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In the presence of silica gel or titanium tetrachloride, ketene silyl acetals or ketene silyl thioacetals under-
went 1,4-addition with a,b unsaturated aldimines which possess a large triphenylmethyl group at the
imino nitrogens followed by reduction with sodium cyanoborohydride to give aminopropylated products,
d-amino esters, in good yields.

� 2011 Elsevier Ltd. All rights reserved.
In connection with unusual helix types in oligomers of d-amino
acids (d-peptides) and their stabilities, d-amino acids have received
considerable attention from the standpoints of dipeptide isosteres
and reversal of turn mimetics.1 Although we have already reported
new synthetic methods for d-amino esters of type A using double
nucleophilic addition to a,b-unsaturated aldimines,2 there still re-
mains an important problem for the selective synthesis of d-amino
esters of type B using the double addition tactic, in other words,
reductive aminopropylation (Scheme 1). This kind of transforma-
tion is not trivial due to the instability of an intermediary enamino
or imino compound against hydrolysis or isomerization.3 The
ready second 1,2-addition of the same 1,4-nucleophiles has also
been found to be quite problematic.4 We would like to describe
herein an easy access to d-amino esters of type B by reductive
aminopropylation of ketene silyl (thio)acetals, in which use of
a,b-unsaturated aldimines having a large trityl group at the imino
nitrogens is crucial.

The initial examination was carried out using aminopropylation
of the ketene silyl acetal 2a derived from ethyl isobutyrate with
allylideneamine 1, and results are summarized in Table 1.

As shown in Table 1, the addition reaction of the ketene silyl
acetal 2a in the presence of SiO2 (5.00 g/mmol) as previously re-
ported5 gave an intermediary 1,4-addition product which in turn
was reduced with NaCNBH3 (4.0 equiv) at �40 �C to rt to afford
the desired aminopropylated product 3a in 75% yield (entry 9). Un-
der the optimum conditions a variety of ketene silyl (thio)acetals 2
ll rights reserved.

himizu).
were subjected to the aminopropylation reaction, and Table 2 sum-
marizes the results.6

As shown in Table 2, tetra-substituted ketene silyl acetals
underwent aminopropylation reaction to give the products 3 in
good yields in which methoxy derivative gave the best result (en-
tries 1–8). Although tri-substituted ketene silyl acetals did not give
the adducts in good yields, their sulfur analogs gave the amino-
propionated products in moderate yields (entries 9–11), in which
cyclohexylthio derivative recorded the best result (entry 9). In
the cases with di-substituted ketene silyl acetals, the reaction did
not give the desired product, either, where only the hydrolysis of
ketene silyl acetals was observed. However, use of ketene silyl
thioacetals gave the aminopropylated products in moderate yields
Scheme 1. Double nucleophilic addition to a,b-unsaturated aldimine.
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Table 2
Reductive aminopropylation of ketene silyl (thio)acetalsa

N (5.0 g / mmol)
R2 XR3

(1.5 equiv)

MeOH, -78 oC - rt, 30 min

NaCNBH3

(4.0 equiv) H
N

Trityl
R1 R2

-40 oC - rt, 17 h

R1 OTMS

Trityl

SiO2

1 3

2
R3X

O

Entry
R1

R2 OTMS

XR3
Yield of 3b (%) Entry

R1

R2 OTMS

XR3
Yield of 3b (%)

1
OTMS

OnPr
2b 3b, 54 8

OTMS

OMe
2h 3h, 60

2
OTMS

OiPr
2c 3c, 70 9

SCy

OTMS
2i 3i, 49

3
OTMS

OEt
2a 3a, 75 10

SPh

OTMS
2j 3j, 46

4
OTMS

OMe
2d 3d, 78 11

SEt

OTMS
2k 3k, 31

5
OTMS

SEt
2e 3e, 38 12

OTMS

StBu
2l 3l, 42

6
EtS

EtS OTMS

OMe
2f 3f, 51 13

OTMS

SCy
2m 3m, 52

7
EtO

EtO OTMS

OMe
2g 3g, 33

a The reaction was carried out according to the typical procedure.
b Isolated yield.

