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Aminofluorination-Based Structural Modification of Curcumol for the
Construction of 3D-Shaped Natural Product Fragment Library

Li, Xiang"** Zhang, Yifan' Lu, Kailin” Liu, Shihui** Zhang, Yongqiang™?
(¢ College of Medicine, Jiaxing University, Jiaxing, Zhejiang 314001)
(> School of Pharmacy, East China University of Science and Technology, Shanghai 200237)

Abstract The biological significance of sp-rich synthetic scaffolds with natural product like features yet distinct global
frameworks is being increasingly recognized in medicinal chemistry and biochemistry. Herein, a fragment library consisting of
3D-shaped natural product fragments was assembled. Library construction was performed by photocatalytic amidofluorination
of curcumol to incorporate amine and fluorine as potential binding groups and synthetic growth points. Through this strategy, a
fragment library of 24 fragments was generated, which was demonstrate to have high three-dimensionality, natural product
likeness and superior fragment-like properties, covering a novel chemical space in fragment based drug discovery.

Keywords curcumol; structural modification; aminofluorination; 3D-shaped fragments; fragment based drug discovery
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Table 1 Attractive properties of curcumol for fragment based
drug discovery ¢

Property Ideal Range? Curcumol
MW <300 236.35
Alog P 0~2 2.63
Heavy atom count 10-16 17
Hydrogen-bond acceptors <3 2
Hydrogen-bond donors <3 1
Rotatable bond count <3 1
Carbon sp? fraction — 0.866667
Plane of best fit/nm — 0.1003
Polar surface area/nm? <0.60 0.2946

“Calculated using LLAMAI®). » Based on the guidelines used by Astex Phar-
maceuticals.

FEAR B B i) Bl b, 75 2L & 4 1) A= s PR A
A BT YRR T TR B AT E— 0180, USRI 2
A RO B SR, A MIRRBEBI T AT, K24
TG TR 6 AL FRFEL) | B 5 =) AR TE T M
BRI, RRAER R B DL TS St
A 43 5 1 2 X T 3R I (4 S A DOVRI 2R A I
FEU, R IX A 7 1 2 I R SRR I B 1Y) 56 B 1A
AFITFH R EYE. RIS 7, FARES
SIS BRI, ot K v P 10 1] B T DUSR e AR i
PRI 57 3 5 B, 3 [ — 5 T AT AT o 7 45 6 T A
EST, fRmEKEYE, AR TR e A 4 S
— 5, SRR R NRe S g, R T AT
WEAEME. IAh, SR T RARUNR R, SR
PESEMRFME T, 53 51 N2 5 T R TR 2 r AR
FaE e BV YRR, MOMEZM 5 T R %
SERIAR A PR LS R AN, DRI, S FR I B3R AN
FEHEAT LA B, A B s AR YIS T i R, OR
HEHA BT AT 1

H AT OIS I R A R N, K 22 38 FH TG R At
R IR OB A Y, SRR 2% N IkAT, &A1
PEIR A I8 25 1) HLAB IR By 43 ik (1 3R B xf DL A T3
BefA R0 I, Studer PRAZHISIKE T —Flifid H
FRATEIIANE ST, X 2R AR AT AL
Wi, AN TIHRARR MR B, 25 AR,
A i B HER R SRR R B, (R
FRMGE R B I NUS T R & B, IRERRIATA
VIR s BT, DA 31— R0 AR 05 ok
N A ATAE YN (Scheme 1), #E—E R I LAFEAE NZ O
R IR = v B .

1 ER5HR

55, Z M Studer PRIBAIIRIER 7%, & BRI
THERBIREEEACEGR) 7030, Bt A, $%08 Scheme 2 Fiw,
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NHTroc

Selectfluor
Mes-Acr-Me

blue LEDs

CO,H

B 1 AR B R AL AT AE & R T
Scheme 1 Protocol to achieve the aramidefluorination of Cur-
cumol

FARE 8 FILAY) 7 FEAMEAF] Mes-Acr-Me. ik F
Selectfluor LK Na,HPO4 264 T, &idif/@ i 5 2
B N A B A R T P2 9. BT IROREE A SR 45 F )
ASKTRRYE, B B B2 9 — X AEXT B S A A
(dr.=4:1). 85, 9% Zn & JF315 23 B R EAL =9 10,
WA, 10 5B (11a~11v)7E NN-—F NS
Bl kA N AR B — R AR 1 0 B T R R A AT AR
M 12a~12v(E 1). BfE, NG REI—RT4EY S, &
HUT 12a 347 Xeray SR ATHUY, 85508 5 T4 14— 2L,
B IE T P A A .

NHTroc

Reagent and conditions: (a) Mes-Acr-Me (5 mol%), Selectfluor, NazH-
POy4, blue LEDs, N, r.t., 16 h; (b) Zn, KH2POq, r.t., 8 h; (c) DIPEA, DCM,
rt., 3 h.

B2 FoARmE T H IR AL RT AN 12 &K
Scheme 2 Synthesis of aramidefluorinated curcumol analogs 12

Bk, RTHERR LLAMABISHT S 9, 10,
12a~12v fEA 3L 24 MMEEY), LLFAGEAE FBDD
& MTEER ). BiAmE, £t IFa IR
AT LB 2 R rh e P ¥ T &N 407.366,
P Alog P M 3.30, “FI5M R AN 65.64 nm, 135
sp* Bk i L 0.718, Hor K0 464 L 5 7 2 24,
FEZE =T 1980~2009 4 _E 1T P01~ F- 3 sp® ik o EL 1Y)
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12a,d.r. =4 :1

12b,d.r. =4 :1 12c,d.r. =4 :1

12m,d.r. =4 :1

12n,dr. =4 :1

120,d.r.=4:1

12d,d.r. =4 : 1

Meozc\©\/(o

12k, d.r. =4 :1

121, dr. =4:1

12p,dr.=4:1 12q,d.r.=4:1 12r,dr. =4:1

12s,dr. =4 :1

12t,dr. =4 :1

12u,d.r. =4 :1

12v,dr. =4 :1

B 1 & FRAEE S5 M AT A

Figure 1 Aramidefluorinated curcumo

0.4721. oAk, SR =4E @ty T, PR AR ST
[l (PBF) A 0.1074 nm, 5 2K KAWL AWK
ChEMBL % 4J5 PE 1) F ¥ U6 (ChEMBL {6 &9~ 13
PBF=0.06 nm)#f Lb 2 A 4% 400, @k, XL
Bl R AR T B R R T 2 A, itk — B FEE
B ESRAA R Z A

