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1-(Alkylsulfinyl- and -alkylsulfonyl)-2-(F-alkyl)ethynes — Applications in
Cycloaddition Reactions and Synthesis of Aromatic Derivatives

Jean-Philippe Bouillon,!#! Rostyslav Musyanovich,/”! Charles Portella,*!?! and
Yuriy Shermolovich*"!
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Syntheses and cycloaddition reactions of 1-(alkylsulfinyl-
and -alkylsulfonyl)-2-(F-alkyl)ethynes are described. These
alkynes are strong dienophiles and produce the correspond-
ing F-alkylated sulfinyl- and sulfonylbenzenes in two high-
yielding steps. When treated under basic conditions, the (F-

alkyl)cyclohexadienyl adducts were converted into a mixture
of the same aromatic compounds and the corresponding o-
defluorinated derivatives, by way of a competitive oxidation/
(HF) elimination on the deprotonated intermediates.

In the framework of a program on the chemistry of 1,1-
dihydroperfluoroalkyl sulfides,!! we recently reported a
method for the synthesis of 1-(alkylsulfanyl)-2-(perfluoroal-
kyl)ethynes 1,1%21 a new type of fluorine-containing al-
kynes! (Scheme 1).
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Scheme 1. (i) TsCl; (ii)) RSH, KOH, DMSO; (iii) KOH, dioxane,
18-crown-6

The presence of a sulfur atom on the carbon—carbon
triple bond significantly influences the chemical properties
of these alkynes, modifying the regioselectivity of nucleo-
philic addition with respect to alkynes bearing only a per-
fluoroalkyl (F-alkyl)*! group.l’] Modification of the oxida-
tion state of the sulfur atom should also strongly influence
the properties of oxidized derivatives. The ability of alkynes
bearing sulfinyl®” and sulfonyl® ' groups to take part in
cycloaddition reactions with dienes is well documented.
Such cycloadditions with fluorine-containing sulfinyl- and/
or sulfonylalkynes would produce new cycloalkadienes, po-
tential precursors of new polysubstituted F-alkyl aromatic
derivatives. In this paper we report our study into the syn-
theses of 1-(alkylsulfinyl)- and 1-(alkylsulfonyl)-2-(F-alky-
l)ethynes 2 and 3, their cycloaddition reactions with 1,3-
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dienes, and the chemical transformations of the correspond-
ing cycloadducts.

Results and Discussion

Similarly to the non-fluorinated series,['?! alkynes 1la—d
reacted easily with m-chloroperbenzoic acid, giving the cor-
responding sulfoxides 2a—c or sulfones 3a, 3b, or 3d, de-
pending on the stoichiometry of the reactants (Scheme 2,
Table 1).I'31 Compounds 2a, 2b, 3a, and 3b are stable, yellow
liquids at room temperature. They partially decompose on
vacuum distillation but can be purified by silica gel chroma-
tography. Compounds 2¢ and 3d decomposed on silica gel
and were used without isolation (2¢) or purification (3d) in
further transformations.

. Rp—=—SO0—R
) 2a-¢
Rg—=—-5R
la-d
(i) —_
Rg—=——S80,—R
3a,b,d

Scheme 2. MCPBA, CH,Cl,, —15 °C to room temp.: (i) 1.35 equiv.;
(ii) 2.70 equiv.

Table 1. Preparation of sulfoxides 2a—c and sulfones 3a, 3b, and 3d

Entry Sulfide Rpg R Sulfoxide or sulfone (% yield)
1 1a HCF, nPr 2a (76)0

2 1b HCF, Bn 2b (87)

3 1c H(CF,); nPr 2c¢(—)dl

4 la HCF, nPr  3a (87)

5 1b HCF, Bn  3b(82)

6 1d H(CF,); Bn  3d (61)"

