ARYLTHIOSULFONIUM SALTS AS TRANSFER AGENTS
OF THE S-ARYL GROUP TO DOUBLE BONDS

Yu. B, Kal'yan, M, Z, Krimer, UDC 542,91 :547,543-38
E. G. Cherepanova, V. S, Bogdanov,
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The preparation of arylthioalkyl derivatives by the Adg reaction with alkenes is usually performed using
covalent ArS—Y reagents (where Y is a halogen [1] or thiocyanogen [2]) or cationoids which are conventionally
written as ArSTY™ (where Y™ is a non-nucleophilic counter-ion such as BF [ [3]). Inthe former case, the
reaction products are S-halo or B-thiocyanide derivatives,* while in the latter, episulfonium salts are obtained
which, upon further treatment with nucleophiles (Nu), form 8-Nu-substituted arylthioethers. This latter variant
is most promising as a preparative procedure, although its common use is hindered by difficulties related to
the instability of the ArS*Y™ cationoid generated in situ. We should note that there are no data on the structure
of these reagents, while analogous systems for transfer of the MeS™ have a complex compOS1t1on and virtually
do not contain the monomeric MeS*Y™ salt [4].

It is clearly simpler to use reagents in which the ArS™ group is stabilized as a stoichiometric ArSZ
complex, where Z is a good leaving group, We have previously shown that diaryl disulfides may be such
"stabilizers" [5] and that [ArS(SAr)2]+Y“ reagents indeed are active transfer agents for the ArS™ group in re-
actions with alkenes. However, the requirement of using stoichiometric quantities of (ArS), as a "ballast®
in these reactions produces certain difficulties. Thus, in the present work, we studied the possibility of using
somesulfides as stabilizers for the ArS* group.

The reaction of aromatic sulfene chlorides (Ia-f) with Lewis acids SbCl; or SbF; in the presence of sulfides
(ID)-(V) at—30°C to —50°C readily yields the corresponding arylthiosulfonium salts (VI)-(IX) by the following
general scheme:

R
CH.CL or = +/
ArSC1 + SbCl4(SbFs) - RISR oo S0, ATSS ShCle(ShF,CI-)
(I (I)—(V) Npr (VD—(X)
(I): Ar=Ph (a), 4-MeCgH, (b), 4CICH, (), 2.,4,6-MesCoH, (d), 4-CFsCeHa (e),
CeFs (f).
R=Rl!=Me (II); R=R!=—(CHy),— (IlI); R=Me, R!=4CICGH, (IV);

R — Rl = Ph (V).

(VI): R = Rl — Me, Ar—Ph (), 4-MeCgH, (b), 4-CICH, (¢}, 2,4,6-MeyCoHy (d)
4-CF3CeHy (e), CoFs (f).

(VIT): R = R! = — (CHy)g—, AT = 4-CICell, (a), 2,4,6-MesCoHy (b).

(VIID): R — Me, R’ — 4-CIGH,, Ar— Ph (a), 4-MeCeH, (b), 4-CICsH, (a), 2,4,6-
Me,CeH, (d), 4-CF3CeHy (), GiF5 (f).

(IX): R = R! — Ph, Ar — Ph (a), 4-MeCeH, (b), 4-C1CsH, (c), 4-MeOCqH, (d).

Salts (VI) and (VII) are rather stable in solid form and are characterized by the data in Table 1. Table
2 gives the PMR spectra of salts (VIII) which are stable only in solution, Salts (VI), (VIII), and (IX) were char-
acterized by their *C NMR spectra, Analysis of the results obtained shows that these compounds are indeed
sulfonium salts. The *C NMR spectra of salts (VI), (VIII), and (IX) will be discussed in a separate communica-
tion,

The salts obtained (VI)-(IX) are efficient transfer agents for the Arst group in Adg reactions with eyclo-

hexene (X), I-methylcyclohexene (X1), tetramethylethylene (XII), eyclooctene (XIII), styrene (XIV), and isoprene
(XV). In all cases, the reaction proceeds rather readily even at —10 to—30°C and, depending on the nature of

* A special case is the AdEg reaction of covalent reagents under doping addition conditions giving various solvo-
adducts [3].

