
HETEROCYCLES, Vol. 40, No. 1,1995 191 

1,3-DIPOLAR CYCLOADDITION CHEMISTRY OF 2,3- 
BIS(PHENYLSuLF0NYL)-12-DIENE WITH DIAZOALKANES* 

AlbeR Pad~a . '~  Michael Meske, and Augusto RodriguezD 

'Department of Chemistry, Emory University, Atlanta, Georgia 30322 USA 
and Clark Atlanta University! Atlanta, Georgia 30314 USA 

Abstract- 2,3-Bis@henylsulfonyl)-1.3-butadiene was found to react smoothly with 
diazomethane anddimpropane togive amixture of 1 :1- and 21-cycloadducts. Heating 
the 1:l-cycloadduct at llODC resulted in loss of nimgen and formation of mainly 
phenylsulfonyl-substituted 1,3-dienes. Cycloaddition of Z-phenylsulfinyl-3- 
phenylsulfonyl-1.3-butadiene with the same diazoalkanes gave only 1:l-cycloadducts 
which readily extruded nitrogen producing related l,3-dienes. The regiochemistry of 
the dipolar cycloaddition i s  compatible with FMO considerations. 

Phenylsulfonyl substituted 1,3dienes have become established as useful synthetic intermediates in 

organic synthesis.I-l6 The phenylsulfonyl group not only increases the reactivity of the diene but also 

adds control to the regioselectivity of the cycloaddition. Indeed, the phenylsulfonyl moiety is enjoying 

increasing popularity as an activating group undoubtedly as a consequence of its ability to act as a 

temporarycontrol element in organicsynthesis. The sulfonyl groupcan be removed both reductively and 

oxidatively with subsequent formation of ketones.17 It stabilizes adjacent carbanions18 which are 

extremely usefulincarban-carbon bondforming reactions. The bulky phenylsulfonylgroup hasalso been 

shown to be useful for acyclic stereocontroL'9 In earlier reports, we demonstrated the use of 2,3- 

bis(phenylsulf0nyl)-1,3-butadiene (1 ) as a versatile building block in organic synthesis, particularly for 

4+2-cycloaddition chemistry.5 Bis(phenylsulfonyi)diene (1 ) is a crystalline compound, easily prepared 

and with indefinite shelf life, adding to its attractiveness as a synthetic reagent20 

In ourfirst report, wedescribedthecycloaddition ofdiene (1 ) withvariousoximesas amethodof piperidine 

fo rma t i~n .~~  In an investigation which followed, wedemonstrated that dime (1 ) undergoescycloaddition 

to a variety of imines, enamines and ynamines to give 4+2-cycloadducts.22 In this paper we describe 

some additional examples of 3+2cycloaddition chemistly of bis(phenyisulfonyl)-1 ,3-butadiene (1 )with 

several diazoalkanes in an anempt to prepare the corresponding cyclopropyl phenylsulfonyl system. 

RESULTS AND DISCUSSION 

Vinyl sulfones have been convetted to cyclopropyl sulfones when treated with the usual reagents for 

cyciopropanation of electron-deficient double bonds such as enones.23 Sulfoxonium ylides carry out this 

conversion efficiently." For example, Backvali and coworkers reported that the reaction of 2-(phenyl- 
t: Dedicated to Rolf HOisgen on the occasion of his 75th birthday. 
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sulfonyi)-l,3-cyclohexadiene(6) withdimethyloxosulfonium methylide resulted in avefy efficient reaction 

to give vinylcyclopropane (7) in essentially quantitative yield.25 We have found that the same 

vinylcyclopmpane (7) could also be produced by treating diene (6) with diazomethane and either heating 

(1 10%) or irradiating the resulting tetrahydro-3Hindazole (8). A related cycloaddition occurred using 2- 

diazopropane which afforded the expectedcycloadduct (9)(92%)which, upon extrusion of nitmgen,gave 

cyclopmpane (1 0) in quantitative yield. The regioselectivity of the cycloaddition is predictable from 

frontier orbital considerations for addition of adiazo compound to an electron-deficient dipolarophile with 

a low-lying LUMO orbital.26 

0 
4 - a"2ph + (CH3)@i2 - 

Even though bis(phenylsu1fonyl)-1,3-butadiene (1 ) is highly activated toward nucleophilic addition,6the 

reaction of 1 with either dimethyloxosulfonium or dimethylsulfonium methylide failed to give any of the 

desired cyclopropanated product. Instead, a complex mixture of pmducts was obtained which resisted 
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all attempts at characterization or separation. More than likely, the initial step involves conjugate addition 

of the ylide onto theterminal position of thediene to produce anion (1 1)which undergoes rapid elimination 

of phenylsulfinate anion priorto ring closure. Indeed, such a process has been effectively utilized for the 

synthesis of a variety of 1-phenylsulfonyl substituted allenes of type (1 2).27 

Since our attempts to obtain a cyclopmpanation product from diene (1) using Simmons-Smith reagents 

alsofailed, wedecidedto invedigate the reactionof bis(phenylsuHonyl)diene (1 )with diazomethane. The 

additionsof diazoalkanestoa-bondsare among the mostthoroughly studied 1,3dipolarcy~loadditions.~~ 

