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1e: R'=OCHs, R?=H



[0138]

[0139]

[0141]

[0142]

[0144]

[0145]

[0146]

[0148]

[0149]

[0150]

[0152]

[0153]

[0154]

[0155]
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97 1: P EA-ZRRZ4-2 a-HEloo]E (3a)9] AZ

L-Malic acidel shge] @ obdde 7hd 50 TolA 247k Bt mubste] 2-ol AL SA AT B2
. oF el vlee g FhE ¥ ALl 5A Bk wutsle] ML As 1 Uo7l the werel

5 Hodg rbstel B4 3% 3% At

iy

A 2: 33HE 4a-4ed] AF

A7) A 1A 9L 33HE 3a (1.0 eq)ol 33E 3ba-3be (4.0 eq)9 TFZ2ZH|ELS Flsla 0-5 Co=
S Edsta Ao wutaldth, ggor, dSEy A3 gGAS HHE F
=

o
N
ol
ol
H
=
(@]
—
oo
I
D
a)
2

A = zavges AHY F 2T F715S Fotar 23 LAgEE AHGH
o §71E3S B4 NgS0, 2 AZE A, oJbste] 7hetate] £vlE A A
2]

1203 (m-hexane:ethyl acetate = 2:1)&2 AAsle] EA33HE 4a-4e S

FHES A% A 27 ARvE

HE (5)-4-(2,5-HH FAF ) -2-3t | EFA|-4-F - B[ o] E (de)

3I3HE 3aZYE] 83%9] &R EF FES A

' NMR (400 MHz, CDCly) & 7.32 (d, J = 3.2 Hz, 1H), 7.04 (dd, J = 9.2, 3.2 Hz, 1H), 6.90 (d, J = 9.2

Hz, 1H), 3.86 (s, 3H), 3.77 (s, 3H), 3.76 (s, 3H), 3.57 (dd, J = 18.4, 4.0 Hz, 1H), 3.47 (dd, J =
18.4, 6.0 Hz, 1H), 3.15 (br s, 1H).

A 3: 3}3HE 5a-5eo] AZE

>
%)
N
mu)
X
N}
=
x
ne
rlo
ot
)
e
S
3
.
D
-
(e
@]
2
=2
o
U
fr
fr
=)
tlo
N _1m
jines
ofr
ol
=
T
(@)
c3
(o
fr
o
N
N
ol
ol
o
=
=
%
S
D

= Az oPﬂ OMOM Zretatel gulE AlA ST

o
o
@
=4
D
|
,p
C
fr
2
2
LI
jl
f
2
Lot
ot
i
ol
o
5
D
Ll
ne
32
oo

D-m
= E°] HPLC %
retention time(fx) &< =52 4 dlolHdl Z2t AT, ot 9]

acids =R sto] Axd e WS AR YERSIT

e (§)-4-(5-FF Q8 2-2-slo] =F A #|d)-2-38} o] EFA|-4-F - Ep o o] E (5a)

SEE 492 HE 84%9 FE2 23 33ES A9y,
' NMR (400 MHz, CDCly) & 11.66 (s, 1H), 7.39 (dd, Jue= 8.8, J = 3.0 Hz, 1), 7.25 (ddd, J = 9.1,

Jer=7.7. "7 =3.0Hz, M), 6.97 (dd, J = 9.1, Juw= 4.6 Hz, 1H),4.69 (dd, J = 6.0, 4.0 Hz, 1H),
3.85 (s, 3H), 3.55 (dd, J = 17.6, 4.0 Hz, 1H), 3.44 (dd, J = 17.6, 6.0 Hz, 1H), 1.60 (br s, 1H);

BCNR (125 MHz, CDCls) & 202.1 (Jep= 2.7 Hz), 173.9, 158.8 (Jop= 1.4 Hz). 154.9 (' Juy = 237.8 Hz),

2 3 3 2
124.7 (Jer = 23.5 Hz), 120.0 (Jep= 7.3 Hz), 118.7 (Jor= 6.2 Hz), 114.8 ( Joy = 23.2 Hz), 66.6, 52.9,
41.9;
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[0156]

[0157]

[0158]

[0160]

[0161]

[0162]

[0163]

[0164]

[0165]

[0166]

[0168]

[0169]

[0170]

[0171]

[0172]

[0173]

[0174]

[0176]

[0177]

[0178]

[0179]
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20

[(1] D= +138 (C 2.0, CHCI;),

ee > 99%, Chiralpak IA column, n-hexane/ethanol = 60:40, flow rate = 1.0 mL/min, f = 8.95(S), 11.11
min(R);

HRMS caled for CyHyuFO, [MHH] , 243.0663. Found 243.0658.

