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Summary - The reaction between potassium thioacetate or sodium thiobensoate and 

arenediasonium tetrafluoroborates in DMSO leads to the corresponding aryl thiolesters 1 

which can either be isolated or further reacted providing a convenient one-pot access to a 

number of other aromatic sulfur derivatives. 

Thiolesters 1 are useful intermediates in organic chemistry due to the electronic 

R-q0 
SR' 

1 

R, R' = alkyl, aryl 

distribution within the functional group, which makes both the carbonyl carbon more 

electrophilic and the a-hydrogen8 in R more acidic with respect to the fully oxygenated 
. 

analogue. 
I 

Compounds 1 have thus been exploited as either electrophiles in acyl-transfer 

processes' or as carbanion precursors in condensation reactions, 
1,3 both mimicking 

biological counterparts of utmost importance involving - the S-acetyl-coensime-A. 
4 

Furthermore, besides the long-standing transformation into thiols via alkaline hydrolysis - 

or hydride reduction, 
5 

thiolesters 1 provide a convenient access to a number of other 

different functionalities, through either reduction6 or oxidation processes. 
7,B 

In agreement with the usefulness of 1, a great variety of synthetic methods have been 

set up, 
9 

the two main general strategies being represented by the introduction of the 

sulfur atom (a) from a thiol, through nucleophilic attack onto a carboxylic acid 

derivative,l' or (b) from a thiocarboxylic acid, in turn reacting with suitable 

electrophiles such as epoxides 
11 

or alkyl 
12a 

and activated arylllb haloderivatives: the 

literature offers only a recent example relevant to unactivated aryl halides in rather 

drastic conditions.12c Thus, if one excludes the thermal rearrangement of 

thionobenzoates, 
13 

the synthesis of aryl thiolesters (1, R' = aryl) is almost exclusively 

confined to the employment of aromatic thiols [according to case (5) above], clearly 

leaving a gap when the latter are not easily available or represent themselves the target 

products. 

7411 
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Arenediazonium Salts are well-known versatile 'electrophilic' intermediates for the 

preparation of aromatic derivatives via ionic or radical pathways. 
14 

We have - recently 

shown1"16 that, in polar aprotlc 801vents, arenediazonium tetrafluoro~rates or their 

COvaleRt addUCt8 Such as the diaSothiO&herS ArN=RSFh represent Suitable substrates Ear 

the SRRl 
17 

syntheses of diary1 sulfides and aromatic nitriles 

reportedl* thatl'the 

16 
respectively. We have 

also preliminarily reaction of the same arenediazonium 

tettafluoroborates with potassium thioacetate in IN60 results in the smooth formation OE 

aryl thiolacetates (1, R = Me) (eq i), and further signii'icance to the reaction has been 

more recently added through the successful1 application to hindered substrates. 
19 

The main intents herein are to extend the applicability range of eq (i) to aromatic 

ArN2+ + Rcos- & RCOSAr + W2 (i) 

1 

thiocarboxylate anions (1, R = Ph), and to provide some examples of convenient one-pot 

syntheses of other sulfur derivatives from diasonium tatrafluoroborates through 1. Besides 

such practical aspects, some results, although not conclusive, relevant to the mechanism 

of reaction (i) are also presented. 

Regu1ta aad Ui6c666io6 

Reactions between arenediazonium tetrafluosoborates and alkal<ne thfocarbaxylates. 

The figures of Table 1 provide, together with previous data, 
18,19 

clear evidence that 

the reaction (i), (R = alkyl, aryl) represents a general approach to aryl thiolesters 

which couples mild experimental conditions and short reaction times with consistently 

satisfactory yields: both electron-withdrawing and -releasing substituents on the 

diazonium cation are compatible, while steric hindrance on the electrophilic centre causes 

minor or anyway acceptable yield depressions. 

Prom a mechanistic point of view, by analogy with our cited previous work, 
15,16 

raeabr'1on :I'$, seemeb an L~D~SOUS can‘d1bace 5or'ine occurrence ti Yna>R+~~r~ X*LX 

(.59-c- 2p 2.2 &zv~~&&~zzz, a-2, 2-2 ~~~.ZVD~KZMZSZ~ 0~ BLLLXLZ~B~L=@~~~~~~ 

Gil processes is, to our knowledge, so far limited to alkane- and arene- 

thiolates:15'17br20 among others, potassium thiocyanate or ethylxanthate proved to be 

umreatizve 'cowarbShz?~oareneS In &iI 
17b 

contirt'rons. 

te%f.. QuX~~~ mu?. a.eJ% z-<z-~~?y&lr~+%?~P-nzPJJPR ia.ro~~ti~Zw~ &czr&zCfi~0@ic 

3-.;.;~t~;~~~~~:5-r,s-~~~_~~~~ 4, .mwDt *._.*-, Xqrclq- .%kL?ougk .SM!-~~CL.t~-%or Gf &he 

21 
isiterm&iate raXLcai II :cB&unuo >:I. 

