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SUMMARY 
Selectively deuterated monomers for preparation of deuterated 

po 1 y ( ( dime t h y 1 i m i n i o ) prop y 1 e ne ) , p o 1 y ( ( d i m e t h y 1 i 10 i n i 0 )  hex y 1 c n e ) , 
and poly((dimethy1iminio)decylene) have been synthesized:(2-'Y2)- 
1.3-dibromopropane. ( 1.10- 11 2 ) - ,  
( 2 ,  9-2H2 I-, an d (4,7- I1 )- 1 , 1 0-d i b r o m od eca n e and ?4 , N , N' , X I -  

tetra-(2!12)-methyldecamethylenediamine. The syntheses of all 
dibromoalkanes involved a carboxylic acid or a carboxylic acid 
derivative either as starting compound or as an intermediate. 
(2-2H2)-1,3-Dibromopropane was synthesized from catalytically 
exchanged ( Na02H/2i120) diethyl malonate by reduction with 1 it hium 
aluminium hydride and bromination with HBr. (2,5-2!42)-1,6- 
Dibromohexane and (2,9-2H2)-1,10-dibromodecane were prepared from 
base-catalytically (Na02H/21i20, 16OoC) exchanged sodium salts of 
adipic and succinic acids, respectively, followed by reduction 
(LiAlH4) and bromination (BBr). (1,10-211~)-1,10-Dibromodecane was 
prepared from succinic acid by reduction with LiA12Yb and 
subsequent w a s 

synthesized by coupling the lithiooxazoline salt of acetic acid 
with (2,5-2112)-1,6-dibromohexane followed by synthetic steps 
analosous to those above. The synthesis of ~,N.S',C'-tetra-(2112)- 
nethyldecamethylenediamine was achieved by reductive amination 
he t ween hexa met h y 1 en e d i a m i ne an ( I  per de ti t e r o f or m A 1 d e h y d e. 

(2, 5-2  H2)-l, 6-d i b r o m o hexane , 

br o m i na t i on. (4,7 - 11 2) - 1,lO-D i br o m od e c an e 

Key words: poly((dimethyliminio)alkylenes), (2-2112)-1,3-dibro710- 
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IYTRODUCTION 

I n  s t u d i e s  o f  m o l e c i i l a r  d y n a m i c s  * ; l - ~ l X R  s p e c t r o s c o p y  h a s  

r e c e n t l y  t a k e n  a p r o m i n e n t  p l a c e  a m o n q  t h e  ;:I!? s p e c t r o s c o p i c  

t e c h n i q u e s  / l / .  I l o w e v e r ,  t h e  l o w  n a t u r a l  a b u n d a n c e  o f  d e u t e r i u m  

makes a d i r e c t  \!.Ir! s t u d y  oE t h i s  n u c l e u s  a v e r y  d i f f i c u l t  t a s k .  

I n  o r d e r  t o  f a c i l i t a t e  a *II -Y!IR s t u d y  o f  ttie s y s t e m s  o f  i n t e r e s t  

s u b s t r a t e s  s h o u l d  lie l a b e l l e d  w i t h  d e u t e r i u m  b e f o r e  t h e  X ' I R  

n e a s u r e m e n t s .  F o r t u n a t e l y  t h e r e  a r e  c u r r e n t l y  a l a r g e  n u m b e r  o f  

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

d i v e r s i t y  o f  m o l e c u l a r  p o s i t i o n s  / 2 / .  

T h e  p r e s e n t  w o r k  i s  c o n c e r n e d  w i t ! >  d e u t e r i u m  l a b e l l i n g  o f  

p o l y (  ( d i m e t h y 1 i m i n i o ) a l k y l e n e s )  s e v e r a 1 

p o s i t i o n s  i n  t h e  r e p e a t i n ?  u n i t s .  T h e  g e n e r a l  s t u c t i i r e  o f  t h e  

i o n e n e s  i s  s h o w n  b e l o w ,  w h i c h  a c c o r d i n g  t o  R e i n b a u m  e t  a l .  / 3 /  a r e  

i o n i c  p o l y a m i n e s .  

