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Preparation of chiral phase-transfer catalyst CDPTC

General procedure for N-(2-cyanobenzyl)cinchonidinium bromide

In the 250 mL round-bottomed flask, a mixture of cinchonidine (2.9 g, 10.0 mmol) and 2-cyano-
benzyl bromide (2.1 g, 11.0 mmol) in toluene (100 mL) was stirred at 65°C for 12 h. The reaction
mixture was filtered, washed with toluene (15 mLx3). The crude solid was recrystallized from me-
thanol/ether (225 mL, v/v =1/8) to afford the white N-(2-cyanobenzyl)cinchonidinium bromide
(4.7 g, 95%).

'H NMR (300.1 MHz, CDCls, TMS) 5 8.86 (d, 3J = 4.3 Hz, 1H, Ar-H), 8.47
(d,3J=7.6 Hz, 1H, Ar-H), 8.21 (d, 3J = 7.5 Hz, 1H, Ar-H), 7.95 (d, 3/ = 7.8
Hz, 1H, Ar-H), 7.78 (d, 3/ = 4.3 Hz, 1H, Ar-H), 7.63 (dd, 3J = 9.6, 5.6 Hz,
2H, Ar-H), 7.56 — 7.43 (m, 3H, Ar-H), 6.68 (s, 1H, OCH), 6.08 (d, 3= 10.0
Hz, 1H, -CH=), 5.49 (ddd, 3J = 16.8, 10.4, 6.1 Hz, 2H, =CH.), 5.17 (d, 3/ =
17.2 Hz, 1H, N*-CH), 4.95 (d, 3J = 10.4 Hz, 2H, N*-CH,), 4.02 (d, 3J = 9.5 Hz, 2H, N*-CH,), 3.17
—2.98 (m, 2H, N*-CH,), 2.54 (s, 1H, -OH), 2.17 (t, 3J = 11.1 Hz, 1H, CH), 2.01 (dd, 3J=22.5, 9.5
Hz, 3H, CH, CH,), 1.60 — 1.76 (m, 2H, CH,).
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General procedure for N-(2-cyanobenzyl)-O(9)-allylcinchonidinium bromide (CDPTC)

In 250 mL of round-bottomed flask was added N-(2-cyanobenzyl)cinchonidinium bromide (4.8 g,
9.8 mmol), CH,Cl, (100 mL), allyl bromide (3.6 g, 29.4 mmol) and 50% aqueous KOH solution
(5.5 mL, 49.0 mmol), successively. The resulting mixture was stirred vigorously at 25°C for 24 h.
Then the mixture was diluted with water (20 mL) and extracted with dichloromethane (50 mLx3).
The combined organic phase was dried over Na,SQ,, filtered and concentrated in vacuo. The cr-
ude solid was recrystallized from dichloromethane/hexane (220 mL, v/v=1/10) to obtain the light
yellow solid N-(2-cyanobenzyl)-O(9)-allylcinchonidinium bromide (4.7 g, 90%).

'"H NMR (300 MHz, CDCl;, TMS) 8 8.96 (d, 3J = 4.3 Hz, 2H, Ar-H), 8.84
(d, 3J=28.5Hz, 1H, Ar-H), 8.13 (d, 3J= 8.3 Hz, 1H, Ar-H), 7.92 (d, 3/ = 6.4
Hz, 1H, Ar-H), 7.89 —7.73 (m, 3H, Ar-H), 7.65 (t, 3J = 7.6 Hz, 2H, Ar-H),

S3



6.91 (d, 3J = 12.1 Hz, 1H, OCH), 6.28-6.09 (m, 2H, -CH=, -CH=), 5.70 (ddd, 3J = 16.8, 10.4, 6.2
Hz, 1H, =CH,), 5.41 (d, 3/ = 17.2 Hz, 1H, =CH,), 5.31 (dd, 3J = 13.6, 8.0 Hz, 2H, =CH.), 5.22 (d,
3J=12.5 Hz, 1H, N*-CH), 4.98 (dd, 3J = 23.9, 11.3 Hz, 2H, N*-CH,), 4.83 — 4.56 (m, 2H, OCH,),
4.16 (d, 3J = 6.1 Hz, 2H, N*-CH,), 3.16 (dd, 3 = 15.4, 7.0 Hz, 2H, N*-CH,), 2.63 (s, 1H, CH),
2.17 (dd, 3J = 16.7, 6.2 Hz, 1H, CH), 2.06 (d, 3J = 7.0 Hz, 3H, CH,, CH.), 1.82 (d, 3/ = 6.6 Hz, 1H,
CHL).
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Fig. 2 '"H NMR of N-(2-cyanobenzyl)-O(9)-allylcinchonidinium bromide

Characterization data of a-alkylation products

tert-Butyl 3-phenyl-2-(diphenylmethyleneamino)propanoate (Table 1).

5 'H NMR (300.1 MHz, CDCls, TMS) & 7.52 (d, 3J = 7.0 Hz, 2H, Ph-H),
\)LO /‘< 7.30-7.00 (m, 11H, Ph-H), 6.54 (d, 3J = 6.4 Hz, 2H, Ph-H), 4.06 (dd, 3J

=4.4 Hz, 4.4 Hz, 1H, NCH), 3.22-3.07 (m, 2H, CH,), 1.39 (s, 9H, CH;);
13C NMR (75.0 MHz, CDCl;, TMS): 6 170.8, 170.2 (C=N, C=0), 139.5,
138.3, 137.5, 136.3, 132.4, 130.0, 129.8, 129.3, 128.6, 128.4, 128.2,
128.1, 128.0, 128.0, 127.9, 127.6, 126.6, 126.1(Ph), 81.1 (O-C), 67.9 (NCH), 39.5 (CH;), 28.0
(CH3); HPLC analysis: Phenomenex Lux 5u Amylose-2, hexane/dioxane = 95/5, 254 nm, flow

rate = 0.5 ml/min, retention times: 12.8 min (R), 15.3 min (S).
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Fig.4 3C NMR spectra of fert-butyl 3-phenyl-2-(diphenylmethyleneamino)propanoate

DADA A, Sig=254,4 Ref=360, 100 (FENGDANA08 13 BNBR RACEMATE D)
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[ Enwry Time Area Heght Wedth | Symmetry | Area% 5
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Fig.S The HPLC chromatogram of racemic
tert-butyl 3-phenyl-2-(diphenylmethyleneamino) propanoate
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DADT A, 5g=254,4 Ret=360,100 (FENGDANZO140813-11' BNER .D)

254,

50— Entry Time Area Height Wedth | Symmetry | Area%
: [min] [rLAlMs] [mAL] [min] factor
] 1 12.846 262.8 13.6 0.3231 0.9 1.848
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Fig.6 The HPLC chromatogram of tert-butyl

3-phenyl-2-(diphenylmethyleneamino)propanoate catalyzed by SiOQ,@CDPTC

tert-Butyl 3-(4-trifluoromethylphenyl)-2-(diphenylmethyleneamino)propanoate (Entry 1 in

Table 2).
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SRS

142.6 (q, *Jer = 1.3 Hz),

'H NMR (300.1 MHz, CDCls, TMS): § 7.54 (d, 3/ = 7.1 Hz, 2H, Ph-
H), 7.40 (d, 3J = 7.9 Hz, 2H, Ph-H), 7.37-7.21 (m, 6H, Ph-H), 7.13 (d,
3J=17.9 Hz, 2H, Ph-H), 6.58 (d, >J = 6.4 Hz, 2H, Ph-H), 4.10 (dd, 3/ =
4.4 Hz, 4.4 Hz, 1H, NCH), 3.27-3.14 (m, 2H, CH,), 1.41 (s, 9H, CH;);
13C NMR (75.0 MHz, CDCl;, TMS): & 170.7, 170.4 (C=N, C=0),
139.2, 137.5, 136.0, 132.4, 130.3, 130.1, 130.0, 130.0, 129.7, 128.6,

