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An efficient and mild S-allylation of thiols with cyclic Baylis–Hillman acetates with no need of a transition-
metal-catalyst or an expensive additive is described. Allyl sulfides are prepared in good to excellent yields
(60–97%) and a single regioisomer was observed in all cases.
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1. Introduction

Nucleophilic allylic substitutions are useful transformations in organic chemistry that are often uti-
lized as powerful tools for the construction of carbon–carbon and carbon-heteroatom bonds in the
synthesis of complex organic molecules.[1] Highly reactive allylic substrates smoothly react with
a large variety of nucleophiles with no need for catalysts[2] while less reactive ones first require
activation toward substitution reactions using transition metal catalysts such as palladium ([3]
and references therein) and ruthenium.[4–6] In this context, a large number of synthetic methods
involving carbon, nitrogen, and oxygen nucleophiles have been previously reported.[7–15] How-
ever, synthetic approaches, using transition metal-free or transition-metal-catalyzed S-allylation
of thiols, are not yet well-developed,[16] presumably due to the poisoning of metal catalysts by
coordinating-sulfur[17–19] and the low selectivity of such procedures.[20, 21]

Therefore, a clean and economical S-allylation is still a very attractive goal for the con-
struction of carbon–sulfur bonds, especially in functionalized allylic compounds such as
Baylis–Hillman (BH) adducts. As it so happens, reactions of acyclic BH acetates with
thiols,[22, 23] sulfonylhydrazides,[24] and thiolacetic acid,[25] under basic conditions, afforded
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the corresponding SN2′ products whereas treatment of acyclic BH alcohols [22, 26] or their
corresponding tert-butyldimethylsilyl ethers [22] with thiols resulted in the formation of Michael
adducts.

In the course of our study on the chemistry of cyclic BH adducts, we have previously reported
the S-allylation of alkyl alcohols and thiols with 2-(hydroxymethyl)cyclohex-2-en-1-one in the
presence of p-TsOH [27] as well as the C-allylation of β-dicarbonyl compounds with either
cyclic BH acetates[28] or even with their corresponding alcohols,[29] through a Tsuji-Trost-type
reaction. To the best of our knowledge, the S-allylation of thiols with cyclic BH acetates has
not been extensively studied in the presence of a transition metal-catalyst or under catalyst-free
conditions. Hence, we wish to report in this paper an efficient highly regioselective transition
metal-free S-allylation of a variety of thiols with BH acetates 1a–c under mild reaction conditions
(THF at room temperature).

2. Results and discussions

In our preliminary attempt, a mixture of thiophenol and the BH acetate 1a in THF was carried
out without any additive, first at room temperature, then at reflux for 8 h. In this case, we have
observed that the starting materials were recovered, presumably because the thiophenol is not
sufficiently nucleophilic to convert the acetate 1a into the corresponding allylic sulfur compound
2a. Therefore, we investigated, in THF at room temperature, the behavior of the acetate 1a toward
sodium thiophenolate which would be more nucleophilic than the corresponding thiophenol.
Under these conditions, we have actually observed a catalyst-free total conversion of the acetate
1a into the SN2-type product 2a (For previous reports on α-(alkylthioalkyl)cyclic enones, see
[30–33]) in 72% yield (Table 1, Entry 1) (Scheme 1).

Scheme 1. S-allylation of thiols with BH acetates 1a–c.

According to our previous work[28, 29] and previous papers[31, 32, 34–36] on the allylic
nucleophilic substitutions of cyclic BH adducts, we believe that the reaction starts with a β-
conjugate addition of sodium thiolate to Michael acceptor 1a, followed by the elimination of
acetate ion, to afford the intermediate I. Subsequent β′-conjugate addition of sodium thiolate to I
and elimination of the thiolate ion, provides the thermodynamically stable product 2a, which is
then the result of two consecutive SN2′ reactions through a one pot addition-elimination sequence.