( a , w  - i o n e n e s ) a t 

R 

R '  X -  

T h e  i o n e n e s  a r e  r e l a t e d  t o  a l i p h a t i c  biocen ic  a m i n e s  s u c h  a s  

p u t r e s c i n e ,  s p e r m i d i n e  a n d  s p e r n i n e  / 4 / .  T h e  d e u t e r i u n  l a b e l l i n ?  

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

p o l y a i i n e s .  I o n e n e s  p o s s e s s  o n e  t y p e  o f  e x c h a n g e a b l e  h y d r o g e n s  a t  

t h e  c a r b o n  a t o m s  a d j a c e n t  t o  t h e  q u a t e r n a r y  a m m o n i u m  n i t r o R e n 9 .  

i l o w e v e r ,  d u e  t o  t h e  i n s t a b i l i t y  o f  t h e  i o n e n e s  i n  s o l u t i o n  t h e  

e x c h a n q e  c a n n o t  lie made w i t h o u t  a c o n s i d e r a b l e  d e 2 r a d a t i o n  o f  t h e  

p o l y i o n  c ! i a i n .  F u r t h e r m o r c  t h e  f o u r  q r o u p s  a(! j a c e n t  t o  t h e  

q u a t e r n a r y  n i t r o q e n s  a r e  a b o u t  e q u a l l y  p r o n e  t o  d e u t e r i u m  

e x c l i a n o , ~  t h u s  p r o b i b i t i n ?  a n y  s e l e c t i v i t y .  Thus t h e  d e u t e r i u m  

l a ! ) e l l i i i y  h a 5  t o  b e  p e r f o r i i i e d  t h r o u g h  s y n t h e s i s  o f  t l ie a & -  

i o n e n o s  f r o ; ?  s e l e c t i v e l y  d e u t e r n t e d  i i i o n o r i ? r s .  
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I o n e n e s  a r e  u s u a l l y  s y n t h e s i z e d  b y  p o l y q u a t e r n i z a t i o n  o f  

tetraalkyldiaminoalkanes w i t h  d i b r o m o a l k a n e s  / 5 /  o r  f r o m  

d i a l k y l a m i n o a l k y l  b r o m i d e s  / 6 / .  w h i c h  a r e  t h e r e f o r e  u s e d  f o r  t h e  

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

I3r-(CH2);Br + R'RN-(CH2);NRR' 

F !  

R'Br- 

C a r b o x y l i c  a c i d s  a r e  h i q h l y  v e r s a t i l e  i n t e r m e d i a t e s  f o r  t!ie 

s y n t h e s i s  o f  b o t h  a l k y l  b r o m i d e s  a n d  a l k y l  a m i n e s  i n  h ip , t i  y i e l d .  

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

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

c o n c e n t r a t e d  m a i n l y  o n  s y n t h e t i c  m e t h o d s  l e a d i n 2  t o  l a b e l l e d  

s t r a i g h t - c h a i n  1 , n - a l k a n e d i o i c  a c i d s  o r  t h e i r  d e r i v a t i v e s .  A f e w  

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

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

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

3 , 3 - ,  6 , 6 - ,  a n d  1 0 . 1 0 - i o n e n e  i n  t h e  f o l l o w i n ?  p o s i t i o n s  o f  t h e  

r e p e a t i n g  u n i t s :  p o s i t i o n  2 w i t h  r e s p e c t  t o  t h e  q u a t e r n a r y  

n i t r o q e n s  f o r  a l l  t h r e e  i o n e n e s  a n d  f u r t h e r  p o s i t i o n s  1 a n d  4 a n d  

t h e  m e t h y l  q r o u p s  f o r  1 0 . 1 0 - i o n e n e .  T h e  s y n t h e t i c  p r o c e d u r e s  f o r  

