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SYNTHESIS OF 35S- AND 14C-LABELED FAMOTIDINE, A NEW 

POTENT HISTAMINE H2 RECEPTOR ANTAGONIST 
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Cen t ra l  Research L a b o r a t o r i e s ,  Yamanouchi Pharmaceut ical  Co., L td .  
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SUMMARY 

2 Famot i d i ne , 3- [ [ [ 2- [ ( d i  ami nomet hy 1 ene )amino] -4 - t h i a zo l  y 1 ]met hy 1 1 t h i 03 -N - 

s u l  famoylpropionamidine, a new po ten t  h i s t a m i n e  H2 r e c e p t o r  an tagon is t ,  was 

l a b e l e d  w i t h  35S and 1 4 C  f o r  me tabo l i c  s t u d i e s  a t  s p e c i f i c  a c t i v i t i e s  o f  45.7 

pCi/rng ( V I b )  and 47.6 pCi/mg ( V I c )  r e s p e c t i v e l y .  

Key words: Carbon-14, Sul f u r -35 ,  Famot id ine ,  

Histamine-H2-receptor-antagonist, 

Sulfamoylpropionamidine,  T h i a z o l e  d e r i v a t i v e s  

INTRODUCTION 

2 Famot i d i n e  , 3-[[[2-[ ( d i  aminomethylene )amino]-4- t h i  azo l  y l  ]methyl ] th io]-N - 
su l famoy lprop ionamid ine  (V Ia ) ,  i s  a new po ten t  h i s tam ine  H2 r e c e p t o r  

a n t a g o n i s t  syn thes i zed  i n  our  l a b o r a t o r i e s  by Yanagisawa e t  a1 .'I The 

i n h i b i t o r y  e f f e c t  o f  f amot id ine  was about 40 t imes  more po ten t  than t h a t  o f  

c i m e t i d i n e  on g a s t r i c  response t o  h i s tam ine  and food  i n  t h e  consc ious  dog wi th  

Heidenhain pouch.2) 

t h i s  p romis ing  agent r e q u i r e d  p r e p a r a t i o n  o f  t h e  r a d i o a c t i v e  compound. For  

35 p r e l i m i n a r y  s t u d i e s  we syn thes i zed  [ 

cha in  s u l f i d e  S atom f rom t h e  r e a d i l y  a v a i l a b l e  [ S l t h i o u r e a  ( I b ) .  For 

As a m a t t e r  o f  course, s t u d i e s  on t h e  me tabo l i c  f a t e  of 

S l f a m o t i d i n e  (V Ib )  l a b e l e d  a t  t h e  s i d e -  
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detailed metabolic studies [thia~ole-4-~~C]famotidine (VIc) was prepared f r o m  

4-chloromethyl-2-[(diaminomethylene)amino][4- C]thiazole hydrochloride. The 

synthetic route was shown in the following Scheme. 

14 
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t3's, ~ j ~ a m o t  idine 

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

The optimum y i e l d  o f  S-[[2-[(diam 

S ] i  so th iou rea  d i  hyd roch l  o r i  de ( I  I I b 35 
[ 

equ imolar  q u a n t i t i e s  o f  [ S l t h i o u r e a  

methy lene)amino] th i  azo l  e h y d r o c h l o r i d e  

35 

n ome t hy 1 en e )am i no ] - 4- t h i a z 01 y 1 3 met hy 1 ] - 
was achieved by t h e  r e a c t i o n  o f  

I b )  and 4-chloromethyl-2-[(diamino- 

( I I a ) 3 )  i n  i sop ropano l  a t  80". 

