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Potential  Carcinolyfic  Agents .  VI. N e w  Deactivated Biological  Alkylat ing Agents  ~ 

I n  o u r  s tud ies  of d e a c t i v a t e d  a l k y l a t i n g  a g e n t s  2, i.e. 
a g e n t s  whose  a l k y l a t i n g  power  ha s  b e e n  s u b d u e d  b y  
r e n d e r i n g  t h e  n i t r ogen  a t o m  more  e lee t ropos i t ive ,  we h a v e  
p r e p a r e d  some q u a t e r n a r y  a m m o n i u m  m u s t a r d s  I wh ich  
are  ac t ive  aga in s t  a n u m b e r  of e x p e r i m e n t a l  r o d e n t  
t umor s .  

The  chemica l  m e c h a n i s m  b y  wh ich  t he  n i t r o g e n  mus-  
t a rds ,  bis(2-chloroethyl)amines, effect  a l k y l a t i o n  in v i t ro  
is well  u n d e r s t o o d  3 a n d  ha s  led to  theor i e s  c o n c e r n i n g  
t h e  in  v i v o  a c t i o n  of t he se  a g e n t s  4. I t  is genera l ly  accep t ed  
t h a t  t h e  m e c h a n i s m  invo lves  t h e  f o r m a t i o n  of t h e  v e r y  
r eac t i ve  cycl ic  e t h y l e n i m m o n i u m  ion s, which ,  of course,  
would  be  imposs ib le  in  q u a t e r n a r y  a m m o n i u m  m u s t a r d s .  
T h e  c o m p o u n d s  p r e p a r e d  in t h e  p r e s e n t  s t u d y  were  de- 
s igned  to  spl i t  u n d e r  c e r t a i n  cond i t i ons  in  v i t r o "  a n d  
poss ib ly  in v ivo  (e.g. a t t a c k  b y  a nuc leoph i le  such  as 
mereap t ide ) ,  re leas ing  t h e  ac t ive  n i t r o g e n  m u s t a r d  m o i e t y  
acco rd ing  to  t h e  fol lowing equa t ion .  
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The  oxazo l i n ium sa l t  I V  is t he  on ly  exam pl e  ~ of a 
q u a t e r n a r y  n i t r o g e n  m u s t a r d  found  ac t ive  a g a i n s t  
Y o s h i d a  Sarcoma.  T h e  a u t h o r s  p o s t u l a t e d  t h a t  I V  is 
a c t i v a t e d  in v ivo  b y  r e d u c t i o n  as in  bis(2-chloroethyl)- 
m e t h y l a m i n e  oxide.  On t h e  o t h e r  h a n d ,  t h e  b io i sos te re  7 
V a n d  c o m p o u n d s  of t h e  genera l  s t r u c t u r e  s V I  were  found  
i n a c t i v e  a g a i n s t  Yosh ida  S a r c o m a  a n d  E h r l i c h ' s  asc i tes  
c a r c i n o m a  respec t ive ly .  
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P r e l i m i n a r y  sc reen ing  * showed  t h a t  I a  ( x = p - N O 2 C o H 4 - )  
was  ac t ive  a g a i n s t  D A  x° in t h e  r a n g e  of 0 .08-2.5  m g / k g  
(T.I. n > 30). I t  was  also ac t ive  a g a i n s t  W A  ~3 in t h e  r ange  
of 1 -4  m g / k g  (T.I.  11 > 4), a n d  a g a i n s t  W M  1-" in  t he  r a n g e  
of 3 .5-24  m g / k g  (T.I.  n > 7). On  t he  o t h e r  h a n d ,  t he  un-  
s u b s t i t u t e d  c o m p o u n d  I b  (X  = CeH~) a n d  t h e  o r tho-  
s u b s t i t u t e d  c o m p o u n d s  Ic  (X  = o-NO2CoH4-) a n d  Id  
(X = o-CH~OOCCsH4- ) d i sp l ayed  on ly  m o d e r a t e  ac t iv i ty .  
A g a i n s t  D A  ~°, I b  was  a c t i v e  a t  20-40  m g / k g  (T.I .  n ca. 2) 
a n d  Ic  was  ac t ive  a t  1 .25-2.5 m g / k g  (T.I .  n _~ 2). I d  was  
ac t ive  a t  10-20  m g / k g  (T.I.  n ~ 2) in  W A  x3. 

