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Asymmetric Ring Opening Reaction of Oxabenzonorbornadienes
with Phenols Promoted by Rhodium/Zinc Complexes

He, Zhenxiu“ Zhou, Yongyun™*

Shen, Guoli Fan, Baomin

(“ Yunnan Minzu University-Hong Kong Baptist University Joint Laboratory of Traditional Natural Medicine,
Yunnan Minzu University, Kunming 650500)

(®Key Laboratory of Chemistry in Ethnic Medicinal Resources, Yunnan Minzu University, Kunming 650500)

Sun, Weiqing”

*,a,b

Fan, Ruifeng®

Abstract The complex of [Rh(COD)CI], and 2R,4R)-(+)-2,4-bis(diphenylphosphino)pentane was used as an effective cata-
lyst for the asymmetric ring opening reaction of oxabenzonorbornadienes with various phenols by employing Znl, as the acti-
vator. Under the optimized reaction conditions, high enantioselectivities with good yields could be obtained from a wide scope

of oxabenzonorbornadienes and phenols.

Keywords rhodium; oxabenzonorbornadienes; Co-catalysis; symmetric ring opening reaction; Lewis acid
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AT IR VK R I AR BRI IR OB, FREUAR T 3 i
S AR P
1 ZER5VE
1.1 RMNEFHHK

FEHT A FU R Bl b, SRA 7-%0 % R IR B UK I
(1a) (0.3 mmol)FIZEE}(2a) (0.9 mmol)/E AARHAEEY), T,
AT =2 8] AN R IF 3R S N EAT T R 78, R
[Rh(COD)CI], N#EALF T4 (R,R)-BDPP NILiE. 1,2-
TR LEEUDCEYNE e 40 CHIINISIE T, 7-8 4%
IR UK A (1a) 5 K By (2a) R AR B T & 1 H A5 74
3aa(3E 1, Entry 1). ik 7 HARJLRER], BT 1,2-—H
Ak 2Bt (DME) AT N,N-— H £ Bt i (DMF) K R A= pl b
BT~ Entries 2, 3), 1,4- %/ NFA Y& Bk
(THF)#RREAS BIR AP R FASEE 156 W 45 P (Entries 5,
6), HRBICERIH ee (AWK, ZRE T VU EM1E L
ASTIFRIFIR S B L& B, (EIRFE SEI b, PRI
AR AU N PGB, SO B T R, T
Rede m R BLE R, {H ee {HHH 2 £ (Entries 7~9).

F1 BRI

Table 1 Optimization of solvent and temperature

oH [Rh(COD)CI,
CO.o B
“Zni, 40°C

solvent
Entry Solvent Time/h Yield®/% ee‘/%
1 DCE 6 Trace —
2 DME 21 37 82
3 DMF 21 Trace —
4 Toluene 12 93 75
5 1,4-Dioxane 1 87 84
6 THF 0.5 94 82
7Y THF 28 10 83
8¢ THF 4 84 83
9 THF 0.3 98 77

“ Reaction conditions: 1a (0.30 mmol), 2a (0.90 mmol), Znl, (0.03mmol),
solvent (2.0 mL), [Rh(COD)CI], (2.5 mol%), (R,R)-BDPP (6.5 mol%). * Iso-
lated yield. ¢ Determined by HPLC with a Chiralcel AD-H column. ¢ React at
0 °C.°React at room temperature.’ React at 60°C..

P R I A M B, TRTE T — e
BeAA(Bl 1), 48 A F P ECAR(R,R)-Me-DUPHOS AT E2 B
fic 44 (R)-Monophos B A A= 5 1 & 19 H b5 3 7= 4
3aa(3k 2, Entries 1, 2). X (R)-Difuorphos i 7- Z4 2K
FEREVK A s (1a) TR 4L 22 B} (Entry 3), (R)-BINAPh Al
(R,R)-Chi- raphos t J153 2/ & 2a HFFH ¥ (Entry 4,
8). 41¥ HI(R,R)-DIOP I, 1] 15 3| =t ()T 387247,
R W IR BEVE B, (6 EC AR (R,R)-BDPP 1, SNy
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94%, XTHRIEFENE A 82% (Entry 7).