S i m i l a r l y  t h e  14C-labeled compound I I I c  was ob ta ined  by t h e  r e a c t i o n  o f  I I c  

w i t h  t h i o u r e a  ( I a ) .  V a r i a t i o n s  o f  t h e  molar  r a t i o  1/11 reduced t h e  y i e l d  o f  

111. 

r e a c t  w i t h  3 - c h l o r o p r o p i o n i t r i l e  under b a s i c  c o n d i t i o n s  w i th  c o o l i n g  t o  a f f o r d  

IVb and IVc r e s p e c t i v e l y .  A d d i t i o n  r e a c t i o n  o f  methanol t o  t h e  cyano group o f  

IVb and IVc  i n  t h e  presence o f  a l a r g e  excess o f  hydrogen c h l o r i d e  a t  -30" t o  

0" gave Vb and Vc r e s p e c t i v e l y ,  which were i s o l a t e d  as c r y s t a l s  by prompt 

t rea tmen t  w i th  aqueous po tass ium carbonate  s o l u t i o n  a t  l ow  tempera ture .  From 

t h e  mother l i q u o r  o f  Vb a f t e r  s tand ing  a t  room temperature,  a second c rop  o f  

c r y s t a l s  were ob ta ined ,  which were i d e n t i f i e d  as an unexpected e s t e r  i.e. 

met hy 1 3 - [ [[ 2- [ ( d i am i n ome t hy 1 e ne ) am i no] -4- t h i az 01 y 1 ]met hy 1 1 [ S] t h i o I- 
prop iona te  p robab ly  produced by  h y d r o l y s i s  o f  im ino  group o f  Vb. React ions  o f  

Vb and Vc w i t h  su l fam ide  i n  methanol a t  room tempera ture  o v e r n i g h t  y i e l d e d  t h e  

d e s i r e d  [ S l f a m o t i d i n e  (VIb) and [thia~ole-4-~~C]famotidine ( V I c )  

r e s p e c t i v e l y  i n  moderate y i e l d s .  When t h e  r e a c t i o n  was c a r r i e d  ou t  a t  an 

e l e v a t e d  tempera ture  (60") i n  methanol ,  V was consumed w i t h i n  30 min t o  g i v e  

V I  i n  a low y i e l d  w i t h  many by-produc ts .  The use o f  N,N-dimethylformamide as 

a s o l v e n t  p rov ided  a homogeneous s low r e a c t i o n  bu t  no improvement i n  t h e  y i e l d  

o f  V I .  The r e a c t i v i t y  o f  t h e  amino group o f  su l fam ide  t o  t h e  i m i d a t e  carbon 

o f  V seemed t o  be s i m i l a r  t o  t h a t  o f  t h e  su l famoy l  amino group i n  V I  t o  t h e  

same carbon. There fo re ,  t h e  fo rma t ion  o f  b i s - t h i a z o l e  compound V I I  as a 

The r e a c t i o n  p roduc ts  ( I I I b  and I I I c )  w i t h o u t  i s o l a t i o n  were a l l owed  t o  

35 
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by-product was due t o  a c o m p e t i t i v e  r e a c t i o n  between su l fam ide  and t h e  

su l famoy l  group o f  V I .  H igh  molar  r a t i o  o f  su l fam ide  : V was necessary t o  

decrease t h e  fo rma t ion  o f  V I I ,  b u t  t o o  much su l fam ide  caused d i f f i c u l t i e s  i n  

t h e  i s o l a t i o n  o f  t h e  d e s i r e d  V I .  HPLC a n a l y s i s  on L iChroso rb  S i  60 showed 

fo rma t ion  o f  VIa i n  70% y i e l d  i n  t h e  optimum molar  r a t i o  ( 5  e q u i v a l e n t  mole o f  

s u l  famide) . 

@ 

O v e r a l l  rad iochemica l  y i e l d ,  chemical  y i e l d  and a n a l y t i c a l  da ta  o f  VIb 

and VIc a r e  summarized i n  t h e  Table.  

Tab le  O v e r a l l  rad iochemica l  y i e l d ,  chemical  y i e l d  and ba tch  

35 14 a n a l y s i s  da ta  o f  [ S]- and [ C l f a m o t i d i n e  (V Ib  and VIC) 

V Ib  V I C  

O v e r a l l  rad iochemica l  y i e l d  23.6% 5Y.9% a )  

Overa l l  chemical  y i e l d  34.2% 60.6% a )  

S p e c i f i c  a c t i v i t y  b, 45.7pCi /mg 47.6pCi /mg 

Radiochemical  p u r i t y  98% ') 98% c * d )  

