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14 SYNTHESIS OF [5- C ] - 1 , 1 , 1 2 ,1 2-TETRAE T H o x Y - 4 , 9 - D ~ E ~  DINITRATE 

V i j a y a l a k s h i i i i  V .  S o n i a y a j i a ,  T s e  W .  H a l l a ,  L e o n a r d  I .  Wiebea ,  

Edward E. Knausa" a n d  J a m e s  P. DeiiiersC 

a F a c u l t y  of  Pha rmacy  a n d  P h a r m a c e u t i c a l  S c i e n c e s ,  U n i v e r s i t y  of A l b e r t a ,  

Ednionton,  A l b e r t a ,  Canada ,  T6C 2N8 a n d  'Resea rch  L a b o r a t o r i e s ,  O r t h o  

P h a r i i i a c e u t i c a l  C o r p . ,  P . O .  Box 300, R a r i t a n ,  N e w  J e r s e y  08869 

The r e a c t i o n  of [ 1 - 1 4 C ] s u c c i n y l  c h l o f d d e  w i t h  3 , 3 - d i e t h o x y p r o p y l a i i i i n e  ( 4 )  
a f f o r d e d  N,N'-bis(3,3-diethoxypropyl[l- C ] s u c c i n i c  a c i d  diai i i id  ( 6 ,  4 3 . 9 %  
c h e m i c a l  a n d  r a d i o c h e n i i c a l  y i e l d )  a n d  N - ( 3 , 3 - d i e t l i o x y p r o p y l [ l - ~ 4 C ) s ~ 1 c c i n i ~ ~ i ~ d e  
( 7 ,  3 5 . 8 %  c h e m i c a l  and  35 .5% r a d i o c h e n i i c a l  y i e l d ) .  R e d u c t i o n  of  6 using 
l i t h i u i i i  a l u  i 'nuni h y d r i d e  f o l l o w e d  by r e a c t i o n  w i t h  c o n c e n t r a t e d  n i t r i c  a c i d  
y i e l d e d  I S -  C]-1,1,12,12-tetraetho~y-4~~-diazadodeca!ie d i n i t r a t e  ( 8 )  i n  1 6 %  
o v e r a l l  r a d i o c h e m i c a l  y i e l d  fronl [ 1- C ] s u c c i n y l  c h l o r i d e  w i t h  a s p e c i f i c  
a c t i v i t y  of 55 .4  iiiCi/niliiol ( 2 . 0 5  G R q / n u i i o l )  a n d  a r a d i o c h e l i i i c a l  p u r i t y  o f  97.3%. 

Key Words: 

! l d  

l - 1 4 C J - S u c c i n y l  c h l o r i d e ,  N , N ' - b i s ( 3 , 3 - d i e t h o x y p r $ p y l )  1 1 -  14 C ]  
s u c y d n i c  acid d i a n i i d e ,  N-(3,3-diethoxypropyl)[l- C l s u c c i n i i i i i d e ,  
1 5- C j - 1 , 1 , l Z , l Z - t e t  raetho~y-4~9-diazadodecane d i i i i  t r a t e .  

I n  t h e  C O U I S ~  of  ~ n v e s t l y c l t i o n s  i n  b i o l o y i c a l  arid m e t a b o l l i :  s t u d i e s  I t  became 

1 4  
n e c e s s a r y  t o  p r e p a r e  h i g h  s p e c i f i c  a c t i v i t y  15- C ] - 1 , 1 , 1 2 , 1 2 - t  e t r a e t h o x y - 4 . 9 -  

d i a z a d o d e c a n e  d i n i t r a t e  (8). E v i d e n c e  h a s  b e e n  p r e s e n t e d  t.hat. 4,9-dial . ; t1l[ ,1l~riariedial-  

d e h y d e  ( 1 ,  n = 2 ,  R = C H O )  liiay b e  a n  e n z y m a t i c  p r o d u c t  d e r i v e d  from s p e r n i i n e  ( 1 ,  11-3 ,  

