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Abstract: A study of the cydoaddltion behavior of several trlmethyfslfyl substituted alrynes with 
2diazopmpane and diazomethane has been carrfed out. Atyl or aikyl ethynyl suffones react to 
give 5sulfonyl substituted 3H-pyrazoles which extrude nitrogen on photcfysls to pmd~~ 
cycbprcpenes In high yield. The regicchemical results are oompatlbfe with FM0 ccnslderations in 
that the favored adduct is the result of the union of the larger dfazoalkane HO coeffkient wlth that 
of the larger dipofarophile LU coefftient. Dipolar cycloaddition of several 2@hnethylsifyl) sub- 
stituted alkynes Ied to the unexpected regbisomer. Regicchemkal control can be attributed to 
sterfc rather than to stereoelectronic factors when a bulky trfmethytslfyt group b attached to the 
dipotarophik. In certain cases some of the cycloadducts undergo reanangement to pyrazoles 
when subjected to Lewis add catalysis. 

Vfnykarbenes 4 have attracted considerable interest as intermediates in a varfety of 

reactionslO Examples Include the pyrotysis~ or singlet Induced photochemistry of cydopmpenes 

3,‘s the intramolecular addition of adiazoketones onto acetylenk pi-bondss and the phototysfs 

or pyrolyds of vfnyfdlazomethanes 1 .7 Cyclization of the vfnytcarbene 4 to the cytipropene ring 

is considered to be their most common reaction.8 However, this intramolecufar process ts not 

always obsenred and a number of competing reactions have been mported.9-14 Vfnyldlato- 

methanes 1 are generally synthesized either by heating the tosylhydrazone s&s of ketones 5 or 

by irradiating the corresponding 3H-pyrazole 2 with filtered light to avoid photochemical 

decomposition of the diazo compound. 15 Thermolysis of vinyktiazomethanes 1, on the other 

hand, gives 3H-pyrazoles 2 and cyclopropenes 3 as products.ls The ratio of these two products 

is very dependent on the substituent pattern and in many simple alkyl subetftuted cases only the 

pyrazoles are observed.17 The 3H-pyrazofss 2 are most easlty obtained by 1 Sdlpolar cyclo- 

addition of dfsubstltuted diazoalkanes onto electrophilic acetylenes.18 

The addftfons of diazoafkanes to pi-bonds are among the most thoroughly studied 1.3 

dipolar cycbaddftions.19 The reaction of simple diazoalkanes am HO(1 +dtpofe)LU 

(dipclarophlle) controlled.2cS2t Both conjugating and electron-attracting groups accelerate 

reactions of dfpolarophiles with diazoalkanes. Wiih these dipolamphtles. 3-substituted Al- 

pyrazollnes are favored, a resutt of the union of the larger diazoalkane HO coefftdent on carbon 

with that of the larger dipolarophile LU coefficient on the unsubstituted carbon.20 As a 

consequence of our interest in silyl substituted cyclopropenes as precursors to vinyk%bene@, 

we became Interested in the 1.3-dipolar cycloaddition of 2dlazopropane with sityl substituted 
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alkynes as a means of pmpaffng 3H-pyrazoles for eventual nitrogen exttuslon. Durtng the course 

of our lnvastigatbns, we encountered an unusual regbchemkal effect in the cycb&dltion 

wheFebythe~ofttre~appeerstobecontrdledbysterlcratherthanstereoeledmnk 

fadom. Wensporthen3themsubofthesestudbs. 

Results and Dlsumslon 

Chemical readMty and mgloselectivity in cycloadditbn pmcesses can be signifkantty 

modlfbd by the apptoprlate choke of aubstttuent groups.23 Frcntler MO theory predkts that 

attachment of a sulfonyl group onto a pi-bond will dgnifkantly bwer the energy of the LUMO and 

thereby enhanca the qcbaddkon rate. 24 An interesting applkatbn of such an effect has been 

provided by the Pquettfi and ~~lucchi2s groups in their use of hb(phenylsulfonyt)ethybne as 

an acetylene equfvabnt in MebAlder chemistry. During the course of our studies dealing with 

the chemistry of suffonyl substituted cycbpropenes~, we prepared a series of 3Hpyrazobs by 

the 1,3dipobr oycbadditbn of 2dtazopropane with several sulfonyl substituted afkynes.19 In all 

the case examined (R-Cl-b or Ph), the only 3H-pyrazob obtabed from the 1,3d@olar c@o- 

additbn corresponds to the expected mgioisomer derived by attachment of the dlazo carbon atom 
onto the wn atom of the alkyne. Photolysis of these sulfonyl substituted 3Hpyrazoles in 

benzene afforded the a~rresponding cyclopropenes in excellent yield. 

We have also studied the 1,3dipolar cycbaddition reaction of p-tolyl P-(trimethykilyl)- 

ethynyl sulfone27 with 2diazop1opane. We originally anticipated that addition would occur in the 

‘normal” regiochemkal sense and produce the expected cycbadduct 14. Although the cycb- 

addiion did proceed readily and in high yield, the product actually isolated corresponded to the 

unexpected regiokomer 15.26 In order to rigorously establish the regiochemistry of the product, 
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6; R,=CHs; &Ph 10; R,=CHs; &Ph 
7; R,ffh; R&Ha 11 Rd’h; RtpW 
8; R,=RpCH, 12 R,=RpCH, 
9; R,=RFPh 13; R,=RpPh 

we canfed out the fluoride induced dssilylation of cycbadduct 15. The desflylated 3H-pyrazols 

obtained (i.e. 18) was then allowed to react with either diazomethane or 2iazopmpane. The 

resulbfngcyckadductrr17and18wereasdgnedonthebadsoftheir~dataandmore 

importantly, by a single uystal x-ray analysis of both compounds. Heating a sample of pyrazok 

[4,3-c]pyrazols 18 at 8CPC bad to the formation of 3H-pyrazols 19 in 86% yield. Preferential bss 

of nitrogen to give the most stable diradbal followed by a 1,2-hydmgen shift nicely accounts for 

the selective formation of 19. 