2 g

ALy 5 RAR PR 2k ith, 45 6 A
LS HEAEOR, BB AR T 24 DNERAREDT
SEIRETRACRT AN, RBE IR e AL S N ML T H A
e R AT S REAL B B B R R XU E BE LR, %
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BT — RINGE AR E I FRAREE 7 R WAL AT A,
HEHEAGRAT SN, X S S WIE RUESRAR T A 1 v
sp® HC AT = EZERIDL S M RIS, 3B ROb R = A 00
PER G RCRTATVE, T R BU Y R IR A T
(1 = SRR IR Fr B
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Table 2 Physicochemical properties of curcumol derivatives ¢

Polar Sur-

Compd. M Alog P Carbor.l sp’ Plane. of face Ar-
fraction Best Fit/nm

ea/nm?
9 446.769  3.84 0.944 0.0989 0.67.79
10 271.371 1.70 1.000 0.0993 0.5548
12a 375477 333 0.682 0.1056 0.5856
12b  389.503  3.35 0.696 0.0851 0.5856
12¢  389.503  3.33 0.696 0.0979 0.5856
12d  389.503  3.34 0.696 0.1233 0.5856
12e 405.503 3.24 0.696 0.1254 0.67.79
12f  431.583  4.76 0.731 0.1071 0.5856
12g 393467 3.25 0.682 0.0925 0.5856
12h  409.922  3.92 0.682 0.0931 0.5856
12i 454373  3.89 0.682 0.1061 0.5856
12j 433.513 3.28 0.667 0.1294 0.8486
12k 400.486  3.02 0.652 0.1042 0.8235
121 389.503  3.27 0.696 0.0940 0.5856
12m 401.514  3.75 0.625 0.1048 0.5856
12n  403.530  3.63 0.708 0.1356 0.5856
120 435529 3.33 0.708 0.1087 0.7702
12p 425536 422 0.577 0.1168 0.5856
12q 365439 2.77 0.750 0.0997 0.7170
12r 415950 3.85 0.750 0.1076 0.5856
12s  455.361 3.03 0.714 0.1166 0.7145
12t 377.453 1.50 0.750 0.1005 0.8434
12u 425557 2.52 0.727 0.1176 0.7563
12v. 490.427  3.00 0.714 0.1071 0.7563
Average 407.366  3.30 0.718 0.1074 0.6564

“ Calculated using LLAMAI®,

AFR B RS . 7E 0.2~0.25 mm FERHCHE & Bi) bk
TR i, HAE 254 nm (1AM E T M-S,
F mAR R R e ik — B M %2, M JENTER 200~300 H
WEMR:. X REFLIRITEAE EAR S 78 400/600 JRAZREFLIRAX
WA, ARED . R IR REURACHIE R, &5
S It B I o SR A S5 B RSt LCT Premier XE Y
WA

3.2 ZLWHE

321 2-F A 2((Q22-ZRTC AR #HH)A L) A
)R BR (7)) %

Fil~, 1 N-FREIRH B 1 (13.7 g, 100 mmol)f)
N,N-—FA 3 FREE B 70 (150 mL), I N8 ALER(5.9
g, 105 mmol)#ii#. B f5THE 2 60 °CHiHE 20 min 5, T
1 h WEERINE 2-1R-2,2- —HEFRHTEE 2 (19.6
mL, 105 mmol), TMJ5THE4E 90 °C/ M 16 h. M EE R
J&, JIN 300 mL KA RE SN, H 4R BR300 mL X
DFERE, GHAVUEHFIMAMAE (100 mL)
VRV, TR TCKBRER AN T A AU, I8 E e
A=, T DARE R (v A il AL R T A A T/ 2R
g, Viv=10: )EH 2-CKH B & IEEFL)-2-F K

Ry
Pl
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FRAUT BR(3) 12 g, IRFEO[E{E, 7% 42%. 'H NMR (400
MHz, CDCls) d: 9.31 (s, 1H), 7.75~7.66 (m, 2H), 7.49 (t,
J=7.4Hz, 1H), 7.40 (t, J=7.5 Hz, 2H), 1.52 (s, 6H), 1.47
(s, 9H). ¥k EIHRE 5 2 Ao (1) — 23],

FIR T, B=W A 35 mLyImMALE 9 (12 g,
42 mmol)¥] & F FiE M (35 mL), HiHERM 1 h )5,
208 R N A A ). FE I A (LR BRIk,
AR 2-(K I AR 400 )-2- R AR TN IR (4) 6 g, FI Tl i,
% 64%. '"H NMR (400 MHz, DMSO-ds) 6: 11.15 (s,
1H), 7.70 (d, J=7.4 Hz, 2H), 7.56~7.48 (m, 1H), 7.46~
7.36 (m, 2H), 1.39 (s, 6H). & EIEE 5 2 mikiE i —2
[13]

BE 5K 4 (9 g, 40 mmol)[¥) 5 mol/L #:/2 (80 mL)F
LFE(16 mLYREVEBUMAERNR, &M 6 h. AEHE,
St pEF RE AR R, IEETEI A AR 2-(&
FLEIE)-2-F AR R R(S) 4 g, 7% 65%. 'H NMR
(400 MHz, D,0) d: 1.55 (s, 6H). & EI%d 5 2 AifiE i)
_ﬁz[l}].