R = N H  ) .  I t  h a s  b e e n  s u y y e s t e d  t l ia t :  LIie b i n a l d e h y d e  ( 1 ,  n = 2 ,  R = C H O )  inlay b e  r e s p o n s i b l e  

f o r  t h e  q r o w t l i - l i i l i i l , i t o r y  a r i d  v i  r a l - i n a c t i v a t i o n  e f f e c L n  of s p e r i n i i i e  c l u e  1.0 

i n t e r a c t i o n  of  t h e  b i s a l d e h y d e  w i t h  D N A .  I t  was s u b s e q u e n t l y  r e p o r t e d  t h a t  

t h i s  b i s a l d e h y d e  i n h i b i t s  t h e  q r o w t h  o f  K B  (hunlan e p i d e r i i i o i d  c a r c i n o l l i a )  c e l l s  in 

V l t r O  w i t h o u t  t h e  n e e d  f o r  g e n e r a t i o n  o f  a c r o l e i n  a s  t h e  a c t i v e  c y t o t o x i c  a g e n t  

2 

(1). W e  now r e p o r t  a f a c i l e  p r o c e d u r e  f o r  t h e  s y n t h e s i s  of  h i g h  s p e c i f i c  a c t i v i t y  

b A u t h o r  t o  whoiii c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d .  
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[5-'4C)-1, 1,12,12-tetraethoxy-4,9-diazadodecane dinitrate ( 8 )  which can be readily 

converted to the required bisaldehyde analogue. R-(CH ) NH(CH ) NH(CH2)"-R ( 1 )  2 n  2 4  

RESULTS AND DISCUSSIolv 

In an earlier study an efficient synthetic methodology for the synthesis of 

high specific activity ( 5 5 . 4  mCi/mmol) [ l-14C]succinyl chloride was developed ( 2 ) .  

The synthetic methodology illustrated in Scheme I was selected since it was expected 

to give the target compound 8 having the I4C-label at the metabolically stable 

C-5 position. The reaction of  [ l-14C]succinyl chloride with 3.3-diethoxypropyl- 

amine (41 ,  which was synthesized from 3,3-diethoxypropyl chloride ( 3 )  according to 

the method of Carroll et dl ( 3  using the reactions illustrated in Scheme 1 ,  

yielded a mixture o f  N , N f - b i s ( 3 , 3 - d i e t h o x y p r o p y l  [I- CIsuccinic acid diamide (6, 

4 3 . 9 %  cl ie i i i ical  aiid radiochemical yield) arid N-( 3.3-diethoxypropyl ) [ l-14C)succinimide 

( 7 ,  .15.LII c h e i i i i c a l  and 35.5% radioclieiiiical yield) with a specific activity of 

5 5 . 4  mCi/mnol, which were readily separated by silica gel column chromatography. 

14 

Scheme I 
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iV, LiAlH4, THF, reflux; V, conc. HN03, Et0H:Et 0 (2:5 v/v). 
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2 



[S-''C] -I, 1,123 12-Tetraethoxy-4,PDiazadodecane Dinitrate 451 

T h e  f o r n i a t i o n  o f  t h e  s u c c i n i n i i d e  17)  i n d i c a t e s  t h a t  i n t r a i n o l e c u l a r  c y r l i z a t i o n  of  

t h e  i n t e r m e d i a t e  p r o d u r t  5 t o  y i e l d  7 ( P a t h  B )  i s  c o m p e t i t i v e  w i t h  f u r t h e r  r e a c t i o n  

of  5 w i t h  4 ( P a t h  A )  t o  a f f o r d  6 ( s e e  S c h e m e  I ) .  R e d u c t i o n  of 6 u s i n g  l i t h i u n l  

aluniinuiii  h y d r i d e  a n d  t h e n  r e a c t i o n  of t h e  d i a m i n e  p r o d u c t  w i t h  c o n c e n t r a t e d  n i t r i c  

a c i d  y i e l d e d  [S-14C]-l, 1,12,12-tetraethoxy-4,Y-diazadodecane d i n i t r a t e  (8, 36% 

c h e n i i c a l  a n d  r a d i o c h e m i c a l  y i e l d ,  s p e c i f i c  a c t i v i t y  5 5 . 4  niCi/niinol, r a d i o c h e n l i c a l  

p u r i t y  9 7 . 3 % )  

