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Monomethylation of Aromatic Rings by Friedel-Crafts Reaction
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A novel method for the introduction of a methyl group into aromatic rings is described.
Friedel-Crafts reactions of ethyl «-(chloromethylthio)acetate (3k) and «-chloromethylthio-y-
butyrolactone (3m) with an arene in the presence of stannic chloride gave ethyl a-(arylmethylthio)-
acetate (6) and a-arylmethylthio-y-butyrolactone (7), respectively, which were easily converted to
the corresponding methylated arene (8) by reductive desulfurization with Raney nickel or zinc dust—
acetic acid.

Keywords——monomethylation; ethyl a-(chloromethylthio)acetate Friedel-Crafts reaction; a-
chloromethylthio-y-butyrolactone Friedel-Crafts reaction; ethyl o-(arylmethylthio)acetate; o-
arylmethylthio-y-butyrolactone; methylated arene; reductive desulfurization; Raney nickel; zinc
dust-acetic acid

Introduction of a methyl group into an aromatic ring by Friedel-Crafts reaction with
methyl halide is usually unsuccessful because the undesired polymethylation preferentially
occurs as a side-reaction.”’ Recently, we have reported® that the Friedel-Crafts reaction of o-
ethoxycarbonyl-a-(methylthio)methyl chloride (1) with arenes gives a high yield of ethyl a-
(methylthio)arylacetate (2). If alkyl or aryl chloromethyl sulfide (3) could be successfully
employed instead of 1, the reaction would afford alkyl or aryl arylmethyl sulfide, which could
be easily desulfurized to the methylated arene. Therefore, in order to develop a method-for
monomethylation of aromatic rings, we have examined the Friedel-Crafts reactions of
various chloromethyl sulfides (3a—m) with benzene in the presence of stannic chloride. As a
result, ethyl a-(chloromethylthio)acetate (3k) and a-chloromethylthio-y-butyrolactone (3m)
were found to be most reactive, giving high yields of ethyl a-(benzylthio)acetate (4k) and -
benzylthio-y-butyrolactone (4m), respectively. The chloromethyl sulfides, 3k and 3m, were
further shown to react with arenes other than benzene, giving ethyl a-(arylmethylthio)acetate
(6) and a-arylmethylthio-y-butyrolactone (7), respectively, which were easily converted to the
corresponding methylated arene (8) by reductive desulfurization. Thus, the reactions appear
to provide a general and useful method of introducing a methyl group into an aromatic ring.
We present here a full account of these experiments with experimental details.®

Friedel-Crafts Reaction

The chloromethyl sulfides (3b—m) were prepared from the thiol and bromochloro-
methane by treatment with 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) in acetonitrile® or with
sodium in tetrahydrofuran (see Experimental). First, we carried out the Friedel-Crafts
reactions of the chloromethyl sulfides (3a—m) with a 5-fold molar excess of benzene in the
presence of stannic chloride and compared the yields of the benzyl sulfides (4a—m). The
reactions of 3a—c, in which the substituent R is methyl (¢f. 3a) or phenyl (¢f. 3b, ¢) with
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TABLE 1. Friedel-Crafts Reactions of the Chloromethyl Sulfide (3a—m)
with a Five-Fold Molar Excess or Equimolar Amount of Benzene

Chloromethyl sulfide . Product e

No. No. Yield No. Yield
(%) (%)

3a 4a —9 Sa —n
3b 4b —9 5b _b
3c 4c 9 5¢c b
3d 4d 69 5d 3
3e 4e 349 Se 33
3f 4f 459 5f 35
3g 4g 539 5g 39
3h 4h 299 Sh 46
3i 4i 759 5i 0
3i 4i 569 5i 0
3j 4j 179 5i 0°
3k 4k 94°) 5k 0
3k 4k 839 5k 0
31 41 869 51 0
31 4] 709 Si 0
3m 4m 999 Sm 0
3m 4m 919 Sm 0

