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Preparation and structural characterization of a new class of stable
thioketones: ortho-hydroxythioacetophenones
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Abstract—ortho-Hydroxythioacetophenone and four structurally related ortho-hydroxyaryl methyl thioketones have been prepared
from the corresponding ketones by reaction with gaseous H2S and HCl in ethanol under strictly controlled reaction conditions. The
remarkable stability of the new monomeric thioketones seems to be due to a strong intramolecular O–H� � �S@C hydrogen bonding.
� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Since Woodward et al.1 reported in 1960 the existence of
the first stable thioaldehyde and, not least, also its impor-
tance as a precursor in the total synthesis of chlorophyll a,
thiocarbonyl compounds have attracted increasing atten-
tion as auxiliaries in organic synthesis.2,3 However, the
sulfur analogue of acetophenone, thioacetophenone, as
well as substituted analogues thereof, have not been stud-
ied as much, doubtless because of their instability as
monomeric species.2 As far back as 1895, Baumann and
Fromm proclaimed that thioacetophenone cannot exist
in a monomeric form, a cyclic trimeric form referred to
as ‘trithioacetophenone’, that is, 2,4,6-trimethyl-2,4,6-tri-
phenyl-1,3,5-trithiane, being found to represent the most
well-defined form of thioacetophenone.4 This finding was
later corroborated by Campaigne and his co-workers,5,6

who reported that monomeric thioacetophenone could
be obtained as a reactive, but short-lived species, from
its trimeric form, by heating above its melting point. A
useful synthetic procedure to prepare trimeric thioace-
tophenone (in a 80% yield) from acetophenone by reac-
tion with gaseous H2S and gaseous HCl in ethanolic
solution was published by Douglass and Hydro in 1951.7
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In connection with our studies on intramolecular hydro-
gen bonding in tautomeric b-thioxocarbonyl mole-
cules,8–10 ortho-hydroxythioacetophenones appeared as
attractive new target molecules. An extensive search
confirmed that such compounds have hitherto not been
synthesised in the laboratory, although they have
attracted attention at the theoretical level.11 On the
other hand, ortho-hydroxythiobenzophenone has been
known since 1957, when Westheimer and his co-work-
ers12 reported its preparation from ortho-hydroxybenzo-
phenone by reaction with gaseous H2S and HCl in
ethanolic solution, and on its successful isolation by
preparative chromatography. 5-Methyl-2-hydroxythio-
benzophenone was prepared by the same method in
1979.13 Encouraged by these reports we ventured to syn-
thesise a representative selection of ortho-hydroxy-
thioacetophenones, believing that the presence of the
ortho-hydroxy group would stabilise the thiocarbonyl
group by enforcing a strong intramolecular hydrogen
bonding.8
2. Results and discussion

Thioketones are known to be strongly coloured com-
pounds, non-aromatic representatives being shades of
orange to red, and aromatic counterparts being shades
of red, through purple, to blue.2 Since ketones are usu-
ally colourless compounds, the conversion of these into
the corresponding thioketones can be monitored by the
change in the colour of the reaction mixture during the

mailto:fd@ruc.dk


O

X

Y

Z

O
H

O

X

Y

Z

S
H

EtOH

H2S, HCl
9-22 h

-60 oC to r.t.

1 2

O S
H

3: X = O 
4: X = S 

1, 2 X Y Z 
a H H H 
b OH H H 
c H NO2 H 
d OMe H OMe 

Scheme 1.

Table 2. Characteristic 1H and 13C NMR chemical shifts of new
thioketones 2a–d and 4

Cpd 1H NMR 13C NMR

d(OH) d(CH3) d(C@S)/d(C@O) d(CH3)

2a 13.35 3.12 234.93 39.73
1a 12.26 2.62 204.56 26.60
2bb 13.70 3.07 230.56 39.21
1bb 12.74 2.54 203.72 26.24
2c 13.87 3.23 234.84 40.37
1c 12.87 2.74 204.06 26.93
2d 14.21 3.15 231.76 44.73
1d 14.02 2.60 203.15 32.91
4 15.27 3.15 230.25 40.08
3 14.00 2.65 204.18 26.74

