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Abstract- 2,3-Bis(phenylsuifonyl)-1,3-butadiene was found to react smoothly with
diazomethane and diazopropane to give a mixture of 1:1- and 2;1-cycloadducts. Heating
the 1:1-cycioadduct at 110°C resulied in loss of nitrogen and formation of mainly
phenylsulfonyl-substituted 1,3-dienes. Cycloaddition of 2-phenylsulfinyl-3-
phenylsulfonyl-1,3-butadiene with the same diazoalkanes gave only 1:1-cycloadducts
which readily extruded nitrogen producing related 1,3-dienes. The regiochemistry of
the dipolar cycloaddition is compatible with FMO considerations.

Phenylsuifonyl substituted 1,3-dienes have become established as useful synthetic intermediates in
organic synthesis.1-18 The phenylsulfonyi 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
temporary control element in arganic synthesis. The sulfonyl group can be removed both reductively and
oxidatively with subsequent formation of ketones.’? It stabilizes adjacent carbanions'® which are
extramely usefulin carben-carbon bond forming reactions. The bulky phenylsulfonyl group has alsobeen
shown to be useful for acyclic stereocontrol.19 In earlier reports, we demonstrated the use of 2,3-
bis{phenyisulfonyl)-1,3-butadiene (1) as a versatile building block in organic synthesis, particularly for
4+2-cycloaddition chemistry.? Bis(phenylsulfonyi)diene (1} is a crystalline compound, easily prepared
and with indefinite shelf life, adding to its atiractiveness as a synthetic reagent.20

In our first report, we describadthe cycloaddition of diene (1 ) with various oximes as a method of piperiding
formation.21 In an investigation which followed, we demonstrated that diene (1) undergoes cycloaddition
to a variety of imines, enamines and ynamines to give 4+2-cycloadducts.22 in this paper we describe
some additional examples of 3+2-cycloaddition chemistry of bis(phenylsulfonyl}-1,3-butadiene {1} with
several diazoalkanes in an attempt to prepare the corresponding cyclopropyl phenylsulfonyl system.
RESULTS AND DISCUSSION .

Vinyi sulfones have been converted to cyclopropyl sulfones when treated with the usual reagents for
cyciopropanation of electron-deficient doubie bonds such as enones.23 Sulfoxonium ylides carry out this

conversion efficiently.24 For example, Backvall and coworkers reported that the reaction ot 2-(phenyi-
1 Dedicated to Rolt Hiisgen on the occasion of his 75th birthday.
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sulfonyi}-1,3-cyclohexadiene (8) with dimethyloxosulfonium methylide resulted in a very efficient reaction
to give vinylcyclopropane (7) in essentially quantitative yield.25 We have found that the same
vinylcyclopropane (7) could also be produced by treating diene {6) with diazomethane and either heating
{110°C) orirradiating the resulting tetrahydro-3H-indazole (8). A related cycloaddition occurred using 2-
diazopropane which afforded the expected cycloadduct (9) (92%} which, upon extrusion of nitrogen, gave
cyclopropane {10} in quantitative yield. The regioselectivity of the cycloaddition is predictable from
frontier orbital considerations for addition of a diazo compound to an electron-deficient dipolarophile with
a low-lying LUMO orbital.26
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Even though bis(phenylsulfonyl)-1,3-butadiene (1) is highly activated toward nucleophilic addition, 8 the

O..

; =CH3

reaction of 1 with either dimethyloxosulfonium or dimethylsulfonium methylide failed to give any of the
desired cyclopropanated product. Instead, a complex mixture of products 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 the terminal position of the diene to produce anion (1 1) which undergoes rapid elimination
of phenyisulfinate anion prior to ring closure. indeed, such a process has been effectively utilized for the
synthesis of a variety of 1-phenylsulfony! substituted allenss of type (12).27
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Since our atiempts to obtain a cyclopropanation product from diene (1) using Simmons-Smith reagents
also failed, we decided to investigate the reaction of bis{phenylsulfonyl)diene {1} with diazomethane. The
additions of diazoalkanes to n-bonds are among the most thoroughly studied 1,3-dipolar cycloadditions.28
The reaction of simple diazoalkanes are generally HO(1,3-dipole)-LU(dipolarophile) controlled.22 Both
conjugating and electron-attracting groups accelerate reactions of dipolarophiles with diazoalkanes. With
these dipolarophiles, 3-substituted A'l-pyrazolines are favored, a result of the union of the larger
diazoalkane HO coefficient on carbon with that of the larger dipolarophile LU coefficient on the
unsubstituted carbon.29 Stirring a solution of diazomethane and diene (1) in etherat 25°C atforded a 1:1-
mixtura of the expected 3H-pyrazole (1 3)as well asthe 2:1-bis-adduct (1 4). In asubsequent experiment,
we foundthat the reaction of (1 3) with excess diazomethane afforded bis-adduct {1 4)inquantitative yield.
A related reaction also occurred when diene (1) was allowed to react with 2-diazopropane affording
cycloadducts {15) and {16).

