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An-P1Q Catalyzed Kinetic Resolution of B-lodo Morita-Baylis-Hillman
Adducts

Zhu, Mingyu* Deng, Weiping*
(Shanghai Key Laboratory of Functional Materials Chemistry & School of Pharmacy, East China University of
Science and Technology, Shanghai 200237)

Abstract Chiral f-iodo Morita-Baylis-Hillman (MBH) adducts are important versatile synthetic building blocks for many
natural products and drug molecules. By using a recently developed acyl transfer catalyst An-PIQ, the kinetic resolutions of a
series of f-iodo MBH adducts were investigated, providing the recovered alcohols in good yields with high enantioselectivities
(up to 99.9% ee) and good selectivity factors (S up to 165). This method overcomes the issue of low selectivity confronted in
the kinetic resolution of aliphatic aldehyde-derived MBH adducts as secondly alcohols, and features mild reaction conditions,
broad substrate scope, and easy scaling-up to gram scale.

Keywords f-iodo MBH adducts; nucleophilic catalysis; enantioselectivity; kinetic resolution
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AT FRA B0 5 2R IR AR I &, 2001 4, Li
S NGRS e A Ak 7, DA SRR B
IEE A N D), I AXTFR Aldol Jevi, BL 70%FHIUK
FAEIE 98% ee Ak T F-1E -4 MBH B & Fig. 2005
1R, ZARZH P LL(R,R)-Salen AICI T PEMEALF, filt
AN I, @k 2R RS AR A R T T BB
MBH i, {H 23R 850 BUE P (ee EH N 65%).
2009 4E, Do /NHPUR A BH 1 T 1 i o 24
WAV, ST ZHRIRES . BE RIS = LAk
Bt = 20 o AKEFRABIC SN, DA i (A5 AR 75 f o) pe
BeFEMERAS T F1E p-iAC MBH B8(Eq. 1), Z/E Fl ee {55
AL 99 11 96%, HiZ MM & m, B
TERAR MRS N7, RN 2132 R,

0 0 Cat. (20 mol%)
P +/L + TMS—I ———— R |
R™OH &  OFEt CH,Cl,, -78 °C |

H Ar

Cat.: -
+ N /O X
B

H |
o-Tol

Ar = Ph or 3,5-dimethylphenyl
X =TfO or Tf,N

Sy —J7 1, 8 T SR A R AT A B A R I A
R RRG m A A I TV S SRR T T
ZIZET. Vedejs®™®™ & Fu SR 3 01 K T
P AERG TR T 4-— R BL S LI IE (DMAP) K 3
BB RS AL, PR R D S T & — B 3
JIEYRAY NP, B T AR S RO R, Birman i
AN R —IE K © TR R F IR B
AL, 1 CFs-PIPU'®, CI-PIQU™, BTM!'*IF1 HBT-
MU0t - 7 (AN 55 A — SRR B F1 257 4 v,
FEHL AR TS 10 i B e AR 5E . 2010 4E, AR
R MBI P T T T E DMAP S0 A0 7R fbk
FKUENFIHATE G, ST —RRNE A FOF
T TP PR 28— S DK M SRR AR, 12 e A 7R D i e
BB G B30 71 %37 o v R B AR5 AR S 0T
PEFNE(S M = T3k 1892) (Scheme 1a). HAR —ZREEH)
1RO H AT TR R kR, (HRT oM
Be-p-FREEBER(MBH &) — R BE 5 )1 4% 73 20 ik
RS, B HIE.

RO §!
N™ N NN
Ph Ph

CF3-PIP CI-PIQ

up to 99:1 ZIE
up to 96% ee
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iffzRit e
S
- e
N\/T \‘J>”Ph
“Ph &
BTM HBTM
(a) 5 mol% Fc-PIP
OH 75 equiv. (EtCO),0  QCOEt OH
+ A
R" "R? 0.75 equiv. i-Pr,NEt R!” R? R"” "R2
(rac)-1a toluene, 0 °C (S-1a (R)-2a

R'=Ph, 0-MeOCgHy4, p-CICgHy,, etc. up to 99% ee

R2 = Me, Et, i-Pr, t-Bu up to 1892 S
i@
N
N7 |
\ Fe
pr’ Ph Ph
Ph
Fc-PIP
(b) OH O 5 mol% An-PIQ OH O
R2 0.75 equiv. (EtCO),0 R2
1 - - 1 O/ +
R 0 0.5 equiv. K,CO; R
i-Pr,0, 0 °C
(rac)-1b (R)-1b
0 up to 99% ee
)J\ up to 108 S
Et” 0 O
T RZ
R,I/\H)j\o/
(S)-2b

R' = Me, Et, n-Pr, n-Bu, c-Hex, PhCH,CH,, efc.
R? = CHPh,, Me, CH,CH,Ph, etc.

X

N™ SN

Ph
An-PIQ

B 1 FrEBEEREATIS 5K R R EME)
FI

Scheme 1 Kinetic resolution of secondary alcohols catalyzed
by chiral acyl transfer catalysts

2007 4E, Connon 5" MiiE 7 ¥ Bl LR L7 2 5
() MBH &N 11268555 OBE, [N 75 (AR IR 25 1
TEET, HEERE— % (S=20). 2015 4F, AL F]
FBE LR An-PIQ, XN IE a-fdE-p-Fakmg2
WEMBAT T 3 AR 05, AR TS i B 1k (>
99% ee, S fEik 108)fF 2 T i Y224l - ik -p-F2 3L R
J5Ab A Wi(Scheme 1b). 7E IR F| FRoAIA S 1% 18
tofhk ZXHYTER - MBH In&WikiTsh 1124850,
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DL SRS B =25 N B I = s 4l p-iiAR
MBH Ji&4).
1 ZER5VE
1.1 FHiFE

AT Z-H 2L p-iA MBH &%) 1¢ AR
Y, AR, WERRE BT, 0 CERARY
A N HEAT SRARIEIE. R T AN AL RN OB )
SEME, AHXT T Fe-PIP (S=45)F1 CI-PIQ (S=42),
TR m BUREE 10 5 F KR40 71 An-PIQ (S=70)
A1 Np-P1Q (S=68)% M R4F(3 1, Entries 1, 4). K, &
fITLL An-PIQ AfEALF, XHEFIREATIRIE, 450 ER%
Ty T I B3 B 5 22 AN K (S=63, 71, 64) (&
1, Entries 2, 5, 7), FAERCRALE. X IR EFHE 5K
W, CLLBRIF AR T BRI M AR, e Mgk B
B E B3 1, Entries 8, 9), UL CANERET A HBIIL
. AR5 S 1% R B R, 45 SR A LR —
LHER NN-—3 N FE O (S=173, 71)5 ToHL s L £
(S=T70)XF [ B FE14 F 5200 2R ALK 1, Entries 2, 10, 11),
I PEOR IR N o EEmRR ). B fm R IR SR AT T %
£, il PR MIEFE RS =47), —20 CTFx
LI BRI 3R 1 (S=103), 1HA2RIILEE) ee [E(42.2%)
AL 2.(30.3%) 3 KRR (ER 1, Entries 12, 13). K
PATRZHE L An-PIQ NG, S ABENIET, Bk

