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Abstract In the field of asymmetric catalytic synthesis, axially chiral aldehydes are often used as precursors of organic
catalysts or chiral ligands because of their unique structures. The development of synthetic methods with enantioselectivity and
structural diversity has always been the interest of chemists. However, only few catalytic methods have been developed for the
construction of structurally diverse axially chiral aldehydes. Herein, a N-heterocyclic carbene (NHC)-catalyzed oxidative
esterification reaction to synthesize axially chiral aldehydes through desymmetrization strategy was developed. This method
features mild conditions (room temperature), excellent yields and enantioselectivity, broad substrate scope and good function
group tolerance (26 examples, 54%~97% yields, up to 99% ee). All the axially chiral aldehyde products have been fully
characterized and the absolute configuration was established by comparing the results from known literature. This strategy
provides new possibilities for the synthesis of axially chiral aldehydes and their derivatives.
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ot BT R R, AR S R T VR K R
WIANTEST. AL ZIXFRA A A — P B T 1 SR
W T &R F AL AP0, 2014 4E Turner A1 Clayden [4]
AR FH 12 SR e 1 A A ) A i I R, R ) 3
P T Bl T 1 SIS A S T A A AS X FR B i (Scheme 1,
b). BRMIE, 17 VEAE R I 1 ) g 4 U T
TERAE. ARFRIREE Gy — P T AP IR I
P 1) 2R W B I 49 B PO B, 2017 4 DLSK s 40 4]
A< Ackermann SR F I B E N T LB T
— RAVEMEA ISR Re b OB, ol T PR 1) = A

T BRI B R i T T S 5 77 ¥ (Scheme 1, ¢).
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(a) Axially chiral aldehydes and their derivatives in natural products and enantioselective catalysis

(—)-Gossypol

Ar

=

S9h
Ar

Chiral alkene ligands (Du)

Chiral aldehyde catalysts (Guo and Zhao)

(b) Turner & Clayden's work: enzymatic desymmetrization of biaryldialdehydes
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(c) Shi's method: Pd-catalyzed asymmetric C—H functionalization of biarylaldehydes
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(d) This work: NHC-catalyzed desymmetrization of biaryldialdehydes
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High synthetic efficiency
and enantioselectivity

Broad substrate scope and
good functional diversity

1a ' Preliminary results
NHC Condition 1: 28% yield, 80% ee
Condition 2: 21% yield, 80% ee
O photocatalytic
Me' OH single-electron oxidation
(visible light)

OHC O \NHC

Int-l

MeOH — GH(} — <Pc> —
2a

/N\
" O o ? N§/N—<§ >—Me
e | g®

OHC OMe o Me
BF,4
3aa NHC-1
]MeOH

Rhodamine 6G

Condition 1: Rhodamine 6G (5 mol%), NHC-1 (15 mol%), K,CO3 (2.5 equiv.), BrCCl3 (3.0 equiv.), MeOH/toluene
(V:V=1:1,1mL), r.t., 24 h, 2 x 3 W white light. Condition 2: the same with condition 1, no light.
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Scheme 1
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AT BT LY 5 5 10 0 S A S AR T4 R 2 56 AR
A SRS R e B 7 ik T T AR A I A R B S T T
b a . BATUABESS 3 88 1a 5 HEE N ERL, X —
BEREHEAT T 2R, A= MRk DU G50 2 2 (NHC-1)
NFMEREMEAFIRE, PP 6G ek, £
FEHRS NN 8 h, FJ LA 28% IR AN 80% ee £33 H bx
FEY) 3aa. HZ, Sl SR ORI, %R BIEE A
AT AT DUBRIZEAT, WS DA R i et e A |
Agzgemi. Rk, BATBET B &AL, IR R
T =AM REMA R N, [FRE AT DL DL 306 45 4 1)
LR 55000 S PR e 3B A Rl T M4 S U,

1 &R511R

TEZ AR AR R SRS, % T A
J7 g A 2 B[, 1- 60K ]-2,6- — F i (1a) A1 FH I
QaffENBRA Y, Git— RFMZ&ML, BLNHC-
1 (0.01 mmol, 10 mol%) A {# L5, KoCOs A (0.25
mmol, 2.5 equiv.), 3,3',5,5- VU T 3 — 2K (DQ, 0.1

mmol, 1.0 equiv.) WA, HZR(1 mL)y AR, fEES
{9 =R RS 8 h, LA 97%IU R A >99% ee 155
AR 3aa(H 40 1) BUARE 226 SCIR[15], X ELiet
JEE TR A2 ). SCAR R T A BEL AT 2 AR AR A 751 ) £
13k R 5 % ik % (Entries 2~5). {#fl MnO, (Entry
6)5% O, (Entry 7)fF AT, AT DL i 2215 2
FEW, ARKE BRIk B E G BT R AR, 12 S R AE DY R R
(Entry 8)F1ZJiE(Entry 9)5 &V At RE A EAT, (H
BRI IR BRAR, S5, R BB 2
QRZMA R AER K. 4 PL= 2 % (DABCO) (Entry
11)8% Na,HPOs (Entry 13)fEBHRS, /A KA, T
Cs:CO; (Entry 12)n] PAZS H—FF B0 Bk £, (Rl
FEfI.

TEWE T BRI R B E, F58 7 HEDS 3k R
JEVIEHI(R 2). B9, HR T EIEIUEE, KA H
BE . CEE LR A RS R 1) S5 TR R R R 250 AL A P Wi
(75%~97%) FELAR 1% Bl 36 14 (95% ~99% ee) 13 3 T
HFRr=4) 3aa~3ca. IRV A AR5 2RI 07 B

R RPFEMRA <0

Table 1 Optimization of the reaction conditions

Me I Standard conditions Me I O
OHC cho o MeoH OHC '
g e
1a 2a

3aa
Me N F F
_N_ (0] =N _N _N,
e O O T
o Me o N of F Pr o
BF4 BF4 BF,4 BF4
NHC-1 NHC-2 (R = H)/NHC-3 (R = OMe) NHC-4 NHC-5
Entry Deviation from standard conditions Yield”/% of 3aa ee“/% of 3aa
1 None 97 >99
2 NHC-2 instead of NHC-1 27 65
3 NHC-3 instead of NHC-1 56 76
4 NHC-4 instead of NHC-1 5 2
5 NHC-5 instead of NHC-1 33 36
6 MnO: instead of DQ 59 80
7 Oz instead of DQ 64 90
8 THEF instead of toluene 86 80
9 CH3CN instead of toluene 79 99
11 DABCO instead of K2CO3 NR ND
12 Cs2CO0:s3 instead of K2CO3 85 >99
13 Na>HPOys instead of K2CO3 NR ND
14 Na>COs instead of KoCO3 7 29