R
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The ratio ot the two cycloadducts was markedly dependent on the rate of addition of the diazoalkane to
the diene. Rapid addition produced mainly the bis-adduct {16) whersas slower addition afforded much
more of the mono-adduct (15). 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 Al-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 products has
been shown to be related to conformational factors.32 Work carried out by McGreer and coworkers on
Al-pyrazolines bearing an electron-withdrawing group at Cg indicates that the migration of the Cy4-
hydrogen proceeds in concert with nitrogen extrusion.32 These A'-pyrazolines undergo loss of nitrogen
from the conformer which places the C4-hydrogen in the pseudoequatorial position, thus orienting itin an
anti relationship to the breaking C-N bond. The mechanism of cyclopropane formation is a more compiex
problem since some Al-pyrazoline thermolyses give cyclopropanes in a highly stereospecific manner,
others pantly so, and still others not at all. The distribution of products is also dependent on the polarity
of the solvent used.3 Quite a number of different mechanistic schemes have been proposed for
cyclopropane formation34-38 ranging from an intermediary planar "n-cyclopropane” diradical®* to a
"snapshol" mechanism where nitrogen was extruded in a nonlinear fashion.38

Inthe case of 3H-pyrazole (1 3), thermolysis afforded mainly (71%) diene (1 8} as a 3:1-mixture of E- and
Z-isomers. Cyclopropane (2 0) was formed in low yield (19%) 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 of nitrogen also occurred from the bis-
adduct (1 4) producing mainly the E,E-diena (2 1) with no signs of any cyclopropanated product.
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As part of our studies in this area, we also investigated the reaction of 2-phenylsulfinyl-3-phenylsuifonyl-
1,3-butadiene (2 2) with diazomethane and diazopropane. Molecular mechanics calculations show that
both dienes (1)} and (2 2) exist in the transoid form and possess a substantial barrier for rotation about the
2,3-n bond. MNDO calculations clearly 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 from coplanarity, there should be a
significant difference in the reactivity of the two =-systems toward the diazoalkane. This would suggest
that reaction of diene (2 2} with the diazoalkane should take place exclusively at the phenylsultonyl end
and thereby avoid the complication of bis-cycloaddition which occurred with diene (1) {/.e., formation of
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14 and 16). Indeed, the reaction of 22 with diazomethane occurred only across the more activated
phenylsulfonyl substituted n-bond affording 3H-pyrazole (23} in 84% yield. In addition, there were no
detectable signs of any 2:1-adduct in the crude reaction mixture as was the case with diene (1). The
structure of 23 was unequivocally established by oxidation with m-chioroperbenzoic acid producing A'-
pyrazoline (13)in 86% yield. Thermolysis of 23 afforded mostly diene (24) (60%) along with lesser
quantities (33%) of cyclopropane (25). Diene (24} was smoothly oxidized to diene (1 8) which had
previously been obtained from the thermolysis of 3H-pyrazole (1 3).

