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Total Synergistic Effect between Triflic Acid and Bismuth(1ir) or Antimony(111)
Chlorides in Catalysis of the Methanesulfonylation of Arenes
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A total synergistic effect between bismuth(ii) or antimony (11r)
chlorides and triflic acid has been observed in the
Friedel-Crafts methanesulfonylation of arenes and has re-
sulted in the development of the first efficient catalytic sys-
tems usable for the methanesulfonylation of both activated

and deactivated arenes. A proposed mechanism to explain
the observed effects is also discussed.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

Introduction

Trifluoromethanesulfonic acid (1) is a well known and
efficient superacid catalyst for Friedel—Crafts reactions of
arenes.l!! Its catalytic activity can be enhanced by com-
plexation with metallic halides!!! or triflates.l’! In addition,
we recently reported that the catalytic activity of 1, which
is a poor catalyst for Friedel—Crafts arylsulfonylation,!
could be improved by doping with BiCl; (2).) Although
numerous catalysts for Friedel—Crafts arylsulfonylation of
arenes have been reported,l®! few catalytic methods for the
preparation of alkyl sulfones are available.[’">"% Here we
report that extreme synergy between 1 and 2 (system A) or
between 1 and SbCl; (3) (system B) has resulted in the first
efficient catalytic system for the methanesulfonylation of
arenes with the commercially available methanesulfonyl
chloride.

Results and Discussion

Bismuth(i) chloride (2)7 is not an efficient catalyst for
the arylsulfonylation of arenes and, just as 15! and 3, pro-
ved to be inactive for the methanesulfonylation of toluene
(4) (Table 1, Entry 1) and a variety of other arenes such as
mesitylene (5), o-xylene (6), m-xylene (7), p-xylene (8),
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fluorobenzene (9), benzene (10), chlorobenzene (11), o-di-
chlorobenzene (12), 1,3-difluorobenzene (13), o-fluorotolu-
ene (14), m-fluorotoluene (15) and p-fluorotoluene (16) (for
purposes of clarity these results are not shown in the table).
When system A or system B was used, however, an exother-
mic reaction occurred and a mixture of methyltolylsulfones
(17) was obtained in almost quantitative yields, ac-
companied by the release of hydrogen chloride (Table 1, En-
tries 2, 3). From testing of different ratios of 1, 2 and 3 in
the two systems it appeared that 10% mol is an optimum
amount for each component of these systems. The yields of
the sulfones (17—29) obtained from various arenes (4—16)
and methanesulfonyl chloridel”! are summarized in Table 1.

From these results one can conclude that system A is
able to catalyse the methanesulfonylation of various arenes
efficiently. In the case of m-xylene (7), the yield of the sul-
fone is lowered by the formation of tarry products, as pre-
viously reported.[’) Moreover, our results obtained for the
methanesulfonylation of p-xylene (8) with system A
(Table 1, Entry 10) are similar to those recently reported by
Olah et al. with MsOH and Nafion-H, while system B pro-
ved to be less efficient (Table 1, Entry 11).19 In analogy
with our previous work, we propose the mechanism shown
in Scheme 1, which is supported by the following obser-
vations: Step (a) concerns the reaction between 1 and 2 (sys-
tem A), which gives rise to the mixed bismuth chlorotriflates
BiCl,(OTf);_,,.I’*11 Step (b) involves the ligand exchange
between the mixed bismuth(m) chlorotriflatel'3 and
methanesulfonyl chloride, resulting in the regeneration of 2
and production of the mixed trifluoromethanesulfonic
methanesulfonic anhydride (MeSO,OTY) (30).I'4 In step (c),
30 reacts with the arene to generate 1 and the methylsul-
fone. A similar mechanism is involved in the case of system
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Table 1. Catalytic methanesulfonylation of arenes

SOzMe
i Cat.
b + MeSO,C W
4-16 17-29
Entry  ArHE!  Cat. Temp. °C,[®)  Productl®
(time, days)  (yield, %)

1 4 lor2or3 120 (1.5) 17 (0)

2 4 Alel 120 (1.5) 17 (92)

3 4 Bl 120 (1.5) 17 (92)