4 Standard conditions: 1a (0.1 mmol), 2a (1 mmol, 10 equiv.), K,COs (0.25 mmol, 2.5 equiv.), NHC-1 (10 mol%), DQ (1.0 equiv.) in toluene (1.0 mL) at room tem-
perature (r.t.). > 'H NMR yield with 1,3,5-trimethoxybenzene as the internal standard. ¢ ee values were determined by chiral HPLC analysis. NR =no reaction. ND,

not detected.
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Table 2 Scope of synthesis of axially pre-chiral dialdehydes

A A
R NHC-1 (10 mol%) R o =N
= o K,COj3 (2.5 equiv.) Z 5 N Me
. R
OHC CHO DQ (1.0 equiv.) OHC ' ®
1

, Me
Toluene (1 mL), rt., 6~ 48 h OR o
4
2 3 NHC-1
Me Me
R O 3aa (R = Me): 97%yield, >99% ee Q l O Ph O
3ba (R = Et): 75% yield, 99% ee OHC CO,Me Me
oHe COMe 3ca (R = i-Pr): 87% yield, 95% ee ™ one coMe O COzMe
3da (R = Ph): 77% yield, 92% ee O
3ea 3fa 3ga

3aa ~ 3da

80% vyield, 93% ee 71% vyield, >99% ee

N I Cl I
CO,Me OHC CO,Me OHC i CO,Me
3ja

3ka
58% vyield, 83% ee

71% vyield, 83% ee

MeO,C E
OHC i CO,Me
3la

80% yield, 91% ee

s E
OHC !

3ia
87% vyield, 86% ee

99% vield, 84% ee 83% yield, 90% ee

CL b
y @
& Me IO Me IO
MeO,C O CHO MeO,C ! CH,OH OHC O o~ Me OHC O o~ OMe
3ma 3na’ 3ab 3ac

85% yield, 80% ee 75% vyield, 91% ee

(@]
|
YL
R

3af (R = H): 98% yield, 96% ee

3ag (R = Me): 73% yield, 96% ee
3ah (R = Br): 73% yield, 97% ee

Me I (0]

67% yield, 99% ee

I IO Cl
0

3ai
82% yield, 96% ee

54% yield, 92% ee
7 K 7
OHC
0 O 0

3ae
62% vyield, 94% ee

Me
OHC

Me
OHC

Me

OHC
X

3ad
60% vyield, >99% ee

Me E oI Me E Io ‘
OHC i O/\©/Me OHC o O
3aj

74% yield, 99% ee

3ak
81% vyield, 93% ee

el
OHC S
Saav

3am
72% vyield, 99% ee

|
OHC o ‘ N
_N
3al
80% yield, >99% ee

9 Reaction conditions: 1a (0.1 mmol), 2a (1 mmol,10 equiv.), K;CO; (0.25 mmol, 2.5 equiv.), NHC-1 (10 mol%), DQ (1.0 equiv.) in toluene (1.0 mL) at room tem-
perature. * 'TH NMR yield with 1,3,5-trimethoxybenzene as the internal standard. ee values were determined by chiral-phase HPLC analysis. ¢ 7=—10 ‘C. ¢ Isolated

after reduction with NaBH,,

W, FIRERT LA 5 P 77% IR AT 92% ee DL 80%
I 93% ee 1 BVAITF-HEREP“4) 3da 1 3ea. H7ER
5 2.4 £ BRI 31 NFUERT, ATBLLL 71%00 15 % >
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A I B A FH 25 A A 95 i BN, S F X e 3 1
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BNk, KRN REI A AT R (ERR S S
BAAL B N JR ST R 3 (3ia) A 245 JE (Bja) i), [ R4y
B LA 87% IS FH 86% ee LAk 83% M AT 90% ee 15
FIUARL 724, 5 0d 5 (3ka) M s JE (31a) 25 W R, 1 3 [4]
(7T R FE 3 FH 1% S R, 3 il DL i e o 3
(83% ee 1 91% ee). 1 EF BT IS (58%F11 80%)idt
A7 T8I W N R I, W FE R PR R ) e R B R —
B %5 SR — AN R AR A ARG N R
WX AR EUAR B 75 ik AT TR AT, RILZ M
ZR [FIRE AT DL AR AT (R 5 6 Wik et 45t EH bR =4
(3ma: =% 85%, 80% ee; 3na: F=E 54% , 92% ee).

B S5 5 B S I R B AT T 5 5% AT R K B
2b VL RCK A B RE BRI e 2 EE, a0 2-H AR O RE
Qe)FIERPIEE2d), FTRLLL 60%~T75%IUCR AT 91%~
99% ee 13 FHH S I 3ab~3ad. 18 I HLIEEUR ) 4-
IRhk-1-0%, B0 5] NHH(3ag). IRE T (3ah)Z5 H 1,
SR PABL 73%~98% I LI 96%~97% ee 155
HARE A, 1575 TR AL A )AL 43 51 51N SR 7 51 H
LI, SO BL 82% IR AT 96% ee LA K TA%UHR AT 99%
ee 3 FHIT-PERE ) 3ai M 3aj. 2408 A7 PHEK Y 1-
ZEHIEERT, DL 81%77 3 A1 93%[¥] ee 15374 3ak. X
2% 15 77 B 36 A AR AT B 1 SO AN 2 5 T I N )
WA M B, AN, 4-RHEnE FEEE (3al) Al 2- ey
P (3am) 25 4 5 IR BEAR T I N 25 1R R B T 30T () i 52
P, PLRIF B (80%, 72%) AN 5t () Xef I ask 6 1 (>
99% ee, 99% ee)fF 774 3al F13am. BRKIE, 1%
Sof TR = W AN HEA.

T IRIFCZ T SE A, DAY 2 [ (1a) 1
i AT AT T SR SE IR AR TEARMESRE T,
B RIBORZE 5 mmol e & 3L YL 2 AT B e 6 4 5
AT, Fe 2L 98% IS F AN >99% (1] ee 155 1.10 g
HEEA H bR =4 3aa (Scheme 2).

2 g

R Epd, A FER S A A BRSO N, T
TR T 2 T 0 R S R AR S i TR SR A &

Me I

NHC-1 (10 mol%)
K,COj (2.5 equiv.)

+ MeOH -
DQ (1.0 equiv)

OHC ‘ CHO

1a (5 mmol) 2a (50 mmol)

B 2

Toluene (1 mL), rt, 8h

. TEEARAE TR, BT DO 2 FhAS [ 5 AR B 0 2
TR LA R ST EE A SR 100 B R 1 A
DAH N R BT R G, TR, AN R G54 1) — R
Bt 2 5P, 530 R R S X mag B, %07
HABAER R PR, P2 E XBE R
U JRYVERET UL E Re A S AR, R
B G ) AR AL T — OB (19 732

3 XIEs

3.1 X5

'HNMR. *C NMR X Bruker 400 MHz %4 # 5%
WEIEARAGI 2, A3 AR (CDCL) R, TMS A
FRAD. 0 G F e SR A WO (i s e R A . 1
MEEH Agilent YAH RS OGIATIE, KB HH 21
2y ok DU B R R R R A IR A F], REMA
K H BRI A RAF.

