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ceeded smoothly in the presence of zinc to give the corresponding diamines in good yields.
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Table 1
Influence of additives on the reductive coupling of 1a in the presence of zinca

N

N N

N

Zn / additive

1a

CH2Cl2 /rt / overnight

2a

Entry Additive Yield of 2ab (%) dl/mesoc

1 — 0 —
2 TMSCld 79 54/46
3 TMSCl 83 58/42
4 TESCl 42 54/46
5 TBSCl 26 51/49
6 SiCl4 18 43/57
7 ZnCl2 19 53/47
8 AlCl3 38 47/53
9 TiCl4 18 79/21

10 VOCl3 0 —

a Reaction conditions: 1a (2.0 mmol), Zn (2.0 mmol), additive (4.0 mmol), CH2Cl2
Vicinal diamine function is often present in natural products
and biologically active molecules. Furthermore, in the field of syn-
thetic chemistry, vicinal diamines are frequently used as synthetic
precursors and chiral ligands.1 A number of synthetic methods
have been developed for vicinal diamines. Among them, the reduc-
tive coupling of imines is a simple method for the synthesis of vic-
inal diamines.2 In our previous report, we described how simple
reduction conditions using zinc and chlorotrimethylsilane were
effective for the reductive coupling of aromatic O,O-acetals.3 Here-
in, we report that reductive coupling of aromatic N,N-acetals (1),
which are analogs of imines, proceeded smoothly in the presence
of zinc and chlorotrimethylsilane to give the corresponding dia-
mines (2) in good yields (Scheme 1).4,5

At first, we examined the reductive coupling of 1a with zinc in
the presence or absence of additives (Table 1). Though no reductive
coupling took place with zinc alone (entry 1), the addition of
1 equiv of chlorotrimethylsilane (TMSCl) against 1a led to 2a in
79% yield (entry 2). The use of 2 equiv of TMSCl successfully im-
proved the product yield, giving 2a in 83% yield (entry 3).6,7 These
results suggest that TMSCl was employed as an activator of 1a as
well as zinc.8 In this reductive coupling, the substituent of chloros-
ilane influenced the yield of 2a: chlorosilane bearing a bulky alkyl
group, such as TESCl and TBSCl, and tetrachlorosilane resulted in
low yields of 2a (entries 4–6). The use of some additives, such as
ZnCl2, AlCl3, TiCl4,9 and VOCl3,10 also gave 2a in poor yields (entries
7–10).

This reductive coupling using zinc and chlorotrimethylsilane
was useful for other aromatic N,N-acetals 1 as shown in Table
2. The reductive coupling of p-methoxy, p-methyl, p-chloro, o-
chloro (1b, 1c, 1d, and 1e) derivatives proceeded smoothly to
give the corresponding diamines (2b, 2c, 2d, and 2e) in moder-
ate to good yields. In the case of o-bromo derivative (1f), the
reductive coupling also took place in moderate yield with mod-
erate dl-selectivity. The derivatives bearing an electron-with-
drawing group, such as the cyano and trifluoromethyl groups
ll rights reserved.

atano).
(1g and 1h), also proceeded without difficulty. In 3-pyridyl and
2-thiophenyl N,N-acetals (1i and 1j), similar treatment led to
(5 mL), rt, overnight, under N2.
b Isolated yield.
c Determined by 1H NMR of crude 2a.
d TMSCl (2.0 mmol) was used.

http://dx.doi.org/10.1016/j.tetlet.2011.04.104
mailto:hatano@yz.yamagata-u.ac.jp
http://dx.doi.org/10.1016/j.tetlet.2011.04.104
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


Ph OEt

N

Ph
Ph

N

N

Zn / TMSCl

5
CH2Cl2 / rt /overnight

2k

Ph
Ph

N

OEt

6

Ph
Ph

OEt

OEt

7

+ +

84% yield 0% yield 0% yield

Scheme 4.

Table 2
Reductive coupling of 1 using zinc and TMSCla

Ar N

N
R1 R1

R1

R1

Ar
Ar

N

N

R1 R1

R1R1

Zn / TMSCl

1

CH2Cl2 / rt / overnight

2

Ar R1 1 Yield of 2b (%) dl/mesoc

p-MeOC6H4 Me 1b 66 47/53
p-MeC6H4 Me 1c 75 53/47
p-ClC6H4 Me 1d 97 53/47
o-ClC6H4 Me 1e 77 57/43
o-BrC6H4 Me 1f 60 68/32
p-NCC6H4 Me 1g 99 47/53
p-CF3C6H4 Me 1h 80 55/45
3-Pyridyl Me 1i 53 53/47
2-Thiophenyl Me 1j 68 49/51
Ph –(CH2)4– 1k 82 69/31
Ph –(CH2)5– 1l 79 53/47

a Compound 1a (2.0 mmol), Zn (2.0 mmol), TMSCl (4.0 mmol), CH2Cl2 (5 mL), rt,
N2, overnight.

b Isolated yield.
c Determined by 1H NMR of crude 2.

3468 B. Hatano et al. / Tetrahedron Letters 52 (2011) 3467–3469
the corresponding coupling products in moderate yields (2i and
2j). The stereoselectivity of this reductive coupling was some-
what affected by the bulkiness of the amino substituent: the
derivative from pyrrolidine gave the corresponding coupling
product with moderate dl-selectivity, as compared to that from
piperidine (2k and 2l).

In the case of N,N-acetal bearing methallyl group (1m), the cor-
responding coupling product (2m) was obtained in 74% yield
(dl/meso = 50/50) without any cyclization product (Scheme 2).

It is generally accepted that the reductive coupling of N,N-ace-
tals proceeds via a radical process as in the case of reductive cou-
pling of carbonyl compounds.11 Although the detailed pathway is
not clear, in the present reductive coupling using zinc and chloro-
trimethylsilane, the reductive coupling of 1 seemed to be triggered
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by the activation of 1 (Scheme 3). Chlorotrimethylsilane serves as
an activator of 1, generating an iminium salt 3,12,13 which leads
to the corresponding a-aryl-a-amino-radical 4 by one-electron
transfer from zinc. Then, the coupling of 4 leads to the correspond-
ing diamine 2.

The reductive coupling using zinc and chlorotrimethylsilane
was also useful for N,O-acetal. When N,O-acetal 5 was treated with
zinc and chlorotrimethylsilane, the corresponding 1,2-diamine 2k
was obtained in 84% yield (dl/meso = 56/44) without either 2-ami-
noethanol compound 6 or 1,2-diether 7 (Scheme 4).14

In conclusion, the reductive coupling of aromatic N,N-acetals
and N,O-acetal activated by chlorotrimethylsilane proceeded
smoothly in the presence of zinc to give the corresponding dia-
mines in moderate to good yields. Further detailed applications
are now in progress.
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