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Asymmetric Transfer Hydrogenations of B-Enamine Cyanide with
Chiral Ammonia Borane

Zhou, Qiwen” Feng, Xiangqing” Yang, Jing** Du, Haifeng™*”
(“ Key Laboratory of Chemical Resource Engineering Beijing Key Laboratory of Bioprocess, College of Life Sciences and
Technology, Beijing University of Chemical Technology, Beijing 100029)
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Abstract The asymmetric transfer hydrogenation represents one important class of reactions for the synthesis of optically
active compounds. A chiral ammonia borane was generated in situ from an H, release reaction between chiral phosphoric acid
and ammonia borane, which could be regenerated by the assistance of water after the hydrogen transfer process and made this
reaction catalytic. With this chiral ammonia borane, asymmetric transfer hydrogenations of f-enamine cyanides were realized

to afford the desired products in 48%~98% yields with 61%~95% ee.
Keywords asymmetric transfer hydrogenation; chiral ammonia borane; chiral phosphoric acid; ammonia borane; f-enamino

cyanide
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RNERFFEIRAR . 1984 4F, Williams 1585 20 7 2 0 k%
FF MR, HREI T 5 T BEE A FRIE .
2016 £E, FoATUR LA FH (R)-FU T 3k SV Rl Tk i 5 9 % 5
HR Piers MlikE HB(CgFs), 42153 fa S i T4 32 PH
H6 Ty i W %o, v v e R b S BT e e
JigUS, R RUOR pods B Ok A M A SRR B B A
PN, 2018 4, FoAi TR 4 24 T PEBE R (CPA),
THE R T AT AE T b AR, SR T — R AT
H B BTG CA S — A p-Hi B I JEC A 1) v e Wiz B A
X FR R A SOBE. -4 e i A AN G BRI S s A J T 1
P-RIERRIG—FhH F 7k, MIOCHRGE b 22, i xt
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Scheme 1 Transfer hydrogenations with ammonia borane
1 HBR5WR

IFHEEIR 1a NHEFINT p-HEHE I 2a) AR
AR BAT THIP 2 FH 5 mol%F Vs
& 1a A1 1.1 equiv.FIZIIRE, CAH 29I, AKCHEIN
7, £ 60 C T 5 h, LA 58%MMIHALEF 59%MH] ee
B3 T HLRS 3a(F 1, Entry 1). B, SHEAHT T
ik, T B BE I AT R IA I VD PR IR . 1,4- N
IR E, BRNEE PR i B PR #8 B 2 IR PR AR (R
1, Entries 2~4); K MEEFIE ke, BT IREBRK
W) FEU R B2 (K 1, Entry 5); £ FEEH HAEE 3
17%5640 [ F 172 P0(3 1, Entry 6).

5 FRORAE VAR, 3200k T FIERER (Eq. 1).
WA RESE M TR 1a 75 SNSRI B v 140
T3 0 55 TR 1b A 1e. 7EFHEBEER 1a
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AT JE ORI R I IR IR 1f RRAS 45 215 = 1)

(b) Our previous work
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Table 1 Optimization of reaction solvent

1a (5 mol%)

Ph~ N BHzeNH; (1.1 equiv.) Ph<

)\/CN

NH
H,0 (1.5 equiv.) /K/CN

solvent, 60°C,5h N
2a 3a

SiPhs

OO Q //O

SO
SiPhs,

Ph

1a
Entry Solvent Conv.”/% ee/%
1 Toluene 58 59
2 THF 12 37
3 1,4-Dioxane 18 49
4 CH;CN 25 43
5 Hexane 18 37
6 MeOH 17 33

© 2019 Chinese Chemical Society & SIOC, CAS

@ All reactions were carried out with enamine 2a (0.1 mmol), CPA (1a) and
NH;*BH; (1.1 equiv.) in solvent (0.5 mL) for 5 h at 60 ‘C. ° The conversion
was determined by crude 'H NMR. ¢ The ee was determined by chiral HPLC,
the absolute configuration of the product 3a were tentatively assigned by
analogy with ref. [25].

WEHEAR 92% ee, IEKMETIAIE] 24 h, M AEETSH]
1%k, BEAMEZER T LAH I AT (Eq. 2),
TEF MR 1f PIALTT, SSLTE PR IR B AR, (Xt
VI REORFFAE 90% ee.