S EAA F HARIEA R A BT Al 2 . R A B
FII R JC-Meyer W74k Z G015 AN i S AR 2 1.
FEZHTE A B2 200~300 HEER(F S TERA
A]). R EETLO)M M HEE BN GF254. K
Y1 1a~1n 275 SCHR[15]5 FL.

32 ZIWHE
3.2.1 HAR/~4 3aa~30a 4= 3ab~3am #9557 k.

WYk 10 mL ) Schlenk & AIIAJEY 1a (0.1
mmol, 1 equiv.). JTEHLEK KoCO;3 (0.25 mmol, 2.5 equiv.)+
AL FETE NHC-1 (0.01 mmol, 10 mol%). &1L 7
3,3",5,5"-PURUT % —ZKE(DQ, 0.1 mmol, 1.0 equiv.)~ I&57
F2K(1 mL) LR JEY) HEE(1 mmol, 10 equiv.). fEEIE T
SV 8 h, JEI R OGS I S N AR fRRN SRS,
BBy, R ECK/F IR0 D v=2 " DIE R
X R BAR R AT ENTR B H bR YY) 3aa. (LED)
3ba~3ma F1 3ab~3am R [E /715 4%. 30a #[8
[ERER T VEA R, 14 FH 0.2 mmol [ 30, FiARR 724 5
FHRH K 2 £,

O Me,

N

O/\f X

Me |O NyNAOMe
®

OHC OMe 5 M€

BF4

3aa: 1.10 ¢ NHC-1
98% yield, >99% ee

TR

Scheme 2 A gram-scale reaction
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(R)-6-F1 Tt 56 -2'- FF [ 1,1- Bk 2K ]-2- R R 1 6 (3aa):
SN A] 8 h, EEEHRIBAR, 24.6 mg, TR 97%, 99%
ee. [a]} +85.2 (¢ 1.00, CHCL;); 'H NMR (CDCls, 400
MHz) ¢: 9.61 (s, 1H), 8.17 (d, J/=7.8 Hz, 2H), 7.59 (t, J=
7.8 Hz, 1H), 7.37~7.20 (m, 3H), 7.09 (d, J/=7.4 Hz, 1H),
3.61 (s, 3H), 2.04 (s, 3H); *C NMR (CDCl;, 100 MHz) 6:
1917, 166.9, 145.5, 136.3, 135.5, 135.2, 134.6, 131.93,
130.3, 129.6, 129.2, 128.3, 127.9, 1254, 52.2, 20.2;
HRMS (ESI) calcd for CisH;4NaO; [M+Na]" 277.0835,
found 277.0816. The enantiomeric excess was determined
to be >99% by HPLC [IG column, 254 nm, n-hexane/
iso-propanol (V' V=97 I 3), 1.0 mL/min]: 9.8 min (mi-
nor), 10.5 min (major).

(R)-6- F L FE-2'- 7. L -[1,1- B K ]-2- FR % 1Y 16 (3ba):
SIS IE] 14 h, SEHPRIBIE, 20 mg, 2 75%, >
99% ee. [a] +65 (c 0.76, CHCl3); '"H NMR (CDCls, 400
MHz) §: 9.56 (s, 1H), 8.09 (d, /=7.8 Hz, 2H), 7.51 (t, J=
8.1 Hz, 1H), 7.35~7.24 (m, 2H), 7.20~7.14 (m, 1H), 7.01
(d, J=17.6 Hz, 1H), 3.52 (s, 3H), 2.27 (dt, J=14.3, 7.3 Hz,
2H), 0.96 (t, J=7.6 Hz, 3H); 3C NMR (CDCl;, 100 MHz)
0: 191.7, 166.9, 145.4, 142.0, 135.1, 134.8, 132.1, 130.2,
129.4, 128.6, 128.5, 127.9, 127.8, 125.3, 52.1, 26.3, 14.3;
HRMS (ESI) calcd for CisH14NaO; [M+Na]" 291.0992,
found 291.0996. The enantiomeric excess was determined
to be >99% by HPLC [IG column, 254 nm, n-hexane/
iso-propanol (V' © V=97 I 3), 1.0 mL/min]: 10.3 min (mi-
nor), 12.1 min (major).

(R)-6- F It 5 -2'- S P 2 -[1,1- B 2R 1-2- ¥R 2 Y I
(3ca): [ZIFIE] 14 h, 3 ORI, 24.6 mg, /=%
87%, 95% ee. [a]} +95.3 (c 1.00, CHCly); 'H NMR
(CDCl3, 400 MHz) J: 9.65 (s, 1H), 8.17 (dd, J=17.8, 1.8
Hz, 2H), 7.59 (t, J=17.8 Hz, 1H), 7.41~39 (m, 2H),
7.23~7.20 (m, 1H), 7.07 (d, J=7.5 Hz, 1H), 3.59 (s, 3H),
2.62~2.47 (m, 1H), 1.13 (d, J/=6.8 Hz, 3H), 1.04 (d, /=
6.9 Hz, 3H); 3C NMR (CDCl3, 100 MHz) J: 191.7, 166.8,
146.8, 145.4, 135.1, 135.0, 134.1, 132.2, 130.2, 129.2,
128.8, 127.8, 125.3, 125.1, 52.1, 30.5, 23.8, 23.5; HRMS
(ESI) caled for CigHisNaOs [M+Na]® 305.1148, found
305.1155. The enantiomeric excess was determined to be
95% by HPLC [IG column, 254 nm, n-hexane/iso-propanol
(V' V=97 3), 1.0 mL/min]: 11.7 min (minor), 16.2 min
(major).

(R)-6- F Tk 3 -2'- 2 L [ 1-1' B 2K - 2- R R Y I (3dla):
SN TA] 14 b, 3 e RIBAA, 24.2 mg, 773 77%, 92%
ee. [a]? —59.9 (¢ 1.00, CHCL); '"H NMR (CDCl;, 400
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MHz) ¢: 9.69 (s, 1H), 8.02 (d, /=7.6 Hz, 1H), 7.96 (d, J=
7.7 Hz, 1H), 7.59~7.41 (m, 4H), 7.28 (d, J/=7.1 Hz, 1H),
7.15~7.14 (s, 3H), 7.11~7.09 (m, 2H), 3.65 (s, 3H); 13C
NMR (CDCl;, 100 MHz) ¢: 191.2, 167.3, 145.2, 141.6,
140.2, 134.7, 134.4, 134.2, 132.8, 130.2, 129.7, 129.3,
128.8, 128.0, 127.6, 127.1, 127.0, 52.1; HRMS (ESI) calcd
for CyHisNaO; [M~+Na]® 339.0992, found 339.0995.
The enantiomeric excess was determined to be 92% by
HPLC [IG column, 254 nm, n-hexane/iso-propanol (V :
V=97 . 3), 1.0 mL/min]: 20.0 min (minor), 24.2 min
(major).

