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SUMMARY 

T r i  t i um-1 abeled n a f o x i d i  ne hydrochlor ide , 1 - {p-[2-  (N-pyrro- 
1 i d i  no) ethoxy]phenyl}-3,4-di hydro-6-methoxy-2-phenyl naphthalene 
hydrochlor ide ( I ) ,  having two d i f f e r e n t  i n t ramo lecu la r  d i s t r i b u -  
t i o n s  of t r i t i u m ,  was prepared from 6-methoxy-2-phenyl-1 - t e t r a -  
l one  ( I V ) .  I was labeled i n  the  4 p o s i t i o n  by i nco rpo ra t i on  of 
I V  which had been labe led  i n  the 4 p o s i t i o n  by Clemmensen r e -  
duc t i on  o f  2-phenyl-4-(rn-methoxyphenyl)-4-ketobutyric a c i d  (11) 
i n  the presence o f  t r i t i a t e d  water, fo l lowed by c y c l i z a t i o n  of 
the r e s u l t i n g  2-phenyl-4-(rn-methoxyphenyl)butyric a c i d  (111). 
I was labe led  i n  the  aromatic p o s i t i o n s  o f  i t s  phenylnapthalene 
moiety a t  a h igher  s p e c i f i c  a c t i v i t y  by i nco rpo ra t i on  of I V  
which had been genera l l y  l abe led  by exchange w i t h  t r i t i a t e d  tr i- 
f l uo roace t i c  ac id .  
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INTRODUCTION 

Metabolism stud ies w i t h  na fox id ine  hydrochlor ide,  1-Ip-[Z-N-pyrrol i d i n o )  

ethoxy]phenyl)-3,4-di hydro-6-methoxy-2-phenyl naphtha1 ene hydrochlor ide ( I  ) 

requ i red  t h e  preparat ion o f  a r a d i o a c t i v e  form o f  the drug. 

than carbon-14, was chosen as t h e  r a d i o a c t i v e  l abe l  i n  order  t o  take  advantage 

o f  estab l ished syn the t i c  pathways. 

T r i t i um,  r a t h e r  

1 

H3C0 

I 
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EXPERIMENTAL 

Radioactivity Measurements 

All counting was performed with a Packard Tricarb Model 314EX2A liquid 

scintillation spectrometer at -8" under conditions suitable for measuring tri- 

tium. Appropriate aliquots of samples were dissolved in 15 ml of scintillation 

solvent [toluene-dioxane-methanol (350:350:210 by volume) containing 73 g of 

naphthalene, 4.6 g of 2,5-diphenyloxazole, and 0.08 g of 1,4-bis [2-(5-phenyl- 

oxazolyl)] benzene per liter]. 

was determined by recounting following addition of an internal standard of tri- 

tium-labeled toluene and results were then converted to mCi. 

Thin-Layer Chromatography 

The absolute counting efficiency for each sample 

Thin-Layer chromatography was carried out in the CHCl ,-cyclohexane (3:l by 

volume) saturated with NH,OH and 1-butanol-acetic acid-H20 (4:1:5 by volume) 

systems on 0.25-mm films of silica gel GF. 

former system and 0.50 in the latter system. 

in the dark because of light-induced degradation of I when in contact with 

silica gel. 

the dried chromatograms under short-wavelength UV light. 

activity were located by transferring sequential 0.5-cm segments of the developed 

chromatogram into individual vials and counting, using scintillation solvent 

containing 3% H20. 

Syn t hesi s 

The Rf value for I was 0.60 in the 

The chromatograms were developed 

The UV absorption of standards and products was detected by viewing 

The zones of radio- 

2-PhenyZ-4- Im-methoxyphenylibutyric acid-4, 4-3H2 (IIIl - A 3 .0  g sample of 

2-phenyl-4- (rn-methoxyphenyl)-4-ketobutyric acid (I1 )* was subjected to Clemnensen 

reduction, as described by Lednicer, e t  a1 (l), using 30 g of mossy zinc. 

One m l  o f  H20 containing one Ci of tritium was added to the reaction mixture at 

the beginning of the reduction. 

butyric a~id-4,4-~H, (III), isolated as a viscous oil, was used in the next step 

without further purification. 

