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SUMMARY 

A r e a c t i o n  s e q u e n c e  i s  d e s c r i b e d  t o  s y n t h e s i z e  ( R , S ) - 6 - d i t r i d e u t e -  
riomethylamino-4,4-diphenylheptan-3-one h y d r o c h l o r i d e  ( m e t h a d o -  
ne-d6.HC1 ) i n  10.5% o v e r a l l  y i e l d  s t a r t i n g  f r o m  d i m e t h y l a m i n e - d 6  
h y d r o c h l o r i d e .  W h i l e  methadone-d6.HC1 had  r a t h e r  s i m i l a r  p h y s i c o -  

c h e m i c a l  p r o p e r t i e s  compared  t o  methadone.HC1 i n  t h e  s o l i d  p h a s e ,  
a d i v e r g e n t  b e h a v i o u r  was o b s e r v e d  i n  s o l u t i o n  ( pKa, c h r o m a t o g r a -  
p h i c  and  l 3 C - N M R  d a t a  1. A h i g h e r  b a s i c i t y  a l o n g  w i t h  a more  
i m p o r t a n t  h y d r o p h i l i c i t y  w e r e  o b s e r v e d  f o r  t h e  d 6 - d e r i v a t i v e .  A 

1 3 C - N M R  s t u d y  showed s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  1 3 C  c h e m i c a l  
s h i f t s ,  w h i c h  w e r e  a t t r i b u t e d  i n  p a r t  t o  t h e  i n t r i n s i c  n a t u r e  o f  D 
i t s e l f  and i n  p a r t  t o  a c o n f o r m a t l o n a l  p e r t u r b a t i o n .  The l o n g e r  
d u r a t i o n  o f  a n t i n o c i c e p t i v e  a c t i o n ,  a l o n g  w i t h  h i g h e r  tl,2 and 

c l e a r a n c e ,  and t h e  d e p r e s s t o n  o f  t h e  m e t a b o l i c  N - d e m e t h y l a t i o n  
p r o c e s s  w e r e  t h e  o n l y  b i o l o g i c a l  p r o p e r t i e s  m o d i f i e d  b y  t h e  d e u t e -  
r a t i o n .  

Key  w o r d s  : methadone ,  d e u t e r i u m ,  i s o t o p i c  e f f e c t s ,  1 3 C - N M R ,  

X - ray ,  a n t i n o c i c e p t i v e  a c t i v i t y  
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I .  SYNTHETIC APPROACH 

I n  a e f f o r t  t o  i n v e s t i g a t e  t h e  i m p a c t  o f  i n t r o d u c i n g  d e u t e r i u m  i n  

d r u g s  on  t h e i r  p h a r m a c o l o g i c  p r o p e r t i e s  and p h a r m a c o k i n e t i c  p r o f i -  

l e  (11, we h a v e  s y n t h e s i z e d  (R,S)-6-ditrideuteriornethylamino-4,4- 

d i p h e n y l h e p t a n - 3 - o n e  h y d r o c h l o r i d e  ( methadone-d6.HC1,  1 1. As t h e  

m a j o r  m e t a b o l i c  p a t h w a y  of me thadone  d e r i v e s  f r o m  a N - d e m e t h y l a -  

t i o n  p r o c e s s ,  w h i c h  i s  g o v e r n e d  b y  a p r i m a r y  i s o t o p i c  e f f e c t ,  i t  

was a n t i c i p a t e d  t h a t  t h e  m o l e c u l a r  m o d i f i c a t i o n  p r e s e n t e d  h e r e  

c o u l d  p o s s i b l y  i n d u c e  a m e t a b o l i c  s w i t c h i n g  ( 2 ) .  C o n s e q u e n t l y ,  

i m p o r t a n t  m o d i f i c a t i o n s  i n  t h e  d u r a t i o n  o f  p h a r m a c o l o g i c a l  a c t i o n  

c o u l d  b e  e x p e c t e d .  M o r e o v e r ,  t h e  e x p e c t e d  m o d i f i c a t i o n s  o f  h y d r o -  

p h i l i c i t y  and  b a s i c i t y  w e r e  a l s o  s u s c e p t i b l e  o f  p r o d u c i n g  pharma-  

c o k i n e t i c s  d e v i a t i o n s  compared  t o  me thadone .  

The r e a c t i o n  s e q u e n c e  shown i n  t h e  scheme 1 was a d a p t e d  f r o m  t h e  

w e l l - k n o w  BOCKMUHL s y n t h e s i s  o f  m e t h a d o n e  ( 3 ) .  I n i t i a l l y ,  v a r i o u s  

a l t e r n a t i v e  m e t h o d s  w e r e  i n v e s t i g a t e d  t o  i n t r o d u c e  t h e  d i t r f d e u t e -  

r i o m e t h y l a m i n o  m o i e t y  i n  a l a t e r  s t a g e  o f  t h e  s y n t h e s i s ,  i n c l u d i n g  

t h e  m e t h o d s  o f  HENKEL ( 4 )  and EASTON (5). These  a p p r o a c h e s  p r o v e d  

e i t h e r  u n s u c c e s s f u l  o r  o f  p o o r  y i e l d .  T h e r e f o r e ,  t h e  t a r g e t  com- 

pound  was f i n a l l y  o b t a i n e d  t h r o u g h  a c a r e f u l l y  o p t i m i z e d  s e q u e n c e  

o f  c l a s s l c a l  r e a c t i o n s  s t a r t i n g  f r o m  t h e  c o m m e r c i a l l y - a v a i l a b l e  

ditrideuteriome t h y l a m i n e  h y d r o c h l o r i d e  2. The k e y - a l k y l a t i o n  s t e p  

was c a r r i e d  o u t  u s i n g  a p h a s e - t r a n s f e r  c a t a l y s t  ( b e n z y l t r i e t h y l -  

ammonium c h l o r i d e ,  2 1 as r e p o r t e d  p r e v i o u s l y  ( 6 )  t o  g i v e  r e c r y s -  

t a 1 1 i z e d  ( R  , S 1 - 4 - d i t r i d  e u t e r i o m e t h y l  ami n o - 4 . 4 - d i  p h e n y l p e n t a n e -  

n i t r i l e  4 i n  32.5% y i e l d .  T h i s  compound was c o n v e r t e d  t o  1 a c c o r -  

d i n g  t o  BOCKMUHL and E H R H A R D T  ( 3 )  i n  72% y i e l d  ( d e u t e r i u m  c o n -  

t e n t  : 98% ) .  The o v e r a l l  s e q u e n c e  had  10.5% y i e l d  b a s e d  on d i t r i -  

d e u t e r i o m e t h y l a m i n e  h y d r o c h l o r i d e  2. 
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I t  s h o u l d  b e  n o t e d  t h a t  n o  e f f o r t s  w e r e  d e v o t e d  t o  p u r i f y i n g  t h e  

i s o m e r i c  a m i n o a l c o h o l s  5 and  6 and t h e  s u b s e q u e n t  6 - c h l o r o a m i n e s  7 
and 8, s i n c e  b o t h  s e r i e s  o f  compounds l e d  t o  t h e  same a z i r i d i n i u m  

i n t e r m e d i a t e  2 ( 7 ) .  

