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SUMMARY 

The 14C-r ing  l a b e l e d  ca rb ino lamine  N-hydroxymethylpentamethyl- 
melamine, a m e t a b o l i t e  o f  t h e  c l i n i c a l l y  u s e f u l  an t i cance r  agent 
hexamethylmelamine, was prepared i n  good y i e l d  f rom cyanur i c  
c h l o r i d e  ( r i n g ,  2,4,6,-14C). Aminat ion  o f  cyanur i c  c h l o r i d e  w i t h  
d imeth  1 ami ne gave 2-ch l  oro-4,6-bi  s (  d imet  h y l  ami no)-1,3 ,!i-tri a z i  ne- 
2,4,6-74C. F u r t h e r  aminat ion  w i t h  anhydrous methylamine gave 
pen t  amet hy 1 me1 arni ne-2,4,6 -14C. Condens a t  i on o f  pent  amet hy 1 met hy 1 - 
me1 ami ne w i t h  excess aqueous formaldehyde gave N-hydroxymethyl penta- 
methylmelamine i n  54% o v e r a l l  y i e l d .  

Keywords: Hexamethyl me lami  ne, m e t a b o l i t e ,  c a r b i  nolamine, r a d i  o l a b e l  ed. 

INTRODUCTION 

The ca rb ino lamine  N-hydroxymethylpentamethylmelamine (Q, Scheme I )  has been 

i d e n t i f i e d  as an i n  v i t r o  m e t a b o l i t e  o f  t h e  a n t i c a n c e r  agent hexamethylmelamine 

(1).  Hexamethylmelamine i s  an i n v e s t i g a t i o n a l  a n t i t u m o r  agent w i t h  demonstrated 

a c t i v i t y  i n  combina t ion  and as a s i n g l e  agent aga ins t  severa l  human cancers 

i n c l u d i n g  o v a r i a n  carcinoma, lymphomas and s m a l l - c e l l  carcinoma o f  t h e  l u n g  

(2,3,4). 

-- 

There i s  evidence t h a t  metabol ism i s  r e q u i r e d  f o r  a n t i t u m o r  a c t i v i t y  o f  hexa- 

methylmelamine, b u t  t h e  mechanism r e s p o n s i b l e  f o r  a n t i t u m o r  a c t i v i t y  i s  no t  

known. Our s tud ies ,  as w e l l  as o thers ,  show t h a t  hexamethylmelamine i s  ox ida-  
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t i v e l y  metabo l ized  t o  demethylated p roduc ts  w i t h  p r o d u c t i o n  o f  formaldehyde 

(5,6,7). We have r e c e n t l y  r e p o r t e d  t h a t  hexamethylmelamine undergoes o x i d a t i v e  

me tabo l i c  t r a n s f o r m a t i o n  t o  r e a c t i v e  i n t e r m e d i a t e s  as measured by cova len t  

b i n d i n g  t o  tmicrosoinal p r o t e i n  and exogenously added DNA ( 8 , 9 ) .  N i c o t i n e  and 

o t h e r  t e r t i a r y  a l i p h a t i c  amines have a l s o  r e c e n t l y  been shown t o  undergo ox ida -  

t i v e  m e t a b o l i c  t r a n s f o r m a t i o n  t o  ca rb ino lamine  i n t e r m e d i a t e s  which can be 

t rapped  as cyan ide  o r  p r o t e i n  adducts ( 1 0 , l l ) .  These s t u d i e s  have i n d i c a t e d  

t h a t  ca rb ino lamine  in te rmed ia tes  undergo two m e t a b o l i c a l l y  impor tan t  r e a c t i o n  

pathways: r e t r o - a l d o l  r e a c t i o n  l e a d i n g  t o  demethy la ted  p roduc ts  and f o r -  

maldehyde and B - e l i m i n a t i o n  t o  im in ium i n t e r m e d i a t e s  wh ich  a r e  r e a c t i v e  

e l e c t r o p h i l e s .  To f u r t h e r  c h a r a c t e r i z e  t h e  m e t a b o l i c  a c t i v a t i o n  and cova len t  

b i n d i n g  c h a r a c t e r i s t i c s  o f  hexamethylamine, we r e q u i r e d  t h e  r a d i o l a b e l e d  ca r -  

b ino la rn ine  N-hydroxymethyl pentamethylmelamine. 

