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Abstract: The nucleophilic aromatic substitution reaction of pentafluorobenzene, methyl 2,3,4,5-tetrafluorobenzoic acid
ester and 1,2,4,5-tetrafluorobenzene with substituted thiophenols showed good regioselectivity while pentafluorobenzene
gave high yields. The computational results suggest that the specificity difference between polyfluorobenzenes originates

from their electronic properties.
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1. INTRODUCTION

Polyfluorobenzene  derivatives are very  useful
compounds. Perfluoroazides were employed to modify CNT
forests [1]. Polyfluorobenzene functionalized acenes can
make ambipolar OFETs with high mobilities and good on/off
ratios [2]. 1,2,3,4,5,6,7,8-Octafluoroanthracene was a
potential n-type organic semiconductor [3]. 2,7-Substituted
hexafluoroheterofluorenes were potential building blocks for
the electron transporting materials [4]. Perfluoro[2.2]
paracyclophane has been the subject of much interest as a
potential parylene precursor [5]. 9,10-Diaryloctafluoroan-
thracenes and 9,10-dialkynyloctafluoroanthracenes were
potential high-performance n-type organic materials [6].
Tetrakis(pentafluorophenyl)porphyrin was an ideal platform
for the rapid formation of porphyrin conjugates for drugs and
photonic materials [7]. 2,5,8,11,14,17-Hexafluoro-hexa-
perihexabenzocoronene could be used for n-type organic
field-effect transistors [8].

Polyfluorobenzene attracts much indetest in modern
organic synthesis. Keith Fagnou firstly developed direct
intermolecular arylation of perfluorobenzene with aryl
halides catalyzed by Pd(OAc), in the presence of S-Phos or
P'Bu,Me-HBF, [9,10]. Olafs Daugulis demonstrated copper-
catalyzed arylation and alkenylation of polyfluoroarene C-H
bonds [11]. Tamejiro Hiyama established nickel-catalyzed
alkenylation and alkylation of fluoroarenes via the activation
of C-H Bond over C-F Bond [12]. Su developed direct
arylation of electron deficient polyfluoroarenes with
arylboronic acids catalyzed by Pd(OAc), [13], oxidative C-
H/C-H cross coupling of electron deficient polyfluoroarenes
with simple arenes catalyzed by Pd(OAc), [14], direct
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alkynylation of electron deficient polyfluoroarenes with
terminal alkynes using O, as an oxidant catalyzed by CuCl,
[15] and decarboxylative cross coupling of aromatic
carboxylic acids with electron deficient polyfluoroarenes
catalyzed by Pd(OTFA); in the presence of PCy;[16]. Zhang
confirmed olefination of electron deficient polyfluoroarenes
with catalysis of Pd(OAc),[17] and oxidative cross coupling
of polyfluoroarenes with aromatic heterocycles by catalysis
of Pd(OAc), [18]. Shi proved cross coupling of
polyfluoroarenes with simple arenes catalyzed by Pd(OAc),
using Ag,COs; as an oxidant [19]. Miura et al. demonstrated
the direct sulfoximination of azoles and polyfluoroarenes
catalyzed by Cu(OAc), [20] and the direct amination of
electron deficient polyfluoroarenes with benzyl protected
hydroxylamines catalyzed by Cu(OAc), [21].

Perutz reported that fluorinated organic derivatives could
be synthesized by nickel mediated C-F activation of
heteroaromatics [22]. Radius reported that C-F bond could be
efficiently activated by a novel N-heterocyclic carbene—
nickel(0) complex [23]. In 2006, Radius reported the
catalytic C-C bond formation in mild to high yield (44-83%)
was accomplished by the selective C-F activation of
polyfluoroarenes using N-heterocyclic carbene-stabilized
nickel complex [Ni,(iPr,Im)4(COD)] as catalyst [24].

In this paper, we describe the direct regioselective C-S
bond formation in mild to high yields accomplished by
regioselective C-F substitution of polyfluoroarenes with
substituted thiophenols.

2. RESULTS AND DISCUSSION

It was reported decades ago that several fluorine atoms of
hexafluorobenzene could be replaced by thiophenol through
nucleophilic aromatic substitution (SyAr) which showed no
regioselectivity [25-29]. It was also reported decades ago
that several fluorine atoms of pentafluorobenzene could be

© 2012 Bentham Science Publishers



176  Letters in Organic Chemistry, 2012, Vol. 9, No. 3

H F+ HS

Zhou et al.

