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Abstract: A chiral Lewis base organocatalyzed asymmetric hydro-
silylation of a-substituted f-enamino esters is presented. The reac-
tions proceeded through dynamic kinetic resolution to afford
various enantioenriched B?-amino esters with high yields (up to
98%) in moderate enantioselectivities (up to 77% ee).
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Enantioenriched B*-amino acids and derivatives are im-
portant building blocks in the synthesis of natural prod-
ucts, B-peptides, and pharmaceuticals.! In contrast to B*-
homoamino acids, p?-amino acids cannot be obtained sim-
ply by homologation of the (natural) a-amino acids, but
have to be synthesized by asymmetric reactions. There-
fore, synthesis of enantioenriched B*-amino acids has at-
tracted increasing attention.? Up to now, many efficient
strategies have been developed to prepare enantioenriched
B?-amino acid derivatives, such as Michael addition,’ C—
H insertions of carbenoids reaction,* enantioselective H-
atom transfer reactions,” asymmetric hydrogenation of
prochiral dehydro precursors of B2-amino acids deriva-
tives,® and other protocols.’

Trichlorosilane is a cheap and readily available reducing
agent. Recently, chiral Lewis base catalyzed hydrosi-
lylation of C=N bond compounds with trichlorosilane has
drawn much attention,® This mild and economical or-
ganocatalytic methodology has become a new approach in
the synthesis of chiral N-containing compounds. During
our continuing research on the asymmetric Lewis base
catalyzed hydrosilylation of C=N bond compounds,’* we
envisioned that chiral p?-amino esters could be accessed
by chiral Lewis base catalyzed hydrosilylation of a-sub-
stituted B-enamino esters through dynamic kinetic resolu-
tion (DKR).!%!! As illustrated in Scheme 1, o-substituted
B-enamino ester 1 isomerizes to generate (S)-imine and
(R)-imine. In the presence of a chiral Lewis base catalyst,
one of the enantiomers may be hydrosilylated preferen-
tially, and the other enantiomer isomerizes back to en-
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amine 1. Thus the DKR can be realized, and
enantioenriched B%-amino ester 2 can be prepared.
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Scheme 1 Dynamic kinetic resolution in chiral Lewis base catalyzed
hydrosilylation of a-substituted f-enamino esters

Herein, we describe the chiral Lewis base catalyzed hy-
drosilylation of a-substituted f-enamino esters, through
which various enantioenriched B?-amino esters were syn-
thesized with good yields in moderate enantioselectivi-
ties.

First, various a-substituted B-enamino esters 1'* were eas-
ily prepared according to the literature procedure'? with
minor modification (see the Supporting Information). Af-
terwards, several chiral Lewis base catalysts 3—7 (Figure
1) were tested in the hydrosilylation of a-phenyl-p-enami-
no ester 1a in dichloromethane at —10 °C. As can be seen
in Table 1, when trans-4-hydroxy-L-proline-derived cata-
lyst 3a was used, the reaction proceeded smoothly to give
B?-amino ester 2a in high yield with only 55% enantio-
meric excess (Table 1, entry 1). Several catalysts 3b—f
bearing an O-alkyl or O-phenyl group on C5 of the pridi-
nyl ring resulted in higher enantiomeric excesses (Table 1,
entries 2—6). Perhaps the electron-donating groups on C5
of pyridinyl ring increased the Lewis basicity of the cata-
lysts so that they exhibited stronger influence on the sub-
strate. 5-Phenyl catalyst 3g gave similar enantioselection
to 3a (Table 1, entry 7). When an electron-donation group
(methoxy) was introduced on C4 of the pridinyl ring, a
slightly lower enantiomeric excess was observed (Table 1,
entry 7). On the other hand, catalyst 3i bearing an elec-
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tron-withdrawing group (chloro) delivered much better
enantioselectivity (Table 1, entry 8). Apparently, the
groups on C4 and C5 of the pyridinyl ring had opposite ef-
fects on the reaction. Several other chiral Lewis base cat-
alysts 4-7 with other chiral amine moieties were also
screened and very poor enantioselectivities were ob-
tained. Therefore 3i was determined as the optimal cata-
lysts and employed in subsequent investigations.

