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ABSTRACT

An efficient and straightforward method for the preparation of highly enantiomerically enriched C2-symmetrical vicinal diamines by the reductive
homocoupling of aromatic N-tert -butanesulfinyl imines in the presence of SmI 2 and HMPA was developed. It gives access to a variety of
enantiopure C2-symmetrical 1,2-diamines in a very mild and practical way.

Enantiopure vicinal diamines are of great importance in
organic chemistry because of their presence in many biologi-
cally active compounds and their use as versatile chiral
ligands or auxiliaries in asymmetric synthesis.1 Many efforts
have been devoted to the development of methods for their
preparation.1-3 Among them, a method based on the reduc-
tive coupling of imine species promoted by a reducing agent
is one of the most straightforward and promising approaches

for generating vicinal diamines.3 In recent decades a number
of reaction systems have been developed for this transforma-
tion, but very often with low stereoselectivity.4 Highly
efficient asymmetric synthesis of enantiopure vicinal di-
amines remains a significant synthetic challenge.

Recently, we reported the first use of samarium diiodide-
induced cross-coupling of nitrones with chiralN-tert-
butanesulfinyl imines for the asymmetric synthesis of
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Mansikkamäki, H.Angew. Chem., Int. Ed.2003,42, 5958. (b) Muñiz, K.;
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unsymmetrical vicinal diamines.5 Excellent enantioselectivi-
ties, as well as high diastereoselectivities, were observed in
this reaction. The reaction gives access to a variety of highly
enantiomerically enriched unsymmetrical vicinal diamines
after further transformation of the obtained products. Our
continuous efforts6 in the investigations of samarium di-
iodide-mediated reductive coupling have led us to the
discovery that enantiomerically enrichedC2-symmetrical
vicinal diamines can also be effectively prepared under the
proper reaction conditions.

During the course of our studies on the above-mentioned
cross-coupling reactions, we observed the minor formation
of the homocoupling product ofN-tert-butanesulfinyl imine
1a upon treatment with 2 equiv of SmI2 in the presence of
nitrone. Thus, we felt the potential of the reductive homo-
coupling to synthesize chiralC2-symmetrical diamines. To
our knowledge, no radical reactions ofN-tert-butanesulfinyl
imines7 have been documented before. Our initial investiga-
tions were carried out by using (R)-sulfinyl aldimine1a as
a substrate under various conditions (Scheme 1).

As anticipated, the homocoupling of sulfinyl aldimine1a
successfully proceeded in the presence of 2 equiv of SmI2

in THF at -78 °C to produce bothd/l- andpseudo-meso-
adduct in totally 81% of yield.8 Thed/l-adduct2a is slightly
superior to thepseudo-meso-adduct3a with a ratio of 1.4:1
(Table 1, entry 1). No significant improvement was found

when tert-butyl alcohol or NiI29 was added to the reaction
system (entries 2 and 3). Very gratifyingly, when 2 equiv of
HMPA10 was used as an additive, the coupling reaction
proceeded smoothly to give onlyd/l-product2a as a single
diastereomer in an almost quantitative yield of 99% (entry
4). The structure of the obtained diamine product2a was

unambiguously established by X-ray analysis, and the
stereochemistry of the two newly formed carbon centers was
revealed to possess (S,S)-configuration11 (Figure 1). Further

experiments showed that the stereoselectivity of the reaction
was largely affected by the reaction condition. A decrease
in the amount of both SmI2 and HMPA from 2 to 1.2 equiv
led to the formation of thepseudo-meso-product3a. As a
result, a 6:1 mixture of diastereomeric diamine2a and 3a
was observed, although a high yield was still obtained (entry
5). These results suggest that the presence of a suitable
amount of donor ligand HMPA in conjunction with SmI2 is
the critical combination required for achieving excellent
stereoselectivity.

On the basis of the established optimum reaction condi-
tions used in entry 4 of Table 1, a variety of other
enantiomerically pure aromaticN-tert-butanesulfinyl imines
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Scheme 1

Table 1. Initial Examination of the Reductive Homocoupling
Conditions

entry additive yield (%)a 2a:3ab

1 81 1.4:1
2 tBuOH (2.0 equiv) 77 1.7:1
3 NiI2 (2%) 72 1.7:1
4 HMPA (2.0 equiv) 99 only 2a
5c HMPA (1.2 equiv) 96 6:1

a Total isolated yield ofd/l- and pseudo-meso-products.b Determined
by the individual isolated yield of2a and3a after flash column chroma-
tography.c Performed with 1.2 equiv of SmI2.