1 (5 mol%)
AN BH3:NH; (1.1 equiv) PP~y
_ > 1
o IS CN T H,0 (15 equiv,) F,h/'\/CN )
2 toluene, 60°C,5h 3a
a

R
OOOO

\ 1/

O/P\OH
g g R
1

Cy. Cy
R=
l;/ OO $siPh;
Cy ‘ 1a
1b 1c 58% conv.
52% conv. 69% conv. 59% ee
55% ee -9% ee
F 'IDh
b)),
3 3 Ph
1d 1e 1f
65% conv. 75% conv. 76% conv.
43% ee 46% ee 92% ee

91% conv. for 24 h

http://sioc-journal.cn/ 2189
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1f (5 mol%) Ph
Ph\NH BH3°NH,Me (1.1 equiv.) “NH
Ph)\/CN H,0O (1.5 equiv.) Ph)\/CN @
toluene, 60°C,5h
2a 3a
12% conv.
90% ee

RN PEAE T, EeHFL 7R R Ry
R BLI R (R 2). WEARIL, — R A5 AR
(2a~2e) AT LAZA H e (WSO AR i B 1. 4 {4 2
& 3.5- R EL2e)I, B TE AT (R0 g T,
XA RS T mIIr=%. DX H A
FORIAE ORI B, B — DR TR R NEIEH
P, BRIE LA 78%~94% 1™ 2245 21 AH B I F- 14 7= 4 36~
3m, GFMUE BN RRRE 90%~92% ee. NLFETTIA Lt
HW T EYI(2h, 20, 2k AT 21), iS4 B 7 I3E 1 2f,
2g I 2§)YIESE IR U (P38 M o5 7 Y 3R (1) iR
Y 2m AR B S SITE T, BERS LA 92% F Xt Btk 6 1tk
REBFHEY) 3m. BRI BURIEY) 2n
N-BESEBARIEY) 20, AT LUBRRHhEAT 00, 15 3%
) 77 2R R s

RN LK — TR E R E, TR — R
BIEIERE AN FREN R 5, X — ik ROR

FITERIRNI(E. 3), AU S SEE PEATRS L £
PEFRREAR BT S OREE, 1321 91%MH17™ A1 91% ee.

1f (5 mol%)
BHj3e NH3 (1.1 equiv.)

CN  H,O (1.5 equiv.)
toluene, 60 °C, 24h

1. 1389 4 mmol

91% yleld 91% ee

TEZH TAERRE b, AT T N AT REFIHLEE,
Wl Scheme 2 Fiz~: FHBERR 1 5%k s, ﬁfiﬁltﬂ
H, AT R 5, 5EY p-IGHEIEIER, @midss
TCI RS KA A, 1521571 3 MW 4. b5
Y 4 8 VYT KRR AR R 1, SERUR BB R,

2 i

08 3 T i A 1 AR U o st R A AR R T
SUME, SEI T 0 TS SR IR AN B B AL R R
L 48%~98%M 7= N 61%~95% )t ik #4551 T
F p-FIHNERNAEY), IR G T —FhFr
BRI

K2 SRR IR R AL

Table 2 Asymmetric transfer hydrogenation of f-enamino cyanides

Ar<

)Ni/ 1f (5 mol%), BH3*NH3 (1.1 equiv.) NH
N
Ph H,0 (1.5 equiv.), toluene, 60°C,24h  Ph

CN

S G . ﬁl
NH NH \@NH \©\NH NH
Ph )\/CN /k/CN /'\/CN /k/CN

CN

3a 3b 3c
86%, 92% ee 88%, 91% ee 87%, 92% ee

NH
NH B NH
/@/‘\/CN /@/‘\/CN MeO\O/'\/CN Me\©/k/CN C|\©/k/CN
cl

i
91%, 91% ee

NH
~ CN
\ S

m
78%, 92% ee

87%, 91% ee

_—
W

86%, 2% ee

39
83%, 91% ee

98%, 90% ee

NH

3d 3e MeO

87%, 95% ee 3f
94%, 90% ee

NH

CN

/] 3k
94%, 91% ee 91%, 92% ee
e Ph
©\NH )N”V o
ﬁ/'\/CN Ph
30

n 48%, 61% ee
77%, 77% ee
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Scheme 2 Plausible reaction mechanism

3 X
3.1 U5

X-4 F7 TR RS AL Autopol VI FEFEAX; Ni-
colet 6700 ZLAMGHEAL; Bruker #ZHEIEIRIL(400MHZ F11
300 MHz); Thermo Exactive LC/MS =43 ¥ 5643 ; Ag-
ilent Technologies Model 1260 = H i AH (A (F- 1A%
I H Daicel).

B B 24 JEORE B LRI A = EAS. > B
(1) H200-300 F1 H300-400 H Fef: i Al 5 T30 il AR 240 )
T 4k 25 TV T
3.2 LWHE
3.2.1 MR R JRA 6 A%

BT I & I IR W 1 & RS 25 ) K 3R SCHR[25, 26],
L 2a 45 R, ZK4(0.6050 g, 6.5 mmol). Z F i3
Z.H5(0.7258 g, 5 mmol)Fl Z.FR(2.9 mL)IIAF] 15 mL ]
HET, HIFET, BRMNERTES CiMBHHiHES h.
2R HEIER, BN 10 mL KB RNR, L8 E
ZH(10 mLX3), &HAHA, oK T, KN
IREMER DB RERR, A OIR OB/ — &, V
Viv=8:2:5))h, HAdELEHMECK LR LME,
Viv=3:DERAMGLK 048 g, FEEN 44%.