Table 1 Asymmetric Hydrosilylation of a-Substituted f-Enamino
Ester 1a*

H\PMP catalyst (10 mol%), CHxCl» H\PMP
PhiCOZEt —10 °C, HSICl3 (2.0 equiv) PhJ;002Et
1a 2a
Entry Catalyst Yield (%)° ee (%)°
1 3a 93 55
2 3b 93 70
3 3¢ 94 72
4 3d 96 72
5 3e 96 66
6 3f 98 65
7 3g 95 58
8 3h 93 52
9 3i 98 74
10 4 70 20
11 5 90 39
12 6 92 27
13 7 95 17

2 Reaction conditions: Unless otherwise specified, the reactions were
carried out on a 0.20 mmol scale with 2.0 equiv of HSiCl; in 2.0 mL
of CH,Cl,.

b Isolated yield based on 1a.

¢ The ee values were determined using chiral HPLC.

Subsequent screening of the solvents revealed that dichlo-
romethane was the most favorable solvent in the reaction
(Table 2, entry 1). When the reaction was conducted at 0
°C, the enantiomeric excess dropped obviously (Table 2,
entry 7). When the temperature was lowered to —20 °C,
the enantiomeric excess also dropped obviously (Table 2,
entry 19). Addition of 4 A molecular sieves in the reaction
system did not benefit the enantioselection (Table 2, entry
9). Increasing the catalyst loading to 20 mol% also did not
improve the enantioselection (Table 2, entry 10).

With the optimized conditions in hand, the scope of the
chiral Lewis base organocatalyzed hydrosilylation of a-
substituted B-enamino esters was examined. Generally, o-
aryl substrates underwent the reactions smoothly to afford
the corresponding products with good yields in similar en-
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Figure 1 Chiral Lewis base organocatalysts evaluated in this study

Table 2 Asymmetric Hydrosilylation of a-Substituted B-Enamino
Ester 1a*

% pPiv
\ N
P N
N
© Ph
H\ HO" by, H\
i PMP 3i (10 mol%) Ji PMP
Ph CO,Et HSiClj3, solvent Ph™ * “CO,Et
1a 2a
Entry Solvent Temp (°C) Yield (%)°  ee (%)°
1 CH,Cl, -10 98 74
2 CHCl,4 -10 95 11
3 DCE -10 92 47
4 MeCCl,4 -10 91 3
5 THF -10 88 29
6 toluene -10 88 11
7 CH,Cl, 0 94 53
8 CH,Cl, -20 97 65
9d CH,Cl, -10 96 65
10¢ CH,Cl, -10 97 72

? Reaction conditions: Unless otherwise specified, the reactions were
carried out on a 0.20 mmol scale with 2.0 equiv of HSiCl; and 10
mol% of 3i in 2.0 mL solvent.

b Isolated yield based on 1a.

¢ The ee values were determined using chiral HPLC.

4 Conditions: 50 mg of 4 A MS was added to the reaction mixture.

¢ Conditions: 20 mol% of 3i was used.
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Table 3 Asymmetric Hydrosilylation of a-Substituted f-Enamino
Esters 1a—p with Trichlorosilane Catalyzed by 3i*

¢l pPiv
N ;
N/ N
Ji “PMP 3i (10 mol%) Ji “PMP
R” COLEt HSICk, CH2Cle R”OCOLE
1a-r 2a-r
Entry 2R Yield (%)° ee (%)°
1 2a Ph 98 74
2 2b 4-MeOC H, 95 74
3 2¢ 2-MeOC H, 97 58
4 2d 3-MeOC¢H, 98 73
5 2el4 3,4-(Me0),CsH; 99 77
6 2f piperonyl 93 71
7 2g 4-FCsH, 99 77
8 2h 2,4,5-F;C¢H, 93 73
9 2i 4-CIC H, 94 63
10 2j 2-CIC(H, 91 31
11 2k 3-CIC¢H, 94 66
12 214-BrC¢H, 99 74
13 2m 4-PhCH, 96 71
14 2n 2-naphthyl 96 77
15 20 2-thienyl 87 54
16 2p Bn 96 55
17 2q i-Pr 0 -
18 2r PhCONH 88 19

