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SUMMARY 

Some of the reactions of pentafluorobenzenesulfenyl chloride, C6F5SCI, have 

been studied. These show that the properties of the S-Cl bond are as expected in 

typical sulfenyl chlorides with bond polarity S-Cl. 

Pentafluorobenzenesulfenyl cyanate, C6F5SNC0, has been prepared from 

C6F,SC1 and AgNCO and is a polymeric solid. It reacts with compounds containing 

active hydrogen to give fracture of the S-N bond and formation of corresponding 

pentafluorobenzenesulfenyl derivative and cyanuric acid. 

The infrared, Raman, mass and 19F NMR spectra of the new compounds 

prepared are discussed. 

INTRODUCTION 

Pentafluorobenzenesulfenyl chloride, C6F5SCl, has recently been reportedi,2. 

It can be prepared from pentafluorothiophenol or its lead salt, (C6F&Pb, and 

chlorine. In continuation of the study of the reactions of fully-halogenated aromatic 

thiols and their derivatives, some of the reactions of pentafluorobenzenesulfenyl 

chloride have been studied, and compared with those of trifluoromethanesulfenyl 

chloride, and non-halogenated thiol derivatives. It has recently been shown that 

the pentafluorophenyl group inductively withdraws electrons more strongly than 

a phenyl group, but much less than the trifluoromethyl group, so that the relative 

inductive effects are CFs >C6F, >C6H, 3. The electronegativity of the C6F5 group 

depends on its environment, but is generally intermediate between chlorine and 

bromine 4, while that of the CF3 group is about the same as chlorine 5. The reactions 

of CFsSCl suggest that the bond polarity is CF&Cl, so in CsFsSCl the bond 
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polarity would be C5F&CI, and this is confirmed by its reactions. This paper 

describes some of the reactions of pentafluorobenzenesulfenyl chloride and cyanate. 

The physical properties of the products are reported. 

RESULTS AND DISCUSSION 

The reactions of sulfenyl chlorides may be divided into four categories. 

1. Formation of disulfides, symmetrical or unsymmetrical, by reaction with 

a thiol, or a metal salt of a thiol. 

RSCl + R’SH ---f RSSR’ + HCI 

2. Thiolalkylation or thioarylation, resulting in the formation of C-S bonds, 

for instance with Grignard reagents 

ArMgHal i CFsSCl + ArSCF, + MgHalCl 

This reaction will depend upon the polarity of the molecule, in CF$SCI the polarity 

would be CF&Cl, but some displacement of CF,S is also observed 6. Addition 

to olefins also gives C-S and CCI bonds 7. 

CH2 = CH2 + C6H,SC1 ---f C6H,SCH,CH,CI 

3. Exchange reactions, such as 

RSCI + MX 4 RSX + MCI 

Reactions have been observed with C,F,SCI and MX, where MX AgCN, 

AgSCN, AgNCO and AgSeCN l. 

4. Reactions involving the formation of sulfenamides. C6F,SCI has very 

recently been shown to react with ammonia and piperidine to form C,F,SNH,, 

(C6F5S)*NH or (C,F,S)sN, and C~FsSNCsH,, respectively, depending on the 

conditions, together with the base hydrochloride2,8. 

RSHal + 2HNR’2 + RSNR’2 + R’,NH2Hal 

The reactions of C6F5SCI, shown diagrammatically in Figure I, illustrate 

some of these reactions. 

These reactions are completely characteristic of sulfenyl chlorides, and the 

presence of the C6F5 group does not appear to affect the properties of the S-Cl 

bond. The compounds &F,SSCN and C,F,SSeCN were too unstable to be 

isolated pure at room temperature. 

Trifluoromethanesulfenyl cyanate, CFjSNCO, can exist in monomeric, 

dimeric, and trimeric forms, the dimeric and trimeric forms are cyclic with 4- and 

6-membered rings respectively9,ra. The reaction of trifluoromethanesulfenyl 
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CsFsSCI 

