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SUMMARY 

The thiolates, generated in situ by the reaction of 2-mer- 

captobenzothiazole (1) and its analogues (2) and (3) with sodium 

hydride, react under UV irradiation with perfluoroalkyl ioditlos 

(4)-(8) to give the corresponding hete;oaromatic perfluoroalkyl 

sulfides (9)-(18) in 50-98% yields. The fact that the UV 

irradiation increases the conversion of perfluoroalkyl ioclidcs 

and that the radical scavenger di-tert-butylnitroxide suppresses 

the reaction demonstrates that the reaction proceeds via an 

SRNl mechanism. 

INTRODUCTION 

The single electron transfer (SET) process is now well recog- 

nised as a fundamental reaction in organic chemistry and in the 

last two decades it has increased in importance in organofluo- 

rine chemistry [I]. The S-perfluoroalkylation of aromatic (2-41, 

heteroaromatic [5] and aliphatic thiols 12,61 with perfluoroalkyl 

iodides has been described in a series of papers,but so far,no 

reports on N-perfluoroalkylation have appeared. Beuqelmans 

et al [7] reported that amino groups (NH) of heterocycles react 

by an SRNl mechanism with p-nitrobenzyl chloride and gc!ln-halo- 

nitroalkanes to give Ij-alkylation products. Similar hetero- 

cycles such as imidazola and benzotriazole react with long 
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chain perfluoroalkyl iodides, however, to give C-pcrCLuoroalky- 

lation products [8]. Recently, in our laboratory, it was noted 

that P-halogenperfluoroethyl halides could be successEully used 

for heterocyclic N-perfluoroalkylation, which was prclimit~arily 

thought to proceed via an SET-induced anionic chain mecllani sm 

(Scheme 1) [9]. We have now extended these studies to 2-mercap- 

-Nu* 

XCF2CF2y + Nu- w [XCF2CF2.....Y....NU) - - (xCr22cF2Y ); 

Y- +Nu* 

- XCF2CF2' - XCF2CF2Nu + HCF2CF2Nu + CP2=CF2 

X,Y=Cl,Br or I; N"-=QJ ,m 

Scheme 1. 

tobenzothiazole (1) and its analogues Z-mercaptobenziI11idazolf~ 

(2) and Z-mercaptobenzoxazole (3), in which the N and S atoms, 

through a tautomeric equilibrium,could both undergo perfluoro- 

alkylation. 

RESULTS AND DISCUSSION 

Treatment of the appropriate perfluoroalkyl iodides (4)-(7) 

under ultraviolet (UV) irradiation with the sodium salt, 

generated in situ from 2-mercaptobenzothiazolp (1) and sodium 

hydride in DMF, gave medium to excellent yields of perfluoro- 

alkyl sulfides (9),(11),(13) and (15)(see Scheme 2 and Entries 

1,7,13 and 15 in Table 1). The perfluoroalkyl groups were mainly 

directed to the S atom resulting in the products of z-perfluoro- 

alkylation and partially gave the corresponding hydrogen- 

abstracted products (19)-(22).The photochemical product (17) may 

be prepared similarly by treating (1) with diiodide (8) (2:1, 

molar ratio), one end of which is attached to the sulfur atom 

(Entry 17). The use of (1) often affords the coupling 

product(24). 
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Treatment of perfluoroalkyl iodides (4)-(7) and (2) rather 

than (1) under UV irradiation afforded similar results (l:ntrirys 

4,10,14 and 16). The reaction mainly led to the Cormation of 

perfluoroalkyl sulfides (10),(12),(14) and (16). 

When 2-mercaptobenzoxazole (3) was employed as substrate, 

aryl sulfide (18) was obtained in a lower yield. Instead, a 

large amount of hydroperfluoroalkane (20) was the main product, 

accomplished with 35.6% isolated yield of hcterocycle (25) 

(Entry 18 in Table 1). 

