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SUMMARY 

3,5-Dimethylpyrazole-3,5-"T and i t s  h oglycemic metabo- 
1 i t e ,  5-methyl pyrazole-3-carboxyl i c  acid-5-%. were each pre- 
pared by separate two-step react ion sequences from acetone-2- 

4C i n  38% and 46% yields,  respect ively.  
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INTRODUCTION 

3,5-Dimethylpyrazole (I) i s  a potent hypoglycemic agent i n  the glucose- 

primed, fasted r a t  (1). Metabolism studies w i th  I resul ted i n  i s o l a t i o n  o f  

5-methylpyrazole-3-carboxylic ac id  (11) as a u r inary  metaboli te o f  I i n  the 

r a t  (2). 

potency than I and indeed accounts f o r  the hypoglycemic a c t i v i t y  o f  I when 

i t  i s  o r a l l y  administered t o  the r a t .  

This metaboli te was found t o  have an even greater hypoglycemic 

A radioact ive form o f  I was required 
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f o r  addi t ional  studies o f  the metabolism o f  I i n  the r a t  (3 ) .  A radioact ive 

form o f  I1 also was required i n  order t o  perform metabolism studies (4) necessary 

for development o f  t h i s  ac t i ve  metaboll te as a hypoglycemic agent. Carbon-14, 

rather than t r i t ium,  was chosen as the label  since a l l  o f  the hydrogen atoms 

o f  I and I1 are po ten t i a l l y  susceptible t o  metabolic loss. 

EXPERIMENTAL 

Radi oac t i v i  ty Measurements 

A l l  counting was performed w i th  a Packard Tricarb, model 314EX2A l i q u i d  

s c i n t i l l a t i o n  spectrometer a t  -8' under condit ions su i tab le  f o r  measuring 

carbon-14. Appropriate a l iquo ts  o f  samples were dissolved i n  15 m l  o f  scin- 

t i 1 l a t i o n  solvent i t o l  uene-dioxane-methanol (350: 350: 210 by volume) containing 

73 g o f  naphthalene, 4.6 g o f  2,5-diphenyloxazole, and 0.08 g o f  1,4-bis [2-(5- 

phenyloxatolyl)]  benzene per l i t e r ) .  The absolute counting e f f i c i ency  f o r  each 

sample was determined by recounting fo l lowing add i t ion  o f  an in te rna l  standard 

o f  carbon-14 labeled toluene and resu l t s  were then converted t o  mCi .  

Paper and Thin-Layer Chromatography 

Paper chromatograms were developed by the descending method using 57-cm 

lengths o f  Whatman No. 1 paper i n  the fo l lowing systems: 

piperidine-H20 (81:2:17 by volume) and (b) 1-butanol-acetic acid-H20 (4: l : l  

by volume). R f  values f o r  I1 are 0.37 and 0.76 i n  systems (a) and (b), respec- 

t i v e l y .  Thin layer  chromatography was car r ied  out i n  the e thy l  acetate-water- 

formic acid (95:5:1 by volume) system on 0.25-mn f i lms  o f  s i l i c a  gel GF. The 

R f  value o f  I i n  t h i s  th in - layer  chromatography system i s  0.57. The UV ab- 

sorption o f  standards and products was detected by viewing the paperand th in -  

layer  chromatograms under short-wavelength UV l i g h t .  Zones o f  r a d i o a c t i v i t y  

were located by scanning the paper s t r i p s  w i th  a Vanguard, Model 880 automatic 

chromatogram scanner. Radioactive zones on the th in - layer  plates were located 

by t ransferr ing sequential 0.5-cm segments o f  the s i l i ca -ge l  f i l m  i n t o  ind iv idua l  

v i a l s  and counting using s c i n t i l l a t i o n  solvent containing 3% H20. 