RRAT N, PR BT AL R BL R S ONHRE DN 0 'C O
RARAT.
12 YT R

1R EIR ALK, BAVHESE T %R BRY)
WE (R 2). B RUEHBMTE S, X4 R OV E R
T R BAR I T, [ B 3 S e B it v I
fK(S=80, 117, 95, 25) (¥ 2, Entries 1, 4), 24 R' N3t
B, [N 4 h [FIUREE ee (B TIE 99.6%, SAH A 117, K
SR 6 h, SEE— PR A 2 143(3% 2, Entry 2). 24
RUAIE T 3L, JEA 1f SR KRB (S=25) (& 2,
Entry 4). MR ASCHEN 5T 560, 5558 o 7 84T SC4E
BUREE R 1d AHLE, Hk$ete BERTH(S=151) (&
2, Entries 2, 5), )X 6 h f5 S{H#E—PHEm A 165. 24
R' N RIEn, 5875 p AEA CEEEBRIEIEY) 1f
FHEE, Foak Ik [FRE ] R4 THS=178) (% 2, Entries 4, 6).
DL g SRR, TEIRIIEREEN o A3 2448 s (6] 67 BH L
TE B ArHG s A4 PHBE R T4 v s SR B PR, DAL,
RN CIEN, HEEE ee [ RIE 99.9%, S EH
N 148 (3 2, Entry 7).

HEFOR, ML o AONREIURIRY 15, 453
BoR, RBEMERZE, LA IEHPEGR 2, Entry 8,
S=1). BATRE@EEHAETIHFRNEET BT =
2 T Rk 55 JEC A 07 R S B AL AL TR 2 T ) m-me A,
DA/ S R RS ) 5 4, AT RO R

F 1 p-HUL MBH &3 158550 IO B 26 AT 3 ¢

Table 1 Reaction condition screening for the kinetic resolution of f-iodo MBH adducts

(0]
OH O 5 mol% cat. OH O \)J\
0.75 equiv. anhydride o O
OEt OEt + :
/‘\ﬁ\ 0.5 equiv. base | /\a\oa
| Solvent, 0 °C | |
(rac)-1c (R)-1c ($)2¢ I
. . eel% b B
Entry Catalyst Solvent Anhydride Base Temp/C 1 2 Cuprc /% S
1 Fc-PIP i-Pr,0 (EtCO),0 K,CO3 0 63.1 91.9 40.7 45
2 An-PIQ i-Pr,O (EtC0O),0 K,CO; 0 97.9 88.8 52.2 70
3 Np-PIQ i-Pr,0 (EtCO),0 K,CO3 0 86.5 92.1 48.4 68
4 CI-PIQ i-Pr,0 (EtCO),0 K,CO3 0 64.5 91.1 41.5 42
5 An-PIQ CPME (EtCO),0 K,CO3 0 76.4 92.9 45.1 63
6 An-PIQ Tol (EtCO),0 K,CO3 0 87.3 92.2 48.6 71
7 An-PIQ MTBE (EtCO),0 K,CO3 0 88.8 91.1 494 64
8 An-PIQ i-Pr,0 (MeCO0),0 K,CO3 0 86.2 84.4 50.5 33
9 An-PIQ i-Pr,0 (i-PrC0O),0 K,CO3 0 93.3 71.1 56.8 20
10 An-PIQ i-Pr,0 (EtCO),0 Et;N 0 95.5 90.1 51.5 73
11 An-PIQ i-Pr,0 (EtCO),0 DIPEA 0 76.7 93.7 45.0 71
12 An-PIQ i-Pr,0 (EtCO),0 K,CO3 —20 422 97.1 30.3 103
13 An-PIQ i-Pr,0 (EtCO),0 K,CO3 25 80.4 90 47.2 47

“Reaction conditions: 1¢ (0.2 mmol), anhydride (0.15 mmol), base (0.1 mmol), catalyst (0.01 mmol), solvent (2 mL). Absolute configuration of (R)-1¢ was deter-
mined according to the reference!'¥. ? Calculated from the ee values of the ester (S)-2¢ and unreacted alcohol (R)-1c¢. ¢ See supporting information for the calculation.
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K2 An-PIQ AL B) 245 70 S AV T K i 1k @
Table 2 Scope and generality of An-PIQ catalyzed KR
O
5 mol% An-PIQ
OH © 0.75 equiv. (Et0),0 2 ° Q9
R1/Kﬁ\R2 0.5 equiv. K,CO3 R1/kfl\R2 ’ R1/\fl\R2
| i-Pr;0, 0 °C | I
(rac)-1 (R)1 (S)-2
0,

Entry R' R 1 Th : celV ; Cric/% I
1 Me Et 1c 4 97.9 88.8 522 70
2 Et Et 1d 4 99.6 90.0 52.5 117

6 99.9 90.1 52.6 143
3 n-Pr Et le 4 99.8 86.7 53.5 95
4 n-Bu Et 1f 4 90.1 78.1 53.6 25
5 i-Pr Et 1g 4 93.3 95.5 49.4 151
6 97.0 95.0 50.5 165
6 i-Bu Et 1h 4 98.8 87.9 52.9 78
7 cHex Et 1i 4 99.7 90.3 52.4 125
6 99.9 90.4 52.5 148
8 Ph Et 1j 4 14.4 7.5 65.8 1
9 4-NO,C¢H,4 Et 1k 4 27.7 239 53.7 2
10 Naphthyl Et 11 4 13.3 15.3 46.5 2
11 CH;CCH, Et 1m 4 63.1 64.3 49.5 9
12 PhCH,CH, Et In 4 99.6 79.3 55.7 52
13 TBSOCH,CH, Et 1o 4 94.0 90.6 50.9 72
14¢ 2-ThiopCH,CH, Et 1p 2 89.5 86.4 50.88 41
15 PhCH,CH, Me 1q 4 82.1 90.8 47.5 53
16° n-Bu Et 1r 4 40.1 84.5 32.2 18

“Reaction conditions: rac-1 (0.2 mmol), (EtCO),0 (0.15 mmol), K,CO; (0.1 mmol), An-PIQ (0.01 mmol), i-Pr,O (2 mL). Absolute configuration of (R)-1¢ was
determined according to the reference 114 ® Calculated from the ee values of the ester (S)-2¢ and unreacted alcohol (R)-1c. € See supporting information for the calcu-

lation.  Reaction time was 2 hours. ¢ 1r was E-isomer.

