.lH-NM3 spect ra were obtained on a Varian XL- 

100 spectrometer and a re  reported i n  ppm r e l a t i v e  

t o  tetramethyls i lane (TMS) as i n t e r n a l  standard.  Mass 

spect ra were determined on a Dupont 21-492 double 

focussing instrument equipped with e lec t ron  impact 

source and d i r e c t  sample in t roduct ion probe. FSA w a s  

obtained from Eastman Organic Chemicals, Rochester, 

N . Y .  Elemental analyses were performed by Spang Micro- 

ana ly t i ca l  Laboratory, Eagle Harbor, Michigan. 

2-Aminomorphine ( l c ) .  To 1.77 g ( 0 . 0 0 5  moll o f  & hyd- 

r ~ c h l o r i d e ~ " ~  in  H20 ( 3 5  m l )  w a s  added NaOH ( 1.87 g ,  

0.047 mol )  i n  H20 ( 2 0  m l ) .  This mixture w a s  maintained 

under a stream of N2 gas and s t i r r e d  magnetical ly. To 

the resu l t i ng  blood-red so lut ion w a s  added FSA (2.25 g ,  

0.02 mol) and the reac t ion  mixture w a s  maintained at  90- 

on a water bath.Within 15 min the co lor  w a s  dis-  

charged; heat ing was continued for 1 h r .  During t h i s  

period an off-white p rec ip i t a te  appeared. The reac t ion  

w a s  stopped and the mixture w a s  c h i l l e d  i n  i c e .  The 

pH o f  the supernatant w a s  9.8 ( t h i s  w a s  the optimum 



2-AMINOMORPHINE AND 2-AMINOCODEINE 653 

pH a t  which the  f r e e  base & p r e c i p i t a t e d  from the 

aqueous mixture).  F i l t r a t i o n  gave 950 mg o f  crude a, 
(60%) . R e c r y s t a l l i z a t i o n  from MeOH-H20 gave needles' ' 

which softened a t  1 5 6 O C  and decomposed a t  260°( lit. 

256OC. Mass spectrum m/e 300 ( M + , l O O % ) .  I R  ( K B r )  3450, 

3350 cm-l (NH2) ; broad band 3200 ( O H ) .  Treatment o f  an 

e t h a n o l i c  s o l u t i o n  o f  

methane converted it t o  Id ( R f =  (2.41). An a n a l y t i c a l  

sample was obtained by r e c r y s t a l l i z a t i o n s  from absolute 

EtOH;  t h i s  sample decomposed a t  2 5 8 O C  ( l i t .17258*C).  

Anal. Calcd f o r  C17H20N203~ C ,  67.96; H ,  6.71; N ,  9.32. 

Found1 C ,  68.05; H ,  6.82; N ,  9.22. 

6 

( R f =  0.21) wi th e t h e r e a l  d iazo- 

2-Aminocodeine (Id). The f r e e  base was converted t o  

i t s  methyl e t h e r  Q by treatment wi th an e t h e r e a l  solu- 

t i o n  of diazomethane fo l lowing t h e  procedure of Ochiai 

and Nakamura' : 2 g (0.006 moll of obtained thus w a s  

d isso lved  i n  EtOH (30 m l )  and H20 (10 m l )  . A s o l u t i o n  

of NaOH (1.44 g,  0.036 mol) i n  H20 (20 m l )  . w a s  made up 

and 10 m l  of t h i s  w a s  added t o  t h e  s o l u t i o n  o f  Q; t o  

the remaining 10 m l  of NaOH was added 1.94 g (0.024 moll 

of FSA and t h i s  w a s  added t o  the a l k a l i n e  s o l u t i o n  of 

- l b .  The r e a c t i o n  mixture w a s  heated with s t i r r i n g  on a 

water bath a t  90' under N2 for 1.5 hr. During t h i s  

per iod the  orange co lo r  of t he  mixture was discharged. 

Upon evaporat ion o f  EtOH,  the aqueous res idue w a s  e x t r -  
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acted with C H C l  

dr ied  (Na2S04) and f l a s h  eva,orated. The r e s i d u e  upon 

add i t i on  of C H C l  -petroleum e t h e r  (60-90°) gave o f f -  

white c r y s t a l s  (1 .4 g ,  81%). This m a t e r i a l ,  a l though 

homogeneous upon TLC (R = 0.41) appeared t o  be sens i -  

t i v e  t o  a i r  and moisture6, and hence w a s  maintained un- 

der  N 2 ,  A pure sample o f  t he  f r e e  base was obtained by 

p repara t i ve  chromatography on 1000 micron s i l i c a  g e l  

p l a t e s .  The sample s o  obta ined melted a t  85OC ( l i t .  

mp 83OC). I R  ( K B r )  3450, 3350 c m - l ( N H 2 ) ,  3200 (broad,  

OH) : mass spectrum 3111 !M+, 100%) : 'H-NMR (CDC13)  

3.92 ( s ,  3 H ,  OCH3), 2.42 (s ,  3H, N C H 3 ) .  A p o r t i o n  of 

t h i s  substance w a s  converted i n t o  2-bromocodeine 

fol lowing the  procedure of Ochiai and Nakamura. This 

d e r i v a t i v e  melted a t  161-163°C ( l i t ,7 mp 16O-16l0C);  

mass spectrum m/e 377 ( M  ) . 

the organic l a y e r  w a s  washed with H20, 
3; 

3 

f 

6 

+ 

General Drocedure f o r  ob ta in ing  compounds 3 ,  6 ,  and 2 .  

The a c i d i c  n i t r o  compounds were d isso lved i n  aqueous 

a l k a l i  and t r e a t e d  with a f o u r  molar excess o f  FSA 

fol lowing cond i t i ons  as i n  t ' ie  p repara t i on  o f  &. 

The products were i s o l a t e d  by reducing the pH t o  the 

appropr ia te i s o e l e c t r i c  p o i n t ,  fol lowed by f i l t r a t i o n  

o r  e x t r a c t i o n  wi th e t h e r .  Compound 3 was d isso lved  i n  

aqueous E t O H  and t r e a t e d  wi th  FSA and NaOH as i n  t he  

p repara t i on  o f  Id. 

19 
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