+ CH2 = CH2 + GFsSCHXH,CI 
+ i-PrLi -+ C6F5S(i-Pr) 
+ t-BuLi --f G,F5S(t-Bu) 
-k MeMgCI --f C6FsSMe 
+ EtMgCl 4 CeF5SEt 
+ PhMgCl 4 C~HsSCsHi 
+ MeSH + C6FsSSMe 
-t n-B&H + C6FsSS(n-Bu) 
+ GFsSH + CeFSSGF5 
+ NH3 --f (GF$+NH (see also Ref. 2) 
+ MezNH + C6F5SNMe2 
+ n-BuzNH + C6FsSN(n-Bul) 
+ PhzNH 4 C6FSNPh2 
+ AgCN + C6F5SCN (see Ref. 1) 
-t KCN + C6F5SCN (see Ref. 2) 
+ AgSeCN + C6F5SSeCN (see Ref. 1) 
-i_ AgNCO 4 C6F5SNC0 (see Ref. 1) 
+ AgSCN + C6F5SSCN (see Ref. 1) 

Fig. 1. Some reactions of pentafluorobenzenesulfenyl chloride. 

chloride with silver cyanate gave about 75% of monomeric and 25% of dimeric 

trifluoromethanesulfenyl cyanate. The trimeric form can be prepared from the 

monomer at 100” in the presence of sodium acetate 9. Pentafluorobenzenesulfenyl 

cyanate, prepared from pentafluorobenzenesulfenyl chloride and silver cyanate, 

has a molecular weight, determined osmometrically in benzene, corresponding to 

a mixture of dimer and trimer, although the mass spectrum shows only a molecular 

ion corresponding to the monomer. The infrared spectrum shows C = 0 frequencies 

at 1746 and 1735 cm-i, similar to those observed in the polymeric forms of 

CF$NCO*i, but there are no coupled N =: C = 0 stretching frequencies at about 

2270 cm-i as observed in monomeric cyanatesi2. Most monomeric sulfenyl 

cyanates react with compounds containing active hydrogen, adding across the 

-N= C== bond, reacting with hydrogen halides or amines as shown in the 

following equations, 

RNCO f HHal + RNHCOHal 

RNCO + HNR’2 + RNHCONR’* 

When R = CF3 and Hal = Cl and Br, the carbamyl halides are not very stable 

and readily decompose to the corresponding sulfenyl halide and cyanuric acidis. 

3CF3SNHCOHal --f 3CFsSHal + (HNC0)3. 

In the reactions of pentafluorobenzenesulfenyl cyanate no intermediate products 

were observed, and cyanuric acid and pentafluorobenzenesulfenyl derivatives were 

isolated (see Figure 2). These reactions suggest that the S-N in polymeric C6F5- 
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Fig. 2. Some reactions of pentafluorobenzenesulfenyl cyanate. 

SNCO and any intermediate product is very labile. The mass spectrum of 

&FsSNCO is that of the monomer, showing that it readily depolymerises and that 

the monomeric species has a labile S-N bond, as a peak of high relative abundance 
+ 

corresponds to the C6F5S* ion. 

The vibrational spectra, infrared and Raman, of C,FsSCl, C,F,SMe, 

C,F,SEt, C6FsS(i-Pr), C6F,S(n-Bu), &F,SSMe have been examined, and a corre- 

lation of observed vibrations and assignments is shown in Table 1, together with 

some of the fundamentals of C6F,Bri4 for comparison. The spectra can be divided 

into three parts, the C6F5 group, the R-S group, and the CS-C group. A detailed 

study of the fundamental frequencies of C,F,Hal (Hal = Cl, Br and I) shows that 

they are relatively insensitive to the mass of Hal 14. Using these assignments the 

frequencies due to the C6F, group can be readily assigned. The assignment of the 

R-S frequencies is more difficult, but various correlations are known. The C-S 

frequency decreases as the mass of the group R increases. Correlation can be made 

using the C-S values found in MeSH (705 cm-i, TR; 702 (p) cm-i, Raman)is 

PhSMe (722 (p) cm-i, Raman)i6, EtSSEt (640 cm-i, IR)l7, and n-BuSS(n-Bu) 

(633 cm-r, IR; 636 (p) cm-i, Raman)is. 

In C6F,SSMe, the polarised Raman line at 694 cm-i may be assigned to the 

H&-S stretching frequency, and the Raman line of unknown polarity at 512 cm-l, 

with the corresponding infrared absorption at 515 cm-t, may be assigned to the 

S-S stretching frequency. In MeSSMe, the S-S stretching frequency is observed at 

517 cm-r (IR) and 512 cm-i (Raman)is. The polarised Raman line at 505 cm-l (vs) 

in the spectrum of C6F,SCl may be assigned to the C6F5-S stretching frequency, 

and the bands at 521 (w) cm-i (IR) and 516 cm-l (Raman) may be assigned to the 

S-Cl modes. The S-Cl frequency in CFsSCl has been assigned at 535 cm-i 19. 

