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A general and efficient one-pot method for the synthesis of carbohydrate thionolactones from the corre-
sponding 1-thiosugar is described involving the formation of an intermediate glycosyl S-tert-butyl
thiosulfinate in situ by treatment of a thiol with commercially available tert-butylsulfinyl chloride in
toluene at room temperature, followed by thermolysis. The method can also be used to generate reactive
thioaldehydes and thioketones directly from thiols, which can be trapped in situ with a suitable diene.

� 2008 Elsevier Ltd. All rights reserved.
Non-stabilized thiocarbonyl compounds have been shown to be
useful intermediates in total synthesis1 and also serve as efficient
dienophiles in Diels–Alder [4+2] cycloaddition reactions.2 To date,
synthetic access to thiocarbonyls has relied mainly on the treat-
ment of the corresponding carbonyl compound with a thionation
reagent, such as Lawesson’s or Belleau’s reagents.3 Whilst these
methods have shown broad utility for the preparation of simple
thiocarbonyl compounds, the direct thionation of carbohydrate
O-lactones gives unsatisfactorily low yields of carbohydrate
thionolactones, a finding corroborated by Vasella4 and others.5

As part of an ongoing synthetic programme, access was
required to several carbohydrate thionolactones for a variety of
purposes. Previous efforts at preparation of carbohydrate thiono-
lactones by direct thionation had met with frustration, and atten-
tion had subsequently turned towards more practical methods,
such as the thermolysis of S-methyl thiosulfinates which were
made by oxidation of glycosyl methyl disulfides, as developed by
Vasella and co-workers.4a This synthetic approach did indeed yield
the desired thionolactone with a much-improved yield and in
higher purity as compared with direct thionation of the O-lactone
using Lawesson’s reagent, but was hampered by the undesired for-
mation of glycosyl S-methyl thiosulfonates, either by over-oxida-
tion of the disulfide starting materials or by disproportionation of
methyl thiosulfinates under the prevailing reaction conditions
(typically at least �15%).6

In order to circumvent these problems, the synthesis of thiono-
lactones via the corresponding glycosyl S-phenyl thiosulfinates,
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which are relatively more stable, was developed.7 The two-step
procedure involved treatment of a 1-thiosugar,8 for example, man-
no thiol 1, with a sulfinylating reagent, such as phenylsulfinyl chlo-
ride or benzenesulfinyl piperidine (BSP).9 Subsequent thermolysis
of the isolated S-phenyl thiosulfinate 2 in refluxing anhydrous tol-
uene (110 �C) gave the desired thionolactone 3 in generally good
yield following filtration through Celite� and purification by flash
chromatography (typically 50–75% over the two steps, Scheme 1).

Although this procedure worked well for most 1-thiosugar sub-
strates, and represented an improvement on previous methods,
problems associated with synthesis of the intermediate S-phenyl
thiosulfinates became apparent. In particular, the formation of sta-
ble mixed phenyl and symmetrical glycosyl disulfides, presumably
initiated by reaction of unreacted glycosyl thiols with the phenyl
thiosulfinate products, necessitated additional and often tedious
purification steps, thus lowering the overall yield of thionolactone.
Lowering the temperature used for thiosulfinate formation did
suppress disulfide formation, but meant that considerably longer
reaction times were required (up to 8 h).

A more direct and efficient route to thionolactones was sought,
the ultimate aim being the development of an efficient one-pot
method for the direct conversion of 1-thio sugars to the corres-
ponding thionolactone, which could perhaps also be more gener-
ally applied to access other thiocarbonyl compounds directly
from thiols. Although it is well known that thiocarbonyl com-
pounds can be generated by the syn elimination of thiosulfinates,10

there are, to the best of our knowledge, no examples in the
literature that describe the generation of thiocarbonyl compounds
directly from thiols.

The approach developed for the one-pot conversion of 1-thio-
sugars to thionolactones involved the generation of S-tert-butyl
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Scheme 1. Reagents and conditions: (i) PhS(O)Cl, pyridine, Et2O, 0 �C, 80%; (ii) BSP, CF3CO2H, CH2Cl2, rt, 89%; (iii) 4 Å molecular sieves, toluene, 110 �C, 69%.
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a Contaminated with ca. 20% di-tert-butylthiosulfinate by-product by 1H NMR.
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thiosulfinates11 in situ using the commercially available tert-butyl-
sulfinyl chloride, and then immediate thermolysis (Scheme 2). It
was envisaged that these more sterically encumbered S-tert-butyl
thiosulfinates would be less prone to the competing processes that
had been observed in the phenyl series.