e (9)-4-(5-F = 2-2-3to| EFA| 7 )-2-3} o] EFA|-4-F - F- B o] E (5b)

' NMR (400 MHz, CDCl3) & 11.8 (s, 1H), 7.69 (d, J = 2.4 Hz, 1H), 7.43 (dd, J = 8.8, 2.4 Hz, 1H), 6.96

(d, J =8.8Hz, 1H), 4.67 (dd, J = 6.0, 4.0 Hz, 1H), 3.83 (s, 3H), 3.56 (dd, J = 17.6, 4.0 Hz, 1H),
3.46 (dd, J = 17.6, 6.0 Hz, 1H), 1.61 (br s, 1H);

13C NMR (125 MHz, CDCl;) & 202.1, 174.0, 161.0, 136.8, 129.1, 123.8, 120.3, 119.8, 66.5, 52.9, 41.9;

2l

[a]”)= +16.8 (¢ 1.0, CHCly);

ee > 99%, Chiralpak IA column, n-hexane/ethanol = 60:40, flow rate = 1.0 mL/min, ¢ = 7.88(S), 9.66
min(R);

HRMS caled for CyylyCl0s [MHH]T, 259.0369. Found 259.0386.

SHghE de2HE 77%0] EE 54 FeEs A0
HONWR (400 MHz, CDCly) & 11.82 (s, 1H), 7.83 (d, J = 2.4 Hz, 1H), 7.56 (dd, J = 8.8, 2.4 Hz, 1H),

6.91 (d, J = 8.8 Hz, 1H), 4.67 (dd, J = 6.0, 4.0 Hz, 1H), 3.83 (s, 3H), 3.55 (dd, J = 17.6, 4.0 Hz,
1H), 3.45 (dd, J = 17.6, 6.0 Hz, 1H), 1.57 (br s, 1H);

13C NMR (125 MHz, CDCl3) & 202.0, 173.9, 161.4, 139.5, 132.1, 120.4, 110.7, 66.5, 52.9, 41.9;

[a1”)= 415.4 (¢ 1.0, CHCly);

ee > 99%, Chiralpak IA column, n-hexane/ethanol = 60:40, flow rate = 1.0 mL/min, ¢ = 7.73(S), 9.13
min(R);

HRMS calcd for CuHmBrO;V[M+H]+,302.9863. Found 302.9874.

e (S)=d4=(4=-m|FA|-2-FFo] EFA 3 ) 2= EF A -4-5 AR B}l o] E (5d)

315HE 4dREH 5599 &R 27 3gES ddd.
H ONMR (400 MHz, CDCls) & 12.38 (s, 1H), 7.63 (d, J = 8.8 Hz, 1H), 6.45 (dd, J = 8.8, 2.4 Hz, 1H),

6.42 (d, J = 2.4 Hz, 1H), 4.66 (dd, J = 6.0, 4.0 Hz, 1H), 3.84 (s, 3H), 3.81 (s, 3H), 3.51 (dd, J =
17.6, 4.0 Hz, 1H ), 3.42 (dd, J = 17.6, 6.0 Hz, 1H);

13C NMR (125 MHz, CDCl;) & 200.9, 174.2, 166.5, 165.4, 131.6, 113.4, 108.0, 100.9, 67.0, 55.6, 52.8,

_16_



[0180]

[0181]

[0182]

[0184]

[0185]

[0186]

[0187]

[0188]

[0189]

[0190]

[0192]

[0193]

[0195]

[0196]

[0197]

[0198]

[0199]

[0200]

ZIHES| 10-2017-0037154
41.4;
[a]”) = 426.5 (¢ 0.3, CHCly);

ee > 99%, Chiralpak IA column, n-hexane/ethanol = 60:40, flow rate = 1.0 mL/min, ¢ = 9.59(S), 15.04
min(R);

HRMS caled for Coli0s [M+H]T, 255.0863. Found 255.0863.

HE (5)-4-(5-m|FA|-2-3to| EFA 7 d ) -2-3} ] EFA|-4-F - FEp e o] E (5e)

338 de2HE 5199 FEE E3Z FHIES AT},

' ONMR (400 MHz, CDCls) & 11.52 (s, 1H), 7.15 (d, J = 2.4 Hz, 1H ), 7.13 (d, J = 8.8 Hz, 1H), 6.94
(dd, J = 8.8, 2.4 Hz, TH), 4.64 (dd, J = 6.0, 4.0 Hz, 1H), 3.83 (s, 3H), 3.80 (s, 3H), 3.57 (dd, J =
17.6, 4.0 Hz, 1H), 3.47 (dd, J = 17.6, 6.0 Hz, 1H);

PC NMR (125 MHz, CDCly) & 202.6. 174.3, 157.2, 152.1, 125.1, 119.8, 118.9, 112.5, 66.9, 56.2. 53.1,

42.1;

20

[a] p=+8.8 (¢ 0.14, CHCls);

ee > 98%, Chiralpak IA column, n-hexane/ethanol = 60:40, flow rate = 1.0 mL/min, #x= 8.11(R), 11.40min
(9);

HRMS caled for Coti0s [M+H]T, 255.0863. Found 255.0854.

