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SUMMARY

A new series of pentafluorophenylsulfur(IV) derivatives C¢FsS(0)X, where X
is OLi, OH, Cl, F, OCH,;, N(CH3), and C¢Fs, and pentafluorophenylsulfur tri-
fluoride have been prepared. Pentafluorophenylsulfur(Il) derivatives are inert to
oxidation to sulfur(IV) by normal procedures, but reaction of pentafluorophenyl-
lithium with sulfur dioxide, or silver difluoride oxidative fluorination of the disul-
fide, provided good synthetic approaches. Chemical reactions and physical pro-
perties of these compounds are compared to those of the hydrocarbon sulfur(IV)
analogs and of divalent and hexavalent sulfur derivatives, particularly with regard
to spectral properties.

INTRODUCTION

The pentafluorophenyl ring is a unique substituent that imparts improved
stability and increased solubility to many organometallics?-2. It has an inductive
electronegative effect that is much stronger than phenyl but weaker than trifluoro-
methyl (o7 = CgFs 0.25, CF; 0.39, C¢H; 0.08)3. However, the n system of the
pentafluorophenyl ring is probably severely distorted relative to phenyl and many
of the unusual properties of pentafluorophenyl compounds could result from a
combination of the inductive effects of five fluorines coupled with strong fluorine-n
interactions. Although a wide variety of perfluoroalkylsulfur derivatives have been
reported?4, the known sulfur derivatives of pentafluorobenzene are primarily
divalent, based on pentafluorothiophenols. Pentafluorobenzenesulfonyl chloride
and several sulfones are prepared by oxidation of the divalent sulfur compounds.
Only recently pentafluorobenzenesulfenyl chloride and the series of pentafluoro-
benzenesulfenic derivatives have been reported®.

We undertook a program to prepare the unknown pentafluorophenylsul-
fur(IV) derivatives as well as selected unknown pentafluorophenylsuifur(Il) and (VI)
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derivatives so that a complete series of pentafluorophenylsulfur derivatives could
be examined to compare effects of pentafluorophenyl substitution on chemical and
spectral properties.

RESULTS

Synthesis

Initial efforts to prepare pentafluorobenzenesulfinyl chloride by adaptation
of literature procedures proved unsuccessful. The chlorination of pentafluoro-
benzenesulfenyl chloride did not appear to give the pentafluorophenylsulfur
trichloride intermediate nor pentafluorobenzenesulfinyl chloride under conditions
where phenylsulfur trichloride is formed and converted to benzenesulfinyl chlo-
ride 7.
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(CH,O),0
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ArSH — 22— ArsCl ArSCl
Pentafluorophenylmagnesium bromide reacted with excess thionyl chloride

to yield primarily bis-(pentafluorophenyl) sulfoxide

0
|
2C¢FsMgBr + SOCl, —— CFsSCsFs -+ 2MgBrCl

By reaction of the Grignard reagent with sulfur dioxide followed by thionyl
chloride, a low yield of pentafluorobenzenesulfinyl chloride was isolated as a
distillable liquid. The preferred procedure is to treat pentafluorophenyllithium
with sulfur dioxide in ether solution and filter off the insoluble lithium pentafluoro-
benzenesulfinate in almost quantitative yield; this salt is readily converted by
thionyl chloride in high yield to pentafluorobenzenesulfinyl chloride.
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Lithium pentafluorobenzenesulfinate also serves as an intermediate to penta-
fluorobenzenesulfiny! fluoride by reaction with sulfur tetrafluoride. The sulfinyl
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chloride was converted to the stable crystalline N, N-dimethylpentafluorobenzene-
sulfinamide and the distillable liquid methyl pentafluorobenzenesulfinate. The
sulfinyl chloride readily hydrolyzes (even in moist air) to pentafluorobenzene-
sulfinic acid, which can be isolated as a crystalline monohydrate. This acid appears
to be more stable than perfluoro-2-propanesulfinic acid® and at least as stable as
trifluoromethanesulfinic acid®, but decomposes on heating to 120° to yield some
pentafluorobenzene. Lithium pentafluorobenzenesulfinate in the dry state decom-
poses (slowly turns dark) above 280°. In water it slowly decomposes at 80° to yield
pentafluorobenzene, similar to decomposition of boiling basic solutions of trifluoro-
methanesulfinic acid to yield trifluoromethane?.