3- IR -3-CRILF L) M G (2a): H AR A, mp.
128~129 C (lit® m.p. 125~126 C); 'H NMR (400
MHz, CDCl;) d: 7.79~7.65 (m, 2H), 7.55~7.46 (m, 3H),
7.45~7.36 (m, 2H), 7.26~7.16 (m, 3H), 5.97 (brs, 1H),
4.70 (s, 1H); *C NMR (100 MHz, CDCl;) 6: 160.4, 139.2,

Chin. J. Org. Chem. 2019, 39, 2188~2195

© 2019 Chinese Chemical Society & SIOC, CAS

135.6, 131.1, 130.0, 129.2, 128.4, 125.9, 123.6, 121.0,
67.1.

3-FRFE-3-[(4- TR L) LTI 5 (2b)P) ]
&, m.p. 161~162 ‘C; '"H NMR (400 MHz, CDCl;) ¢:
7.77~7.60 (m, 2H), 7.59~7.38 (m, 5H), 7.15~6.94 (m,
2H), 5.97 (brs, 1H), 4.67 (s, 1H); *C NMR (100 MHz,
CDCly) d: 160.0, 138.3, 135.1, 133.0, 131.3, 129.3, 128.4,
125.0, 120.6, 118.7, 68.0.

3- 2R3 F R I ) TR0 G (20)1°0 1 [ 4,
m.p. 156~157 “C; 'H NMR (400 MHz, CDCl;) 6: 7.76~
7.64 (m, 2H), 7.58~7.43 (m, 3H), 7.26~7.17 (m, 2H),
7.16~7.01 (m, 2H), 5.90 (brs, 1H), 4.59 (s, 1H), 2.36 (s,
3H); *C NMR (100 MHz, CDCl;) 8: 160.8, 136.4, 135.9,
135.7,131.0, 130.5, 129.2, 128.3, 123.9, 121.2, 66.3, 21 2.

3-SR FE-3-[(4- AR LRI Z L I G )P A
AR, mp. 131~132 C (lit.* m.p. 130~131 C);'H
NMR (300 MHz, CDCl3) 0: 7.76~7.60 (m, 2H), 7.55~
7.40 (m, 3H), 7.21~7.06 (m, 2H), 7.00~6.83 (m, 2H),
5.88 (s, 1H), 4.40 (s, 1H), 3.82 (s, 3H); *C NMR (75
MHz, CDCly) 6: 161.7, 158.0, 135.6, 131.6, 130.9, 129.1,
128.2,126.3, 121.4, 115.1, 65.4, 55.7.

3-ORHE-3-[(3,5- BRI H AL [N M 15 (2e): HI 8
B4, m.p. 143~145 C; '"H NMR (400 MHz, CDCl;) ¢:
7.77~7.63 (m, 2H), 7.57~7.38 (m, 3H), 6.94~6.76 (m,
3H), 5.87 (brs, 1H), 4.70 (s, 1H), 2.32 (s, 6H); *C NMR
(100 MHz, CDCLy) 6: 160.4, 139.7, 138.9, 135.8, 131.0,
129.2, 128.3, 127.6, 121.2, 121.1, 66.7, 21.5; IR (film) v:
3446, 2198, 1590 cm '; HRMS (ESI) calced. for C7H 7N,
[M-+H]" 249.1386, found 249.1384.

3-(4- P AR BRI B8 )-3-[(4- FR AR R R ) R 38 T 4 I
(2f): O, mp. 153~155 C; 'H NMR (400 MHz,
CDCly) 6: 7.67~7.61 (m, 1.5H), 7.32~7.26 (m, 0.5H),
7.16~7.11 (m, 1.5H), 7.00~6.95 (m, 1.5H), 6.93~6.89
(m, 1.5H), 6.83~6.78 (m, 0.5H), 6.75~6.58 (m, 1.2H),
5.83 (brs, 0.8H), 4.36 (s, 0.7H), 4.27 (s, 0.2H), 3.85 (s,
2.3H), 3.82 (s, 2.3H), 3.79 (s, 0.7H), 3.73 (s, 0.7H); "*C
NMR (100 MHz, CDCly) 0: 161.7, 161.5, 161.3, 160.2,
157.9, 156.5, 133.4, 131.8, 129.8, 129.7(8), 129.7(4),
127.7, 126.9, 1262, 124.4, 121.8, 115.1, 114.4, 114.3,
114.2, 68.5, 64.9, 55.7, 55.6, 55.5(7), 55.5(1); IR (film) v:
3447, 2836, 2187, 1511 cm '; HRMS (ESI) calcd. for
C7H,60,N, [M—H]~ 279.1139, found 279.1138.