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

e s  t a b  1 i s  h e n  a n  a 1 o 9 u e s.  Fo r s II c h 

d e t a i l s  t h e  a p p r o p r i a t e  l i t e r a t u r e  S o u r c e s  a r e  r c E e r r e d  t o .  

p r o c e d  u r  e s f o r  t h e  p r o t o n  a t e d 

DISCUSSION 

(1 .n-21f2)-1 ,n-Dibromoalkanes 

T h e  most c o n v e n i e n t  m e t h o d  f o r  t h e  p r e p a r a t i o n  of s c l e c t i v c l y  

1 . n - l a b e l l e d  1 . n - d i b r o m o n l k a n c s  Seeills t o  b e  t h r o i i o , \  r e r l u c t i o n  of  

t h e  c o r r e s p o n d i n g  d i c a r h o x y l i c  a c i d s  o r  t h e i r  d e r i v a t i v e s  w i t h  
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l i t h i u r n  a l u m i n i u m  d e u t e r i d e  t o  d i o l s  / 7 a , 7 b /  a n d  s u b s e q u e n t  

c o n v e r s i o n  o f  t h e s e  t o  d i b r o m i d e s  w i t h  !IYr /8/. T h e  p r o c e d u r e s  

f o r  t h e s e  s y n t h e t i c  s t e p s ,  w h i c h  a r e  a n a l o q o u s  t o  t h o s e  f o r  t h e  

p r o t o n a t e d  a n a l o p , u e s  a r e  wel l  e s t a b l i s h e d .  

HBr 
R O ~ C - (  C H ~  ),CO~R - HOC~H,-( C H ~  );c H ~ O H  - 2 L i A l  tiq 

T HF 

2 

2 2 Br-C H2-(CH2)$ H2-Br 

T h e  d e u t e r a t e d  1 . n - a l k a n e d i o l s  a r e  s t a b l e  a g a i n s t  e x c h a n g e  

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

S r o m i n a t i o n  s t ep  ( h o t ( l O O o )  Xnr147Z) .  F o r  m o r e  u n s t a b l e  c o m p o u n d s  

t h e  b r o m i n a t i o n  c a n  b e  p e r f o r m e d  f o r  e x a m p l e  by r e a c t i o n  o f  t r i -  

n - a l k y l p h o s p h i n e  w i t h  c a r b o n  t e t r R b r  o m i d e  s o  1 u t i o n  s o f  t h e  

s t a r t i n g  d i o l s  /9/. 

(2,0-1-~H2)-1 ,n-Dibromoalkaaes 

C a r b o x y l i c  d i a c i d s  a n d  t h e i r  d e r i v a t i v e s  a r e  a l s o  v e r s a t i l e  

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

n e i g h b o u r  c a r b o n s  t o  t h e  b r o m o  a t o m s .  T h e  a c i d i c  a - p r o t o n s  o f  

d i c a r b o x y l i c  a c i d  s a l t s  a r e  e x c h a n q e d  by  h e a t i n g  a t  I6O0 i n  *!I20 

c o n t a i n i n g  a s m a l l  a m o u n t  o f  f r e e  0211-. T h e  s y n t h e t i c  p r o c e d u r e  

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

c a r b o x y l i c  a c i d  s a l t s  / l o / .  

2 2H20, 0 H -  + 
CH3-(CH I---C 2 H2CO; Na+ CH,-(CH,);CO; Na+ (160°) 2 m - I  

TII e ( ( 2 n- 1 )- '2 :I )- 1 , n- d i b r o in oa 1 !<a n e s a re  s u 1) se q u e n  t 1 y o h t a i n e d b y 

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

t h e  o n l y  p o s s i b i l i t y  o f  s y n t h e s i z i n g  ( 2 , n - l ) - d e u t e r a t e d  

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

c h a i n  1 , m - d e u t e r a t e d  d i b r o m o a l k a n c  w i t h  t w o  c a r b o n  a t o m s  l e s s  

t h a n  i n  t h a t  b e i n g  s y n t h e s i z e d  a n d  c a r b o x y l a t e  t h e  d i - G r i g n a r d  

r e a a e n t  o f  t h e  l a t t e r  / l l / .  T h i s  m e t h o d  i s  h o w e v e r  r e s t r i c t e d  t o  

s u c h  d i b r o n t o a l k a n e s ,  w h i c h  c a n  f o r i n  t h e  G r i g n a r d  r e a g e n t s ,  i . e .  