The oxidative fluorination of bis-(pentafluorophenyl) disulfide with silver
difluoride in trichlorotrifluoroethane solvent was a much more sluggish reaction
than in the corresponding phenyl system 10, The reaction required extended refluxing
which caused considerable attack on glass and high contamination of the penta-
fluorophenylsulfur trifluoride with pentafluorobenzenesulfinyl fluoride. However,
pentafluorophenylsulfur trifluoride of high purity was obtained in good yield by
reaction in a Hastelloy pressure vessel at 50° under autogenous pressure.

Pentafluorophenylsulfur trifluoride has served as a reagent to prepare the
first sulfurane with four carbon bonds to sulfurll.

. —~78° 0°

3C6F5Ll —+ C6FSSF3 - (C6F5)4S T CGFS'-C()FS -+ C6FssC6F5
This sulfurane can be detected and isolated up to 0°. In contrast, phenylsulfur tri-
fluoride reacts with phenyl-lithium to give biphenyl and diphenyl sulfide at —80°10,
Pentafluorophenylsulfur trifluoride, like phenylsulfur trifluoride, reacted with
benzaldehyde to give o,a-difluorotoluenel2.

i i

CsHsCH + CgFsSF; ——— CgHsCF,H + C¢FsSF
However, pentafluorophenylsulfur trifluoride appears less reactive (lower yield of
product and some recovered benzaldehyde under similar conditions) but could have

special applications for carbonyl fluorinations such as better control with highly
reactive carbonyls or selectivity with polyfunctional reactants.

Physical and spectral properties

The pentafluorobenzenesulfinyl derivatives have slightly lower boiling points
than the corresponding phenyl compounds but markedly better thermal stability
than the phenyl or alkyl series. Benzenesulfinyl chloride decomposes on standing
at room temperature and p-toluenesulfinyl chloride has been stated to be unsafe
to distil!3. However, pentafluorobenzenesulfiny] chloride gave no indication of
decomposition during distillation or on standing at room temperature for several
days. As indicated above, pentafluorobenzene-sulfinic acid, -sulfinamide and
-sulfinate methyl ester all appear more stable than the corresponding benzene-
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sulfinic derivatives. Another advantage of pentafluorophenyl substitution is the
increased solubility of these sulfur derivatives, especially the sulfonic acid deriva-
tives, in organic solvents.

The ultraviolet spectra of the pentafluorophenylsulfur(IV) derivatives are
tabulated in Table 1 along with the physical and analytical data. No significant
changes in the position or intensity of absorption of the arylsulfur derivatives are
apparent as a result of the substitution of the phenyl ring by five fluorines.

The IR spectra of pentafluorophenyl derivatives have been noted to have a
characteristic absorption at 760-900 cm~! assigned to X-CgF5 bond vibrations,
in addition to the strong C-F and ring vibration peaks!4. In the pentafluorophenyi-
sulfur series a strong peak is usually present at 760-860 cm~! for the sulfur(il)
derivatives, but appears weaker or shifted for the sulfur(IV) and sulfur(VI)
derivatives.

The 19F NMR chemical shifts of the pentafluorophenylsulfur derivatives can
be compared from Table 2. The trends in meta and para shifts correspond appro-
ximately to those expected from the electronic effects of the substituents!s but only
qualitative comparisons are possible16:17,

The ortho shifts for the sulfinyl derivatives are all considerably upfield and
for the sulfur(Il) series are all markedly downfield, both relative to the sulfur(VI)
series. The different geometry and molecular size of the sulfur in the different
oxidation states as well as the ligands attached to sulfur would be expected to
produce unpredictable variations in chemical shifts by direct through-space and
steric interactions.