11. P H Y S I C O - C H E M I C A L  P R O P E R T I E S  

11.1. B e h a v i o u r  f n  t h e  s o l i d  phase .  X- ray  d i f f r a c t i o n  s t u d i e s .  

W h i l e  (R ,S) -me thadone  h y d r o c h l o r i d e  lo had  i n  o u r  hands  a m e l t i n g  

p o i n t  ( mp ) o f  235°C [ l i t t  ( 8 ) ,  mp 235°C 3, had  i n i t i a l l y  a mp 

o f  227-230OC; r e p e a t e d  r e c r y s t a l l i z a t i o n s  f r o m  i s o p r o p a n o 1 : e t h e r  

m i x t u r e s  ( 9O:lO v / v  ) r a i s e d  t h e  m e l t i n g  p o i n t  up t o  233°C. D i f -  

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

C o m p a r a t i v e  i n s p e c t i o n  o f  t h e  I R  s p e c t r a  o f  1 and lo ( d i s p e r s e d  

i n  K B r  ) r e v e a l e d  t h a t  t h e s e  compounds mos t  p r o b a b l y  had  r a t h e r  

s i m i l a r  s o l i d  f e a t u r e s ,  and i n  t h i s  r e s p e c t  t h e  :C=O ( t a b l e  1 ) 

was f a i r l y  d i a g n o s t i c  : t h e  f a c t  t h a t  t h e  v C=O was n o t  a f f e c t e d  

i n  i t s  p o s i t i o n  was c o n s i s t e n t  w i t h  t h e  e x i s t e n c e  o f  s o - c a l l e d  

e x t e n d e d  c o n f o r m e r s  w i t h  no i n t e r a c t i o n  b e t w e e n  t h e  S N - H  and :C=O 

m o i e t i e s .  T h i s  h y p o t h e s i s  was c o n f i r m e d  s u b s e q u e n t l y  b y  X - r a y  d i f -  

f r a c t i o n  s t u d i e s  c a r r i e d  o u t  on 1 and 2. On t h e  o t h e r  hand,  i t  

was o b s e r v e d  t h a t  s i g n a l s  a r i s i n g  e i t h e r  f r o m  C-0 as w e l l  as N - H  

v i b r a t o r s  w e r e  d e e p l y  a f f e c t e d  i n  t h e i r  f o r m s  and i n t e n s i t i e s  and 

showed t h e  e x p e c t e d  s h i f t s  t o  l o w e r  wave numbers .  

+ 

X - R A Y  D I F F R A C T  I O N  D A T A  

The c r y s t a l s  were  m o n o c l i n i c  w i t h  t h e  same s p a c e  g r o u p e  Cc . The 

i n t e n s i t i e s  were  c o l l e c t e d  o n  a S y n t e x  P 2  d i f f r a c t o m e t e r  U s i n g  
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Iabls,:. PHYSICO-CHEMICAL PARAMETERS OF (R,S)-6-METHADONE HYDROCHLORIDE 
AND ( R,S)-6-METHADONE-d6 HYDROCHLORIDE. 

mP ( OC 1 235 
IR ( v CEO, cm-1 a 1705 
pKa 8.62 
Rf ( TLC ) 0.79 
Rf ( HPTLC ) 0.84 
k' ( HPLC ) 5.67 

9.06 GLC ( Rt, min ) 

233 
1705 
8.71 
0.58 
0.63 
6.94 
9.06 

a Perkin-Elmer 580 Infrared Spectrophotometer ; reference : polystyrene ; 
resolution : 2.8 cm" ; 0.5 % in KEr . 
Multi Dosimat E415 Metrohm-Herisau ; a 0.02 M solutton o f  L or $ is 
titrated by a 0.01 N aqueous solution o f  NaOH ( 23°C ) . 
Silica gel 60F-254, Merck ; knzene:methanol:33% a m n i a  ( 85:15:0.65, v/v ) . 
Silica gel 60F-254, Merck ; benzene:methanol:33% a m n i a  ( 85:15:0.65, v/v ) . 
Solvent delivery system : Waters 6000A, flow-rate : 2.5 ml/min ; column : 
Radial-Pak, C-8 10 II, length 10 cm, int. diam. 0.8 cm ; UV detector : 
Pye Unicam Model LC3, operated at 235 m ; solvent : methanol:2N amnonium 
hydroxyde: 5N aqueous acetic acid ( 270:20:10, vlv ) . 
Hewlett-Packard 5710A equipped with N-P detector and Perkfn-Elmer Data-SYstem 
Sigma 10; column : OV17 3%. length 6 ft. int. diam. 2 mn ; carrier gas : He, 
24 ml/min ; temperature program : initial-200°C ( 12 min ), final-24O0C, rate 
2O"Clmin . 

0 

graphite monochromatized MOK, radlation ( A = 0.7107 A ) u p  to 20 

= 47O. The crystal data are summarized in table 2. 

Densities o f  1 and lo are nearly the same, the difference between 

the molecular weights ( about 2% ) being compensated by a similar 
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d i f f e r e n c e  b e t w e e n  t h e  v o l u m e s  o f  t h e  u n i t  c e l l s .  I n  b o t h  c a s e s ,  

t h e r e  a r e  t w o  m o l e c u l e s  ( A a n d  B ) i n  t h e  a s y m m e t r i c  u n i t .  T h e  

c o o r d i n a t e s  o f  t h e  c h l o r i n e  a t o m s  w e r e  d e r i v e d  f r o m  t h e  i n t e r p r e -  

t a t i o n  o f  a P a t t e r s o n  map a n d  t h e  o t h e r  n o n  h y d r o g e n  a t o m s  w e r e  

o b t a i n e d  b y  t h e  a p p l i c a t i o n  o f  t h e  D I R D I F  81 p r o g r a m  ( 9 ) .  T h e  

r e f i n e m e n t  was c a r r i e d  o u t  b y  t h e  S H E L X  76  p r o g r a m  ( 1 0 )  w i t h  a n i -  

s o t r o p i c  t h e r m a l  p a r a m e t e r s  f o r  t h e  n o n  h y d r o g e n  a t o m s .  T h e  p h e n y l  

r i n g s  w e r e  c o n s i d e r e d  a s  r i g i d  g r o u p s  w i t h  b o n d  l e n g h t s  f i x e d  a t  

1 .395  A a n d  a n g l e s  a t  1 2 0 ” .  The  h y d r o g e n  a t o m s  w e r e  l o c a t e d  i n  

c o m p u t e d  p o s i t i o n s .  