N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR, Moscow. Institute of
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kaya, No. 2, pp. 378-386, February, 1982, Original article submitted May 21, 1981,
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TABLE 1, Analytical and Spectral Data for Arylthiosulfonium Salts
(VI) and (VII)

Ve
RS—Q—SgﬂRlstI{
AN

R2
Found/cal- |PMR spectra
Yield, . .jculated, % (&, ppm)*
Salt R R! R2 Re % .mp, C o,
C I g |forSSR
18,32 | 2,22
(Vvia) Me Me | H H 90 | 95-97 |55 200 | 28 BH)
1991 | 2,47
. A ] — > 2/ 13945 (6H
{VIb) Me Me | H Me | 92 | 92-95 80| 252 94 s (6H)
(Vic) Me Me | H cl 95 | 97-99 [17.88] 1,86 |295s (6H)
17,79 | 1,87
(VId Me Me | Me | Me | 92 |123-125| - - |312°% (6H)
(Vie) Me Me | H CFs | 90 | 85-87 - —~ 1297s (6H)
(VIf) Me Me T 93 | 94-96 - - 13,16 s (6H)
20,55 | 2,17
_ ) L1 2.30m (4H),
{Vlla) ~(CHa) o~ H l 85 | 85-87 |57 7573 3:?§m§4H§
26,88 | 3,30 |28 m4H),
(VIIb) —(CHa) i— Me Me 93 | 100-104 700" 3307| 285 m (AHD)

*The aromatic proton signals are at 7.00~7,80 ppm and the benzene
ring methyl protons are at 2,38-2.40 ppm (for R*=Me) and 2.25-
2,60 ppm (for R?=R*=Me),

TATS =C,FS.

TABLE 2. PMR Spectral Data for Salts (VITT) ArS5—C,H,Cl
|

Me
PMR I PMR spectrum
spectrum )
Salt Ar (5, ppm)* Salt Ar (8, pp 7
for Meg for MeS
(VIIla) Ph 333 s (VIIIr) 2,4,6-Me CeH, 333 s
(VIIIb) 4-MeCeH. 3,26 s (V1) 4-CF3CeH, 3,308
(VIIIc) 4-CICgH, ) 3.29 s (VIiIe) CeFs 3,45 8

*See footnote in Table 1,

the alkene and /or reagent, leads to the formation of B-arylthiosulfonium salts (A) and/or S~arylepisulfonium
salts (B) by the following scheme: :

" ~ N
\czc/ + ArSSRRISBCL — >c—c< and/ or o
e N Pl VATYZERN
(X)—(XV) (V)—(IX)  ArS *SRR* SAr
(A} (B)

The reaction of alkenes with arylthiodialkylsulfonium salts (VI) and (VII) proceeds most uneguivocally,
In reactions with alkenes (X}, (XIII), (XIV), and (XV}, we found the exclusive formation of S-arylthioalkylsul-
fonium salts (A) (XVI)-(XXVII) which are readily separated as compounds which are rather stable as solids.
Their structure is supported by the data in Table 3. We should however note that salts (XIX), (XXIIla,b), and
(XXVa,b) obtained from isoprene (XV) are 1,4-adducts (as shown by the PMR spectra) and mixtures of Z- and
E-isomers (the presence of the triplet of the C=CHCH, fragment at 5.35 ppm (LH) and of two broad singlets
of the MeC =C fragment is diagnostic). However, PMR study of the reaction of (XV) with (VIc) and (VIIa)
showed that 1,2-adducts are formed initially which later are readily converted to the more stable 1,4-adducts

—50° A

VNN
| *SRR1 | SRRt
AxrS SAr
(XV)  (VIc), (VIia) (XIX), (XXIIIa)
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Thus, the PMR spectrum of the reaction mixture of (XV) with (VIc) and (VIIa) in CH,Cl, at—50°C shows signals
characteristic for the 1,2~adduct: multiplets centered at 5.6 and 4,30 ppm and singlets at 3,50 and 1.65 ppm
|

corresponding to the fragments CH=CH,, CH, =CH, CH,SAr, and Me—C—C<.‘ These signals already disappear

. |
30 min after warming to 20°C, and the spectrum of the reaction mixture corresponds to the final adducts (XIX)
and (XXIila), respectively. An analogous rearrangement was previously described for 1,2-chloroarylthio adducts
of isoprene [6].