For comparison, the corresponding chemical shifts of the ketones 1a–d

and 3 have also been includeda.
a 1H NMR spectra (300 MHz) and 13C NMR spectra (75 MHz) were

recorded on a Varian Mercury 300 NMR spectrometer. Unless stated
otherwise, the spectra were recorded on ca. 0.1 M solutions in
CDCl3.

b Solvent: acetone-d6.
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course of the reaction. The ortho-hydroxythioaceto-
phenones were prepared according to the same reaction
principle as described for ortho-hydroxythiobenzo-
phenone,12 that is, by treating the ortho-hydroxyace-
tophenone in ethanolic solution with gaseous H2S and
HCl (Scheme 1). However, in order to avoid oligomeri-
zation or trimerization4–6,14 of the products, as well as
the formation of unwanted by-products such as
gem-dithiols,2,14–16 a careful control of the substrate
concentration, reaction temperature, and of the intensity
and duration of the supply of the reacting gases was
required.

The preparation of ortho-hydroxythioacetophenone 2a
is described in detail below.17 Somewhat surprised by
the slowness of the thionation reaction, we decided to
follow the same procedure for the preparation of the
four related ortho-hydroxyaryl methyl ketones 2b–d,
and 4, albeit using more dilute solutions of the starting
materials. However, the duration of the second H2S sup-
ply as well as deciding the final reaction temperature
were determined on the basis of inspection of the colour
of the reaction mixture (Table 1). In order to avoid
unpleasant smells in the laboratory (in particular from
excessive very toxic gaseous H2S), the experimental
Table 1. Preparation of thioketones 2 and 4 from corresponding ketones 1

Starting material Concentration
(Solvent: EtOH) (M)

Second supply of H2S
(duration (h), final reaction t

1a 0.6 7 (�30 �C)
1b 0.07 22 (�10 �C)
1c 0.03 16 (�20 �C)
1d 0.05 22 (rt)
3 0.05 22 (�10 �C)

a The first H2S supply, in all cases: 1 h (at �60 �C). The following supply of
b CC: Column chromatography.17 PLC: Preparative layer chromatography (
equipment was fitted with an efficient outlet trap
containing aqueous lead(II) acetate.

The five new thioketones were analysed and character-
ised structurally by 1H and 13C NMR spectroscopy
(Table 2). They all appeared to be true thioketones,
there being no evidence for the existence of a tautomeric
enol–enethiol equilibrium system as observed for the
related tautomeric b-thioxoketones.8–10,16,18,19 This
conclusion can be drawn unambiguously on the basis
of the observed 13C NMR chemical shifts d(C@S) and
d(CH3), which are characteristically shifted by 26–
31 ppm and 11.8–13.3 ppm, respectively, relative to the
related chemical shifts of the corresponding ketones
(Table 2).20,21 The observed 1H NMR chemical shifts
of the thioacetyl protons are 0.49–0.55 ppm higher than
those of the acetyl protons of the corresponding
ketones, which is consistent with the ca. 0.55 ppm
reported for aliphatic methyl thioketones.22 However,
the most interesting observation is that the 1H NMR
chemical shift of the ortho-hydroxy proton for all the
thioketones is higher than the same chemical shift of
the corresponding ketones, the difference being ca.
1 ppm for compounds 2a/1a, 2b/1b, 2c/1c, and 4/3,
and ca. 0.2 ppm for 2d/1d. This observation allows the
conclusion that the intramolecular O–H� � �S@C hydro-
gen bonding in the thioketones is even stronger than
the corresponding hydrogen bonding in the parent
and 3 (Scheme 1)a

emp.)
Product Yield (GC/MS) (%) Method of purificationb

2a 41 CC
2b 63 PLC
2c 10 CC
2d 7–10 CC
4 77 CC

gaseous HCl, in all cases: 1 h (at �60 �C to �40 �C).
silica gel; eluent: CHCl3/MeOH, 4:1).
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ketones.8,9,18 This finding also offers an explanation for
the existence of the thioketones as monomeric species: a
thiocarbonyl group engaged in strong intramolecular
hydrogen bonding apparently is better protected and
hence more resistant towards cyclic trimerization. Fur-
thermore, the comparatively stronger intramolecular
hydrogen bonding in the thioketones also nicely explains
the fact that the thioketones are always eluted first in
column chromatography.17 Full NMR spectroscopic
data for all new thioketones are given below.23
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