Initial screening of reaction conditions focussed on variation of
the identity and stoichiometry of the added base, and the use of
different heat sources for the thermolysis. Reaction of the D-manno
1-thiosugar 1 with excess N,N-diisopropyl diethylamine (DIPEA,
1.5 equiv) and tert-butylsulfinyl chloride (1.0 equiv) followed by
conventional heating produced a somewhat complex mixture by
t.l.c; the desired thionolactone 3 was isolated in only modest yield
(42%), and in addition the unexpected D-gluco configured thiono-
lactone 5 (10%) was also produced. Interestingly, a similar reaction
that used microwave heating (300 W, 110 �C, 5 min) produced only
the gluco product 5, although in a modest yield (48%). The forma-
tion of the D-gluco configured thionolactone 5 from the a-D-man-
nosyl thiol 1, which was the exclusive product in the case of
microwave heating, undoubtedly occurs by base catalyzed epimer-
ization of the thionolactone at the position a to the thiocarbonyl, to
form the more thermodynamically stable equatorial gluco config-
ured product.

However, the use of triethylamine (1.0 equiv) as the added
base, together with a slight excess of tert-butylsulfinyl chloride
(1.2 equiv), followed by conventional heating was found to pro-
duce the desired D-manno thionolactone 3 in an excellent 87% yield
following purification by filtration and flash chromatography. With
seemingly optimized reaction conditions in hand (Scheme 2),12

attention was focused on the preparation of a panel of carbo-
hydrate thionolactones,13 as summarized in Table 1.

In the majority of cases examined, treatment of the 1-thiosugar
with tert-butylsulfinyl chloride in the presence of triethylamine re-
sulted in highly efficient conversion to the thiosulfinate intermedi-
ate after 10 min at room temperature, as observed by t.l.c and ESI-
MS, with little or no disulfide formation detected. An exception
was the D-galactosyl thiol 6 in which significant amounts of the
symmetrical glycosyl disulfide were also detected by t.l.c. In this
case the desired D-galacto thionolactone 7 was ultimately isolated
in a more modest yield (55%). The reaction time required for com-
plete thermolysis, which was usually in the order of 10 min, did
vary slightly depending on the relative stabilities of the intermedi-
ate thiosulfinates. Thermolysis of D-glucosyl and D-galactosyl
S-tert-butylthiosulfinates (Table, entries b and c, respectively)
required longer reaction times (�20 min). Encouragingly, the pre-
viously described somewhat unstable D-arabino thionolactone 93

and L-rhamno thionolactone 117 were both isolated in excellent
yields (62% and 84%, respectively), an illustration of the synthetic
advantage of the one-pot method. The reaction of protected 1-thio-
Scheme 2. Reagents and conditions: (i) tert-butylsulfinyl chloride (1.0 equiv), DIPEA (1.5
butylsulfinyl chloride (1.2 equiv), Et3N (1.0 equiv), 3 Å molecular sieves, toluene, rt; the
sugars with different protecting group patterns was also investi-
gated,14 such as the 3-O-allyl protected D-glucosyl thiol 12 and
the 4,6-O-benzylidine protected D-glucosyl 14 (Table, entries f
and g). The corresponding thionolactones 13 and 15, respectively,
were readily prepared using the one-pot method, and were both
isolated in good yields (82% and 74%,15 respectively).

The final aspect of the study was to investigate the compatibil-
ity of the one-pot method towards non-carbohydrate thiols, in
equiv), 3 Å molecular sieves, toluene, rt; then heat to 110 �C, 3, 42%, 5, 10%; (ii) tert-
n heat to 110 �C, 3, 87%.



Scheme 3. Reagents and conditions: (i) tert-butylsulfinyl chloride (1.2 equiv), Et3N
(1.0 equiv), 3 Å molecular sieves, toluene, rt; then anthracene (10 equiv), heat to
110 �C, 65%; (ii) tert-butylsulfinyl chloride (1.2 equiv), Et3N (1.0 equiv), 3 Å mole-
cular sieves, toluene, rt; then 2,3-dimethyl-1,3-butadiene (10 equiv), heat to 110 �C,
43%.
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order to expand its scope and synthetic utility. Treatment of benzyl
mercaptan 16 and cyclohexyl mercaptan 17 with tert-butylsulfinyl
chloride and triethylamine in toluene smoothly produced the
respective S-tert-butyl thiosulfinates as monitored by t.l.c. Thermal
elimination of thiosulfinates gave the respective thiocarbonyl
compounds, which were trapped in situ with an added diene
(10 equiv), to produce the isolated cycloadducts 1810 and 19,16

respectively (Scheme 3).
In conclusion, an efficient method for the synthesis of carbo-

hydrate thionolactones has been developed, in which they may
be accessed directly from the corresponding 1-thiosugars. This
one-pot method represents an improvement on existing methods
in terms of efficiency, product purity and overall yield. Further-
more, this chemistry has been demonstrated to allow access to
thioketones and thioaldehydes directly from thiols, a transforma-
tion that, unlike the oxidation of alcohols to aldehydes and
ketones, is far from trivial. The direct conversion of thiols to thio-
carbonyl compounds may thus serve as a useful entry into the rou-
tine preparation of these synthetically useful compounds.
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