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ABSTRACT

The insertion reaction of isocyanide into a C-S bond of dithioacetals is catalyzed by GaCl3 or TiCl4 to afford thioimidates containing an
r-alkylthio group. Balanced thiophilicity of these Lewis acids is critical for efficient catalysis.

Dithioacetals, especially 1,3-dithianes, are recognized as
versatile intermediates in organic synthesis.1 The use of the
lithiated dithioacetal as a masked nucleophilic acylating agent
is particularly valuable, and for this purpose, the dithioacetal
functionality is ultimately converted into a sulfur-free car-
bonyl compound.2 Dithioacetals also serve as synthetic
precursors for several organosulfur compounds in substitution
reactions, in which one of the two sulfur groups is displaced
by a nucleophile, such as organolithium and -magnesium
reagents.1b,c In contrast, insertion reactions into the C-S
bond of dithioacetals, which afford products bearing two
sulfur-based functionalities, have not been thoroughly in-
vestigated, and successful examples are limited to intramo-

lecular processes.3,4 Herein, we report the intermolecular
insertion of isocyanides into the C-S bond of dithioacetals
catalyzed by GaCl3 and TiCl4 (eq 1).

As part of our research program, which is directed at the
development of new reactions using isocyanides as a C1
component,5 we recently reported the Brønsted and Lewis
acid catalyzed insertion of isocyanides into the C-O bond† Frontier Research Base for Global Young Researchers.
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of acetals.5c,d Naturally, we were intrigued by the possibility
of applying the isocyanide insertion reaction to substrates
other than acetals. We envisioned that dithioacetals might
be promising candidates in view of the fact that cleavage of
the C-S bond in dithioacetals is promoted by the Lewis
acids.2,6 Initially, the reaction of dithioacetal 1 with isocya-
nide 2a5c,d was examined in the presence of various acid
catalysts (Table 1). TfOH (entry 1), which was the most
effective catalyst for the insertion of 2 into the C-O bond
of acetals, as well as boron- (entry 3) and aluminum-based
(entries 4 and 5) Lewis acids failed to promote the reaction.
On the other hand, the expected reaction proceeded when
relatively soft Lewis acids, such as GaCl3 and InCl3, were
used, although the products were obtained as a mixture of
mono- (3) and double-insertion (4) products (entries 6 and
8).7 Formation of the double-insertion product 4 was
effectively suppressed by the slow addition of 2 (entry 7).
TiCl4 also proved to be an active catalyst for the selective
formation of 3 that did not require the slow addition of 2,
although the yield was slightly decreased (entry 9).

After identification of suitable catalysts, the substrate scope
of this transformation was explored (Table 2). In addition
to dithioacetals derived from cyclic ketones (entries 1 and
2), those derived from acyclic ketones selectively afforded

the mono-insertion product in the presence of GaCl3 and
TiCl4 catalysts (entries 3-6). Introduction of a bulky tert-
butyl group improved both yield and selectivity (entries 5
and 6).8 These catalysts were also effective for aliphatic
aldehyde-derived dithioacetals (entries 7 and 8). Next,
dithioacetals prepared from aromatic aldehydes were exam-
ined. In contrast to the reactions using aliphatic derivatives,
both TiCl4 and GaCl3 catalysts exclusively afforded mono-
insertion products without the need for slow addition, even
in the presence of an excess amount (2 equiv) of isocyanide
2 (entries 9-12). In a series of reactions using dithioacetals
derived from para-substituted benzaldehydes, electron-rich
systems displayed higher reactivity for the catalytic isocya-
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(0%), 4 (0%). (b) Diphenylthioacetals and 1,3-dithiolane did not give any
insertion products.
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into acetals. See refs 5c and 5d.

Table 1. Catalytic Insertion of Isocyanide into Dithioacetal 1a

yield (%)b

entry catalyst 3 4

1 TfOH 0 0
2 Me3SiOTf 0 0
3 BF3-OEt2 tr 0
4 AlCl3 tr 0
5 EtAlCl2 0 0
6 GaCl3 50 20
7c GaCl3 80 4
8 InCl3 52 14
9 TiCl4 74 4

a Reaction conditions: dithioacetal 1 (0.5 mmol), isocyanide 2 (0.6
mmol), catalyst (0.05 mmol) in toluene (3 mL) at 30 °C, 2 h. b Isolated
yields based on 1. c Isocyanide 2 was added slowly (1 h) using GaCl3 (0.1
mmol).