MY 1k MEHA KR o BFEY 1, H N5
TR (F 2, Entries 9, 10, S=2, 2). 4 R' & H 1L,
SN EFREAT IHEE 2 (S=9) (£ 2, Entry 11). RV 2.3
B, BT IREEG A, R MR RIS B T 5 KB 7 i
BUAREMI R AR 45 (3 2, Entry 12, S=52). M4 R' A
FRIEORI BRI E Wy IR, R NI HUAS SR PR (R 2,
Entries 13, 14, S=72, 41). N5l J5 1% s B
FISEIE, Bort-a TR 1q, FEARI RS, 53¢
BRTRIE AN BB 71 3-F3 320 36 28 1 FR G 4 BB,
IRV ee {EAT S I PRI E(E 2, Entry 15,
S=53)(3-FaHE-2-4 FE R 1 H B B W I ee fE M 73.2%, IR
ee [H N 79.1%, HEALZE N 47.7%, S1E N 20), Ui B R T
(I T2 e S LI IR B

IR FT AT A [R] XU ) B 1 IR 0 o 75 0 L 5 1
FEAERC, BATE AR T E-HB R 1r. 55
SRR I AL, OB PERE BRI S ) R R BR(GR 2,
Entries 4, 16), AJREYEYIAN Z-F 840, Wl v Reid
KIRFH12, GBI o BRI TE BB T 52
LT A A A AR I (B 2). B im, AT SN )
2400
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SEFMEREAT T RGBT, XA S2 RN R R R A
lo HH4T VUK ESLZK(Eq. 2), 458 8K, [HULEE(R)-10
1 ee EAT AT 93.9%.

o
N—<

o}

N
\ +
/
—' Favored transition state

H
Steric repulsion

Unfavored transition state

B2 HERR LT An-PIQ 5 M) e AH L AE F ) PR A 7
Figure 2 Possible transition state for catalyst An-PIQ interac-
ting with 1
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5 mol% An-PIQ
0.75 equiv. (EtO),0

0.5 equiv. K,CO3

OH O
TBSO/\)\EU\OEt
|

i-Pry0, 0 °C
rac-1o
0.90¢g o
OH O \)J\Q o)
TBSO%OH +  TBSO [ oet @)
I I
(R)-10
(S)-20

0.43 g, 93.9% ee

CHPLC =51.0%, S =69 0.5149,90.2% ee

2 ZEig

gE LR, ATLL B TR TR R R %
7 An-PIQ AMEALT, B IRSEELT - MBH I&41)
E AR SN J1 2 E R oy, AR B S B T5 (S B 5
ik 165), AN B ee {8 i 99.9 %. 1% 771 AMY
fil g 7 AR BBEAT AR 1 MBH &%) — RIS AES) 115475y
AR R 1) R, T ELEAE SRR, AT R
TSR . R, X AT R S R AR A A ) B
FAAR)-1o R IO 2 7 SO, Mifi ik — 5
HZ T VAR A LA B 9 0 S AN .

3 X
3.1 U5

'H NMR (400 MHz)f1 *C NMR (100 MHz)*
Bruker AV400 %4 3L4R 000 &, B F¥ 778 CDCL,
TMS NN FR; HRMS (ESI KA % [E VG A F] ZAB-ZSE
BB FE 5 o s G € ;. iR R Autopol TV/IV-
T-Rudolph JEFACH . S8 B FFR3  & r rdk
A
3.2 LWHE

ERATRTFZMT, ¥IEY rac-1 (0.2 mmol).
An-PIQ (0.01 mmol). FEEZEA(0.1 mmol). 2 mL T
BRI OB N, T 0 C4& M RS 4 s,
IINTE/KABRET(0.15 mmol). 4k4:TF 0 CH1FFHidE,
TLC MW SRR, RN SE4s )5, T nE0R oK
RN, 2 EEREEAT 75, FEIR)-1 By izl
(S)-2 Big. 43 7K 13 20 i Bl AN VS T S e, 3
4T HPLC M, FRit5 S 14.

(R,Z)-3-F255-2- TR FH BT TR R (1e): R E
MERWAE, 25.4 mg, %% 47%. '"H NMR (400 MHz,
CDCly) 6: 7.16 (d, J=1.1 Hz, 1H), 4.61 (q, J=6.2 Hz,
1H), 4.33 (q, J=7.1 Hz, 2H), 2.49 (d, J=5.8 Hz, 1H), 1.39
(d, J=6.2 Hz, 3H), 1.36 (q, J=7.1 Hz, 3H). (R)-1c: [a]d

Chin. J. Org. Chem. 2016, 36, 2397 ~2406
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+6.7 (¢ 1.0, CHCl3) (97.9% ee). The ee was determined
by HPLC [Chiralpak AS-H, 1 mL/min, V(hexane)/V(i-
PrOH)=40/1, A=254 nm, retention time: #z=17.33 min,
ts=16.23 min].

(8.2)-2-THACIE FF JE-3- A L S8 2 - T 1R B (2¢): 310
R AE, 32.6 mg "% 50%. 'H NMR (400 MHz,
CDCly) o: 7.15 (s, 1H), 5.67 (q, J=6.5 Hz, 1H), 4.31 (q,
J=17.1 Hz, 2H), 2.34 (q, J=7.6 Hz, 2H), 1.41 (d, J=6.5
Hz, 3H), 1.35 (t, J=7.1 Hz, 3H), 1.14 (t, J=7.6 Hz, 3H);
C NMR (100 MHz, CDCL3) 6: 172.0, 164.2, 143.4, 83.9,
69.8, 60.5, 26.7, 18.9, 13.1, 8.0. HRMS (ESI-TOF) calcd
for CjoHsIO,Na [M+Na]': 348.9913, found 348.9914.
(S)-2¢: [a]b —58.9 (¢ 1.0, CHCI;) (88.8% ee). The ee was
determined by HPLC [Chiralpak AD-H, 1 mL/min,
V(hexane)/V(i-PrOH) = 80/1, A=254nm, retention time:
ts="7.19 min, t,=6.67 min].

(R,Z)-3-F25=-2- A H 2 - TR 25 (1d): 3 (i
RIAK, 26.1 mg, 723 46%. '"H NMR (400 MHz, CDCl;)
0: 7.09 (d, J/=1.1 Hz, 1H), 4.32 (q, J=7.1 Hz, 2H), 2.45
(d, J=6.3 Hz, 1H), 1.69 (d, J=6.3 Hz, 1H), 1.66~1.58
(m, 2H), 1.38 (t, J/=7.1 Hz, 3H), 0.95 (t, J/=7.1 Hz, 3H).
(R)-1d: [a]y —2.4 (¢ 0.01, CHCI;) (99.6% ee). The ee
was determined by HPLC [Chiralpak AD-H, 1 mL/min,
V(hexane)/V(i-PrOH)=80/1, 1=254 nm, retention time:
tr=24.95 min, ts=26.24 min].

(8,2)-2- AR, FR ik -3- P I A B - IR R £ BB (2d):
PR, 34.7 mg, 773 51%. '"H NMR (400 MHz,
CDCI) ¢: 7.06 (s, 1H), 5.55~5.45 (m, 1H), 4.31 (q, J=7.1
Hz, 2H), 2.36 (q, J=7.6 Hz, 2H), 1.86~1.66 (m, 2H),
1.35 (t, J=7.1 Hz, 3H), 1.15 (t, J=7.6 Hz, 3H), 0.91 (4,
J=7.1 Hz, 3H); “C NMR (100 MHz, CDCl;) é: 172.1,
164.3, 142.3, 84.0, 74.6, 60.4, 26.60, 25.9, 13.1, 8.5, 8.1.
HRMS (ESI-TOF) caled for C;H;;10,Na [M+Na]+:
363.0069, found 363.0068. (S)-2d: [a]s —14.6 (¢ 1.0,
CHCIL3) (90.1% ee). The ee was determined by HPLC
[Chiralpak IF-H, 1 mL/min, V(hexane)/V(i-PrOH)=150/1,
A=254 nm, retention time: ft¢="7.21 min, £,=6.56 min].

