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A new protocol for the one-pot synthesis of styryl alkyl sulf-
ides was developed. This methodology involves the in situ
generation of thiolate anions by nucleophilic substitution be-
tween potassium thioacetate and alkyl halides followed by
fragmentation. Further reactions of these thiolate anions with

substituted (E,Z)-B-styryl halides gave the corresponding
sulfides with retention of stereochemistry in good to excel-
lent yields. This procedure does not require a metal catalyst,
it proceeds under mild conditions and in short times, and it
is free from malodorous and air-sensitive alkyl thiols.

Introduction

Vinyl sulfides are important synthetic intermediates in
organic chemistry.l'l They are frequently used as enolate ion
equivalents,?! Michael acceptors,*! components of [2+2] cy-
cloadditions, intermediates in the stereoselective synthesis
of functionalized alkenes! or heterocycles, [ and substrates
in transition-metal-catalyzed carbon—carbon bond-forming
reactions.’”l Furthermore this functional group is a com-
mon feature in many natural products and compounds with
attractive biological activities.!®]

Different processes have been reported for the synthesis
of vinyl sulfides.!’ Traditional methods involve the Wittig
reaction,!'”) the use of thiols in the nucleophilic substitution
of activated vinyl halides by an addition—elimination
mechanism,[!!] or the nucleophilic addition of thiols to al-
kynes.['”] Both of these last two processes can also occur
under transition metal catalysis. In the past few years, many
new protocols involving Pd, Ni, and Cu complexes or nano-
particles have been reported for the preparation of vinyl
sulfides.!! !4 Recently the iron-catalyzed cross-coupling re-
action of alkyl vinyl halides with thiols has also been re-
ported.['™] The main disadvantages of these methodologies
arise from the low availability and effectiveness of auxiliary
ligands, the air sensitivity of both catalysts and thiols, and
the high temperatures (80-140 °C) and long reaction times
(4-24 h) needed in the reactions.

On the other hand, potassium thioacetate is a versatile
reagent. It is commercially available and easy to handle, and
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it has been used as a sulfur source in nucleophilic substitu-
tion with alkyll'®l and aryll'”? halides by Sny2 or Sgnl
mechanisms, respectively, and in Pd-catalyzed arylation re-
actions.'®!

As part of our ongoing research into sulfur chemis-
try,l17&190 in this paper, we report a simple and convenient
synthetic procedure for the preparation of alkyl arylvinyl
sulfides, using potassium thioacetate (1) as a sulfide surro-
gate.

Results and Discussion

We selected (E)-B-bromostyrene (2a) as a model sub-
strate and Cul (10 mol-%)/1,10-phenanthroline (20 mol-%)
in toluene as the initial conditions. After 24 h at 110 °C, the
reaction yielded only 25% of thioacetate derivative 3; see
Equation (1).

Cul
o 5, 110-Phen Eaamy
T Wiikini
toluene
1 2a  410°C, 24 h 3 0

Changing the solvent to the polar aprotic DMSO, divinyl
sulfide (< 20%) was obtained under the same general con-
ditions. No reaction was observed after only 4 h either in
the presence or absence of Cul/l,10-phenanthroline when
either DMSO or DMF was used as solvent.

In view of the low reactivity of the thioacetate anion
towards the vinyl halide and, with the aim of synthesizing
vinyl alkyl sulfides, we envisioned the possibility of a one-
pot procedure by three consecutive reactions (Scheme 1).
The in situ generation of alkyl thiolate anion 4 by reaction
of 1 with the alkyl halide followed by fragmentation or hy-
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drolysis of the S-alkylthioacetate, and subsequent vinyla-
tion with (E)-B-bromostyrene (2a) should afford the alkyl
vinyl sulfide (i.e., 5).

0] = (0] base
PN R R~ R—s“—>2a ph NS
KS™ Me Me~ °S7
1 4 5

Scheme 1. One-pot synthesis of 5.

Benzyl bromide was chosen as an alkylating agent, and
the polar DMSO as solvent to start with the screening for
optimized conditions (base, solvent, temperature, and time)
(Table 1). First, we screened a variety of bases in both the
presence and absence of copper/ligand and in both the pres-
ence and absence of a tiny amount of water to promote
hydrolysis. The reaction of bromide 2a with the thiolate
anion was not copper-catalyzed, and the one-pot reaction
only occurred in the presence of a base (Table 1, entries 1—
4). As expected, better results were obtained with the
stronger base, KO7Bu, than with other weak bases such as
K;PO,4, K,CO;, and KOH (Table 1, entries 4-7). When the
reaction was performed in the presence of Cul/l1,10-phen-
anthroline and a base, the yield of sulfide 5a dropped by
about 10% compared to when the reaction was carried out
in the absence of copper and the ligand (Table 1, entries 3
and 4). Similar results were found for the combinations of
other bases and Cul/l,10-phenanthroline, probably due to
the formation of a complex between Cu' and anion 4, which
would decrease its reactivity towards the vinyl bromide (re-
sults not shown). Surprisingly, when the reaction was per-
formed without adding water, the yield of 5a increased to
99%, suggesting that the alkyl thiolate anion is not formed
by hydrolysis during the reaction, but by a base-assisted
dethioacetylation (Table 1, entry 8, see below for further
mechanistic elucidation). Time, temperature, and atmo-
sphere were also optimized, and the reaction in DM SO with
KO1Bu as a base also gave excellent results at 80 °C under
air after 1 h (Table 1, entries 10-14).