Chemical p u r i t y  98% 99% e,f) 

a )  The y i e l d  o f  V Ic  was b e t t e r  than t h a t  o f  V Ib  due t o  t h e  m o d i f i c a t i o n  o f  t h e  

i s o l a t i o n  method o f  t h e  i n t e r m e d i a t e  IVc and by t h e  recovery  o f  an a d d i t i o n a l  

amount o f  VIc f rom t h e  mother l i q u o r  u s i n g  Lobar@ column chromatography (see 

Exper imental  s e c t i o n ) .  

b )  determined by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  w i t h  a T r i - C a r b  L i q u i d  

S c i n t i l l a t i o n  Spect rometer  3255 (Packard).  

c )  determined by r a d i o a c t i v i t y  scanning of  TLC p l a t e s  w i t h  a Radio-TLC Scanner 

LB 2733 ( B e r t h o l d ) .  

d )  determined by  l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  o f  HPLC f r a c t i o n s  c o l l e c t e d  

every  1 min. 

e )  determined by TLC a n a l y s i s  on s i l i c a  ge l  (60 F254, 0.25 m, 5 x 20 cm , 2 
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Merck) us ing  so l ven t  systems : ( i )  e t h y l  ace ta te /e thano l /wa te r /ace t i c  a c i d  

(10:4:1:1, v / v ) ,  ( i i )  e t h y l  acetate/benzene/methanol/conc. ammonia s o l u t i o n  

(16:8:6:3, v / v ) .  

f )  determined by HPLC a n a l y s i s  on ( i )  normal phase column (LiChrosorbB S i  60, 

5p1, 4mn x 25 cm, Cica-Merck) u s i n g  n-hexane/ethanol / iso-propylamine/water 

(65:35:1:1), ( i i )  reverse phase column (Nuc leos i l  5C18, 5pm, 4rrm x 15 cm, 

Marcherey-Nagel) us ing  acetonitrile/methanol/O.OlM sodium n-hexanesul fonate 

ad jus ted  t o  pH 3 w i t h  a c e t i c  a c i d  (6:1:25, v / v ) .  

E X P E R I MENTAL 

[ 35 S]Thi ourea ( Ib) and 4-ch loromethy l -2- [  (d iaminomethy lene)amin0] [4-~~C]-  

t h i a z o l e  h y d r o c h l o r i d e  ( I I c ,  custom p r e p a r a t i ~ n ) ~ )  were purchased from 

Amersham I n t e r n a t i o n a l  p l c ,  Amersham, England. The l a b e l e d  products  were 

c h a r a c t e r i z e d  by co-chromatography (TLC and/or HPLC) w i t h  non - rad ioac t i ve  

standards.  HPLC a n a l y s i s  was performed on a Waters Associates,  Inc., HPLC 

equipment (Model 6000A pump, Model 440 Absorbance De tec to r ,  254 nm). A l l  

evaporat ions were c a r r i e d  ou t  under reduced pressure.  

35 3-[[ [2-[ ( D i  a m i  nomethyl ene)ami no ] -4 - th iazo ly l  ]methyl ][ 

(IVb) 

S l t h i  o ]p rop ion i  t r i  1 e 

35 A m i x t u r e  o f  I I a  (227 ~ n g ) ~ ) ,  t h i o u r e a  ( I a ,  38.9 mg) and [ S l t h i o u r e a  

( I b ,  20 m C i  = 37.2 mg) i n  isopropanol  (1.5 m l )  was s t i r r e d  a t  78" t o  80". 

A f t e r  10 min t h e  r e a c t i o n  m i x t u r e  became a c l e a r  s o l u t i o n  and w i t h i n  a f u r t h e r  

10 min c r y s t a l s  o f  I I I b  began t o  p r e c i p i t a t e .  To t h e  m i x t u r e ,  a f t e r  3 hr ,  

were added water ( 2  m l )  and 3 - c h l o r o p r o p i o n i t r i l e  (107 mg = 98 u l )  a t  room 

temperature,  f o l l o w e d  by 1 M  NaOH (3.2 m l )  dropwise w i t h  s t i r r i n g  over 40 min 

a t  0"  t o  5' under an atmosphere o f  n i t r o g e n .  Towards t h e  end o f  t h e  a d d i t i o n ,  

IVb was deposi ted as an o i l  which g r a d u a l l y  c r y s t a l l i z e d .  A f t e r  2 h r  water  

