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SUMMARY -_ 
The morphine d e r i v a t i v e s  N-p-azidophenylethyl-7,8-di hydronormorphine 

(1)  and i t s  7 , 8 - d i t r i t i o  analogue (la,) were synthesized from morphine. 
Th is  m a t e r i a l ,  a p o t e n t i a l  p h o t o a f f i n i t y  l a b e l  w i t h  h igh  s p e c i f i c  r a d i o -  
a c t i v i t y  and w i t h  o p i a t e  agonis t  a c t i v i t y  comparable t o  morphine, may be 
use fu l  f o r  l a b e l i n g  o f  o p i a t e  receptors .  

- 
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l a b e l ,  o p i a t e  receptors  

Extensive i n v e s t i g a t i o n s  have been made o f  t he  receptors' i n  animal 

nervous systems and smooth muscles which i n t e r a c t  w i t h  opium a l k a l o i d s  and 
the  endogenous o p i a t e  peptides.* A number o f  workers have used the  technique 
o f  a f f i n i t y  l a b e l i n g  i n  attempts t o  i d e n t i f y  t he  molecular  species respons ib le  
f o r  t he  i n i t i a l  i n t e r a c t i o n  w i t h  t h e  op ia tes  i n  v ivo.  
m ~ r p h i n e , ~  s y n t h e t i c  op iates ,4 and o p i a t e  peptides5 i n c o r p o r a t i n g  chemical 1 y 
r e a c t i v e  groups such as a-chloromethyl ketones and mustard-type a1 k y l  a t i n g  
moiet ies,  as we l l  as photochemical ly a c t i v a t e d  groups such as a r y l  azides, 
azines, and a-diazoketones, have been prepared. 

Der i va t i ves  of 

However, o f  t he  morphine d e r i v a t i v e s ,  o n l y  the C-r ing reg ion  of the 
molecule has been repo r ted  t o  be mod i f i ed  i n  t h i s  manner. 

t he  e f f i c a c y  o f  i n t r o d u c i n g  p h o t o l a b i l e  subs t i t uen ts  i n t o  o t h e r  p o r t i o n s  o f  
t h e  morphine s t r u c t u r e ,  we undertook the  synthes is  o f  an N-subst i tu ted morphine 
d e r i v a t i v e .  

I n  order  to examine 

To a l l o w  i n c o r p o r a t i o n  o f  a h igh  s p e c i f i c  a c t i v i t y  r a d i o l a b e l ,  c a t a l y t i c  

hydrogenation o f  t he  7,8 double bond wi th t r i t i u m  gas was chosen, as 7 3 -  
dihydromorphine shows no loss o f  a c t i v i t y  as an o p i a t e  agonis t  r e l a t i v e  t o  
morphine.6 The p lan  was t o  prepare the approp r ia te  amino-substi tuted morphine 
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d e r i v a t i v e ,  reduce wi th  tritium, then  c o n v e r t  t h e  amino group t o  t h e  corres- 
ponding a z i d e .  The t a r g e t  molecule  s e l e c t e d  was N-p-azidophenylethyl-7,8- 
d i  hydronormorphine (I) .  
undiminished o p i a t e  b i o a c t i v i t y  based on t h e  known b i o l o g i c a l  potency o f  
N - p h e n y l e t h y l m ~ r p h i n e , ~  and t h i s  was indeed t h e  case (see below). 

