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Abstract- The @-diketone der iva t ives o f  n i t ro imidazo le  

were synthesized from the react ion o f  m g n e s i m  s a l t  of 

0-keto acids (2) w i t h  imidazol ide 131. The 6-keto acids 

(1 )  were obtained from the hydrolysis of 0-keto esters (51 

or the reac t iono f  magnesim methylcarbonate w i t h  the ketone 

(6). The react ion o f  8-diketones (4) w i t h  hydrazineafforded 

the pyrazoles (7). which were converted t o  N-methylpyrazoles 

( 8 )  and (9). The l a t t e r s  could also be obtaineo from the 

react ion o f  0-diketones (4 )  wi th  methylhydrazine. 

I n  cont inuat ion o f  our research program on n i t ro imidazo le  d e r i v a t i v e s l s 2  t o  obtain b io log i -  

c a l l y  ac t i ve  c ~ r ~ o u n d s , ~  syntheses of the t i t l e  conpounds were undertaken. To synthesize 

the t i t l e  conpounds we needed 8-diketones. The m s t  commn approaches enployed t o  synthe- 

s i z e  0-diketones are the condensation o f  a ketone w i t h  an ester,4 w i th  an ac id  

or w i t h  an acyl cyanide7 i n  the presence of a base, the condensation o f  l i t h i m  s a l t  of a 

hydrazone o f  a ketone w i t h  an ac id  ~ h l o r i d e , ~  the condensation o f  an enamine w i th  an acyl 

chloride,' and the react ion of an organomagnesim ha l ide w i t h  an acetoacetyl ch lor ide.  
10 

The f i r s t  three react ions e i the r  f a i l e d  or gave low y i e l d  of the desired 8-diketones (4) 

and the l a s t  react ion was not feasible because of u n a v a i l a b i l i t y  o f  the s t a r t i n g  organo- 

magnesim ha l ide.  However, we could synthesize the 0-diketones (4) from the react ion of 

magnesim s l a t  ( 2 )  o f  0-ketocaroxylic ac id  ( I )  w i t h  imidazol ide ( 3 ~ ~ ' "  (Schwoe 1). 

8-Ketocarboxylic acids could be prepared by hydro lys is  o f  the corresponding E-ketocarboxy- 
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l a t e  (51 or  t he  reac t ion  o f  a ketone (61 with magnesium methylcarbonate (MMCI. l2 The np, 

y i e l d s  and analy t ica l  data o f  B-diketones (41 prepared by method B are given i n  Table 1. 

- cyo 3 
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Table 1. irQ, yields and Analytical Data for &Diketones prepared by Method 8. 

carpound np ( O F )  Yield F o m l a  Elemental analysis I % )  
I%) Calculated Found 

C H N C H N 

4a 113-114 35 C8H9N304 45.50 4.27 19.91 45.68 4.09 19.80 

4b 47-4eb 44 '18 1?3O4 50.21 5.44 17.57 50.08 5.59 17.68 

4c 183- 184 73 Cl?ll%04 57. 14 4.03 15.38 57.31 4. 18 15.52 

4d 187- 188 73 C14Hl?305 
55.45 4.29 13.86 55.62 4.36 13.69 

4e 180- 18 1 69 Clj i1f f3048r 44.32 2.84 11.93 44.50 2.66 11.77 

4 f  177-178 74 C191ff304F 
53.61 3.44 14.43 53.78 3.56 14.58 

49 183- 184 39 Cl?1ff406 49.06 3. 14 17.61 49.21 3.01 17.74 

a: Unless otherwise mntioned the cmpound was crystal l ized from acetone. b :  This 

conpound was crystal l ized from ethanol. 

The reaction o f  conpound ( 4 )  with hydrazine afforded 3-(or 5-)(I-mthyl-5-nitro-2-imida- 

zolyl J-5-(or 3- ) alkyl (or aryl jpyrazoles (71 (Schem: 2 ) .  

Table 2. irQ. Yields and Analytical Data for 3-(or 5-)( Inethyl-5-nitm-2-imidazolyll- 

pyrazoles 

colpound np ( O F )  Yield F o m l a  Elenmtal analysis ( I )  
(a) 

Calculated ~ound- 
C H N C H  N 

7a 267-8 76 C8HgN502 46.38 4.35 33.82 46.51 4.22 33.65 

76 201-2 87 C10Hl?502 
51.06 5.53 29.79 51.24 5.38 29.62 

7c 252-3 89 Cl?11N502 57.99 4.09 26.02 57.82 4.22 26.15 

7d 235-6 89 C14Hl?503 
56.19 4.35 23.41 56.24 4.46 23.35 

7e 264-5 87 Cl,H1ffp2Br 44.83 2.87 20.11 44.67 2.69 20.22 

7 f  277-8 89 Cl?1$1502F 54.36 3.48 24.39 54.18 3.54 24.43 

79 286-7 86 C l r l f f 6 0 4  49.68 3.18 26.75 49.79 3.23 26.84 

a: A l l  conpounds were crystal l ized from propanol. 

