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Abstract-5-Phenylcyclophosphamides have b e e n  s y n t h e s i z e d  f r o m  b e o z y l  

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

bis(2-chloroethy1)-phosphoramidle d i c h l o r i d e .  The  two d i a s t e r e o m e r s  

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

b a s i s  o f  i r ,  P-31 nmr and  X-ray c r y s t a l l o g r a p h y .  

R a c e m i c  c y c l o p h o s p h a m i d e ,  1 ,  i s  a w i d e l y  u s e d  d r u g  f o r  t h e  t r e a t m e n t  o f  human 
?r 

cancers. The  m e t a b o l i a m s ,  p h a r m a c o k i n e t i c s ,  and m e c h a n i s m  o f  a c t i o n  o f  I h a v e  
", 

b e e o  e x t e n s i v e l y  s t u d i e d . '  The  s y n t h e s i s  o f  o x a z a p h o s p h o r i n a o e  d e r i v a t i v e s  i s  

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

s t r u c t u r e s .  

R e c e n t l y ,  a s e r i e s  o f  4 - a r y l e y c l a p h a s p h a m i d e s  have  b e e n  s y n t h e s i z e d ,  whose 

2 - 4  
a n t i t u m o r  a c t i v i t y  and  X-ray s t u d i e s  h a v e  been  r e p o r t e d .  B o t h  4 - p h e n y l -  

c y c l o p h o a p h a m i d e s  and  4-tolylcyclophosphamides h a v e  t h e  t w i s t e d  c h a i r  

c o n f o r m a t i o n .  I t  i s  o u r  a im t o  e x t e n d  t h e  s y n t h e s i s  and s t r u c t u r e  s t u d i e s  t o  

5-arylcyclophosphamides, w h e r e  a r y l  i s  p h e o y l  i n  t h i s  r e p o r t .  M o n o s u b s t i t u t i o n  

a t  C-5 g e n e r a t e s  a s e c o n d  c h i r a l  c e n t e r  i n  a d d i t i o n  t o  P-2, r e s u l t i n g  i n  a p a i r  

o f  d i a s t e r e o m e r s ,  i . e . ,  RRlSS - t r a n s  and RS/SR - c i s  f o r  p h e o y l  a n d  P-0 

m o i e t i e s .  
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The s y n t h e t i c  scheme  s t a r t e d  f r o m  b e n s y l  c y a n i d e ,  2 ,  w h i c h  w a s  r e a c t e d  w i t h  
ly 

e q u i m o l a r  f r e s h l y  p r e p a r e d  s o d i u m  e t h o x i d e  a n d  5 - f o l d  d r y  d i e t h y l  c a r b o n a t e ,  2 .  
t o  g i v e  p u r e  e t h y l  p h e n y l c y a n o a c e t a t e ,  4 ,  bp 129-131°C/5mm Hg, i n  81 .0% y i e l d  

?, 

5 
( l i t .  bp 125-135°~13-5mm Hg, y i e l d  70-78%) .  4 was  r e d u c e d  w i t h  3  m o l e  

"r 

e q u i v a l e n t s  o f  l i t h i u m  a luminum h y d r i d e  i n  r e f l u x i n g  e t h e r  t o  f o r m  

3-amino-2-pheoyl-1-propanol, 5 ,  b p  1 5 0 - 1 6 0 ~ ~ 1 4 m m  Hg i n  11.2% y i e l d  ( l i t .  bp 
-" 

0 
114-115 C10.5mm Hg).6  5 was a l l o w e d  t o  r e a c t  a t  room t e m p e r a t u r e  w i t h  e q u i m o l a r  

?, 

amount o f  bis(2-chloroethy1)-phosphoramidic d i c h l o r i d e 7  and  2  m o l e  e q u i v a l e n t s  

o f  t r i e t h y l a m i n e  i n  d r y  e t h y l  a c e t a t e .  T h e  r e a c t i o n  m i x t u r e  waa s t i r r e d  f o r  4 8  