4 5 A 120 (0.7) 18 (80)

5 5 B 120 (0.7) 18 (8)

6 6 A 120 (3) 19 (87)

7 6 B 120 (3) 19 (18)

8 7 A 120 (1) 20 31)

9 7 B 120 (1) 20 (12)
10 8 A 120 (3) 21 91)
1 8 B 120 (3) 21 (45)
12 9 A 105 (3) 22 (0)

13 9 B 105 (3) 22 (97)
14 10 A 105 (6) 23 (94)
15 10 B 105 (6) 23 91)
16 1 A 125 (7) 24 (78)
17 1 B 105 (7) 24 (73)
18 12 A 130 (7) 25 (19)
19 12 B 130 (7) 25 (13)
20 13 B 110 (7) 26 (93)
21 14 B 120 (4) 27 (87)
2 15 B 120 (7) 28 (71)
23 16 B 120 (7) 29 (89)

[l ArH/MeSO,Cl/cat. = 3:1/0.1 mol %, arenes are: toluene (4),
mesitylene (5), o-xylene (6), m-xylene (7), p-xylene (8), fluoroben-
zene (9), benzene (10), chlorobenzene (11), o-dichlorobenzene (12),
m-difluorobenzene (13), o-fluorotoluene (14), m-fluorotoluene (15),
and p-fluorotoluene (16). 1 Temperature of the oil bath. [ Prod-
ucts are: mixture of methyl methylphenyl sulfones 17, methyl 2,4,6-
trimethylphenyl sulfone (18), mixture of dimethylphenyl methyl sul-
fones 19—21, mixture of fluorophenyl methyl sulfones 22, methyl
phenyl sulfone (23), mixture of chlorophenyl methyl sulfones 24,
mixture of dichlorophenyl methyl sulfones 25, mixture of difluoro-
phenyl methyl sulfones 26, mixture of fluoromethylphenyl methyl
sulfones 27—29. ¥ Isolated yield in ArSO,Me; for the determi-
nation of isomer ratios see Exp. Sect. ! Cat. A = BiCly/TfOH.
Il Cat. B = SbCly/TfOH.

TFOH
1 HCl
(a)
MCl; M =Bi(2), b (3) MCLOTHs.0)
(b)
MeS0,Cl
MeSO,0Tf
30
©
AtH ArSO,Me + TIOH

4-16 17-29
Scheme 1
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B, the mixed antimony chlorotriflate compound being
SbCIL,OTf.['?! Interestingly, with system B almost no reac-
tion takes place in the case of 5 (Entry 5), while this system
proved to be efficient with fluorobenzene (9) (Entry 13).
Mesitylene (5) is a strong © donor arene capable of generat-
ing Menschutkin complexes, which are most probably in-
volved in deactivation of the catalyst.l'>) When 10% mol of
pure SbCLOTfI!?l was used in the methanesulfonylation of
5, a 9% yield of methyl 2,4',6’-trimethylphenyl sulfone (18)
was isolated (same conditions than for Entry 5), indicating
that the deactivation of the system B arises from the inhi-
bition of the reaction between 1 and 3 through its com-
plexation with 5 (step a). In the case of 9, the difference
between the two systems stems from the solubility of 3 in
aromatics (a consequence of the respective ionic and coval-
ent natures of 2 and 3).['®1 System B was therefore used for
the methanesulfonylation of various fluoroarenes (Table 1,
Entries 21—-23).

It may be noted that the reaction times for both systems
are quite long, and since the amount of the alkyl sulfone
increases during the course of the reaction, one might hy-
pothesize that this compound could interact strongly with
2 or 3 or the mixed chlorotriflate intermediate species, re-
sulting in a progressive deactivation of the catalytic system.
Indeed, when the methanesulfonylation of 4 (same con-
ditions as for Entries 2 and 3) was conducted in the pres-
ence of 0.6 equivalent of the sulfone 18, the yield of 17
dropped to 15% in both cases. An infrared study conducted
in toluene ([¢]= 86 mM) revealed that 18 (vSO5®™ = 1318
cm™!, vSO$™ = 1151 cm™!) is strongly complexed by 2
and 3, resulting in a shift of both symmetrical and unsym-
metrical absorption bands of SO, to lower frequencies (for
the mixture 18+2: vSO3%¥™ = 1295 cm~!, vSO$™ = 1132
cm™~!; for the mixture 18+3: vSO3Y™ = 1301 cm~!, vSO
™M = 1142 cm ™). In addition, the respective amounts of
free and complexed sulfone were estimated by deconvol-
ution calculations.!!”]

