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Abstract In order to improve the application of chiral phosphoramide ligands in catalytic asymmetric reactions, thiophos-
phoramide, which was synthesized from frans-1,2-cyclohexanediamine was used as a catalyst to synthesize chiral diaryl-
methanol compounds through addition reaction. The catalytic activity of the ligand in the asymmetric addition reaction of the
arylalkyl zincs to the aromatic aldehyde can be as high as 94% ee under the optimized reaction conditions in the presence of 30
mol% phosphoramide ligand N-((1R,2R)-2-(isopropylamino)cyclohexyl)-P,P-diphenylphosphinic amide (9¢) and the corre-
sponding chiral diarylmethanol compound was obtained with the yields of >90%. Despite the large amount of catalyst, the
ligand is very convenient to recycle and reuse in this system. At the same time, the reaction mechanism was speculated, and
it is believed that the quaternary transition state and the six-element transition state formed by the reaction process are benefi-
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cial to improve the enantioselectivity of the reaction.
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Figure 1 Structure of biologically active diarylmathanol deriva-
tive
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Scheme 1.
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Scheme 1 Synthesis route of ligand 9¢
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Table 1  Screening of chiral ligand
0] OH
H (1) Me,Zn (10 equiv.) -
/Ej)L + PhB(OH), (2) Ligand (20 mol%)
(2equiv.) " “toluene/hexane
(V:V = 1:1) 10a
Y 0°C~rt,24h
@H
N Ph  Ph
MeO ‘>'( y 2 | <
PhoP-NH  N=R® o b Ny ,},_Rz
1
Entry Ligand X NR'R? Yield /%  ee/%
1 7 0 — 83 46
2 8 ¢} NHPr 89 68
3 9a 6] NHBn 96 29
4 9b 0 NEt, 84 56
5 9¢ ¢} NHPr 93 78
6 9d S NHPr 88 76
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“Unless otherwise noted, all reactions were carried out with benzaldehyde on
0.5 mmol scale. * Isolated yields. ¢ Determined by chiral GC or HPLC analysis
and the absolute configuration was assigned by comparison of the sign of
specific rotation value with the literature value.

BRI T EH. B 1 & Entries 3~6 A] LLE ),
MRAFE LN EREIURE, PR RRERE 93%,
ee [HIE T 78%. HULIGH LT 48 SR ANTFH
TG BC A& 9e.
1.2 RERNFHANEE

N T R AR LA, A3 X R N SR 2 A
SSERE < BRI R DL e AR R T T RS0
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SRR 2). i3 2 BB nT LUK IR, S fE R RV RN
R 101 FF RS IE QRS 7(E 2, Entries
1~4), 448 H 265 1E QR iR S A, B =4
Ir= 2l IEE] 93%, ee fHA 78%. fEULIER -, Nk
LG AT T AR AL, MR 0~25 CRHR
—40 CH, PR BESRIEKE] 89%, HFWIH ee EEITH
R 2l 86%(FK 2, Entries 5~8).  J& M EEAF 1R i3t
1T THET, ¥ A 3o o 880 G, 7=
ee (YA DYFIHR (R 2, Entries 8, 9). fitJa XA
FERAT TOHFE, WHoas R, H“EN 30 mol%HT,
ATRAE P3N 93% K] [FI, ee (B #7251 £l 94%(3 2, Entries
9~11). BEARUEAEN 40 mol%if, F*HF ee 5 30
mo% i FALL, {5 & B ECAAAE FH & 5FPE, S IR R
R EA 30 mol%. ISR ffd 4 E 2 DL
REIECERRGE R A 10 DIE R BLE A,
N EE N —40 C, BERFAh 22, Bk
4 30 mol%.
K2 RPN

Table 2 Optimization of the reaction condition

o R,Zn (10 equiv.) oH
H + PhB(OH), ligand 9¢
2 equiv. Solvent, temp., 24 h
10a
9¢/ Temp./

Entry mocl% efgp Solvent  Yield"/% ec/%
1 20 Me 0~25 Toluene 89 74
2 20 Me 0~25 Hexane 85 70
3 20  Me 0~25 Hexane/MTBE 53 71
4¢ 20 Me 0~25 Hexane/THF Trace N.D.°