The i9F NMR spectra of various of the compounds prepared have been 

studied. The spectra were recorded in benzene solution with hexafluorobenzene 

as an internal standard, although the results (see Table 2) are reported with respect 

to CFCl, as internal standard. Exact comparison with previous data is difficult 

as most spectra were recorded using Ccl4 as a solvent and CFC13 as internal 

standard20, and the chemical shifts may vary by 2-3 ppm depending on the choice 

of solvent, as has recently been shown in the l9F NMR spectrum of pentafluoro- 

phenol*i. For a variety of pentafluorophenyl derivatives, there is a linear relation- 
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ship between the ortho-paru coupling constant (J(24)) and the chemical shift of 

the para fluorine (6,), as defined by the equation J((24)) = -0.4536, + 71.9822. 

This relationship has been derived from the Hammett-Taft functions 0:: and the 

resonance and inductive parameters respectively, and it has been assumed that BP 

is determined largely by erg alone, and therefore to a first approximation 6, is 

a measure of the z-interaction between the pentafluorophenyl ring and its substi- 

tuent. In the numerous compounds studied, phosphorus substituents were found 

to be more electron-withdrawing than sulfur substituents. The data presented show 

that methyl, ethyl and n-butyl pentafluorophenyl sulfides are weak acceptors, 

suggesting that the alkyl group has only a small inductive effect on the electrons of 

the sulfur. 

The mass spectra of several of the compounds prepared have been examined; 

the sulfides C,F,SR (R = Et, i-Pr, n-Bu, Ph, CH2CH2Cl), the disulfides CeFsSSR 

(R = Me, n-Bu), the sulfenamides C6F5SNR2 (R = Me, Et, Ph), (C6FsS)2NH 

and C6FsSNC0. The spectra can be correlated with those observed for a series of 

pentafluorophenylthio derivatives 23. In all cases where the C6F5S ion is formed, 

particularly in the disulfides and sulfenamides with labile S-S and S-N bonds, the 

spectra below m/e 199 are very characteristic. Other features of the spectra include 

rearrangement with loss of sulfur from the parent ion in C6FsSCN, CsFsSSMe, 

C6F,SS(n-Bu), and C6F,SC6HS, and rearrangement with formation of the C6FsSH: 

ion from the hydrogen-containing compounds, except C6F5SC6H5. Other fragments 

include ions of general formulae GF,S: and C,F,:, where x = 5-O and y = 5-O. 

Some of the ions have very low relative intensity. 

Various alkyl sulfides fragment upon electron impact with the cleavage of 

the R-S and CX-C-P-C bonds24. Both of these modes were observed for the sulfides 

studied here, except that CsFsSC6Hs decayed initially by fracture of the aromatic 

ring to sulfur bonds, and fracture of the C-C bond was also observed in C6Fs- 

SCH2CH2Cl. In C6FSSCH2CH2CI, some rearrangement occurred as 

characteristic of the CsF,SCl: ion was found. 

Initial modes of decay may be postulated for the disulfides studied. 

+ 
ChFsSSR . 

a peak 

+ 
GFS GFG3H. 
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TABLE 2 

rgF CHEMICAL SHIFTS 

COUPLING CONSTANTS 

Compound 

R. J. NEIL, M. E. PEACH 

RELATIVE TO CFClj AS INTERNAL STANDARD IN BENZENE SOLUTION AND 

Chemical shifts (ppm) Coupling constants (Hz) 