Herein aryl radicals can conceivably be formed through either outer-sphere electron 

transfer from the sulfur anion to the diazonium cation or via cation/anion coupling - 



A convenient access to aryl thiolesters 

Scheme 1 

7413 

Ar' 

N2 or N2 + RCOS- 

Ark 

Y 
RWS- 

5 

ArSWR7 

b - 

ArSWR ArY 

+ 
ArY =ArN2 or ArN=NSWR 

ArY7 = ArN2' 
7 

or ArN=NSWR 

R = Re, Ph 

Scheme 2 

2 3 3' 4 

fm11oweb by hDmoQkic cleavage )09er5~31 inoex-share eTleb2ron tranw3er> 0% khs rewul’rinp 

diazothiolester ArN=NSWR. The initial rapid formation of such covalent adducts upon 

mixing of the reactants is actually hinted by the presence of transient coloured spots 

when monitoring the reaction progress by TLC and would be in line with our obBervationlsa 

(muccessive‘ly coniirmed by othersZ2j that the reaction5 of the same tiaeonium Balte with 

alrenebbtoZate6 bn anakgaus condFt%an5 proceed via the dia5a<X&xekkera ArX=F1sAr'. At this - 

regard, control experiments have been carried out on the independently synthesized, 

relatively stable, 4-cyanophenylaeo thiolbenaoate (4-NCC#qN=NSCOPh, 5). Interestingly 

enough, while 3 slowly decomposes fn IJEXI to Iuri5h only traces of I-cyanophenyl 

thiolbenaaate lc {Table 1, entry 3b), 
23 

the addition of O.ZmDlar epuiualaats of sadium 

thiobensoate effectively drive5 the dec~wition towatda 5 66% yield Of 3C (erkry 3C) 

within a time which is comparable to that required by the reaction of the corresponding 



T
a
b
l
e
 

1
.
 

R
e
a
c
t
i
o
n
s
 
o
f
 
a
r
e
n
e
d
i
a
z
o
n
i
u
m
 

t
e
t
r
a
f
l
u
o
r
o
b
o
r
a
t
e
s
 

a
n
d
 
o
f
 
I
-
c
y
a
n
o
p
h
e
n
y
l
a
s
o
 

t
h
i
o
l
b
e
n
z
o
a
t
e
 

(
5
)
 

w
i
t
h
 
s
o
d
i
u
m
 
t
h
i
o
b
e
n
s
o
a
t
e
 

i
n
 
D
M
S
O
.
 

E
n
t
r
y
 

S
u
b
s
t
r
a
t
e
 

[
S
u
b
s
t
r
a
t
e
]
 

P
h
C
O
S
-
/
S
u
b
s
t
r
.
 

R
e
a
c
t
i
o
n
 
t
i
m
e
 

Y
i
e
l
d
 
(
%
)
c
 

(
M
)
 

m
o
l
a
r
 
r
a
t
i
o
 

(
m
i
n
)
 

/
 A
r
S
C
O
P
h
 

1
,
4
-
(
P
h
C
O
S
)
2
C
6
H
4
 

1 2
 

3
a
 

3
b
 

3
c
 

3
d
 

3
e
 

3
f
 

3
g
 

4
 

5
 

6
 

C
6
H
5
N
2
+
 

2
,
6
-
(
M
e
2
C
H
)
2
C
6
5
3
N
2
+
 

4
-
N
C
C
6
D
q
N
2
+
 

5
 

5
 

5
 

5
 

&
 

5
E
 

4
-
I
C
6
H
4
N
2
+
 

1
,
4
+
6
D
4
(
N
2
+
)
2
 

l
-
n
a
p
h
t
h
y
l
-
N
2
+
 

0
.
2
6
 

1
.
2
 

6
0
 

l
a
:
 
6
2
 

O
-
2
6
!
?
 