Q 0. 0L
O

/P N/
Seg e
/Q o
(R,R)-Me-DUPHOS D

R)-Monophos (R)-DiFluorPHOS
Ph,P v~
::Pth :: 2 ’\,\ PPh,
o. O
PPh, x

(R.R)-DIOP
R)-BINAP (R)-SEGPHOS
Ph
R
Ph
PPh, PPh, >—(
X P—Ph
P
(R.R)-BDPP

(R,R)-Chiraphos
1 LRI 4

Figure 1 Several structures of chiral ligands

R2 ECARTEL
Table 2 Screening of chiral ligands

OH [Rh (COD)Cl],, L*
©/ Znly , THF “ \©

40 C
Entry Ligand Time/h  Yield”/%  ee/%
1 (R,R)-Me-DUPHOS 10 Trace —
2 (R)-Monophos 8 Trace —
3 R-DIFLUORPHOS 5 Naphthol —
4 (R)-BINAP 10 Trace —
5 R-SEGPHOS 14 83 10
6 (R,R)-DIOP 1 95 56
7 (R,R)-BDPP 0.5 94 82
8 (R,R)-Chiraphos 10 Trace —

© 2019 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: 1a (0.30 mmol), 2a (0.9 mmol), Znl, (0.03mmol), THF
(2.0 mL), [Rh(COD)Cl], (2.5 mol%) and a bidentate ligand (6.5 mol%) or
monodentate ligand (11.0 mol%).” Isolated yield. ¢ Determined by HPLC with
a Chiralcel AD-H column.

(i) B 06 AN [R] s I A AT T e, 45 R LR 3.
SESLRE, USRI R AT BT 5 A R i R
PE. ARTRINER 5 RIS, B 95%HIEA 66%[H ee fH
(Entry 9), 0N = 5 H % R 3 &1 CuOTf, AgOTf,
Zn(OTf), 1 AgBF, W H 815 3 i)k /b & 09 JF 38 7= 9y
(Entries 3~6). A gt = B ER AR £ 25 1 A1 DU S R
185 T FI[Rh(COD)CI], H GBS TR A 2c e, #efi] 1 3
TEATEYE. I 5 R Cul, CuBr, Znl, B, F¥E
PR ik B R B 80% LA L (Entries 1, 2, 7),
(n-Bu),NI [FIFER] LAE RS 5 R, 3K1F 77% 1% ik
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B, MRS T B T TR A 1a
A, T H NG, B zal, ROR BT 4F
ERUET, R Znl, NN

R3BIFGHEL
Table 3 Screening of additives

C-

OH[RhCODCM

(R R)-BDPP
addltlve

1a 2a
Entry Additive  Time/h  Yield’/% /%
1 Cul 1.4 67 81
2 CuBr 2.3 98 80
3 CuOTf 26 Trace —
4 AgBF, 13 Trace —
5 AgOTf 13 Trace —
6 Zn(0TY), 13 Trace —
7 Znl, 0.5 94 82
8 (n-Bu)4NI 2 96 77
9 — 1 95 66

“Reaction conditions: 1a (0.30 mmol), 2a (0.9 mmol), additives (0.03mmol),
THF (2.0 mL), [Rh(COD)Cl], (2.5 mol%), (R,R)-BDPP (6.5% mol). * Isolated
yield. “ Determined by HPLC with a Chiralcel AD-H column.

