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AbsfracGl9-Dipolar cycbaddition reaction of diazomethane and ethyl diazoacetate with tributylstannyl- 

acetylenes occurred regioselectively to afford the corresponding 3(5)-tributylstannylpyrazoles. The cy- 

cloadtitiin reaction of 9phenylsydrmne w lh  the stannytacetylenes pmceeded also regioselectively, and 

3-tributylstannyl-1-phenylpyrazoles were isolated. CTributylstannyl- and 5-tributyistannyl-1-phenylpyra- 

zole were prepared by the stannylatiin of Clihio- and 5-lithio-I-phenylpyrazoles with tributylstannyl chlo- 

ride. lodination, benzoylation, and phenylation of the stannylpyrazoles were examined. 

Previously, we reported that the 1.3-dipolar cycloadditbn reaction of nitrile oxides with tributylstannylacetylene 

gave 5-tributylstannylisoxazoles which are utilized for the synthesis of 5-substituted isoxazole derivatives.' Our 

next interest was focused on the synthesis of tributylstannylpyrazoles. because tributylstannyl groups on het- 

eroaromatic rings were realized to be useful for introducing regioselectively various substituents into the rings. In 

the present paper, we report the synthesis of the 3-tributylstannylpyrazoles by the 1,3-dipolar cycbaddiiion reac- 

tion of di-azomethane, ethyl diazoacetate, and 5phenylsydrmne with tributylstannylacetylenes together with the 

synthesis of 4- and 5-tributylstannylpyrazoles by the stannylatiin of 1-phenylpyrazoles via 4- and 5-lihiopyrazoles. 

Some chemical reactions of the stannylpyrazoles thus obtained are also described. 

When an ethereal solution of tributylstannylacetylene (2 a) and excess diazomethane (I a) was allowed to stand for 

5 days, regioselective cycloaddition product. 3(5)-tributylstannylpyrazole (3a), was obtained as a sole product. 

Similarly, the reaction of 2awith ethyl diazoacetate gave ethyl 3(5)-tributylstannyl-5(3)-pyrazoleca~xlate (3 b). 

+ - 
RCH-N=N + Bu,SnC=CH - 

la ,b  2 a  Et.0 A gSnBu3 (Bu3sngR ) 
a : R = H  
b: R = COOEt 3a,b 

Scheme 1 

On the other hand, the 1.3dipolar cycloaddiiion reaction of 3-phenylsydrmne (412 with 2ain boiling xylene gave 
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3-tributylstannyl-I-phenylpyrazole (5a) in 85% yield. The reaction of 4 wlh bis(tributylstannyl)acetylene (2 b) 

under similar conditions quanttatively proceeded to give 3.4-bis(trbutylstamyl)pyrazole (5 b) 

5a,b 
Scheme 2 

In order to synthesize 4- and 5-stannylpyrazoles, the stannylation viathe corresponding lithiopyrazoles was exam- 

ined. The lihiation of 4-bmm-I-phenylpyrazole (6)3 whh butyllithium followed by metal exchange reaction of the 

resultant lithio compound with tributylstannyl chloride yielded 4-tributylstannyl-I-phenylpyrazole (7). 5- 

Tn'butyktannyCl-phenylpyrazole (9), a positional isomer of 7, was easily prepared via direct lithiation of 1- 

phenylpyrazole (8). 

Bu,Sn 
1. BuLi 

N' 
N 2. BusSnCl 

I I I I 
Ph Ph Ph Ph 

6 7 8 9 
Scheme 3 

Since the preparation of 3-, 4-, and 5-tributylstannylpyrazoles was accomplished, some reactions of the tributylstan- 

nylpyrazotes were investigated. The iodinatiin of the tributylstannylpyrazoles (3, 5 ,  7, and 9 )  with iodine in THF 

proceeded smoothly at any position to give satisfactory resuits shown in Table I. 

