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Abstract. Starting from the readily available 2,7-bis(bromomethyl)naphthalene, two
2-fluoromethyl-7-(arylsulfanylmethyl) naphthalene derivatives were prepared in four
steps. It was found that direct, partial treatment of 2,7-bis(bromomethyl)naphthalene with
thiophenoxide could not be controlled and the major product was bis thiophenoxy deriv-
ative. The key synthetic intermediate was 2-bromomethyl-7-fluoromethylnaphthalene,
which gave the final products, 2-fluoromethyl-7-(phenylsulfanylmethyl)naphthalene and
2-fluoromethyl-[(4-bromophenyl) sulphanylmethyl|naphthalene, when treated with the
corresponding thiophenoxides under phase transfer catalytic conditions. The structure
of the final products and the key intermediate was established by 'H NMR, 3C NMR
spectroscopy, mass spectrometry and elemental analysis.
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Introduction

In the course of our study on preparative methods for chiral sulfoxides based on
asymmetric oxidation of aryl sulfides, we needed several arylmethyl phenylsulfides.
In particular were trying to probe the effect of certain halogen substituenys on certain
catalysts used for the asymmetric oxidation and the decision was made to prepare
2-fluoromethyl-7-(arylsulfanylmethyl) naphthalene derivatives. Even though that there
are many procedures for the synthesis of such arylmethyl phenyl sulfides (Cremlyn,
1996; Rayner, 1995; Yin & Pidgeon, 1997; Herriott & Picker, 1975; Khurana & Sahoo,
1992) the introduction of fluoromethyl group presents a challenge. Logical and readily
available starting material for accomplishing this is 2,7-bis(bromomethyl)naphthalene,
which could be conveniently prepared by double benzylic bromination published in the
literature (Ried & Bodem, 1958). Initially, a “straightforward” approach was pursued,
i.e. treatment of 2,7-bis(bromomethyl)naphthalene with 1 equivalent of thiophenoxide,
followed by fluorine/bromine halogen exchange. Unfortunately, it was found that the
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reaction of 2,7-bis(bromomethyl)naphthalene with thiophenoxide could not be controlled
and the major product was bis thiophenoxy derivative. Another approach was to par-
tially hydrolyze the 2,7-bis(bromomethyl)naphthalene, 1, to isolate the corresponding
bromoalcohol, [7-(bromomethyl)-2-naphthylmethanol (Minami et al., 2005), and then
replace the hydroxyl group with fluorine. In this case also it was difficult to control the
partial hydrolysis. Herein we would like to report the synthetic approach towards two
2-fluoromethyl-7-(arylsulfanylmethyl) naphthalene derivatives, via four steps using
2-bromomethyl-7-fluoromethyl (3) naphthalene as the key intermediate.

1 N ar
Fig. 1. Multistep synthesis of 2-fluoromethyl-7-(arylsulfanylmethyl)naphthalene
derivatives starting from 2,7-bis(bromomethyl)naphthalene, 1

Materials and methods

The chemicals and reagents were obtained from commercial suppliers and were used
without further purification. Melting points were determined using Thomas-Hoover
capillary mp apparatus and were uncorrected. NMR spectra were recorded on Bruker
DRX-400 spectrometer (400 MHz for proton) in deuterated chloroform (CDCl,) and
were reported in ppm with respect to tetramethylsilane (2 drops per 100 g CDCL,). Pre-
parative flash chromatography (Still et al., 1978; Bogdanov, 2014) was performed using
Merck silica gel 60 (230-400 mesh) and TLC was carried out using Merck pre-coated
plates (60 F,,, 250 um).The EI mass spectra were obtained using GC-MS instrument
(HP 6890 GC coupled with MS HP-5MS, capillary column, 30m, 0.25 mm i.d., 0.25
pum film thickness). 2,7-bis(bromomethyl)naphthalene (1) (Reid & Bodem, 1958) and
[7-fluoromethyl)-2-naphthyl]methanol (2) [8] were prepared according to literature
procedures.

Preparation of 2-bromomethyl-7-fluoromethylnaphthalene (3)

To a mixture of [7-fluoromethyl)-2-naphthyl]methanol (0. , 2 mmol) in dichloro-
methane (5 mL), phosphorous tribromide (0.190, mL, 2.0 mmol) was added dropwise
at 25 °C. The resulting clear solution was stirred at ambient temperature for 1 hour. The
excess of phosphorous tribromide was quenched with dropwise addition of methanol
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(1 mL) and argon was bubbled for 3 min to remove the generated hydrogen bromide.
The mixture was diluted with dichloromethane (10 mL) and poured over water. The
layers were separated and the organic layer was washed with water and then brine. Dry-
ing over sodium sulphate and removal of solvent gave an off-white solid. The desired
product was isolated by flash chromatography, eluting with 10% dichloromethane in
hexanes, as a white solid weighing 0.342 g (68%). mp 90-92 °C; 'H NMR (400 MHz,
CDCL,): 7.92 - 7.78 (m, 4 H), 7.53 (d,J=8.4 Hz, 1 H), 7.49 (d, 2J,, . = 47.7 Hz, 2 H),
4.66 (s, 2 H); 3C NMR (100 MHz, CDCl,): 135.99 (C), 134.66 (C), 134.60 (C), 130.20
(C), 130.12 (C), 128.87(CH), 128.92 (CH), 128.53 (CH), 128.22 (CH), 127.62, (CH),
126.83 (CH), 126.76 (CH), 125.83 (CH), 125.79 (CH), 85.59 (CH,), 83.93 (CH,), 34.00
(CH,); EI-MS (m/z, relative intensity): 254 (M*+ 2, 7%), 252 (M*, 7%), 174 (16%),
173 (M*- Br, 100%);
Calcd. for C,H,,BrF, C 56.94% H 3.98%. Found: C, 56.78%; H, 4.04%.