(R)-6- F ik 3 -2'-(2- 28 36 )-[1,1'- BE FK ]-2- FR TR Y g
(3ea): SLRSIA] 14 h, BEHCRBA, 29.2 mg, =&
80%, 93% ee. [a]5 —114.4 (c 1.00, CHCly); 'H NMR
(CDCls, 400 MHz) ¢0: 9.73 (s, 1H), 7.98 (d, J=6.9 Hz,
1H), 7.89 (d, J=7.7 Hz, 1H), 7.74~7.69 (m, 1H), 7.69~
7.63 (m, 1H), 7.61 (s, 1H), 7.59~7.54 (m, 3H), 7.48~
7.44 (m, 1H), 7.44~7.37 (m, 3H), 7.30 (d, J=7.5 Hz,
1H), 7.18 (dd, J=38.5, 1.4 Hz, 1H), 3.65 (s, 2H); '3*C NMR
(CDCl3, 100 MHz) d: 190.8, 167.2, 145.2, 141.6, 137.9,
134.8, 134.6, 134.3, 133.1, 132.7, 132.1, 130.3, 130.2,
130.1, 128.80, 128.5, 128.0 127.7, 127.6, 127.6, 127.2,
127.2, 126.1, 126.0, 52.1; HRMS (ESI) caled for
CysHisNaO; [M+Na]"™ 389.1148, found 389.1139. The
enantiomeric excess was determined to be 93% by HPLC
[AD column, 254 nm, n-hexane/iso-propanol (V . V=
97 : 3), 1.0 mL/min]: 13.1 min (minor), 17.4 min (major).

(R)-6- 1 BB 35 21,4 — W R [ 1, 1'- Bk 28 ]-2- R I Y Mg
(3fa): JBiHT[A] 12 h, B EIHRIEIE, 19 mg, P25 71%,
>99% ee. [a]} +13.7 (¢ 1.00, CHCls); "H NMR (CDCl;,
400 MHz) ¢: 9.62 (s, 1H), 8.15 (dd, J=7.7, 3.6 Hz, 2H),
7.57 (t, J=7.7 Hz, 1H), 7.10 (s, 1H), 7.05 (d, J="7.7 Hz,
1H), 6.97 (d, J=7.7 Hz, 1H), 3.64 (s, 3H), 2.38 (s, 3H),
2.00 (s, 3H); '*C NMR (CDCls, 100 MHz) §:191.9, 166.9,
145.7, 138.0, 136.0, 135.0, 134.9, 132.4, 132.1, 1304,
130.2, 129.1, 127.7, 126.2, 52.2, 21.2, 20.1; HRMS (ESI)
caled for C;7H;NaOs [M + Na] = 291.0992, found
291.0989. The enantiomeric excess was determined to be
>99% by HPLC [AS column, 254 nm, n-hexane/iso-pro-
panol (V' : V=98 : 2), 0.45 mL/min]: 25.6 min (minor),
26.6 min (major).

(R)-6- I 2 -5'- Y k-2 ZR B -[1-1'BR 3 )-2- PR TR
ME(3ga): SIFTE] 15 h, BEMPRIA, 23.5 mg, %
71%, 83% ee. [a]} —66.7 (¢ 1.00, CHCl;); 'H NMR
(CDCls, 400 MHz) o: 9.69 (s, 1H), 7.96 (dd, J=11.5, 8.2
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Hz, 2H), 7.43 (t, J=7.7 Hz, 1H), 7.34 (q, J=7.8 Hz, 2H),
7.16~7.10 (m, 3H), 7.09~7.03 (m, 3H), 3.63 (s, 3H),
2.42 (s, 3H); *C NMR (CDCls, 100 MHz) 6:191.4, 167.4,
145.4, 140.2, 138.8, 136.8, 134.6, 134.4, 134.1, 132.8,
130.8, 130.1, 129.6, 129.5, 129.4, 128.0, 127.5, 126.8,
52.2, 21.0; HRMS (ESI) calcd for Cy,H gNaOs; [M+Na]"
339.0992, found 339.0995. The enantiomeric excess was
determined to be 93% by HPLC [IG column, 254 nm,
n-hexane/iso-propanol (V' : V=97 . 3), 1.0 mL/min]: 15.4
min (minor), 17.0 min (major).

(R)-3-HA Mt Fk -2-(1- 25 35 ) K H iR FH 6 (Bha): S M )
(] 22 h, BEEHPIRIA, 28.4 mg, 98% yield, 84% ee.
[a]; —69.3 (c 1.00, CHCl;); '"H NMR (CDCls, 400 MHz)
0:9.46 (s, 1H), 8.25 (dd, /=7.8, 2.8 Hz, 2H), 7.93 (dd, /=
8.1, 4.6 Hz, 2H), 7.68 (t, J=7.5 Hz, 1H), 7.58~7.47 (m,
2H), 7.40 (t, J=17.6 Hz, 1H), 7.33 (dd, /=114, 8.1 Hz,
2H), 3.38 (s, 3H); *C NMR (CDCl;, 100 MHz) 6: 191.3,
167.2, 144.1, 135.70, 135.2, 133.6, 133.0, 132.9, 132.8,
130.4, 128.6, 128.4, 128.3, 127.5, 126.8, 126.1, 125.4,
124.8, 52.1; HRMS (ESI) calcd for CjoH4NaO; [M+Na]"
313.0835, found 313.0829. The enantiomeric excess was
determined to be 84% by HPLC [IC column, 254 nm,
n-hexane/iso-propanol (V' : V=97 : 3), 1.0 mL/min]: 18.1
min (minor), 22.0 min (major).