16 
14 

F’I H+ 

16 

17; FLH 
18; R&H, 

Vinyttrfmethylsilanes am known to undergo Friedsl-Crafb acyfation and alkylation 

reactfons in which the acyl or alkyl group replaces the Mnethylsllyl functbnality.~~ 30 Wti this in 

mind. m treated 3H-pyrazole 15 with methyl iodids in the presence of aluminum chbttds with the 

expectation of obtaining a Bmethyl substituted 3H-pyrazole which would be isomerfc with the 

previously isolated 3H-pyrazole (i.e 6). The onty product isolated from this reaction (98%). 

howewr, corresponded to the rearranged N-methylpyrazols 20. Desilylatfon of 20 with 

tetrabutylammonium fluoride afforded pyrazole 21 in high yield. Treatment of the cbsely related 
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3H-pyraxob 16 wlth aluminum chbttde led to btractahle tar. However, reaction of 16 wfth ecetyl 

chloride in the presence of AICls gave rise to chbropyrazotine 22. This material was reconverted 

to pyraxole 21 upon treatment with potassium t-hutoxbe. All of the above transformations are 

perfectly consistent with the structure assigned to 3H-pyraxole 15. 

The conversion of 16 to 20 (Van Alphen-Huttel manangement), for which ample 

precedence exls@t*, involves a 1 $siimatropk migration of the suhstiient group In the 3- 

position. This can occur to either the ad]acent car&on or nitrogen atoms.~ Usually, migration of 

the alkyl group to the carbon atom predominates, although there have been reports of competitive 

rearrangements. 3%34 The exclusive formation of N-methylpyrazole 20 from the aluminum 

catalyzed reaction is probably due to the presence of the bulky arylsulfonyl group which prevents 

migration to the adjacent carbon atom. N-Methylpyrazoles are also much more thermodynamically 
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stable than the 4,4-dkubstituted isomers. The resonance energy of pyrazole itself has been 

calculated to be ca 10 kcal mol-l.s5 The acid catalyzed rearrangement of the 3H-pyrazok system 

k well known and pmvldes good analogy for tie AICl3 catalyzed n%ction.3a~ 

At this point of cur studies, we were uncertain as to whether the regiosekctivhy of the 

cyclo&ditlon of 2dazopqane with ptolyi 2-(trimethykilyl)ethynyl sulfons was due to stereo- 

electronic factors or to a general sterk effect associated with the trimethykflyl functionality. In an 

attempt to elucfdate the factors controlling the process, we investigated the qckaddkon of the 

silyl s&Muted alkyns wltft dlazomethane. The reaction afforded a single qcloadduct which was 

then alkylated wftft methyl iodide. Desllyatlon of the resulting N-methylpyrazok 24 with ffuotide 

Ion afforded N-methyf4@tolykulfonyl)pyrazole 25. The ring protons of 25 appeared as singlets 

at 7.07 and 7.84 ppm in benzenedff. 

25 24 

We were abk to fxepare the regioisomer of 25 (i.e. 28) by treating ethynyl p-tolyl sulfone 

with excess dkzometftane. This te&%bn proceeds via an initii dipolar cycloaddMon. followed by 

a l$hydrogen shiff and then methylatlon of the resullfng pyrazole with excess diaxometftane. 

The NMR spsctrum of 28 shows the pyrazok protons as doublets at 8.84 and 7.45 ppm witfr a 

coupling con&ant of 22 Hz.= 

We reasoned that the difference in mgiosekctivity encountered with the silyl substituted 

alkyne was most Pkefy a consequence of sterfc hindrance by the trimethykilyl group and was not 

dependent on the presence of the sulfonyl group. In order to test this hypothesis, we examined 

the reaction of 2diazopmpane with 4-(trimethykllyl)+butyn-2one. The exclusive product 

obtained here corresponded to 3H+yrazok 29. Desflylation of this material afforded 30 which. in 

turn, gave 31 upon treatment with diazomethane (see Experimental Section). As was the case 

with the sulfonyl substituted system, regiochemical control in the [3+2]-cycloaddition of 2-diazo- 
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propane with the sityl substituted 3-butyn-24x19 appears to be sterb rather than electronic in 

nature. It shoukf be pointed out that Deshong and coworken, hate demonstrated tha! the 

mgbsdectfvity of nftmne cycbadditbns with vinyisilanes Is dependent on the par&x&r silane 

employed as the dipolarophile.~ The alteration In f8gbselectMty may be the consequence of 

subtle changes in HOMO/LUMO coeffdents or a manifestatbn of sterb factors In the cycb- 

addition step. 

(CM&C=& + W = - 

29 
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One last point Wh noting deals wlth the photochemistry of 3H-pyrazole 29. As was 

mentioned earfler, the photolysls of 3H-pyraxotes is known to give vlnyldiazomethanes and 

cyclopropenes as products.~gtSls The ratlo of the two products depends on the nature of the 

substltuent groups present We found that Irradiation of the nonsilylated 3H-pyrazoks 9-9 

produced the corresponding cydopmpenea In hlgh yield. In contrast, direct phototysii of 29 in 

benzene afforded altsne 32 in almost quamltatk yield. The structure of 32 was based on its 

spectral properties (see Experfmental Section) and by lts reaction wlth lithium thfophenolate to 

give 5-methyW(phenyfthlo)-4-hexen-2one (33).4t A reasonable mechanism to account for the 

29 1 ? 2 

formation of allene 32 involves the initial formation of vtnytdiazomethane 34 as a transient 

species. loss of nitrogen from 34 generates vlnykarbene 35 which then undergoes a subsequent 

1 ,Bmlgratbn of the acyf group. In this case, migration of the acyl functionality is preferred over 

ring closure to the cyclopropene. 

