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Organocatalytic Regio- and Enantioselective aza-1,8-Conjugate
Additions of Isoxazol-5(4H)-ones to 6-Methide-6H-indoles
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College of Science, South University of Science and Technology of China, Shenzhen, Guangzhou 518055)

Abstract A chiral phosphoric acid catalyzed aza-1,8-conjugate addition of isoxazol-5(4H)-ones to 6-methylene-6H-indoles
formed in situ from 6-indolylmethanols has been developed for the first time. Notably, the remote stereocontrolled 1,8-addition
of isoxazol-5(4H)-ones was featured by N-selectivity, affording aza-adducts in 70%~83% yields with 61%~96% ee.
Keywords asymmetric organocatalysis; conjugate addition; isoxazol-5(4H)-ones; 6-methylene-6H-indole
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FRZRU2, R 5 X L8 W5 (4H)- B A 6 FR A A
FRFI C-ThReft; A Ml rEme-S4H)-FR 1) N-Thag
PRI SNATI R 2 (Scheme 1A). 124 J9 1k, AUH WK
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(A) Reaction of isoxazol-5(4H)-ones

R’ R! R
E =N electrophilic reagent E , /=N electrophilic reagent E o N'E
R ! R !
R? 0 C-selectivity 0 N-selectivity 0
o well-developed underdeveloped 0
2020 Pedro and Blay et aI
t-Bu thiourea R Ar N-selectivity
5 mol% N t-Bu 1,6-addition
DCE rt 1~6d R2 4 | 23 examples
3AMS © OH  20% ~ 82% yield
(0] t-Bu 25% ~ 92% ee
(C) 2020 Wang and Xu et al
t-Bu squaramide R! Ar N-selectivity
_ (Gmo) SN t-Bu 1,6-addition
DCE. 45°C. 12h RSO 31 examples
OH  53% ~ 98% yield
0 t-Bu 26% ~ 94% ee
B 1 AU REME-5 (4 H)-FE 1 A SRR SR

Scheme 1 Organocatalytic enantioselective reactions of isoxazol-5(4H)-ones

FR IR IZEFR S R ) 1) SR e i 1 BRAR, (2
NERIS), 2012 4, Ooi BREAIMRIE T A HLEL = Jiﬁ%
B N-BR SIS X BB PE 1,8-FEHEM AR B, H k1%
BT 50 08 2% 52 3. R B PR AE R 1 2% 1 B A i
RPN W SRR I SR, PNV RAEZHDT, E LR
ZH ISTRIFRATT [ B 23 53 SE B T A MILARE A b P 26 0) 37 P
BERR M SLARIEBEVE 1,8-FLHE N AR B, (BT 6-m5] Wk
P E B ME A R IR AL AE . 6- 37 05| Wk %, Antilla
SR 2018 2L T FHEBEIR(CPAYELL ) 6-M5] Wk
B 1,8- 380 N Bl 2 M. (Scheme 2A)1201, Z84LIHh, Sun %5
fRIE T CPA AL I EE 2- M) Wk HA (14 AN o) R S
(Scheme 2B). TFEFa H A2, XA LB 8 H R
T AR B EAZ AR, 52 80 B A AH ¢ TAED22), 3RAT]
AT SEIL T CPA AL R R TR %A S 6-Mg] W FH i
FIA KT FR S M (Scheme 2C)22, {HIFEE 2, KPF=
BB AV N AT N-RBE, X RIS € 4
R AT LASRAS AR X IOE BV A AR IR B . (EN A
BLARE A AN X6 Bk ) 32 5 ST A rp O AR I E 5223, 75 it
RIE CPA 1AL SFIEME-5(4H)-Bi 5 6-5] Wk FE IR R A7 AE
) 6- ME FFY 25 -6 H1- s Wik (1) S50 A% 1,8- 3K B8 0 i S B
(Scheme 2D). HEFEI)JE, %A NIRRT ARSI R
AL T SFREME-S(AH)-BRTY N-ERef, MHEET
A K 6- H FE-6 H-M5| W (1) A 2 24,

1 ERSiHE

PL(4-FF 4 5 2R 3L ) (3- PR F - 1 -5 | - 6- 355 ) FF B (1) AT
A-(0of FR D R Y 5 )3 i S I -5 (4 H)- i (2a) Y AR
JRADRARAL R L ZE (R 1), KT B RR T A 2 it

JIRUSVR 7 B R N LA 7). & N R 2, KA
CPA-1 {EMEAL TR SEIL T S REPE-5(4H)-F 2a 1] N-F

Chin. J. Org. Chem. 2022, 42, 1722~1734

© 2022 Chinese Chemical Society & SIOC, CAS

Retl, HARI4) 3aa ()77 %N 75%, ee 9 28%(3K 1, Entry
1). FEAFHR L F PR G, 125 LR 0T Bk £ 1415
B T HAKE (£ 1, Entries 2~6). 45751 & CPA-5 #iHfi &
NEAIE A MU, B RE L 77%107= 1 88%1] ee
B5)Y) 3aa(E 1, Entry 5). A 7B m k£
PE, Bl TE T RSLEEA R R SR (2 1, Entries
T~11). RILHRMNAE = HRF TR, HERPY) 3aa
HINLEE A T0%, XTHGERENE A 96%(FK 1, Entry 12). & A
SREEIE, 24NN A 24 h SEK ] 36 h, 774 3aa (1)
FERT AN E] 81%, 1M FLAN S S HL o mhade 56 14 (R
1, Entry 13). Ak, IEERTE T I S X 12 5 B [ 5.
YR E KRRl —10 CHE, BAR~=4 3aa /73R 74%
R EN 92%(F% 1, Entry 14). 40 F 5 N ]
ZEKF) 48 h, =4 3aa 1772 0] LGN R 83%, {H XML
EEEIENS A N IE(F 1, Entry 15). TR EHg R A02, B
K248 h, [N 2a 15 Hr A se a4k, AR
C-ledE =4,

TEME TR R IG, %27 CPA-5 1L
6-M5| e FRE 1 1SRRI 5 (4.H)-Ti] 2 22 [) FR) IX 3 6 A
B PR S N RE FYE . ik 2 Fow, BB T
6P| e FF R JES A (D 3EE FH 1k. FERRUE SRR, SRR Y
6-M5 Wk R i 247 m] DUUR b 5 S ERE-S (4 ) 2a KA R
R, VARG 2 H bR, HEA R 2R T
TR, HARH B, W] RLR AT 45 F T (MeO, Me)
B L (F, CHZEBIR P05 & BRI Ar 9l N 6-15] W
FE, L 70%~81%H17 2 80%~96%H] ee 1321 5
1 1,8-11 A4 3aa~3ea(F 2, Entries 1~5). $F 5/ Hb,
2 Ar FEEIR) 2-60 B BUREERS, SR ) STARE 2
MK, BN 67% ee(F 2, Entry 6). T A3E(3-2KFE-
1H-M5|W-6-222) I 1g ¥ B LA 75% 1972 DL K 77% (1)
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(A) 1,8-Addition of 6-methide-6H-indoles

2 2
R’ A R! S Z
% CPA Zh 8 =
| Ny T | Py
N N C-Nu A = N
H 8 1
OH

C-nucleophile, 1,8-addition: 7 examples, 85% ~ 97% yield,12% ~ 93% ee

(B) 1,8-Addition of indole imine methide

5
R\ OH Rs_\ |
CPA R®
- R4 \\ NH
C-Nu S
R3

C-nucleophile
1,8-addition

25 examples

52% ~ 97% yield, 43% ~ 99% ee

C-nucleophile
1,8-addition
6 examples
64% ~ 81% yield, 75% ~ 98% ee

(C) Our previous work 1,8-addition of 6-methide- 6H-|ndoles

” NNu N SNu ; N

N , N 2-selectivity 5 3 3 S-nucleophile
SR 1,8-addition 6 4/ R 1,8-addition
\3 f 23 examples Arv, N/ 2 19 examples
54% ~ 80% yield, 76% ~ 92% ee s 1 70% ~ 78% yield, 75% ~ 94% ee

(D) This work: aza-1,8-addition of isoxazol-5(: 4H) -onesto 6-methide-6H-indoles

R2 Ar
R3
A\ 7N
N o 0
H CPA R!
o iN—/

N-Nu
5 4 3 R N-selectivity
6 =\, 7 ~\H 1,8-addition
Ary, N/ % 28 examples
7 e} 70% ~ 83% yield, 61% ~ 96% ee

BR 2 A YA R AT A RS TR R A AR 1,8- L5 m A 82

Scheme 2 Organocatalytic enantioselective 1,8-addition of electron-deficient olefins derived from indolylmethanols

RS 18- ILHUIN A S AR AFAL «

Table 1 Optimization of reaction conditions of aza-1,8-conjugate additions

OMe
() -
. =N CPA (1 mol%) Ph
HO O ¢ solvent,0°C, 24 h /)
Ph o
1a HN / 2a 3aa O
Ar
OO 0. O CPAAr=35(CFa),CeHs

o R CPA-2 Ar = 2,4,6-(i-Pr)3CgH,
OH CPA-3 Ar = 9-anthryl
Ar CPA-4 Ar = 9-phenanthryl
Entry Catalyst Solvent Yield?/% ee’/%
1 CPA-1 CH2CLh 3aa, 75 ~28

CPA-5 Ar = 9-anthryl
CPA-6 Ar = 9-phenanthryl
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Entry Catalyst Solvent Yield?/% ee/Y%

2 CPA-2 CH2Cl2 3aa, 74 ~53

3 CPA-3 CH2Cl2 3aa, 62 ~66

4 CPA-4 CH2Cl2 3aa, 57 ~68
5 CPA-5 CH2Cl2 3aa, 77 88
6 CPA-6 CH2Cl2 3aa, 49 48
7 CPA-5 CHCI: 3aa, 80 68
8 CPA-5 THF 3aa, 68 43
9 CPA-5 EtO 3aa, 65 49
10 CPA-5 Toluene 3aa, 77 76
11 CPA-5 PhCF3 3aa, 69 90
12 CPA-5 Xylenes 3aa, 70 96
134 CPA-5 Xylenes 3aa, 81 96
14¢ CPA-5 Xylenes 3aa, 74 92
15 CPA-5 Xylenes 3aa, 83 94

@ Unless noted, 1a (0.06 mmol), 2a (0.05 mmol) and CPA (1 mol%) in the solvent (0.3 mL) was stirred at 0 “C for 24 h. ? Isolated yield. ¢ Determined by

chiral-HPLC analysis. 36 h.“—10 ‘C,36 h./48 h.