a) Yield of 5is based on 2mol of 3. b) A complex mixture. c) The reaction was carried out using a 5-
fold molar excess of benzene. d) The reaction was carried out using an equimolar amount of benzene in
dichloromethane. e) A considerable amount of the chloromethyl sulfide (3j) was recovered unchanged.
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electron-donating groups such as CH; and CH;O, did not give the expected products but
yielded complex mixtures.” When R was phenyl (¢f. 3d) and phenyl (¢f. 3e—h) with electron-
withdrawing groups such as Cl and NO,, the reactions gave the benzyl sulfides (4d—h)
accompanied with considerable amounts of dithioacetals (5d—h),* which would be formed by
nucleophilic attack of the sulfur atom of 3 on the intermediary a-thiocarbocation” derived
from 3. The yields of 4d—h are shown in Table I. In contrast, the reactions of 3i—in
possessing an ester moiety gave no dithioacetals but gave good yields (75—99%) of the benzyl
sulfides (4i, k, 1, and m) as sole products except in the case of 3j. Next, we examined the
reaction of 3i, k, 1, and m with an equimolar amount of benzene in dichloromethane. The
results are summarized in Table I. Ethyl o-(chloromethylthio)acetate (3k) and o-

TabLe II.  Friedel-Crafts Reactions of 3k and 3m with an Equimolar Amount of Arene

Product
ArH . .
Yiel
Arin 6 or 7 No. \Ei;l)d No. (:;)d
H,C
HaC—@ @- 6a” 81 7Ta® 95
CH, CH,
Q 6b 85 b 90
H,C
H,C CH, ? CH,
Hﬁ@ HaCQ 6¢ 86 e 92
CH, CH,
H,C CH, H;C CH,
Q Q 6d 86 7d 92
H,C CH, :3((:: CH,
H,C, ,CH, 3 CH,
H3C~Q HﬁQ 6e 86 Te 89
nc’ \cH, H,c/ ‘CH,

(CH,),CHCH,
\Q— 6f? 85 79 91
(CH3)3C-©- 6g 86 Tg 92

>

(CH,),CHCH,

(CH,),C

OO

>

@O @ 6i 85 % 92

a) A mixture of o- and p-isomers: 6a, 0:p=2:5;6f,0:p=1:5;7a,0:p=2:5;7,0:p=1:5. The ratio was determined from the
!H-NMR spectra.
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chloromethylthio-y-butyrolactone (3m), which possess an ester moiety at the y-position to the
reaction center, gave the benzyl sulfides, 4k and 4m, in 83 and 919 yields, respectively, and
proved to be the most efficient reagents for the reaction. Although the reaction mechanism is
obscure, these results suggest that the introduction of an ester moiety at the y-position from
the reaction center in 3 is responsible for suppressing the formation of 5 and increasing the
yield of 4. The structural assignments of 4 and 5 were made on the b<151s of their compositions
and spectroscopic data (see Experimental). ,

To confirm the generality of this procedure, the reactions of 3k and 3m with substituted
benzenes, naphthalene and phenanthrene were examined. Treatment of 3k and 3m with an
equimolar amount of an arene in dichloromethane in the presence of stannic chloride afforded
high yields of ethyl a-(arylmethylthio)acetate (6) and a-arylmethylthio-y-butyrolactone (7),
respectively. The results are summarized in Table II. It is noteworthy that no polyalkylated
product is formed under the present conditions. The structural assignments of 6 and 7 were
made on the basis of their composition and spectral data (see Tables IV and V).

Desulfurization

The compounds 6 and 7, obtained by the above Friedel-Crafts reaction were easily
converted to the corresponding methylated arene (8) by heating with Raney nickel in ethanol
or zinc dust in acetic acid. Some examples of the desulfurization are given in Table III.

TasLe 1II. Desulfurization” of 6d, e, g, i, j and 7d, e, j

Sulfide Product
6or7 No. Yield (%)
6d 8d 82
6e 8e 80
6g 8g 85
6i 8i 95
6j 8j 97
7d 8d 93
Te 8e 89
7j 8j 91

a) Raney nickel for 6d, e, g, i, j and zinc dust-acetic acid for 7d, e, j.