2.2 ERRERYTEEMR

TESAER LA T, SR 5 A R I PR UK
K5 AN FRTT A 0L PR JES 43 PG B R AT T 9. o oexd
BAAFRBARER R AT EE, SRIER 4, TUE
W, 2 S 2K Y (Entries 2~5), TR CHET
REJIIRBRIY) 4-5 2K T 75 Bl I TR R HE i S ML vs M 4b,
LA T R RE 8% LAR 4 1R JAC 26 R v 110 56 Pl o 95 14 45 31
FEXE LA 28 = 4. B ik i 7 55 (41 ¥ 2K %) (Entries 6,
9) 545 W FL T 2R A R By AR L, FLICR A ee (E I AT P4
I, (HECIRANK, 150 BH 2 A Ak 20 A [) L 2550 () 2%
oy 2R IEMIAT B4 O 52 1. AT 23 TR A7 BFL 2 07t 1 AT
T % %% (Entries 68, 10), AJLLUE H, A [FENE A B
I #R REAS 2R AT 145 R, He R AL BBV 2L (Entry  10)
B, WARET 72%M77 2 76%M1] ee {H.

W5, FRATTLASE B f i i St T 2K 1a o
FARF, X — R AU RIHUR IR S 2 R B UK I 1A T
THEF, R WE 5. wTUUEH, A FE AR FE AL E
(17 58 2R I B UK 45 1) BB 5 2R By R AT AN BRI 3 OB,
IEF] 84%~95%IK = A X WL M, BRT 1d
1B A= 2 62% 1 =Y (Entry 3).

2 Zhig

AR JE T [Rh(COD)Cl],/Znly/(R,R)-BDPP 1 A3t
EAAR R, BEA RCHAE I S i A S A 2R B UK
FIR AR RTINS, SRAGELIF S A R 4T (1)
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K4 EMmFEYE s
Table 4 Scope of phenols

[Rh (cob)Cll,
CO O B G
+
Znl,, THF, 40 'C
2a 2j 3aa ~ 3aj
Entry Phenol Time/h  Yield/%  ee/%
OH
1 ©/ 0.5 94 82
2a

-n E
o
T

24 39 80 69
2b
/©/OH
3 o 1.5 92 82
2c
/©/OH
4 B 3.5 92 74

(9]
&
zz o
o
T
)

96 81
2e
OH
6 /©/ 3 89 78
2f
OH
7 12 84 78
2g
OH
8 \@ 6 54 78
2h
OH
9 \o/©/ 0.5 72 76
2i
10 78 82

RY,
e
I
W

© 2019 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: 1a (0.30 mmol), 2a~2j (0.9 mmol), additives (0.03
mmol), THF (2.0 mL), [Rh(COD)CI], (2.5 mol%), (R,R)-BDPP(6.5% mol).
?Isolated yield.  Determined by HPLC with a Chiralcel AD-H column. ¢React
at60 C.

eefd. — RIIAFHUCI R ERIF FRUK R I M 2ok %
BRI T e S Rk Z b, R BIFE IR A 265 T,
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Table 5 Scope of oxabenzonorbornadiene derivatives

OH
[Rh(COD)CI], o
| _(RR)-BDPP @@/ \©
/ T Znlp THE / =
40°C

1b~1g 3ba ~ 3bg

Entry Oxabenzonorbornadiene Time/h Yield’/%  ee/%

1 2 84 75

1b

O/

(0]
4 [O 29 88 85
1e
e}
. <
5 e} 27 95 78
1f
Br-
6 Br 2 85 80

19
“ Reaction conditions: 1b~1g (0.30 mmol), 2a (0.9 mmol), additives (0.03
mmol), THF (2.0 mL), [Rh(COD)CI], (2.5 mol%), (R,R)-BDPP(6.5% mol).
P Isolated yield.  Determined by HPLC with a Chiralcel AD-H column. ¢ React
at 60 C.

HE% e 20T S 28 5 5 BRAS R AR & T 1k DY S 25 4
1"41%755‘]%/5\%.

