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Synthesis of a deuterium labeled variant of the rat 
bepatocarc inogen, methapyr i lene 
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Yethapyrilene, I, once a commonly found a n t i h i a t u i n i c  
drug, has  been synthesized with four  deuterium labe ls ,  th ree  
of which a r e  on t h e  thiophene r ing.  I n i t i a l l y ,  thiophene was 
deutera ted  by s o l r o l y s i s  of the  te t ramercur ic  acetate-deriva- 
t i r e  wi th  d e u t e r i o l  chlor ide.  Carbonylation of t h e  thiophene 
r ing  a t  the  2-posi t ion.  by the  addi t ion  of d i m e t h y l f o a u i d e  
t o  t h e  2-1ithio-derivative, gave [3,4,5-d,] thiophene-2- 
oarboxaldehyde. Condensation of t h i s  aldehyde with 2-uino- 
pyr id ine  followed by reduct ion of t h e  r e s u l t i n g  imine with 
sodium borodeuteride t o  y i e l d  t h e  N-([3,4,5-da]-2-thienyl[d]- 
rethylene)-l-uiopyridine, VIII. 
s a l t  of VIII with dimethylaminoethylchloride gave 
N,N-direthyl-N'-~2~~ridyll-N'-~C3,4,5-dal-2-thienyl- 
[dlmethylene~-l,2-ethane d i u i n e ,  I, in good y ie ld .  

confirmed the  i d e n t i t y  of t h e  prcduct  which w i l l  be usefu l  f o r  
metabolic s tud ies .  

Alkylat ion of t h e  l i th ium 

Combustion analY8i8, 500 d Z  m, and Bm88 8pOCtrOaOt~ 
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Yethapyr i l e u e  (N, N-dime thyl-N'-[2-pyr idy l l  -n'-(2-thienylme thylone)- 

lr2-ethanediamine) was f i r s t  synthesized about 40 years  ago (1). and 

rubrequently patented as an ant ih is taminic  drug (2). A f t e r  years  of usage t h e  

drug was found t o  be a potent  r a t  hepatocarcinogen (3,4),  though not  

caroinogenio in e i t h e r  guinea p i g s  o r  h u r t e r 8  (5) and subsequently removed 

from the  mrketp laoo .  

reported as non-oarainogenic in r a t s  (6,7). 

Some olo80ly r e l a t e d  s t r u c t u r a l  analogues have been 
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L i t t l e  metabolic work with methapyrilene exis ted u n t i l  an a b s t r a c t  

appeared s t a t i n g  t h a t  a t  1088t  4 p o l a r  compounds appeared i n  r a t  u r i n e  a f t e r  

dosing with I along with small amonnts of I (8). 

l i v e r  metabolic study with I found several  metabol i tes ,  including the  

dormethyl- and &oxide compounds ( 9 ) .  

A subsequent i n  v i t r o  rabbi t  

We have examined t h e  metabolism of I i n  

T /  
on 
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T 

/ I  

Fig. 1: Proposed metabol ic-disposi t ion pathways f o r  
methapyrilene, 1, based upon what is known t o  date .  
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t h e  r a t ,  both in v i t r o  ( l o ) ,  in vivo (11) and in o t h e r  species  (12,13). We 

have a l s o  reported t h a t  chronic pretreatment with I changes the metabolism of 

I in the  r a t  in a v a r i e t y  of ways (141, and t h a t  same of the metabol i tes  of I 

a r e  mutagenic a f t e r  n i t r o s a t i o n  (15) .  

is depicted in Figure 1. In a l l  of these s tud ies ,  however, t h e r e  a r e  unknown 

metabol i tes  formed and a por t ion  of the  o r i g i n a l  dose of I (Fig 1) is 

unaccounted for .  We decided. therefore ,  t h a t  it was necessary t o  synthesize a 

s t a b l e  isotope labeled v a r i a n t  of I in order  t o  f u r t h e r  e luc ida te  i t s  

A summary of t h e  knam metabolic work 

metabolism v i a  gas-chromatographpass  spectrometry. This report  descr ibes  

t h e  f i r s t  synthesis  of a deuterium labeled v a r i a n t  of I (Fig 1 ) .  Wetabolic 

r e s u l t s  may requi re  t h a t  s t i l l  o ther  s t a b l e  isotope v a r i a n t s  w i l l  be needed. 