{ }@
reflux

88%

Scheme 1. Direct C-S bond formation by regioselective C-F substitution from pentafluorobenzene and thiophenol.

replaced by thiophenol through SyAr in a non-regioselective
way [26,30]. However, the reaction gave monothiolation
products in very low yield. Meanwhile, the reaction of
substituted tetrafluorobenzene with thiophenol was not
reported before.

Pentafluorobenzene (1 mmol) and thiophenol (1 mmol)
and potassium carbonate (2 mmol) was placed in
dimethoxyethane (DME) (5 mL). The reaction was stirred at
reflux under nitrogen atmosphere for 12 hours. After work
up, we obtained compound 3a in 88% yield (see Scheme 1
and entry 1, Table 2). Compound 3a was confirmed by *H
NMR, *C NMR, *F NMR, MS (EI) and HRMS.

We screened various kinds of bases and solvents (see
Table 1). We found that potassium carbonate was the best
base and dry DME was the best solvent (see entry 10, Table
1).

Table1l. Optimization of the Reaction Conditions

On the basis of these results, the optimal reaction
condition involved the following parameters: potassium
carbonate as a base, DME as a solvent, and reaction
temperature at 86 °C under nitrogen atmosphere.

Under the optimal reaction condition in hand, a study on
the substrate scope was carried out, and the results were
summarized in Table 2 (see Scheme 2 and Table 2).

When pentafluorobenzene and substituted thiophenols
bearing electron donating group as well as electron
withdrawing group were used as starting materials, all
products were obtained in high yields (85-97%, see Table 2,
entry 1-8) and in good regioselectivity. Substituted
thiophenols suffered a great functional group tolerance. All
the substituted thiophenols bearing electron donating group
as well as electron withdrawing group replaced the third F
atom of pentafluorobenzene and showed similar reactivity to

entry base solvent Temp. Yield%

1 K,CO; CHCl, reflux 5

2 K,COs; MeOH reflux 5

3 K,COs; THF reflux 35
4 K,CO; CHsCN reflux 85
5 K,COs; CICH,CHCI reflux 75
6 K,CO, dioxane reflux 83
7 K,COs; PhMe reflux 26
8 K,COs; DMF 110 °C 73
9 K,COs; DMSO 110°C 17
10 K,COs; DME reflux 93°
11 K,COs DME reflux 88"
12 KsPO, DME reflux 91°
13 KOAc DME reflux 47
14 Na,COs DME reflux 37
15 Cs,CO; DME reflux 81°

*DME (anhydrous) was distilled from sodium on benzophenone; "DME (chemical purity) was used without purification and ‘other solvents were used without purification.

Scheme 2. Synthesis of various polyfluoroaryl aryl thioethers.
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Table 2.  Synthesis of Various Polyfluoroaryl Aryl Thioethers
entry polyfluoroarene Thiophenol product Yield(%0)
F F F F
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(Table 2). Contd.....

entry polyfluoroarene Thiophenol product Yield(%0)
F F
19 HS@ 0
F
F F
F

generate the corresponding product in high vyields. The
reaction showed good regioselectivity.  Substituted
thiophenols also replaced the third F atom of methyl 2,3,4,5-
tetrafluorobenzoic acid ester in mild yields, which showed
good regioselectivity (see Table 2, entry 9-11). When
2,3,5,6-tetrafluorobenzyl alcohol was used as a starting
material, two substituted thiophenols replaced the second
and the fifth F atoms of 2,3,5,6-tetrafluorobenzyl alcohol,
which gave mild vyields (see Table 2, entry 12-13).
Substituted thiophenols replaced the first and the forth F
atoms of 1,2,4,5-tetrafluorobenzene in mild yields, which
showed regioselectivity (see Table 2, entry 14-17). n-propyl
2,3,5,6-tetrafluoropheny ether and trifluorobenzenes did not
react with thiophenol (see Table 2, entry 18-20).

Computational Details

In our present work, we explored the polyfluorobenzene
bindings’ selectivity and specicity from the perspective of
structure and reactivity properties. The ultimate question we
wanted to answer is the following: What are the structural,
electronic, or stereoelectronic factors that govern
Polyfluorobenzene specific binding capability? To describe
regioselectivity tendencies of individual atoms in molecules,
local descriptors were employed.

We first performed computational chemistry studies to
predict the most electrophilic (nucleophilic) site of the
pentafluorobenzene and 1,2,4,5-tetrafluorobene  model
systems. This was done through the dual descriptor in
conceptual density functional theory (CDFT).*** In CDFT,
the dual descriptor is defined as [34,35].