We next examined different solvents in the model reac-
tion under these last-mentioned conditions (i.e., KO7Bu,
80 °C, air, 1 h) (Table 2). Of the solvents screened, DMF
and acetonitrile gave good yields, but the yields were lower
than those obtained in DMSO (Table 2, entries 1-3). The
non-polar or polar protic solvents tested gave a product
yield of < 5% in the best case (Table 2, entries 4-9). We
selected DMF to continue this study due to its qualities as
a solvent for organic bases and other compounds, its lower
cost than DMSO and acetonitrile, and its intermediate boil-
ing point, all of which have made DMF a routine labora-
tory solvent. Finally, after the base:substrate ratio was in-
creased to 3:1 and the temperature was reduced to 50 °C,
the model reaction gave an excellent yield of sulfide 5a after
1 h in DMF (Table 2, entries 10-11). When the reaction was
performed starting with 6.5 mmol (1.20 g) of 2a in 25 mL
of DMF, 1.02 g of 5a (69% isolated yield) was obtained.

Having successfully obtained benzyl styryl sulfide (5a) in
a one-pot procedure, we next proceeded to explore the
scope and limitations of this methodology with a variety of
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Table 1. Optimization of the conditions for the one-pot synthesis
of benzyl (E)-styryl sulfide.[?!

(o]
catalyst
KSJJ\ME Ph” Br - oy XS\ _Ph
L . base, DMSO 5a
Ph/\/ r T, t, atm.
2a

Entry T, t, atm. Base [® Yield of 5a [%0]]
1 110 °C, 7 h, N, - -
2Ldl 110 °C, 7 h, N, - -
3l 110 °C, 7 h, N, KOH 39
4 110 °C, 7 h, N, KOH 49
5 110°C. 7h. N,  KsPO, 27
6 110°C. 7h. N,  K,CO; 28
7 110 °C, 7 h, N, KO7Bu 87
glel 110 °C, 7 h, N, KO7Bu 99
gle.fl 110°C, 1 h, N, KO7Bu 99
10t 60°C, 1 h, N, KO7Bu 99
11t r.t, 1 h, N, KO7Bu 74
12le1 r.t., 1 h, air KO7Bu 62
13Mef 60 °C, 1 h, air KO7Bu 72
14lef] 80°C, 1 h, air KO7Bu 82

[a] Reaction conditions unless otherwise stated: (E)-B-bromostyr-
ene (2a) (0.25 mmol), KSCOMe (1; 0.3 mmol), benzyl bromide
(0.3 mmol), in solvent (2 mL), in the presence of water (25 puL).
[b] Base: 0.35 mmol. [c] Determined by GC using the internal
method, error < 5%. Starting vinyl bromide 2a contained ca. 10%
of the (Z) isomer, and this led to ca. 10% of the (Z) isomer in the
product. [d] Cul (10 mol-%) and 1,10-phenanthroline (20 mol-%).
[e] Without the addition of water. [f] (E)-B-Bromostyrene 2a
(0.25mmol), KSCOMe (1; 0.38 mmol), benzyl bromide
(0.38 mmol).

Table 2. Solvent screening for the one-pot synthesis of benzyl (E)-
styryl sulfide.[!

i solvent

N KOtBu

80°C,1h 5a
pr B air
2a

Entry Solvent Yield of 5a [%]®]
1 DMSO 82
2 DMF 63
3 acetonitrile 68
4 ethanol <5
5 pyridine <35
6 PEG300 <5
7 dioxane <5
8 THF -
9 H,O -
108! DMF 96
1 1ledl DMF 93 (76)