6 Vl 6, 60 3J(34) 3J(23) 4J(35) “J(26) *J(24) 5J(25) 

CsFsSH 
GFsSCH3 
- - ^I__ -.* 
Cd-dLHzLH3 

GF&ZH(CH& 
GFZXHz(CH&CHs 
GFZGH5 
GFZGSCHs 
GFGSS(CH&CH, 
(CsF&* 
GFsSN(GH& 
GFSCN* 
CsFsSCl* 

162.3 159.1 137.5 20.2 +22.2 0.0 3.0 0.0 ~7.6 
162.52 155.19 134.23 19.6 f22.0 2.8 1.8 1.9 q-8.0 
.,^_^ I_,^_ .^^^~ 
IbL.32 134.33 133.24 20.5 +24.0 2.0 2.7 2.i f8.3 
162.41 153.9 132.10 19.6 *23.7 2.4 2.0 2.1 ts.3 
162.24 154.42 133.37 21.0 1t24.4 2.1 1.9 2.1 F8.1 
161.32 152.20 132.50 20.8 ;24.4 3.6 1.7 2.8 F8.1 
161.27 151.64 131.87 19.4 A-24.9 3.6 1.8 3.3 F7.4 
161.48 152.05 131.85 19.5 -.-23.1 3.5 1.9 3.1 18.5 
160.4 150.4 132.4 19.8 r-23.4 0.3 3.3 4.0 77.9 
161.24 152.15 133.10 20.1 L 24.7 3.9 1.6 2.9 i 7.9 
158.8 146.3 130.2 20.4 5.1 
160.1 145.0 128.0 20.0 *l&4 1.3 5.8 5.9 t4.7 

* Sample dissolved in Ccl,. All other samples measured with C6Fh as internal standard and 
corrected to CFCI, as internal standard. 

The ions CsFsSS+ and C6F5SSH: are of relatively low intensity. In (CbF5QNH, 

rearrangement with loss of NH must be among the initial modes of decay, which 

include 

GFsSNHSC~F, . 

/-4 i-sc6x 

C,F,SSGF, . GFsSNH (GE&N + 

The interesting feature of the spectrum of &FsSNCO is that although the 

molecular weight in benzene shows it to be a mixture of dimer and trimer the 

parent ion in the mass spectrum corresponds to the monomer. The source 

temperature may be sufficiently high to pyrolyse the polymer to the monomer. 

EXPERIMENTAL 

Most reagents were available commercially. Pentafluorobenzenesulfenyl 

chloride was prepared by a literature method’. Microanalyses were performed by 

Mikroanalytisches Laboratorium Beller, Giittingen, Western Germany. The 

J. Fluorine Chrm., I (1971172) 257-267 



2.
 k 

T
A

B
L

E
 

3 
%

 
3 

P
R

O
D

U
C

T
S

 
A

N
D

 
A

N
A

L
Y

S
E

S
* 

L
c 

c 
M

et
ho

d:
 

Fo
un

d 
(%

) 
C

al
cu

la
te

d 
(%

) 
5 

C
om

po
un

d 
C

ol
or

 
m

.p
./b

.p
. 

(“
C

) 
nD

z3
 

D
en

si
ty

 
So

lv
en

t 
: 

2 
Pu

ri
fi

ca
tio

n 
C

 
H

 
N

 
S 

C
 

H
 

N
 

S 
3 2 k 

C
G

FS
SE

t 
C

ol
or

le
ss

 
72

/2
 m

m
 

1.
46

48
 

1.
40

65
 

B
:T

H
F

:3
 

42
.1

 
2.

5 
14

.2
 

42
.1

 
2.

2 
14

.1
 

5 
C

6F
5S

(i
-P

r)
 

C
ol

or
le

ss
 

62
/4

.2
 m

m
 

1.
46

10
 

B
 : p

en
ta

ne
 

: 3
 

44
.8

 
3.

1 
13

.2
 

44
.6

 
2.

9 
13

.2
 

G
FG

S(
n-

B
u)

 
C

ol
or

le
ss

 
82

.5
/4

8 
m

m
 

1.
46

86
 

B
 : h

ex
an

e 
: 3

 
46

.8
 

3.
5 

13
.1

 
46

.8
 

3.
5 

12
.5

 
G

F&
SS

M
e 

L
ig

ht
 y

el
lo

w
 

97
/1

2 
m

m
 

1.
51

40
 

A
 : b

en
ze

ne
 
: 3

 
34

.4
 

1.
4 

26
.0

 
34

.1
 

1.
2 

26
.0

 
G

F_
SS

(n
-B

u)
 

L
ig

ht
 y

el
lo

w
 

69
-7

3/
0.

2 
m

m
 

1.
50

02
 

B
 : b

en
ze

ne
 
: 3

 
42

.2
 

3.
3 

22
.0

 
41

.6
 

3.
2 

22
.2

 
C

6F
5S

N
M

e2
 

C
ol

or
le

ss
 

85
-8

9/
l 

1 
m

m
 

1.
47

42
 

1.
40

96
 

A
 : b

en
ze

ne
 
: 3

 
39

.9
 

2.
7 

5.
7 

39
.5

 
2.