2 6-MMERE 1 i
Table 2 Scope of 6-indolylmethanols 1

Ar
HO . Ph CPA-5 (1 mol%) Ph A;
R N lenes, 0°C, 36 h /N
/ (0] Y ' ’ (0] R
HN )
1 2 O 3 o HN
Entry? Ar Yield”/% ee/%

1 4-MeOC4Hs Ph 3aa, 81 96
24 4-MeCsHe Ph 3ba, 76 96
3 4-FC4Hs Ph 3ca, 77 96
4 3-MeOC4Hs Ph 3da, 70 80
5 3-CIC4Hs Ph 3ea, 70 84
6 2-MeCsHe Ph 3fa, 79 67
74 Ph Ph 3ga, 75 77
8 4-MeOCsHs 4-MeOC4Hs 3ha, 81 94
9 4-MeOCsHs 2-MeOC4Hs 3ia, 81 92
10 4-MeOC3Hs 2-Naphthyl 3ja, 74 95
11 4-MeOCsHs H 3ka, 70 75
12 4-MeOCsHs Me 3la, 79 65

@ Unless noted, 1 (0.06 mmol), 2a (0.05 mmol) and CPA-5 (1 mol%) in xylenes (0.3 mL) was stirred at 0 “C for 36 h. ®Isolated yield. ¢ Determined by chiral-HPLC

analysis. 472 h.

ee 1337 1,8-FLH0 I =4 3ga(# 2, Entry 7). Bb4b, &
WFIE T HUREE R A= 6 F00T W B0 R i) (15
B, A 5 EBURIE RV 6-MNE I 1h~1j 7E45
L&A T IR H0AF 2 T R 1,8-FL BN sk =4 3ha~
3ja, FEEE(74%~81%), XFBLIEFEME E1(92%~95% ee,
% 2, Entries 8~10). (1H-M|Wk-6-5&)(4- F AL HL) i
(1K) (R'=H)I LA 70%57= K F 75%01] ee 1 H brr=
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¥) 3ka(% 2, Entry 11). TEAMESRMT, NRMGEEURH 6-
M5 F A 11 (R'=Me) LA 79%I7= A 65%H) ee 3K15
1,8-11 4 3la(3 2, Entry 12).

NT DI A BN @ A, BE S R AR
SR FH (4-F AR 2R R ) (3- PR k- L H-15| W -6- 31k ) T i (1)
5B U ) SRS (4 H)-BR 2 [R5 T SR
S(4H)-BARERTEREEE 3). B ZRNERTEE %
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MRILX

Bl RS UL S M-S (4RI, LA R 177223(70%~
83%) 152 1 FHRLY 1,8-11E™=4) 3ab~3al(3 3, Entries
1~11), FHEAR =R BLE R (86%~96% ee). (HTF
RN, SR HE T3 (MeO, Me)FIWK HT-3£(Cl, Br,
NO)HI A 52, [FIRF, BB W8 3 11 A B
o 55 A IR 4 WS . A 0 S EME-S(4H)-BH 2m
5 6-M5|WRIE 1a RSB, DL 80% 117 Z 1 66%HH] ee 13
2 1,8-FLHEM A=) 3am(FK 3, Entry 12). FHEME-5(4H)-
fi 2n 1AM ABAS 2 T R 25 (R 3, Entry 13). 534k
EHERL T R EM-S(AH)-B EARE R? FEFIRI R FERR
HESRATT, 4-"F5E-3-F B S BEME-5(4H)- T (R>=Me) 20
55 6-MIWEE 1a R, DL 81%[H17= 260 61%[1] ee 13
F 1,8-FLHEMM A=) 3a0(F 3, Entry 14). H ZFEHULH
RIEH 4755 -3- 2K g -5(4H)-F(R2=Et)2p 5 6-
M5| W FH I 1a 7E—20 C R 72h 5, BL 72%0) 77 2 A
70%IH] ee TE % 1,8-3LHE N =4 3ap(3K 3, Entry 15). FF
T, FERERE-S(4H)-H 5 77 & IR (R?=Ph) 3q 1%
NTRIEAT, LA 82%[HI 7= 3 A 84%(1) ee 13 51 1,8-FL4E /i1
=) 3aq(3R 3, Entry 16). BARAKRERE 1,8-FLH0M AR
PRI R TR, BT XS 28 Sl AR SR SE 1AM e
Y 3ag HIZEFJ(CCDC 2116727). Mz, iXuest B R
CPA-5 AL S SIAN S I 1 S W W5 (4 H)- Fe P B
M N-EREAL, T RIS T 6-R5] i R R A A
(1) 6-3V. F 32 -6 H-M5 | Wik F¥) ST AR IR BE 4 1, 8-FEHE N B .

T IRZ AT A N RAE & R 135 77,
TEAE R N A A R T T 12 B 4 KA (Scheme 3A).
1.50 mmol K 6-MWEHEE 1a Al 1.25 mmol K] 5E
Me-S(4H)-B 2a 2 [0 R BIRAIBEAT, LA 78%[ 7= 2 Al
93%[1) ee Ak 1,8-3LHEIN 4 3aa. N T IR T %
RNHUEE, AT TP R TT. A6 @-F AR
FE)(1-H JE-3- 2R - L -5 Wi ~ 6- 355 ) FFY B2 (da) 70 1 25 A1
N5 4-Cf B2 2RI F L )-3 - 0 R M- 5 (4. H)- i (2a)
NEEF, DL 68%I) ™ 2 3RAF M I ) 1,8-FL 5 s r= 4
Saa (Scheme 3B). X A /& H T 5[ WA Z i A 2 R A2 7R
PHAG T 6-3F H JE-6 H-WSIWR I T R, 4 S AL A Dy g
TR, FEOMERSIRTE . Ak, K 1,8-3L5E
i) 3aa 5 BocO e M, FEAN T HXT BRIGE SR 1)
TEOL T ST AR, BL 990%™~ R 432 B bx
724 6aa (Scheme 3C).

2 g

ZE ERTIR, BAVF R T — P FPEREER AL 6-m5] W
Pt JE A AR B 6- 3V H 3 -6 H-15] Wit 5 S I 1A - 5 (4 )~ 11
Bk L8 BSUR B, A ERNZ, AR A
ARSI T S-S54 H)-R B 0T Bk B N-E ReA, T
HIESEEHL T A UL 6- T F Ik -6 H-F5| Wik () 37 4% 3k 3 14
1,8~ i k.

F3 FEM-5AH)-B 2 FEHTEE
Table 3 Scope of isoxazol-5(4H)-ones 2

Ar R2
Ho . R3 <N CPA-5 (1 mol%) R3 N ¥
o o) xylene, 0 °C, 36 h o -
12 HN /) ) 0o Ar = 4-MeOCgH, 3 s N /)
Entry“ R? R3 3, Yield®/% ee/%
1 Ph 4-MeOCsHse 3ab, 82 92
2 Ph 4-CIC4He 3ac, 70 89
3 Ph 4-BrCsHs 3ad, 79 94
4 Ph 4-NO2CsHe 3ae, 74 90
5 Ph 3-MeC4He 3af, 79 96
6 Ph 3-CIC4He 3ag, 79 92
7 Ph 3-BrCsHe 3ah, 79 96
8 Ph 2-MeC4He 3ai, 77 94
9 Ph 2-BrCsHe 3aj, 77 86
10 Ph 2-Naphthyl 3ak, 83 90
11 Ph 1-Naphthyl 3al, 79 96
12 Ph 2-Furyl 3am, 80 66
134 Ph H 3an, 75 63
14 Me Ph 3ao, 81 61
15¢ Et Ph 3ap, 72 70
16 Ph Ph 3aq, 82 84

@Unless noted, 1a (0.06 mmol), 2 (0.05 mmol) and CPA-5 (1 mol%) in xylene (0.3 mL) was stirred at 0 ‘C for 36 h. ®Isolated yield. ¢ Determined by chiral-HPLC

analysis. 472 h. ¢ ~20 ‘C, 72 h.
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(A) Scale up

CPA-5 (1 mol%) 3
aa

1a + 2a
xylene (7.5 mL ;
(1.50 mmol, 493.5mg)  (1.25 mmol, 331.3 mg) oyoc 3é h ) (560.5 mg, 78% yield, 93% ee)
(B) Control experiment
Ar
CPA-5 (1 mol%) /N
HO + 2a o )
xylene, 0 °C, 36 h Ph 68An yleld 0% ee
Ph =4- MeOCGH4
N/ R3 = 4-MeCgH,
4a |\e
(C) Transformation
3aa DMAP, Et3N 74 N
(93%ee) | 20 S Ph 90% yleld "65% e
° CH,CIl,,0°C, 1h = 4-MeOCqH,
R3 = 4-MeCgH,