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

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

e l u t i n g  w i t h  c h l o r o f o r m .  Two i s o m e r s  were o b t a i n e d  i n  n e a r l y  e q u a l  amount  ( T h e  

f a s t  m i g r a t i n g  6 A ,  y i e l d  35 .01 ,  and  t h e  s l o w  m i g r a t i n g  6$, y i e l d  3 9 . 7 % ,  are 

a c c o r d i n g  t o  t h e i r  r e l a t i v e  m o b i l i t i e s  on column c h r o m a t o g r a p h y ) .  6 4  was 

r e c r y s t a l l i z e d  f r o m  n-hexane  as  n e e d l e s ,  w h i l e  6 0  r e c r y s t a l l i z e d  f r o m  
"r 

n-hexane-benzene ,  a l s o  as n e e d l e s  b u t  much s m a l l e r .  W i t h  t h e  same mass s p e c t r a ,  

6 A  and 6 B  w e r e  f o u n d  t o  h a v e  d i f f e r e n t  mp's ,  i r ,  and  nmr s p e c t r a .  R e l e v a n t  d a t a  
"r "r 

and t h o s e  o f  s i m i l a r  compouods w e r e  shown i n  T a b l e  1. 
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T a b l e  1 .  

C h a r a c t e r i s t i c  D a t a  o f  5 - P h e n y l c y c l a p h o s p h ~ r n i d e s  and  S i m i l a r  Compounds 

6 ~ d  6 9 . 4  3 3 6 .  3 3 8  1 2 1 8  1 2 . 4 6  t h i s  r e p o r t  ," 
6 ~ d  1 1 8 . 1  3 3 6 ,  3 3 8  1 2 3 4  1 1 . 0 7  t h i s  r e p o r t  * 

7,8 1 3 0 . 5 - 1 3 2  3 3 6 .  3 3 8  1 2 3 0  8 . 8 9  2  

7,B 1 1 4 - 1 1 6  3 3 6 ,  3 3 8  1 2 1 2  1 3 . 2  2  

1 2 9 - 1 3 1  3 1 6  1 2 2 4  9.78(CgDg) 1 0  

a .  A: F a s t  m i g r a t i n g ,  a: S l a w  m i g r a t i n g .  
b .  a e c o r d e d  o n  a P e r k i n  E lmer  mode l  297  I n f r a r e d  S p e c t r o p h o t a m e t e r  u s i n g  

KBr t a b l e t s .  
c. R e c o r d e d  on  a S e a l  PXlOO FT n m r  u s i n g  CDCl3 as s a l v e a t .  The  c h e m i c a l  

s h i f t s  a r e  r e p o r t e d  i n  ppm d o w n f i e l d  f r o m  e x t e r n a l  H 3 P 0 , + .  
d. New compounds  w i t h  s a t i s f a c t o r y  e l e m e n t a r y  a n a l y s i s .  

F i g u r e  1 .  ORTEP d r a w i n g  o f  $A 

w i t h  t h e r m a l  e l l i p s o i d s  a t  5 0 %  

l e v e l .  H y d r o g e n  a t o m s  a r e  o m i t t e d .  

F i g u r e  2 .  ORTEP p l o t  t o  show t h e  

h y d r o g e n  b o n d i n g  i n t e r a c t i o n s .  

One of t h e  t h r e e  6A m o l e c u l e s  i s  
% 

d a r k e n e d  f o r  c l a r i t y .  



A c r y s t a l  o f  6A s u i t a b l e  f o r  X-ray s t r u c t u r e  a n a l y s i s  was  o b t a i n e d .  I t  was 
". 

found t o  c r y s t a l l i z e  i n  t h e  m o n o c l i n i c  a p a c e  g r o u p  CZ/c  w i t h  2 - 8  and  c e l l  

d i m e n s i o n s  a=20.213(3):, b=5.993(3): ,  c = 2 8 . 8 0 2 ( 4 ) ~ ,  ~ - 9 3 . 7 1 ( 1 ) ~ .  I n t e n s i t y  d a t a  

up t o  2 8 5 0 °  w e r e  c o l l e c t e d  u s i n g  a N o n i u s  CAD-4 a u t o m a t e d  d i f f r a c t o m e t a r  - 

e q u i p p e d  w i t h  monochromated  M o - K a  r a d i a t i o n  e m p l o y i n g  t h e  8 - 2 8  s c a n  me thod .  The 

s t r u c t u r e  was s o l v e d  b y  d i r e c t  m e t h o d s  and  s u c c e s s i v e  F o u r i e r  maps ,  and  i t  was 

r e f i n e d  w i t h  a w e i g h t e d  l e a s t  squares r o u t i n e .  6& was f o u n d  t o  b e  m o n o - h y d r a t e d  

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

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

i n  f i n a l  R-0.057 and  Ru=0.049 f o r  1 2 1 3  o b s e r v a t i o n s  o u t  o f  2876 m e a s u r e m e n t s  

2 
(20  d a t a ) .  The  q u a n t i t y  m i n i m i z e d  w a s  I w l  ~ F , ( - I F , I  / , w h e r e  F,, P C  w e r e  

o b s e r v e d  and  c a l c u l a t e d  s t r u c t u r e  f a c t o r s ,  r e s p e c t i v e l y ,  and  w ,  t h e  w e i g h t ,  was  

2 2 
g i v e n  b y  l / ( o  (F)+O.00305 I F /  ). 