A s  c o u l d  b e  s u p p o s e d  f r o m  t h e  u n i t  c e l l  p a r a m e t e r s ,  t h e  t w o  s t r u c -  

t u r e s  a r e  p e r f e c t l y  i s o m o r p h o u s  w h i c h  c o n f i r m s  t h e  c h e m i c a l  i d e n -  

t i t y  o f  L a n d  lo. T h e  r e f i n e m e n t  o f  lo g a v e  much m o r e  a c c u r a t e  

r e s u l t s  a n d  a b e t t e r  r e l i a b i l i t y  i n d e x  t h a n  f o r  L.  T h i s  i s  p r o b a -  

b l y  d u e  t o  a p a r t i a l  d i s o r d e r  o f  t h i s  l a s t  compound ,  c a u s e d  p e r -  

h a p s  b y  n o t  f u l l y  c o m p l e t e  d e u t e r i a t i o n .  F o r  t h i s  r e a s o n ,  t h e  f o l -  

l o w i n g  d e s c r i p t i o n  w i l l  b e  g i v e n  f o r  o n l y .  T h e  f i n a l  a t o m i c  

0 

Tab le  2 .  C r y s t a l  d a t a  o f  1.HC1 and 10’.HC1 
h - ------- 

1 - 
a 16.324( 6 ) i  
b 9.823( 5 )  
c 26.476( 11) 

B 
V 

M 

Z 

DX 

109.40( 3) ”  
4004( 3)A3 

351.9 
8 

1.17 g.an-’ 

Number o f  r e f l e c t i o n s  

. c o l l e c t e d  2968 

. o b s e r v e d ( r >  2 . 5 0 ~ )  2120 

!? i ndex  0.127 

10 
T 

16.265 (5)A 

26.370( 11) 
110.22(3)0 
3928( 3)K3 

345.9 
8 

9.759(5) 

1.17 g.cm-’ 

2908 
1989 

0.049 
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F i g . 1 .  S t e r e o s c o p i c  v i e w  o f  m o l e c u l e  1 0  Y a n d  n u m b e r i n g  o f  t h e  
a toms  _ - - - - -  

c o o r d i n a t e s  a r e  g i v e n  i n  t a b l e  3 f o l l o w i n g  t h e  n u m b e r i n g  scheme o f  

f i g u r e  1. T a b l e s  4 and  5 l i s t  bond  l e n g t h s  and v a l e n c e  a n g l e s .  

T h e r e  i s  a good a g r e e m e n t  b e t w e e n  t h e  two  i n d e p e n d e n t  m o l e c u l e s  

e x c e p t  f o r  t h e  C ( l O ) - C ( l l )  d i s t a n c e  w h i c h  i s  much s h o r t e r  i n  m o l e -  

c u l e  A, b e c a u s e  o f  t h e  h i g h  t h e r m a l  p a r a m e t e r  o f  C(11) i n  t h i s  

m o l e c u l e .  H y d r o g e n  b o n d s  l i n k  t h e  c h l o r i n e  i o n s  t o  t h e  n i t r o g e n  

a t o  

H(5 

t h e  

s i m  

Some t o r s i o n  a n g l e s  a r e  compared  i n  t a b l e  6. 

11.2. B e h a v i o u r  i n  s o l u t i o n .  

n 

s o f  t h e  m o l e c u l e s  ( d N ( 5 )  .... C1 = 3.02 and 3.03 i, d 

.... C1 = 1.95 and  2.00 A 1. The p a c k i n g  o f  t h e  m o l e c u l e s  and 

c h l o r i n e  i o n s  i s  shown i n  f l g u r e  2. The c o n f o r m a t i o n s  a r e  v e r y  

l a r  t o  t h a t  p u b l i s h e d  f o r  ( S ) - m e t h a d o n e  h y d r o b r o m i d e  (11). 

0 

The b a s e  s t r e n g t h e n i n g  e f f e c t  o f  d e u t e r i u m  o b s e r v e d  f o r  1 ( A pKa 

0.09 ? 0 .01  ) i s  o f  t h e  same o r d e r  as t h a t  f o u n d  i n  t h e  l i t e r a t u r e  

f o r  morph ine -NCD3 ( A pKa 0.12 1, code ine -NCD3 ( A pKa 0.13 ) and 

2 - p h e n y l e t h y l a m i n e - 1 - d 2  ( A pKa 0.10 ) ( 1 2 ) .  So, as 1 a p p e a r s  t o  

b e  a s t r o n g e r  b a s e  t h a n  lo, we c o u l d  e x p e c t  t h a t  1 w o u l d  i n t e r a c t  



12 

4 "2 Tsble-2. Atomic coordinates of lo (x 10 ) and B values (A ). 
eq 

CL 
C l  
c 2  
c 3  
C 4  
N 5  
C6 
c 7  
C8 
iJ9 
C10 
C 1 1  
c 1 2  
C 1 3  
C14 
c 1 5  
C16 
C17 
C 1 8  
C19 
c 2 0  
CZ1 
c 2 2  
C23 
H2 
H2' 

t14 
H4 * 
H4" 
II 5 
116 
116' 
116" 

117' 
4 7 "  
H1D 
H10'  
I111 
1111' 
1111" 
1113 

II 1 5 
1116 
t I  17  
tt 1 9  
t lZ0 

n3  

n7 

n i 4  

n z 1  
t i 2 2  

X 

0 
- 2 4 1 (  

4 5 2 (  
7 5 (  

-44c 
6 8 4 (  
6 8 7 (  

l 5 9 5 (  
-669C 
- 4 7 0 (  

-1286C 

- 9 4 6 (  
- 7 4 3 (  

- 1 3 2 3 (  
- 2 1 0 7 (  
- 2 3 1 0 (  
- 1 7 2 9 (  

2 2 3 t  
- 2 4 2 (  

1 7 1 (  
! C 4 9 (  
1 5 1 4 (  
1 1 0 1 (  
8UU 
8 2 9  

- 5 6 1  
- 4 8 6  

5 9 1  
- 2 9 9  

4 30 
2 0  

1 0 0 3  
1 5 6 2  
1 9 2 2  
1 9 5 5  
- 9 2 4  

- 1 7 7 0  
- 2 1 7 2  
- 2 1 1 5  
- 1 2 6 9  

- 1  30 
- 1 1 6 4  
- 2 5 6 0  
- 2 9 3 8  
- 1 9 0 4  

-9211 
- 1 8 9  
1 3 6 4  
2 1 8 6  

- 1 7 3 8 ~  

11136 

Molecule A 

Y 
3340 1 2 )  

