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been developed. The catalytic reaction provides a facile route to diarylmethyl sulfones. The products can
be transformed further via desulfonylative functionalization mediated by aluminum compounds.
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1. Introduction

Transition-metal-catalyzed direct arylations at sp>-hybridized
carbons having acidic hydrogens have been attracting attention in
the modern cross-coupling reaction.!~ In light of the importance of
this transformation, we thus envisioned a new application of the
direct arylation, specifically, intermolecular benzylic arylation of
benzyl sulfones (Table 1).° Benzyl sulfone 1, readily prepared from
benzyl halide and sodium arenesulfinate, has benzylic hydrogens of
satisfactory acidity for deprotonation.” Palladium-catalyzed aryla-
tion of 1 with aryl halide 2 would afford diarylmethyl sulfone 3.

2. Results and discussion

Treatment of benzyl sulfone 1a with bromobenzene (2a) in the
presence of cesium hydroxide and catalytic amounts of 7-allyl-
palladium chloride dimer and tricyclohexylphosphine (P(°CgH11)3)
in refluxing xylene provided the corresponding arylated product 3a
in moderate yield (Table 1, entry 1). A plausible reaction mecha-
nism includes deprotonation of 1a with cesium hydroxide followed
by transmetalation of a-tosylbenzylcesium with an arylpalladium
bromide intermediate. Although the product should have the more
acidic hydrogen,® we could not observe p-tolyl triphenylmethyl
sulfone, which could be derived from second arylation.®

The effect of the phosphine ligand is summarized in Table 1.
Although a number of phosphine ligands showed poor to moderate
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activity for the reaction, the use of P(°CgH11)3 and P'Bus resulted in
high efficiency (entries 1 and 12). Other ligands such as triaryl-
phosphines and bidentate phosphine ligands were much less
effective.

By using P(“CgH11)3 as the optimal ligand, the effect of bases was
examined (Table 2). Cesium carbonate showed no activity (entry 7)
while alkali metal hydroxides and ‘BuOK acted as effective bases
(entries 1-6 and 8). Finally, we found that the desired product 3a
was obtained in 90% yield by a similar reaction in refluxing toluene

Table 1
Optimization of ligand for direct phenylation of benzyl sulfone 1a

\@\ H 2.5 mol% [PdCl(r-allyl)],
(0]

10 mol% ligand Ph

$ Q
5 2.0 eq CsOH-H,0 ﬁ
1a xylene, reflux, 3 h (o]
+PhBr (2a, 1.2 eq) 3a
Entry Ligand TH NMR yield (%)
1 P(°CgH11)s 68
2 PPhs 19
3 P(o-tol)3 Trace
4 P(p-MeOCgH4)3 24
5 P(p-FCsH4)3 35
6 DPPE (2.5 mol %) Trace
7 rac-BINAP (2.5 mol %) 6
8 DPEphos (2.5 mol %) 8
9 Xantphos (2.5 mol %) 31
10 PMes 0
11 P"Bus 0
12 P'Bus (2.5 mol %) 52
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Table 2
Optimization of base for direct phenylation of benzyl sulfone 1a

H 2.5 mol% [PdCI(n-allyl)],
Q
S

10 mol% P(°CgHq1)s oh
"
6 base §
1a xylene, reflux, 3 h (0]

+ PhBr (2a, 1.2 eq) 3a
Entry Base (equiv) TH NMR yield (%)
1 CsOH-H,0 (1.2) 24
2 CsOH-H,0 (2.0) 68
3 CsOH-H,0 (3.0) 41
4 KOH (2.0) 50
5 KOH (3.0) 30
6 NaOH (2.0) 37
7 Cs,C0;5 (2.0) 0
8 ‘BuOK (2.0) 61
9 BuOK (2.0) 90P
10 ‘BuOK (2.0)° 39
11 BuOK (2.0)¢ 0

¢ Toluene was used as a solvent.

b Isolated yield.

¢ Performed in toluene at 80 °C for 15 h.
d performed in toluene at 50 °C at 15 h.

(entry 9). The reaction at 80 °C or lower resulted in incomplete
conversion even after 15 h (entries 10 and 11).

With the optimal conditions, we performed the direct arylation
of a variety of aryl halides (Table 3). lodobenzene (2b) reacted
smoothly (entry 2), although chlorobenzene (2c) gave 3a in lower
yield (entry 3). Aryl iodides having chloro- (entry 4), tri-
fluoromethyl- (entry 5), and ester groups (entry 6) could be
employed. Unfortunately, attempts on the reaction with electron-

Table 3
Pd-catalyzed arylation of benzyl sulfone 1a

\©\9 H cat. [PdCl(x-allyl)],

cat. P(°CgHy1),4 o Ar

I BuOK i

0 B

1a toluene, reflux 0

+ArX (2) 3
Entry ArxX 2 Time (h) 3 Isolated
yield® (%)