(R)-6- F Ik ik -2'-( P ik )-[ 1,1'- BB 2K )-2- FR R Y i
(3ia): JCRUISTA] 11 h, 3 EMPRIEE, 25 mg, 87% yield,
86% ee. [a]; +15.6 (¢ 1.00, CHCL); 'H NMR (CDCl;,
400 MHz) ¢: 9.60 (s, 1H), 8.20 (t, J=8.2 Hz, 2H), 7.61 (t,
J=17.7 Hz, 1H), 7.43 (t, J=7.7 Hz, 1H), 7.30 (d, J=7.8
Hz, 1H), 7.27~7.21 (m, 1H), 7.11 (d, J=7.5 Hz, 1H),
3.61 (s, 3H), 2.32 (s, 3H); *C NMR (CDCl;, 100 MHz) ¢:
191.5, 166.5, 143.9, 137.9, 135.4, 134.8, 134.4, 131.8,
130.4, 129.7, 128.9, 128.4, 124.6, 124.5, 52.2, 15.5;
HRMS (ESI) caled for C16H4NaO3S [M+Na]" 309.0556,
found 309.0548. The enantiomeric excess was determined
to be 86% by HPLC [IG column, 254 nm, n-hexane/iso-
propanol(V : V=95 I '5), 1.0 mL/min]: 22.7 min (minor),
24.8 min (major).

(R)-6- T i -2'- 2 05 B -[1,1'- B 2 ]-2- R TR 1 i
(3ja): MUET[A] 8 h, BEEAHPIRIAE, 22 mg, 83% yield,
90% ee. [a]? —40.3 (¢ 1.00, CHCL); '"H NMR (CDCls,
400 MHz) ¢: 9.58 (s, 1H), 8.17 (d, J=7.8 Hz, 2H), 7.66 (d,
J=17.7 Hz, 1H), 7.60 (t, J/=7.8 Hz, 1H), 7.43 (t, J=7.6
Hz, 1H), 7.33 (t, J=7.5 Hz, 1H), 7.14 (d, J=6.9 Hz, 1H),
6.31 (dd, /=174, 11.0 Hz, 1H), 5.64 (d, J=17.4 Hz, 1H),
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5.13 (d, J=11.0 Hz, 1H), 3.59 (s, 3H); '3C NMR (CDCl;,
100 MHz) d: 191.5, 166.8, 144.5, 136.9, 135.0, 134.4,
132.2, 130.4, 129.8, 128.6, 128.2, 127.3, 124.9, 116.3,
52.2; HRMS (ESI) caled for C;7H;42NaOs; [M + Na] "
289.0835, found 289.0831. The enantiomeric excess was
determined to be 90% by HPLC [IG column, 254 nm,
n-hexane/iso-propanol (V' : V=97 : 3), 1.0 mL/min]: 15.4
min (minor), 18.6 min (major).

(R)-2-58-6- T HE-[ 1, 1'- 1 A8 ]-2- ¥R W2 H1 i (3ka): S
MEFIE] 8 h, B AR, 16 mg, 2% 58%, 83% ee.
[a]5 —18.3 (c 1.00, CHCL3); 'H NMR (CDCls, 400 MHz)
0: 9.66 (s, 1H), 8.25 (d, J/=7.8 Hz, 1H), 8.20 (d, J=7.8
Hz, 1H), 7.64 (t, J=7.8 Hz, 1H), 7.51 (d, J=7.9 Hz, 1H),
7.44~7.33 (m, 2H), 7.24 (t, J=7.3 Hz, 1H), 3.66 (s, 3H);
13C NMR (CDCl;, 100 MHz) &: 190.9, 166.3, 143.0, 135.5,
135.1, 134.7, 133.4, 131.5, 130.9, 130.8, 129.7, 129.2,
128.5, 126.5, 52.3; HRMS (ESI) calcd for C;sH;1CINaO;
[M+Na]" 297.0289, found 297.0261. The enantiomeric
excess was determined to be 83% by HPLC [IG column,
254 nm, n-hexane/iso-propanol (V' : V=97 . 3), 1.0
mL/min]: 19.3 min (minor), 22.7 min (major).

(R)-6- FH It = -[1,1-BX 8 ]-2,2'- — R BR — I fiK (3la):
SNEFTE] 10 h, 3EEIHIRBAE, 24 mg, =% 80%, 91%
ee. [a]? —31.4 (c 1.00, CHCl;); 'H NMR (CDCl;, 400
MHz) ¢: 9.60 (s, 1H), 8.26~8.11 (m, 3H), 7.59 (t, J=7.7
Hz, 2H), 7.53 (t, J=7.1 Hz, 1H), 7.19 (d, J=7.3 Hz, 1H),
3.65 (s, 3H), 3.61 (s, 3H); *C NMR (CDCl;, 100 MHz) §:
190.9, 166.4, 146.1, 138.1, 135.0, 134.7, 132.8, 131.7,
130.8, 130.6, 130.2, 130.0, 128.2, 127.7, 52.0, 51.98;
HRMS (ESI) caled for C17H;sNaOs [M+Na]" 321.0733,
found 321.0731. The enantiomeric excess was determined
to be 91% by HPLC [AD column, 254 nm, n-hexane/ iso-
propanol (V' : V=97 { 3), 1.0 mL/min]: 11.8 min (minor),
12.6 min (major).

(R)-2-( % I [b] k& Wy -4- 5 )-3- Bk 56 2K H g Y I
(3ma): HS[E] 5 h, BEEMECRBAE, 25.1 mg, 2%
85%, 80% ee. [a]} —69.1 (¢ 1.00, CHCL); 'H NMR
(CDCls, 400 MHz) o: 9.56 (s, 1H), 8.20 (dd, J=14.8, 7.8
Hz, 2H), 7.96 (d, J/=38.1 Hz, 1H), 7.65 (t, J=7.7 Hz, 1H),
7.44~7.40 (m, 2H), 7.30~7.19 (m, 2H), 6.85 (d, J=5.5
Hz, 1H), 3.44 (s, 3H); *C NMR (CDCl;, 100 MHz) §:
191.4, 167.1, 143.9, 139.2, 135.1, 135.0, 132.7, 131.1,
130.4, 128.3, 127.5, 125.7, 123.7, 122.6, 122.3, 52.1;
HRMS (ESI) calcd for C17H;2SNaO; [M+Na]" 319.0399,
found 319.0394. The enantiomeric excess was determined
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to be 80% by HPLC [IC column, 254 nm, n-hexane/iso-
propanol (V' : V=97  3), 1 mL/min]: 19.2 min (minor),
20.3 min (major).

(R)-1-(RI FH 2R 5L)-2-25 I i (30a): A ] 59
h, AR, 22 mg, =% 40%, 80% ee. [al; +
32.4 (¢ 1.00, CHCl3); '"H NMR (CDCls, 400 MHz) ¢: 7.99
(d, J=8.7 Hz, 1H), 7.90 (d, J=28.5 Hz, 2H), 7.58~7.51
(m, 1H), 7.40~7.26 (m, SH), 7.07 (s, 1H), 3.63 (s, 3H),
1.94 (s, 3H); *C NMR (CDCl;, 100 MHz) 6: 168.1, 141.6,
138.6, 136.6, 134.8, 132.3, 129.4, 129.1, 127.9, 127.6,
127.6, 127.5, 127.4, 126.7, 125.6, 125.3, 51.9, 19.8;
HRMS (ESI) caled for Ci9H;sNaO, [M+Na]" 299.1043,
found 299.1048. The enantiomeric excess was determined
to be 80% by HPLC [IC column, 254 nm, n-hexane/iso-
propanol (V' V=97 I 3), 1 mL/min]: 5.9 min (minor), 6.3
min (major).