Conclusion

In conclusion, total synergistic effects between triflic acid
and bismuth(t) chloride or antimony(in) chloride in the
catalytic Friedel—Crafts methanesulfonylation of arenes
have been observed, these metal chlorides acting as shuttles
for triflate ligands. The screening of other catalytic systems
is currently underway.

Experimental Section

General Remarks: All experiments were carried out under argon
by use of standard Schlenk techniques. Arenes were purified by
conventional methods, and methanesulfonyl chloride was used as
received. Triflic acid was distilled twice over pure sulfuric acid,
stored under argon and added to the reaction mixture by syringe.
Commercially available bismuth(ur) and antimony(in) chlorides
were dried by the following procedure: i) heating at reflux over
thionyl chloride for 1 h, ii) evaporation of thionyl chloride under
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reduced pressure (0.05 mm of Hg) at room temp., and iii) removal
of the traces of thionyl chloride under reduced pressure (0.05 mm
of Hg) at 80 °C [for bismuth(i) chloride] or 50 °C [for anti-
mony(u1) chloride]. GC experiments were carried out with a
Hewlett—Packard 6890 chromatograph fitted with a 30 X 0.32 X
0.25 column (methyl silicone doped with 5% phenyl silicone). GC-
MS experiments were performed with a Hewlett—Packard MS
5989 apparatus (EI 70 eV) fitted with a Hewlett—Packard 6890
chromatograph. "H NMR spectra were recorded with a Bruker AM
400 spectrometer. Chemical shifts are reported in ppm downfield
from tetramethylsilane with the solvent resonance as the internal
standard (deuteriochloroform: § = 7.26 ppm). '3C NMR spectra
were recorded with a Bruker AM 400 spectrometer with complete
proton decoupling. Chemical shifts are reported in ppm downfield
from tetramethylsilane with the solvent resonance as the internal
standard (deuteriochloroform: § = 77.0 ppm). '°’F NMR spectra
were recorded on Bruker AC 200 or ARX 400 spectrometers.
Chemical shifts are reported in ppm with trifluoroacetic acid as the
internal standard. Resonances were assigned by standard 2D NMR
correlation experiments (COSY, HMBC, HMQC). All known com-
pounds (18, 23) had characteristics identical to those previously re-
ported.[6¢:18.19]

Methyl 2-Methylphenyl Sulfone (17a), Methyl 3-Methylphenyl Sul-
fone (17b) and Methyl 4-Methylphenyl Sulfone (17¢):1°>'®1 GC: 3
peaks, tg = 4.55, 4.63 and 4.75 min (17a/17b/17¢ = 50:16:34). MS
(EI): m/z (%) of 17a = 170 (50) [M "], 155 (15), 107 (36), 91 (100),
65 (52), 39 (34). MS (EI): m/z (%) of 17b = 170 (43) [M "], 155
(18), 107 (33), 91 (100), 65 (66), 39 (51). MS (EI): m/z (%) of 17¢ =
170 (32) [M ], 155 (31), 107 (33), 91 (100), 65 (57), 39 (45). 'H
NMR (400 MHz, [Dg]DMSO): 6 = 2.40 (s, ArMe, 17¢), 2.41 (s,
ArMe, 17b), 2.65 (s, ArMe, 17a), 3.18 (s, SO,Me, 17¢), 3.20 (s,
SO,Me, 17b), 3.21 (s, SO,Me, 17a), 7.28—7.36 (m, 4 H, H!5, 17a
and H33, 17¢), 7.40—7.42 (m, 2 H, H*>, 17b), 7.47 (td, J = 1.4,
7.5Hz, 1 H, H3, 17a), 7.67—7.71 (m, 2 H, H>°, 17b), 7.75—7.80
(m, 2 H, H?®, 17¢), 7.97-8.00 (dd, J = 1.4, 7.9 Hz, 1 H, HS, 17a)
ppm. 3C NMR (50 MHz, CDCl;): § = 20.2 (C?—Me,17a), 21.3
(C3=Me, 17b), 21.6 (C*—Me, 17¢), 43.7 (C—SO,Me, 17a), 44.5
(C—S0O,Me, 17b), 44.6 (C—SO,Me, 17¢), 124.4 (C?H, 17b), 126.7
(C°H, 17a), 127.3 (C*>°H, 17¢), 127.6 (C°H, 17b), 129.1 (C°H, 17a),
129.3 (C*r SH, 17b), 130.0 (C>H, 17¢), 132.8 (CH, 17a), 133.8
(C*H, 17a), 134.5 (C* °" °H, 17b), 137.5 and 137.7 (C? of 17a and
C3 of 17b), 138.7 (C!, 17¢), 139.7 (C!, 17a), 140.4 (C!, 17b), 144.7
(C*, 17¢) ppm.

