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In the presence of AlICl;, a mixture of ketene silyl (thio)a-
cetal and trimethylsilyl cyanide underwent 1,4- and subsequent
1,2-addition, respectively, with o,B-unsaturated imines to give
ethyl(S-alkyl) 5-amino-6-cyanopentanoates in good yields.

The Strecker reaction is one of the most efficient methods
for the synthesis of o-amino nitriles, which are readily con-
verted into oi-amino acids.! Ojima and co-workers first reported
the Lewis acid-catalyzed Strecker reaction of imines with tri-
methylsilyl cyanide (TMSCN).2 A variety of asymmetric
Strecker reactions have been reported to date.> Three compo-
nent reactions of aldehydes, amines, and TMSCN were also re-
ported to give ai-amino nitriles.* These reactions do not always
need to isolate relatively unstable imines. On the other hand, we
have reported double nucleophilic addition reactions of ketene
silyl acetals, allylstannanes, and thiols to o,B-unsaturated imi-
nes (Eq 1).> These reactions proceed via intermediary imino
species which are relatively difficult to be isolated and purified.®
In this paper, we describe the double nucleophilic addition of
ketene silyl (thio)acetals 2 and trimethylsilyl cyanide to o.,-un-
saturated aldimines 1 (Eq 2).
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First, the effect of Lewis acids for the double nucleophilic
addition to imine 1a was investigated using ketene silyl acetal 2
(R? = R? = Me, R* = OEt) and TMSCN, and the results are
summarized in Table 1.7

Among the Lewis acids tested, most of Lewis acids except
for SnCly and Et, AICI were effective, and especially, AICl; and
TMSI were found to be efficient promoters (entries 5 and 8).
The amount of TMSCN was also examined using AlCl; as a Le-
wis acid (entries 8—11). The use of more than 1.5 equivalents of
TMSCN gave acceptable yields (entries 10, 11). Under the op-
timum conditions the use of several imines 1 was investigated,
and the results are summarized in Table 2.

Although there is still much room for the improvement of
diastereoselectivities, the use of imines having not only an aro-
matic group but also an aliphatic group worked well (entries 1-
3). Imine 1 (R! = Ph, R? = CHPh;,) also gave the desired 1,4-

Table 1. Comparison of reaction conditions®

Lewis Acid (0.5 equiv. E
PAn OEt ,TMSCN
N 2 _ Ph CN
Ph/\)LH CH,Cl,, -80 °C - t 3a
+ PAN
1a HN
4a
Entry L. A. 2/equiv. TMSCN/equiv. 3a/%" (syn:anti)® 4a/%"
1 SnCly 1.0 1.0 35 47:53) —
2 TiCly 1.0 1.0 56 (48:52) 5
3 TiCly 1.0 2.0 65 (46:54) 11
4 TiCly 1.5 1.5 57 (47:53) 7
5 TMSI 1.0 1.0 74 (56:44) 2
6 EtAICl, 1.0 1.0 62 (45:55) 7
7 ERAICI 1.0 1.0 47 (35:65) 20
8 AlCl; 1.0 1.0 73 (45:55) 7
9 AlCl; 1.0 1.2 77 (44:56) 4
10  AlICl; 1.0 1.5 84 (47:53) 4
11 AICl3 1.0 2.0 85 49:51) 2
12 AlBr; 1.0 1.0 67 (50:50) 5
13 All; 1.0 1.0 61 (48:52) 7

aReaction was carried out according to the typical procedure.’
PIsolated yield. Isomer ratio determined by '"H NMR. Determina-
tion of the relative stereochemistry, see ref. 7.

Table 2. Use of a variety of imines®

, >=<OTMS oE
B e
1.0 equiv. . uiv.)(0. uiv.
1 /\)J\ ( quiv.) >
R H CH,CI,, -80 °C - rt R N
1 3
Entry R! R? Yield/%" (syn:anti)®
1 Ph PAn 84 47:53
2 Me PAn 81 49:51
3 "Pr ?An 55 52:48
4 Ph CHPh, 78 49:51

aReaction was carried out according to the typical procedure.’
"Isolated yield. ‘Isomer ratio determined by 'H NMR.

