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SUMMARY 

Dezaguanine mesylate (CI-908 mesylate, 3deazaguanine mesylate, 6amino- 
1,5-dihydro-4H-imidazo[4,5~_]pyridin-4-one methanesulfonate, 71, a new a n t i -  
tumor agent ,  w a s  l abe led  in t h e  2-pos i t ion  by use of  a new synthes is  t o  
3deazaguanine.  
imidazole-S-carboxylate (10) was converted wi th  th ionyl  ch lor ide  t o  t h e  
corresponding chloromethyl d e r i v a t i v e  2, which was t r e a t e d  wi th  [ 14C] - 
potassium cyanide t o  a f f o r d  t h e  labe led  penul t imate  intermediate ,  methyl 
5-(cyanomethyl)-1H-imidazole-4-carboxylate (12). 
methanolic ammonia and subsequent s a l t  formation provided [2-14C]3T- 
deazaguanine mesylate (13). 
Key Words: 3-Deazaguanine mesylate, dezaguanine mesylate, [6-14C]6-Amino- 

1 ,5dihydroimidazo [ 4, S-c_]pyridin-4ane methanesulf onate ,  
ant i tumor,  methyl 5-(chloromethyl)-1H-imidazole-4-carboxylate, 
hydrochloride. 

Thus, methyl 4-(hyd roxymethy1)-1-( t riphenylmethyl- 1H- 

Ring c losure  of 1 2  wi th  

4C,  

INTRODUCTION 

3-Deazaguanine (1, dezaguanine, CI-908, 6-Amin0-1,5dihydro-4H-imidazo- 

[ 4,s-c - Ipyridin-4cane) ( l ) ,  a broad spectrum guanine an t imetabol i te  ( 2 )  f i r s t  

reported by Cook e t  al. (4) in 1975 and 1976 h a s  exhib i ted  s u f f i c i e n t  

p r e c l i n i c a l  ant i tumor a c t i v i t y ,  p a r t i c u l a r l y  a g a i n s t  ra t  and mouse mammary 

adenocarcinomas, slow and f a s t  growing mammary tumors i n  mice, and t h e  human 

b r e a s t  xenograft subrena l  capsule  implant system (5 ,6) ,  t o  warrant Phase 1 

c l i n i c a l  t r ia ls .  

1 - 
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by Schwartz e t  al. ( 9 ) ,  w e  f e l t  t h a t  t h e  tritium l a b e l  w a s  t o o  l a b i l e  € o r  t h e  

des i red  i n  v ivo  s t u d i e s  and e l e c t e d  t o  prepare a 14C-labeled compound. 

RESULTS AND DISCUSSION 

A review of t h e  c u r r e n t  process  ( 4 ) ,  and indeed t h e  only known route  t o  

3dea.zaguanine, revealed t h a t  3deazaguanine o r i g i n a l l y  was der ived from 

dimethyl 1,3-acetonedicarboxylate and thiocyanate .  Thus, t h e  use of t h e  

a v a i l a b l e  process  f o r  our  radiochemical s y n t h e s i s  i s  not  p r a c t i c a l ,  s i n c e  

labeled acetonedicarboxylate  i s  not  r e a d i l y  ava i lab le .  

th iocyanic  a c i d  ( a s  i t s  potassium salt) is a l s o  required i n  t h i s  process. 

Moreover, t h e s e  agents  a r e  used i n  a n  i n i t i a l  one pot  r e a c t i o n  ( s e e  

Scheme I) t o  provide t h e  imidazole-Z-thione 2 i n  approximately 20% yield.  
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Radiolabeled 3deazaguanine methanesulfonic a c i d  s a l t  (mesylate) ( 7 )  w a s  

d e s i r e d  f o r  i n i t i a l  c l i n i c a l  t r ials and f u r t h e r  biochemical s tud ies .  

a t r i t i a t e d  sample of 3deazaguanine was used f o r  ear l ier  biochemical s t u d i e s  

Although 
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A 14C-labeled imidaeole-2-thione t h u s  obtained must then be  taken 

through a f ive-s tep sequence t o  3deazaguanine mesylate (7). Because of 

t h e  d i f f i c u l t i e s  of car ry ing  a 14C-labeled mater ia l  through a t  least  six 

s t e p s  and the l ike l ihood of a very  low o v e r a l l  y t e l d ,  we sought a l t e r n a t i v e  

routes  t o  [14C]3deazaguanine which would allow t h e  incorpora t ion  of t h e  

l a b e l  in t h e  molecule a t  a l a te r  stage. 