When an excess of diazomethane was allowed to react with diene (22) and for longer periods of time,
the only product that could be isolated {(73%) corresponded to dihydro-3H,1'H-[3,3']bipyrazolyl {27). The
formation of 27 can best be explained by reaction of diazomethane (excess) with both n-bonds in a
sequential manner giving the 2:1-adduct (26) as a transient species. This intermediate undergoes a




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

subsequent syn elimination of PhSOH followed by a 1,5-sigmatropic hydrogen shift. In support of this
suggestion, we found that the treatment of 3H-pyrazcle (2 3) with excess diazomsthane also afforded 27
in high yield.

o _ -
Ph‘ CH,
+ CHN, — PhSOH_ N,
CH; SO,Ph 1:;;-: PhOS" [ N-H
22 27
26

Similar chemoselectivity was exhibited in the reaction of diene (2 2} with diazopropane. When a dilute
ether solution of 22 and diazopropane was used, the major product formed (62%) corresponded to the

expected 3H-pyrazole (28). Oxidation of 28 with MCPBA afforded 15 in high yieid. A sample of 28
0

} ? CHj CHj
PhS CH, CH . PhO.S CH,
H + (CHgCNy —a 1 Py 3 _oxd. FhO: N
CH N
2 » 802Ph cHz SOZPh CHZ SOzPh

28 15
lA
CH(CH 3), ? CH(CH 5},
PhOzS)_?—N oxid. Phs}_%_N
cH2 SOzph cHz 802Ph
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 (19) in 85% vield. In this case there were no
detectable quantities of any cyclopropanated product.

In conclusion, the reactions of 2,3-bis(phenylsulfonyl)-1,3-butadiene (1) and 2-phenyisulfinyl-3-
phenylsulfonyl-1,3-butadiene (2 2) with diazoalkanes proceeds smoothly and in high yield producing 3H-
pyrazoles which readily lose nitrogen to give phenylsulfonyl substituted 1,3-butadienes. The generaliza-
tion ot these findings and theirimpiications for the synthesis of various heterocyclic compounds containing

phenylsulfonyl groups are the objects of ongoing investigations.
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EXPERIMENTAL SECTION

Melting points are uncorrected. Mass spectra were determined at an ionizing voltage of 70 eV. Unless
otherwise noted, all reactions were performed in oven dried glassware under an atmosphere of dry
nitrogen. Solutions were evaporated under raduced pressure with a rotary evaporator and the residus
was chromatographed on a silica gel column using an ethyl acetate-hexane mixture as the eluent unless
specified otherwise.

Preparation of 1-(Phenylsulfonyl)bicyclo[4.1.0]hept-2-ene (7). To a solution of 528 mg (2.4
mmol) of 2-phenylsulfonyl-1,3-cyclohexadiene (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-tetrahydro-3H-indazole {8); mp 84-85°C; ir (KBr) 1638, 1578, 15637,
1438, 1298, 1143, 1080, 863, 757, 683, and 600 cm™1; TH-nmr {CDClg, 300 MHz} 8 1.05 (m, 1H), 1.91
(m, 1H}, 1.88 (m, 2H), 2.93 (m, 1H), 4.47 (dd, 1H, J=18.0 and 3.9 Hz), 4.76 (dd, 1H, J=18.0 and 8.4 Hz},
5.98 (d, 1H, J=10.2 Hz), 6.36 (m, 1H), 7.58 {(m, 2H), 7.70 (m, 1H), and 7.91 (m, 2H); 13C-nmr (CDCl3, 75
MHz) & 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
C13H14N2028: C, 59.52; H, 5.38; N, 10.69. Found: C, 59.27; H, 5.29 : N, 10.53.

A sample of 40 mg (0.15 mmol} of 8 in 12 ml of toluene was heated at reflux for 1 h under N2. The sclvent
was removed under reduced pressure and the residue was subjected to flash silica gel chromatography
(9:1 ethyl acetate-hexane) to give 36 mg {100%) of 1-phenylsulfonylbicyclo[4.1.0]hept-2-ene (7)25; mp
49-50°C; ir (KBr) 1438, 1296, 1133, 1062, 848, and 720 cm-1; TH-nmr (CDCl3, 300 MH2) 8 1.14 (dd, 1H,
J=6.6 and 5.1 Hz}, 1.38 (m, 1H), 1.82 {m, 1H), 1.87 (m, 3H), 2.20 (m, 1H), 5.57 {m, 1H), 6.04 (dd, 1H,
J=10.2 and 2.1 Hz), 7.43-7.57 {m, 3H), and 7.79 {m, 2H); 13C-nmr (CDCl3, 75 MHz) 4 17.0, 18.4, 19.6,
21.7,39.9,121.4,127.2,127.8, 128.8, 133.0, and 139.1; HRms Calcd for C13H14502:234.0714. Found:
234.0714,