[a] Compound 2¢ was used without isolation for further transforma-
tions. — [ Crude compound.
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Sulfoxides 2 and sulfones 3 reacted effectively at room
temperature with 2,3-dimethylbutadiene, giving the corres-
ponding cyclohexa-1,4-dienes 4 and S, respectively. Sim-
ilarly, treatment with 1,3-cyclohexadiene produced bicyclo-
[2.2.2]octadienes 6 and 7 (Scheme 3, Table 2). The particular
substitution pattern of our alkynes enhances their dien-
ophilic reactivity in comparison with that of 1-alkyl-2-sul-
fonylethyne, 14 1-(F-alkyl)ethyne,['>! and even 2-F-alky-
noic acids.!'®! The reactivity strongly depends on the oxida-
tion state of sulfur (3 > 2). When treatment of 1-(alkylsulfi-
nyl)-2-(difluoromethyl)ethynes 2a and 2b was carried out
under aerobic conditions, minor proportions of the cyclo-
adducts were oxidized to the corresponding aromatic deriv-
atives (Table 2; Entries 1, 2). The aerial oxidation was con-
firmed by 50% conversions of 4a and 4b into 8a and 8b
after one week’s exposition to air. The sulfinylcyclohexadi-
enes 4a and 4b were obtained cleanly when the cycloaddi-
tion reaction was carried out under argon. It is noteworthy
that this spontaneous aromatization in air occurred only
with cycloadducts 4a and 4b. Neither sulfonylated cyclo-
hexadienes 5 nor long F-alkyl-substituted sulfinylcyclohex-
adiene 4¢ were modified on long exposure to air. The higher
stability of these compounds probably results from a higher
oxidation potential, due to the enhanced electron-with-
drawing characters of the highly fluorinated substituent
and/or of highly oxidized sulfur. The cycloadducts 6a and
7a, 7b, and 7d, obtained from 1,3-cyclohexadiene, are stable
compounds which can be stored at room temperature for
several weeks without significant transformation. It is not-
able that no diastereoselection occurred from the sulfinylal-
kyne 2a (Table 2; Entry 7). Easy and nearly quantitative
("F NMR) conversion of sulfoxides 4a and sulfones 5a, 5b,
and 5d into the corresponding aromatic derivatives 8a and
9a, 9b, and 9d occurred on treatment with dichlorodicyano-
benzoquinone at room temperature (Scheme 4, Table 3).

OO
Rg

0 n=1: 4a-¢
n=2: Sa,b,d
Rp—=—SO;—R
n=1:2a-¢ \
n=2: 3a,b,d (i) SO R
Ry
n=1: 6a
n=2: 7a,b,d

Scheme 3. Room temp., 24 h: (i) 2,3-dimethylbutadiene; (ii) 1,3-
cyclohexadiene

Elimination of sulfinic acid on treatment with base is a
typical transformation of sulfonylated cyclohexa-1,4-dienes,
applied for the synthesis of aromatic derivatives.l’) Owing to
the F-alkyl substitution, the cyclohexadienyl sulfones and
sulfoxides 5 and 4 showed no elimination. When sulfoxide
4a was treated with potassium hydroxide in dioxane, two
aromatic compounds were obtained (Scheme 5, Table 4) in
fair to good overall yields.
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Table 2. Cycloaddition reactions with 2,3-dimethylbutadiene and
1,3-cyclohexadiene

Entry Alkyne Diene n Rg R Cycloadduct (% yield)
1 2a (i) 1 HCF, nPr d4a (69)
2 2 () 1 HCF, Bn 4b (60)2
3 2 () 1 H(CF,); nPr d4c (83)
4 3 () 2 HCF, nPr 5a(100)
5 3b () 2 HCF, Bn 5b(97)
6 3d (i) 2 H(CF,); Bn 5d (89)
7 2a (i) 1 HCF, nPr 6a (63)"
8 3a (i) 2 HCF, nPr 7a (89)
9  3b (i) 2 HCF, Bn 7b(92)
10 3d (i) 2 H(CF»); Bn 7d (89)

[al Compounds 4a and 4b were accompanied by the corresponding
aromatic products 8a (yield: 8%) and 8b (yield: 9%), respectively.