1 X 2a X= Br 3 3a 90
2 2b I 2 99
3 2¢c cl 3 312
4 2d R= p-dl 2 3d 76
5 2e m-CF3 3 3e 75
6 ! 2f p-CO'Bu 5 3f 75
7 | 2g p-Me 2 3g  80°
8 [~ 2h p-F 4 3h  64°
9 R 2i p-MeO 7 3i 67°
10 2j m-Me 2 3j 84P
11 2k 0-Me 5 3k 67°

12 OO 21 5 31 69°

2 The yield was determined by 'H NMR analysis.
IPr-HCI (0.030 mmol) was used as a ligand.

o

iPr iPr
+
Q\N/§ N
) \—/
Pr cr Pr

IPr-HCI

Table 4
Pd-catalyzed phenylation of other sulfones
H
R1 9 cat. [PdCl (r-allyl)],
SSTUR? cat P(°CgH11)3 o Fh
1 iBuoK LIPS
* toluene, refl § R?
uene, reflux
Phl (2a) ’ o 3
Entry R! R? 1 Time (h) 3 Isolated
yield/%
1 p-MeCgH, p-FCgHy4 1b 3 3h 772
2 p-MeOCgHy4 1c 3 3i 732
8 2-Naphthyl 1d 4 3m 62
4 p-CF3CgHy Ph 1e 2 3n 77
5 p-MeOCgHy4 1f 2 30 83
6 Morpholinyl Ph 1g 1 3p 75
7 NMePh 1h 1 3q 71

2 IPr-HCI (0.030 mmol) was used as a ligand.

™

wn=0
=
(0]

. ®
@0.
PO
"
i 1j ?

k

= O=
I
o

Figure 1. Other sulfones.

rich aryl iodides resulted in incomplete conversions. For such re-
actions, it was effective to use an N-heterocyclic carbene (NHC)
precursor IPr-HCI' instead of tricyclohexylphosphine to obtain the
corresponding product in high yield (entries 7-10). Sterically de-
manding aryl iodides 2k and 21 also participated in the reaction by
using the NHC ligand (entries 11 and 12).

Other sulfones were subjected to the arylation reaction (Table
4). The reactions of p-substituted benzyl sulfones 1b, 1c and 2-
naphthylmethyl sulfone 1d proceeded smoothly (entries 1-3). The
p-trifluoromethyl- and the p-methoxy groups of the arenesulfonyl
moieties did not interfere with the arylation (entries 4 and 5).
Benzylic sulfonamides 1g and 1h could be employed to afford the
corresponding diarylmethanesulfonamides (entries 6 and 7).!!
Unfortunately, the reactions of 1-phenylethyl sulfone 1i and benzyl
methyl sulfone 1j resulted in no conversions, because of the low
acidity of the benzylic protons (Fig. 1). The reaction of 2-biphenylyl-
methyl sulfone 1k also afforded no arylated product, due to the
steric hindrance.

Finally, desulfonylative transformations of the product 3a were
investigated (Scheme 1). Treatment of diphenylmethyl sulfone 3a

Ph

I o U
a e Ph
H” >Ph §J\Ph
I
42 88% 3 O
g 4e89%
‘C N
Ph Ph Ph
/\)\Ph NG Ph Me” “Ph
4b 85% 4c 100% 4d 100%

Scheme 1. Desulfonylative transformations of diphenylmethyl sulfone 3a in the
presence of aluminum compounds: (a) AlCl; (1.5 equiv), Et3SiH (1.5 equiv), CHyCly,
25°C, 1 h; (b) AlCl5 (1.5 equiv), Me3SiCH,CH=CH; (1.5 equiv), CH,Cly, 25°C, 1 h; (c)
AlCl;5 (1.5 equiv), MesSiCN (1.5 equiv), CH,Cly, 25 °C, 1 h; (d) AlMes (1.5 equiv), CH,Cl,,
25°C, 2 h; (e) AlCl5 (1.5 equiv), CgHg, 25°C, 1 h.
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with hydrosilane, allylsilane, or silyl cyanide in the presence of
aluminum chloride provided the corresponding desulfonylative
product in high yield.> Methylation of 3a with trimethylaluminum
proceeded smoothly.!® Friedel-Crafts alkylation of benzene with
diphenylmethyl sulfone 3a was facile to yield triphenylmethane
(4e).

3. Conclusion

In summary, we have developed an effective palladium catalyst
system for the direct arylation of benzyl sulfones with aryl halides. The
catalytic reaction provides a facile route to diarylmethane derivatives.