[a] Reaction conditions unless otherwise stated: (E)-B-bromostyr-
ene 2a (0.25 mmol), KSCOMe (1; 0.38 mmol), benzyl bromide
(0.38 mmol), KOrBu (0.38 mmol), in solvent (2 mL) at 80 °C for
1 h under air. [b] Determined by GC using the internal method,
error < 5%. Starting vinyl bromide 2a contained ca. 10% of the
(Z) isomer, and this led to ca. 10% of the (Z) isomer in the product.
[c] Base: 0.75 mmol. [d] Reaction performed at 50 °C. [e] Isolated
yield.
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substituted styryl and alkyl halides (Tables 3 and 4). Com-
binations of (E)-styryl bromide or chloride with benzyl
bromide or chloride resulted in the formation of 5a in good
isolated yields (Table 3, entries 1-3). The (Z£)-styryl bromide
gave the corresponding (Z) isomer (i.e., Z5a) in 64% yield
(Table 3, entry 4). We also tested the effect of the substitu-
ents on the styryl moiety. p-Chloro derivative 2¢ afforded
sulfide 5c¢ in yields comparable to those obtained with the

Table 3. One-pot synthesis of arylvinyl benzyl sulfides.l*]

O
KS)'ILMe PhCH,Br  DMF, KOtBu S_Ph
+ —_—
X 50°C,1h v .
Y 2a-e
Entry  2a-eY,X Product Sa-e, yield (%)
1 H, Br2a ©/\/S\/© 5a 76
2 H, Br 2a ©/\/S\/© 52 72
So4
3 H, Cl 2b ©/\/ 52 69
AN
4 (2)-H, Br' s 75a 6411
Tl
5 Cl, Br2¢ /©/\/ 5¢ 77
cl
S
6  MeBr2d /Ej/V 54 66
Me
@NS@
7 MeO, Br 2e MeO 5e 72M

[a] Reaction conditions unless otherwise stated: (E)-vinyl halide
(0.25 mmol), KSCOMe (1; 0.38 mmol), alkyl halide (0.38 mmol),
KO¢Bu (0.75 mmol) in DMF (2mL) at 50 °C for 1 h under air.
[b] Isolated yields. [c] The starting (E)-vinyl halide contained ca.
10% of the (Z) isomer, and this led to ca. 10% of the (Z) isomer
in the product. [d] Benzyl chloride as alkylating reagent. [e] (Z£)-
styryl bromide. [f] The starting (Z)-vinyl halide contained ca. 10%
of the (E) isomer, this led to ca. 10% of the (E) isomer in the
product. [g] Reaction time: 2 h. [h] Reaction mixture was heated at
100 °C for 2 h.
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unsubstituted styryl bromide (Table 3, entry 5), whereas
styryl bromides bearing electron-donating methyl and
methoxy substituents were less reactive and required longer
times and higher temperatures to obtain good yields of the
corresponding sulfides (Table 3, entries 6 and 7). The effect
of the substituents on the styryl halides, the stereochemical
outcome of the reaction (i.e., retention of configuration),
and the occurrence of the reaction without catalysis suggest
that the reaction of arylvinyl halides with thiolate anion 4
followed a classical vinylic nucleophilic substitution mecha-
nism,?% ie., a concerted or stepwise addition—elimination
mechanism with retention of stereochemistry by a perpen-
dicular nucleophilic attack (Scheme 2).[112:21]

Table 4. One-pot synthesis of alkyl (Z)-styryl sulfide.[*)

0
DMF, KOtBu
KSJ\Me . RX T e Sy
1 . 5a, 5f—j
B 50°C, 1h
Ph/\/ ' air
2a
Entry RX Product, yield (%)
X 3v©
1 PhCH,Br O/V 52 76
xS-
2 Mel (j/V Me st 95
XS~
3 nBuBr ©/\/ Sg 93

4 PhCH=CHCH,Br ©/\/ Sh 61

©/\/Sm 5i 55
T O

[a] Reaction conditions unless otherwise stated: (E)-f-bromostyr-
ene (2a) (0.25 mmol), KSCOMe (1; 0.38 mmol), alkyl halide
(0.38 mmol), KO7Bu (0.75 mmol) in DMF (2 mL) at 50 °C for 1 h
under air. [b] Isolated yields. [c] The starting (E)-vinyl bromide 2a
contained ca. 10% of the (Z) isomer, and this led to ca. 10% of
the (Z) isomer in the product.

5 Cy'CHzBr

6 cPenBr

/R -
S t
AUB, RS H, _1.Br AUS-
Ph + Ph(C_C‘H -T Ph R

Scheme 2. Concerted vinylic nucleophilic substitution.
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Finally, other alkyl bromides were tested (Table 4). As
expected for an Sy2 reaction, the primary methyl, n-butyl,
and cinnamyl bromides gave, together with the benzyl
bromides, the best yields of the corresponding sulfides
(Table 4, entries 1-4). However, the sterically hindered cy-
clohexylmethyl bromide and the secondary cyclopentyl
bromide gave moderate yields (Table 4, entries 5 and 6,
respectively). The tertiary tert-butyl chloride and cyclohexyl
bromide failed to form the respective alkyl thiolate anions,
as an E, elimination competed effectively with the nucleo-
philic substitution, and this represents the only limitation
of this methodology.