In most cases, we found the formation of the corresponding f-arylthioalkymethyl-4-chlorophenylsulfonium
salts (XXIV) and (XXV) for reactions of alkenes with salts (VIII). These salts are rather stable in the case
of the derivatives of alkenes (X), (XIII), and (XV). They are characterized by the analytical and spectral data
given in Table 3,

In the case of styrene (XIV) and 1-methylcyclohexene (X1), the corresponding salts (XXVI) and (XXVII)
are stable only at low temperature and thus, their structure as S-arylthioalkylmethyl-4-chlorophenylsulfonium
salts was confirmed by preparing the corresponding f-acetoxy adducts (XXXV) and (XXXVI) (Table 4).

The formation of an episulfonium salt is clearly demonstrated in the reaction of (VIITb) with cyclooctene
(XIII). The salt obtained (XXIX) was identified by comparison with a known sample relative to melting point,
PMR spectrum, and elemental analysis [5]. However, in going to reagents (VIIic) and (VIIIe), we find the for-
mation of a mixture of salts (A) and (B) in 1:1 ratio according to PMR and elemental analysis. In all these
cases, the episulfonium salt is apparently formed initially, but only when the S-aryl group has a sufficiently
strong electron-donor substituent does this salt react sufficiently slowly with 4-CIlC,HSMe present in the
medium to permit its isolation, Analogous behavior is found in the reaction of eyclooctene with (VI). Episul-
fonium salt (XXVIII) is formed in the case of (VIb), while sulfonium salt (XVII) is formed in the case of (VIc).

The exclusive formation of episulfonium salts was found in the reactions of (IXb) and (IXc¢) with cyclo~
octene and tetramethylethylene. The corresponding salts (XXXa,b) and (XXXIa,b) were obtained in 82-95%
yield (see Table 3). Thus, the formation of episulfonium salts using the reagents obtained is possible only
when the salts obtained are especially stable [5].

The reactivity of the S—arylepisulfonium salts relative to nucleophiles has been studied in considerable
detail [3]. In order to provide further characterization of the S-arylepisulfonium salts obtained in the present
work, some of these products (XXXa,b) were reacted with AcO™, In all cases, the corresponding S-acetoxy
adducts (XXXVII) and (XXXVIII) were obtained in invariably high yields (see Table 4).

In order to evaluate the reactivity of type (A) salts, we studied their reactions with the acetate anion and
several other nucleophiles, Dialkyl-S~arylthiosulfonium salts (A) obtained using (VI) and (VII) were rather
inert towards reaction with AcO™. Thus, salts (XIX), (XXIIa), and (XVIa) upon treatment with a mixture of glacial
acetic acid and sodium acetate for 3 h at 20°C virtually do not yield acetoxy adducts and are obtained unchanged,
In their reactivity towards AcO~, methyl-4-chlorophenyl- and diphenyl-8-arylthiosulfonium salts (A) are simi-
lar to the episulfonium salits (B}, and the formation of the corresponding acetoxy adducts (XXXII)~(XXXVI), (XL),
and (XLI) (see Table 4) proceeds rather readily

|1 oac= 1 |

—C—C R ——C—C—
AV |
ArS +S ArS OAc
AN
(A) R

The type (A) salts which are derivatives of isoprene, (XXVa) and (XXVb), react anomalously with AcO™,
The reaction proceeds exclusively by an SN2' mechanism with the formation of the corresponding f-acetoxy~
sulfides (XL) and (XLI)
ArS ArS l
NN\ z- NSNS
SRR* Z . Z

(XXVa, b) Z = OAc (XL, XLI),
OH (XLII), OMe (XLIII)

These salts react similarly with other nucleophiles, Thus, the treatment of salts (XXIVa) and (XXVa) with
saturated agueous NaHCO; gives high yields of the corresponding hydroxy adducts (XLII) and (XLIV). Treat-
ment of salt (XXVa) with abs, methanol gives the methoxy adduct (XLIII).
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TABLE 4, Characteristics of 8 ~Acetoxy Adducts