3-(OhF FH 2R 2 )-3-[(4- FF AR 2 DR R ) 20 25 T 0 I (2):
& 4K, mp. 174~175 C; '"H NMR (400 MHz,
CDCLy) o6: 7.74~7.43 (m, 2H), 7.43~7.21 (m, 2H),

http://sioc-journal.cn/ 2191
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7.21~7.03 (m, 2H), 7.03~6.75 (m, 2H), 5.81 (brs, 1H),
4.38 (s, 1H), 3.82 (s, 3H) , 2.40 (s, 3H); *C NMR (100
MHz, CDCls) 6: 161.7, 158.0, 141.3, 132.8, 131.7, 129.8,
128.1, 126.3, 121.6, 115.1, 65.1, 55.7, 21.6; IR (film) v:
3280, 2196, 1511 cmfl; HRMS (ESI) caled for C;7H;50N,
[M—H]™ 263.1190, found 263.1190.

3-(4- AR HE)-3-[(4- T AU R B0 ) U 2R T 46 i (2h):
WA E A, mp. 179~182 C; '"H NMR (400 MHz,
CDCly) 6: 7.68~7.59 (m, 1.7H), 7.49~7.40 (m, 1.7H),
7.30~7.23 (m, 0.6H), 7.18~7.07 (m, 1.8H), 6.96~6.87
(m, 1.8H), 6.77 (brs, 0.1H), 6.75~6.68 (m, 0.6H), 5.83
(brs, 0.9H), 4.42 (s, 0.9H), 4.30 (s, 0.1H), 3.83 (s, 2.7H),
3.73 (s, 0.4H); *C NMR (100 MHz, CDCl;) J: 160.5,
158.2, 137.0, 133.9, 131.3, 129.7, 129.6, 129.5, 129.2,
126.3, 124.7, 121.1, 115.2, 114.5, 66.1, 55.7; IR (film) v:
3273, 2184, 1510 cm ~ !; HRMS (ESI) caled for
C1sH14ON,CI [M+H]" 285.0789, found 285.0783.

3-(3- AR JE A 3 )-3-[(4- F AU 2R 30 U BE 1 4 s
(2i): #EOE R, mp. 134~136 ‘C; 'H NMR (400 MHz,
CDCly) §: 7.42~7.34 (m, 0.8H), 7.27~7.18 (m, 1.4H),
7.17~7.10 (m, 1.6H), 7.05~6.99 (m, 0.8H), 6.96~6.86
(m, 2.3H), 6.79~6.67 (m, 1.1H), 6.75~6.58 (m, 1.2H),
5.92 (brs, 0.8H), 4.40 (s, 0.8H), 4.32 (s, 0.2H), 3.84 (s,
2.4H), 3.82 (s, 2.4H), 3.74~3.70 (m, 1.3H); “C NMR
(100 MHz, CDCl3) d: 161.4, 160.4, 159.9, 159.7, 158.0,
156.7, 136.8, 136.3, 133.0, 131.5, 130.2, 129.9, 126.3,
124.5, 121.3, 120.6, 120.4, 119.1, 116.9, 116.2, 115.1,
114.4, 113.7, 113.5, 65.2, 55.7, 55.6, 55.5, 55.4; IR (film)
v: 3290, 2196, 1511 cmfl; HRMS (ESI) caled for
Ci7H,40,N, [M—H] ™ 279.1139, found 279.1138.

3-[A) R Jk-3-[(4- AU R 3 L | N A G (2)): B
& 44, mp. 120~121 °C; 'H NMR (400 MHz, CDCl5)
5 7.51~7.44 (m, 2H), 7.39~7.27 (m, 2H), 7.18~7.10
(m, 2H), 6.96~6.87 (m, 2H), 5.86 (brs, 1H), 4.39 (s, 1H),
3.82 (s, 3H) , 2.41 (s, 3H); *C NMR (100 MHz, CDCl;) ¢:
161.8, 158.0, 138.9, 135.6, 131.6, 131.5, 129.0, 128.7,
126.3, 125.3, 121.5, 115.1, 65.1, 55.7, 21.6; IR (film) v:
3446, 2196, 1511 cm™'; HRMS (ESI) calced for C{7H;;ON,
[M+H]" 265.1335, found 265.1331.