3,4-Dimethylphenyl Methyl Sulfone (19a) and 2,3-Dimethylphenyl
Methyl Sulfone (19b): GC: 2 peaks, g = 5.33, 5.45 min (ratio
51:49); For the peak at 5.33 min. MS (EI): m/z (%) = 184 (81)
[M*1], 169 (17), 121 (54), 105 (100), 104 (24), 103 (40), 91 (22), 79
(47), 78 (46), 77 (64), 65 (14), 51 (19), 39 (19); For the peak at
5.45 min. MS (EI): m/z (%) = 184 (59) [M*], 169 (43), 121 (41),
105 (100), 103 (25), 91 (15), 79 (49), 78 (18), 77 (53), 65 (11), 63
(21), 51 (20), 39 (21). '"H NMR of the mixture of 19a and 19b
(400 MHz, CDCl3): 8 = 2.27 and 2.28 (2s, C>*— Me, of 19a and
C3—Me, of 19b), 2.55 (s, C*—Me, 19b), 2.95 and 3.02 (2s, SO,Me
of 19a and 19b), 7.19 (m, C°H, 19b), 7.22 (d, J = 7.7 Hz, C°H,
19a), 7.35 (dd, J = 0.4, 7.5 Hz, C*H, 19b), 7.57 (dd, J = 1.8, 8.0 Hz,
C°H, 19a), 7.61 (m, C?H, 19a), 7.84 (m, C°H, 19b) ppm. '3*C NMR
(100 MHz, CDCl3): 6 = 16.3, 19.9, 20.2, 20.6 (C— Me of 19a and
19b), 44.1, 44.8 (C—SO,Me of 19a and 19b), 124.9, 126.2, 127.1,
128.2, 130.6, 135.4 (CH phenyl of 19a and 19b), 136.0, 138.0, 138.3,
139.2, 139.8, 143.5 (C—Me and C—SO,Me of 19a and 19b) ppm.