Synthes is  o f  - 4 i n  low y i e l d  from pentamethylmelamine (3, Scheme I )  and aqueous 

formaldehyde has been p r e v i o u s l y  r e p o r t e d  (12).  Syn thes i s  o f  - 3 and 14C-r ing  

l a b e l e d  - 3 by aminat ion  o f  cyanur i c  c h l o r i d e  have a l s o  been repo r ted  (13).  For  

our  syn thes i s  o f  14C-r ing  l a b e l e d  - 4 (Scheme I ) ,  we have m o d i f i e d  these  procedures 

t o  i nc rease  y i e l d s  o f  p roduc ts  and improve methodology o f  p roduc t  i s o l a t i o n  and 

p u r i f i c a t i o n .  We now r e p o r t  syn thes i s  o f  t h e  ca rb ino lamine  N-hydroxymethyl-  

pentamethylmelamine (A) i n  54% ove r  a l l  y i e l d  f rom 14C-cyanur ic  c h l o r i d e .  

EXPERIMENTAL 

l4C-Cyanu1- i~  c h l o r i d e  was ob ta ined  from P a t h f i n d e r  Labora to r ies ,  Inc., S t .  

Lou is ,  MO. All s t a r t i n g  m a t e r i a l s ,  reagents  and s o l v e n t s  were p u r i f i e d  p r i o r  t o  

use. A l l  r e a c t i o n s  were conducted under an argon atmosphere. Removal o f  
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so lven t  under reduced pressure  was c a r r i e d  ou t  u s i n g  a r o t a r y  evapora to r  w i t h  

a s p i r a t o r  vacuum, un less  o t h e r w i s e  noted. Samples were d r i e d  i n  vacuo (0.01 mm) 

a t  ambient temperature.  E l e c t r o n  impact mass spec t ra  were ob ta ined  w i t h  LKB 

2091 and Kra tos  MS-50 GC/MS spec t rometers .  l H - N M R  spec t ra  were ob ta ined  w i t h  an 

I B M  NR-80 FT spec t rometer  i n  DCC13 so l ven t .  Chemical s h i f t s  a re  expressed i n  

p a r t s  pe r  m i l l i o n  d o w n f i e l d  f rom i n t e r n a l  t e t r a m e t h y l s i l a n e .  I n f r a r e d  and 

u l t r a v i o l e t  spec t ra  were ob ta ined  w i t h  Beckman Acculab-8 and UV-5260 spec t ro -  

photometers,  r e s p e c t i v e l y .  M e l t i n g  p o i n t s  were ob ta ined  on a F isher -Johns  

m e l t i n g  p o i n t  apparatus and a re  uncor rec ted .  A n a l y t i c a l  t h i n - l a y e r  chroma- 

tography  was c a r r i e d  o u t  on Merck precoated  s i l i c a  ge l  F-254 p l a t e s  (.25 mm). 

Synthes is  o f  2-chloro-4,6-bi  s (d imethy1 ami n o ) - l Y 3 , 5 - t r i  a z i  ne (2) 
Aminat ion  o f  cyanur i c  c h l o r i d e  (50  mg, 271 p o l e s )  w i t h  aqueous dimethylamine 

(2.0 m l ,  804 m o l e s )  as p r e v i o u s l y  r e p o r t e d  (14)  a f fo rded ,  a f t e r  r e c r y s t a l l i z a -  

t i o n  f rom pentane, m o n o c h l o r o - t r i a z i n e  2 (53.3 mg, 264 p o l e s ,  97% y i e l d ) ;  m.p. 

67-68OCY l i t .  m.p. 66-68"C (14).  

Synthes is  o f  pentamethylmelamine ( 3 )  - 

A s o l u t i o n  o f  t h e  monoch lo ro - t r i az ine  2 ( 5 0  mg, 248 p o l e s )  i n  e t h e r  ( 3  m l )  was 

added t o  a 25 m l  two-neck round bo t tom f l a s k  equipped w i t h  a dewar condenser, 

gas bubb ler ,  magnet ic s t i r r i n g  ba r  and sea led  w i t h  rubber septa. Methylamine 

gas (app rox ima te l y  15 m l )  was condensed and t h e  m i x t u r e  s t i r r e d  a t  r e f l u x  f o r  15 

hr .  Methylamine and e t h e r  were t h e n  removed w i t h  t h e  a i d  o f  a stream o f  argon 

and warm water  bath. A f t e r  t r i t u r a t i o n  o f  t h e  c r y s t a l l i n e  res idue  w i t h  3 por -  

t i o n s  o f  e t h e r  (5  m l  each) and removal o f  so l ven t ,  a w h i t e  c r y s t a l l i n e  m a t e r i a l  

was obtained. Low tempera ture  (-70°C) r e c r y s t a l  l i z a t i o n  f rom pentane gave pen- 

tamethylmelamine 3 (51 mg, 243 p o l e s ,  98% y i e l d ) ;  m.p. 100-102°C l it. m.p. 