MATERIALS AND ANALYTICAL -ODs 

Wercuric ace ta te ,  a c e t i c  acid,  direthylformamide, cmene,  sodium 

carbonate, e thyl  ace ta te ,  d ie thyl  e ther ,  hexane and o ther  ooDlpon reagents  were 

a11 purchased from Fisher  S c i e n t i f i c ,  Tnst in ,  Cal i fornia ,  in the  highest  

p u r i t y  avai lable .  Thiophene, deuterium chlor ide,  deuterium oxide. sodium 

borodeuteride, n-butyllithium in hexane, direthylaminoethylchloride, 

thiophene-2-carboxaldehyde, and 2-arinopyridine were a l l  obtained from Aldrich 

Chemical Co.. Milnukee,  Wisconsin in the  bes t  ava i lab le  grade. 

Welting poin ts  were taken on a Thomas Hoover melting poin t  apparatus  and 

Combustion analyses were perforred by Qalbra i th  Laboratory, a r e  uncorrected. 

Knoxville, Tennessee. Analyt ical  t h i n  layer  chromatography p l a t e s  were 

obtained from B. Her& AQ, D a a s t r d t ,  Qeaany.  

Gas-chr-hv - Mass roeotrolotrP 

Both synthe t ic  i n t e n e d i a t e s  and the  f i n a l  product were analyzed by W-MS 

on a Hewlett P a c h r d  5987A QC-MS s y s t a  operating in the  e lec t ron  i q a c t  mode 

(70 e.v.) equipped with a 12 M fused s i l i c a  OV-1 c a p i l l a r y  c o l u m ~  (0.2 ~ E I  i.d. 

and 0.33 pm f i lm thickness)  and operating as a s p l i t l e s s  capi l la ry-d i rec t  

instrument. The in jec tor ,  t r a n s f e r  l i n e ,  analyzer, and source temperatures 

were s e t  a t  250*C, 310oC, 200.C and 200*C, respect ively.  Ul t ra  pure helium 

was u t i l i z e d  a s  the  c a r r i e r  gas. 
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The goneral o u t l i n e  of t h e  chemical spnthe t i8  u t i l i z e d  is depicted in 

Scheme I. 

1,2-othanediamine, I, was obtained i n  5 s t e p s  s t a r t i n g  from commonly ava i lab le  

N,N-Dimethyl-N'-[2-pyridyll -N'-( 13.4,S-d. I-2-thienyl [d]rethylene)-  

reagents (thiophene 

below. 

Thioohene-d, 

This substance 

hundred s i x t y  e i g h t  

and 2-aeinopyridine). Individunl  s t e p s  a r e  descr ibed 

was prepared b a s i c a l l y  as reported e a r l i e r  (16). h e  

grams of 9(n mercuric a c e t a t e  (0.53 001) were s t i r r e d  i n t o  

I 0"Ll 
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S c h a e  I: Plow c h a r t  of t h e  synthes is  of deuterium-labeled 
methapyrilene, I. 

500 el g l a c i a l  a c e t i c  a c i d  i n  a 2 1 Erlenmeyer f l a s k  and 10.5 g (0.125 mol) 

pure thiophene added. The mixture was heated on a s t e m  bath f o r  4 hr ,  which 

became very t h i c k  with a white  p r e c i p i t a t e .  

