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H . B .  LAM- 

C a a 

A b s t r a c t  The p a r t i a l  a z i r i d i n o l y s i s  of (NPC1 ) and 
(NPC1 ) NSOCl y i e l d s  non-geminal and geminal c E l o f o - a z i r i d i n y l  
d e r i v a t i v e s .  Compounds N P Az R (R=amino, a l k o x y ,  a r y l o x y ,  
i d . )  show i n  v i t r o  and i n  v i v o  cy  o t a t i c  a c t i v i t y .  S t r u c t u r e -  
a c t i v i t y  r e l a t i o n s h i p s  are  p roposed .  Phase I c l i n i c a l  t r i a l s  
o f  (NPAz ) NSOAz ( A z = l - a z i r i d i n y l )  are summarized. 

3 4  
2 2  

3 3 6-n p 

2 2  

SY NTHE S I S 

A d e t a i l e d  i n v e s t i g a t i o n  o f  t h e  s u b s t i t u t i o n  p a t t e r n  of a z i r i d i n e  

w i t h  (NPC12)3 by 3 1 P  NMR r e v e a l e d  t h a t  t h e  g e n e r a l l y  a c c e p t e d  view 

of a merely geminal  s u b s t i t u t i o n  pathway had t o  b e  r e v i s e d ' .  Re- 

a c t i o n s  w i t h  molar  r a t i o  (NPC1 ) : a z i r i d i n e  = 1 : 4 i n  t h e  so l -  

v e n t s  d i e t h y l  e t h e r  and benzene showed t h a t  geminal  and non-geminal 

(cis,trans) b i s ( 1 - a z i r i d i n y l )  d e r i v a t i v e s  are  formed i n  abou t  e q u a l  

q u a n t i t i e s .  S i n c e  compounds N P C 1  Az are  a l s o  formed, t h e  r a t i o  3 3  3 3 
of isomers  N P C 1  Az i s  i n f l u e n c e d  by t h e i r  d i f f e r e n t  r e a c t i v i t i e s  

towards f u r t h e r  c h l o r i n e  s u b s t i t u t i o n  (sequence o f  r e a c t i v i t y :  

trans-N P C 1  Az > cis-N P C 1  Az > gem-N P C 1  Az 1. The r e l a t i v e -  

l y  h i g h  y i e l d  o f  cis-N P C 1  Az demons t r a t e s  t h a t  t h e  non-geminal 

d i a m i n o l y s i s  o f  (NPC1,)3 by a z i r i d i n e  d o e s  n o t  show t h e  well-known 
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338 J .  C. VAN DE GRAMPEL er al. 

t rans  i somer  p r e f e r e n c e .  The f o r m a t i o n  o f  gem-N P C l  Az l e a d s  t o  

t h e  c o n c l u s i o n  t h a t  a n u c l e o p h i l i c  a t t a c k  a t  t h e  PClAz c e n t r e  can  

compete s u c c e s s f u l l y  w i t h  a r e a c t i o n  a t  PCl The geminal  s u b s t i t u -  

t i o n  p redomina te s  when t h e  d e g r e e  of  a m i n o l y s i s  i n c r e a s e s ,  e . g .  a t  

t h e  t e t r a k i s  s t a g e  gern-N3P3C12Az4 i s  t h e  major r e a c t i o n  p r o d u c t .  

3 3  4 2 

2 ’  

The i n t r o d u c t i o n  of a second a z i r i d i n y l  group i n t o  t h e  t e t r a -  

m e r  (NPCl ) gave  an  abundance of  t h e  non-geminal i somers  

N P C 1  Az ( r a t i o  non-geminal /geminal  M 2 0 ) .  The predominance of  

t h e  non-geminal b i s ( a z i r i d i n y 1 )  d e r i v a t i v e s  can  b e  e x p l a i n e d  from 

t h e  h i g h e r  r e a c t i v i t y  of t h e  t e t r a m e r i c  sys tem.  

2 4  

4 4  6 2 

I n  t h e  c a s e  of  t h e  s u l f u r - c o n t a i n i n g  sys t em ( N P C l  ) NSOCl 2 2  
o n l y  u n s t a b l e  p r o d u c t s  were formed. Al though no d e r i v a t i v e s  have  

; ) I  been  i s o l a t e d ,  P NMR d a t a  of t h e  r e a c t i o n  m i x t u r e s  c l e a r l y  p o i n t -  

ed  t o  b o t h  geminal  and non-geminal s u b s t i t u t i o n  o f  c h l o r i n e  atoms 

by a z i r i d i n y l  g r o u p i n g s .  