The reaction o f  diazomthane with (7cl  gave l-methyl-5-( 1-methyl-5-nitro-2-imidazolyl I -  

3-phenylpyrazole ( 8 c )  and l a e t h y l - 3 4  I-rrethyl-5-nitro-2-imidazolyli-Fphenylpyrazole 

(9c J i n  27% and 13% respectively (Schems 2 ) .  

Conpounds ( 8 c )  and (9c i  had m a x i m  absorptions a t  325 and 340 rm respectively. In 

conpound (8cl  because o f  s ter ic  hindrance o f  N-CH3 o f  pyrazole ring with imidazole ring, 
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the imidazole r i n g  i s  not coplanar w i th  pyrazole r i n g ,  whi le  i n  corrpound (9c) t h i s  hind- 

rance does not e x i s t .  Therefore, conpound (9c J showed absorption a t  longer wavelength. 

I n  conpound (7cJ the imidazole and pyrazole r i ngs  are coplanar. The N-CH3 group o f  

imidazole i s  deshielded by anisotropic e f fec t  o f  pyrazole r i n g  and appeared a t  4.34 ppm. 

Simi lar  e f fec t  was observed i n  conpound 19cl. The N-CH3 group of imidazole appeared a t  

4.43 ppm. However, i n  conpound (Bci the imidazole and pyrazole r i ngs  are not coplanar 

and the N-CH group of imidazole r i n g  i s  not deshielded and appeared a t  4. 1 1  ppm. S imi lar  
3 

e f fec t  was observed i n  the proton pos i t i on  of the phenyl r i ng .  I n  conpound (7c) the 

phenyl and pyrazole r i ngs  are coplanar. The ortho protons are  deshielded by anisotropic 
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ef fec t  o f  pyrazole r ing  and appeared a t  7.83 ppm. The m t a  and para protons had resonance 

a t  7.46 ppm. Simi lar e f fec t  was observed i n  conpound (8c) .  The ortho protons o f  phenyl 

appeared a t  7.81 ppm, whi le m t a  and para protons had resonance a t  7.38 ppm. I n  conpound 

(9c )  the phenyl and pyrazole r ings are not coplanar. The ortho protons are not deshielded 

by pyrazole r ing.  Therefore, a l l  phenyl protons appeared as a s ing le t  a t  7.46 ppm. 

Conpounds (81 and (91 could also be prepared from the react ion of the diketone ( 4 )  wi th  

mthylhydrazine (Scheme 21. 

The rrp, Yields and analy t ica l  data o f  conpounds (81 and (91 are given i n  Table 3. 

Table 3. bp. Yields and Analyt ical  Data f o r  3 -a ry l - lne thy l -54  Inethyl-5-nitro-2-imida- 

zo l y l  )pyrazoles ( 8 )  and 5-aryl-  l n e t h y l - 3 4  Inethyl-5-nitro-2-imidazolyl )pyra- 

zoles ( 9 )  by Method 5. 

Ccnpwnd np Yie ld  Fomula Elenwrtal analysis 1%) 
(%l Calculated F d  

C H N C H N 

8c 201-202 l7  C14Hl?P2 
59.36 4.59 24.73 59.52 4.63 24.91 

8d 200-20 1 l4  c1?1?P3 
57.51 4.79 22.36 57.64 4.63 22.52 

8e 176-177 25 C14H12NP2Br 46.41 3.31 19.34 46.59 3.45 19.22 

8 f  217-218 26 MH lzN??.$ 55.81 3.99 23.26 55.65 4.11 23.44 

9c 180- 18 1 
b 

62 C14H13!P2 
59.36 4.59 22.73 59.17 4.41 22.59 

9d 178- 179 
b 

66 Cl?l?P3 
57.51 4.79 22.36 57.65 4.88 22.52 

9e 226-227 56 1 4 ~  1 ~ ~ 5 ~ 2 ~ ~  
46.41 3.31 19.34 46.26 3.26 19.23 

9 f  792- 193 53 C14H12N502F 
55.81 3.99 23.26 55.68 4.07 23.37 

a: Unless otherwise mntioned the conpound was c rys ta l l i zed  from ethanol. b: This ccwound 

was c rys ta l l i zed  from n-propanol. 

