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ABSTRACT

The reaction of a divalent titanium reagent Ti(O-i-Pr)4/2i-PrMgX with optically active arylaldimines derived from arylaldehydes and
O-methylphenylglycinol provided, in a highly diastereoselective manner, chiral (η2-imine)Ti(O-i-Pr)2 complexes, which in turn reacted with
1-alkynes or propargyl compounds to give optically active allyl- and r-allenylamines, respectively.

The synthesis of unsaturated amines such as allylamines1

and R-allenylamines (2,3-alkadienylamines)2 has attracted
much interest, because they are important compounds in
organic synthesis. Although a variety of synthetically useful
methods to access optically active allylamines has been
developed,3 asymmetric synthesis ofR-allenylamines has
scarcely been reported.2b,c

We recently reported that a divalent titanium reagent Ti(O-
i-Pr)4/2 i-PrMgX (1) reacts with arylaldimines to provide
the corresponding azatitanacyclopropanes (η2-imine)Ti(O-
i-Pr)2 that, in turn, react with 1-alkynes to provide allylamines
after hydrolysis of the resulting azatitanacyclopentene com-
plexes as exemplified in path a in Scheme 1.4-6 With these

results, we envisioned that the reaction of the azatitanacy-
clopropane complexes with propargyl halides might afford
R-allenylamines through theâ-elimination reaction of the
resulting azatitanacyclopentene intermediate and found that
this expectation was realized as exemplified by the reaction
shown in path b in Scheme 1. With these findings in hand,
we were interested in carrying out these reactions in an
asymmetric way starting with optically active imines, and
reported herein is the successful result.

First, we investigated the reaction of1 with several chiral
imines2a-5aprepared from the correspondingR-substituted
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benzylamine and benzaldehyde and saw the diastereofacial
selectivity of the formation of azatitanacyclopropane com-
plexes by their deuteriolysis product. As shown in Scheme
2, the titanium complexes derived from2a and3a provided

the corresponding amine with quantitative deuterium incor-
poration in excellent yield. While2a provided two possible
diastereomers in a ratio of 64:36, to our satisfaction,3a,
which has a 2-methoxy-1-phenylethyl group as the N-
substituent, afforded one diastereomer with excellent selec-
tivity of >97:3, indicating the highly diastereoselective
formation of the azatitanacyclopropane from3a, though its
absolute stereochemistry was not determined. Meanwhile,
4a furnished the corresponding azatitanacyclopropane in low

yield presumably due to the larger steric bulkiness of OSit-
BuMe2 than that of the OMe group, and5a gave a complex
mixture.

With the finding that3aafforded a good result, we carried
out the reaction of the azatitanacyclopropane derived from
it with trimethylsilylacetylene. Thus, the titanium complex
prepared by adding 2 equiv ofi-PrMgCl to a mixture of3a
and Ti(O-i-Pr)4 was treated with trimethylsilylacetylene (1.5
equiv) at-35 °C to afford, after hydrolysis or iodinolysis,
the corresponding allylamine6aand7a in 81 and 74% yields,
respectively.7 The diastereomeric ratio of6a thus obtained
was found to be>97:3 by1H NMR analysis, and the absolute
structure of the major product was confirmed as depicted in
eq 1 (vide infra).

The results of the reaction with other representative
1-alkynes are summarized in Table 1. It can be seen that the

reaction is reasonably general. An alkyl- and phenylacetylene
reacted with excellent selectivity as shown in entries 2 and
3. Ethyl propiolate could be used equally well to give the
desired allylamine6d. Sulfonylacetylene also provided the
expected allylamine6e, albeit in low yield. The present
reaction appears to allow preparation of optically active

(5) We also reported that the (η2-alkyne)Ti(O-i-Pr)2 complexes derived
from 1 and internal alkynes react with imines to provide the corresponding
â,γ-disubstituted allylamines: Gao, Y.; Harada, K.; Sato, F.Tetrahedron
Lett. 1995,36, 5913.

Scheme 1

Scheme 2

a By 1H NMR. bNot determined.