— [Pl Mixture of diastereomers (56:44).
ocT Jo il
Rg Ry
n=1: 8a

n=1: 4a
n=2: 5a,b,d n=2: 9a,b,d

DDQ, CH,Cl,,
1, 24h

Scheme 4

Table 3. Treatment of cyclohexa-1,4-dienes 4a, 5a, 5b, and 5d
with DDQ

Entry Cycloadduct n Rg R Aromatic product (% yield)

1 4a 1 HCF, nPr 8a (71)
2 Sa 2 HCF, nPr 9a (85)
3 5b 2 HCF, Bn 9b (85)
4 5d 2 H(CF,); Bn 9d (51)
SO,—R SO,—R SO,—R
CF,—R’ dioxane CF,—R' CHF—R'
n=1:4a n=1: 8a n=1: 10a
n=2: 5h,d n=2: 9b,d n=2:11b,d
Scheme 5

Table 4. Treatment of cyclohexa-1,4-dienes 4a, 5b, and 5d with
KOH

Entry Cycloadduct n R’ R Products (% yield)

1 4a 1 H nPr  8a (35) 10a (41)
5b 2 H Bn 9b (30) 11b (20)

3 5d 2 H(CF,), Bn 9d (35) 11d (30)

The production of the (difluoromethyl)aryl sulfoxide 8a
corresponds, at least formally, to a simple oxidative aroma-
tization. The new (fluoromethyl)aryl sulfoxide 10a is the re-
sult of an HF elimination, which can easily be explained as
shown in Scheme 6. Performance of the reaction under ar-
gon did not prevent the formation of 8a, but other unidenti-
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fied products appeared. This seems to indicate that 8a is the
result of oxidation of the intermediate anion 12 by oxygen
or, under anaerobic conditions, by the sulfoxide itself

(Scheme 6).
SO,R

CF,R'

& SO,R / 8a, 9b, 9d

SO,R o
L, 5 AR

F n

4a, 5b, 5d " 5@ II
CFR'
SO.R
: : :CHFR'

10a, 11b, 11d

Scheme 6.

Very similar results were observed when the cyclo-
hexadienyl sulfones 5b and 5d were treated with KOH under
the same conditions, giving the (F-alkyl)aryl sulfones 9b
and 9d and the corresponding a-defluorinated aryl sulfones
11b and 11d (Scheme 5, Table 4). Neither the degree of flu-
orination nor the oxidation state of the sulfur atom seems
to have any significant influence on the basic reactivity of
the cycloadducts 4a, 5b, and 5d.

Summary

1-(Alkylsulfanyl)-2-(F-alkyl)alkynes, easily prepared
from 1,1-dihydro-F-alkanols, were converted into the cor-
responding sulfoxides and sulfones, which proved to be
strong dienophiles. Their [4+2] cycloadditions with dienes
permitted an effective two-step synthesis of 1-(alkylsulfinyl-
and -sulfonyl)-2-(F-alkyl)benzenes. Under basic conditions,
partial HF elimination resulted in the corresponding a-de-
fluorinated aromatic derivatives.

Experimental Section

General Remarks:['”! The syntheses of sulfides 1a—d have been de-
scribed previously.['>2]

Synthesis of Sulfoxides 2 and Sulfones 3. — General Procedure: The
appropriate quantity (for the preparation of sulfoxides: 0.027 mol,
1.35 equiv.; for the preparation of sulfones: 0.054 mol, 2.70 equiv.)
of m-chloroperbenzoic acid (Janssen Chimica, technical quality,
75%) was added at —15 °C to a solution of acetylenic sulfide (0.02
mol) in dichloromethane (30 mL). The reaction mixture was
stirred for 0.5 h at —15 °C and then for 24 h at room temperature.
m-Chlorobenzoic acid was filtered off, and the filtrate was concen-
trated in vacuo (15—20 mbar) to approximately half of its original
volume, and then cooled to —15 °C. An additional quantity of
m-chlorobenzoic acid was filtered off, and the filtrate was again
concentrated in vacuo (15—20 mbar). The sulfoxides and the sul-
fones were generally purified by chromatography on silica gel (pet-
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roleum ether/ethyl acetate, 70:30). The sulfone 3b was recrystallized
from dichloromethane. The sulfoxide 2¢ and the sulfone 3d were
used without additional purification. Compound 2a was de-
scribed previously.!”!