128.3, 128,2, 128.1, 128.0, 127.4, 126.0 (Ph), 125.2 (q, 2Jcr = 3.8 Hz), 124.9 (q, 'Jc.r = 3.8 Hz,
CF3), 81.4 (O-C), 67.4 (NCH), 39.2 (CH,), 27.9 (CH;); HPLC analysis: Phenomenex Lux 5u
Amylose-2, hexane/dioxane = 95/5, 254 nm, flow rate = 0.5 ml/min, retention times: 12.2 min (R),

13.9 min (S).
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Fig.7 '"H NMR spectra of tert-butyl 3-(4-trifluoromethylphenyl)-2-

(diphenylmethyleneamino)propanoate
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Fig.8 13C NMR spectra of fert-butyl 3-(4-trifluoromethylphenyl)-2-
(diphenylmethyleneamino)propanoate
DAD1T A, Sig=254.4 Ref=360,100 (FENGDANZO140613'4 CF2 RACEMATE .D)
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Fig.9 The HPLC chromatogram of racemic
tert-butyl 3-(4-trifluoromethylphenyl)-2-(diphenylmethyleneamino)propanoate

DAD1 A, 5ig=254.4 Ref=360,100 (FENGDANZ0140813-19' 4-CF3.0)

v Entry Time Area Height Wedth | Symmetry | Area%: &
i [min] | [mAl¥s] | [mal]] [min] factar
g 1 12.463 2843 13.9 0.3522 0.786 3.498
14.137 5124 .4 256.9 0.5271 0.743 96.504
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Fig.10 The HPLC chromatogram of tert-butyl 3-(4-trifluoromethylphenyl)-2-
(diphenylmethyleneamino)propanoate catalyzed by SiO,@CDPTC

tert-Butyl 3-(3-trifluoromethylphenyl)-2-(diphenylmethyleneamino)propanoate (Entry 2 in
Table 2).
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TH NMR (300.1 MHz, CDCls, TMS): & 7.52 (d, 3J = 7.0 Hz, 2H, Ph-

H), 7.40-7.21 (m, 10H, Ph-H), 6.57 (d, 3J = 6.6 Hz, 2H, Ph-H), 4.09
(dd, 3J = 5.6 Hz, 5.6 Hz, 1H, NCH), 3.23-3.21 (m, 2H, CH,), 1.41 (s,
9H, CH;); 3C NMR (75.0 MHz, CDCls, TMS): § 170.8, 170.3 (C=N,
C=0), 139.3, 139.2, 136.1, 133.4, 133.4, 132.4, 130.5, 130.2, 130.1,

130.0, 128.6, 128.4, 128.3, 128.2, 128,1, 127.9, 127.4, 126.4 (q, °Jc.r = 3.7 Hz, CF3), 125.9 (Ph),
123.0 (q, “Jc.r = 3.8 Hz, CF3), 81.4 (O-C), 67.3 (NCH), 39.2 (CH,), 27.9 (CH;); HPLC analysis:
Daicel Chiralpak OD-H column, hexane/dioxane = 95/5, 254 nm, flow rate = 0.5 ml/min, retention
times: 13.4 min (S), 15.0 min (R).
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Fig.12 13C NMR spectra of tert-butyl 3-(3-trifluoromethylphenyl)-2-

(diphenylmethyleneamino)propanoate
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Fig.13 The HPLC chromatogram of racemic

tert-butyl 3-(3-trifluoromethylphenyl)-2-(diphenylmethyleneamino)propanoate

DAD1 A, Sig=264,4 Ret=300,100 (FENGDANZ0140613-18' 3-CF3 (OD-H) .0)

mall
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Fig.14 The HPLC chromatogram of tert-butyl 3-(3-trifluoromethylphenyl)-2-
(diphenylmethyleneamino)propanoate catalyzed by SiO,@CDPTC

tert-Butyl 3-(2-trifluoromethylphenyl)-2-(diphenylmethyleneamino)propanoate (Entry 3 in

Table 2).
L
/NQLOJ<

'H NMR (300.1 MHz, CDCl;, TMS): & 7.76 (d, 3J = 7.1 Hz, 1H, Ph-H),
7.57-7.41 (m, 4H, Ph-H), 7.35-7.15 (m, 7H, Ph-H), 6.43 (d, 3J = 6.4 Hz,
2H, Ph-H), 4.13 (dd, 3 = 3.5 Hz, 3.5 Hz, 1H, NCH), 3.50-3.22 (m, 2H,
CH,), 1.39 (s, 9H, CH;); '3C NMR (75.0 MHz, CDCls, TMS): & 170.7,
170.5 (C=N, C=0), 139.2, 136.8 (q, 2Jc.r = 1.6 Hz), 136.0, 133.3, 132.4,

131.1, 130.2, 131.0, 129.6, 128.7, 128.2, 128,1, 127.9, 127.9, 127.3, 126.3, 126.0 (Ph), 125.7 (q,
IJcr = 5.7 Hz, CF3), 81.2 (0O-C), 66.5 (NCH), 36.0 (CH,), 27.9 (CH3); HPLC analysis: Phenomen-
ex Lux 5u Amylose-2, hexane/dioxane = 95/5, 254 nm, flow rate = 0.5 ml/min, retention times:
12.2 min (R), 14.8 min (S).
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Fig.16 '3C NMR spectra of tert-butyl 3-(2-trifluoromethylphenyl)-2-
(diphenylmethyleneamino)propanoate

DAD1 A, 5ig=254.4 Ret=360,100 (FENGDANZO 140613 2-CF 3 RACEMATE.D)
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Areats
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Fig.17 The HPLC chromatogram of racemic

tert-butyl 3-(2-trifluoromethylphenyl)-2-(diphenylmethyleneamino)propanoate

DAD1 A, 5ig=254.4 Ref=350,100 (FENGDANZ0140613-17'2-CF3.00

il | g

b Entry Time Area Height Wedth | Symmetry | Area%s 8

[mmin] [mAl* 5] [mAl] [tnin] factor

] 1 12.323 1915 7.5 0.4373 1.223 3417

260 2 14.865 Fi3l.6 294.3 0.4371 0.953 97.583
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Fig.18 The HPLC chromatogram of tert-butyl 3-(2-trifluoromethylphenyl)-2-
(diphenylmethyleneamino)propanoate catalyzed by SiO,@CDPTC

tert-Butyl 3-(4-fluorophenyl)-2-(diphenylmethyleneamino)propanoate (Entry 4 in Table 2).
'H NMR (300.1 MHz, CDCl;, TMS): § 7.53 (d, 3J = 6.9 Hz, 2H, Ph-H),
o} 7.35-7.21 (m, 6H, Ph-H), 7.00-6.80 (m, 4H, Ph-H), 6.62 (d, 3J= 6.5 Hz,
O \©\F 170.4 (C=N, C=0), 163.1, 160.0, 139.3, 134.0, 132.4, 131.2 (d, 2Jcr =
7.8 Hz, F), 131.1, 130.9, 130.2, 130.0, 128.6, 128.3, 128.2, 128.1, 128,0,
127.5 (Ph), 114.7, (d, Jcr = 20.9 Hz, F), 81.2 (O-C), 67.7 (NCH), 38.7 (CH,), 28.0 (CH3);

2H, Ph-H), 4.04 (dd, 3J = 4.6 Hz, 4.7 Hz, 1H, NCH), 3.19-3.05 (m, 2H,

CH,), 1.40 (s, 9H, CHs3); ¥ C NMR (75.0 MHz, CDCl;, TMS): § 170.6,
HPLC anal- ysis: Phenomenex Lux 5u Amylose-2, hexane/dioxane = 95/5, 254 nm, flow rate =
0.5 ml/min, retention times: 12.7 min (R), 14.7 min (S).

