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Preparation of vicinal diimines: a new dehydrogenative coupling reaction of
aldimines mediated by ytterbium metal
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Dehydrogenative coupling takes place to give vicinal di-
imine compounds in the reaction of aromatic aldimines with
ytterbium metal followed by treatment with aromatic
aldehydes such as 1-naphthaldehyde (1-NpCHO) as a
hydrogen acceptor.

Lanthanide metals have been utilized for various trans-
formations of organic functional groups or C–C bond forma-
tions via coupling reactions.1 Previously, we have demonstrated
that ytterbium metal causes the coupling reaction of carbonyl
and thiocarbonyl compounds,2 and that imines undergo a
similar reaction to give 1,2-diamines or a-amino acids.3
Imamoto and Nishimura and others reported that samarium(ii)
compounds are also capable of the coupling of imines to give
1,2-diamines.4 Recently, a triphenylimine dianion complex
[Yb(h2-Ph2CNPh)(HMPA)3] has been successfully isolated
from the direct reaction of ytterbium metal and triphenylimine
and characterized by X-ray analysis.5 In a continuing study of
the reactions of aldimines and ytterbium metal, we have found
that the reaction of aromatic aldimines and ytterbium metal
followed by addition of oxidants produces the corresponding
vicinal diimine compounds [eqn. (1)]. Here we report these new
results.

First, N-benzylideneaniline (1a) was reacted with 0.5 equiv.
of ytterbium metal at room temperature then an oxidant was
added and the mixture was stirred for 2 h to give the
dehydrogenative coupling product, N,NA-diphenyl-1,2-diphen-
ylethane-1,2-diimine (2a) in 81% yield [eqn. (2)].‡ The effects

of various oxidants toward the dehydrogenative coupling
reaction of 1a are summarized in Table 1. From the data in
Table 1 one can see that aromatic aldehydes (entries 1–4) are the
best compared with others. In particular when 1-NpCHO is
used, the best result is obtained, whereas the yield of the product
is only 7% when an aliphatic aldehyde is used (entry 5). In
addition, it is apparent that CuCl2, peroxides and ButNO2 give
inferior results (entries 6–9) and that only 17% yield is obtained
in the case of O2 (entry 10). The presence of HMPA as an
additive is necessary in this reaction since the reaction of 1a and
ytterbium metal cannot proceed in THF alone.

The reaction also occurred with various aromatic aldimines
as well as 1a. The representative results for the dehydrogenative

coupling reaction of other aldimines 1 are listed in Table 2.
When the substrates are non-substituted, p-methyl- and
p-methoxy-substituted aromatic aldimines 1a–d,f,g, the reac-
tions proceed smoothly to afford 2a–d,f,g (entries 1–4 and 6, 7)
in good to high yields. On the other hand, the yields of 2 were
low in the reactions of p-cyano- and p-chloro-substituted
aldimines 1e and 1h (entries 5 and 8). Thus, the electron-
donating substituent on the benzene ring is profitable to the
reaction. In the reaction of the o-methyl-substituted aldimine 1i
at room temperature, only small amounts of 2i were formed, and
the hydrogenation product (o-MeC6H4CHNHPh)2 was formed
as the main product. This is due to the steric hinderence of the
diazametallacyclopentane intermediate toward dehydrogena-
tion with 1-NpCHO (vide infra). However, 2i could be obtained
in a moderate yield at reflux temperature (entry 9). The reaction
did not occur in the case of C6H5CHNNCMe3 (1j), and 1j was
recovered (entry 10), due to it’s lower reactivity towards
ytterbium metal.

Table 1 Effect of various oxidants on the dehydrogenative coupling
reaction of aldimine 1aa

Yield of 2ab

Entry Oxidant mmol (%)

1 1-NpCHO 2 60
2 1-NpCHO 1 81
3 o-MeOC6H4CHO 2 49
4 p-MeC6H4CHO 2 31
5 PriCHO 2 7
6 CuCl2 2 —
7 m-ClC6H4CO3H 2 6
8 K2S2O8 2 —
9 ButONO 2 1

10 O2
c 2 17

a Reaction conditions: 1.0 mmol 1a, 0.5 mmol Yb, 2 ml THF, 0.5 ml HMPA,
2 ml MeI. b GC yield based on 1a. c One atm., 24 h.

Table 2 Dehydrogenative coupling reaction of aldimines 1 mediated by
ytterbium metala

Yield
Entry Substrate R1 R2 Product (%)b

1 1a Ph Ph 2a 81
2 1b p-MeC6H4 Ph 2b 90
3 1c p-MeOC6H4 Ph 2c 86
4 1d p-MeOC6H4 p-MeC6H4 2d 58c

5 1e p-NCC6H4 Ph 2e 5c

6 1f Ph p-MeC6H4 2f 74
7 1g Ph p-MeOC6H4 2g 73
8 1h Ph p-ClC6H4 2h 55
9 1i o-MeC6H4 Ph 2i 50d

10 1j Ph But No reaction

a See footnote ‡ for the reaction conditions. b GC yield based on 1.
Considerable amounts of 1-NpCH2OH were also formed. c Isolated yield.
d At reflux temperature.
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Although the reaction mechanism is not yet clear, a possible
reaction mechanism is shown in Scheme 1. First, one atom of
ytterbium metal reacts with two molecules of aldimine 1 via
two-electron transfer from ytterbium to give a diazametalla-
cyclopentane intermediate B, probably via formation of an
intermediate A.6 Subsequent treatment with an aldehyde would
cause the coordination and double hydrogen transfer, as in a
similar manner to the Meerwin–Pondorf–Varley reduction/
Oppenauer oxidation,7 to give 2 and ytterbium alkoxides, which
gives an alcohol R3CH2OH after hydrolysis.

In summary, ethane-1,2-diimines 2 can be prepared from the
reaction of aromatic aldimines 1 with ytterbium metal followed
by treatment with aromatic aldehydes. To the best of our
knowledge, this is the first example of metal mediated
dehydrogenative coupling of aldimines. Further mechanistic
investigation and extension of this reaction are in progress.

The present work was supported in part by a Grant-in-Aid for
Scientific Research on Priority Areas No. 283, ‘Innovative
Synthetic Reactions’ from Monbusho. Y. M. gratefully ac-
knowleges the financial support of this research by the Japan
Society for the Promotion of Science in the form of Research
Fellowships for Young Scientists.

Notes and References

† E-mail: yfujitcf@mbox.nc.kyushu-u.ac.jp
‡ Typical procedure for the dehydrogenative coupling of 1 with Yb metal:
THF (2 ml), HMPA (0.5 ml) and methyl iodide (2 ml) were successively
added to a mixture of 1c (211 mg, 1.0 mmol) and ytterbium (87 mg, 0.5
mmol) under argon, which was stirred for 2 h at room temperature. Then,
1-NpCHO (156 mg, 1.0 mmol) was added to the mixture. The resulting
mixture was stirred for an additional 2 h at room temperature. Usual work-
up followed by a silica gel column chromatography (n-hexane–ethyl
acetate) gave 119 mg (57%) of the desired compound 2c.
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