Table I. lodination of Tributylstannylpyrazoles 

Product n Position R R' Reaction Yield rrp PC) or 
NO. time ("4 bp (OC)/mmHg 

108 I 3 H ti 2 h 63 72-73 
l o b  1 3 H COOEt 2 h 52 104-106 
1 O C  1 3 P h H I h 94 18015 
1 0 d  2 3,4 Ph H 20 min 68 77-79 
1 0 8  I 4 Ph H 20 min 59 82-84 
101 20 min 6 1 94-96 

Next, the palladium-catalyzed benzoylation and phenyltion of tributylstannyl-I-phenylpyrazoles (5a, 7, and 9) 

wnh benzoyl chloride and iodobenzene using diChlorObis(triphenyIphosphine)pailadium as a catalyst was exam- 
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ined. The palladiumcatalyzed readions of 3- (5a) and 4-tributylslannyl-I-phenylpyrazole (7) yielded the expected 

products (11 a, b and 12a,b) in 42.59% yields, but differently from the iodination, the reactions of the 5-tributyl- 

slannylpyrazole (9) did not give the expected pmducts (1 1 cand 12c) 

Tables II and Ill. Palladium-Catalyzed Benzoylation and Phenylation of Tributylstannyl- 
pyrazoles 

n - 
~ h t - i \  PhCOCl 6 ~ ~ ~ n - q  Phl ~h-\ < N P~(PP~,),cI, < .N P~(PP~,),cI, < N 

y' TH F N THF N' 

~h bh 6h 
1 1  a-c 5a,7 12a-c 

Product Position Reaction Yield r p  (OC) or Product Position Reaction Yield KQ("C) 
NO. time (% bp ("C)/mmHg No. time (%) 

11 a 3 3days 54 22016 128 3 20 h 59 81-83 
11 b 4 3 h  42 123-125 1 2 b  4 24 h 49 95-97 
11c 5 20 h 0 - 1 2 c  5 24 h 0 - 

It is well known that the electrophilic substlution such as halogenation3 and Friedel-Crans type acylation4 of pyra- 

zoles occur at the 4-position. Accordingly, 3(5)-tributylstannylpyrazoles synthesized by the 1.3dipoiar cycloaddi- 

tion reaction with tributylstannylacetylenes can be key compounds lo introduce a substituent at the 3-position of 

pyrazoie ring. 

EXPERIMENTAL 

3(5)-n~buty~stanny~pyrazole (3a) 

To an ethereal (20 ml) solution of diazomethane ( I  a) (ca. 15 mmol) prepared from nitrosomethylurea (2.6 g, 25 

mmol), tributylstannylacetylene (2a) (1.26 g, 4 mmol) was added, and the mixture was stirred at room temperature 

lor 5 days until the yellow color of the mixture disappeared. After evaporation of the solvent, the residue was chro- 

matographed on a silica gel column wlh CHCI3 as an eluent to give a viscous liquid (1.08 g, 75%). H-Nmr (CDC13. 

ppm): 0.7-1.8 (27H, m), 6.48 (IH, d, A 2  Hz), 7.70 (IH, d, A 2  Hz), 10.3-11.8 (IH, br s). High Resolution ms Calcd 

for C11H21N2Sn (M+C4Hg): 301.0727. Found: 301.0721. 

~ t h y l  3(5)-n~buty~stanny~pyrazole-~(3)-carboxyate (3b) 

A mixture of ethyl diazoacetate (1 b) (0.35 g, 3 mmol) and 2 a (0.63 g, 2 mmol) was stirred at room temperature lor 5 

days. The reaction mixture was chromatographed on a silica gel column with hexane-AcOEt (2:l) as an eluent to 

give a viscous liquid (0.469, 53%). 1 ~ - ~ m r ( ~ ~ ~ 1 3 ,  ppm): 0.6-1.8 (30H, m), 4.36 (2H, d, A 7  Hz), 6.86 (IH, s). 

High Resolution ms Calcd tor C1 4H25N202Sn ( M + C ~ H ~ ) :  373.0938. Found: 373.0927 
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3-Trlbutylstannyl-1-phenylpyrazole (5a) 

A mixture of Sphenylsydnone (4) (0.81 g, 5 mml) and 2 a (2.36 g. 7.5 mmol) in xylene (5 ml) was refluxed for 6 h. 

Alter cooling, the mixture was diluted with C6H6 and washed wlh water. The organic layer was dried over MgS04 

and concentrated under reduced pressure. The residue was chromatographed on a silica gel column wkh hexane- 

CsH6 (53) as an eluent. The product obtained from the eluate was distilled under reduced pressure to give a col- 

ortess liquid (1.83 g, 85x1, bp 190W0.6 mmHg (bath temp.). t H-NIN (CDCS, ppm): 0.7-1.9 (27H, m), 6.52 (IH, d, 

A 2  HZ), 7.1-7.9 (5H, m), 7.96 (lH, d, A 2  HZ). Anal. C a l ~ d f o r C ~ ~ H ~ ~ N ~ S n :  C, 58.24: H, 7.86: N, 6.47. Found: 

C, 58.15: H, 7.86; N, 6.59. 