Proofs of structures for the assigned heterocycles are based 

on elemental analyses, mass, NMR, infrared and ultraviolet 

spectra (see Table 2 and Table 3).The IR absorption at 145Ocm -1 

reveals the presence of C=N bond. The characteristic fluorine 

signals of the SCF2 moiety are otjserved around d 8-9.Gppm as a 

singlet. The ultraviolet spectra contain two characteristic 

long-wave absorption maxima: one in the region of 217-235 mu, 

and the other at -285 my, which are attributable to the S- 

substituted derivatives [lO,ll]. 

The formation of S- rather than N-perfluoro~lkyl~tion may 

be because the sulfur anion is more nucleophilic towards carbon 

than the nitrogen anion, i.e. nucleophilicity is the dominating 

factor [121. 

In order to get further evidence, comparative reactions were 

carried out in daylight (7O'C) instead of under UV irradiation. 

The conversion of (4) in reaction with (1) was lowered from 72% 

to 8%, and in reaction with (2) was decreased from 67% to 3% 

(compare Entry 1 with 2,and Entry 4 with 5). No reactions were 

observed on treatment of (5) with (1) and (2) (Entry 8 and 11). 

From the results,it was anticipated that addition of a radica 

inhibitor would suppress the reaction and this has been found to 

be the case. The repeated reactions under UV light,with addition 

of 20% molar di-tert-butylnitroxide, an SET scavenger, indicate 

that the conversion ratios of perfluoroalkyl iodides are notice- 

ably reduced (compare Entry 1 with 3,Entry 4 with 6, Entry 7 with 

9 and Entry 10 with 12). 

The S-perfluoroalkylation of thiolates is Eormed via an 

SRNl mechanism, which was proposed and was wel.1 invc?tigated 

previously (61. The fact that UV irradiation promotes the 

reactions and that the inhibitor, in contrast to UV light, 
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suppresses the process plus the known resistance to displacement 

of halides from perfluoroalkyl halides by SN1 or SN2 processes 

113,141 supports the proposed SRNl mechanism. The isolation of 

coupling product (24) is a convincing evidence that radicals 

occur in the reaction system and further confirms the mechanism 

described in Scheme 3. 

RfI + Ars- 

+- RIO 

R- 
f 

+ Ars- - 

Rfl + ArSRf=--- 

Rf* + "R" - 

2Ars* - ArssAr 

Scheme 3. 

I 

ArSRd 

RfI' + 

RfR 

ArSRf 

Detailed insight into the formation of (25) was not sought, 

but the literature showed that (27) can readily undergo rearran- 

gement to afford (25) [15,16]. It is assumed that (27) is an 

intermediate, which might be formed by the attack of (26) 011 

(18) and from which the observed product (2S) is offered in a 

four-centered mechanism as in Scheme 4. 

18 + 

SNa 

26 27 

I 

four-centered 
mechanism 

25 

Scheme 4. 



T
A
B
L
E
 
2
 

D
a
t
a
 
F
o
r
 
P
r
o
d
u
c
t
s
 

C
o
m
p
d
 

m
.
p
.
a
 

M
S
b
 

I
R
C
 

U
V
d
 

e
l
e
m
e
n
t
a
l
 

a
n
a
l
y
s
i
s
(
C
a
l
c
d
/
F
o
u
n
d
)
 

(
F
o
r
m
u
l
a
)
 

(
'
C
)
 

(
m
/
z
,
%
)
 

(
c
m
 -
l
)
 

(
m
p
)
 
C
 

H
 

N
 

F
 

S
 

C
l
/
I
 

9 
4
4
-
4
6
 

(
C
1
1
H
4
N
C
1
F
8
S
2
)
 

1
0
 

2
2
3
-
2
2
4
 

(
C
1
1
H
5
N
2
C
1
F
8
S
)
 

1
1
 

5
7
-
5
8
 

(
C
1
3
H
4
N
C
1
F
1
2
S
2
)
 

1
2
 

2
3
2
-
2
3
4
 

(
C
1
3
H
5
N
2
C
1
F
1
2
S
)
 