One p o t e n t i a l  a l t e r n a t i v e  r o u t e  t o  3deazaguanine which w e  i n i t i a l l y  

considered, was t h a t  reported by de  Bode and Salemink (10) i n  1974 i n  an e a r l y  

unsuccessful  a t tempt  t o  prepare 3deazaguanine from formic a c i d  r ing-closure 

procedures on c e r t a i n  diaminopyridine der iva t ives .  Acylated 3deazaguanines  

r e s u l t i n g  from t h e s e  c y c l i z a t i o n s  could n o t  be  deprotected t o  provide t h e  

d e s i r e d  heterocycle .  

somewhat uns tab le  i n  a c i d i c  o r  b a s i c  s o l u t i o n s  (7). Thus, s t renuous 

condi t ions  required t o  remove acyl  grou$s from 3deazaguanine  preclude t h e  

s y n t h e s i s  of a 1k- labe led  d e r i v a t i v e  of 3deazaguanine by t h e s e  procedures. 

F o r m l a t i o n  s t u d i e s  have shown t h a t  3deazaguanine is 

We have e l e c t e d  t o  u t i l i z e  t h e  w e l l  known chemistry of t h e  f i n a l  s t e p s  of 

t h e  o r i g i n a l  process  t o  3deazaguanine i n  devis ing a s y n t h e s i s  of 14C- 

l abe led  3deazaguanine and sought t o  prepare t h e  penul t imate  imidazole 

in te rmedia te  k i n  one radiochemical s tep .  

r e a c t i o n s  would b e  required t o  synthes ize  [1k]3-deazaguanine. 

chemistry would be  required t o  prepare a 14C-labeled 2, but  i t s  subsequent 

c y c l i z a t i o n  wi th  ammonia is w e l l  known and proceeds i n  h i g h  y i e l d  t o  

3deazaguanine.  Furthermore, t h e  penultimate imidazole intermediate  i s  a 

va luable  compound i n  that  i t  is t h e  convergent in te rmedia te  t o  prodrugs, 

nucleosides ,  and nuc leo t ides  of 3deazaguanine such as 7- o r  

9-(tetrahydropyrany1)-3deazaguanine ( 1  1), 2'deoxy-3deazaguanosine (3)  , 7- 
o r  9-f3-DE;ribofuranosyl-3-6eazaguanine ( 4 ) ,  and 3deazaguanyl ic  a c i d  ( 4 ) ,  

which a l l  have s i g n i f i c a n t  b i o l o g i c a l  a c t i v i t y  and may a t  some later d a t e  b e  

d e s i r e d  i n  t h e i r  14C-labeled form. 

Thus, only two radiochemical 

New 
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Our p l a n  w a s  t o  s y n t h e s i z e  t h e  unknown methyl 5-(chloromethyl)-lH- 

imidazole-4-carboxylate (2) and conve r t  i t  t o s b y  r e a c t i o n  w i t h  potassium 

[ 14C]cyanide, t he reby  i n c o r p o r a t i n g  t h e  l a b e l  i n t o  t h e  n i t r i l e  carbon 

(Scheme 11). 

Kavadias gtt. (12) have r e c e n t l y  d e s c r i b e d  t h e  synthesis of methyl 

4 -(hyd roxyme t h y l )  -1 -(t r iphenylmethyl)  - 1H-imidazole- 5 ~ a r b o x y l  a t e  (10) from 

commercially a v a i l a b l e  dimethyl  lH-imidazole-4,5-dicarboxylate (2, Scheme 11). 

