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Under the influence of titanium tetraiodide reductive imino-
aldol reaction of the N-tosylimine derived from ethyl
glyoxylate proceeded with aldimines to give a,b-diamino
esters in good yields in a highly diastereoselective manner.

Our previous investigations have revealed that titanium tetraio-
dide is a good reagent for efficient C–C bond forming reactions1

involving reductive formation of enolate species1d,e from a-
imino- and a-allyloxy-a-trimethyksiloxy acetates. Although al-
dol type reactions proceeded well, there has been much room
for the improvement of diastereoselectivity. Much attention
has been focused recently on the stereoselective preparation
of 1,2-diamines due to the increasing importance of such
compounds for the synthesis of many biologically important
natural products as well as drugs for therapeutic purposes.2

They also serve as chiral auxiliaries and/or ligands for metals in
catalytic asymmetric synthesis, and several approaches to their
preparation have been developed.3 During explorations into the
utility of titanium tetraiodide for the reductive formation of
enolates, we found that reaction of the enolate of a-aminoacetate
generated from a-iminoacetates4 with aldimines proceeded to
give a,b-diamino esters in good yields. This paper describes a
stereoselective reductive imino-aldol reaction of a-iminoacetate
(Scheme 1).

Scheme 1

Firstly, the reaction of a-imino ester 1 with p-anisylbenzal-
imine 4 was examined under various reaction conditions, and
Table 1 summarizes the results. As shown, the reaction in toluene
did not proceed, whereas a small amount of the adduct 5 was
obtained in dichloromethane (entries 1 & 2). Better yields were
obtained when the reaction was carried out in propionitrile
or acetonitrile. In particular, the use of acetonitrile as solvent
appeared to be superior in terms of the diastereoselectivity
(entries 9 & 10). The use of an excess of the a-iminoacetate
1 gave the best result (entry 10). Under the optimum conditions,
a variety of imines were subjected to the present reductive imino
aldol reaction, and Table 2 summarizes the results.

As shown in Table 2, among the substituents at the imino
nitrogen atom, 2-methoxyphenyl and phenyl groups effected the
addition reaction efficiently, while the 4-dimethylaminophenyl
derivative decreased the yield of the desired adduct (entries 1–
4). The use of the 4-toluenesulfonyl derivative gave no reaction
presumably due to the lack of the site of the imino nitrogen where
TiI4 could chelate (entry 6). Regarding the diastereoselectivity,
the imines derived from benzaldehyde and cyclohexanecarbox-
aldehyde gave syn-adducts 3 as major isomers (entries 1–7).

Table 1 Reaction of a-imino ester 1 with p-anisylbenzalimine 4 under
various conditionsa

Entry Solvent Temp. (◦C) Time (h) 5 (%)b syn : antib ,c

1 PhCH3 −78 to −10 3.5 0 —
2 CH2Cl2 −78 to −10 3.5 12 58 : 42
3 EtCN −78 to −30 2.5 56 80 : 20
4 EtCN −78 to −20 3.0 61 86 : 14
5 EtCN −78 to −10 4.0 61 84 : 16
6 EtCN −78 to 0 5.0 56 78 : 22
7 EtCN −78 to rt 22.5 58 51 : 49
8 EtCN −40 to −10 3.0 51 81 : 19
9 MeCN −40 to −10 3.0 66 94 : 6

10d MeCN −40 to −10 3.0 77 94 : 6

a The reaction was carried out according to the typical experimental
procedure.† b Isolated yield. c Determined by 1H NMR and/or HPLC.
d 1 (2.0 eq) and 4 (1.0 eq.) were used.

Table 2 Reaction of a-imino ester 1 with various imines 2a

Entry R1 R2 Time (h) 3 (%)b syn : antib

1 Ph 2-MeOC6H4 2.5 80 89 : 11
2 Ph 2,4-(MeO)2C6H3 2.5 52 89 : 11
3 Ph Ph 2.5 85 93 : 7
4 Ph 4-Me2NC6H4 3.0 17 >99 : 1
5 Ph 2-MeSC6H4 3.0 57 92 : 8
6 Ph 4-Ts 3.0 0 —
7 cyclo-Hex 4-MeOC6H4 3.0 50 94 : 6
8d PhC≡C 4-MeOC6H4 2.0 55 7 : 93
9d TMSC≡C 4-MeOC6H4 2.0 44 1 : >99

a The reaction was carried out according to the typical experimental
procedure.† b Isolated yield. c Determined by 1H NMR and/or HPLC.
d The reaction was carried out at −40 ◦C.

Those possessing triple bonds recorded reversal of the diastere-
oselectivity, affording anti-adducts 3 predominantly (entries 8 &
9).‡

Although arguments on the stereochemical outcome need
more experimental support, the following scheme shows a
possible reaction pathway. The present reaction appears to
involve an initial attack of iodide anion at the imino or carbonyl
carbon and the subsequent reaction with another iodide anionD
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to effect the formation of the enolate species.5 The enolate thus
generated reacts with the imines derived from benzaldehyde and
cyclohexanecarboxaldehyde via a six membered cyclic transition
state A or an acyclic counterpart B which appears to be favored
due to the absence of a 1,3-diaxial interaction as in the case with
A to give the syn-a,b-diamino ester 3 stereoselectively. Regarding
the formation of anti-adducts in the cases with sterically less
demanding acetylene derivatives, an involvement of addition to
the Z-imine which would form via in situ isomerization of the
corresponding E-isomer may account for the reversal of the
diastereoselectivity (Scheme 2).

Scheme 2

In conclusion, the reductive imino aldol reaction of the N-
tosyl imine derived from ethyl glyoxylate promoted by TiI4

afforded a,b-diamino esters selectively in good yields, where
good to high diastereoselectivities were observed. Since titanium
tetraiodide is commercially available and inexpensive, this proce-
dure offers a convenient method for the reductive formation of a-
amino ester enolate that is a useful synthon for the introduction
of an aminoacetate moiety.
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Notes and references
† A typical procedure is as follows: acetonitrile (1.0 mL) was added to
TiI4 (395 mg, 0.711 mmol) at ambient temperature under an argon
atmosphere. After 10 minutes stirring, to the solution of TiI4 was
added N-benzylideneaniline (43.0 mg, 0.237 mmol) in acetonitrile

(1.0 mL) at −40 ◦C. After stirring for 30 min at −40 ◦C, ethyl 4-
toluenesulfonyliminoacetate (121.0 mg, 0.474 mmol) was added at
−40 ◦C, and the mixture was stirred at −40 ◦C to −10 ◦C for 3.0 h. The
reaction was quenched with sat. aq NaHCO3, 10% NaHSO3, filtered
through a Celite pad, and extracted with ethyl acetate (10 mL × 3).
The combined organic extracts were dried over anhydrous Na2SO4 and
concentrated in vacuo. Purification on silica gel TLC (n-hexane : ethyl
acetate = 9 : 4 as an eluent) gave ethyl 3-phenylamino-3-phenyl-2-(4-
toluenesulfonylamino)propionate (87.9 mg, 85%, syn : anti = 93 : 7) as
a colorless oil.
‡ The relative stereochemistry of the product was determined using
1H NMR (NOE) after transforming into the corresponding imida-
zolidinone as in the following typical example, in which the cis-
imidazolidinone derived from the anti-isomer 3 showed an NOE,
whereas the trans-analogue did not:
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