B3 Fk 18- JLHEn s s B Ak — B T

Scheme 3  Further investigations of aza-1,8-conjugate additions

3 EES
3.1 UHFES5HF

'H NMR £ 3C NMR A Bruker ACF300 #1747,
PADY H R BT (TMS) N bR, DMSO 1R, =170 HE
P48 Finnigan/MAT 95XL-T X #%ill &, CH;OH {F 14771,
tof 356 B A FH 22 46 HPLC 1260 UK ZE5% 1 (il A
D52 . T FH IR 245 b R 7R 2 DR i 5 16 2o A 4 A 2 4
BRAE A AE, KRG DA
3.2 ZLWAHE

e IN A4 4 T (1) Schlenk J N (10 mL) AKX AN 6-
M5IREE 1 (0.06 mmol). FHEME-5(4H)-H 2 (0.05 mmol).
CPA-5 (1 mol%). —F#(0.3 mL). ZXRMNAERTEO0 C
SN 36 h. [RIEEHRJE, I e A& R AR 2 ML,
B R D48 Tk R JE AT (56 P e Tk AN 20T 2 TR VR A T R
JBFR) 5 3% 5 B H H bR =4 3.

2-((4- H A R O B )(3- R R -1H- 1] B -6- JE ) HH
B)-4-(4-F LA IE)-3- DR B R ML -5 (2 H)- i (3aa): 1A
[k, 23.2 mg, 773 81%, ee 96%. m.p. 115.2~117.6 C;
[] +77.00 (¢ 1.00, CH,Cly); '"H NMR (DMSO-ds, 400
MHz) 6: 11.41 (s, 1H), 7.82 (d, J=8.0 Hz, 1H), 7.78~
7.77 (m, 1H), 7.73~7.71 (m, 2H), 7.65~7.60 (m, 3H),
7.46~7.39 (m, 4H), 7.26~7.20 (m, 4H), 6.98~6.96 (m,
2H), 6.84~6.81 (m, 1H), 6.75~6.73 (m, 2H), 6.39~6.37
(m, 2H), 6.05 (s, 1H), 3.79 (s, 3H), 3.40 (s, 2H), 2.11 (s,
3H); *C NMR (DMSO-ds, 100 MHz) §: 171.6, 165.8,
159.5, 137.2, 136.2, 135.6, 135.4, 131.9, 130.2, 130.1,
129.4, 129.3, 129.3, 129.2, 128.4, 128.2, 127.5, 127.0,
125.9, 1253, 124.8, 121.0, 119.3, 116.3, 114.1, 112.9,
106.5, 71.0, 55.6, 27.2, 20.9. HRMS (EI) caled for
C39H3,N,0:Na [M+Na]" 599.2305, found 599.2299. %t
WA I B T 43 08 I OB g O E A 96% (ID
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AR, 254 nm, [EC K/ FHARE, VI V=70:30, 1.0
mL/min): 19.4 min(YXI#), 26.0 min(E I£).

A-(4- FF AL R 2 )-3- IR R 2-((3- 2K AL -1 H- 1] W -6-
FE YO 2R S ) 3 ) S B k-5 (2 )i (3ba): A €L [ 4k
212 mg, 7°F 76%, ee 96%. m.p. 154.1~156.2 C;
[e]7 +30.7 (¢ 1.00, CHCl3); '"H NMR (DMSO-ds, 400
MHz) 0: 11.42 (s, 1H), 7.82 (d, J=8.0 Hz, 1H), 7.78~
7.77 (m, 1H), 7.73~7.72 (m, 2H), 7.64~7.62 (m, 1H),
7.61~7.57 (m, 2H), 7.46~7.44 (m, 1H), 7.42~7.39 (m,
3H), 7.26~7.24 (m, 1H), 7.22~7.21 (m, 5H), 6.80~6.78
(m, 1H), 6.74~6.72 (m, 2H), 6.38~6.36 (m, 2H), 6.06 (s,
1H), 3.40 (s, 2H), 2.35 (s, 3H), 2.10 (s, 3H); '*C NMR
(DMSO-ds, 100 MHz) 6: 171.6, 165.8, 137.7, 137.2, 136.1,
135.6, 135.4, 134.6, 131.9, 130.1, 129.3, 129.3, 129.3,
129.0, 128.7, 128.4, 1282, 127.5, 127.0, 125.9, 125.4,
124.9, 121.2, 119.2, 116.3, 113.0, 106.4, 71.2, 27.2, 21.2,
20.9. HRMS (EI) caled for CsoH3N,O,Na [M+Na]”®
583.2361, found 583.2352. XfWfdid & H 2> HUEd AL
AR LA 52 96% (ID (it kE, 254 nm, 1E CWke/ 5%
PEE, V1 V=70 : 30, 1.0 mL/min): 11.8 min(¥Xi¥), 17.3
min(=E ).

2-((4-FR K F ) (3- 2K -1 H-15| e -6- i ) FY i )-4-(4-
FLAC I3 IR I R E M-S (2H)-F (3ca): A LEA, 21.7
mg, F=F 7%, ee 96%. m.p. 169.6~171.2 C; [a]
+50.4 (¢ 1.00, CH,Cl,); "H NMR (DMSO-ds, 400 MHz)
0: 11.44 (s, 1H), 7.83 (d, J=8.0 Hz, 1H), 7.80~7.79 (m,
1H), 7.74~7.72 (m, 2H), 7.65~7.61 (m, 2H), 7.59~7.58
(m, 1H), 7.47~7.45 (m, 2H), 7.43~7.41 (m, 2H), 7.40~
7.38 (m, 2H), 7.27~7.23 (m, 3H), 7.20~7.19 (m, 1H),
6.78~6.75 (m, 1H), 6.72~6.70 (m, 2H), 6.36~6.34 (m,
2H), 6.13 (s, 1H), 3.40 (s, 2H), 2.09 (s, 3H); 3C NMR
(DMSO-ds, 100 MHz) 0: 171.5, 165.8, 162.2 (d, J=243.0
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Hz), 137.2, 136.1, 135.5 (d, J=13.0 Hz), 134.0 (d, J=2.0
Hz), 132.0, 130.9 (d, J=8.0 Hz), 130.1, 129.3, 129.3,
128.5, 128.4, 128.1, 127.4, 127.0, 125.9, 125.5, 125.0,
121.2, 119.3, 116.3, 115.6 (d, J=22.0 Hz), 113.1, 106.8,
70.7, 27.2, 20.9. HRMS (EI) caled for CisHagFN,O,Na
[M+Na]™ 587.2111, found 587.2100. Xfmidkid & 14>
i i = OB (LSO E 9 96% (IC T Y, 254 nm,
1EC B/ SNEE, V' V=70 : 30, 1.0 mL/min): 6.3 min(YX
W), 7.4 min(FEUE).

2-((3- FH AU R ) (3- 2R ik - 1 H- 15| Wik -6- %) HH ) A
5)-4-(4- W R IE)-3- 2R B S R M -5(2H)-iF (3da): 5
44, 20.2 mg, =% 70%, ee 80%. m.p. 119.9~122.1 C;
[@]7 +18.1 (¢ 1.00, CH,CL); '"H NMR (DMSO-ds, 400
MHz) 0: 11.43 (s, 1H), 7.83 (d, J=8.0 Hz, 1H), 7.79~
7.78 (m, 1H), 7.74~7.72 (m, 2H), 7.65~7.58 (m, 3H),
7.47~7.40 (m, 4H), 7.35~7.31 (m, 1H), 7.27~7.20 (m,
2H), 7.00~6.98 (m, 1H), 6.90~6.89 (m, 2H), 6.81~6.79
(m, 1H), 6.74~6.72 (m, 2H), 6.37~6.35 (m, 2H), 6.09 (s,
1H), 3.72 (s, 3H), 3.38 (s, 2H), 2.10 (s, 3H); C NMR
(DMSO-ds, 100 MHz) 0: 171.6, 165.8, 159.6, 139.2, 137.1,
136.1, 135.6, 135.4, 132.0, 130.1, 129.9, 129.3, 128.6,
128.4, 128.1, 128.1, 127.5, 127.0, 125.9, 125.4, 124.9,
1212, 121.1, 119.3, 116.3, 114.7, 113.5, 113.2, 106.6,
71.2, 55.5, 27.3, 20.9. HRMS (EI) calcd for C39H32N203Na
[M+Na]" 599.2305, found 599.2299. i meid it & 5 4>
HE I = MO AR S OGN E R 80% (IC B ilifd:, 254
nm, 1ECKE/FHAEE, Vi V=70:30, 1.0 mL/min): 7.1
min(ZX %), 9.7 min(EF)

2-((3- G K JE ) (3- 7K FE - 1 H- M| W -6- 3% ) T L )-4-(4- H
FLACHL)-3- R I S EME S (2 H)- B (3ea): [ A [E 44, 20.4
mg, FF 70%, ee 84%. m.p. 108.9~109.7 C; [a]}
+79.3 (¢ 1.00, CH,Cl); '"H NMR (DMSO-ds, 400 MHz)
J: 11.46 (s, 1H), 7.83 (d, J=8.0 Hz, 1H), 7.81~7.81 (m,
1H), 7.75~7.73 (m, 2H), 7.66~7.64 (m, 1H), 7.62~7.61
(m, 2H), 7.48~7.48 (m, 2H), 7.46~7.44 (m, 3H), 7.42~
7.40 (m, 2H), 7.36~7.34 (m, 1H), 7.28~7.24 (m, 1H),
7.15 (s, 1H), 6.74~6.72 (m, 1H), 6.70~6.68 (m, 2H),
6.33~6.31 (m, 2H), 6.18 (s, 1H), 3.41 (s, 2H), 2.08 (s,
3H); *C NMR (DMSO-ds, 100 MHz) J: 171.4, 165.8,
140.6, 137.1, 136.0, 135.5, 135.4, 133.5, 132.0, 130.7,
130.1, 129.3, 128.5, 128.4, 128.3, 128.0, 127.8, 127.4,
127.4, 127.0, 125.9, 125.6, 125.1, 121.3, 119.4, 116.4,
113.4, 106.9, 70.8, 27.2, 20.9HRMS (EI) caled for
C33HoCIN,O,Na [M+Na]* 603.1810, found 603.1817. .
Xof Bl i O o v RSO S ACI E Ty 84% (IC
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A%k, 254 nm, IECKE/FNEE, V V=70 :30, 1.0
mL/min): 5.3 min(¥X14), 6.7 min( = I4).