5920 Me 0~25 Toluene/hexane 93 78
6 20 Me —10 Toluene/hexane 90 80
7920 Me —20 Toluene/hexane 90 82
g 20 Me —40 Toluene/hexane 89 86
97 20 Et —40 Toluene/hexane 90 89
1047 30 Et —40 Toluene/hexane 93 94
114 40 Et —40 Toluene/hexane 93 92

“Unless otherwise noted, all reactions were carried out with benzaldehyde on

0.5 mmol scale. * Isolated yields. ¢ Determined by chiral GC or HPLC analysis
and the absolute configuration was assigned by comparison of the sign of
specific rotations with the literature values. The ratio of the solvent volume
was 1 1. ¢ Not determined. / The chiral ligand can be recovered with 98%
yield
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Table 3 Asymmetric arylation of aromatic aldehydes

Et,Zn (10 equiv.) OH
ligand 9¢ (30 mol%) :
1 2 PN
Ar'CHO  + ArB(OH), = cne/hexane (V:V=1:1) Ar'” AR
-40°C,24 h 10
Entry Product 10 Yield”/%  ee/% Entry Product 10 Yield”/%  ee/%

OH OH

(R)-10a 93 94 12 OO O (R)-101 84 86
(R)-10b 98 84 13 O O ($)-10i 93 88
(¢]]

e

nQ
T
o
T

)
=
@
O:

(R)-10¢ 92 92 14 (S)-10¢ 90 89

W
-
nQ
; ’

onQ
T

OH
(E)H
(R)-10d 88 90 15 (S)-101 95 92
CE)H
(R)-10e 83 87 16 (R)-10m 92 92
t-Bu

I
@
o

I

OMe CE)H
6 (R)-10f 81 93 17 (R)-10n 82 87
QH
7 F (R)-10g 86 82 18 (S)-100 95 90
QH
8 O . O (R)-10h 91 90 19 (S)-10p 96 84
Br
OoH
9 O . O (R)-10i 92 89 20 (R)-10q 91 93
(¢]]
QH
10 (R)-10f 90 91 21 (R)-10r 95 84
F5C
OH
11 (R)-10k 85 91 22 ~ (R)-10s 90 53

BRIAEREIRVL, BT I SR AR S 0.5 mmol (9 EEHEAT; M I < B4 GC B HPLC Hist, 4t iy A2 i bu e e FE 5 SOk g (4 L Afy
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3.1 UEFE5HF

'H NMR (400 MHz), *C NMR (100 MHz)#1 *'P
NMR (162 MHz)i &) L)L Bruker DR X400 7% 347
BT, PRI y CDCL, oA g ) 2
4 CDCL, HiB b= 2 6 7.26, RIS A E o
77.0. FTCRFBR UL A, BT R0 3 02 R Ik W S 3RS,
TR e B SRR PR AF QT VR EAT 4. B3
FESCACIAT . SAHEHE 73 A7 35 LA AT FID A 2% DL S
MR B 4% #: (Chirasil Dex CB column, 25 mX<0.32
mm X 0.25 mm film thickness)# S A (B 4314 15 3],
1 A 1 (HPLC) £ i DA B i3 v 0UAE 1B A e F
£ OD-H ¥, AD-H #, OJ-H ¥ 1 AS-H {5 2]. F
PERCAA 718, 819 LA J% 9a, 9b A1 9dU A S SCEk T
EIR1.
3.2 FMACHk 9c HIERK
321 BARK W ER BT AR 47 49 (R,R)-2F T A —fE(11)
EORES Y