S r n Y  

R i y h  s p e c i f i c  a c t i v i t y  ( 5 5 . 4  niCl  /mnroIl ( 5 - ' 4 C ] - I ,  1,12,12-tetraethoxy-4,Y-dia~adodeca~~e 

14 d i n i t r a t e  (8) w a s  s y n t h e s i z e d  i n  1 6 %  o v e r a l l  r a d i o c h e m i c a l  y i e l d  f r o m  [ I -  C j s u c c i n y l  

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

m E R I m A L  

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

r e q u i r e d ,  t h e s e  were d r i e d  b y  s t a n d a r d  m e t h o d s .  M e l t i n g  p o i n t s  were d e t e r m i n e d  

o n  a F i s h e r - J o h n s  a p p a r a t u s  a n d  a r e  u n c o r r e c t e d .  T h i n  l a y e r  c h r o n i a t o g r a p h y  ( T L C )  

w a s  p e r f o r i i i e d  o n  Whatnian MK6F n i i c r o s l i d e s .  S i l i c a  g e l  COl~linn c h r o n i a t o g r a p h y  

w a s  p e r f o r i n e d  u s i n g  F i s h e r  S 7 0 4  ( 6 0 - 2 0 0  IlleSh) S i l i c a  g e l .  ' H  N M R  s p e c t r a  

were a c q u i r e d  u s i n g  a B r u k e r  AM-300 3 0 0  MHz s p e c t r o l n e t e r .  R a d i o a c t i v e  c o u n t i n g  was  

p e r f o r i n e d  u s i n g  A q u a s o l - 2  f l u o r  (New Enylar i t l  N u c l e a r )  i n  a Beckinan 13S 9000 

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

were a n a l y z e d  b y  f r a c t i o n a t i n g  a d e v e l o p e d  TLC p l a t e ,  a n a l y z i n g  t h e  f r a c t i o n s  b y  

l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  a n d  p l o t t i n q  h i s t o g r a m s  of t h e  r e s u l t i n g  d a t a  ( c o n i b i n e d  

TLC-LSC) .  [ l -  C l S u c c i n y l  c h l o r i d e  was p r e p a r e d  u s i n g  t h e  p r e v i o u s l y  r e p o r t e d  

p r o c e d u r e  ( 2 ) .  3 - C h l o r o p r o p i o n a l d e h y d e  d i e t h y l a c e t a l  was p u r c h a s e d  froin t h e  

A 1 d r i c h  C hein i c a 1 Coin p a n  y . 

1 4  

N-(3,3-Diethoxyprqpyl)phthalimide (3) 

A m i x t u r e  of  pOtaSSiu l l i  p h t h a l i i n i d e  (18.5 g ,  0.1 niol) a n d  3 - c h l o r o p r o p i o n a l d e h y d e  

d i e t h y l a c e t a l  ( 2 ,  1 6 . 7  g ,  0 . 1  nlol) i n  N-inethylpyrrolidin-2-one ( 2 0 0  mL) w a s  a l l o w e d  t o  

s t i r  f o r  1 5  h r  a t  1 2 5 O C  u n d e r  a n  a t i n o s p h e r e  o f  n i t r o g e n .  T h e  r e s u l t i n y  s o l u t i o n  w a s  

c o o l e d  a n d  p o u r e d  i n t o  w a t e r  ( 4 0 0  niL).  E x t r a c t i o n  w i t h  e t h e r  ( 4 x 1 0 0  niL), w a s h i n g  t h e  

c o n i b i n e d  e t h e r   extract^ w i t h  w a t e r  ( 2 x 1 0 0  n i t , ) ,  d r y i n g  t h e  e t h e r  e x t r a c t  