was c a r r i e d  o u t  v i a  a blocked normorphine. The 3- and 6-hydroxyl groups o f  
morphine were a c e t y l a t e d  and t h e  he ro in  N-methyl group cleaved by r e a c t i o n  wi th  
trichloroethylchloroformate and removal of t h e  carbamate moiety w i t h  z i n c  
metal .8 The r e s u l t i n g  no rhe ro in  (4) was a c y l a t e d  wi th  p-ni t ropheny lace ty l  
c h l o r i d e  t o  y i e l d  N-p-nitrophenylacetylnorheroin ( 5 ) ,  t h e  n i t r o  group was 
reduced wi th  s t annous  c h l o r i d e ,  and t h e  amide was reduced w i t h  l i t h i u m  aluminum 
hydride.  Th i s  t r e a t m e n t  also c l eaved  t h e  0 -ace ty l  g roups ,  g i v i n g  N-p-aminophenyi- 
e thylnormorphine (7) i n  49% y i e l d .  C a t a l y t i c  r e d u c t i o n  o f  t h e  7,8-double bond 
wi th  hydrogen and Pt02 occur red  i n  91% y i e l d .  Conversion to t h e  a z i d e  1 took 
p l a c e  us ing  sodium n i t r i t e ,  t hen  sodium a z i d e  i n  aqueous s u l f u r i c  a c i d  under 
subdued l i g h t .  TLC p u r i f i c a t i o n  of  t h e  f i n a l  p roduc t  gave a 44% y i e l d  o f  t h e  
d e s i r e d  a z i d e  1 i n  non- rad ioac t ive  form. Azide 1 was found to  cause 50% i n h i b i t i o n  
of guinea p i g  ileum c o n t r a c t i o n  a t  10- My and g i v e  50% d i sp lacemen t  of e t o r p h i n e  

Thus a z i d e  1 appea r s  t o  have s a t i s f a c t o r y  r e c e p t o r  a f f i n i t y .  

We hypothesized t h a t  t h i s  compound would show 

The conversion o f  morphine to N-p-azidophenylethyl-7,8-di hydronormorphine 

- 

* 7 - 
o r  naloxone from a r a t  b r a i n  p r e p a r a t i o n  a t  lo-%, comparable t o  morphine. 9 

! E’ 
2 CH,CO CH, 

3 CH,CO C CI,CH, OCO 

4 CH,CO H 

x 
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Cata ly t ic  reduction of the double bond w i t h  tritium was car r ied  o u t  i n  
dioxane t o  minimize the  amount of tritium exchange i n t o  the solvent. T r i t i a t ion  
occurred smoothly on a 30 mg scale under 680 mn Hg tritium pressure t o  y ie ld  
N-p-aminophenylethyl-7,8-dinitronormorphine (8a) , which was converted to  the 
azide and purified by preparative TLC. 

_- 
T h i s  compound may be useful f o r  photoaffinity labeling o f  opia te  receptors,  

either membrane bound o r  i n  so lubi l ized  form. The h i g h  spec i f i c  ac t iv i ty  radio- 
label should make iden t i f i ca t ion  of low concentrations of receptors feas ib le .  

EXPERIMENTAL 

General. NMR Spectra were obtained i n  CDC13, IR spectra were taken i n  CHC13, 
and U w r a  were recorded i n  C2H50H. 
nitrogen atmosphere and f ina l  organic phases resu l t ing  from reaction i so la t ions  
were dried over MgS04. 

Heroin ( g ) .  

A l l  reactions were conducted i n  a 

Morphine s u l f a t e  (15.0 g ,  45 mml) was dissolved in ace t i c  
anhydride (50 mL) and triethylamine (50 mL), the solution was refluxed 16 hours. 
The mixture was cooled t o  room temperature, 1 fl phosphoric acid (200 m L )  and 
chloroform (200 mL) were added, and the aqueous phase was washed w i t h  additional 
chloroform, then ch i l led  i n  i ce  and basified to  pH 10 w i t h  4M NH40H.  Extraction 
w i t h  chloroform, drying and evaporating left 16.6 g, 100% y ie ld  o f  heroin which 
was used d i r ec t ly  i n  the next step: mp (from ethanol) 171-173°C (li t . ' '  mp 173"); 
NMR 6 6.8 (lH, d ,  J=BHt), 6.6 (lH, d, J=8), 5.8 (lH, d, J=lO), 5.5 ( l H ,  d ,  J=lO), 
5.3 (2H, s ) ,  3.5 ( l H ,  m), 3.0-2.0 (7H, m ) ,  2.6 (3H, s ) ,  2.4 (3H, s ) ,  2.2 (3H, s ) .  