An ORTEP d r a w i n g 8  o f  6A w i t h  a tom names  i e  p r e s e n t e d  i n  F i g u r e  1, r e v e a l i n g  a 
". 

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

i m p o r t a n t l y ,  t h e  X-ray s t r u c t u r e  i s  seen t o  p o s s e s s  a n  RS/SR r e l a t i o n s h i p ,  i . e . .  

6A h a s  a c i s  c o n f i g u r a t i o n .  I n  t h e  c r y s t a l l i n e  s t a t e ,  t h e  RS a n d  SR 6A's a r e  
?I ". 

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

h y d r o g e n  b o o d i n g  i n t e r a c t i o n s  as seen i n  F i g u r e  2. The  h y d r o g e n  b o n d i n g  s y s t e m s  

f o r  h y d r a t e  o x y g e n  are: 0 3  t o  N 1  of  a 6A, 0 3  t o  0 2  o f  a s e c o n d  6 4 ,  and  0 3  t o  0 2  
2. 

of  a t h i r d  6A, and v i c e  versa f o r  o n e  6A t o  3  h y d r a t e  o x y g e n  a t o m s ,  i . e . ,  
I ". 

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

i n t e r a c t i o n s  w h i c h  a re  commonly seen i n  o t h e r  c y c l o p h o s p h a m i d e  s t r u ~ t u r e s . ~ ' ' ' ~  

D i s c u s s i o n  on o t h e r  s t r u c t u r a l  p a r a m e t e r s  i s  t o  be  d e t a i l e d  e l s e w h e r e .  

6A h a s  a l o w e r  P-0 s t r e t c h i n g  f r e q u e n c y  t h a n  6 8 ,  i n d i c a t i n g  a l o w e r  P-0 
* ". 

s t r e t c h i n g  f o r c e  c o n s t a n t  f o r  6A d u e  t o  l e s s  d e f o r m a t i o n  o f  c y c l o p h o s p h a m i d e  
". 

r i n g .  W i t h  e q u a t o r i a l l y  d i s p o s e d  p h e n y l  s u b s t i t u t i o n ,  t r a n s - 4 - p h e n y l -  

c y c l o p h o s p h a m i d e ,  
7:. 

a l s o  h a s  a l e s s  d e f o r m e d  r i n g  s i m i l a r  t o  6A s t r u c t u r a l l y .  
". 

78 a l s o  shows a l o w e r  P-0 s t r e t c h i n g  f r e q u e n c y  t h a n  cis-4-pheoylcyclophosphamide, 

7A, as r e v e a l e d  i n  T a b l e  1. The  P - 3 1  nmr c h e m i c a l  s h i f t  o f  7A i s  r e m a r k a b l y  a t  
", ". 

h i g h e r  f i e l d  t h a n  t h a t  o f  7B, s h o w i n g  t h e  l a r g e  d i f f e r e n c e  o f  P  e n v i r o n m e n t  
". 

b e c a u s e  o f  d e f o r m a t i o n  o f  c y c l o p h o s p h a m i d e  r i n g .  C o r r e s p o n d i n g l y ,  t h a t  o f  68  i s  
". 

a t  h i g h e r  f i e l d  t h a n  t h a t  o f  6A, t h o u g h  t h e  d i f f e r e n c e  i s  l e s s  e n h a n c e d .  The  
I 
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same  t r e n d  h a s  b e e n  r e p o r t e d  r e c e n t l y  f o r  2 - 0 x 0 - 2 - ( d i m e t h y l a m i n o ) -  

3.5-diphenyl-1,3.2-axazaphosphorinane. 8& and 83 .  1 0  

T h i s  w o r k  was f i n a n c i a l l y  s u p p o r t e d  b y  t h e  N a t i o n a l  S c i e n c e  C o u n c i l ,  R.O.C. 
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