(R,Z)-3-F2 2RI - R R (Te): iR 3H 0
WHCRWUAE, 27.4 mg, %% 46%. 'H NMR (400 MHz,
CDCly) o: 7.10 (s, 1H), 4.40 (q, J=6.3 Hz, 1H), 4.33 (q,
J=17.1 Hz, 2H), 2.43 (d, /=6.3 Hz, 1H), 1.60 (dd, J=S8.1,
6.3 Hz, 2H), 1.53~1.32 (m, 5H), 0.93 (t, J=7.1 Hz, 3H).
(R)-1e: [a]h +1.7 (¢ 0.01, CHCl;) (99.8% ee). The ee
was determined by HPLC [Chiralpak AD-H, 1 mL/min,
V(hexane)/V(i-PrOH)=80/1, 1=254 nm, retention time:

http://sioc-journal.cn/ 2401
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MR

tr=29.88 min, z5=32.15 min].

(8,2)-2-BAR . R 2 -3- P T AL - LR S R (2e): TG
RPIRBAAE, 36.8 mg, 773 52%. 'H NMR (400 MHz,
CDCly) 6: 7.06 (d, J=1.0 Hz, 1H), 5.57 (t, J/=6.6 Hz, 1H),
4.30 (q, J=7.1 Hz, 2H), 2.34 (q, J=7.6 Hz, 2H), 1.69 (q,
J=7.8 Hz, 2H), 1.38~1.33 (m, 5H), 1.14 (t, J=7.6 Hz,
3H), 0.91 (t, J=7.3 Hz, 3H); >C NMR (100 MHz, CDCl,)
0: 173.2, 165.3, 143.7, 85.0, 74.3, 61.5, 36.0, 27.6, 18.5,
14.1, 13.67, 9.1. HRMS (ESI-TOF) calcd for C,,H4IO,Na
[M+Na]": 377.0226, found 377.0227. (S)-2e: [alh +
39.7 (¢ 1.0, CHCI;) (86.7% ee). The ee was determined by
HPLC [Chiralpak AD-H, 1 mL/min, V(hexane)/V(i-
PrOH)=100/1, A=254 nm, retention time: #g=7.47 min,
tr=6.82 min].

(R,Z)-3-F2FE-2-TAR I H 2 - PR R 4. g (16): JC i
ARIBEAK, 28.7 mg, 725 46%. 'H NMR (400 MHz, CDCl;)
0: 7.08 (d, 1H), 4.39 (dt, J/=7.1, 5.8 Hz,1H), 4.32 (q, J=
7.1 Hz, 2H), 2.62 (d, J=5.8 Hz, 1H), 1.61 (dt, J=6.9, 5.8
Hz, 2H), 1.39~1.33 (m, 5H), 1.31 (q, J/=7.1Hz, 2H), 0.90
(t, J=6.9 Hz, 3H). (R)-1f: [a]} +2.0 (¢ 1.0, CHCL)
(90.1% ee). The ee was determined by HPLC [Chiralpak
AD-H, 1 mL/min, V(hexane)/V(i-PrOH)=280/1, 1 =254
nm, retention time: £, =20.23 min, £z=21.50 min].

(8,2)-2-TH ARG FA L -3- TR Tk 4L 0 - PR R L BB (2f): 6
EHPRIBAA, 39.0 mg, 7% 53%. 'H NMR (400 MHz,
CDCly) 6: 7.06 (d, J=1.0 Hz, 1H), 5.55 (d, J=7.6 Hz,
1H), 4.31 (q, J=7.1 Hz, 2H), 2.35 (q, J=7.5 Hz, 2H),
1.80~1.62 (m, 2H), 1.35 (t, J=7.2 Hz, 3H), 1.33~1.25
(m, 4H), 1.15 (t, J=7.6 Hz, 3H), 0.89 (t, J/=6.9 Hz, 3H);
3C NMR (100 MHz, CDCly) 6: 172.2, 164.3, 142.8, 83.9,
73.5, 60.4, 32.6, 26.6, 26.2, 21.2, 13.1, 12.9, 8.0. HRMS
(ESI-TOF) calcd for Ci3H,104,Na [M+Na]’: 391.0382,
found 391.0381. (S)-2f: [a]s — 56.2 (¢ 1.0, CHCL)
(78.1% ee). The ee was determined by HPLC [Chiralpak
AS-H, 1 mL/min, V(hexane)/V(i-PrOH)=300/1, A=254
nm, retention time: £5=4.75 min, t=4.97 min].

(R,Z)-3- 25 -2- HAR . Pk -4- P 2L TR R TR (1g).
TR A, 29.2 mg, 775 49%. 'H NMR (400 MHz,
CDCly) d: 6.95 (d, J=1.0 Hz, 1H), 4.25 (q, J=7.1 Hz,
2H), 4.04~3.98 (m, 1H), 2.51~2.44 (m, 1H), 1.77 (brs,
1H), 1.30 (t, J=7.1 Hz, 3H), 0.89 (d, J/=6.7 Hz, 3H), 0.83
(d, J=6.7 Hz, 3H). (R)-1g: [a]s +0.3 (¢ 1.0, CHCL)
(93.3% ee). The ee was determined by HPLC [Chiralcel
OD-H, 1 mL/min, V(hexane)/V(i-PrOH)=60/1, A=254

nm, retention time: fz=12.10 min, ¢s=13.36 min].
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(S,2)-2- B V. FF 2 -3- T 1 4 22 -4- PR TR TR 2 B
(2g): TEMIRIBAAK, 34.7 mg, 723 49%. 'H NMR (400
MHz, CDCl3) d: 6.96 (s, 1H), 5.31 (d, J=6.8 Hz, 1H),
428 (q, J=7.1 Hz, 2H), 2.34 (q, J=7.3 Hz, 2H), 2.02 (d,
J=6.8 Hz, 1H), 1.32 (t, J=7.1 Hz, 3H), 1.12 (t, J=7.3
Hz, 3H), 0.90~0.87 (m, 6H); “C NMR (100 MHz,
CDCLy) 6: 172.2, 164.4, 141.9, 84.2, 78.2, 60.4, 30.3, 26.6,
17.7, 16.6, 13.1, 8.1. HRMS (ESI-TOF) calcd for
Ci,H)lO,Na [M + Na] ": 377.0026, found 377.0225.
(S)-2g: [a]5 —3.1 (¢ 1.0, CHCLy) (95.5% ee). The ee was
determined by HPLC [Chiralpak AD-H, 1 mL/min,
V(hexane)/V(i-PrOH)=80/1, 1=254 nm, retention time:
ts=5.49 min, t;=4.88 min].