= PMR spec-
. [Found/Calculated, trum (8§,
- Adduct Formula Starting compound| = |% ppm)
gl ¢ | H s | cuo| cus
Me
P /\/+lsc.HAc1 )
67,656,657 12,02 )
kg e Rt P44, 70 M2, Y8 m
xxxim | | ] 53 178,15| 5,58 | 12,12
‘ AN AN
5CeH,Me SCeH.Me
Sen,
NS
| | 82
AN
SCeHLMe
l\IIe
0COMe +8CH,C1
N/ Y 59,47 5,99
(XX XII) l ] ] l 73 | 2D P 14,68m (3,00 m
59,05/ 5,9
AVAN NN
SCeH.C1 SGHLCL
DII[e
0 +SCeHLCL
oo N : o] 69,328,441 1048 |, o
(XXXTV) || | | | 73)59,88| 8,22 | 10,96+ 04my=
AUAN
\/\SCGHzMea 4 SCeH.Mes
SCsH,CF SCyH,CF :
NV N2 : 55157471572l ] —
(XXXV) [ 57,83| 6,06
NN :
N Nocome Sean
Me
gcone A~
AN 7 N CH-CH.SC:H.Me
xxxvy | T 4 60| — | — | — [5,76mf3,16m
g SCHMe [\, §TCGHO
Me
SCeHMe —
SN N
(XXXVIL)* l l l ,>5—C5H4Me 80
NAN N/
0COMe
. Sea N
(XXXVII* ( [ | [s-cama g
NN\ N/
0COMe
| Me
(XL)* ’/l\/ AN o
MeCgH,S OCOMe SCH.Me N\
CeHLCI
] Me
(XLI)* \/ AN/ 6
CICeH,S OCOMe  [SCHLCL \
CeHuCl

*Identified by GLC and PMR comparison with data in our previous

work [7].

The structure of the products of the reaction of type (A) salts with nucleophiles was shown conclusively
by their analytical and spectral characterization (see Table 4) and, in the case of (XXXVIII)-(XLI), by compari~

son with previously prepared samples by GLC and PMR spectroscopy [7].

+
In previous work, only RSSRIR® salts, where R, R!, R? are alkyl substituents, were used in Adx reactions

with alkenes [8]. Only MeS§CGH4MeCIOZ and MeZ§SPh5010[ [91have been described for salts of type (VI}~(IX),
The present method for the preparation of S-arylthiosulfonium salts (VI)~(IX) and the demonstrated feasibility
of their use as active transfer agents of the S~aryl group in reactions with alkenes opens a pathway to the
preparation of various f-arylthioalkylsulfonium salts which, in turn, may find synthetic use as transfer agents
of the f-arylthioalkyl group in nucleophilic substitution reactions,

Wide variation of the substituent in the sulfene chloride and sulfide is possible in this method for prepa-
ration of salts (VI)-(IX) and such variation permits control of the stability and reactivity of the type (A) salts
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obtained. Preparation of such reagents, for which the major reaction with alkenes would be the formation of
type (B) S-arylepisulfonium salts which are more reactive towards nucleophiles, is especlally promising,

EXPERIMENTAL

The PMR spectra were taken on Tesla BS-497 spectrometer at 100 MHz in CCl,, liquid SO,, and CD;CN
with TMS internal standard. The reaction products were analyzed on a Khrom-4 chromatograph with flame-
ionization detector and a 120 x 0.3-cm glass column packed with 5% GEXE-60 on Chromaton N~AW-HMDS
using helium gas carrier. The reaction products were separated by preparative thin-layer chromatography
oh ah unattached alumina layer with UV indicator using 7:2 hexane— ether eluent.

