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ABSTRACT

The reactlion of C6H53F3’ CsF and 012 was studled
under a variety of condltions, The reaction run in the pre-
sence of a trace of water ylelded C6H5S02F and ClC6HuSOQF.
The reaction run in stailnless steel at 170°C yilelded an
amber solid belleved to be a polymer with the empirical
formula C6H3.67SF2. Chlorination of a C6H5SF3-CSF mixture
in monel at 220°C yielded a yellow liquid tentatively
identified as a mixture of the new species C6H5SFuCI,

FC6HuSF401 and ClC6HASFuCI.
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INTRODUCTION

The chemistry of sulfur fluorides 1s relatively new,
has received much recent attention and promises exclting new
developments in the future. A general review of sulfur-
fluorine chemistry will be glven for an understanding of the
present problem, Recent review articles by Cady,1 George,2
Roberts3 and Williamson,4 as well as more recently reported
developments in the field, provlide the necessary source in-
formation. Since the preparatlons and reactions of the
sulfur fluorldes are dependent on the parent sulfur fluorides,
SF2, SFu and SF6, the discussion loglcally divides into three
parts, SF2 and its derivatives, SFA and its derivatives and

SF6 and 1ts derivatives.

SF, and Derivatlves

w1111amson4 presents a review of the preparation and
chemistry of sulfur difluoride. Table I presents a summary
of these preparations. Glemser, Heussner and Haas6 prepared
S,F, as a colorless liquid at -100°C but at =90 to -80°C the
1iquid turned yellow and formed a gas corresponding to the

formula SF,. Two apparent structural isomers of disulfur

2
difluoride have been reported. Kuczkowski and Wilson7
identified the compound as thiothionyl fluoride, S=S:g,

while Wilson8 ldentified g second isomer of disulfur di-

fluoride, F’S'S‘F’ via microwave spectral analysis., The



only reported derivative of sulfur difluoride is formed by

the pyrolysis at 200°C of (CF,),CFSF, to yleld (CF3)2—CF-SF.1O
TABIE T
PREPARATIONS OF S,F,
Physical
Reactants Products Properties Reference
SC1 + KSOoF SoF2 colorless gas
mcpo -165“0 5
b.p. =10°C
S + AgF SoF2 and SFo 6
F o
S + AgF SoFp (8= m.p. =165 C
b.p. ~10°C 7
8 + AgF S Fo (p-S=8.p) b.p. -30°C 8

SF,, and Derivatives

Smithll

has recently reviewed the preparations and
chemistry of sulfur tetrafluoride. These preparations are
summarized in Table ITI.

Sulfur tetrafluoride has a reparted melting point of
-121°C, boiling point of -38°C and a density of 1.91901 g/bm3
at 200°k.17 The structure of the sulfur tetrafluoride
molecule 1s essentially a trigonal bipyramid in which two
fluorine atoms and the unshared electron palr are in the
equatorial positions with the other two fluorine atoms oc-

cupylng the axial positions.20



TABLE II
PREPARATIONS OF SF)

Reactants Products Reference
S + CoF3 SF) 12
decomposlition of CF3SF5 SFu + CFu 13
decomposition of S,F,, SF), + SFg 14
CS, + Fy SFy, CFy, SFg, CSF, 15,
CF3SF5’ CF3SF3’ 16

SF3CFQSF5, SFSCFQSF5

S + F, SF), 17
SoBr, + IF5 SF, + Br, + I, 18
S + IF5 SFy + I, 19
SCl2 + NaF SFu + 82012 + NaCl 19

Sulfur tetrafluoride 1s an extremely reactive sub-
stance, It 1s instantly hydrolyzed by water, but 1ts
fluorination action 1s quite selective. Figure 1 summarizes
the main reaction_types, but does not represent all the re-
ported reactions of SFu. Sulfur tetrafluoride also converts
many metallic oxides or sulfides to the corresponding metal
fluorides23 in reactions similar to the selective fiuorina-

tion of organic carbonyl groups (Reaction G).



(SFso)QSF4
[H]

RCF?R' ,R_%-R.(H) (21) SF), N Fy (63%> SFBNF2
G ‘R—g-R'(H)

FIGURE X

REACTIONS OF SF4



The presence of an unshared electron palr in the
sulfur tetrafluoride molecule suggests that 1t should ex~
hibit propertlies of a base. Similarly, the presence of an
unoccuplied 3d orbital 1n the molecule, together with the
known abllity of the sulfur atom to be hexacoordinate sug-
gests that sulfur tetrafluoride might also be an electron
palr acceptor. Actually both donor and acceptor properties
have been observed, Sulfur tetrafluoride reacts with certailn
inorgasnic fluorides that are Lewis acids to form solid "ad-
ducts" (Reaction J). The known adducts in approximate order
of decreasing stablility are SbF

L SF)_I_ >ASF L4 SF)_I_ >II'F L4

5
. SFu. Early

5 5
L SF)_I_ >PF5' SF4>GeF)+o 2SF}-|- and AsF

27

SF,+ > BF3

investigators

3

suggested that these substances were simple
Lewls acid-Lewls base complexes of the type SFA—QEEE. This
was criticized by Cotton and George,30 who pointed out that
phosphorous trifluoride does not react with boron trifluoride
and that SF4 should be a poorer electron donor than PF3 since
the extra fluorine atom would decrease the basicity of the
unshared electron palr. This fact and the known ability of