FIRF, THEY 5 (3.1 g 20 mmol) ) VU S HEIR
(40 mL)FI7K (8 mL) IR AW H I NBRER E8H(S g, 60
mmol), #HFE 10 min [FAHIZE 0°C, FHT 15 min HHE5E
SAFR=FCEE 6 (3.3 mL, 24 mmol), THEFER KN 12
h. RIS JE, VIR E R85 2 DU SRR, A 2
mol/L A EALAN/KIEM (10 mL)57K(50 mL)#ike. LLZ
& ZER(50 mL X 2)¥i/KAHE, 002 mol/L EhR¥A K
BRIk 2 pH<3, BEJE I LR LBEAEE(S0 mLX3), H
NUARFIF JE KSR T8 5, F&d I ie T8, 19
FPHEF=Y), DL ST e A i, 153 B ok AR [
R 2-FE2-((((2,2,2- = O A R & L) A ) N IR
(7) 2.99 g, % 51%. 'H NMR (400 MHz, DMSO-ds) o:
12.77 (s, 1H), 10.48 (s, 1H), 4.85 (s, 2H), 1.35 (s, 6H). &
BIHE 5 2 B R i — 3503,

3.2.2 N-(((3S,3aS8,55,6R,8aR)-8- #.-6-7 # -5- F 7 & -3-
T AN A -1H-32,6-2F 838, K-8- ) F &) 5 B (12)49
B AR

FE—F 3 N E T, IAJGHEAL ] Mes-Acr-Me
(10.3 mg, 0.025 mmol), FEAME 8 (118.2 mg, 0.5 mmol), 7
(220 mg, 0.75 mmol), Selectfluor (355 mg, 1.0 mmol), fi#
R —AAN(212.5 mg, 1.5 mmol) &t i# i HE 1. PR RS
B =R, I ZHE(3.5 mL) & K(1.75 mL) IR A A7,
TS LED T R <M 16 h. RN &R JE, A 30 mL 7K
FRE N, DA TR CBEREEL(30 mL X 3), EHEANE
J&i, A TCKER RN T 1A WA, I U85 B iR 4 R
A=Y, P AR (0 1% 3 4l fh (R 57 o — & F e/
fE, VI V=200 :1), 155] 2,2,2- =5 3 ((35,3aS,55,
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6R,8aR)-8- . -6- 5 H -5- 57 N 5 -3- W1 2k )\ & - 1H-3a,6- 31
AFREAR-8-2) I Z L FIRIR(9, IRAY)) 113.5 mg, &
HE AR, PR S51%. EEY): 'TH NMR (400 MHz,
CDCls) 6: 5.49~5.43 (5.40~5.30) (m, 1H), 4.75 (s, 2H),
3.49~3.34 (m, 2H), 2.79 (s, 1H), 2.33~2.02 (m, 3H),
1.97~1.73 (m, 4H), 1.54~1.36 (m, 3H), 1.30~1.18 (m,
2H), 1.02~0.88 (m, 9H); '3C NMR (100 MHz, CDCl;) ¢:
155.06 (155.11), 102.83, 96.76, 95.46 (95.31), 86.14,
81.12, 74.59 (74.70), 56.55, 52.64, 52.45, 49.61, 49.37,
44.83, 42.40, 38.52, 37.99, 37.76, 32.88, 30.85, 24.81,
24.71, 22.65, 20.91, 19.80, 11.29 (12.06); '°F NMR (375
MHz, CDCly) d: — 135.54, — 156.32, — 157.68, —
168.69. HRMS (ESI) caled for CisH»CI;FNNaOy (M+
Na)® 468.0087, found 468.0088.

FEIRT, T 9 (445 mg, 1 mmol) KT PY PRI (13 mL)
ERCPIINIE I EERT (1,63 g, 25 mmol) &2 1 mol/L R —
ZHME(2.67 mL), HFERN 8 h f5, RS DAEREE
THUE. EMOE T, NN AR BR AN K (30 mL),
VLR ZEEAEEL(30 mL X 3), A FANUMHE, BTk
TREREAN T A MU, e 4 R4 10 s
Y H. =R, T 15 mL & $ IR IRk
A0 10 I P24(0.12 mmol, 33 mg) i) A el (4
mL), FEEIIAN NN-Z 5% N2 45 %(0.156 mmol, 27.3
uL), #EFE& R 10 min, BRI 2 HFBEA 11 (0.144
mmol), M 1 h. RNEEHRE, ¥ 25500,
A 20 mL MR Eh/K, PAZER ZEE(20 mL X 3)AH, &
HANZ, MATKRBRATEE, SIEE, HTWYAG0E
T W R A e ) R R T AR 2k (R T
Be/MEE, Vi V=30 :1), 133755 LR A 1) SRR
A9 12a~12v.