500 m l  water, f i l t e r e d ,  and washed 1 X  with 300 a1 water. This  t e t r m e c u r i a l  

a c e t a t e  of thiophene was then added t o  1 1 water  containing 100 g sodium 

chlor ide  and allowed t o  s tand i n  a hot  water  ba th  f o r  3 hr .  The s o l u t i o n  was 

then  cooled, f i l t e r e d ,  and washed with 200 m l  water. The r e s u l t i n g  f i n e  white 

p r e c i p i t a t e  was air-dr ied overnight, and then d r i e d  under a 0.01 m a  Eg 

pressure  f o r  36 hr .  The f i n e  white powder then weighed 120 g. 

The mixture was d i l u t e d  with 
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The p w d e r  was then s t i r r e d  with 37% DCl  (50 11) and 75 m l  D,O a t  re f lux  

f o r  4 hr .  

d i s t i l l a t i o n  c a r r i e d  out un t i l  a11 e f f l u x  of thiophane had ceased; about 

10 m l  ( including D,O, wi th  t h e  thiophene on top) .  

molecular s ieves  gave 4.0 g (40%). 

parent  ion) m/z, 60 (6M).  Retent ion t i r e  (450C; 1.0 rin). 

A condensor and t r a p  was then connected t o  t h e  f l a s k  and 

Separat ion and drying over 

QC-NS: m/z 88 (1001; thiophene-d,, 

L3.4.5-d:I- - -  2 -do. Vtm 

Five-tenths of a gram thiophensD,  (5.7 -1) 

Six-tenthr of a m i l l i l i t e r  of 10.4 Y n-butyllithium (6.2 

dissolved in 30 a1 dry 

e t h e r  under N,. 

mmol) was then added dropwise a t  rocm temperature and s t i r r e d  f o r  3 hr .  Six- 

t e n t h s  of a mil l i l i t e r  (0.58 g o r  8.0 -01) of n e a t  dimethylformorids were 

then added and allowed t o  r t i r  overnight. The r e a c t i o n  was then adjusted t o  

pH 7 with D a / D , O  (37%) and 1 0  ~1 D,O added. The reac t ion  was ext rac tad  with 

e t h e r  (2x1, d r i e d  over sodium r u l f a t e ,  and r o t a r y  evaporated t o  a y e l l o r  o i l .  

This was d i s t i l l e d  a t  90OC/30 am Hg, t o  give a c l e a r  l i q u i d ,  (76% y i e l d ) .  

QC-YS: m/z 115 (80%. parent  ion); m/z 114 (1001); a/z 86, (15%); BIZ 58, 

(15%). Retent ion t i r e  (45.C; 1.10 sin.) 

N-([3.4.5 -d,1-2-thie-l - -  2 -0. VI I1 

Two and four-tenths grams (trideuterothiophene)-2-carboxaldehyde 

(20 m o l )  was added t o  2.82 g 2-aminopyridine (30 -1) i n  150 a1 cmene  and 

ref luxed overnight, with subsequent azeotropic  d i s t i l l a t i o n  of t h e  water  

formed. 

s r e a c t i o n  product and excess 2-aainopyridine. The e n t i r e  crude reac t ion  

mixture was then added t o  a s t i r r e d  s o l u t i o n  of 1.0 g (23.6 -1) of sodium 

borodeater ide i n  150 m l  isopropyl a lcohol ,  and r t i r r e d  overnight. The 

isopropyl a lcohol  was removed, organic l a y e r  was d i l u t e d  with e t h e r  and 

ex t rac ted  with 50 ~1 B,O. The organic l a y e r  war then d r i e d  over sodium 

carbonate and evaporated in vacuo t o  give 4.7 g of an orange so l id .  The s o l i d  

was dissolved in e t h y l  a c e t a t e  and f l a s h  chromatographed over s i l i c a  ge l  with 

50:50 ethylacetate/hexane eluent .  The o i l  e l u t i n g  c r y s t a l l i z e d  from e thyl  

acetate/hexane t o  give 2.5 g of yellow c r y s t a l s .  