A-(4- F 3L % 3 )-3- 2K S 2-((3- 7K 3 -1H- 15| W -6-
FE) (4B R 2% 3L ) 3 ) SR Rk S (2 H)- i (3fa): A o [ 4,
22.1 mg, FEE 79%, 67% ee. m.p. 152.1~1543 C;
[@]7 +40.7 (¢ 1.00, CH,Cl,); 'H NMR (DMSO-ds, 500
MHz) d: 11.42 (s, 1H), 7.84 (d, J/=10.0 Hz, 1H), 7.78~
7.76 (m, 2H), 7.73~7.72 (m, 2H), 7.66~7.64 (m, 1H),
7.62~7.59 (m, 2H), 7.47~7.44 (m, 2H), 7.42~7.38 (m,
3H), 7.35~7.32 (m, 1H), 7.27~7.24 (m, 1H), 7.20~7.18
(m, 1H), 7.12 (s, 1H), 6.88~6.85 (m, 3H), 6.64 (d, J=
10.0 Hz, 2H), 6.21 (s, 1H), 3.47 (s, 2H), 2.17 (s, 3H), 1.74
(s, 3H); BC NMR (DMSO-ds, 126 MHz) §: 171.3, 165.2,
137.1, 136.3, 136.1, 135.8, 135.8, 135.5, 132.0, 131.2,
130.2, 129.4, 129.3, 128.7, 128.5, 128.5, 128.1, 128.0,
127.7, 127.0, 126.7, 125.9, 125.3, 125.0, 120.9, 119.4,
116.3, 112.8, 105.4, 68.0, 27.4, 21.0, 19.5. HRMS (EI)
caled for CsH3N,O,Na [M 4+ Na]™ 583.2361, found
583.2352. Sk AAid B 5 HOE i v SORUAH ELg O] &
N 67% (ID tiliFkE, 254 nm, 1ECk/RAERE, V: V=
70 : 30, 1.0 mL/min): 12.7 min(YX1#), 21.0 min( = I).

A-(4-F FE AR )-3- IR FE -2 (OR JE (3- PR -1 -5 Wk -6-
JL) L) S EE S (2 ) - B (3ga): A EAEAA, 20.5 mg, 7=
K 75%, ee 77%. m.p. 87.1~89.3 C; [a]; +51.0 (c
1.00, CH,Cly); "H NMR (DMSO-ds, 400 MHz) J: 11.44 (s,
1H), 7.83 (d, J=8.0 Hz, 1H), 7.80~7.79 (m, 1H), 7.75~
7.73 (m, 2H), 7.67~7.64 (m, 1H), 7.62~7.59 (m, 2H),
7.48~7.46 (m, 2H), 7.44~7.43 (m, 1H), 7.42~7.40 (m,
3H), 7.39~7.36 (m, 2H), 7.28~7.24 (m, 1H), 7.20 (s,
1H), 6.78~6.76 (m, 1H), 6.72 (d, J=8.0 Hz, 2H), 6.35 (d,
J=8.0 Hz, 2H), 6.13 (s, 1H), 3.41 (s, 2H), 2.09 (s, 3H);
3C NMR (DMSO-ds, 100 MHz) §: 171.6, 165.8, 137.8,
137.2, 136.1, 135.5, 135.4, 132.0, 130.1, 129.3, 128.8,
128.7, 128.6, 128.4, 1283, 128.1, 127.5, 127.0, 125.9,
125.5, 124.9, 121.3, 119.3, 116.3, 113.2, 106.5, 71.3, 27.2,
20.9. HRMS (EI) caled for CssH3oN,O,Na [M+Na]”®
569.2199, found 569.2207. Xfmiiid & 4 HoEd mak
VAH O B8 I 52 A 77%. (IC (i, 254 nm, 1E S ke/ 572
PilE, ¥ V=80 :20, 1.0 mL/min): 7.1 min(YXi¥), 9.0
min(FUE).

2-((4-H AU R ) (3-(4- FR AU R 2R 0k )- 1 H-Mg | Wf-6- 358 )
FH R )-4-(4- FH R 0)-3- R O S R M -5 (2 H) - fiFl (3ha):
[l 4k, 24.4 mg, F*% 81%, ee 94%. m.p. 116.0~
118.3 C; [a]? —4.5 (c 1.00, CHCl,); '"H NMR (DMSO-
ds, 400 MHz) §: 11.32 (s, 1H), 7.77 (d, J=12.0 Hz, 1H),
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7.67~7.67 (m, 1H), 7.65~7.63 (m, 2H), 7.62~7.58 (m,
3H), 7.41~7.39 (m, 2H), 7.21~7.19 (m, 3H), 7.03 (d, J=
8.0 Hz, 2H), 6.97 (d, J=8.0 Hz, 2H), 6.82~6.79 (m, 1H),
6.74 (d, J=8.0 Hz, 2H), 6.36 (d, J=8.0 Hz, 2H), 6.05 (s,
1H), 3.79 (s, 3H), 3.79 (s, 3H), 3.39 (s, 2H), 2.12 (s, 3H);
13C NMR (DMSO-ds, 100 MHz) &: 171.6, 165.8, 159.4,
157.8, 137.0, 135.6, 135.4, 131.9, 130.2, 130.1, 129.3,
129.2, 129.2, 128.6, 128.4, 1282, 127.5, 125.4, 124.0,
120.8, 119.2, 116.1, 114.8, 114.1, 112.7, 106.5, 71.0, 55.6,
55.6, 27.2, 21.0. HRMS (EI) caled for C40H34N204Na
[M+Na]" 629.2411, found 629.2405. XfmeiAkid & 54>
Hw ik v FORAE B RS SCNE Y 94% (IC ik, 254 nm,
1E O/ REE, V2 V=80 : 20, 1.0 mL/min): 19.2 min(YX
U&), 24.0 min(F14).

2-((4-H AR B R R ) (3-(2- FH AR R R ) - 1 H-P5 | - 6- 355 )
R )-4-(4- 1 2L 1 0k )-3- O Bk e g M -5(2 H)- il (3ia): H
BE A, 245 mg, 72K 81%, ee 92%. mp. 112.4~
1150 C; [a]? +21.7 (¢ 1.00, CH)Cl); 'H NMR
(DMSO-ds, 400 MHz) J: 11.35 (s, 1H), 7.66~7.62 (m,
3H), 7.60~7.57 (m, 3H), 7.41~7.39 (m, 2H), 7.30~7.26
(m, 1H), 7.23~7.21 (m, 3H), 7.13 (d, J=8.0 Hz, 1H),
7.06~7.03 (m, 1H), 6.98 (d, J=8.0 Hz, 2H), 6.79~6.74
(m, 3H), 6.36 (d, J=8.0 Hz, 2H), 6.05 (s, 1H), 3.82 (s,
3H), 3.80 (s, 3H), 3.39 (s, 2H), 2.13 (s, 3H); 3C NMR
(DMSO-ds, 100 MHz) 6: 171.6, 165.8, 159.4, 156.6, 136.3,
135.6, 135.4, 131.9, 130.2, 130.1, 130.1, 129.3, 129.2,
128.9, 128.4, 1282, 127.5, 127.4, 126.6, 126.4, 124.4,
121.0, 120.5, 119.9, 114.1, 112.5, 112.2, 111.9, 106.4, 71.0,
55.7,55.6,27.2,20.9. HRMS (EI) calcd for C40H34N>O4Na
[M+Na]" 629.2411, found 629.2404. X} Wikt & 54>
HE v OB R OO E R 92% (IC 434, 254 nm,
1EC B/ AEE, V2 V=80 : 20, 1.0 mL/min): 17.8 min(YX
I6), 22.3 min(F14).