1-(Benzylsulfinyl)-3,3-difluoropropyne (2b): Yield: 87%. Oil. — 'H
NMR: & = 442 (m, 2 H, CH,), 6.29 (t, | H, 2Jyyr = 53.4 Hz,
CHF>), 7.3=7.5 (m, 5 H, Ph). — 3C NMR: 8§ = 61.9 (s, CH,),
84.8 (t, 3Jcr = 8.2 Hz, CSO), 91.6 (t, 2Jcyr = 36.4 Hz, CCHF,),
102.7 (t, 'Jer = 237.1 Hz, CHF,), 127.6 (s, C4 Ph), 128.8 (s, 2 X
CH Ph), 129.1 (s, CH Ph), 130.4 (s, 2 X CH Ph). — 'F NMR: § =
—110.1 (d, 2Jyr = 53.4 Hz, CHF,). — IR (film): ¥ = 3018, 2203,
1366, 1216, 1116, 1064 cm™!. — MS; m/z: 214 [M™*], 181, 139, 123.
— CyoHgF,0S (214.2): caled. C 56.07, H 3.76; found C 56.42, H
3.62.

3,3-Difluoro-1-(propylsulfonyl)propyne (3a): Yield: 87%. — 'H
NMR: § = 1.13 (t, 3Jyu = 74 Hz, 3 H), 1.9-2.1 (m, 2 H, CH,),
3.25(t, 3Jyu = 7.6 Hz, 2 H, CH,), 6.34 (t, 1 H, 2Jy = 53.4 Hz,
CHF,). — 3C NMR: § = 12.8 (s, CH3), 15.5 (s, CH,), 56.0 (s,
CH,), 80.4 (t, 3Jcr = 7.8 Hz, CSO,), 81.7 (t, 2Jcr = 36.0 Hz,
CCF, H), 102.7 (t, ey = 238.0 Hz, CHF,). — F NMR: § =
—111.6 (d, 2Jy.r = 53.4 Hz, CHF,). — IR (film): v = 2961, 2857,
2230, 1462, 1410, 1283, 1110 cm~!. — MS; m/z: 182 [M*], 162,
107, 43.

Synthesis of Cyclohexa-1,4-dienes 4 and 5 and Bicyclo[2.2.2]octa-
2,5-dienes 6 and 7. — General Procedure: A mixture of sulfoxides 2
or sulfones 3 (0.010 mol) and 2,3-dimethylbutadiene or 1,3-cyclo-
hexadiene (0.012 mol, 1.2 equiv.) was stirred for 24 h at room tem-
perature. The excess of diene was evaporated in vacuo
(15—20 mbar) and the cycloadducts were purified by chromato-
graphy on silica gel (petroleum ether/ethyl acetate, 85:15) or by
recrystallization from petroleum ether.

1-(Difluoromethyl)-4,5-dimethyl-2-(propylsulfinyl)cyclohexa-1,4-
diene (4a): Yield: 69%. Oil. — 'H NMR: § = 1.08 (t, 3Jyu =
7.2 Hz, 3 H, CH,), 1.6—1.9 (m, 2 H), 1.70 (s, 3 H, CH3), 1.73 (s, 3
H, CH;), 2.5-2.7 (m, 1 H), 2.8—3.1 (m, 4 H), 3.1-3.3 (m, 1 H),
6.81 (t, 1 H, 2Jyr = 57.2 Hz, CHF,). — 3C NMR: § = 12.8 (s,
CHj;), 16.2 (s, CH,), 17.6 (s, CH3), 17.8 (s, CH3), 26.4 (s, CH»,),
30.1 (d, 3Jer = 3.9 Hz, CH,), 53.5 (s, CH,), 109.5 (dd, Jcr =
237.1, 234.8 Hz, CHF,), 121.3 (s, 2 X C-CHj,), 134.1 (dd, 2Jcr =
25.8, 21.1 Hz, CCHF>), 142.4 (dd, 3Jcr = 9.4, 7.0 Hz, CSO). —
YF NMR: 8 = —114.2 (dd, 1 F, 2Jgr = 316.7, 2Jyr = 57.2 Hz,
CHF,Fg), —120.3 (dd, 1 F, 2Jgr = 316.7, 2Jyr = 57.2Hz,
CHFAFp). — CpHgF,0S (248.3): caled. C 58.03, H 7.30; found C
57.87, H 6.94.