F(N=G"p()/"N(), @

where N is the total number of electrons, p(r) is the

electron density, and v(r) is the external potential, the

framework formed by all atomic nuclei of the system. Within
the frozen orbital approximation

(r) = pLumo(r) = promo(r), )
the promo(r) and pumo(r) are the highest occupied molecular

orbita(HOMO) density and the lowest unoccupied
molecular orbital(LUMO) density, respectively.

In CDFT, it is known that f2(r) will be positive in the
electrophilic regions as pumo(r) is large, and negative in the
nucleophilic regions as ppomo(r) dominates these regions.
The dual descriptor contour surface of the polyfluorobenzene
model systems are shown at the DFT B3LYP/6-311+G(d)
level of theory in Fig. (1).

In Fig. (1), it clearly shows that the 3C-10F bond is the
most nucleophilic(blue in color, negative in the dual

(a) f2(r)<0 for pentafluorobenzene

(b) (r)>0 for 1,2,4,5-tetrafluorobene

Fig. (1). Predicted (a) nucleophilic aromatic substation(blue region, the C-F bond) and (b) electrophilic aromatic substation(red region, the
C-H bond) site, from the dual descriptor, f?(r), of conceptual density functional theory for polyfluorobenzene systems.
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descriptor quantity, Fig. 1a) within the pentafluorobenzene
system. But the C-H bond is the most electrophilic(red in
color, positive in the dual descriptor quantity, Fig. 1b) within
the  1,2,45-tetrafluorobene  system.  This  verified
experimentally. These results suggest that the specicity
difference between polyfluorobenzenes originates from their
electronic properties.

3. CONCLUSIONS

The regioselective SyAr reaction of pentafluorobenzene,
methyl 2,3,4,5-tetrafluorobenzoic acid ester and 1,2,4,5-
tetrafluorobene with substituted thiophenols showed good
regioselectivity while pentafluorobenzene gave high yields.
Herein, we develop a novel method in a regioselective way
to  prepare  polyfluoroaryl aryl thioether  from
polyfluoroarenes and substituted thiophenes. These
computational results suggest that the specicity difference
between polyfluorobenzenes originates from their electronic
properties. The transition metal catalyzed cross coupling
reactivity of polyfluoroarene via C-H functionalized way
was on the progress.

4. EXPERIMENTAL

Pentafluorobenzene (0.168 g, 1 mmol), thiophenol (0.11
g, 1 mmol), and potassium carbonate (0.276 g, 2 mmol) was
placed in dry dimethoxyethane (DME) (5 mL). The reaction
was refluxed under nitrogen atmosphere for 12 hours. Till
cooled, the reaction mixture was filtered. The organic
solvent was evaporated. The mixture was dissolved with
dichloromethane (10 mL). Then the mixture was washed
with 10% NaOH (10 mL). The organic phase was dried over
sodium sulphate. After evaporation of the solvent, the
mixture was subjected to column chromatography with
petroleum ether as eluent.

3a:colorless liquid; *H NMR (CDCls, 400 MHz): 7.51-
7.22 (m, 5H), 7.11-7.07 (m, 1H); *C NMR (CDCl;, 100
MHz): 148.0 (dm, J = 79.2 Hz), 145.5 (dm, J = 84.7 Hz),
137.4,133.3, 130.9, 129.6, 129.3, 128.1, 127.9, 127.5, 115.2
(t, J = 21.0 Hz), 107.3 (t, J = 22.6 Hz); *°F NMR (CDCl;,
300 MHz): -133.1 (m, 2F), -137.9 (m, 2F); MS (El): 258
(M"); HRMS calecd for Cj,HgF4S: 258.0126, found:
258.0123.

3b: colorless gel; *H NMR (CDCls, 400 MHz): 7.32-7.25
(m, 2H), 7.11-7.03 (m, 3H), 2.32 (s, 3H); *C NMR (CDCl,
100 MHz): 148.0 (dm, J = 69.0 Hz), 145.5 (dm, J = 70.6
Hz), 138.6, 131.7, 130.4, 130.1, 129.6, 128.9, 116.0 (t, J =
19.5 Hz), 106.9 (t, J = 23.0 Hz), 21.4; *F NMR (CDCl;, 300
MHz): -62.5 (m, 2F), -67.2 (m, 2F); MS (El): 272 (MY);
HRMS calcd for C13HgF4S: 272.0283, found: 272.0281.