5 
5.

8 
G

FG
SN

E
tz

 
C

ol
or

le
ss

 
93

/8
 m

m
 

1.
47

30
 

1.
32

96
 

B
:b

en
ze

ne
:3

 
44

.3
 

3.
6 

5.
4 

11
.9

 
44

.3
 

3.
7 

5.
2 

11
.8

 
C

6F
5S

N
(n

-B
t&

 
C

ol
or

le
ss

 
84

-8
6/

0.
25

 
m

m
 

1.
47

02
 

B
 : b

en
ze

ne
 

: 3
 

50
.9

 
5.

2 
4.

1 
51

.3
 

5.
5 

4.
3 

G
Fs

SN
Ph

2 
W

hi
te

 
78

.5
-7

9 
B

 : b
en

ze
ne

 
: 1

,2
 

58
.8

 
2.

8 
3.

9 
58

.8
 

2.
8 

3.
8 

(G
FG

%
N

H
 

L
ig

ht
 

br
ow

n 
83

.5
-8

4.
5 

A
 : 

be
nz

en
e 

: 4
 

35
.0

 
0.

2 
3.

2 
34

.9
 

0.
2 

3.
4 

G
F5

SC
N

 
C

ol
or

le
ss

 
63

-6
6/

l-
3 

m
m

 
1.

48
39

 
B

 : b
en

ze
ne

 
: 3

 
37

.3
 

0.
0 

6.
2 

37
.5

 
0.

0 
6.

0 
G

F5
SN

C
O

 
W

hi
te

 
14

9 
(d

ec
om

p.
) 

B
:C

6H
6:

 
C

C
L

:5
 

35
.2

 
0.

0 
5.

9 
34

.9
 

0.
0 

5.
8 

G
F,

SS
eC

N
 

W
hi

te
 

50
 (

de
co

m
p.

) 
B

 : b
en

ze
ne

 
: -

 
28

.8
 

0.
0 

3.
9 

27
.7

 
0.

0 
4.

6 
C

6F
5S

C
H

2C
H

2C
I 

W
hi

te
 

35
-3

5.
5 

B
:b

en
ze

ne
:2

,4
 

36
.5

 
1.

2 
12

.2
 

36
.6

 
1.

5 
12

.2
 

_ 

* 
M

et
ho

ds
 

of
 p

ur
if

ic
at

io
n:

 
1 

=
 

re
cr

ys
ta

lli
za

tio
n,

 
2 

=
 

su
bl

im
at

io
n,

 
3 

=
 

va
cu

um
 

di
st

ill
at

io
n,

 
4 

=
 

T
L

C
, 

5 
=

 
w

as
hi

ng
. 



266 R. J. NEIL. M. E. PEACH 

infrared spectra were recorded on a Perkin-Elmer 457 spectrophotometer as mulls 

with Nujol or hexachlorobutadiene, or as thin films. The NMR spectra were 

recorded on a Varian A56/60 instrument. The mass spectra were recorded on a 

Du Pont (CEC) 21-1 IOB high-resolution mass spectrograph. The Raman spectra 

were recorded on a Coderg PHO Raman spectrograph using a Coherent Radiation 

M.G. 52 ion laser. The analytical data and physical properties of the new 

compounds prepared are shown in Table 3. All experiments were performed using 

about 10 mmoles of reagents. 

Method A 

Stoichiometric amounts of pentafluorobenzenesulfenyl chloride and a 

volatile reagent, such as NH3, were allowed to react in a sealed tube, to which 

IO ml of benzene had also been added. The tube was opened after 12-24 h and the 

products purified by standard techniques. 

Method B 

Stoichiometric amounts of the reactants were stirred in dry benzene. The 

desired product was isolated from the benzene solution, and purified by standard 

techniques. 

Known products were obtained from the following reactions: C6F,SCl 

‘i- CsF,SH - C6F5SSC6F5 25; C6F5SCI + NH3 ---f (C6F,S)2NH26; C6F,SNC0 

+ HCl + C6F5SC1’ ; C6F,SC1 + C,H,MgCl Y C6F5SC6HS 27. These products 

and cyanuric acid were identified by standard techniques, including melting points, 

boiling points, infrared spectra and refractive indices. The yields of crude products 

in most reactions were high, but this decreased on purification. In the reactions 

involving the formation of cyanuric acid there was almost 1000,;; recovery of the 

cyanuric acid. 
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