1-(Benzylsulfonyl)-2-(difluoromethyl)-4,5-dimethylcyclohexa-1,4-
diene (5b): Yield: 97%. White solid; m.p. 153—155 °C. — '"H NMR:
6 = 1.58 (s, 3 H, CH;), 1.66 (s, 3 H, CH3), 2.80 (m, 2 H, CH,),
2.92 (m, 2 H, CH,), 425 (s, 2 H, CHy), 6.96 (t, 1 H, 2Jyr =
53.4 Hz, CHF,), 7.25—7.34 (m, 2H Ph), 7.35—7.40 (m, 3H Ph). —
I3C NMR: § = 17.8 (s, 2 X CHj3), 30.8 (t, 3Jcr = 3.9 Hz, CH.,),
34.7 (s, CHp), 61.4 (s, CH,), 109.5 (t, 'Jer = 236.3 Hz, CHF,),
121.2 (s, CCHj;), 121.3 (s, CCHj3), 127.1 (s, C4 Ph), 128.9 (s, 2 X
CH Ph), 129.3 (s, CH Ph), 130.8 (s, 2 X CH Ph), 136.6 (t, 3Jcr =
7.5 Hz, CSO»), 141.6 (t, 2Jcr = 25.6 Hz, CCHF,). — F NMR:
8 = —120.4 (d, 2Jir = 53.4 Hz, CHF,). — IR (KBr): ¥ = 3072,
2971, 2921, 2868, 1495, 1457, 1380, 1302, 1147, 1106 cm~!'. — MS;
miz: 292 [M* — HF], 201, 181, 137, 109, 91. — C;sHgF,0,S
(312.4): caled. C 61.52, H 5.81; found C 61.46, H 5.44.

1-(Benzylsulfonyl)-2-(1',1",2',2',3’,3'-hexafluoropropyl)-4,5-di-
methylcyclohexa-1,4-diene (5d): Yield: 89%. White solid; m.p.
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75—77 °C. — 'H NMR: § = 1.45 (s, 3 H, CH3), 1.63 (s, 3 H, CH3),
2.58 (m, 2 H, CH,), 2.98 (t, “Jur = 7.6 Hz, 2 H, CH,), 4.41 (s, 2
H, CH,), 6.38 (tt, 1 H, 2y = 51.8, 3y = 5.7Hz, CHF,),
7.3—=7.5 (m, 5 H, Ph). — '3C NMR: & = 17.3 (s, CHy), 17.5 (s,
CH,), 34.7 (m, CH,), 37.1 (s, CH,), 62.8 (s, CH»), 107.7 (tt, 'Je p =
252.0, 2] = 29.5 Hz, CHF,), 111.2 (tm, Jer = 253.5 Hz, CF,),
115.7 (tt, e = 255.9, 2Jep = 30.5 Hz, CF,C), 120.3 (s, CCH3),
122.2 (s, CCH3), 126.8 (s, quat. C Ph), 128.9 (s, 2 X CH Ph), 129.2
(s, CH Ph), 131.0 (s, 2 X CH Ph), 135.2 (t, 2Jcr = 23.4 Hz, CCF>),
143.5 (m, CSO,). — 9F NMR: § = —105.0 (m, 2 F, CF), —126.8
(td, 3Jrp = 8.0, 3y r = 6.5 Hz, CF,), —138.9 (dtt, 2/ = 51.8,
3 = 8.7, 4Jpr = 4.4 Hz, CHF,). — IR (KBr): ¥ = 2924, 2863,
1495, 1456, 1320, 1202, 1151, 1123 cm~'. — MS; m/z: 412 [M*],
395, 321, 303, 181, 155. — C,gH sF40,S (412.4): caled. C 52.43, H
4.40; found C 52.24, H 4.06.