( N a z S O 4 ) .  f i l t r a t i o n  a n d  r e m o v a l  of t h e  s o l v e n t  in VaCUO g a v e  a n  o r a n g e  o i l .  
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P u r i f i c a t i o n  b y  e l u t i o n  froni a s i l i c a  ge l  c o l u m n  (150 g )  u s i n g  d i c h l o r o m e t h a n e :  

e t h e r  ( 9 5 : s  v / v )  a s  e~.uer.t g a v e  3 a s  a p a l e  y e l l o w  o i l  ( 1 6 . 5  g, 6 0 % ) :  ‘H 

N M R  ( C O C 1 3 )  6 : 1 . 1 5  ( t ,  611, OCH2CH3), 2.03 ( I l l ,  2H, NCH2CH2CH), 3.52 

(ni, 2H. OCH CHJ), 3.65 (In, 2 H .  OCE12CH ) ,  3.82 ( t ,  2H. NC€12CH2CH), 

1 . 6 1  ( t ,  IH, NCH CH CH), 7 . 7 5 - 7 . 8 7  (Ill, IH, a r y l  h y d r o g e n s ) .  T h e  p r o d u c t  3 
-2 3 

2 2 -  

w a s  u s e d  i m m e d i a t e l y  i n  t h e  n e x t  r e a c t i o n  f a r  t h e  s y n t h e s i s  o f  4 .  

3,3-Diethoxypropylamine ( 4 )  

A s o l u t i o n  of 3 ( 2 5 . 1 4  q ,  181 m n l O 1 )  a n d  a n h y d r o u s  h y d r a z i n e  (5 .81  y ,  181 iirmol) i n  

H P L C  g r a d e  i i i e t l i a n o l  ( 4 5 0  iiiLI w a s  h e a t e d  a t  r e f l u x  f o r  4 h r  w l t l l  i i i e c h a n i r a l  

s t i r r i n g .  T h e  m i x t u r e  w a s  c o o l e d  t o  25OC w i t h  c o n t i i l u e d  s t i r r i n g ,  f i l t e r e d  a n d  

t h e  p r e c i p i t a t e  w a s  w a s h e d  w i t h  m e t h a n o l .  R e n i o v a l  of t h e  s o l v e n t  in VdCUO 

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

( 2 0 0  m L )  f o r  5 niin at. 2 5 O C  p r i o r  t o  f i l t r a t i o n .  Reiiioval of t h e  s o l v e n t  f r o m  t h e  

f i l t r a t e  g a v e  a r e s i d u e  w h i c l l  w a s  C l i s L i l l e d  u n d e r  r e d u c e d  p r e s s u r e  t o  y i e l d  4 a s  

a c o l o r l e s s  l i q u i d  ( 1 1 . 0  9 ,  8 2 . 5 % ) ;  b p  67OC ( 1 5  t o r r ) ,  L i t .  ( 1 )  bp 60-62OC 

( 4  nini ) ;  .‘H NMR ( C O C 1 3 ) &  : 1.25 ( t ,  6H. OCH2CE3, 1 . 4 8  ( s ,  2H. NH2, e x c h a n g e s  

w i t h  d e u t e r i u i i i  o x i d e ) ,  1 . 8 4  (Ill, 2 H .  CH CH2NH J ,  2.84 ( t ,  2H, C H  CH NH2), 

3.58 (in, 2 H ,  OCU CHJ), 3 . 7 4  ( I n ,  2H, OCE2CH ) ,  4 . 6 5  I t ,  1 H .  CH(OEt  ) I .  