4. Experimental
4.1. General

4.1.1. Instrumentation

TH NMR (500 MHz) and 3C NMR (126 MHz) spectra were taken
on a Varian Unity INOVA 500 spectrometer and were recorded in
CDCl3. Chemical shifts (6) are in parts per million relative to tetra-
methylsilane at 0.00 ppm for 'H and relative to CDCl3 at 77.2 ppm
for 13C unless otherwise noted. IR spectra were determined on
a SHIMADZU FTIR-8200PC spectrometer. TLC analyses were per-
formed on commercial glass plates bearing a 0.25-mm layer of
Merck Silica gel 60F;s4. Silica gel (Wakogel 200 mesh) was used for
column chromatography. Elemental analyses were carried out at
the Elemental Analysis Center of Kyoto University.

4.1.2. Materials

Unless otherwise noted, materials obtained from commercial
suppliers were used without further purification. Toluene was
purchased from Wako Pure Chemical Co. and stored over slices of
sodium. Tricyclohexylphosphine and imidazolinium salt IPr-HCl
were purchased from Strem. Preparations of sulfones (1a-1i) are
shown below. Preparations of sulfones 1j'* and 1k'> were carried
out according to the literature. All reactions were carried out under
argon atmosphere.

4.2. Experimental procedures

4.2.1. Synthesis of benzyl aryl sulfones (1a-1d, 1i)

Synthesis of sulfone 1a is representative. Benzyl chloride (4.6 mL,
40 mmol) was added to a suspension of sodium p-toluenesulfinate
tetrahydrate (11.0 g, 44 mmol) and tetrabutylammonium bromide
(0.64 g, 2.0 mmol) in 1,2-dimethoxyethane (40 mL) at room temper-
ature. The resulting mixture was heated at reflux for 3 h. The mixture
was poured into water and insoluble materials were collected by fil-
tration to yield benzyl p-tolyl sulfone (1a, 8.9 g, 36 mmol, 82%).

4.2.2. Synthesis of benzyl aryl sulfones (1e and 1f)

Synthesis of sulfone 1e is representative. A solution of butyl-
lithium (1.6 M in hexane, 6.3 mL, 10 mmol) was slowly added to
a solution of p-trifluoromethylbromobenzene (1.4 mL, 10 mmol) in
tetrahydrofuran (50 mL) at —78 °C and the reaction mixture was
stirred for 15 min at —78 °C. Sulfur (0.32 g, 10 mmol) was added to
the reaction mixture. After the reaction mixture was stirred for
10 min at —78 °C, benzyl bromide (1.2 mL, 10 mmol) was slowly
added. After being stirred for 1 h at room temperature, the reaction
mixture was quenched with a saturated ammonium chloride so-
lution. The product was extracted with ethyl acetate three times.
The combined organic layer was dried over sodium sulfate and
concentrated in vacuo. The residue containing benzyl 4-tri-
fluoromethylphenyl sulfide was used for the next step without
further purification.

Aqueous H,0, (30%, 4.5 mL, 40 mmol) was slowly added to a so-
lution of the crude sulfide and molybdenum dichloride dioxide
(0.30 g, 1.5 mmol) in acetonitrile (10 mL). After being stirred for 18 h
atroom temperature, the resulting mixture was poured into aqueous
sodium thiosulfate. Extraction with ethyl acetate followed by silica
gel column purification furnished benzyl p-trifluoromethylphenyl
sulfone (1e, 0.97 g, 3.2 mmol) in 32% yield in two steps.

4.2.3. Synthesis of benzylic sulfonamides (1g and 1h)

Synthesis of sulfonamide 1g is representative. A solution of
phenylmethanesulfonyl chloride (1.9 g, 10 mmol) in tetrahydro-
furan (5 mL) was slowly added to a solution of morpholine
(0.44 mL, 5.0 mmol) and diisopropylethylamine (2.1 mL, 12 mmol)
in tetrahydrofuran (10 mL) at O °C. After the reaction mixture was
stirred for 8 h at room temperature, the reaction mixture was
quenched with a saturated ammonium chloride solution. Extrac-
tion with ethyl acetate followed by silica gel column purification
furnished N-benzylsulfonylmorpholine (1g, 0.97 g, 4.0 mmol) in
80% yield.

4.24. Typical procedure for palladium-catalyzed direct arylation
of aryl benzyl sulfones

Synthesis of sulfone 3a is representative (Table 3, entry 2).
‘BuOK (449 mg, 4.0 mmol) and m-allylpalladium chloride dimer
(18 mg, 0.05 mmol) were placed in a 20-mL two-necked reaction
flask equipped with a Dimroth condenser under Ar atmosphere.
Tricyclohexylphosphine (0.5 M in toluene, 0.4 mL, 0.2 mmol), tol-
uene (10 mL), benzyl p-tolyl sulfone (1a, 493 mg, 2.0 mmol), and
iodobenzene (2a, 0.27 mL, 2.4 mmol) were sequentially added at
ambient temperature. The resulting mixture was heated at reflux
for 2 h. After the mixture was cooled to room temperature, a satu-
rated aqueous ammonium chloride solution (10 mL) was added.
The product was extracted with ethyl acetate three times. The
combined organic layer was dried over sodium sulfate and con-
centrated in vacuo. Silica gel column purification (hexane/ethyl
acetate=5:1) gave diphenylmethyl p-tolyl sulfone (3a, 637 mg,
1.97 mmol) in 99% yield.