Table 1

a Determined by1H and13C NMR analyses. No regioisomer was detected.
b isolated yield.
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allylamines having other aromatic substituents than phenyl
at the R-position as exemplified by the preparation of6f
(entry 6, see also Table 2). Thus, in conclusion, a new
attractive entry to an optically activeR-arylallylamines has
been developed. It should be noted that the preparation of
an optically active Cp2Zr(η2-imine) complex from Cp2Zr-
(η2-butene) and3aand its highly diastereoselective reaction
with trimethylsilylacetylene providing the corresponding

optically active allylamine has been reported previously.8,9

However, the scope of the reaction was not explored.

We next carried out the reaction of the azatitanacyclo-
propanes derived from3 with propargyl compounds8 and
found that the reaction afforded the expected optically active
R-allenylamines highly selectively. Thus, the titanium com-
plex prepared from1 and 3a was treated with propargyl
bromide (8a) (1.5 equiv) at-35 °C to affordR-allenylamine
9aa in 74% isolated yield. The diastereomeric ratio of9aa
thus obtained was found to be>98:2 by1H NMR analysis,
while the absolute configuration of the major isomer was
determined as depicted in the equation shown in Table 2
(vide infra).

This highly diastereoselective formation ofR-aryl-R-
allenylamines from chiral imines of type3 and propargyl
compounds appears to be reasonably general, and additional
results are collected in Table 2. Optically activeR-allen-
ylamines having 1- and 2-naphthyl groups (entries 3 and 4),
a 4-siloxy-phenyl group (entry 5), or a mesityl group (entry
6) as anR-aryl moiety can be prepared starting with the
corresponding3. As mentioned above (see entry 6 in Table
1), an aromatic iodide survives these reductive conditions
so that 2-iodophenyl imine3b gave the desired9ba without
any complication (entry 2). As can be seen from entries
7-10, propargyl phosphates (8b,c) and acetates (8d,e) in
addition to the halides can be used as a propargylic substrate.
The results shown in these entries also indicate that the
propargyl substrate having a substituent at the 1- or 3-position
proceeded with similar excellent diastereoselectivity to afford
allenylamines having an allenyl substituent, though in the
case where the product has an axial allenyl chirality such as
9adand9ae, two diastereomers regarding the allenyl portion
were produced.

The stereochemistry of7a and 9aa thus obtained was
determined by converting to the known compounds1110 and
13,11 respectively, as shown in Scheme 3. The stereochem-

(6) Recent reviews for synthetic reactions mediated by a Ti(O-i-Pr)4/2
i-PrMgCl: Sato, F.; Urabe, H. InTitanium and Zirconium in Organic
Synthesis; Marek, I., Ed.; Wiley-VCH: Weinheim, Germany, 2002; pp 319-
354. Sato, F.; Okamoto, S.AdV. Synth. Catal.2001, 343, 759. Sato, F.;
Urabe, H.; Okamoto, S.Chem. ReV.2000,100, 2835.

(7) No regioisomer was detected.4

Table 2

a Stereochemistry was determined for9aa. That of other compounds was
assigned from analogy with9aa. b Determined by1H and 13C NMR
analyses.c Isolated yield. No regioisomer was detected.d Ratio of diaste-
reomer regarding the allenyl moiety determined by1H NMR.

Scheme 3a

a (i) n-Bu4NF, DMF. (ii) H2, Pd(OH)2/C, MeOH. (iii) BBr3,
CH2Cl2. (iv) H5IO6, MeNH2,MeOH-H2O.
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istry of other products shown in Tables 1 and 2 was assigned
from analogy with7a or 9aa, respectively.

The stereochemical outcome of the reaction shown in
Tables 1 and 2 can be explained by assuming that the reaction
proceeds through the azatitanacyclopropane complex shown
in Scheme 4, which has the six-membered chair-like titana-
cyclic structureA in which the oxygen is coordinated to the

titanium and two aryl groups (Ar and Ph) are situated at the
equatorial position.12

In summary, we have developed a one-pot method for
synthesizing optically active allyl- andR-allenylamines from
arylaldimines3 and 1-alkynes or propargyl compounds via
the chiral azatitanacyclopropanes. Although the present
method is restricted to preparation of allyl- andR-allen-
ylamines having anR-aryl group, the method might find wide
utility because of the ready availability of all reagents used
and the operational simplicity of the reaction.
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Scheme 4
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