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In the presence of AlCl;, trimethylsilyl cyanide underwent
1,4- and subsequent 1,2-additions with o, B-unsaturated imines
to give 2-aminopentanedinitriles in good yields. An asymmetric
version of this type of bis-cyanation was successfully conducted
using a chiral o, B-unsaturated imine possessing a phenylglyci-
nol derivative as a chiral auxiliary.

One of the most important reactions for the synthesis of -
amino acids involves the Strecker reaction.! Several methods
have been reported involving their asymmetric versions.”> We
have introduced 1,4- and 1,2-double nucleophilic addition reac-
tions to (x,,B-unsaturated aldimines, which avoids unnecessary
isolation process of relatively unstable imino intermediates to
give secondary amines in good yields.® Very recently, trimethyl-
silyl cyanide was successfully used as a second nucleophile to
give the Strecker-type products in good yields (Scheme 1, Eq
1).* We have now found that trimethylsilyl cyanide is an excel-
lent nucleophile for both the 1,4- and 1,2-additions to o, B-unsat-
urated aldimines to give 2-aminopentanedinitriles.’ This paper
reports a facile double nucleophilic addition of trimethylsilyl cy-
anide as well as its asymmetric version (Scheme 1, Eq 2).
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Scheme 1.

First, the effect of Lewis acids for the double nucleophilic
addition of TMSCN to imine 1 was investigated, and the results
are summarized in Table 1.

Among the Lewis acids tested, AlICl; was found to be the
most efficient promoter (Entries 1-6). In particular, the reaction
in the presence of 0.5 equivalent of AICI; promoted the double
nucleophilic addition most effectively to give the pentanedi-
nitrile in 83% yield, whereas the use of 1 equivalent of AICI; in-
duced the hydrolysis of the imine to some extent, resulting in the
decrease in the product yield (Entries 2 and 3). Use of other
Lewis acids such as AlBr3, TiCly, Tily, TMSI only gave 1,2-ad-
dition products. Regarding the substituent at the nitrogen atom,
diphenylmethyl, 2,4-dimethoxyphenyl, and benzyl groups could
also be used, whereas the electron-withdrawing p-tosyl substi-
tuted imine did not give the desired addition product (Entries
7-10). It is noteworthy that use of the TMS derivative gave
the desilylated dinitrile in good yield, indicating that this partic-
ular compound acted as an equivalent of the imine derived from
acrolein, most of whose imino derivatives were readily polymer-

Table 1. Comparison of reaction conditions®
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Entry R! R? R? LA(equiv.) 2/%" dr¢
1 Ph H PMP AICI5(0.2) 34 88:12
2 Ph H PMP AICI5(0.5) 83  51:49
3 Ph H PMP AICI5(1.0) 65  79:21
4 Ph H PMP EtAICL,(0.5) 57 56:44
5 Ph H PMP Et,AICI(0.5) 28  65:35
6 Ph H PMP Me;Al(0.5) 50  51:49
7 Ph H Bn AICI5(0.5) 58  65:35
8§ Ph H CHPh, AICI5(0.5) 77 50:50
9 Ph H p-Ts AICI5(0.5) 0 —
10 Ph H 24-Me0),C¢H; AIC(0.5) 51  56:44
11 Me H PMP AICI5(0.5) 79  52:48
12 Me Me PMP AICI5(0.5) 69 —
13 Me Me CHPh, AlICI5(0.5) 51 —
14 nPr H PMP AICI5(0.5) 80  52:48
15 TMS H CHPh, AICL5(0.5) 709 —

aReaction was carried out according to the typical procedure.®
®Tsolated yield. “Isomer ratio determined by '"H NMR. ¢Desilylated
product (R! = H) was obtained.

Table 2. Effects of chiral auxiliaries®

Ph eh
- - 1
N/\/OR1 2R Hl}l/\/OR
Ny TMSCN (3.0 equiv) Ne”~en (P
3 Ph AICl3 (0.5 equiv.) . Ph
: —_— ; 1
or N/\/oRl CH°2C|Z o2 RzHN/\/OR
~78 °C-1t S RRIS
™S 4\ H NC CN
Entry 3or4 R! R2 Yield/%® (R.S):(R.R)
1 3 Me Me 76 93:7
2 3 CH,CH=CH, Me 71 96:4
3 3 (E)-CH,CH=CHMe Me 68 86:14
4 3  (E)-CH,CH=CHPh Me 50 90:10
5 3  CH,(Me)C=CH, Me 73 92:8
6 4 CH,CH=CH, H 54 91:9
7 4 (E)-CH,CH=CHMe H 64 81:19
8 4 CH,C=CH H 47 79:21

aReaction was carried out according to the typical procedure.®
“Isolated yield. ‘Isomer ratio determined by 'HNMR and/or
HPLC. Determination of the absolute configuration. See Ref. 7.

ized during preparation (Entry 15). We next investigated an
asymmetric version of these processes using chiral imines
possessing a chiral auxiliary at the nitrogen atom, and Table 2
summarizes the results.

Under the optimum conditions found for the present double
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nucleophilic addition, chiral imines 3 and 4 possessing chiral
auxiliaries derived from (R)-phenylglycinol® underwent dia-
stereoselective addition. Regarding the derivatives, methyl,
allyl, and methallyl ethers induced good diastereoselectivities
(Entries 1, 2, 5, and 6). In particular, using the allylated chiral
auxiliary, the TMS derivative 4 gave the dinitrile 5 in a good
diastereoselective manner (Entry 6). In these instances where
the TMS derivative 4 was used, the desilylated dinitrile 5
(R? = H) was obtained as in the case of the entry 15 in
Table 1. The dinitrile obtained was converted into aminodiacid.”

In order to check the diastereoselectivity in the first conju-
gate addition reaction, the fert-butyldimethylsilylated derivative
6 was subjected to the present double addition conditions. In this
case, however, three peaks of the adducts were detected by
HPLC, indicating that the first conjugate addition was not dia-
stereoselective. The use of the (R)-phenylethylimino derivative
8 resulted in decrease in the product yield as well as in the dia-
stereoselectivity (Scheme 2).
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On the basis of these results and the reaction in the presence
of an added proton source’ as well as the deuterium incorpora-
tion ratio previously reported,* we propose a plausible reaction
mechanism as shown in Scheme 3. The initial AlCl;-promoted
1,4-addition reaction of cyanide produces the metalloenamine
11, which after isomerization into the imine 12 and/or a hydro-
lyzed species with a certain proton source, is attacked by
TMSCN to afford the 1,4—1,2-adduct (R,S)-5.
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Scheme 3.

In conclusion, we have found an efficient method for 2-
aminopentanedinitrile synthesis by double nucleophilic addition
of trimethylsilyl cyanide to ¢, f-unsaturated aldimines. A chiral
version realizes a diastereoselective synthesis of amino diacid
precursors. The present reaction has an advantage that ov-amino
nitriles derived from relatively unstable imines can be obtained
owing to in situ generation of imino species as intermediates.
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