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SYNTHESIS OF [ 1 4 C ]  -LABELLED TOLRESTAT( N-[ [5 -  (TRIFLUOROMETHYL) -6-METHOXY - 
1-NAPHTHALENYL] -[14C]THIOXOMETHYL] -N-METHYLGLY CINE; AY -27,773) 

D. R. H icks 

Department o f  B iochemist ry  , Ayerst  Research Labora to r ies  , 

P.O. Box 6115, Montreal , H3C 351, Canada. 

SUMMARY 

[ 14 CI-To1 r e s t a t (  N-[[5-( t r i f l  uoromethyl)-6-methoxy-l-naphthalenyl]-[ 14 C]- 
thioxomethyll-N-methylglycine; [14C]AY-27,773) , a new aldose reductase 
i n h i b i t o r ,  was prepared by i n c o r p o r a t i n g  [14C]carbon d iox ide .  The 
in te rmed ia te  , 6-methoxy-5-tr i  f l  uoromethyl-[ 1-14Cl-naphthoi c a c i d  , 
prepared by carbonat ion o f  t he  corresponding 1 i t h i a t e d  d e r i v a t i v e  , was 
condensed w i t h  sarcos ine methyl e s t e r  hydrochlor ide,  conver ted t o  t h e  
th ioamide and hydrolyzed. [14C]Tolrestat, hav ing a s p e c i f i c  a c t i v i t y  o f  
52.7 uCi/mg, was obta ined i n  26% o v e r a l l  y i e l d  f rom [14C]barium 
carbonate and had a radiochemical p u r i t y  o f  97%. 

Key words: Aldose reductase i n h i b i t o r ,  t o l r e s t a t ,  AY-27,773, I 4 C ,  
carbonation. 

INTRODUCTION 

To1 r e s t a t  (N-[[5-( trifluoromethyl)-6-rnethoxy-l-naphthal enyl ]-[14C]- 

thioxomethyll-N-methylglycine; AY-27,773) ( 1 )  - i s  a po ten t  aldose 

reductase i n h i b i t o r  p r e s e n t l y  under development (1). I n  o rde r  t o  study 

the  metabol ic  d i s p o s i t i o n  o f  t o l r e s t a t  i n  l a b o r a t o r y  animals and man, a 

synthes is  o f  t h e  [ C l l a b e l l e d  compound was undertaken as o u t l i n e d  

below: 
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* Position of 14C label. 

DISCUSSION 

The key intermediate in the synthesis of [14C]tolrestat was 

6-methoxy-5-trifluoromethyl-[l-14C]-naphthoic acid (2) (2). The 

preparation of this compound required the prior synthesis of an 

appropriately substituted halogen derivative which could be 1 ithiated by 

reaction with n-butyllithium and then carbonated with [ Clcarbon 

dioxide. 

The bromodecarboxylation of 2 via the sodium (3) or mercuric salt using 

a modified Hunsdiecker reaction (4) proved unsuccessful. However, the 

l-iodo-6-rnethoxy-5-trifluoromethyl-naphthalene (a) was successfully 

prepared using the following reaction sequence. The acyl azide 4, 
obtained from 2 via the acid chloride 3, underwent a Curtius 
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rearrangement t o  give the isocyanate which on hydrolysis gave the 

subs t i tu ted  amine 5 (5). The reaction of the diaronium s a l t ,  prepared 

from 5, with potassium iodide gave the required iodide 5 in an overall 

y ie ld  of 30% from - 2 ( 6 ) .  The l i t h i a t e d  derivative - 7, prepared by the 

reaction of the iodide 5 w i t h  n-butyllithium, was carbonated a t  -60' 

with [ 14 Clcarbon dioxide t o  give 6-methoxy-5-trifluoromethyl-[l-14C]- 

naphthoic acid (2) - in a n  88% radiochemical y ie ld .  

The acid 2 was reacted with sarcosine methyl e s t e r  hydrochloride to  

give the amide 8. When 8 was dissolved in dry pryidine and refluxed i n  

the  presence of phosphorous pentasulfide the thioamide 9 was obtained. 