2-((4- F AR B 2R 35 ) (3-(25-2- 3 )- L H-M5| Wk -6- 35 ) FF L) -
4-(4-H LA HE)-3- 2K L R EME -5 (2 H)- T (3ja): 1 EA A,
P 74%, ee 95%. m.p. 128.6~130.1 C; [a]; +21.4
(¢ 1.00, CH,CL); ' H NMR (DMSO-ds, 400 MHz) ¢:
11.52 (s, 1H), 8.26 (s, 1H), 8.04~8.02 (m, 1H), 7.99~
7.94 (m, 4H), 7.92~7.89 (m, 1H), 7.65~7.58 (m, 3H),
7.52~7.48 (m, 1H), 7.46~7.41 (m, 3H), 7.28~7.22 (m,
3H), 6.98 (d, J=8.0 Hz, 2H), 6.90~6.88 (m, 1H), 6.75 (d,
J=8.0 Hz, 2H), 6.39 (d, J=8.0 Hz, 2H), 6.08 (s, 1H), 3.80
(s, 3H), 3.40 (s, 2H), 2.07 (s, 3H); *C NMR (DMSO-d,
100 MHz) §: 171.6, 165.8, 159.5, 137.4, 135.6, 135.4,
1342, 133.7, 131.9, 131.8, 130.2, 130.1, 129.5, 129.3,
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129.2, 128.7, 128.4, 1282, 128.2, 128.1, 128.0, 127.5,
126.7, 126.4, 125.6, 125.4, 124.0, 121.2, 119.6, 116.1,
114.1, 113.0, 106.5, 71.0, 55.6, 27.2, 20.9. HRMS (EI)
caled for Cs;H3N,O3Na [M 4 Na] ™ 649.2462, found
649.2458. XA B 4 o s RO G G
N 95% (ID thilfAs, 254 nm, IECke/ FHREE, V: V=
50:50, 1.0 mL/min): 18.2 min(7KX ), 26.0 min(F=U4).

2-((1H-M5[W-6-F5)(4- H AU B R 0 ) Y R )-4- (4- R R
FE)-3- 2K B S M-S (2H)-J (3ka): (Al 4A, 17.5 mg,
P23 70%, ee 75%. m.p. 114.9~116.0 C; [a]} +24.6 (¢
1.00, CH,Cly); 'H NMR (DMSO-ds, 400 MHz) 6: 11.11 (s,
1H), 7.64~7.56 (m, 3H), 7.49 (d, J=8.0 Hz, 1H), 7.39~
7.38 (m, 3H), 7.19 (s, 1H), 7.14~7.12 (m, 2H), 6.94~
6.93 (m, 2H), 6.79~6.75 (m, 3H), 6.46~6.42 (m, 3H),
6.01 (s, 1H), 3.77 (s, 3H), 3.39 (s, 2H), 2.18 (s, 3H); 1*C
NMR (CDCls, 100 MHz) o: 172.4, 165.4, 159.3, 135.7,
135.5, 135.4, 131.1, 130.1, 129.9, 129.4, 129.1, 129.0,
128.5, 128.4, 127.7, 127.4, 125.3, 120.8, 120.3, 113.6,
111.6, 106.9, 102.3, 71.0, 55.3, 27.4, 21.0. HRMS (EI)
caled for Cs3HysN,O3Na [M 4+ Na] ™ 523.1992, found
523.2001. X A & B Hom i s RO O A0 €
N 75% (ID BilFE, 254 nm, 1[ECk/RERE, V: V=
70 : 30, 1.0 mL/min): 12.6 min(F V), 14.3 min(VXU§).

2-((4- F AL O ) (3- T BE -1 H- M) Wk ~ 6- )
FE)-4-(4- H LR 5L )-3- ORIk S E W -5(2.H)- il (31a): £
44, 20.3 mg, 722 79%, 65% ee. m.p. 169.2~170.3 C;
[@]5 +26.4 (¢ 1.00, CH.CL); 'H NMR (DMSO-ds, 400
MHz) d: 10.78 (s, 1H), 7.64~7.57 (m, 3H), 7.45~7.39
(m, 3H), 7.18~7.15 (m, 3H), 7.13 (s, 1H), 6.96~6.94 (m,
2H), 6.79~6.77 (m, 2H), 6.74~6.72 (m, 1H), 6.44~6.42
(m, 2H), 6.01 (s, 1H), 3.78 (s, 3H), 3.40 (s, 2H), 2.29 (s,
3H), 2.19 (s, 3H); *C NMR (DMSO-ds, 100 MHz) o:
171.6, 165.7, 159.4, 136.5, 135.7, 135.4, 131.9, 130.2,
130.1, 129.3, 129.3, 128.9, 128.4, 128.2, 127.6, 124.1,
119.5, 118.4, 114.1, 112.1, 109.8, 106.2, 71.0, 55.6, 27.3,
21.0, 10.0. HRMS (EI) calcd for C34H30N,03Na [M+Na]*
537.2149, found 537.2159. Xmfiid & H o HoEd mak
AR LA 2 N 65% (IC (il HE, 254 nm, 1E OV 5t/
P, V1 V=70 : 30, 1.0 mL/min): 8.1 min(XI§), 10.4
min(FUE).

A-(4-FH AR TR IR )-2-((4- W AR B 2R 38 ) (B- IR - 1L -1
W-6-3i%) F 3)-3- 2K 5 S E M-S (2 )il (3ab): [ 4[] 4,
242 mg, FEE 82%, ee 92%. m.p. 168.1~170.0 C;
[a]Z +41.1 (c 1.00, CH,Cl,); '"H NMR (DMSO-ds, 400
MHz) 6: 11.45 (s, 1H), 7.87 (d, J=8.0 Hz, 1H), 7.82~
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7.81 (m, 1H), 7.75~7.73 (m, 2H), 7.66~7.63 (m, 2H),
7.61~7.59 (m, 1H), 7.45~7.43 (m, 1H), 7.41~7.39 (m,
3H), 7.25~7.23 (m, 2H),, 7.22 (s, 2H), 6.99~6.97 (m,
2H), 6.85~6.82 (m, 1H), 6.46~6.44 (m, 2H), 6.36~6.34
(m, 2H), 6.06 (s, 1H), 3.80 (s, 3H), 3.50 (s, 3H), 3.38 (s,
2H); *C NMR (DMSO-ds, 100 MHz) §: 171.6, 165.9,
159.4, 157.9, 137.2, 136.1, 132.0, 130.7, 130.4, 130.2,
129.3, 129.2, 128.6, 128.4, 128.2, 126.8, 125.8, 125.2,
125.0, 121.1, 119.3, 116.1, 114.1, 113.9, 113.0, 106.8,
71.0, 55.6, 55.1, 26.7. HRMS (EI) calced for C39H32N204Na
[M+Na]" 615.2254, found 615.2251. %fmikid & 55
Hom i = OB GO E N 92% (IC t i e, 254 nm,
IECkE/FHAEE, V' V=80 :20, 1.0 mL/min): 18.0
min(YXU), 22.1 min(E ).

4-(4-5 R L) ~ 2-((4- H AR JE R L ) (3- PR 2 - 1 H-Pg | -
6- ) 3L )-3- % 3 3 -5 (2H)- B (3ac): A (0 E 1A,
20.8 mg, FEE 70%, ee 89%. m.p. 119.5~121.0 C;
[@]F +11.0 (¢ 1.00, CHxCly); '"H NMR (DMSO-ds, 400
MHz) 6: 11.44 (s, 1H), 7.83 (d, J=8.0 Hz, 1H), 7.79 (m,
1H), 7.72~7.71 (m, 2H), 7.66~7.63 (m, 2H), 7.61~7.59
(m, 1H), 7.46~7.42 (m, 2H), 7.39~7.37 (m, 2H), 7.27~
725 (m, 1H), 7.23~7.21 (m, 3H), 6.99~6.94 (m, 4H),
6.83~6.81 (m, 1H), 6.50~6.47 (m, 2H), 6.06 (s, 1H),
3.79 (s, 3H), 3.45 (s, 2H); 3C NMR (DMSO-ds, 100 MHz)
5: 171.5, 166.1, 159.4, 137.8, 137.1, 136.0, 132.1, 131.2,
130.2, 130.1, 129.5, 129.3, 129.2, 129.1, 128.5, 128.4,
128.0, 127.0, 125.9, 125.3, 124.9, 121.1, 119.3, 116.3,
114.1, 112.8, 105.9, 71.0, 55.6, 27.0. HRMS (EI) calcd for
C3sH20CIN,O3Na [M+Na]”™ 619.1764, found 619.1754.
o eAA It 23 B v OB A E A 89% (IC
kA, 254 nm, IECKE/ RARE, VI V=70 :30, 1.0
mL/min): 7.9 min(#X V%), 10.2 min(F04).

4-(4-TR R FE)-2-((4- F AR B DR O ) (3- 2R Tk - 1 H-Pg| Wik -6-
Fh) F 3E)-3-FR 3L S ik -5 (2 H) - (3ad): [ 144, 25.2
mg, =% 79%, ee 94%. m.p. 166.2~168.5 C; [a]} +
12.3 (¢ 1.00, CH,Cl,); '"H NMR (DMSO-ds, 400 MHz) ¢
11.45 (s, 1H), 7.83 (d, J=8.0 Hz, 1H), 7.79~7.78 (m,
1H), 7.73~7.71 (m, 2H), 7.66~7.59 (m, 3H), 7.46~7.43
(m, 2H), 7.39~7.37 (m, 2H), 7.27~7.21 (m, 4H), 7.09~
7.07 (m, 2H), 6.99~6.97 (m, 2H), 6.82~6.80 (m, 1H),
6.42~6.40 (m, 2H), 6.06 (s, 1H), 3.79 (s, 3H), 3.42 (s,
2H); *C NMR (DMSO-ds, 100 MHz) §: 171.5, 166.1,
159.4, 138.2, 137.1, 136.0, 132.1, 131.4, 130.2, 130.2,
129.8, 129.3, 129.2, 129.2, 128.4, 128.0, 127.1, 125.9,
1253, 1249, 121.1, 119.6, 119.2, 116.3, 114.1, 112.9,
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105.9, 71.1, 55.6, 27.1. HRMS (EI) calcd for CisHyoBr-
N,O3Na [M+Na]" 663.1254, found 663.1249. X A
= H ol RO A G E N 94% (IC (i A,
254 nm, 1IECK/FAEE, Vi V=70 30, 1.0 mL/min):
8.3 min(#XU), 10.9 min(F ).