3-(3- G R FE)-3-[(4- H A 2 2 3 ) U 38 ) T A 1S (2K ):
44, mp. 124~126 C; '"H NMR (400 MHz,
CDCly) 6: 7.68~7.63 (m, 1H), 7.62~7.56 (m, 1H),
7.50~7.38 (m, 2H), 7.18~7.10 (m, 2H), 6.98~6.89 (m,
2H), 5.82 (brs, 1H), 4.43 (s, 1H), 3.83 (s, 3H); *C NMR
(100 MHz, CDCl3) 8: 160.2, 158.2, 137.3, 135.1, 131.2,
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131.0, 130.5, 128.2, 126.8, 126.4, 120.8, 115.2, 66.2, 55.7;
IR (film) v: 3446, 2191, 1510 cm™'; HRMS (ESI) calcd for
C1sH14ON,CI [M+H]" 285.0789, found 285.0784.

3-(3- YR A B )-3-[(4- HF 4 25 2R R ) A 3 1 TR 0 I (21):
@ [E AR, mp. 125~127 ‘C; 'H NMR (400 MHz,
CDCLy) o: 7.88~7.74 (m, 1H), 7.67~7.56 (m, 2H),
7.39~7.30 (m, 1H), 7.18~7.07 (m, 2H), 6.98~6.87 (m,
2H), 5.91 (brs, 1H), 4.41 (s, 1H), 3.82 (s, 3H); °C NMR
(100 MHz, CDCLy) ¢: 160.1, 158.2, 137.5, 133.9, 131.2,
131.0, 130.7, 127.3, 126.3, 123.0, 120.8, 115.1, 66.1, 55.7;
IR (film) v: 3446, 2199, 1516 cm™'; HRMS (ESI) calcd for
Ci6H 2 ON,Br [M—H]~ 327.0139, found 327.0137.

3-(WE Wy -2-J)-3-[(4- FH AR B R B ) S T 445 i (2m):
O E 4K, mp. 118~120 C; 'H NMR (400 MHz,
CDCly) 6: 7.91~7.69 (m, 0.8H), 7.57~7.42 (m, 0.8H),
7.36~7.33 (m, 0.2H), 7.21~7.11 (m, 2.5H), 7.00~6.88
(m, 2.3H), 6.82~6.74 (m, 0.5H), 6.62 (brs, 0.2H), 5.88
(brs, 0.8H), 4.49 (s, 0.2H), 4.40 (s, 0.8H), 3.82 (s, 2.4H),
3.76 (s, 0.6H); *C NMR (100 MHz, CDCl;) d: 158.0,
153.9, 136.2, 131.2, 129.8, 128.8, 128.7, 128.0, 127.9,
127.8, 126.3, 125.1, 120.9, 115.0, 114.3, 68.7, 65.6, 55.5,
55.4; IR (film) v: 3446, 2191, 1511 cm™'; HRMS (ESI)
caled for CH;ON,S [M — H] ~ 255.0598, found
255.0596.

4-F 33O 2R L 2 8 ) T2 0 i (2m) %) 9 ]
&, m.p. 138~139 ‘C; '"H NMR (400 MHz, CDCl;) ¢:
7.22~7.13 (m, 2H), 7.08~6.97 (m, 2H), 5.76 (brs, 1H),
4.17 (s, 1H), 3.26 (sept, J=7.0 Hz, 1H), 2.34 (s, 3H), 1.29
(d, J=17.0 Hz, 6H); *C NMR (100 MHz, CDCl;) §: 167.7,
136.1, 135.9, 130.4, 124.7, 121.1, 63.0, 32.6, 21.1, 20.8.

3- TR HE-3-(R I B N I (20): B8 B4, mup.
83~85 C (lit.*” 83~85 C); 'H NMR (400 MHz,
CDCly) 0: 7.64~7.52 (m, 2H), 7.52~7.28 (m, 8H), 4.71
(brs, 1H), 4.27 (d, J=5.0 Hz, 2H), 3.26 (sept, J=7.0 Hz,
1H), 4.11 (s, 1H); *C NMR (100 MHz, CDCl;) é: 162.1,
136.4, 135.8, 130.7, 129.2, 129.0, 128.3, 128.0, 127.9,
121.5,62.7, 48.5.