Hydrolysis of the e s t e r  group in gave [ Cl to l r e s t a t  i n  an overall 

crude y ie ld  64% from [ Clbarium carbonate. The crude [14C]tolrestat 

w&s crys ta l l ized  from chloroform-hexane a n d  then recrys ta l l ized  twice 

from methanol-water. The purified [ Cl to l r e s t a t  (0.166 g ,  8.75 m C i ,  

s pec i f i c  ac t iv i ty  52.7 uCi/mg) was obtained in a n  overall radiochemical 

y ie ld  of 26% based on [ C]barium carbonate. The radiochemical purity 

of the labelled compound was determined t o  be 97% by TLC-autoradiography 

i n  three solvent systems. 

14 

14 

14 

14 

EXPERIMENTAL 

14 The synthesis of [ Cl to l r e s t a t  was carried o u t  s t a r t i ng  w i t h  

[ Clbarium carbonate (25 m C i ,  51.5 mCi/mmole, a n d  8.8 mCi, 55.9 

mCi/mmole) purchased from New England Nuclear, Boston, MA. The 

intermediates in the synthesis were characterized i n  t r i a l  experiments 

u s i n g  unlabelled material. The reactions in the labelled synthesis were 

monitored by TLC u s i n g  unlabelled reference compounds. 

1 - I odo - 6 -met hy 1 - 5 -t r i f l u orome t hy 1 -naphtha 1 ene (6) 

14 

The acid 1. (2.70 g ,  10 mmole) was refluxed in thionyl chloride (50 

The reaction mixture was repeatedly dissolved in toluene m l )  f o r  2 hr. 
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and evaporated t o  dryness t o  remove t h e  excess t h i o n y l  c h l o r i d e .  The 

crude a c i d  c h l o r i d e  3 (2.96 g )  was d i sso l ved  i n  acetone ( 2 5  m l )  and 

cooled i n  an i c e  bath. Sodium az ide (0.677 g ,  10.4 mmole) d i s s o l v e d  i n  

water (2  m l ) ,  was added and t h e  r e a c t i o n  was s t i r r e d  a t  0" f o r  0.5 hr .  

The m ix tu re  was d i l u t e d  w i t h  water  (50 m l )  and t h e  p r e c i p i t a t e d  acy l  

az ide was 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, pressed d r y  and 

d i s s o l v e d  i n  to luene  (100 m l  ) . 
The to luene s o l u t i o n  was d r i e d  over  magnesium s u l f a t e ,  evaporated 

t o  a small  volume ( Q 25 m l )  and r e f l u x e d  f o r  0.5 h r .  The r e a c t i o n  was 

removed f rom t h e  o i l  b a t h  and a 50% aqueous potassium hydrox ide s o l u t i o n  

( 5 0  m l )  was added. The m i x t u r e  was s t i r r e d  f o r  15 min, heated a t  100" 

f o r  15 min, cDoled t o  room temperature, d i l u t e d  w i t h  water  (50 m l )  and 

e x t r a c t e d  w i t h  to luene (3  x 50 m l ) .  The to luene e x t r a c t s  were washed 

w i t h  water and combined. Concentrated h y d r o c h l o r i c  a c i d  (20 m l )  was 

added and t h e  amine hyd roch lo r i de  was c o l l e c t e d  by f i l t r a t i o n .  The 

s o l i d  was d i sso l ved  i n  1 N sodium hydrox ide (100 m l )  and e x t r a c t e d  w i t h  

e t h y l  ace ta te  ( 3  x 50 m l ) .  The e t h y l  ace ta te  e x t r a c t s  were washed w i t h  

water ,  combined, d r i e d  over  magnesium s u l f a t e  and evaporated t o  dryness. 

The crude amine (1.59 g ,  6.59 mmole) was suspended i n  wa te r  ( 1 5  

m l ) ,  cooled t o  0' and 2 N s u l f u r i c  a c i d  (10.1 m l )  was added. The 

r e a c t i o n  was s t i r r e d  a t  0" w h i l e  a s o l u t i o n  o f  sodium n i t r i t e  (0.48 g ,  

6.96 mmole) i n  water  (25 m l )  was added dropwise. A f t e r  45 min urea 

(0.083 g, 1.38 mmole) was added t o  the  c o l d  mixture.  Potassium i o d i d e  