N-(((35,3aS,55,6R,8aR)-8- 5, -6- F= F& -5- 5 [ F& -3- HH
)\ A -1H-32,6- A FEA-8-2L) L) K H Bt % (12a, R
W0 AGEE, P55 40%. EEY): 'TH NMR (400
MHz, CDCls) d: 7.83 (7.78) (d, J=7.2 Hz, 2H), 7.52
(7.45) (t, J=7.3 Hz, 3H), 6.76~6.67 (6.62~6.40) (m,
1H), 3.84~3.58 (4.13~4.95) (3.46~3.33) (m, 2H), 2.78
(s, 1H), 2.33~2.09 (m, 3H), 2.03~1.82 (m, 3H), 1.77~
1.73 (m, 1H), 1.61~1.46 (m, 2H), 1.43~1.36 (m, 1H),
1.33~1.24 (m, 2H), 1.06~0.87 (m, 9H); '*C NMR (150
MHz, CDCl3) d: 209.75 (209.73), 166.80 (166.77), 133.07
(132.66), 130.89 (130.74), 127.68, 125.94 (126.09),
101.89, 96.28 (96.02), 94.82, 85.12 (80.18), 55.75 (55.16),
53.54 (53.66), 51.90 (51.77), 47.53 (47.38), 47.17 (47.03),
45.92 (45.75), 43.85, 41.37, 37.44, 37.19, 37.05, 35.16,
31.90, 29.77 (29.61), 27.79, 23.94 (23.87), 21.67, 20.67
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(20.65), 20.10 (19.98), 18.83, 10.30 (11.09); '°F NMR (375
MHz, CDCly) §: — 13491, — 155.85, — 156.83, —
167.22. HRMS (ESI) caled for C2,H3FNaNO; (M+Na)"
398.2107, found 398.2108.
N-(((35,3a85,55,6R,8aR)-8- 5, -6- 2 5 -5- 577 A 2 -3- HH
B \E-1H-3a,6- R A FEAR -8-FL ) FF 3L )-4- 356 5% R i i
(12b, WREW): AAEMEE, FE 60%. EE~Y): H
NMR (400 MHz, CDCls) 6: 7.72 (7.68) (d, J=8.0 Hz,
2H), 7.26~7.22 (m, 2H), 6.68~6.62 (6.50~6.41) (m,
1H), 4.15~3.94 (3.79~3.56) (m, 2H), 2.75 (s, 1H), 2.40
(s, 3H), 2.28~2.12 (m, 3H), 2.01~1.83 (m, 3H), 1.79~
1.72 (m, 2H), 1.55~1.49 (m, 1H), 1.45~1.36 (m, 1H),
1.33~1.26 (m, 2H), 1.01~0.87 (m, 9H); '*C NMR (100
MHz, CDCls) 6: 167.75 (167.70), 142.18 (142.37), 131.16,
129.29 (129.06), 127.09 (126.94), 102.91 (102.83), 97.38,
95.59, 86.17 (86.74), 81.14, 68.85, 56.56 (56.13), 52.87,
52.68, 48.12, 47.90, 44.78, 42.33 (42.39), 39.50, 38.40,
38.29, 38.07, 32.89, 30.83, 30.73, 29.66, 28.73, 24.93,
24.83, 22.97, 22.65, 21.43, 21.06, 20.95, 19.82, 11.29
(11.88). HRMS (ESI) calcd for C,3H3,FNaNO; (M+Na)*
412.2264, found 412.2262.
N-(((35,3aS8,55,6R,8aR)-8- %, -6- F& F& -5- 53 4 2 -3-
F )\ & -1H-3a,6- I 5 3R A -8- ) B 5k )-2- H 3 2 H 7 i
(12¢, RED): ABFEME, =% 47%. FE™Y): H
NMR (400 MHz, CDCls) 0: 7.42~7.30 (m, 2H), 7.26~
7.17 (m, 2H), 6.27~6.17 (6.16~6.08) (m, 1H), 3.84~
3.49 (m, 2H), 2.70 (s, 1H), 2.46 (s, 3H), 2.27~2.18 (m,
2H), 2.01~1.85 (m, 3H), 1.79~1.70 (m, 3H), 1.57~1.52
(m, 1H), 1.45~1.38 (m, 1H), 1.35~1.19 (m, 2H), 1.02~
0.93 (m, 9H); 3C NMR (100 MHz, CDCl;) &: 170.35
(170.49), 155.58, 140.15, 136.15 (136.27), 135.81, 131.77,
131.50, 131.13 (130.88), 130.28 (130.12), 126.63 (126.76),
125.79 (125.58), 102.98 (102.88), 97.23, 95.44, 86.24,
81.04, 68.82, 56.37 (55.84), 52.88, 52.69, 47.92, 47.70,
42.34, 38.43, 38.30, 38.08 , 35.63, 32.85, 30.76, 29.64,
24.94, 24.84, 22.64, 21.79, 20.86, 19.85, 18.17, 11.30
(12.05). HRMS (ESI) calcd for Co3H3,FNaNO; (M+Na)*
412.2264, found 412.2265.
N-(((35,3a85,55,6R,8aR)-8- 5, -6- 12 5 -5- 577 [N 2 -3- HH
B \E-1H-3a,6- IR A FEAR -8-FL ) FF 3L )-3- F 36 4% A g i
(12d, BEW): AEMEE, FE 40%. EE~Y): H
NMR (400 MHz, CDCls) d: 7.67~7.51 (m, 2H), 7.37~
7.30 (m, 2H), 6.70~6.61 (6.51~6.42) (m, 1H), 4.12~
3.96 (3.80~3.56) (m, 2H), 2.79 (s, 1H), 2.40 (s, 3H),
2.29~2.13 (m, 3H), 1.99~1.83 (m, 3H), 1.75~1.72 (m,

Chin. J. Org. Chem. 2022, 42, 2124~2133



Chinese Journal of Organic Chemistry

1H), 1.59~1.46 (m, 2H), 1.44~1.38 (m, 1H), 1.34~1.27
(m, 2H), 1.01~0.89 (m, 9H); *C NMR (100 MHz,
CDCl;) J: 167.96 (168.00), 138.54 (138.56), 134.01
(134.12), 132.46 (132.62), 128.53, 127.68 (127.81), 123.88
(124.04), 102.91 (102.82), 97.36, 95.57, 86.15, 81.14,
68.85, 56.66 (56.09), 52.88, 52.69, 47.91, 42.35, 38.42,
38.23, 38.00, 32.89, 30.74, 24.93, 24.83, 22.66, 21.33,
20.96, 19.83, 11.29 (12.07). HRMS (ESI) calcd for C3Hz-
FNaNO; (M+Na)" 412.2264, found 412.2265.
N-(((35,3aS,55,6R,8aR)-8- % -6- 4 3 -5- 77 T4 2 -3-
B\ E-1H-3a,6- T A A ) H 25 )-4- 1 5 56 2R Y ik ke
(12e, R EW): AT, 23R 54%. EE=Y): 'H
NMR (400 MHz, CDCls) 6: 7.80 (7.75) (d, J=8.4 Hz,
2H), 7.00~6.84 (m, 2H), 6.67~6.58 (6.49~6.35) (m,
1H), 4.13~3.95 (3.77~3.57) (m, 2H), 3.85 (s, 3H), 2.80
(s, 1H), 2.33~2.08 (m, 3H), 2.01~1.83 (m, 3H), 1.58~
1.46 (m, 2H), 1.44~1.36 (m, 1H), 1.35~1.17 (m, 3H),
1.06~0.88 (m, 9H); *C NMR (100 MHz, CDCls) §:
169.58, 166.36, 162.84, 161.36, 131.25, 127.83 (128.01),
125.26, 120.91, 112.84 (112.67), 102.04 (102.66), 96.46,
85.32, 55.43, 54.43, 51.91, 51.73, 41.37, 37.43 (37.18),
31.93, 29.74, 28.68, 23.94, 23.84, 21.66, 19.96 (20.08),
10.31 (10.90). HRMS (ESI) calcd for CpHiFNaNO,
(M+Na)" 428.2213, found 428.2214.
N-(((35,3aS,55,6R,8aR)-8- 5, -6- F= F& -5- 5 [ F& -3-
H )\ S -1H-3a,6- 31 S 3 AR ) Y 3£ )-4-FUT 5 5 1 ;i
(12f, WREW): BOMEE, PR 43%. FE”Y): H
NMR (400 MHz, CDCls) 6: 7.77 (7.72) (d, J=8.3 Hz,
2H), 7.46 (d, J=8.3 Hz, 2H), 6.77~6.65 (6.54~6.42) (m,
1H), 4.19~3.94 (3.82~3.56) (m, 2H), 2.31~2.11 (m,
3H), 1.99~1.84 (m, 3H), 1.78~1.65 (m, 3H), 1.56~1.44
(m, 2H), 1.33 (s, 9H), 1.29~1.25 (m, 1H), 1.03~0.90 (m,
9H); 3C NMR (100 MHz, CDCls) J: 167.64 (167.26),
155.26 (155.43), 131.12 (130.70), 126.78 (126.93), 125.59
(125.68), 102.90, 97.38, 95.59, 86.13, 56.63 (56.13),
52.85, 52.66, 47.91, 42.32, 38.36, 38.04, 34.92, 32.86,
31.11, 30.72, 24.84, 22.66, 20.95 (21.09), 19.82, 11.30
(12.08). HRMS (ESI) calcd for CasH3sFNaNO; (M+Na)*
454.2733, found 454.2728.
N-(((35,3aS,55,6R,8aR)-8- % -6- 4 3 -5- 77 T4 2L -3-
B \E-1H-32,6- N F FAR) L) -4- 5008 H Ik Jiz (12, R
B W OHPRIBE, 775 55%. FE 774 'TH NMR
(400 MHz, CDCls) §: 7.91~7.83 (7.82~7.75) (m, 2H),
7.18~7.03 (m, 2H), 6.76~6.62 (6.48~6.38) (m, 1H),
4.16~3.93 (3.81~3.55) (m, 2H), 2.72 (s, 1H), 2.31~2.08
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(m, 3H), 2.01~1.82 (m, 3H), 1.76~1.69 (m, 2H), 1.56~
1.35 (m, 3H), 1.31~1.24 (m, 1H), 1.02~0.89 (m, 9H);
13C NMR (100 MHz, CDCl3) 6: 166.73 (166.42), 129.38
(130.21), 129.29 (129.59), 115.78, 115.57, 102.89
(103.55), 97.34, 95.55, 86.16 (86.73), 81.17, 56.56 (56.14),
53.40, 52.93, 52.74, 48.20, 47.99, 44.85, 42.37, 39.50,
38.48, 38.23, 38.01, 32.94, 31.89, 30.78, 30.48, 29.66
(29.33), 28.79, 27.94, 24.92, 24.82, 22.96, 22.64, 21.00,
19.80, 14.09, 11.27 (11.87). HRMS (ESI) calcd for CoaHao-
F,NaNO; (M+Na)" 416.2013, found 416.2014.