The resulting 2-phenyl-4-(rn-methoxyphenyl) 

* Prepared as described in reference 1. 
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6-Methoqj-2-pheny2-1-tetralone-4, 4-3H2 (IVA) - The crude Z-phenyl-4-(m- 

methoxyphenyl)  b u t y r i c  a ~ i d - 4 , 4 - ~ H ~  (111) was c y c l i z e d  i n  l i q u i d  HF and p u r i f i e d ,  

as desc r ibed  by Lednicer ,  et a2 ( l ) ,  t o  y i e l d  1.09 g (41% based on 11) of 6-meth- 

0xy-2-phenyl-l-tetralone-4,4-~H2 ( IVA)  hav ing a s p e c i f i c  a c t i v i t y  o f  0.21 m C i  

per  mM; m.p. 112-116" ( c a p i l l a r y ,  unco r rec ted ) .  Anal. Calcd. f o r  C1702H16: C, 

80.9; H, 6.4. Found: C, 80.5; H, 6.4. 

6-Metho;cy-Z-phenyl-I-tetr~lone-~G~~H ( I V B )  - One m l  o f  tri t i a t e d  H,O con- 

o f  t r i t i u m  was added s l o w l y  w i t h  c o o l i n g  t o  7 m l  o f  t r i f l u o r o -  t a i n i n g  one C i  

a c e t i c  anhydr ide i n  a f l a s k  equipped w i t h  a d i s t i l l i n g  head, thermometer, and 

condenser. 

t h e  vapor temperature reached 70'. 

a c i d  -3H was cooled, 4.2 g o f  6-methoxy-2-phenyl-1-tetralone ( I V B ) *  was added, 

and t h e  r e a c t i o n  m i x t u r e  was heated under r e f l u x  f o r  24 hours.  The r e a c t i o n  

m i x t u r e  was worked up as p r e v i o u s l y  desc r ibed  t o  y i e l d  3.79 g (90%) o f  6-meth- 

o~y-2-phenyl-l-tetralone-(G)~H ( I V B )  hav ing a s p e c i f i c  a c t i v i t y  o f  15.4 m C i  

pe r  mM; m.p. 117-118" ( c a p i l l a r y ,  unco r rec ted ) .  

80.9, H, 6.4. Found: C, 80.6; H, 6.5. 

Excess t r i f l u o r o a c e t i c  anhydr ide was removed by d i s t i l l i n g  u n t i l  

The f l a s k  c o n t a i n i n g  t h e  t r i f l u o r o a c e t i c  

AnaZ. Calcd. f o r  Cl7O2HI6: C, 

I -  {E- [ 2-N-Pgrro lidinol ethozy lpheny Z 1-3,4-dihydro-6-nletho;cy- 2-pheny Znaph- 

thalene-4, 4 - 3 ~ 2  Hydrochloride IIA) - A Gr igna rd  s o l u t i o n  was prepared f rom 

0.101 g o f  Mg and 1.12 g o f  p-[2-(N-pyrollidino)ethoxy] bromobenzene** i n  12 m l  

o f  t e t r a h y d r o f u r a n .  Approx imate ly  one hour o f  r e f l u x  was r e q u i r e d  t o  comp le te l y  

consume t h e  Mg. The s o l u t i o n  o f  Gr ignard reagent  was cooled i n  an i c e  b a t h  and 

a s o l u t i o n  o f  1.05 g o f  6-metho~y-2-phenyl-l-tetralone-4,4-~H2 ( I V A )  i n  10 m l  

o f  t e t r a h y d r o f u r a n  was added. The r e a c t i o n  m i x t u r e  was heated under r e f l u x  

ove rn igh t .  

a c t i o n  m ix tu re ,  and t h e  r e s u l t i n g  g e l  was removed by f i l t r a t i o n  through 

Supercel l@ and washed w e l l  w i t h  e t h e r .  

and evaporated t o  dryness in VQCUO. The r e s i d u e  was d i s s o l v e d  i n  benzene- 

e t h e r  ( 1 : l  by volume) and t h e  r e s u l t i n g  s o l u t i o n  was e x t r a c t e d  t h r e e  t imes 

A f t e r  c o o l i n g  t o  room temperature,  one m l  o f  H20 was added t o  the  r e -  

The f i l t r a t e  was washed w i t h  H20 

* Prepared as desc r ibed  i n  Reference 1. 

** Prepared as descr ibed i n  Reference 2. 
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w i t h  0.5 N HC1. 

The r e s i d u e  from t h e  CH,Cl, e x t r a c t  was r e c r y s t a l l i z e d  t h r e e  t imes f rom e t h y l  

acetate-CHC13 t o  y i e l d  0.287 g (14.9%) of  l-Ip-[2-(N-pyrrolidino)ethoxyl] p h e n y l l -  

3,4-dihydr0-6-methoxy-2-phenylnaphthalene-4,4-~H~ h y d r o c h l o r i d e  ( I A )  hav ing a 

s p e c i f i c  a c t i v i t y  of  0.20 m C i  p e r  mM; m.p. 167-169' ( c a p i l l a r y ,  unco r rec ted ) .  