2 Unless otherwise specified, the reactions were carried out on a 0.20
mmol scale with 2.0 equiv of HSiCl; and 10 mol% of 3i in 2.0 mL of
CH,Cl,.

b Isolated yield based on 1.

¢ The ee values were determined using chiral HPLC.

antiomeric excesses, except those bearing bulky substitu-
ents on ortho position of the phenyl group (Table 3,
entries 3 and 10) and a-2-thienyl-B-enamino ester 20 (Ta-
ble 3, entry 15) which provided rather lower enantiomeric
excess. Moreover, reaction of a-benzyl-f-enamino ester
2p gave rise to good yield but poor enantiomeric excess
(Table 3, entry 16). Meanwhile, no desired product was
obtained with a-isopropyl-p-enamino ester 2q because 2q
was very unstable and decomposed quickly under the re-
action conditions (Table 3, entry 17). Finally, a-benzami-
do-B-enamino ester 2r was also subjected to the reaction,
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and the corresponding product was obtained in good yield
with very poor enantioselection (Table 3, entry 18).

In conclusion, we have developed an asymmetric hydro-
silylation of a-substituted f-enamino esters promoted by
chiral Lewis base organocatalysts through dynamic kinet-
ic resolution. This transformation enables the straightfor-
ward and mild synthesis of various chiral f*-amino esters
with good yields in moderate enantioselectivities.
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General Experimental Procedure for the Enantioselective
Hydrosilylation of a-Substituted f-Enamino Esters

A solution of trichlorosilane (41 pL, 0.3 mmol, 2.0 equiv) in
160 pL of CH,Cl, was added to a stirred solution of the
corresponding a-substituted f-enamino ester (0.20 mmol)
and the catalyst 3i (0.020 mmol) in CH,Cl, (2.0 mL) at —10
°C. The mixture was stirred at the same temperature until the
reaction reached completion. Then the reaction was
quenched with a sat. aq solution of NaHCO; and was
extracted with CH,Cl,. The combined organic layer was
washed with brine, dried over anhydrous Na,SO,, and the
solvents were evaporated. Purification by column
chromatography (silica gel; hexane—EtOAc, 10:1) afforded
the products. The ee values were determined using
established HPLC techniques with chiral stationary phases.
Ethyl 2-(3,4-Dimethoxyphenyl)-3-(4-methoxyphenyl-
amino)propanoate (2¢)

Yield 99%; 77% ee; light yellow oil. "H NMR (300 MHz,
CDCl;): 6 = 6.76-6.84 (m, 5 H), 6.58 (d, /= 8.8 Hz, 2 H),
4.10-4.19 (m, 2 H), 3.86 (s, 6 H), 3.79-3.83 (m, 1 H), 3.72—
3.74 (m, 4 H), 3.59 (brs, 1 H), 1.18-1.28 (m, 3 H) ppm. 13C
NMR (75 MHz, CDCl,): 6 = 173.0, 152.3, 149.1, 148 .4,
141.4,129.2, 120.3, 114.9, 114.6, 114.3, 110.9, 60.9, 55.8,
55.7,50.3,47.9, 14.0 ppm. ESI-HRMS: m/z calcd for
[C,0H,sNOs + H]*: 360.1811; found: 330.1804. [a] 2 +112
(c 0.50, CHCl;). AD-H column (n-hexane—2-PrOH, 80:20),
flow rate = 1.0 mL/min, #; = 16.7, 17.9 min.
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