N-(((35,3a85,55,6R,8aR)-8- 5, -6- 2 5 -5- 577 [N 2 -3- HH
B \E-1H-3a,6- 3 F AR ) 1 2E)-4- FRK B2 (12h,
REYD): AfEA, 7% 66%. EE ) "H NMR (400
MHz, CDCls) &: 7.78 (7.73) (d, J=8.4 Hz, 2H), 7.49~
7.33 (m, 2H), 6.86~6.75 (6.61~6.42) (m, 1H), 4.18~
3.91 (3.84~3.49) (m, 2H), 2.92 (s, 1H), 2.35~2.07 (m,
3H), 1.96~1.83 (m, 3H), 1.76~1.66 (m, 3H), 1.51~1.40
(m, 2H), 1.32~1.24 (m, 1H), 1.01~0.91 (m, 9H); 3C
NMR (100 MHz, CDCly) §: 166.76 (166.48), 155.59,
137.94 (138.10), 132.37 (131.98), 128.86 (128.61), 128.44
(128.41), 102.87 (103.57), 97.33, 95.54, 86.14 (86.80),
81.17, 68.84, 56.46 (56.21), 52.90, 52.71, 48.23, 48.00,
44.83, 42.34, 39.49, 38.46, 38.25, 38.03, 36.27, 32.92,
30.76, 30.44, 29.64, 28.78, 24.90, 24.80, 22.94, 22.63,
20.92 (21.03), 19.78, 11.26 (12.04). HRMS (ESI) calcd for
C2Ha9CIFNaNO; (M+Na)™ 432.1718, found 432.1719.

N-(((35,3a85,55,6R,8aR)-8- 5, -6- 2 5 -5- 577 [N 3 -3- HH
B \E-1H-3a,6-FF S FA) 7 2E)-4- WO FBERE (121, TR
H): ORI, 7PR 24%. EEPY): 'H NMR
(400 MHz, CDCly) d: 7.71 (7.66) (d, J=8.4 Hz, 2H),
7.62~7.49 (m, 2H), 6.78~6.71 (6.59~6.36) (m, 1H),
4.17~3.94 (3.83~3.51) (m, 2H), 2.75 (s, 1H), 2.35~2.03
(m, 3H), 1.98~1.82 (m, 2H), 1.79~1.70 (m, 2H), 1.55~
1.48 (m, 1H), 1.45~1.37 (m, 1H), 1.33~1.24 (m, 3H),
1.06~0.82 (m, 9H); *C NMR (100 MHz, CDCly) ¢:
166.85 (166.54), 155.59, 131.85 (132.84), 128.62 (128.59),
126.41 (126.44), 102.86 (103.54), 97.32, 95.53, 86.15
(86.75), 68.84, 56.51, 56.39, 56.0, 52.91, 52.72, 48.21,
47.99, 44.85, 42.36, 39.48, 38.48, 38.23, 38.02, 32.94,
30.78, 30.44, 29.65, 29.39, 28.79, 24.91, 24.81, 22.96,
22.64, 20.93 (21.05), 19.79, 11.26 (11.87). HRMS (ESI)
caled for CyHyBrFNaNO; (M+Na)® 476.1213, found
476.1216.