The reaction of simple diazoalkanes are generally H0(1,3-dipole)-LU(dipolarophi1e) wntrolled.29 Both 

conjugatingandelectron-attractinggmupsacceleratereactionsofdipolamphileswithdiazoalkanes. With 

these dipolarophiles, 3-substituted A'-pyrazolines are favored, a resuil of the union of the larger 

diazoalkane HO coefficient on carbon with that of the larger dipolarophile LU coefficient on the 

un~ubstitutedcarbon.~~ Stirring asolution ofdiazomethane anddiene (1 )in etherat 2PC afforded a 1 :1- 

mixtureoftheexpected3Hpyrazole(l3)aswellasthe2:l-bi~adduct (1 4). In asubsequentexperiment. 

we found that the reaction of (1 3) with excessdiazomethane afforded bisadduct (1 4) in quantitative yield. 

A related reaction also occurred when dime (1) was allowed to react with 2-diazopropane affording 

cycloadducts (1 5) and (1 6). 
R 

The ratio of the two cycloadducts was markedly dependent on the rate of addition of the diazoalkane to 

the diene. Rapid addition produced mainly the bisadduct (1 6) whereas slower addition afforded much 

more of the mono-adduct (1 5). In both of the above two cases, the dipolar-cycloaddition occurred with 

the expected regiochemistry corresponding to attachment of the diazo carbon onto the terminal atom of 
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the starting diene. 

The thermal decomposition of At-pyrazolines gives both olefins and cyclopropanes and has been of 

interest from both a synthetic and mechanistic point of view.30.31 Formation of the olefinic pmducts has 

been shown to be related to conformational factors.% Work carried out by McGreer and coworkers on 

Al-pyrazolines bearing an electron-withdrawing group at C3 indicates that the migration of the C4- 

hydrogen proceeds in concert with nitrogen extrusion.% These A'-pyrazolines undergo loss of nitrogen 

from the conformer which places the C4-hydrogen in the pseudoequatorial position, thus orienting it in an 

antirelationship to the breaking C-N bond. The mechanism of cyclopropane formation is a more complex 

problem since some A'-pyrazoline thermolyses give cyclopropanes in a highly stereospecific manner, 

others partly so, and still others not at all. The distribution of products is also dependent on the polarity 

of the solvent ~ s e d . ~ 3  Quite a number of different mechanistic schemes have been proposed for 

cyclopropane formationw3s ranging from an intermedialy planar 'ff-cyclopropane" diradi~al3~ to a 

"snapshor mechanism where nitrogen was extruded in a nonlinear fashion.38 

In the case of 3Kpyrazole (1 3). thermolysis afforded mainly (71 96) dime (1 8) as a 3:1 mixture of E- and 

2-isomers. Cyclopropane (20) was formed in low yield (1 9%) but it was not possible to separate it from 

the diene mixture. In an analogous fashion, the extrusion of nitrogen from (1 5) took place very rapidly 

producing diene (1 9) as the exclusive product. Thermal extrusion ol nitrogen also occurred from the bis- 

adduct (1 4) producing mainly the E,E-diene (21) with no signs of any cyclopropanated product. 

""# CH, W,Ph 
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As part of our studies in this area, we also investigated the reaction of 2-phenylsulfinyl-3-phenylsulfonyl- 

1 ,3-butadiene (22) with diazomethane and diazopmpane. Molecular mechanics calculations show that 

both dienes ( I  ) and (22) exist in the transoid form and possess a substantial barrier for rotation about the 

2,3-a bond. M N W  cakulationsclearly indicate that phenylsulfonyl substituted alkenes possess a much 

lower lying LUMO than phenylsulfinyl alkenes and therefore represents the site of higher reactivity with 

HOMO derived dipoles. Since diene (22) is markedly twisted fmm coplanarity, there should be a 

significant difference in the reactivity of the two %-systems toward the diazoalkane. This would suggest 

that reaction of diene (22) with the diazoalkane should take place exclusively at the phenylsulfonyl end 

and thereby avoid the complication of bis-cycloaddition which occurred with dime ( I  ) (i.e., formation of 

0 

+ 

CH, S02Ph 

14  and 16). Indeed, the reaction of 22 with diazomethane occurred only across the more activated 

phenylsulfonyl substituted a-bond affording 3Hpyrazole (23) in 84% yield. In addition, there were no 

detectable signs of any 2:l-adduct in the crude reaction mixture as was the case with dime (1 ). The 

structure of 23 was unequivocally established by oxidation with mchloroperbenzoic acid producing A1- 

pyrazoline (1 3) in 86% yield. Thermolysis of 23 afforded mostly dime (24) (60%) along with lesser 

quantities (33%) of cyclopropane (25). Diene (24) was smoothly oxidized to diene ( I  8) which had 

previously been obtained from the thermolysis of 3Hpyrazole (1 3). 