Generally, Friedel-Crafts alkylation tends to result in polyalkylation, so that dialkylated
and higher alkylated by-products are formed.” The only practical way of preventing such
additional reactions is to keep the arene in large excess. This procedure is practical with
benzene and other inexpensive compounds often used as solvents, but it is impractical with
substituted benzenes, which are more expensive.

The Friedel-Crafts reactions of 3k and 3m using an equimolar amount of arene appear to
provide a practical method to introduce a methyl group into an atomatic ring through
reductive desulfurization of the products.

Experimental

All melting points and boiling points are uncorrected. The infrared (IR) spectra were recorded on a JASCO IRA-
1 spectrometer. The proton nuclear magnetic resonance (*H-NMR) spectra were measured on a Hitachi R-20
(60 MHz) or a R-22 (90 MHz) spectrometer with tetramethylsilane as an internal standard. Low- and high-resolution
mass spectra (MS) were obtained with Hitachi RMU-6D and JEOL LMS D-300 instruments with a direct inlet
system at 70eV. '

Materials——Chloromethyl methy! sulfide (3a) is commercially available. Other chloromethyl sulfides (3b—m)
were prepared as follows.

General Procedure for Chloromethyl Aryl Sulfides (3b—i)——The procedure was essentially analogous to that
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reported by Ono et al.*) A solution of the thiol (0.012mol) and DBU (1.99 g, 0.013 mol) in acetonitrile (7 ml) was
added to bromochloromethane (24 g, 0.19 mol) at 0°C and the mixture was stirred for 1 h at the same temperature.
After being warmed up to room temperature, the mixture was stirred for a further 1h and poured into ice-water
(5ml). The organic layer was separated and dried over magnesium sulfate. After evaporation of the solvent, the
residue was purified by distillation under reduced pressure (in the case of 3b—f) or by flash column chromatography
on silica gel (Merck Kieselgel 60; 230—400 mesh) with n-hexane-benzene (1: 1) as an eluent (in the case of 3g—i) to
give the chloromethyl sulfide (3). Yields, boiling or melting points (recrystallization solvent), and spectral and
analytical data are given below.

Chloromethyl p-Methoxyphenyl Sulfide (3b): This compound was prepared from p-methoxythiophenol in 467,
yield (1.05g) as a colorless oil, bp 120—121°C/5mmHg (lit.¥) 144—146 °C/15mmHg). 'H-NMR (CDCl,) 6: 7.50
(2H, d, J=9.0Hz, ArH), 6.88 (2H, d, J=9.0Hz, ArH), 4.83 (2H, s, SCH,CY), 3.80 (3H, s, OCH,).

Chloromethyl p-Tolyl Sulfide (3¢): This compound was prepared from p-thiocresol in 459, yield (0.93¢g) as a
colorless oil, bp 113—114°C/10 mmHg (lit.*) 67—68 °C/0.7mmHg). 'H-NMR (CDCl,) é: 7.38 (2H, d, J=8.0Hz,
ArH), 7.10 (2H, d, J=8.0Hz, ArH), 4.86 (2H, s, SCH,Cl), 2.35 (3H, s, Ar-CH,).

Chloromethyl Phenyl Sulfide (3d): This compound was prepared from thiophenol in 65% yield (1.90g) as a
colorless oil, bp 110—112°C/18 mmHg (lit.*» 55—60 °C/0.4 mmHg). 'H-NMR (CDCl,) 6: 7.65—7.20 (SH, m, ArH),
4.90 (2H, s, SCH,C)).

Chloromethyl p-Chlorophenyl Sulfide (3e): This compound was prepared from p-chlorothiophenol in 359 yield
(0.81 g) as a colorless oil, bp 110—112°C/17 mmHg (lit.¥ 90—91 °C/1.5 mmHg). '"H-NMR (CDCl,;) 6: 7.39 (4H, brs,
ArH), 4.92 (2H, s, SCH,Cl). '

Chloromethyl 3,4-Dichlorophenyl Sulfide (3f): This compound was prepared from 3,4-dichlorothiophenol in
65% yield (1:77g) as a colorless oil, bp 142—145°C/SmmHg (lit.” 159—164°C/15mmHg). 'H-NMR (CDCl,) 4:
7.56 (1H, brs, ArH), 7.36 (2H, brs, ArH), 4.90 (2H, s, SCH,CI).