Another alternative reaction mechanism could be proposed for the reaction of allylic acetates
with thiols, suggesting an anchimeric assistance of the acetoxy moiety.[37]

In order to demonstrate the scope and the limitation of this interesting synthetic methodology,
we investigated, under the above reaction conditions (THF at room temperature) the reactivity of a
variety of sodium thiolates toward the acetate 1a (Table 1, Entries 2–6) as well as with differentially
α-substituted BH acetates 1b–c (Table 1, Entries 7–14). Our results, listed in Table 1, showed the
total conversion of all acetates 1a–c into the corresponding allyl sulfides 2b–n in 60–97% yields.

Encouraged by these successful results on the allylation of thiols with BH acetates 1a–c,
under these mild conditions, we attempted to extend this simple synthetic methodology to ethane
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130 I. Erray et al.

Table 1. S-allylation of thiols with BH acetates 1a–c.

Entry R1 Thiol Product 2 Yield (%)

1 H(1a) PhSH 72

2 H(1a) MeSH 83

3 H(1a) EtSH 61

4 H(1a) n-BuSH 63

5 H(1a) EtO2CCH2SH 73

6 H(1a) CH3(CH2)4CH2SH 84

7 CH3(1b) PhSH 60

8 CH3(1b) CH3(CH2)4CH2SH 80

9 CH3(1b) CH3CH2CH2SH 81

10 CH3(1b) n-BuSH 60

11 Ph(1c) PhSH 75

12 Ph(1c) CH3(CH2)4CH2SH 97

13 Ph(1c) CH3CH2CH2SH 85

14 Ph(1c) n-BuSH 92
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1,2-dithiol in a suspension of NaH in THF. In this case, 0.5 equiv of sodium ethane 1,2-bis(thiolate),
in situ generated from 0.5 equiv of ethane dithiol and 1 equiv of NaH at 0◦C, reacted with 1 equiv
of acetate 1a, at room temperature, in the same way as observed for the sodium thiolates, to give
the bis-SN2 type product 3 in 70% yield (Scheme 2).[32]

Scheme 2. Proposed mechanism for the conversion of 1a to 2a.

On the other hand, when 1 equiv of ethane 1,2-dithiol was left to react, under the previous
conditions, but with 1 equiv of NaH, the monosodium salt of ethane 1,2-dithiol was obtained;
its thiolate moiety further reacted, similarly to the above thiolates, with the acetate 1a, to give
the allyl sulfur adduct I. The latter, bearing a thiol moiety as a soft nucleophile, subsequently
reacted in an intramolecular 1,4-addition on the cyclic enone subunit, to finally afford the bicyclic
1,4-dithiane derivative 4 in 83% overall yield (Scheme 3).[32]

Scheme 3. Reactions of acetate 1a with ethane 1,2-dithiol.

3. Conclusions

We have developed a mild and highly regioselective catalyst-free S-allylation of thiols with BH
acetates in moderate to excellent yields. Moreover, the behavior of ethane 1,2-dithiol/NaH toward
the acetate 1a was investigated and we have disclosed that the sodium ethane 1,2-bis(thiolate)
gave the bis allylation compound 3 while the monosodium salt of ethane 1,2-dithiol afforded the
1,4-dithiane derivative 4.

4. Experimental section

4.1. General

IR spectra were recorded on a Bruker (IFS 66v/S) spectrometer. 1H NMR and 13C NMR spec-
tra were recorded on a Bruker AC-300 spectrometer (300 MHz for 1H and 75 MHz for 13C) in
CDCl3, using TMS as an internal standard (chemical shift in δ values, J in Hz). High resolution
mass spectra (HRMS) were recorded as ESI-HRMS on an Auto Spec Ultima/micromass mass
spectrometer.