When an excess of diazomethane was allowed to react with dime (22) and for longer periods of time, 

the only product that could be isolated (73%) corresponded todihydro-3H,l'H[3,3~bipyrazolyl (27). The 

formation of 27 can best be explained by reaction of diazomethane (excess) with both a-bonds in a 

sequential manner giving the 2:l-adduct (26) as a transient species. This intermediate undergoes a 
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subsequent syn elimination of PhSOH followed by a 1 ,Ssigmatropic hydmgen shift. In support of this 

suggestion, we found that the treatment of 3Hpyrazole (23) with excess diazomethane also afforded 27 

in high yield. 

0 phhz 
CHz 22 S02Ph + CHZNZ - 1 ph$zphl 0 ' - shift phoqN-H . 

n 

Similar chemoselectivity was exhibited in the reaction of diene (22) with diazopropane. When a dilute 

ether solution of 22 and diazopmpane was used, the major product formed (62%) corresponded to the 

expected 3Hpyrazole (28). Oxidation of 28 with MCPBA afforded 15 in high yield. A sample of 28 

CWCH d2 O CWCH dz 

p w f i p -  

CHz SOzPh Ox. CHz phL& SO,Ph 

19 29 

proved to be rather labile in solution and rapidly lost nitrogen producing diene (29) in 85% yield. Oxidation 

of diene (29) afforded the bis(phenylsulfonyl)diene (1 9) in 85% yield. In this case there were no 

detectable quantities of any cyclopropanated product. 

In conclusion, the reactions of 2,3-bis(phenylsulfonyl)-l,3-butadiene (1) and 2-phenylsulfinyl-3- 

phenylsulfonyl-1.3-butadiene (22) with diazoalkanes proceeds smoothly and in high yield producing 3 H  

pyrazoles which readily lose nitrogen to give phenylsulfonyl substituted 1,3-butadienes. The generaliza- 

tion ofthese finding sand their implicationsforthe synthesisof various heterocyclic compoundscontaining 

phenylsulfonyl groups are the objects of ongoing investigations. 
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EXPERIMENTAL SECTION 

Melting points are uncorrected. Mass spedra were determined at an ionizing voitage of 70 eV. Unless 

otherwise noted, all reactions were performed in oven dried glassware under an atmosphere of dry 

nitrogen. Solutions were evaporated under reduced pressure with a mtary evaporator and the residue 

was chromatographed on a silica gel column using an ethyl acetate-hexane mixture as the eluent unless 

specified otherwise. 

Preparation of 1-(Phenylsulfonyl)blcyclo[4.1 .O]hept-2-ene (7). To asolution of 528 mg (2.4 

mmol) of 2-phenylsulfonyl-1 ,Xyclohexadiene (6) in 20 ml of ether at room temperature under N2 was 

added 15 ml(3.7 mmol) of freshly prepared diazomethane in ether. The mixture was stirred for 10 h at 

room temperature and the solvent was removed under reduced pressure to leave behind a yellow solid 

which was subjected to silica gel column chromatography (9:1 ethyl acetate-hexane) to give 622 mg (99 

%) of 7a-phenylsulfonyl-3a,4,5.7a-tetrahydm-3inole (8); mp 8485°C; ir (KBr) 1636, 1578, 1537, 

1438,1298,1143,1080,863,757,683, and 600 cm-1; IH-nmr (CDC$,300 MHz) 6 1.05 (m, lH), 1.91 

(m, 1 H), 1.98 (m, 2H), 2.93 (m, 1 H), 4.47 (dd, 1 H, J=18.0 and 3.9 Hz), 4.76 (dd, 1 H, J=18.0 and 8.4 Hz), 

5.98(d, lH, J=10.2 Hz), 6.36 (m, lH), 7.58(m, 2H), 7.70 (m, lH), and7.91 (m, 2H);13C-nmr(CDCb, 75 

MHz) 8 21.8, 25.1, 30.3, 83.9, 109.8, 118.2, 129.0, 130.4, 134.4, 135.6, and 138.7; Anal. Calcd for 

C I~HI~N~O~S:  C, 59.52; H, 5.38; N, 10.69. Found: C, 59.27; H, 5.29 ; N, 10.53. 

A sample of 40 mg (0.1 5 mmol) of 8 in 12 ml of toluene was heated at reflux for 1 h under N2. The solvent 

was removed under reduced pressure and the residue was subjected to flash silica gel chromatography 

(9:l ethyl acetate-hexane) to give 36 mg (100%) of 1-phenylsulfonylbicyclo[4.1 .O]hept-2-ene (7)25; mp 

49-50°C; ir (KBr) 1438,1296,1133, 1062,848, and 720 cm-1; IH-nmr(CDC13.300 MHz) 8 1.1 4 (dd. 1 H, 

J=6.6 and 5.1 Hz), 1.39 (m, 1 H), 1.62 (m, I H), 1.87 (m. 3H), 2.20 (m, 1 H), 5.57 (rn, I H), 6.04 (dd, 1 H. 

