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SUMMARY

Various metallic and organometallic derivatives of 4-fluorobenzenethiol
have been prepared directly from the thiol. Its Ag{I), Ni(II) and Pb(II)
salts were used to synthesize thioethers and thioesters. New compounds have
been characterized by elemental analysis, NMR (H-1, F-19 and C-13) and mass

spectroscopy.

INTRODUCTION

This paper is a continuation of a study of aromatic thiols containing
various numbers of fluorine atoms on the aromatic ring. Previously some of
the chemistry of pentafluorobenzenethiol [1,2,3], octafluorobiphenyl-4,4'-
dithiol (4], 2,3,5,6-tetrafluorobenzenethicl [5] and benzenethiol [3,6] as
well as pentachlorobenzenethiol (7] has been examined. The types of reaction
studied were similar to previous work, involving primarily the reactions of
the S-H bond rather than the C-S, C-H or C-F bonds, so that the effects, if
any, of the fluorine on the reactivity of the S-H bond could be examined.

4-Fluorobenzenethiol is a colorless liquid, b.p. 164—80, with a
typical thiol odour, prepared by the reduction of 4-fluorobenzenesulfonic
acid [8]. It is available commercially. It was first prepared by the
reaction of 4-bromoflucrobenzene with magnesium, followed by sulfur and
subsequent acidification [9]. In aqueous solution the pKa is 8.1, being
slightly more acidic than benzenethiol, pKa 8.6 [10}].

The chemistry of 4-fluorobenzenethiol has been assumed to be similar to
benzenethiol. Derivatives of the thiol have been prepared in studies of the
toxicity of organic sulfides to the eggs and larvae of glass house red
spider mite [11,12,13); in studies of sulfur substituted derivatives of

cysteine as anticancer agents [14], and in studies of derivatives of
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mercapturic acid of biological interest [15]. Very recently the ability to
detect the thiol by F-19 NMR has been utilized in a study of thiols as
electron donors in molybdenum oxo-transferase analogue reaction systems [16]
The thiol was one of the thiols examined in a study of the para substituent
dependance of the internal rotational barrier in benzenethiols [17] and in
other NMR studies of benzenethiols [18,19].

Various other derivatives of the thiol have been reported, including
MeSR (8,20}, CF3SR, CC%23SR [20], (RS), [12,21], PhSR [22,23], AgSR, CuSR,and
Hg (SR}, [21] (R = p-FCgHyS).

This paper describes some of the other chemical properties of 4-fluoro-
benzenethiol, which involve the preparation and characterization of some

metallic, organometallic, aliphatic and aromatic derivatives of the thiol,

RESULTS AND DISCUSSION

Many metallic thiolates precipitate when an aqueous solution of the
metal ion is stirred with a suspension of a liquid thiol or a solution of
the thiol in a water immiscible solvent [5]. It has been possible to
Ag+ + RSH > AgSRY + H+
prepare the thiolates, M(SC5H4F)X, M = Cu(I), Ag{(I), T&(I), Cd4(II), Hg(II),
PA(II), Pb(II) and Bi(III) by this method. In some cases, such as copper
(II), the thiol acts as a reducing agent and copper(I) thiolate is formed
together with the disulfide. Other metallic and organometallic thiolates
2cu?” + 4RsH - 2cuSRY + (RS), + 4H'
were prepared by literature methods, using the thiol; Ni(SCgH,F), [1],
Ph3SnSCgHyF [18]. The compounds AgSR, CuSR and Hg (SR); (R = p~FCgHy) have
been prepared previously, but not characterized [21]. These reactions are
similar to those observed for other aromatic thiols.