Analytical thin layer chromatography was performed using Fluka Kieselgel 60 F254 precoated
silica gel plates. Visualization was achieved by UV light (254 nm). Flash chromatography was
performed using Merck silica gel 60 and a gradient solvent system (pet-ether/ether as eluent).
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4.2. Typical procedure for the preparation of sulfur compounds 2a–n

To a suspension of NaH (8 mmol, 192 mg), in dry THF (20 mL) at 0◦C, was added a solution
of thiol (8 mmol) in THF (2 mL). The reaction mixture was then stirred at room temperature for
30 min. the allyl acetate 1a (6 mmol, 1.008 g) in dry THF (10 mL) was added dropwise at 0◦C.
The resulting mixture was stirred at room temperature for a further 1 h. The reaction mixture was
partitioned between water (20 mL) and ether (30 mL). The aqueous phase was extracted with ether
(3 × 20 mL). The ether extracts were washed with brine, dried over MgSO4, and concentrated
under reduced pressure. The crude product was purified by column chromatography on silica gel
(ether/petroleum ether: 1/4).

4.2.1. 2-(Phenylthiomethyl)cyclohex-2-en-1-one (2a)

Yield = 72%; yellow oil; IR (CHCl3): 1680, 1590, 1480, 1440 cm−1; 1H NMR (300 MHz,
CDCl3): 7.33–7.00 (m, 5H), 6.67 (t, J = 4.0 Hz,1H), 3.67–3.53 (m, 2H), 2.50–1.67 (m, 6H);
13C NMR (75 MHz, CDCl3): 197.6, 147.3, 135.8, 134.6, 129.8, 128.4, 126.0, 37.9, 32.2, 25.6,
22.5; MS (EI): m/z (%) 53(46), 79(55.4), 81(98), 110(54.5), 185(36.6), 218(C13H14OS, M+, 100).

4.2.2. 2-(Methylthiomethyl)cyclohex-2-en-1-one (2b)

Yield = 83%; yellow oil; IR (CHCl3): 1670 cm−1; 1H NMR (300 MHz, CDCl3): 6.91 (t, J =
4.0 Hz, 1H), 3.25 (s, 2H), 2.48–2.42 (m, 4H), 2.03 (s, 3H), 2.06–1.98 (m, 2H); 13C NMR (75 MHz,
CDCl3): 197.5, 146.2, 135.1, 37.8, 31.6, 25.4, 22.4, 15.0; MS (EI): m/z (%) 53(41), 79(46),
141(38), 156 (C8H12OS, M+, 100).

4.2.3. 2-(Ethylthiomethyl)cyclohex-2-en-1-one (2c)

Yield = 61%; yellow oil; IR (CHCl3): 1660 cm−1; 1H NMR (300 MHz, CDCl3): 6.90 (t, J =
4.0 Hz, 1H), 3.30 (s, 2H), 2.50 (m, 6H), 2.00 (m, 2H), 1.26 (m, 3H); 13C NMR (75 MHz, CDCl3):
198.0, 146.5, 136.1, 38.1, 29.3, 25.8, 25.83, 22.8, 14.2; MS (EI): m/z (%) 53(52), 82(97), 110(91),
141(100), 170(C9H14OS, M+, 90).

4.2.4. 2-(Butylthiomethyl)cyclohex-2-en-1-one (2d)

Yield = 63%; yellow oil; IR (CHCl3): 1662 cm−1; 1H NMR (300 MHz, CDCl3): 6.90 (t, J =
4.0 Hz, 1H), 3.33 (s, 2H), 2.66–2.33 (m, 6H), 2.10–1.80 (m, 2H), 1.60–1.00 (m, 4H), 0.9 (t,
J = 4.0 Hz, 3H); 13C NMR (75 MHz, CDCl3): 197.9, 146.4, 136.1, 38.1, 31.6, 31.1, 29.8, 25.7,
22.7, 21.7, 13.4; MS (EI): m/z (%) 53(63), 82(97), 110(100), 141(60), 198(C11H18OS, M+, 33).

