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A novel procedure for the preparation of zinc reagents: a practical
synthesis of (+)-biotin
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Abstract—The use of bromine for activation of zinc dust allowed smooth and reproducible reduction of iodide 1 to the corre-
sponding zinc reagent 2. The zinc reagent 2 obtained by the present protocol was allowed to the Fukuyama coupling reaction with
thiolactone 3 to provide a key intermediate 4 for (+)-biotin in high yield using a reasonably fair amount of 1 (1.4 equiv).
� 2004 Elsevier Ltd. All rights reserved.
Zinc reagents have received considerable attention due
to its tolerance for the presence of various functional
groups, safe handling, and low cost.1 However, to the
best of our knowledge, application of the zinc reagents
derived from a-non-activated alkyl iodides to the
industrial production has never been reported possibly
because of poor reproducibility in the preparation of the
zinc reagents. The method for activation of zinc dust is
the most significant issue for the preparation of the zinc
reagents and a number of approaches such as those
employed TMSCl,2 1,2-dibromoethane,3 and iodine4

have hitherto been devised. Among them, the most
popular method is the Knochel�s procedure5 involving
the treatment of zinc dust with TMSCl followed by 1,2-
dibromoethane. It is, however, not entirely satisfactory
for a practical use because of recently found carcino-
genic toxicity of 1,2-dibromoethane. In a course of our
synthetic studies of (+)-biotin,6 coupling reaction of
thiolactone 3 with zinc reagent 2 was investigated.6a–d

While, in the optimal procedure,6d we employed
TMSCl2 for activating zinc dust, it, however, suffered
from poor reproducibility and required excess iodide 1
(2.5 equiv) for attaining the complete conversion of the
coupling reaction (see, Table 1, entry 1). Disclosed
herein are highly efficient, safe, and reproducible
method for the preparation of the zinc reagent 2 by the
use of inexpensive bromine and its application to the
Fukuyama coupling reaction6a–d;7 with 3 to 4 without
requiring the excess iodide 1.
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The preparation of zinc reagent 2 and the Fukuyama
coupling reaction with 3 were investigated by employing
various activating reagents for zinc dust (Table 1). In
our previously reported activation of zinc dust with
TMSCl,2;6d the yield of the coupling product 4 dramat-
ically decreased from 95% to 59% by reducing the
amount of iodide 1 from 2.5 to 1.4 equiv (Table 1,
entries 1 and 2). As the Fukuyama coupling reaction has
been reported not to proceed with dialkylzinc (R2Zn),

7

the Schlenk equilibrium1a of the zinc reagents should lie
to the left to achieve the maximum utilization of the
reduced iodide (Scheme 1). We envisioned that addition
of zinc(II) salt (ZnX2) may shift the equilibrium toward
the desired RZnX, whereby the amount of the required
iodide 1 should be decreased.

To this end, we initially employed zinc iodide as an
additive for the Fukuyama coupling reaction. Zinc
iodide was smoothly generated by the reaction of zinc
dust with iodine.4 However, subsequent reduction of 1
to the corresponding zinc reagent 2 lacks for reproduc-
ibility: the reaction sometimes stopped without com-
pletion. Nonetheless, as we expected, the zinc reagent 2
obtained was treated with thiolactone 3 in the presence
of Pd/C D18 (10wt%, 0.64mol%) to provide the
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Scheme 1. The Schlenk equilibrium of zinc reagents and the utility for

the Fukuyama coupling reaction.

Table 1. The Fukuyama coupling reaction of thiolactone 3 with zinc reagent 2 through the activation of zinc dust with various additives
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Entry Additive (equiv)a Iodide (1)b Assay yield (%)c

1 TMSCl (0.1) 2.5 95

2 TMSCl (0.1) 1.4 59

3 I2 (0.25) 1.4 88

4 1,2-Dibromoethane (0.5) 1.4 84

5 Br2 (0.5) 1.4 94 (94)d

a Equivalent to 1.
b Equivalent relative to 3.
c Determined by HPLC.
d Isolated yield.
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coupling product 4 in 88% yield without need for excess
iodide 1 (Table 1, entry 3).

To ensure the reproducibility in the reduction of 1 to 2,
the addition of ZnBr2 in place of ZnI2 was then exam-
ined. In our initial study, the anhydrous zinc bromide
was generated by the treatment of zinc dust with 1,2-
dibromoethane under reflux with simultaneous activa-
tion of zinc dust. In accord with our expectation, a
smooth and reproducible formation of 2 was achieved
by the addition of 1 to the suspension involving acti-
vated zinc dust and zinc bromide. The Fukuyama cou-
pling reaction of the resulting 2 with 3 smoothly
proceeded to provide 4 in 84% yield (Table 1, entry 4).

To eliminate a risk for handling carcinogenic 1,2-di-
bromoethane, the use of bromine was examined. Rapid
discoloration of bromine, that is, formation of zinc
bromide, was observed when bromine was added into
the suspension of zinc dust. Gratifyingly, when the
suspension was treated with iodide 1, a highly repro-
ducible formation of zinc reagent 2 was accomplished.
The zinc reagent 2 obtained was subjected to the
Fukuyama coupling reaction with 3 to provide the
desired coupling product 4 in 94% yield by the use of
1.4 equiv of 1 (Table 1, entry 5).9 Although the precise
roles of zinc bromide in the formation of 2 and in the
Fukuyama coupling reaction with 3 are not clear at the
present time, the use of bromine permits highly cost
efficient and reproducible preparation of 2 and the
subsequent successful Fukuyama coupling reaction with
3.
In conclusion, a facile and economical synthesis of zinc
reagent 2 with bromine used as a novel activator was
accomplished. The protocol allowed decrease of expen-
sive iodide 1 from 2.5 to 1.4 equiv in the Fukuyama
coupling reaction with thiolactone 3 as well. The method
is so practical that it has already been applied to a large-
scale preparation employing more than 500 kg of thio-
lactone 3 in a 5000L reactor. The use of inexpensive
reagent, easy operation, reproducibility and high yield
of the present protocol would permit the most practical
access to the zinc reagents that are effective for the
Fukuyama coupling reaction. Since ethanethiol esters
obtained from a variety of aliphatic and aromatic car-
boxylic acids show higher activities in the Fukuyama
coupling reaction than cyclic thiol esters such as thio-
lactone 3,6b the present protocol should find wide
application to the synthesis of functionalized ketones
other than the (+)-biotin intermediate 4. Elucidation of
the reaction mechanism and the scope and limitation in
the preparation of other types of zinc reagents and the
Fukuyama coupling reaction therewith, is currently
under investigation, which will be reported elsewhere in
due course.
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