2 2 2 -2 

2 3 2 

14  N,N’-Bis(3,3-diethoxyprOpy~) [ l -  C]succinic acid diamide (6) and 

N-(3,3-Diethoxprcpyl)[l- Clsuccinimide (7) 14 

A s o l u l . i o n  of ( l - 1 4 C j s u c c i n y l  c h l o r i d e  (88.5 iiig. 0 . 5 6  nliiiol, 31.0 mci, s p e c i f i c  

a c t i v i t y  5 5 . 4  i i i C i / i i i i i i o l )  i n  d i c h l o r o n i e t h a n e  ( 5  niL) was a d d e d  d r o p w i s e  t o  a s o l u t i o n  

of 4 ( 0 . 1 7 6  9. 1 . 2  r n n i o l )  a n d  t r i e t h y l a i n i n e  (0.18 mL, 1 . 3  n i m o l )  i n  d i c h l o r o a e t h a n e  

( 5  lnlL) a t  - 5 O O C  u n d e r  an  a t m o s p h e r e  o f  n i t r o g e n  w i t h  s t i r r i n g .  T h e  r e a c t i o n  

m i x t u r e  w a s  t h e n  s t i r r e d  at 2 5 O C  f o r  18 h r .  R e I I l O V ~ 1  of t h e  s o l v e n t  in VdCUO g a v e  a 

s u s p e n s i o n  w h i c h  w a s  f i l t e r e d .  Reiiioval of  t h e  s o l v e n t  fronl t h e  f i l t r a t e  g a v e  

a r e s i d u e  w h i c h  was p u r i f i e d  b y  e l u t i o n  f r o m  a s i l i c a  g e l  c o l u m n  (2.5 x 2 5  cm) 

u s i n g  e t h y l  a c e t a t e : 2 - p r o p a n o l  ( 7 : l  v / v )  as e l u a n t .  F i f t y  f r a c t i o n s  o f  e l u a n t  

( 1 0  inL e a c h )  were c o l l e c t e d  a n d  t h e  r a d i o a c t i v i t y  p r e s e n t  i n  e a c h  f r a c t i o n  w a s  

m e a s u r e d  by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g .  A n  a c t i v i t y  h i s t o g r a m  i n d i c a t e d  t h e  
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p r e s e n c e  of t w o  inajor p r o d u c t s  6 a n d  7 w h i c h  were w e l l  r e s o l v e d .  P r o d u c t s  6 a n d  

7 e x h i b i t e d  Rf v a l u e s  (Whatman MK6F microsl ides ,  e t h y l  a c e t a t e : 2 - p r o p a n o l  

( 7 : l  v / v ) ]  o f  0 . 2 4  a n d  0 . 7 3 ,  r e s p e c t i v e l y .  R e m o v a l  of t h e  s o l v e n t  in VaCUO f r o m  

t h e  c o m b i n e d  f r a c t i o n s  h a v i n g  R f  0 . 2 4  ( i d e n t i c a l  t o  t h a t  o f  a n  a u t h e n t i c  

u n l a b e l l e d  sample) y i e l d e d  6 ( 9 2 . 6  nig, 4 3 . 9 2  c h e m i c a l  and r a d i o c h e m i c a l  y i e l d ,  

1 3 . 9  mCi ,  0 . 5 1  G B q ) ;  'H NHR ( C D C l 3 ) 6 :  1.23 ( t ,  1 2 H ,  OCH2CH3), 1 . 8 4  

(nl, 4H, NHCH CH C H ) ,  2 . 5  ( 6 ,  4H, COC~zCklzCO),  3 . 3 6  ( a ,  4H. NHCHZCH C H ) ,  

3 . 5 5  ( m ,  4H, OCH C H 3 ) ,  3.7 ( m ,  4Hr OCH CH3) ,  4.58 ( t ,  2H, NHCH2CH C H ) ,  
-2 -2 2 -  

2 - 2  2 

6 . 4 5  ( b r  8 ,  Z H ,  N H ,  e x c h a n g e s  w i t h  d e u t e r i u m  o x i d e ) .  An u n l a b e l l e d  s a i i i p l e  

o f  6 s y n t h e s i z e d  i n  t h e  saiiie way e x h i b i t e d  t h e  f o l l o w i n g  nip: 8 8 - 9 0 ° c  