GA 4: 33HE la-leo] Ax

THF, EgeldZ23 (1.5 eq) 9 Hold olxt7t2AgolE (1.5 eq)S T8t 0-5 TE Wzsta 158 Fot
WS o, 7] @A 34 A2 seE Sa-bed IEFEES THR = o 7518
0-5 CollA 1AI17F &t wuksgltt. et slellA &miE AL sF5HS Ayt A 47 a=vEady] (o
hexane:ethyl acetate = 3:1)E AAsle] 22 3= la-leE A

e (D-6-ZFQ 2 4-L A2 0-2-J) 2 H Ao E (1a)

SHetE SaRF-E 60%° &R 54 Es A4
1 3 4 3 3 4
H NMR (400 MHz, CDCly) & 7.53 (dd, Jyr= 8.1, J=3.1Hz, 1), 7.25 (ddd, J = 9.1, Jyz= 7.7, J =

4

3.1, 1H), 7.10 (dd, 3J= 9.1, J=4.2 Hz, 1H), 5.09 (dd, J = 8.4, 5.6 Hz, 1H), 3.82 (s, 3H), 3.083.05
(m, 2H);

BC MR (125 MHz, CDCls) & 188.8 (‘Jep = 1.9 Hz), 168.9, 157.6 (' Juy = 241.7 Hz). 156.3 (' Jop =1.8 Hz),

4 3 3 2
124.0 ( Jor= 24.5 Hz), 121.4 (Jep= 6.5 Hz), 119.9 (Jep= 7.4 Hz), 112.1 ( Joy = 23.4 Hz), 75.3, 52.9,

39.2;
20

[al p=-38.26 (¢ 0.85, CHCI;);

ee > 99%, Chiralcel ODH column, n-hexane/ethanol = 98:2, flow rate = 0.8 mL/min, & = 24.98(R), 25.13
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[0201]

[0203]

[0204]

[0205]

[0206]

[0207]

[0208]

[0209]

[0211]

[0212]

[0213]

[0214]

[0215]

[0216]

[0217]

[0219]

[0220]

[0221]

[0222]

[0223]

[0224]

SIHE3E 10-2017-0037154
min(.S);

HRMS caled for CyHyFO, [MHI], 225.0558. Found 225.0571.

HE (R-6-FZZ-4-S 272 7-2-7} 2 EAF o] E (1b)

3}gHE ShEZE-E 80%9 &R EF IFES AU,
HONMR (400 MHz, CDCly) & 7.98 (d, J = 2.4 Hz, 1H), 7.59 (dd, J = 8.8, 2.4 Hz, 1H), 7.02 (d, J = 8.8
Hz, 1), 5.10 (dd, J = 8.4, 5.6 Hz, 1H), 3.82 (s, 3H), 3.083.05 (m, 2H);

13C NMR (125 MHz, CDCl;) & 188.6, 169.0, 158.7, 136.5, 128.0, 126.5, 121.8, 120.1, 75.1, 53.2, 39.4;

2l

[a])=-50.2 (¢ 1.5, CHCI)

ee > 99%, Chiralcel ODH column, n-hexane/ethanol = 98:2, flow rate = 0.8 mL/min, = 25.13(R), 26.56
min(.9);

HRMS calcd for C11H10C104+ [M+H]+, 241.0262. Found 241.0254.

HE (D-6-HE2H-4-24-F20-2-7t2EA ol E (1Ic)

3}eHE 5cEZEE 5599 FEE 54 IFES AU
HONMR (400 MHz, CDCly) & 7.98 (d, J = 2.4 Hz, 1H), 7.59 (dd, J = 8.8, 2.4 Hz, 1H), 7.02 (d, J = 8.8
Hz, 1), 5.10 (dd, J = 8.4, 5.6 Hz, 1H), 3.82 (s, 3H), 3.063.05 (m, 2H);

13C NMR (125 MHz, CDCl;) & 188.4, 169.0, 159.2, 139.3, 129.6, 122.3, 120.4, 115.2, 75.4, 53.2, 39.4;

20

[(1] D= _478(6 15, CHCI;),

ee > 99%, Chiralcel ODH column, n-hexane/ethanol = 98:2, flow rate = 0.8 mL/min, = 26.37(5), 27.73
min (R);

HRMS caled for CyHyBr0O, [M+H]', 284.9757. Found 284.9711.

