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Abstract: The [3+3] cyclocondensation of 1,3-bis(silyl enol ethers)
with 1,1-bis(methylthio)-1-en-3-ones results in the regioselective
formation of 3-(methylthio)phenols. The products represent useful
synthetic building blocks, which are not readily available by other
methods.
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Functionalized methylthio-substituted arenes, such as 2-
acyl-3-(methylthio)phenols, are of considerable impor-
tance as building blocks for the synthesis of pharmaceuti-
cals and fine chemicals. The methylthio group of these
compounds has been oxidized to sulfoxides1 and sul-
fones.2 Other synthetic transformations include Grignard
reactions3 and reductions with LiAlH4.

4 2-(Methyl-
thio)benzoates have been transformed into thioindoxyls,
2-alkylidenebenzo[b]thiophen-3-ones (thioaurones), and
benzo[b]thiophenes. These transformations rely on the
deprotonation of the methylthio group and subsequent cy-
clization by attack of the carbanion onto a neighboring es-
ter or amide group.5,6 2-(Methylthio)benzoates have been
employed also as starting materials for the synthesis of
benzo[d]isothiazoles,7 3H-benzothiazol-2-ones,8 and 2-
(tert-butyl)-1,2-benzothiazol-3(2H)-ones.9 A 4-oxo-1,4-
dihydro-quinoline-3-carboxylate has been prepared by in-
tramolecular nucleophilic replacement of the thiomethyl
group, located at a benzene moiety, by an amino group.10

Thiochromen-4-ones have been prepared by cleavage of
the thiomethyl group and subsequent attack of the sulfur
atom onto an ynone.11 2-Acyl-3-(methylthio)phenols have
been prepared by Reformatzky reaction of ethyl bromo-
acetate with 1,1-bis(methylthio)-1-en-3-ones,12 based on
the directed ortho metalation (DoM) using n-BuLi,13 by n-
BuLi-mediated reaction of carbon dioxide with 1-meth-
oxy-3-(methylthio)benzene,14 and by [5+1] annulations of
nitro compounds.15

Chan and coworkers developed16 a convenient synthesis
of salicylates by cyclocondensation of 1,3-bis(silyl enol
ethers)17 with 3-silyloxy-2-en-1-ones. In recent years, we
have extended the scope of this chemistry and studied its
application to the synthesis of a variety of functionalized

arenes.18 For example, we have reported formal [3+3] cy-
clocondensations of 1,3-bis(silyl enol ethers) with
1,1,3,3-tetraalkoxypropanes.19 3-Alkoxy-1-aryl-2-en-1-
ones and 3-alkoxy-1-trifluoromethyl-2-en-1-ones have
also been successfully applied in [3+3] cyclocondensa-
tions with 1,3-bis(silyl enol ethers).20 In most reactions
developed so far, the products – functionalized phenols –
contain no functional group located at carbon atoms C-3
and C-5. This is a severe limitation to this methodology,
since most naturally occurring phenols do contain such a
functional group, since they are often derived from
polyketides. Recently, we reported a regioselective syn-
thesis of functionalized resorcins by cyclization of 1,3-
bis(trimethylsilyloxy)-1,3-butadienes with 3,3-dimeth-
oxypentanoyl chloride.21 Herein, we report a new and
convenient synthesis of 3-(methylthio)phenols by what
are, to the best of our knowledge, the first cyclocondensa-
tions of 1,3-bis(silyl enol ethers) with 1,1-bis(methyl-
thio)-1-en-3-ones. Noteworthy, the functionalized 3-
(methylthio)phenols prepared are not readily available by
other methods.

The required starting materials, 1,1-bis(methylthio)-1-en-
3-ones 2a–n, were prepared, following a known proce-
dure,22 by base-mediated reaction of ketones 1a–n with
carbon disulfide and methyl iodide (Scheme 1, Table 1).