(R,Z)-3-F% = -2- AL HY 2k -5- H1 5 LR £ B (1h):
W CMPIRA, 28.7 mg, 7% 46%. 'H NMR (400
MHz, CDCLy) 6: 7.13 (d, J=1.0 Hz, 1H), 4.47 (d, J=8.6
Hz, 1H), 4.40~4.22 (m, 2H), 2.35 (br, 1H), 1.85~1.71
(m, 1H), 1.58~1.50 (m, 1H), 1.46~1.40 (m, 1H), 1.38 (t,
J=17.1 Hz, 3H), 0.93 (dd, J=6.6, 1.5 Hz, 6H); °C NMR
(100 MHz, CDCls) d: 166.4, 147.0, 84.4, 73.5, 65, 45.3,
247, 232, 21.8, 142. HRMS (ESI-TOF) calcd for
CioHsI0;Na [M + Na] “: 355.0120, found 355.0121.
(R)-1h: [a]p —4.9 (c 1.0, CHCL;) (98.8% ee). The ee was
determined by HPLC [Chiralcel AD-H, 1 mL/min,
V(hexane)/V(i-PrOH)=60/1, 1=254 nm, retention time:
tz=24.08 min, tg=21.45 min].

(8,2)-2-THAR Y. Y 35 -3- A I 4 2k -5- WY 2 O 1R & T
(2h): I OMPIRA, 38.3 mg, F©F 52%. 'H NMR
(400 MHz, CDCl3) o: 7.08 (d, J=1.0 Hz, 1H), 5.63 (dt,
J=8.9, 4.3 Hz, 1H), 4.30 (q, J=7.1 Hz, 2H), 2.34 (q, J=
7.6 Hz, 2H), 1.70~1.64 (m, 1H), 1.64~1.59 (m, 1H),
1.57~1.48 (m, 1H), 1.35 (t, J=7.1 Hz, 3H), 1.14 (t, J=
7.6 Hz, 3H), 0.94 (d, J=1.6 Hz, 3H), 0.92 (d, J/=1.6 Hz,
3H); *C NMR (100 MHz, CDCls) 6: 172.2, 164.2, 143.1,
84.0, 72.1, 60.4, 42.2, 26.6, 23.7, 22.0, 20.8, 13.1, 8.0.
HRMS (ESI-TOF) caled for Ci3H,IO,Na [M+Na] " :
391.0382, found 391.0380. (S)-2h: [alf +45.7 (¢ 1.0,
CHCl;) (89.1% ee). The ee was determined by HPLC
[Chiralpak IF-H, 1 mL/min, V(hexane)/V(i-PrOH)=100/1,
A=254 nm, retention time: ft¢="7.16 min, £,=6.58 min].

(R,Z)-3-34 L3 -3- 32 L 2-THAR I H I T R, 2L R (1):
B EHARIAE, 31.1 mg, P23 46%. 'H NMR (400
MHz, CDCl) d: 6.99 (d, J=0.9 Hz, 1H), 4.32 (q, J=7.1
Hz, 2H), 4.07 (d, J=7.1 Hz, 1H), 1.93 (d, J=12.6 Hz,
1H), 1.79~1.70 (m, 2H), 1.67~1.53 (m, 2H), 1.49 (dt,
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J=6.9, 3.5 Hz, 1H), 1.37 (t, J/=7.1 Hz, 3H), 1.30~1.07
(m, 4H), 1.01~0.91 (m, 2H). (R)-1i: [a]d +6.4 (¢ 1.0,
CHCl3) (99.7% ee). The ee was determined by HPLC
[Chiralpak AD-H, 1 mL/min, V(hexane)/V(i-PrOH)=60/1,
A=254 nm, retention time: 7/ =24.43 min, t¢—=21.33 min].

(S,2)-3-34 CL - 2- WA IE. Y 3-3- P IBE S8 U R B
(2i): REOMIRAE, 402 mg, 7 51%. 'H NMR
(400 MHz, CDCly) 0: 6.94 (d, J=0.8 Hz, 1H), 5.32 (d, J=
7.2 Hz, 1H), 4.28 (q, J=7.1 Hz, 2H), 2.33 (q, J=7.6 Hz,
2H), 1.72 (dd, J=6.9, 3.5 Hz, 3H), 1.66~1.59 (m, 2H),
1.33 (t, J=7.1 Hz, 3H), 1.29~1.17 (m, 2H), 1.16~1.09
(m, 5H), 1.01~0.88 (m, 2H); *C NMR (100 MHz,
CDCly) ¢: 172.2, 164.5, 142.0, 84.1, 77.8, 60.4, 39.7, 28.0,
27.2,26.6, 25.1, 24.9, 24.7, 13.1, 8.1. HRMS (ESI-TOF)
caled for C;sHyIO4Na [M + Na]j " 417.0539, found
417.0540. (S)-2i: [a]y +49.0 (¢ 1.0, CHCL3) (90.3% ee).
The ee was determined by HPLC [Chiralcel AS-H, 1
mL/min, V(hexane)/V(i-PrOH)=100/1, A=254 nm, reten-
tion time: £¢=15.37 min, t,="7.26 min].

(R,Z)-3- 7K B -3- 32 3k 2- fl AR Y7 HHY 5L T 1R 20 ik (1):
WHEOHUIRIE, 312 mg, 77 47%. 'H NMR (400
MHz, CDCl;) 6: 7.39~7.29 (m, 5H), 7.26 (d, /=1.3 Hz,
1H), 5.54 (dd, J=5.5, 1.3 Hz, 1H), 4.19 (q, J=7.1 Hz,
2H), 2.90 (d, J=5.5 Hz, 1H), 1.22 (t, J=7.1 Hz, 3H).
(R)-1j: [a]d +9.0 (¢ 1.0, CHCI;) (14.4% ee). The ee was
determined by HPLC [Chiralpak AD-H, 1 mL/min,
V(hexane)/V(i-PrOH)=40/1, A=254 nm, retention time:
tp=32.77 min, t¢<=35.18 min].

(S,2)-3- 2% B -3- P I 40 2 -2- A SIF Y 66 A TR & B
(2j): ORI, 39.6 mg, 723 51%. '"H NMR (400
MHz, CDCl;) ¢: 7.38~7.29 (m, 5H), 7.13 (d, J=1.5 Hz,
1H), 6.65 (d, J=1.5 Hz, 1H), 4.21 (q, J=7.1 Hz, 2H), 2.38
(q, /=7.6 Hz, 2H), 1.23 (t, J=7.1 Hz, 3H), 1.13 (t, J=7.6
Hz, 3H); “C NMR (100 MHz, CDCl;) §: 171.5, 163.7,
141.6, 135.7, 127.7, 127.6, 126.5, 86.0, 74.3, 60.4, 26.6,
12.9, 7.9. HRMS (ESI-TOF) calcd for C;sH;104,Na [M+
Na]": 411.0069, found 411.0067. (S)-2j: [als +13.1 (c
1.0, CHCl;) (7.5% ee). The ee was determined by HPLC
[Chiralpak AD-H, 1 mL/min, V(hexane)/V(i-PrOH)=280/1,
A=254 nm, retention time: ts= 14.43 min, f,=15.05 min].