A 50 mg (0.19 mmol) sampla of 8 was irradiated in 130 ml of benzene using a 450-W Hanovia medium
pressure mercury arc lamp equipped with a Pyrex filter sieeve undera Nz atmosphere for 3h. The solvent
was removed under reduced pressure and the crude residue was subjected 1o flash silica ge! chromatog-
raphy (10:1 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-dimethylbicyclo[4.1.0]hept-2-ene {10). To a solution
of 264 mg (1.2 mmol) of 2-phenylsulfonyl-1,3-cyclohexadiene (6) in 10 mi of ether at 0°C under Nz was
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addad 4 mi{2.0 mmol) of freshly prepared diazopropans. The mixture was stirred for 7 h and the solution
was then allowed to warm to room temperature and was quaenched with a 10% HCI solution. The layers
ware saparated and the agueous iayer was extracted with CHaCla. The combined organic layer was
washed with water, brine and dried over NagS04. The solvent was removed under reduced pressure
leaving behind a yellow solid which was subjected to silica gel column chromatography (9:1 ethyl acetate-
hexane} to give 319 mg (2%} of 7a-phenyisulfonyi-3,3-dimethyl-3a,4,5,7a-tetrahydro-3H-indazole {9)
as a white solid; mp 125-126°C; ir (KBr) 1640, 1579, 1440, 1300, 1145, and 726 cm1; 1H-nmr {CDCI5,
300 MHz) & 1.19 (s, 3H), 1.48 (s, 3H), 1.56-1.65 (m, 1H), 1.95-2.05 {(m, 2H), 2.12-2.18 (m, 1H), 2.46 (m,
1H), 5.74 (d, 1H, J=8.9 Hz), 6.18-6.24 (m, 1H), 7.54-7.68 (m, 3H), and 7.85 (m, 2H); 13C-nmr (CDCl3, 75
MHz)518.3,21.4,21.8,26.8,37.1,93.3,109.1,117.3,128.6, 130.3, 134.1, 135.3, and 136.8; Anal. Calcd
for C45H1gN2028: C, 55.68; H, 5.53, N, 11.81. Found: C,55.54; H, 538, N, 11.73.

A 50 mg (0.17 mmol} sample of 9 in 12 mi of toluene was heated at reflux for 1 h under No. The solvent
was removed under reduced pressure and the residue was subjected to flash silica gel chromatography
(2:1 ethyl acetate-hexane) to give 42 mg (92%) of 1-phenylsulfonyl-7,7-dimethylbicyclo[4.1.0]hept-2-ene
{10); mp 108-109°C; ir (KBt) 1444, 1291, 1138, 765,705, and 612 cm-1; TH-newr (CDCl3, 300 MHZz)81.03
(s, 3H), 1.46-1.64 (m, 3H), 1.67 (s, 3H), 1.86-1.95(m, 1H), 2.13 (m, 1H), 5.72-5.82 (m, 2H), 7.45 (t, 2H,
J=7.4 Hz), 7.54 (m, 1H), and 7.81 {(d, 2H, J=7.4 Hz); 13C-nmr (CDCl3, 75 MHz)  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; HRms Calcd for C45H18502: 262.1027. Found:
262.1027.

A 50 mg (0.17 mmol) sample of 8 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 Nz atmosphere for 1.5 h. The
soivent was removed under reduced pressure and the crude mixture was subjected to flash silica gel
chromatography to give 38 mg (85%}) of 10, which was identical in all aspects with the sample isolated
above.