3 SWES

31 X5

'H NMR #1 *C NMR ] Brucker 400 MHz #% W 3t4R%
A 5 (CDCl; A, TMS NWAR); HPLC A Agilent
1260 = RCHAREIEG E, 1/ AD-H, AS-H, OD-H,
OJ-H FHEAE, Bl k5 AR IE Okt SN F ) <6
JE& . BRSO JERE KA R IE Mikrouna, Supper
1220/750 FEFE PR EIF#AE, JoKER] THE. R,
TEONHEEN - IR IR, AR AR BRI
f§iH; J&/K DCE.DMF &5 b5 402, =2 5 @A H
TRAF IR . BT 20 0 %8 4 8 A0 7R R0 1 T R 2 0
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Stream. Aldrich 8% Acros 2 &4,
32 XWHE
321 RErxt BRIk B M 3T AT 3R B2
TR BT B A HER PRI [Rh(COD)CI], (1.8
mg, 0.0037 mmol), (R,R)-BDPP (4.3 mg, 0.0097 mmol)T
KNEH, I 1.0 mL THF, =38 FHi#E 30 min, 45
A Znl, (9.6 mg, 0.03 mmol)$ii#¥ 10 min, N IZ
FE UK A0 1a (43.2 mg, 0.3 mmol)$ii £ 10 min fF I AR
15y 2a (86.7 mg, 0.9 mmol)F1 1.0 mL THE, # 15 BUH T
BHE, T 40 CHMis MR, EEIEY 1a P58 4 (TLC
Ry, s R 4 Jm 28 i P SR SR AT SR A AliAk, 153
724 3aa (67.2 mg, 94% yield), ee 1E(82%)H HPLC il
JE.

(18,28)-2-F 48 H-1,2- A ZE W (3aa)™: 11 € [H 44,
773 94%, 82% ee. HPLC: Daicel Chiralcel AD-H column
(25 cm X 0.46 cm ID), conditions: FV(n-hexane)/V(i-
PrOH)=280/20, 1.0 mL/min, 254 nm; tyio = 7.54 min,
tmajor=10.11 min. m.p. 109~110 ‘C; 'H NMR (CDCl,,
400 MHz) 6: 7.64 (d, J/=6.9 Hz, 1H), 7.35~7.21 (m, 4H),
7.16~7.08 (m, 1H), 7.03~6.92 (m, 3H), 6.51 (d, J=9.8
Hz, 1H), 6.02 (d, /=9.8 Hz, 1H), 5.23~5.07 (m, 2H),
2.68 (d,J=3.4 Hz, 1H).

(18,28)-(4- A A FE)-1,2- ~ A ZE W (3ab) ™ [ {4 [
K, FEE 80%, 69% ee. HPLC: Daicel Chiralcel AD-H
column (25 cmX0.46 cm ID), conditions: V(n-hexane)/
V(i-PrOH)=80/20, 1.0 mL/min, 254 nm; #pyin. = 8.48 min,
fmajor=10.10 min. m.p. 127~129 C; '"H NMR (CDCl,,
400 MHz) 9: 7.56 (d, J/=6.8 Hz, 1H), 7.26~7.16 (m, 3H),
7.05 (d, J/=6.9 Hz, 1H), 6.92 (t, J=8.4 Hz, 2H), 6.84 (dd,
J=9.2, 4.4 Hz, 2H), 6.45 (d, J/=9.9 Hz, 1H), 5.92 (d, J=
9.9 Hz, 1H), 5.09 (d, J/=10.1 Hz, 1H), 4.95 (d, J=10.1
Hz, 1H), 2.53 (s, 1H).