Preparation of 2-fluoromethyl-7-(arylsulfanylmethyl) naphthalene derivatives

A mixture of 2-bromomethyl-7-fluoromethylnaphthalene, (0.395 mmol), 3:1 (v/v)
dichloromethane/acetonitrile (4 mL), 1 M NaOH (4 mL), and corresponding thiophenol
(0.443 mmol) and tetracthylammonium bromide (TEAB) (0.025 mmol) was lowered into
a oil bath at 60 °C and was vigorously stirred for 6 hours under nitrogen atmosphere.
The mixture was cooled to room temperature, the layers were separated and the organic
layer was washed with 1M sodium hydroxide, water and brine. Drying over sodium
sulfate and removal of solvent in vacuo afforded yellow solid, which was recrystallized
from benzene/hexane (cooling at -20 °C for 16 hours).

2-fluoromethyl-7-(phenylsulfanylmethyl)naphthalene (4a)

(0.054g, 48%) mp 102-104 °C; 'H NMR (400 MHz, CDCl,): 7.82 (d, J = 8.4 Hz, 1
H), 7.78 (d, ] =8.4 Hz, 1 H), 7.72 (s, 1H), 7.66 (s, 1H), 7.48 (d, J = 8.4 Hz, 1 H), 7.44
(d, J=8.4 Hz, 1 H), 7.30-7.14 (m, 5H), 5.50 (d, 2J,,. = 47.7 Hz, 2 H), 4.25 (s, 2 H);
3C NMR (100 MHz, CDCl,): 136.20, 135.82, 134.22, 133.19, 132.70, 130.31, 129.08,
128.44, 128.37, 127.83, 127.76, 126.74, 126.72, 126.64, 125.15, 125.11, 85.73, 84.07,
39.57; EI-MS (m/z, relative intensity): 283 (M*+ 1, 3%), 282 (M*, 14%), 174 (14%),
173 (M- SPh, 100%);

Calcd. for C (HFS, C 76.56% H 5.35%. Found: C, 76.64%; H, 5.22%.

2-fluoromethyl-[ (4-bromophenyl)sulfanylmethyl]naphthalene (4b)
(0.087 g, 61%) mp 126-127 °C; '"H NMR (400 MHz, CDCL,): 7.84 (d, J = 8.4 Hz,
1 H), 7.80 (d, J = 8.4 Hz, 1 H), 7.74 (s, 1H), 7.66 (s, 1H), 7.49-7.44 (m, 2H), 7.34 (d,
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J=8.4Hz, 2 H),7.15(d,J = 8.4 Hz, 2 H), 5.52 (d, 2J,., = 47.7 Hz, 2 H), 4.24 (s, 2 H);
13C NMR (100 MHz, CDCL,): 135.58, 135.47, 134.57, 134.40, 133.36, 130.31, 132.94,
132.92, 132.32, 132.12, 128.69, 128.66, 127.99, 127.87, 126.88, 126.81, 125.47, 125.42,
120.95, 85.89, 84.24, 39.81; EI-MS (m/z, relative intensity): 362 (M* +2, 5%), 360 (M,
5%), 281 (9%) 174 (12%), 173 (M* - pBrSPh, 100%);

Calcd. for C,;H,,BrFS, C 59.84% H 3.91%. Found: C 59.96%; H 3.80%.

Result and discussion

The successful strategy was to introduce, the less reactive, benzylic fluoride first,
by controllable halogen exchange of 2,7-bis(bromomethyl)-naphthalene (1). Once the
fluoroalcohol (2) is obtained, using standard chemistry it can be converted to the key
intermediate 2-bromomethyl-2-fluoromethylnaphthalene (3). During the second step it
is important to quench PBr; with methanol and remove the hydrogen bromide by bub-
bling argon or nitrogen. This intermediate (3) is quite valuable because it is stable, it
is obtainable with high purity and the naphthylic bromide can be substituted with wide
variety of nucleophiles.

1. CsF, TEAB PBr3 CHyCl, O < >
reﬂux
2 CaCo; PTC NaOH F
a CH;CN, CH,Cl,
dloxane/HZO 3 -2
reflux 4a: X=H
4b: X =Br

X

Fig. 2. Multistep synthesis of 2-fluoromethyl-7-(phenylsulfanylmethyl)-naphtha-
lene (4a) and 2-fluoromethyl-[(4-bromophenyl)sulfanylmethyl]naphthalene (4b)

The reaction 3 with thiophenol(s) under phase-transfer conditions, in the presence of
TEAB gave the desired products 4a and 4b respectively in moderate yields (48% and
61%). For reproducible results and higher yields it is best the reactions to be performed
with degassed solutions under argon atmosphere. This is necessary in order to to avoid
the oxidation of the thiophenols to diaryldisulfides (Cremlyn, 1996). The structures of
the new compounds, 3, 4a and 4b, were unambiguously determined by spectroscopic
methods ("H NMR, 3C NMR and MS). It is important for the obtained products to be free
of diaryldisulfides because they are undesirable interference if further oxidation studies
of 4a and 4b to the corresponding sulfoxides are carried out. The synthesis presented
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herein can be extended to other thiophenols and phenols to obtain various arylmethyl
phenyl sulfides and arylmethyl phenyl ethers.
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