Reaction of 2,3-Bis{phenyisuifonyl)-1,3-butadiene {1) with Diazomethane. To solution of
1.0 g (3.0 mmol) of diene 1 in 50 ml of CH2Cl2 at 0°C under N2 was added 16 ml (3.2 mmol) of freshly
prepared diazomsethane in ether. Tha mixiure was stirred for 30 mir at 0°C and then allowsd to warm to
room temperature. The solvent was removed under reduced pressure and the residue was fractionally
crystallized from CH2Ciz and hexane to give a 1:1 mixture (98%) of 3H-pyrazole (13) and 3H,3H-
[3,3bipyrazolyl {1 4). A pure sampleof 3-phenylsulfonylvinyl-3-phenylsutfonyl-4,5-dihydro-3H-pyrazole
(1 3) showaed the following spectral propetties; ir {neat) 1695, 1567, 1439, 1147, 905, 741, and 677 cm"
1: TH-nmr (CDCl3, 300 MHz) & 2.13-2.23 (m, 1H), 2.77-2.86 (m, 1H), 4.56-4.70 {m, 1H), 4.78-4.88 (m,
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1H), 6.81 {d, 2H, J=3.3 Hz), 7.33-7.41 (m, 4H), and 7.50-7.59 (m, 6H); 13C-nmr (CDCl3, 75 MHz) § 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; HRms Calcd for
C17H16N20452: 376.0551. Found: 376.0550.

A pure sample of 3,3'-bis{phenylsulfonyl)-4,5.4' 5'tetrahydro-3H,3H-{3,3bipyrazolyl (1 4) showed the
following spectral properties; mp 146-147°C; ir (KBr} 1579, 1441, 1416, 1303, 1132, 1067,872, and 717
cm-1; 1H-nmr {CDCl3, 300 MHz)} 8 2.50 (m, 4H), 4.53 (m, 2H), 4.84 (m, 2H), 7.49 (m, 4H), 7.64 {m, 2H),
and 7.85(d, 4H, J=8.1 Hz); 13C-nmr (CDCls, 75 MHz) 5 22.6,81.3,115.7, 128.8,131.1, 134.8,and 136.2;
Anal. Calcd for C1gH1gN404S2: C, 51.67;H, 4.31; N, 13.40. Found: C,51.64;H, 4.30; N, 13.43.

A sampile of 40 mg (0.1 mmol) of 1 3in 6 mi of toluene was heated at reflux for 1 hunder N2. The solvent
was removed under reduced pressure. The crude nmr spectrum indicated the presence of a mixture
containing 54% of the E-isomar (1 8-E) of 2,3-bis-(phenylisulfonyl)-1,3-pentadiene; ir (KBr) 1766, 1650,
1581, 1439, 1304, 1147, 1076, 969, 748, and 620 cm™1; TH-nmr {CDCl3, 300 MHz) § 1.78 (d, 3H, J=7.2
Hz),5.62 (s, 1H), 6.52 (s, 1H), 7.34(q, 1H, J=7.2 Hz), and 7.43-7.50 (m, 4H) and7.56-7.71 (6H, 2H); 13C-
nmr (CDCl3, 75 MHz) & 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 Caled for C17H150452: 348.0490. Found: 348.0490. In addition, 17% of the
Z-isomer of 1 8 as well as 19% of 1-(1-phenylsulfonylvinyl}-1-phenylsutfonylcyclopropane (2 0) was also
present; 1TH-nmr (CDCl3, 300 MHz) & 1.44 (dd, 2H, J=7.8 and 5.7 Hz), 1.89 (dd, 2H, J=7.8 and 5.7 Hz),
6.11 (s, 1H), 6.53 (s, 1H), and 7.40-7.72 (m, 10H). i was not possible to separate the mixture of the latter
two products by column chromatography or fractional crystallization.

A 125 mg (0.3 mmol) sample of 14 in 25 ml of toluene was heated at refiux for 1.25 h. The solvent was
removed undar reduced pressure and the residue was taken up in 35 ml of CHzClz and 3.0 ml of
triethylamine. This mixture was heated at reflux for 4 h under N2. The reaction mixture was quenched
with water and the aqueous layer was extracted with CH2Clz. The crganic layers were combined and
washed with water, brine and dried over NazS04. 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{(phenylsulfonyl}-2 4-hexadiene (2 1); mp 164-165°C; ir (KBr) 1572, 1444, 1295, 1146, 1075, 747, and
598 cm-1; TH-nmr (CDCla, 300 MHz) 8 1.49 (d, 6H, J=6.6 Hz), 7.30 (g, 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 (CDCl3, 75 MHz) § 15.5, 128.9, 129.7,
135.6, 139.2, 146.5, and 148.0; Anal. Calcd forC4gH15S204: C,59.66;H,5.01. Found: C,59.48;H, 4.97.
The two other isomers of hexadiene 2 1 were detected in the crude reaction mixture by GC-ms as well
as by 1H-nmr but coukd not be separated or purified.