1) NH,/MeOH 

2)  CH3S03H 
L 

13 ( “denotes  I4C l a b e l )  - 

SCHEME I1 

We have r e syn thes i zed  lo according t o  t h e i r  procedure and subsequent ly  

converted i t  w i t h  t h i o n y l  c h l o r i d e  t o  o b t a i n  t h e  nove l ,  c r y s t a l l i n e  methyl 

5 -(chloromethyl) -lH-imidazo le-4-carboxylate  hydroch lo r ide  (11) in 88% y ie ld .  

Chain e x t e n s i o n s  of primary and secondary a l k y l  h a l i d e s  v i a  cyan ide  

However, a c t i v a t e d  d i sp lacemen t s  are u s e f u l ,  w e l l  known r e a c t i o n s  (13).  

h a l i d e s  such  as a l l y l i c  and b e n z y l i c  h a l i d e s  are l i k e l y  t o  undergo h y d r o l y s i s  

t o  t h e  a l c o h o l  r a t h e r  t h a n  displacement  by cyanide (14). S e v e r a l  

mod i f i ca t ions  have been  desc r ibed  which t end  t o  minimize t h e  h y d r o l y s i s  
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r e a c t i o n ,  most n o t a b l e  be ing  t h e  u s e  o f  potassium cyan ide  in t h e  p re sence  of  

l8-crown-6 e t h e r  (15). H e t e r o c y c l i c  b e n z y l i c  h a l i d e s  such  a s  o u r  r e q u i s i t e  

imidazo le  i n t e r m e d i a t e  11 would appea r  t o  b e  q u i t e  r e a c t i v e  towards cyan ide  

and s o l v o l y s i s  r e a c t i o n s .  

chloromethyl imidazoles  t o  t h e  corresponding cyanomethylimidazoles have 

appeared i n  t h e  l i t e r a t u r e  i n  h i s t amine  analog r e s e a r c h  as e a r l y  as 1911 (16).  

The y i e l d s  of the r e a c t i o n s  are g e n e r a l l y  about  50%, which is a c c e p t a b l e  f o r  

our  purposes.  

u s u a l l y  employed. 

potassium cyan ide ,  a v e r y  low y i e l d  of a w a s  ob ta ined  a long  w i t h  much 

decomposition. Methyl 5-(hydroxymethyl)-1H-imidazole-4-carboxylate, t h e  

l i k e l y  h y d r o l y s i s  p roduc t ,  could n o t  b e  d e t e c t e d  v i a  TLC and may have 

decomposed f u r t h e r  (17). 

provided a corresponding i n c r e a s e  in t h e  y i e l d  of f? (23%). 

exp lo red  a v a r i e t y  of c o n d i t i o n s  ( s o l v e n t s ,  temperature ,  t ime,  b a s e s ,  and 

potassium cyanide e q u i v a l e n t s )  and p a r t i c u l a r l y  anhydrous c o n d i t i o n s  wi thou t  a 

s i g n i f i c a n t  i n c r e a s e  i n  t h e  y i e l d  o f  f?. C a t a l y s i s  o f  t h e  cyanide displacement  

r e a c t i o n  by 18-crown-6 e t h e r  in a c e t o n i t r i l e ,  seemingly optimum c o n d i t i o n s  

according t o  Zubrick e t  a l .  (15) ,  d i d  n o t  appear  t o  a f f o r d  a s i g n i f i c a n t  

advantage.  

f avorab ly  w i t h  h y d r o l y s i s  o r  po lymer i za t ion  r e a c t i o n s .  

i n c r e a s e  of potassium cyanide t o  5.5 e q u i v a l e n t s  r e s u l t e d  in lower  y i e l d s  t h a n  

two e q u i v a l e n t s  i n d i c a t e d  t h a t  potassium cyanide may c a t a l y z e  t h e  h y d r o l y s i s  

o f  t h e  ester f u n c t i o n  (18,19). 