In conclusion, the mgloselecttv&y of the dipolar cycloaddition of diazoalkanes with 

activated alkynes can be attemd by the presence of a bulky tfimethykilyl group. In certain cases 

some of the dipofar cy&&ducts undergo rearrangement to pyrazotes when subjected to Lewis 

acid catalysis. The further gensralixatlon of these findings and their implications for the synthesii 

of various heterocyclii compounds are the objects of ongoing investigations. 

Experimental Section 

Melting points were determined on a Thomas-Hoover capillary melting point apparatus and am 

uncorrected. Infrared spectra were run on a Perkin Elmer Model 233 infrared spectrometer. Proton 

NMR spectra were obtained on a Varfan EM-390. a Nicolet 330 and a GE QE-300 MHz 

spectrometer. WSNMR spectra were recorded on a Varian W-20 NMR spectrometer (20 MHz) 

or on a Brucker WP-2fIOSY NMR spectrometer (So MHz). Microanatyses were performed at 

Atlantic Microlabs, Atlanta, Oa. Mass spectra were determined with a VG MM-7070s mass 

spectrometer at an ionizing voltage of 70 eV. 
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Preparation and Photochemistry of S-Phenylrulfonyl-$3.4~trimethyl-SH-pyntole 

(6). To a solution of P-diazopropane ‘3 in ether at -7goC was added 11.3 g of phenyl 1 -propynyC 

sulfone” in 60 mL of tetrahydrofuran. The red solution was stirred for 30 min at -7@C under 

nitrogen then warmed to 25OC and stirred for 12 h. The organic layer was washed twice with 

dilute aqueous hydrochloric acid, once with brine, dried over magnesium suffate and concentrated 

to dryness to give a yellow oil which was chtomatographed on a dlka gel cotumn using a 10% 

acetone-hexane mixture as the eluent. Removal of the solvent under reduoed pressure left 14.25 

g (95% yield) of a IigM yellow oil which was identlfkd as 5-pheny~nonyl-3,3,4-trlmethyC3H- 

pyrazole (6) on the basis of its spectral properties: mp 61-62oc; 1 H-NMR (CDCla, 90 MHz) b 1.45 

(s, 6H), 2.69 (s, 3H) and 7.40-8.00 (m. SH); IR (KSr) 3060,2980.2940,1620,1590,1450 and 645 
cm-l ; UV (95% ethanol) 266 nm (e 6,700); 13C-NMR (CDQ, 26 MHz) 6 12.7, 20.4, 96.4, 126.8, 

128.9, 133.7, 140.2, 147.9 and 155.9; Anal. Cakd. forC12H1402N2S: C, 57.56; H, 5.64; N, 11.19; 

S, 12.81. Found: C, 57.51; H, 5.66: N, 11.17; S, 12.74. 

A solution containing 5.0 g of 6 in 1500 mL of benzene was irradiated for 90 min using a 

450-W Hanovia medium pressure mercury arc lamp equipped with a Pyrex filter sleeve under an 

argon atmosphere. The solvent was removed under reduced pressure and the crude residue was 

chromatographed on a silica gel column using a 10% acetonshexane mixture as the eluent. The 

major fraction contained 4.3 g (97%) of a light yellow oil whose structure was assigned as l- 

phenyl-sulfonyl-2,3.3-trimethykyclopropene (10) on the bask of the folbwtng spectral properties: 

lH-NMR (CD&, 90 MHz) 6 1.18 (s, 6H), 2.10 (s, 3H), 7.40-7.65 (m, 3H) and 7.75800 (m, 2H); IR 

(neat) 3060,2980,2940, 1805, 1590, 1458 and 920 cm- ‘; ‘SC-NMR (CDCb. 20 MHz) 6 9.2,24.1, 

33.1. 126.7, 128.4, 128.8, 133.1, 141.2 and 141.4 ; Anal.Cakd. for C12H14O2S: C, 64.84: H, 6.35; 

S, 14.42. Found: C, 64.87; H, 6.40; S, 14.36. 

Preparation and Photochemlstry of 3,3-Dlmethyl-5-methylouIfonyl-4-phenyl-3H- 

pyrazole (7). To a solution of Pdiazopmpane in ether at -78% was added 11.3 g of methyl 

phenylethynyIsuIfone4s in 60 mL of tetrahydmfuran. The resuttlng red solution was stined for 30 

min at -78% under a nitrogen atmoshere and then warmed to 25oc and stirred for 12 h. The 

organic layer was washed twice with a dilute aqueous hydrochkrk acid solution, once with brine, 

dried over magnesium sulfate and concentrated to dryness to give a yelbw solid which was 

recrystallized from benzene-hexane to give 14.1 g (94% yield) of a yellow solid which was 

identified as 3,3dimethyl-5-methyl-suIfonyl-4-phenyl-3H-pyrazole (7) on the bask of its spectral 

properties: mp 90-91OC; 1H-NMR (CDCl3,360 MHz) 6 1.79 (s, 6H), 2.86 (s,3H). 7.56-7.58 (m, 3H) 

and 8.17-8.20 (m, 2H); IR (KBr) 3020,2940, 1620. 1600, 1320.1150.990,770,705 and 560 cm-l ; 
UV (95% ethanol) 228 nm (E 9,600) and 288 nm (e 7,880); 13CNMR (CDCb, 20 MHz) 6 20.3.43.0, 

99.7, 126.9, 128.5, 129.9, 130.8, 147.8 and 153.0; Anal. Cakd. for C12Ht402N2S: C, 57.58; H, 

5.64; N, 11.19; S, 12.81. Found: C. 57.42; H, 5.65; N. 11.01: S. 12.70. 