Reaction of 2,3-Big{phenylsulfonyl)-1,3-butadiens (1) with Diazopropane. To suspension
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of 200 mg (0.6 mmol) ot 2,3-bis(phenyisutfonyl}-1,3-butadiene (1 }in 10 mi of ether at -78°C under Nz was
added 3.0 ml (1.5 mmol) of freshly prepared diazopropane.3® The mixture was stirred for 3 h at -78°C
and then allowed to warm to room temperature. The mixture was quenched with a 10% HCI solution and
the aqueous layer was extracted with CHzCla. 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 {3:1 ethyl acetate-hexane) to give 130 mg (55%) of 3,3
bis{phenylsulfonyl}-5,5,5',5"-tetramethyl-4,5,4' 5'-tetrahydro-3H,3H-[3,3bipyrazoly! (1 6); mp 113-114°C;
ir (KBr) 1730, 1581, 1446, 1332, 1140, 1076, and 684 cm™1; TH-nmr (CDCl3, 300 MHz) § 1.13 (s, 6H), 1.20
(s, 6H), 1.86 (d, 2H, J=15Hz), 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 (CDClz, 75MHz) 6 25.4, 25.6,33.2,96.8,116.8, 128.9, 131.6, 135.0, and 136.2; Anal. Calcd
for CooHogN4O4S2: C, 55.68; H, 5.53; N, 11.81. Found: C, 55.54; H, 5.38; N, 11.73.

It was also possibie 10 isolate a sample of 3-(1-phenylsulfonylvinyl}-3-{phenylsulionyl}-5,5-dimethyl-4,5-
dihydro-3H-pyrazole (1 5) which readily loses nitrogen; 1H-nmr (CDCl3, 300 MHz) 8 1.21 (s, 3H), 1.48 (s,
3H),2.11{d, 1H, J=14.7 Hz), 2.51 (d, 1H, J=14.7 Hz), 6.66 (s, 1H), 6.82 (s, 1H), and 7.34-7.65 (m, 10H);
13C-nmr (CDCl3, 75 MHZ) 525.8,26.4,38.2,94.1,115.0,128.3,128.7, 129.8,130.2,131.0, 131.1,133.5,
133.8, 134.7, and 156.6. Thus, after standing for several hours, 3H-pyrazole 1 5decomposed giving 2,3-
bis{phenylsulfonyl}-5-methyl-1,3-hexadiene (1 9); mp 117-118°C; ir (KBr) 1583, 1442, 1302, 1140, 970,
and 682 cm-1; YH-nmr (CDCl3, 300 MHz) § 0.95 (s, 3H), 0.97 (s, 3H), 2.55 {m, 1H), 5.49 (s, 1H), 6.43 (s,
1H),7.03(d, 1H,J=11.1Hz),and 7.40-7.71(m, 10H); 13C-nmr (CDCl3, 75 MHz) 6 21.3,30.3,128.6, 129.0,
132.5, 133.0, 133.5, 133.8, 138.39, 138.43, 143.6, and 156.5; HRms Calcd for C1gH29S204: [M+H]*
376.0803. Found: 377.0790.