WE (R-7-HEA-4- T 20-2-Ft2 A o] E (1d)

SHHE SdRFE 7490 FEE 54 sgEs ddd
HONWR (400 MHz, CDCly) & 7.84 (d, J = 8.8 Hz, 1), 6.61 (dd, J = 8.8, 2.4 Hz, 1H), 6.56 (d, J = 2.4

Hz, 1H), 5.08 (dd, J = 8.4, 5.6 Hz, 1H), 3.84 (s, 3H), 3.82 (s, 3H), 3.012.99 (dd, J = 5.6, 2.4 Hz,
21 ;

“C MR (125 Mz, CDCls) & 188.1, 169.2. 166.4, 162.1, 128.7. 114.7. 110.8. 101.0, 75.4, 55.7. 52.9.

39.1;
2

[al”)= +12.5 (¢ 2.16, CHCls):

ee > 99%, Chiralcel ODH column, n-hexane/2-propanol = 90:10, flow rate = 0.8 mL/min, f = 23.63(9),

_18_



[0225]

[0227]

[0228]

[0229]

[0230]

[0231]

[0232]

[0233]

[0235]

[0236]
[0237]

[0239]

[0240]

[0241]

[0242]

ZIHSd 10-2017-0037154
28.20 min(R);

HRMS caled for Col0s [MHI]T, 237.0758. Found 237.0756.

WE (R-6-HEA-4-S 2T 2T-2-Ft2HEAFo]E (le)

3158 SeREEH 56%9 FE&E 27 IgES dAdd.
H NMR (400 MHz, CDCls) & 7.30 (d, J = 2.4 Hz, 1), 7.12 (dd, J = 8.8, 2.4 Hz, 1H), 7.02 (d, J = 8.8

Hz, 1H), 5.05 (t, J = 7.0 Hz, 1H), 3.82 (s, 3H), 3.80 (s, 3H), 3.053.03 (d, J = 7.6 Hz, 2H);

13C NMR (125 MHz, CDCls) & 189.6, 169.2, 154.7, 154.6, 125.5, 120.7, 119.4, 107.4, 75.3, 55.8, 52.9,

39.5;
20

[a] p=-67.3 (¢ 0.09, CHCl3);

ee > 99%; Chiralcel ODH column, n-hexane/2-propanol = 90:10, flow rate = 0.8 mL/min, f = 15.83(9),
18.64 min(R);

HRMS caled for ColOs [MHI]T, 236.0758. Found 237.0745.

<AAd 2a, 2d, 2f> A2 §=A9 AZ (FFE 2a, 2d, 2f)

o)
R : JL R!
. OCH, — > D\/j OCH
2 s 3 2 . 3
R o} g/ R o g/
1a-1e 2a-2f

1a: R'=F, R2=H 2a: R'=F, R?=H

1b: R'=Cl, R?=H 2b: R'=ClI, R2=H

1c: R'=Br, R?=H 2c¢: R'=Br, R?=H

1d: R'=H, R?=0OCHj, 2d: R'=H, R?=0OCHj

1e: R'=0CHj3, R?=H 2e: R'=0CHjz, R?=H

2f. R'=H, R%=H

471 AAG 1A Qe SR la, 1 EE 1S WEEd %A F 5 ww d% F8, 5
< ol
5] =

A= = -
(I71sh & AAlssit. wkeods oz

palladium/charcoal (5% w/w)<= F3taL A4 5AF &<t F4a 7
3 & ojalS 7IQSlol A TESta Aegt A AW I 2vlE 283 (n-hexane:ethyl acetate = 4:1)% A A|3}o]

EX5HE 2a, 2d 9 2f5 A%

°

e (R)-6-FF2F2N-2-7ta B2 o]E (2a)

SHghe laZ e 85%0] 82 54 dehes A0

HONMR (400 MHz, CDCly) & 6.886.79 (m, 2H), 6.74 (dd, J = 8.8, = 2.9 Hz, 1H), 4.70 (dd, J = 7.6,
3.5 Hz, 1), 3.79 (s, 3H), 2.862.69 (m, 2H), 2.27 (m, 1), 2.17 (m, 1H);

13 1 4 3

C NMR (125 MHz, CDCl3) & 171.4, 157.3 (Jep= 237.4 Hz), 149.6 (Jey= 2.1 Hz), 122.5 (Jop= 7.6 Hz),

3 2 2 4
118.1 (Jer = 8.1 Hz), 115.5 (Jer = 22.6 Hz), 114.6 ( Jor = 23.1 Hz), 73.9, 52.7, 24.5, 23.7 ( Jsp= 1

Hz);
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[0243]

[0244]

[0245]

[0247]