(R)-6- I Jk -2'- P BE-[ 1, 1'- I 2K ]-2- FR % T4 T (3ab):
ST ] 36 h, BEEHPRIEAE, 17 mg, =% 61%, 91%
ee. [a]? +16.6 (c 0.6.00, CHCl;); '"H NMR (CDCl;, 400
MHz) ¢: 9.64 (s, 1H), 8.16 (dd, J=7.7, 1.7 Hz, 2H), 7.59
(t, J=17.8 Hz, 1H), 7.32 (d, J=7.4 Hz, 1H), 7.28~7.21
(m, 3H), 7.10 (d, J=7.5 Hz, 1H), 3.95 (t, J=6.6 Hz, 2H),
2.05 (s, 3H), 1.35 (dd, J=14.2, 7.1 Hz, 2H), 0.78 (t, J=
7.4 Hz, 3H); 3C NMR (CDCls, 100 MHz) J: 191.7, 166.9,
145.1, 136.3, 135.7, 135.2, 134.5, 132.5, 130.2, 129.6,
129.2, 128.3, 127.9, 1254, 66.9, 21.5, 20.2, 10.3; HRMS
(ESI) calcd for CisHisNaO; [M-+Na]" 305.1148, found
305.1151. The enantiomeric excess was determined to be
91% by HPLC [IG column, 254 nm, n-hexane/iso- pro-
panol (V. V=97 . 3), 0.7 mL/min]: 21.6 min (minor),
22.7 min (major).

(R)-2-FEF KL -6- I JE-2- L[ 1, 1- 1R ]-2-
FRIRTE3ac): MBI A 13 h, #EMARBA, 20 mg, 7=
F 67%, 99% ee. [a]p 15.3 (¢ 1.00, CHCl); '"H NMR
(CDCl3, 400 MHz) ¢: 9.61 (s, 1H), 8.22~8.13 (m, 2H),
7.59 (t, J=8 Hz, 1H), 7.34 (t, J=7.4 Hz, 1H), 7.29~7.22
(m, 2H), 7.12 (d, J=7.4 Hz 1H), 4.16~4.10 (m, 2H),
3.311~3.26 (m, 5H), 2.05 (s, 3H); *C NMR (CDCls, 100
MHz) ¢: 191.7, 166.7, 145.3, 136.5, 135.6, 135.4, 134.5,
132.0, 130.4, 129.6, 129.3, 128.3, 127.9, 125.4, 69.9, 64.0,
58.8, 20.2; HRMS (ESI) calcd for CigH;sNaO4 [M+Na]"
321.1097, found 321.1094. The enantiomeric excess was
determined to be 99% by HPLC [IG column, 254 nm,
n-hexane/iso-propanol (V': V=95 . 5), 1 mL/min]: 14.7

min (minor), 16.9 min (major)
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(R)-2-TH b B -6- FH T i -2 A BE -1, 1- B 2K )-2- FR TR
MiE(3ad): JSIIS[E] 21 h, BEMARMBIAE, 16.7 mg, /=%
60%, >99% ee. [a]? +62.0 (c 1.00, CHCl;); '"H NMR
(CDCls, 400 MHz) 9: 9.62 (s, 1H), 8.20 (t, J=8.5 Hz, 2H),
7.61 (t, J=17.8 Hz, 1H), 7.34 (t, J=7.9 Hz, 1H), 7.26 (m,
2H), 7.10 (d, J=7.4 Hz, 1H), 4.68~4.55 (m, 2H), 2.43 (4,
J=17.9 Hz 1H), 2.05 (s, 3H); 3*C NMR (CDCl;, 100 MHz)
0: 191.3, 165.7, 145.8, 136.3, 135.3, 135.2, 134.8, 131.1,
130.7, 129.7, 129.2, 128.5, 128.0, 125.5, 74.9, 52.1, 19.9;
HRMS (ESI) caled for C1sH;sNaO; [M+Na]" 301.0835,
found 3201.0823. The enantiomeric excess was determined
to be>99% by HPLC [IG column, 254 nm, n-hexane/
iso-propanol (V' I V=97 : 3), 1 mL/min]: 16.0 min (mi-
nor), 18.0 min (major).

(R)-4- [ b 3 -6- FH g -2 B[ 1, - B 2K )-2- FR R
fic(3ae): MIFIE] 14 h, #EEJHIRBUAE, 18.1 mg, =%
62%, 94% ee. [a]} —23.0 (¢ 1.00, CHCl;); 'H NMR
(CDCl3, 400 MHz) ¢: 9.59 (s, 1H), 8.23~8.11 (m, 2H),
7.60 (t, J=7.8 Hz, 1H), 7.35 (t, J=7.4 Hz, 1H), 7.29~
7.23 (m, 2H), 7.10 (d, J=7.4 Hz, 1H), 4.09 (t, J/=6.2 Hz,
2H), 2.05 (s, 3H), 2.00 (td, J=6 Hz, 2H), 1.93 (t, J=2.4
Hz, 1H), 1.58~1.49 (m, 2H); 3C NMR (CDCl;, 100
MHz) ¢: 191.6, 166.9, 145.0, 136.3, 135.8, 135.4, 134.7,
132.2,130.4, 129.7, 129.3, 128.5, 128.0, 125.6, 82.9, 69.0,
63.9, 27.1, 20.2, 15.1; HRMS (ESI) calcd for CH;sNaO;
[M+Na]" 329.1148, found 329.1145. The enantiomeric
excess was determined to be 94% by HPLC [IG column,
254 nm, n-hexane/iso-propanol (V' 1 V=97 [ 3), 1
mL/min]: 16.4min (minor), 17.5 min (major).

(R)-6-FH I 3 -2'- F 6 [ 1, 1'- B 2K 1-2- FR R 5 1K (3af):
SIS E] 14 h, 38 COiRIBAE, 32.3 mg, 7% 98%, 97%
ee. [a]? +11.6 (c 1.00, CHCl;); 'H NMR (CDCl;, 400
MHz) ¢: 9.58 (s, 1H), 8.16 (t, J=8.0 Hz, 2H), 7.57 (t, J=
7.8 Hz, 1H), 7.34~7.24 (m, 4H), 7.19 (t, J=7.6 Hz, 2H),
7.11~7.07 (m, 3H), 5.02 (q, J=12.1 Hz, 2H), 1.97 (s,
3H); 1*C NMR (CDCl;, 100 MHz) J: 191.8, 166.7, 145.3,
136.3, 1354, 135.3, 135.1, 134.7, 130.3, 129.7, 129.3,
128.5, 128.4, 128.4, 128.3, 127.9, 125.5, 67.0, 20.9;
HRMS (ESI) caled for CyH sNaO; [M+Na]™ 353.1148,
found 353.1140. The enantiomeric excess was determined
to be 97% by HPLC [IG column, 254 nm, n-hexane/iso-
propanol (V. V=97 : 3), 1.0 mL/min]: 17.9 min (minor),
19.8 min (major).