1
.
2
b
 

6
0
 

l
b
:
 
5
7
b
 

0
.
2
6
 

1
.
2
 

3
0
 

l
c
:
 
8
7
 

0
.
1
2
 

c
 

1
0
0
 

l
c
:
 
<
5
 

0
.
1
2
 

0
.
2
 

2
5
 

l
c
:
 
6
6
 

0
.
1
2
 

1
.
0
 

2
2
 

l
c
:
 
7
6
 

0
.
0
8
 

0
.
2
 

1
.
3
 

l
c
:
 
5
1
 

0
.
0
8
 

0
.
2
 

1
.
3
 

l
c
:
 
4
0
 

0
.
0
8
 

0
.
2
 

1
.
3
 

l
c
:
 
3
8
 

0
.
2
6
 

3
.
0
 

6
0
 

l
d
:
 
7
4
 

6
 

0
.
2
6
 

3
.
0
 

1
2
0
 

3
0
 

0
.
2
6
 

1
.
2
 

2
4
0
 

l
e
:
 
7
0
 

C
Y
Y
F
e
l
d
 
o
f
 

i
s
o
l
a
t
e
d
 
p
r
o
d
u
c
t
.
 
k
a
l
c
u
l
a
t
e
d
 

w
i
t
h
 
r
e
s
p
e
c
t
 
t
o
 
t
h
e
 
p
a
r
e
n
t
 
a
r
y
l
a
m
i
n
e
.
 
C
I
n
 

t
h
e
 

a
b
s
e
n
c
e
 

o
f
 

a
d
d
e
d
 

t
h
i
o
b
e
n
s
o
a
t
e
.
 

+
D
i
n
i
t
r
o
b
e
n
s
e
n
e
 

(
0
.
3
 
m
o
l
.
 
e
q
u
i
v
.
 
w
i
t
h
 
r
e
s
p
e
c
t
 
t
o
 

s
u
b
s
t
r
a
t
e
)
 

a
l
s
o
 

p
r
e
s
e
n
t
.
 

?
p
-
D
i
n
i
t
r
o
b
e
n
z
e
n
e
 

(
1
.
0
 
m
o
l
.
 
e
q
u
i
v
.
 
w
i
t
h
 
r
e
s
p
e
c
t
 
t
o
 
s
u
b
s
t
r
a
t
e
)
 
a
l
s
o
 
p
r
e
s
e
n
t
.
 

_ 
_ 

_ 
. 

- 
- 

.-
 

.-
 

. 
-.

 
. 

. 
.”

 
. 

.I
 



A convenient access to aryl thiolesters 7415 

diazonium salt with 1.2 molar equivalents of nucleophile (entry 3a). 
24 

Thus, if on one 

side the intermediacy of diaeothiolestere along the main reaction pathway finds strong 

support, the presence of catalytic 
25 

amounts of thiocarboxylate anions seems to play a 

fundamental role as to the formation of the expected product. Although a coupling between 

aryl radicals and free thiocarboxylate anions (Scheme 1, step 5) represents a conceivable 

event, no substantial evidence of the presence of radical anions along the main reaction 

flow could bs reached by means of two commonly accepted Sal recognition tests, 
17,26 

nsmely inhibition by electron scavengers and disubstitution on suitably substituted 

substrates. Actually, up to 1 molar equivalent of p-dinitrobeneene (Epc 27 = -0.87 V) 

exerted on the reaction of thiobensoate with 5 (EF 
27 

= -1.07 V) only a meagre 

retardation (Table 1, entries 3e-g) which can possibly be regarded as a rough indication 

as to the incidence of the SBBl pathway among competitive routes. As far as the second 

abovementioned test is concerned, it is a nowadays well assessed peculiarity of the S& 

process that an aromatic substrate with two suitable leaving groups (Y and 2) can undergo 

competitive mono- and di-substitution: the latter occurs via an - 'enlarged' SBNl cycle 

triggered by the expulsion of z- from the radical anion of the monosubstitution product 

(6)17 (Scheme 3). As far as SBBl dediaeoniation reactions are concerned (Y = N2 
+ 

or 

Scheme 3 

6 

. 

8 
I’ 

nu 

7, 

Q I 
NU 

N=NSPh), disubatitution proved to be the long-preferred pathway with both PhS- and CN- as 

nucleophiles when & = Cl, Br, I.15*16 In the present case, the 4-iodobenxenediaxonium 

tetrafluoroborate predominantly furnishes, with both thioacetate 
18 

and thiobenxoate (Table 

1, entry 4), substitution of the diaeogroup alone; if, on one hand, the formation of some 

dieubstitution product can be regarded as a clue for the presence of radical anions such 

as 6 (Nu = PhCOS, MeCCS; 2 = 4-I), the high mono- to di-substitution ratio could find 

different explanations, not necessarily excluding the SW1 pathway if one assumes a slow 

fragmentation of 6 which would favour the competitive electron transfer to substrate. 