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

d i b r o m o a l k a n e  / 1 2 / .  T h e  same r e s t r i c t i o n  w i t h  r e s p e c t  t o  t h e  

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

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

G r i q n a r d a t i o n  o f  f o r m a l d e h y d e  /13/.  T h e  t w o  l a t t e r  m e t h o d s  

i n v o l v i n g  t h e  G r i g n a r d a t i o n  s t e p  a r e  u s e f u l  f o r  1 , n - l a b e l l i n g  o f  

s t r a i g h t - c h a i n  d i o l s  a n d  d i b r o m i d e s  w i t h  13C a n d  14C.  

( 4 , ( n - 3 ) - 2 H ~ ) - l , n - D i b r o l o s l k a n e a  

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

t w o  c a r b o n s  away f r o m  t h e  c h a i n  e n d s  o f  a d i c a r b o x y l i c  a c i d ,  c a n  

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

d o n e  s e l e c t i v e l y .  I n  o r d e r  t o  d e u t e r a t e  S U C ! ~  ~ o s i t i o n s  i t  i s  

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

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

I t  i s  wel l - !cnown t h a t  t ! i e  u - n r o t o ~ i s  O E  n c : i r ' j n x j r l i c  a c i d  c a n  

be made n o r e  a c i d i c  by c o n v e r t i n ?  t!ir a c i d  t o  i t s  o x : i : ~ o l i . n c  

d e r i v a t i v e  / 1 4 / .  T h e  o x a z o l i n e  g r o u p  i s  a n  e x c e l l e n t  p r o t e c t i n g  

r , roup  € o r  c o r b o x y l i c  a c i d s  / 1 4 /  n l l o v i n ?  t h e  u s e  o f  s e v e r a l  

u s e f u l  r e a g e n t s .  F o r  e x a m p l e  t!ie o x a z o l i n e  d e r i v a t i v e s  of a c e t i c  

a c i d  c a n  b e  c o n v e r t e d  t o  a l i t h i u m  s a l t  w i t h  S u t y l l i t h i u ?  i n  T:IF 

/ 1 5 / .  T h i s  l i t h i u s 1  s a l t  is a v e r y  s t r o n g  n u c l e o p h i l i c  r e a g e n t  a n d  

can  s u b s t i t u t e  h a l o q e n s  o f  a l k y l h a l i d e s  / 1 5 / .  T h e s e  p r o p e r t i e s  o f  

t h c  l i t h i o o x a z o l i n e  d e r i v a t i v e  o f  a c e t i c  a c i d  were a p p l i e d  i n  t h c  

s y n t h e s i s  o f  a ( h , 7 - 2 ' i 2 ) - d e ~ a n e f l i o i c  a c i d  b y  r e a c t i n ?  (.2,5-"1:))- 
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1 . 6 - d i b r o m o h e x a n e  w i t h  t w o  m o l e s  o f  t h e  f o r m e r  s a l t .  T h e  (4,7- 

2!12)-1, 1 0 - d i b r o m o d e c a n e  w a s  f i n a  11 y o b t a i n e d  b y  a n a l o g o u s  

s y n t h e t i c  s t e p s  a s  t h o s e  f o r  t h e  (1,10-2112)-1,10-dibromodecane 

a n d  t h e  (2,9-2!12)-1,  1 0 - d i b r o m o d e c a n e .  