£2400

r2200

2000

1800

r1600

1400

r1200

Intensity

1000
800
600

‘ F400

1.0000] = —
o 238 L_ _
f
o 1o

8

b2
2
=
7.5

o 182474
w 19977
23359

0 25 20 15 1.0 05 00 -05

bl
=)
w
n

9.0 85 8.0 .5 60 535 50

4.5
f1 (ppm)

Fig.19 'H NMR spectra of teri-butyl 3-(4-fluorophenyl)-2-(diphenylmethyleneamino)propanoate

S11



coaa o = “
228 2 - S
EFEL 2 2 £ 10000
SoSE o % o
T “ q
OIS
9000
Fe000
F7000
6000
Fs000 2
7
3
=]
F4000
1 '
3000
| 2000
] | i
i | ’ ‘ W f-1000
|
'
\ Ll [ s
F-1000
T v T v T T T v T T T T T T
% 180 170 160 150 140 130 120 110 100 0 80 0 60 50 0 30 2 10 0
1 (ppm)

Fig.20 13C NMR spectra of fert-butyl 3-(4-fluorophenyl)-2-(diphenylmethyleneamino)propanoate

DAD1 A, 519=254 .4 Ref=350,100 (FENGDANI140613 4F RACEMATE .D)

™ Entry Titne Area Height Wedth | Symmetry | Area%s ¥
[min] [mal*s] [m.aU] [min] factor
1 12.745 9082.2 486.2 0.3133 0.714 49.907
2 14.739 81159 349.4 0.434% 0.598 50.093
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Fig.21 The HPLC chromatogram of racemic fert-butyl 3-(4-fluorophenyl)-2-

(diphenylmethyleneamino)propanoate

DAD1 A, $ig=254.4 Ref=360,100 (FENGDANZO140613-3 &F .D)

200
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Entry Time Area Height Wedth | Symmetry | Area®h
[tmin] [mAlrM*s] [mAll] [min] factor

1 12 838 214.4 121 0.2541 0.807 3.439

2 14,539 6020.5 226 0.444 0.647 96.561
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Fig.22 The HPLC chromatogram of tert-butyl 3-(4-fluorophenyl)-2-
(diphenylmethyleneamino)propanoate catalyzed by SiO,@CDPTC
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tert-Butyl 3-(3-fluorophenyl)-2-(diphenylmethyleneamino)propanoate (Entry 5 in Table 2).
'H NMR (300.1 MHz, CDCl3, TMS): 8 7.49 (d, 3J = 6.7 Hz, 2H, Ph-

‘ N\)CJ)\ )< H), 7.26-7.19 (m, 7H, Ph-H), 7.08 (q, 3J = 6.6 Hz, 1H, Ph-H),
~Y © 6.79-6.62 (m, 4H, Ph-H), 6.66 (d, 3J = 6.6 Hz, 2H, Ph-H), 4.04 (dd, 3J
O \@F = 3.8 Hz, 3.8 Hz, 1H, NCH), 3.17-3.04 (m, 2H, CH,), 1.37 (s, 9H,

CH3); 13C NMR (75.0 MHz, CDCl3, TMS): 6 170.5, 170.4 (C=N, C=0),
164.2, 160.9, 140.8 (d, 3Jcr = 7.4 Hz, F), 139.3, 136.2, 132.3, 130.1, 130.0, 128.6, 128.3, 128.2,
128.1, 127.9, 127.5, 125.5, 125.4 (C-Ph), 116.4 (d, ZJcr = 20.9 Hz, F), 112.9 (d, 'Jcr = 20.9 Hz,
F), 81.2 (O-C), 67.4 (NCH), 39.2 (CH,), 27.9 (CHj); HPLC analysis: Phenomenex Lu5x 5u
Amylose-2, hexane/dioxane = 95/5, 254 nm, flow rate = 0.5 ml/min, retent- ion times: 12.7 min
(R), 14.8 min (S).
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Fig.24 13C NMR spectra of fert-butyl 3-(3-fluorophenyl)-2-(diphenylmethyleneamino)propanoate
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DAD1 A, Sig=254.4 Ref=380,100 (FENGDANI90612 2-F RACEMATE b}

200 Entry Time Area Height Wedth | Symmetry | Area%s 4
] [min] [maU*s] [m.aU] [min factor
] 1 12681 | 160116 806.2 0.3037 0.688 49.942

007 2 14.771 16049 579.6 0.419 0.615 50.058

- N

] = T

i F
500 O

14771

T T T T T T T T d
4 8 £l 10 12 14 18 18 min

Fig.25 The HPLC chromatogram of racemic

tert-butyl 3-(3-fluorophenyl)-2-(diphenylmethyleneamino)propanoate

DAD1 A, Sig=264 4 Ref=360,100 (FENGDANZO1406132 3-F )

i) o™
7 Entry Time Area Height Wedth | Symmetry | Area% 8
[mmin] [mal*s] [m.a0] [tmin] factor
1 1 12.632 123.1 6.7 0.305 0.673 3.370
1207] 2 14.652 35284 134.9 0.436 0,663 96,630
NG
mu—r /N\Ank

12632

T
o 2

T T T 0 T T T T
4 [:} £l 10 12 14 18 12 min

Fig.26 The HPLC chromatogram of terz-butyl 3-(3-fluorophenyl)-2-
(diphenylmethyleneamino)propanoate catalyzed by SiO,@CDPTC

tert-Butyl 3-(2-fluorophenyl)-2-(diphenylmethyleneamino)propanoate (Entry 6 in Table 2).

JOLOJ<
Spe

'H NMR (300.1 MHz, CDCL;, TMS): & 7.56 (d, 3J = 7.1 Hz, 2H, Ph-
H), 7.37-7.25 (m, 6H, Ph-H), 7.16-7.11 (m, 2H, Ph-H), 6.98-6.87 (m,
2H, Ph-H), 6.66 (d, 3J = 6.6 Hz, 2H, Ph-H), 4.19 (dd, 3J = 4.4 Hz, 4.4
Hz, 1H, NCH), 3.36-3.12 (m, 2H, CH,), 1.44 (s, 9H, CH;); 3C NMR
(75.0 MHz, CDCls, TMS): § 170.6, 170.5 (C=N, C=0), 162.9, 159.7,

1394, 136.1, 132.3, 130.1, 130.0, 128.7, 128.2, 128.2, 128.0, 128.0, 127.9, 127.9, 127.6 (C-Ph),
125.2 (d, 3Jcr=15.5 Hz, F), 123.5 (d, 2Jcr = 3.5 Hz, F), 114.9 (d, 'Jcr = 21.9 Hz, F), 81.2 (O-C),
66.0 (NCH), 32.6 (CH,), 27.9 (CH3;); HPLC analysis: Phenomenex Lux 5u Amylose-2, hexane/di-
oxane = 95/5, 254 nm, flow rate = 0.5 ml/min, retention times: 13.2 min (R), 15.6 min (S).
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Fig.27 '"H NMR spectra of tert-butyl 3-(2-fluorophenyl)-2-(diphenylmethyleneamino)propanoate
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Fig.28 13C NMR spectra of tert-butyl 3-(2-fluorophenyl)-2-(diphenylmethyleneamino)propanoate
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DADT A, 5ig=254,4 Ref=360,100 (FENGDANW40613 2-F RACEMATE D)
mal &
1 Entry Time Area Height Wedth | Symmetry | Area% P
| [min] [mAT*s] [mAl] [min] factor
2500 13.234 712094 2761 0.4293 0718 50.128 -
i 15.61 708423 21746 0.543 0.536 49 871 E
i 0
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Fig.29 The HPLC chromatogram of racemic
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tert-butyl 3-(2-fluorophenyl)-2-(diphenylmethyleneamino)propanoate

DAD1 A, §19=254.9 Ref=350,100 (FENGDANZO140813-1 2-F .0)

a
3
&

Entry Time Area Height Wedth | Symmetry | Area%

[mmin] [mAl* 5] [mal]] [min] factor
] 1 12.983 360.3 all 0.2853 0.529 3.493
400 2 15.259 140927 469.4 0.4463 0.611 97.507

E \;Lak
YO0

200-|

100 |

o
> 12,888

Fig.30 The HPLC chromatogram of terz-butyl 3-(2-fluorophenyl)-2-
(diphenylmethyleneamino)propanoate catalyzed by SiO,@CDPTC

tert-Butyl 3-(4-methylphenyl)-2-(diphenylmethyleneamino)propanoate (Entry 7 in Table 2).