I n t e r e s t i n g l y ,  a number of c h a i n  e x t e n s i o n s  o f  

However, a f i v e -  t o  ten-fold e x c e s s  o f  potassium cyanide i s  

In our  model r e a c t i o n s  o f  11 w i t h  one e q u i v a l e n t  o f  

U t i l i z i n g  two e q u i v a l e n t s  o f  potassium cyan ide  

We have 

Two e q u i v a l e n t s  of potassium cyanide appear  t o  compete more 

The f a c t  t h a t  t h e  

Although our  y i e l d s  of f? from model s t u d i e s  were low, we have e l e c t e d  t o  

con t inue  t h i s  approach f o r  t h e  s y n t h e s i s  of [2-14C] 3 d e a z a g u a n i n e  because 

o f  t h e  u rgen t  need f o r  i t  in Phase 1 c l i n i c a l  s t u d i e s .  Furthermore,  t h e  

p rocess  employs on ly  two e q u i v a l e n t s  o f  potassium [ 14C]cyanide r a t h e r  t h a n  

l a r g e  excesses ,  i nvo lves  a n  imidazole  p recu r so r  11 which was r e a d i l y  synthe- 

s i z e d ,  and a l lows  e a s y  p u r i f i c a t i o n  o f  t h e  r e a c t i o n  p roduc t ,  penu l t ima te  
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i n t e rmed ia t e  12, v i a  column chromatography procedures  a l b e i t  in low y i e l d .  

Treatment of 11. w i t h  two  e q u i v a l e n t s  of  potassium [ 1 k ] c y a n i d e  i n  

a c e t o n i t r i l e  a t  5'C provided a 26% y i e l d  (13% radiochemical  y i e l d )  of t h e  

l a b e l e d  penu l t ima te  imidazole  in t e rmed ia t e  2 a f t e r  s i l i c a  g e l  chromatography. 

Imidazole 11. w a s  cyc l i zed  in methanol ic  ammonia a t  130" f o r  seven days  (4) t o  

a f f o r d  [ 2 - 1 k ] 3 d e a z a g u a n i n e  in 67% y i e l d  a f t e r  c r y s t a l l i z a t i o n .  

[ 2-1463 3deazaguan ine  in methanol w a s  t r e a t e d  w i t h  methanesulfonic  a c i d  t o  

a f f o r d  5.119 m C i  of t h e  d e s i r e d  [2-14C]3deazaguanine mesylate  (13) a t  a 

s p e c i f i c  a c t i v i t y  of 37.14 mCi/mg (9.47 mCi/mmol). The radiochemical  p u r i t y  

v i a  TLC and HPLC was g r e a t e r  t h a n  98%. 

The 

EXPERIMENTAL 

Meltfng p o i n t s  were determined on a Thomas-Hoover c a p i l l a r y  me l t ing  p o i n t  

appa ra tus  and are uncorrected.  

XL-300 (300 MHz) spectrometer .  Chemical s h i f t s  were repor t ed  in 6 (ppm) 

downfield from t e t r ame thy l s i l ane .  

w i t h  a Packard 4530 l i q u i d  s c i n t i l l a t i o n  coun te r  u s ing  Beckman Ready-Solv MP 

o r  Mall inckrodt  Handif luro l i q u i d  s c i n t i l l a t i o n  c o c k t a i l .  

I'd NMR s p e c t r a  were determined on a Varian 

Liquid s c i n t i l l a t i o n  count ing was performed 

Thin l a y e r  chromatography (TLC) was  performed on Whatman KC18F p l a t e s  

(0.2 mm). 

a s  fol lows:  

0.52; Me0H:O.l g N a O k  (l:l),  Rf = 0.6; CH3CN:0.5 M NaCl (1:4),  Rf = 0.62. 

The TLC p l a t e s  were radiochemical ly  analyzed us ing  a Berthold LB 2832 

automatic  TLC l i n e a r  analyzer .  

performed us ing  a Spec t r a  physics  SP8700 s o l v e n t  d e l i v e r y  system, a Kratos 

Spectrof low 773 v a r i a b l e  wavelength W d e t e c t o r ,  a Hewlett-Packard 3390A 

i n t e g r a t o r  and a United Technologies Packard Tri-Carb RAM 7500 r a d i o a c t i v i t y  

monitor.  The column used was a n  A l l t e c h  C i a ,  5 l~, 4.6 c m  ID x 15 cm; t h e  

s o l v e n t  system w a s  CH3CN:0.005 g P i c  B-8:HOAc [20:80:1] w i t h  a f low rate  of 

1 m l / m i n  and d e t e c t i o n  a t  254 nm, Tr = 5.04 min. 

