
Stereoselective �-Hydrazination of �,�-Unsaturated Carboxylates Catalyzed
by Manganese(III) Complex with Dialkylazodicarboxylate and Phenylsilane

Mitsuo Sato, Yasuhiko Gunji, Taketo Ikeno, and Tohru Yamada�

Department of Chemistry, Faculty of Science and Technology, Keio University,
Hiyoshi, Kohoku-ku, Yokohama 223-8522

(Received December 1, 2004; CL-041465)

In the presence of a catalytic amount of bis(dipivaloylme-
thanato)manganese(III) complex, the �,�-unsaturated carboxy-
lates with camphorsultam as a chiral auxiliary reacted with phe-
nylsilane and dialkyl azodicarboxylates to afford the correspond-
ing �-hydrazinated carboxylates with high stereoselectivities.

Various oxidation processes for the introduction of oxygen
functionalities on carbon–carbon double bonds1 have been suc-
cessfully provided including their enantioselective versions,2

whereas there has been few reports on the corresponding amina-
tion reactions for practical use. It was reported from this labora-
tory that in the presence of a catalytic amount of the bis(diketo-
nato)cobalt(II) or bis(diketonato)manganese(II) complex, reduc-
ing agents reacted with carbon–carbon double bonds to generate
carbanion equivalents, which accepted various electrophiles.
Molecular oxygen was then trapped by the carbanion equivalents
generated from unfunctionalized olefins or �,�-unsaturated
carboxylates to afford the hydrated product3 or silylperoxide4

with a secondary alcohol or silane5 catalyzed by the diketonato-
cobalt(II) or manganese(III) complexes. Nitric oxide6 and butyl
nitrite7 were also reactive as electrophiles to afford the �-nitro-
socarboxylates and/or �-hydroxyiminocarboxylates from �,�-
unsaturated carboxylates and nitrosoalkanes8 from simple al-
kenes. It was reported that dialkyl azodicarboxylates9 reacted
as electrophiles with the carbanion equivalents generated from
olefinic compounds and phenylsilane in the presence of bis(dike-
tonato)cobalt(II)10 and tris(diketonato)manganese(III)11 com-
plexes, though the stereoselection12 in these reactions remained
to be developed. Recently, stereoselections of the aerobic hydra-
tion reaction were examined and it was determined that the �,�-
unsaturated carboxamide containing a C2-symmetrical chiral
auxiliary afforded the corresponding �-hydroxycarboxamide in
high stereoselectivity.13 In this communication, we report that
the highly stereoselective �-hydrazination of �,�-unsaturated
carboxylates with a chiral auxiliary occurred in the presence of
the tris(diketonato)manganese(III) complex catalyst and phenyl-
silane.

It was reported that cobalt(II), manganese(II), mangane-
se(III), or iron(III) complexes efficiently catalyzed the oxidation
with molecular oxygen or the amination with alkyl nitrite or ni-
tric oxide in the presence of silanes. The preliminary screening
of various metal complexes14 revealed that tris(dipivaloylmetha-
nato)manganese(III) complex (Mn(dpm)3) was the most effec-
tive catalyst for the present hydrazination with a dialkyl azodi-
carboxylate and phenylsilane. Then, in the presence of 5mol
% of Mn(dpm)3, trans-2-hexenoates with various chiral auxilia-
ries were treated with phenylsilane and several azodicarboxy-
lates (Table 1).15 The C2-symmetrical dibenzylamines, effective
for the diastereoselective hydration previously reported, were
employed as a chiral auxiliary. Although the reaction of the car-
boxamide with (R,R0)-bis(1-phenylethyl)amine resulted in com-
plex mixtures (Entry 1), the carboxamide with (2S,5S)-2,5-
diphenylpyrrolidine was treated with phenylsilane and bis(tert-
butyl)azodicarboxylate to afford the corresponding �-hydrazine-
carboxylate in 78% yield with 89:11 diastereoselectivity (Entry
2). The amides are generally resistant to hydrolysis, whereas the
optically active oxazolidinones are one of the most reliable chi-