(18,28)-2-(4- S HAH H)-1,2- A ZE Wy (3ac)™: [A1h
B4, P22 92%, 82% ee. HPLC: Daicel Chiralcel AD-H
column (25 cmX0.46 cm ID), conditions: V(n-hexane)/
V(i-PrOH)=80/20, 1.0 mL/min, 254 nm; fyino,=9.61 min,
tmajor=12.46 min. m.p. 125~125.5 ‘C; 'H NMR (CDCl,,
400 MHz) o: 7.54 (d, J=6.7 Hz, 1H), 7.27~7.13 (m, 4H),
7.04 (d, J=6.7 Hz, 1H), 6.80 (d, J=8.4 Hz, 2H), 6.44 (d,
J=9.9 Hz, 1H), 5.89 (d, /=9.9 Hz, 1H), 5.08 (d, /=10.1
Hz, 1H), 4.97 (d, J/=10.1 Hz, 1H), 2.57 (d, J=3.8 Hz,
1H).

(18,28)-2-(4- IR FE A I)-1,2- A ZEWBad)™: A
B4, F=2 92%, 74% ee. HPLC: Daicel Chiralcel AD-H
column (25 cmX0.46 cm ID), conditions: V(n-hexane)/

http://sioc-journal.cn/ 757
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V(i-PrOH) = 80/20, 1.0 mL/min, 254 nm; fune=10.06
min, fmgjor = 13.86 min. m.p. 145~146 ‘C; 'H NMR
(CDCls, 400 MHz) §: 7.62 (d, J=6.7 Hz, 1H), 7.38 (d, J=
8.4 Hz, 2H), 7.34~7.25 (m, 2H), 7.12 (d, J=6.6 Hz, 1H),
6.83 (d, J=8.4 Hz, 2H), 6.52 (d, J=9.9 Hz, 1H), 5.96 (d,
J=9.8 Hz, 1H), 5.16 (d, J=10.1 Hz, 1H), 5.05 (d, J=10.1
Hz, 1H), 2.63 (s, 1H).
(18,28)-2-(4- B 2R A 3E)-1,2- A ZEW(3ae) ™ {1
[E4E, 7223 96%, 81% ee. HPLC: Daicel Chiralcel AD-H
column (25 ¢cmX0.46 cm ID), conditions: V(n-hexane)/
V(i-PrOH) = 80/20, 1.0 mL/min, 254 nm; fune = 10.84
min, fmgjor = 15.64 min. m.p. 160~162 ‘C; 'H NMR
(CDCls, 400 MHz) ¢: 7.60 (dd, J=19.8, 7.7 Hz, 3H), 7.30
(q, J=6.2, 5.3 Hz, 2H), 7.13 (d, J=6.2 Hz, 1H), 6.74 (d,
J=8.4 Hz, 2H), 6.53 (d, J=9.8 Hz, 1H), 5.97 (d, J=9.8
Hz, 1H), 5.17 (d, J=9.4 Hz, 1H), 5.06 (d, J=9.9 Hz, 1H),
2.56 (d, J=3.9 Hz, 1H).
(18,25)-2-(4- I HE A HE)-1,2- A ZEMmyBan™: A
AR, 773 89%, 78% ee. HPLC: Daicel Chiralcel
AD-H column (25 cm X 0.46 cm ID), conditions:
V(n-hexane)/V(i-PrOH) = 80/20, 1.0 mL/min, 254 nm;
tminor=9-12 Min, fngjor=13.29 min. m.p. 80~81 C; 'H
NMR (CDCl;, 400 MHz) 6: 7.62 (d, J=6.7 Hz, 1H),
7.31~7.18 (m, 2H), 7.08 (t, J=6.7 Hz, 3H), 6.87~6.80
(m, 2H), 6.47 (d, J=9.9 Hz, 1H), 5.99 (d, J=9.9 Hz, 1H),
5.15 (d, J=10.3 Hz, 1H), 5.04 (d, J=10.3 Hz, 1H), 2.78
(s, 1H), 2.28 (s, 3H).
(18,28)-2-(2- H F: R 48 HE)-1,2- S ZE My (3ag): A
[E4A, 722 84%, 78% ee. HPLC: Daicel Chiralcel AD-H
column (25 ¢cmX0.46 cm ID), conditions: V(n-hexane)/
V(i-PrOH)=80/20, 1.0 mL/min, 254 nm; fyino,=32.5 min,
tmajor=34.64 min. m.p. 101~102 C; 'H NMR (CDCl,,
400 MHz) d: 7.57 (d, J=6.9 Hz, 1H), 7.27~7.15 (m, 2H),
7.14~7.01 (m, 3H), 6.87~6.75 (m, 2H), 6.43 (d, J=9.9
Hz, 1H), 5.94 (d, J=9.9 Hz, 1H), 5.15 (d, J=10.4 Hz,
1H), 5.04 (d, J=10.3 Hz, 1H), 2.52 (s, 1H), 2.19 (s, 2H).
(18,28)-2-(2,5- “H R IR FE)-1,2- A 25 M (3ah): 1
o E 4k, F7E 54%, 78% ee. HPLC: Daicel Chiralcel
AD-H column (25 cm X 0.46 cm ID), conditions:
V(n-hexane)/V(i-PrOH) = 70/30, 1.0 mL/min, 254 nm;
fminor = 6.39 MiN, fopgior=5.09 min. m.p. 78~80 C. 'H
NMR (CDCls, 400 MHz) ¢: 7.65 (d, J=6.9 Hz, 1H), 7.28
(dd, J=13.6, 7.6 Hz, 2H), 7.09 (dd, J=25.3, 7.2 Hz, 2H),
6.76~6.66 (m, 2H), 6.50 (d, J=9.9 Hz, 1H), 6.02 (d, J=
9.9 Hz, 1H), 5.22 (d, J=10.4 Hz, 1H), 5.11 (d, J=10.6
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Hz, 1H), 2.58 (d, J=3.5 Hz, 1H), 2.29 (s, 3H), 2.22 (s,
3H); °C NMR (CDCl;, 100 MHz) &: 155.30, 136.76,
135.62, 131.98, 130.92, 128.76, 128.16, 127.97, 126.72,
126.40, 125.11, 124.60, 121.81, 113.91, 79.40, 72.62,
21.44, 16.17; HRMS (ESI) calced for CigH;30,: 266.1313;
found 266.1307.