SbFS, AsFS, IrF BF3, PFS’ GeFu and AsF3 to accept fluoride

5,
ion prompted Cotton and George to suggest a formulation of

the type SF3+BF4-. Seel and Detmer<? have provided more
posltive evidence for this structure by obtaining an infra-

red spectrum of the SFu BF., adduct, The spectrum showed a

3
strong band at 1050 em™1 typical of BF4'. The spectrum also



showed a doublet at 908 and 940 em™1 which was assigned to

1

the SF.7 1on since SF), absorbs at 975 em ., The acceptor

3
properties of SF4 were observed in the study of the reaction
of chlorine and sulfur tetrafluoride in the presence of
cesium fluoride (Reaction E). Muetterties>> found that at
110°C sulfur tetrafluoride was absorbed on cesium fluoride

and postulated the formation of Cs+SF5

Since this salt is significantly dissociated at about 150°C,
it 1s necessary to maintain a high sulfur tetrafluoride
pressure in a reactor to ensure isolation of a solid that
approaches the theoretical 1:1 CsF to SF4 ratio. Neither

28 133 observed

Bartlett and Robinson nor Tunder and Siege
compound formation in the reaction of CsF and SF4 in the
temperature range of -40°C to 220°C§ however, Tunder and
Siegel did observe that tetramethylammonium fluoride will
react with sulfur tetrafluoride to give (CH3)4N+SF5~ at
-20°C., The product is a solid with 2-3 mm SF) pressure at
room temperature, The observed effectiveness of larger

cations in SF_.~ formation presumably results from a stabil-

5
ization due to the increased lattice energy of the larger
cations.32 The larger cations will coexist with a large

complex anion, otherwise there would be large anion-anion

repulsions. The fluoride ion acceptance reaction has been



7
known for some time with SeF4,3u but the abqve two cases are
the first observed for sulfur tetrafluoride,

The monosubstituted derivatives of sulfur tetra-

fluoride are summarlized in Table IIT.

TABLE IIT
MONOSUBSTITUTED DERIVATIVES OF SF),

Reagents Products Reference
082 + F2 CF38F3 35
082 + F2 SFBCFQSF3 35
082 + F2 SF3CFQSF3 35
HSCHECOOH + F2 SF3CFQCOOH 35

NOQ-C6H4—S—S-C6HM-N02

+ HF + F, N02-C6HASF3 36

R-S-S-R + AgF2 R—SF3 37
R= C6H5 or C6H)+X

SF4 + R2NH F3SNR2 22

Kharasch and Chamberla.in36 prepared 2,4-dinitrophenyl-
sulfur trifluoride by reactlon of the corresponding disulfide
in 1iquid hydrogen fluoride at 0°C with fluorine diluted with

nitrogen. This method was found to be unsatisfactory for the



general preparation of arylsulfur trifluorides. Sheppard37

devised a general method for the preparation of alkyl and
arylsulfur trifluorides by reactlon of the corresponding
disulfides with silver difluorilide in freon 113 (l,l,2-tr1-
chloro-1,2,2-trifluoroethane). Sheppard found that the
reactions of alkyl and arylsulfur trifluorides with com-
pounds contalnlng carbonyl groups closely paralleled those

of sulfur tetrafluoride. Williamsonu in his review stated
that the reactlons of alkyl and arylsulfur trifluorides
parallel those of SFu. These reactions were predlcted be-
cause at the time experimental evidence did not substantlally
support thls statement. There have been no reported acceptor
or donor properties of alkyl or arylsulfur trifluorides
(R-SF2+ or RSFu' type species) that parallel those found for
sulfur tetrafluoride, Sheppard37 has used the substltuted
tetrafluorides for selectlive conversion of carbonyl and
carboxyl groups to difluoromethylene and trifluoromethyl

groups. In partlicular, phenylsulfur trifluoride has been
0 0

] i
R-C-R' + RSFB-————) RCFQR' + R-S-F

0
"
RCOQH + 2RSF§—————§ RCF3 + HF + 2R-C-F

used to advantage for small scale preparations since the

reaction may be run in glass, metal or polyethylene contain-

38

ers at atmospherlic pressure. In contrast, sulfur tetra-



9

fluoride reactions require pressure equipment constructed of

fluorine resistant material.lg’ 39

SF6 and Derivatlves
Roberts3 reviewed the preparative procedures for
producing sulfur hexafluoride, Table IV presents a summary

of these preparations.

TABLE IV
PREPARATIONS OF SULFUR HEXAFLUORIDE

Reactants Products Reference
S + F, SFg ko
S + F, SFg by
MF + S + Cl, SFg + MC1 4o
SF), (pyrolysis at 500-1000°) SFg + S 43
SF), + HF (electrolysis) SFg + H, 43

Chemically, sulfur hexafluoride is almost totally inert.
The reactions of SF6 are shown in Figure 2, Padma and
Murthy47 reported that sulfur hexafluoride was reduced to
HQS by hydrogen iodide at room temperature. This reactilon

48

has since been studied by other investigators with con-

clusive evidence the reaction does not occur. Two groups



10

have reported the reaction of SF6 with sodium. Cowan,
Riding and X/Jar'hl,u'stlm reported the formation of-NaF and
S2F10 in a solventless system. Demitras and McDiarmiel46
studled the reactlon 1n diglyme and proposed that the reac-
tion proceeds due to an electron transfer from a diphenyl
radical ion to a SF6 molecule, Presumably the resulting
SF6’ ion would be unstable since no qompound containing this
ion has been 1isolated. It could eliminate F , and the -SF5
species so formed would react further with the sodium

"solution" to yileld the reaction products, Na,S and NaF.