EXPERIKNTAL 

General Methods. Melting points were taken on a Kof ler hot stage apparatus and are 

uncorrected. The uv spectra were recorded on a Perkin Elmr 550 SE spectrophotometer. The 

i r  spectra were obtained on a Perkin E l m r  267 spectrophotometer fpo tass im bromide d isks ) .  

The mr spectra were recorded on a Bruker FT-80 spectrometer. Chemical S h i f k a r e  reported 

i n  p p  from TMS as an in terna l  standard and are given i n  6 un i t s .  The mass spectra were 

run on a Varian Model MAT MS-311 spectrometer a t  70 ev. 

2-Benzoylacetyl-lnethyl-Snitroimidazole (4c l .  
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2 Method A: 2-Acetyl-1-methyl-5-nitroimidazole (406 mg, 2.4 ml) was added to  a stirring 

solution o f  l i t h i m  diisopropylamide (2,6 mlj i n  tetrahydrofuran ( 5  m l )  a t  O°C. After 

5 min benzoyl cyanide (0.3 m l ,  2.4 ml) was added and stirring was continued for 45 min. 

The mixture was added t o  4% hydrochloric acid (4.5 ml) .  The mixture was extracted with 

ethyl acetate (2x20 ml) .  The ogranic layer was separated, dried over sodim sul fate  and 

the solvent was evaporated under vacum. The residue was crystallized from acetone t o  

give 4c (236 mg. 36%): np 183-184°C; uv ,imx (ethanol): 372 (log 04 .47) .  294 (log e =  

1 
3.90) and 240 rn (log ~ ~ 3 . 9 9 ) ;  i r  : 1605 ( C = O ) ,  1535 and 1360 cm-' (NO2); H-nmr (COC13): 

15.85 (broad, l H ,  enol-OH), 8.03 ( 5 ,  l H ,  H4 imidazole), 7.98 (m ,  2H, phenyl l ,  7.49 ( m ,  3H, 

phenyl), 7.35 ( s ,  l H ,  =CHCOj and 4.45 ( 5 ,  3H, NCH3); ms m/z 1%)  273 (M+, 301, 245 ( l a ) ,  

186 ( 1 1 ) .  168 (24). 154 (30) .  147 (10) .  la3 i19) ,  130 i l l ) ,  118 (12) .  105 (97) .  103 (171. 

102 ( l o o ) ,  91 (16). 77 (78 ) ,  69 (471, 54 ( 7 )  and 51 (15) .  

Method B: Jhionyl chloride (475 mg, 4 mml) was added t o  a stirred solution o f  imidazole 

( 1.09 g ,  16 ml) i n  anhydrous JHF (15 m l l .  After 15 min the suspension was f i l tered 

and washed with THF ( 3  m l ) .  To the f i l t ra t e  was added l-methyl-5-nitro-imidazole-2- 

carboxylic acid (684 mg, 4 ml). The mixture was stirred for 15 min. To the stirred 

suspension was added mgnes im  banzoylacetate (1.48 g ,  4 ml )" i n  THF ( 10 ml I .  The 

mixture was stirred for 5 h at roan tenperature. I t  was acidi f ied with 4% hydrochloric 

acid. The mixture was extracted with ethyl acetate (3x20 m l j .  The organic layer was dried 

with sodim sul fate .  The solvent was evaporated and the residue was crystallized from 

acetone to  give 4c (797 mg, 73%); np 183-184°C. 

Other Ldiketones (4a-491 were prepared similarly (Table 1 ). 

s f o r  5- J f  14fethyl-5-nitro-Zinidazolyl )->(or 3-)phenylpyrazole 1 7 ~ ) .  

To a refluxing solution o f  cmpound (4ej (273 mg, 1 ml j i n  ethanol (12 ml j and THF 

( 3  m l )  was added a solution o f  hydrazine hydrochloride (75 mg, 1 . 1  ml) and sodim 

acetate (90 mg, 1 . 1  ml) i n  water (0.5 ml) .  The refluxing was continued for 2 h. The 

solvent was evaporated. To the residue was added water ( 5  mil. The precipitate was 

f i l tered and crystallized from propanol to  give 7c (239.5 mg, 89%); np 252-253OC; UV hmx  

(ethanol): 338 ( l o g  ~ = 4 .  10) and 248 nm (log ~ 4 . 3 6 ) ;  i r :  3200 I N H I ,  1535 and 1320 cm-' 
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7 
(NO2); H-mr (CPlSO-d6) 73.92 (broad, IH, NH) 8. 77 ( s ,  IH, H4 imidazolel 7.83 (m, 2H, 

phenyl), 7.46 (m, 3H, pheny l j ,  7.26 ( s ,  IH,  H4 pyrazole) and 4.34 ( s ,  3H, N - C H ~ ~ ;  ms m/z 

( % )  269 (M', 401, 240 (71, 239 (191, 223 (731, 784 1701, 783 (191, 782 (IOOJ, 771 (281, 

770 (241, 769 (791, 753 (121, 140 (25) .  726 (781, 777 (701, 776 1771, 774 (201, 104 (351, 

87 (121, 77 (351. 74 (521, 71 (101 and 57 (761. 