(R,Z)-3-(4- T F A HE)-3- 2 L 2-BAR I H B TN 1R 2
Big(1k): KE#EMPIRBUA, 35.5 mg, 7% 47%. '"H NMR
(400 MHz, CDCly) 6: 8.22 (d, J=2.0 Hz, 1H), 8.21 (d, J=
2.0 Hz, 1H), 7.55 (d, J=2.1 Hz, 1H), 7.54 (d, /=2.1 Hz,
1H), 7.44 (d, J=1.0 Hz, 1H), 5.63 (s, 1H), 4.22 (q, J=7.1
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Hz, 2H), 3.26 (s, 1H), 1.26 (t, J=7.1 Hz, 3H). (R)-1k:
[a]5 +6.2 (¢ 1.0, CHCly) (47.7% ee). The ee was deter-
mined by HPLC [Chiralcel OD-H, 1 mL/min, V(hexane)/
V(i-PrOH)=100/5, A=254 nm, retention time: fz=36.96
min, ts=33.48 min].

(S,2)-3~(4-Firf Hk 2K 52 )-3- P I 4, ok - 2- LA T R K
MR ZHEQ2K): KGR, 442 mg, 773 51%. 'H
NMR (400 MHz, CDCl;) ¢: 8.23 (d, /=2.0 Hz, 1H), 8.21
(d, J=2.0 Hz, 1H), 7.55 (d, J/=2.0 Hz, 1H), 7.53 (d, J=
2.0 Hz, 1H), 7.39 (d, J=1.3 Hz, 1H), 6.70 (d, /=1.3 Hz,
1H), 4.22 (q, J=7.1 Hz, 2H), 2.43 (q, J=7.1 Hz, 2H), 1.25
(t, J=7.1 Hz, 3H), 1.16 (t, J=7.1 Hz, 3H); *C NMR (100
MHz, CDCl3) 6: 171.3, 163.1, 146.9, 143.0, 140.0, 127.3,
122.8, 87.8, 73.3, 60.7, 26.5, 12.9, 7.9. HRMS (ESI-TOF)
caled for C;sH;(IOsNNa [M+Na]': 4559920, found
455.9919. (S)-2k: [a]5 —17.5 (¢ 1.0, CHCl;) (23.9% ee).
The ee was determined by HPLC [Chiralpak AD-H, 1
mL/min, V(hexane)/V(i-PrOH)=60/1, A=254 nm, reten-
tion time: t¢=30.44 min, ,=46.63 min].

(R,Z)-3-(2-253E)-3-F2 H-2-MAX T FH 24 I R BB (11):
BB COHCIRTBAR, 40.5 mg, 77% 53%. 'H NMR (400
MHz, CDCly) ¢: 8.01 (d, J/=8.1 Hz, 1H), 7.88 (dd, J=17.6,
1.6 Hz, 1H), 7.84 (d, J=28.1 Hz, 1H), 7.61 (d, J="7.1 Hz,
1H), 7.55 (dd, J=7.1, 1.6 Hz, 1H), 7.51 (dd, J=9.1, 1.8
Hz, 1H), 7.46 (d, J=7.6 Hz, 1H), 7.06 (d, /=1.6 Hz, 1H),
6.33 (d, J=5.0 Hz, 1H), 4.23 (q, J=7.1 Hz, 2H), 2.83 (d,
J=5.0 Hz, 1H), 1.20 (t, J=7.1 Hz, 3H). (R)-1L: [a]d
—8.6 (¢ 1.0, CHCL;) (13.3% ee). The ee was determined
by HPLC Chiralpak AD-H, 1 mL/min, V(hexane)/V(i-
PrOH)=80/20, A=254 nm, retention time: f=38.05 min,
ts=9.42 min].

(8,2)-3-(2- %5 Fk)-3- P I S ik -2- LA . R L TR R &4
Ba2D): W OIIRIE, 39.4 mg, 773 45%. 'H NMR
(400 MHz, CDCl;) : 8.06 (d, J=8.3 Hz, 1H), 7.90~7.82
(m, 2H), 7.55 (d, J=8.2 Hz, 1H), 7.53~7.51 (m, 1H),
7.50~7.47 (m, 1H), 7.46~7.42 (m, 2H), 6.92 (d, J=1.5
Hz, 1H), 4.30~4.16 (m, 2H), 2.40 (q, J/=7.5, 2H), 1.19 (t,
J=7.1 Hz, 3H), 1.14 (t, J=7.5 Hz, 3H); *C NMR (100
MHz, CDCl;) o: 171.6, 164.1, 141.4, 132.8, 131.3, 129.6,
128.5,127.8, 125.7, 124.9, 124.8, 124.2, 122.5, 87.2, 71.4,
60.5, 26.6, 12.9, 8.0. HRMS (ESI-TOF) calcd for
CioH;sIO4Na [M + Na] ": 461.0026, found 461.0225.
(S)-21: [a]p +1.0 (¢ 1,0 CHCls) (15.3% ee). The ee was
determined by HPLC [Chiralpak AD-H, 1 mL/min,
V(hexane)/V(i-PrOH)=60/1, 1=254 nm, retention time:
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ts=13.49 min, tz=12.05 min].

(R,Z)-3- ¥4 5 -4- . F1 J -2- AR 0 P66 T R & T
(Im): EFHOEIRBE, 29.6 mg, 7% 50%. 'H NMR
(400 MHz, CDCly) ¢: 7.19 (d, J=1.1 Hz, 1H), 5.08 (s,
1H), 4.99 (s, 1H), 4.88 (d, J/=6.1 Hz, 1H), 4.29 (q, J=17.1
Hz, 2H), 2.60 (d, /=6.1 Hz, 1H), 1.71 (s, 3H), 1.34 (t, J=
7.1 Hz, 3H). (R)-1m: [a]h —9.6 (¢ 1.0, CHCL3) (63.1%
ee). The ee was determined by HPLC [Chiralcel OJ-H, 1
mL/min, V(hexane)/V(i-PrOH)=100/5, A=254 nm, reten-
tion time: fz=11.65 min, = 12.04 min].

(S,2)-4- 0. 1 k- 3- A L S0 - 2- A QLI FPY 8 TR R 2L B
(2m): TEMHCRTEAE, 34.5 mg, 725 49%. 'H NMR (400
MHz, CDCl3) d: 7.17 (d, J=0.6 Hz, 1H), 6.02 (s, 1H),
5.09 (s, 1H), 5.04 (s, 1H), 4.28 (q, J=7.1 Hz, 2H), 2.39 (q,
J=17.6 Hz, 2H), 1.71 (s, 3H), 1.33 (t, J=7.1 Hz, 3H), 1.16
(t, J=7.6 Hz, 3H); *C NMR (100 MHz, CDCl3) 6: 171.6,
164.0, 140.3, 139.1, 114.1, 85.5, 75.3, 60.5, 26.6, 17.4,
13.1, 8.0. HRMS (ESI-TOF) calcd for C;,H;104,Na [M—+
Na]*: 375.0069, found 375.0068. (S)-2m: [a]h +14.9 (c
1.0, CHCI3) (64.3% ee). The ee was determined by HPLC
[Chiralpak AD-H, 1 mL/min, V(hexane)/V(i-PrOH)=40/1,
A=254 nm, retention time: ts=6.21 min, /,=25.75 min].