1
3
 

4
6
-
4
7
 

(
C
1
3
H
4
"
F
1
3
S
2
)
 

1
4
 

2
2
1
-
2
2
2
 

(
C
1
3
H
5
X
2
"
1
3
S
)
 

4
0
1
(
2
1
.
9
%
)
 

1
1
2
5
,
1
2
0
0
(
v
s
,
C
-
F
)
 

2
1
7
 

3
2
.
8
4
 

1
.
0
0
 

3
.
4
8
 

3
7
.
8
1
 

1
5
.
9
2
 

4
0
3
(
7
.
9
)
 

1
4
5
0
(
m
,
C
=
N
)
 

2
8
5
 

3
2
.
6
6
 

1
.
2
2
 

3
.
3
8
 

3
7
.
4
3
 

1
5
.
7
1
 

3
8
4
(
6
4
.
3
)
 

1
1
3
0
,
1
2
0
0
(
v
s
,
C
-
F
)
 

2
1
7
 

3
4
.
3
3
 

1
.
3
0
 

7
.
2
8
 

3
9
.
5
3
 

8
.
3
2
 

3
8
5
(
5
2
.
1
)
 

1
4
2
0
(
m
,
C
=
N
)
,
3
0
6
0
(
N
H
)
 

2
8
7
 

3
4
.
3
5
 

1
.
1
6
 

7
.
1
4
 

3
9
.
5
1
 

8
.
5
9
 

5
0
1
(
3
0
.
5
)
 

1
1
4
0
,
1
2
1
0
(
v
s
,
C
-
F
)
 

2
2
5
 

3
1
.
0
8
 

0
.
8
0
 

2
.
7
9
 

4
5
.
4
2
 

1
2
.
7
5
 

5
0
3
(
1
5
.
2
)
 

1
4
5
0
(
m
,
C
=
N
)
 

2
8
5
 

3
1
.
1
9
 

0
.
6
0
 

2
.
6
4
 

4
5
.
0
9
 

1
2
.
9
5
 

4
8
4
(
2
8
.
0
)
 

1
1
3
0
,
1
2
0
0
(
v
s
,
C
-
F
)
 

2
3
0
 

3
2
.
;
0
 

1
.
0
3
 

5
.
7
8
 

4
7
.
0
6
 

6
.
6
0
 

4
8
6
(
1
0
.
3
)
 

1
4
2
0
(
m
,
C
=
N
)
,
2
9
3
0
(
N
H
)
 

2
8
7
 

3
2
.
1
9
 

1
.
2
6
 

5
.
6
5
 

4
7
.
3
1
 

6
.
8
4
 

4
8
3
(
6
4
.
0
)
 

1
1
4
0
,
1
2
0
0
(
v
s
,
C
-
F
)
 

2
3
5
 

3
2
.
1
6
 

0
.
8
2
 

2
.
8
9
 

5
0
.
9
3
 

1
3
.
2
0
 

4
8
4
(
1
8
.
3
)
 

1
4
6
0
(
w
,
C
=
N
)
 

2
8
5
 

3
2
.
3
0
 

0
.
6
7
 

2
.
9
8
 

5
1
.
0
9
 

1
3
.
5
7
 

4
6
8
(
2
2
.
2
)
 

1
1
4
0
,
1
2
O
O
(
s
,
C
-
F
)
 

2
2
5
 

3
3
.
3
3
 

1
.
0
7
 

5
.
1
3
 

5
2
.
7
8
 

6
.
8
4
 

4
6
9
(
1
0
0
)
 

1
4
0
0
(
s
,
C
=
N
)
 

2
8
8
 

3
3
.
3
4
 

0
.
9
5
 

5
.
2
6
 

5
2
.
9
1
 

6
.
8
6
 

8.
95

 

8
.
6
0
 

9
.
2
3
 

9
.
1
2
 

7
.
0
7
 

1
.
1
2
 

1
.
3
3
 

7
.
1
2
 



- 
- 

1
5
 

1
5
6
-
1
5
7
 

5
8
5
(
4
0
.
6
)
 