A1F3, 012
and sulfur chlorides
/N
A12016
180-250°C
(45)
Na,S + NaF & la (46) SF Na (44%) ~ NaF + S,F10

liquid NH3 or

diglyme SO3

180-250°C
(45)

\'4

802F2

FIGURE 2
REACTIONS OF SF6
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The structure of sulfur hexafluoride 1s octahedral,
as would be expected for sp3d2 hybridization. The structure
has been established by electron diffractionSo with the six
S-F bond lengths measuring 1.56 . 1Infrared spectra51 and

52 spectra support the octahedral

nuclear magnetic resonance
structure.

The monosubstituted derivatives of sulfur hexafluoride
have been studled extenslively by several research groups
including Muller, Lauterbur and Svatos,53 Harris and Packer,54
and Merrill, Williamson, Cady and Eggers,”> Table V is a
summary of the monosubstituted derivatives reported.55

Two groups bonded to sulfur tetrafluoride produce
geometrical isomers of a six-coordinate sulfur derivative.

The disubstituted derlivatives are summarized in Tables VI
and VII, Electrochemlcal fluorination has been used in
preparing the exclusively trans-oriented compounds cited in
Table VI, Only CF3SF4NF2 was prepared by Logothetls, Sausen
and Shozda63 from the reaction of CF3SF3 and tetrafluoro-

hydrazine and found to be exclusively trans-oriented. Only

one cis-oriented derivative,

_ CFy— CF,
02 _ SPy,
CF,— CF,

has been prepared by electrochemical fluorination. Shreeve
and Cady59 were the first to obtaln a disubstituted deriv-

atlive by means other than electrochemical fluorination,
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TABLE V

MONOSUBSTITUTED DERIVATIVES OF SF6

Reported Derivatlves

SFC1 SFBr
SF5S05F SFOF
(SF5)2so4 C,F-OSFy
CgF4OSF, FC,C1)05F
CF30SFg SFZO0SF
CF3SF C FsSFy
FC,H) 0SF FC1C,Ho0SF
CgHOSF NH,SF
RSF5* (R = Cglg or C6H4X)

*Sheppard56 describés a general method for prepar-
Ing arylsulfur pentafluorides,



TABLE VI
TRANS-DISUBSTITUTED DERIVATIVES OF SF6

Derivative Reference
(CFB)ESFu 58
CF,SF,,SF)CF4 55
CH,SF) CH,F 55
CF,SF) CF,SF 55
C5FCF. SF), 55
(CyFgy),SFy 55
CF,CF,SF)CF, 55
(CF3CF2)QSF4 55
CF5CF ,SF) SF),CF,CF 55
CF,SF) CF,CFO 55
CF.SF),CF, 55
CF,SF)NF, 63
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TABLE VIT

CIS-DISUBSTITUTED DERIVATIVES OF SFg

Derivative Reference
,/CFE'CFz\\
O\ 7 SFIL 55
CF,-CF,
(FSO3)25F4 59
(Fsso)st4 60
(CF3O)QSF4 61
CF308F4NF2 62

They obtained cis-(FSOB)28F4 from the reaction of FSO,00SO,F

2 2
and SFu. Other cis-oriented derivatives have since been
prepared by similar reactions (Table VII).

Generally, the derivatives of sulfur hexafluoride
are chemically lnert excepting the mixed halides, sulfur
chlorlde pentafluoride (SFSCI) and sulfur bromide penta-
fluoride (SF5Br). The mixed halide, SF C1, has been pre-
pared in a number of ways. Table VIII 1s a summary of these
preparations.

SF501 1s also an important reactlon intermediate as
shown in Figure 3. Thermally, SF501 1s somewhat more stable

than disulfur decafluoride, It 1s recovered unchanged

after being heated to 350°C 1n an inert container, but at



15
400°C 1t decomposes to sulfur hexafluoride, sulfur tetra-
68

fluoride and chlorine,

a
23F5C1 —_— SF6 + SF)_I_ + 012

Hydrolytically it is less stable, being rapidly hydrolyzed

by aqueous sodium hydroxide,.

SF5CI + 8NaOH ——) Na2804 + bNaF + NaCl + 4H2O

TABLE VIIT
PREPARATIONS OF SF5CI
Reactants Products Reference
SCl, + HF (electrolysis) SFC1 + H, 66
S2F10 + Cl2 SF501 67
SCl2 + F2 SF5Cl 68
ClF + SFu SF5CI 69
SFu 4+ CsF + Cl2 SF5CI + CsCl 36
NOC1l + NaF + SFu NaCl + SF501 4+ NO 70

Since the chemistry of SF5CI readily provides reactilon
paths for the synthesis of monosubstituted derilvatives of
SF6 (Figure 3), the preliminary preparation of a similar



16
disubgtituted compound could feaslbly provide the synthesis

nf enrresponding disubstituted derivetives by simllar

resctinons.
SoFq0
A
SF;00SF C1CH=CHSF
RCH=CH,,
RCHC1CH,SF. ¢ SFC1 3 NayS0,, NaF
(e4) \ o NaC1, H,0
S\
s’ B N\
80
0//\
Q& o
S
R,CC1CF,SF J/ SFN=CC1,,
RCC1=NSF
FIGURE 3

REACTIONS OF SF5CI
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Statement of Problem

The monosubstituted halide derivatives of sulfur hexa-
fluoride, SF501 and SFSBr, have been employed as useful
intermediates for the preparation of other SF5 containing
speclies, In these reactlons, the reactive S-Cl or S-Br
bonds can be cleaved with pseudohalogen-~-like addition of
SFSX to a variety of compounds (Figure 3).

In 1962, Sheppard reported the preparation of C6H5SF3
and C6HSSF5.37’ 56 The sulfur VI compound is chemically
inert and thermally stable while the sulfur IV compound
(C6HSSF3) seems to show analogous chemistry to the parent
SFu. In both specles, the C-S bond seems to be non-reactive.