4-((((35,3aS,5S,6R,8aR)-8- . -6- & F£ -5- 57 T 2 -3-
FE\E-1H-32,6- P A FAR 8- ) B 2 ) 0 5k HH gk 28 ) K
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FRHEE (125, IREY): AR, 772 58%. FE™):
'H NMR (400 MHz, CDCl3) 6: 8.11 (d, J=8.3 Hz, 2H),
7.90 (7.84) (d, J=8.3 Hz, 2H), 6.87~6.78 (6.62~6.50)
(m, 1H), 4.13~3.99 (3.81~3.59) (m, 2H), 3.94 (s, 3H),
2.75 (s, 1H), 2.33~2.09 (m, 3H), 2.02~1.82 (m, 3H),
1.76~1.69 (m, 2H), 1.58~1.36 (m, 3H), 1.33~1.26 (m,
1H), 1.02~0.88 (m, 9H); *C NMR (100 MHz, CDCl;) ¢:
166.94 (166.21), 137.94, 132.91, 129.90, 127.19, 127.04,
102.86 (103.53), 97.25, 95.46, 86.14 (86.73), 81.20, 56.66
(56.23), 52.96, 52.77, 52.40, 48.29, 48.07, 44.92, 42.38,
39.51, 38.51, 38.25, 38.03, 32.94, 30.80 (30.40), 29.42,
24.94, 24.84, 22.66 (22.96), 21.07, 20.95, 19.79, 12.06,
11.88, 11.27. HRMS (ESI) calcd for CosH3,FNaNOs (M+
Na)* 456.2162, found 456.2161.
N-(((35,3aS,55,6R,8aR)-8- 5. -6- = F& -5- ¢ [ F& -3- HH
B \E-1H-32,6- A FEA) 7 Ik )-4- UL 2K FRBERZ (12K,
REY): ABEA, P25 43%. EE=Y): "H NMR (400
MHz, CDCl3) d: 8.01~7.94 (7.92~7.86) (m, 2H), 7.81~
7.66 (m, 2H), 6.68~6.53 (6.47~6.36) (m, 1H), 4.15~
3.92 (3.82~3.55) (m, 2H), 2.88 (2.83) (s, 1H), 2.36~2.07
(m, 3H), 2.04~1.80 (m, 4H), 1.78~1.71 (m, 1H), 1.61~
1.35 (m, 3H), 1.33~1.28 (m, 1H), 1.04~0.87 (m, 9H);
13C NMR (100 MHz, CDCl;) 0: 166.04 (165.74), 137.91,
132.50, 127.74 (127.70), 117.91, 115.29, 102.84 (103.52),
97.23, 95.44, 86.12 (86.69), 81.23, 56.63 (56.37), 52.98,
52.79, 48.34, 48.12, 47.06, 44.96, 42.38, 39.48, 38.55,
38.14, 37.92, 32.97, 30.83, 30.23, 29.65, 28.88, 24.91
(24.81), 22.95, 22.64, 21.16, 21.06, 20.92, 19.77, 11.24
(11.87). HRMS (ESI) calcd for Co3H20FNaN,O3 (M+Na)*
423.2060, found 423.2061.
N-(((35,3aS,55,6R,8aR)-8- 5, -6- F= F& -5- ¢ [ F& -3-
F\E - 1H-32,6- P 5 3R -8- 58 ) 2% )-2- K JE 2, 1k i
21, BAEM): LB, =% 10%. EE =Y. 'H
NMR (400 MHz, CDCls) d: 7.42~7.26 (m, 5H), 5.77~
5.70 (5.65~5.55) (m, 1H), 3.61 (s, 2H), 3.51~3.26 (m,
2H), 2.59 (s, 1H), 2.16~1.98 (m, 2H), 1.90~1.75 (m,
3H), 1.71~1.58 (m, 4H), 1.49~1.32 (m, 3H), 1.07~0.77
(m, 9H); '3C NMR (100 MHz, CDCls) d: 171.32 (171.55),
134.47, 129.36 (129.32), 129.11 (129.05), 127.53, 102.80,
97.00, 86.06, 56.59 (55.90), 52.64, 52.45, 47.54, 47.31,
44.68, 43.80 (43.71), 42.33, 38.45, 38.04, 37.82, 32.86,
30.73, 29.67, 24.83, 24.73, 22.66, 20.92 (21.00), 19.83,
11.28 (12.05). HRMS (ESI) calcd for Co3H3,FNaNOs; (M+
Na)* 412.2264, found 412.2263.
N-(((35,3aS,55,6R,8aR)-8- 5, -6- F= Fk -5- 57 [ F& -3- HH
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I )\ S -1H-32,6- 70 5 38 R -8- 5k ) H 25k )-2- TA) A Tk i
(12m, BEW): AGEEK, P 44%. FE>Y): H
NMR (400 MHz, CDCls) d: 7.56 (d, J=15.6 Hz, 1H),
7.56~7.47 (m, 2H), 7.41~7.32 (m, 3H), 6.46 (dd, J=
15.6 Hz, 9.8 Hz, 1H), 6.30~6.22 (6.11~6.01) (m, 1H),
4.06~3.86 (3.75~3.50) (m, 2H), 2.95~2.75 (m, 1H),
2.27~2.10 (m, 2H), 1.99~1.81 (m, 3H), 1.76~1.68 (m,
2H), 1.56~1.48 (m, 1H), 1.45~1.37 (m, 1H), 1.33~1.24
(m, 2H), 1.03~0.87 (m, 9H); '3C NMR (100 MHz,
CDCLy) d: 166.23 (166.37), 141.68 (142.05), 134.63
(134.56), 129.80 (129.89), 128.82, 127.85 (127.91), 120.16
(119.95), 102.92, 86.15, 56.62 (56.14), 52.87 (52.69),
47.65, 42.35, 38.36, 38.04, 32.87, 30.70, 24.89, 22.66,
21.00, 11.29 (12.06). HRMS (ESI) calcd for CasH3FNa-
NO; (M+Na)" 424.2264, found 424.2258.
N-(((35,3aS5,55,6R,8aR)-8- %, -6- F& F& -5- 53 4 2 -3-
e )\NER-1H-3a,6- 1 FFEAR-8-38) F JE)-3,5- — L 7% T
e (12n, IREY)): FAEIE, 7% 60%. FE~Y): H
NMR (400 MHz, CDCl3) 6: 7.41 (7.38) (s, 2H), 7.15 (s,
1H), 6.63~6.54 (6.51~6.37) (m, 1H), 4.16~3.91 (3.83~
3.53) (m, 2H), 2.70 (s, 1H), 2.36 (s, 6H), 2.28~2.16 (m,
2H), 2.01~1.83 (m, 3H), 1.76~1.65 (m, 3H), 1.57~1.26