Reaction of 2-Phenylsulfinyl-3-phaenylsulfonyl-1,3-butadiene (22) with Diazomethane. To
solution of 159 mg (0.5 mmol) of 2-phenylsulfinyl-3-phenylsuifonyl-1,3-butadiene {22)2% in 10 ml of dry
CHzClz at 0°C under N2 was added dropwise 3.5 ml (0.5 mmol) of freshly prepared diazomethane in ether.
The mixture was stirred for 30 min at 0°C and then the solution was allowed to warm to room temperature.
The solvent was removed under reduced prassure and the residue was subjected to silica gsl column
chromatography (9:1 athyl acetate-hexane) to give 150 mg (84%]) of 3-{1-phenylsuifinylvinyl)-3-pheny}-
sulfonyl-4,5-dihydro-3H-pyrazole (2 3) as an oil; ir (neat) 1439, 1304, 1140, 1047, 905, and 727 cm-1; 1H-
nmr {(CDCl3, 300 MHz) & 1.06-1.17 {m, 1H), 2.37 {(quin, 1H, J=6.6 Hz), 4.56 {q, 2H, J=6.6 Hz), 6.15 (s,
1H), 6.46 (s, 1H), 7.34-7.49 (m, 5H), 7.59-7.65(m, 3H), and 7.81 (d, 2H, J=7.8 Hz); 13C-nmr (CDCl3, 75
MHz)824.3,79.8,111.6,122.9,126.6,128.9,129.4, 130.6, 132.1,133.9, 134.8, 142.6,and 148.8; HRms
Caled for Cy7H1gN203S2: 360.0502. Found: 360.0602.
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To an ice cold solution of 261 mg (0.72 mmol) of 23 in 20 mi of CHzClz was added 250 mg (0.72 mmol}
of 50% m-chloroperbenzoic acid. The solution was stirred for 36 h at 0°C and the reaction mixture was
diluted with CH2Cl2 and extracted with NaHCO3. The organic layer was washed with water and dried over
NaxS0O4. The solvent was removed under reduced pressure at 15°C to give 230 mg (84%) of 3-(1-
phenylsuifonylvinyl}3-phenylsulfonyl-4,5-dihydro-3#-pyrazole (1 8} which was identical in all respects
with a sample prepared from the reaction of diene 1 with diazomethane.

A sample of 47 mg {0.13 mmol) of 23in 6 m! 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
(9:1 ethyl acetate-hexane)to give 25 mg (60%) of 2-phenylsulfinyl-3-phenylsulfonyl-1,3-pentadiene (2 4),
ir(neat) 1723, 1439, 1303, 1076, 1047, 748, and 684 cm™1; YH-nmr (CDCl3, 300 MHz) d 0.97 (d, 3H, J=7.2
Hz), 5.22 (s, 1H), 6.32 (s, 1H), 7.04 (q, 1H, J=7.2 Hz), 7.40-7.53 (m, 5H), 7.59 (m, 3H)}, and 7.82 (d, 2H,
J=7.8Hz); 13C-nmr (CDC!3, 75 MH2) 5 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 C17H1g03S2: 332.0541. Found: 332.0540.

To an ice cold solution of 40 mg (0.12 mmol) of 24in 15 mi of CH2Cl> was added 53 mg (0.12 mmol} of
35% m-chloroperbenzoic acid. The solution was stirred for 24 h at 0°C and the reaction mixture was
diluted with CH2Clz and extracted with NaxCO4. The organic iayer was washed with water and dried over
Nax804. The solvent was removed under reduced pressure to leave behind 39 mg (93%) of 2,3-
(phenylsulfonyl)-1,3-pentadiene (1 8) which was identical in all respects with a sample prepared fromthe
thermolysis of 3H-pyrazole 13.

Inaddition tothe above compound, 14 mg (33%) of 1-(1-phenyisulfinyvinyl}- 1-phenylsulfonylcyclopropane
(2 5) was isolated, ir {neat) 1723, 1439, 1304, 1140, 941, 827, and 756 cm1; 1H-nmr (CDCla, 300 MHz)
8 -0.05 {m, 2H), 0.96-1.05 (m, 2H), 5.52 (s, 1H), 6.36 (s, 1H), 7.40-7.56 (m, 5H), 7.66 (t, 1H, J=7.5 Hz),
7.71 (d, 2H, J=6.6 Hz}, and 7.81 ¢, 2H, J=7.5 Hz); 13C-nmr (CDCl3, 75 MHz) § 13.1, 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 C47H503S,:
332.0541. Found: 332.0541.