The purpose of this study was to investigate the
chemlistry of C6H5SF3 and to prepare phenylsulfur chloride
tetrafluoride (C6H5SFu01). There have been no di-substituted
sulfur IV halldes reported to date. Since the chemistry of
C6H58F3 seems to be analogous to SFM, a logical route to
the synthesis of C6HSSFMCI would be a reaction similar to

the preparation of SF_C1 in which SFu 1s reacted with CsF

5
and Cl2 to obtain the desired product.32



APPARATUS

Vacuum System

Several operations were carried out using a glass
vacuum system, Vacuum was achleved using a mercury diffusion
pump backed by a mechanical fore pump. System pressures
were estimated using a mercury manometer or a tilting Mcleod
gauge. High vacuum stopcocks were lubricated with Kel-F
No. 90 grease (Minnesota Mining and Manufacturing Company).
Glass (teflon needle) valves (Fisher-Porter Gompany) were

used 1n some cases to avold sample-grease contact.

Reactlon Vessels

Reaction vessels of glass, teflon and metal were used,
The glass reaction system 1s described in Figure 7. A 125
ml Nalgene teflon bottle was used as a teflon reactor., The
two metal reactors used were a 30 ml Hoke 303 stainless steel
reactor (4HS30) and a 95 ml Hoke monel cylinder (4HSM95)
each topped with a teflon-packed 316 stalnless steel needle
valve (Hoke 10115-1), Vacuum tight metal-glass seals were

made using a teflon seated "Swagelok" and connecter.

Handlling of Compounds

Many of the reagents used in this study were molsture
sensitive, Such materlals were contalned in pre-drled ves-
sels., All mechanlcal transfers were made 1in a nitrogen

filled polyethylene enclosure (Instruments for Research and



19
Industry). The nitrogen (Industrial Air) was dried by pass-

age through a 125 cm column packed with anhydrous CaSOn

and P40 An open container of barium oxlide was also

10°
placed in the enclosure as a dessicant.
Volatile compounds were handled by standard vacuum

procedures.

Separation Techniques

Liquld mixtures were separated by distillation. When
distilling at reduced pressure, a semi-micro distillation
apparatus of 25 ml capacity was used., A caplllary bleed
from a source of dry alr or nitrogen was employed to control

superheating in these cases,

ANALYTICAL TECHNIQUES

Spectroscopy

Infrared spectra were obtained using a Perkin-Elmer
137 or Perkin-Elmer 521 spectrophotometer, Samples were
examined in a 0,10 mm sodium chloride constant thickness
cell or neat between two sodium chloride or potassium
bromlde plates.

Mass spectral data was obtalned on an Assoclated
Electrical Industries MS 10 mass spectrometer., Certain
samples were ldentifled using an Associated Electrical In-
dustries MS 9 high resolution mass spectrometer and a Varian

Model %311 B high resolution nuclear magnetic resonance
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spectrometer with a 40 Mc oscillator.

Organic Qualitative Analysis

Qualitative analyses for sulfur, chlorine and fluorine
were carried out by standard methods after the samples were
fused with sodium metal, t? 72

The presence of sulfur71’ 72 was indicated in the
fused material by the formation of a lead sulfide precipi-
tate on addition of lead ion, the observation of a purple
coloration when a drop of sodium nitroprusside was added to
a portion of fusion filtrate, and by the formation of a
silver sulfide stain on the surface of a silver coin when
placed in contact with the fusion liquid.

Chloride71’ 72 was detected by acldifying a portion
of the fusion 1liquid, boiling to remove sulfide or cyanide
lons and adding silver nitrate solution to form a white
silver chloride precipitate.

Fluoride 1on73 was detected by addition of a drop of
fusion filtrate to an acetic acid-acetate buffered solution
of lanthanum chloranilate (lanthanum salt of 2,5-dichloro-
3,6-dihydroxy-p-benzoquinone). The development of a pink
to 1light violet color indicated the presence of fluoride ion.

Quantitative Chemical Analysis

Fluorlde 1lon was determined by titration with standard-

1zed thorium nitrate solution using sodium alizarine sulfonate
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7h

Fluoride ion concentration was
d75

as a visual indicator,
also estimated by a potentiometric titrametric metho
utilizing an Orion model 94~-09 fluoride specific ion elec-
trode and a ILeeds and Northrup expanded scale pH meter.
Lanthanum nitrate was used as titrant, the titrations were
reproducible with a precision of better thgn + two percent.
See Figure 4 for a typical titration curve,

Chloride ion concentrations were estimated using

76

standard gravimetric chloride procedures after sample

fusion with sodium,

Molecular Weights

Molecular weights were estimated by a standard cryo-
scopic freezing point depression method using benzene as
solvent.77 Molecular welghts were also estimated by identi-

fication of the parent peak in a mass spectrum,
REAGENTS

Phenylsulfur trifluoride was obtalned as a product in
the reaction of phenyl disulfide (Eastman Chemical Company
or City Chemical Corporation*) with silver II fluoride
(Harshaw Chemical Company) in 1,2,2-trichloro-1,1,2-trifluoro-
ethane (Matheson Chemical Company) at 35—45°C.37

*The phenyl disulfide obtained from City Chemical
Corporation contained impurities and was considered to be
inferior to that obtained from Eastman Chemical Company.
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12AgF2 + C6H -S-S—C6H5 —> 12AgF + 2C6HSSF3

5

1,2,2=-trichloro-1,1,2-trifluoroethane will be referred to

as "freon 113" throughout the following discussions.
Anhydrous (99.9%) cesium fluorlde was purchased from

American Potash and Chemical Company., Chlorine was purchased

from Hooker Chemical Company and was dried by passage through

a 100 cm column packed with anhydrous calcium sulfate or by

first bubbling 1t through concentrated sulfuric acld and

then passing it over Ba0O and P,0,,. Anhydrous (99.9%)

sodium fluoride (J. T. Baker Chemical Company) was used as m

primary standard for the volumetric standardlzatlon of solu-

tions of lanthanum nitrate (Matheson Chemical Company) and

thorium nitrate (J. T. Baker Chemical Company).

| Baker Analyzed Reagents, (CH3)4N01 and HF (48.9%
aqueous solution), were used in the attempted preparation

of tetramethylammonium fluoride, (CH3)4NF.