4.2.5. 2-(Ethoxycarbonylmethylthiomethyl)cyclohex-2-en-1-one (2e)

Yield = 73%; yellow oil; IR (CHCl3): 1740, 1725, 1670 cm−1; 1H NMR (300 MHz, CDCl3): 6.93
(t, J = 4.1 Hz, 1H), 4.17 (q, J = 7.0 Hz, 2H), 3.40 (s, 2H), 3.15 (s, 2H), 2.67–1.80 (m, 6H), 1.27 (t,
J = 7.1 Hz, 3H); 13C NMR (75 MHz, CDCl3): 197.8, 170.2, 147.4, 135.1, 61.1, 38.1, 33.0, 30.2,
25.8, 22.7, 14.0; MS (EI): m/z (%) 53(36.0), 79(72.7), 141(100), 182(45.7), 228(C11H16O3S,
M+, 20.53).
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4.2.6. 2-(Hexylthiomethyl)cyclohex-2-en-1-one (2f)

Yield = 84%; yellow oil; IR: 1673 cm−1; 1H NMR (300 MHz, CDCl3): 6.91 (t, J = 4.2 Hz, 1H),
3.29 (d, J = 3 Hz, 2H), 2.48–2.41 (m, 6H), 2.07–1.97 (m, 2H), 1.61–1.52 (m, 2H), 1.39–1.25
(m, 6H), 0.88 (t, J = 7.5 Hz, 3H); 13C NMR (75 MHz, CDCl3): 198.1, 146.6, 136.5, 38.4, 32.3,
31.5, 30.3, 29.7, 28.6, 26.1, 23.0, 22.8, 14.0; HRMS (ESI): calcd for C13H22OSNa [M + Na]+
249.1289, found 249.1284.

4.2.7. 2-(1-(Phenylthio)ethyl)cyclohex-2-en-1-one (2g)

Yield = 60%; yellow oil; IR: 1670 cm−1; 1H NMR (300 MHz, CDCl3): 7.34–7.19 (m, 5H), 6.85
(t, J = 3 Hz, 1H), 4.46 (q, J = 7.1 Hz, 1H), 2.42 (t, J = 7.5 Hz, 2H), 2.35–2.29 (m, 2H), 1.97–
1.9 (m, 2H), 1.34 (d, J = 7.1 Hz, 3H); 13C NMR (75 MHz, CDCl3): 197.3, 145.7, 140.4, 135.0,
135.52, 128.6, 126.9, 39.0, 38.4, 25.9, 22.6, 20.8; HRMS (ESI): calcd for C14H16OSNa [M + Na]+
255.0819, found 255.0814.

4.2.8. 2-(1-(Hexylthio)ethyl)cyclohex-2-en-1-one (2h)

Yield = 80%; yellow oil; IR: 1674 cm−1; 1H NMR (300 MHz, CDCl3): 7.03 (t, J = 4.2 Hz, 1H),
4.05 (q, J = 7.1 Hz, 1H), 2.48–2.41 (m, 6H), 2.04–1.95 (m, 2H), 1.59–1.49 (m, 2H), 1.37–1.24
(m, 6H), 1.33 (d, J = 7.0 Hz, 3H), 0.88 (t, J = 7.5 Hz, 3H); 13C NMR (75 MHz, CDCl3): 197.5,
144.9, 142.0, 38.6, 36.0, 31.7, 31.5, 29.6, 28.67, 26.1, 22.9, 22.5, 21.5, 14.0; HRMS (ESI): calcd
for C14H24OSNa [M + Na]+ 263.1445, found 263.1440.

4.2.9. 2-(1-(Propylthio)ethyl)cyclohex-2-en-1-one (2i)

Yield = 81%; yellow oil; IR: 1670 cm−1; 1H NMR (300 MHz, CDCl3): 7.07 (t, J = 4.2 Hz,
1H), 4.02 (q, J = 7Hz, 1H), 2.49–2.39 (m, 6H), 2.04–1.95 (m, 2H), 1.61–1.51 (m, 2H), 1.35
(d, J = 7 Hz, 3H), 0.96 (t, J = 7.5 Hz, 3H); 13C NMR (75 MHz, CDCl3): 197.7, 145.1, 141.8,
38.6, 35.8, 33.64, 26.1, 22.9, 22.82, 21.4, 13.58; HRMS (ESI): calcd for C11H18OSNa [M + Na]+
221.0976, found 221.0971.