Pentafluorophenylsulfur trifluoride, pentafluorobenzenesulfinyl fluoride and
-sulfonyl fluoride all have the additional S-F resonances which show coupling
between the S-F and the ortho fluorines, In addition, the sulfinyl fluoride has a
long-range six-bond coupling with the para fluorine. Pentafluorophenylsulfur
trifluoride has an unusual low-temperature spectrum with two sets of ortho and
meta fluorines which is attributed to a trigonal-bipyramid structure (I} with the

Fa Fo' F'm ’
S FD
Fb F, F Fo

(1)

pentafluorophenyl ring in the basal plane and restricted from rotating. The single
basal fluorine couples strongly with one ortho fluorine and weakly with the other
ortho fluorine, but the two apical fluorines couple equally with both eortho fluo-
rines!8.
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TABLE 2

1r CHEMICAL SHIFTS®* OF PENTAFLUOROPHENYLSULFUR DERIVATIVES

X of CsFsX o —@m —%p

-F 163.0 163.0 163.0
~-H 138.7 162.6 154.3
-SHP 137.5 162.3 159.1
~SK ¢ H;O¢ 140.5 170.3 177.5
-SNa¢ 140.7 172.5 179.5
-SCl 128.3 160.6 146.1
~SF;d 137.2 160.7 145.8
—-SCH;¢ 135.8 164.4 157.2
~S-CsFst 1324 160.5 150.5
—S-S-CgFsf 131.8 160.1 148.5
-SN(CH3s)2 130.0 161.6 150.7
-SOCI 140.9 159.2 145.7
-SOFe 142.8 158.8 146.4
~SO-CsFs 140.2 159.6 147.6
~SON(CH3)- 142.1 161.5 151.0
-SO;H « H.O 139.5 161.1 155.5
-SO(OCH3) 142.9 160.5 148.6
—S0.Ci» 134.5 157.6 140.3
-SO,F! 133.2 158.1 141.6
~S0,CsFs! 1354 158.4 142.3
-SO,;N(CH3); 136.2 160.1 147.9

& Chemical shifts are ppm upfield from CFCls. According to newly adopted standards these values
are all negative. Unless indicated otherwise all are determined at 10 9 concentration in CFCls
as solvent and internal reference at 25°. The coupling patterns are as normally observed (ref. 17).
b Benzene solvent, ref. 16.

¢ Acetone solvent. W. BEck, K. H. STETTER, S. Tapros anD K. E. ScuwarzHAUS, Chein. Ber.,
100 (1967) 3944.

d S-F at +71.9 and -75.3 ppm at -80°.

¢ Chloroform solvent. F, J. HortoNn, A. J. Rest, O. T. ROSEVEAR AND F. G, A. STONE, J. Chem.
Soc. (A) (1966) 1326.

I Carbon tetrachloride solvent. M. L. N. REDDY AND A. G. MAssey, unpublished results (see ref. 1).
&€ S-F at 46.08 ppm.

k Chloroform solvent. M. I. BRuck, J. Chem. Soc. (A) (1968) 1459.

1S-F at +73.8 ppm.

¥ Acetone solvent. R. D. CHAMBERS, J. A. CUNNINGHAM AND D. J. SpRING, J. Chem. Soc. (C)
(1968) 1560.

Conclusions

The new class of pentafluorophenylsulfur(IV) derivatives and several new
pentafluorophenylsulfur(Il) and (VI) derivatives have provided a sufficiently com-
plete series of pentafluorophenylsulfur derivatives for a meaningful comparison of
properties. The perfluoro-substitution of the aromatic ring clearly improves stability
and solubility relative to the hydrocarbon analogs. In addition, this series of
derivatives is a starting point for further synthetic exploration such as preparation
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of the sulfuranes with four carbon-sulfur bonds!! and free-radical studies *. The
NMR results indicate that the pentafluorophenylsulfur series could provide funda-
mental information about structure, bonding and geometry of sulfur in various
oxidation states.