3c: white solid; m.p. 60-62°C; 'H NMR (CDCls;, 400
MHz): 7.32-7.25 (m, 4H), 7.13-7.08 (m, 1H); *C NMR
(CDCls, 100 MHz): 148.0 (dm, J = 75.3 Hz), 145.5 (dm, J =
76.8 Hz), 134.5, 132.4, 131.7, 129.8, 114.9 (t, J = 20.1 Hz),
107.5 (t, J = 22.4 Hz); *F NMR (CDCls, 300 MHz): -62.2
(m, 2F), -66.8 (m, 2F); MS (El): 292 (M"); HRMS calcd for
C1,H5CIF,S: 291.9737, found: 291.9734.

3d: white solid; m.p. 56-58°C; 'H NMR (CDCls;, 400
MHz): 7.46-7.42 (m, 2H), 7.12-6.98 (m, 3H); *C NMR
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(CDCls, 100 MHz): 164.3, 161.8, 147.9 (dm, J = 67.7 Hz),
145.4 (dm, J = 70.5 Hz), 134.2 (d, J = 7.9 Hz), 131.6 (d, J =
8.4 Hz), 128.1, 116.8 (d, J = 21.6 Hz), 115.8 (t, J = 20.4 Hz),
107.2 (t, J = 22.6 Hz); *F NMR (CDCl;, 300 MHz): -62.8
(m, 2F), -67.1 (m, 2F), -87.9 (m, 1F); MS (El): 276 (M");
HRMS calcd for C1,HsF5S: 276.0032, found: 276.0036.

3e: colorless liquid; *H NMR (CDCls, 400 MHz): 7.44
(d, J = 8.8 Hz, 2H), 6.97-7.05 (m, 1H), 6.82 (d, J = 8.4 Hz,
2H), 3.77 (s, 3H); *C NMR (CDCl;, 100 MHz): 160.4,
147.8 (dm, J = 44.7 Hz), 145.2 (dm, J = 76.2 Hz), 1348,
123.1, 116.9 (t, J = 19.2 Hz), 115.2, 106.6 (t, J = 22.4 Hz),
55.6; °F NMR (CDCls, 300 MHz): -61.4 (m, 2F), -65.7 (m,
2F); MS (El): 288 (M"); HRMS calcd for Ci3HgF,OS:
288.0232, found: 288.0234.

3f: white solid; m.p. 44-45°C; *H NMR (CDCl;, 400
MHz): 7.22-7.26 (m, 1H), 7.04-7.11 (m, 2H), 6.85-6.88 (m,
2H), 3.85 (s, 3H); *C NMR (CDCl;, 100 MHz): 157.8,
148.0 (dm, J = 105.7 Hz), 145.5 (dm, J = 107.6 Hz), 130.9,
129.3,121.5, 121.3, 114.4 (t, J = 19.2 Hz), 111.4, 106.8 (t, J
= 21.9 Hz), 56.2; *F NMR (CDCl;, 300 MHz): -62.2 (m,
2F), -67.4 (m, 2F); MS (El): 288 (M"); HRMS calcd for
Cy13HsF40S: 288.0232, found: 288.0231.

3g: white solid; m.p. 139-140°C; *H NMR (CDCl,, 400
MHz): 7.68 (br, s, 1H), 7.41 (dd, J; = 8.4 Hz, J, = 8.8 Hz,
4H), 7.04-7.09 (m, 1H), 2.14 (s, 3H); *C NMR (CDCls, 100
MHz): 168.9, 147.9 (dm, J = 67.8 Hz), 145.4 (dm, J = 71.1
Hz), 138.4, 132.8, 127.7, 120.8, 115.8 (t, J = 18.9 Hz), 107.0
(t, J = 22,5 Hz), 24.7; *F NMR (CDCl;, 300 MHz): -62.6
(m, 2F), -67.1 (m, 2F); MS (El): 315 (M"); HRMS calcd for
C14HogF4NOS: 315.0341, found: 315.0340.

3h: white solid; m.p. 72-73°C; 'H NMR (CDCls;, 400
MHz): 7.71-7.86 (m, 4H), 7.37-7.48 (m, 3H), 7.02-7.10 (m,
1H); 3C NMR (CDCls;, 100 MHz): 148.0 (dm, J = 87.4 Hz),
145.5 (dm, J = 89.7 Hz), 133.9, 132.8, 130.4, 130.1, 129.4,
128.0,127.7,127.1, 126.9, 115.2 (t, J = 19.7 Hz), 107.3 (t, J
= 22.7 Hz); F NMR (CDCl;, 300 MHz): -62.8 (d, J = 10.2
Hz, 2F), -67.6 (d, J = 6.6 Hz, 2F); MS (El): 308 (M");
HRMS calcd for C1gHgF4S: 308.0283, found: 308.0281.