1,2-addtion product 3 (R! = Ph, R> = CHPh,) in good yield
(entry 4). We next examined use of other ketene silyl acetals
(Table 3).

In the case of the ketene silyl acetal 5 (R'=R?=H,R? =
OEt), only 1,2-addtion adduct 4 of the ketene silyl acetal was
obtained in 65% yield (entry 1). Use of ketene silyl thioacetals,
which were good nucleophiles in the double nucleophilic addi-
tion to o,B-unsaturated aldimines, was next examined.’? When
the ketene silyl thioacetal 5 (R' = R? = H, R3 = SEt) was used,
the reaction proceeded to give the 1,4-1,2-adduct 3 (R! = R? =
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Table 3. Use of a ketene silyl acetal and ketene silyl thioacetals

3

R pTMS R_ COR;
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AN RS R 5 TMSCN  AlC re] M
Ph CN

(1.0 equiv.)(0.5 equiv.)(1.5 equiv.)
PNLH CH,CT, 80 °C - rt > L3
P
1a NHA?

3
Bh COR

4 R'R?

Entry R! R? R3 3/%° Ratio® 4/%°

1 H H OFEt 0 (-:-) 65

2 H H SEt 35 (41:59) 0

3 H H SBu! 53 (51:49) 0

4 H Me SEt 21 ND¢ 0

5 Me Me SEt 4 (52:48) 0

aReaction was carried out according to the typical procedure.’
®Isolated yield. ‘Isomer ratio determined by 'H NMR. 9Not deter-
mined.

H, R3 = SEt) in 35% yield (entry 2). A better result was ob-
tained with the ketene silyl thioacetal 5 (R! = R*> = H, R® =
SBu’), and the reaction gave the desired 1,4-1,2-addtion adduct
3 (R! = R? = H, R? = SBu’) in 53% yield (entry 3). However,
tri- or tetra-substituted ketene silyl thioacetal was not a good
nucleophile for the present addition reaction (entries 4 and 5).
To clarify the reaction mechanism, the reaction of 1la with 2
(R? = R? = Me, R* = OEt) was carried out in the presence
of molecular sieves pretreated with D,O (treated with D,0O
and dried) to give the deuterated product 3a-d in 73% yield
with 56% deuterium incorporation (Eq 3). The same reaction
conducted in the absence of molecular sieves followed by
quenching with CD3;COOD gave the adduct 3a in 53% yield
with only trace of deuterium incorporation. Close examination
of the reaction of 1a with 2 (R*> = R3 = Me, R* = OEt) and
TMSCN in the presence of AICl; as monitored by TLC revealed
that the initial 1,2-addition of TMSCN occurred at —20°C. A
new spot which was assigned to be 1,4-1,2-adduct 3a gradually
appeared at —10 to 0°C.

AICI, (0.5 equiv.)

oTMS
= TMSCN

P,
OEt ZAn
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N (1.0equiv) (1.5equiv) EtO,C HN
(3
Ph/\)J\H CH,Cl,, -80°Ctort, 15 h Ph CN
MS 3A (containing D,O) D
1a
3a-d

73% vyield, 56% D-incorporation

From these results, we propose a plausible reaction mecha-
nism as shown in Scheme 2. The initial 1,2-addition of TMSCN
occurs, which, however, is a reversible process to regenerate the
parent imine 1. Metalloenamine 6 would be generated via an
AlCls-promoted 1,4-addition reaction of ketene silyl (thio)ace-
tal 2 and reacts with a certain proton source to give imine 7,
which in turn is attacked by TMSCN to afford 1,4-1,2-adduct 3.

In conclusion, we have found an efficient method for o-
amino nitrile synthesis by double nucleophilic addition of ke-
tene silyl acetals and trimethylsilyl cyanide to o,-unsaturated
aldimines. The present reaction has an advantage that o-amino
nitriles derived from relatively unstable imines can be obtained
due to in situ generation of imino species as an intermediate.
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