Table 1. Various chiral auxiliaries for the stereoselective hy-
drazination of the trans-2-hexenoatesa
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aReaction conditions: 5mol% of tris(dipivaloylmethanato)-
manganese(III) complex (Mn(dpm)3), 0.1mmol of �,�-unsatu-
rated carboxylate, 0.2mmol of dialkylazodicarboxylate and
0.2mmol of phenylsilane in 2-propanol at 0 �C under N2 atmo-
sphere for 1–1.5 h. bIsolated yield. cDiastereomer ratio was de-
termined by HPLC analysis.
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Scheme 1. Stereoselective �-hydrazination of �,�-unsaturated
carboxylates.
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ral auxiliaries for various diastereoselective transformations and
can be removed under the milder conditions after the desired
stereoselective reactions.16 For the present hydrazination, the
(S)-4-phenyl- and (S)-4,5,5-triphenyl-2-oxazolidinones,17 were
used to obtain the corresponding �-hydrazinecarboxylates in
good yields but with low diastereoselectivities (Entries 3 and
4). The camphorsultam derivatives18 were smoothly converted
to the corresponding �-hydrazinecarboxamides. Though diethyl
azodicarboxylate did not afford the corresponding �-hydrazinat-
ed product, the diisopropyl azodicarboxylate produced the corre-
sponding �-hydrazinecarboxamide in 47% yield with a 90:10 di-
astereoselectivity. The chemical yield and the diastereoselectiv-
ity were improved to 81% and 96:4 when di-tert-butylazodicar-
boxylate (DBAD) was used as the electrophile.19,20

Various alkenoates containing camphorsultam as a chiral
auxiliary were successfully applied to the stereoselective �-hy-
drazination reaction with di-tert-butyl azodicarboxylate and phe-
nylsilane in the presence of Mn(dpm)3 (Table 2). Acrylate and
crotonate with camphorsultam were subjected to the reaction
to obtain the corresponding �-hydrazinecarboxamides in 56
and 84% yields and with 91:9 and 98:2 diastereoselectivities, re-
spectively (Entries 1 and 2). The �,�-unsaturated carboxya-
mides with a longer straight-chain, such as 2-hexenoate and 2-
decenoate, were smoothly converted to the corresponding �-hy-
drazinecarboxamides in high yields with 96:4 diastereoselectiv-
ities (Entries 3 and 4). The �-branched alkenoate, 4-methyl-2-
pentenoate, was hydrazinated to the corresponding 2-hydrazine-
carboxylate with a 99:1 selectivity (Entry 5). During the reaction
of 5-phenyl-2-pentenoate and 5-methylthio-2-pentenoate, the
benzylic carbon and the sulfur atom were unreactive and the cor-
responding �-hydrazinecarboxamides were smoothly obtained
in high yields with high stereoselectivities (Entries 6 and 7).

It is noted that in the presence of a catalytic amount of the
tris(dipivaloylmethanato)manganese(III) complex, the �,�-un-

saturated carboxylate containing camphorsultam as the chiral
auxiliary smoothly reacted with di-tert-butyl azodicarboxylate
and phenylsilane to afford the corresponding �-hydrazinecar-
boxylate in high yield with a high stereoselectivity. Further in-
vestigation into the corresponding enantioselective catalytic ver-
sion is currently underway.
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Table 2. Various �,�-unsaturated carboxylates for stereoselec-
tive �-hydrazinationa
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aReaction conditions: 5mol% of tris(dipivaloylmethanato)-
manganese(III) complex (Mn(dpm)3), 0.1mmol of �,�-unsat-
urated carboxylate, 0.2mmol of DBAD and 0.2mmol of
phenylsilane in 2-propanol at 0 �C under N2 atmosphere.
bIsolated yield. cDiastereomer ratio was determined by HPLC
analysis.
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