The f i n a l  compound G w a s  analyzed us ing  t h e  TLC systems desc r ibed  

CH3CN:THF:H20 (50:25:25) + 0.1 g HOAc + 0.1 g NaHC03, Rf = 

High p r e s s u r e  l i q u i d  chromatography (HPLC) was  
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Me thyl  4-(hydroxyme thyl  ) - 1 -( t r iphenylme thyl )  - 1H-imidazo le- 5-carboxyl ate 

10 (12) - 
To a s t i r r e d  s o l u t i o n  of 12.0 g (28 mmol) of dimethyl 1-(triphenyl- 

methyl)-1H-imidazole-4,5-dicarboxylate (9) i n  400 m l  anhydrous te t rahydrofuran 

was added 1.84 g (84 mmol) of l i th ium borohydride i n  one portion. 

s o l u t i o n  was protected wi th  a Drierite tube and s t i r r e d  overnight (20 h r )  a t  

room temperature. 

mechanically s t i r r e d  u n t i l  t h e  p r e c i p i t a t e  s o l i d i f i e d .  The mater ia l  was 

separated by f i l t r a t i o n ,  washed with water, dissolved in 300 m l  methylene 

ch lor ide ,  and again washed with water and sa tura ted  sodium chlor ide  solut ion.  

The methylene ch lor ide  s o l u t i o n  was dr ied  over %SO4 and concentrated i n  

vacuo t o  a c o l o r l e s s  foam weighing 10 g. 

e f fec ted  c r y s t a l l i z a t i o n  and gave 7.20 g (64%) 2, mp 146-9' [ l i t  (12) 

mp 162-3'1 of s u f f i c i e n t  p u r i t y  f o r  t h e  subsequent ch lor ina t ion  react ion.  The 

presence of t h e  5-hydroxymethyl isomer ind ica ted  by TLC w a s  n o t  d i s c e r n i b l e  by 

NMR (CDCl3) 6 3.17 ( 8 ,  3H, 5<02CH3), 4.83 (s ,  2H, 4-CH20H), 7.1-7.4 (m, 

The 

The almost c l e a r  so lu t ion  was poured i n t o  3 9, water and 

T r i t u r a t i o n  with b o i l i n g  toluene 

15H, 1-(CgH5)3, 7.55 ( 8 ,  l H ,  2-H). 

Methyl 5-(~loromethyl)-1H-imidazole-4-carboxylate (11) 

A s o l u t i o n  of 3.0 g (7.53 mmol) lo i n  30 m l  th tonyl  ch lor ide  was refluxed 

f o r  one hour, and then t h e  excess thionyl  ch lor ide  was removed i n  vacuo 

followed by repeated addi t ion/evaporat ion of toluene and absolu te  ethanol. 

The semisolid res idue  w a s  c r y s t a l l i z e d  from ethanol-ether t o  g ive  1.39 g (88%) 

of 2: 
4.97 ( 8 ,  2H, 4(5)-CH2Cl), 8.88 ( s ,  l H ,  2+l). 

mp 234-40' (dec.); NMR (DMSCbd6) 6 3.87 ( 6 ,  3H, 5(4)402CH3), 

- Anal Calcd f o r  C6H8N202C12 (211.05): C ,  34.15; H, 3.82; N ,  13.27; C 1 ,  

33.60. Found: C,  34.25; H, 3.87; N, 13.20; Cl., 33.65. 

M e  thyl  5- [ (cyano-14C)methylI -lH-imidazo le-l-carboxylate ( 12) - 
A mixture of potassium [14C]cyanide (124 m C i ,  s p e c i f i c  a c t i v i t y  

10 mCi/mmol) i n  H20 (4 ml), tetrabutylammonium hydrogen s u l f a t e  (212 mg, 

0.62 mmol) and CH3CN ( 5  ml) was s t i r r e d  a t  room temperature. 

r e s u l t t n g  mixture was added 2 (1.307 g, 6.2 mmol) i n  H20 (2 ml) and CH3CN 

( 1 5  m l )  dropwise a t  3°C. 