B u L i  
* 

THF,  -78' 
CH CdN$ 

'0 

2 L i + - C H  + B r C H 2 C  2 H 2 ( C H 2 ) m C  2 H 2 C H 2 B r  - C 
'0 

A g o o d  g e n e r a l  a l t e r n a t i v e  t o  o b t a i n  ( 4 , r 1 - 3 - ~ i I ~ ) - a l k a n e d i o i c  

a c i d s  i s  t o  c o u p l e  a ( 2 , m - 1 - 2 1 1 2 ) - l a b e l l e d  d i - G r i g n a r d  r e a g e n t  

w i t h  t h e  m a g n e s i u r n  c h l o r i d e  s a l t  o f  2 - b r o m o a c e t i c  a c i d  o r  

a l t e r n a t i v e l y  a ( l , m - 2 ! 1 2 ) - l a b e l l e d  d i - G r i g n a r d  r e a g e n t  w i t h  

m a g n e s i u m  c h l o r i d e  s a l t  o f  3 - b r o m o p r o p a n o i c  a c i d ,  

Methyl-deuteration of N.N.N',N'-tetramethyldiaminoalkanes 

The a , w - i o n e n e s  a r e  u s u a l l y  s y n t h e s i z e d  b y  p o l y q u a t e r -  

n i z a t i o n  o f  t e t r a m e t h y l d i a m i n o a l  k a n e s  w i t h  d i b r o m o a l k a n e s .  

C o n s e q u e n t l y ,  m e t h y l  d e u t e r a t i o n  o f  t h e s e  p o l y a m i n e s  i s  a c h i e v e d  

t h r o u g h  t h e  u s e  o f  N.N,S',N'-tetra-(2!i3)-methyldianinoalkanes a s  

t l i a i n i n o a l k a n e  c o m p o n e n t s .  A t  f i r s t  s i g h t  i t  t h e r e f o r e  a p p e a r s  

p r o f i t a b l e  t o  a l k y l a t e  d i - 2 H 3 - m e t h y l a m i n e  w i t h  a n  a p p r o p r i a t e  

d i h r o n o a l k a n e .  : l o w e v e r ,  i t  i s  w e l l - k n o w n  t h a t  p r i m a r y  o r  

s e c o n d a r y  a m i n e s  c a n n o t  b e  c o n v e r t e d  d i r e c t l y  t o  t e r t i a r y  a m i n e s  

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

o v e r a l k y l a t i o n .  E a r l i e r  s t u d i e s  o f  a l k y l a t i o n  r e a c t i o n s  b e t w e e n  

d i n e t h y l a m i n e  a n d  d i b r o m o a l k a n e s  h a v e  s h o w n  t h a t  d e p e n d i n g  o n  t h e  

n u m b e r  o f  c a r b o n  a t o m s  i n  t h e  d i b r o m o a l k a n e  e i t h e r  c y c l i c  o r  
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p o l y m e r i c  p r o d u c t s  ( l o w  m o l e c u l a r  w e i g h t  i o n e n e s )  a r e  f o r m e d  

IlGI. S u c h  o v e r a l k y l a t i o n  c a n  l a r g e l y  b e  a v o i d e d  i f  a l a r g e  

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

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

An e f f i c i e n t  s y n t h e t i c  m e t h o d  f o r  t h e  d i r e c t  p r e p a r a t i o n  o f  

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

E s c h w e i l e r - C l a r k e  r e a c t i o n  1171. T h e  p r i m a r y  o r  s e c o n d a r y  a m i n e  

i s  c o n v e r t e d  t o  t h e  c o r r e s p o n d i n g  m e t h y l - a l k y l a t e d  t e r t i a r y  a m i n e  

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

f o r m a l d e h y d e .  