2-((4- AR R IR L) (3- 2R B - 1 H- 5| Wik -6- 52 ) Yk )-4-
(4- T FE 5 38)-3- 25 3L S E M-S (2. H)- i (Bae): £ [ 44,
22.4 mg, FEF 74%, ee 90%. m.p. 168.1~170.4 C;
[@]5 +41.6 (¢ 1.00, CH,CL); 'H NMR (DMSO-ds, 400
MHz) §: 11.46 (s, 1H), 7.85 (d, J=8.0 Hz, 1H), 7.81~
7.79 (m, 3H), 7.74~7.72 (m, 2H), 7.67~7.65 (m, 1H),
7.63~7.59 (m, 2H), 7.46~7.42 (m, 2H), 7.40~7.38 (m,
2H), 7.26~7.24 (m, 2H), 7.23~7.21 (m, 2H), 7.00~6.97
(m, 2H), 6.86~6.84 (m, 1H), 6.77~6.74 (m, 2H), 6.09 (s,
1H), 3.80 (s, 3H), 3.61 (s, 2H); '3C NMR (DMSO-ds, 100
MHz) d: 171.4, 166.4, 159.5, 147.0, 146.4, 137.1, 136.0,
132.2, 130.2, 130.1, 129.3, 129.2, 129.0, 128.9, 128.5,
127.8, 127.0, 125.9, 125.3, 125.0, 123.7, 121.1, 119.3,
116.3, 114.1, 112.8, 105.2, 71.1, 55.6, 27.7. HRMS (EI)
caled for CssHyoN3;OsNa [M +Na] ™ 630.1999, found
630.1993. X BeAA I B 1 o Hm v RO i A I e
A 90% (IC (aifik:, 254 nm, [ECKE/ RHEEE, V: V=
70 : 30, 1.0 mL/min): 18.0 min(YX1), 25.5 min( = I).

2-((4- AR R IR B ) (3- 2R B - 1 H- | Wik -6- 52 ) Yk )-4-
(3-H 2L 58 )-3- 2K Bk SR g M -5(2.H)- T (3af): 1 £ 3] 44k,
22.8 mg, FEF 79%, ee 96%. m.p. 141.2~143.0 C;
@]y —26.2 (¢ 1.00, CH.CL); 'H NMR (DMSO-ds, 400
MHz) §: 11.44 (s, 1H), 7.84 (d, J=8.0 Hz, 1H), 7.76~
7.76 (m, 1H), 7.71~7.69 (m, 2H), 7.65~7.62 (m, 2H),
7.60~7.58 (m, 1H), 7.45~7.41 (m, 4H), 7.28 (s, 1H),
7.25~7.21 (m, 1H), 7.18~7.16 (m, 2H), 6.97~6.95 (m,
2H), 6.89~6.84 (m, 3H), 6.56 (s, 1H), 6.29~6.27 (m,
1H), 6.08 (s, 1H), 3.78 (s, 3H), 3.43 (s, 2H), 2.05 (s, 3H);
3C NMR (DMSO-ds, 100 MHz) d: 176.3, 170.5, 164.2,
143.5, 142.7, 141.9, 140.9, 136.7, 135.1, 134.9, 134.6,
134.0, 133.8, 133.3, 133.2, 133.1, 132.9, 132.0, 131.7,
130.6, 129.9, 129.6, 129.4, 125.6, 124.1, 121.0, 118.8,
117.4, 110.5, 75.3, 60.3, 32.4, 26.0. HRMS (EI) calcd for
Ci3oH3N,0:Na [M+Na]™ 599.2311, found 599.2298. %}
WA et B T A 508 I SO BB G B 96% (IC
A%k, 254 nm, IECKE/FNEE, VI V=70 :30, 1.0
mL/min): 8.7 min(ZX14), 10.7 min( 3 I%).

4-(3-FA R HE)-2-((4- P AR R DR ) (3- 2R i - 1 H-P5 -6
By B 3L)-3- 2K 5 S e S (2 ) (3ag): A B E{A, 23.6
mg, 5 79%, ee 92%. m.p. 143.8~1452 C; [l
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—19.8 (¢ 1.00, CH,Cl,); '"H NMR (DMSO-ds, 400 MHz)
5: 11.43 (s, 1H), 7.85 (d, J=8.0 Hz, 1H), 7.76~7.76 (m,
1H), 7.71~7.69 (m, 2H), 7.66~7.64 (m, 2H), 7.62~7.59
(m, 1H), 7.45~7.40 (m, 4H), 7.27 (s, 1H), 7.25~7.21 (m,
1H), 7.17~7.15 (m, 3H), 6.98~6.97 (m, 2H), 6.95 (s,
1H), 6.90~6.88 (m, 2H), 6.43 (d, J=8.0 Hz, 1H), 6.09 (s,
1H), 3.78 (s, 3H), 3.50 (s, 2H); '3C NMR (DMSO-ds, 100
MHz) 6: 171.3, 166.0, 159.5, 141.4, 137.2, 136.1, 133.6,
132.1, 130.4, 130.3, 130.2, 129.8, 129.3, 128.9, 128.5,
127.9, 127.8, 126.9, 126.7, 126.2, 125.9, 125.2, 124.8,
120.7, 119.3, 116.3, 114.1, 112.6, 105.0, 70.6, 55.6, 27.4.
HRMS (EI) caled for CsHyoCIN,OsNa [M + Na] *
619.1759, found 619.1752. X mefdid & 43 Bou@id =2k
AR LA 52 N 92% (IC (il e, 254 nm, 1E U5/
P, V' V=70 30, 1.0 mL/min): 7.9 min({XI&), 10.0
min(FU%).
4-(3-RIRFE)-2-((4- F AR B DR 0 ) (3- 2R Jk- 1 H-Pg| Wik -6-
B i 3)-3- 2K 5k S S I S (2H)- i (3ah): A €5 [ 44,
252 mg, FEFE 79%, 96% ee. m.p. 170.4~173.8 C;
[@]7 —19.8 (¢ 1.00, CH,Cl,); '"H NMR (DMSO-ds, 400
MHz) §: 11.43 (s, 1H), 7.85 (d, J=8.0 Hz, 1H), 7.76~
7.76 (m, 1H), 7.71~7.69 (m, 2H), 7.66~7.60 (m, 3H),
7.45~7.40 (m, 4H), 7.30~7.21 (m, 3H), 7.17~7.15 (m,
2H), 7.09 (s, 1H),, 6.97~6.95 (m, 2H), 6.90~6.86 (m,
2H), 6.42 (d, J=8.0 Hz, 1H), 6.09 (s, 1H), 3.78 (s, 3H),
3.50 (s, 2H); '*C NMR (DMSO-ds, 100 MHz) &: 171.3,
166.0, 159.5, 141.7, 137.1, 136.1, 132.1, 130.8, 130.7,
130.2, 130.1, 129.8, 129.6, 129.3, 128.9, 128.5, 127.8,
127.0, 126.5, 125.9, 1252, 124.8, 122.2, 120.7, 119.3,
116.2, 114.1, 112.6, 104.9, 70.6, 55.6, 27.4. HRMS (EI)
caled for CsgHyoBrN.OsNa [M—+Na]® 663.1254, found
663.1249. Xf B & F 3 Hom i s RO G o
N 96% (IC ik, 254 nm, 1IEC K/ FAEE, V: V=
70 : 30, 1.0 mL/min): 8.1 min(XV%), 10.4 min(F=14).
2-((4- F AR R R IR ) (3- R JE -1 H- M| ok -6- 5 ) Y 26 )-4-
(2- F 0 )-3- 2 3t S ME M-S (2 F)- T (3ai): 1 € ] Ak,
22.1 mg, P23 77%, ee 94%. m.p. 152.6~154 C; [a]}
—35.1 (¢ 1.00, CH,Cl); '"H NMR (DMSO-ds, 400 MHz)
5: 11.44 (s, 1H), 7.85 (d, J=8.0 Hz, 1H), 7.79~7.78 (m,
1H), 7.73~7.71 (m, 2H), 7.64~7.61 (m, 2H), 7.59~7.57
(m, 1H), 7.46~7.42 (m, 2H), 7.37~7.35 (m, 2H), 7.28~
7.24 (m, 2H), 7.22~7.19 (m, 2H), 7.08~7.06 (m, 1H),
7.00~6.97 (m, 2H), 6.96~6.94 (m, 1H), 6.90~6.88 (m,
1H), 6.52~6.48 (m, 1H), 6.09 (s, 1H), 5.78 (d, J=8.0
Hz, 1H), 3.80 (s, 3H), 3.35 (s, 2H), 2.12 (s, 3H). '3C NMR
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(DMSO-ds, 100 MHz) §: 171.6, 166.2, 159.5, 137.2, 136.7,
136.2, 136.1, 132.0, 130.4, 130.2, 130.1, 129.6, 129.3,
129.0, 128.3, 128.2, 126.9, 126.5, 126.5, 126.0, 125.9,
125.2, 124.9, 121.0, 119.3, 116.2, 114.1, 112.8, 106.0,
71.0, 55.7, 25.6, 19.5. HRMS (EI) calcd for C3oH3,N,03Na
[M+Na]" 599.2311, found 599.2300. X} mefAkid & 54>
HOE I 1 RO BN E N 94% (IC tilk i, 254
nm, 1ECKE/FEREE, Vi V=80 :20, 1.0 mL/min): 12.2
min(YXU§), 18.7 min( %)