2-(Difluoromethyl)-3-(propylsulfinyl)bicyclo[2.2.2]octa-2,5-diene
(6a): Yield: 68%. Oil. Mixture of diastereomers (56:44). — Major
Diastereomer: 'H NMR: § = 1.08 (t, 3Jy i = 7.3 Hz, 3 H, CH;),
1.4—1.6 (m, 4 H), 1.6—1.8 (m, 2 H), 2.7-2.9 (m, 2 H), 4.06 (m, 1
H, CH), 4.13 (m, 1 H, CH), 6.3—6.5 (m, 2 H, 2 X =CH), 6.93 (t,
1 H, 2Jgr = 55.7Hz, CHF,). — 3C NMR: § = 13.0 (s, CH;),
15.7 (s, CH,), 24.8 (s, CH»), 25.5 (s, CH,), 34.6 (s, CH), 36.2 (s,
CH), 53.7 (s, CH,), 108.7 (t, "Jer = 232.4 Hz, CHF,), 133.1 (s,
CH), 134.5 (s, CH), 143.9 (t, 2Jor = 25.8 Hz, CCHF,), 148.3 (t,
3Jer = 9.4 Hz, CSO). — YFNMR: § = —113.8 (dd, 2Jgf = 321.2,
2Jur = 54.9 Hz, CHF,Fg), —116.8 (dd, 2Jpr = 321.2, 2Jyr =
54.9 Hz, CHFAFp). — IR (film): ¥ = 2967, 2878, 1649, 1603, 1464,
1368, 1238, 1101. — MS; m/z: 246 [M*], 219, 202, 175, 156, 137.
— Minor Diastereomer: Selected data: 'H NMR: § = 1.01 (t,
3Jun = 7.3 Hz, 3 H, CH;), 427 (m, 1 H), 6.69 (t, 1 H, 2Jyr =
54.9 Hz, CHF,). — 3C NMR: § = 24.9 (s, CH,), 25.3 (s, CH»),
33.8 (s, CH), 36.5 (s, CH), 54.0 (s, CH>), 109.2 (t, 'Jcr = 232.4 Hz,
CHF,). — YF NMR: § = —114.1 (dd, 2Jgg = 3224, 2Jyy =
57.2 Hz, CHFFp), —116.2 (dd, 2Jrr = 322.4, 2Jyr = 57.2 Hz,
CHFAFp).

2-(Difluoromethyl)-3-(propylsulfonyl)bicyclo|2.2.2]octa-2,5-diene
(7a): Yield: 89%. Oil. — '"H NMR: 8§ = 1.03 (t, *Jyy gy = 7.2 Hz, 3
H, CH;), 1.4—1.9 (m, 6 H), 2.95 (t, *Jyu = 7.1 Hz, 2 H, CH.,),
4.14 (m, 1 H), 4.24 (m, 1 H), 6.4—6.5 (m, 2 H, 2 X =CH), 7.27 (t,
1 H, 2Jyr = 55.5Hz, CHF,). — 3C NMR: § = 12.8 (s, CH3),
15.8 (s, CH,), 24.2 (s, CH), 24.9 (s, CH,), 36.6 (s, CH), 39.1 (s,
CH), 55.7 (s, CH,), 108.3 (t, 'Jcr = 232.4 Hz, CHF>), 133.0 (s, =
CH), 133.9 (s, =CH), 144.0 (t, 3Jcr = 9.4 Hz, CSO,), 149.2 (t,
2Jer = 27.0 Hz, CCHF,). — PF NMR: § = —117.7 (d, 2Jyr =
55.5Hz, CHF,). — IR (film): ¥ = 2948, 2880, 1651, 1605, 1367,
1309, 1237, 1138, 1022 cm ™~ !. — MS; m/z: 262 [M*], 234, 192, 172,
155, 127, 108.

Oxidation of Cyclohexa-1,4-dienes with DDQ. — General Proced-
ure: A mixture of cyclohexa-1,4-dienes 4a, 5a, 5b, or 5d (0.015 mol)
and DDQ (0.015 mol, 1 equiv.) in dichloromethane (15 mL) was
stirred for 24 h at room temperature. The precipitate of dichlorod-
icyanohydroquinone was filtered off on Celite and the resulting so-
lution was concentrated in vacuo (15—20 mbar). The aromatic
compounds 8a, 9a, 9b, or 9d were purified by chromatography on
silica gel (petroleum ether/ethyl acetate, 90:10) and then recrystal-
lized from petroleum ether or petroleum ether/dichloromethane
(80:20).