[0248]

[0249]

[0250]

[0251]

[0252]

[0253]

[0255]

[0256]

[0257]

[0258]

[0259]

[0260]

[0261]

ZIHSd 10-2017-0037154

20

[(1] D~ -10.30 (C 05, CHCI;),

ee > 99%, Chiralpak ODH column, n-hexane/2-propanol = 90:10, flow rate = 0.8 mL/min, & = 7.65(9),
13.38 min(R);

HRMS caled for CyHyFOs [M]°, 210.0687. Found 210.0681.

e (RD-7-HEAIEY-2-7t2EAHo|E (2d)

315HE 1d=RH 88% F&= 27 3gES dAdd.
'H NMR (400 MHz, CDCly) & 6.93 (d, J = 8.8 Hz, 1H), 6.50 (d, J = 2.4, 1H), 6.47 (dd, J = 8.8, 2.4 Hz,

1H), 4.71 (dd, J = 7.6, 3.5 Hz, 1H), 3.79 (s, 3H), 3.75 (s, 3H), 2.772.65 (m, 2H), 2.252.11 (m, 2H);

13C NMR (125 MHz, CDCl3): & 171.3, 159.1, 154.0, 129.8, 113.2, 108.0, 101.5, 73.8, 55.2, 54.4, 24.8,

22.6;
2

[a1”) = +11.6 (¢ 1.8, CHCl);

ee > 99%, Chiralcel ODH column, n-hexane/2-propanol = 90:10, flow rate = 0.8 mL/min, ¢ = 13.98 (9,
56.99 min(R);

HRMS caled for Coly0, [MHIDT, 223.0965. Found 223.0963.

HE (Pp-AZR-2-7)2 B A g o] E (2f)

3158 1b=REH 80%Y &= 27 3gES I,
HONMR (400 MHz, CDCls) & 7.11 (t, J=7.6, 1) 7.01 (d, J = 7.3 Hz, 1H), 6.92 (d, J = 7.3 Hz, 1H),

6.86 (t, J=17.6Hz, 1H), 4.73 (dd, J = 7.6, 3.5 Hz, 1H), 3.78 (s, 3H), 2.832.74 (m, 2H), 2.302.12 (m,
21 ;

13C NMR (125 MHz, CDCl3) & 171.3, 153.3, 129.3, 127.5, 121.2, 120.8, 116.9, 73.7, 52.3, 24.6, 23.3;

20

[Cl] D= -6.9 (C 3.0, CHCI;),

ee > 99%, Chiralcel ODH column, n-hexane/2-propanol = 90:10, flow rate = 0.8 mL/min, t = 7.63(9),
10.67 min(R);

HRMS caled for CyHyOs [MHI] , 193.0859. Found 193.0858.
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[0263]

[0264]

[0265]

[0267]

[0268]

[0269]

[0270]

[0271]

[0272]

[0273]

[0275]

[0276]

[0277]

[0278]

[0279]

[0280]

ZIHSd 10-2017-0037154

<AAlo 2b, 2¢, 2¢> AZT FEA Ax (FYE 2b, 2¢, 2e)

o}
.. _OCH D\/j OCH
2 s 3 2 o 3
R o R o i
e} o}
1a-1e 2a-2f
1a: R'=F, R?=H 2a: R'=F, R?=H
1b: R'=CI, R?=H 2b: R'=Cl, R2=H
1¢: R'=Br, R?>=H 2¢: R'=Br, R?=H
1d: R'=H, R?=OCHj, 2d: R'=H, R?=0OCHj
1e: R'=0CHj;, R?=H 2e: R'=0CHjz, R?=H
2f: R'=H, R2=H
é‘r?}é% 1b,1c ®E¥E le (1.0 eq)oﬂ EFZ2EOMEAL (20.0 eq) T ETo|EATH4.0 eq)S& FH3IATH. 9H-3-
S 55 CellA 7Fgeta 59 2%0A4 641 71Es & Aoz Yzhsgly, 1A FeYEES A3 vks
of ATk, F715S EEstn F4 NgS0,= Ax3 & o

il ?%‘3}04 B § AR 1" 2o Yo" HES F
2]

HE (RP-6-F22ART-2-Fl2 B A o]E (2b)

StE 1b=RH 51%9] &2 54 IFEE

[o
ne

At

'H NIR (400 MHz, CDCly) & 7.05 (dd, J = 8.8, 2.4 Hz, 1H), 6.85 (d, J = 8.8 Hz, 1H), 6.78 (d, J = 2.4

Hz), 4.72 (dd, J = 7.6, 3.5 Hz, 1), 3.78 (s, 3H), 2.872.70 (m, 2H), 2.26 (m, 1H), 2.16 (m, 1H);

PCNR (125 MHz, CDCls) & 171.0, 152.0, 128.9. 127.5, 125.5. 122.7, 118.2. 73.7. 52.3. 24.1, 23.1;

20

[alp=-6.9 (¢ 3.0, CHCl3);

ee > 99%, Chiralcel ODH column, n-hexane/2-propanol = 90:10, flow rate = 0.8 mL/min, & = 7.68(95),
10.88 min(R);

HRMS caled for CyHuCl0s (M1, 226.0391. Found 226.0403.