J=10.2 and 2.1 Hz), 7.43-7.57 (m, 3H), and 7.79 (m, 2H); 13C-nmr (CDCI3, 75 MHz) 6 17.0, 18.4, 19.6, 

21.7,39.9,121.4,127.2,127.8,128.8,133.0,and 139.1;HRmsCalcdforC13H14S02:234.0714. Found: 

234.071 4. 

A 50 mg (0.19 mmol) sample of 8 was irradiated in 130 ml of benzene using a 450-W Hanovia medium 

pressure mercury arclampequippedwith a Pyrexfikersleeve undera N2 atmosphere for3 h. Thesolvent 

was removed under reduced pressure and the c ~ d e  residue was subjected to flash silicagel chromatog- 

raphy (10:l ethyl acetate-hexane) to give 44 mg (98%) of 7 which was identical in all aspects with the 

sample isolated above. 

Preparation of 1 -Phenylsulfonyl-7,7-dlmethylbicyclo[4.1 .O]hept-2-ene (10). To asolution 

of 264 mg (1.2 mmol) of 2-phenylsulfonyl-1.3-cyclohexadiene (6) in 10 ml of ether at 0°C under Nz was 
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added 4 ml(2.0 mmol) of freshly prepared diazopmpane. The mixture was stirred for 7 hand the solution 

was then allowed to warm to mom temperature and was quenched with a 10% HCI solution. The layers 

were separated and the aqueous layer was extraded with CH2C12. The combined organic layer was 

washed with water, brine and dried over Na~S.04. The solvent was removed under reduced pressure 

leaving behinda yellow solid which wassubjected to silicagel wlumnchromatography (9:l ethyl acetate- 

hexane) to give 31 9 mg (92%) of 7a-phenylsulfonyl-3,3-dimethyl-3a,4.5.7a-tetrahydro-3indazole (9) 

as a white solid; mp 125-126%; ir (KBr) 1640,1579,1440,1300,1145, and 726 cm-1; 1H-nmr (CDCI3, 

300 MHz) S 1.19 (s, 3H), 1.48 (s, 3H), 1.56-1.65 (m. lH), 1.95-2.05 (m, 2H), 2.12-2.18 (m, lH), 2.46 (m, 

1 H), 5.74 (d, 1 H, Je9.9 Hz), 6.18-6.24 (m, 1 H), 7.54-7.68 (m, 3H), and 7.95 (m, 2H); I3C-nmr (CDCl3,75 

MHz)S18.3,21.4,21.8,26.8,37.1,93.3,109.1,117.3,128.6,130.3,134.1,135.3,and136.8;Anal.Calcd 

for ClsHleN202S: C, 55.68; H, 5.53; N, 11 .El. Found: C, 55.54; H, 5.38; N, 11.73. 

A 50 mg (0.17 mmol) sample of 9 in 12 ml of toluene was heated at reflux for 1 h under Np. The solvent 

was removed under reduced pressure and the residue was subjected to flash silica gel chromatography 

(9:l ethyl acetatehexane) togive 42 mg (92%)of 1-phenylsulfonyl-7.7-dimethylbicyclo[4.1 .O]hept-2-ene 

(1 0);mp i08-109°C; ir(KBr) i444,iZ9l, 1138,765,705, and612cm-1;IH-nmr (CDCh. 300 MHz)Sl .O3 

(s, 3H), 1.46-1.64 (m, 3H), 1.67(s, 3H), 1.86-1.95(m, lH), 2.13(m, lH), 5.72-5.82 (m, 2H),7.45(t, 2H, 

J=7.4 Hz), 7.54(m, lH), and 7.81 (d, 2H, J=7.4 Hz); 1%-nmr(CDCI3, 75 MHz)6 18.1,21.6,22.2,28.7, 

35.6,49.1,121.8,128.1,128.4,132.8,133.6,and 141.0; HRmsCalcdforC1~H18SO:!: 262.1027. Found: 

262.1027. 

A 50 mg (0.17 mmol) sample of9 was irradiated in 130 ml of benzene using a 450-W Hanovia medium 

pressure mercury arc lamp equipped with a Pyrex filter sleeve under a N:! atmosphere for 1.5 h. The 

solvent was removed under reduced pressure and the c ~ d e  mixture was subjected to flash silica gel 

chromatography to give 38 rng (85%) of 1 0, which was identical in all aspects with the sample isolated 

above. 