4.2.5. Synthesis of 4a, 4b, and 4c

Synthesis of diphenylmethane (4a) is representative. Aluminum
trichloride (40 mg, 0.3 mmol) was added to a solution of diphenyl-
methyl p-tolyl sulfone (3a, 65 mg, 0.2 mmol) and triethylsilane
(48 pL, 0.3 mmol) in dichloromethane (2.0 mL). After being stirred
for 1 h at room temperature, the reaction mixture was quenched
with aqueous sodium hydroxide (1 M, 3 mL). The product was
extracted with ethyl acetate three times. The combined organic
layer was dried over sodium sulfate and concentrated in vacuo.
Silica gel column purification yielded diphenylmethane (4a, 30 mg,
0.18 mmol) in 88% yield.

4.2.6. Synthesis of 4d

A solution of trimethylaluminum (1.0 M in toluene, 0.4 mL,
0.4 mmol) was added to a solution of diphenylmethyl p-tolyl sul-
fone (3a, 65 mg, 0.2 mmol) in dichloromethane (2.0 mL). After
being stirred for 2 h at room temperature, the reaction mixture was
quenched with aqueous sodium hydroxide (1 M, 3 mL). The prod-
uct was extracted with ethyl acetate. The combined organic layer
was dried over sodium sulfate and concentrated in vacuo.
Chromatographic purification on silica gel gave 1,1-diphenylethane
(4d, 26 mg, 0.20 mmol) in quantitative yield.

4.2.7. Synthesis of 4e

Aluminum trichloride (40 mg, 0.3 mmol) was added to a solution
of diphenylmethyl p-tolyl sulfone (3a, 65 mg, 0.2 mmol) in benzene
(2.0 mL). After being stirred for 1 h at room temperature, the re-
action mixture was quenched with aqueous sodium hydroxide (1 M,
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3 mL). Extractive workup followed by silica gel column purification
afforded triphenylmethane (4e, 43 mg, 0.18 mmol) in 89% yield.

4.3. Characterization data

4.3.1. Benzyl p-tolyl sulfone (1a)™

'H NMR (CDCl3) 6 2.41 (s, 3H), 4.29 (s, 2H), 7.08-7.10 (m, 2H),
7.22-7.28 (m, 4H), 7.30-7.33 (m, 1H), 7.49-7.51 (m, 2H); 3C NMR
(CDCl3) ¢ 21.8, 63.1, 128.5, 128.7, 128.8, 128.9, 129.7, 131.0, 135.2,
144.8. Anal. Calcd for C14H140,S: C, 68.26; H, 5.73%. Found: C, 68.51;
H, 5.71%.

4.3.2. p-Fluorophenylmethyl p-tolyl sulfone (1b)

IR (Nujol) 2923, 2854, 1460, 1377, 1126, 1087 cm~'; TH NMR
(CDCl3) 6 2.43 (s, 3H), 4.26 (s, 2H), 6.94-6.98 (m, 2H), 7.06-7.08 (m,
2H), 7.25-7.27 (m, 2H), 7.50-7.52 (m, 2H); >C NMR (CDCl3) 6 21.8,
62.2, 115.8 (d, Jc_p=21.5 Hz), 124.3 (d, Jc_r=3.9 Hz), 129.3 (d, Je_r=
127 Hz), 132.7 (d, Jc_r=8.6 Hz), 134.9, 145.0, 162.2, 164.2. HRMS
(DI-EI*) (m/z) observed: 264.0620 (A=19 ppm), calcd for
C14H1305FS [MT]: 264.0620. Mp 161-164 °C.
4.3.3. p-Methoxyphenylmethyl p-tolyl sulfone (1c)"

'H NMR (CDCl3) 6 2.42 (s, 3H), 3.79 (s, 3H), 4.23 (s, 2H), 6.79 (d,
J=8.5 Hz, 2H), 7.00 (d, J=8.5 Hz, 2H), 7.25 (d, J=8.5 Hz, 2H), 7.51 (d,
J=8.5 Hz, 2H); 13C NMR (CDCl3) 6 21.8, 55.4, 62.4,114.2, 120.3, 128.8,
129.7,132.2, 135.2, 144.8, 160.1.

4.3.4. 2-Naphthylmethyl p-tolyl sulfone (1d)

IR (Nujol) 2923, 2854, 1654, 1507, 1465, 1151 cm~!; 'H NMR
(CDCl3) 6 2.40 (s, 3H), 4.45 (s, 2H), 7.19-7.22 (m, 3H), 7.46-7.52
(m, 4H), 7.56 (s, 1H), 7.72-7.75 (m, 2H), 7.81-7.83 (m, 1H); >C
NMR (CDCl3) 6 21.8, 63.3, 125.9, 126.6, 126.8, 127.9, 128.05,
128.14, 128.5, 128.8, 129.7, 130.7, 133.21, 133.25, 135.2, 144.9. Mp
135-137 °C.