5 'H NMR (300.1 MHz, CDCl;, TMS): 8 7.81 (d, 3/ = 7.2 Hz, 1H, Ph-

O /NQL0)< H), 7.58 (d, 3/ = 7.1 Hz, 2H, Ph-H), 7.39-7.25 (m, 6H, Ph-H), 6.96 (g,

3] =17.9 Hz, 4H, Ph-H), 6.62 (d, 3/ = 6.6 Hz, 2H, Ph-H), 4.09 (dd, 3/ =
Q.

4.4 Hz, 4.4 Hz, 1H, NCH), 3.23-3.07 (m, 2H, CH,), 2.28 (s, 3H, Ph-
CHa3), 1.44 (s, 9H, CH3); 3C NMR (75.0 MHz, CDCl;, TMS): 6 170.9,
170.1 (C=N, C=0), 139.5, 137.5, 136.3, 135.5, 135.1, 132.4, 130.0, 129.6, 128.7, 128.2, 128.1,
128.0, 127.9, 127.6 (C-Ph), 81.0 (O-C), 68.0 (N-CH), 39.1 (CH,), 28.0 (CH3), 21.0 (Ph-CH;);
HPLC analysis: Phenomenex Lux 5u Amylose-2, hexane/dioxane = 95/5, 254 nm, flow rate = 0.5

ml/min, retention times: 13.0 min (R), 15.4 min (S).
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Fig.31 '"H NMR spectra of zert-butyl 3-(4-methylphenyl)-2-(diphenylmethyleneamino)propanoate
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Fig.33 The HPLC chromatogram of racemic
tert-butyl 3-(4-methylphenyl)-2-(diphenylmethyleneamino)propanoate
DAD1 A, Sig=259,4 Ref=360,100 (FENGDANZ0140613-16 4 CH3.0)

mm_: Entry Time Area Height Wedth | Symmetry | Area% H

1 [min] [mal*s] [mal] [tnin] factor
400 | 1 13.038 320 113 0.4711 1.083 2.141

2 15448 14627.6 440.5 0.5535 0.686 97.859
350

] o

; \JLDJ<
SDD—r i
250—2 O \©\:H3
2005
150—5
100—3

; i ; ; 1'0 1'2 & 1'3 1'3 e

Fig.34 The HPLC chromatogram of tert-butyl 3-(4-methylphenyl)-2-
(diphenylmethyleneamino)propanoate catalyzed by SiO,@CDPTC

tert-Butyl 3-(3-methylphenyl)-2-(diphenylmethyleneamino)propanoate (Entry 8 in Table 2).
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o 'H NMR (300.1 MHz, CDCl3, TMS): 6 7.81 (d, 3J=7.2Hz, 1H, Ph-
N H), 7.62—7.46 (m, 4H, Ph-H), 7.38—7.26 (m, 7H, Ph-H), 6.59 (d, 3J =
= \)J\o
on,| 6.5 Hz, 2H, Ph-H), 4.09 (dd, 3/ = 4.5 Hz, 4.3 Hz, 1H, NCH), 3.23—

3.08 (m, 2H, CH,), 2.22 (s, 3H, Ph-CH3), 1.45 (s, 9H, CH3); *C NMR
(75.0 MHz, CDCl;, TMS): 6 170.8, 170.2 (C=N, C=0), 139.5, 138.1,
137.4, 136.3, 132.4, 132.3, 130.6, 130.0, 130.0, 128.6, 128.2, 128.2, 128.1, 127.9, 127.8, 127.7,
126.8, 126.7 (C-Ph), 81.0 (O-C), 67.8 (NCH), 39.4 (CH,), 28.0 (CH3), 21.1 (Ph-CH3); HPLC
analysis: Phenomenex Lux 5u Amylose-2, hexane/dioxane = 95/5, 254 nm, flow rate = 0.5 ml/min,
retention times: 14.0 min (R), 16.3 min (S).
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Fig.35 'H NMR spectra of tert-butyl 3-(3-methylphenyl)-2-(diphenylmethyleneamino)propanoate
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Fig.36 13C NMR spectra of fert-butyl 3-(3-methylphenyl)-2-(diphenylmethyleneamino)propanoate
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DAD1 £, Sig=254 .4 Ref=360,100 (FENGDANVI40813 3-CHE RACEMATE b)

Entry Time Area Height Wedth | Symmetty | Area%s

[min] [tnalr* 5] [m.al] [tnin] factor
e 1 14.032 36581.2 1578.2 0.381d 0.727 49.825
i 2 16.324 36691.4 1173 0.5213 0.5873 50.075

Fig.37 The HPLC chromatogram of racemic
tert-butyl 3-(3-methylphenyl)-2-(diphenylmethyleneamino)propanoate

DAD1 A, Sig=264,4 Ref=380,100 (FENGDANZ0140813-15'3-CHE D)

@
n
&

Entry Time Area Height Wedth | Symmetry | Area%
500 [mmin] [mal*s] [mAl] [min] factor
) 1 14.142 643.2 336 0.4543 1.416 3.576
2 16.559 17341.5 528.3 0.503 0.866 96.424
400 - a
SN

il cH,
- OO
200 —|

100

Fig.38 The HPLC chromatogram of tert-butyl 3-(3-methylphenyl)-2-
(diphenylmethyleneamino)propanoate catalyzed by SiO,@CDPTC

tert-Butyl 3-(2-methylphenyl)-2-(diphenylmethyleneamino)propanoate (Entry 9 in Table 2).
o "H NMR (300.1 MHz, CDCl3, TMS): 8 7.60 (d, 3/ = 7.2 Hz, 2H, Ph-H),
O /N\_)J\Ok 7.35—7.23 (m, 6H, Ph-H), 7.09—7.04 (m, 4H, Ph-H), 6.52 (d, 3J=4.1 Hz,
B 2H, Ph-H), 4.15 (dd, 3/ = 3.9 Hz, 3.9 Hz, 1H, NCH), 3.33-3.15 (m, 2H,
O D CH,), 2.06 (s, 3H, Ph-CHj3), 1.39 (s, 9H, CHj3); '3C NMR (75.0 MHz,
i CDCl;, TMS): 8 171.0, 170.1 (C=N, C=0), 139.3, 136.9, 136.3, 136.2,
132.4, 131.0, 130.0, 130.0, 129.9, 128.7, 128.2, 128.1, 127.9, 127.8, 127.6, 126.3, 125.9, 125.5
(Ph-C), 81.0 (O-C), 66.4 (NCH), 36.7 (CH,), 28.0 (CHj3), 19.2 (Ph-CH3;); HPLC analysis: Pheno-
menex Lux 5u Amylose-2, hexane/dioxane = 95/5, 254 nm, flow rate = 0.5 ml/min, retention
times: 12.3 min (R), 14.6 min (S).
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Fig.40 13C NMR spectra of fert-butyl 3-(2-methylphenyl)-2-(diphenylmethyleneamino)propanoate

DADT A, Sig-254,4 Ret=300,100 (FENGDANVI40813 2-CH3 RACEMATE.D)

i | -
4 Entry Time Area Height Wedth | Symmetry | Area% E9
3001 [min] [mAlFs] [m.Al] [min] factor
1 12.341 51538 3054 0.2812 0.818 50.082
] 2 14,592 5137 234.9 0.3645 0.745 49018 ]
260-| g
200-|
180-|
100-
s0-|
o .
! T T T T T T T T T
o 2 4 & s 10 12 14 18 18 min