REACTIONS

I. Preparation of Phenylsulfur Trifluoride

The method of Sheppard37 was used 1n the preparation

of C/H.SF,, according to Equation (1).

57732

(1) 12agF, + CgHg=S-S-Cgly ——— 12AgF + 2CHSF

In a typlcal preparative run, 15 gm of phenyl disulfide was
slowly added to a slurry.of 67.2 gm of silver (II) fluoride
in "freon 113" through a solid addition funnel. The rate
of phenyl disulfide addition was controlled to maintaln
a reaction temperature of 35-40°C (C6H58F5 has been reported
to form under more vigorous conditions).56 After addition
of the phenyl disulfide, the reactlion mixture was heated to
47°C for approximately 15 minutes to ensure completion of
the reactlion, The crude material was then flltered to re-
move silver (I) fluoride. Solvent was removed by distilla-
tion at 47°C and the remaining material vacuum distilled.
The colorless product (b.p. 60°C at 5 mm Hg) of 5.2 grams
was retalned in teflon or stalnless steel cylinders for use
as "phenylsulfur trifluoride". In the later phases of this
work, the preparative procedure was somewhat modiflied in
order to lmprove the yleld.

Phenylsulfur trifluorlde reacts slowly wlith glass and

1s hydrolyzed rapldly by water (Equations 2 and 3),.
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(2) u4HF + 510, (glass) — H,O + S1F),

(3) HpO0 + CgHSF;———) CGHSSOF + 2HF

Since preparative reactions were run in glass, small amounts
of HF formed would lower the yleld of phenylsulfur tri-
fluoride considerably, Any C6H58H present would also lead

to reduced ylelds in the same manner (Equation 4),
(4) C6H58H + 4AgF2 —_— C6H58F3 + HF + U4AgF

The revised preparation used 1n the later stages of this

37

work was simllar to Sheppards except that all operations

In the synthesis were run 1In the presence of excess anhy-

drous NaF which acted to absorb any HF formed (Equation 5).

(5) HF + NaF ——> NaHF,

IT. Phenylsulfur Trifluoride Characterization

The materlal believed to be C6H SF3 had an infrared

5
spectrum (Figure 5) similar to that reported by Sheppard37
with the characteristic S-F stretch at 809 cm'l. A sample

was hydrolyzed by addition of water (Equations 6 and 7).

(6) C6H58F3 + H,0 —_— C6H580F + 2HF
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(7) 2CEHSSOF + 2H,0 ——) 2HF + 2CH_SOH

5-r2
The resulting solution was neutrallzed with dllute sodium
hydroxide. Fluoride ilon was then titrated with a 0.2134 M
lanthanum nitrate solution, The characterized samples were
found to be about 70% pure (Figure 6) assuming the only im-
purity to be C6HSSOF. Weights of C6H53F3 in the following
reactions are approximately 70% C6H58F3 and wlll be referred

to as "phenylsulfur trifluoride”.

ITI. Reaction of CH_.SF.,, CsF and Cl, in Glass
6—5'—J "

A reaction vessel (Figure 7) was charged with 16.5 gm
(0.0994 mole) of "phenylsulfur trifluoride", 11.4 gm (0.075
mole) of cesium fluoride* and 60 ml of "freon 113". Chlorine
was bubbled through the mixture for 30 minutes at a flow
rate of about 1.5 1/hr while the solution was stirred vig-
orously, After 30 minutes, the mixture was heated to reflux
(47°C) for an additional 15 minutes., A distillation head
was introduced into the system and the "freon 113" removed
at 47°C. The reaction vessel was heated to 80°C and chlorine
was passed over the remalnling residue for an additiongl 15
minutes, The system was evacuated and a colorless liquid
distilled at 78°C/9 mm Hg. The liquid was purified by

vacuum distlllation. Qualitative elemental analysis of the

*Ceslum fluoride was used directly from the reagent
bottle under a nitrogen atmosphere,
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1iquid 1indlicated the presence of sulfur, fluorine and

chlorine. An infrared spectrum of the compound (Figure 8)
corresponded to the reported infrared spectrum79 for benzene-~

sulfonyl fluoride (C6H The mass spectrum of the

5SO05F).
compound (Table IX) indicated the presence of a monochlori-

nated benzenesulfonyl specles,

TABLE IX
MASS SPECTRUM OF CgH-SO,F (70 V)

m/e Assigned species re1§€§328%2y36H5
195.5 C1CH, SO FF 0.005
160 CgH5S0, r 0.179
96 C6H5F+ 0. 464
7 CeHs' 1.000
65 c5H5'+ 0.815
51 C4H3+ 0.888
50 CyHyt 0.420
39 C Hy 0.195

*There 1s a certaln degree of uncertainty in assign-~
ment of mass units and lntensity when using the MS 10 mass
spectrometer, Because of this uncertainty only peaks with
an intensity of greater than 0.15 relative to the base peak
willl be assigned.
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IV. Reactlon of C6H58F9, CsF and Cl, in Glass
J "