The TiCl4-mediated cyclocondensation of 1,1-bis(meth-
ylthio)-1-en-3-ones 2a–n with 1,3-bis(silyl enol ethers)
3a–g afforded the 3-(methylthiophenols) 4a–z in 37–90%
yield (Scheme 2, Table 2).23 The best yields were ob-
tained for reactions of open-chain, alkyl-substituted 1,1-
bis(methylthio)-1-en-3-ones 2a–e with 1,3-bis(silyl enol
ethers) 3b–d derived from unsubstituted alkyl acetoace-
tates. The yields slightly dropped for the (less-reactive)
acetylacetone-derived diene 3e. The yields also dropped
for dienes 3a,f,g containing a terminal substituent. The
yields of cyclic and aryl-substituted 1,1-bis(methylthio)-

Scheme 1 Synthesis of 1,1-bis(methylthio)-1-en-3-ones 2a–n.
Reagents and conditions: (i) 1. THF, KOt-Bu, 15 min, 20 °C; 2. THF,
CS2, MeI, 20 °C, 10 h.
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1-en-3-ones (2g–i and 2k–n) were lower than those of
open-chain, alkyl-substituted derivatives (except for 4y
which was isolated in 88% yield). The structures of the
products were elucidated by spectroscopic methods
(NOESY, HMQC, HMBC). The structure of 4m was in-
dependently confirmed by X-ray crystal structure analysis
(Figure 1).24

The formation of the products can be explained by TiCl4-
mediated attack of the terminal carbon atom of 3 onto the
carbonyl group of 2 (intermediate A), cyclization by SN¢
reaction (intermediate B), and subsequent aromatization

by extrusion of methylthiol (Scheme 2). Noteworthy, the
regioselectivity (initial 1,2-addition) is opposite to the one
observed for cyclocondensations of 1,3-bis(silyl enol
ethers) with 3-alkoxy- and 3-silyloxy-2en-1-ones (initial
1,4-addition).18

In conclusion, we reported a convenient synthesis of func-
tionalized 3-(methylthio)phenols by the first [3+3] cyclo-
condensations of 1,3-bis(silyl enol ethers) with 1,1-
bis(methylthio)-1-en-3-ones. The products represent use-
ful synthetic building blocks, which are not readily avail-
able by other methods.

Table 1 Synthesis of 2a–n

2 R1 R2 Yield of 2 (%)a

2a Me H 70

2b Et Me 46

2c n-Pr Me 50

2d Me Et 50

2e Me Me 70

2f t-Bu H 61

2g -(CH2)4- 62

2h -(CH2)5- 76

2i -(CH2)6- 87

2k Ph H 61

2l 4-ClC6H4 H 83

2m 4-FC6H4 H 85

2n 4-FC6H4 Cl 70

a Yields of isolated products.

Scheme 2 Synthesis of 3-(methylthio)phenols 4a–z. Reagents and
conditions: (i) 1. TiCl4, –78 °C to 20 °C, 14 h; 2. HCl (10%).
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Table 2 Synthesis of 3-(Methylthio)phenols 4a–z

2 3 4 R1 R2 R3 R4 Yield of 
4 (%)a

2a 3a 4a Me H Me OMe 65

2b 3b 4b Et Me H OEt 89

2b 3c 4c Et Me H OMe 90

2c 3c 4d n-Pr Me H OMe 80

2c 3d 4e n-Pr Me H O(CH2)2OMe 80

2d 3b 4f Me Et H OEt 81

2d 3d 4g Me Et H O(CH2)2OMe 76

2e 3e 4h Me Me H Me 70

2e 3c 4i Me Me H OMe 82

2f 3e 4k t-Bu H H Me 50

2g 3d 4l -(CH2)4- H O(CH2)2OMe 40

2g 3b 4m -(CH2)4- H OEt 55

2h 3b 4n -(CH2)5- H OEt 70

2h 3c 4o -(CH2)5- H OMe 62

2i 3b 4p -(CH2)6- H OEt 61

2i 3e 4q -(CH2)6- H Me 50

2k 3c 4r Ph H H OMe 60

2l 3c 4s 4-ClC6H4 H H OMe 45

2l 3f 4t 4-ClC6H4 H OMe OMe 37

2l 3b 4u 4-ClC6H4 H H OEt 50

2m 3c 4v 4-FC6H4 H H OMe 76

2m 3b 4w 4-FC6H4 H H OEt 62

2n 3a 4x 4-FC6H4 Cl Me OMe 62

2n 3c 4y 4-FC6H4 Cl H OMe 88

2n 3g 4z 4-FC6H4 Cl Et OEt 63

a Yields of isolated products.
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Figure 1 Crystal structure of 4m
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