& IBOSCHR[2014 IE 1 7 V& B, mup. 249~252 C
(1it.*%: m.p. 249~253 “C); '"H NMR (400 MHz, CDCl,)
5: 7.88~7.80 (m, 2H), 7.75~7.67 (m, 2H), 3.84~3.78
(m, 1H), 3.46~3.39 (m, 1H), 2.26~2.15 (m, 1H), 2.08~
2.03 (m, 1H), 1.86~1.76 (m, 3H), 1.51~1.16 (m, 5H);
C NMR (100 MHz, CDCly) d: 168.76, 133.83, 131.91,
123.12, 58.57, 50.84, 36.72, 29.32, 25.64, 25.10; IR (KBr)
v: 3465, 3055, 2934, 2866, 1711, 1647, 1554, 1369, 846,
831, 715; HMRS calcd for C4HN,O, 244.1212, found
244.1209.
322 Ahdh 12 8948

7E 100 mL BRI B2 b &9 11 (14.66
g, 60 mmol)FI¥ ] — & H FE(200 mL), HiHEaVE, Fk
= #(15.16 g, 150 mmol) IIAE Mk . =T
BitE 10 min, #5358 BN RONOIRBCT OKAK G . KA
100 mL & F B RRE Jo I 2R S IBEIE S(21.28 g, 90
mmol) VA UE I R BT, TN FEEE, K S
KRB A R =R, AEIRAE VRSN 4
h. SB5ERE, B SONN VKK TG, B3 N 40 mL
IR RIAT IR, FEREE R G 40 mL &0 F e A8
=K, A I WU I JC KRB AT T8 KT
SE A WA AT IROR RS, &5 R T b T A 2
WHE( LR CB88)/ V(IE Ckt) = 1/115r B R 4li43 B AR —
R PR 4 1 (R,R)-FA L2 AT AEY) 12, 22.40 g, 7~
R 84%. mp. 193~194 C; [a]?® —41.5 (¢ 2.00,
CH,CL) (1it.*": m.p. 193~194 C, [a]7® —41.2 (c 2.00,
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CH,CL,)); '"H NMR (400 MHz, CDCl;) d: 1.20~1.40 (m,
3H), 1.65~1.85 (m, 3H), 2.26~2.42 (m, 2H), 2.90~3.00
(m, 1H), 3.50~3.68 (m,1H), 3.85~4.00 (m, 1H), 7.00~
7.13 (m, 2H), 7.23~7.31 (m, 1H), 7.32~7.39 (m, 2H),
7.40~7.53 (m, 3H), 7.65~7.75 (m, 4H), 7.75~7.85 (m,
2H); *C NMR (100 MHz, CDCl3) 6: 24.8, 25.2, 28.7, 37.0
(d, J=2.5 Hz), 51.6, 56.2 (d, J=5.9 Hz), 122.9, 128.0 (d,
J=12.8Hz), 128.2 (d, J=12.6 Hz), 131.4 (d, J=38.4 Hz),
131.5 (d, J=9.5Hz), 131.7 (d, J=7.6 Hz), 131.8 (d, J=
9.1 Hz), 133.0 (d, J=5.8 Hz), 133.6, 168.3, 168.6; *'P
NMR (162 MHz, CDCls) d: 22.0; IR (KBr) v: 3051, 2928,
2855, 1715, 1619, 1558, 1279, 754, 717; HMRS calcd for
Cy6H,sN,O3P 444.1603, found 444.1605. Anal. calcd for
Ca6HpsN,O5P: C 70.26, H 5.67, N 6.30; found C 70.15, H
5.77,N 6.25.
323 &M 13 KE