The previous reaction (III) was repeated with 15 gm
(0.0984 mole) cesium fluoride and 16,6 gm (0.0997 mole)
CgHsSF, 1n "freon 113" yielding a colorless liquid identi-
fled by infrared spectral analysis as benzenesulfonyl

fluorilde,

V. Regctlon of Qég SF.,, CsF and Cl, in Teflon
~3 2

A teflon bottle was Iintroduced into the system for
use as a reactor to avold CgH SFy-glass contact (Figure 9).
The teflon bottle was charged with 2,74 gm (0.018 mole)
cesium fluoride and 3 gm (0.018 mole) C6HSSF3 under a
nitrogen atmosphere, The mlxture was chlorinated for 30
minutes at 45°C and for two hours at 100°C, The resulting
mixture was distllled at reduced pressure (b.p. 60-62°C at
3 mm Hg) yielding 1.35 gm (0.008% mole) of a 1liquid identi-
fled by Infrared spectral analysis as benzenesulfonyl flu-

oride.

VI. Reaction of G6§58F3 and CsF

An unmeagsured amount of C6HSSF3 was vacuum distilled
Into a recelver contalning an excess of cesium fluoride., An
infrared spectrum of the liquid in the resulting mixture

corresponded to that of unreacted C6HSSF3'

VII. Preparation of (CHgl"NF

(CH3)4NF was prepared by a method reported by Tunder
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and Siege1.33 Ten gm (0,092 mole) (CH3)4NCI was converted
to thg hydroxide by passage through an anlon exchange column,
The aqueous solution was evaporated to a syrup and dlssolved
in methanol. A stolchlometric amount of HF was added and
the resulting solution agalin evaporated to a syrup and taken
up in methanol. The resulting solution was evaporated to
dryness and heated to 100°C at 2-3 mm Hg for two hours yleld-
ing a white so0lid. The white s0lld was recrystallized from
1sopropanol, A sample of the recrystallized material was

taken for fluoride analysis (calculated 20,46% found 17.67%).

VIII. Reaction of Q6§ ~s CSF and Cl, in Stalnless Steel
J —

5SF
7.3610 grams (0.0485 mole) of cesium fluoride was

added to the metal reactor (Figure 10) and evacuated to 10"'4
mm Hg at 200°C to remove all traces of water.78 11.0778 gm
(0.0667 mole) of freshly distilled "C6H5SF3" was then added

to the reactor i1n a nitrogen filled enclosure, A small
portion of chlorine was condensed into the reactor at ~78°C,
the valve closed and the reactor warmed to 60°C (Figure 10).
This process was repeated until 1.04 gm (0.0297 mole) of
chlorine had been absorbed and repeated condensations result-
ed 1n no further absorption, Thevreaction mixture was vacuum
distilled yielding a colorless liquid identified by infrared

spectral analysls as C6H5SF3.

IX. Reaction of C6§58F3, CsF and Cl, 1n Stalnless Steel
J —
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The above reaction was repeated at 170°C using 7.0824
gm (0.0426 mole) of C6H58F3 and 4.5812 gm (0,0301 mole) of
ceslum fluoride., The reaction vessel and cesium fluoride
were pre-chlorinated at 170°C to minimize absorption due to
the reactor and cesium fluoride, After repeated condensa-
tions and heatings the reactor was found to absorb 0,532 gm
(0.0153 mole) of chlorine. The vessel was opened in a
nitrogen filled enclosure. The residue observed consisted
of a transparent amber colored solld and a dark brown resi-
due. The amber solid was fused with sodium metal. Qualita-
tive analysis of the solid Indicated sulfide, fluorlde and
chloride ions. A sample was qQuantitatively analyzed by
Schwarzkopf Microanalytical Laboratory and found to contain
22,15% sulfur, 49.37% carbon and 2,60% hydrogen. Quantita-
tive analysis of the fused so0lid for fluorine and chlorine

resulted 1n non-reproducible values for the remalining

25,88%,

X. Reaction of C6§ SF3, CsF and Cle in Monel

A monel reactor (Figurebii)‘wéé charged with 7.0038
gm (0,0435 mole) of "06H53F3" and 5.1030 gm of dried cesium
fluoride. The mixture was heated to 220°C for two days. A
liquid sample was removed and proved to be C6HSSF3 by infra-
red spectral analysis. Another sample (0.2983 gm) of the
substance corresponding to C6H58F3 was removed, hydrolyzed

and titrated for fluoride (calc. 34.5% F~, before heating
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24 ,8% F~, after heating 24.2% F~). The cylinder was returned
to the vacuum line, evacuated, 1.2567 gm (0,0354 mole) of
chlorine condensed into the cyllinder and the reactor heated
to 220°C for four days. The valve was opened and a pressure
increase observed on a mercury manometer, The increase was
due to the escape of 6.2 mmoles of gas from the reactor.
The bulb (see Figure 11) was then isolated and mercury intro-
duced tQ remove all remalning chlorine, A mass spectrum of
the residual gas was taken (Table X) and identified as the

hydrolysis products of SFu.

TABLE X
MASS SPECTRUM OF RESIDUAL GAS (70 V)

m/e Assigned Speciles Intensity relative to SOFT
48 sot 0.600
64 302+ 0.800
67 sort 1,000
86 SOF2+ 0.460

A liquid (3.00 gm) was vacuum transferred from the monel
reactor, The liquid was separated by distillation into two
colorless fractions, These fractions were ldentified via

infrared and mass spectra as CgH SO,F (Figure 8, Table IX)
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and CgH.C1 (Figure 12, Table XI). The major part of the

5

distlllate was C6H Cl.