~,~,~-Trichloroethylcarbamylnorheroin (3) .  
dissolved i n  dry chloroform (200 mL, d i s t i l l i d  from P205) and B,B,B-trichloro- 
ethylchloroformate (10.5 g, 50 mmol) was added. 
then was cooled t o  room temperature, and washed w i t h  1M NaOH, then 1M phosphoric 
ac id ,  then water. The organic phase was dried and evaporated yielding 23.8 g 
(100%) of the desired carbamate. 
step w i t h o u t  purification: NMR 6 6.8 ( l H ,  d, J=7Hz), 6.6 (lH, d, J=7),  5.8 
( l H ,  d ,  J=lO), 5.5 (lH, d, J=lO), 5.2 (2H, s ) ,  5.0 (ZH, s ) ,  4.2 ( l H ,  m ) ,  3.4- 
2.4 (4H, m ) ,  2.4 (3H, s ) ,  2.2 (3H, s ) ,  2.2-1.8 (2H, m); Mass Spectrum m n  
531 , 529 (M'). 

Heroin (16.6 g ,  45 mnol) was 

The mixture was refluxed 22 h ,  

The material was used d i r ec t ly  i n  the nex t  

Norheroin (4). - The trichloroethylcarbamate (3,  23.8 g ,  45 mnol) was - 
dissolved i n  90% ace t i c  acid (50 mL) and zinc dust (29.3 g ,  450 mnol) was added 
i n  portions a s  the mixture was s t i r r e d  vigorously i n  a water bath a t  room tem- 
perature. The suspension was s t i r r e d  overnight, then f i l t e r e d  and the unreacted 
zinc washed w i t h  a small portion of 90% acetic acid. The f i l t r a t e  was taken up 
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i n  1M phosphoric ac id  (200 mL) and chloroform (200 mL), and a f t e r  separa t ion ,  
the aqueous phase was washed w i t h  chlorofonn, then cooled w i t h  i c e  and bas i f ied  
t o  pH 10.5 w i t h  ammonium hydroxide. 
chloroform, which was d r i e d  and evaporated t o  y i e l d  a g l a s s .  
occurred r e a d i l y  on t r i t u r a t i o n  w i t h  e thy l  a c e t a t e .  
from morphine). The f i r s t  chloroform phase was d r i e d  and evaporated t o  g ive  
3.2 g (13%) of  recovered s t a r t i n g  mater ia l .  
from ethyl  a c e t a t e  had a mel t ing poin t  of 138-140’. T h i s  compound was pre- 
v ious ly  charac te r ized  only as  i t s  hydrochloride.” NMR 6 6 .8  ( l H ,  d, J=8Hz), 
6.5 (lH, d, J=8), 5.7 (lH, d ,  J=lO),  5.4 (lH, d, J= lO) ,  5.1 (2H, s), 3.7 (lH, 
m ) ,  3.2-2.6 (5H, m), 2.2-1.8 (2H, m), 2.4 (3H, s ) ,  2 . 2  (3H, s ) .  Anal. Calcd: 
C ,  67.6; H ,  6.0;  N ,  3.9. Found: C ,  67.6; H ,  6.0; N ,  4.0. 