H 2 C 0 ,  H C 0 2 H  
R-NH2 * R-N ( C H  1 

I f  p e r d e u t e r o f o r m o l d e h y d e  i s  u s e d  t h e  m e t h o d  l e a d s  t o  t h e  

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

R-NH2 2 H 2 C 0 ,  H C 0 2 H  t R - N ( C  2 H 2 H ) 2  

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

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

s h o w n  t o  b e  s u f f i c i e n t  f o r  m o s t  4 X R  a p p l i c a t i o n s .  I t  h a s  b e e n  

s h o w n  t h a t  e v e n  i n  t h e  s o l i d  p h a s e  m e t h y l  ! : r o u p s  p e r f o r m  r a p i d  

r o t a t i o n s  a b o u t  t h e  C - C  o r  C-9 b o n d s  t h u s  m a k i n g  t h e  m e t h y l  

d e u t e r o n s  e q u i v a l e n t  / l a / .  .4n a l t e r n a t i v e  f o r  t h i s  ! t i n d  o f  

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

moles  o f  d i - ( 2 : 1 3 ) - m e t h y l a r n i n e  a n d  r e d u c e  t h e  r e s u l t i n :  d i a m i d c  t o  

t h e  t e r t i a r y  d i a m i n e  1 1 9 1 .  

GENERAL SYNTHETIC PROCEDURES 

I n  t h i s  s e c t i o n  w e  o u t l i n e  t h e  s y n t h e t i c  p r o c e d u r e s  u s e d  i n  

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

t h e  N , W , ?:I, Y ' -  t e t r a - (  2i1 2 ) -  m e t h y 1 d e  c a :n c t h y  1 e n e  d i a m i n e  . I: o r m o r e  
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d e t a i l s  i n  s p e c i f i c  s y n t h e t i c  s t e p s  a p p r o p r i a t e  l i t e r a t u r e  

s o u r c e s  a r e  r e f e r r e d  t o .  : 4 o d i f i c a t i o n s  o f  t h e  r e f e r e n c e d  

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

t h e  s y n t h e s e s  a s  a c h i e v e d  h e r e  a r e  g i v e n .  T h e  s u c c e s s  o f  t h e  

d e u t e r a t i o n s  h a s  b e e n  c o n f i r m e d  i n  terms o f  w e l l - d e f i n e d  2H-N:.14 

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

( 2-2H2)-1, 3-Dibromopropane 

9 i e t h y l m a l o n a t e  was c a t a l y t i c a l l y  e x c h a n g e d  w i t h  d e u t e r o n s  i n  

t h e  2 - p o s i t i o n  b y  s t i r r i n o ,  i n  0.1!.! 9'11- - ':120 f o r  17h. T h e  

m i x t u r e  was t h e n  q u e n c h e d  w i t h  2HC1,  t h e  o r g a n i c  l a y e r  s e p a r a t e d  

a n d  p u r i f i e d  b y  d i s t i l l a t i o n .  T h e  ( 2 - 2 i { 2 ) - d i e t h y l m a l o n a t e  w a s  

r e d u c e d  a 1 u m i n i u m 

h y d r i d e  i n  TIIF / 7 a /  a n d  t h e  d i o l  w a s  c o n v e r t e d  t o  ( 2 - 2 1 1 2 ) - 1 . 3 -  

d i b r o i n o p r o p a n e  w i t h  H B r ( 4 7 X )  / S / .  T h e  b r o m i n a t i o n  w i t h  !IBr was 

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

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

f l a s k  e q u i p p e d  f o r  d i s t i l l a t i o n  u n d e r  R s l i g h t  v a c u u m  a t  100° a n d  

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

water  v a p o r  t o g e t h e r  w i t h  a s m a l l  a m o u n t  o f  1 . 3 - d i b r o r n o p r o p a n e  

was t r a p p e d  a t  -10'. I n  o r d e r  t o  f a c i l i t a t e  t h e  i s o l a t i o n  o f  

d i b r o m o p r o p a n e  t h e  r e a c t i o n  m i x t u r e  W R S  v i g o r o u s l y  s t i r r e d  w i t h  