Chloromethyl 2,4,5-Trichlorophenyl Sulfide (3g): This compound was prepared from 2,4,5-trichlorothiophenol
in 44% yield (1.38 g) as white crystals, mp 60—62 °C (n-hexane-benzene) (lit.'” 59.5—61°C). '"H-NMR (CDClL,;) 4
7.64 (1H, s, ArH), 7.53 (1H, s, ArH), 4.95 (2H, s, SCH,Cl).

Chloromethyl p-Nitrophenyl Sulfide (3h): This compound was prepared from p-nitrothiophenol in 349 .yield
(0.83 g) as pale yellow crystals, mp 62—64 °C (n-hexane-benzene) (lit.'? 63.4—64°C). IR vercem™': 1345 (NO,).
'H-NMR (CDCl,) é: 8.18 (2H, d, J=8.0Hz, ArH), 7.55 (2H, d, J=8.0Hz, ArH), 5.03 (2H, s, SCH,Cl).

Methyl 2-(Chloromethylthio)benzoate (3i): This compound was prepared from methyl 2-mercaptobenzoate
in 53% yield (1.38 g) as white crystals, mp 77.5—78 °C (n-hexane-dichloromethane). IR v{icecm™: 1715 (C=0).
'H-NMR (CDCl;) §: 8.05—7.05 (4H, m, ArH), 5.00 (2H, s, SCH,CI), 3.90 (3H, s, OCH,). '4nal. Calcd for
CoH,ClO,S: C, 49.89; H, 4.19. Found: C, 49.85; H, 4.04.

General Procedure for Chloromethyl Alkyl Sulfides (3j—m)——A solution of the thiol (0.02mol) in dry
tetrahydrofuran (2 ml) was added dropwise to a stirred suspension of sodium hydride (609, dispersion in oil; 0.8 g,
0.02 mol) in dry tetrahydrofuran (12 ml) at room temperature. After being stirred for 1 h at the same temperature, the
resulting suspension of sodium salt was added portionwise over 15min to bromochloromethane (13 g, 0.1 mol) at
0°C, then the mixture was stirred for 1h at this temperature. Sodium bromide that precipitated was removed by
filtration; and then unreacted bromochloromethane was evaporated off in vacuo. The residue was distilled under
reduced pressure to afford the chloromethyl sulfide (3). Yields, boiling points, and spectral and analytical data are
given below.

Ethyl (Chloromethylthio)formate (3j): This compound was prepared from Bender’s salt (KSCOOC,H;)'® in
259 yield (0.77 g) as a colorless oil, bp 63 °C/15 mmHg. IR vE# cm~*: 1730 (C=0). '"H-NMR (CDCl,) 5 : 4.88 (2H,
s, SCH,Cl), 4.35 (2H, q, J="7.2Hz, OCH,CHj), 1.35 (3H, t, J="7:2 Hz, OCH,CH,). Anal. Calcd for C,H,ClO,S: C,
31.07; H, 4.56. Found: C, 30.94; H, 4.64.

Ethyl a-(Chloromethylthio)acetate (3k): This compound was prepared from ethyl thioglycolate in 599, yield
(1.2 g) as a colorless oil, bp 100—105°C/15mmHg. IR viicscm~*: 1730 (C=0). 'H-NMR (CDCl,) : 4.84 (2H, s,
SCH,C)), 4.22 (2H, q, J=7.2Hz, OCH,CHs;), 3.45 (2H, s, SCH,CO), 1.30 (3H, t, J=7.2 Hz, OCH,CHj;). 4nal. Calcd
for C;H,CIO,S: C, 35.61; H, 5.38. Found: C, 35.81; H, 5.37.