This mixture  was then e x t r a c t e d  well w i t h  
C r y s t a l l i z a t i o n  

The y i e l d  was 8 .0  g (50% 

The norheroin (14) r e c r y s t a l l i z e d  

p-Ni trophenylacetylchloride. Commercial p-ni  t rophenylace t ic  ac id  (9.0 g ,  

50 mmol) was dissolved i n  d r y  benzene (50 mL), t h e n  oxalyl c h l o r i d e  (6.5 g ,  4.4 
mL, 51 mmol) was added and the  mixture ref luxed u n t i l  gas evolu t ion  had ceased 
(12 h) .  
oxalyl c h l o r i d e  and benzene were removed under vacuum, y i e l d i n g  8.1 g (81%) of  
the des i red  ac id  c h l o r i d e  which c r y s t a l l i z e d  on s tanding:  NMR 8 8.1 (2H, d ,  
J=8Hz), 7.4 (2H, d ,  J = 8 ) ,  4 .3  (2H, s ) .  

The mixture was cooled,  f i l t e r e d  and evaporated.  The l a s t  t r a c e s  of 

N-p-Nitrophenylacetylnorheroin ( 5 ) .  - Norheroin (3.55 g ,  10 mol) was d i s -  
solved i n  d ry  OMF (5  m L ,  d i s t i l l e d  from CaH2), and dry potassium carbonate  
(2.06 g ,  15 mmol) was added. 
n i  trophenyl ace ty l  -ch lor ide  (2.38 g , 12 nnnol ) i n  dry DMF ( 5  mL) was added dropwise. 
After 2 h ,  water (30 mL) was added, and the mixture  was e x t r a c t e d  w i t h  chloroform. 
The organic  phase was washed w i t h  lbJ phosphoric a c i d ,  then water ,  and was d r i e d  
and evaporated t o  y i e l d  3.61 g (70%) Pf the des i red  amide as  a g l a s s .  
8.2 (2H, d ,  J=8Hz), 7.4 (2H, d ,  J = 8 ) ,  6 .8  (lH, d ,  J = 8 ) ,  6.6 ( lH,  d,  J=8) ,  5 .8  
(lH, d ,  J=lO),  5.5 ( l H ,  d ,  J=lO),  5.2 (2H, s ) ,  4.6 ( lH,  m), 4.0 (2H, m), 3.4-2.6 
(5H, m), 2.4 (3H, s ) ,  2.2 (3H, s ) ,  2.2-1.8 (2H, m).  
C28H26N208 m/z 518.1689, found 518.1698. 

N-p-Aminophenylacetylnorheroin ($1. 
g l a c i a l  a c e t i c  ac id  ( 3  mL) p l u s  one drop of conc. hydrochlor ic  ac id  was warmed 
on a steam bath a s  stannous c h l o r i d e  d ihydra te  (1.0 g ,  4.5 mmol) was added. 
The mixture was k e p t  a t  90’ f o r  30 minutes, then i t  was cooled and b a s i f i e d  t o  
pH 10.5 w i t h  i c e  cold 4N NaOH and e x t r a c t e d  well  w i t h  chloroform. The organic  
phase was d r i e d  and evaporated y i e l d i n g  400 mg (82%) o f  the des i red  amino 
compound a s  a g l a s s  which was used d i r e c t l y  i n  the next s t e p :  NMR 6 7.2-6.4 
(6H, m), 5.7,  ( lH, d ,  J=lO), 5.4 (lH, d,  J= lO) ,  5.0 (2H, s ) ,  3.7 (2H,  m), 3.0- 
1.6 (8H, m),  2.3 (3H, s ) ,  2.1 (3H, s ) .  Exact mass ca lcd  f o r  C28H28N206 m/z 
488.1947, found 488.1952. 