1-(Difluoromethyl)-4,5-dimethyl-2-(propylsulfinyl)benzene (8a):
Yield: 71%. White solid; m.p. 63—64 °C (petroleum ether). — 'H
NMR: § = 1.05 (t, 3Juu = 7.4 Hz, 3 H, CH;), 1.80 (m, 2 H, CH,),
2.34 (s, 3 H, CHy), 2.37 (s, 3 H, CH3), 2.78 (t, 3Jyu = 74 Hz, 2
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H, CH,), 6.89 (t, 1 H, 2J;;» = 553 Hz, CHF,), 740 (s, 1 H, =
CH), 7.80 (s, | H, =CH). — 3C NMR: § = 13.1 (s, CH3), 16.5 (s,
CH,), 19.6 (s, CH3), 19.8 (s, CH3), 59.7 (s, CH»), 112.2 (t, e =
239.5 Hz, CHF>), 125.5 (s, =CH), 127.2 (t, 3Jcr = 7.0 Hz, =CH),
128.4 (t, 2Jer = 23.5Hz, CCF, X H), 140.0 (m, CSO), 140.5 (s,
CCH3), 141.2 (s, CCH3). — 1°F NMR: 8 = —102.4 (dd, 1 F, /5. =
299.5, 2Jyy ¢ = 55.3 Hz, CHF,Fy), —114.8 (dd, 1 F, 2/ = 299.5,
2Jur = 55.3 Hz, CHF,Fy). — IR (KBr): v = 3019, 2977, 1605,
1491, 1427, 1267, 1202, 1092 cm~'. — MS; ml/z: 246 [M*], 204,
184, 165, 123. — C;,H,4F,0S (246.3): caled. C 58.51, H 6.55; found
C 58.71, H 6.40.

1-(Benzylsulfonyl)-2-(difluoromethyl)-4,5-dimethylbenzene (9b):
Yield: 85%. White solid; m.p. 118—119 °C (petroleum ether/dichlo-
romethane, 80:20). — '"H NMR: § = 2.22 (s, 3 H, CH;), 2.37 (s, 3
H, CH3), 4.38 (s, 2 H, CH,), 7.1-7.2 (m, 2 H Ph), 7.2—-7.3 (m, 3
H Ph), 7.38 (t, 1 H, 2Jur = 53.4 Hz, CHF>), 7.36 (s, 1 H, =CH),
7.59 (s, 1 H, =CH). — 3C NMR: § = 19.2 (s, CH3), 19.9 (s, CH3),
63.6 (s, CH,), 111.1 (t, e = 238.2 Hz, CHF>), 127.5 (s, quat. C
Ph), 127.6 (t, 3Jcr = 7.0 Hz, =CH), 128.5 (s, 2 X CH Ph), 128.8
(s, CH Ph), 130.8 (s, 2 X CH Ph), 131.0 (t, 2Jcr = 22.5Hz,
CCHF>), 132.4 (s, =CH), 132.7 (t, *Jcr = 5.1 Hz, CSO>), 140.0
(s, CCHj3), 143.9 (s, CCH3). — "F NMR: § = —112.8 (d, 2 F,
2Jur = 53.4 Hz, CHF,). — IR (KBr): ¥ = 3073, 2940, 1604, 1495,
1380, 1290, 1088 cm™!'. — GC MS; m/z: 310 [M*], 195, 105, 91,
65. — C16H16F>0,S (311.4): caled. C 61.72, H 5.18; found C 61.33,
H 4.90.

Treatment of Cyclohexa-1,4-dienes with KOH. — General Proced-
ure: A mixture of cyclohexa-1,4-dienes 4a, 5b, or 5d (0.01 mol) and
KOH (0.02 mol, 2 equiv.) in dioxane (25 mL) was stirred for 24 h
at room temperature (for cyclohexa-1,4-diene 5d: at —110 °C, for
10 min). The solid was filtered off and the filtrate was concentrated
in vacuo (15—20 mbar). Diethyl ether (20 mL) was added to the
resulting mixture and the solution was then washed with water (2
X 10 mL). The organic layer was dried with MgSO,, filtered, and
concentrated in vacuo (15—20 mbar). The residues were purified
by chromatography on silica gel (petroleum ether/ethyl acetate,
90:10) to give the difluoromethyl derivatives 8a (yield: 35%), 9b
(yield: 30%), and 9d (yield: 35%) and the fluoromethyl derivatives
10a, 11b, and 11d. Analytical samples of compounds 10a, 11b, and
11d were obtained by recrystallization from petroleum ether.