(5.8 m l )  was added t o  the  m i x t u r e  and a f t e r  s t i r r i n g  o v e r n i g h t  a t  4O, t h e  

c r y s t a l s  o f  IYb were c o l l e c t e d  by f i l t r a t i o n ,  washed w i t h  water  and d r i e d  over  

P 0 i n  vacuo. Y ie ld :  184.7 mg (76.6 %). 2 5  
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14 3-[[[2-[(Diaminomethylene)amino]-4-[4- C]thiazolyl]methyl]thiolpropionitrile 

(Ivcf 

T h i a z o l e  d e r i v a t i v e  I I c  (20 m C i  = 279.7 mg, 97% r a d i o c h e m i c a l l y  p u r e ) ,  I a  

(102 mg) and 3 - c h l o r o p r o p i o n i t r i l e  (144 mg) were t r e a t e d  as desc r ibed  above. 

The r e a c t i o n  m i x t u r e  was e x t r a c t e d  w i t h  e t h y l  a c e t a t e  (10 m l  x 3 ) .  The 

combined o rgan ic  l a y e r s  were evapora ted  t o  dryness and t h e  r e s i d u e  a p p l i e d  t o  

a Lobar@ column ( S i  60, B s i z e ,  Merck) u s i n g  ch lo ro fo rm/methano l  (3:1, 3x1  m l )  

th rough a s i l i c a  ge l  pre-column (Wakogel C-200, 3 9 ) .  The column was e l u t e d  

w i t h  t h e  same s o l v e n t  a t  a f l o w  r a t e  o f  10 ml /min  w i t h  UV m o n i t o r i n g  a t  280 

nm. 

c o l o r l e s s  c r y s t a l s  o f  IVc.  Y ie ld :  275.3 mg (92.7%). 

The f r a c t i o n  (12 t o  17 m in )  was c o l l e c t e d  and evapora ted  t o  g i v e  

35 Met hy 1 3 - [ [ [ 2- [ (d i am i nomet hy 1 ene )am i no]-4- t h i azo l  y 1 ]met hy 1 ] [ 

i m i d a t e  (Vb) 

S ] t  h i o l p  rop  i on - 

A s o l u t i o n  o f  IVb  (184.7 mg) i n  a m i x t u r e  of methanol (1.1 m l )  and 

ch lo ro fo rm (2.2 m l )  was s a t u r a t e d  w i t h  d r y  hydrogen c h l o r i d e  a t  -20" t o  -30" 

p r o t e c t e d  f rom mo is tu re .  The r e s u l t i n g  m i x t u r e  t i g h t l y  sea led  w i t h  a rubber 

s topper  was a l l owed  t o  s tand a t  0" f o r  3 days. The m i x t u r e  was evapora ted  

c a r e f u l l y  below -30" and t h e  res idue  was t r e a t e d  r a p i d l y  w i t h  aqueous 

potassium carbonate  s o l u t i o n  (2.4 g/6 m l )  under i ce -wa te r  c o o l i n g .  The o i l  

which was depos i ted  was c r y s t a l l i z e d  by sc ra tch ing .  A f t e r  s t a n d i n g  f o r  1 h r  

a t  O " ,  t h e  c r y s t a l s  o f  Vb were f i l t e r e d ,  washed w i t h  wa te r  and d r i e d  over  

phosphorus pen tox ide  i n  V ~ C U O .  Y i e l d :  182.6 mg (87.3%). The smal l  c rop  o f  

c r y s t a l s  which p r e c i p i t a t e d  i n  t h e  mother l i q u o r  a f t e r  s t a n d i n g  o v e r n i g h t  were 

cha rac te r  i zed as met hy 1 3- [ [ 2- [ ( d i  am i nomet hy 1 ene ) ami no] -4  - t h i a z 01 y 1 ]met hy 1 3- 

[ S ] th io ]p rop iona te  by co-chromatography w i t h  t h e  n o n - r a d i o a c t i v e  a u t h e n t i c  

sample (Rf=0.72, ch lo ro fo rm/  methanol = 2:1, v /v ) .  