The sys tems N P A z  R N P Az R and N P Az R NSOX (X = 3 3 6-n n ’  4 4 8-n n 2 2 4-n n 
F,Ph,Az) were used  as s u i t a b l e  models f o r  i n v e s t i g a t i n g  s u b s t i t u e n t  

e f f e c t s  on a n t i t u m o r a l  p r o p e r t i e s .  Compounds were o b t a i n e d  e i t h e r  

by a pr imary  r e a c t i o n  w i t h  a z i r i d i n e  ‘and f u r t h e r  s u b s t i t u t i o n  by R 

o r  by  t h e  reverse r o u t e .  

ANTITUMOR ACTIVITY 

Tumor c e l l  growth i n h i b i t i o n  in V i t r o  was measured i n  two d i f f e -  

r e n t  s c r e e n i n g  sys t ems :  t h e  d e t e r m i n a t i o n  of  t h e  50% growth  i n -  

h i b i t i o n  dose  ( I D 5 0 1  i n  a l eukaemia  L1210 c l o n o g e n i c  a s s a y  and  t h e  

d e t e r m i n a t i o n  of  t h e  lowes t  a c t i v e  d o s e  (LAD) i n  mouse lymphoma 

L5178 Y ce l l s ’ .  A s  a n  i n  viva s c r e e n i n g  t h e  p r o l o n g i n g  o f  t h e  l i f e -  

t i m e  o f  L1210-bearing m i c e  was u s e d ,  e x p r e s s e d  as  T / C  v a l u e s  (mean 

l i f e t i m e  t r e a t e d / m e a n  l i f e t i m e  c o n t r o l  W). Over s i x t y  compounds 

have been i n v e s t i g a t e d  i n  v i t r o ,  whereas  f o r  a l i m i t e d  number in 
V ~ V O  s t u d i e s  were c a r r i e d  o u t .  

E v a l u a t i o n  of t h e  in v i t r o  d a t a  of compounds N P Az R show- 3 3 6-n n 
ed  t h e  f o l l o w i n g  f a c t o r s  t o  promote t h e  a c t i v i t y :  
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ANTITUMORAL AZIRIDINYL CYCLOPHOSPHA(TH1A)ZENES 339 

a .  The p r e s e n c e  of e l e c t r o n  r e l e a s i n g  s u b s t i t u e n t s  R .  

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

c .  The p r e s e n c e  of a z i r i d i n y l  groups on a t  l eas t  two d i f f e r e n t  P- 

atoms i n  t h e  r i n g  system. 

Both i t e m  a and b a r e  i l l u s t r a t e d  by t h e  i n  v i t r o  s c r e e n i n g  r e s u l t s  

of compounds N P Az R and gem-N P Az R By i n c r e a s i n g  t h e  e l e c -  

t r o n  d o n a t i n g  c a p a c i t y  of R ,  exp res sed  by t h e  s u b s t i t u e n t  c o n s t a n t  

~1 

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

es te r  d e r i v a t i v e s  are less a c t i v e  t h a n  might be expec ted  from t h e  

v a l u e  of c1 ’. Comparison o f  t h e  s c r e e n i n g  d a t a  o f  i s o m e r i c  com- 

pounds N P Az R [R = NHMe,  Pyr (=  1 - p y r r o l i d i n y l ) ,  Morph ( =  4- 

m o r p h o l i n y l ) ]  l e a d s  t o  t h e  t h i r d  c o n c l u s i o n ,  as t h e  non-geminal 

isomers  a r e  more a c t i v e  t h a n  t h e i r  geminal  forms,  e . g .  cis- and 

trans-N P Az (NHMel4: mean ID50 (L1210) = 4 .2 ,  mean LAD (lymphoma 

L5178 Y) = 1.3; gem-N P Az (NHMe) :ID50 = 27 .8 ,  LAD = 8 .  The com- 

pounds N P Az(NHMe) and N P AzMorph may b e  c o n s i d e r e d  as i n a c t i -  

v e ,  N P AzPyr5 o n l y  shows a weak a c t i v i t y .  

3 3  5 3 3  4 2 ’  

-6 t h e  ID50 (L1210) and LAD (L5178 Y) v a l u e s  ( i n  10 mol L-l)  R’ 

R 

3 3  2 4  

3 3  2 

3 3  2 4 

3 3  5 3 3  5 

3 3  
The s c r e e n i n g  of t h e  t e t r a m e r i c  a n a l o g s  N P Az R i s  underway. 4 4  2 6  

I n  t h e  group o f  cyc lophospha th iazenes  t h e  p e n t a k i s ( a z i r i d i n y 1 )  de- 

r i v a t i v e  (NPAz ) NSOAz a p p e a r s  most p romis ing .  Replacement o f  one 

of  t h e  a z i r i d i n y l  r e s i d u e s  a t  phosphorus does n o t  a f f e c t  t h e  i n  

v i t r o  a c t i v i t y  s i g n i f i c a n t l y .  V a r i a t i o n  of t h e  S-bonded g roups  

seems t o  e x e r t  a l a r g e r  e f f e c t .  