(a) l-butanol- 
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Syn thesi  s 

2,4-Pentansdions-2,4-14C (III) - A mixture of 0.29 g (5 mM) o f  acetone- 

2-14C* and 1.28 g (12.5 mM) o f  ace t ic  anhydride was cooled t o  -10' w l th  an 

i ce -sa l t  bath. 

flow r a t e  o f  2-3 bubbles per second f o r  0.75 hours. During t h i s  per iod the 

mixture turned t o  a viscous, semi-solid, yel low mass. A so lu t ion  o f  1.2 g o f  

sodium acetate i n  4 m l  of H20 was added and, a f t e r  a 1-hour period a t  0". the 

react ion mixture was steam d i s t l l l e d  t o  obtain 20 m l  o f  d i s t i l l a t e .  A hot, 

f i l t e r e d  so lu t ion  o f  0.6 g o f  cupr ic acetate monohydrate i n  7.5 m l  o f  H20 was 

added t o  the d i s t i l l a t e .  The resu l t i ng  copper complex o f  I11 was allowed t o  

c r y s t a l l i z e  i n  the re f r i ge ra to r  overnight. The copper complex was f i l t e r e d ,  

washed w i th  co ld  water and d r ied  a t  50" in vacuo t o  y i e l d  0.559 g (85%) o f  

the copper complex o f  I having a speci f ic  a c t i v i t y  o f  0.127 mCi  per mM. The 

copper complex was dissolved i n  2 m l  o f  20% H2S04. The l ibera ted  2,4-penta- 

nedione-2,4-14C (111) was extracted w i th  three 2-m1 port ions o f  e thy l  ether, 

and the ether was removed w i th  a gent le stream o f  ni t rogen from the f l a s k  

used f o r  the fo l lowing step. 

Gaseous BF3 was passed through the react ion mixture a t  a 

3,5-DimethyZpyranoZe-3, 5-14C (1) - A mixture o f  the 2,4-pentanedione-2, 

4-'14C ( 1 1 1 ) ,  0.548 g (4.2 mM) o f  hydrazine su l fa te  and 3.2 m l  o f  10% sodium 

hydroxide was s t i r r e d  a t  0-5' f o r  one hour. The react ion mixture was d i l u t e d  

w i th  2 m l  o f  H20 and extracted w i th  3 port ions o f  e thy l  ether. The residue 

from the ether ex t rac t  was rec rys ta l l i zed  from Skellysolve B t o  obtain 0.182 g 

(45%) o f  3,5-dimethylpyra~ole-3,5-~~C ( I )  having a spec i f i c  a c t i v i t y  o f  

0.133mCi per mM; m.p. 107-107.5'. The I.R. spectrum [(Nujol mu l l )  3200, 

3130, 3030 (NH,CH); 2780, 2720, 2600 (NH); 1665, 1595, 1550, 1485 (C=N, 

C=C); 1305, 1125, 1010, 850, 780, 735 an-l]  o f  the product corresponded t o  

t h a t  o f  standard I .  Thin-layer chromatography o f  the product revealed a 

* One mCi  (nominal) of acetone-2-14C, purchased from New England Nuclear Corp., 

was d i l u ted  t o  0.29 g w l th  nonradioactive acetone. 
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s ing le  UV-absorbing and radioact ive zone corresponding t o  tha t  o f  standard I .  

A n a l .  Calcd. for C5H8N2 : C, 62.5; H, 8.4; N,  29.1. Found: C, 62.2; H, 8.4; 

N, 29.7. 

2,d-Dioxopentanoic A ~ i d - l - ~ ~ C .  Ethyz Ester (A'), Sodiwn SaZt - Sodium 

ethoxide was prepared from 0.3 g (13 mM) o f  f resh ly  cu t  sodium and 6 m l  o f  

ethanol i n  a f lask equipped w i th  a s t i r r i n g  bar, a dropping funnel having a 

drying tube and a re f lux  condenser having a ni t rogen i n l e t .  A f te r  the sodium 

had been completely consumed, a mixture o f  0.6 g (10.3 mM) acetone-2-14C and 

1.5 g (10.3 mM) diethyloxalate i n  7.5 m l  o f  benzene was added t o  the sodium 

ethoxide so lu t ion  a t  room temperature w i th  s t i r r i n g .  

separated as a t h i c k  mass, was allowed t o  stand a t  room temperature overnight. 