(2.032 g, 12.2 mmole) was d i s s o l v e d  i n  water  (20 m l )  and 2 N s u l f u r i c  

a c i d  (9.05 m l )  and cooled t o  0". The diazonium s a l t  m i x t u r e  was s low ly  

added and t h e  r e a c t i o n  was a l lowed t o  w a r m  up t o  and remain a t  room 

temperature f o r  1 hr. The m i x t u r e  was b r i e f l y  warmed i n  a b o i l i n g  water  

ba th  f o r  10 min, cooled and e x t r a c t e d  w i t h  e t h e r  ( 3  x 50 m l ) .  The 

e t h e r  e x t r a c t s  were washed success i ve l y  w i t h  a sodium b i s u l p h i t e  
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solution (2 x 50 m l ) ,  0.1 N sodium hydroxide (50 m l )  and sa l ine  (50 ml), 

combined, dried over magnesium su l f a t e  and evaporated t o  dryness. The 

residue was chromatographed on a s i l i c a  gel column using hexane a s  the 

e lu t ing  solvent. The f rac t ions  containing the desired product were 

combined and evaporated t o  dryness. The iodide was recrys ta l l ized  from 

hexane: 1.09 g ,  30% from - 2;m.p. 89-91'; n.m.r. (CDC13) 4.0 ( s ,  3H, 

OCH3), 7.7 (m, 5H, aromatic); m.s. m/e 352 (M'); 225 (M-I)'. 

5-Trif 1 ~oromethy1-6-methoxy-[l-~~C]-naphthoi c acid ( 2 )  - 
The iodide a (1.26 g ,  3.5 mmole) in dry e ther  (50 m l )  was cooled t o  

-60" under nitrogen and n-butyllithium (2.4 M i n  hexane) (1.06 ml 2.55 

mmole) was added. The reaction f lask  was attached t o  a vacuum manifold 

and  the l i t h i a t e d  derivative was carbonated a t  -60" with [ Clcarbon 

dioxide generated from [ Clbarium carbonate (0.095 4 ,  25 mCi, 0.48 

mmole, and 0.031 g ,  8.8 m C i ,  0.16 mmole) a n d  unlabelled barium carbonate 

(0.208 g ,  1.06 mmole). After the last of the carbon dioxide had been 

transfered t o  the reaction f l a s k ,  the mixture was s t i r r e d  a t  -60" fo r  5 

min t o  complete the reaction. 

14 

14 

Nitrogen was introduced i n t o  the system a n d  the reaction mixture 

was quenched by the addition of 2 N hydrochloric acid (50 n i l ) .  The 

ac id ic  solution was extracted with e ther  ( 3  x 50 ml) and the combined 

e ther  layers were extracted with a 5% sodium bicarbonate solution (4 x 

50 m l ) .  The bicarbonate ex t rac ts  were combined, cooled in ice  water, 

ac id i f ied  a n d  extracted w i t h  e ther  ( 3  x 50 m l ) .  The e ther  ex t rac ts  were 

combined, dried over magnesium su l fa te  and evaporated t o  dryness. The 

product was a white so l id  (0.406 g ,  88%) and was used without fur ther  

purification. 

N - [ [ 5 - ( T r i f 1 uorome t hy 1 ) -6 -met hoxy - 1 - n a p h t h a  1 eny 1 ] - [ I4C] ca rbony 1 ] -N -me t h  - 
yl- 
cjlycine methyl e s t e r  (8) 

The crude acid - 2 (0.406 g ,  1.5 mmole), dicyclohexylcarbodimide 

(0.372 g ,  1.8 mmole) and 1-hydroxy-1H-benzotriazole (0.305 g ,  2.26 
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mmole) were s t i r r e d  a t  room temperature i n  dry dimethylformamide (2.7 

ml! f o r  1 hr. Sarcosine methyi e s t e r  hydrochlor ide (0.426 g ,  3.05 

mmole) and N-ethylmorpholine (0.38 nil) i n  dry dimethylformamide (1.0 ml) 

were added. The reac t ion  mixture was s t i r r e d  a t  room temperature  f o r  4 

hr, f i l t e r e d  and evaporated t o  dryness .  The residue was d isso lved  i n  

e thy l  a c e t a t e  (50 ml) and washed success ive ly  with 1 N hydrochlor ic  acid 

(50 m l ) ,  a s a t u r a t e d  sodium bicarbonate  s o l u t i o n  (50 rnl) and b r i n e  (50 

ml). T h e  e thyl  a c e t a t e  e x t r a c t s  were combined d r i e d  over magnesium 

s u l f a t e  and evaporated t o  dryness. The res idue  (0.586 g)  was used i n  

t h e  next reac t ion  without f u r t h e r  p u r i f i c a t i o n .  