3.2.2 MR 69 TS AREEAS AALR

PL 3a & Bl K FrEREER 1f (0.0124 g, 0.015
mmol). ZHI%%(0.0102 g, 0.33 mmol) 1 H (1.5 mL) A
15 mL &, BEE A -1k E (2a, 0.0661 g, 0.30
mmol)AI7K(8.1 pL, 0.45 mmol), FIFIEET, KBk R
76 60 CHETRIZIFEE 24 h 5, leTER, MRS
VIR T IR 43 B8 (f Tk / 2B 2B/ T, Vs v e
V=10 :1: 1)JEE2~9) 3a AEE 0.0572 g, F#FN
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86%, 92% ee.
323 3h & EBH %

TR 1£(0.1648 g, 0.2 mmol). ZUHI%E(0.1355 g,
4.4 mmol) AT H 2K (20 mL)II A E] 150 mL (IEHEH. I
S-FifEE 2h (1.138 g, 4 mmol)F17K(108 pL, 6 mmol), <
Ja P T, BRNARRTE 60 CIMBH RIZIHEE 24 h
Ja, TR, RNIRA YRR K 5 Ch M LR
OB/ B, VIiViv=50:1:1~10:1: 1)1}
FF 1) 3h HEOAR 1.0420 g, 77FN 91%, 91% ee.

(S)-3- 78 3 -3-CR I Z ) A G (32)> 1) (1 £ ] 44
0.0572 g, % 86%, 92% ee. m.p. 84 C (lit.’" 82~
83 C); [a* —12.1 (¢ 1.00, CHCLy) [lit: [a], —10.7 (c
1.0, CHCLy), 87% ee]; 'H NMR (400 MHz, CDCl;) §:
7.46~7.30 (m, 5H), 7.21~7.10 (m, 2H), 6.81~6.72 (m,
1H), 6.68~6.50 (m, 2H), 4.84~4.74 (m, 1H), 4.20 (brs,
1H), 2.97~2.83 (m, 2H); *C NMR (100 MHz, CDCl;) ¢:
146.0, 140.1, 129.6, 129.4, 128.7, 126.4, 119.0, 117.3,
114.1, 54.6, 26.4.

(8)-3-7RH-3-[(4- TR L) 2 B TN 5 (3b): I [l 44k,
0.0796 g, 73 88%, 91% ee. m.p. 81~82 C; [a] 20.1
(¢ 1.05, CHCly); '"H NMR (400 MHz, CDCl;) d: 7.47~
7.29 (m, 5H), 7.25~7.18 (m, 2H), 6.52~6.42 (m, 2H),
4.80~4.62 (m, 1H), 4.25 (brs, 1H), 2.98~2.82 (m, 2H);
C NMR (100 MHz, CDCl;) d: 145.0, 139.6, 132.3, 129.5,
128.9, 126.3, 117.1, 115.7, 110.9, 54.6, 26.6; IR (film) v:
3378, 2921, 2250 cm ~'; HRMS (ESI) caled for
CysH14N,Br [M+H]" 301.0335, found 301.0332.

(S)-3- 7% J:-3-Cxf F SR 56 ) R G (Be)*7: 1 o il 44k,
0.0709 g, =% 87%, 92% ee. m.p. 95~96 C; [a]® —
18.6 (¢ 1.00, CHCL); 'H NMR (400 MHz, CDCly) o:
7.52~7.28 (m, 5H), 7.05~6.87 (m, 2H), 6.59~6.44 (m,
2H), 4.81~4.67 (m, 1H), 4.07 (brs, 1H), 2.99~2.79 (m,
2H), 2.21 (s, 3H); *C NMR (100 MHz, CDCl5) §: 143.6,
140.2, 130.1, 129.4, 128.6, 128.3, 126.4, 117.4, 114.3,
54.9,26.4, 20.6.

(S)-3- 7% i -3-[(4- 580 0 5 3 ) R BE 1 T S (3d)* )
HAHPIRYY, 0.0742 g, 7% 98%, 90% ee. [a]? —15.9 (c
1.00, CHCl;) (lit: [a], —12.4 (¢ 1.0, CHCL;), 87% ee); 'H
NMR (300 MHz, CDCly) d: 7.51~7.25 (m, 5H), 6.82~
6.66 (m, 2H), 6.65~6.47 (m, 2H), 4.72~4.60 (m, 1H),
3.94 (brs, 1H), 3.70 (s, 3H), 3.00~2.67 (m, 2H); *C NMR
(100 MHz, CDCl;) §: 153.1, 140.1, 139.8, 129.2, 128.4,
126.3,117.3, 115.7, 114.9, 55.7, 55.4, 26.3.

(8)-3-8H=-3-[(3,5- = AR B & JE | S (Be): IR
44, 0.0654 g, =% 87%, 95% ee. m.p. 91~92 TC;
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[a* —21.8 (c 0.93, CHCLy); IR (film) v: 3386, 2921, 1602
cm '; '"H NMR (400 MHz, CDCl;) J: 7.48~7.29 (m, 5H),
6.43 (s, 1H), 6.26 (s, 2H), 4.83~4.73 (m, 1H), 4.08 (brs,
1H), 2.96~2.83 (m, 2H), 2.22 (s, 6H); *C NMR (100
MHz, CDCly) d: 146.0, 140.2, 139.4, 129.4, 128.6, 126.4,
121.0, 117.4, 112.0, 54.5, 26.2, 21.7; HRMS (ESI) calcd
for C,7H;oN, [M+H]" 251.1543, found 251.1544.