We also investigated the mechanism for the generation of
thiolate anion 4 from the S-alkyl thioacetate. When a mix-
ture of S-benzyl benzothioate (6), KOrBu, and Mel was
stirred for 1 h at 50 °C in DMF, benzyl methyl sulfide was
not obtained, and unreacted 6 was recovered quantitatively;
see Equation (2). Under the same conditions, S-benzyl-2-
phenylethanethioate (7a), a compound with an acidic hy-
drogen o to the carbonyl group, was alkylated at the a posi-
tion (Scheme 3, path a). Furthermore, the reaction of 7a
with KOrBu and (E)-B-bromostyrene (2a) in DMF gave a
94% yield of (E)-styryl benzyl sulfide (5a, Scheme 3, path
b). Finally, when the reactions of S-benzyl-2-phenylethane-
thioate (7a, n = 1) and S-phenyl-2-phenylethanethioate (7b,
n = 0) were performed in two steps, i.e, deprotonation by
the base and subsequent addition of Mel — see Equa-
tion (3) — benzyl methyl sulfide and phenyl methyl sulfide,
respectively, were obtained as a major products (25%) to-
gether with (in both cases) methyl benzoate (28%), methyl
2-phenylacetate (30%), and a product of [M]* = 250, whose
structure could be 8a or 8b (17%), as detected by GC-MS
(yields determined by GC).

]
)j\ Mel, KOtBu
Ph s Ph no reaction (2)
6 DMF, 50 °C, 1h
a) O 0]
Ph Ph
Mel, KOtBu Ph/\S)J>< X Ph/\S)H/
DMF °
;io & 22 % 67 %

o
P \)i\as/\Ph

b)
KOtBu, 2a

DMF, 80°C, 5a (94 %)

Scheme 3. Reactions of S-benzyl 2-phenylethanethioate (7a).

The lack of reaction in the absence of a base, the en-
hancement of the yield with increasing basicity of the base
(Table 1, entries 1, 2, 4-8), and the requirement of an acidic
hydrogen a to the carbonyl group support the mechanism
suggested in Scheme 4 for the formation of thiolate anion 4
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in the reaction media. This implies deprotonation of the
methyl group a to the carbonyl, followed by elimination of
a ketene with the concomitant generation of anion 4. Evi-
dence for the formation of phenylketene comes from the
observation of a product 8a or 8b arising from phenylketene
dimerization?! after methylation, and the methyl 2-phenyl-
acetate from hydration of phenylketenel?®! during work-up
or by traces of water present in DMF; see Equation (3).[*4

o tBuO~ fj\ O:)
= R = _R R-S~
H3CJ\S’R \ HC™ 'S HL™ (S Y 4
tBuOH H,C=C=0

Scheme 4. Suggested mechanism for the generation of thiolate
anion 4.

1) KOtBu, o b .
o) DMF
S~ Ph 74
Ph\)J\S,H;Ph s0=Eh oo +MeS’Q}Ph @3)
7a,b 2)Mel O ga MeO g, Ph
(@=0:1) + PhCOOMe + PhCH,COOMe
Conclusions

In summary, we have developed a new one-pot method-
ology for the synthesis of alkyl arylvinyl sulfides in good to
excellent yields, free of any metal/ligand systems and from
malodorous and air-sensitive alkyl thiols. This procedure
uses the commercially available potassium thioacetate, low
temperatures, and short reaction times.

Experimental Section

General Information: KSCOMe, and alkyl and benzyl halides were
all high purity commercially available compounds, and were used
without further purification. (E) and (Z)-B-bromostyrenes were
prepared from cinnamic acids following literature procedures.*’]
Thioesters 6 and 7a,b were prepared by standard procedures.?]
The commercially available Cul (> 98%) was used as received.
DME, acetonitrile, and DMSO absolute grade were stored over
molecular sieves (4 A) and used without further purification. Tolu-
ene, dioxane, THF, and pyridine were distilled by standard pro-
cedures and stored over molecular sieves (4 A). PEG300 and eth-
anol were used without further purification. All the reaction prod-
ucts were isolated by radial chromatography (silica gel, petroleum/
diethyl ether) from the reaction mixture and characterized by 'H
and 3C NMR spectroscopy and mass spectrometry. 'H and 3C
NMR spectra were recorded at 400.16 and 100.62 MHz, respec-
tively, with a Bruker 400 spectrometer, and all spectra were re-
ported in 6 (ppm) relative to Me,Si, with CDCl; as solvent. Gas
chromatographic analyses were performed with an Agilent 5890
device with a flame-ionization detector, using a 30 m capillary col-
umn of 0.32 mm X 0.25 pum film thickness, with a 5% phenyl-
polysiloxane phase. GS-MS analyses were performed with an
Agilent 7890 device using a 30 m X 0.25 mm X 0.25 pm with a 5%
phenylpolysiloxane phase column. HRMS spectra were recorded
with a GCT Premie orthogonal acceleration time-of-flight (oa-

Eur. J. Org. Chem. 0000, 0-0



Job/Unit: 021163 /KAP1 Date: 18-12-12 19:11:15

One-Pot Synthesis of Alkyl Styryl Sulfides

Pages: 8

Eur

TOF) GC mass spectrometer. lonization was achieved by electron
impact (70 eV), and detection was in positive mode.