Reaction of 2.3-Bis(phenylsulfonyl)-l,3-butadiene (1) with Dlazomethane. Tosolutionof 

1 :0 g (3.0 mmol) of diene 1 in 50 ml of CH2C12 at 0°C under N:! was added 16 ml(3.2 mmol) of freshly 

prepared diazomethane in ether. The mixture was stirred for 30 min at 0% and then allowed to warm to 

room temperature. The solvent was removed under reduced pressure and the residue was fractionally 

crystallized from CH:!CI:! and hexane to give a 1 :1 mixture (98%) of 3Kpyrazole (1 3) and 3H,3H- 

[3,3']bipyrazolyl(l4). A puresampleof 3-phenylsulfonylvinyI-3-phenylsulfonyC4,5dihydro-3Kpy~ole 

(1 3) showed the following spectral pmpelfies; ir (neat) 1695, 1567, 1439, 11 47,905,741, and 677 cm- 

1; 1H-nmr (CDCh, 300 MHz) S 2.13-2.23 (m, 1 H), 2.77-2.86 (m, 1 H), 4.56-4.70 (m, lH), 4.78-4.88 (m, 
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1 H), 6.81 (d, 2H, J=3.3 Hz), 7.33-7.41 (m, 4H), and 7.50-7.59 (m, 6H); 13C-nmr (CDC$,75 MHz) S 26.0, 

79.7, 111.5,128.5, 128.7, 128.9, 130.7, 133.2,133.4, 133.9, 134.6, 139.2,and 145.6; HRmsCalcdfor 

C I ~ H I ~ N ~ O ~ S ~ :  376.0551. Found: 376.0550. 

A pure sample of 3 , 3 ' - b i s ( p h e n y l s u l f o n y l ) - 4 , 5 , 4 ' , S - t e t r ~ o I y l  (1 4) showed the 

following spectral properties; mp 146-147°C; ir(KBr) 1579,1441,1416,1303,1132,1067,872, and 717 

cm-I; IH-nmr(CDC13,300 MHz)S2.50 (m, 4H), 4.53(m, 2H), 4.84 (m, 2H), 7.49 (m, 4H), 7.64(m, 2H), 

and7.85(d, 4H, J=8.1 Hz); 1%-nmr(CDCb, 75MHz)S22.6,81.3,115.7,128.8,131 .l, 134.8,and 136.2; 

Anal. Calcd for C18Hl8N4O4S2: C, 51.67; H, 4.31 ; N, 13.40. Found: C, 51.64; H, 4.30; N, 13.43. 

A sample of 40 mg (0.1 mmol) of 1 3 in 6 ml of toluene was heated at reflux for 1 h under N2. The solvent 

was removed under reduced pressure. The crude nmr spectrum indicated the presence of a mixture 

containing 54% of the E-isomer (1 8-E) of 2,3bis(phenylsulfonyl)-1 3pentadiene; ir (KBr) 1766, 1650, 

1581,1439,1304,1147,1076,969,748, and 620 cm-1; 1H-nmr (CDCl3,300 MHz) 6 1.78 (d, 3H, J=7.2 

Hz), 5.62 (s, 1 H), 6.52 (s, 1 H), 7.34 (q, 1 H, Je7.2 Hz), and 7.437.50 (m, 4H) and7.56-7.71 (6H, 2H); 1%- 

nmr (CDCl3, 75 MHz) S 16.4, 128.8, 128.9, 129.0, 129.1, 133.2, 133.6, 133.9, 136.1, 138.4, 138.5, 

143.4.and 146.5; HRMs Calcd for C17H1604S2: 348.0490. Found: 348.0490. In addition, 17% of the 

Z-isomer of 1 8 as well as 19% of 1-(1 -phenylsulfonylvinyl)-1-phenylsulfonylcyclopropane (20) was also 

present; IH-nmr (CDCb, 300 MHz) 6 1.44 (dd, 2H, J=7.8 and 5.7 Hz). 1.89 (dd, 2H. J=7.8 and 5.7 Hz), 

6.1 1 (s, 1 H), 6.53 (s, 1 H), and 7.40-7.72 (m, 1OH). It was not possible to separate the mixture of the laner 

two products by column chromatography or fractional crystallization. 

A 125 mg (0.3 mmol) sample of 1 4  in 25 ml of toluene was heated at reflux for 1.25 h. The solvent was 

removed under reduced pressure and the residue was taken up in 35 ml of CH2C12 and 3.0 ml of 

triethylarnine. This mixture was heated at reflux for 4 h under Na. The reaction mixture was quenched 

with water and the aqueous layer was extracted with CH2C12. The organic layers were combined and 

washed with water, brine anddriedover Na2S04. The solvent was removed under reduced pressure and 

the residue was crystallized from a cyclohexane-ethyl acetate mixture to give 78 mg (72%) of 3,4- 

bis(phenylsulfonylk2,4-hexadiene (2 1); mp 164-165°C; ir (KBr) 1572,1444,1295,1146,1075,747, and 

599 cm-1; IH-nmr (CDC$,300 MHz) 6 1.49 (d, 6H, J=6.6 Hz), 7.30 (q, 2H, J=6.6 Hz), 7.45 (t, 4H, J=7.5 

Hz), 7.58 (t, 2H, J=7.5 Hz), and 7.69 (d, 4H, J=7.5 Hz); 13C-nmr (CDC$,75 MHz) S 15.5, 128.9,129.7, 

135.6,139.2,146.5, and 148.0; Anal. CaIcdforC18Hl8S2O4: C,59.66; H, 5.01. Found: C, 59.48; H, 4.97. 