(8)-3-(4- A FE R I )-3-[(4- T U R 3 U R A I
(30): FEAJMRY), 0.0792 g, 773 94%, 90% ee. [a]® —
25.8 (¢ 1.00, CHCl;); '"H NMR (400 MHz, CDCl3) o:
7.39~7.29 (m, 2H), 6.97~6.86 (m, 2H), 6.82~6.69 (m,
2H), 6.66~6.48 (m, 2H), 4.71~4.56 (m, 1H), 3.90 (brs,
1H), 3.80 (s, 3H), 3.72 (s, 3H), 2.91-2.79 (m, 2H); "*C
NMR (100 MHz, CDCly) d: 159.6, 153.3, 140.0, 132.3,
127.6,117.5, 115.9, 115.1, 114.7, 55.9, 55.5, 55.1, 26.6; IR
(film) v: 3362, 2920, 2248 cm '; HRMS (ESI) calcd for
C17H,90,N, [M+H]" 283.1441, found 283.1439.

(8)-3-( % FH 2% 3k )-3-[(4- FH AR 2L 2R ) R E A I
(3g)**: FEEIHLIRY, 0.0662 g, 773 83%, 91% ee. [a]”
—21.8 (¢ 1.04, CHCly); '"H NMR (400 MHz, CDCl;) §:
7.34~7.27 (m, 2H), 7.22~7.13 (m, 2H), 6.78~6.71 (m,
2H), 6.61~6.54 (m, 2H), 4.71~4.59 (m, 1H), 3.93 (brs,
1H), 3.72 (s, 3H), 2.91~2.79 (m, 2H), 2.34 (s, 3H); "*C
NMR (100 MHz, CDCly) o: 153.2, 140.0, 138.4, 137.3,
130.0, 126.3, 117.5, 115.9, 115.1, 55.9, 55.3, 26.5, 21.3.

(S)-3-(4- F R F)-3-[(4- FRE R ) H A
Bh): FEEARY), 0.0500 g, 77K 87%, 91% ee. [a]”
—22.9 (¢ 0.41, CHCly); '"H NMR (400 MHz, CDCl;) §:
7.53~7.32 (m, 4H), 6.83~6.68 (m, 2H), 6.63~6.46 (m,
2H), 4.75~4.57 (m, 1H), 3.92 (brs, 1H), 3.72 (s, 3H),
2.94~2.77 (m, 2H); C NMR (100 MHz, CDCly) ¢:
153.4, 139.6, 138.8, 134.4, 129.5, 127.9, 117.1, 116.0,
115.1, 55.8, 55.0, 26.5.

(8)-3-(3- A FE R Ik )-3- [ (4- T AU R 3 U R A I
G FEIHPIRY, 0.0841 g, 773K 91%, 91% ee. [a]”
—15.7 (¢ 0.99, CHCly); '"H NMR (400 MHz, CDCl;) §:
7.36~7.27 (m, 1H), 7.03~6.90 (m, 2H), 6.89~6.81 (m,
1H), 6.79~6.68 (m, 2H), 6.65~6.53 (m, 2H), 4.70~4.57
(m, 1H), 3.93 (brs, 1H), 3.80 (s, 3H), 3.72 (s, 3H), 2.94~
2.77 (m, 2H); “C NMR (100 MHz, CDCl;) §: 160.4,
153.3, 142.1, 140.0, 130.5, 118.6, 117.4, 115.9, 115.1,
113.8, 112.3, 55.9, 55.6, 55.5, 26.5.

()-3- ) FF 2 k-3 [ (4- F AR 35 S 5 S 2 7 S (3) 2
TR, 0.0502 g, 77E 94%, 91% ee. [a]? —19.8 (c
1.04, CHCLy); '"H NMR (400 MHz, CDCl5) d: 7.29~7.23
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(m, 1H), 7.23~7.16 (m, 2H), 7.16~7.10 (m, 1H), 6.81~
6.69 (m, 2H), 6.64~6.54 (m, 2H), 4.68~4.57 (m, 1H),
3.93 (brs, 1H), 3.72 (s, 3H), 2.92~2.78 (m, 2H), 2.36 (s,
3H); *C NMR (100 MHz, CDCl3) §: 153.2, 140.3, 140.0,
139.1, 129.4, 129.2, 127.1, 123.5, 117.5, 115.8, 115.1,
55.9,55.7,26.5,21.7.

