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Summary: Trialkylmanganese(II) ate reagents,
“R3MnLi”, reacted with iodomethyl sulfides to produce
thiomethylmanganese reagents, where the manganate
serves as a reductant, not an alkylation agent. In this
reductive metalation of halides with alkylmanganese ate
complexes, the relationship between oxidative addition
and the metal-halogen exchange reaction was revealed.
A wide variety of modifications of “thiomethylmanganese
reagents” thus generated in reactivity could be made.

In contrast to mono- and dialkylmanganese reagents,2
the reactivities of alkylmanganese ate-type reagents still
remain unexplored.3 We previously reported that man-
ganate reagents served as a reductant, not as an
alkylation agent, toward R-acetoxy ketones and allyl and
propargyl bromides to generate enolates and allylic and
propargylic reagents, respectively.4 For the generation
of enolates from acetoxy ketones, it was suggested that
a kind of oxidative addition was involved in the process,
while in the generation from halo ketone, a metal-
halogen exchange reaction competed with the oxidative
addition to some extent.4a These reductive reactions may
be affected by a neighboring, unsaturated functional
group of substrates, and the generated carbanions
possibly have a resonance structure. Therefore, more
simple systems are desired to examine the reductive
process. In such a context, and also from a synthetic
point of view, we were interested in the reductive
generation of thiomethylmanganese reagents from ha-
lomethyl sulfides. When a reaction of the tributylman-
ganate reagent “Bu3MnLi” with iodomethyl phenyl
sulfide (1a) was examined, we found an interesting

feature in the reactivity of the manganate reagent. We
describe here the reductive generation of “thiomethyl-
manganese reagents” and a wide variety of modifica-
tions of the reagents thus generated in reactivity toward
electrophiles.

We first found that the tributylmanganate reagent
“Bu3MnLi”5 reacted with iodomethyl phenyl sulfide (1a)
in THF at -78 °C for 30 min, and after the reaction
was quenched with DCl/H2O, thioanisole (2a) was
obtained in 89% yield with almost 100% d incorporation,
along with 2% of a butylated product, pentyl phenyl
sulfide (2b), and 4% of a dimer, 1,2-bis(phenylthio)-
ethane (2c) (eq 1). The same reaction proceeded even

with the tridecylmanganate reagent “Dec3MnLi”, al-
though the reaction was somewhat sluggish. We ob-
tained 45% of 2a-d, 2% of undecyl phenyl sulfide (2b′),
and 6% of the dimer 2c in the reaction mixture (eq 2).

As for a decyl ligand of the manganate reagent, 57% of
decyl iodide was produced, while only trace amounts of
decene and eicosane were detected.6 This result is in
marked contrast to that in the generation of enolate
from acetoxy ketone, where decene and eicosane were
produced predominantly, suggesting oxidative addition.4a

Considering that both undecyl phenyl sulfide (2b′) and
1,2-bis(phenylthio)ethane (2c) are reduced products of
1a, the above ligand analysis experiment shows that a
reaction for the generation of the thiomethylmanganese
reagent at -78 °C proceeds through a metal-halogen
exchange process. When a reaction of “Dec3MnLi” with
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iodomethyl sulfide 1a in THF was set at -78 °C and
the temperature was raised to -20 °C, 82% of 2a, 10%
of 2b′, and 4% of 2c were obtained (eq 3). Interestingly

in this case, the distribution of the decyl ligand was
dramatically changed to 15% of decyl iodide, 57% of
decene, and 4% of eicosane. This experimental result
suggests that oxidative addition was a major path-
way for the reduction of 1a at -20 °C, since placing
“Dec3MnLi” itself in THF at -20 °C without iodomethyl
sulfide 1a, in a control experiment, resulted only in
recovery of decane. These results deserve some com-
ments. The exchange reaction proceeds even at -78 °C,
while at higher temperature, oxidative addition followed
by â-elimination or reductive elimination becomes pre-
dominant.7 Considering that the amount of the produced
decyl iodide was decreased to 15% at -20 °C, the
exchange reaction is reversible and the thiomethyl anion
is predominant in the equilibrium.8