The react ion mixture was then d i l u t e d  w i th  10 m l  o f  benzene-ethanol (1: l  by 

volume), f i l t e r e d  and washed w i th  an addi t ional  10 m l  o f  benzene:ethanol. 

The product was dr ied  in u a w  a t  room temperature t o  y i e l d  1.4 g (76%) o f  

the sodium s a l t  o f  2,4-dioxopentanoic acid-4-14C e thy l  ester ( I V ) .  This mater ia l  

was used i n  the next step without futher pu r i f i ca t i on .  

t 

The product, which 

C - M e t h y l p y m a o t e - 3 - c a ~ ~ Z i c  acid-C-"+C (11) - A so lu t ion  o f  0.63 g 

(12.2 mM) o f  sodium acetate i n  5.5 m l  was saturated w i th  ni t rogen i n  a f l ask  

equipped as described i n  the previous step. Hydrazine su l fa te  (1.0 g, 7.7 mM) 

was added t o  the f l a s k  and thereact ion mixture was heated a t  50" and s t i r r e d  

whi le a so lu t ion  o f  1.3 g (7.7 mM) o f  the sodium s a l t  o f  2,4-dioxopentanoic acid- 

4-"+C e thy l  ester ( I V )  i n  8 m l  of H20 was added over a 0.25 hr- period. The reac- 

t i o n  mixture was s t i r r e d  and heated a t  50" for  an addi t ional  4 hours. It was then 

cooled t o  room temperature, 0.62 g o f  powdered NaOH was added and the react ion 

mixture was s t i r r e d  a t  room temperature overnight. 

added t o  ac id i fy  the react ion mixture and the product was allowed t o  c r y s t a l l i z e  

i n  the re f r i ge ra to r  overnight. 

Su f f i c i en t  6 H2S04 was 

This mater ia l  was c rys ta l l i zed  twice from water 

+Two mCi.  (nominal) o f  acetone-2-"%, purchased from New England Nuclear 

Corp., was d i l u ted  t o  0.6 g w i th  nonradioactive acetone. 
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t o  y i e l d  0.589 g (61%) o f  5-methylpyrazole-3-carboxylic acid-5-I4C (11) 

having a spec i f l c  a c t i v i t y  of 0.133 mCi per mM. The IR[(Nujol mu l l )  3240 

(NH); 3140, 3100 (CH); 2680 (OH); 1715 (C.0); 1595, 1565, 1510 (C=N, C=C); 

1430, 1270, 1200, 1120, 1015, 770 an-'] and UV [(EtOH) 218 % (Eg150)] spectra 

o f  the product corresponded t o  those o f  standard 11. Paper chromatography 

i n  systems (a) and (b) revealed s ing le  UV-absorbing and radioact ive zones 

corresponding t o  standard 11. A n a l .  Calcd. f o r  C5H6N202: C, 47.6; H, 4.8; 

N, 22.2. Found: C, 47.8; H, 4.9; N, 22.5. 

RESULTS AND DISCUSSION 

3,5-Dimethylpyratole-3,5-14C ( I )  was prepared from acetone-2-14C by 

the two-step synthetlc sequence shown I n  Scheme 1. The f i r s t  step, 

Scheme 1 

CHJ-"CO-CHJ + (CHsC0)20 BF3 . CH3-wCO-CH2-%O-CH3 

I 

leading t o  2.4-pentanedione (111). i s  wel l  sui ted t o  small-scale work since 

the product, a v o l a t i l e  l i qu id ,  i s  i so la ted  I n  s o l i d  form as a copper 

complex. 

etherate were not successful. 