I n  g e n e r a l ,  in v i t r o  d a t a  seem t o  c o r r e l a t e  w e l l  w i t h  p r e l i -  

2 2  

minary i n  v i v o  r e s u l t s ,  which s u g g e s t s  t h a t  t h e  compounds i n v e s t i -  

g a t e d  have n o t  t o  b e  me tabo l i zed  t o  some a c t i v e  form. 

PHASE I C L I N I C A L  TRIAL 

Based on t h e  f a v o u r a b l e  r e s u l t s  i n  i n  v i v o  e x p e r i m e n t s 4 ,  t h e  

compound (NPAz ) NSOAz (code name SOAz) w a s  s e l e c t e d  f o r  phase  I 

c l i n i c a l  t r i a l s .  I n  a f i r s t  t r i a l  31 p a t i e n t s  w i t h  advanced c a n c e r  

were t r e a t e d  by i n t r a v e n o u s  i n f u s i o n  on days 1 , 2 , 3  and 4 of  a 21-  

2 2  
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340 J .  C. VAN DE GRAMPEL e l  al 

day c y c l e ,  o c c a s i o n a l l y  postponed t o  a l l o w  f o r  h e m a t o l o g i c a l  recov-  

e r y .  The c l i n i c a l  s t u d y  showed t h a t  SOAz c a u s e s  mye losuppres s ion ,  

e s p e c i a l l y  thrombocytopenia .  T h i s  t o x i c i t y  appeared t o  b e  cumula- 

t i v e  and d o s e - l i m i t i n g .  I n  t h r e e  cases i r r e v e r s i b l e  e f f e c t s  were 

obse rved .  The h i g h e s t  t o l e r a t e d  dose f o r  p a t i e n t s  who had r e c e i v e d  

no o r  o n l y  minor p r e v i o u s  chemotherapy was 300 mgm , f o r  h e a v i l y  

p r e t r e a t e d  p a t i e n t s  115 mgm . Concerning t h e  a n t i t u m o r  a c t i v i t y  

no r e sponses  were o b s e r v e d 5 .  

-2 

-2 

I n  a second phase I t r i a l ,  i n v o l v i n g  1 1  p a t i e n t s ,  SOAz w a s  

a d m i n i s t e r e d  by i . v .  i n f u s i o n  once a week. Analogous t o x i c i t y  e f -  

f e c t s  were observed as d e s c r i b e d  above.  Two minor  r e s p o n s e s  took  

p l a c e ,  which might i n d i c a t e  t h a t  SOAz has  a n t i t u m o r  a c t i v i t y  on 

human l e v e l .  T h i s  encourages t h e  s e a r c h  f o r  r e l a t e d  compounds, 

which may combine u s e f u l  c l i n i c a l  a c t i v i t y  w i t h  a c c e p t a b l e  t o x i c i -  

t y  - 

REFERENCES 

1 .  A . A .  van d e r  Huizen. A . P .  J e k e l .  J .  Rusch and J . C .  van d e  G r a m -  
p e l ,  Rec l .  Trav.  Chim. Pays-Bas, =, 343 (1981) .  

2 .  H . B .  Lamberts,  A .  van d e r  Meer-Kalverkamp, J . C .  van d e  Grampel, 
A . A .  van d e r  Huizen, A .P .  J e k e l  and N . H .  Mulder,  Oncology, 4 0 ,  
301 (1983) .  

3. A . A .  van d e r  Huizen, J . C .  van d e  Grampel, W .  Akkerman, P .  L e l i e -  
v e l d ,  A .  van d e r  Meer-Kalverkamp and H . B .  Lamberts ,  I n o r g .  
Chim. Acta,  78, 239 (1983) .  

4 .  J . F .  L a b a r r e ,  F.  S o u r n i e s ,  S .  C r o s ,  G .  F r a n q o i s ,  J . C .  van de  
Grampel and A . A .  van d e r  Huizen,  Cancer Le t te rs ,  1 2 ,  2 4 5  1981) .  

5 .  S .  Rodenhuis,  N . H .  Mulder,  D.Th. S l e i j f e r ,  H .  S c h z f f o r d t  Koops 
and J . C .  van de Grampel, Cancer Chemoth. Pharmacol . ,  10, 7 8  
(1983) .  

- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