The two other isomers of hexadiene 21 were detected in the crude reaction mixture by GC-ms as well 

as by IH-nmr but could not be separated or purified. 

Reaction of 2,s-Bis(phenylsulf0nyl)-l,3-butadiene (1) with Diazopropane. To suspension 
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of 200 mg (0.6 mmol) of2,3bis(phenylsulfonyI)-1,3-butadiene (1 )in 10 mlof ether at -78°C under N2 was 

added 3.0 ml(1.5 mmol) of freshly prepared diazopmpane.39 The mixture was stirred for 3 h at -78°C 

and then allowed to warm to mom temperature. The mixture was quenched with a 10% HCI solution and 

the aqueous layer was extracted with CH2C12. The combined organic layer was washed with water and 

brine and dried over Na2S04. The solvent was removed under reduced pressure and the residue was 

subjected to silica gel column chromatography (9:1 ethyl acetate-hexane) to give 130 mg (55%) of 3 3 -  

bis(phenylsulfonyl)-5,5,S5'S-tetramethyl-4,5,4,S-tetrydm-3H,3-[3,3pyrolyl(16); mp 11 3-1 14°C; 

ir(KBr) 1730,1581,1446,1332,1140,1076, and684cm-1;lH-nmr(CDCI3, 300 MHz)61.13(s, 6H), 1.20 

(s, 6H), 1.86 (d, 2H, J=15 Hz), 2.12 (d,2H, J=15 Hz), 7.55 (m, 4H), 7.70 (m, 2H), and 8.08 (d, 4H, J=7.8 

Hz);13C-nmr(CDCl3,75MHz)825.4,25.6,33.2,96.8,116.8, 128.9,131.6,135.0,and136.2;Anal.Calcd 

for C22H26N404S2: C, 55.68; H, 5.53; N, 11 .El. Found: C, 55.54; H, 5.38; N, 11.73. 

It was also possible to isolate a sample of 3-(1-phenylsulfonylvinyl)-~(phenylsulfonyl~imethyl-4,5- 

dihydro-3Kpyrazole (1 5) which readily loses nitrogen; 'H-nmr (CDC$,300 MHz)8 1.21 (s, 3H), 1.48 (s, 

3H),2.11 (d, lH, J=14.7 Hz), 2.51 (d, lH, J=14.7 Hz), 6.66 (s, lH), 6.82(s, lH), and7.34-7.65(m, 10H); 

~3C-nmr(CDC13,75MHz)825.8,26.4,38.2,94.1,115.0.128.3,128.7,129.8,130.2.131.0,131.1,133.5, 

133.8,134.7, and 156.6. Thus, afler standing for several hours, 3Kpyrazole 1 5decomposed giving 2,3- 

bis(phenylsulfonyl)-5-methyl-1.3-hexadiene (1 9); mp 117-1 18°C; ir (KBr) 1583,1442,1302,1140,970, 

and 682 cm-1; IH-nmr (CDC13,300 MHz) 80.95 (s, 3H), 0.97 (s, 3H), 2.55 (m, 1 H), 5.49 (s, lH), 6.43 (s, 

IH),7.03(d, 1 H, J=l1.1 Hz),and7.40-7.71 (m, 10H);13C-nmr(CDC13,75MHz)621 .3,30.3,128.6,129.0, 

132.5, 133.0, 133.5, 133.8, 138.39, 138.43, 143.6, and 156.5; HRms Calcd for C19H2~S2O4: [M+H]+ 

376.0803. Found: 377.0790. 

Reaction of 2-Phenylsulfinyl-3-phenylsulfonyl-1.3-butadiene (22) with Diazomethane. To 

solution of 159 mg (0.5 mmol) of 2-phenylsulfinyl-3-phenylsulfonyl-1 ,3-butadiene (22)20 in 10 ml of dry 

CH2CI2at 0% under N2wasaddeddropwise 3.5 ml(0.5 mmol)of freshly prepareddiazomethane in ether. 

The mixture was stirred for30 min at 0°C and then the solution was allowed to warm to room temperature. 