HE (RP-6-H2FJ2v-2-7l2 8 Ago]E (2¢)

3E 1c2EHE 5499 &2 24 3FgEL

ne

At

I NMR (400 MHz, CDCl3) & 7.20 (dd, J = 8.8, 2.4 Hz, 1H), 7.16 (d, J = 2.4 Hz, 1H), 6.82 (d, J = 8.8

Hz, 1H), 4.73 (dd, J = 7.6, 3.5 Hz, 1H), 3.71 (s, 3H), 2.852.68 (m, 2H), 2.232.15 (m, 2H);

BCNR (125 MHz, CDCly) & 171.2, 152.7, 132.1. 130.7, 123.5. 118.9, 113.1, 73.9, 52.7. 24.3, 23.2;

20

[al p=-7.1(c 0.5, CHCls);

ee > 98%, Chiralcel ODH column, n-hexane/2-propanol = 90:10, flow rate = 0.8 mL/min, & = 7.87(9),
10.54 min(R);
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[0281]

[0283]

[0284]

[0285]

[0286]

[0287]

[0288]

[0289]

[0291]

[0292]

[0293]

[0295]

[0296]

[0297]

[0298]

[0299]

[0300]
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HRMS caled for CyHyBrOs [M]7, 269.9886. Found 269.9879.

HE (R-6-HEAART-2-FI2 B A ]E (2e)

sHetE le=5-E 3500 82 54 e A

I NMR (400 MHz, CDCl;) & 6.87 (d, J = 8.8 Hz, 1H), 6.69 (dd, J = 8.8, 2.4 Hz, 1H), 6.57 (d, J = 2.4

Hz, 1H), 4.68 (dd, J = 7.6, 3.5 Hz, 1H), 3.79 (s, 3H), 3.74 (s, 3H), 2.872.70 (m, 2H), 2.302.12 (m,
20);

“C NMR (125 MHz, CDCly) & 171.5, 153.6, 147.3, 121.7, 117.5, 113.9, 113.5, 73.8, 55.6, 52.3, 24.7,

23.6;
20

[(1] D = _5.6 ((,‘ 0.2, CHClg)y

ee > 99%, Chiralcel ODH column, n-hexane/2-propanol = 90:10, flow rate = 1.0 mL/min, ¢z = 9.14(S) and
73.01 min(R);

HRMS caled for Culu0s [M]',222.0887 . Found222.0892.

<AAd 2g-21> A2 2-7HEAN FEA S AZ (FFE 2g-21)

R1 R1
2\/©\/j OCH; > QO\/jv,, OH
R (@] H/ R O (l)(

2a-2f 2g-2I
2a:R'=F, R?=H 2g:R'=F, R?=H
2b: R'=Cl, R?=H 2h: R'=Cl, R%=H
2c: R'=Br, R?=H 2i: R'=Br, R*=H
2d: R'=H, R?%=0CH, 2j: R'=H, R?=0CH;
2e: R'=0OCH;, R?=H 2k: R'=0CHj, R?=H
2f: R'=H, R?=H 2I: R'=H, R?=H
SHHE 2a-2fol THF (2uL), W©-& (lnL)& FA3HATh. 0.25 M LiOH &9 (1.05 eq)S& HH3] FHsta 2
g F ghekstol A wFekdvh. S il gelv} oHolAE | EE Fstal fU1%

=]
RS Qs o
R F 4 sHedn. $Hee Ao Agsstel BHRYE 20218 A

(D-6-ZEFL 2 =R-2-7}2 85 A} (2g)

ShehE 2a25F 96%] FEE 54 sgEs I

'H-NMR (400 MHz, CDCl3) & 6.886.80 (m, 2H), 6.75 (dd, 8.7, 4JH,F= 2.6 Hz, 1), 4.74 (dd, 1H, J =

7.6, 3.5 Hz), 2.902.75 (m, 2H), 2.33 (m, 1H), 2.18 (m, 1H);

13 1 4 3

C NMR (125 MHz, CDCls) & 175.8, 157.2 ( Jer = 237.9 Hz), 148.9 (Jey = 2.1Hz), 122.3 ( Jer = 7.5Hz),
3 2 4