Fig.41 The HPLC chromatogram of racemic fert-butyl 3-(2-methylphenyl)-2-
(diphenylmethyleneamino)propanoate
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DADT £, Sig=264,4 Re=300,100 (FENGDANZ0140613-14 2. CH3.5)

Entry Time Area Height Wedth | Symmetry | Areats
[tniin] [mAl*s] [mal)] [min] factor
g 1 12.271 84.9 5.6 0.2513 0.691 1.566
200 2 14548 53339 2324 0.3825 0.765 98 434

j th
QO

100

Fig.42 The HPLC chromatogram of tert-butyl 3-(2-methylphenyl)-2-
(diphenylmethyleneamino)propanoate catalyzed by SiO,@CDPTC

tert-Butyl 3-(2-naphthyl)-2-(diphenylmethyleneamino)propanoate (Entry 10 in Table 2).
'"H NMR (600.1 MHz, CDCl;, TMS): 8 7.78 (d, 3J = 7.6 Hz, 1H, Ar-

(0]
O /N\.)J\O J< H), 7.73 (d, 3J = 7.2 Hz, 1H, Ar-H), 7.64 (dd, 3J = 17.6, 12.3 Hz, 2H,
: Ar-H), 7.54 (t, 37 = 8.0 Hz, 2H, Ar-H), 7.45 (dd, 3/ = 19.8, 12.2 Hz,
O 2H, Ar-H), 7.40 — 7.35 (m, 2H, Ar-H), 7.32 (dd, 3/ = 15.5, 8.1 Hz, 1H,
Ar-H), 7.22 — 7.11 (m, 4H, Ar-H), 6.52 (s, 2H, Ar-H), 4.22 (dd, 3J =
9.2,4.2 Hz, 1H, NCH), 3.34 (ddd, 3J = 22.7, 13.5, 6.8 Hz, 2H, CH,), 1.42 (s, 9H, CHs); 3C NMR
(150.9 MHz, CDCls, TMS): § 170.85, 170.39(C=N, C=0), 139.62, 137.71, 136.37, 135.99, 133.51,
132.38, 132.19, 130.10, 130.05, 128.75, 128.42, 128.29, 128.24, 128.02, 127.94, 127.72, 127.62,
127.56, 127.51, 126.15, 125.77, 125.25, 81.18 (0-C), 67.94 (N-C), 39.83 (CH,), 28.11 (CH;);

HPLC analysis: Phenomenex Lux 5u Amylose-2, hexane/

/dioxane = 95/5, 254 nm, flow rate = 0.5 ml/min, retention times: 17.3 min (R), 21.1 min (S).
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Fig.43 '"H NMR spectra of zert-butyl 3-(2-naphthyl)-2-(diphenylmethyleneamino)propanoate
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Fig.44 13C NMR spectra of tert-butyl 3-(2-naphthyl)-2-(diphenylmethyleneamino)propanoate

DAD1 A, Sig=254,4 Ret=360,100 (FENGDANY140613-12' BRMENA RACEMATE. D)

mall

263

2500 Entry Time Area Height Wedth Symmetry | Area%
8 [min] [mal*s] [m.aU] [tnin] factor

1 17.263 84830.6 25207 0.5608 0.602 49.601

2 21.124 86194.6 1711.3 0.3395 0.633 50.399
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Fig.45 The HPLC chromatogram of racemic
tert-butyl 3-(2-naphthyl)-2-(diphenylmethyleneamino)propanoate

DAD1 A, Sig=254.4 Rer=360,100 (FENGDANZ0140613- 12 BRMENA.D)
mal | 2

b Entry Time Area Height Wedth | Symmetry | Area% 3

i [min] [malrts] [mal]] [min] factor
500 | 1 17.831 9579 29.9 0.5335 0.836 3.218

] 2 21.843 28801.2 558.8 0.85% 0.707 96,781
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Fig.46 The HPLC chromatogram of fert-butyl 3-(2-naphthyl)-2-
(diphenylmethyleneamino)propanoate catalyzed by SiO,@CDPTC
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tert-Butyl 3-vinyl-2-(diphenylmethyleneamino)propanoate (Entry 11 in Table 2).

S WE
S

'H NMR (600.1 MHz, CDCls, TMS): 8 7.72 — 7.68 (m, 2H, Ph-H), 7.56
(d,3J = 7.3 Hz, 1H, Ph-H), 7.46 (t,3J = 7.4 Hz, 1H, Ph-H), 7.36 (t,3J =
7.8 Hz, 2H, Ph-H), 7.32 (dd, 3J = 8.8, 6.2 Hz, 1H, Ph-H), 7.20 (dt, 3/ =
5.2, 3.8 Hz, 2H, Ph-H), 7.08 (dd, 3/ = 7.5, 1.6 Hz, 1H, Ph-H), 5.64 (ddt,
3/=172,10.2, 7.1 Hz, 1H, -CH=), 4.95 (ddd, 3J = 13.6, 11.2, 1.1 Hz,

2H, =CH,), 3.93 (dd,3J = 7.6, 5.3 Hz, 1H, NCH), 2.62 — 2.50 (m, 2H, CH,), 1.35 (s, 9H, CH3); 1*C
NMR (150.9 MHz, CDCl;, TMS): 170.85, 170.08 (C=0, C=N), 139.79, 137.70, 136.72, 134.78,
132.38, 130.02, 128.84, 128.54, 128.41, 128.29, 127.99, 127.98, 117.22, 80.97(0-C), 65.92 (N-
CH), 38.17 (CH,), 28.12 (CH3); HPLC analysis: Phenomenex Lux 5u Amylose-2, hexane/dioxane
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Fig.48 13C NMR spectra of tert-butyl 3-vinyl-2-(diphenylmethyleneamino)propanoate
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DADT A, Sig=254,4 Ref=360,100 (FENSDANI40613 ALLYL RACEMATE.D)

Entry Time Area Height Wedth | Symmetry | Area%
£ [min] [mLAlF¥s] [mAl] [min] factor
1 1 12.085 145012 5148 0.4685 1.1 50.312
2 13.57 14321 4 516.3 0.4623 0.942 48688
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Fig.49 The HPLC chromatogram of racemic

tert-butyl 3-vinyl-2-(diphenylmethyleneamino)propanoate

DAD1 A, 5ig=254,4 Ref=380,100 (FENGDANZD140613-8 ALLYL.D)

120

Entry Time Area Height Wedth | Symmetry | Area®s
[tnin] [mAll*s] [mAU] [min] factar

1 11.675 1262.3 28 0.7258 1.16 21.103

2 13.067 4721.1 1105 0.712 1.13 78897

100

80—

20—

Lk
g

tert-Butyl 3-(1-methylvinyl)-2-(diphenylmethyleneamino)propanoate (Entry 12 in Table 2).