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

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

h y d r o g e n  c a r S o n a t e  n n t l  a g a i n  w i t h  w a t e r  a n d  f i n a l l y  d r i e d  o v e r  

a n h y d r o u s  s o d i u m  s u l p h a t e .  T ! i c  c I i b r o i : ~ o p r o p a n e  w a s  p u r i f i e d  b y  

c o l u m n  c h r o i n a t o , ; r a : , h y  ( i l e r c ! ;  K i e s c l g e l  50.  7 0 - 2 3 0  m e s h  A S T X )  w i t h  

m e t h y l c n e  c h l o r i d e  a s  e l u e n t .  T o t a l  y i e l d  -SO?. 

t o ( 2 - !1 ) - p r o  p a n e -  1.3- d i o 1 w i t h 1 i t h i u m 

( 2.5-2H2)-1 ,6-Dibromohexane 

1 . 6 - l l e x a n e d i o i c  ac ic !  w a s  c a t a l y t i c n l l y  t l e u t e r a t c d  i n  t h e  2-  

ant1 5 - n o s i t i o n  v i t ' i  . I":-/*.!~o i n  a a  s u t o c l a v c  a t  1 0 0 0  f o r  3 d a y s  
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/lo/. After isolation the (2,5-2112)-1 ,6-hexanedioic acid was 

reduced with lithium aluminium hydride to the corresponding diol 

/7b/. which was subsequently converted to the dibromide with 

HDr(47X) /8 / .  The bromination step and the purification of the 

1.6-dibromohexane w a s  a n a l o g o u s  t o t h o s e  for t h e  1.3- 

dibromopropane above. The yield was -7OX. 

(1 10-2E2)-1 10-Dibromodecaee 

1.10-Decanedioic acid was converted to ( l,10-2H2)-decane- 

1.10-diol by reduction with lithium aluminium deuteride in THF 

/7b/. The diol was subsequently converted to the dibromide with 

ilUr(47%) / a / .  The yield was -80%. 

( 2s9-21i2)-1 10-Dibromodecaae 

The 2.9-labelled dibroinodecane was synthesized in -70% yield 

from 1,lO-decanedioic acid analogous to that for the (2,5-'32)- 

1.6- dibromohexane. 

(4s7-2H2)-1 10-bibromodecane 

(2.5-2!12)-1.6-Dibromohexane was reacted with two equivalents 

of lithiooxazoline of acetic acid in TIIF (-7SOC) /14,15/ and the 

(4,7-2!12)-1,10-decanedioxazoline was hydrolyzed to (4,7-2i12)- 

1.10-decanedioic acid with 3 5  YC1. The 4.7-labelled dihromide was 

subsequently obtained via reduction with lithium aluminium 

hydride /7b/ and conversion of the resulting diol to (4,7-*112)- 

1.10-dibromodecane with !IRr(47:7) /8/. Overall yield was -70%. 

N N N , N-te t ra-( 2H2 )-met h y 1 decare t h y 1 enediarine / 17/ 

1 Yole decamethylenediamine was reacted with 5 moles 90% 

formic acid. To this reaction mixture was added 2.2 moles 352 

perdeuterofornaldehyde in 21120. The resulting reaction mixture 

was heated under reflux at 100" for about 12h and then acidified 
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w i t h  H C 1 .  R e m a i n i n g  f o r m a l d e h y d e  a n d  f o r m i c  a c i d  was e v a p o r a t e d ,  

t h e  h y d r o c h l o r i d e  t a k e n  u p  i n  w a t e r ,  m a d e  b a s i c  w i t h  2 5 %  N a O I I  a n d  

s t eam d i s t i l l e d .  T h e  p r o d u c t  w a s  s e p a r a t e d  f r o m  t h e  w a t e r  b y  

s a t u r a t i o n  w i t h  KO:: a n d  f i n a l l y  d r i e d  o v e r  KOII. O v e r a l l  y i e l d  was 

- 85%. 
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