Clearly, a deeper insight is needed in order to attain sounding conclusions on the 

mechanism of reaction (i). Unfortunately, the relatively fast decomposition of 

diaxothiolesters in DMSC did not even allow other significant electrochemical experiments 
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such as constant-potential electrolyses and chronocoulometries to be reliably carried out. 

On the other hand, further efforts on the mechanistic side have not been pursued herein as 

they go well bejond the synthetic significance of the reaction. 

Use of camnercial potassium thioacetate as sulfur-transfer agent. One-pot synthesis of 

some aromatic sulfur derivatives 

As outlined in the introduction, thiolcarboxylate esters are routinely employed as 

precursors of thiols through either reduction or hydrolysis.' The basic hydrolysis of the 

reaction mixture from the dediasoniation process with potassium thioacetate revealed to be 

a convenient one-pot access to arenethiolate anions and hence to a number of other sulfur 

derivatives through the following treatment with suitable electrophilee (Scheme 4). The 

Schema 4 

RCCS- 
ArN2+ - 

On-/H20 BHal 
ArSCGR - ArS __3 ArSE 

or MeG-/MeGR 

B = Ii, R, Ar, CN 

yields of the various ArSE products (Table 2) are generally comparable to those of the 

corresponding thioleater precursors also in the case of hindered substrates. While the 

isolation of thiols is straightforward, the reactions with benzyl chloride, methyl iodide, 

or chloro-2,4_dinitrobeneene represent just some selected examples of thioether syntheses. 

Much interest should on the other hand be attached to the one-pot accese to aryl 

thiocyanates 
28 

starting from arenediazonium tetrafluoroborates, particularly as the long 

exploited synthesis from diazonium salts and metal thiocyanates in aqueous solvent is 

always complicated mainly by the formation of by-products. 
30 

Bxperimetal section 

Melting points were taken on a Biichi 535 apparatus and are uncorrected. Liquids were 

distilled bulb-to-bulb in a Biichi GER-50 Kugelrohr apparatus and boiling points are 

referred to the air-bath temperature. %I NMR Spectra were recorded on a Varian FTSO 

instrument (CDC13 as solvent, Me4Si as internal standard). Column chromatography was 

performed on silica gel, using hexane or proper hexane-dichloromethane mixtures as eluant. 

Unknown compounds gave satisfactory microanalytical data (C f 0.4, Ii f 0.1, N * 0.1, S 

i 0.2). 

Materials. Dimethylsulfoxide (Fluka AG) was used as received after storage over molecular 

sieves (type 4 A). Potassium thioacetate was a commercial produot (Janseen) while SOdiUm 

thiobensoate was prepared before use from thiobenzoic acid in MeGEa/MeGH. ArylamineS were 

commercial products used without further purification. 

Arenediazonium ,tatrafluoroborates (always used as crude materials) were generally 

prepared by diazotization in HCl followed by addition of NaBF4131 1,4-bis(diazonio)benzene 
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tetrafluoroborate32 and the hindered 2,6-diisopropylbenzenediazonium salt were prepared in 

aqueous HBF4.31 The latter proved to be rather unstable at room temperaturelg and was 

accordingly filtered in the cold, washed with little 50% HBF4 and then thoroughly with 

cold Et20, and immediately used for the thiolacetate synthesis." 

4-Cyanophenylazo thiolbensoate. I-Cyanoaniline was diazotized in the usual manner.31 

The resulting clear solution was buffered with 25% MeCOONa and cautiously poored under 

stirring into a cold solution of commercial thiobenzoic acid (1.1 mol. equiv.) in 

H2O/EtOH, according to a procedure previously reported for the synthesis of 

arenediasothioethers.16 The yellow precipitate was filtered, washed with cold EtOH, dried, 

and purified by insolubilization with benzine (b.p. 80-100 "C) from a toluene solution: 

yield 88%; m.p. 123 OC with gas evolution; 1~ NMR, 6: 7.64 (3 H, m), 7.81 (4 HI s), 8.00 

(2 H, m). CAUTION should be taken in handling potentially hazardous diazothio- 

derivatives,33 especially avoiding any mass heating. 

synthesis of s-aryl tllioeeters. 