4.3.5. Benzyl p-trifluoromethylphenyl sulfone (1e)

IR (Nujol) 2922, 2854, 1655, 1457, 1378 cm~'; 'H NMR (CDCl3)
6 4.35 (s, 2H), 7.08-7.10 (m, 2H), 7.26-7.30 (m, 2H), 7.35 (tt, J=7.0,
2.0 Hz, 1H), 7.70-7.76 (m, 4H); ">*C NMR (CDCl3) 6 63.0,123.3(q, Jc_r=
272 Hz),126.2 (q, Jc_.;=3.8 Hz),127.7,129.0,129.3,129.5, 131.0, 135.6
(9, Jc-r,=33.0 Hz), 141.5. Anal. Calcd for C14H11F305S: C, 55.99; H,
3.69%. Found: C, 55.73; H, 3.81%. Mp 163-165 °C.

4.3.6. Benzyl p-methoxyphenyl sulfone (1f)'®

'H NMR (CDCl3) 6 3.86 (s, 3H), 4.28 (s, 2H), 6.88-6.91 (m, 2H),
7.08=7.10 (m, 2H), 7.25-7.29 (m, 2H), 7.30-7.34 (m, 1H), 7.51-7.54
(m, 2H); 3C NMR (CDCl3) 6 55.8, 63.3, 109.9, 114.2, 128.68, 128.72,
128.8,129.6, 131.0, 163.9.

4.3.7. N-Benzylsulfonylmorpholine (1g)%

'H NMR (CDCl3) 6 3.10 (dd, J=4.5, 4.5 Hz, 4H), 3.62 (dd, J=4.5,
4.5 Hz, 4H), 4.24 (s, 2H), 7.39-7.43 (m, 5H); *C NMR (CDCl3) 6 46.3,
56.9, 66.9, 128.7, 129.0, 129.1, 130.9.

4.3.8. N-Benzylsulfonyl-N-methylaniline (1h)%

TH NMR (CDCl3) 6 3.13 (s, 3H), 4.27 (s, 2H), 7.23-7.28 (m, 3H),
7.33-7.41 (m, 7H); 13C NMR (CDCl3) 6 39.1, 56.5, 126.1, 127.0, 128.8,
128.93, 128.94, 129.4, 131.0, 141.6.

4.3.9. 1-Phenylethyl p-tolyl sulfone (1i)

IR (Nujol) 2923, 2854, 1654, 1645, 1457, 1373 cm™!; 'H NMR
(CDCl3) 6 1.76 (d, J=7.0 Hz, 3H), 2.40 (s, 3H), 4.21 (q, J=7.0 Hz, TH),
7.14-7.15 (m, 2H), 7.18-7.20 (m, 2H), 7.23-7.31 (m, 3H), 7.40-7.43
(m, 2H); 13C NMR (CDCl3) 6 14.3, 21.8, 66.2, 128.5, 128.9, 129.40,
129.44, 129.6, 134.07, 134.08, 144.6. HRMS (DI-EI*) (m/z) observed:

260.0867 (A=1.4 ppm), calcd for C15H1602S [M']: 260.0871. Mp
114-117 °C.

4.3.10. Benzyl methyl sulfone (1j)™
'H NMR (CDCls) & 2.75 (s, 3H), 4.25 (s, 2H), 7.42 (br, 5H); 1°C
NMR (CDCl3) 6 39.2, 61.5, 128.5, 129.3 (x2C), 129.3, 130.7.

4.3.11. 2-Biphenylylmethyl p-tolyl sulfone (1k)*

'H NMR (CDCl3) 6 2.40 (s, 3H), 439 (s, 2H), 6.84-6.86 (m, 2H),
7.12-714 (m, 3H), 7.23-7.29 (m, 5H), 7.35-7.37 (m, 2H), 7.60-7.62
(m, 1H); 3C NMR (CDCl3) 6 21.7,59.1, 125.8, 127.3,127.7,128.2, 128.6,
128.7,129.2, 129.6, 130.4, 131.7, 135.8, 139.9, 143.8, 144.6.

4.3.12. Diphenylmethyl p-tolyl sulfone (3a)

IR (Nujol) 2925, 2854, 1457, 1377, 1141 cm™'; 'H NMR (CDCl5)
0 2.37 (s, 3H), 5.26 (s, 1H), 7.15 (d, J=8.0 Hz, 2H), 7.30-7.33 (m, 6H),
7.49 (d, J=8.0 Hz, 2H), 7.52-7.54 (m, 4H); 3C NMR (CDCl3) 6 21.8,
76.7, 128.76, 128.85, 129.2, 129.4, 130.2, 133.3, 135.5, 144.6. Anal.
Calcd for CyoH1g0,S: C, 74.50; H, 5.63%. Found: C, 74.20; H, 5.67%.
Mp 181-185 °C.