- 1 6 5 2 (  7 )  
- 7 7 7 (  7 )  

2 8 2 (  7 )  
-331C 8 )  
1 4 9 9 (  7 )  
2380C 9 )  
1 1 5 8 (  1 1 )  
- 7 8 9 (  9 )  

4 0 0 c  7 )  
- 1 4 7 7 (  1 0 )  

- 6 1 6 (  1 3 )  
- 2 1 7 7 (  5 )  
- 3 2 7 4 (  5 )  
- 3 6 5 8 (  5 )  
- 2 9 4 3 (  5 )  
- 1 8 4 5 (  5 )  
- 1 4 6 2 (  5 )  
-2858C 6 )  
- 4 0 4 9 (  6 )  
- 5 1 2 1 (  6 )  
-5003C 6 )  
-3013C 6 )  
- 2 7 4 0 (  6 )  
- 1 4 5 2  

- 2 1 2  
5U4 

- 1 1 9 4  
- 6 7 0  

4 2 9  
2 0 9 4  
2 6 1 2  
3 3 2 2  
1 8 3 1  

5 3 5  
5 9 5  

2 0 0 6  
-222'1 
- 1 9 9 4  
- 1 2 2 5  

1 3 2  
- 9 8  

- 3 8 1 3  
- 4 5 2 2  
- 3 2 0 9  
- 1 3 4 6  

- 6 3 6  
- 4 1 4 6  
- 6 0 4 2  
- 5 8 2 0  
- 3 7 0 1  

2 

3 
1508(  
1 3 6 0 (  

9 0 1 (  
5 3 7 (  
9 7 8 (  

1 4 4 2 (  
1 0 0 4 c  
1835C 
1 9 2 7 (  
2 0 7 3 (  
2 3 2 9 (  

9 8 2 (  
7 0 8 (  
2 0 1 c  
-32C 
2 4 3 (  
7 5 0 (  

1881C 
1 8 9 7 C  
2 2 4 0 (  
2567C 
2 5 5 1  C 
2208C 
1 2 4 2  
1 7 1 7  

9 0 6  
2 5 7  
3 4 3  

2 3  
6 1 1  

1 4 0 5  
1 4 4 3  
1 8 1 4  

6 5 9  
1 3 7 1  
1 0 0 0  
2 3 6 7  
1 7 4 0  
2 4 6 9  
2 0 4 1  
2 6 6 8  

8 8 6  
-3 

- 4 1 7  
6 8  

9 6 2  
1 6 4 0  
2 2 5 3  
2 0 4 2  
2 8 1 8  ~- _ . ~ ~  

H Z 3  1 4 5 5  - 1 8 0 5  2 2 0 5  

Beq 
5.b7 277.6 ( 2 )  
3 - 4 9  6291C ' 6 )  
3 . 4 4  5 3 3 7 (  4 )  
3 - 5 6  4 7 9 5 (  5 )  
6 - 9 3  4251C 5 )  
4 - 6 5  4 1 4 7 (  4 )  
7 - 7 1  4584C 6 )  
6 - 2 5  3 5 6 0 (  6 )  
4 ~ 2 ~  6872C 5 )  
6 . 2 1  6 5 6 1 (  4 )  
6 . 8 5  7 8 3 1 (  5 )  
9 . 4 3  8243C 6 )  
3 - 4 2  6 7 2 0 (  3 )  
4 . 0 4  6 4 4 5 (  3 )  
5 . 7 5  6 8 5 9 (  3 )  
5 . 9 1  7 5 4 8 (  3 )  
5 . 5 0  7824C 3 )  
4 . 4 5  7 4 1 0 (  3 )  
3 . 6 0  6 2 5 4 (  3 )  
4 . 6 4  6 4 1 2 (  3 )  
1 - 7 5  6 2 9 7 (  5 )  
6 - 0 0  6 6 2 3 (  3 )  
6 - 0 9  5 8 6 5 (  3 )  
4 . 2 9  5 9 8 0 ~  3) 
8 - 2 2  5 3 8 9  

8 - 2 2  3 7 8 2  

8 - 2 2  5 0 0 8  

8 . 2 2  3 2 5 7  
8 - 2 2  3 9 3 4  

8 ' 2 2  4 9 9 0  
8 . 2 2  5 2 6 9  

4 6 9 0  

3 9 1 0  
3 7 1 8  

6 . 2 2  4 0 9 1  
4 9 6 7  

' ." 3 0 5 8  
7 9 1 1  

8 . 2 2  8 1 7 2  
' * "  8 9 2 8  
8 ' 2 2  7 9 1 9  
8 - 2 2  0 1 8 0  
8 . 2 2  5 9 1 0  
8 - 2 2  6 6 3 9  
8 - 2 2  7 8 8 5  
8 - 2 2  8 3 6 2  
8 . 2 2  7 6 3 3  
8 . 2 2  6 6 3 2  
8 - 2 2  6 4 2 2  
8 - 2 2  5 9 1 6  
8 - 2 2  5 6 2 1  
8 - 2 2  5 0 3 2  

Molecule B 

B.  GCmrdy et 01. 

Y 

6 ( 2 )  
2050C 7 )  
1 4 8 1 (  7 )  
1403C 7 )  
2 6 7 6 (  8 )  

2 0 5 (  6 )  
- 1 1 6 5 (  8 )  

2 1 8 (  1 1 )  
9 8 9 (  9 )  
- P I (  6 )  

1271C 9 )  
4 6 4 (  1 2 )  

2 2 1 3 (  5 )  