General Procedure for the Reactions of (E)-f-Bromostyrene (2a) with
Potassium Thioacetate (1): See Equation (1). The reactions were
carried out in a 10 mL three-necked Schlenk tube, equipped with
a nitrogen gas inlet, a condenser, and a magnetic stirrer bar. The
tube was dried under vacuum, and filled with nitrogen, and then
the dried solvent (2.0 mL) was added. (E)-p-Bromostyrene
(45.7 mg, 0.25 mmol), Cul (4.7 mg, 0.025 mmol, 10 mol-%), 1,10-
phenanthroline (9.9 mg, 0.055 mmol, 20 mol-%), and finally potas-
sium thioacetate (57.1 mg, 0.5 mmol) were added to the degassed
solvent under nitrogen, and the mixture was stirred at 110 °C for
24 h. The reaction mixture was then allowed to cool to room tem-
perature. Diethyl ether (15 mL) and water (15 mL) were added, and
the mixture was stirred. The organic phase was separated, and the
aqueous phase was extracted with diethyl ether (2 X 15mL). The
combined organic extracts were dried with anhydrous Na,SO,, and
the product was isolated by radial chromatography (hexane) to give
3 (11.1 mg, 25%) as a pale yellow oil. The identity of the product,
(E)-S-styryl ethanethioate (3),?”! was confirmed by 'H and '3C
NMR spectroscopy and EI-MS: 'H NMR (400.16 MHz, CDCl;,
30°C): 0 =241 (s, 3 H), 671 (d, J = 16.3Hz, 1 H), 7.22 (d, J =
16.3 Hz, 1 H), 7.26 (d, J = 7.3 Hz, 1 H), 7.33 (t, J = 7.2 Hz, 2 H),
7.39 (d, J = 7.2 Hz, 2 H) ppm. 3C NMR (100.62 MHz, CDCl;,
30°C): 0 = 30.55, 117.17, 126.40, 128.14, 128.72, 131.64, 136.03,
192.70 ppm. MS (EI): m/z (%) = 178 (18) [M]*, 137 (12), 136 (100),
135 (71), 134 (13), 91 (38), 43 (47).

General Procedure for the One-pot Synthesis of Alkyl Vinyl Sulfides:
See Table 3 and Table 4. The reactions were carried out in a 10 mL
three-necked Schlenk tube, equipped with a magnetic stirrer bar.
DMF (2.0 mL) was added to the tube, then potassium thioacetate
(0.38 mmol), alkyl halide (0.38 mmol), and [-halostyrene
(0.25 mmol) were added, and the mixture was stirred for some min-
utes at room temperature. Finally, base (0.75 mmol) was added,
and the mixture was stirred at 50 °C for 1 h. The reaction mixture
was then allowed to cool to room temperature. Diethyl ether
(15mL) and water (15mL) were added, and the mixture was
stirred. The organic phase was separated, and the aqueous phase
was extracted with diethyl ether (2 X 15 mL). The combined or-
ganic extracts were dried with anhydrous Na,SOy, and the products
were isolated by radial chromatography from the crude reaction
mixture or quantified by GC using the internal standard method
(see Tables 3 and 4). The identities of all the products were con-
firmed by 'H and '*C NMR spectroscopy and EI-MS.

General Procedure for the Reactions Between Thioesters and KO7Bu:
See Equation (2) and Scheme 3. The reactions were carried out in
a 10 mL three-necked Schlenk tube, equipped with a magnetic stir-
rer bar. DMF (2.0 mL) was added to the tube. Thioester (6 or 7a,
0.38 mmol), methyl iodide (0.38 mmol) or [-halostyrene
(0.25 mmol), and KO7Bu (0.75 mmol) were added, and the mixture
was stirred at 50 °C for 1 h. The reaction mixture was then allowed
to cool to room temperature. Diethyl ether (15 mL) and water
(15mL) were added, and the mixture was stirred. The organic
phase was separated, and the aqueous phase was extracted with
diethyl ether (2X 15mL). The combined organic extracts were
dried with anhydrous Na,SO,. The products were quantified by
integration of a GC trace, and their identities were confirmed by
EI-MS.