3i: white solid; m.p. 58-59°C; 'H NMR (CDCl;, 400
MHz): 7.47-7.43 (m, 1H), 7.30 (d, J = 8.4 Hz, 2H), 7.10 (d, J
= 7.6 Hz, 2H), 3.94 (s, 3H), 2.32 (s, 3H); *C NMR (CDCls,
100 MHz): 163.1 (d, J = 1.8 Hz), 158.4 (t, J = 3.2 Hz), 155.9
(t, J = 3.2 Hz), 152.7 (dd, J; = 5.3 Hz, J, = 5.0 Hz), 150.2
(dd, J; = 3.9 Hz, J, = 4.0 Hz), 148.8 (dd, J, = 4.1 Hz, J, =
4.6 Hz), 146.2 (dd, J, = 4.2 Hz, J, = 3.9 Hz), 138.7, 131.8,
130.4, 129.0, 120.0 (m), 112.7 (dd, J; = 4.2 Hz, J, = 4.1 Hz),
53.2, 21.4; *F NMR (CDCls, 300 MHz): -62.6 (d, J = 16.5
Hz, 1F), -74.8 (d, J = 22.2 Hz, 1F), -90.5 (d, J = 6.6 Hz, 1F);
MS (El): 312 (M"); HRMS caled for CisH;iF30,S:
312.0432, found: 312.0428.

3j: colorless gel; *H NMR (CDCl,, 400 MHz): 7.50-7.46
(m, 1H), 7.33-7.25 (m, 4H), 3.95 (s, 3H); *C NMR (CDCl;,
100 MHz): 162.9 (d, J = 2.8 Hz), 158.4 (t, J = 2.8 Hz), 155.9
(t, J = 1.5 Hz), 152.8 (dd, J; = 4.3 Hz, J, = 4.1 Hz), 150.3
(dd, J; = 4.2 Hz, J, = 4.1 Hz), 148.8 (dd, J, = 4.0 Hz, J, =
3.0 Hz), 146.2 (dd, J; = 3.9 Hz, J, = 4.2 Hz), 134.6, 132.5,
131.2, 129.8, 119.6 (dm, J = 204.6 Hz), 112.9 (dd, J; = 3.1
Hz, J, = 4.4 Hz), 53.2; *F NMR (CDCls, 300 MHz): -64.0
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(m, 1F), -76.2 (m, 1F), -91.7 (m, 1F); MS (El): 332 (M");
HRMS calcd for C14HgCIF;0,S: 331.9886 found:331.9889.

3k: white solid; m.p. 63-64°C; '"H NMR (CDCls, 400
MHz): 7.50-7.46 (m, 1H), 7.38-7.28 (m, 4H), 3.95 (s, 3H);
3C NMR (CDCls, 100 MHz): 163.1 (t, J = 2.0 Hz), 158.5 (t,
J=13.9Hz), 156.1 (t, J = 3.3 Hz), 152.9 (m), 150.4 (dd, J; =
4.6 Hz, J, = 5.0 Hz), 148.8 (m), 146.2 (dd, J; = 4.5 Hz, J, =
2.0 Hz), 132.9, 131.1, 129.6, 128.3, 119.8 (dm, J = 122.2
Hz), 112.8 (dd, J; = 4.0 Hz, J, = 3.9 Hz), 53.2; 9F NMR
(CDCls, 300 MHz): -110.0 (dd, J; = 21.9 Hz, J,= 22.5 Hz,
1F), -112.6 (m, 1F), -125.6 (d, J = 23.4 Hz, 1F), -137.6 (m,
1F); MS (El): 316 (M"); HRMS calcd for CyHgF40,S:
316.0181, found: 316.0184.

3l: colorless gel; *"H NMR (CDCls, 400 MHz): 7.53-7.41
(m, 5H), 7.24-7.13 (m, 5H), 6.60 (q, J = 6.4 Hz, 1H), 4.90 (d,
J = 2.0 Hz, 2H), 2.16 (br, s, 1H); *C NMR (CDCls, 100
MHz): 161.0 (d, J = 3.0 Hz), 1585 (d, J = 2.1 Hz), 155.1,
152.6, 135.9, 134.8, 132.6, 132.4, 130.9 (dd, J; = 7.1 Hz, J,
= 7.9 Hz), 130.2, 130.0, 129.8, 129.5, 128.1, 126.8, 118.4 gd,
J=20.7 Hz), 115.6 (d, J = 28.5 Hz), 57.2 (q, J = 2.2 Hz); F
NMR (CDCl;, 300 MHz): -81.7 (m, 1F), -92.8 (g, J = 9.3
Hz, 1F); MS (EI): 360 (M"); HRMS calcd for CygH14F,0S;:
360.0454, found: 360.0449.