General Method for the Preparation of Dimethylthioarylsulfonium Salts (Via-f). A sample of 5 mmoles
dimethyl sulfide in 2 ml CH,Cl, was added with stirring to a solution of 5 mmoles sulfene chioride in 3 ml
CH,Cl, cooled to —60°C, A white precipitate formed. After 2 min, 5 mmoles SbCl; in 2 ml CH,Cl, was added
and stirred for 5min, and then 50 ml cooled abs, ether was added. The temperature was raised to ~20°C,
The precipitate was removed by filtration and washed on the filter with two 30-ml pentane portions and dried
for 30 min at 1-2 torr. The yields and properties are given in Table 1,

General Method for the Preparation of Tetramethylenethioarylsulfonium Salts (ViIa) and (VIIb). These
salts were prepared analogously to the above procedure. The analytical data and PMR spectra are given in
Table 1.

General Method for the Preparation of 4-Chlorophenylmethylthioarylsulfonium Salts for Taking the PMR
Spectra of (VIla-f), A solution of 1 mmole sulfene chloride in 1 ml liquid SO, and 1 mmole SbF; in 1 ml liquid
S0, was added with stirringto a suspension of 1 mmole 4-chlorophenylmethylsulfide in 2 ml liquid 80, cooledto —50°C.

The stirring was continued at this temperature for an additional 5 min and the PMR spectra taken are presented
in Table 2.

General Method for the Preparation of Diphenylthioarylsulfonium Salts (IXa-d)., A sample of 1 mmole
diphenyl sulfide in 1 ml CH;Cl,, 1 mmole sulfene chloride and 1 mmole ShCl; in 1 ml CH,Cl, was mixed at
—60°C. The salts prepared were characterized according to their *C NMR spectra and the products of their
reaction with alkenes. '

Preparation of Sulfonium Salts (XX1Va,b,c) and (XXVa,b) from (VIIIb,c,d) and Alkenes (X) and (XV). A
sample of 2 mmole sulfene chloride and 2 mmole SbCl; in 1 ml CH,Cl, was added with stirring to a suspension
of 2 mmole 4-C1C;H,SMe in 2 ml CH,Cl, cooled to —50°C. After 2 min, a solution of 3 mmole alkene in 1 ml
CH;Cl, was added. After an additional 5 min, the reaction mixture was poured into abs, ether cooled to—60°C
with rapid stirring., An abundant precipitate formed. The ether was decanted and the precipitate was washed
with cold ether and 1:1 ether— pentane and two 50-ml pentane portions. The precipitate was then separated
by filtration and dried for 30 min at 1-2 torr. The analytical and spectral data for the salts obtained are given
in Table 3,

Preparation of Sulfonium Salts (XVIa,b), (XVII), (XVII), (XIX) from (VIb,c,d) and Alkenes (X), (XIIT),
(X1V), and (XV). A sample of 1,5 mmole alkene in 1 ml CH,Cl, was added to a suspension of 1 mmole reagent
in 2 ml CH,Cl, at—50°C, The reagent completely dissolved upon warming to —30 to—10°C, After 5 min, the
reaction mixture was poured into 100 ml abs. ether cooled to —~60°C with rapid stirring, The salt precipitate
formed was treated as described above. The analytical and spectra data are given in Table 3.

Preparation of Sulfonium Salts (XXa,b) (XXTI), (XXTIIa,b) from Reagents (VIla,b) and Alkenes (X), (XIII),
(X1V), and (XV), A sample of 1,5 mmole alkene in 1 ml CH,Cl, was added to a solution of 1 mmole reagent in
2 m]l MeNQ, at—20°C. The temperature was raised to—10 to (°C, maintained for 5 min, and then, the mixture
was poured into abs. ether cooled to—60°C with rapid stirring. The separation of the precipitate was carried
out as described above. The analytical and spectra data of the salts obtained are given in Table 3.