A solution containing 5.0 g of pyrazole 7 in 1500 mL of benzene was lrradlated for 90 min 

usjng a 450-W Hanovia medium pressure mercury arc tamp equipped with a Pyrex fitter sleeve 

under an argon atmosphere. The solvent was removed under reduced pressure and the crude 

residue was chromatographed on a silica gel column using a 20% ethyl acetate-hexane mixture as 
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the eluent. The major fraction contained 4.22 g (95% ytekf) of a yelbw oil whose structurm was 

asslgned as 3,3dimethyl-1-methytsutfonyl-2-phenykycloptopene (11) on the bask of the 

following spectral properties: 1 t-t-NMR (CDCl3.380 MHz) 5 1.57 (8,8H), 3.15 (8,3H), 7.48-7.50 

(m, 3H) and 7.88-7.72 (m, 2H); IR (neat) 3050,304Q 2930, 1790,1810,1585,1500,1455,1315, 
1140,970, 780 and 700 cm-l : UV (95% ethanol) 282 nm (e 7,900); lsC_NMR (CDCb. 20 MHz) 6 

24.4, 32.9, 43.8, 123.3, 125.1, 128.7, 131.3 and 140.4 ; AnaLCalcd. for Cf2Hf4O9S: C, 84.84: H, 

8.35; S, 14.42. Found: C, 84.84; H, 8.33: S, 14.43 

Preparation and Photochemistry of C-Methylrulfonyl-3,3.4-trfmethyl-SH-pyrazole 

(8). To a solution of P-dlazopropane in ether at -78% was added 7.5 g of methyl lpropynyl- 

sulfoneu in 30 mL of tetrahydrofumn. The resulting md solution was stirred for 30 min at -780C 

under a nitrogen atmoshere and then warmed to 25OC and stirred for 12 h. The organic tayer was 

washed twice with dilute aqueous hydrochloric acid, once with brine, d&d over magnesium 

sulfate and concentrated to dryness. The solid that formed was recrystallized from benzene- 

hexane to givell.8 g (98% yield) of a yellow solid which was identified as 5methytsutfonyl-3,3,4- 

trimethyl-3H-pymzols (8) on the basis of its spectral properties: mp 7374%; lH-NMR (CD&, 90 

MHz) 6 1.50 (8,8H), 2.80 (s, 3H) and 2.89 (s, 3H); IR (KSr) 3020,2940,1830,1575,1320,1140. 
970 and 780 cm-l ; UV (95% ethanol) 388 nm (E 230); 1sCNMR (CDCb, 20 MHz) 6 12.8,20.2, 

44.5,98.9, 147.5 and 158.7; Anal. Calcd. for C7H1202N2S: C, 44.88; H, 8.43; N, 14.88; S, 17.03. 

Found: C, 44.73; H, 8.44; N, 14.30; S, 18.97. 

A solution containing 5.0 g of pyrazole 8 in 1500 mL of benzene was irradiated for 90 min 

using a 450-W Hanovia medium pressure mercury arc lamp equipped wtth a Pyrex fftter sleeve 

under an argon atmosphere. The solvent was removed under reduced pressure and the crude 

residue was chromatogmphed on a silica gel column using a 20% ethyl acetatshexane mixture as 

the eluent. The major fraction contained 4.0 g (94% yield) of a yellow oil whose structure was 

assigned as 1 -methytsulfonyl-2,3,3-trimethyl-cydopropene (12) on the basis of the following 

spectral properties: JH-NMR (CCLt, 90 MHz) 6 1.28 (s, 8H), 2.20 (s, 3H) and 2.91 (s, 3H); IR (neat) 

2920, 1810, 1310, 1140, 970 and 770 cm-l; 13GNMR (CD&, 20 MHz) 6 9.4, 24.2, 32.5, 43.5, 

88.9 and 141.4; Anal. Calcd. for C7H12O2S: C, 52.47; H, 7.55; S, 20.01. Found: C, 52.45; H, 7.55; 

s, 20.02. 

Preparation and Photochemistry of 3.3-Dimethyl-2-phenyl-l-phenylsulfonylcyclo- 

propene (9). To a stirred solution containing 23.4 g of phenyl acetylene in 350 mL of anhydrcus 

tetmhydtofuran at OOC under a nitrogen atmosphere was added 154 mL of a 1.3 M solution of n- 

butyllithlum in hexane. The resulting anion was stirred at Ooc for an additional 30 min at which 

time a solution containlning 43.8 g of phenyl disulfide in 150 mL of anhydrous tetmhydmfumn was 

added dmpwise via addition funnel. The resutting mixture was warmed to mom temperature, 

stirred for an additional hour and then 100 mL of water was added and the sotvent was removed 

under reduced pressure. The residue was dissotved in 500 mL of ether and washed twice with a 

10% of sodium hydroxide solution. The ether layer was dried over magnesium sulfate and the 

solvent was removed under reduced pressure to give 41.5 g of phenyl phenylethynyl sulfide which 

was immediately subjected to oxidation. To a mechanically stirred solution containing 41.5 g of 
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the above sulfide in 500 mL of chloroform at 25oC was added 90.0 g of 65% 3-chbroperoxy- 

benzob add in small portions so as to keep the temperature of the reaction between 30-35oC. 

