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ABSTRACT

1-Imino-pyrrole and indole derivatives were synthesized in high yields from the reaction of diaryl diazomethanes with 1,4-dilithio-1,3-dienes. Diaryl
diazomethanes reacted as electrophiles in this reaction. An unprecedented Zn-complex was formed via transmetalation of the above reaction
intermediate with ZnCl2 and was structurally characterized. The trans-μ2-η

1:η1 coordinationmode in the solid state for this azaallylzinc compound
was observed.

Diazo compounds are a class of important building
blocks in synthetic chemistry.1 Among various reaction
patterns, diazo compounds are usually known to act as
metal carbene precursors,2 1,3-dipoles,3 and nucleophiles.4

However, as demonstrated in Scheme 1, although it is
fundamental and straightforward that diazo compounds
behave as electrophiles to react with organometallic

reagents, such a reaction type is very rare, mainly due to
the high reactivity (instability) of the generated diazo
organometallic intermediates.5,6 Therefore, a way to sta-
bilize such reactive species is highly demanded to synthet-
ically utilize this fundamental reaction.
In recent years, we have studied the synthesis, reaction

chemistry, and synthetic applications of 1,4-dilithio-1,3-
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dienes 1 (dilithio reagents for short).7a,b,8 Because the two
Li atoms are bridgedbya butadienemoiety andare in close
proximity, these dilithio reagents have demonstrated re-
markable cooperative effects including cooperative stabili-
zation.7a,b,8 As illustrated in Scheme 1, we envisioned that
the reaction between a dilithio reagent and one or two
diazo compounds would form the intermediate 2 or 20,
which might be stabilized through the intramolecular
coordination. Herein we report our preliminary results
on the reaction between the dilithio reagents 1 and diazo
compounds, in which diazo compounds acted as electro-
philes. Multiply substituted 1-imino-pyrrole and indole
derivatives were obtained in good to excellent isolated
yields.9,10 Synthetic methods for N-imino pyrrole and
indole derivatives are very limited.10 A mechanistic inves-
tigation revealed that two diazo compounds reacted with
one dilithio reagent affording the intermediate 2. Further-
more, an unprecedented Zn-complex was obtained via
transmetalation of the intermediate 2 with ZnCl2. In this
Zn-complex, the trans-μ2-η

1:η1 coordination mode in the
solid state was observed.
1,4-Dilithio-1,3-dienes 1 (dilithio reagents for short)

were quantitatively generated from their corresponding
1,4-diiodo-1,3-dienes and t-BuLi at�78 �Cfor 1h.7bWhen
the in situ generated dilithio reagent 1a (R = Et) was
treated with 1.0 equiv of diphenyldiazomethane, themulti-
ply substituted 1-imino-pyrrole derivative 3awas obtained
in 41% isolated yield upon quench of the reaction mixture
with H2O in air. The unreacted 1a changed into its
corresponding diene after quenching. When 2.2 equiv of
diphenyldiazomethane were used, 3awas obtained in 86%
isolated yield. Given in Table 1 are representative results.
In addition to those symmetrically substituted dilithio
reagents (1a�c), the unsymmetrically substituted dilithio
reagents (1d,e) and the vinylphenyl dilithio reagents (1f,g)
could all react with diphenyldiazomethane to afford their

corresponding 1-imino-pyrrole or indole derivatives. The
structure of 3e was determined by single-crystal X-ray
structural analysis (Figure 1).

Given in Figure 2 are representative results obtained
from the reactionof the dilithio reagent 1awithother diazo
compounds, following the reaction conditions shown in
Table 1.
For those cases with lower yields (3d, 3f, 3i, 3j), both

their corresponding dienes and decomposition of diazo
compounds were observed. The lower reactivity of those
dilithio reagents and diazo compounds with different

Scheme 1. Diazo Compounds As Electrophiles Table 1. Synthesis of 1-Imino-pyrrole and Indole Derivatives
from 1,4-Dilithio-1,3-dienes and Diphenyldiazomethane