2 

~~~ 

1 4 0 7 (  5 )  10313C 
1 5 2 4 (  5 )  1 0 8 7 1 (  
2 4 4 7 (  5 )  1 1 0 8 1 (  
3 2 5 3 (  5 )  1 0 7 3 3 (  
3 1 3 6 (  5 )  1 0 1 7 5 (  
3410C 5 )  9039C 
3 4 5 2 (  5 )  8 5 5 2 (  
4 6 7 3 (  5 )  8 2 6 1 (  
5852C 5 )  8456C 
5 3 1 0 (  5 )  8 9 4 3 (  
4 5 8 9 (  5 )  9235C 

4 6 0  9 3 6 6  
2 1 5 1  9 3 0 9  
1 2 6 7  8 3 3 6  
3 5 4 1  8 4 1 3  
2 8 5 1  8 5 4 5  
2 5 5 2  7 9 1 6  

3 8 0  8 0 6 4  
- 1 1 3 6  8 2 6 5  
- 1 9 4 6  8 3 4 5  
- 1 3 9 8  8 9 1 8  

1 2 1 4  8 7 6 5  
- 3  9 2 1  1 

- 5 5 2  8 6 3 3  
2 3 4 5  9 2 4 2  
1 0 3 6  9 7 3 4  

7 2 8  9 0 8 7  
6 9 3  a 5 4 7  

- 6 1 6  9 0 5 3  
6 9 6  1 0 1 4 7  
0 8 3  1 1 1 3 8  

2 5 1 2  1 1 5 1 6  
3 9 5 3  1 0 7 3 7  
3 7 6 6  9 9 1 6  
2 5 4 9  8 4 0 0  
4 7 2 8  7 8 9 0  
6 7 9 7  8 2 4 0  
6 6 8 7  9 0 9 9  
4 5 0 8  9 6 0 8  

B 

4.79 
3 . 0 9  
3 . 3 8  
3 . 6 9  
6 . 8 5  
4 . 2 3  
5 . 3 5  

eq 

3 )  5.74 
3 )  3 . 7 8  
2 )  5 . 3 9  
3 )  4 . 0 0  
4 )  7 . 7 0  
2 )  3 . 3 1  
2 )  3 . 8 3  
2 1  4 . 6 9  
2 )  5 . 7 1  
2 )  5 . 3 7  
2 )  4 . 9 2  
2 )  3 - 4 7  
2 )  3 . 9 6  
2 )  5 . 1 8  
2 )  5 . 9 6  
2 )  5 . 3 4  
2 )  + . 4 1  

3 . 2 2  
8 .2 .1  
8 . 2 2  
8 . 2 2  
8 . 2 2  
8 . 2 2  
8 . 2 2  
8 . 2 2  
8 . 2 2  
8 . 2 2  
8 . 2 2  
e . 2 2  
8 . 2 2  
8 . 2 2  
8 . 2 2  
0 . 2 2  
8 . 2 2  
8 . 2 2  
8 . 2 2  
8 . 2 2  
8 . 2 2  
8 . 2 2  
8 . 2 2  
8 . 2 2  
8 . 2 2  
8 . 2 2  
8 . 2 2  
8 . 2 2  
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0 hbWe-4. Interatomic Distances ( A ) 

molecule A 

c2 --- c1 1.567 ( 9) 
C8 --- C 1  1.534 (10) 

c12 --- c 1  1.550 ( 8) 

C18 --- C 1  1.552 ( 8) 
c3 --- c2 1.548 ( 9) 
c4 --- c3 1.552 ( 9) 
N5 --- C3 1.515 ( 9) 

C6 --- N5 1.494 (10) 
C7 --- N5 1.495 (10) 
09 --- C8 1.207 ( 9) 

C10 --- C8 1.514 (11) 
C 1 1  --- C10 1.428 (12) 

b,b&e-z. Bond Angles ( " )  

C8 - C 1  -C2 
c12 -c1 -c2 
C12 - C 1  -C8 
C18 - C 1  -C2 
C18 - C 1  -C8 

C18 - C 1  -C12 
c3 -c2 -c1 
c4 -c3 -c2 
N5 -C3 -C2 
N5 -C3 -C4 
C6 -N5 -C3 
C7 -N5 -C3 
C7 -N5 -C6 
09 -C8 -C1  
C10 -C8 - C 1  
C10 -C8 -09 
C 1 1  -C10 -C8 
C13 -C12 - C 1  
C17 -C12 - C 1  
C19 -C18 - C 1  
C23 -C18 - C 1  

molecule A 

110.3 (6)  

109.3 (5) 

109.7 (5)  
106.0 (5) 
111.3 (5) 
115.7 (5)  
112.1 (6) 
110.7 (5) 
106.8 (6)  
112.2 (6) 
115.1 (6) 
111.6 (7) 
119.8 (7) 

121.0 (8) 
117.2 (8) 
118.9 (3)  
120.6 (3)  

110.2 (5)  

119.0 (7) 

120.1 (3)  
119.9 (3 )  

molecule B 
1.566 ( 9) 

1.557 (10) 
1.555 ( 7) 
1.539 ( 8 )  
1.559 ( 8) 
1.528 ( 9) 
1.534 ( 9) 
1.505 ( 9) 
1.473 ( 9) 
1.214 ( 8) 
1.501 (10) 
1.518 (11) 

molecule B 

110.1 (6) 
109.6 (5) 
105.2 (5) 
108.9 (5)  
110.6 (5)  
112.5 (5) 
115.1 (5)  
115.4 (6)  
109.7 (5)  
106.3 (5) 
112.7 (6) 
115.2 (6) 
111.7 (6) 
119.8 (6) 
119.7 (7)  
120.4 (7)  
113.9 ( 7 )  
120.6 (3)  
119.4 (3)  

118.7 ( 3 )  
121.1 (3)  
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F i g . 2 .  P a c k i n g  o f  t h e  m o l e c u l e s  i n  t h e  c r y s t a l  - - - - - -  

more s t r o n g l y  w i t h  t h e  w e a k l y  a c i d i c  S i - O H  g r o u p s  ( pKa 6 - 8  1 o f  

s i l i c a g e l  ( 1 3 ) .  The o b s e r v e d  r e s u l t s  i n  TLC and HPTLC c o n f i r m e d  

t h i s  h y p o t h e s i s  ( t a b l e  1 ) .  1, as t h e  p r o t o n a t e d  f o r m ,  was a l s o  

lnore r e t a i n e d  on a r e v e r s e - p h a s e  HPLC-column.  T h i s  means t h a t  i n  a 

r a t h e r  l i p o p h i l i c  medium, I i s  more  s o l u b l e  i n  t h e  C-8 s t a t i o n n a r y  

p h a s e  t h a n  lo and t h i s  c a n  b e  t h e  c a s e  i f  1 u n d e r g o e s  a c o n f o r m a -  

t i o n  change  t o  a c o n f o r m e r  i n  w h i c h  t h e  p o l a r  g r o u p s  ( ammonium 

and k e t o n e  m o i e t i e s  1 a r e  masked b y  a h y d r o p h o b i c  s h i e l d  o f f e r e d  

b y  t h e  p h e n y l s  and t h e  c a r b o n  b a c k b o n e .  T h i s  s i t u a t i o n  i s  e n c o u n -  

t e r e d  i n  a c o n f o r m e r  ( t e r m e d  as p s e u d o - c y c l i c  1 a l r e a d y  d e s c r i b e d  

i n  t h e  l i t e r a t u r e ,  p r i n c i p a l l y  on t h e  b a s i s  o f  ‘ H - N M R  d a t a  (14,15) 

TaQle-6. Tors ion angles i n  the  two independant molecules o f  (R,S)-methadone 
hydrochlor ide and i n  (S)-methadone hydrobromide 

This  work 
10 

Molecule A Molecule B (S)-methadone.HBr 

- 174 - 153 - 157 

2 0 - 12 

- 76 - 71 - 76 

151 149 146 

- 71 - 75 - 75 
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and theoretical calculations (16,171. I n  order to test this point, 

we have undertaken a 13C-NMR study of 1, lo and related congeners 

[(R,S)-isomethadone.HC1 11, (R,S)-erythro-5-methyl-methadone.HCl 

- 1 2 ,  (R,S)-threo-5-methyl-methadone.HCI 13 and normethadone.HC1 141 