The solvent was removed under reduced pressure and the residue was subjected to silica gel column 

chromatography (9:1 ethyl acetate-hexane) to give 150 mg (84%) of 3-(1-phenylsulfinylvinyl)-3-phenyl- 

sulfonyl-4,5dihydro-3Kpyrazole (2 3) as an oil; ir (neat) 1439,1304,1140,1047,905, and 727 cm-1 ; 1 H- 

nmr (CDC13,300 MHz) 8 1.06-1.17 (m, lH), 2.37 (quin, lH, J=6.6 Hz), 4.56 (q, 2H, J=6.6 Hz), 6.15 (s, 

lH), 6.46 (s, lH), 7.34-7.49 (m, 5H), 7.59-7.65(m, 3H), and 7.81 (d, 2H, J=7.8 Hz); 1%-nmr(CDCI3, 75 

MHz)624.3,79.8,111.6,122.9,126.6,128.9,129.4,130.6,132.1,133.9.134.8,142.6,and148.8;HRms 

Calcd for C1j'H16N203S2: 360.0602. Found: 360.0602. 
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To an ice cold solution of 261 mg (0.72 mmol) of 2 3  in 20 ml of CH&l2 was added 250 mg (0.72 mmol) 

of 50% mchloroperbenzoic acid. The solution was stirred for 36 h at 0% and the reaction mixture was 

diluted with CH2C12andextracted with NaHCG. Theorganic layerwas washed with wateranddriedover 

Na2S04. The solvent was removed under reducad pressure at 15OC to give 230 mg (84%) of 3-(1- 

phenylsulfonylvinyl~3-phenylsulfonyl-4,Mihydm-3~~~ole (1 3) which was identical in all respects 

with a sample prepared from the reaction of diem 1 with diazomethane. 

A sample of 47 mg (0.13 mmol)of 23in 6 ml oftoluene was heated at relux for 1 h underN2. The solvent 

was removed under reduced pressure and the residue was subjected to flash silica gel chromatography 

(9:l ethyl acetate-hexane)to give 25 mg (60%) of 2-phenylsulfinyC3phenylsulfonyl-1,3-pentadiene (2 4), 

ir (neat) 1723,1439,1303,1076,1047,748, and684cm-1; 1H-nmr (CDC$,300 MHz)& 0.97 (d, 3H, J=7.2 

Hz), 5.22 (s, 1 H), 6.32 (s, 1 H), 7.04 (q, 1 H, J=7.2 Hz), 7.40-7.53 (m, 5H), 7.59 (m, 3H), and 7.82 (d, ZH, 

J=7.8Hz);13C-nmr(CDCl3,75MHz)&13.8,123.2,125.3,128.7,129.0,129.1,131.4,133.7,137.9,138.0, 

141.2.143.3, and 146.7; HRms Calcd for C17H16@S2: 332.0541. Found: 332.0540. 

To an ice cold solution of 40 rng (0.12 mmol) of 24 in 15 ml of CH2CI2 was added 59 mg (0.12 mmol) of 

35% mchloroperbenzoic acid. The solution was stirred for 24 h at 0% and the reaction mixture was 

diluted with CH2C12 and extracted with Na2CG. Theorganic layerwas washed with wateranddriedover 

Na2.504. The solvent was removed under reduced pressure to leave behind 39 mg (93%) of 2,3- 

(phenylsulf0nyl)-l,3-pentadiene (1 8) which was identical in all respects with a sample prepared from the 

thermolysis of 3Hpyrazole 13. 

Inadditiontothe above compound, 14mg (33%)of 1-(1-phenylsulfinylvinyl)-1-phenylsulfonylcyclopropane 

(25) was isolated, ir (neat) 1723,1439,1304,1140,941,827, and 756 cm-1: 1H-nmr (CDCb, 300 MHz) 

8 -0.05(m, 2H), 0.96-1.05 (m, 2H), 5.52 (s, IH), 6.36 (s, IH), 7.40-7.56 (rn, 5H), 7.66 (t, lH, J=7.5 Hz). 

7.71 (d, 2H, J=6.6 Hz), and 7.81 :d, 2H, J=7.5 Hz); l3C-nmr(CDC13,75 MHz)S13.1, 13.2,44.1, 124.6, 

126.3, 129.1, 129.3, 131.4, 132.0, 134.0, 137.2, 143.1, and 150.3; HRms Calcd for C17H16@S2: 

332.0541. Found: 332.0541. 

Preparatlon of 3-Phenylsulfonyl-4,5-dlhydro-3H,l'H[3,3']blpyrazolyl (27). To solution of 

318 mg (1.0 mmol) of 2-phenylsulfinyl-3-phenylsulfonyl-1.3-butadiene (22)20 in 20 ml of dry CH&C at 

O°C under N2 was added 24 ml(4.2 mmol) of freshly prepared diazomethane in ether. The mixture was 

stirred for 30 min at 0°C and was then allowed to warm to room temperature. The solvent was removed 

under reduced pressure to give 20 mg (73%) of 3-phenylsulfonyl-4,5dihydro-3H,l'H[3,3']bipyrazole 