Lead(II), copper(I), silver (I} and nickel(II) thiolates are useful
reagents for the preparation of organic derivatives of thiols [2,23,3]. The
monothicesters and thioethers may be obtained from the appropriate acyl or
alkyl halide and silver or lead thiolate [2,3].
2RCOCZ + Pb(SCgHyF), - 2RCOSCgH4F + PbCL, R = Me, Ph
CgF5COCL, + RAgSCgHLF = CgF5COSCgH4F + AgCh
2RHaf + Pb(SCgH4F), = 2RSCgHyF + PbHalo

RHaf = PhCHyBr, CHpBrjp, BrCH,oCHyBr
RHa® + AgSCgH4F - RSCgHYF + AgHag RHagf = CgF5CH,Br, PhiCCR
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A thiolate group can be introduced onto an aromatic ring by displace-
ment of fluorine using lead thiclate in DMF [6] or by displacement of
bromine or iodine in bromo (iodo)fluorobenzenes with copper (I) thiolates in

DMF [23]. Lead(II) and nickel(II) fluorobenzenethiolates have been used in

2CgF5Br + Pb(SCgHyF)y -~ P-BrCgFySCgHyF + PbLFj,
C6F6 + Ni (SCGHL,F) 2 > p- (CGHQFS) 2C5F|+ + NiF2

this way. It was not possible to displace the bromine of pentafluorobromo-
benzene with copper (I) thiolate, a known literature procedure [23]. These
CgFsBr + CuSCgH4F ¥ CgF5SCgHyF + CuBr
reactions show the utility of lead(II), nickel(II) and silver(I) thiolates
as synthetic reagents. The relatively inert nature of copper (I) fluoro-
benzenethioclate was also observed in its non reactivity or very slow
reactivity with triphenylmethyl chloride and pentafluorobenzyl chloride.
Pentafluorobenzenethiol is known to polymerize, particularly in
alkaline solution in air. It has been postulated that this reaction occurs
by initial oxidation of the thiol and subsequent nucleophilic attack by the
thiolate anion, formed in the alkaline solution {[1]., Such a reaction is

4CgFsSH + Oy > 2CgF5SSCgF5 + 2Hp0

F F
2CgFsS  + (CgFsS)p (CstsQS)z + 2
F

observed with manganese dioxide [l]. This polymerization also occurs when
lead (II) pentafluorcbenzenethiolate is handled in warm DMF. Attempts to
polymerize p-fluorobenzenethiol using manganese dioxide were unsuccessful,
The reaction stopped at the disulfide stage. This inability to polymerize
the thiol may be due to the difficulty of nucleophilic substitution of
fluorine in derivatives of monofluorobenzene [6].

The new compounds have been characterized by elemental analysis, some
by mass spectroscopy (when sufficiently volatile) and by NMR spectroscopy,
both H-1 and F-19 (when sufficiently soluble). The C~13 NMR spectrum of the
p-FCgHyS group has been assigned in several compounds. The presence of the
various functional groups was confirmed in the infrared spectra. The mass
spectra confirm the molecular weights and all have peaks at m/z 127,
corresponding to FCGHqS+.

The p-fluorophenylthio group has characteristic MMR spectra in the
aromatic proton region of the H~1 spectrum and in the fluorine and

carbon-13 spectra. For example in the disulfide, (FCgH4S), the fluorine
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spectrum is observed as a triplet of triplets, due to couplings to the two
ortho hydrogen (J ~8Hz) and two meta hydrogens (J ~ 5Hz). In the proton
spectrum two signals were observed, of relative intensity 1:1, due to Ha
and Hb. This spectrum appears superficially as a triplet and a quartet (due
to Ha and Hb respectively), although the fine structure indicates that this
is a second order spectrum (AA'BB'X). Computer simulation of the spectrum
using the values of J(Ha—F) and J(Hb—F) from the fluorine spectrum, shows

that the values of J(Ha—Hb) and J(Ha,-Hb,) are about 8 Hz, both J(Ha—Ha,)

Hy Hy  Hg' My

and J(Hb -Hb,) are about 3 Hz and J(Ha-Hb,) and J(Hb—Ha,) are about 0.3 Hz,
in accordance in literature values for compounds of the type p-XCgHySR {24]
The carbon-13 proton decoupled spectrum can be assigned easily using the
known values of the coupling constants C-F (“250Hz), C~C-F (“20Hz), C-C-C-F
(v8Hz) and C-C-C-C-F (V3Hz, which was not split in the observed spectrum)
[25]. Some C-13 spectra are reported in Table 1 and details of the H-! and

F-19 spectra are shown in Table 2.