1
1
5
0
,
1
2
0
0
(
v
s
,
C
-
F
)
 

3
0
.
7
7
 

0
.
6
8
 

2
.
3
9
 

5
5
.
2
1
 

1
0
.
9
4
 

(
C
1
5
H
4
N
F
1
7
S
2
)
 

1
4
6
5
(
m
,
C
=
N
)
 

3
1
.
0
3
 

0
.
6
5
 

2
.
4
8
 

5
5
.
5
6
 

1
0
.
8
1
 

1
6
 

2
0
7
-
2
0
8
 

5
6
8
(
1
0
0
)
 

1
1
4
0
,
1
2
0
0
(
v
s
,
C
-
F
)
 

3
1
.
6
9
 

0
.
8
8
 

4
.
9
3
 

5
6
.
8
7
 

5
.
6
3
 

(
C
1
5
H
5
N
2
F
1
7
S
)
 

5
6
9
(
9
9
.
5
)
 

1
4
O
O
(
m
,
C
=
N
)
,
2
9
5
O
(
N
H
)
 

3
1
.
4
4
 

0
.
6
5
 

4
.
7
8
 

5
6
.
9
7
 

5
.
7
6
 

1
7
 

8
9
-
9
0
 

5
9
2
(
4
0
.
8
)
 

1
1
4
0
,
1
2
0
0
(
v
s
,
C
-
F
)
 

2
3
3
 

2
6
.
3
1
 

0
.
6
7
 

2
.
3
6
 

3
8
.
4
5
 

1
0
.
7
9
 

2
1
.
4
2
 

(
C
1
3
H
4
N
F
1
2
S
2
1
)
 

5
9
3
(
7
.
5
)
 

1
4
5
0
(
m
,
C
=
N
)
 

2
8
5
 

2
6
.
4
2
 

0
.
8
9
 

2
.
3
6
 

3
8
.
1
1
 

1
0
.
7
7
 

2
1
.
3
5
 

2
4
 

1
7
9
-
1
8
0
e
'
f
 

(
C
1
4
H
8
N
2
S
4
)
 

2
5
 

1
6
2
-
1
6
3
f
'
g
 

(
C
l
4
H
8
N
2
0
2
S
)
 

a
 
T
a
k
e
n
 
i
n
 
o
p
e
n
 
c
a
p
i
l
l
a
r
i
e
s
,
u
n
c
o
r
r
e
c
t
e
d
,
p
r
o
d
u
c
t
 

r
e
c
r
y
s
t
a
l
l
i
z
e
d
 

f
r
o
m
,
e
t
h
a
n
o
l
 

e
x
c
e
p
t
 

(
2
4
)
;
 

b
 
R
e
c
o
r
d
e
d
 

o
n
 
a
 
F
i
n
n
i
g
a
n
-
4
0
2
 

s
p
e
c
t
r
o
m
e
t
e
r
;
 

'
 
M
e
a
s
u
r
e
d
 

o
n
 
a
 
S
h
i
m
a
d
z
u
 

I
R
-
4
4
0
 
s
p
e
c
t
r
o
p
h
o
t
o
m
e
t
e
r
 

(
K
C
1
 
p
e
l
l
e
t
s
)
;
 

'
 
P
e
r
f
o
r
m
e
d
 

o
n
 
a
 
S
h
i
m
a
d
z
u
 

D
u
a
l
-
w
a
v
e
l
e
n
g
t
h
 

T
L
C
 
S
c
a
n
n
e
r
 

C
S
-
9
1
0
;
 

e
 
R
e
c
r
y
s
t
a
l
l
i
z
e
d
 

f
r
o
m
 
D
M
F
/
H
2
0
,
s
e
e
 

T
C
I
 
C
a
t
a
l
o
g
,
=
 

(
1
9
8
6
)
 
3
4
2
;
 

f
 
S
e
e
 
r
e
f
.
 