Ethyl p-(Chloromethylthio)propionate (31): This compound was prepared from ethyl f-mercaptopropionate
in 529 yield (2.24 g) as a colorless oil, bp 92—96 °C/4mmHg. IR vSicm™*: 1730 (C=0). 'H-NMR (CDCl,) é:
4.75 (2H, s, SCH,Cl), 4.18 (2H, q, J=7.2Hz, OCH,CH,), 3.15—2.50 (4H, m, SCH,CH,CO), 1.27 3H, t, J=7.2 Hz,
OCH,CH,). Exact mass Calcd for C4H,,**Cl0,S: 182.0166. Found: 182.0159. Exact mass Calcd for C4H,,*’CIO,S:
184.0139. Found: 184.0159.

a-Chloromethylthio-y-butyrolactone (3m): This compound was prepared from o-mercapto-y-butyrolactone' in
60%, yield (2.01 g) as a colorless oil, bp 140—145°C/SmmHg. IR v{i®:cm~*!: 1775 (C=0). '"H-NMR (CDCl,) 4:
5.22(1H,d, J=12Hz, SCH,Cl), 4.67 (1H, d, /=12 Hz, SCH,Cl), 4.55—4.25 (2H, m, OCH,CH,-), 3.88 (1H, dd, /=
8.7, 6.2Hz, SCHCO),. 3.00—2.59 (1H, m, OCH,CH,-), 2.40—2.00 (1H, m, OCH,CH,-). A4nal. Calcd for
CsH,ClO,S: C, 36.04; H, 4.54. Found: C, 36.21; H, 4.24.

General Procedure for Friedel-Crafts Reaction of Alkyl or Aryl Chloromethyl Sulfide (3) with Arene——a)

12)

14)
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Reaction using 5-fold molar excess of benzene; Stannic chloride (391 mg, 1.5 mmol) was added to a stirred solution of
3 (1.5mmol) in dry benzene (0.67 ml, 7.5 mmol) at room temperature under a nitrogen stream. After being stirred for
1 h, the mixture was poured into ice-water (3 ml) and extracted with benzene (5 ml x 3). The combined extracts were
washed with aqueous sodium chloride (3'ml) and dried over magnesium sulfate. The solvent was evaporated off in
vacuo to give a residue, which was chromatographed on silica gel (Merck Kieselgel 60; 70—200 mesh) with #-hexane—
benzene (1:4) as an eluent to afford 4 and 5. The results are summarized in Table I. Boiling or melting points
(recrystallization solvent), and spectral and analytical data are given below.

b) Reaction using an equimolar amount of benzene and other arenes; Stannic chloride (391 mg, 1.5 mmol) was
added to a stirred solution of 3 (1.5 mmol) and benzene (117 mg, 1.5 mmol) in dry dichloromethane (0.67 ml) at room
temperature under a nitrogen stream. After being stirred for 1 h, the mixture was worked up in the same manner as
described above in a) to give 4. The results are summarized in Table I. The similar reaction of 3k and 3m with other
arenes afforded 6 and 7, respectively. The results are listed in Table I1. The physical properties and spectral data of the
products are given in Tables IV and V.

Benzyl Phenyl Sulfide (4d): White crystals, mp 39.5—40.7 °C (n-hexane) (lit.'® 40—41 °C). 'H-NMR (CDCl,) 4 :
7.26 (10H, s, ArH), 4.10 (2H, s, SCH,Ar). MS m/z: 200 (M ™).

Benzyl p-Chlorophenyl Sulfide (4e): White crystals, mp 51.5—52°C (methanol) (lit.!” 52—53°C). '"H-NMR
(CDCly) 8: 7.25 (4H, s, ArH), 7.20 (5H, s, ArH), 4.06 (2H, s, SCH,Ar). MS m/z: 234 (M™*).

Benzy! 3,4-Dichlorophenyl Sulfide (4f): A colorless oil, bp 165°C/1.5mmHg (lit.'® 225 °C/25 mmHg). '"H-NMR
(CDCL,) 6: 7.35—7.08 (3H, m, ArH), 7.25 (5H, s, ArH), 4.06 (2H, s, SCH,Ar). MS m/z: 269 (M ™).

Benzyl 2,4,5-Trichlorophenyl Sulfide (4g): White crystals, mp 120.5-—121.7°C (n-hexane) (lit.!®) 118—119°C).
'H-NMR (CDCl,) é: 7.39 (1H, s, ArH), 7.27 (5H, s, ArH), 7.23 (1H, s, ArH), 4.09 (2H, s, SCH,Ar). MS m/z: 304
(M™).