(18,28)-2-(4- H 48 B 2K 1 3k )-1,2- - & 25 1} (3ai) ™)
HEEE, 72F 72%, 76% ee. HPLC: Daicel Chiralcel
AD-H column (25 cmX0.46 cm ID), conditions: V(n-
hexane)/V(i-PrOH)=280/20, 1.0 mL/min, 254 nm; tyior =
13.51 min, fpjor=19.55 min. m.p. 91~92 C; 'H NMR
(CDCl;, 400 MHz) ¢: 7.62 (d, J=6.8 Hz, 1H), 7.32~7.20
(m, 2H), 7.09 (d, J=6.7 Hz, 1H), 6.92~6.78 (m, 4H),
6.47 (d, J=9.9 Hz, 1H), 5.99 (d, J=9.9 Hz, 1H), 5.14 (d,
J=9.9 Hz, 1H), 4.98 (d, /=10.2 Hz, 1H), 3.75 (s, 3H).

(18,28)-2-(ZE A H-1,2- ~ A W (3aj): [ (B[ 14,
723 78%, 82% ee. HPLC: Daicel Chiralcel AD-H column
(25 cm X 046 cm ID), conditions: V(n-hexane)/V(i-
PrOH)=80/20, 1.0 mL/min, 254 nm; fyine="7.73 min,
fmajor=11.32 min. m.p. 139~141 C; 'H NMR (CDCl;,
400 MHz) ¢: 8.21 (d, J/=7.5 Hz, 1H), 7.73 (d, J/=7.6 Hz,
1H), 7.59 (d, J=6.9 Hz, 1H), 7.47~7.35 (m, 3H), 7.32~
7.13 (m, 3H), 7.06 (d, J=6.5 Hz, 1H), 6.79 (d, J/=7.6 Hz,
1H), 6.45 (d, J/=9.9 Hz, 1H), 6.01 (d, /=9.9 Hz, 1H), 5.27
(q, J=10.4 Hz, 2H); “C NMR (CDCl;, 100 MHz) o:
152.98, 135.53, 134.82, 131.94, 129.12, 128.25, 128.08,
127.66, 126.57, 126.52, 126.24, 126.03, 125.79, 125.45,
125.30, 121.96, 121.10, 106.74, 79.65, 72.55; HRMS (ESI)
caled for CyyH;60,: 288.1141, found 288.1150.