(R,Z)-3-F2 3£ -2-THAR W F 2 -5- 28 2 TR R 4. T8 (1m):
FAOMPIRIEAE, 32.4 mg, 7% 45%. '"H NMR (400 MHz,
CDCl;) ¢: 7.30 (d, J/=8.0 Hz, 2H), 7.22~7.16 (m, 3H),
7.12 (s, 1H), 4.40 (q, J=6.6 Hz, 1H), 4.31 (q, J=7.1 Hz,
2H), 2.84~2.64 (m, 2H), 2.44 (d, J=6.6 Hz, 1H), 2.01~
1.91 (m, 2H), 1.36 (t, J=7.1 Hz, 3H); *C NMR (100
MHz, CDCl;) d: 166.3, 146.4, 141.1, 128.5, 128.5, 126.0,
84.9,74.4, 61.6, 37.5, 31.7, 14.2. HRMS (ESI-TOF) calcd
for C4H;I0;Na [M+Na]': 383.0120, found 383.0121.
(R)-1n: [a]d —4.8 (¢ 1.0, CHCI;) (99.6% ee). The ee was
determined by HPLC [Chiralcel OD-H, 1 mL/min,
V(hexane)/V(i-PrOH)=80/20, A=254 nm, retention time:
tx=15.34 min, t¢="7.86 min].

(S,2)-2- AR L. PP 3 -5- 24 2k -3- A Tt 2 TR R 2 T
(2n): R EOHPIRAE, 43.3 mg, P7F 52%. 'H NMR
(400 MHz, CDCly) o: 7.31~7.25 (m, 2H), 7.19 (d, J=17.1
Hz, 1H), 7.17~7.12 (m, 2H), 7.08 (s, 1H), 5.65~5.50 (m,
1H), 4.29 (q, J/=7.1 Hz, 2H), 2.74~2.58 (m, 2H), 2.33 (q,
J=17.6 Hz, 2H), 2.16~1.96 (m, 2H), 1.32 (t, J/=7.1 Hz,
3H), 1.15 (t, J=7.6 Hz, 3H); *C NMR (100 MHz, CDCl5)
0. 172.1, 164.2, 142.3, 139.7, 127.5, 127.3, 125.1, 84.5,
73.1, 60.5, 34.4, 30.5, 26.5, 13.1. HRMS (ESI-TOF) calcd
for Cy;H,,I0,Na [M+Na]': 439.0382, found 339.0381.
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(S)-2n: [a]y —20.2 (¢ 1.0, CHCl;) (79.3% ee). The ee
was determined by HPLC [Chiralpak AD-H, 1 mL/min,
V(hexane)/V(i-PrOH)=80/1, 1=254 nm, retention time:
ts=11.79 min, t,=10.50 min].

(R,Z)-5-T Jk — F B Tk SR A - 3- P k- 2- AR HHY 2
KR LT (10): ToHPRBAA, 39.8 mg, 3 48%. 'H
NMR (400 MHz, CDCl3) o: 7.22 (s, 1H), 4.70 (dt, J=17.9,
3.6 Hz, 1H), 4.29 (q, J=7.1 Hz, 2H), 4.16 (d, J=4.3 Hz,
1H), 3.91~3.77 (m, 2H), 1.95 (ddt, J=13.6, 6.6, 3.6 Hz,
1H), 1.75 (ddt, J=11.1, 7.2, 3.6 Hz, 1H), 1.35 (t, J=7.1
Hz, 3H), 0.90 (s, 9H), 0.08 (s, 6H); *C NMR (100 MHz,
CDCly) d: 166.2, 146.0, 84.4, 74.2, 61.9, 61.3, 37.0, 25.8,
18.1, 142, —5.5, —5.6. HRMS (ESI-TOF) calcd for
C14H,,10,S8iNa [M+Na] ": 437.0621, found 437.0623.
(S)-20: [aly +52.2 (¢ 1.0, CHCL) (94.0% ee). The ee
was determined by HPLC [Chiralpak IA-H, 1 mL/min,
V(hexane)/V(i-PrOH)=200/1, A=254 nm, retention time:
tz=14.02 min, tc=16.05 min].

(8,2)-5-F0T e — P ek S ik - 2- A I Y 2 -3- AT I
SEIE N OTE(20): ToEIMPIREE, 47.0 mg, 73 50%.
'H NMR (400 MHz, CDCl3) 8: 7.07 (s, 1H), 5.69 (t, J=5.2
Hz, 1H), 4.29 (q, J/=7.1 Hz, 2H), 3.63 (t, J=5.7 Hz, 2H),
2.33 (q, J=7.6 Hz, 2H), 2.05~1.83 (m, 2H), 1.34 (t, J=
7.1 Hz, 3H), 1.13 (t, J=7.6 Hz, 3H), 0.88 (s, 9H), 0.02 (s,
6H); °C NMR (100 MHz, CDCl;) 8: 172.6, 163.9, 142.8,
84.4, 70.2, 60.9,57.3, 34.0, 27.3, 25.1, 17.2,13.1, 8.1,
—5.5, —5.6. HRMS (ESI-TOF) calcd for C;;H3;105SiNa
[M~+Na]": 493.0083, found 493.0082. (S)-20: [a]} —
54.3 (¢ 1.0, CHCL,) (90.6% ee). The ee was determined by
HPLC [Chiralpak AD-H, 1 mL/min, V(hexane)/V(i-PrOH)
=300/1, A=254 nm, retention time: {¢=9.71 min, =
9.03 min].

(R,Z)-3-F2 5= -2- AR L. FH 2 -5-(2- W 193 )- TR IR £ T
(Ip): LAHIRBAE, 35.2 mg, 723 48%. 'H NMR (400
MHz, CDCl) o: 7.14 (s, 1H), 7.13 (dd, J=5.1, 1.1 Hz,
1H), 6.92 (dd, J=5.1, 3.5 Hz, 1H), 6.80 (d, /=2.9 Hz,
1H), 4.44 (dt, J=6.3 Hz, 1H), 4.32 (q, J=7.1 Hz, 2H),
2.96 (q, J=7.1 Hz, 2H), 2.57 (d, J=6.3 Hz, 1H), 2.04 —
1.96 (m, 2H), 1.36 (t, J=7.1 Hz, 3H); *C NMR (100
MHz, CDCl;) 6: 165.2, 145.1, 142.8, 125.8, 123.5, 122.3,
84.1, 73.0, 60.6, 36.7, 24.8, 13.1. HRMS (ESI-TOF) calcd
for Cj,H;sI0;SNa [M+Na]': 388.9684, found 388.9685.
(R)-1p: [a]d +0.3 (c 1.0, CHCL3) (89.5% ee). The ee was
determined by HPLC [Chiralpak AD-H, 1 mL/min,
V(hexane)/V(i-PrOH)=150/1, =254 nm, retention time:
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1x=55.77 min, ts=46.10 min].