T
a

T
&

Fig.50 The HPLC chromatogram of terz-butyl
3-vinyl-2-(diphenylmethyleneamino)propanoate catalyzed by SiO,@CDPTC

"H NMR (600.1 MHz, CDCl;, TMS): § 7.66 (dd, 3J = 26.3, 7.8 Hz, 2H,
Ph-H), 7.49 — 7.41 (m, 3H, Ph-H), 7.38 — 7.34 (m, 1H, Ph-H), 7.30 (t, 3J
=7.4 Hz, 2H, Ph-H), 7.19 (t, 3J = 14.0 Hz, 2H, Ph-H), 4.72 (d, 3./ = 14.0
Hz, 2H, =CH,), 4.08 (dd, 3/ = 7.9, 5.3 Hz, 1H, NCH), 2.67 — 2.54 (m,
2H, CH,), 1.52 (s, 3H, CHj3), 1.45 (s, 9H, CHj3); 13C NMR (150.9 MHz,
CDCl;, TMS): 8 171.17, 169.84 (C=N, C=0), 141.92, 139.83, 136.56, 132.36, 130.09, 130.03,
128.83, 128.50, 128.30, 128.11, 127.94, 113.27, 80.98 (O-C), 64.91 (N-CH), 41.90 (CH,), 28.08
(CH3), 22.61 (CH3); HPLC analysis: Phenomenex Lux Su Amylose-2, hexane/dioxane = 95/5, 254

nm, flow rate = 0.5 ml/min, retention times: 12.2 min (R), 13.8 min (S).
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Fig.51 '"H NMR spectra of fert-butyl 3-(1-methylvinyl)-2-(diphenylmethyleneamino)propanoate

gz I ELE wowas e . .
£5 SEREESS25828 8 2z8g % z B
£E SHENERNRARE 2 2EEE 3 = g to000
Y | (AN ] i |
o /I< 8000
(o)
H‘( 7000
6000
5000
7
2
-1000 =
3000
y
.
} | 2000
|
I 1000
| N |
| [ .
180 160 140 120 100 80 60 40 20 0
11 (ppm)

Fig.52 13C NMR spectra of fert-butyl 3-(1-methylvinyl)-2-(diphenylmethyleneamino)propanoate

DADT A, Sig=2544 Ref=380,100 (FENGDANA0613 3-BROMO-2-METHYL RACEMATE .D)

A =
] Entry Time Area Height Wedth | Symmetry | Area% ] g
R [min] [mALF*s] [tnAl] [tnin] factor @

1607 1 12,237 | 37233 1733 0.3536 0.867 49,930
i 2 13879 | 3738.2 1615 0.386 0.302 50.070
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Fig.53 The HPLC chromatogram of racemic fert-butyl 3-(1-methylvinyl)-2-

(diphenylmethyleneamino)propanoate
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DADT A, 5ig=254,4 Ref=360,100 (FENGDANZO140613-9 3-BR-2-ME .0

Entry Time Area Height Wedth | Bymmetry | Area%
] [min] [mal*s] [mal] [min] factor
1767 1 11.752 2565.5 61.3 0.6976 1.184 23.979

] 2 13.345 8133.2 135.6 0.7302 1.367 76.021

Ok
| o

100 -

£

75
50

26

Fig.54 The HPLC chromatogram of tert-butyl 3-(1-methylvinyl)-2-
(diphenylmethyleneamino)propanoate catalyzed by SiO,@CDPTC

tert-Butyl 3-ethynyl-2-(diphenylmethyleneamino)propanoate (Entry 13 in Table 2).

5 'H NMR (600.1 MHz, CDCls, TMS): & 7.81 (d, 3/ = 7.2 Hz, 1H, Ph-H),
‘ /N\:)LO J< 7.66 (d, *J = 7.4 Hz, 2H, Ph-H), 7.51 — 7.43 (m, 4H, Ph-H), 7.40 (t, 3/ =
S

7.3 Hz, 1H, Ph-H), 7.33 (t, 3J = 7.6 Hz, 2H, Ph-H), 4.18 (dd, 3J = 8.1,
5.2 Hz, 1H, NCH), 2.84 — 2.76 (m, 2H, CH,), 1.95 (t, 3/ = 2.6 Hz, 1H,
=CH), 1.45 (s, 9H, CH;); 3C NMR (150.9 MHz, CDCl;, TMS) § 171.4,
169.5 (C=N, C=0), 139.6, 137.7, 136.3, 132.4, 130.3, 130.0, 129.0, 128.6, 128.3, 128.3, 128.0
(Ph-C), 81.6 (=CH), 81.3 (0-C), 70.0 (=C-), 64.8 (N-C), 28.0 (CH3), 23.4 (CH,); HPLC analysis:
Phenomenex Lux 5u Amylose-2, hexane/dioxane = 95/5, 254 nm, flow rate = 0.5 ml/min,

retention times: 13.6 min (R), 16.3 min (S).
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Fig.55 '"H NMR spectra of zert-butyl 3-ethynyl-2-(diphenylmethyleneamino)propanoate
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Fig.56 3C NMR spectra of tert-butyl 3-ethynyl-2-(diphenylmethyleneamino)propanoate

DADT A, Sig=254,4 Ref=360,100 (F ENGDANVA0513 PROFARGLY RACEMATE.D)

= =
Entry Time Area Height Wedth | Symmetry | Area% 2
R [mmn] [mATFs] [mall] [min] factor
8087 1 13568 | 63052 3251 03437 | 0313 45.936
2 16334 | falaz | 2256 05028 | 06ls 50.004
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Fig.57 The HPLC chromatogram of racemic
tert-butyl 3-ethynyl-2-(diphenylmethyleneamino)propanoate

DAD A, 513=264 4 Ref=360,100 (FENGDANZ01405 13- 10 PROFARGLY D)
mall |
[ Enry Time Area Heght | Wedth | Symmetry | Area% §
% [min] [malr*s] [m.A1] [min] factor
B 1 13.645 3777 13.3 04718 0.945 16.462
] 2 16.44% 1916.5 603 0.5299 0.674 83.538
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Fig.58 The HPLC chromatogram of terz-butyl
3-ethynyl-2-(diphenylmethyleneamino)propanoate catalyzed by SiO,@CDPTC
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tert-Butyl 3-(4-nitrophenyl)-2-(diphenylmethyleneamino)propanoate (Entry 14 in Table 2).

O 5 'H NMR (600.1 MHz, CDCl;, TMS) 8 8.00 (d, >/ = 8.7 Hz, 2H, Ph-

/N:QLOJ< H), 7.76 — 7.73 (m, 1H, Ph-H), 7.52 (dd, 37 = 17.6, 7.4 Hz, 2H, Ph-H),

: 742 (t,3J = 7.7 Hz, 1H, Ph-H), 7.33 (dd, 3/ = 14.3, 7.3 Hz, 2H, Ph-H),
SRS

7.19 (d, 3J = 7.4 Hz, 4H, Ph-H), 6.65 (d, 3J = 6.1 Hz, 2H, Ph-H), 4.14
—4.10 (m, 1H, NCH), 3.25 (d, 3*J = 5.7 Hz, 2H, CH,), 1.38 (s, 9H,
CH3); BC NMR (150.9 MHz, CDCls) 6 170.0, 169.1 (C=N, C=0), 145.7, 145.5, 138.1, 136.7,
135.0, 131.4, 129.7, 129.5, 129.0, 127.7, 127.6, 127.3, 127.3, 127.1, 126.5, 122.9, 122.8, 122.2
(Ph-C), 80.7 (0-C), 66.0 (N-C), 38.4 (CH,), 27.0 (CH3); HPLC analysis: Phenomenex Lux 5u
Amylose-2, hexane/dioxane = 90/10, 254 nm, flow rate = 0.5 ml/min, retention times: 19.6 min
(R), 24.1 min (S).
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Fig.59 'H NMR spectra of fert-butyl 3-(4-nitrophenyl)-2-(diphenylmethyleneamino)propanoate
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Fig.60 13C NMR spectra of tert-butyl 3-(4-nitrophenyl)-2-(diphenylmethyleneamino)propanoate
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DAD1 A, 51g=254,4 Ref=360,100 (FENGDANIS0613 4-NOZ RACEMATE(SO 10).0)

Entry Time Area Height Wedth | Symmetry | Area%s

[min] [mal*s] [mal]] [min] factor
50| 1 19.579 3612 918 0. 656 0.592 50.748
2 24.139 35054 56 1.043 0.435 48.251

Fig.61 The HPLC chromatogram of racemic
tert-butyl 3-(4-nitrophenyl)-2-(diphenylmethyleneamino)propanoate

DAD1 £, Sig=254,4 Ref=360,100 (FENGDANZO140612-6 4-NOZ .B)

o
g
3

Entry Time Area Height Wedth | Symmetry | Area%

260 [min] [mAT*s] [m.aUn] [min] factor
) 1 19.513 24658 &0 0.6853 0.735 12.013
2 23.902 18059.8 263.1 1.1442 0.511 57.987

zuu—E \__/Tj\nk
w O,

100

T T T T |
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Fig.62 The HPLC chromatogram of tert-butyl 3-(4-nitrophenyl)-2-
(diphenylmethyleneamino)propanoate catalyzed by SiO,@CDPTC

tert-Butyl 3-(3-nitrophenyl)-2-(diphenylmethyleneamino)propanoate (Entry 15 in Table 2).