(m, 4H), 1.03~0.88 (m, 9H); '3C NMR (100 MHz,
CDCLy) 6: 168.18 (167.80), 138.36 (138.04), 135.13,
133.99 (134.11), 133.32 (133.50), 127.79, 124.70 (124.82),
102.99 (103.58), 97.40, 95.62, 86.25 (86.77), 56.58
(56.22), 52.87 (52.68), 48.07, 47.85, 42.36, 39.51, 38.41,
38.27, 38.05, 32.91, 30.73, 29.43, 24.92, 24.82, 22.97,
22.65, 21.20, 21.11, 11.29 (11.89). HRMS (ESI) calcd for
C4H3,FNaNO; (M+Na)" 426.2420, found 412.2419.
N-(((35,3a85,55,6R,8aR)-8- 5, -6- 2 2 -5- 77 [N 2 -3- HH
B \E-1H-32,6- PR S FEAR-8-FE) F 3E)-3 4- — HI L
Wil (120, REY)): AGEE, 7% 40%. EE=):
'H NMR (400 MHz, CDCl;) d: 7.46~7.38 (m, 1H),
7.33~726 (m, 1H), 6.95~6.83 (m, 1H), 6.73~6.65
(6.48~6.38) (m, 1H), 4.15~4.02 (3.79~3.56) (m, 2H),
4.01~3.85 (m, 6H), 2.74 (s, 1H), 2.78~2.13 (m, 2H),
1.99~1.85 (m, 2H), 1.77~1.67 (m, 3H), 1.56~1.34 (m,
3H), 1.32~1.24 (m, 2H), 1.05~0.83 (m, 9H); '3C NMR
(100 MHz, CDCls) o: 167.27 (167.00), 151.85 (151.95),
148.95 (148.91), 126.58 (126.14), 119.39 (119.81), 110.51
(110.72), 110.23 (110.19), 102.88 (103.52), 97.42, 95.64,
86.10 (86.68), 56.52, 56.20, 55.97, 53.39, 52.80, 52.62,
48.12, 47.90, 44.84, 42.31, 39.48, 38.38 (38.24), 38.02,
36.28, 32.87, 30.71, 30.44, 29.63, 28.79, 24.91 (24.82),
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22.95, 22.64, 21.08, 20.95, 20.75, 19.78, 11.28 (12.05).
HRMS (ESI) caled for CosH3sFNOs [(M+H) '] 436.2499,
found 436.2450.
N-(((35,3aS,55,6R,8aR)-8- %, -6- 4 3 -5- 577 T4 2 -3-
5\ -1H-3a,6- P A FE AR -8- 3 ) 3 )-2- 2% H I i (12p,
RED): BREEER, 7% 65%. L4 "H NMR (400
MHz, CDCl;) 0: 8.37 (8.31) (s, 1H), 8.00~7.81 (m, 4H),
7.61~7.48 (m, 2H), 6.88~6.78 (6.70~6.57) (m, 1H),
4.20~4.00 (3.88~3.62) (m, 2H), 2.66 (s, 1H), 2.29~2.17
(m, 2H), 2.04~1.85 (m, 3H), 1.78~1.71 (m, 2H), 1.62~
1.50 (m, 2H), 1.46~1.21 (m, 3H), 1.04~0.89 (m, 9H);
3C NMR (100 MHz, CDCls) §: 167.83 (167.87), 134.81
(124.88), 132.57, 131.21, 128.96 (129.05), 128.59, 127.78,
127.74, 127.52, 126.84, 123.45 (123.51), 102.91, 97.40,
95.61, 86.17, 56.72 (56.54), 54.54, 52.94, 52.75, 48.28,
42.37, 38.46, 38.27, 38.04, 32.93, 30.79, 29.68, 24.87,
22.68, 20.99, 11.30 (12.09). HRMS (ESI) caled for
CaH3,FNaNO; (M+Na)" 448.2264, found 448.2265.
N-(((35,3aS,55,6R,8aR)-8- T, -6- = Fk -5- 7 [ F& -3- HH
5\ A -1H-3a,6- 7 5 38 A -8-F ) FY 5% )- Wk 1R -2- Y g fi
(12q, REW): AEMEE, 7 65%. FE™Y): 'H
NMR (400 MHz, CDCl;) d: 7.50~7.41 (m, 1H), 7.16~
7.09 (m, 1H), 6.80~6.73 (6.72~6.62) (m, 1H), 6.54~
6.47 (m, 1H), 4.02~3.83 (3.74~3.52) (m, 2H), 2.84 (s,
1H), 2.27~2.16 (m, 2H), 1.97~1.85 (m, 2H), 1.80~1.69
(m, 5H), 1.53~1.47 (m, 1H), 1.43~1.35 (m, 1H), 1.32~
1.28 (m, 1H), 1.01~0.89 (m, 9H); '*C NMR (100 MHz,
CDCly) o: 158.63 (158.74), 147.49, 144.22 (144.39),
114.64 (114.98), 112.18 (112.23), 102.88 (103.52), 97.09,
95.29, 86.11 (86.68), 81.08, 56.73 (56.02), 52.86, 52.67,
47.29, 47.06, 42.37, 38.40, 38.17, 37.95, 32.88, 30.73,
24.76, 22.66, 21.60, 21.00, 19.86, 11.29 (12.08). HRMS
(ESI) caled for CyHxFNaNO, (M +Na)* 388.1900,
found 388.1899.
5-5-N-(((35,3a5,55,6R,8aR)-8- fi.-6- ¥4 3 -5- 7 P H
-3- R 3k )\~ 1H-32,6- A A TR AR -8- ) FF Ik )- 1 my -2 FHY
f& (12r, IREY)): AGEIER, 72K 44%. FEFY): 'H
NMR (400 MHz, CDCls) 6: 7.39 (7.29) (d, J=3.9 Hz,
1H), 6.91 (d, J=3.8 Hz, 1H), 6.67~6.61 (6.32~6.22) (m,
1H), 4.09~3.90 (3.76~3.5) (m, 2H), 2.73 (s, 1H), 2.31~
2.05 (m, 3H), 1.97~1.81 (m, 3H), 1.76~1.69 (m, 2H),
1.54~1.48 (m, 1H), 1.44~1.37 (m, 1H), 1.29~1.25 (m,
2H), 1.01~0.89 (m, 9H); '3C NMR (100 MHz, CDCl;) ¢:
161.16 (160.87), 136.94 (136.86), 135.72, 127.34 (127.60),
127.02 (126.97), 102.85 (103.52), 97.26, 95.47, 86.16
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(86.75), 81.25, 60.39, 56.69 (56.26), 52.89 (52.15), 52.70