Preparation of S-Arylepisulfonium Salts (XXVIII), (XXIX), and (XXXa,b) from (VIIIb), (VIb), (IXb), and
Cyclooctene. A sample of 1.5 mmole cyclooctene in 1 ml CH,Cl, was added to a solution of 1 mmole reagent
in 2 ml CH,Cl, (2 ml MeNO, in the case of (VIb)) at —20°C. The salts were separated by the usual procedure,
The episulfonium salts obtained were identical in their analytical data and PMR spectra to those previously
prepared [5]. ‘

In the case of reagents (VIlic) and (VIile), the product obtained was 1:1 mixture of episulfonium and sul-
fonium salts; the product ratio was found by elemental analysis and PMR spectroscopy.
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Preparation of S-Arylepisulfonium Salts (XXXIa,b) from Tetramethylethylene and (IXb,c}). The corre-
sponding sulfene chloride (1 mmole) and 1 mmole SbCl; in 1 ml CH,Cl, were added to a solution of 1 mmole
diphenyl sulfide in 3 ml CH,Cl, at—~60°C to yield a green solution of the reagent., After 5 min, 1,5 mmole tetra-
methylethylene in 1 ml CH,Cl, was added and the mixture was kept for 10 min at —~60°C, Then, the mixture
was poured with rapid stirring into 100 ml cooled abs, ether., An abundant white precipitate formed, which
was separated by the usual procedure., The analytical data for the salts prepared are given in Table 3.

General Method for the Preparation of Acetoxy Adducts (XXXII)-(XXXVI), (XL}, and (XLI) from Salts
(XXIV)-(XXVII), A solution of 3 mmoles sulfene chloride in 1 ml CH,Cl, was added with stirring to a solution
of 3 mmoles methyl 4-chlorophenyl sulfide (or diphenyl sulfide) in 5 ml CH,Cl; cooled to ~60°C. Then, 2
solution of 3 mmoles SbCl; in 1 ml CH,Cl, was added, After 1 min, 3.5 mmole olefin in 2 ml CH,Cl, was added
to the solution of the salt obtained (VIIl} or (IX) and after an additional 5 min, a mixture of 2,4 g anhydrous
sodium acetate and 24 ml glacial acetic acid was added. The mixture was stirred for 30 min at—60°C and
then for 40 min at 20°C, neutralized with saturated aqueous sodium bicarbonate, and extracted with chloroform.
The chloroform extracts were dried with anhydrous sodium sulfate, After removal of chloroform, the product
was purified by means of thin-layer chromatography (see Table 4).

Preparation of Hydroxy Adducts (XLII) and (XLIV) from Salts (XXIVa) and (XXVa), A saturated aqueous
solution of sodium bicarbonate (10 ml) was added to a suspension of 2 mmoles salt in 5 ml CH,Cl, at 0°C and
then stirred for 2 h at 20°C, The product was extracted with two 50-ml portions of chloroform, The chloro-
form extracts were washed with water and dried with anhydrous sodium sulfate. The solvent was distilled
off in vacuum and the product was separated by thin-layer chromatography,

(XLID): 0,33 g (75%), identified by comparison with the analogous adduct obtained in our previous work
[3]. PMR spectrum (6, ppm): 2.60 m (CHS), 3.50 m (CHO), 2.50 s (OH).

(XLIV): 0.33 g (80%). Found: C, 69.58; H, 7.97; S, 14.64%. Calculated for C;,H;OS: C, 69.23; H, 7.69;
S, 15.33%. PMR spectrum (8, ppm): 1.28 8 (3H, MeC), 2.30 s (3H, MeAr), 2.44 m (1H, OH), 3,02 m (2H, CH,S),
5.10 m (2H, CH, =), 5.82 m (1H, CH=), 7.10 m (4H, Ar).

Preparation of Methoxy Adduct (XLIIT) from Salt (XXVa). A sample of 10 ml abs, methanol was added to
a suspension of 3 mmoles salt in 5 ml CH,Cl,y at 0°C, The mixture was stirred for 2 h at 20°C and separated
by the procedure described above to yield 0,47 g (72%) (XLIII), PMR spectrum (5, ppm): 1,32 s (3H, MeC),
2.28 s (3H, MeAr), 2.97 s (2H, CH,S), 3.08 s (3H, OMe), 5.24 m (2H, CH, =), 5.80 m (1LH, CH=), 7.07 m (4H,
Ary,

The authors express their gratitude to V., A, Chertkov for taking the low-temperature PMR spectra.

CONCLUSIONS

A general method was developed for the preparation of arylthiosulfonium salts which are active transfer
agents for the S-aryl group in reactions with alkenes, leading to the formation of f-arylthioalkylsulfonium or
S~arylepisulfonium salts,
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