To t h e  

The temperature w a s  allowed t o  r e t u r n  t o  room 



42 J.  D. Hartman et al. 

temperature ,  and t h e  b i p h a s i c  r e a c t i o n  mixture  w a s  s t i r r e d  ove rn igh t .  

b i ca rbona te  (1.04 g ,  12.4 mmol) was  added t o  t h e  r e a c t i o n  mix tu re ,  and t h e  

s o l v e n t  was removed i n  vacuo a t  40°C r e s u l t i n g  i n  a p a l e  yel low s o l i d .  

Treatment of t h e  s o l i d  w i t h  b o i l i n g  e t h y l  a c e t a t e  y i e l d e d  23 mCi  which was 69% 

rad iochemica l ly  pure.  

column chromatography ( s i l i c a  g e l ,  ace tone )  r e s u l t e d  in 15.8 mCi  of 

radiochemical ly  pu re  p r o d u c t 1 2  (236 mg). 

6-Amino-1,5-dihydro-4H-imidazo[ 4,5-c] - -pyridin-4-one-6-14C methane- 

s u l f  ona te  (13) 

Sodium 

Removal of t h e  s o l v e n t  fol lowed by p u r i f i c a t i o n  by 

The above-labeled n i t r i l e  12 i n  MeOH (30 m l )  in a s t a i n l e s s  s teel  bomb 

w a s  t r e a t e d  w i t h  anhydrous NH3 in t roduced  by bubbl ing f o r  10  min. 

bomb w a s  hea t ed  a t  130°C f o r  7 days.  

lhe s e a l e d  

After t h e  s o l v e n t  was removed in vacuo 

a t  4OoC, t h e  r e s i d u e  was d i s s o l v e d  i n  b o i l i n g  H20, deco lo r i zed  w i t h  N o r i t ,  

and f i l t e r e d .  

produced a c r y s t a l  mass. 

f i l t e r e d  t o  g i v e  [14C]3dezaguanine f r e e  b a s e  (10.7 m C i ,  160 mg, 2 99% 

rad iochemica l ly  pure) a f t e r  vacuum dry ing  a t  100°C. 

S to rage  a t  room t empera tu re  f o r  18 h r  and t h e n  5°C f o r  24 h r  

The s l u r r y  of  p roduc t  was cooled i n  an  i c e  b a t h  and 

A p o r t i o n  of methanesulfonic  a c i d  (104 mg, 1.08 mmol) was added t o  a 

s l u r r y  of t h e  above f r e e  b a s e  (10.25 m C i ,  154 mg, 1.03 mmol) in MeOH (4 m l )  

r e s u l t i n g  in momentary d i s s o l u t i o n  of t h e  s o l i d s  fol lowed by p r e c i p i t a t i o n .  

The s l u r r y  was s t i r r e d  a t  room tempera tu re  f o r  2 h r ,  f i l t e r e d ,  and d r i e d  in 

vacuo a t  100°C f o r  20 h r  t o  g i v e  139 mg o f  t h e  mesylate  sa l t  3 (5.119 m C i ,  

50% radiochemical  y i e l d  w i t h  a s p e c i f i c  a c t i v i t y  of 9.47 mCi/mmol a s  t h e  

mesylate  hemi-hydrate). 

3 d e z a g u a n i n e  mesy la t e  2, mp 571-273°C ( r e f e r e n c e  s t anda rd  275-278'C). 

The IR and NMR a r e  i d e n t i c a l  t o  r e f e r e n c e  un labe led  

- Anal Calcd f o r  C7H1@404S*0.5 H20: C ,  32.94; H,  4.31; N ,  21.96. 

Found: C ,  33.00; H ,  4.28; N ,  21.95. 
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