( table 7 1 .  While deuterium isotope effects on  13C-NMR chemical 

shifts are extremely useful for spectrum assignments (181, it 

should be kept in mind that the importance as well as the direc- 

tion of the spectral modifications induced by the deuterium remain 

at the present time somewhat unpredictable (19). So far, most deu- 

terium isotope effects on 13C shifts are shielding ( 2 0 ) ;  deshiel- 

ding effects have been reported i n  those rare cases where pertur- 

bations were induced by the presence of deuterium on  conformatio- 

nal equilibria (21) or on the ability to form hydrogen bonds 

(22,231. 

The 13C-NMR spectrum of lo in deuteriochloroform i s  concentra- 

tion-dependent. We have observed that at h i g h  concentrations 

(0.5-1.0 M solutions), two signals of different areas are observed 

at 40.0 and 37.3 ppm for the dimethylamino carbons 7 and 8; upon 

dilution to 0.125 M, a single signal remain at 38.9 ppm. Further 

dilution down to 0.050 M does not modify the spectrum anymore. 

Therefore, the spectrum of 1 was recorded at 0.125 M. Modifica- 

tions in the chemical shifts were observed for carbons 3, 5 and 6 

and were of deshielding nature. I n  spite of the fact that these 

differences were small, they were far beyond the experimental 

errors of the instrument. I n  view of the evidences obtained by 

chromatography and pKa measurements, the existence of a substan- 

tially higher proportion of 1 ( compared to lo 1 in a pseudo- 

cyclic internally hydrogen bonded state ( table 7 ,  formula b ) was 

already anticipated. To test wether the magnitude and the direc- 



16 B. GPrardy et al. 

Table -----__ 7. {’HI”C-NMR chemical  s h i f t s  ( 6, pprn ) o f  methadone h y d r o c h l o r i d e  and i t s  

congeners i n  CDC13 

I 

CH3 

14 H H 8.9 32.0 210.8 64.6 33.0 54.9 42.7 / I 

10 H CH3 9.3 33.1 211.0 65.0 38.6 59.b 38.9 / 16.8 

1 H CH3 9.3 33.1 211.2 65.0 38.9 59.8 a / 16.8 

11 CH3 H 8.9 31.8 210.9 68.8 32.5 62.8 44.0 14.4 / 

12 CH3 CH3 9.1 32.7 210.3 63.4 35.3 69.9 <:::!> 10.4 b 

13 CH3 CH3 8.9 33.7 210.6 66.9 39.3 71.3 <:::;> 14.0 15.6 

a Absence o f  Nuclear Overhauser Enhancement ( N . O . E .  ) i n  addi t ion t o  quadrupolar couplings r e s u l t s  

i n  broad signals o f  low i n t e n s i t y  which cannot be discr iminated from the noise .  

Broad signal which cannot be resolved from the siqnal of X .  

Measured a t  0.25 M. 

Measured a t  0.125 M. 

t i o n  o f  t h e  m o d i f i c a t i o n s  o b s e r v e d  f o r  1 c o u l d  a c c o u n t  f o r  t h e  

e x i s t e n c e  o f  c o n f o r m e r  b ,  a s o l v e n t  s t u d y  c a r r i e d  o u t  on lo h y d r o -  

c h l o r i d e  and  t h e  c o r r e s p o n d i n g  f r e e  b a s e  showed  t h a t  n e v e r y  c a s e  

t h e  1 3 C - c h e m i c a l  s h i f t s  o f  t h e  c a r b o n y l  c a r b o n  w e r e  h g h e r  f o r  t h e  

h y d r o c h l o r i d e ,  and  a l w a y s  h i g h e r  i n  d e u t e r i o m e t h a n o l  h a n  i n  a p r o -  

t i c  s o l v e n t s  ( t a b l e  8 1. 

T h i s  r e v e a l e d  t h a t  lo b e h a v e s  as a n o r m a l  k e t o n e  i n  t h a t  h y d r o g e n  

b o n d s  f o r m e d  a t  t h e  l e v e l  o f  t h e  c a r b o n y l  r e s u l t e d  i n  d e s h i e l d i n g  

s h i f t s  (18). M o r e o v e r ,  a s t u d y  c a r r i e d  o u t  on 12 and  13 showed a 

c h e m i c a l  s h i f t  d i f f e r e n c e  A 6  o f  0.3 ppm i n  t h e  e x p e c t e d  ( u p  - 
- 
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Igg11,t. Solvent  e f f e c t  observed on g .HC1 and u . f r e e  base 

a t  0.25 M. "C chemical s h i f t s  o f  t he  carbonyl carbon. 

Solvent 2 . F e e  base IO.HCZ 

'gD12 207.4 

CDCl  209.9 210.8 

CD3CN 210.6 211.7 

CH30D 213.3 214.7 

D20 / 215.3 

Y 

/ 

f i e l d )  d i r e c t i o n  f o r  t h e  c a r b o n y l  c a r b o n  ( t a b l e  7 1. I n d e e d ,  t h e  

three s p e c i e s  i s  more  homogeneous and m e r e l y  r e s i d e s  i n  t h e  

p s e u d o - c y c l i c  s t a t e .  T h i s  c o n c l u s i o n  was e s t a b l i s h e d  on t h e  b a s i s  

o f  'H-NMR d a t a  (24 ,251  and  f i n d s  a d d i t i o n a l  s u p p o r t  i n  t h e  f a c t  

t h a t  an a v e r a g e d  c h e m i c a l  s h i f t  i s  f o u n d  f o r  t h e  X and Y c a r b o n s  

i n  11 w h i l e  i n d i v i d u a l  r e s o n a n c e s  a r e  o b s e r v e d  f o r  t h e  same 

c a r b o n s  i n  13. Such a d i c h o t o m i c  s i t u a t i o n  a l l o w s  t o  e v a l u a t e  t h e  

e x t e n t  o f  t h e  A6. The 0.2 ppm A6 v a l u e  ( c a r b o n  3 1 measured  f o r  

- 10 and 1 a p p e a r s  t h e r e f o r e  t o  b e  o f  t h e  same o r d e r .  C o n c l u s i v e l y ,  