The experiments were carried out under argon, as previously described.l6 Reactions 

were started by dropping a DMSO solution of substrate into a double volume of a 

magnetically stirred solution of the thiocarboxylate salt in the same solvent, 'c'o obtain 

an overall 0.26 E initial substrate concentration. The end of reaction was judged by 

ceasing of nitrogen evolution and/or TLC analysis: in any case the time of preparative 

runs was somewhat prolonged in order to insure completion of reaction. Usual workup16 

followed by column chromatography yielded pure thiolesters. 

Thiolbensoates la,34 1c,13 and le,35 and 3-methylphenyl thiolacetate36 matched reported 

physical constants: in any case their structure was confirmed by ?H NNR spectroscopy. 

2,6_Diisopropylphenyl thiolbenzoate (1b):b.p. 170 Oc/5 mmHg; 1~ NMR, 6: 1.22 (12 H, d, J 

7.2 Hz), 3.51 (2 H, septet, J 7.2 Hz), 7.35 (5 H, m), 8.10 (3 H, m). 

4-Iodophenyl thiolbenzoate (la): m.p. 89.6-90.6 OC (Et20); 1~ NNR, 6: 7.21 (2 H, BB' of 

AA'BB'), 7.51 (3 H, m), 7.76 (2 H, AA' of AA'BB'), 7.99 (2 H, m): z 

1,4-Bis(benzoylthio)benzene: m.p. 167-168 "C (ethyl acetate); 1~ NMR, 6: 7.53 (6 H, m), 

7.60 (4 H, B), 8.03 (4 H, m). 

One-pot synthesis of arenethiols , alkyl aryl or diary1 sulfides, and aryl thiocyanates. 

After completion of the dediasoniation process (30-50 min) hydrolysis (30-50 min) was 

performed at room temperature with either KOH ca. 3 y in H20 or MeONa ca. 3 E in MeOH, 

following the disappearance of the thiolester by TLC. The mixture was then acidified with 

37% HCl or treated with an alkyl or aryl halide (methyl iodide, 120 min; benzyl chloride, 

60-120 mini chore-2,4_dinitrobensene, 300 min), or a DMSO solution of cyanogen halide (30- 

40 min) at room temperature. After the usual workup sulfides and thiocyanates were 

purified by column chromatography , while thiols were distilled under reduced pressure to 

the exception of 1,4-dimercaptobensene which was converted into 1,4-bis(benzylthio)benzene 

in 1 E MeONa/MeOH (2.0 mol. equiv.) by treatment with bensyl chloride (4.0 mol. equiv.) 

and confirmed as such; 2,6_diisopropylphenyl methyl sulfide was further confirmed as 

sulfone, oxidation being performed with excess H202 in acetic acid. Known arenethiols, 

thioethers, and thiocyanates matched reported physical constants. 

2,6-Diisopropylphenyl methyl sulfide: 1Ii NMR, 6: 1.24 (12 H, d, J 6.9 Hz), 2.20 (3 H, 5). 

3.96 (2 H, septet, J 6.9 Hz), 7.20 (3 H, m). The sulfone had m.p. 102.8-103.5 "C (bensine, 

b.p. 80-100 "C); 'H NNR, 6: 1.29 (12 H, d, J 6.7 Hz), 3.14 (3 H, S), 4.22 (2 H, Septet. 2 

6.7 Hz), 7.40 (3 H, m). 

Bensyl 2,6-diisopropylphenyl sulfide: b.p. 160 “C/O.3 mmHgi 'H NMR, 6: 1.14 (I2 Hn dr 2 
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6.9 Hz), 3.76 (2 Ii, s), 3.82 (2 Ii, septet, J 6.9 Hz), 7.15 (8 H, m). 

2,6-Diisopropylphenyl 2,4-dinitrophenyl sulfide: m.p. 140.5-141 W (EtOH); lH NMR, 6: 1.15 

(12 H, d, J 6.8 Hz), 3.44 (2 H, septet, J 6.8 Hz), 6.80 (1 H, d, J 9.0 He), 7.45 (3 H, m), 

8.10 (1 H, dd, J 9.0 and 1.6 Hz), 9.15 (1 H, d, J 1.6 Hz). 

2,6-Diisopropylphenyl thiocyanate: m.p. 37.0-38.1 '% (EtOH/H20); lH NMR, 6: 1.30 (12 H, d, 

J 6.8 Hz), 3.78 (2 H, septet, J 6.8 Hz), 7.40 (3 H, m). 
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