(18,25)-6,7- — F ik -2- ZR 4 5k -1,2- & Z5 ) (3ba):
FI A, 7223 84%, 75% ee. HPLC: Daicel Chiralcel
OJ-H column (25 ¢cm X 0.46 c¢cm ID), conditions: V(n-
hexane)/V(i-PrOH)=280/20, 1.0 mL/min, 254 nm, tyinor=
11.86 min, #major=10.63 min. m.p. 181~183 C; '"H NMR
(CDCl3, 400 MHz) ¢: 7.33 (s, 1H), 7.28~7.16 (m, 2H),
6.97~6.83 (m, 4H), 6.41 (d, J/=9.8 Hz, 1H), 590 (d, J=
9.8 Hz, 1H), 5.09~4.98 (m, 2H), 2.53 (s, 1H), 2.21 (d, J=
14.3 Hz, 6H); °C NMR (CDCl;, 100 MHz) 6: 156.41,
135.67, 135.11, 131.76, 128.64, 128.46, 127.95, 126.96,
125.76, 123.81, 120.31, 114.79, 77.96, 71.15, 18.69, 18.35.
HRMS (ESI) caled for CgH;3O,: 266.1311, found
266.1307.

(15,28)-5,8- — L2 R4 B-1,2- & ZE M (3ca): TG
19, 90%, 80% ee. HPLC: Daicel Chiralcel OJ-H column
(25 cm X 0.46 cm ID), conditions: V(n-hexane)/V(i-
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PrOH)=60/40, 1.0 mL/min, 254 nm; fyine= 14.22 min,
tmajor=22.20 min. 'H NMR (CDCl;, 400 MHz) d: 7.29 (t,
J=7.4 Hz, 2H), 7.12 (d, J=9.9 Hz, 1H), 7.06~6.92 (m,
3H), 6.79 (s, 2H), 6.13 (dd, J=10.1, 4.8 Hz, 1H), 5.30 (s,
1H), 5.06 (s, 1H), 3.79 (s, 6H); *C NMR (CDCl;, 100
MHz) 6: 157.51, 151.57, 150.04, 129.59, 124.20, 123.51,
122.86, 121.14, 121.07, 115.88, 111.59, 111.16, 73.81,
65.00, 56.21, 55.92.

(18,25)-6,7- — H A8 ik -2- IR A8 Jk-1,2- — S %5 %) (3da):
HEEE, 728 62%, 78% ee. HPLC: Daicel Chiralcel
AD-H column (25 cm X 0.46 cm ID), conditions:
V(n-hexane)/V(i-PrOH) = 70/30, 1.0 mL/min, 254 nm,
fminor="8.30 Min, f50,=20.18 min. m.p. 58~59 C; 'H
NMR (CDCls, 400 MHz) 6: 7.22 (t, J=7.8 Hz, 2H), 7.12
(s, 1H), 6.89 (t, J=7.0 Hz, 3H), 6.59 (s, 1H), 6.35 (d, J=
9.8 Hz, 1H), 5.86 (d, J=9.8 Hz, 1H), 5.02 (q, J=10.3 Hz,
2H), 3.85 (s, 3H), 3.80 (s, 3H); *C NMR (CDCl;, 100
MHz) 6: 156.35, 147.75, 147.35, 128.65, 127.60, 127.34,
123.66, 123.07, 120.35, 114.79, 109.12, 108.09, 78.04,
71.24, 55.02.