Hitherto reported methods for the generation of
thiomethyl carbanions were based on deprotonation by
a strong base,9 reduction by a one-electron reductant,
chromium(II) reagents,10 reductive lithiation,11 desily-
lation by fluoride ion,12 and a tin-lithium exchange
reaction.13 From a synthetic point of view, the present
reaction can be operated under mild conditions using
an equimolar amount of the manganate reagent, which
formally serves as a two-electron reductant. We tried a
reaction of the thiomethylmanganese reagent thus
generated with allyl bromides. As shown in Table 1, the
thiomethyl reagent reacted with allyl bromides to give
the corresponding allylated products 3 (eq 4). In the

presence of a catalytic or stoichiometric amount of

CuCN, higher yields of allylated products 3 were
obtained (entries 1-3).14 Interestingly, with iodomethyl
silyl sulfides 1b,c as starting materials, the generation
and reactions of the corresponding silyl-substituted
thiomethylmanganese reagents can be also attained.
These reagents are synthetically equivalent to a formyl
anion, since a silyl-substituted thiomethyl group of the
products 3d,e can be oxidatively transformed to a formyl
group.15

Thiomethylmanganese reagents did not react at all
with R,â-unsaturated ketones. For the 1,4-addition to
enones, we found a combination of CuCN and chloro-
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Table 1. Reactions of Thiomethylmanganese
Reagents with Allyl Bromidesa

a All reactions were carried out under conditions shown in eq
4. Reactions with electrophiles were carried out at -78 °C, and
the temperature was elevated to -40 °C for 2 h using 4 equiv of
allyl bromide and 1 equiv of CuCN(I). b Isolated yield.

Table 2. Reactions of Thiomethylmanganese
Reagents with Enonesa

a All reactions were carried out under conditions shown in eq
5, unless otherwise noted. Reactions with enones were carried out
at -78 °C, and the temperature was elevated to -40 °C for 2 h
using 4 equiv of enone, 1 equiv of CuCN(I), and 4 equiv of TMSCl.
b Isolated yield. c Instead of CuCN and TMSCl, 8 equiv of BF3‚OEt2
was used as an additive.
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trimethylsilane as additives was effective (eq 5, Table
2).16,17 A silyl-substituted thiomethylmanganese reagent

also successfully added to enones to give 4d (entry 5).
In contras to these results, silyl triflate dramatically
changed the reaction mode to 1,2-addition and only 4e
was obtained in 71% yield (eq 6).

Reactions of the manganese reagent with aldehydes
also did not proceed without additives. Upon introduc-

tion of BF3‚OEt2 into a solution of “Bu3MnLi” even
before the preparation of a thiomethylmanganese re-
agent, the corresponding adduct with an aldehyde was
obtained in high yield. (eq 7, Table 3).18 It is noteworthy

that BF3‚OEt2 is compatible with “Bu3MnLi” without
deactivation of the manganate in reductive generation
of a thiomethylmanganese reagent from iodomethyl
sulfide, while in the nucleophilic addition of the thio-
methyl group to an aldehyde, the Lewis acid enhances
the reactivity of a thiomethyl ligand toward carbonyl
compounds.

As shown here, tributylmanganate reagents react
with iodomethyl sulfides to generate thiomethylman-
ganese reagents. The relationship between the exchange
reaction and oxidative addition was seen to depend on
temperature. The reactivity of the new class of thio-
methyl reagents thus reductively generated can be
widely modified with additives. Further synthetic ap-
plications of the present protocol are now in progress.
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Table 3. Reactions of Thiomethylmanganese
Reagent 1a with Aldehydes

a All reactions were carried out under conditions shown in eq
7, unless otherwise noted. Reactions with aldehydes were carried
out at -78 °C, and the temperature was elevated to room
temperature for 2 h using 4 equiv of aldehyde and 8 equiv of
BF3‚OEt2. b Isolated yield.
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