After the &dition was complete, stirring was continued for an additional 12 h at which time the 

suspension was fiitered, washed twice with 100 mL portions of saturated sodium b&Mite, twice 

with saturated sodium hicarbonate soiutbn and then dried over magnesium suifate. The solvent 

was removed under reduced pressure and the residue was crystailizsd from ether-hexane to give 

40 g (63% yield) of a white solid which was identified as phenyi phenyiethynyi suifone on the 

basis of the following data: mp 67-66OC; ‘H-NM (CDCb, 90 MHz) 6 7.06-7.46 (m, 6H) and 7.71- 

7.90 ppm (m, 2H): IR (KBr) 3060,2200,1590,1345,1160,655,770, and 740 cm-t. 

To a solution of Pdkuopropane in ether at -76cC was added 19.0 g of phenyi phenyf- 

ethynyl suffone. The red sobtfon was stirred for 30 min at -78oc under nitrogen and then warmed 

to 25OC and stirred for 12 h. The organic layer was washed twbe with a dilute aqueous hydro- 

chlorlc acfd solution, once with brbe, dried over magnesium suffate and concentrated to dryness 

to leave behind a yelbw sood which was recrystaiiized from benzene-hexane to give 23.71 g (95% 

yield) of 3,3dimethyl-4-phenyi-5-phenyi-suifonyi-3H~yrazoie (9); mp 76TIOC; 1H-NMR 

(CDCb. 90 MHz) 6 1.79 (s, 6H), 7.25759 (m, 6H) and 7.64765 (m, 2H); IR (KBr) 3060,3000, 
2960,1630,1600,1330,1165, and 740 cm-l ; UV (95% ethanol) 266 nm (e 7,600): fe-NMR 

(CDCi3) 6 20.7, 99.3, 125.2, 126.6, 127.6, 126.4, 129.9, 130.3, 133.5, 139.7, 149.5 and 154.6 ; 

Anal. Caicd. for C17Ht&Nfi: C, 65.36; H, 5.16; N, 6.97; S, 10.26. Found: C, 65.29; H, 5.17; N, 

6.96; S, 10.16. 

A solution containing 5.0 g of 9 in 1500 mL of benzene was irradiated for 90 min using a 

450-W Hanovia medium pressure mercury arc tamp equipped with a Pyrex fiffer sleeve under an 

argon atmosphere. The solvent was removed under reduced pressure and the crude residue was 

chromatographed on a silica gel column udng a 20% ethyl acetatehexane mixture as the eiuent. 

The major fraction contained 4.32 g (95% yield) of a light yeiiow oil whose structure was assigned 

as 3,3dimethyi-2-phenyi-l-phenyisuifonyicyciopropene (13) on the basis of the following 

spectral properties: 1H-NMR (CDCi3,90 MHz) 6 1.35 (s, 6H), 7.31-7.62 (m, 6H) and 7.91-6.06 (m, 

2H); IR (neat) 3060,2960,1760,1600,1590,1450,1370,930, and 600 cm-l ; UV (95% ethanol) 
222 (E 14,500) and 294 nm (e 14,000); ‘%-NMR (CDCi3, 20 MHz) 6 24.2, 33.1, 124.3, 125.4, 

127.0, 126.7, 129.1, 131.1, 131.3, 133.4. 139.5 and 141.4; Anal. CaiaI for C17Ht&S: C, 71.60; 

H, 5.67; S, 11.26. Found: C, 71.79; H, 5.66; S, 11.26. 

Fluoride Ion Desilylation of 3,3-Dlmethyl-4-(p-toiyisulfonyi)-5-(trimethyisllyl)-3H- 

pyrazoie (15). A 6.1 g sample of 3,3dimethyl-4-@tolyIsuIfonyl)-&(trimethylsilyi)-3H-pyrazole 

(15) was dissolved in 300 mL of ether. To this soiution was added 1.0 g of 16-crown-6 followed by 

1 .l g of potassium fluoride. The progress of the reaction was monitored by TLC and was found to 

be complete after 3 h at 25OC. The organic layer was washed with a saturated sodium bicar- 

bonate solution, brine and dried over magnesium suifate. Removal of the solvent under reduced 

pressure left 5.32 g of a crude oil which was chromatographed on a silica gel column using a 10% 

acetone-hexane mixture as the eluent. The major product isolated from the column contained 4.4 

g (93% yiekf) of a solid which was identified as 3,3dimethyl-4-(p-toiyisulfonyl>3H-pyratole (16) 
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J-8.3 Hz); UV (95% ethanol) 228 (& 11.900) and 268 nm (E 5.100); Anal. Cakd. for C15HAN2S: 

C, 81.81; H, 8.89; N, 9.58. Found: C. 61.52; H, 6.89; N, 9.60. 

Lewis Acid Catalyzed Rearrangement of 3,3-Dimethyl-S-(trlmothylsllyl)-G(p-tolyI- 

sulfonyl)-3H-pyrazole (15). To a stirred solution containing 230 mg of aluminum trichlotide In 

25 mL of dichbromethane at -1OW was added 25 mL of a dichbromethane solutton containing 

500 mg of 3,3-dimethyld-(trimethylsilyl)-4-(p-tolylsuIfonyl)-3H-pyratole (16). The resuftlng 

mixture was maintained at -10% for 2 h and was then warmed to 25oc and stirred for an additional 

4 h. The mixture was pouted into an ice cold saturated solution of sodium bkarbonate. The 

organic layer was separated, washed with water, brine and dried over magnesium sulfate. 