¥ EAB RS 12 (22.40 g, 50.4 mmol) I S MR,
IO ZF2(500 mL)FAZK A HE(50.4 mL), B 55 R B
BT I, B 1 h JEAAE=E. KTE
SSE AT Dok e A i 45 B A = 4. % B Ast [ 44 = 0k
PN TEK A — & H FE % 1000 mL, i+ 0.5 h
JEHEATIEUE. PR ERAE F O K IR R BE AT R T 14
8. JEVR IR IR A0 15 B IR LA (R, R)- 24 O 2
ZHE 13 15.05 g, FEFR 95%, LR, BH%
. m.p. 152~153 C; [a];? —5.8 (¢ 2.00, CH,Cl,)
(it mp. 152~153 C; [a]3* —6.5 (c 2.00, CH,Cl,));
'"H NMR (400 MHz, CDCl;) 6: 0.80~0.95 (m, 1H),
0.95~1.22 (m, 3H), 1.44~1.55 (m, 2H), 1.62~1.74 (br,
2H), 1.74~1.85 (m, 1H), 1.87~2.02 (m, 1H), 2.18~2.31
(m, 1H), 2.36~2.52 (m, 1H), 3.40~3.52 (m, 1H), 7.22~
7.42 (m, 6H), 7.70~7.89 (m, 4H); >C NMR (100 MHz,
CDCly) d: 24.6, 25.0, 34.6, 34.8 (d, J=4.5 Hz), 56.4 (d,
J=4.0 Hz), 58.6 (d, J=2.0 Hz), 128.3 (d, J=12.5 Hz),
131.6 (d, J=2.4 Hz), 131.8, 131.9, 132.2 (d, J=9.4 Hz),
132.8 (d, J=129.9 Hz), 133.4 (d, J=128.0 Hz); *'P NMR
(162 MHz, CDCl3) §: 22.2; IR (NaCl) v: 3162, 3159, 2928,
2854, 1435, 1180, 1123, 1108, 768 cm™'. HMRS calcd for
CsHy3N,OP: 314.1548, found 314.1544. Anal. calcd for
CisH23N,OP: C 68.77, H 7.37, N 8.91; found C 68.92, H
7.54,N 8.64.
3.2.4 b4 9c 495 A%

MK LIRS 13 (628 mg, 2.0 mmol). 4
(10 mL). BREZ4M(552 mg, 4.0 mmol). BIAL R LE(478
mg, 2.6 mmol) A JSIFH, InFENRIFmAEE . &
N 5E R B 2 2R, RONE R ek Rk 4 22 T B YR 1R o 15
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FHCRYD, 7 BT AR R N SR e A Atk K %
20 mL, BEFEEEEL, 0, WA N, AAREH & H
FE(30 mLX3)ZEHL, &IA A, Frfsa v A
SRR GEE, TOKIBRBE TR 5 I8, JEWR 4 5 X
AT R ETE VR R/ V(A 8 = 1/40]5r B 12
23R 9¢ 563 mg, F7FE 79%. m.p. 113~114 C;
[a]* —42.4 (c 1.00, CH,CL) (1it.*": m.p. 112~114 C;
[a]7® —42.0 (¢ 2.00, CH,CL)); '"H NMR (400 MHz,
CDCl3) 0: 0.91~1.00 (m, 1H), 1.04 (d, J=6.1 Hz, 3H),
1.08 (d, J=6.3 Hz, 3H), 1.16~1.30 (m, 3H), 1.54~1.72
(m, 3H), 2.01~2.11 (m, 2H), 2.27~2.38 (m, 1H), 2.77~
2.88 (m, 1H), 2.88~3.00 (m, J=6.2, 1H), 3.83~4.08 (br,
1H), 7.39~7.56 (m, 6H), 7.80~8.00 (m, 4H); *C NMR
(100 MHz, CDCl3) d: 22.8, 24.5, 24.8, 24.9, 32.4, 34.4,
45.7, 56.0, 60.0 (d, J=6.8 Hz), 128.3 (d, J=12.8 Hz),
128.5 (d, J=12.5 Hz), 131.5 (d, J=2.7 Hz), 131.6, 131.7,
132.0 (d, J=9.5 Hz), 133.7 (d, J=125.7 Hz), 134.0 (d,
J=130.0 Hz); *'P NMR (162 MHz, CDCl3) J: 22.4; IR
(KBr) v: 3162, 3154, 2931, 2860, 1431, 1386, 1377, 1179,
1128, 1112, 764 cm ™ '. HMRS caled for CpHyoN,OP:
356.2018, found 356.2019. Anal. caled for C,;H,oN,OP: C
70.76, H 8.20, N 7.86; found C 70.80, H 8.03, N 7.86.
3.3 BEMIAMIRFE B R B ARE