4.2.10. 2-(1-(Butylthio)ethyl)cyclohex-2-en-1-one (2j)

Yield = 60%; yellow oil; IR: 1672.02 cm−1; 1H NMR (300 MHz, CDCl3): 7.03 (t, J = 4.2 Hz,
1H), 4.04 (q, J = 7.0 Hz, 1H), 2.49–2.42 (m, 6H), 2.04–1.97 (m, 2H), 1.56–1.51 (m, 2H), 1.43–
1.39 (m, 2H), 1.34 (d, J = 7.0 Hz, 3H), 0.89 (t, J = 7.5 Hz, 3H); 13C NMR (75 MHz, CDCl3):
197.8, 145.2, 141.8, 38.9, 35.8, 31.6, 31.2, 26.1, 22.8, 22.1, 21.7, 13.7; HRMS (ESI): calcd for
C12H20OSNa [M + Na]+ 235.1133, found 235.1127.

4.2.11. 2-((Phenylthio)benzyl)cyclohex-2-en-1-one (2k)

Yield = 75%; yellow oil; IR: 1671.04 cm−1; 1H NMR (300 MHz, CDCl3): 7.38–7.08 (m, 11H),
5.69 (s, 1H), 2.40–2.29 (m, 4H), 1.91–1.82 (m, 2H); 13C NMR (75 MHz, CDCl3): 197.0, 148.1,
139.9, 138.9, 134.7, 132.7, 129.9, 129.5, 128.8, 128.5, 126.4, 48.6, 38.2, 26.0, 22.0; HRMS (ESI):
calcd for C19H18OSNa [M + Na]+ 317.0976, found 317.0971.
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4.2.12. 2-((Hexylthio)benzyl)cyclohex-2-en-1-one (2l)

Yield = 97%; yellow oil; IR: 1674.91 cm−1; 1H NMR (300 MHz, CDCl3): 7.39–7.16 (m, 5H),
7.11 (t, J = 4.0 Hz, 1H), 5.22 (s, 1H), 2.40–2.32 (m, 6H), 1.95–1.89 (m, 2H), 1.54–1.47 (m, 2H),
1.33–1.20 (m, 6H), 0.85 (t, J = 6.0 Hz, 3H); 13C NMR (75 MHz, CDCl3): 197.0, 147.2, 142.7,
141.0, 128.4, 128.3, 126.9, 45.5, 38.3, 32.4, 31.3, 29.4, 29.2, 26.1, 22.6, 22.5, 13.6; HRMS (ESI):
calcd for C19H26OSNa [M + Na]+ 325.1602, found 325.1597.

4.2.13. 2-((Propylthio)benzyl)cyclohex-2-en-1-one (2m)

Yield = 85%; yellow oil; IR: 1672.02 cm−1; 1H NMR (300 MHz, CDCl3): 7.40–7.18 (m, 5H),
7.12 (t, J = 4.0 Hz, 1H), 5.22 (s, 1H), 2.44–2.31 (m, 6H), 1.99–1.89 (m, 2H), 1.58–1.49 (m, 2H),
0.92 (t, J = 7.5 Hz, 3H); 13C NMR (75 MHz, CDCl3): 197.1, 147.3, 142.7, 139.9, 128.3, 128.2,
127.9, 45.4, 38.4, 32.1, 26.1, 22.9, 22.8, 13.5; HRMS (ESI): calcd for C16H20OSNa [M + Na]+
283.1133, found 283.1127.