4-(2-TRZ2)-2-((4- TV AUk 48 5 ) (3- 2R 2k - 1 H- 5] 1Rk -6-
F) FH L3-S FE B M-S 2H)-F (3aj): (A E AR, 24.5
mg, 77K T77%, ee 86%. mp. 152.9~1542 C; [o]?
—10.5 (¢ 1.00, CH,Cl,); "H NMR (DMSO-ds, 400 MHz)
8: 11.46 (s, 1H), 7.85 (d, J=8.0 Hz, 1H), 7.79~7.79 (m,
1H), 7.72~7.71 (m, 2H), 7.65~7.63 (m, 1H), 7.62~7.58
(m, 2H), 7.55~7.52 (m, 1H), 7.46~7.42 (m, 2H), 7.35~
7.33 (m, 2H), 7.27~7.24 (m, 2H), 7.22~7.20 (m, 2H),
7.06~7.02 (m, 1H), 7.00~6.98 (m, 2H), 6.89~6.86 (m,
1H), 6.68~6.65 (m, 1H), 6.10 (s, 1H), 5.90 (d, J/=8.0 Hz,
1H), 3.80 (s, 3H), 3.43 (s, 2H); 3C NMR (DMSO-ds, 100
MHz) §: 171.3, 166.6, 159.5, 137.4, 137.2, 136.1, 132.9,
132.1, 130.3, 130.2, 130.1, 129.4, 129.3, 128.9, 128.8,
128.3, 127.9, 127.7, 126.9, 125.9, 125.2, 124.9, 124.2,
121.0, 119.3, 116.2, 114.1, 112.8, 104.9, 71.1, 55.7, 29.0.
HRMS (EI) caled for C;3sHBrN,Os;Na [M + Na] *
663.1254, found 663.1245. XfHLAAL & H 5 Hod il m R
AR EL A 5l 86% (IC (il FE, 254 nm, 1E U/
PIlE, V2 V=70 30, 1.0 mL/min): 7.3 min(7XI%), 10.5
min(FUE).

2-((4- AR R IR B ) (3- 2R B - 1 H- 5| Wik -6- 52 ) Yk )-4-
(Z8-2-FL 1 L )-3-ZR 3k S WM S (2. ) - il (3ak): 1A € [l 44,
25.5 mg, “F 83%, ee 90%. m.p. 167.2~169.1 C;
[e]y +33.3 (¢ 1.00, CH,CL); 'H NMR (DMSO-d, 400
MHz) §: 11.47 (s, 1H), 7.91 (d, J=8.0 Hz, 1H), 7.83~
7.83 (m, 1H), 7.78~7.73 (m, 3H), 7.64~7.57 (m, 4H),
7.48~7.42 (m, 4H), 7.38~7.34 (m, 1H), 7.28~7.24 (m,
4H), 7.21~7.16 (m, 2H), 7.01~6.98 (m, 3H), 6.90~6.87
(m, 1H), 6.80 (s, 1H), 6.14 (s, 1H), 3.80 (s, 3H), 3.64 (s,
2H); BC NMR (DMSO-ds, 100 MHz) §: 171.5, 166.1,
159.4, 137.2, 136.6, 136.2, 133.3, 132.0, 130.2, 130.1,
129.5, 129.4, 129.3, 128.4, 128.3, 128.1, 127.8, 127.0,
127.0, 126.9, 126.4, 125.9, 125.9, 125.3, 125.0, 124.9,
121.1, 119.4, 116.2, 114.2, 113.0, 105.4, 70.7, 55.6, 28.0.
HRMS (EI) caled for [C4,H3,N,03Na M+Na]" 635.2311,
found 635.2301. X W44 it & 5 23 20 i = B0 A
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A 5E 9 90% (IC ikt 254 nm, 1ECki/FAEE, V!
V=170 : 30, 1.0 mL/min): 10.5 min(#X!%), 14.1 min(3F
UEg).

2-((4- AU R IR B ) (3- 2R B - 1 H- M| Wk -6- 5 ) R Ok )-4-
(Z5-1-2 H 36)-3- 2K 5 SR W@ w52 H)- il (3al): 1A €0 5] 44
24.1 mg, 7°F 79%, ee 96%. m.p. 155.1~157.9 C;
[@]7 —58.1 (¢ 1.00, CH,Cl); '"H NMR (DMSO-ds, 400
MHz) 6: 11.48 (s, 1H), 7.98~7.95 (m, 1H), 7.89~7.86
(m, 2H), 7.82~7.81 (m, 1H), 7.76~7.74 (m, 2H), 7.66~
7.63 (m, 1H), 7.62~7.60 (m, 1H), 7.57~7.53 (m, 2H),
7.52~7.48 (m, 3H), 7.46~7.44 (m, 1H), 7.39~7.37 (m,
2H), 7.31 (s, 1H), 7.27~7.24 (m, 3H), 7.03~7.01 (m,
2H), 6.92~6.89 (m, 1H), 6.75~6.71 (m, 1H), 6.13 (s,
1H), 5.87 (d, J=8.0 Hz, 1H), 3.86 (s, 2H), 3.82 (s, 3H);
13C NMR (DMSO-ds, 100 MHz) 0: 176.4, 171.3, 164.3,
142.0, 140.9, 138.9, 138.3, 136.8, 136.4, 135.1, 134.9,
134.2, 134.1, 133.8, 133.1, 132.9, 132.0, 131.7, 131.5,
131.1, 130.7, 130.2, 130.1, 129.8, 129.7, 128.7, 128.4,
125.9, 124.1, 121.0, 118.9, 117.6, 110.6, 75.9, 60.4, 30.1.
HRMS (EI) calcd for C4,H3,N,03Na [M+Na]™ 635.2305,
found 635.2300. . X WA & H 43 B0 I RO AH G
ACE A 96% (IC A, 254 nm, 1E Cbe/ AR, V!
¥=70 : 30, 1.0 mL/min): 10.7 min(Z%XI%), 17.8 min(E
).

A-(R M -2- 35 F 3 )-2-((4- AR B A 0 ) (3- 2K 3 - 1 H-W5)
W -6- 2% ) F 35k )-3- 2K 3 S a5 (2 ) -l (3am): [ €] 1k,
22.0 mg, P“FE 80%, ee 66%. m.p. 103.1~105.0 C;
[@]7 +10.5 (¢ 1.00, CH,Cl,); '"H NMR (DMSO-ds, 400
MHz) §: 11.42 (s, 1H), 7.84 (d, J=8.0 Hz, 1H), 7.76~
7.75 (m, 1H), 7.71~7.69 (m, 2H), 7.67~7.62 (m, 3H),
7.52~7.50 (m, 2H), 7.46~7.42 (m, 3H), 7.28~7.24 (m,
2H), 7.17~7.15 (m, 2H), 6.97~6.95 (m, 2H), 6.90~6.88
(m, 1H), 6.12~6.11 (m, 1H), 6.09 (s, 1H), 5.27~5.26 (m,
1H), 3.78 (s, 3H), 3.45 (s, 2H); 3C NMR (DMSO-ds, 100
MHz) d: 171.0, 165.7, 159.5, 152.2, 142.4, 137.1, 136.1,
132.0, 130.2, 130.2, 129.9, 129.3, 129.0, 128.6, 127.8,
126.9, 1259, 1252, 124.8, 120.7, 119.3, 116.2, 114.1,
112.6, 110.7, 106.1, 103.0, 70.4, 55.6, 21.7. HRMS (EI)
caled for CisHxsN,OsNa [M~+Na]™ 575.1941, found
575.1952. X WA & E o Hom i s RO G Ao
N 66% (IC ikt 254 nm, 1IECk/FAEE, V: V=
80 : 20, 1.0 mL/min): 8.6 min(#XV%), 10.1 min(F=14).

2-((4-FFHAA FE FR 3L ) (3- 2 I - 1 -5 | e -6- 35 ) T 3 )-4-
-3 RIEM-S(2H)-F(3an): A EREIA, 18.1 mg, 7=
K 75%, ee 63%. m.p. 142.1~144.2 C; [e]F —11.1 (c
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1.00, CH,Cly); '"H NMR (DMSO-ds, 400 MHz) J: 11.40 (s,
1H), 7.81 (d, J=8.0 Hz, 1H), 7.74~7.73 (m, 1H), 7.70 (s,
1H), 7.68~7.65 (m, 4H), 7.56~7.54 (m, 2H), 7.44~7.40
(m, 2H), 7.26~7.21 (m, 2H), 7.12~7.10 (m, 2H), 6.94~
6.92 (m, 2H), 6.86~6.84 (m, 1H), 6.04 (s, 1H), 3.76 (s,
3H), 1.72 (s, 3H); 3C NMR (DMSO-ds, 100 MHz) o:
171.8, 164.0, 159.3, 137.1, 136.1, 131.6, 130.4, 130.2,
130.1, 129.3, 129.3, 128.8, 128.3, 126.9, 125.8, 125.0,
124.7,120.7, 119.2, 116.2, 114.1, 112.5, 102.0, 69.8, 55.6,
7.8. HRMS (EI) caled for C3HyN,O3;Na [M + Na] *
509.1836, found 509.1845. X mfiid & 4 HoEid =k
WA IEACIE A 63% (IC ik, 254 nm, IF O/
PilE, V2 V=80 : 20, 1.0 mL/min): 14.4 min(YXI%), 18.1
min(FUE).