3,4-Bls(trlbutylstannyl)-1-phenylpyrazole (5b) 

A mixture of 4 (0.81 g, 5 mml), bis(tributylstannyi)acetylene (2 b) (4.54 g, 7.5 mmol) in xylene (5 ml) was refluxed 

for 16 h. After evaporation of the solvent, the residue was diluted with water and extracted with Et20. The ethereal 

extract was dried over MgS04 and concentrated under reduced pressure. The residue was chromatographed on 

an alumina column with hexane-Et3N (9:l) as an eluent to give a viscous oil (3.56 g, 98%). HH-~m ( c D c ~ ~ ,  pprn): 

0.6-1.9 (SH, m), 7.1-7.9 (6H, m). ms (Wz): 547 ( M + c ~ H ~ ) . ~  

4-Trlbutylstannyl-1-phenylpyrazole (7) 

1.56M Butylliihium in hexane (9.46 ml, 22 mmol) was added dmpwise to a solution of 4-bmmo-I-phenylpyrazole 

(6) (4.48 g. 20 mml )  in Et20 (60 ml) with stirring under nilrogen atmosphere below -60°C. The resulting suspen- 

sion was allowed to w a n  at -20--lo%, and stirred at the same temperature for 6 h. Then, tributylstannyl chloride 

(7.16 g, 22 mrol) in Et20 (50 mi) was added at such rate as to keep the reatimn temperature below 0%. The mix- 

ture was allowed to warm to room temperature and stirred overnight. After addition of water, the ethereal solution 

was separated, and the aqueous phase was extracted with Et20. The residue obtained from the combined ethere- 

al layer was distilled under reduced pressure to give a colorless liquid (7.73 g. 89%). bp 176°C/0.3 mmHg. 1 ~ ~ m r  

(CDCi3, ppm): 0.7-1.8 (27H, m), 7.2-7.9 (7H, m). High Resolution ms Calcd for C1 7H25N2Sn ( M + C 4 ~ $  

377.1040. Found: 377.1051. 

5-Trlbutylstannyl-1-phenylpyrazole (9) 

1.56 M Butylliihium in hexane (8.60 mi. 20 mml) was added dropwise to a solution of 1 phenylpyrazole (8) (2.88 g, 

20 mWl) in Et20 (60 ml) with stirring under nitrogen atmosphere at -10-0%. ARer stirring of the suspension at the 

same temperature for 1 h. tributylstannyl chloride (7.16 g. 22 mmi)  in Et20 (50 ml) was added at such rate as to 

keep the reation temperature below 0%. The mixture was allowed to warm to mom temperature and stirred for 2 h. 

After addition of water, the ethereal solution was separated, and the aqueous phase was extracted with Et20. The 

residue obtained from the combined ethereal layer was distilled under reduced pressure to give a colorless liquid 

(6.89g, 80%), bp 164W0.5 mmHg. 1 ~ ~ m r ( ~ ~ ~ 1 3 ,  ppm): 0.7-1.7 (27H, m), 6.35 (lH, d, A 2  Hz), 7.2-7.9 (6H, m). 
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Anal. C a k d f ~ r C ~ ~ H ~ ~ N ~ S n :  C, 58.24; H. 7.86; N, 6.47. Found: C. 58.31: H. 7.72; N. 6.49. 

General Procedure for the Reactlon of Stannylpyrazoles wlth lodlne 

Iodine (0.50 g. 2 mml) in THF (15 ml) was added dmpise to a pyrazoie (2 mml) in THF (15 ml) with stirring at mom 

temperature, and the mixture was stirred for the time shown in Table I. After addhion of water, the mixture was ex- 

tracted with Et20. The ethereal extract was washed with aq. Na2S203. dried over MgS04, and concentrated 

under reduced pressure. The residue was chromatographed on a silica gel column or distilled to give the iodopyra- 

zole. 

3(5)-lodopyrazole (10a) 

'H-N~~(cDCI~,  ppm): 6.47 (IH, d, J=2 Hz), 7.36 (IH, d, &2 Hz), 12.1-13.0 (lH, brs). mp 72-73°C. 