Removal of the solvent left 496 mg (98%) of a whiie solid whose structure was assigned as 1.5 

dimethyl-4-(p-tolyl-su~onyl)-3-(trimethylsilyl)pyrazole (20) on the basis of its spectral data: mp 

139-140X; IR (KBr) 2966,180O. 1500,1320,1250,1005,860,720 and 600 cm-l; lH-NMR 

(Ccl4 90 MHz) 6 0.39 (s, 9H), 2.31 (s, 3H), 2.35 (s, 3H), 3.75 (s, 3H), 7.26 (d, 2H, J-9.0 Hz) and 

7.74 (d, 2H. JP 9.0 Hz); UV (95% ethanol) 237 nm (& 13,000); m/e 322 (M+), 367 (base) and 167; 

lsC-NMR (CD@, 20 MHz) 6 -1.2, 10.0, 21.2, 36.5, 125.1, 126.3, 129.3, 140.7, 141.8 and 142.9; 

Anal Calcd for Ct8H2202N2SSi: C, 55.88; H. 6.88; N, 8.69; S, 9.94. Found: C, 56.09; H, 6.77; N, 

8.53: S, 9.73. 

A 150 mg sample of the above pyrazole was dissolved in 5 mL of tetrahydrofuran and 0.5 

mL of a 1 .O M solutlon of tetmbutylammonium fluoride in tetrahydrofuran was added at 25%. The 

reaction was poured into an aqueous solution of sodium bicarbonate and diluted wlth ether. The 

ether layer was separated, dried over magnesium sulfate and concentrated to give 110 mg (94% 

yield) of a white solid whose structure was assigned as l $dimethyl-4-(p-tolylsulfonyl)pyrazole 

(21) on the basis of lts spectral properties: mp 991ooOC; IR (KBr) 3320,3110,3060,2960,2200, 

1600, 1305, 1295, 1150, 700,756 and 590 cm-l; lH-NMR (CDCb, 90 MHz) 6 2.35 (s, 3H). 2.39 

(s, 3H), 3.70 (s, 3H), 7.20 (d. 2H, J=9.0 Hz), 7.69 (s, 1 H) and 7.80 (d, 2H. Jx9.0 Hz); UV (95% 

ethanol) 238 (E 14.000) and 288 nm (& 3,800); Anal. Calcd. for C~H1402N2S: C, 57.58; H, 5.64; N, 

11.19. Found: C, 57.66; H, 5.66; N, 11.11. 

Reaction of 3,3-Dimethyl-4-(p-Tolylsulfonyl)-3H-pyrazole (16) and Acatyl Chloride 

with Aluminum Chloride. To a stirred solution containing 293 mg of aluminum trtchlolde and 

208 mg of acetyl chloride in 50 mL of anhydrous dichbromethane at -1WC under a nitrogen 

atmosphere was added 25 mL of a dichloromethane solution containing 500 mg of the pyrazole 16. 

The resutting mixture was warmed to 25% and was stirred for an additional 4 h. The solution was 

poured into an ice cold saturated solution of sodium bicarbonate. The aqueous tayer was 

extracted with dichbromethane. The organic layer was separated, washed with water and brine, 

dried over magnesium sulfate and concentrated under reduced pressure. The msutting oil was 

chromatographed on a 2 mm chromatatron plate using a 10% acetone-hexane mixture as the 

eluent. Removal of the solvent under reduced pressure left 480 mg (7%) of an oil whii 

crystallized upon standing and was identified as 1 -acetyl-Gchloro-5,5dimethyl-4-(p-tolyl- 

sultonyl)2-pyrrazotine (22) on the basis of its spectral properties: mp 60-81OC; IR (KBr) 3080, 



1158 A. PADWA and M. W. WANNAMAKIX 

32OO,2960,1690, 16OO,158O, 1240,925 and 710 cm -1; ‘H-NM (CCf4,9O MHz) 8 1.68 (s, 3H), 

1.99 (s, 3H), 2.20 (s, 3H), 2.45 (s, 3H), 6.45 (8, lH), 7.31 (d, 2H, J-9.0 Hz) and 7.79 (d, 2H, Jug.0 
Hz); UV (95% ethanol) 235 (e 16,OOO) and 263 nm (e 13,OOO); m/e 328 (M+), 175,173,133,131 

(base) and 91; f3C-NM (CCCi3, 20 MHz) 6 20.3, 21.6, 23.0, 24.3, 92.3, 129.6, 130.9. 132.8, 

137.7, 146.4, 169.8; Anal. Caicd. for Cf4H17N&CIS: C, 51.14; H, 5.21; N, 8.52; Cl, 10.78; S. 

9.75. Found: C, 51.08; H, 5.25; N, 8.49: Cl, 10.87; S, 9.69. 

To a stirred solution containing 150 mg of the above pyrrazotine in 15 mL of dry tetrahydro- 

furan at -1 Ooc, was added 103 mg of potassium t-butoxide. The resulting brown solution was 

quenched with a saturated solution of ammonium chbrkte. The mixture was diluted with ether, 

washed with water, brine and dried over magnesium sulfate. Removal of the solvent left 100 mg of 

an oil which was identified as 3,3dimethyl-4-@totyfsuHnyl)-3H-pyrazole (18) by comparison 

with an authentic sample. 