TABLE 1

C-13 NMR spectra of the p-FCgHyS group

Compound Chemical shifts (ppm) and C—Cx-F coupling constants (Hz)*
c-1 Cc-2 c-3 c-4
RSSR 162.52(248.0) 116.22(22.1) 131.20(7.8) i32.10
p-BrCg¢F,u SRt  162.81(249.5) 116.55(22.2) 134.14(8.9) 134.31
Ph3CSR 162.99(244.1) 115.33(17.1) 137.62 144.48
CgFsCOSR 164.07(251.9) 117.01(21.9) 136.82(8.2) 136.16

* Recorded in CDCL3 solution with TMS as internal standard; coupling

constants in brackets.

H

F E c~-6 144.99ppm J(C-F) 253Hz

6 7 c—7} 146.82ppm J(C-C~F) 16Hz
toBr(S  8YSR Cc-5) 133.36ppm J(C-C-F) 26Hz
C-B} 132.61ppm J(C-C~C-F) 7.5Hz
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TABLE 2

H-1 and F-19 NMR spectra

Compound* Chemical Shifts (ppm)+ Coupling Constants (Hz)*
H, H F X J (F-—Ha) J (F—I-LD)

RSH 6.83 7.19 117.4 3.28S(SH) 8.8 5.2

RSSR 7.00 7.45 115.0 8.2 5.3

RSCH» SR 7.10 7.57 114.1 4.23S(CHy) 10.3 5.6

(RSCH3) 2 6.93 7.30 114.5 2.97S(CHj) 8.8 4,7

Ph3CSR 6.68 6.92 114.3 7.4M, 7.2M(Ph) 8.8 5.9

PhCH SR 6.95 7.16§ 115.6 3.93S(CH2)7.16M(Ph)§7.9 4.7

CeFsCHoSR 6.87 7.27 107.0 3.91S(CHp) 8.0 5.1
137.2M(Fb) l49.8TT(Fd) 156.0M(Fc) J(Fd—Fc)Z0.0 J(Fd—Fb)4.2

MeCOSR 6.97 7.30 113.3 2.36S(Me) 9.0 5.4

PhCOSR 7.00 7.25 112.4 7.44M, 7.91M(Ph) 8.5 5.6

CgF5COSR 7.11 7.44 106.5

134.5M(F, ) 146.2TT(F_.) 157.0M(F ) J(F_-F )22.6 J(F_-F )4.7
b d c d ¢ d b
p-BrCgF SR 7.00 7.45 113,9 132.4M(CgFy)
p- (RS) 2CgFy 6.92 7.20 113.7 133.4S(CgFy)

Hy H Fo By
*RS=Fa®S CgFg = Fd@
Ha Hb Fc Fb

+ Recorded in CDCLj3 solution using TMS (H-1) and CFCR3 or CgFg (corrected
CFCL3) (F-19) as internal standards.
# Derived from F-19 spectra.

§ GHb and §CgHs superimposed.

The structure of the compound p- (FCgHyS) ;CgFy is demonstrated
unequivocally from its fluorine spectrum where a singlet and a triplet of

triplets of intensity ratio 2:1 are observed. Similarly the structure of
H H F F H H F F H H
DA (D
F F H H
p-BrCgF,SCgHyF can be deduced from comparison of its fluorine spectrum with

that of p-BrCgF,SMe. The fluorine spectra of the ortho and meta isomers of

BrCgFySMe are totally different from the observed spectrum [26].
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TABLE 3