117.8 (Jop= 8.1 Hz), 114.8 (Jer= 22.7 Hz), 73.2, 24.1, 23.4 ( Jer= 1.1 Hz);

20

[al p =-12.6 (¢ 1.0, DMF);

ee > 99%, Chiralcel ODH column, nhexane/2-propanol/trifluoroacetic acid = 90:10:0.5, flow rate = 1.0
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[0301]

[0303]

[0304]

[0305]

[0306]

[0307]

[0308]

[0309]

[0311]

[0312]

[0313]

[0314]

[0315]

[0316]

[0317]

[0319]

[0320]

[0321]

[0322]

[0323]

[0324]

SIS 10-2017-0037154
mL/min, tx= 6.92(5), 9.62 min(R);

HRMS calcd for CmHgFOg+ [M]+, 196.0530. Found 196.0531.

(D-6-FRE2IEW-2-7)= B2 AL (2h)

3158 2bREE 97%9) FE&E 237 3gES dAdd.

' NMR (400 MHz, CDCls) & 7.10 (dd, J = 8.8, 2.4 Hz, 1H), 7.04 (d, J = 2.4 Hz, 1H), 6.86 (d, J = 8.8
Hz, 1), 4.76 (dd, J = 7.6, 3.5 Hz, 1H), 2.902.74 (m, 2H), 2.35 (m, 1), 2.18 (m, 1H);

“C MR (125 MHz, CDCl,) & 175.8, 151.5. 129.0, 127.9, 125.9, 122.6, 118.2, 73.2, 24.1, 23.1;

[a]”) = -15.5 (¢ 1.0, MeOH);

ee > 98%, Chiralcel ODH column, mhexane/2-propanol/trifluoroacetic acid = 90:10:0.5, flow rate = 1.0
mL/min, tx= 6.66(S), 8.14 min(R);

HRMS caled for CyleClOs [M]°, 212.0235. Found 212.0242.

(D-6-B 2R IR-2-7t=2 B2 AL (21)

BISHE 2cZHE 9299 FEE EF FES A ¥

' NMR (400 MHz, CDCls) & 7.23 (dd, J = 8.8, 2.4 Hz, 1H), 7.18 (d, J=2.4 Hz, 1H ), 6.78 (d, J = 8.8

Hz, M), 4.77 (dd, J = 7.6, 3.5 Hz, 1H), 2.882.74 (m, 2H), 2.33 (m, 1H), 2.18 (m, 1H);
13C NMR (125 MHz, CDCl3) & 174.9, 152.5, 132.1, 130.6, 125.9, 123.6, 118.6, 73.2, 24.0, 23.0;

20

[Cl] D= -7.8 (C 0.5, CHCI;),

ee > 99%, Chiralcel ODH column, n-hexane/2-propanol/trifluoroacetic acid = 90:10:0.5, flow rate = 1.0
mL/min, tx= 6.79(S), 8.07 min(R);

HRMS caled for CyleBrOs [M]°, 255.9730. Found 255.9738.

(R)-7-r]% A 2 2 h-2-7h= B 42 (2)

315HE 2d=HEH 89%) FE&E 237 FgES A,
'H-NMR (400 MHz, CDCls) & 6.95 (d, J = 8.8 Hz, 1H), 6.52 (d, J = 2.4 Hz, 1), 6.49 (d, J = 2.4 Hz,
M), 4.73 (dd, J = 7.6, 3.5 Hz, 1H), 3.76 (s, 3H), 2.812.74 (m, 2H), 2.33 (m, 1), 2.16 (m, 1H);

13C NMR (125 MHz, CDCl3) & 175.8, 159.2, 153.5, 129.9, 113.1, 108.3, 101.5, 73.3, 55.3, 24.6, 22.7;

20

[(1] D = +545 (C 125, CHCI;),

ee > 98%, Chiralcel ODH column, n-hexane/2-propanol/trifluoroacetic acid = 90:10:0.5, flow rate = 1.0
mL/min, tgp= 13.28(S), 31.90 min(A);
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[0325]

[0327]

[0328]

[0329]

[0330]

[0331]

[0332]

[0333]

[0335]

[0336]

[0337]

[0338]

[0339]

[0340]

[0341]

[0343]

[0344]
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HRMS m/z calcd for C11H1304+ [M+H]+, 209.0808. Found 209.0808.