EXPERIMENTAL

Pentafluorothiophenol was obtained from Pierce Chemical Company and
bromopentafluorobenzene from Imperial Smelting Company, England. Silver
difluoride was obtained from Ozark-Mahoning. Pentafluorobenzenesulfenyl
chloride® was prepared by reaction of pentafluorothiophenol with chlorine in
carbon tetrachloride containing a catalytic amount of iodine. Pentafluorobenzene-
sulfonyl chloride!® was prepared from reaction of pentafluorothiophenol with
chlorine and hydrogen peroxide in acetic acid. Bis-(pentafluorophenyl) disulfide20
was prepared by bromine oxidation of pentafluorothiophenol in acetic acid.

The physical and analytical data on all new compounds are given in Table 1.

Lithium pentafluorobenzenesulfinate (nc)

Bromopentafluorobenzene (123.5 g, 0.50 mole) in ether (250 ml) was added
drop-wise to n-butyllithium in hexane (320 ml, 0.50 mole) cooled to —70°. The
temperature rose to —64° during the addition and was held below —64° for 1.5 h.
Dry sulfur dioxide gas was then bubbled into the reaction at —70° for 3 h; a white
precipitate formed after 1 h. The lithium pentafluorobenzenesulfinate was suction
filtered and air dried, yield, as a fine white powder, 112 g (94%). Attempted
purification from hydroxylic solvents, such as ethanol, was unsuccessful and led
to decomposition. The crude lithium pentafluorobenzenesulfinate was analytically
pure and used directly for synthesis.

Lithium pentafiuorobenzenesulfinate decomposes (sinters and darkens)
slowly above 280°. When a solution of 5.0 g (0.021 mole) in 100 m! of water was
heated at 80° for 2 h, gas was evolved and an oil separated. The oil was identified
as pentafluorobenzene (2.73 g, 779() by comparison to an authentic sample.

Pentafluorobenzenesulfinyl chloride (nc)

Lithium pentafluorobenzenesulfinate (98 g, 0.41 mole) was added to 400 ml
of thionyl chloride at room temperature. A mild exothermic reaction occurred on
addition. The solid was filtered off and the filtrate vacuum-distilled at 62°
(2.2 mmHg) to give 86 g (83% yield) of pentafiuorobenzenesulfinyl chloride.

Pentafluorobenzenesulfinyl fluoride (nc)
Lithium pentafluorobenzenesulfinate (23.8 g, 0.10 mole) and 75 ml of trichlo-
rofluoromethane were charged into a 240 ml Hastelloy steel pressure vessel. The

* The radical reactions of the pentafluorophenylsulfur halides are under study by Dr. J. F, Harris
in this laboratory.
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pressure vessel was cooled to —80°, charged with 10.8 g (0.10 mole) of sulfur
tetrafluoride and heated at 50° for 2 h. It was cooled to room temperature and
vented and the solution removed and distilled. Pentafluorobenzenesulfinyl fluoride,
b.p. 41-43° (3.5 mmHg) was obtained in a yield of 4.7 g (20%)).

Methyl pentafluorobenzenesulfinate (nc)

Pentafluorobenzenesulfinyl chloride (20.9 g, 0.084 mole) was added to
methanol (300 ml) and cooled to 0°. The ice bath was removed and the reaction
was stirred at room temperature for 2 h. Excess methanol was evaporated and the
residue was distilled. Methyl pentafiuorobenzenesulfinate, b.p. 78° (2.3 mmHg)
was obtained in a yield of 15.5 g (75.0%).

N,N-Dimethylpentafluorobenzenesulfinamide (nc)

Pentafluorobenzenesulfinyl chloride (7.68 g, 0.03 mole) in ether (30 ml) was
added to a —30° solution of dimethylamine (6.0 ml, 0.09 mole) in ether (30 ml)
over 15 min. A white precipitate (dimethylammonium chloride) formed immedi-
ately. After the addition was complete, the mixture was allowed to warm to room
temperature and stirred for 30 min. The salt was filtered off, the ether was evapo-
rated and the product was distilled at 95-110° (2 mmHg) to give the sulfinamide
in a yield of 3.53 g (45.5%). The distillate crystallized and was purified by recrystal-
lization from petroleum ether to give white crystals m.p. 36-37°.