1-(Fluoromethyl)-4,5-dimethyl-2-(propylsulfinyl)benzene (10a):
Yield: 41%. White solid; m.p. 125—126 °C. — '"H NMR: § = 1.06
(t, 3Jun = 7.3 Hz, 3 H, CH3), 1.7-2.0 (m, 2 H, CH,), 2.33 (s, 3
H, CH;), 2.36 (d, %Jcr = 2.3Hz, 3 H, CH;), 2.80 (t, 3Jyu =
7.6 Hz, 2 H, CH,), 5.31 (dd, 1 H, 2/ = 49.6, 2Jyyu = 10.9 Hz,
CH,HgF), 555 (dd, 1 H, 2Jyr = 49.6, 2Jyu = 109 Hz,
CHAHpF), 7.78 (s, 1 H, =CH), 7.19 (d, *Jyr = 1.5Hz, 1 H, =
CH). — BC NMR: § = 13.1 (s, CH3), 16.3 (s, CH,), 19.4 (s, CH3),
19.6 (s, CH3), 59.6 (s, CH,), 81.0 (d, 'Jor = 166.7 Hz, CH,F),
125.3 (s, =CH), 129.8 (d, 2Jcr = 16.4 Hz, CCH,F), 131.3 (d,
3Jer = 7.0 Hz, =CH), 139.6 (d, 3Jcr = 5.5 Hz, CSO), 140.0 (s,
CCHy), 141.0 (s, CCH3). — YF NMR: § = —1974 (t, 1F, 2Jyr =
49.6 Hz, CH,F). — IR (film): v = 2967, 2876, 1607, 1455, 1385,
1252, 1065 em™!. — MS; m/z: 228 [M*], 209, 184, 166, 137, 105.
— HRMS: calcd. for C,H;;FOS 228.0979; found 228.0985.

1-(Benzylsulfonyl)-2-(fluoromethyl)-4,5-dimethylbenzene (11b):
Yield: 20%. White solid; m.p. 120—122 °C. — 'H NMR: § = 2.23
(s, 3 H, CHy), 2.34 (s, 3 H, CH3), 4.37 (s, 2 H, CH,), 5.48 (d,
2Jur = 47.5Hz, 2 H, CH,F), 7.07—7.13 (m, 2H Ph), 7.22—-7.31
(m, 3H Ph), 7.32 (s, 1 H, =CH), 7.46 (s, 1 H, =CH). — *C NMR:
& = 19.2 (s, CH;), 19.8 (s, CH3), 63.4 (d, °Jcr = 3.0 Hz, CH.,),
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81.7 (d, e = 165.4 Hz, CH,F), 127.9 (s, quat. C Ph), 128.5 (s,
2 X CH Ph), 128.8 (s, CH Ph), 130.6 (d, *Jcr = 10.8 Hz, =CH),
130.9 (s, 2 X CH Ph), 132.2 (s, =CH), 133.9 (d, 2Jcr = 16.7 Hz,
CCH,F), 137.95 (s, CCHj), 137.99 (s, CCH3), 143.8 (m, CSO,). —
F NMR: § = —209.7 (t, 1 F, 2JH‘F = 47.5Hz, CH,F). — IR
(KBr): v = 3068, 2982, 2925, 1603, 1495, 1314, 1254, 1120 cm™!.
— MS; m/z: 292 [M™*], 228, 193, 137, 115, 109. — C,sH;;FO,S
(292.4): caled. C 65.73, H 5.86; found C 65.77, H 5.73.

Supporting Information: Spectroscopic data for compounds 2¢, 3b,
3d, 4b, 4c, 5a, 7b, 7d, 8b, 9a, 9d, and 11d are available; see footnote
on page 1.
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