Other subst i tu ted pyrazoles (7a-79) were prepared s i m i l a r l y  f Table 21. 

l&thyl-5-[ lmthyl-Enitro-2-imidazolyl J-3-phwrylpyrazole (8c) and l&thyl-?-I l-methyl- 

5-ni tro-2-imidazolyl J-5-plmylpyrazole 1 9 ~ ) .  

W t h o d  A: To a s t i r r i n g  so lu t i on  o f  conpound ( 7 c J  (269 mg, 1 n m l l  i n  ether (20 m l l  was 

added diazomethane (excess). The s t i r r i n g  was continued and the progress o f  the react ion 

was fol lowed by t l c  ( s i l i c a  ge l ,  chloroform: e thy l  acetate. 8:21. A f te r  the react ion was 

conplete, the solvent was evaporated and the residue was separated by preparat ive t l c  on 

s i l i c a  gel using chloroform: e thy l  acetate (812) as the eluent.  The slow moving f r a c t i o n  

(Rf =0.421 was c r y s t a l l i z e d  from ethanol t o  give 8c (77 ng, 27%); rrp 207-20Z°C; uv kmax 

(e thanol ) :  325 ( l o g  k4 .031  and 245 nm ( log  s=4.391; ' ~ - m r  (CDC13) 8.  72 ( 5 ,  7H, H4 imida- 

z o l e ) ,  7.87 (m, 2H, phenyl) ,  7.38 (m, 3H, phenyl) ,  6.78 ( s ,  7H, H4 pyrazo le l ,  4.77 ( 5 ,  3H, 

N-CH3 imidazole) and 4.08 ( s ,  3H. N-CH3 pyrazole);  ms m/z ($1 283 (MI ,  97 1 ,  282 (45 ) .  253 

(201, 236 (79) .  209 (771, 197 (151, 796 (1001, 785 (331, 783 (401, 782 (361, 780 (331, 763 

(301, 152 (25J ,  142 (101, 140 (73) .  126 ( l a ) ,  118 (121, 116 (131, 106 (241, 104 118). 103 

7 ,  99 7 80 1751, 77 (741, 67 (74).  66 (99 )  and 54 (401. 

The fas t  moving f r a c t i o n  ( R  -0 521 was c r y s t a l l i z e d  from propanol t o  give 9 c  (37 mg, 73%); 
f '  

np 780-1810C; uv hmax (ethanol ): 340 ( l o g  ~ = 4 .  741 and 239 m ( l o g  ~ = 4 . 3 9 ) ;  ' ~ - r m r  (CDC131 

8.08 ( s, 7H, H4 imidazole),  7.46 ( s ,  5H, phenyl 1 ,  6.97 ( s ,  IH, H4 pyrazole),  4.43 ( s ,  3H, 

N-CH imidazole) and 3.97 ( s ,  3H, N - C H ~  pyrazole);  ms m/z ($1 283 (M+, 1001, 268 (381, 267 3 

(581, 253 (351, 237 (251, 223 (721, 198 (75 ) ,  797 (151, 796 (991, 785 (481, 184 f 191, 182 

(70).  740 f 731, 778 (771, 103 f 721, 97 (791, 77 (481, 63 (731 and 54 1791. 

W t h o d  8: To a s t i r r i n g  warm so lu t i on  of conpound (4cl 1273 ng, 7 moll i n  ethanol ( 70 m l l  

and THF ( 2  m l 1  was added a so lu t i on  of methylhydrazine monoacetate (117 mg, 1. 7 moo11 i n  

water ( 7  ml1. The mixture was heated under r e f l u x  for  2 h. The solvent was evaporated and 



510 HETEROCYCLES. Vol. 38, No. 3,1994 

the residue was separated by preparative t l c  on s i l i c a  gel using chloroform: ethyl  acetate 

(8 :2)  as the eluent. The slow moving f ract ion was c rys ta l l i zed  from ethanol t o  give 8c (48 

mg, 17%); np 201-202°C. The fast  moving f ract ion was c rys ta l l i zed  from propanol t o  give 9c 

(176 mg, 62%); np 180-18loC. 

Conpounds ( 8 6 B f  l and (9d-9f ) were prepared s im i la r l y  (Table 31. 
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