IR ER e HATAEY (1.0 mmol) AT I 21 T4
P R, RS B R 5~6 K. RN AETITUK
KM, FESRRE SR A T W AR B IR bt B A R)(5.0 mL, 1
mol/L 1] CUeda i) 218 I B [ S . inEe, K i
EICT 60 CRyMMAFMBGERE 12 h. RN 58454 T
B REGEEREEEREH. B — TR
&, K FPERCA0.15 mmol)FTH Z£(3 mL)IMAF &S
BT 5~6 K. KPR 07 bR RN 3 S
B, TEEEAAE TR 30 min, FRR RN T
RIS BAE 45 FE 10 min, 55 B AR (0.5 mmol)
TN, BN 24 h, [RNEER)E, fE—40 C&MH4FiE
N 1 mol/L HIFS ER(5 mL)HHAT K, 2R ZHE(10
mL X3)AH. &G A, HHITEKRERETE, #E
Wedn, M AT E TR AL B/ V(IE S
Ft)=1/10]15 I AH R — 05 2 R &4 10, @it =
ROBAR 38 2 (HPLC) B UAH (3% 725 (GC) X AH B = )
ee (HHHTIAR, 7T H B0 e e AT e 6 B2 it
5 SCHRARTE AR T LA H.
3.4 ZHEREZELE 10 FRIEHIE

(R)-Xf H 2K 3 7K 1 i (10a): [« +3.8 (¢ 1.00,
CHCL) (1it.* [a]? —5 (c 1.00, CHCls)); 'TH NMR (400
MHz, CDCl;) 6: 2.42 (s, 3H), 3.15 (br, 1H), 5.80 (s, 1H),

Chin. J. Org. Chem. 2019, 39, 2912~2919
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7.18~7.24 (m, 2H), 7.29~7.36 (m, 3H), 7.37~7.46 (m,
4H); C NMR (100 MHz, CDCl3) d: 21.2, 76.1, 126.5,
127.5, 128.5, 129.2, 137.3, 141.0, 144.0; IR (KBr) v: 3270,
2920, 1270, 1030 cm .

(R)-5 AL IR IR FEE(10b): [a]X” +6.6 (c 1.0,
CHCL3) (1it.*: [a]® —19 (¢ 1.0, CHCl;); "H NMR (400
MHz, CDCly) 6: 2.32 (d, J=3.1 Hz, 1H), 3.81 (s, 3H),
5.83 (s, 1H), 6.85~6.96 (m, 2H), 7.23~7.495 (m, 7H);
C NMR (100 MHz, CDCly): & 55.3, 75.8, 113.9, 126.4,
127.2, 127.5, 127.9, 128.5, 136.2, 144.0, 159.0; IR (KBr)
v: 3415, 3062, 2954, 2838, 1610, 1508, 1454, 1300, 1176,
1031,923 cm .

(R)- Xt % 7K % 7% B BE (10¢): [ — 6.3 (¢ 1.0,
CHCL3) (1it?: [a]Z +8 (¢ 1.0, CHCl;); '"H NMR (400
MHz, CDCl;) d: 2.33 (d, J=3.6 Hz, 1H), 5.85 (d, J=3.0
Hz, 1H), 6.90~7.70 (m, 9H); “C NMR (100 MHz,
CDCLy) o: 75.6, 115.2, 115.4, 126.5, 127.8, 128.2, 128.3,
128.6, 139.6, 143.7, 160.9, 163.4; IR (KBr) v: 3412, 1601,
1505, 1219, 1167, 1025, 925, 854 cm ™.

(R)- 8] ¥ 7% 25 2K H B2 (10d): [a]y — 103 (c 2.0,
CHCLy) (lit.”): [a]? 426 (c 1.0, CHCl;); "H NMR (400
MHz, CDCl3) 6: 2.56 (s, 1H), 5.79 (s, 1H), 7.18~7.45 (m,
8H), 7.53~7.63 (m, 1H); *C NMR (100 MHz, CDCl;) o:
75.6, 115.3, 120.7, 122.6, 125.1, 126.6, 128.0, 128.8,
129.6, 130.1, 130.6, 143.2, 146.0; IR (KBr) v: 3383, 1584,
1217, 1179, 1078, 1029, 913, 758 cm .