The mixture s t i r r e d  a t  room temperature a s  p- 

NMR 6 

Exact mass ca lcd  f o r  

The nitroamide (500 mg, 0.96 mnol) i n  
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N-p-Aminophenylethylnormorphine (7 ) .  N - p - h i  nophenyl a c e t y l  norhero in (6 ,  ... - 
490 mg, 1.0 mm01) i n  d r y  THF (10 mL) was added t o  a w e l l  s t i r r e d  suspension o f  

LiA1H4 (133 mg, 3.5 m o l )  i n  THF (10 mL) a t  room temperature. The m ix tu re  was 
s t i r r e d  and r e f l u x e d  1.5 h, then cooled t o  0" and the excess hyd r ide  decomposed 

w i t h  i c e  c o l d  1M phosphoric acid. 

t he  c o l d  t o  pH 9, e x t r a c t e d  w e l l  w i t h  10% methanol i n  chloroform, and the 
organic  phase d r i e d  and evaporated t o  y i e l d  330 mg (85%) o f  t h e  des i red  amino- 

phenol !. The m a t e r i a l  was f u r t h e r  p u r i f i e d  by p repara t i ve  TLC on s i l i c a  ge l  
w i t h  10% methanol i n  chloroform, and the  s u l f a t e  s a l t  cou ld  be r e c r y s t a l l i z e d  
from ethanol :  NMR 6 7.0 (ZH, d, J=8), 6.6 (2H, d, J=8), 6.5 ( l H ,  d, J=8), 6.4 
(1HS d, J=8), 5.6 (1H, d, J=lO), 5.2 ( l H ,  d, J=lO), 4.8 ( l H ,  d, 5=6), 4.2 ( lH,  
m ) ,  3.6 (ZH, m), 3.0-1.6 ( lOH,  m). 
1200, 1100. Anal. Calcd: C, 57.9; H, 5.9; N, 5.6 f o r  s u l f a t e  hemihydrate. 
Found: C, 57.8; H, 6.2; N, 5.4. 

The s o l u t i o n  was f i l t e r e d  and b a s i f i e d  i n  

I R :  3600 ( b r ) ,  3000, 1610, 1510, 1450, 

N-p-Aminophenylethyl-7,8-di hydronormorphine (E). N-p-hinophenylethylnormor- 

ph ine (7, - 330 mg, 0.85 m o l )  was d i sso l ved  i n  methanol (40 mL) and Pt02 (20 mg) 
was added. The m i x t u r e  was shaken under 33 p s i  o f  hydrogen f o r  1.5 h, then the 

c a t a l y s t  was f i l t e r e d ,  and t h e  f i l t r a t e  evaporated. 
appeared t o  be s u b s t a n t i a l l y  pure: NMR 6 6.95 (ZH, d, J=8Hz), 6.7-6.4 (4H, m), 
4.6 ( l H ,  d, J=6), 4.1 ( l H ,  m), 3.2-2.0 ( lOH,  m) ,  2.0-1.0 (6H, m);  mass spectrum 
m/z  392 (M+) . 

The res idue  (300 mg, 91%) 

N-p-Azidophenylethyl-7,8-di hydronormorphine (1). N-p-Aminophenylethyl-7,8- 
dihydronormorphine (8, 207 mg, 0.53 m o l )  was d i sso l ved  i n  2.0M aqueous s u l f u r i c  
a c i d  (1.5 mL), and c h i l l e d  t o  6" under r e d  s a f e l i g h t  as sodium n i t r i t e  (44 mg, 
0.64 mmol) was added. A f t e r  30 minutes, t he  UV absorpt ion maximum had s h i f t e d  
t o  270 nm. 
The s o l u t i o n  was s t i r r e d  30 minutes, t he  UV absorpt ion maximum s h i f t i n g  t o  248 
nm. Saturated sodium b icarbonate s o l u t i o n  (20 mL) was added u n t i l  the pH reached 
8.5, and the  s o l u t i o n  was e x t r a c t e d  w e l l  w i t h  10% methanol i n  chloroform. The 
pH was adjusted t o  9.5 and t h e  e x t r a c t i o n  repeated. The o rgan ic  phases were 

combined, d r i e d  and evaporated t o  y i e l d  120 mg (55%) o f  t he  az ide 1. The 
product  was p u r i f i e d  by p repara t i ve  TLC on s i l i c a  g e l  w i th  5% methanol i n  

ch loroform.  
was exposed t o  UV l i g h t  t o  v i s u a l i z e  t h e  compound. 

