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Abstract—SmI2/HMPA-mediated double reductive coupling of N,N 0-(m-xylylidene)dianiline affords 1,2,9,10-tetrakis(N-phenyl-
amino)[2.2]metacyclophane in good yield.
� 2005 Elsevier Ltd. All rights reserved.
Reductive coupling reaction of imines (imino-pinacol
coupling) is an important method to form a carbon–car-
bon bond with 1,2-diamino moieties.1 The reaction is
mediated by various metal reagents2–5 such as zinc pow-
der, low-valent titanium, and divalent samarium. An
intramolecular version of the reaction affords the corre-
sponding cyclic 1,2-diamines from bis-imines.6 To the
best of our knowledge, however, bimolecular cyclization
by double reductive coupling of diimines has not been
investigated. Recently, it was reported that highly
strained all-equatorial-1,2,9,10-tetrahydroxy[2.2]meta-
cyclophanes (MCPs) were produced in the intermolecu-
lar double pinacol coupling of benzene-1,3-dialdehydes
in one step, by using aluminum as a mediator under
strongly alkaline conditions.7 Unfortunately, this proce-
dure failed to give the corresponding [2.2]MCP-1,2,9,10-
tetraamine derivatives when applied to a benzene-1,
3-diimine. Under the same conditions, only polymeric
products were formed. We now report our finding that
1,2,9,10-tetrakis(N-phenylamino)[2.2]MCP 2 was ob-
tained successfully by the SmI2-mediated double reduc-
tive coupling of N,N 0-(m-xylylidene)dianiline 1.
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The SmI2-mediated imino-pinacol coupling of 1 was car-
ried out in THF and the desired 1,2,9,10-tetrakis(N-phen-
ylamino)[2.2]MCP 2 was formed as a mixture of two
stereoisomers, 2(I) and 2(II) in the yields shown in Table
1.8 A mixture 4 of higher homologues was also obtained.
The isomers of the [2.2]MCP 2 were separated through
column chromatography. The structures were deter-
mined by spectral data and elemental analyses9 and
established by X-ray crystallographic analyses.10 The
[2.2]MCP skeleton of 2(I) and 2(II) has anti-conforma-
tion. Isomer 2(I) has four N-phenylamino groups all in
equatorial positions, whereas 2(II) is a racemate that
has three equatorial and one axial N-phenylamino
groups (Figs. 1 and 2). The yields of 2 are dependent
upon the additives (Table 1). HMPA11 and DMPU12

are known to promote SmI2-mediated pinacol coupling
of carbonyl compounds13 and also are effective for the
double imino-pinacol coupling of 1. The addition of
DMPU raised the yield of 2 up to 29% (entry 2) from
10% obtained in the reaction without additive (entry
1). A more remarkable increase (62%) was observed by
the addition of four equivalents of HMPA (entry 3).
The reductive cyclization proceeded less effectively at
the lowered temperature, giving 2 in 50% yield. Diamine
3 was formed as a side product in 15% yield (entry 4).
Isomer 2(II) was obtained as a major product in the reac-
tions mentioned above (entry 1–4), though 2(II) seems
sterically less favored than 2(I) having N-phenylamino
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Table 1. Reaction of diimine 1 with SmI2 under several conditions

NPh

NPh

PhHN NHPh

NHPhPhHN

SmI2 / THF

Additive

NHPh

NHPh

higher homologue+ +

1 32 4

Entry Conditions Isolated yield (%)

Additive Temperature (�C) Time (h) 2 (I/II)b 3 4c

1 — 65 24 10 (13/87) ndd 90

2 DMPUa 65 24 29 (12/88) ndd 71

3 HMPAa 65 0.5 62 (40/60) ndd 38

4 HMPAa 20 0.5 50 (36/64) 15 35

a Additives were used four equivalent to Sm(II).
b Diastereomer ratio.
cWeight percent yield.
d Not detected.

Figure 1. X-ray crystal structure of 2(I). Solvent molecule (1,4-

dioxane) and H atoms except those on C1, C2, C9, and C10 are

omitted for clarity.10

Figure 2. X-ray crystal structure of (1R*,2S*,9R*,10R*)-2(II). Solvent

molecule (acetone) and H atoms except those on C1, C2, C9, and C10

are omitted for clarity.10
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groups all on equatorial positions. In order to obtain the
informations about the selectivity on the first-step inter-
molecular reductive coupling of 1, N-benzylideneaniline
(PhCH@NPh) was treated under the same conditions
with those of entry 3 in Table 1. The corresponding
1,2-diamine was obtained in 97% yield with a low
diastereoselectivity (dl/meso = 60/40). Suppose that the
first-step intermolecular coupling of 1 proceeds in a
non-selective manner, the observed diastereomeric ratio
of 2 (I/II = 40/60) in entry 3 suggests that the second-step
intramolecular reaction proceeds with a low diastereose-
lectivity. Tetraamine isomers having more than two axial
N-phenylamino groups are unfavorable due to steric
reasons.
In conclusion, we have achieved the first synthesis of a
[2.2]MCP-1,2,9,10-tetraamine via double imino-pinacol
coupling of a benzene-1,3-diimine. Further work is
under way to elucidate the mechanism and scope of
the reductive cyclization.
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