[ L i t . . ( 4 )  lnp 8 4 - 8 5 O C ) .  P r o d u c t  6, w h i c h  w a s  a n a l y z e d  on a M K 6 F  i i i i c r o s l i d e  u s i n y  

t h e  s o l v e n t  s y s t e i i i  d e s c r i b e d  a b o v e ,  was d i v i d e d  i n t o  9 e q u a l  s e c t i o n s  a n d  

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

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

( s e c t i o n ,  nuiiiber of c o u n t s ,  % o f  t o t a l  a c t i v i t y  a p p l i e d  t o  t h e  TLC p l a t e ) :  

1, 0 ,  0 . 0 ;  2 ,  1 7 ,  0.06; 2 ,  1 7 ,  0 . 0 6 ;  4 ,  3 ,  0.01; 5 ,  5 4 7 5 ,  1 8 . 7 :  6 ,  2 0 0 5 0 .  68.6; 

7 ,  3 6 6 9 ,  1 2 . 5 ;  8 ,  6 ,  0 . 0 2 ;  9 ,  0 ,  0.0.  T h o s e  s e c t i o n s  of t h e  p l a t e  c o r r e s p o n d i n g  

t o  t h e  R f  for 6 ( s e c t i o n s  5 - 7 )  a c c o u n t e d  for 9 9 . 8 2  of  t h e  t o t a l  a c t i v i t y  a p p l i e d  

t o  t h e  TLC p l a t e ,  ViZ 9 9 . 8 %  r a d i o c h e m i c a l  p u r i t y .  

Reiiioval o f  t h e  s o l v e n t  i n  vamo f r o i n  t h e  co i i ib ined  f r a c t i o n s  t i a v i n y  R f  0.73 

( i d e n t i c a l  t o  t h a t  of a n  a u t h e n t i c  u n l a b e l l e d  s a i i i p l e )  a f f o r d e d  7 ( 4 6  iiig, 3 5 . 8 %  

c h e m i c a l  a n d  3 5 . 5 %  r a d i o c h e i n i c a l  y i e l d ,  11.0 iiiCi, 0 . 4 1  CBq). T h e  p r o d u c t  7, w h i c h  

was a n a l y z e d  b y  TLC u s i n y  t h e  i i i e t h o d o l o g y  d e s c r i b e d  a b o v e  f o r  6 ( s e c t i o n ,  

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

f o l l o w i n g  r e s u l t s  for t h e  9 sect ions o b t a i n e d  froin t h e  TLC p l a t e :  1, 0,  0.0; 

2 ,  10,  0 . 0 3 ;  3 ,  3 4 7 8 ,  1 2 . 0 2 ;  4 ,  1 9 8 5 0 .  6 8 . 6 5 ;  5 ,  5 5 2 2 ,  1 9 . 0 9 ;  6 ,  1 9 ,  0 . 0 6 ;  

7 ,  1 6 ,  0 . 0 5 ;  8 .  18, 0 . 0 6 ;  9 ,  0 ,  0 . 0 .  T h o s e  s e c t i o n s  of t h e  p l a t e  c o r r e s p o n d i n g  

t o  t h e  Rf f o r  7 ( s e c t i o n s  3-5) a c c o u n t e d  f o r  9 9 . 7 %  o f  t h e  t o t a l  a c t i v i t y  a p p l i e d  

t o  t h e  TLC p l a t e ,  V i Z  9 9 . 7 %  r a d i o c h e n i i c a l  p u r i t y .  Coiiipound 7 e x h i b i t e d  t h e  

f o l l o w i n g  p h y s i c a l  a n d  'H NHR s p e c t r a l  d a t a :  nip 103-105°C;  'H NHR 