(R)- 415 2 2 2k 2K H B (10e): [@]5 +6.3 (¢ 2.0,
CHCLy) (it [a]5 +6.8 (¢ 1.0, CHCl;); 'H NMR (400
MHz, CDCLy) 8: 2.19 (br, 1H), 2.28 (s, 3H), 6.03 (s, 1H),
7.12~7.61 (m, 9H); *C NMR (100 MHz, CDCl;) J: 19.4,
73.4, 126.1, 126.3, 127.1, 127.5, 127.6, 128.5, 130.5,
135.4, 141.5, 142.9; IR (KBr) v: 3365, 3064, 3030, 2919,
1955, 1584, 1445, 1391, 1184, 1024, 951 cm .

(R)-4 A JEZR LR FEE(10): [«])” +16.3 (c 1.0,
CHCLy) (it > [a]? 4+22.8 (¢ 1.3, CHCl;); 'H NMR (400
MHz, CDCly) 6: 3.22 (d, J=4.2 Hz, 1H), 3.84 (s, 3H),
6.12 (s, 1H), 6.90~7.05 (m, 2H), 7.27~7.49 (m, 7H); "*C
NMR (100 MHz, CDCly) 6: 55.5, 72.2, 110.7, 121.1,
123.8, 126.6, 127.2, 127.8, 128.2, 128.7, 1322, 136.1,
143.5, 149.8, 156.7; IR (KBr) v: 3412, 2905, 2835, 1587,
1491, 1464, 1437, 1242, 1184, 1112, 1026, 856, 754, 729,
698, 652 cm .

(R)- 7] 6 7K 2k 2% 1 i (10g): [a]X® — 14.3 (c 1.0,
CHCL3) (1it.”: [a]? —10.3 (¢ 1.3, CHCl;); "H NMR (400
MHz, CDCl3) 6: 3.54 (s, 1H), 5.74 (s, 1H), 6.97~7.10 (m,
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1H), 7.12~7.26 (m, 2H), 7.28~7.54 (m, 6H); *C NMR
(100 MHz, CDCly) d: 75.7, 113.3, 113.5, 114.2, 114.5,
122.0, 126.6, 128.0, 128.7, 129.9, 130.0, 143.3, 146.3,
161.7, 164.2; IR (KBr) v: 3300, 1600, 1498, 1050 cm .

(R)- Xf ¥ 7 JE 7% FE (10h): [a]5 —13.3 (¢ 1.0,
CHCL3) (1it”%: [a]*° —15.2 (¢ 1.0, CHCl;) 'H NMR
(400 MHz, CDCl5) 6: 2.20 (d, J=3.5 Hz, 1H), 5.81 (d, J=
3.5 Hz, 1H), 7.25~7.31 (m, 3H), 7.33~7.36 (m, 4H),
7.44~7.48 (m, 2H); *C NMR (100 MHz, CDCl) ¢: 76.0,
121.7, 126.8, 128.0, 128.2, 128.7, 131.6, 143.1, 143.6; IR
(KBr) v: 2138, 1904, 1591, 1483, 1451, 1398, 1237, 1182,
1105, 1070, 1034, 1008, 917, 843, 789, 749, 697 cm .

(R)- X &0 4 2L 7% H i (100): [e])* — 5.3 (¢ 1.0,
CHCLy) (1it.”*: [a]Z +19 (¢ 1.0, CHClL;) 'H NMR (400
MHz, CDCL3) 6: 3.68 (s, 1H), 5.67 (s, 1H), 7.26~7.33 (m,
2H), 7.34~7.49 (m, 7H); *C NMR (100 MHz, CDCl) ¢:
75.6, 126.6, 127.9, 128.6, 128.7, 133.3, 142.4, 143.4; IR
(KBr) v: 3300, 1608, 1500, 1048 cm "

(R)-XF =5 H R KK HEE(10§): [aln® —23.3 (¢
1.0, CHCly) (lit?: [a]? 427 (¢ 1.0, CHCl;); '"H NMR
(400 MHz, CDCl;) 6: 3.22 (s, 1H), 5.79 (m, 1H), 7.31~
7.43 (m, 5H), 7.45~7.56 (m, 2H), 7.57~7.73 (m, 2H);
C NMR (100 MHz, CDCly) d: 75.7, 124.2 (q, J=272.1
Hz), 125.4 (q, J=3.8 Hz), 126.69, 126.71, 128.1, 128.8,
129.6 (q, J=32.4 Hz), 143.1, 147.5; IR (KBr) v: 3252,
1620, 1601, 1494, 1450, 1418, 1335, 1111, 1069, 1016,
924, 866, 849, 818, 731, 702, 534, 457 cm .