(R)-4- 1 JE % -6~ F I 2 -2 PP R - [1,10- B K )-2- R
FREE(3ag): [T (E] 48 h, & OHPIRIA, 25.2 mg, 7=
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K 73%, 96% ee. [a]? +11.3 (¢ 1.00, CHCL); '"H NMR
(CDCl3, 400 MHz) J: 9.58 (s, 1H), 8.15 (dd, J=7.2, 4.0
Hz, 2H), 7.56 (t, J=17.8 Hz, 1H), 7.29 (t, /=8 Hz, 1H),
7.20 (t, J=6.5 Hz, 2H), 7.12~7.06 (m, 3H), 7.00 (d, J=
7.8 Hz, 2H), 4.98 (q, J=12.0 Hz, 2H), 2.35 (s, 3H), 1.97
(s, 3H); 3C NMR (CDCl;, 100 MHz) J: 191.7, 166.6,
145.3, 138.1, 136.3, 1354, 135.3, 134.6, 132.2, 132.1,
130.3, 129.7, 129.3, 129.0, 128.6, 128.3, 127.9, 125.4,
67.1,21.2,20.2; HRMS (ESI) caled for Co3Hz0NaOs [M+
Na]" 367.1305, found 367.1297. The enantiomeric excess
was determined to be 96% by HPLC [IG column, 254 nm,
n-hexane/iso-propanol (V1 V=97 . 3), 1 mL/min]: 154
min (minor), 17.6 min (major).

(R)-4- R Jk-6- FH IR 56 -2 F L -[1,1- B 2R - 2- R R
FE(3ah): M) 34 h, SEMARIIE, 30.0 mg, %
73%, 96% ee. [al]; +83 (c 1.00, CHCL); 'H NMR
(CDCl3, 400 MHz) ¢: 9.56 (s, 1H), 8.16 (d, J=7.8 Hz,
2H), 7.59 (t, J=7.8 Hz, 1H), 7.41 (d, J/=8.3 Hz, 2H), 7.29
(t, J/=8.0 Hz, 1H), 7.19 (t, J=6.9 Hz, 2H), 7.06 (d, J=8.4
Hz, 1H), 6.94 (d, J=28.3 Hz, 2H), 5.02~4.88 (m, 1H),
1.96 (s, 3H); *C NMR (CDCl;, 100 MHz) 6: 191.5, 166.6,
145.1, 136.3, 135.4, 1353, 134.6, 134.0, 131.9, 131.5,
130.5, 130.2, 129.7, 129.2, 128.4, 127.9, 125.5, 122.3,
66.3, 20.1; HRMS (ESI) calcd for C,,H;BrNaO; [M—+
Na]" 431.0253, found 431.0275. The enantiomeric excess
was determined to be 96% by HPLC [IG column, 254 nm,
n-hexane/iso-propanol (V. V=97 : 3), 1 mL/min]: 15.7
min (minor), 16.6 min (major).

(R)-2-507F B -6- F I 220 B[ 1, - B 2K - 2- FR TR
fig(3ai): SVIEFE] 22 h, FEEMHPRIEA, 29.9 mg, =%
82%, 96% ee. [a]} +10.7 (¢ 1.00, CHCL); 'H NMR
(CDCls, 400 MHz) o: 9.58 (s, 1H), 8.22 (d, J=7.7 Hz,
1H), 8.17 (d, J/=9.1 Hz, 1H), 7.59 (t, J/=8.0 Hz, 1H), 7.35
(d, J=7.9 Hz, 1H), 7.28~7.12 (m, 6H), 7.08 (t, /=54
Hz, 2H), 5.16 (q, J=12.8 Hz, 2H), 2.00 (s, 3H); 3C NMR
(CDCl3, 100 MHz) d: 191.6, 166.3, 145.4, 136.3, 135.4,
135.3, 134.7, 133.9, 1329, 131.8, 130.5, 130.3, 129.6,
129.5, 129.2, 128.3, 127.9, 126.7, 1254, 64.4, 20.2;
HRMS (ESI) caled for Cx»H;;CINaO; [M + Na] *
387.0758, found 387.0751. The enantiomeric excess was
determined to be 96% by HPLC [IG column, 254 nm,
n-hexane/iso-propanol (V1 V=97 . 3), 1 mL/min]: 354
min (minor), 39.6 min (major).

(R)-3-F B0 B -6- FH B -2 R -[1, - R R ]-2- 7R
MR lE(3aj): SNVIFIA] 13 h, BEHPIRBIE, 25.3 mg,
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K 74%, 99% ee. [a]? +15.4 (c 1.00, CHCL); '"H NMR
(CDCls, 400 MHz) o: 9.58 (s, 1H), 8.16 (t, J=7.5 Hz, 2H),
7.57 (t, J=17.8 Hz, 1H), 7.28 (t, J=7.4 Hz, 1H), 7.19 (4,
J=17.3 Hz, 3H), 7.09 (dd, J=15.3, 7.5 Hz, 2H), 6.92 (d,
J=6.3 Hz, 2H), 5.06~4.92 (m, 2H), 2.34 (s, 3H), 1.97 (s,
3H); '3C NMR (CDCl;, 100 MHz) 6: 191.7, 166.6, 145.2,
138.0, 136.3, 135.4, 135.3, 135.0, 134.6, 132.2, 130.3,
129.6, 129.2, 129.0, 128.3, 127.8, 125.6, 125.4, 67.2, 21.3,
20.2; HRMS (ESI) caled for Cy3Hi7NaOs; [M + Na] *
367.1305, found 367.1300. The enantiomeric excess was
determined to be 99% by HPLC [IG column, 254 nm,
n-hexane/iso-propanol (V': V=97 . 3), 1 mL/min]: 13.0
min (minor), 14.0 min (major).