4.3.13. p-Chlorophenyl(phenyl)methyl p-tolyl sulfone (3d)

IR (Nujol) 2924, 2854, 1655, 1457, 1377 cm™'; TH NMR (CDCl3) 6 2.38
(s, 3H), 5.24 (s, 1H), 7.17-7.18 (m, 2H), 7.29-7.32 (m, 5H), 747-7.50 (m,
6H); 3C NMR (CDCl3) 6 21.8, 75.8,129.0 (x2C), 129.1,129.2, 129.6, 130.0,
1314, 131.8, 132.9, 135.0, 135.2, 144.9. Anal. Calcd for CyoH17ClO,S: C,
67.31; H, 4.80%. Found: C, 67.10; H, 4.90%. Mp 131-135 °C.

4.3.14. Phenyl(m-trifluoromethylphenyl)methyl p-tolyl sulfone (3e)

IR (Nujol) 2923, 2854, 1692, 1654, 1465, 1451, 1373 cm™; 'H
NMR (CDCl3) 6 2.36 (s, 3H), 5.33 (s, 1H), 7.15-7.17 (m, 2H), 7.32-7.33
(m, 3H), 7.45-7.52 (m, 5H), 7.56-7.57 (m, 1H), 7.66 (s, 1H), 7.84 (d,
J=8.0 Hz, 1H); 13C NMR (CDCl3) 6 21.7, 76.0, 123.9 (q, Jc_;=271 Hz),
125.5 (q, Jc-r=3.8 Hz), 127.1 (q, Jc-r=3.8 Hz), 129.0, 129.08, 129.14,
129.4,129.6,130.0, 131.1 (q, Jc_r=32.5 Hz), 132.5, 133.3, 134.4, 134.9,
145.1. Anal. Calcd for C31H17F30,S: C, 64.60; H, 4.39%. Found: C,
64.61; H, 4.53%. Mp 92-95 °C.

4.3.15. tert-Butyl p-[p-tolylsulfonyl(phenyl)methyl]benzoate (3f)

IR (Nujol) 2923, 2854, 1654, 1507, 1457, 1151 cm™'; 'H NMR
(CDCl3) 6 1.58 (s, 9H), 2.39 (s, 3H), 5.31 (s, 1H), 7.17 (d, J=8.0 Hz, 2H),
7.31-7.32 (m, 3H), 7.49-7.51 (m, 4H), 7.59-7.60 (m, 2H), 7.92-7.94
(m, 2H); 3C NMR (CDCl3) 6 21.8, 28.3, 76.3, 81.5, 128.96, 128.97,
129.2, 129.6, 129.86, 129.94, 130.1, 132.3, 132.8, 135.3, 137.8, 144.9,
165.4. Mp 104-107 °C.

4.3.16. Phenyl(p-tolyl)methyl p-tolyl sulfone (3g)

IR (Nujol) 2923, 2854, 1457, 1383, 1141 cm™!; 'H NMR (CDCls)
0 2.32 (s, 3H), 2.37 (s, 3H), 5.23 (s, 1H), 7.12-7.16 (m, 4H), 7.29-7.31
(m, 3H), 7.41-7.43 (m, 2H), 7.48-7.52 (m, 4H); >C NMR (CDCl3)
021.3,22.0,76.4,128.7,128.8,129.2,129.4, 129.6, 130.0, 130.1, 130.2,
133.5, 135.6, 138.7, 144.5. Anal. Calcd for Cy1Hp00,S: C, 74.97; H,
5.99%. Found: C, 74.93; H, 6.05%. Mp 145-148 °C.

4.3.17. p-Fluorophenyl(phenyl)methyl p-tolyl sulfone (3h)

IR (Nujol) 2923, 2854, 1655, 1457, 1378 cm™'; 'H NMR (CDCl3)
0 2.37 (s, 3H), 5.26 (s, 1H), 6.99-7.03 (m, 2H), 7.16 (d, J=8.0 Hz, 2H),
7.30-7.33 (m, 3H), 7.47-7.53 (m, 6H); >C NMR (CDCl3) 6 21.8, 75.7,
115.8 (d, Jc-,=21.5 Hz), 128.88, 128.93, 129.1 (d, Jc_r=3.4 Hz), 129.2,
129.5, 130.0, 131.9 (d, Jc-r=8.1 Hz), 134.2 (d, Jc-r=269 Hz), 144.8,
162.0, 164.0. Anal. Calcd for CyoH17FO,S: C, 70.57; H, 5.03%. Found:
C, 70.31; H, 5.20%. Mp 159-162 °C.