Preparatlon of N-Methyl-4-(p-tolylsulfonyI)pyrazole (25). To a stirred solution contain- 

ing 550 mg of ptolyl [2-(ttfmethyisifyl)hyny~sulfone 27 In 10 mL of dry tetrahydrofuran was added 

an etheral solution of diiomethane. The mixture was stirred at 25oc for 12 h and the soivent was 

removed under reduced pressure. The resulting residue was stirred together wfth anhydrous 

potassium carbonate and iodomethane in 10 mL of N,Ndlmethytformamkfe at 25OC for 6 h. The 

solution was diluted with ether and filtered. The solution was washed several times with water 

and dried over magnesium suffate. Removal of the solvent under reduced pressure afforded 700 

mg (lOO% yield) of a white solid whose structure was identified as N-methyl+(p-tofyl-suIfonyl)+ 

(ttfmethytsilyl)pyrole (24) on the basis of its spectral and chemical properties: mp 128129oC; IR 

(KBr) 3120.2960, MOO, 1510,132O,124O, 1150,840 and 665 cm-l; fH-NMR (CDCb, 90 MHz) 6 

0.30 (s, 9H), 2.38 (s, 3H), 3.89 (s, 3H), 7.20 (d, 2H, J-9.0 Hz), 7.68 (d, 2H, J-9.0 Hz) and 7.89 (s, 
1 H); UV (95% ethanol) 238 nm (e 14.000); Anaf. Cafcd. for C14H2&NfiiS: C. 54.51; H, 6.54; N, 

9.08; S, 10.39; Found: C, 54.37; H, 6.55; N, 8.98; S, 10.30. 

N-Methyl-4-(p-tolylsuHonyl)-5-(trimethylsllyl)pyrazole (24) was desilylated in the following 

manner: To a stirred solution containing 200 mg of the above pyrazole in 5 mL of dry tetrahydm- 

furan was added 0.65 mL of a 1 .O M solution of tetrabutylammonlum fluoride in tetrahydrofuran. 

The mixture was stirred for 10 min at 25% and then poured into an aqueous solution of sodium 

bicarbonate and extracted with ether. The organic layer was washed twice with water, brine and 

dried over magnesium sulfate. Removal of the solvent under reduced pressure afforded 146 mg 

(95% yield) of a white solid whose structure was Identified as N-methyl+(p-toiyisulfonyl)pyrazole 

(25) on the basis of the following spectral data: mp 126-127oC; IR (KBr) 3130,3120,3060, 2960, 

1600,1530, 1320, 1310, 1155,720 and 680 cm-t ; 1 H-NMR (benzeneds, 360 MHz) 6 1.86 (s, 

3H), 2.80 (s, 3H), 6.76 (d, 2H, J-6.3 Hz), 7.07 (s, lH), 7.84 (s, lH), and 7.91 (d. 2H, J=8.3 Hz); UV 
(95% ethanol) 238 nm (E 17,000); Anal. Calcd. for CIIHI~O~N~S: C, 55.91; H, 5.12; N, 11.86; S, 

13.57. Found: C, 55.96; H, 5.17; N, 11.84; S, 13.62. 

Reaction of Ethynyl p-Tolylsulfone with Dlazomethane. To a stirred solution containing 

1 .O g of ethynyi p-tolylsuffone in a minimum amount of anhydrous tetrahydrofuran at OOC was 

added an ethereal solution of diazomethane. The yellow solution was allowed to warm to room 
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temperature and was stirred for 12 h under a nitrogen atmosphere. Removal of the solvent under 

reduced pressure left 1.3 g of a crude r&due which was chmmatographed on silica gel column 

with a 10% acetone-hexane mixture as the eluent to give 920 mg (66% yield) of a materfal which 

was identified as N-methyl-3-(p-tolylsuHonyl)pyrazole (28) on the basis of b spectral properties: 

mp 81-62oC; IR (KSr) 3110,3060,2950.1800,1325,1080,925,810,800 and 870 cm-l; ‘l-l-NMR 

(CDCls, 380 MHz) 6 2.43 (8, 3H), 3.99 (s, 3H), 8.84 (d, 2H, J-2.2 Hz), 7.34 (d, 2H, J-8.3 Hz), 7.45 

(d, lH, J&2 Hz)and 7.81 ppm (d, 2H, J&3 Hz); tsC-NMFl (CDCls, 20 MHz)521.3,38.2, 111.3. 
127.4, 129.3. 137.0, 137.5, 140.3, 144.9; UV (95% ethanol) 240 nm (e 18,090); Anal. Cakd. for 

CllHlflsN2S: C, 55.91; H, 5.12; N, 11.88; S, 13.57. Found: C, 55.99; H, 5.17; N, 11.82; S, 13.48. 

Preparation and Photochemlstry of 3,3-Dimethyl-5-(trlmethylsilyl)-3H-pyrazol-4-yl 

Methyl Ketone (29). A soiution containing Pdiazopropane was prepared in the usual way 

using 45 g of acetone hydrazone, 180 g of mercury (II) oxide and 15 mL of a 3 M solution of 

potassium hydroxide in methanol. To the deep red ether solution was added 10 g of 4-(trimethyl- 

silyl)-3-butyn-2-one4s at -78%. The resulting mixture was slowly warmed to room temperature 

and was stirred for an additional 12 h under a nitrogen atmosphere. The ether solution was 

washed with a 10% hydrochlortc add solution, water, brine and was dried over magnesium sulfate. 

Removal of the solvent under reduced pressure left a bright yellow oil which was Mentified as 3,3- 

dimethyl-5-(trimethyIsilyl)-3H-pyrazol4-yl methyl ketone (29) on the basis of its spectral data: IR 

(neat) 2980, 1680, 1560,1480,1250 and 850 cm-t; t H-NMR (Ccl4 90 MHz) 6 0.38 (s, 9H), 1.45 
(s, 8H) and 2.32 (s, 3H); UV (95% ethanol) 285 nm (e 3,800); m/e 210 (M+), 181, 195 and 167 

(base); l*NMR (CDCls, 50 MHz) 6 -1.6, 20.2. 31.6. 96.3, 158.9, 164.6, 198.4; Anal. Calcd. for 

CtsHfsON2Si: C. 57.10; H, 8.63; N, 13.32. Found: C, 57.36; H, 8.69; N, 13.28. 