2,4-Dimethylphenyl Methyl Sulfone (20a), 2,6-Dimethylphenyl
Methyl Sulfone (20b) and 3,5-Dimethylphenyl Methyl Sulfone (20c):
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GC: 2 peaks, tg = 4.94 (20b), 5.16 (20a) min (ratio 1:2 = 81:19).
MS (EX): m/z (%) of 20a = 184 (72) [M*], 169 (35), 121 (45), 105
(100), 104 (11), 103 (31), 91 (24), 79 (42), 78 (29), 77 (59), 65 (15),
63 (18), 51 (21), 39 (23). MS (EI): m/z (%) of 20b: 184 (100) [M*-],
169 (13), 121 (73), 105 (87), 104 (34), 103 (54), 91 (29), 79 (44), 78
(66), 77 (71), 65 (23), 63 (23), 51 (29), 39 (32). '"H NMR of the
mixture of 20a, 20b and 20c¢ (400 MHz, CDCl3): 6 = 2.35 (s,
C2— Me, 20a), 2.36 (s, C3>— Me, 20c), 2.63 (s, C*—Me, 20a), 2.67
(s, C>6—Me, 20b), 2.99 (s, SO,Me, 20c), 3.01 (s, SO,Me, 20a), 3.03
(s, SO,Me, 20b), 6.95—7.15 (m, C*>°H, 20a and C>°H, 20b), 7.21
(m, C*H, 20c), 7.29 (t, J = 7.7 Hz, C*H, 20b), 7.50 (s, C>°H, 20c),
7.86 (d, J = 7.9 Hz, C°H, 20a); ratio 20a/20b/20c estimated by 'H
NMR = 75:21:4. 3C NMR (100 MHz, CDCl): § = 20.3 (C*>Me,
20a), 21.4 (C3>Me, 20c), 21.5 (C*Me, 20a), 23.1 (C>°Me, 20b), 44.0
(C—SO,Me, 20a), 44.4 (C—SO,Me, 20b), 44.6 (C—SO,Me, 20c),
125.0 (C*>H, 20c), 127.5 (C°H, 20a), 129.5 (C°H, 20a), 131.7
(C3*3H, 20b), 132.9 (C*H, 20b), 133.6 (C3H, 20a), 135.5 (C*H, 20c),
136.0 (C—SO,Me, 20a), 137.5 (C®Me of 20a and C—SO-Me of
20b), 139.7 (C*°Me, 20b), 144.7 (C*Me, 20a).

2,5-Dimethylphenyl Methyl Sulfone (21): GC: g = 5.04 min. MS
(ED): mlz (%) = 184 (94) [M ™7, 135 (61), 169 (23), 121 (61), 105
(100), 104 (42), 103 (43), 79 (49), 78 (44), 77 (62), 51 (22), 39 (20).
'H NMR (400 MHz, CDCl3): § = 2.34 (s, 3 H, C>Me), 2.62 (s, 3
H, C2Me), 3.02 (s, 3 H, SO,Me), 7.18 (d, J = 7.7 Hz, 1 H, C*H),
7.28 (dd, J = 7.7, 1.5 Hz, 1 H, C*H), 7.80 (m, 1 H, C°H) ppm. '3C
NMR (100 MHz, CDCl5): § = 20.0 (C2—Me), 21.0 (C>°— Me), 43.8
(C—S0,Me), 129.7 (C°H), 132.8 (C*H), 134.4 (C*Me), 134.5
(C*H), 136.9 (C°Me), 138.4 (C—SO,Me) ppm.

4-Fluorophenyl Methyl Sulfone (22a) and 2-Fluorophenyl Methyl
Sulfone (22b): GC: 2 peaks, g = 3.75 (22a) and 3.92 (2) min (ratio
22a/b = 76:24). MS (EI): m/z (%) of 22a: 174 (24) [M ™7, 159 (32),
112 (21), 111 (25), 95 (100), 83 (23), 75 (64), 50 (20), 39 (28). MS
(EI): miz (%) of 22b: 174 (38) [M "], 159 (35), 112 (57), 111 (25),
95 (100), 83 (27), 75 (72), 74 (19), 69 (21), 63 (20), 50 (23). '"H NMR
(250 MHz, CDCl;): 6 = 3.05 (s, SO,Me, 22a), 3.21 (s, SO,Me, 22b),
7.17—=7.40 (m, C>H of 22a and C>*3H of 22b), 7.65 (m, C°H,
22b), 7.95 (m, C>°H, 22a) ppm. '*C NMR (63 MHz, CDCl;): 6 =
444 (d, J = 2.8 Hz, C—SO,Me, 22b), 45.1 (s, C—SO,Me, 22a),
117.2 (d, J = 22.9 Hz, C*3, 22a), 117.8 (d, J = 21.3 Hz, C3, 22b),
125.5 (d, J = 3.7 Hz, C3, 22b), 128.8 (d, J = 14.8 Hz, C!, 22b),
130.1 (s, C°, 22b), 130.9 (d, J = 9.7 Hz, C*°, 22a), 136.9 (d, J =
8.5 Hz, C4, 22b), 137.3 (d, J = 3.0 Hz, C!, 22a), 160.0 (d, J =
255 Hz, C?, 22b), 166.2 (d, J = 255 Hz, C%, 22a) ppm. '°F NMR
(376 MHz, CDCl;): & = —34.1 (22b), —27.9 (22a) ppm.