(8)-3-(3- G R HE)-3-[(4- H A A3 & B A I (3Kk):
B AR, 0.0516 g, 723 91%, 92% ee. [a]X —8.7 (c
1.01, CHCLy); '"H NMR (400 MHz, CDCl;) J: 7.47~7.38
(m, 1H), 7.36~7.27 (m, 3H), 6.84~6.70 (m, 2H), 6.61~
6.48 (m, 2H), 4.74~4.57 (m, 1H), 3.92 (brs, 1H), 3.72 (s,
3H), 2.94~2.78 (m, 2H); *C NMR (100 MHz, CDCl;) ¢:
153.5, 142.5, 139.5, 135.4, 130.7, 128.9, 126.7, 124.7,
116.9, 116.0, 115.2, 55.9, 55.2, 26.5; IR (film) v: 3366,
2921, 2250 cm™'; HRMS (ESI) caled for C;¢H;cON,C1 [M
+H]" 287.0946, found 287.0943.

(S)-3-(3- 1R A F)-3-[(4- H AH 2R B8 = 2 | A IS (3)):
B ATHPIRY), 0.0847 g, 7% 86%, 92% ee. [al? —10.3 (c
1.02, CHCLy); '"H NMR (400 MHz, CDCl;) d: 7.62~7.51
(m, 1H), 7.50~7.42 (m, 1H), 7.39~7.31 (m, 1H), 7.30~
7.21 (m, 1H), 6.81~6.68 (m, 2H), 6.64~6.47 (m, 2H),
4.70~4.56 (m, 1H), 3.92 (brs, 1H), 3.72 (s, 3H), 3.02~
2.68 (m, 2H); C NMR (100 MHz, CDCl;) : 153.5,
142.8, 139.5, 131.9, 131.0, 129.6, 125.2, 123.5, 117.0,
116.0, 115.2, 55.9, 55.2, 26.6; IR (film) v: 3368, 2920,
2252 cm'; HRMS (ESI) caled for Ci¢H;ON,Br [M+H]"
331.0441, found 331.0438.

(S)-3-(WEWy-2-55)-3-[(4- FF AU B 2R IR B T T i (3m):
FAHPIRY), 0.0606 g, 725 78%, 91% ee. [a]? +6.4 (¢
0.77, CHCLy); '"H NMR (400 MHz, CDCls) d: 7.30~7.25
(m, 1H), 7.13~7.06 (m, 1H), 7.03~6.95 (m, 1H), 6.84~
6.74 (m, 2H), 6.72~6.61 (m, 2H), 5.03~4.92 (m, 1H),
3.88 (brs, 1H), 3.74 (s, 3H), 3.04~2.89 (m, 2H); *C NMR
(100 MHz, CDCly) §: 153.8, 144.3, 139.3, 127.4, 125.4,
124.9, 117.1, 116.5, 115.2, 55.8, 52.1, 26.3; IR (film) v:
3349, 2930, 1510 cm '; HRMS (ESI) caled for
Ci,H30N,S [M—H]™ 257.0743, found 257.0742.

(S)-4- FF L -3-Oh FR R R 058 ) i (3m): 2 A iR
Y1, 0.0466 g, 7K 71%, 7% ee. [a]® +116.0 (¢ 1.01,
CHCLy); 'H NMR (400 MHz, CDCls) 6: 7.07~6.97 (m,
2H), 6.59~6.50 (m, 2H), 3.53 (brs, 1H), 3.47~3.38 (m,
1H), 2.70~2.54 (m, 2H), 2.25 (s, 3H), 2.08~1.95 (m,
1H), 1.12~1.02 (m, 6H); *C NMR (100 MHz, CDCl;) ¢:
144.2, 130.2, 127.8, 118.0, 113.8, 56.0, 31.8, 20.9, 20.5,
19.7, 18.9; IR (film) v: 3385, 2961, 1520 cm™'; HRMS
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(ESI) caled for CisHioN, [M+H]" 203.1543, found
203.1544.

(S)-3- R F3-(FHEE ) A IEB0) " H R Y,
0.0341 g, /2 48%, 61% ee. [a]2 —10.3 (¢ 0.80, CHCls)
(it: [a]% 59.0 (¢ 0.16, CHCL)); 'H NMR (400 MHz,
CDCly) 6: 7.46~7.20 (m, 10H), 4.00 (t, J=6.4 Hz, 1H),
3.81~3.53 (m, 2H), 2.68 (d, J=6.4 Hz, 2H), 1.79 (brs,
1H); *C NMR (100 MHz, CDCly) d: 140.7, 139.6, 129.2,
128.7,128.6, 128.3, 127.5, 127.0, 117.9, 58.5, 51.5, 27.0.

i BA1 kL (Supporting Information) /i 4 2 Fi 7=
W 3 IR R PR B X Skl i) DA S 2l AT
3 (http://sioc-journal.cn/) b T %K.
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