Pentafluorobenzenesulfinic acid (nc)

Water (1.0 ml) was added to pentafluorobenzenesulfinyl chloride (9.53 g,
0.038 mole) in ether (225 ml) cooled to 0°. The reaction was stirred for 1.5 h at
room temperature. Magnesium sulfate was added and the solution was filtered and
evaporated. An oil (4.6 g, 489,) partially crystallized. Pure pentafluorobenzene-
sulfinic acid monohydrate was separated by trituration with petroleum ether.
Pentafluorobenzenesulfinic acid hydrate melts at 62-63° and decomposes at 120°
to give pentafluorobenzene and a black residue.

Bis-( pentafluorophenyl) sulfoxide (nc)

Bromopentafluorobenzene (12.35 g, 0.05 mole) was added to magnesium
turnings (1.22 g) in ether (50 ml) and was maintained at a gentle reflux during the
addition. The Grignard was added drop-wise to a —20° solution of thionyl chloride
(4 ml) and ether (12 ml). The reaction mixture was warmed to room temperature
after the addition was complete, filtered and washed well with water. The ether
solution was dried and distilled to give bis-(pentafluorophenyl) sulfoxide in a yield
of 7.1 g (749, yield), recrystallized from cyclohexane m.p. 77-8°. The experiment
was repeated with excess thionyl chloride at —50° and the results were the same.

Pentafluorophenylsulfur trifluoride (nc)
A flame-dried 100 ml pressure vessel was charged in a dry box with 25.9 g
(0.065 mole) of bis-(pentafluorophenyl) disulfide, 40 g (0.28 mole) of powdered
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silver difluoride and 50 ml of 1,1,2-trichlorotrifluoroethane. The pressure vessel
was heated with rocking for 5 h at 50°, cooled and the contents transferred in a dry
box for distillation. The pentafluorophenylsulfur trifluoride, distilled in a spinning-
band column, b.p. 41-42° (5.2 mmHg), was obtained in a yield of 18.8 g (56%).
In attempted preparations using the literature procedure!?, the reaction of silver
difluoride and disulfide was found to require refluxing in the solvent and resulted
in major attack on the glass reaction pot so that the product was nearly half
pentafluorobenzenesulfinyl fluoride.

N,N-Dimethyipentafluorobenzenesulfenamide (nc)

The procedure described for the sulfinimide was employed using pentafluoro-
benzenesulfenyl chloride and dimethylamine. The product was distilled, b.p. 54°
(2 mmHg), and obtained in 519/ yield.

N,N-Dimethylpentafluorobenzenesulfonamide (nc)

Pentafluorobenzenesulfonyl chloride (8.0 g, 0.03 mole), and triethylamine
(5.0 ml, 0.036 mole) were stirred in 30 m] ether while 2.0 g (0.03 mole) dimethyl-
amine was added slowly. After the addition was complete, the reaction was allowed
to warm to room temperature, The salt was removed and extracted with ether.
The combined ether extract and filtrate were evaporated to a gummy oil which
was recrystallized from cyclohexane. The yield of pure N,N-dimethylpentafluoro-
benzene sulfonamide was 3.5 g (42.5%).

Pentafluorobenzenesulfonyl fluoride (nc)

Pentafluorobenzenesuifonyl chloride (6.75 g, 0.025 mole) in 25 ml of aceto-
nitrile with about 5 g of sodium fluoride powder was stirred and refluxed for 8 h.
The product was distilled collecting 4.9 g (78%,) pentafluorosulfonyl fluoride b.p.
103.5° (52 mmHg).

Reaction of pentafluorophenylsulfur trifluoride with benzaldehyde

Benzaldehyde (2.87 g, 0.027 mole) was added to 6.94 (0.027 mole) of penta-
fluorophenylsulfur trifluoride. A slight temperature rise was noted on mixing. The
reaction mixture was gradually heated to 100° and the product vacuum-distilled
collecting 1.9 g (52%) of a,a-difluorotoluene b.p. 52-55° (44 mmHg) and 5.89 g
of liquid b.p. 67-68 (18 mmHg) that was a mixture of pentafluorobenzenesulfinyl
fluoride and some recovered benzaldehyde.
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