t h e  p r e s e n t  r e s u l t s  i n d i c a t e  t h a t  t h e  b a s e  s t r e n g t h e n i n g  e f f e c t  o f  

d e u t e r i u m  j u s t  o b s e r v e d  f o r  1 c o u l d  b e  t h e  r e s u l t  o f  t h e  h i g h e r  

p o s i t i v e  i n d u c t i v e  e f f e c t  p r o d u c e d  b y  t h e  d e u t e r i o m e t h y l  g r o u p s  ( 

i n  H a l e v i ' s  s i m p l i f i c a t i o n  ( 2 6 )  1 and  t h e  h i g h e r  s t a b i l i t y  o f  t h e  

c o n j u g a t e d  a c i d  f o r m  w o u l d  i n  t u r n  f a v o u r  t h e  p s e u d o - c y c l i c  

c o n f o r m e r .  

I t  s h o u l d  b e  n o t e d  however  t h a t  i n  t h e  p r e s e n t  s t a t e  o f  t h i s  

r e s e a r c h ,  t h e  1 3 C - N M R  d a t a  o b t a i n e d  i n  t h e  50 -125  mM r a n g e  c a n  b e  

i n t e r p r e t e d  on t h e  b a s i s  o f  e l  t h e r  a p s e u d o - c y c l  i c  c o n f o r m e r  (b1 

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

c a r b o n y  1 and  d i  m e t h y l  ammon i um mo i  e t  i e s  . 
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111. I N  VITRO A N D  I N  VIVO BIOLOGICAL EVALUATION IN THE RAT AND 

MOUSE 

The i n  v i t r o  b i n d i n g  t e s t  on  r a t  b r a i n  p r e p a r a t i o n s  d i d  n o t  e v i -  

d e n c e  any s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  i n h i b i t o r y  p o t e n c y  ( I C 5 0  

f o r  1 : 2.59 f 0.48 X M, f o r  lo : 2.00 f 0.12 X M ; S U -  

f e n t a n i l  was e m p l o y e d  as t h e  d i s p l a c e d  t r i t i a t e d  l i g a n d  1. 

The a n t i n o c i c e p t i v e  a c t i v i t y  o f  1 was a s s a y e d  i n  t h e  h o t - p l a t e  

t e s t  ( 2 7 )  ( E D 5 o  0 .77 mg/kg i n  m i c e  ) .  T h i s  v a l u e  was n o t  s i g n i f i -  

c a n t l y  d i f f e r e n t  f r o m  t h a t  o b s e r v e d  f o r  m e t h a d o n e  ( 0.80 mg/kg 1. 

However ,  as i t  was a n t i c i p a t e d  i n  t h e  e a r l y  s t a g e  o f  t h i s  r e -  

s e a r c h ,  t h e  d u r a t i o n  o f  a c t i o n  was s i g n i f i c a n t l y  p r o l o n g e d  C f o r  

- 1: o n s e t :  8 m i n ,  p e a k :  23 m i n ,  d u r a t i o n :  1 1 6  m i n  ; f o r  lo : 10, 23 

and 70  m i n  r e s p e c t i v e l y  3 .  These  d a t a  c a n  b e  e x p l a i n e d  on  t h e  

b a s i s  o f  t h e  d i f f e r e n c e s  i n  t h e  p h a r m a c o k i n e t i c  p a r a m e t e r s  

measured  f o r  1 (tlI2 233.5 f 17.4 m in ,  C 1  20.74 f 0.37 m l / m i n / k g )  

and lo (tlI2 140.5 f 10.3 m i n ,  C1 32.66 f 0.93 m l / m i n / k g )  a f t e r  

i n t r a v e n o u s  i n j e c t i o n  o f  1.5 mg/kg i n  t h e  r a t .  

M o r e o v e r ,  a c o m p a r a t i v e  m e t a b o l i s m  s t u d y  o f  1 and lo i n  t h e  r a t  

c l e a r l y  d e m o n s t r a t e d  t h a t  t h e  N - d e m e t h y l a t i o n  p r o c e s s  was c o n s i d e -  

r a b l y  d e p r e s s e d ,  as e v i d e n c e d  b y  t h e  q u a n t i t a t i o n  o f  t h e  p y r r o f i -  

d i n e  m e t a b o l i t e ,  t h e  m a j o r  m e t a b o l i t e  o f  m e t h a d o n e  ( 2 8 ) .  The 

p y r r o l i d i n e  d e r i v a t i v e  r e p r e s e n t s  i n  t h e  u r i n e  and i n  t h e  b i l e  

0.34 and 25.42% o f  t h e  t o t a l  m e t a b o l i t e s  o f  1, w h i l e  r e s p e c t i v e  

f i g u r e s  o f  5.2 and 31.59% a r e  f o u n d  f o r  lo. C o n v e r s e l y ,  t h e  p a r a -  

h y d r o x y l a t i o n  r o u t e  was c o m p a r a t i v e l y  enhanced  f o r  1 ( 2 9 ) .  These  

r e s u l t s  i n v o l v i n g  a n e t  m e t a b o l i c  s w i t c h i n g  c o n f i r m  t h e  e x p e c t a -  

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

IV. CONCLUSION 

The i n t r o d u c t i o n  o f  d i t r i d e u t e r i o m e t h y l  m o i e t y  on t h e  4 , 4 - d i p h e -  

n y l - 3 - h e p t a n o n e  s k e l e t o n  o f  m e t h a d o n e  p r o v i d e s  a d e r i v a t i v e ,  w h i c h  



Synthesis and Physico-Chemical Properties of Methadone-d6 19 

i s  r e c o g n i z e d  b y  t h e  o p i o i d  r e c e p t o r  w i t h  an e f f i c i e n c y  i d e n t i c a l  

t o  t h a t  o f  me thadone .  I t  i s  n o t e w o r t h y  however  t h a t  t h e  l o n g e r  

d u r a t i o n  o f  a c t i o n  and  t h e  m e t a b o l i c  s w i t c h i n g  o b s e r v e d  f o r  1 d e -  

r i v e  f r o m  t h e  e x p e c t e d  p r i m a r y  i s o t o p e  e f f e c t  w h i l e  t h e  h i g h e r  

b a s i c i t y  and  t h e  d i v e r g e R t  c o n f o r m a t i o n a l  b e h a v i o u r  i n  s o l u t i o n  

r e m a i n  v i r t u a l l y  s i l e n t .  T h i s  i s  n o t  s u r p r i s i n g  i n  v i e w  o f  e x i s -  

