1244

Chemistry Letters Vol.36, No.10 (2007)

Diastereoselective Cyanomethylation of Chiral N-(tert-Butylsulfinyl)imines
Promoted by Lewis Bases

Teruaki Mukaiyama*'> and Makoto Michida'
LCenter for Basic Research, The Kitasato Institute, 6-15-5 (TCI) Toshima, Kita-ku, Tokyo 114-0003
2Kitasato Institute for Life Sciences, Kitasato University, 5-9-1 Shirokane, Minato-ku, Tokyo 108-8641

(Received August 2, 2007; CL-070823; E-mail: mukaiyam @abeam.ocn.ne.jp)

Cyanomethylation of chiral N-(tert-butylsulfinyl)imines
with 2-trimethylsilylacetonitrile (TMSCH,CN) in the presence
of a Lewis base such as tetrabutylammonium phenoxide
(PhONn-Buy) proceeds smoothly to afford the corresponding
B-amino nitriles in good to high yields with excellent diastereo-
selectivities.

Chiral B-amino nitriles are known as the useful building
blocks since they are easily converted into optically active S-
amino acids or 1,3-diamines. These derivatives are useful for
the preparations of chiral ligands, peptides, and of some natural
products.! B-Amino nitriles are generally prepared by the
Michael-type addition of primary and secondary amines to
o, B-unsaturated nitriles:2 however, the stereoselective reactions
of this addition have not yet been reported. For the synthesis
of optically active B-amino nitriles, ring-opening reactions of
aziridine derivatives with metal cyanides such as NaCN, KCN,
and TMSCN are practical though the chiral aziridines are essen-
tial for this reaction.®> On the other hand, the stereoselective
addition of a cyanomethyl group to imines is one of the direct
methods for the synthesis of chiral ﬂ-amino nitriles, but it have
not been reported.

In our previous papers, it was shown that the nitrogen- or
oxygen-containing anions generated from amides, imides, car-
boxylic acids, or alcohols behaved as effective Lewis base cata-
lysts in the activation of trimethylsilyl (TMS) derivatives* and
successful diastereoselective addition reactions of chiral N-sulfi-
nimines such as trifluoromethylation, Strecker-type, and Man-
nich reactions were carried out in the presence of a Lewis base.’

Table 1. Effects of Lewis bases

o ) Lewis Base O’.S/ N
)NI\/ “EBU L 1vSCHON D(i/'lie?uw') HYT B
PH” H @sequv) 1n o e N—CN
1a 2a
Entry Lewis Base Temp/°C Yield®/% /((EZ//Z))b
1 none 0 N.D. —
2 AcOLi 0 trace —
3 AcONa 0 7 93:7
4 AcOK 0 19 94:6
5 AcONBU, 0 26 91:9
6 PhONBU, 0 28 92:8
7 PhONBU, -20 69 98:2

Isolated yield. °Diastereomeric ratios were determined by
'"HNMR analysis.

Recently, cyanomethylation of carbonyl compounds or
imines with TMSCH,;CN, which was carried out in the presence
of AcOLi, was also reported from our laboratory.® In order to ex-
tend the utility of this reaction, diastereoselective cyanomethyla-
tion of chiral N-sulfinimines, that were easily prepared from
commercially available sulfinamides, was considered since the
sulfinyl group worked as an useful chiral auxiliary’ to construct
the adduct with the desired configuration if an appropriate chiral
sulfinamide was chosen. Further, there was expected that the
sulfinyl group would easily be removed from the product under
mild acidic conditions. In this communication, we would like
to report on diastereoselective cyanomethylation of chiral N-
sulfinimines with TMSCH,CN by using Lewis bases such as
PhON#n-Buy.

In the first place, reactions of chiral N-sulfinimine 1a with
TMSCH,CN were tried in the presence of an equimolar amount
of various Lewis bases in DMF (Table 1). When the Lewis
base was absent, the cyanomethylated adduct was not detected
(Entry 1). In the cases when AcOLi or AcONa was used, the
desired product was obtained in low yields, respectively (Entries
2 and 3). The effect of counter cations of the acetate was further
examined, and the yield of the adduct became higher as the nu-
cleophilicity of the anion increased (Entries 4-6). In these cases,
however, large amount of cynnamonitrile was formed as a by-
product due to the B-elimination of the cyanomethylated adduct.
In order to prevent this elimination, the reaction was next carried
out at —20°C and then both the yield and diastereoselectivity
increased (Entry 7).