98-1 03OC ( 1  2). 

Synthes is  o f  N-hydroxymethyl pentamethylmelamine (4) 
To a s o l u t i o n  o f  pentamethylmelamine (40 mg, 190 p o l e s )  d i s s o l v e d  i n  THF (1.35 

m l )  i n  a 15 m l  round bo t tom f l a s k  was added f r e s h l y  prepared aqueous fo rmalde-  

hyde (2.70 m l ,  approx imate ly  30%, prepared by p y r r o l y s i s  o f  paraformaldehyde).  
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A f t e r  s t i r r i n g  a t  room tempera ture  12 h r  most THF was removed i n  vacuo and t h e  

r e s u l t i n g  m i x t u r e  l yopho l i zed .  R e c r y s t a l l i z a t i o n  o f  t h e  d r i e d  r e s i d u e  t w i c e  

from pentane gave 5 (24.5 mg, 108 m o l e s ,  57% y i e l d )  as a w h i t e  c r y s t a l l i n e  

s o l i d  (p r i sms)  w i t h  m.p. 119-121°C lit. m.p. 119.5-123°C (12 ) .  lH -NMR (CDC13): 

3.10 s 12H, 3.18 s 3H, 4.2 b r  s l H ,  4.97 s 2H. I R  (KRr):  2940 cm-1, 1545, 

1395, 1050, 775. MS ( m / z ) :  226 (m+), 209. 196 ( l o o % ) ,  181, 167, 153, 135. 

Synthes is  o f  r a d i o l a b e l e d  N-hydroxymethylmelamine (2) 
14C- labe led  4 was prepared acco rd ing  t o  t h e  procedures desc r ibed  f o r  un labe led  

m a t e r i a l  w i t h  t h e  excep t ion  t h a t  i n t e r m e d i a t e  p roduc ts  were used immedia te ly  and 

w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

14C-cyanur ic c h l o r i d e  (13.16 mg, 7.14 mCi/mmole) was d i l u t e d  w i t h  f r e s h l y  

subl imed c y a n u r i c  c h l o r i d e  (33 mg, 179 f lo les) .  The carb ino lamine produc t  4 
ob ta ined  was r e c r y s t a l l i z e d  3 t imes  f rom pentane and then  d r i e d  i n  vacuo. 14C-4 

(30.39 mg, 134 pmole, 2.42 mCi/mmole) was t h u s  ob ta ined  i n  54% o v e r a l l  y i e l d  

w i t h  m.p. 119.5-121°C. Admixture w i t h  a u t h e n t i c  un labe led  4 d i d  no t  depress o r  

broaden t h e  m e l t i n g  p o i n t .  

-- - 

- 

Treatment o f  5 w i t h  1 N H C l  f o l l o w e d  by b a s i f i c a t i o n  and e x t r a c t i o n  w i t h  c h l o r o -  

f o rm gave 3 as i d e n t i f i e d  by t h i n - l a y e r  chromatography ( e t h y l  ace ta te ) ,  gas 

chromatography and mass s p e c t r a l  ana lys i s .  

RESULTS AND D I S C U S S I O N  

The 14C-r ing  rad io1  abe led  c a r b i  nolami ne N-hydroxymethyl pentamethylmel amine (4 )  

has been prepared c o n v e n i e n t l y  and i n  54% o v e r a l l  y i e l d  f rom 14C-cyanur ic 

c h l o r i d e .  Pentamethylmelamine, an i n t e r m e d i a t e  p roduc t  i n  t h e  syn thes i s  o f  4 
was prepared by an improved procedure and i n  g r e a t e r  y i e l d  than t h a t  p r e v i o u s l y  

r e p o r t e d  (1 5 ) .  

- 

Our p rev ious  s t u d i e s  have shown t h a t  t h e  a n t i c a n c e r  agent hexamethylmelamine i s  

m e t a b o l i c a l l y  a c t i v a t e d  by hepa t i c  microsomal p r e p a r a t i o n s  t o  r e a c t i v e  i n t e r -  

med ia tes  which c o v a l e n t l y  b i n d  t o  p r o t e i n  and c a l f  thymus DNA (8,9).  I ncuba t ion  



Cytotoxic-Alkylating Metabolite of Hexamethylmelamine 897 

o f  14C- rad io labe led  5 prepared as desc r ibed  i n  t h i s  a r t i c l e  w i t h  microsomal p ro -  

t e i n  o r  w i t h  c a l f  thymus DNA ( i n  t h e  absence o f  an NADPH-generating system) 

r e s u l t s  i n  cova len t  b i n d i n g  o f  r a d i o l a b e l  t o  these  macromolecules (9 ) .  