t i n g  p r e c e d e n c e s  i n  t h e  l i t e r a t u r e  (24,251. F o r  examp le ,  m e t h a d o n e  

and i s o m e t h a d o n e  h a v e  d i f f e r e n t  pKa v a l u e s  and c o n f o r m a t i o n a l  f e a -  

t u r e s ,  s t i l l  t h e y  e x h i b i t  r a t h e r  s i m i l a r  IC50 and EDs0. Such a 

s i t u a t i o n  r e f l e c t s  t h e  c o m p l e x i t y  o f  t h e  o p i o i d  r e c e p t o r  f o r  w h i c h  

s l i g h t  c h a n g e s  o f  t h e  a g o n i s t  s t r u c t u r e  may i n d u c e  c o m p e n s a t i n g  

v i t y .  t i n g  i n  a s i m i l a r  i n  v i v o  a c t  s h i f t s  i n  p/S c h a r a c t e r ,  r e s u  

V .  E X P E R I M E N T A L  S E C T I O N  

M e l t i n g  p o i n t s  w e r e  d e t e r m i n e d  w i t h  Thomas-Hoover  c a p i l l a r y  m e l -  

t i n g  p o i n t  a p p a r a t u s  and a r e  c o r r e c t e d .  D i f f e r e n t i a l  t h e r m a l  ana -  

l y s i s  s p e c t r a  w e r e  o b t a i n e d  f r o m  a P e r k i n - E l m e r  DSC-2C a p p a r a t u s .  

The NMR s p e c t r a  w e r e  r e c o r d e d  on  a W P - 8 O / S Y  B r u k e r  s p e c t r o m e t e r  ; 

c h e m i c a l  s h i f t s  w e r e  measured  i n  ppm d o w n f i e l d  f r o m  an i n t e r n a l  

r e f e r e n c e  o f  TMS. The p r o b e  t e m p e r a t u r e  was k e p t  a t  307OK and  was 

m o n i t o r e d  w i t h  t h e  v a r i a b l e  t e m p e r a t u r e  c o n t r o l  u n i t .  Mass s p e c t r a  

w e r e  o b t a i n e d  f r o m  a LKB 9000 S c o u p l e d  s p e c t r o m e t e r  u s i n g  t h e  

d i r e c t  way o f  s i m p l e  i n t r o d u c t i o n  (70 eV) .  

(R,S)-2,2-Diphenyl-4-ditrideuteriomethylaminopentanenitrile ( 4 1 

To a s o l u t i o n  o f  6 g (68.5 mmol)  o f  2 d i s s o l v e d  i n  3 m l  o f  H20 was 

added 2.8 g (70 mmol) o f  NaOH d i s s o l v e d  i n  5 m l  o f  H20. U n d e r  

s t i r r i n g ,  a f i l t e r e d  s o l u t i o n  o f  t h e  above  m i x t u r e  was added o v e r  

1 h p e r i o d  t o  4.77 g (82.2 mmol) o f  f r e s h l y  r e d i s t i l l e d  p r o p y l e n e  

o x i d e .  A f t e r  1 2  h r s  a t  room t e m p e r a t u r e ,  90 m l  o f  b e n z e n e  w e r e  
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added and the reaction mixture was fractionnally distilled. The 

fractions under 81°C and above 99°C were discarded. The remaining 

4.07 g consisting of a mixture of isomeric aminoalcohols 5 and 6 
were dissolved in 25 ml o f  dry CHC13 ( ethanol f r e e  1 and treated 

by 13.4 g (113 mmol) of freshly redistilled thionyl chloride. The 

reaction mixture was stirred and heated at 55°C for 2 hrs. After 

evaporating the solvent under reduced pressure, a residue weighing 

5.42 g consisting of a mixture of isomeric B-chloroamines 7 and 8 
was obtained. Then, to a solution of 6 g (31 mmol) of diphenyl- 

acetonitrile and 0.2 g of dibenzo-18-crown-6 in 6 ml of OMSO were 

added under stirring 5 g (125 mmol) of sodium hydroxyde in 5 ml of 

distilled water i n  one portion and 5.42 g of 7 and 8 over one hour 
period. The reaction mixture was gradually heated u p  to 70°C and 

this temperature was maintained for 3 h. After cooling, the basis 

fraction was isolated in the usual way (6) and recrystallized from 

n-hexane and then from n-heptane to yield 2.8 g (32.5%) o f  Q, mp 

81-82°C. 

This material was pure in GLC. MS m/e 284 (15.5%), 266 (lo%), 192 

(42%), 165 (18x1, 7 8  (100%). 

(R,S)-4,4-Diphenyl-6-ditrideuteriomethylamino-3-heptanone hydro- 

chloride ( 1 ) 
This material was synthesized according to the procedure descri- 

bed by BOCKMUHL and EHRHARDT (3). To a suspension of 0.24 g ( 1 0  

m m o l )  of magnesium i n  5 ml of dry diethylether was added 2.55 g 

(23 m m o l )  of ethyl bromide. After completion of the reaction, a 

solution of 2.8 g (9.86 mmol) of 4 in 3 ml of dry xylene was added 

to the reaction mixture under stirring. The diethylether was dis- 

tilled off in dry conditions; t h e  reaction mixture was heated 

under reflux for 1 h and then decomposed with 100 ml of 8 N hydro- 

chloric acid. After the usual work up (31, 2.48 g (79%) of 1 were 
obtained. The hydrochloride crystallized from ethanolic hydrochlo- 
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r i c  a c i d  was o b t a i n e d  i n  72% y i e l d .  I t  was r e c r y s t a l l i z e d  f rom 

i s o p r o p a n o l  t o  c o n s t a n t  m e l t i n g  p o i n t  ( mp 233°C 1. 

T h i s  p r o d u c t  was p u r e  i n  GLC and HPTLC. MS m/e 315 (2.5%), 300 

(21 .5%) ,  223 (19x1, 78 (100%) .  D e u t e r i u m  c o n t e n t  : 98%. O t h e r  

p a r a m e t e r s  a r e  l i s t e d  i n  t a b l e s  1 and 2. 
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