(R)-1- 2% 3£ 7% H iZ (10k): [a]}® +25.6 (c 1.0,
CHCly) (1it"*: [a]F —42 (¢ 1.0, CHCl3); "H NMR (400
MHz, CDCl5) 6: 3.00 (s, 1H), 6.48 (s, 1H), 7.27~7.61 (m,
8H), 7.63~7.72 (m, 1H), 7.83~8.00 (m, 2H), 8.02~8.13
(m, 1H); *C NMR (100 MHz, CDCl;) o: 73.6, 124.1,
124.7, 125.4, 1257, 1262, 1272, 127.7, 128.5, 128.6,
128.9, 129.6, 130.8, 134.0, 138.9, 143.2, IR (KBr) v: 3345,
3053, 2927, 1603, 1514, 1490, 1457, 1182, 1052, 993, 794,
771,710 cm .

(R)-2-ZEHEHEE01): [a]2* —5.5 (¢ 1.0, CHCLy)
(it [a]Z +6 (¢ 1.0, CHCl;) 'H NMR (400 MHz,
CDCls) d: 3.00 (s, 1H), 6.00 (s, 1H), 7.28~7.64 (m, 8H),
7.77~8.00 (m, 4H); *C NMR (100 MHz, CDCl;) ¢: 76.3,
124.9, 125.2, 126.1, 1262, 126.8, 127.7, 127.8, 128.2,
128.4, 128.6, 133.0, 133.3, 143.7; IR (KBr) v: 3384, 3057,
2874, 1951, 1597, 1497, 1366, 1160, 1028, 957 cm ™.

(R)- % & 7K 3 2K H i (10m):  [a])” —9.4 (c 1.0,
CHCly) (1it.*): [a]37* —8.8 (¢ 1.0, CHCls); '"H NMR (400
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MHz, CDCl;) §: *C NMR (100 MHz, CDCl3) J: 148.8,
140.3, 135.2, 133.7, 131.8, 128.0, 127.6, 127.5, 127.3,
127.0, 126.8 (d, J=6.4 Hz), 126.0, 125.5, 125.5, 125.1,
75.3, 34.2, 31.3 (t, J=5.5 Hz); IR (KBr) v: 3342, 3044,
2870, 1947, 1395, 1365, 963 cm .
(R)-2-ZEH: XU T K HEE(10n): [a])” —10.7 (c
1.0, CHCly) (it [a]}° —8.2 (¢ 1.0, CHCl;); '"H NMR
(400 MHz, CDCls) &: 7.51 (s, 1H), 7.39~7.37 (m, 1H),
7.30~7.23 (m, 3H), 7.18 (t, J=7.6 Hz, 1H), 7.00 (t, J=
8.4 Hz, 2H),5.74 (s, 1H), 2.18 (s, 1H). *C NMR (100
MHz, CDCl;) 0: 160.4, 142.4, 139.0, 133.0, 130.4, 130.0,
129.8, 129.1, 127.2, 123.6, 116.0, 115.7, 74.2; IR (KBr) v:
3412, 3383, 1601, 1505, 1219, 1167, 1025, 925, 854, 1217

cm 1.