Benzyl p-Nitrophenyl Sulfide (4h): White crystals, mp 124.2—125.7 °C (z-hexane) (lit.2” 123 °C). IR v cm ~ 1
1345 (NO,). 'H-NMR (CDCl,) é: 8.02 (2H, d, J=8.8 Hz, ArH), 7.30 (5H, s, ArH), 7.27 (2H, d, /J=8.8 Hz, ArH),
4.23 (2H, s, SCH,Ar). MS m/z: 245 (M™).

Methyl 2-(Benzylthio)benzoate (4i): White crystals, mp 67.3—68 °C (methanol) (lit.? 67°C). IR vSiTcm ™!
1710 (C=0). 'H-NMR (CDCl,) 6 : 7.95—6.89 (9H, m, ArH), 4.10 (2H, s, SCH,Ar), 3.89 (3H, s, OCH;). MS m/z: 258
M™).

Ethyl (Benzylthio)formate (4j): A colorless oil. IR v e¢m~1: 1705 (C=0). 'H-NMR (CDCl,) 8: 7.31 (5H, s,
ArH), 4.28 (2H, q, J=7.2Hz, OCH,CH,), 4.10 (2H, s, SCH,Ar), 1.30 (3H, t, J=7.2Hz, OCH,CH;). Exact mass
Calcd for C,,H,,0,S: 196.0559. Found: 196.0572.

Ethyl a-(Benzylthio)acetate (4k): A colorless oil, bp 116—119°C/2mmHg. IR vEHem ™1 1725 (C=0). 'H-
NMR (CDCl,) d: 7.31 (5H, s, ArH), 4.18 (2H, q, J=7.2Hz, OCH,CH,), 3.83 (2H, s, SCHZAr), 3.06 (2H, s,
SCH,CO), 2.18 (3H, t, J=7.2Hz, OCH,CH;) MS m/z: 210 (M*). Anal. Calcd for C;;H,,0,S: C, 62.82; H, 6.71.
Found: C, 62.70; H, 6.73.

Ethyl B-(Benzylthio)propionate (41): A colorless oil, bp 110°C/0.3mmHg (lit.?? 134—136°C/1.7mmHg). IR

vEHC em ™1 1725 (C=0). '"H-NMR (CDCl;) 6: 7.30 (5H, m, ArH), 4.14 2H, q, J=7.2Hz, OCH,CH,), 3.73 (2H, s,
SCH,Ar), 2.75—2.45 (4H, m, SCH,CH,CO), 1.25 3H, t, J=7.2Hz, OCH,CH,). MS m/z: 224 (M ™).
a-Benzylthio-y-butyrolactone (4m): A colorless oil, bp 192°C/1.2mmHg (lit.>® 137—140 °C/0.03mmHg). IR
vimtsem ™1 1770 (C=0). 'H-NMR (CDCly) 6: 7.23 (SH, m, ArH), 4.20 (2H, m, OCH,CH,-), 4.06 (1H, d, J=
13.5Hz, SCH,Ar), 3.70 (1H, d, J=13.5Hz, SCH,Ar), 3.23 (1H, dd, J=8.0, 5.0Hz, SCHCO), 2.70—2.20 (1H, m,
OCH,CH,-), 2.13—1.75 (1H, m, OCH,CH,-). MS m/z: 208 (M ™).

Bis(phenylthio)methane (5d): A colorless oil, bp 180—182°C/5mmHg (lit.*) 132°C/0.3mmHg). 'H-NMR
(CDCl,) 6: 7.27 (10H, m, ArH), 4.25 (2H, s, SCH,S). MS m/z: 232 (M™).

Bis(p-chlorophenylthio)methane (5e): White crystals, mp 41—42 °C (n-hexane). 'H-NMR (CDCl;) 6: 7.29 (8H,
s, ArH), 4.25 (2H, s, SCH,S). MS m/z: 301 (M *). Anal. Calcd for C,;H,,C1,S,: C, 51.83; H, 3.35. Found: C, 51.83; H,
3.29.