(27)asawhitesolid; mp 140-141°C, ir(KBr)3161,1439,1303,1140,720, and684~m-~;~H-nrnr(CDCl~, 

300 MHz) G 2.252.35(m, IH), 2.81-2.90 (m, 1H), 4.74-4.82 (m, 2H), 6.19 (d, 2H, Js1.8 HZ), 7.39 (t, 2H, 
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J=7.5Hz), and7.56-7.64(m, 4H); 1%-nmr(DMSO-ds.75 MHz)& 23.0,78.4,105.0,111.6,128.9,129.6, 

130.0, 134.6, 134.9, and 143.1; Anal. Cacld for CI~HI~N~O~S:  C, 52.17; H, 4.35; N, 20.29. Found: C, 

52.28; H, 4.42; N, 20.21. 

Reaction of 2-Phenylsulfinyl-3-phenylsulfonyl-l,%butadiene (22) with Diazopropane. To 

solution of 159 mg (0.5 mmol)of2-phenylsuffinyCSphenylsulfonyC1,~butadiene (22)Zoin 5 mlof CH2C12 

at O°C under N2 was added dropwise 1.0 ml(0.5 mmol) of freshly prepared diazopropane in ether. The 

mixture was stined for 1 h at 0% and the solution was allowed to warm to room temperature and was 

quenched with a 10% HCl solution. The layers were separated and the aqueous layerwas extracted with 

CH2C12. The combined organic layerwas washed with water, brine anddried over Na2S04. The solvent 

was removed under reduced pressure and the crude residue was subjected to silica gel column 

chromatography (9:l ethyl acetate-hexane) to give 120 mg(62%) of S(1-phenylsulfinylvinyl)-3-phenyl- 

sulfonyl-5,5dimethyl-4,5dihydro-3Hpyrazole (28): mp 115-1 16%, ir (KBr) 1441. 1309, 1148, 1045, 

752, and 671 cm-1; 1H-nmr (CDC$,3CiO MHz)& 0.49 (s, 3H), 1.42 (s, 3H), 1.53 (d, 1 H, J=14.4 Hz), 2.52 

(d, lH, J=14.4 Hz), 6.29(d, lH, J=0.9Hz),6.66(d, lH, J=0.9Hz),7.26-7.33(m,3H),7.41 (m, 2H), 7.66 

(t, 2H, J=7.8 Hz), 7.76-7.81 (m, 1 H), and 7.93 (d, 2H, J=7.8 Hz); 1%-nmr (CDC$,75 MHz) S 25.4,25.8, 

38.9,92.8, 115.0,121.2,126.9,128.9, 129.3,131.4,131.8, 135.1,143.2, 148.5,and 152.2;Anal. Calcd 

for CisH20N20&: C. 58.75; H, 5.19; N, 7.22. Found: C, 58.62; H, 5.08; N, 7.06. Oxidation of 28with 

MCPBAinCH2CI2afforded3Hpyrazole(l5)in92%yieldthereby providinggoodsupportforthestructure 

assignment of 28. 

A 40 mg (0.1 mmol) sample of 28  in 3 ml of toluene was heated at reflux for 1 h under N2. The solvent 

was removed under reduced pressure and the residue was subjected to flash silica gel chromatography 

(9:l ethyl acetate-hexane) to give 31 mg (85%) of 2-phenylsulfinyl-3-phenylsulfonyl-5-methyl-l,3-hexa- 

diene(29); mp 135-136'C, ir(KBr) 1441,1302,1140,1045,752,686, and612cm-1; IH-nmr(CDC13, 300 

MHz)6 0.21 (d, 3H, J=6.6 Hz), 0.82 (d, 3H, J4 .9  Hz), 1.74 (m, lH), 5.24 (s, lH), 6.29 (s, lH), 6.74 (d, 

lH, J=l0.8Hz),7.44(m, 3H),7.51 (t,2H, J=7.2Hz),7.58-7.66(m,3H),and7.81 (d,2H, J=7.5Hz); 1%- 

nmr(CDCl~,75MHz)&20.6,22.6,28.8,123.4,125.6,128.6,129.10,129.15,131.6,133.7,138.1,138.2, 

141.5, 145.0, and 153.1; Anal. Calcd for C1gH20S203: C, 63.32; H, 5.60. Found: C, 63.19; H, 5.48. 

To asolution of 51 mg (0.1 4 mrncl) of 29  in 5 ml of water and 10 ml of methanol was added 158 mg (0.26 

mmol) of Oxone@. The mixture was stirred at room temperature for 36 hand the methanol was removed 

under reduced pressure. The aqueous layerwas extracted withCH2CI:!andthe organiclayerwaswashed 

with water, brine and dried over Na2SOo. Purification by silica gel chromatography (9:1 ethyl acetate- 

hexane) gave 45 mg (85%) of 2,3-bi~@henylsulfonyI)-5-methyl-l,3-hexadiene (1 9). 
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