The I R  and UV spec t ra  of  t h e  p roduc t  corresponded t o  those o f  a u t h e n t i c  s tandard 

I [UV (EtOH) 304 mp ( ~ 1 6 , 2 0 0 ) ,  shoulder  252 mu (~13 ,550) ,  shoulder  236 mu 

(~16,200)and I R  (Nu jo l  m u l l )  2590, 2550, 2470 (N-H); 1610, 1600, 1575, 1565, 1508, 

1495 (C=C); 1285, 1240, 1125, 1040 (C-O/C-N); 835, 815, 765, 700 (Aromat ic  C-H) 

cm-']. 

descr ibed,  revea led  a s i n g l e  UV-absorbing and r a d i o a c t i v e  zone corresponding t o  

t h a t  o f  a u t h e n t i c  standard.  

The aqueous phase was e x t r a c t e d  w i th  f o u r  p o r t i o n s  of CH,Cl,. 

Th in - l aye r  chromatography of t h e  p roduc t  i n  t h e  two systems p r e v i o u s l y  

A cons ide rab le  p o r t i o n  (0.65 g, 62%) o f  t h e  t r i t i u m - l a b e l e d  ketone ( IVA) 

s t a r t i n g  m a t e r i a l  was recovered f rom t h e  benzene-ether phase f o l l o w i n g  i t s  ex-  

t r a c t i o n  w i t h  HC1. The s p e c i f i c  a c t i v i t y  o f  t h e  recovered ketone was 0.20 mCi 

per  mM. 

I -  {p [ 2- (N-Pyrrolidino) ethozy]pheny 2 1-3, 4-dihydro-6-methozy-2-pheny Inaph- 

thalene- (G) 3H Hydrochloride ( I B )  - A 3.70 g sample o f  6-methoxy-2-phenyl-1 - t e t r a -  

10ne- (G)~H was t r e a t e d  w i t h  a Gr igna rd  reagent  prepared f rom 0.375 g of  Mg and 

3.96 g o f  p-[2-(N-pyrollidino)ethoxy] bromobenzene and worked up, as p r e v i o u s t y  

descr ibed,  t o  y i e l d  0.908 g (13.4%) o f  l - {pXZ- (N-py r ro l  id ino)ethoxy]phenyl  I -  

3,4-di  hydro-6-methoxy-2-phenyl naphtha1 ene- ( G )  3H h y d r o c h l o r i d e  ( 18) hav ing a 

s p e c i f i c  a c t i v i t y  o f  10.3 m C i  pe r  mM; m.p. 168-171" ( c a p i l l a r y ,  unco r rec ted ) .  

The I R  and UV spect ra o f  t h e  p roduc t  corresponded t o  those o f  a u t h e n t i c  s tan -  

da rd  I as desc r ibed  above. 

systems p r e v i o u s l y  descr ibed,  revea led  a s i n g l e  UV-absorbing and r a d i o a c t i v e  

zone corresponding t o  t h a t  o f  a u t h e n t i c  standard.  

T h i n - l a y e r  chromatography o f  t h e  p roduc t  i n  t h e  two 

A p o r t i o n  (1.37 g, 37%) o f  t h e  t r i t i u m - l a b e l e d  ketone ( IVB) s t a r t i n g  

m a t e r i a l  was recovered f rom t h e  benzene-ether phase f o l l o w i n g  i t s  e x t r a c t i o n  

w i t h  HC1. The s p e c i f i c  a c t i v i t y  o f  t h e  recovered ketone was 10.4 m C i  pe r  mM. 
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RESULTS AND DISCUSSION 

T r i t i um- labe led  na fox id ine  hydrochlor ide was prepared f i r s t  by Clemmensen 

reduc t i on  o f  the in termediate keto a c i d  (11) i n  a t r i t i a t e d  water medium as 

shown i n  Scheme 1. I n  t h i s  manner t r i t i u m  was in t roduced s p e c i f i c a l l y  i n  the  4 

Scheme 1 
0 

2n:Hg (I')HF - - 
\ H3C0 ' \ HCKTHO) \ 

H3 CO 
H,CO ' 
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11 / IVA 
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T T  

IA 

p o s i t i o n  as shown i n  I A .  This was thought t o  be a d e s i r a b l e  l o c a t i o n  f o r  t he  

t r i t i u m  labe l  s ince metabolism would l i k e l y  i n v o l v e  one o r  more of t he  aromatic 

r i ngs ,  n o t  t he  4 p o s i t i o n .  Indeed, l e s s  than 0.25% of t h e  t r i t i u m  was re leased 

and i s o l a t e d  as t r i t i a t e d  water i n  u r i n e  when t h i s  ma te r ia l  was administered t o  

a monkey. Unfor tunate ly ,  the e f f i c i e n c y  f o r  i n t roduc ing  t r i t i u m  by Clemmensen 

reduc t i on  was poor, r e s u l t i n g  i n  a low radiochemical y i e l d  o f  a product  having 

a low s p e c i f i c  a c t i v i t y .  