2-Chlorophenyl Methyl Sulfone (24a) and 4-Chlorophenyl Methyl
Sulfone (24b):[°1"] GC: 2 peaks, tx = 4.76 (24b) and 4.85 (24a)
min (ratio 24a/24b = 74:26). MS (EI): m/z (%) of 24a = 192 (22)
[M*], 190 (57) [M ™7, 177 (14), 175 (36), 130 (20), 129 (18), 128
(65), 127 (40), 113 (34), 111 (100), 99 (25), 76 (14), 75 (74), 74 (25),
73 (11), 51 (17), 50 (46). MS (EI): m/z (%) of 24b = 192 (17) [M "],
190 (45) [M*7], 177 (16), 175 (44), 128 (35), 127 (34), 113 (34), 111
(100), 99 (17), 75 (60). 'H NMR of the mixture of 24a and 24b
(400 MHz, CDCl;): 6 = 3.01 (s, SO,Me, 24b), 3.23 (s, SO,Me, 24a),
7.42—7.47 (ddd, J = 7.8, 6.5, 2.2 Hz, C°H, 24a), 7.49—7.60 (m,
C34H of 24a and C>3H of 24b), 7.83—7.87 (m, C>°H, 24b), 8.11
(ddd, J = 7.8, 1.3, 0.6 Hz, C°H, 24a) ppm. '3C NMR (50 MHz,
CDCl;): 6 = 42.8 (C—SO,Me, 24a), 44.5 (C—SO,Me, 24b), 127.7
(CH phenyl of 24a), 129.0 and 129.7 (CH phenyl of 24b), 130.8
and 131.9 (CH phenyl of 24a), 132.4 (C—Cl or C—SO,Me of 24a),
134.9 (CH phenyl of 24a), 137.9 (C—Cl or C—SO,Me of 24a),
139.0 and 140.3 (C—Cl or C—SO,Me of 24b) ppm.
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2,3-Dichlorophenyl Methyl Sulfone (25a) and 3,4-Dichlorophenyl
Methyl Sulfone (25b): GC: 2 peaks, tg = 5.79 (25b) and 5.94 (25a)
min. MS (EI): m/z (%) of 25a = 226 (46) [M*7], 224 (M+., 64),
211 (22), 209 (33), 165 (14), 164 (51), 163 (29), 162 (80), 161 (37),
147 (64), 145 (100), 111 (24), 109 (65), 75 (50), 74 (61), 63 (20), 50
(13). MS (EI): m/z (%) of 25b = 226 (36) [M*7], 224 (52) [M "1,
211 (34), 209 (50), 165 (10), 164 (23), 163 (31), 162 (37), 161 (45),
147 (65), 145 (100), 111 (20), 109 (58), 75 (41), 74 (47), 63 (14), 50
(11). "H NMR of the mixture of 25a and 25b (400 MHz, CDCl,):
d = 3.04 (s, SO,Me, 25b), 3.26 (s, SO,Me, 25a), 7.40 (t, J = 8 Hz,
C°H, 25a), 7.64 (d, J = 8.4 Hz, C°H, 25b), 7.70—7.77 (m, J = 8.4,
2 Hz, C*H of 25a and C°H of 25b), 8.0 (d, J = 2 Hz, C?H, 25b),
8.07 (dd, J = 8, 2 Hz, C°H, 25a) ppm; ratio 25a/25b estimated by
"H NMR = 4:96. '3C NMR of 25b (50 MHz, CDCl;,. § = 44.5
(C—S0,Me), 126.6, 129.6, 131.6 (C>>SH), 134.2, 138.9 and 140.2
(C'*4) ppm.