(CDCl , )  6 : 1 . 1 4  ( t ,  6H, OCHZCH3), 1.83 ( m ,  2H, NCHzCH2CH), 2 . 6 2  

( 8 ,  4H, COCH CH C O ) ,  3 . 4 2  (in, 2 H ,  NCH CH2CH),  3 . 6  ( I n ,  4H, OCH2CH3), 2 -2 2 
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4 . 4 8  ( t ,  1 H .  NCHZCH CH).  A saiiiple of u n l a b e l l e d  7 p r e p a r e d  i n  t h e  

same w a y  e x h l b l t e d  t h e  f o l l o w i n g  s p e c t r a l  d a t a :  E x a c t  nlass c a l c d .  f o r  

CllHl9NO4 - E t :  2 0 0 . 0 9 2 3 .  F o u n d  ( h i g h  r e s o l u t i o n  niass s p e c t r u n i ) :  

2 -  

2 0 0 . 0 9 2 3 :  13C NMR ( C D C l , )  : 1 7 6 . 9 8  (COCH2CH2CO), 1 0 1 . 1 4  (NCH2CH2CH), 

6 1 .  I R  ( O ( C H 2 C H 3 ) 2 ]  t 3 5 . 0 6  ( N C H Z C H 2 C H ) ,  3 1 . 6 2  (NCH2CH2CH), 

2 8 . 2 8  and 7 8 . 1 8  (CO_CH,OH,CO), 1 5 . 3 0  [ (OCH2CH3) ,1 .  

L~-'~cI-~, 1,12,12-Tetraethoxy-4,9-diazadodecane dinitrate (8) 

A o i i x t u r e  of 6 ( 8 5  nig, 0.23 n i m o l ,  1 2 . 5  nici, 5 5 . 4  n i c i l m m o l )  a n d  l i t h i u m  a l u m i n u l n  

I l y d r i d ~  ( 1 9  mg, 0 . 5  i i i inol) i n  d r y  t e t r a h y d r o f u r a n  ( 2 0  m L )  was h e a t e d  a t  r e f l u x  

f o r  4 0  h r  u n d e r  an a t i n o s p h e r e  of n i t r o g e n .  T h e  react ion m i x t u r e  w a s  c o o l e d  t o  

2 5 O C .  w a t e r  ( 0 . 1  n i L )  and  t h e n  sodiu i i i  h y d r o x i d r  ( 0 . 0 2 5  l i l t  of a 159. w l , ;  a q u r o u s  

n o l u t i r i n )  w a s  ; idded  w i t h  f i t i l - r i n q .  This i l i i x t u r e  w a s  s t i r r e d  f u r  3 0  l l l l i l  p r l o r  

t o  f i l t r a t i o n .  R e m o v a l  of  t h e  s o l v e n t  froiii t h e  f i l t r a t e  i n  VdCUO g a v e  a r e s i d u e  

w h i c h  v i r i . 7  d i s s o l v e d  i n  e t h y l  a l c o h o l  ( 0 . 5  N I L ) ,  d i l u t e d  W i t h  e t h e r  ( 1 . 2 5  n I L )  

a n d  t h e n  c o n c e n t r a t e d  n i t r i c  a c i d  ( 0 . 0 2 5  m L )  w a s  a d d e d  d r o g w i s e  w i t h  v i g o r o u s  

s t i r r i n g .  T h e  p a l e  y e l l o w  d i n i t r a t e  s a l t  (8) w h i c h  p r e c i p i t a t e d  was f i l t e r e d ,  

w d s h e d  w i t h  e t h e r  ( 1 0  IIIL) a n d  d r i e d  in VdcLlO a t  25OC. C0111pound 8 was o b t a i n e l - j  

as  a c o l o r l e s s  c r y s t a l i i n e  s o l i d  a f t e r  d i s s o l u t i o n  i n  e t h a n o 1 : w a t e r  ( 2 0 : 8 0  v / v ) .  