F o l l o w i n g  i n c u b a t i o n  o f  hexamethylmelamine w i t h  f o r t i f i e d  p r e p a r a t i o n s  o r  i n c u -  

b a t i o n  o f  4 d i r e c t l y  w i t h  macromolecules, h y d r o l y s i s  o f  i s o l a t e d  DNA and p r o t e i n  

p e l l e t s  y i e l d s  t h e  r e t r o - a l d o l  p roduc t  3 (9 ) .  We suggest t h a t  NADPH-dependent 

c o v a l e n t  b i  nd i  ng o f  hexamethylmel ami ne t o  t i s s u e  macromol ecu l  es may be exp la ined  

by me tabo l i c  f o r m a t i o n  o f  N-hydroxymethylpentamethylmelamine (4 )  - and subsequent 

& e l i m i n a t i o n  t o  t h e  im in ium i n t e r m e d i a t e  which r e a c t s  w i t h  n u c l e o p h i l i c  

m o i e t i e s  o f  DNA and p r o t e i n .  Th i s  hypo thes i s  i s  c o n s i s t e n t  w i t h  da ta  r e p o r t e d  

by Nguyen e t  a1 (11)  and Z i e g l e r  e t  a1 (15) on t h e i r  metabol ism s t u d i e s  w i t h  

n i c o t i n e  and methapyr i lene .  Format ion  o f  cyan ide  and p r o t e i n  adducts d u r i n g  

m e t a b o l i c  N-demethy la t ion  o f  t hese  compounds was bes t  exp la ined  by fo rma t ion  o f  

ca rb ino lamine  and im in ium in te rmed ia tes .  

I n  c o n t i n u i n g  s t u d i e s  w i t h  4, we have documented t h a t  i n c u b a t i o n  o f  t h i s  metabo- 

l i t e  i n h i b i t s  co lony  fo rma t ion  o f  human tumor c e l l s  i n  c u l t u r e  (16) .  S i m i l a r  

t o x i c i t y  w i t h  hexamethylmelamine i s  observed o n l y  when NADPH- for t i f ied  h e p a t i c  

p r e p a r a t i o n s  a re  co- incubated  w i t h  d rug  and tumor c e l l s  (16) .  We a r e  c o n t i n u i n g  

o u r  s t u d i e s  on t h e  mechanism o f  a n t i t u m o r  a c t i v i t y  o f  hexamethylmelamine and 4. 

REFERENCES 

1. Gescher A., D ’ I n c a l e i  M., F a n e l l i  R. and Fa r ina  P. - L i f e  Sci. a: 147 

(1 980) 

Blum R.H., L i v i n g s t o n  R.B. and C a r t e r  S.K. - Eur. J. Cancer 2: 195 (1973) 2. 

3. Dor r  R.T. and F r i t z  W.L. - Cancer Chemotherapy Handbook, E l s e v i e r ,  New York 

(1981) 

Legha S.S., S l a v i k  M. and C a r t e r  S.K. - Cancer (Ph i l a . )  3: 27 (1976) 4. 

5. Pmes M.M., Powis G., Kovach J.S. and Eagan R.T. - Cancer Res. 3: 5016 

(1 979) 

Ames M.M. and Powis G. - Proc. Am. Assoc. Cancer Res. 21: 257 (1980) 

R u t t y  C.J. and Connors T.A. - Biochem. Pharmacol. 26: 2385 (1977) 

6. 

7. 



898 M .  E.  Sanders and M .  M .  Ames 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

Pmes M.M., Sanders M.E. and Tiede W.S. - L i f e  Sci. 9: 1591 (1981) 

Ames M.M., Sanders M.E. and T iede W.S. - Cancer Res. 9: 500 (1983) 

Murphy P.-J. - B i o l .  Chem. - 248: 2797 (1973) 

Nguyen N.-T., Gruenke L.D. and Cas tagno l i  N. - J. Med. Chem. 2: 259 (1979) 

Borkovec A.B. and DeMilo A.B. - J. Med. Chem. - 10: 457 (1967) 

Do-Cao-Thang, Nguyen-Hoang-Nam, H u e l l i n g e r  H. and P i c h a t  L. - J. Label. 

Compound Radiopharm. 3: 1009 (1981) 

Pearlman W.M. and Banks C.K. - J. h e r .  Chem. SOC. 3: 3726 (1948) 

Z i e g l e r  R . ,  Ho B. and Castagno l i  N. - J. Med. Chem. 24: 1133 (1981) 

M i l l e r - H a t c h ,  K.J., Pmes, M.M., Kovach, J.S. and Ahmann, D.L. - Proc. Am. 

Assoc. Cancer Res. 4: 247 (1983) 