'"H NMR (600.1 MHz, CDCl;, TMS): § 8.04 (ddd, 3/ = 8.1, 2.2, 0.9
Hz, 1H, Ph-H), 7.95 — 7.94 (m, 1H, Ph-H), 7.82 — 7.80 (m, 1H, Ph-H),
7.59 — 7.56 (m, 2H, Ph-H), 7.48 (dd, 3/ = 18.0, 7.8 Hz, 1H, Ph-H),
7.37 (dd, 3J = 6.8, 5.3 Hz, 2H, Ph-H), 7.34 — 7.29 (m, 4H, Ph-H), 6.72
(d, 3J=6.1 Hz, 2H, Ph-H), 4.19 (dd, 3/ = 8.2, 5.1 Hz, 1H, NCH), 3.35
—3.26 (m, 2H, CH,), 1.45 (s, 9H, CH3); '3C NMR (150.9 MHz, CDCl3) 8 171.1, 170.1 (C=N,
C=0), 148.1, 140.6, 139.1, 137.7, 136.2, 136.1, 132.4, 130.5, 130.0, 128.9, 128.8, 128.7, 128.3,
128.3, 128.1, 127.5, 124.7, 121.4 (Ph-C), 81.7 (O-C), 67.0 (N-C), 39.2 (CH,), 28.0 (CH;); HPLC
analysis: Phenomenex Lux 5u Amylose-2, hexane/dioxane = 90/10, 254 nm, flow rate = 0.5

ml/min, retention times: 20.0 min (R), 25.2 min (S).
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Fig.63 'H NMR spectra of tert-butyl 3-(3-nitrophenyl)-2-(diphenylmethyleneamino)propanoate
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Fig.64 3C NMR spectra of tert-butyl 3-(3-nitrophenyl)-2-(diphenylmethyleneamino)propanoate

DAD1 A, Sig=264.4 Ref=360,100 (FENGDANI40613 3-NO2 RACEMATE(EO 10) D)

m:;_ Entry Time Area Height Weidth | Symmetry | Area% 1
] [tnin] [mAlr*s] [m.al] [min] factor

| 1 20.044 1764.7 438 0.6714 0.66 50.761
] 25.238 17118 207 1.3759 0.586 49.239

5 :

25238

min

Fig.65 The HPLC chromatogram of racemic fert-butyl 3-(3-nitrophenyl)-2-

(diphenylmethyleneamino)propanoate
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DAD1 A, $1g=254.4 Ref=360,100 (FENGDANZ0140613-5 3-ND2 .D)

Entry Time Area Height Wedth | Symmetry | Area%

a0 [min] [mAU*s] [mal]] [mmin] factor
1 1 19.427 2524 6.9 0.61 0.667 7.180
35| 2 24.453 32633 41.2 1.3201 0.602 92,820

YRS

Fig.66 The HPLC chromatogram of terz-butyl 3-(3-nitrophenyl)-2-
(diphenylmethyleneamino)propanoate catalyzed by SiO,@CDPTC

tert-Butyl 3-(2-nitrophenyl)-2-(diphenylmethyleneamino)propanoate (Entry 7 in Table 2).
o '"H NMR (600.1 MHz, CDCl3, TMS): 8 8.05 — 7.98 (m, 1H, Ph-H), 7.97
‘ /N\:)J\O/‘< —7.88 (m, 1H, Ph-H), 7.80 (dd, 3J= 8.2, 3.4 Hz, 1H, Ph-H), 7.76 — 7.74
R (m, 1H, Ph-H), 7.66 — 7.60 (m, 1H, Ph-H), 7.51 (dd, 3J="7.0, 4.3 Hz, 2H,
‘ D Ph-H), 7.45 — 7.36 (m, 2H, Ph-H), 7.32 (d, 3J = 6.8 Hz, 2H, Ph-H), 7.20
ON (d, 3J = 4.7 Hz, 2H, Ph-H), 6.56 (s, 1H, Ph-H), 4.29 — 4.24 (m, 1H,
NCH), 3.48 — 3.32 (m, 2H, CH,), 1.38 (s, 9H, CH3;); 3*C NMR (150.9 MHz, CDCl;, TMS): §
170.04, 169.19 (C=N, C=0), 148.70, 138.22, 136.68, 135.00, 133.10, 131.41, 131.36, 129.29,
129.02, 128.32, 127.78, 127.47, 127.26, 127.17, 126.94, 126.42, 123.62, 123.58, 80.43 (O-C),
64.96 (N-C), 35.40 (CH,), 27.02 (CHj;); HPLC analysis: Phenomenex Lux 5u Amylose-2,
hexane/dioxane = 90/10, 254 nm, flow rate = 0.5 ml/min, retention times: 19.1 min (R), 23.7 min

(S).
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Fig.67 '"H NMR spectra of tert-butyl 3-(2-nitrophenyl)-2-(diphenylmethyleneamino)propanoate
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Fig.68 13C NMR spectra of tert-butyl 3-(2-nitrophenyl)-2-(diphenylmethyleneamino)propanoate

DAD1 A, 5ig=254.4 Ret=360,100 (FENGDANA0813 2-HOZ RACEMATE (90 10).0)

r::;j Entry Time Area Height Wedth | Symmetry | Area% %
] [min] [mAl*s] [mAl] [min] factor

ZDDE 1 19.144 9144 6 2252 0.6769 0.614 50251
N 2 23.742 8053.1 157.9 0.9556 0.521 48.743
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Fig.69 The HPLC chromatogram of racemic
tert-butyl 3-(2-nitrophenyl)-2-(diphenylmethyleneamino)propanoate

DAD1 A, Sig=2649,4 Ref=360,100 (FENSDAM20140613-4 2-NOZ D)

el S

Entry Time Area Height Wedth | Symmetry | Area% 3
[tnin] [maTH*s] [mAU] [tmin] factor

g 1 18.954 512 14.1 0.6034 0.697 8.964
80 -| 2 23.345 5199.5 95.2 0.9098 0.537 91.036
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Fig.70 The HPLC chromatogram of tert-butyl 3-(2-nitrophenyl)-2-
(diphenylmethyleneamino)propanoate catalyzed by SiO,@CDPTC
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X-ray diffraction and elemental analysis of SiO,@CDPTC

X-ray powder diffractions were carried out on an XRD-7000 S/L instrument: Cu-Ka radiation, X-

ray tube settings of 40.0kV/30.0 mA, a scan speed of 2°/min in the 10-100° (20) range. X-ray
diffraction of SiO,@CD/PTC (Fig. 71) indicate that the structure is amorphous.
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Fig.71 X-ray diffraction patterns of SiO,@CDPTC

The recovery and reuse of catalyst

The data of the yields and enantioselectivities of a-alkylation product tert-Butyl 3-phenyl-2-

(diphen- ylmethyleneamino)propanoate in reused process were shown in the following Table 1
and Fig. 72.

Table 1 Reusability of SiQO,@CDPTC under optimized reaction conditions

Entry Temp.(°C) Reaction times Yield® (%) Y%ee®
1 -40 1 95 96.3
2 -40 2 93 94.7
3 -40 3 92 94.0
4 -40 4 90 93.0
5 -40 5 88 91.6
6 -40 6 80 91.2

Reaction conditions: 20 mol% Si0,@CDPTC,

(150.0 mg, 0.51 mmol), 50% aq KOH (1.0 mL, 13.4 mmol), 4.0 mL toluene. “Isolated yield. ® Determined by chiral HPLC with

Phenomenex Lux Su Amylose-2 chiral column.