(
1
6
1
;
 

g
 
S
e
e
 
r
e
f
.
 
(
1
5
1
.
 



30 

TABLE 3 

1H and '9 F NMR Data 

compd 

(NO.) 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

-7.5(2F,s,C1CF2),9.3(2F,s,SCF2), 

42.3(2F,s,C1CF2),43.3(2F,s,SCCF2) 

-8.3(2F,s,C1CF2),8.5(2F,s,SCF2) 

41.3(2F,s,C1CCF2),42.2(2F,s,SCCF2) 

-7.5(2F,s,C1CF2),9.6(2F,s,S^CF2) 

42.6(2F,s,ClCCF2),44.3-44.8(6F,m, 

SC(CF2)3) 

-8.0(2F,s,C1CF2),b.6(2F,s,SCF2), 

42.3-44.0(8F,m,SC(CF2j4) 

5.3(3F,s,CF3),9.6(2F,s,SCF2),43.3 

(2F,s,CF2),45.3(2F,s,SCCF2),47.0 

(2F,s,CF2),50.3(2F,s,CF2) 

3.6(3F,s,CF3),8.0(2F,s,SCF2),41.6 

(2F,s,CF2),44.0(2F,s,SCCF2) 

45.3(2F,s,CF2),48.6(2F,s,SCCF2) 

7.0(3F,s,CF3),9.6(2F,s,SCF2),42.3- 

48.6(10F,m,5CF2),50.3(2F,s,CF2) 

4.3(3F,s,CF3),8.5(2F,s,SCF2),42.3 

(2F,s,CF2),45.0(8F,m,4CF2),49.3 

(2F,s,CF2) 

-12.U(2F,s,ICF2),9.5(2F,s,SCF2), 

37.3(2F,S,ICCF2),42.6(2F,s,SCCF2), 

44.6(4F,s,middle 2CF2) 

-8.3(2F,s,C1CF2),9.3(2F,s,SCF2), 

42.5-44.5(8F,s,4CF2) 

(2H,t,ArH),8.3(11~, 

m,Arfl) 

7.5(3H,m,ArH,Nff), 

7.7 (2H,m,Arfj) 

7.4(2H,m,Ar11),7.7(111, 

m,Arfj) 

7.3(2H,m,ArH),7.6(2tI, 

m,ArH),l3.6(ltI,s,NH) 

7.2(2fl,m,Arfl),7.7(2ti, 

m,ArH) 

7.8(2ti,m,Arfl),8.0(2tf, 

m.ArH),NH was obscured 

7.5(2H,m,ArH),e.l.(211, 

m,ArH) 

7.2(2tl,m,ArH),7.4(21~, 

m,ArH) 

7.3QH,m,ArH),7.7(2fl, 

m,ArH 1 

- 

a Recorded on a Varian EM-360L spectrometer,TMS as internal rcfe-- 

rence for 1 H and except (13)-(16) TFA as external standard for lgF; 

b Solvents as follows:CC14 for (g);DMSO-d6 for (10),(12),(14)-(1(j); 
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EXPERIMENTAL 

General procedure: Under a nitrogen atmosphere, 80% pure 

sodium hydride (lo-20 mmole) was added to 101111 DMF solution Of 

2-mercaptobenzoheterocycle (10 mmole) in a Pyrex flask. After 

stirring for several minutes, the corresponding perfluoroalkyl 

iodide was added and was exposed to a high pressure mercury lamp 

(400~) at a distance of about 15 cm from the flask for 10h (70°C). 

The conversion rate was determihed and the RfH was detected bY 

"F NMR as noted in Table 1. To the reaction mixture was addctl 

2ml ethanol,then 20ml water and 20ml ethyl acetate. Product (24) 

was collected by filtration.The-mixture was extracted with ethyl 

acetate, washed with water and isolated by chromatographic tech- 

niques and/or crystallization from ethanoltsee Tables 1 and 2). 
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