4.3.18. p-Methoxyphenyl(phenyl)methyl p-tolyl sulfone (3i)
IR (Nujol) 2923, 2854,1457,1377,1141 cm~'; 'THNMR (CDCl3) § 2.37
(s,3H),3.78(s,3H), 5.22 (s, 1H), 6.84(d, J=8.5 Hz, 2H), 7.15 (d, J=8.5 Hz,
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2H), 7.29-7.43 (m, 3H), 7.43-7.46 (m, 2H), 7.48-7.53 (m, 4H); 1>C NMR
(CDCl3) 6 21.8, 55.5, 76.0, 114.2, 125.1, 128.7, 128.8, 129.2, 129.4, 130.0,
1314, 133.6,135.6, 144.5, 159.9. Anal. Calcd for Ca1Ho005S: C, 71.56; H,
5.72%. Found: C, 71.56; H, 5.77%. Mp 155-158 °C.

4.3.19. Phenyl(m-tolyl)methyl p-tolyl sulfone (3j)

IR (Nujol) 2923, 2854, 1655, 1457, 1379 cm™'; 'H NMR (CDCl3)
62.33(s,3H),2.38 (s, 3H), 5.26 (s, 1H), 7.13-7.18 (m, 3H), 7.23 (dd, J=7.5,
7.5 Hz, 1H), 7.31-7.39 (m, 5H), 7.50-7.55 (m, 4H); '3C NMR (CDCl5)
6 21.6, 21.7, 76.6, 1271, 128.7 (x2C), 128.8, 129.2, 129.4, 129.5, 13011,
130.8, 133.1, 1334, 135.5, 138.5, 144.5. Anal. Calcd for C;H200,S: C,
74.97; H, 5.99%. Found: C, 74.96; H, 6.06%. Mp 120-122 °C.

4.3.20. Phenyl(o-tolyl)methyl p-tolyl sulfone (3k)

IR (Nujol) 2923, 2854, 1655, 1457, 1375 cm™'; 'H NMR (CDCls)
6 2.1 (s, 3H), 2.38 (s, 3H), 5.57 (s, 1H), 7.06 (d, J=8.0 Hz, 1H), 7.15-
7.21 (m, 3H), 7.28-7.31 (m, 4H), 7.47-7.51 (m, 4H), 8.16 (dd, J=8.0,
1.0 Hz, 1H); 13C NMR (CDCl3) 6 19.9, 21.8, 71.5, 126.6, 128.6, 128.7,
128.8, 129.1 (x2C), 129.5, 130.5, 130.9, 132.2, 133.1, 135.9, 137.0,
144.6. Anal. Calcd for C21H005S: C, 74.97; H, 5.99%. Found: C, 74.73;
H, 6.09%. Mp 125-127 °C.

4.3.21. 1-Naphthyl(phenyl)methyl p-tolyl sulfone (31)

IR (neat) 3068, 2930, 2861, 2247, 1507 cm™!; 'TH NMR (CDCl3)
62.27 (s, 3H), 6.20 (s, 1H), 7.07 (d, J=7.0 Hz, 2H), 7.22-7.26 (m, 3H),
7.35-7.39 (m, 2H), 7.48-7.56 (m, 5H), 7.76-7.81 (m, 3H), 8.48 (d,
J=7.5Hz, 1H); 3C NMR (CDCl5) 6 21.6, 70.9, 122.2, 1254, 125.7,
126.8, 127.3, 128.3, 128.66, 128.72, 129.1, 129.2, 129.3, 1294, 130.5,
131.6, 133.3, 1341, 135.7, 144.6. HRMS (DI-EI*) (m/z) observed:
3721180 (A=1.2 ppm), calcd for C24H200,S [MT]: 372.1184.

4.3.22. 2-Naphthyl(phenyl)methyl p-tolyl sulfone (3m)

IR (Nujol) 2923, 2854, 1654, 1465, 1375 cm~'; 'H NMR (CDCl3)
0 2.34 (s, 3H), 5.45 (s, 1H), 7.12 (d, J=7.5 Hz, 2H), 7.30-7.34 (m, 3H),
7.46-7.48 (m, 2H), 7.52 (d, J=6.5 Hz, 2H), 7.57-7.59 (m, 2H), 7.66
(dd, J=9.0, 2.0 Hz, 1H), 7.79-7.80 (m, 3H), 8.00 (s, 1H); '*C NMR
(CDCl3) 6 21.8, 76.7, 126.5, 126.8, 127.2, 127.7, 128.4, 128.6, 128.8,
128.9, 129.2, 129.5, 129.7, 130.2, 130.8, 133.2, 133.3, 133.4, 135.5,
144.7. HRMS (DI-EI") (m/z) observed: 372.1181 (A=0.8 ppm), calcd
for Co4H2002S [MT]: 372.1184. Mp 141-145 °C.