~ t h y l  3(5)-1odo1pyrazole-5(3)-carboxylate ( lob) 

' H N ~ ( c D C ~ ~ ,  ppm):t.36 (3H, 1, &7 Hz), 4.43 (2H, q, &7Hz), 6.96 (lH, s), 9.7-12.9 (IH, br s). Anal. Calcdfor 

C6H7N2021:C, 27.07; H, 2.63: N, 10.53. Found: C, 27.09; H, 2.61: N, 10.51. 

3-lodo-I-pheny~pyrazole (toc) 

1 ~ - ~ m r ( ~ ~ ~ 3 ,  ppm): 6.56 (lH, d, A 2  Hz), 7.2-7.7 (6H, m). High Resolution ms Calcd for CgH7N21: 269.9654. 

Found: 269.9623. 

3,4-Dltodo-1-phenylpyrazole (10d) 

1 ~ ~ m r ( ~ ~ 1 3 ,  ppm): 7.2-7.7 (5H, m), 7.77 (IH, s). Anal Ca!cdforC9H6N2$ C, 27.30; H, 1.53; N, 7.01. Found: 

C, 27.18; H, 1.55; N, 7.04. 

4-lodo-1-phenylpyrazole (toe) 

' H - N ~ ( c D C ~ ~ ,  ppm): 7.3-7.7 (6H, m). 7.95 (IH, s). Lk7rnp82-84%. 

5-lodo-I-pheny~pyrazole (101) 

'H -N~(CDCI~ ,  ppm): 6.63 (IH, d, &2 Hz), 7.50 (5H, s), 7.68 (IH, d, &2 Hz). Anal. CalcdforCgH7N21: C, 40.03: 

H, 2.61; N, 10.37. Found:C.39.85; H, 2.47; N, 10.28. 

General Procedure for the Palladium-Catalyzed Reactlon of Stannylpyrazoles with Benzoyl 

Chlorlde 

A mixture of a stannylpyrazole (2 mmoi), benzoyl chloride (0.28 g, 2 mmol), and Pd(PPh3)2C12 (70 mg. 0.1 mml) in 

THF (15 ml) was refluxed forthe time shown in Table II. Alter addition of 0.5 M KF aq. solution, the mixture was ex. 

tracted with Et20. The ethereal extract was dried over MgS04, and the extract was concentrated under reduced 

pressure. The residue was chmmatographed on a silica gel column or distilled to give the phenyl pyrazolyl ketone. 

Phenyl 3-(1-Phenylpyrazolyl) Ketone ( l l a )  

1 ~ ~ m ( ~ ~ 1 3 ,  ppm): 7.03 (IH, d, 6 2  HZ), 7.1-7.8 (8H, m), 7.90 (IH, d, J=Z HZ), 8.3-8.6 (2H, m). Anal Calcdtor 

C16Hi2N20: C, 77.40; H, 4.87: N, 10.68. Found: C, 77.68: H, 5.13; N, 10.98. 



818 HETEROCYCLES. Val. 33. No. 2, 1992 

Phenyl 4-(1-Phenylpyrazolyl) Ketone (11 b )  

1 ~ - ~ m r ( ~ ~ ~ 3 ,  ppm): 7.38.0 ($OH, m), 8.15 (IH, s), 8.45 (IH, s).  it.? mp 125-125.5"~ 

General Procedure for the Palladium-Catalyzed ReaCtlOn of Stannylpyrazoles wi th 

lodobenzene 

A mixture of a stannylpyrazole (2 mml),  iodobenzene (40 mg, 2 mmol), and Pd(PPh3)2C12 (70 mg, 0.1 mml)  in 

THF (15 ml) was refluxed forthe time shown in Table Ill. After addtion of 0.5 M KF aq. solution. the mixture was ex- 

tracted with Et20. The ethereal extract was dried over MgS04 and concentrated under reduced pressure. The 

residue was chromatographed on a silica gel column and recrystallized to give the phenylpyrazole. 

1,s-~iphenylpyrazole (128) 

' ~ n m r ( c ~ c + .  ppm): 6.63 (IH, d, .M Hz), 7.1-8.0 (IIH, m). ~ t .?  mp&-EPC. 

1,4-Dlphenylpyrazole (12b) 

I H - N ~ ( C D C I ~ ,  ppm): 7.2-7.9 (IOH, m), 7.96 (1H. s), 8.12 (lH, s). M,1° mp 97-98°C. 
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