5

TABLE XTI
MASS SPECTRUM OF C6H5C1 (70 V)

m/e Assigned Species Intensity relative to C6H5+
39 C3H3+ 0.222
50 C4H2+ 0.333
51 C4H3+ 0.396
56 C6H5C1++ 0.124
77 C6H5+ 1.000
+
112 CHoCloe 0.902
+
114 CEHCl | 0.288

A remaining non-volatile liquid that could not be wvacuum
transferred at room temperature was mechanlically removed

from the cylinder and distilled at 152-157°C at 0.6 mm Hg.
Infrared (Figure 13) and mass (Table XII) spectra of this
material were taken, Qualitative analyses after sample

fuslon indicated the sample contalned carbon, sulfur, fluorine
and chlorine, Quantitatlve analyses indicated the material

contalned 34.85% F~ and 14.65% €17, Cyroscopic molecular
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welght determinations in benzene yielded a molecular weight
of 233 g/mole. The analytical data support the proposition
that the material was a mixture of C6H5SF401 (M;Wﬁ 219,9746,
% F =345, % C1 = 15.9); CICGH),SF)C1 (M.W.254,064, % F =
29.6, % C1 = 27.2); and FCH)SF)C1 (M.W. 238,056, % F =
39.5, % C1 = 14,7).

TABLE XIT
MASS SPECTRUM* OF NON-VOLATILE LIQUID

reperted  osh,  Asslsned Spectes  IRPETELY fedative

255 41 254 c1C¢H,SF,c1t 0,532

239 41 238 FC cH), SF),c1" 0.403
219.9652 219.9746  CgHSSF)CL™ 0.565

187 +1 187 Unassigned 0.258

185 +1 185 CEHSF) ™" 0.806

183 +1 183 Unassigned 0.855

166 +41 166 CEHSF3™ 1.000

¥This 1s only a portion of the mass spectrum run on
the MS 9 high resolution mass spectrometer,



DISCUSSION

To date, no di-substituted derivatives of SF6 have
been prepared contalning a S-Cl bond. Such specles, 1if
prepared would be of structural interest and would be useful
synthetic intermediates., The specific problem chosen was
the synthesls of the SF501 analog, C6HSSF401‘ SF501 is
best prepared by the reaction of SF,, CsF and Cl,.3° Since
reported chemistry of C6H53F3 parallels that of SFu, the
suggested route to C6HSSF401 was through the direct inter-
action of C6HSSF3’ CsF and 012. The proposed reaction was
studled under a variety of conditions, The attempted
syntheses run in pyrex glass and teflon (Reactions IV-VI)
resulted,in the formation of benzenesulfonyl fluoride,

C6H5802F. Suggested routes for the formation of C6H5802F

are:

0
I
H,0 01
(1) CgHgSF; Z2= , CgHSSOF + HF 2., c6H5§<F01
C1l
0
CHS - F _ HoO C H-SO,F + 2 HC1
Ccl
cl S10
(2) CgH SF; —=2_, CH SFLCl, 5;_ﬁ26’ CEHgSOF + 2HC1 + 2HF

2



By

(3) CgHgSF5 + F~ + Cl, »  CgHgSF)C1 + C17

F+C1T + F

S10
2 y C6H

or H20

C6H58Fucl + C17 5802
Route (3) is the least probable since C6H5SF401 has since

been prepared and seems tp be stable to hydrolysis. Formation
of C6H5802F by route (2) suggests the presence of C6H58F3012
either as an intermedliate or as an activated complex, If
C6H5SF3CI2 1s formed, 1t 1s feasible that it could be in-
stantly hydrolyzed to C6H5SQQF since compounds contalning

S-C1 bonds are known to be quite hydrolytically reactive.l’ 80
The suggested reaction route in equation (1) presents the
most favorable slituation. C6H580F 1s a known product of
the hydrolysls of C6H58F3.37 A proposed mechanism similar
to the hydrolysis of C6H5SCI3 in the presence of chlorine80
seems feasible., The proposed mechanlism as applied to

C6H58F3 hydrolysis 1s glven below.

H
: +
i N
c1 H,0 +
CgHgSOF 2, Cgls ;{\- F_2°  CgHy Si- F
c1 c1 0-
I
*o-1
|
CeHs §i -7 , CgHSSOF + 2HC1

0
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Assumling thls route 1s correct, then the chlorination of

CGHSSOF must occur rapidly since C6HSSOF is readily hydro-
1yzed to CgH-SO,H.3T
C6HSSOF + H20 > C6H5302H + HF

Precautlons were taken to avold introduction of moisture in
the system (Figures 7 and 9). All mechanical transfers were
made in a polyethylene enclosure, however, the ceslum fluo-
ride was not predried before use., A sample of the undried
CsF was titrated for fluoride (reported 12,51%, found 12,28%
F~). Assuming water as the only impurity, the water was
present in a 1:10 mole ratio with CsF, Further, any route
to the preparation of C6HSSO2F in the preceding reactions
wlthout chlorine may be disregarded. C6HSSF3 was distilled
directly into a recelver contalning undried cesium fluoride
with no evidence of CgHSO,F formation (Reaction VI).