Preparation of 3-Phenyisuifonyl-4,5-dihydro-3H,1'H{3,3'|bipyrazolyl (27). To solution of
318 mg (1.0 mmo!) of 2-phenylsulfinyl-3-phenylsulfonyl-1,3-butadiene (22)2% in 20 mi of dry CHzCl; at
0°C under Np 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-4,5-dihydro-3H,1'H-[3,3bipyrazole
(27)as awhite solid; mp 140-141°C, ir (KBr) 3161, 1439, 1303, 1140, 720, and 684 cm-; 1H-nmr (CDCl3,
300 MHz)d 2.25-2.35(m, 1H), 2.81-2.90 (m, 1H), 4.74-4.82 (m, 2H), 6.19(d, 2H, J=1.8 Hz), 7.39 {t, 2H,
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J=7.5Hz), and 7.56-7.64 {m, 4H); 13C-nmr {DMSO-dg, 75 MHZz) & 23.0,78.4, 105.0, 111.6, 128.9, 129.6,
130.0, 134.6, 134.9, and 143.1; Anal. Cacld for C12H12N4O2S5: 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-1,3-butadiene (22} with Diazopropane. To
solution of 159 mg (0.5 mmol) of 2-phenylsulfinyl-3-phenylsulfonyl-1,3-butadiene (2 2)2Cin 5 mtof CHaCl
at 0°C under Nz was added dropwise 1.0 m! (0.5 mmal) of freshly prepared diazopropane in ether. The
mixture was stirred for 1 h at 0°C and the solution was allowed to warm to room temperature and was
quenched with a 10% HCl solution. The layars were separated and the aqueous layer was extracted with
CHzClz. The combined organic layer was washed with water, brine and dried over NagS04. The solvent
was removed under reduced pressure and the crude residue was subjected to silica gel column
chromatography (9:1 ethyl acetate-hexane) to give 120 mg(62%) of 3-(1-phenylsulfinylvinyl)-3-phenyl-
sulfonyl-5,5-dimethyl-4,5-dihydro-3H-pyrazole (28); mp 115-116°C, ir (KBr) 1441, 1308, 1148, 1045,
752, and 671 cm™1; YH-nmr (CDCl3, 300 MHz) 8 0.49 (s, 3H), 1.42 (s, 3H), 1.53(d, 1H, J=14.4 Hz), 2.52
(d, 1H, J=14.4 Hz), 6.28 (d, 1H, J=0.9 Hz), 6.66 (d, 1H, J=0.9 Hz), 7.26-7.33 (m, 3H), 7.41 (m, 2H), 7.66
{t, 2H, J=7.8 Hz), 7.76-7.81 (m, 1H), and 7.93 (d, 2H, J=7.8 Hz); Y3C-nmr {CDCl3, 75 MHz) 4 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 C1gH2gN203S2: C,58.75; H,5.19; N, 7.22, Found: C,58.62; H, 5.08; N, 7.06. Oxidation of 28 with
MCPBA in CH2C2 afforded 3H-pyrazole (1 5)in 92% yield thereby providing good support for the structure
assignment of 28.

A 40 mg (0.1 mmo!l) sample of 28in 3 ml of tcluane 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
(9:1 ethyl acetate-hexane) to give 31 mg (85%) of 2-phenylsulfinyl-3-phenylsulfonyl-5-methyl-1,3-hexa-
diene {(28); mp 135-136°C, ir (KBr) 1441, 1302, 1140, 1045, 752,686, and 612 cm-1; 1H-nmr (CDCl3, 300
MHz) § 0.21 (d, 3H, J=6.6 Hz}, 0.82 {d, 3H, J=6.9 Hz), 1.74 (m, 1H), 5.24 (s, 1H), 6.29 (s, 1H), 6.74 (d,
1H, J=10.8 Hz), 7.44 (m, 3H), 7.51 (1, 2H, J=7.2 Hz), 7.58-7.66 (m, 3H), and 7.81 (d, 2H, J=7.5 Hz); 13C-
nmr (CDCl3, 75 MHz) 6 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. Caled for C1gH208203: C, 63.32; H, 5.60. Found: C, 63.19; H, 5.48.
To a solution of 51 mg (0.14 mmacl) of 29 in 5 ml of water and 10 m! of methanol was added 158 mg (0.26
mmot) of Oxone®. The mixture was stirred at room temperature for 36 h and the methanol was removed
under reduced pressure. The aqueous layer was extracted with CHzClp andthe organic layerwas washed
with water, brine and dried over NapSQ,. Purification by silica gel chromatography (9:1 ethyl acetate-
hexane) gave 45 mg (85%) of 2,3-bis-(phenylsulfonyl)-5-methyl-1,3-hexadiene (19).
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