(S)- % FH 1R H il 6 6 98U H B (100): [@]5° —11.9
(c 1.0, CHCly) (1it.”%: [a]?® —11.4 (¢ 1.0, CHCL); 'H
NMR (400 MHz, CDCl;) 8: 7.97 (d, J=8.4 Hz, 2H), 7.45
(d, J=8.0 Hz, 2H), 7.33~7.25 (m, 5H), 5.85 (s, 1H), 3.87
(s, 3H), 2.40 (s, 1H); “C NMR (100 MHz, CDCl3) o:
166.9, 148.8, 143.1, 129.5, 128.7, 128.4, 127.6, 126.5,
126.2, 75.5, 51.9; IR (KBr) v: 3467, 3023, 3012, 2911,
1943, 1712, 1576, 1354, 1321, 1074, 1021, 931 cm .

(S)- % Ff 35 Xof 4 FH I (10p): [@]5” +6.5 (¢ 1.0,
CHCL3) (1it.”": [a]% +6.2 (¢ 1.0, CHCl;); '"H NMR (400
MHz, CDCl3) d: 7.36~7.30 (m, 2H), 7.24 (d, J=8.3 Hz,
2H), 7.17 (d, J=17.9 Hz, 2H), 7.06~6.98 (m, 2H), 5.76 (s,
1H), 2.49 (br 1H), 2.36 (s, 3H) ; °C NMR (100 MHz,
CDCly) d: 140.8, 139.7, 137.4, 129.2, 128.1, 126.4, 115.3,
115.0, 75.3, 21.0; IR (KBr) v: 3178, 2960, 2870, 1609,
1501, 1460, 1382, 763 cm .

(R)-34) = H 2R B X B U iE (10q): [e]h)” +42.3
(¢ 1.0, CHCL3) (1it.”": [a]% 439 (¢ 1.0, CHCl3); '"H NMR
(400 MHz, CDCly) 8: 7.29~7.11 (m, 3H), 7.07~6.97 (m,
2H), 6.91 (s, 2H), 4.03 (s, 2H), 2.31 (s, 3H), 2.22 (s, 6 H),
2.15(s, 3H); *C NMR (100 MHz, CDCl;) 6: 141.5, 135.4,
135.1, 140.3, 136.2, 135.7, 130.3, 129.4, 128.1, 128.6,
127.1 126.8, 71.2, 21.9, 21.3, 20.0, 19.8; IR (KBr) v: 3403,
2896, 1611, 1584, 1493, 1441, 1373, 1142, 1034, 1007,
892, 795, 714, 687 cm '

(R)-41 F R B0 SR I (10r): [ah® —6.3 (¢
1.0, CHCl;) (1it.”: [a]3® —5.6 (¢ 1.0, CHCl3); 'H NMR
(400 MHz, CDCly) §: 2.25 (d, J=3.5 Hz, 1H), 2.27 (s,
3H), 5.98 (s, 1H), 7.14~7.35 (m, 7H), 7.43~7.50 (m,
1H); “C NMR (100 MHz, CDCl3) 0: 141.8, 141.5, 135.8,
133.7, 131.1, 129.0, 128.8, 128.2, 126.8, 126.7, 73.2, 19.8;
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IR (KBr) v: 3352, 2925, 1488, 1461, 1090, 1013, 752
-1

(R)-2- 14 Wy 3 7% 1 {2 (10s): []7° — 7.6 (¢ 0.59,
CHCL3) (1it.": [a] +10.0 (¢ 0.32., CHCL;); 'H NMR
(400 MHz, CDCl3) 8: 7.42 (d, J=7.1 Hz, 2H), 7.35 (t, J=
7.3Hz, 2H), 7.27~7.31 (m, 1H), 7.23 (dd, J=5.1, 1.1 Hz,
1H), 6.92 (dd, J=5.0, 3.5 Hz, 1H), 6.85 (d, J=3.5 Hz,
1H), 6.00 (s, 1H),2.60 (s, 1H); *C NMR (100 MHz,
CDCly) 6: 148.1, 143.1, 128.5, 128.0, 126.7, 126.3, 125.5,
124.9, 72.4; IR (KBr) v: 3376, 1594, 1442, 1216, 1038,
759, 703, 703 cm .

cm

45 Bh#1 B} (Supporting Information) A K2 7= 4 I %
REAEPRIE . GC A1 HPLC % . X Sef Rl nT L5 3% M
AT R 3k (http://sioc-journal.cn/) | R %K.
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