Bis(3,4-dichlorophenylthio)methane (5f): White crystals, mp 56—57 °C (n-hexane). '"H-NMR (CDCL,) 6: 7.47
(2H, d, J=1.8Hz, ArH), 7.33 (2H, s, ArH), 7.25 (2H, d, J= 1.8 Hz, ArH), 4.29 (2H, s, SCH,S). MS m/z: 370 (M*).
Anal. Calcd for C;3HgCLS,: C, 42.19; H, 2.18. Found: C, 42.21; H, 2.03.

Bis(2,4,5-trichlorophenylthio)methane (5g): White crystals, mp 146—147 °C (n-hexane) (lit.*¥ 143—144°C). 'H-
NMR (CDCl,) é: 7.56 (2H, s, ArH), 7.50 (2H, s, ArH), 4.26 (2H, s, SCH,S). MS m/z: 439 (M*).

Bis(p-nitrophenylthio)methane (Sh): Pale yellow crystals, mp 179—180°C (benzene) (lit.>* 177—179°C). IR
vEClem ™t 1340 (NO,). '"H-NMR (DMSO-d;) §: 8.16 (4H, d, J=8.4Hz, ArH), 7.61 (4H, d, J=8.4Hz, ArH), 5.05
(2H, s, SCH,S). MS m/z: 322 (M*).

General Procedure for Desulfurization of 6 and 7 a) Raney nickel (W-1; 2g) was added to a solution of 6
(1 mmol) in ethanol (50 ml) and the mixture was refluxed for 4 h. Raney nickel was removed by filtration through a
Celite column and then the solvent was evaporated off to give 8.

b) Zinc dust (650 mg) was added to a solution of 7 (0.75 mmol) in acetic acid (3 ml) and the resulting mixture was
heated with vigorous stirring at 100—110°C for 3 h, then cooled. Water (20 ml) and dichloromethane (30 ml) were
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added and the inorganic materials were filtered off. The organic layer was separated and the aqueous layer was
further extracted with dichloromethane (2 x 10 ml). The combined organic layer was dried over magnesium sulfate
and the solvent was evaporated off to give a residue, which was purified by column chromatography on silica gel
(Merck Kieselgel 60; 70—200 mesh) with n-hexane-benzene (1:1) as an eluent to afford 8.'Some examples of the
desulfurization are shown in Table III. Boiling or melting points (recrystallization solvent) and spectroscopic data of
the products are given below.

Pentamethylbenzene (8d): White crystals, mp 51—52°C (ethanol) (lit.?> 52.2—53.1 °C). '"H-NMR (CDCl,) 6:
6.81 (1H, s, ArH), 2.22 (9H, s, Ar-CHj, x 3), 2.16 (6H, s, Ar-CH, x 2).

Hexamethylbenzene (8e): White crystals, mp 165—166.5°C (ethanol) (lit.>> 164.3—164.8°C). 'H-NMR
(CDCl;) 6:2.30 (18H, s, Ar-CH, x 6).

4-tert-Butyltoluene (8g): A colorless oil, bp 76 °C/10 mmHg (lit.>® 191.5°C/740 mmHg). 'H-NMR (CDCL,) 6:
7.27 (2H, d, J=8.4Hz, ArH), 7.05 (2H, d, J=8.4Hz, ArH), 2.29 (3H, s, Ar-CH,), 1.29 [9H, s, —C(CH,)s].

1-Methylnaphthalene (8i): A viscous oil, mp (picrate) 139—140°C (ethanol) [lit.>” (picrate) 140—141°C]. ‘H-
NMR (CDCly) é: 7.95—7.05 (TH, m, ArH), 2.60 (3H, s, Ar-CH,).

9-Methylphenanthrene (8j): White crystals, mp 91—93 °C (methanol) (1it.2®’ 91—92.5°C). 'H-NMR (CDCly) 8
8.78—8.30 (2H, m, ArH), 8.10—7.27 (7TH, m, ArH), 2.74 (3H, s, Ar-CH,).
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