Physical properties, yields and chemical analyses of new compounds

Compound Color m.p.(oC) Methodt Found (%) Calculated (%)
b.p. (°c/mm) Yield(s) c H c H
CuSR* yellow 274(4) A 93 37.1 2.1e 37.8 2.11
Ni(SR)».2/3H20 red 325(d) B 96 44.4 2.64 44.4 2.89
AgSR yellow 350 A 96 30.6 1.68 30.7 1.72
PA(SR) » red-orange 350 A 95 39.7 2.22 40.0 2.24
Cd(SR)» white 350 A 80 39.2 2.14 39.3 2.20
TLSR.2H,0 vellow 227-8 A 26 19.6 1.07 19.6 2.19
Pb(SR) 2 yellow 235(d) A 83 31.2 1.73 31.2 1.75
Hg (SR) » white 188~-190 A 98 30.9 1.71 31.7 1.77
Bi (SR) 3 red~-brown 140(d) A 80 36.3 2.00 36.6 2.05
PhCOSR white 47-9 C 86 67.2 3.87 67.2 3.91
Ph3CSR white 107-9 D 73 80.6 5.13 81.0 5.17
MeCOSR colorless 55-6/0.5 Cc 62 56.5 4.18 56.5 4.15
CgF 5COSR white 61-2 D 47 48.3 1.32 48.5 1.25
CgF5CH2SR white 36-8 D 20 50.4 1.98 50.6 1,96
p-BrCgFLSR white 68-70 E 45 41.1 1.18 40.6 1.14
p- (RS) 2CeFy white 112-6 F 42 53.6 2.15 53.7 2.00

* R = p-FCgHyS
1 Modified literature methods: A(5), B[1], C[2}, D[(3), El6l, F as E using
Ni(SR) 2

From the reactions described here it can be concluded that the proper-
ties of p-fluorobenzenethiol are as expected for an aromatic thiol. The
main difference from pentafluorcbenzenethiol was its non polymerization. The
metal salts Pb(SCgHyF)2, Ni(SCeHyF); and AgSCgHyF have been shown to be
useful synthetic reagents. The reactivity of CuSCgHyF will be studied

further.

EXPERIMENTAL

All reagents were available commercially. Microanalyses were performed
by Canadian Microanalytical Services, New Westminster, B.C.. The analytical

data and physical properties of the new compounds are shown in Table 3,
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Mass spectra (70 eV) were recorded on a DuPont Mcdel 21-104 Mass Spectro-
meter, using a direct introduction technique. The NMR spectra of CDC&j3
solutions were recorded on a Varian EM 360 L (H-1 and F-19) and a Nicolet
360 MB (H-1 and C-13) Spectrometer, using TMS (H-1 and C-13) and CgFg (F-19)
(reported values adjusted to CFCR3 as internal standard) as internal
standards.

All reactions were studied on a 5-10 mmol scale. Metal thiolates were
prepared by adding a stoichiometric amount of the neat liquid thiol to a
well stirred aqueous solution of the metal salt., The precipitated thiolate
was washed with water and hexane [5]. All other products were prepared by
literature methods starting from the thiol or a metal thiolate. Known
compounds were identified by comparison of the m.p. or b.p. with
literature values: (FCgHyS)2CHy, b.p. 320/0.6mm (lit. b.p. 141.70/ 1.lmm
{11]) also confirmed by H-1 and F-19 NMR, yield 25% (method C);

( FCgHySCHz)2 , m.p. 69-70° (1it, m.p. 71° {11)1), yield 7% (method D);
(FCgHyS) 2, b.p. 74-70/0.4mm (1it. b.p. l3lo/l°0mm [12]) yield 79% (from the
reaction of Cu2+ (aq) with RSH); Ph3SnSCgHuF, m.p. 114-6° (lit. m.p. 115-6°
[18]1) method as ref. 5, yield 85%; PhCH,SCgHyF, m.p. 32-3° (lit.m.p.
32.5-33° [13]), yield 72%, method E.
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