General Procedure for the Reactions Between Thioesters and KO7Bu
Performed in Two Steps: See Equation (3). The reactions were car-
ried out in a 10 mL three-necked Schlenk tube, equipped with a
magnetic stirrer bar. DMF (2.0 mL) was added to the tube. Thioes-
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ter (7a or 7b, 0.38 mmol) and KO7Bu (0.75 mmol) were added, and
the mixture was stirred at 50 °C for 1 h. The reaction mixture was
allowed to cool to room temperature, and methyl iodide (excess)
was added. After then, diethyl ether (15 mL) and water (15 mL)
were added, and the mixture was stirred. The organic phase was
separated, and the aqueous phase was extracted with diethyl ether
(2X 15 mL). The combined organic extracts were dried with anhy-
drous Na,SO,. The products have been quantified by integration
of a GC trace, and their identities were confirmed by EI MS.

(E)-Benzyl(4-methylstyryl)sulfane (5d): Following the general pro-
cedure for Table 3, using potassium thioacetate (1; 43.4 mg,
0.38 mmol), benzyl bromide (45 pL, 0.38 mmol), (£)-1-(2-bromo-
vinyl)-4-methylbenzene (2d, 49.3 mg, 0.25 mmol), and potassium
tert-butoxide (84.2 mg, 0.75 mmol) for 2 h at 50 °C, and then puri-
fication by radial chromatography (hexane) gave 5d (39.7 mg, 66 %)
as a white solid. m.p. 74-75°C. '"H NMR (400.16 MHz, CDCl;,
30°C): 0 = 2.30 (s, 3 H), 3.98 (s, 2 H), 6.51 (d, J = 15.6 Hz, 1 H),
6.64 (d, J = 15.6Hz 1 H), 7.08 (d, J = 8.1 Hz, 2 H), 7.14 (d, J =
8.1 Hz, 2 H), 7.32-7.35 (m, 5 H) ppm. '*C NMR (100.62 MHz,
CDCls, 30°C): 6 = 21.2, 37.5, 123.1, 125.6, 127.3, 128.4, 128.7,
128.9, 129.3, 134.2, 136.9, 137.4 ppm. MS (EI): m/z (%) = 240 (41)
[M]*, 149 (27), 148 (12), 134 (23), 91 (100), 65 (15). HRMS (GC-
MS, EI): caled. for CigH S [M]* 240.0973; found 240.0972.

(E)-Cinnamyl(styryl)sulfane (5h): Following the general procedure
for Table 4, using potassium thioacetate (1; 43.4 mg, 0.38 mmol),
cinnamyl bromide (74.9 mg, 0.38 mmol), (E)-B-bromostyrene (2a,
45.7mg, 0.25mmol), and potassium tert-butoxide (84.2 mg,
0.75 mmol), and then purification by radial chromatography (hex-
ane) gave 5h (38.5mg, 61%) as a yellow solid. m.p. 93-95 °C. 'H
NMR (400.16 MHz, CDCl;, 30°C): 6 = 3.59 (dd, J = 7.2 and
1.2 Hz, 2 H), 6.27 (dt, J = 15.6 and 7.2 Hz, 1 H), 6.57 (d, J =
15.6 Hz, 2 H), 6.73 (d, J = 15.6 Hz, 1 H), 7.26-7.38 (m, 10 H) ppm.
13C NMR (100.62 MHz, CDCls, 30 °C): 6 = 35.6, 124.0, 125.0,
125.7, 126.5, 127.1 and 127.8, 128.3, 128.6, 128.7, 133.0, 136.6,
137.0 ppm. MS (EI): m/z (%) = 117 (100) [M — 135]*, 116 (11), 115
(39), 91 (23). HRMS (GC-MS, EI): caled. for C;;H (S [M]*
252.0973; found 252.0963.

(E)-(Cyclohexylmethyl)(styryl)sulfane (5i): Following the general
procedure for Table 4, using potassium thioacetate (1; 43.4 mg,
0.38 mmol), (bromomethyl)cyclohexane (53 pL, 0.38 mmol), (E)--
bromostyrene (2a, 45.7 mg, 0.25 mmol), and potassium fert-butox-
ide (84.2mg, 0.75mmol), and then purification by radial
chromatography (hexane) gave 5i (31.9 mg, 55%) as a colorless oil.
'"H NMR (400.16 MHz, CDCls, 30 °C): 6 = 0.98-1.28 (m, 5 H),
1.65-1.90 (m, 6 H), 2.69 (d, J = 6.8 Hz, 2 H), 6.44 (d, J = 15.6 Hz,
1 H), 6.72 (d, J = 15.6 Hz, 1 H), 7.15-7.29 (m, 5 H) ppm. 1*C
NMR (100.62 MHz, CDCls, 30 °C): 0 = 26.1, 26.3, 32.8, 37.9, 40.2,
125.4, 126.2, 126.3, 126.7, 128.6, 137.2 ppm. MS (EI): m/z (%) =
232 (62) [M]*, 137 (13), 136 (100), 135 (54), 134 (10), 97 (17), 91
(30), 55 (54), 41 (19). HRMS (GC-MS, EI): calced. for C;5H,,S
[M]* 232.1286; found 232.1322.