T h e s e  r e su l t s  i nd i ca t e  t h a t  t h e  q u a t e r n a r y  m u s t a r d s  
are  ac t ive  a g a i n s t  e x p e r i m e n t a l  t u m o r s  sens i t ive  to  bio-  
logical  a l k y l a t i n g  agents .  (At  t h e  s ame  t ime ,  Ib ,  for in-  
s tance ,  was  i n a c t i v e  in  D u n n i n g  L e u k e m i a  r e s i s t a n t  to  
c y c l o p h o s p h a m i d e ,  a n  a l k y l a t i n g  agent . )  T he  f ac t  t h a t  
e l e c t r o n - w i t h d r a w i n g  s u b s t i t u e n t s  t h a t  do  n o t  p r o v i d e  
s ter ic  h i n d r a n c e  to  nuc leophi l i c  a t t a c k  a t  t h e  benzy l i c  
c a r b o n  increase  t h e  a c t i v i t y  of t h e  q u a t e r n a r y  m u s t a r d s  
seems to  s u p p o r t  ou r  p roposed  a c t i v a t i o n  scheme.  

I n  a n o t h e r  series of c o m p o u n d s ,  I e  ( X  = C2H~OOC- ) 
was  found  to  p ro long  t h e  s u r v i v a l  of mice  i m p l a n t e d  w i t h  
L E  ~4, T /C  15 172%,  a t  30-50 mg/kg ,  a n d  to  cu re  W A  ~3 a t  
10-40 m g / k g  (T.I.  ~t ~ 4) ; I f  (X  = C , H s O O C C H , N H O C - )  
was ac t ive  in  D A  ~° a t  4 -64  m g / k g  (T.I.11 ~ 16), b u t  in-  
ac t ive  in  c y c l o p h o s p h a m i d e - r e s i s t a n t  D u n n i n g  Leukemia .  

T h e  q u a t e r n a r y  a m m o n i u m  m u s t a r d s  I were  p r e p a r e d  
b y  r eac t i on  of a n  e the rea l  so lu t ion  of methyl-bis(2-chloro- 
e t h y l ) a m i n e  I I I  w i t h  t h e  c o r r e s p o n d i n g  b r o m i d e  I I  
(Y = t3r). The  p r o d u c t s  wh ich  c rys ta l l i zed  f rom the  
r eac t i on  m i x t u r e  gave  co r rec t  analyses .  

The  ideas  a n d  resu l t s  ou t l i ned  above ,  in a d d i t i o n  to  
p r o v i d i n g  leads  for  p r e p a r i n g  new biological  a l k y l a t i n g  
agen ts ,  m i g h t  be  e x t e n d e d  in to  o t h e r  a reas  of m e d i c i n a l  
c h e m i s t r y  whe re  q u a t e r n i z a t i o n  of a t e r t i a r y  a m i n e  w i t h  
a s u i t a b l e  l eav ing  g roup  could  i m p a r t  w a t e r  so lub i l i ty  to  
a wa te r - inso lub le ,  b io logica l ly  a c t i v e  a g e n t  (drug,  pes t i -  
cide, insec t ic ide ,  etc.)  a n d  a l t e r  t h e  abso rp t ion ,  d i s t r i bu -  
t ion,  a n d  a c t i v i t y  of t h e  a g e n t  x~. 

Rdsumd. Les a u t e u r s  o n t  effectu6 de nouvel les  prOpara- 
t ions  e h i m i q u e s  an t icancOreuses  en  u t i l i s a n t  une  fo rme  
des  a g e n t s  a l k y l a n t s  dOactivOs du  t y p e  m o u t a r d e  n i t ro -  
gOnOe q u a t e r n a i r e .  U n  m o d e  d ' a c t i o n  es t  p ropos$  p a r  
lequel  ces p rOpara t ions  p e u v e n t  ~tre  activOes in v ivo .  
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