(51.95), 48.08, 47.85, 45.00, 42.36, 39.51, 38.46, 38.21,
38.00, 32.93, 30.78, 30.20, 29.67, 29.42, 28.93, 2491,
24.81, 22.97, 22.65, 20.97, 19.78, 14.17, 12.06, 11.88,
11.27. HRMS (ESI) caled for CyHpFCINaNOsS (M+
Na)" 438.1282, found 438.1281.
5-1-N-(((35,3aS5,55,6R,8aR)-8- Ji.-6- ¥4 I -5- 7 A 3
-3-FES )\ -1 H-3a,6- I A FR AR -8-J% ) F B6)-2- it v A
e (12s, IBED)): AEEE, =% 27%. FE~Y): H
NMR (400 MHz, CDCls) o: 8.48 (8.39) (d, J=5.2 Hz,
1H), 8.35 (8.19) (dd, J=6.2 Hz, 1.9 Hz, 1H), 8.33~8.26
(m, 1H), 7.62 (7.45) (dd, J=5.2 Hz, 1.8 Hz, 1H), 3.97~
3.80 (3.78~3.57) (m, 2H), 2.63 (s, 1H), 2.28~2.10 (m,
2H), 2.03~1.80 (m, 3H), 1.78~1.67 (m, 2H), 1.57~1.35
(m, 3H), 1.32~1.23 (m, 2H), 1.04~0.87 (m, 9H); '3C
NMR (100 MHz, CDCl;) & 163.57 (163.48), 150.82
(150.93), 149.13 (148.96), 145.84 (145.89), 129.52,
126.47, 125.98, 122.96 (123.07), 102.80 (102.83), 96.83,
86.12, 56.57 (55.86), 52.86, 52.67, 47.81, 47.57, 42.40,
38.53, 38.23, 38.01, 32.95, 30.78, 24.87, 24.77, 22.98,
22.66, 20.96, 11.28 (11.90). HRMS (ESI) calcd for CaHos-
BrFNaN,O; (M+Na)" 477.1165, found 477.1168.
N-(((35,3a85,55,6R,8aR)-8- 5, -6- 2 5 -5- 77 [N 2 -3- HH
5 )\E -1 H-3a,6- I 5 3R -8- 2 ) FF 5L )- Ik s FHY Ik e (12,
REWD): W AR, 72R 34%. EE7Y): 'H NMR
(400 MHz, CDCl3) J: 9.40 (9.39) (s, 1H), 8.77 (d, J=2.4
Hz, 1H), 8.59~8.50 (m, 1H), 8.20~8.08 (m, 1H), 4.02~
3.84 (3.82~3.60) (m, 2H), 2.76 (s, 1H), 2.28~2.16 (m,
2H), 2.02~1.82 (m, 3H), 1.76~1.70 (m, 2H), 1.55~1.48
(m, 1H), 1.45~1.37 (m, 1H), 1.34~1.27 (m, 3H), 1.01~
0.86 (m, 9H); 3C NMR (100 MHz, CDCl3) 6: 170.96
(170.83), 170.71 (170.61), 152.21 (152.23), 151.93
(152.04), 135.55 (135.60), 128.44 (128.40), 128.02
(128.12), 127.91 (127.97), 112.07 (112.03), 110.48
(110.34), 110.03 (109.96), 91.26, 90.65, 90.23, 85.43
(85.57), 83.16 (83.25), 82.49, 82.43, 80.44, 80.02, 70.04,
69.42, 68.58 (68.77), 66.79 (66.96), 55.87, 55.76, 55.24,
35.40, 34.54, 33.48, 29.67, 27.90 (27.86), 26.32, 24.67.
HRMS (ESI) caled for CyHsFNaN;O; (M + Na) *
400.2012, found 400.2012.
N-(((35,3a85,55,6R,8aR)-8- 5, -6- 12 5 -5- 577 [N 2 -3- HH
e \E-1H-3a,6- R A FEAR -8-FL ) FF 3L )-4- 35 2 Tk 7 i
(12w, REW): AEMEE, FF 18%. FE~Y): H
NMR (400 MHz, CDCls) d: 7.72 (d, J=8.2 Hz, 2H), 7.33
(d, J=8.0 Hz, 2H), 5.37~5.31 (4.68~4.58) (m, 1H),
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3.16~2.99 (2.99~2.82) (m, 2H), 2.56(s, 1H), 2.44 (s,
3H), 2.27~2.02 (m, 3H), 1.94~1.71 (m, 6H), 1.50~1.38
(m, 3H), 1.00~0.83 (m, 9H); '3C NMR (100 MHz,
CDCl) o: 143.69, 136.69 (136.27), 129.83, 126.98
(127.01), 102.81 (103.43), 86.08 (86.67), 56.27 (56.60),
52.55, 52.36, 51.58, 51.07, 50.82, 42.39, 39.33, 38.52,
34.09, 32.83, 30.85, 29.67, 29.23, 28.77, 24.84, 22.96,
22.65, 22.31, 21.52, 20.90, 14.04, 11.90, 11.28. HRMS
(ESI) caled for CyH3FNaNO4S (M+Na)© 448.1934,
found 448.1935.
N-(((35,3aS,55,6R,8aR)-8- 5, -6- = F& -5- ¢ [ F& -3-
5 )\ A -1H-32,6- 35 E AR -8- 38 ) F JE )-4- 50 55 Tk ik
(12v, AW AEEAK, =R 24%. EE~Y): 'H
NMR (400 MHz, CDCls) d: 7.78~7.59 (m, 4H), 5.26~
5.19 (4.82~4.74) (m, 1H), 4.49~4.31 (m, 1H), 4.16~
4.03 (m, 1H), 3.19~3.04 (2.99~2.88) (m, 2H), 2.66 (s,
1H), 2.18~2.08 (m, 2H), 2.06~2.03 (m, 1H), 1.90~1.79
(m, 5H), 1.46~1.40 (m, 2H), 0.96~0.87 (m, 9H); 13C
NMR (100 MHz, CDCl;) o: 138.83, 132.53, 128.51,
127.88, 102.78, 86.10, 56.32, 52.69 (52.50), 51.21 (50.96),
42.42, 38.59, 38.38, 38.16, 32.86, 30.95, 29.68, 24.77,
22.64, 20.90, 11.27. HRMS (ESI) caled for C,iHyBr-
FNaNO,S (M+Na)" 512.0882, found 512.0889.

4 BBl (Supporting Information) {54 3~5, 7, 9,
12 PIREREEIE, (LAY 12a 0 X P40 RS, X 2eht
REAT DL G 2 MAS T 335 (http://sioc-journal.cn/)_E N %K.
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