(E)-Cyclopentyl(styryl)sulfane (5j): Following the general procedure
for Table 4, using potassium thioacetate (1; 43.4 mg, 0.38 mmol),
1-bromocyclopentane (53 pL, 0.38 mmol), (E)-B-bromostyrene (2a,
45.7mg, 0.25mmol), and potassium tert-butoxide (84.2 mg,
0.75 mmol), and then purification by radial chromatography (hex-
ane) gave 5j (24.5mg, 48%) as a colorless oil. 'H NMR
(400.16 MHz, CDCls, 30 °C): 6 = 1.61-2.1 (m, 8 H), 3.42-3.49 (m,
1 H), 6.50 (d, J = 15.6 Hz, 1 H), 6.77 (d, J = 15.6 Hz, 1 H), 7.16—
7.21 (m, 1 H), 7.28-7.29 (m, 4 H) ppm. '3*C NMR (100.62 MHz,
CDCl;, 30°C): 0 = 24.9, 33.6, 44.7, 125.2, 125.5, 126.8, 127.6,
128.6, 137.3 ppm. MS (EI): m/z (%) = 204 (58) [M]*, 137 (13), 136
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(100), 135 (92), 91 (35), 69 (10), 41 (25). HRMS (GC-MS, EI):
caled. for Cy3H,6S [M]* 204.0973; found 204.0978.

(E)-Benzyl(styryl)sulfane (5a):1>81 Following the general procedure
for Table 3, using potassium thioacetate (1; 43.4 mg, 0.38 mmol),
benzyl bromide (45 pL, 0.38 mmol), (E)-B-bromostyrene (2a,
45.7mg, 0.25mmol), and potassium tert-butoxide (84.2 mg,
0.75 mmol), and then purification by radial chromatography (hex-
ane) gave Sa (43.0mg, 76%) as a white solid. 'H NMR
(400.16 MHz, CDCl;, 30 °C): 6 = 4.00 (s, 2 H), 6.51 (d, J = 15.6 Hz,
1 H), 6.70 (d, J = 15.6 Hz, 1 H), 7.24-7.35 (m, 10 H) ppm. 1*C
NMR (100.62 MHz, CDCl3, 30 °C): 0 = 37.4, 124.4, 125.6, 127.0,
127.4, 128.0, 128.66, 128.71, 128.9, 137.0, 137.3 ppm. MS (EI): m/z
(%) =226 (27) [M]*, 135 (14), 134 (11), 91 (100), 65 (13).

(Z)-Benzyl(styryl)sulfane (Z5a):1>°! Following the general procedure
for Table 3, using potassium thioacetate (1; 43.4 mg, 0.38 mmol),
benzyl bromide (45pulL, 0.38 mmol), (Z)-B-bromostyrene (2a,
45.7mg, 0.25mmol), and potassium fert-butoxide (84.2 mg,
0.75 mmol), and then purification by radial chromatography (hex-
ane) gave Z5a (36.2mg, 64%) as a colorless oil. '"H NMR
(400.16 MHz, CDCls, 30 °C): 6 = 3.99 (s, 2 H), 6.24 (d, J = 10.8 Hz,
1 H), 6.41 (d, J = 10.8 Hz, 1 H), 7.19-7.46 (m, 10 H) ppm. 13C
NMR (100.62 MHz, CDCl;, 30 °C): 0 = 39.6, 125.9, 126.0, 126.8,
127.4, 128.3, 128.7 and 128.7, 129.0, 136.9, 137.4 ppm. MS (EI):
miz (%) = 260 (21) [M]*, 91 (100), 65 (12).

(E)-Benzyl(4-chlorostyryl)sulfane (5¢):*% Following the general pro-
cedure for Table 3, using potassium thioacetate (1; 43.4 mg,
0.38 mmol), benzyl bromide (45 pL, 0.38 mmol), (£)-1-(2-bromo-
vinyl)-4-chlorobenzene (2¢, 54.3 mg, 0.25 mmol) and potassium
tert-butoxide (84.2 mg, 0.75 mmol), and then purification by radial
chromatography (hexane) gave 5c¢ (50.2 mg, 77%) as a white solid.
'"H NMR (400.16 MHz, CDCls, 30 °C): 6 = 4.01 (s, 2 H), 6.45 (d,
J=15.6Hz, 1 H), 6.69 (d, J = 15.6 Hz, 1 H), 7.15 (d, J = 8.4 Hz,
2 H), 7.23 (d, J = 8.4 Hz, 2 H), 7.25-7.35 (m, 5 H) ppm. *C NMR
(100.62 MHz, CDCl;, 30 °C): ¢ = 37.3, 125.3, 126.4, 126.7, 127.4,
128.7, 128.8, 128.9, 132.5, 135.5, 137.0 ppm. MS (EI): m/z (%) =
260 (21) [M]*, 91 (100), 65 (11).