3m: colorless gel; *"H NMR (CDCls, 400 MHz): 7.41 (d,
J=8.0 Hz, 2H), 7.23 (d, J = 7.6 Hz, 2H), 7.05 (q, J = 8.0 Hz,
4H), 6.52 (q, J = 6.8 Hz, 1H), 4.89 (d, J = 2.0 Hz, 2H), 2.39
(s, 3H), 2.27 (s, 3H), 2.14 (s, 1H); *C NMR (CDCl;, 100
MHz): 161.0 (d, J = 2.6 Hz), 158.5 (d, J = 2.8 Hz), 154.7,
152.3, 140.3, 137.0, 135.3, 132.3, 132.1, 131.1, 130.3, 128.7,
126.0, 118.6 (d, J = 20.0 Hz), 115.0 (d, J = 29.5 Hz), 57.2 (q,
J =22 Hz), 21.5, 21.2; *F NMR (CDCl;, 300 MHz): -80.6
(d, J = 16.2 Hz, 1F), -92.0 (m, 1F); MS (El): 388 (M");
HRMS calcd for C»;H45F,0S,: 380.0767, found: 380.0766.

3n: colorless gel; *H NMR (CDCls, 400 MHz): 7.42-7.33
(m, 10H), 6.78 (t, J = 7.6 Hz, 2H); *C NMR (CDCls, 100
MHz): 157.5, 155.1 (d, J = 3.6 Hz), 132.6, 132.0, 129.7,
128.5, 124.4 (dd, J, = 12.2 Hz, J, = 12.6 Hz), 117.8 (m); °F
NMR (CDCls, 300 MHz): -85.4 (t, J = 7.2 Hz, 2F); MS (EI):
330 (M%); HRMS calcd for CygHioF,S,: 330.0349, found:
330.0347.

30: white solid; m.p. 162-164°C; *H NMR (CDCl,, 400
MHz): 7.33 (d, J = 8.0 Hz, 4H), 7.17 (d, J = 8.0 Hz, 4H),
6.68 (t, J = 7.6 Hz, 2H), 2.36 (s, 6H); *C NMR (CDCls, 100
MHz): 157.4 (d, J = 2.8 Hz), 155.0 (d, J = 2.7 Hz), 139.2,
133.6, 130.8, 128.2, 125.0 (dd, J, = 12.6 Hz, J, = 11.4 H2),
117.2 (m), 21.5; **F NMR (CDCls, 300 MHz): -84.3 (t, J =
9.6 Hz, 2F); MS (El): 358 (M"); HRMS calcd for
CyoH16F2S5: 358.0662, found: 358.0662.

3p: colorless gel; *H NMR (CDCls, 400 MHz): 7.33 (s,
8H), 6.80 (t, J = 7.6 Hz, 2H); **C NMR (CDCls, 100 MHz):
157.8 (d, J = 3.1 Hz), 155.4 (d, J = 3.6 Hz), 135.1, 134.0,
130.8, 130.2, 124.5 (dd, J; = 12.5 Hz, J, = 12.2 Hz), 118.3
(m); *F NMR (CDCls, 300 MHz): -86.0 (t, J = 7.5 Hz, 2F);
MS (El): 398 (M"); HRMS calcd for CigH;oClF5S;:
397.9569, found: 397.9566.

3q: white solid; m.p. 143-145°C; *H NMR (CDCl,, 400
MHz): 7.45-7.42 (m, 4H), 7.08 (t, J = 8.4 Hz, 4H), 6.69 (t, J
= 7.6 Hz, 2H); *C NMR (CDCl;, 100 MHz): 164.6, 162.2,
157.4, 155.0 (d, J = 2.9 Hz), 135.7 (d, J = 8.1 Hz), 127.0,
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125.0 (dd, J; = 11.7 Hz, J, = 11.8 Hz), 117.4 (m); F NMR
(CDCls, 300 MHz): -112.1 (s, 2F), -115.9 (s, 2F); MS (EI):
366 (M"); HRMS caled for CygHioF,S;: 366.0160,
found:366.0158.
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