The hydrolysls in the preceding reactlons was assumed
to occur because of the water introduced with the cesium
fluoride, Hence, cesium fluoride was dried by heating to

4 mm Hg in the remaining reactions.78 Chlorina-

200°C at 10~
tion of a mixture of 0,0485 mole dried cesium fluoride and
0.0667 mole "C6HSSF3" at 60°C in a 303 stainless steel
reactor yielded‘a coiorless liquid identified by infrared

spectral analysis as C6HSSF3‘ Although no change in the
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reactants was observed, the vessel absorbed 1.04 gm (0;0297
mole) of chlorine. It was assumed that the chlorine absorp-
tion was due to reaction with the cylinder. The procedure
was modified and repeated. The dried CsF (0.0301 mole) and
cylinder were pre-chlorinated at 170°C. "C6H58F3" (0.0426
mole) was added and the mixture found to absorb 0.532 gm
(0,0153 mole) of chlorine at 170°C. After reaction, a
mixture consisting of a transparent amber solid and a dark
brown granular solid was observed in the reactor. The amber
s0lid was analyzed by Schwarzkopf Microanalytical Laborator-
ies and reported to contain 22.15% sulfur, 49.37% carbon and
2.6% hydrogen, Several samples of this solld were fused for
quantltative measurements of fluoride and chloride., No re-
producible values were obtalned., If only fluorine was
considered present, in addition to the C, H and S reported by
Schwarzkopf, the empirical formula would be 05.95H3.7181.00'
F1.97. A number of structures may be proposed that qualita-
tively agree with this formula. Some speculations concerning
the nature of this material follow.

The analyzed hydrogen percentage does not allow enough
error for one to assign a F-C6H48F type structure. A propos-
ed structure of the type illustrated in (Figure 14) as a
segment of a polymer would have an empirical formula of
CgHy 57SF, and analyze 49.43% carbon, 21.97% sulfur, 2.52%
hydrogen and 26,08% fluorine. It 1s feasible that tri-
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substitution of rings 2 and 3 would not occur due to steric

hindrsnces. (The benzene rings would be expected to occupy

{
i
§

s32
Ii/% =, S?
SF, - I sF,
FIGURE 1%
PROPOSED STRUCTURE FOR CgH, ¢ SF

10 thus

the equatorial positions in the tetravalent sulfur,
making angles a and b near 120°, The fusion of the molecule
in polymeric form would require that the benzene rings lie

in a plane. If the rings were planar and angles a and b near
120°, substitution on the second meta-position would be
sterically hindered). A proposed mechanism would be a direct

attack at the meta~position by a neighboring sulfur atom,

SF3
N — .
SE F,
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Since the chlorine attacked the cylinder the reactlon may
proceed as proposed 1in the presence of a Lewis acid, (1e.
FeC13).

The reaction was repeated in a 95 ml monel reactor
using 0.0435 mole of "C6H5SF3", 0.0355 mole of dried cesium
fluoride and 0,0354 mole of chlorine at 220°C for four days.
The reactor was opened and 6,2 mmoles of gas was measured,
After removal of chlorine by the introduction of mercury a
mass spectrum was run on the residual gas. The spectrum
indicated the presence of SO,", 0%, SOF and SOF,*. Species
of thils type indicate the hydrolysis of SFu (Equations 4, 5

and 6).

(4) SF4 +H0 — SOF, + 2HF

(5) S10, + ¥HF ______, SiF), + 2H,0

(6) H20 + SOF2 — SO2 + 2HF

A mixture of two volatile 1liqulds was vacuum transferred
from the reactor and redistilled, The major portion of the
redistllled material was ldentifled by mass and infrared
spectra (Table XI, Figure 12) as chlorobenzene, The second
liquid was 1dentified as benzenesulfonyl fluoride (Table IX,

Figure 8). Since C6H580F 1s known to be a contaminant in
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the C6H5SF3 used, the formation of C6H5802F could result

Q
from chlorination of C6HSSOF produclng a species, C6H5§\- F,

c1
which would be readily hydrolyzed to CgHgSO,F Cl
in the vacuum transfer process,
0 0
CLHS - F + Cl C,H.S - F 510, ¢, H_SO.F
ige =+ Uly ——— 6°57\ g, o 615°Y0
1

The remaining non-=volatile liquld was mechanically trans-
ferred to a glass dlistillatlon apparatus where 1t was vacuum
distilled at 1505157°C at 0,6 mm Hg, Mass spectral analysis
indicates the liquid was a mixture containing the deslired

C6H SFACI, F-C6HASF401 and Cl-C6HHSF401. A molecular welght

5
(233 g/mole) was indicated by freezing point depression.
Infrared spectral analysis leads one to assume that the mix-
ture conslists predominately of a mono=substituted moiety,
The overtone reglon (5-6x ) shows four distinct peaks, al-
though not well resolved, indicatlive of mono-=-substitution.
The C=-H out-of-plane bendling bands are also consistent wilth
mono-substitution., A mono=-substituted benzene absorbs at
770-730 em™t

and 685 cm"1 observed for the mixture., Bands present at
1

and 710=690 em™t corresponding to the 736 em™+

may be assigned to the S-F stretches
56

858 cm~! and 808 cm™
of sulfur VI fluorides.37’

The exlstence of SFu and chlorobenzene in the system
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may be explalned by the thermal decomposition of C6H58F401.

Sheppard56 postulated the thermal decomposition of C6H58F5
as ylelding C6H5F and SF4.

C6HSSF5 » CgHF + SFA

5

By an analogous type of decomposition, C6H58F401 may be

expected to yleld C6H501 and SF4. The formatlion of C6H SF401

5
1s assumed to occur through a route similar to that postu-

lated for SF501 formation 1n the presence of CsF.
+ - Cl
C6HSSF3 + CsF — , Cs C6H58F4. —_—2 C6H53F4C1 + CsCl

The stabllity of the Cs'CGHSSF,” is not established., However,
use of a larger catlon such as (CH3)4NF may stabllize the
complex enough to allow lsolatlion of the corresponding salt.
Further study of this system would include repetition
of the synthetlc procedures, separation of the desired
product, C6H58F401 from its substltuted derivatives and

study of thé physical and chemical properties of C6HSSF401'
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