4.3.23. Diphenylmethyl p-trifluoromethylphenyl sulfone (3n)

IR (Nujol) 2922, 2954, 1462, 1378 cm~!; 'TH NMR (CDCl3) 6 5.31
(s, 1H), 7.31-7.34 (m, 6H), 7.53-7.55 (m, 4H), 7.61 (d, J=8.0 Hz, 2H),
7.75 (d, J=8.0 Hz, 2H); 3C NMR (CDCl3) 6 76.7, 123.2 (q, Jc_r=
272 Hz),125.9(q, Jc-r=3.9 Hz),129.0,129.2,129.8,130.1,132.4,135.2
(9, Jc_,=33.0 Hz), 142.0. Anal. Calcd for CygH15F30,S: C, 63.82; H,
4.02%. Found: C, 63.73; H, 4.10%. Mp 130-133 °C.

4.3.24. Diphenylmethyl p-methoxyphenyl sulfone (30)

IR (Nujol) 2910, 2852, 1472, 1378 cm™'; 'H NMR (CDCl3) 6 3.79
(s, 3H), 5.26 (s, 1H), 6.80 (d, J=7.0 Hz, 2H), 7.29-7.33 (m, 6H), 7.50~
7.54 (m, 6H); >C NMR (CDCl3) 6 55.7, 76.8, 113.9, 128.7, 128.8,129.9,
130.1, 131.3, 1334, 163.7. Anal. Calcd for CyoH1g03S: C, 70.98; H,
5.36%. Found: C, 70.91; H, 5.40%. Mp 145-149 °C.

4.3.25. N-(Diphenylmethyl)sulfonylmorpholine (3p)

IR (Nujol) 2924, 2854, 1465, 1458, 1339 cm™'; '"H NMR (CDCl5)
6 3.02 (dd, J=4.5, 4.5 Hz, 4H), 3.53 (dd, J=4.5, 4.5 Hz, 4H), 5.29 (s,
1H), 7.33-7.41 (m, 6H), 7.63-7.65 (m, 4H); >C NMR (CDCl3) 6 46.5,
66.9, 72.8, 128.9, 129.1, 129.7, 134.2. Anal. Calcd for C;7H19NOsS: C,
64.33; H, 6.03%. Found: C, 64.54; H, 6.02. Mp 152-154 °C.

4.3.26. N-Methyl-N,1,1-triphenylmethanesulfonamide (3q)
IR (Nujol) 2923, 2854, 1654,1457,1378 cm™'; 'TH NMR (CDCl3) 6 3.00
(s, 3H), 5.35 (s, 1H), 7.14-7.16 (m, 2H), 7.21-7.24 (m, 1H), 7.28-7.38 (m,

8H), 7.58-7.61 (m, 4H); 3C NMR (CDCl3) 6 39.7, 72.2,126.2,126.9,128.8,
128.9,129.2,129.9,134.2,141.6. Anal. Calcd for CaoH1oNOS: C, 71.19; H,
5.68%. Found: C, 71.22; H, 5.78%. Mp 115-117 °C.

4.3.27. Diphenylmethane (4a)”
TH NMR (CDCl3) 6 3.98 (s, 2H), 7.18-7.21 (m, 6H), 7.26-7.30 (m,
4H); 13C NMR (CDCl3) 6 42.1, 126.3, 128.7, 129.1, 141.3.

4.3.28. 4,4-Diphenyl-1-butene (4b)'®

1H NMR (CDCl3) § 2.81 (dd, J=7.5, 7.5 Hz, 2H), 4.00 (t, J=7.5 Hz,
1H), 4.94 (d, J=10.5 Hz, 1H), 5.02 (d, J=17.0 Hz, 1H), 5.71 (ddt, J=7.5,
10.5,17.0 Hz, 1H), 716 (dd, J=7.0, 7.0 Hz, 2H), 7.21-7.28 (m, 8H); 13C
NMR (CDCl3) 6 40.1, 51.4, 116.5, 126.4, 128.1, 128.6, 137.0, 144.7.

4.3.29. Diphenylacetonitrile (4c)"®
'H NMR (CDCl3) & 513 (s, TH), 7.30-7.39 (m, 10H); '*C NMR
(CDCl3) 6 42.8,119.8, 127.9, 128.4, 129.4, 136.2.

4.3.30. 1,1-Diphenylethane (4d)*°

TH NMR (CDCl3) 6 1.64 (d, J=7.0 Hz, 3H), 4.14 (q, J=7.0 Hz, TH),
7.15-7.19 (m, 2H), 7.21-7.24 (m, 4H), 7.25-7.29 (m, 4H); 13C NMR
(CDCl3) 6 22.0, 44.9, 126.2, 127.8, 128.5, 146.5.

4.3.31. Triphenylmethane (4e)’!

TH NMR (CDCl3) 6 5.55 (s, 1H), 7.11-7.12 (m, 6H), 7.19-7.22 (m,
3H), 7.27-7.30 (m, 6H); 3C NMR (CDCl3) 6 57.0, 126.5, 128.5, 129.6,
144.1.
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