(R)-1-%% H Bk -6- FA R L 20 FR [ 1, 1- Bk 2R )-2- IR TR
ME(3ak): SCSISTE] 11 h, 3 ERRBA, 30.7 mg, f=%
81%, 99% ee. [a]} +13.0 (¢ 1.00, CHCl3); 'H NMR
(CDCl3, 400 MHz) o: 9.52 (s, 1H), 8.13 (dd, /=11.9, 7.8
Hz, 2H), 7.87~7.81 (m, 3H), 7.56~7.47 (m, 3H), 7.38 (t,
J=17.6 Hz, 1H), 7.30 (d, J/=6.9 Hz, 1H), 7.10~6.97 (m,
3H), 6.93 (d, J/=7.3 Hz, 1H), 5.49 (dd, J=33.6, 12.3 Hz,
2H), 1.86 (s, 3H); *C NMR (CDCl;, 100 MHz) J: 191.7,
166.6, 145.4, 136.1, 135.4, 135.3, 134.6, 133.6, 132.0,
131.6, 130.7, 130.3, 129.4, 129.0, 128.6, 128.1, 127.9,
127.9, 126.5, 1259, 125.2, 125.1, 123.5, 65.2, 20.2;
HRMS (ESI) caled for CasHaoNaO3; [M+Na]™ 403.1305,
found 403.1300. The enantiomeric excess was determined
to be 99% by HPLC [OD column, 254 nm, n-hexane/
iso-propanol (V' V=97  3), 1 mL/min]: 19.9 min (mi-
nor), 22.4 min (major).

(R)-4- T 1ig F 6k -6- F I ik -2'- R [ 1,1- R R ]-2- 3R
FRTE(3al): SR IE] 11 h, BEOMHCRBIE, 26.9 mg,
K 80%, >99% ee. [a]) +11.4 (c 1.00, CHCly), 'H
NMR (CDCl;, 400 MHz) ¢: 9.55 (s, 1H), 8.51 (d, J=5.1
Hz, 2H), 8.18 (t, J=7.4 Hz, 2H), 7.60 (t, J=7.8 Hz, 1H),
7.27 (t, J=8.0 Hz, 1H), 7.19 (t, J=6.2 Hz, 2H), 7.07 (d,
J=17.3 Hz, 1H), 6.93 (d, J=5.4 Hz, 2H), 5.02 (m, 2H),
1.98 (s, 3H); *C NMR (CDCl;, 100 MHz) 6: 191.4, 166.4,
149.8, 145.2, 143.9, 136.3, 135.4, 135.4, 134.7, 131.5,
130.7, 129.8, 129.3, 128.5, 128.1, 125.6, 122.2, 65.2, 20.2;
HRMS (ESI) caled for C;H;7NNaO; [M + Na] *
354.1101, found 354.1087. The enantiomeric excess was
determined to be >99% by HPLC [AD column, 254 nm,
n-hexane/iso-propanol (V2 V=95 15), 1 mL/min: 38.9
min (minor), 42.3 min (major).

(R)-2-WE Wy HH 5 -6- Yt 2 -2 [ 1,1- B R )-2- 2
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F2MG(3am): JSESIA] 12 h, 3 EIHDRIEME, 24.2 mg, 7=
R 72%, >99% ee. [a]} +18.7 (¢ 1.00, CHCL); 'H
NMR (CDCl;, 400 MHz) J: 9.59 (s, 1H), 8.15 (d, J=7.8
Hz, 2H), 7.57 (t, J=7.7 Hz, 1H), 7.30~7.27 (m, 2H),
7.23~7.16 (m, 2H), 7.06 (d, J=7.2 Hz, 1H), 6.95~6.92
(m, 2H), 5.18 (q, J=12.7 Hz, 2H), 1.98 (s, 3H); 3*C NMR
(CDCl;, 100 MHz) o: 191.6, 166.2, 145.5, 136.9, 136.3,
135.2, 134.6, 131.8, 130.4, 129.6, 129.2, 128.6, 128.3,
127.9, 126.9, 126.7, 125.4, 61.0, 20.2; HRMS (ESI) calcd
for CyHsNaO; [M+Na]" 359.0712, found 359.0703.
The enantiomeric excess was determined to be >99% by
HPLC [IG column, 254 nm, n-hexane/iso-propanol (V :
V=95 :5), I mL/min]: 12.3 min (minor), 13.5 min (ma-
jor).
322 BARZ4 3na 69 & Rk

YK 10 mL ) Schlenk & FFINAJEY) 1n (0.2
mmol, 1 equiv.). JEHLHK K>,COs (0.5 mmol, 2.5 equiv.)-
£ AL HTA NHC-1 (0.02 mmol, 10 mol%). %81k 7
3,3",5,5'-PUHU T % — KRR (DQ, 0.2 mmol, 1.0 equiv.)~ &5
R mL)BA Y H EE(1 mmol, 10 equiv.). fEEE T
SSE 4 h, 38 R I S RO R A S N AR,
B L7, A SR OBV D V=1 DIE Rk
Ji IR S B AR R BEATAE E T, KA. 25, I NaBH,
(5.0 equiv.), ZZ1Z N2 mL FFEEAE IR, B4 h £
RIS R G, BrEER], R AHE CR OBV D V=
2 1 DIE BRI S NAR R BEATHEE M, 452 H br
YI(R)-3-(F% F 2% )-2-(ME Wk -5- 228 ) 2K Y R 7 1§ (3ma),
BFIE] 4 h, AEMHPRIEAE, 31.4 mg, 7% 54%, 92% ee.
[a] —28.8 (c 1.00, CHCl;); '"H NMR (CDCls, 400 MHz)
o0: 8.77~8.79 (m, 1H), 8.04 (d, /=8.4 Hz, 1H), 7.96 (d,
J=7.8 Hz, 1H), 7.89 (d, J=7.5 Hz, 1H), 7.73~7.62 (m,
2H), 7.58 (t, J=7.8 Hz, 1H), 7.32~7.27 (m, 1H), 7.23
(dd, J=8.5, 4.2 Hz, 1H), 4.28 (d, J=13.7 Hz, 1H), 4.17
(d, J/=13.7 Hz, 1H), 3.36 (s, 3H), 2.86 (s, 1H); '*C NMR
(CDCl3, 100 MHz) o: 167.4, 150.1, 147.7, 141.1, 137.3,
137.0, 133.9, 131.6, 130.9, 129.1, 128.8, 128.8, 128.4,
127.3, 126.5, 121.2, 62.1, 51.8; HRMS (ESI) calcd for
CisHisNNaO; [M+Na]" 316.0944, found 316.0939. The
enantiomeric excess was determined to be 92% by HPLC
[IG column, 254 nm, n-hexane/iso-propanol (¥ : V=280 :

20), 1 mL/min]: 15.6 min (minor), 18.7 min (major).

i Bh# Bl (Supporting Information) H#FrtE54) 3aa~
3na. 3ba~3ma [ 'H NMR & C NMR K
Chiral-HPLC )43 4TI, X LeARLA] DL G 2 AR T I s
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