recovered t o  y i e l d  53 mg (44% recovery, 24% from amine g) o f  az ide 1,: NMR 6 7.2 

(ZH, d, J=9Hz), 7.0 (ZH, d, J=9), 6.8 ( lH,  d, J=8), 6.6 ( lH,  d, J=8), 5.4 (2H, 
s ) ,  4.8 ( l H ,  d, J=6), 4.2 ( l H ,  m), 3.5 (ZH, m),  3.2-2.4 (W, m ) ,  2.0-1.4 (6H, 
m). 3500 ( b r ) ,  3000, 2900, 2050 (s t rong ) ,  1610, 1500, 1450, 1300, 1100. 

Exact mass ca l cd  f o r  CZ4Hz6N4O3 m/z 418.2005, found 418.2000. 

- 

Then sodium az ide  (52 mg, 0.80 mnol) i n  water (1  mL) was added. 

- 
A f t e r  p r o t e c t i n g  the  TLC p l a t e  w i t h  an aluminum sheet, t he  edge 

A band w i t h  Rf 0.2 was 

I R :  
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3 N-p-Aminophenyl e t h y l  -7,8-[ H,]-normorphine L (8%). N-p-aminophenylnor- 
morphine (z, 31.2 mg, 0.80 mnol) was d i sso l ved  i n  d r y  dioxane (1.0 mL) and Pt02 
(15 mg) was added. 
gas pressure of 680 mm Hg (2.5 Curies/mL T2) f o r  24 hours, t he  pressure dropping 
t o  580 m Hg. 
c a t a l y s t  was removed by cen t r i f uga t ion ,  and washed wi th methanol. 

organic  phases were l y o p h i l i z e d ,  and a d d i t i o n a l  methanol (2  mL) was added and 
l y o p h i l i z e d  t o  remove exchangeable t r i t i u m .  
methanol i n  benzene (10 mL), and f rozen  f o r  storage. 

The m i x t u r e  was then s t i r r e d  under a c a r r i e r - f r e e  t r i t i u m  

The excess t r i t ium gas was f l ushed  o u t  wi th n i t r o g e n  and the 
The combined 

The product  was taken up i n  10% 

3 N-p-Azidophenylethyl-7,8-[ H,]-normorphine L ( l a ) .  ...- A qua r te r  o f  t he  prev ious 

The aqueous s o l u t i o n  was cooled t o  0' under r e d  
s o l u t i o n  con ta in ing  t h e  t r i t i a t e d  amine 8a -- was thawed and e x t r a c t e d  w i t h  2 1  
aqueous s u l f u r i c  a c i d  (0.5 mL). 

s a f e l i g h t ,  then sodium n i t r i t e  s o l u t i o n  (0.1 mL o f  1.OM) was added and the  
m ix tu re  s t i r r e d  10 minutes. Sodium az ide s o l u t i o n  (0.1 mL o f  1.m) was added 

and the  r e a c t i o n  m i x t u r e  was s t i r r e d  an a d d i t i o n a l  30 minutes. Then sodium 
carbonate s o l u t i o n  (1.2 mL o f  10% aqueous) was added, and the m ix tu re  was 

ex t rac ted  w i t h  f i v e  p o r t i o n s  of 10% methanol i n  chloroform. The organic  phase 
was d r ied ,  t he  so l ven t  was evaporated under a n i t r o g e n  stream, and t h e  res idue 

was taken up i n  absolute ethanol  (2  mL) f o r  storage. Comparison w i t h  the known 
e x t i n c t i o n  c o e f f i c i e n t  [UV Amax 248 nm (E 11,080)] gave the  a l k a l o i d  concentra- 
t i o n ,  and the s p e c i f i c  a c t i v i t y  was determined t o  be 30 C i / m o l .  
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