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In the presence of AlCl3, a mixture of hydrogen azide and
tetramethallyltin underwent 1,4- and subsequently 1,2-addition,
respectively, with �,�-unsaturated aldimines to give 1,3-amino
azides in good yields. The 1,3-amino azides thus obtained were
readily converted into 1,3-diamines by reduction with LiAlH4.

Although there are several reports on 1,3-amino alcohols
and 1,3-diols, limited examples are available for their 1,3-di-
amine analogues.1 This is due in part to lack of general synthetic
methodologies for 1,3-diamines. However, recent interests in
1,3-diamine derivatives for use as catalysts in the asymmetric
synthesis2 and medicinal chemistry3 involving HIV protease in-
hibitors have prompted us to explore simple approaches to them.
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We have recently disclosed approaches to functionalized
amines 2 using double nucleophilic addition to �,�-unsaturated
imines 1 promoted by an appropriate Lewis acid,4 where isomer-
ization of an intermediary enamine to imino species was promot-
ed by the use of the molecular sieves 4A containing a limited
amount of water and/or thiols, and in such media hydrolysis
of the relatively unstable imino species5 was suppressed. We
have now found that in the presence of AlCl3 a mixture of hydro-
gen azide and tetramethallyltin undergoes a double nucleophilic
addition with �,�-unsaturated aldimines to give 1,3-amino
azides in good yields.

The initial reaction was carried out using (allyl)4Sn (0.5
equiv.), HN3 (3.0 equiv.), and the imine 3a (1.0 equiv.) in
CH2Cl2 in the presence of SnCl4(0.5 equiv.) at �78 �C to room
temperature. In this case, however, only the 1,2-allylation prod-
uct of the imine was obtained in 15% yield. We then focused our
attention on the use of more reactive tetramethallyltin as a sec-
ond nucleophile, and the results are summarized in Table 1.
Among the Lewis acids examined, SnCl4, TiCl4, and AlCl3
worked well, giving the double addition product 4a in good
yields (Entries 2, 6, and 9). The best yield was obtained, when
the reaction was carried out with 5 equivalents of hydrogen azide
in the presence of AlCl3 (Entry 9). Hydrogen azide was prepared
according to the reported procedure.6 The reaction in the absence
of a Lewis acid also proceeded to give the adduct but in low
yield, where hydrogen azide worked as a promoter (Entry 10).
Although we attempted to use NaN3, Zn(N3)2, and TMSN3

(without AcOH) besides the azide sources reported in Table 1,

the product yields were not improved.
Under the optimum conditions, a variety of �,�-unsaturated

aldimines were subjected to the present double addition reaction,
and Table 2 summarizes the results.

Regarding the substituent at the nitrogen atom, 4- or 2-me-
thoxyphenyl group did not effect the conjugate addition, and on-
ly 1,2-addition of methallyl group was observed (Entries 1 and
2), whereas benzyl, cyclohexyl, and 9-fluorenyl derivatives

Table 1. Comparison of reaction conditionsa

H

N
CHPh2

n -Pr
HN3, Lewis Acid (0.5 equiv.)

CH2Cl2,-78 ˚C − rt

HN

n -Pr

N3

3a 4a

CHPh2Sn(0.5 equiv.)
4

Entry L. A. HN3/equiv. Time/h Yield/%b anti:sync

1 SnCl4 1.0d 16.0 43 62:38
2 SnCl4 3.0d 14.0 60 70:30
3 SnCl4 5.0d 14.5 52 65:35
4 SnCl4 3.0 14.5 46 53:47
5 SnCl4 5.0 12.0 25 70:30
6 TiCl4 3.0 15.0 62 68:32
7 TiCl4 5.0 14.0 37 61:39
8 AlCl3 3.0 16.0 33 68:32
9 AlCl3 5.0 12.0 69 71:29
10 none 5.0 12.3 23 66:34

aReaction was carried out according to the typical procedure
(Ref. 7). bIsolated yield. cIsomer ratio determined by 1H
NMR. dGenerated in situ from the reaction of TMSN3 with
AcOH.

Table 2. Effects of the substituentsa
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Entry R1 R2 Time/h 4/%b anti:sync 5/%b

1 n-Pr 4-MeOC6H4 12.0 0 - : - 10
2 n-Pr 2-MeOC6H4 12.5 0 - : - 16
3 n-Pr PhCH2 12.5 29 67:33 0
4 n-Pr Cy 14.0 50 63:37 0
5 n-Pr 9-Fluorenyl 15.0 20 60:40 0
6 Me Ph2CH 12.0 76 65:35 0
7 Et Ph2CH 12.5 63 64:36 0
8 TMS Ph2CH 14.3 45 70:30 27
9 TBDMS Ph2CH 13.5 0 - : - 50
10 Ph Ph2CH 12.0 0 - : - 22

aReaction was carried out according to the typical procedure
(Ref. 7). bIsolated yield. cIsomer ratio determined by 1H NMR.
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served as the double addition acceptors to give the adducts 4 in
moderate yields (Entries 3–5). The reaction was sensitive to the
substituents at the double bond. While the TMS derivative gave
the double addition product 4 in moderate yield accompanied
with 1,2-addtion product 5 (Entry 8), the TBDMS and Ph ana-
logues did not afford the desired products 4 but only the 1,2-ad-
ducts 5 were obtained in moderate yields (Entries 9 and 10).

Reduction to 1,3-diamins was readily carried out using
LiAlH4 as a reducing agent. The following example shows the
transformation and determination of the relative stereochemis-
try. First, each isomer was separated by silica gel chromatogra-
phy. The major isomer 4b was subjected to LiAlH4 reduction to
give the diamine 6 in 96% yield. The diamine 6 thus obtained
was treated with diphosgene to give the tetrahydropyrimidinone
7. Examination of the coupling constants of each proton unam-
biguously established the relative stereochemistry.

On the basis of the stereoselectivity observed in the present
reaction, the following reaction mechanism was proposed
(Scheme 2). First, the �,�-unsaturated imine 3 was activated
with AlCl3 followed by the conjugate addition of azide to give
an intermediary enamine species. Protonation was effected with
hydrogen azide to give the imine 7, which was attacked via a six-
membered metalla-cycle by tetramethallyltin from the stereo-
electronically favored pseudo-axial side to afford anti-amino
azide 4 as a major product.

In conclusion, the present double nucleophilic addition to
�,�-unsaturated aldimines provides a rapid access to 1,3-amino
azides, where relatively unstable imine intermediates were suc-
cessfully utilized. Although the diastereoselectivity of the pres-

ent reaction is not high, the ready transformation into 1,3-amines
shows the utility of this approach.
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