A 1.5 g sample of pyrazole 29 in 500 mL of benzene was irradiated for 2.5 h using a 450-W 

Hanovia medium pressure mercury arc lamp equipped with a Pyrex filter sleeve under an argon 

atmosphere. The solvent was removed under reduced pressure and the crude residue was 

distilled at 65OC (3 mm) to give 1.29 g (100% yield) of a colorless liquid which was identified as 5 

methyl-3-(trimethylsilyl)-3,4-hexadiene-2-one (32) on the basis of its spectral properties: IR 

(neat) 2980, 1940, 1750, 1670, 1350, 1250 and 1220 cm-t; t H-NMR (CCl4.90 MHz) 6 0.11 (s, 

9H), 1.72 (s, 6H) and 2.10 (s. 3H); UV (95% ethanol) 229 nm (e 7,200); m/e 182 (M+), 167 (base); 

‘3C-NMR (CDCl3, 20 MHz) 6 -1.3, 18.6, 27.6, 92.3, 103.0, 201.8 and 214.9; Anal. Calcd. for 

CfoHtsOSi: C, 65.87; H, 9.95. Found: C, 65.81; H, 9.95. 

To a stirred solution containing 453 mg of thiophenol in 20 mL of dry tetrahydtofuran at OOC 

under a nitrogen atmosphere was added 1 .O mL of a 1.38 M solution of n-butylliihium in hexane. 

The mixture was allowed to warm to 25% at whii time 250 mg of the allene 32 in 50 mL of dry 

tetrahydrofuran was added. The resulting solution was stirred for 12 h and the solvent was 

removed under reduced pressure. The residue was diluted with ether, washed with a % sodium 

hydroxide solution, water, brine and dried over magnesium sulfate. Evaporation of the solvent 

afforded 425 mg of an oil which was chromatographed on a 2 mm chromatatron plate using a 5% 

acetone-hexane mixture as the eluent. The first fraction contained phenyldisulfide. The second 

fraction contained 270 mg (90% yield) of an oil which was identified as 5-methyl-4-(phenylthio)-4- 



hexenQ-one (33) on the basis of its spectral properties: 16 (neat) 3060,3000,2910,1715, 1580, 

1480, 1440.1355, 1160, 740 and 690 cm -1; ‘i-i-NMR (CC&, 90 MHz) 6 1.76 (s, 3H), 1.95 (s, 3H), 

2.01 (s, 3H), 3.21 (s, 2H) and 7.10 (s, 5H); 13CNMR (CDCb, 20 MHz) 6 21.5, 23.2, 29.1, 116.7, 

125.7, 128.8, 128.8, 135.7, 143.8 and 205.1 ppm. 

Preparation and Reaction of 3,3-Dimethyl-3H-pyrazol-4-yl Methyl Ketone (30) with 

Diazomethane. To a stirred solution containing 1.0 g of 3Hpyrazoie 29 in 100 mL of ether was 

added 500 mg of lb-crown6 and 560 mg of potassium fluortde at 25oC. The resulting mixture was 

stirred for 12 h at 25OC and was then quenched with a saturated solution of sodium bicarbonate. 

The organic layer was washed with water, brine and dried over magnesium suffate. Removal of 

the sofvent under reduced pressure left 500 mg (76% yieid) of a yekow oil which was identified as 

3,3-dimethyl-3H-pyrarol+yl methyl ketone (30) on the basis of its spedral properties: bp 1loOC 

(1 mm); IR (neat) 3100,2980,2940,1680,1600,1380 and 1250 cm-t; ‘H-NMR (CC&, 90 MHz) 6 
1.41 (s, 6H), 2.40 (s, 3H) and 7.85 (s, 1 H); UV (95% ethanol) 254 nm (e 5,500); m/e 138 (M+), 123 

(base) and 95; tsC-NMR (CDCb, 20 MHz) 6 20.1, 28.5, 93.6, 144.9, 154.4, 191.8; Anal. Cakd. for 

C7HtoON2: C, 60.85; H, 7.30; N, 20.27. Found: C, 60.64; H, 7.48; N. 20.53. 

To a stirred solution containing 420 mg of pyrazoie 30 in 10 mL of ether at 25oC, was added 

an etheral solution of diazomethane. The resuking mixture was stirred for 12 h and the sofvent 

was removed under reduced pressure. The resulting oil was crystallized from dichlotomethane and 

petroleum ether to give 540 mg of a white solid which was assigned as cfsS,6adihydro-3.8 

dimethylpyrazolo[4,3c]pyrazol-3a(3H)-yl methyl ketone (31) on the basis of its spectral data: mp 

86-87OC; IR (KBr) 2990,2940,1710,1555,1370,1205,905 and 625 cm-l ; 1KNMR (CC4,90 

MHz) 6 1.10 (s, 3H), 1.70 (s, 3H), 2.35 (s, 3H), 4.50 (dd, lH, J-18.0 and 9.0 Hz), 5.10 (d, lH, 
J-18.0 Hz) and (d, 1 H, J-9.0 Hz); UV (95% ethanol) 240 (e 2,000) and 326 nm (e 400); Anal. Cakd. 

for CsHt2N40: C, 53.32; H, 6.71; N, 31.09. Found: C, 53.27; H, 6.72; N, 31.08. 
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