4R BE 2 ((4-FH A R IR (3R JE - L M| W -6-J5 )
$)-3- H 2 S W52 H)- i (3a0): 1 L4, 20.3 mg,
F=H 81%, ee 61%. m.p. 90.1~92.2 C; [l +75.2 (c
1.00, CH,Cl,); '"H NMR (DMSO-ds, 400 MHz) §: 11.42 (s,
1H), 7.87 (d, J=8.0 Hz, 1H), 7.75~7.75 (m, 1H), 7.71~
7.70 (m, 2H), 7.45~7.40 (m, 4H), 7.31~7.29 (m, 2H),
7.25~7.22 (m, 1H), 7.11~7.11 (m, 1H), 7.08~7.07 (m,
1H), 7.07~7.06 (m, 1H), 6.98~6.95 (m, 2H), 6.81~6.78
(m, 2H), 6.64 (s, 1H), 3.77 (s, 3H), 3.41 (s, 2H), 2.29 (s,
3H); 3C NMR (DMSO-ds, 100 MHz) d: 171.2, 163.9,
159.3, 139.4, 137.3, 136.2, 130.9, 130.2, 129.9, 129.3,
128.6, 128.0, 126.9, 126.4, 125.8, 125.0, 124.7, 120.7,
119.4, 116.2, 114.2, 112.3, 103.7, 67.6, 55.6, 27.2, 12.0.
HRMS (EI) calcd for C33HsN,O3Na [M+Na]' 523.1992,
found 523.2201. X W44 i & 5 23 20 i = B0 A
A 5E N 61% (IC ik, 254 nm, 1E b/ FAEE, V!
V=80 : 20, 1.0 mL/min): 17.4 min(?X¥%), 21.5 min(E
).

4-"RHE-3- £ FE-2-((4- AR AR I ) (3- IR - L H- Mg -
6-3) FF ) S WE ME-5(2.H)- i (3ap): FI LB £, 19.4 mg,
FEH 72%, ee 70%. m.p. 91.1~93.0 C; [e] +26.4 (c
1.00, CH,Cl,); '"H NMR (DMSO-ds, 400 MHz) §: 11.41 (s,
1H), 7.88 (d, J=12.0 Hz, 1H), 7.76~7.75 (m, 1H), 7.72~
7.70 (m, 2H), 7.46~7.41 (m, 3H), 7.31~7.29 (m, 2H),
7.26~7.24 (m, 1H), 7.12~7.09 (m, 4H), 6.98~6.96 (m,
2H), 6.89~6.87 (m, 2H), 6.68 (s, 1H), 3.78 (s, 3H), 3.45
(s, 2H), 2.75 (q, J=8.0 Hz, 2H), 1.13~1.09 (t, J=8.0 Hz,
3H); 3C NMR (DMSO-ds, 100 MHz) d: 171.3, 168.1,
159.3, 139.6, 137.3, 136.1, 131.2, 130.2, 130.1, 129.3,
128.7, 128.1, 126.9, 126.4, 125.8, 125.0, 124.7, 120.7,
119.4, 116.2, 114.2, 112.3, 102.3, 67.3, 55.6, 27.3, 19.1,
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13.4. HRMS (EI) caled for CsH3N,O3;Na [M+Na]"
537.2149, found 537.2160. XWiAid & 4> Hoimid =2k
AR LA 52 70% (ID ik, 254 nm, 1E W5/ 5%
PIlE, V2 =50 : 50, 1.0 mL/min): 10.4 min(ZXI%), 14.5
min(FU£).

4-"RBE-2-((4- F AR B R L) (3- TR L - L H-Mg | Wik -6- 55 )
H2)-3- IR B S BEME-5(2H)- i (3aq): ([ 14, 23.0 mg,
F=E 82%, ee 84%. m.p. 107.1~109.3 C; [a]} —6.2 (c
1.00, CH,Cly); 'H NMR (DMSO-ds, 400 MHz) 6: 11.43 (s,
1H), 7.85 (d, J=12.0 Hz, 1H), 7.78~7.77 (m, 1H), 7.73~
7.71 (m, 2H), 7.67~7.60 (m, 3H), 7.46~7.41 (m, 4H),
7.29~7.25 (m, 2H), 7.20~7.18 (m, 2H), 7.08~7.05 (m,
1H), 7.00~6.98 (m, 4H), 6.90~6.87 (m, 1H), 6.57~6.55
(m, 2H), 6.07 (s, 1H), 3.80 (s, 3H), 3.48 (s, 2H); *C NMR
(DMSO-ds, 100 MHz) §: 171.6, 165.9, 159.5, 138.8, 137.2,
136.1, 132.0, 130.3, 130.1, 129.6, 129.3, 129.0, 128.7,
128.4, 128.1, 127.7, 126.9, 126.6, 125.9, 125.2, 124.8,
120.9, 119.3, 116.3, 114.1, 112.7, 106.1, 70.9, 55.7, 27.7.
HRMS (EI) calcd for C3sH3N,03Na [M+Na]" 585.2149,
found 585.2144. WA I & 7 43 B8 i R0
BCNE N 84% ([IC EuilhE, 254 nm, IECke/ AR,
V' ¥=70":30, 1.0 mL/min): 7.7 min(XI%), 9.3 min(E
).

2-((4- FF AR R S 3 ) (1- R 2L -3- S 2k - 1 - Wik -6- 22 ) F
B )-4-(4- W HE R 5L )-3- 8 B R WEME-5(2H) - (Saa): H T
44, 20.0 mg, =% 68%, ee 0%. m.p. 107.8~110.8 C;
'H NMR (DMSO-ds, 400 MHz) ¢: 7.86 (d, J=12.0 Hz,
1H), 7.79 (s, 1H), 7.71~7.70 (m, 2H), 7.66~7.61 (m,
3H), 7.47~7.41 (m, 4H), 7.27~7.22 (m, 3H), 7.18 (s,
1H), 6.98~6.96 (m, 2H), 6.89~6.86 (m, 1H), 6.74~6.73
(m, 2H), 6.37~6.35 (m, 2H), 6.07 (s, 1H), 3.80 (s, 3H),
3.72 (s, 3H), 3.39 (s, 2H), 2.12 (s, 3H); C NMR
(DMSO-ds, 100 MHz) §: 171.6, 165.8, 159.5, 137.4, 135.7,
135.7, 135.4, 132.0, 130.2, 130.1, 129.5, 129.4, 129.2,
129.1, 129.0, 128.4, 128.2, 127.5, 126.9, 126.0, 125.7,
121.1, 119.6, 115.4, 114.1, 110.9, 106.7, 71.1, 55.6, 33.0,
27.2,20.9. HRMS (EI) calcd for C40H34N>O3Na [M-l-Na]+
613.2462, found 613.2459. LA & F 7 FoE it m AL
AR L BE A 52 Y 0% (IC taiAE, 254 nm, IECkE @ 4
=90 : 10, 1.0 mL/min): 25.7 min(FE %), 27.6 min(IX
).

AT 6-((4- F AU DR R ) (4-(4- R R0 )-5- 554K -3-
2L S M 2 (SH)-FE) F R )-3- 2K B - 1 H-15| W - 1 - FR TR T
(6aa): A EI[E A, 61.0 mg, F*F 90%, ee 93%. m.p.
93.0~94.2 C; [a]? +32.8 (¢ 1.00, CH,Cl); '"H NMR
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(DMSO-ds, 400 MHz) &: 8.00 (d, J=24.0 Hz, 2H), 7.84~
7.82 (m, 1H), 7.75~7.73 (m, 2H), 7.64~7.57 (m, 3H),
7.53~7.49 (m, 2H), 7.40~7.39 (m, 3H), 7.19~7.17 (m,
2H), 7.12~7.10 (m, 1H), 6.98~6.96 (m, 2H), 6.79~6.77
(m, 2H), 6.42~6.40 (m, 2H), 6.09 (s, 1H), 3.80 (s, 3H),
3.39 (s, 2H), 2.15 (s, 3H), 1.53 (s, 9H); 3C NMR
(DMSO-ds, 100 MHz) §: 171.5, 165.7, 159.6, 149.3, 135.7,
135.5, 133.4, 133.1, 132.0, 130.3, 130.1, 129.5, 129.2,
128.5, 128.4, 128.0, 128.0, 127.8, 127.5, 124.3, 121.6,
120.0, 119.9, 116.1, 114.2, 106.9, 84.7, 70.8, 55.6, 28.0,
27.3,21.0. HRMS (EI) calcd for C44H4oN>OsNa [M—l—Na]+
699.2829, found 99.2830. X WAt & i 4 Hrl i i 3L
WA BB E N 93% (ID B iAE, 254 nm, 1E e+
PilE=70:30, 1.0 mL/min): 26.3 min(7XU%), 32.4 min(F
).

% Bh #1 %l (Supporting Information) H #5 L & ¥
3aa~3aq, 3ba~3la, 5aa fl 6aa [ '"H NMR, '*C NMR
1 Chiral-HPLC 17387 . IX2ep b n] DA 9 AT
X 3k (http://sioc-journal.cn/) b F %k,
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