Figure 1. X-ray crystal structure of homocoupling product2a.
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were employed as substrates to probe the generality of this
reductive homocoupling reaction. As summarized in Table
2, imines containing either electron-withdrawing or electron-

donating substituents were all successfully coupled to afford
the corresponding sulfinyl 1,2-diamines. In most cases, the
reactions proceeded to completion in 2-3 h, giving d/l-
adducts2a as the only products in moderate to excellent
yields.12 In accordance with our earlier studies of cross-
coupling,5 electron-donating substituted imines were rela-
tively less reactive and gave a lower yield of homocoupling
products (entries 5, 6, and 10). Interestingly, a significant
HMPA effect was found in the cases of methoxy-substituted
imines 1f and 1j; when the amount of HMPA added was
increased from 2 to 6 equiv, a dramatic improvement of the
coupling yield from 58 to 80% and 52 to 85% was observed,
respectively (entries 6 and 10).13 We presume that this may
be due to the increase of the reduction potential of SmI2 by
HMPA; however, no obvious increase of the yields in the

cases of 1e and 1g was observed (entries 5 and 7).
Nonsubstituted imine1gappears to be the least reactive under
the current reaction conditions (entry 7).14 Notably, for those
diamines obtained in entries 1, 2, 4, and 6, thepara-halogen,
acetoxy, or methoxy substituent on the benzene ring would
be a useful functionality for further attachment onto solid
support materials such as via O-alkylation or Suzuki coupling
reactions.15 Moreover, the obtained diamine products with
different electronic properties would also be very useful
chiral ligands in asymmetric reactions.

Conversion of the homocoupling products to the corre-
sponding free diamines has also been examined. As exempli-
fied by 2a, the chiral free diamine can be readily obtained
by removal of theN-tert-butanesulfinyl group under acidic
conditions (Scheme 2). To determine the ee, both enanti-

omers were prepared separately and the enantiomeric purities
were then ascertained by chiral HPLC analysis of the
corresponding diacetate.16 For example, the diacetates of
diamines4a, ent-4a,4b, ent-4b, and4f, ent-4f each show
an extremely high ee of>99%.

On the basis of the known samarium diiodide chemistry17

and the observed stereoselectivity, a plausible reaction
mechanism is shown in Scheme 3. Upon treatment of SmI2

in THF and HMPA, sulfinyl imine substrate1 undergoes
one-electron reduction to give a radical intermediates-cis-

(12) See footnotes of Table 2 for details.
(13) When 8 equiv of HMPA was employed, no further improvement

of the yield was observed.
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S.; Tsuji, A.; Takahashi, M.Tetrahedron Lett.2003,44, 3825.

Table 2. SmI2-Mediated Reductive Homocoupling of Chiral
N-tert-Butanesulfinyl Iminesa

a All reactions were performed using 2.0 equiv of SmI2 and 2.0 equiv of
HMPA in THF at-78°C unless otherwise noted.b Isolated yield.c Another
7% of pseudo-meso-product was isolated.d Performed with 6 equiv of
HMPA. e Another 19% ofpseudo-meso-product was isolated.

Scheme 2

Scheme 3. Proposed Reaction Mechanism
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5. Due to the bulkiness of samarium complex with HMPA,
s-cis-5is rapidly transformed into a structurally more stable
intermediates-trans-5. During the homocoupling, thetert-
butanesulfinyl group serves as a powerful chiral directing
group, both theRe-face approach of the formed radical
intermediates-trans-5 occurs predominantly because of steric
repulsion between the two bulkytert-butanesulfinyl groups
on the nitrogen atom. The excellent diastereoselectivity and
enantioselectivity of the reaction can thus be explained by
assuming the transition state6. Enantiomerically enriched
C2-symmetrical vicinal diamine2 is then provided after
quenching by water.

In summary, we have discovered and developed a new
reaction system that allows efficient reductive homocoupling
of aromaticN-tert-butanesulfinyl imines in the presence of
SmI2 and HMPA generation ofC2-symmetrical l,2-diamines

in a very mild and stereoselective way. The simple experi-
mental procedure and the mild reaction conditions make this
highly diastereoselective and enantioselective homocoupling
reaction a convenient, practical, and straightforward approach
for the synthesis of enantiomerically enrichedC2-symmetrical
vicinal diamines. Further studies aimed at exploring the
applicability of these newC2-symmetrical vicinal diamines
in asymmetric reactions are in progress.
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