(R-6-H|EA A2 R-2-FL2 B2 AL (2k)

S 20 25-E 80%] FEE 54 39E

tlo

ATt
'H-NMR (400 MHz, CDCly) & 6.87 (d, J = 8.8 Hz, 1H), 6.72 (dd, J = 8.8, 2.4 Hz, 1H), 6.59 (d, J = 2.4
Hz, 1H), 4.68 (dd, J = 7.6, 3.5 Hz, 1H), 3.75 (s, 3H), 2.752.91 (m, 2H), 2.35 (m, 1H), 2.16 (m, 1H);

PC R (125 MHz, CDCls) & 175.4, 153.9, 146.9. 121.7, 117.5. 113.9, 113.7. 73.2, 55.6. 24.6, 23.8;

[a1”) = -11.2 (¢ 1.35, CHCly);

ee > 99%, Chiralcel ODH column, nhexane/2-propanol/trifluoroacetic acid = 90:10:0.5, flow rate= 1.0
mL/min, tx= 10.41(S), 38.36 min(k);

HRMS caled for Cyyn0 [M]°, 208.0730. Found 208.0741.

(D)= ZRl-9-7h e BN (21)

Shghe 2f2E 86%e] &2 A dehEs AT
HONR (400 MHz, CDCly) & 10.55 (brs, 1), 7.12 (t, J = 7.6 Hz, 1H), 7.05 (d, J = 7.3 Hz, 1H), 6.93

(d, J=7.3Hz, 1H), 6.86 (t, J=7.6 Hz, 1H), 4.76 (dd, J = 7.6, 3.5 Hz, 1), 2.902.75 (m, 2H), 2.33
(m, 1H), 2.19 (m, 1H);

PC R (125 MHz, CDCls) & 176.3, 152.9, 129.5, 127.7. 121.1, 116.8, 73.2. 24.4, 23.3;

[a]”) = -6.3 (c 1.05, MeOH);

ee > 99%, Chiralcel ODH column, mhexane/2-propanol/trifluoroacetic acid = 90:10:0.5, flow rate = 1.0
mL/min, tx= 6.68(S), 8.19 min(R);

HRMS caled for CyHiOs [M+H]', 179.0703. Found 179.0731.

<Hdd 1> FAH e J1F HPLC 42

L-malic acidZ5-H Qo 33tE 42HE dojd EHFEELS 25 YATAES A= 33tEelH, Dmalic
acidZHE dojx e 425 dojd ZAIFEELS 2R YAFAHS 7IXE e, oF IgEEe
HPLC 4 retention time(tp) 53 A7l AAldelA FEE B4 dolg o Ztzt A 8IS Y. A 315HE9

712 HPLC 4 Z3E BolA slr] & 1o A3kt
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[0345]

[% 1]
s Abs. conf. hid Purity (%) Mobile phaze. flow rate
Ba (5= (+) 5.93 908.59
Lt =i=J 10.75
Bb (Sy=(+) 7.79 09.97 Chiralpak IA column
(R — (=) 9.50 yias Lo
L 1. X Abem 1D,
5c | ©- (D 7.71 99.98 2em. > GatepciD
(A — (=) 3.95 n—hexane/ethanol = 60:40.
bd (S — (+) 9.53 09.92 " . -
2 flow rate = 1.0 mL/min
(R —(=) 14.7 : H
5e (S) —=(+) 8.34 09.43
1.71
Chiralcel OD—H column
1a 24.92 99.99 i -
(25 em * 0.46em ID).
1b 26.50 95.99 n—hexane/ethanol = 88:2,
26.60 . o feoe
i P flow rate = 0.8 mL/min
lc 27.46 99.95 ‘
25.79
1d 31.09 99.83
16.29
le 158.96 99.95
(SY —(+) 7.60
2a (= A=) 13.38 08.78 Chiralcel OD—H column
(5 —=(+) 7.58 . 0.46cm ID)
o | (R —(-) 10.73 99.68 NAH N L ShCHE S
5 =i+ 7.97 s—hexane/Z—propancl = 90:10.
2 2 103l g4 flow rate = 0.8 mL/min
(5 —(-) 13.78 o .
2d R -+ 54.2 99.92
(S —(+) 9.18
Ze (K — (=) 70.34 99.75
(5} —(+) 7.63
2f (& —(=) 10.70 99.56
(5) —(+) 6.93
2g (R —(=) 0.55 99.56
—r A . p—
() —={+) 6.65 Chiralcel ODH column
zh (R —(=) §.13 99.18 _ _
(5) —(+) 6.51 (25 em > 0.46cm ID).
i (R =(=) 3.05 9.58 : i # ;
Zi B — ) 8.05 99.56 n—hexane/2 —propanol/trifiucroacetic
(5 —(—) 3.07 B C
2i | B = 31.09 95.38 acid = 80:10:0.5,
(5} —(+) 10.60 flow rate = 1.0 mL/min
2k (B =) 38.16 95.70
(5Y— (+) 6.68
21 (R —1{—) 8.19 00.99
A7) T 16l e wiel o], ¥ el we Az
Gna BANIES FAon el A F s wit A
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