(68,78)-6,7- —WEkE-2- KA KE-1,2- ~HZE M) (3ea): o
£, 88%, 85% ee. HPLC: Daicel Chiralcel OJ-H column
(25 cm X 046 cm ID), conditions: V(n-hexane)/V(i-
PrOH)=80/20, 1.0 mL/min, 254 nm, fuin:—29.31 min,
fmgjor=44.09 min. m.p. 242~244 ‘C. '"H NMR (CDCl,
400 MHz) 0: 7.27~7.16 (m, 2H), 7.07 (s, 1H), 6.95~6.85
(m, 3H), 6.59 (s, 1H), 6.33 (d, J=9.8 Hz, 1H), 5.85 (d, J=
9.6 Hz, 1H), 4.97 (s, 2H), 4.19 (s, 4H), 2.43 (s, 1H); °C
NMR (CDClL;, 100 MHz) §: 157.44, 143.34, 129.68,
128.44, 125.65, 124.31, 121.38, 115.84, 115.64, 115.27,
115.18, 78.81, 71.93, 64.49, 64.42.

(55,68)-6,7- W F — 48 JE -2- F A B -1,2- ~EH ZE Wy
(3fa): AR, P23 95%, 78% ee. HPLC: Daicel Chi-
ralcel OJ-H column (25 cmX0.46 cm ID), conditions:
V(n-hexane)/V(i-PrOH) = 80/20, 1.0 mL/min, 254 nm;
tminor=20.56 Min, a0 =33.54 min. m.p. 110~112 C; 'H
NMR (DMSO-ds, 400 MHz) §: 7.32 (t, J=7.8 Hz, 2H),
7.09 (s, 1H), 6.99 (dd, J=20.3, 7.8 Hz, 3H), 6.85 (s, 1H),
6.51 (d, J=9.8 Hz, 1H), 6.04 (d, J=7.1 Hz, 2H), 5.93 (d,
J=9.8 Hz, 1H), 5.02 (d, J=8.4 Hz, 2H), 4.82 (t, J=7.1
Hz, 1H), 3.41 (s, 1H); *C NMR (DMSO-d;, 100 MHz) o:
157.51, 146.67, 146.48, 131.65, 129.55, 128.59, 125.88,
124.29, 120.71, 115.62, 107.41, 107.03, 100.94, 77.52,
70.28, 70.18. HRMS (ESI) calcd for Cj7H,;40,: 282.0890,
found 282.0892.
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(18,25)-6,7- — ¥ -2- KA £E-1,2- A ZE M (3ga): L
i, 85%, 80% ee. HPLC: Daicel Chiralcel AD-H
column (25 cmX0.46 cm ID), conditions: V(n-hexane)/
V(i-PrOH)=90/10, 1.0 mL/min, 254 nm; fpie = 11.21
Min, fgior=24.50 min. 'H NMR (DMSO-dj, 400 MHz) 6:
7.72 (s, 1H), 7.57 (s, 1H), 7.23 (t, J=7.7 Hz, 2H), 6.96~
6.85 (m, 3H), 6.52 (d, J=9.8 Hz, 1H), 6.08~5.94 (m,
2H), 5.02 (d, J=9.2 Hz, 1H), 4.86~4.76 (m, 1H); "°C
NMR (DMSO-ds, 100 MHz) J: 156.37, 137.78, 132.26,
130.28, 129.96, 128.61, 128.05, 125.69, 124.45, 121.87,
121.47, 119.97, 114.69, 80.11, 76.09, 68.61. HRMS (ESI)
calcd for C;4H,0,Br,: 393.9215, found 393.9204.

HBh#1 Bl (Supporting Information) X FRFF 34 724
A2V R iy RO 1 P 3 A ) 1T DA A B AR T T
¥l (http://sioc-journal.cn/) | N #%.
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