Denoon (5),  however, were successful resu l t i ng  i n  7545% y ie lds  (by weight) 

o f  the copper-complex o f  111 on a Ml scale. The copper complex o f  I11 a lso  

was obtained i n  85% weight y i e l d  using radioact ive acetone. 

I n i t i a l  attempts t o  prepare 111 using comnercially avai lable BF3 

T r i a l  runs using gaseous B F 3  by the method of 

However, the 
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apparent radiochemical y i e l d  was on ly  53%. Possible explanations f o r  t h i s  

lower radiochemical y i e l d  are (a) loss o f  acetone-2-14C dur ing i t s  t rans fer  

and d i l u t i o n  w i th  nonradioactive acetone and (b) s e l f  condensation o f  ace t ic  

anhydride t o  produce nonradioactive 2,4-pentanedione, thus d i l u t i n g  the  

desired radioact ive 2,4-pentanedione, as described by Doorenbos, e t  al. (6). 

This s e l f  condensation can be minimized by inverse add i t ion  o f  the acetone 

and acet ic anhydride t o  a complex of the BF3 (6). 

The second step, leading t o  3,5-dimethylpyrazole-3,5-"% ( I ) ,  was 

car r ied  out i n  45% weight and radiochemical y ie lds  (based on the copper com- 

plex of 111) as described by Wiley and Hexner (7). The y i e l d  was lower than 

anticipated, possibly due t o  loss o f  I 1 1  dur ing generation from i t s  copper 

complex. The product, 3,5-dimethy1pyrazole-3,5-l4C ( I ) ,  was obtained i n  38% 

overa l l  weight y i e l d  from acetone-2-14C. It was shown t o  be both chemical ly 

and radiochemical l y  pure. 

5-Methylpyrazole-3-carboxylic acid-5-14C (11) was prepared by the two 

step synthet ic sequence shown i n  Scheme 2. The f i r s t  step, 

Scheme 2 

HC-C-COOH 
wll I I  

HaC-C, ,N 
N 
H 

II 

leading t o  2,4-dioxopentanoic ac id  e thy l  ester ( I V ) ,  a lso  i s  we l l  su i ted  t o  

small scale work since i t  can be i so la ted  i n  s o l i d  form as i t s  sodium s a l t  as 

described by Marvel and Dreger (8). This step, however, proved t o  be trouble- 
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some due t o  the d i f f i c u l t y  o f  f i l t e r i n g  the sodium s a l t  o f  I V .  As a r e s u l t  of 

numerous t r i a l  runs, i t  was found tha t  using 30% excess sodium ethoxide and 

d i l u t i n g  the react ion mixture w i th  ethano1:benzene imnediately p r i o r  t o  

f i l t r a t i o n  resul ted i n  an eas i l y  f i l t e r a b l e  product o f  apparently high 

pu r i t y .  The sodium s a l t  o f  I V  was obtained i n  74% weight y i e l d  using radio- 

ac t i ve  acetone. The apparent radiochemical y i e l d  was only 65%. 

the lower radiochemical y i e l d  l i k e l y  resul ted f r o m  loss o f  acetone-2-14C 

during i t s  t rans fer  and d i l u t i o n  w i th  nonradioactive acetone. 

I n  t h i s  case 

The second step, leading t o  5-methylpyraZOle-3-Car~QXylic acid-5-14C (111, 

was car r ied  out i n  61% weight and radiochemical y ie lds  (based on I V )  by a modi- 

f i ca t i on  of the method o f  Knorr and Macdonald (9). This modificationA, involv-  

ing  inverse add i t ion  o f  I V  t o  hydrazine sulfate, resul ted i n  an improved y i e l d  

and a purer product. The product, 5-methyl pyrazole-3-carboxyl i c  aci  d-5-14C 

(111, was obtained i n  46% overa l l  weight y i e l d  from acetone-2-"%. 

shown t o  be both chemically and radiochemically pure, 

It was 
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