Thin-layer chromatography on s i l i c a  g e l  p l a t e s  showed only 2 spots :  

A second crop weighed 0.7 g 
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for a total yield of 82%. 

I'4ME (500 dz. ac1,): 6 1.80 (bs, lH, NE); 6 4.67-4.70 (1, 1H. HCD- 

thienyl); 66.42 (d, 8.5 hz, 1H. H-3); 6 6.60-6.62 (1, 1H. H-5); 6 7.40- 

7.43 (m, lH, H-4); 6 8.12 (dd, 4.5 hz, 1 hz, la, H-6). Anal. calculated 

for: C,,H6D,N,S; C. 61.83; 8, 5.19; N, 14.42; found: C, 61.87; H, 

5.34; N, 14.32. GC-MS retention time (9OOC. 5.0 rin, then 100/min to 

270OC; 12.07 mid. The mars spectrum is shown in Fig. 2 along with the mars 

spectrum of unlabeled VIII for comparison. 

N,N-dimeth~1-N'-C2-~vrid~ll-N'-(C3,4.5-d,l-2- thienvl [Qlao thvlene) - 

t 2-0 thaned- 0 1  

Recryrtallization from hexane gave plater, mp 78oC. 

The final product, deuterium labeled methapyrilene, war synthesized by a 

variation of the original synthesis of some structurally related compounds 

(18). One gram (5.2 -01) of VIII was dissolved in 70 ml dry toluene. One- 

half of a milliliter of 10.4 m, n-butyllithium in hexane was then added at 

100, 

0 

EOO] g 75 

w 

101 

0 I00 200 
M I 2  

Fig. 2: Yasr spectra of both unlabeled and deuterium-labeled 
N-(2-thienylmethylene)-2-aminopyridine, VIII. 



Deuterium Labeled Methapyrilene 1475 

room temperature and s t i r r e d  f o r  15 m i n .  

e thylch lor ide  (1.0 g; 7.0 n o l ;  prepared by bas i fy ing  t h e  hydrochloride 

s a l t  and ex t rac t ing  with 50 m l  toluene and drying over molecular sieves) was 

added, and t h e  s o l u t i o n  r e f l u r e d  overnight. Quenching with ammonium 

hydroxide, was followed by ex t rao t ion  with e thylace ta te ,  evaporation, and 

chromatography on alumina (neut ra l ,  a c t i v i t y  3). Elut ion  with 1:3 e t h y l  

acetate/hexane gave a yellow o i l  which was dissolved in methanolic HCl. and 

removal of t h e  methanol gave a y e l l o r  s o l i d  which was r e c r y s t a l l i z e d  from 

isopropyl a lcohol /e thyl  a c e t a t e  twice t o  give white c r y s t a l s ,  0.55 g (4(n); 

m.p. 159-160.C. lWt (500 dz, CDCl,):  6 2.84 (s, 6H. (ClI , ) , )N);  6 3.25 ( t ,  

7.5 Hr, 2H, a,); 6 4.13 ( t ,  7.3 Hr, 2H, m,); 64.86 (s, lH, CRD); 

6 6.64-6.67 (B, H, H-5); 6 6.74 (d, 8.5 Bz, 1H. 8-3); 6 7.48-7.50 (m, 18, 

H-4); 6 8.15 (dd, 482, 1.5Hz. 1H. H-6). 

A s o l u t i o n  of dimethylamino- 

Anal. ca lc 'd  f o r :  C,,H,D,N,SCl; C, 55.71; H, 6.68; N; 13.92; 

found: C. 55.60; H, 6.88; N 13.71. W-MS r e t e n t i o n  t i r e  (90% 5.0 =in. 

then 10O/iin t o  2700C; 15.16 min). The ~ a s 8  8 p e c t m  is shmn in Figure  3, 

along with t h e  mass spectroll of unlabeled I f o r  comparison. 

Fig. 3: Mass spec t ra  of both unlabeled and d e u t e r i o n l a b e l e d  
re thapyr i lene ,  1. 
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