s t i r r i i i y  w i t h  c h a r c o a l  ( 5  n i q )  f o r  5 n i i n ,  f i l t r a t i o n  a n d  r e m o v a l  o f  t h e  s o l v e r i t  

ifl VaCUO. T h o  p r o d u c t  ( 8 ,  3 9 . 3  iiig, 4 . 6  iiiCi, 3 6 %  c h e m i c a l  a n d  3 6 . 8 %  r a d i o c h e n i i c a l  

y i e l d ,  s p e c i f i c  a c t i v i t y  5 5 . 4  i i i C i / n i i i i o l )  e x h i b i t e d  t h e  f o l l o w i n g  p h y s i r a l  d l ~ d  

s p e c t t - a t  d a t a :  nip 1 4 4 - 1 4 5 0 ~  " , i t .  ( 4 )  nip 1 4 4 - 1 4 5 0 c ;  'ti N M R  1 c D c 1 ~ )  6 : 

1 . 2  ( 1 ,  1211, OCH CII ) ,  1 . 7 7  (Ill, 411, 1 1 - 2 ,  11-11) ,  2 . 0 4  ( 1 1 1 ,  I l l ,  t i - 6 ,  H - 7 ) ,  
? - 3  

.3.16 ( in,  811, H-3, 11-5, H - 8 ,  H-101, 3 . 6 6  ( m ,  4H. OCH2CH3), 3 . 1 8  (111, 4H. O C H 2 C t i 3 ) ,  

4 . 7 R  ( t ,  2 H ,  C H O E t ) .  

'1'1162 r a d i o c t i e i i i i c a l  p u r i t y  o f  t h e  d i n i t r a t e  s a l t  ( 8 )  w a s  d e t e r i t l i n e d  a f t e r  

c o i l v e r s i o i i  t o  t h e  f r e e  b a s e  of 8.  T h e  pH of a n  a q u e o u s  s o l u t i o n  of t h e  

d i n i t r a t e  s a l t  ( 8 )  w a s  a d j u s t e d  t o  11 u s i n g  a q u e o u s  s o d i u ~ i i  h y d r o x i d e  t o  g i v e  

t h e  f r e e  b a s e  wl i ic l i  e x h i b i t e d  a s i n g l e  s p o t  h a v i n g  R f  0 . 2 6  on a whatiiian MK6F 

i n i c r o s l i d e  u s i n g  chloroforl1i:niethanol:water ( 6 0 :  3 5 :  5 v / v / v )  a s  d e v e l o p m e n t  

s o l v e n t .  Tho f r e e  b a s e  of 8, w h i c h  w a s  a n a l y z e d  b y  TLC u s i n g  the i i i e t h o d o l o g y  
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desc r ibed  p rev ious ly  f o r  6 ( s e c t i o n ,  nuiiiber of counts ,  % of t o t a l  a c t i v i t y  a p p l i e d  

t o  t h e  TLC p l a t e )  us ing  t h e  so lven t  system desc r ibed  above, i n d i c a t e d  t h e  followii ,g 

r e s u l t s  for t h e  18 s e c t i o n s  ob ta ined  f r o n  t h e  TLC p l a t e :  1, 12, 0.05; 2, 9, 

0.04; 3, 4, 0.02; 4, 27, 0.12; 5, 77, 0.34; 6 .  330, 1.48; 7, 1848, 8.32; 9, 

8119, 36.5; 10, 9 5 6 ,  4.3; 11, 247, 1.1; 12, 173, 0.77; 13, 130, 0.58; 14, 127, 

0.57; 15, 112, 0.50; 16, 91, 0.40; 17, 16, 0.07; 18, 0, 0.00. Those s e c t i o n s  of  

t h e  p l a t e  cor responding  t o  t h e  R f  for t h e  f r e e  base  of 8 ( s e c t i o n s  6-12) 

accounted f o r  97.3% of t h e  t o t a l  a c t i v i t y  app l i ed  t o  t h e  p l a t e ,  V i Z  9 7 . 3 %  

radiochenlical  p u r i t y .  
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