(E)-Benzyl(4-methoxystyryl)sulfane (Se):P!l Following the general
procedure for Table 3, using potassium thioacetate (1; 43.4 mg,
0.38 mmol), benzyl bromide (45 pL, 0.38 mmol), (Z£)-1-(2-bromo-
vinyl)-4-methoxybenzene (2e, 53.3 mg, 0.25 mmol), and potassium
tert-butoxide (84.2 mg, 0.75 mmol) for 2 h at 100 °C, and then puri-
fication by radial chromatography (hexane) gave 5e (46.2 mg, 72 %)
as a white solid. "TH NMR (400.16 MHz, CDCls, 30 °C): § = 3.79
(s, 3 H), 3.98 (s, 2 H), 6.49 and 6.54 (d, J = 15.2 and 15.6 Hz, 2
H), 6.81 (d, J = 8.8 Hz, 2 H), 7.18 (d, / = 8.8 Hz, 2 H), 7.24-7.35
(m, 5 H) ppm. '*C NMR (100.62 MHz, CDCls, 30 °C): 6 = 37.7,
55.3, 114.1, 121.5, 126.9, 127.3, 128.5, 128.6, 128.8, 129.9, 137.5,
158.9 ppm. MS (EI): m/z (%) = 257 (23), 256 (90) [M]*, 165 (77),
151 (21), 150 (87), 121 (24), 91 (100), 65 (35).

(E)-Methyl(styryl)sulfane (5f):'! Following the general procedure
for Table 4, using potassium thioacetate (1; 43.4 mg, 0.38 mmol),
iodomethane (24 pL, 0.38 mmol), (E)-B-bromostyrene (2a,
45.7mg, 0.25mmol), and potassium tert-butoxide (84.2 mg,
0.75 mmol), and then purification by radial chromatography (hex-
ane) gave S5f (35.6mg, 95%) as a colorless oil. '"H NMR
(400.16 MHz, CDCls, 30 °C): 6 = 2.38 (s, 3 H), 6.31 (d, J = 15.4 Hz,
1 H), 6.79 (d, J = 154 Hz, 1 H), 7.18 (m, 1 H), 7.28-7.29 (m, 4 H)
ppm. '3C NMR (100.62 MHz, CDCls, 30 °C): § = 14.85, 124.75,
125.41, 125.82, 126.69, 128.67, 137.16 ppm. MS (EI): m/z (%) =
150 (100) [M]*, 135 (83), 134 (25), 102 (11), 91 (68), 77 (12), 51
(10).
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(E)-Butyl(styryl)sulfane (5g):1>?! Following the general procedure
for Table 4, using potassium thioacetate (1; 43.4 mg, 0.38 mmol),
I-bromobutane (41 pL, 0.38 mmol), (E)-B-bromostyrene (2a,
45.7mg, 0.25mmol), and potassium zert-butoxide (84.2 mg,
0.75 mmol), and then purification by radial chromatography (hex-
ane) gave 5g (44.7mg, 93%) as a colorless oil. 'H NMR
(400.16 MHz, CDCls, 30°C): 6 = 0.94 (t, J = 7.2 Hz, 3 H), 1.45
(sex, J=7.6 Hz, 2 H), 1.68 (q, J = 7.2 Hz, 2 H), 2.80 (t, J/ = 7.2 Hz,
2 H), 6.46 (d, J = 15.6 Hz, 1 H), 6.72 (d, J = 15.6 Hz, 1 H), 7.17—
7.29 (m, 5 H) ppm. *C NMR (100.62 MHz, CDCl;, 30 °C): ¢ =
13.7, 22.0, 31.6, 32.3, 125.4, 125.5, 126.6, 126.8, 128.6, 137.2 ppm.
MS (EI): m/z (%) = 192 (83) [M]*, 137 (10), 136 (66), 135 (100),
134 (15), 115 (12), 91 (45), 41 (12).

Supporting Information (see footnote on the first page of this arti-
cle): NMR spectra (‘H and '3C) for all the products (3, 5a, Z5a,
and 5c¢-j).
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‘We have developed a one-pot methodology
for the synthesis of alkyl arylvinyl sulfides
in good to excellent yields, free of any me-
tal/ligand systems and from malodorous
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and air-sensitive alkyl thiols. This pro-
cedure uses commercially available potass-
ium thioacetate, low temperatures, and
short reaction times.
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