2,4-Difluorophenyl Methyl Sulfone (26): GC: rzx = 3.51 min. MS
(ED): mlz (%) = 192 (46) [M*], 177 (56), 130 (44), 129 (100), 113
(70), 101 (25), 63 (56). '"H NMR (250 MHz, CDCl;): § = 3.12 (s,
3 H, SO,Me), 6.90—7.10 (m, 2 H, C>°H), 7.80—7.95 (m, 1 H, C°H)
ppm. 3C NMR (50 MHz, CDCl3): § = 439 (d, J = 1.5Hz,
SO,Me), 105.8 (t, J = 25.6 Hz, C3H), 112.3 (dd, J = 22, 3.8 Hz,
C’H), 125.0 (dd, J = 15 and 4 Hz, C"), 131.8 (dd, J = 10.5, 1.2 Hz,
C®H), 160.4 (dd, J = 259, 11.7 Hz, C? °* 4—F), 166.5 (dd, J = 257,
13 Hz, C? °* 4=F) ppm. '°F NMR (376 MHz, CDCls): § = —29.4,
—23.4 ppm.

4-Fluoro-3-methylphenyl Methyl Sulfone (27a), 3-Fluoro-2-meth-
ylphenyl Methyl Sulfone (27b), 3-Fluoro-4-methylphenyl Methyl Sul-
fone (27¢), 2-Fluoro-3-methylphenyl Methyl Sulfone (27d): GC: g =
4.24 (27c¢), 4.35 (27a), 4.39 (not assigned), and 4.56 (not assigned)
min in the respective proportions 6:66:16:12; For 27a: MS (EI): m/
z (%) of 27a = 188 (50) [M "], 173 (42), 125 (33), 109 (100), 83 (30).
'"H NMR of the mixture (400 MHz, CDCls): § = 2.30—2.33 (m,
C—Me, 27a, 27b, 27d), 2.57 (d, J = 2.5 Hz, C—Me, 27¢c), 2.99 (s,
SO,Me, 27a, 27b or 27d), 3.00 (s, SO,Me, 27a, 27b or 27d), 3.05 (s,
SO,Me, 27¢), 3.17 (s, SO,Me, 27a, 27b or 27d), 7.13 (t, 1 H, C°H,
27a), 7.17—7.20 (m, not assigned), 7.25—7.38 (m, not assigned),
7.42—7.47 (m, not assigned), 7.51—7.60 (m, not assigned),
7.70—7.74 (m, C°H, 27a), 7.74—7.78 (m, C?H, 27a), 7.79—7.85 (m,
not assigned) ppm. '3C NMR of 27a (50 MHz, CDCl;): 6 = 15.0
(d, J = 3.5Hz, C—Me), 44.8 (C—SO,Me), 116.3 (d, J = 23.9 Hz,
C3), 127.0 (d, J = 18.5Hz, C3), 127.6 (d, J = 9.8 Hz, C%), 131.3
(d,J = 6.7Hz, C?),136.3 (d, J = 3.5 Hz, C"), 164.5 (d, J = 255 Hz,
C* ppm. F NMR (376 MHz, CDCls): § = —28.9 (27a), —33.6,
—34.3, —35.2 ppm.