N- [ [ 5 - ( T  r i f 1 urome t hy 1 ) -6 -me thoxy - 1 -naphtha 1 eny 1 ] -[ 

-N-rnethylglycine methyi e s t e r  (2) 

14 C ]  t h i oxome t hy 1 ] 

The crude e s t e r  (0.586 g)  was d isso lved  in  dry pryidine (10 ml) a n d  

phosphorous pentasu l f ide  (0.621 g ,  2.8 mmole) was added. The reac t ion  

was heated t o  re f lux  f o r  4 hr, cooled t o  room temperature ,  poured i n t o  

warm water  (100 ml) and ex t rac ted  with e thyl  a c e t a t e  ( 3  x 75 ml) .  The 

e thyl  a c e t a t e  e x t r a c t s  were washed success ive ly  with 3 N hydrochlor ic  

ac id  ( 2  x 75 ml) ,  a s a t u r a t e d  sodium bicarbonate  s o l u t i o n  (75 m l )  and 

br ine  (75 m l ) ,  combined, d r i e d  over magnesium s u l f a t e  and evaporated t o  

dryness .  The crude res idue  (0.511 g )  was p u r i f i e d  by chromatography on 

a s i l i c a  gel column using ethyl  a c e t a t e :  hexane = 1:l as  so lvent .  The 

f r a c t i o n s  cor ta in ing  t h e  des i red  thioamide were combined and evaporated 

t o  dryness (0.423 9 ) .  

N-[ [ 5- (Tr i  f l  uoromethyl ) -6-methoxy-1-naphtha1 enyl ]-[14C]thi oxomethyl ]- 

N-methyl glycine ( A Y  -27,773) (1) - 
The thioamide (0.423 g, 1.14 mmole) was d isso lved  i n  2-methoxy 

ethanol  ( 6  ml) and 2 N sodium hydroxide (1.14 ml) .  The reac t ion  mixture 

was s t i r r e d  a t  room temperature f o r  2.5 h r ,  d i l u t e d  with water  (40 ml) 

a n d  e x t r a c t e d  with e thyl  a c e t a t e  (20 ml). The aqueous s o l u t i o n  was 
a c i d i f i e d  with 1 N hydrochlor ic  ac id  and ex t rac ted  with ethyl  a c e t a t e  
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( 4  x 50 m l ) .  The e t h y l  a c e t a t e  e x t r a c t s  were washed w i t h  b r i n e  ( 2  x 30 

m l )  , combined, d r i e d  o v e r  magnesium s u l f a t e  and evapora ted  t o  dryness. 

The r e s i d u e  (0.392 g )  was c r y s t a l l i z e d  f r o m  ch lo ro fo rm-hexane.  The 

c r y s t a l s  (0.197 g )  were  c o l l e c t e d  and r e c r y s t a l l i z e d  t w i c e  f r o m  

methano l -water  t o  g i v e  [ C l t o l r e s t a t :  0.166 g, sp. a c t .  52.71 f 0.86 

pCi/mg. 

14 

14 The rad iochemica l  p u r i t y  o f  [ C l t o l r e s t a t  was de te rm ined  by 

TLC-autorad iography  i n  t h r e e  s o l v e n t  systems: ( a )  ethyl  ace ta te :  

t o luene :  a c e t a t e  a c i d  = 5:4:1; b )  ch lo ro fo rm:  e t h y l  a c e t a t e : a c e t i c  a c i d  

= 10:10:.5; ( c )  c h l o r o f o r m :  methano l :  a c e t i c  a c i d  = 90:9.5:0.5. The 

r a d i o a c t i v e  zones were l o c a t e d  by expos ing  t h e  TLC p l a t e s  t o  X-Omat R 

Medica l  X-ray f i l m .  The s i l i c a  g e l  (1 cm s e c t i o n s )  was scraped i n t o  

c o u n t i n g  v i a l s ,  d i g e s t e d  w i t h  w a t e r  (0.2 m l )  and 50% h y d r o f l u o r i c  a c i d  

(0.2 m l )  and counted  i n  Aquasol s c i n t i l l a t i o n  c o c k t a i l  ( 15  m l ) .  
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