Figure 1. ORTEP drawing of 3e with 35% thermal ellipsoids.
Hydrogen atoms are omitted for clarity. Selected bond lengths
[Å]: C(3)�N(2) 1.381(4),C(3)�C(4) 1.359(5),C(4)�C(7) 1.425(5),
C(7)�C(14) 1.370(5), C(14)�N(2) 1.397(4), N(1)�N(2) 1.428(4),
C(21)�N(1) 1.293(4).
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structures is considered the major reason for the lower
product yields.
When cyclic dilithio reagents (1h,i, Scheme 2) were

treated with 2.2 equiv of dipenyldiazomethane, their cor-
responding N-imino tetrahydro iso-indole derivatives 3k
and 3l were obtained. However, in the case of the dilithio
reagent 1j (R=Ph), the unexpected bis(diazo) compound
4 was obtained in 83% isolated yield. Formation of its
corresponding tetrahydroisoindole derivative was not
observed.

The reaction mechanism between the dilithio reagent
and diazo compounds was investigated (Scheme 3). First,
we isolated the imtermediate 2a and obtained its NMR
data. The peak at 152.6 ppm in its 13C NMR spectrum
shows that an imine carbon exists in its structure. Then,
this intermediate was quenched with H2O under N2, and
the product 5was formedand structurally characterized by
single-crystal X-ray analysis (see Supporting Information
for details). When 5 was dissolved and stirred in THF in
air, it was oxidized to afford the product 3b and the diazo
compound 6.11

Furthermore, as a demonstration of the formation and
synthetic application of 2, transmetalation of 2a with
ZnCl2 was performed.Anunprecedented organozinc com-
pound7was thusobtained in87%isolatedyield (Scheme4).12

The structure of 7 was identified by single-crystal X-ray
structural analysis (Figure 3).

Figure 2. 1-Imino-pyrrole derivatives obtained from the dilithio
reagent 1a and other diazo compounds.

Scheme 2. Reaction of Cyclic Dilithio Reagents with Diphen-
lydiazomethane

Scheme 3. Reaction Mechanism

Scheme 4. Synthetic Application of 2a
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The Zn-complex 7 shows a rare azaallyl coordination
mode (μ2-η

1:η1).13 The π-electrons within the azaallyl
N(3)�C(17)�C(16) and the azaallyl N(2)�C(14)�C(15)

are almost perfectly delocalized. The Zn�C bond lengths
(2.096�2.195 Å) in 7 are elongated compared to the
corresponding values in zinc complexes with η1 bonded
allylic ligands (1.969�2.031 Å).14 The Zn�Nbond lengths
(2.006�2.008 Å) in 7 are comparable with the reported
Zn�N bond length (2.003 Å) in the NCN0 chelating
bindingmode.12i Thus, the azaallyl ligands of 7 are bonded
to the Zn(1) and Zn(2) atoms in a bridging trans-μ2-η

1:η1

fashion. This is the first example of an azaallyl zinc
compound showing such a coordination mode.
In conclusion, an efficient synthesis of 1-imino-pyrrole

derivatives has been developed from the reaction between
1,4-dilithio-1,3-dienes and diaryl diazomethanes. It is a
rare example demonstrating that diaryldiazomethane acts
as an electrophile. The expected effect of cooperative
stabilization by 1,4-dilithio-1,3-dienes works well. The
azaallyl zinc compound 7 with the bridging trans-μ2-η

1:η1

coordinationmode, generated from the dilithio imtermedi-
ate 2a with ZnCl2, is of further synthetic interest.
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Figure 3. ORTEP drawing of 7 with 30% thermal ellipsoids.
Hydrogen atoms are omitted for clarity. Selected bond lengths
[Å] for 7: Zn(1)�Cl(1) 2.2249(7), Zn(1)�Cl(2) 2.4163(7), Zn(1)�
N(2) 2.008(2), Zn(1)�C(16) 2.096(3), Zn(2)�Cl(2) 2.3778(8),
Zn(2)�Cl(3) 2.1841(7), Zn(2)�N(3) 2.006(2), Zn(2)�C(15)
2.195(2), N(1)�N(2) 1.393(3), N(1)�C(1) 1.294(4), N(2)�C(14)
1.360(3), N(3)�N(4) 1.415(3), N(3)�C(17) 1.321(3), N(4)�
C(30) 1.288(4), C(14)�C(15) 1.413(4), C(15)�C(16) 1.535(3),
C(16)�C(17) 1.447(4).
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