Table 2. TiCl4- and GaCl3-Catalyzed Insertion of 2a into
Dithioacetals

a Reaction conditions: dithioacetal 1 (0.5 mmol), isocyanide 2 (0.6
mmol), catalyst in toluene (3 mL) at 30 °C. Method A: GaCl3 (0.1 mmol)
was used; 2 was slowly added (1 h). Method B: GaCl3 (0.1 mmol) was
used; 2 was added in one portion. Method C: TiCl4 (0.05 mmol) was used;
2 was added in one portion. b Ar ) 2,6-dichlorophenyl. c Isolated yields
based on dithioacetals. Values in parentheses refer to the yields of double-
insertion products. d Isocyanide 2 (0.75 mmol) was used. e Isocyanide 2
(1.0 mmol) and TiCl4 (0.1 mmol) was used. f Carried out at 60 °C using 2
(1.0 mmol).
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nide insertion.9 This observation indicates that the benzylic
carbon of the substrate has some carbocation character in
the transition state (vide infra). Aromatic ketone-based
dithioacetals were not good substrates for the reaction (entry
13).

To further expand the scope of the catalytic insertion of
isocyanide, we next examined O,S-acetals. The reaction of
2-(ethylthio)tetrahydro-2H-pyran (5) with 2 in the presence
of a catalytic amount of GaCl3 resulted in the selective
formation of 6, during which the insertion occurred at a C-S
rather than a C-O bond (eq 2). It should be noted that, even
when slow addition was not used, double-insertion did not
occur. The use of the five-membered analogue 7 also
furnished the corresponding product 8 in 86% yield (eq 3).10

A plausible mechanism for the Lewis acid catalyzed
insertion of isocyanides into dithioacetals is illustrated in
Scheme 1. Activation of the C-S bond in dithioacetals by

Lewis acid via A,2,6 and the subsequent reaction with
isocyanide 2 affords a nitrinium cation B. Interception of
the cation B by the metal-thiolate C leads to the formation
of a mono-insertion product. On the other hand, a double-
insertion product is obtained if another molecule of 2 reacts

with B prior to the attack by C.11 Because the Lewis acid
employed in the present reaction acts as a thiolate shuttle,
balanced thiophilicity is required for efficient catalysis; a high
affinity for sulfur accelerates the C-S bond activation step
and retards the thiolate transfer from C to B.

The resultant thioimidates can be converted into the
corresponding thioesters under acidic conditions (eq 4).
Considering the synthetic utility of the thioester functional-
ity,12,13 a series of hydrolyzed compounds obtained from our
isocyanide insertion reaction should serve as useful building
blocks for the synthesis of a range of organosulfur com-
pounds.

In summary, we have described TiCl4- and GaCl3-
catalyzed insertion reactions of isocyanides into C-S bonds
in dithioacetals. We believe that balanced thiophilicity of
these Lewis acids is critical for successful catalysis. In
contrast to use of the dithioacetal functionality as a protecting
group and as an electrophile in substitution reactions, the
present reaction opens up a new atom-economical pathway
for the transformation of this functionality. Additional studies
that aim to develop new reactions using isocyanides as the
C1 component are ongoing.
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(9) Competition experiments between dithioacetals derived from sub-
stituted benzaldehydes using a GaCl3 catalyst determined the relative
reactivity as follows: 4-MeO-C6H4CH(SEt)2:C6H5CH(SEt)2:4-Cl-C6H4CH-
(SEt)2 ) 6.9:1:0.4.

(10) TiCl4 were ineffective for the reactions of 5 (12%) and 7 (9%),
probably due to high oxophilicity of TiCl4.

(11) Notes: (a) A mono-insertion product did not give a double-insertion
product upon exposure to GaCl3 (or TiCl4) and 2. (b) Treatment of a mixture
of PhCH(SPr)2 and 4-Cl-C6H4CH(SEt)2 with GaCl3 resulted in a complete
scrambling of the alkylthio groups between the starting meterials. This
observation indicates the involvement of free metal-thiolate species, as in
C, rather than involving an intimate ion pair.
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Scheme 1. Plausible Mechanism
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