Table 1
Reductive aminopropylation of ketene silyl acetal-comparison of reaction conditions.a

N
Trityl

(x g / mmol)

OTMS

OEt
(1.5 equiv)

MeOH, -78 oC - rt, 30 min

NaCNBH3

(y equiv) H
N

Trityl
MeOH
Temp., 17 h

EtO2C

Trityl = Triphenylmethyl

SiO2

1 3a

2a

Entry SiO2 (g/mmol) NaCNBH3 (equiv) Temp (oC) Yield of 3ab (%)

1 2.50 4.0 �78 to rt 41
2 2.50 4.0 �78 to rt 49
3 2.50 1.0 �78 to rt 33
4 1.25 4.0 �78 to rt 22
5 5.00 4.0 �78 to rt 68
6 6.25 4.0 �78 to rt 52
7 5.00 4.0 0 to rt 66
8 5.00 4.0 �20 to rt 71
9 5.00 4.0 �40 to rt 75

a The reaction was carried out according to the typical procedure.
b Isolated yield.
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(entries 12 and 13). We next examined use of b-phenyl a,b-unsat-
urated aldimine 4a, and Table 3 summarizes the results.

In contrast to allylideneamine 1 the initial addition reaction did
not proceed with b-phenyl a,b-unsaturated aldimine 4a in the
presence of silica gel (entry 1), whereas other Lewis acids exam-
ined here promoted the reductive aminoalkylation reaction to give
the adduct 5a in moderate to good yields. Among the Lewis acids
screened titanium tetrachloride promoted the desired transforma-
tion most efficiently to give the product 5a in 77% yield (entry 6).
Under these conditions a series of b-substituted a,b-unsaturated
aldimine 4 was used for the present aminoalkylation reaction
and Table 4 summarizes the results.7

Regarding the alkoxy part of the ketene silyl acetal, ethoxy
derivative 2a recorded the best result (entries 1–4). Other b-substi-
tuted a,b-unsaturated aldimines 4 besides the cinnamylidene
derivative 4a could also be used for the present aminoalkylation
reaction to give the adducts 5 in moderate to good yields (entries
5–9). However, at present time use of tri- and di-substituted ke-
tene silyl acetals or their thio analogs did not give satisfactory
yields of the aminoalkylated products presumably due to the com-
peting hydrolysis of the ketene silyl (thio)acetals and/or intermedi-
ary imines or enamines under the present reaction conditions.8

In conclusion, the present reductive aminoalkylation of ketene
silyl (thio)acetals provides an easy access to d-amino esters which
are useful molecules in drug discovery as well as for new func-
tional materials. Although some limitation of the nucleophiles is
involved in the cases with b-substituted a,b-unsaturated aldi-
mines, use of a large trityl group at the imino nitrogen has



Table 4
Reducive aminoalkylation of ketene silyl acetalsa

R1 N Trityl

TiCl4,
(1.0 equiv)

OTMS

OR2

(1.1 equiv)

CH2Cl2, -78 oC - rt, 1 h

NaCNBH3

(1.0 equiv)

MeOH
-40 oC - rt, 18 h

H
N Trityl

R1

R2O2C
4 5

Entry R1 R2 Yield of 5b (%)

1 4a: Ph 2a, Et 5a, 77
2 4a: Ph 2d, Me 5d, 71
3 4a: Ph 2b, nPr 5b, 66
4 4a: Ph 2c, iPr 5c, 63
5 4b: Me 2a, Et 5e, 59
6 4c: Et 2a, Et 5f, 60
7 4d: nPr 2a, Et 5g, 55
8 4e: nBu 2a, Et 5h, 59
9 4f: Cy 2a, Et 5i, 46

a The reaction was carried out according to the typical procedure.
b Isolated yield.

Table 3
Reductive aminoalkylation of ketene silyl acetal-comparison of reaction conditionsa

N
Trityl

Promoter
(1.0 equiv)

OTMS

OEt
(1.5 equiv)

CH2Cl2, -78 oC - rt, 30 min

NaCNBH3

(4.0 equiv) H
N

Trityl
MeOH
-40 oC - rt, 17 h

EtO2CPh

Ph4a 5a

Entry Promoter Yield of 5ab (%)

1 SiO2
c –

2 SnCl2 27
3 SnCl4 61
4 AlCl3 52
5 TiCl4 72
6 TiCl4

d 77

a The reaction was carried out according to the typical procedure.
b Isolated yield.
c SiO2 (5.0 g/mmol) was used.
d The initial 1,4-addition was conducted for 1 h.
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provided new environment for the control of the double nucleo-
philic addition reaction to use only small second nucleophiles for
the 1,2-addition.
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