-40 °C, benzyl bromide ( 2.5 mmol), N-(diphenylmethylene)glycine ethyl ester

DAD1 A, 5ig=254.4 Ref=360,100 (FENGDANZ0140613-11' BNER D)

450%
400%
3505
SUU—f
ZED—:
2005
15n—f
mn—z

50|

Entry

Titne
[min]

Area

Height
[mAL]

Wedth
[min]

Symumetry
factor

Area™

1

12.346

13.6

0.3231

0.8

1.348

15.254

13954 4

4551

05133

0.595

98152

z
%\‘
2

a
Aok
\© Si0@CDPTC used for the first time

12848

254,

S33



DAD1 A, §ig=264,4 Ref=380,100 (FENGDANZ0140701-14.D)

100

7 o
g Entry Time Area Height Wedth | Symmetry | Area% ]
i [rmin] [mAl*s] [mal] [tmin] factor
] 1 12.883 476.3 16.3 04571 1.10% 2.639
g 2 15.556 17567.3 637.5 04593 0.758 97361
] O o
] /”\JJLu’I(
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i o
] 2
o
i b}
| T
- T T T T T T T I
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DAD1 A, Sig=254.4 Ref=350,100 (FENGDANE01407 18-18.0)
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Entry Time Area Height Wedth | Symmetry | Area% &
as0-| [nin] [mal*s] [mat] [min] factor
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DADA A, 5ig=254.4 Ref=360,100 (FENGDAN20140718-1E D)

il | A
180 Entry Time Afrea Height Wedth | Symmetry | Area®: g
i [nin] [mAU*s] [l [min] factor
g 1 13,589 202.6 9 0.3753 1.229 4.415
e 2 16424 4386 1609 04543 0821 95.585
i o
w Ol J
i O \© 810,@CDPTC revsed for the fifth time
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o
a0
! 3
20 2
- [
o
1 T T T T T T T |
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Fig.72 The HPLC chromatogram of terz-butyl 3-phenyl-2-(diphenylmethyleneamino)propanoate

in the six times

HPLC chromatogram of homogeneous CDPTC

DAD1 A, Sig=264.4 Ref=360,100 (FENGDANV41204-1.0)
mAd H
700 Entry Time Area Height Wedth | Symmetry [ Area% F
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DADT A, 8ig=254.4 Ref=350,100 (FENGDANIS1204-2 2-CH3 D)

mal | I
i Entry Time Area Height Wedth | Symmetry | Area% &
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DAD A, S1g=254,4 Rer=360,100 (FENGDANV 412083 4F.0)
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DAD A, 5ig=264.4 Ret=300,100 (FENGDANVIA1208-1' 2-NOZ D)
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Fig.73 HPLC chromatogram of various electrophiles catalyzed by homogeneous CDPTC

N, adsorption—desorption isotherm of deeply hydrolytic SiO,@CDPTC

160

4
120 4 j
80 -

\r-1.37 BJH Desorption Dv(d)

Desorption Dv(d) (‘IO'scc/Afg)

T
1 10 100
Pore Diameter (nm)

S38



2.4 4

—a— Adsorption
BJH Desorption Dv(d) -~ Desorption

A

[¢2]

o

=
-~

2.0+

s
o
=1
—
—
-

1.6

oLt SR

Desorption Dv(d) (10°cc/A/g)
n [e+]
S L O
| I
.-"'" o

1 5 10 50 100
Pore Diameter (nm)

Volume (cc/g)

0.0

Relative Pressure, P/P0

Fig.74 N, adsorption—desorption isotherms of deeply hydrolytic SiO,@CDPTC and pore size
distributions from BJH analysis based on desorption isotherm

An analogues of CDPTC

To a round-bottomed flask (100 mL) was charged with N-(2-cyanobenzyl)-O(9)-allyl- cincho-
nidinium bromide (265.3 mg, 0.5 mmol), mercaptan (124.3 mg, 2.0 mmol) and AIBN (16.4 mg,
0.1 mmol), flushed three times with Ar atmosphere and sealed. Then CHCl; (30 mL) was added
by a syringe and the reaction mixture was refluxed for 72 h at 80 °C with the tracking of TLC.
During the reaction, AIBN (16.4 mg, 0.1 mmol) was added once per 24 hours. After the solvent
was evaporated under reduced pressure, the residue was subjected to flash column chromatogra-
phy by gradient elution with CHCI3/CH;0H (vA= 60/1—30/1—15/1) to obtain the pale yellow
solid (474.1 mg, 80%).

IH NMR (600.1 MHz, CD;0D, TMS) & 9.02 (d, 3J = 4.5 Hz, 1H,
Ph-H), 8.42 (d, 3J = 8.1 Hz, 1H, Ph-H), 8.22 (d, 3J = 7.6 Hz, 1H, Ph-
H), 8.19 (dd, 3J = 7.5, 6.7 Hz, 1H, Ph-H), 8.06 (d, 3/ = 7.7 Hz, 1H,
Ph-H), 7.96 (dd, 3J = 11.1, 4.3 Hz, 1H, Ph-H), 7.94 — 7.86 (m, 3H,
Ph-H), 7.84 (t, 3/ = 7.7 Hz, 1H, Ph-H), 6.55 (d, 3/ = 18.7 Hz, 1H, O-
CH), 6.33 — 6.24 (m, 1H, -CH=), 5.78 — 5.69 (m, 1H, =CH,), 5.49 (dd, 3/ = 17.2, 1.1 Hz, 1H,
=CH,), 5.38 (dt, 3J = 14.9, 11.7 Hz, 3H, N*-CH, N*-CH,), 5.22 (dd, 3/ = 16.5, 8.3 Hz, 1H, O-CH,),
5.03 (t, 37 = 9.2 Hz, 1H, O-CH,), 4.58 (ddd, 3/ = 16.3, 11.3, 5.0 Hz, 1H, N*-CH,), 4.45 (dd, 3J =
11.9, 5.9 Hz, 1H, N*-CH,), 4.17 (ddd, 3J = 25.7, 14.2, 7.2 Hz, 2H, N*-CH,), 3.97 (ddd, 3J = 12.5,
8.6, 4.4 Hz, 1H, S-CH,), 3.77 — 3.63 (m, 2H, S-CH,), 3.45 (td, 3/ = 11.3, 4.3 Hz, 1H, S-CH,), 2.84
~2.77 (m, 1H, CH), 2.62 (q, 3J = 7.4 Hz, 1H, CH), 2.48 — 2.41 (m, 1H, CH,), 2.31 — 2.24 (m, 1H,
CH,), 2.15 (t, 3J = 8.8 Hz, 1H, CH,), 2.02 — 1.94 (m, 1H, CH,), 1.58 — 1.51 (m, 2H, CH,), 1.33
(ddd, 37 =23.4, 16.8, 7.1 Hz, 3H, CH;); '*C NMR (150.9 MHz, CD;0D, TMS) & 149.61, 147.88,
141.55, 137.06, 135.67, 134.09, 133.57, 133.12, 131.37, 130.00, 129.18, 128.15, 125.42, 122.97,
120.01, 11831, 117.72, 116.37, 72.82, 70.14, 68.72, 61.70, 60.89, 52.12, 37.55, 29.32, 27.86,
26.28,25.27,24.58,21.74, 13.82.
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By comparison of 'TH NMR spectra, it was found that the peaks of hydrogens
attached to endocyclic carbon-carbon double bond disappeared, which demonstrated
that the free radical addition of sulfydryl in 3-MPTS was added to endocyclic carbon-

carbon double bond.
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3H of endocyclic double bond
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