35 

14 Methyl  3-[[[2-[ (d iami  nomethyl ene)ami no-4-[4- C l t h i a z o l y l  ]methyl I t h i o l p r o p i o n -  

i m i d a t e  (Vc) 

N i t r i l e  IVc (275.3 m q )  was conver ted  t o  i m i d a t e  Vc by t h e  same method 
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descr ibed above. Y i e l d :  283.8 mg (91.0%). 

1199 

35 2 3-[[[2-[(Diami nomethylene)aminol-4-thiazolyl lme thy l  I[ -- S1thio-J-N -su l  famoyl-  

35 propionamid ine,  [ SlFamot id ine ( V I  b )  

A suspension o f  Vb (182.6 mg) and sul famide (320 mg) i n  methanol (1.3 m l )  

was warmed a t  35" on a water  bath t o  g i v e  a c l e a r  s o l u t i o n  and a l lowed t o  s t i r  

a t  room temperature.  A f t e r  3 h r  VIb began t o  p r e c i p i t a t e  as f i n e  c r y s t a l s .  

The r e a c t i o n  m i x t u r e  was s t i r r e d  o v e r n i g h t  and d i l u t e d  w i t h  ethanol  (2.6 m l  

The c r y s t a l s  were c o l l e c t e d  by f i l t r a t i o n  and washed w i t h  ethanol  (0.5 m l  x 

4 ) .  The f i l t e r  cake was d i s s o l v e d  i n  a m i x t u r e  o f  e thanol  (0.62 m l ) ,  water  

(1.12 m l )  and a c e t i c  a c i d  (25.2 p l ) .  The r e s u l t i n g  m i x t u r e  was f i l t e r d  and 

t h e  f i l t r a t e  was n e u t r a l i z e d  w i t h  1M NaOH (0.44 m l ) .  

p r e c i p i t a t e d  were c o l l e c t e d  by f i l t r a t i o n  and d r i e d  over  phosphorus pentox ide 

under reduced pressure.  Y ie ld :  115.2 mg. (51.1%). 

The c r y s t a l s  o f  VIb soon 

2 3 -[ [ [ 2- [ ( D i  ami nomet hy 1 ene ) ami no] -4-[ 4- 1 4 C ]  t h i azo 1 y 1 ]met hy 1 ] t h i o] -N - s u 1 f amoy 1 - 

propionamid ine,  ~ h i a ~ o l e - 4 - ~ ~ C ] F a m o t i d i n e  (V Ic )  

Im ida te  Vc (283.8 mg) was a l lowed t o  r e a c t  w i t h  su l famide (500 mg) t o  

a f f o r d  VIc by t h e  procedure desc r ibed  above. Y i e l d :  200.3 mg (57.1%). 

Fu r the r  c r y s t a l s  o f  VIc were recovered f rom t h e  mother l i q u o r  as f o l l o w s .  

The mother l i q u o r  o f  VIc was evaporated t o  dryness, and t h e  res idue  i n  

dimethyl formamide (1 m l )  was a p p l i e d  t o  a Lobar@ column (LiChroprepB S i  60, 

s i z e  6, Merck) through a s i l i c a  ge l  pre-column (Wakogel C-200, 3 9). The 

column was e l u t e d  w i t h  n-hexane/ethanol / iso-propylamine/water (65:35:1:1, v / v )  

a t  a f l o w  r a t e  o f  10 ml/min w i t h  UV m o n i t o r i n g  a t  280 nm. The f r a c t i o n  (86 t o  

113 min)  was c o l l e c t e d  and evaporated. The res idue  was t r a n s f e r r e d  t o  a smal l  

f l a s k  w i t h  methanol (2  m l  x 4)  and evaporated t o  dryness. The r e s i d u a l  syrup 

was c r y s t a l l i z e d  by the  a d d i t i o n  o f  e thanol .  The c r y s t a l s  were f i l t e r e d  and 

des iccated over phosphorus pentox ide t o  g i v e  an a d d i t i o n a l  amount o f  VIc (51.3 

mg). The radiochemical  p u r i t y  and s p e c i f i c  a c t i v i t y  o f  VIc thus ob ta ined  were 
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i d e n t i c a l  t o  those o f  t he  f i r s t  crop. T o t a l  y i e l d  o f  V I C  : 251.6 mg (71.8%). 
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