4.2.14. 2-((Butylthio)benzyl)cyclohex-2-en-1-one (2n)

Yield = 92%; yellow oil; IR: 1673.58 cm−1; 1H NMR (300 MHz, CDCl3): 7.40–7.19 (m, 5H),
7.12 (t, J = 4.2 Hz, 1H), 5.22 (s, 1H), 2.43–2.33 (m, 6H), 2.00–1.88 (m, 2H), 1.54–1.46 (m, 2H),
1.37–1.30 (m, 2H), 0.85 (t, J = 7.5 Hz, 3H); 13C NMR (75 MHz, CDCl3): 197.2, 147.3, 143.0,
140.0, 128.3, 128.2, 127.9, 45.5, 38.4, 32.0, 31.1, 26.1, 22.6, 21.9, 13.6; HRMS (ESI): calcd for
C17H22OSNa [M + Na]+ 297.1289, found 297.1284.

4.2.15. 2,2′-((Ethane-1,2-diyl(disulfanyl)dimethyl)dicyclohex-2-en-1-one (3)

To a suspension of NaH (6 mmol, 144 mg) in dry THF (15 mL), was added, under nitrogen,
ethane 1,2-dithiol (3 mmol, 282 mg) dropwise at 0◦C. The reaction mixture was stirred at room
temperature for 30 min. 2-(Acetoxymethyl)cyclohex-2-en-1-one 1a (6 mmol, 1.008 g) in dry THF
(10 mL) was then added dropwise at 0◦C. The reaction mixture was stirred at room temperature for
a night and then partitioned between water (20 mL) and dichloromethane (40 mL). The aqueous
phase was extracted with dichloromethane (3 × 20 mL). The combined organic phase was washed
with brine, dried over MgSO4 and concentrated under reduced pressure. The crude product was
purified by column chromatography on silica gel (ether/light petroleum ether: 2/1). Yield = 70%;
yellow oil; IR (CHCl3): 1710, 1670, 1420 cm−1; 1H NMR (300 MHz, CDCl3): 6.94 (t, J = 4.2 Hz,
2H), 3.32 (d, J = 3.0 Hz, 4H), 2.67 (s, 4H), 2.49–2.42 (m, 8H), 2.04–1.99 (m, 4H); 13C NMR
(75 MHz, CDCl3): 198.0, 147.3, 136.0, 38.3, 31.9, 30.0, 26.0, 22.9; HRMS (ESI): calcd for
C16H22O2S2Na [M + Na]+ 333.0959, found 333.0953.

4.2.16. 2,5-Dithia-bicyclo[5.4.0]undecan-8-one (4)

To a suspension of NaH (6 mmol, 144 mg) in dry THF (15 mL), was added, under nitrogen,
ethane 1,2-dithiol (6 mmol, 564 mg) dropwise at 0◦C. The reaction mixture was stirred at room
temperature for 30 min. 2-(Acetoxymethyl)cyclohex-2-en-1-one 1a (6 mmol, 1.008 g) in dry THF
(10 mL) was then added dropwise at 0◦C. The reaction mixture was stirred at room temperature for
a night and then partitioned between water (20 mL) and dichloromethane (40 mL). The aqueous
phase was extracted with dichloromethane (3 × 20 mL). The combined organic phase was washed
with brine, dried over MgSO4 and concentrated under reduced pressure. The crude product was
purified by column chromatography on silica gel (ether/light petroleum ether: 2/1). Yield = 83%;
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mp = 150–152◦C; IR (CHCl3): 1710, 1410 cm−1; 1H NMR (300 MHz, CDCl3): 4.26–2.74 (m,
8H), 2.43–2.23 (m, 6H); 13C NMR (75 MHz, CDCl3): 208.9, 60.1, 55.1, 49.8, 41.7, 40.4, 39.2,
39.1, 36.8, 33.1, 32.8, 22.8; MS (EI) m/s: 97 (22.3), 110 (54.1), 174 (16.9), 202 (C9H14OS2, M+,
100).
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