2-Methyl-4-fluorophenyl Methyl Sulfone (28a), 2-Fluoro-4-meth-
ylphenyl Methyl Sulfone (28b), 2-Fluoro-6-methylphenyl Methyl Sul-
fone (28¢): GC: rr = 4.08 (28a), 4.19 (28¢) min and 4.45 (28b) min
in the respective proportions 62:12:26; For the peak at 4.08 min.
MS (EX): m/z (%) of 28a = 188 (58) [M*7], 173 (42), 125 (35), 109
(100), 107 (19), 83 (36), 57 (10). MS (EI): m/z (%) of 28¢c = 188
(94) [M*7], 173 (34), 125 (100), 109 (84), 107 (35), 83 (46), 57 (24);
For the peak at 4.45 min. MS (EI): m/z (%) of 28b = 188 (56)
[M*1], 173 (63), 125 (100), 109 (65), 107 (13), 83 (36), 57 (16). 'H
NMR (400 MHz, CDCl;): 6 = 2.35 (s, C—Me, 28b), 2.61 (s,
C—Me, 28a and 28c), 3.00 (s, SO,Me, 28a), 3.10 (s, SO,Me, 28b),
3.16 (d, J = 2 Hz, SO,Me, 28¢), 6.93—7.08 (m, not assigned), 7.37
(td, J = 8 and 5.5 Hz, C*H, 28c), 7.69 (t, J = 7.7 Hz, C°H, 28b),
7.94 (dd, J = 9.5, 5.5 Hz, C°H, 28a) ppm. '3C NMR (125 MHz,
CDCl;): 6 = 20.8 (s, C—Me, 28a), 20.9 (s, C—Me, 28c), 21.4 (s,
C—Me, 28b), 43.6 (s, C—SO,Me, 28a), 43.7 (d, J = 2.8 Hz,
C—SO,Me, 28b), 45.3 (d, J = 5.9 Hz, C—SO,Me, 28¢), 113.5 (d,
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J = 219 Hz, C3, 28a), 114.8 (d, J = 23.9 Hz, C3, 28¢), 117.4 (d,
J = 20.9 Hz, C3, 28b), 119.3 (d, J = 22.2 Hz, C3, 28a), 125.2 (d,
J =14.8 Hz, C', 28b), 125.3 (d, J = 3.1 Hz, C>, 28b), 127.0 (d, J =
12.6 Hz, C', 28¢), 128.8 (d, J = 3 Hz, C°, 28¢), 129.2 (s, C°, 28b),
132.0 (d, J = 9.9 Hz, C°, 28a), 134.4 (d, J = 10.4 Hz, C*, 28c),
134.7 (d, J = 3 Hz, C', 28a), 140.7 (s, C, 28c), 141.0 (d, J =
9.3 Hz, C?, 28a), 148.0 (d, J = 8.4 Hz, C* 28b), 159.1 d, J =
254 Hz, C?, 28b), 160.2 (d, J = 253 Hz, C°, 28¢), 165.1 (d, J =
255 Hz, C°, 28a) ppm. '’"F NMR (376 MHz, CDCls): § = —29.5
(28a), —31.1 (28¢) and —35.5 (28b) ppm.

2-Fluoro-5-methylphenyl Methyl Sulfone (29a), 2-Methyl-5-fluoro-
phenyl Methyl Sulfone (29b): GC: g = 4.23 (not assigned), and
4.50 (not assigned) min in the respective proportions 48:52; For the
peak at 4.23 min. MS (EI): m/z (%) = 188 (100) [M™*-], 173 (19),
125 (33), 125 (54), 109 (83), 108 (79), 107 (32), 83 (43); For the
peak at 4.50 min. MS (EI): m/z (%) = 188 (64) [M*], 173 (36), 126
(44), 125 (37), 109 (100), 107 (19), 97 (18), 63 (28), 57 (31). 'H
NMR (400 MHz, CDCls): & = 2.36 (s, C—Me, 29a), 2.63 (s,
C—Me, 29b), 3.05 and 3.16 (s, SO,Me, 29a,0r 29b), 7.09 (dd, J =
8.5, 9.7 Hz, C*H, 29a), 7.18 (td, J = 2.8, 7.9 Hz, C*H, 29b), 7.29
(dd, J = 5.2, 8.5 Hz, C*H, 29b), 7.38 (m, C*H, 29a), 7.60—7.80 (m,
CPH of 29a and C®H of 29b) ppm. '3C NMR (50 MHz, CDCl;):
5 = 19.6 (s, C—Me, 29b), 20.7 (s, C— Me, 29a), 43.6 (s, C—SO, Me,
29a or 29b), and 44.0 (d, C—SO,Me, 29a or 29b), 116.5, 116.7,
116.9 and 117.1 (C*H of 29a and C?H of 29b), 120.8 (d, J/ = 21 Hz,
C*H, 29b), 128.0 (d, J = 18.5 Hz, C!, 29a), 129.7 (C®, 29a), 133.3
(d, J = 3.6 Hz, C2, 29b), 134.6 (d, J = 7 Hz, C°H, 29b), 135.0 (d,
J = 3.9 Hz, C°H, 29a), 136.6 (d, J = 8 Hz, C*H, 29a), 140.2 (C',
29b), 157.7 (d, J = 252 Hz, C?, 29a), 160.8 (d, J = 250 Hz, C>,
29b) ppm. "’F NMR (376 MHz, CDCl;): § = —35.0 and —36.3
(29a and 29b) ppm.
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