(8,2)-2- AR 7. B 2 -3- P I A 2 - 5-(2- M Wy ) - TR PR 2.
fig(2p): TLEOMURBE, 42.2 mg, FF 50%. 'H NMR
(400 MHz, CDCls) 6: 7.26 (s, 1H), 7.12 (dd, J=5.1, 1.2
Hz, 1H), 7.11 (d, J=1.0 Hz, 1H), 6.91 (dd, J=5.1, 3.4 Hz,
1H), 6.78 (dd, J=3.4, 1.1 Hz, 1H), 5.59 (dd, J=6.6, 5.1
Hz, 1H), 4.30 (q, J=7.1 Hz, 2H), 2.88 (t, J=7.6 Hz, 2H),
2.35 (q, J=17.8 Hz, 2H), 2.16~2.08 (m, 2H), 1.34 (t, J=
7.1 Hz, 3H), 1.15 (t, J=7.8 Hz, 3H); >C NMR (100 MHz,
CDCly) 6: 172.0, 164.1, 1422, 142.0, 125.8, 123.5, 122.4,
84.8, 72.7, 60.5, 34.6, 26.6, 24.6, 13.1, 8.0. HRMS
(ESI-TOF) calcd for C;sHsI04SNa [M—|—Na]+: 4449946,
found 444.9948. (S)-2p: [ald —29.5 (¢ 1.0, CHCL)
(86.4% ee). The ee was determined by HPLC [Chiralcel
AD-H, 1 mL/min, V(hexane)/V(i-PrOH)=60/1, 1=254
nm, retention time: £g=10.26 min, £,=9.08 min].

(R,Z)-3-¥3 5= -2-WAR 7 H k-5 2R L T 12 HH i (1q):
T HPIRAA, 36 mg, 723 52%. 'H NMR (400 MHz,
CDCly) d: 7.32~7.30 (m, 1H), 7.27 (d, J=1.8 Hz, 1H),
721 (d, J=1.3 Hz, 1H), 7.19 (d, J=1.7 Hz, 1H), 7.21~
7.15 (m, 1H), 7.15 (d, J=1.0 Hz, 1H), 4.40 (dt, J=7.3, 6.4
Hz, 1H), 3.83 (s, 3H), 2.77 (d, J=7.3 Hz, 1H), 2.69 (dt,
J=13.8, 8.0 Hz, 2H), 1.95 (dt, J=8.0, 6.4 Hz, 2H); “C
NMR (100 MHz, CDCLy) d: 166.8, 146.4, 141.1, 128.5,
128.5, 126.1, 854, 744, 52.1, 37.5, 31.7. HRMS
(ESI-TOF) calcd for Cj3H;sI05Na [M+Na]': 368.9964,
found 368.9965. (R)-1q: [a]p —2.0 (¢ 1.0, CHCL)
(81.2% ee). The ee was determined by HPLC [Chiralcel
OD-H, 1 mL/min, V(hexane)/V(i-PrOH)=80/20, 1=254
nm, retention time: £,=9.22 min, £g=6.18 min].

(8,2)-2-THAR Y. HH o -5- 54 ik -3 A Mgk 6 6 T 2 M i
(2q): MR, 37.0 mg, 73 46%. 'H NMR (500
MHz, CDCls) d: 7.31~7.24 (m, 2H), 7.21~7.12 (m, 4H),
5.59~5.55 (m, 1H), 3.81 (s, 3H), 2.71~2.57 (m, 2H),
2.33 (q, J=17.6 Hz, 2H), 2.11~2.00 (m, 2H), 1.14 (t, J=
7.6 Hz, 3H); *C NMR (100 MHz, CDCl;) d: 173.0, 165.5,
143.2, 140.6, 128.4, 128.2, 126.1, 86.0, 74.0, 52.1, 35.3,
31.4, 27.5, 9.0. HRMS (ESI-TOF) calcd for C¢H;oIO,Na
[M+Na] ": 425.0026, found 425.0227. (S)-2q: [alb
—29.8 (c 1.0, CHCIl;) (90.8% ee). The ee was determined
by HPLC [Chiralcel AD-H, 1 mL/min, V(hexane)/V(i-
PrOH)=80/1, 2=254 nm, retention time: f¢=12.88 min,
tp=11.18 min].

(R,E)-3-F2FE-2-TAR F H 25 BR R 2L T8 (1r): JC (il
ARWAE, 20.0 mg, 77% 32%. 'H NMR (400 MHz, CDCl;)
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0: 7.87 (s, 1H), 4.58 (dt, J=11.3, 8.6 Hz, 1H), 4.25 (q, J=
7.1 Hz, 2H), 3.44 (d, J=11.3 Hz, 1H), 1.85~1.73 (m,
1H), 1.59~1.69 (m, 1H), 1.55~1.43 (m, 2H), 1.40~1.35
(m, 2H), 1.33 (t, J=7.1 Hz, 3H), 0.92 (t, J=7.1 Hz, 3H).
(R)-1r: [a]h —0.1 (¢ 1.0, CHCl;) (40.1% ee). The ee was
determined by HPLC [Chiralpak AD-H, 1 mL/min,
V(hexane)/V(i-PrOH)=40/1, A=254 nm, retention time: #z
=7.71 min, t¢c=8.42 min).
(S.E)-2-THAR Y FH J-3- UL SR BRIR LR (2r): ot
MUR AR, 493 mg, 77F 67%. 'H NMR (400 MHz,
CDCl) 0: 7.91 (s, 1H), 5.69 (dd, J/=8.6, 6.0 Hz, 1H), 4.22
(q, J=7.1 Hz, 2H), 2.36 (q, J=7.6 Hz, 2H), 2.09~1.78
(m, 2H), 1.47~1.36 (m, 2H), 1.34~1.37 (m, 2H), 1.30 (4,
J=7.1 Hz, 3H), 1.13 (t, J=7.6 Hz, 3H), 091 (t, J=7.1
Hz, 3H); C NMR (100 MHz, CDCl;) d: 172.8, 161.4,
140.4, 97.4, 74.3, 60.3, 31.0, 26.7, 26.4, 21.4, 13.1, 12.9,
8.0. HRMS (ESI-TOF) calcd for C,3H,10,Na [M+Na]":
391.0382, found 391.0381. (S)-2r: [a]} +0.1 (¢ 1.0,
CHCL3) (84.5% ee). The ee was determined by HPLC
[Chiralpak AD-H, 1 mL/min, V(hexane)/V(i-PrOH)=60/1,

A=254nm, retention time: £3=175.45 min, £z=4.85 min].

#H Bh #4 ¥} (Supporting Information) 7= 4% 1c ~ 1r
2¢~2r (ARG LR B P ATHPLC B 3% . I 2664 61 m) DA 4
i WASFI 33 (http://sioc-journal.cn/) | N %K.
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