Therefore, another method f o r  l a b e l i n g  na fox id ine  w i t h  t r i t i u m  was developed. 

Th is  i nvo l ved  exchange l a b e l i n g  o f  the in termediate c y c l i c  ketone ( I V )  by ex- 

change w i t h  t r i t i a t e d  t r i f l u o r o a c e t i c  a c i d  as shown i n  Scheme 2. 

the tri t ium- labeled c y c l i c  ketone ( I V B )  was prepared i n  250 t imes the r a d i o -  

chemical y i e l d  and 73 times the  s p e c i f i c  a c t i v i t y  o f  t h a t  (IVA) prepared by the  

Clemmensen reduc t i on  method. S i m i l a r  improvements i n  radiochemical y i e l d  and 

s p e c i f i c  a c t i v i t y  o f  the f i n a l  product, t r i t i u m - l a b e l e d  na fox id ine  ( I ) ,  a lso  

were obtained by the exchange method. 

be expected t o  con ta in  t r i t i u m  i n  aromatic posi. t ions. 

I n  t h i s  manner 

Nafoxidine ( IB )  l abe led  by exchange would 

Thus, some t r i t i u m  would 
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l i k e l y  be l o s t  when such a ma te r ia l  i s  metabolized. 

was administered t o  a monkey, n e a r l y  9% o f  i t s  t r i t i u m  was re leased and recovered 

as t r i t i a t e d  water i n  u r i ne .  Nevertheless, t he  g rea te r  y i e l d  and h igher  s p e c i f i c  

a c t i v i t y  o f  t r i t i u m - l a b e l e d  na fox id ine  prepared by exchange, as compared t o  

Indeed, when t h i s  m a t e r i a l  

Clemmensen reduct ion,  made Scheme 

labeled drug. 

0 

H3C0 

IV 

1 the p re fe r red  rou te  f o r  prepar ing the 

Scheme 2 
T O  T 
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IB 

The loss  of t r i t i u m  from the exchange-labeled ketone ( I V B )  d u r i n g  i t s  con- 

gave in fo rma t ion  concerning the  l o c a t i o n  o f  t r i t i u m  

The s p e c i f i c  a c t i v i t y  o f  na fox id ine  hyd roch lo r i de  

vers ion t o  na fox id ine  ( I B )  

i n  t h i s  in termediate (IVB). 

(10.3 mCi/mM), I B ,  was lower than t h a t  o f  t h e  s t a r t i n g  ketone (15.4 mCi /mM),  I V B ,  

but  the same as t h a t  o f  t he  recovered ketone (10.4 mCi/mM). 

was l i k e l y  t h a t  i n i t i a l l y  i n  the  2 pos i t i on ,  alpha t o  t h e  carbonyl, o f  the 

s t a r t i n g  ketone ( I V B ) .  

taneous dehydration o f  t h e  naphthol condensation product, thought t o  be an 

unstable in termediate,  leading t o  I B .  The lower s p e c i f i c  a c t i v i t y  of the r e -  

covered ketone, r e l a t i v e  t o  the  s t a r t i n g  ketone (IVB), probably r e s u l t e d  from 

loss of the t r i t i u m  i n  the  2 p o s i t i o n  by e n o l i z a t i o n  of t he  Grignard reagent - 
s t a r t i n g  ketone complex. When t h i s  recovered ketone was condensed w i t h  a d i f -  

f e r e n t  Grignard reagent the  r e s u l t i n g  analog of na fox id ine  had the  same s p e c i f i c  

a c t i v i t y  (10.4 mCi/mM) as the recovered ketone. 

The t r i t i u m  l o s t  

T r i t i u m  i n  t h i s  p o s i t i o n  would have been l o s t  by spon- 

Thus, one t h i r d  o f  t h e  t r i t i u m  
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i n t r o d u c e d  i n t o  t h e  ketone, I V B ,  as a r e s u l t  of exchange w i t h  t r i t i a t e d  t r i f l u o r o -  

a c e t i c  a c i d ,  r e s i d e d  i n  t h e  2 p o s i t i o n ,  a lpha t o  t h e  ca rbony l  group. The re- 

mainder l i k e l y  was p r e s e n t  on t h e  a romat i c  r i n g s .  
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