The effects of solvents were further examined in the
presence of an equimolar amount of PhONn-Buy (Table 2).

Table 2. Effects of solvents

o, /'. o /'.
/’S PhONn-Bu4 /'S
N St-Bu, TMSCHCN (1.0 equiv.) HN™~>t-Bu
(1.5 equiv.) =
Ph)\H Solv,,1h Ph/\/CN
la 2a
) (Rs/R)
° a
Entry Solv. Temp/°C Yield®/% I(Rs/S)°
1 CH,Cl, -20 26 96:4
2 Toluene -20 51 93:7
3 Et,0 -20 55 96:4
4 THF -20 85 97:3
5 THF -45 88 97:3
6 THF -78 94 98:2
7¢ THF -78 61 98:2

4solated yield. Diastereomeric ratios were determined by
'HNMR analysis. 0.6 equiv. of PhONn-Buy were used.
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Table 3. Cyanomethylation of various chiral sulfinimines

o, PhONN-Bu, o
N SNy 4 MOCHRON T (Oequiv) SN g
)I\ (1.5 equiv.) THF,-78°C H CN
R” O H 1h R
1b-1k 2b-2k
Entry R Yield?/% ,gzg;b
1 2-CICgH4 (2b) 95 90:10
2 3-CICgH,4 (2c) 95 94:6
3 4-CICgH4 (2d) 93 96:4
4 4-MeCgHs  (2€) 92 99:1
5 4-MeOCgHy  (2f) 79 >99:1
6 1-Naphthyl (29) 90 >99:1
7 2-Furyl (2h) 88 97:3
8 3-Pyridyl (2i) 93 88:12
9 t-Bu 2j) 88 >99:1
10 c-Hex (2k) 22 96:4

Isolated yield. °Diastereomeric ratios were determined by
'"HNMR analysis.

Figure 1. An ORTEP representation of the structure of 2a.

The corresponding product was afforded in moderate to good
yields with high diastereoselectivities when the reactions were
carried out at —20°C in the above solvents (Entries 1-4). It
was then found that THF is the most suitable solvent, and that
the yield was improved at lower temperature (Entries 4 and 5).
Further, the undesirable B-elimination of the product was
completely prevented as shown in Entry 6 when the reaction
was carried out at —78°C and the best result was obtained.®
In addition, the reactions proceeded to give 2a depending on
the amount of the Lewis base (Entry 7). Thus, it is noted that
the reaction did not proceed catalytically.

Then, reactions of various chiral N-sulfinimines and
TMSCH,CN by using an equimolar amount of PhONn-Buy were
tried (see Table 3). Aromatic chiral N-sulfinimines having elec-
tron-donating or electron-withdrawing groups reacted smoothly
with TMSCH,CN to afford the adducts in good to high yields
with high diastereoselectivities (Entries 1-8). Similarly, aliphat-
ic chiral N-sulfinimine having no protons at cz-position of imino
group reacted as smoothly as well to afford the desired adduct
(Entry 9) while the substrate having an «-proton gave the poor
result because of the deprotonation that took place under the
conditions (Entry 10). These cyanomethylated adducts were
easily purified by recrystallization from hexane—AcOEt, and
optically pure major diastereomers were obtained.’

The absolute configration of newly formed stereogenic
carbon of compound 2a was determined by X-ray analysis
(Figure 1).!° Configurations of 2b—2k were assigned by compar-
ing "HNMR chemical shifts of 2a with that of 2b-2k.

Thus, a diastereoselective cyanomethylation by the addition
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between chiral N-sulfinimines and TMSCH,CN in the presence
of Lewis bases such as PhONn-Buy proceeded smoothly to
afford the chiral B-amino nitriles with high diastereoselectivi-
ties. It is noted that the chiral B-amino nitriles with the desired
configurations were easily constructed by choosing an appropri-
ate chiral auxiliary.

The authors wish to thank Mr. Masahiko Bando (Otsuka
Pharmaceutical Co., Ltd.) for his support in X-ray crystallo-
graphic analysis.
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o, o/
’s s
HN">t-Bu Recryst. HN">t-Bu
Hexane-AcOEt -
Ph CN pr” ~—~CN
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2a (90% de) 2a (>99% de)
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