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Abstract Protein tyrosine phosphatase-1B (PTP1B) is recognized as a potent target for the therapy of diabetes. Lithocolic
acid (LCA), a kind of endogenic steroid, was reported as a moderate PTP1B inhibitor. In this paper, 3-hydroxyl of LCA was
oxidized, followed by oximating and splicing with cinnamoyl to afford a novel series of derivatives, which were characterized
by 'H NMR, *C NMR and HRMS spectra. The results of bioassays exhibited that most of the titled compounds were active to
PTP1B. Among them, compound 12b, the most potent one, has an ICs, of 0.79 wnol-Lfl, about 15-fold more potent than the
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lead compound. Besides, it also has a selectivity of about 4-fold over T-cell protein tyrosine phosphatase (TCPTP).
Keywords PTP1B Inhibitor; TCPTP; lithocolic acid-3-oxime; Synthesis
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Figure 1 Reported PTP1B inhibitors

SCERAR TE XS T 8T 2 FE U0 HLER SO AH SR R B I R
R L E, PRSI T DA CSCRE S AT A 2 R L £
T PR LA IR B BB, MR B 3R A 2
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Figure 2 Design of the ester derivatives of lithocolic acid-3-oxime
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Reagents and conditions: (a) IBX, DMSO, r.t., 24 h, 65%; (b) NH,OH-HCI, EtOH, AcONa, reflux, 12 h, 55%; (c) Ac,O, AcOK, 150 C, 6 h, 40~60%; (d)
DPE, 200 C, 3 h, 65%~75%; (e) SOCI,, DMF, DCM, reflux; (f) Pyridine, DCM, 0 ‘C~r.t., overnight, 47%~62%.

BR 1 AHER-3-IE R S & R 25

Scheme 1  Synthesis of the ester derivatives of lithocolic acid-3-oxime
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(M5 10 W45E7E =S b DA e A 27 56 R, H
TR, o B A R, S5 = (e A E T
Jii 7 B FH 80% [ Zu /7K B 45 it A 3 4k b
1.2 EEMNR

ZIR SR TIE, B SEAE 20 pg/mL WKEE X H AR
WEYHAT PTPIB FMHNEEWIIE(E 40 pg/mL T X
TCPTP 4 2 BEATHIE), S8 50 T4 E T 50%
A&7 205, THEARE] 1Cs 18, Wk 1 fx. K
B B IE LS Y 12a B BoR BT H) PTPIB 1)
HIETE, 1Cso A% 2.72 pumoleL ™, M4 T 56 S HER
1 4.5 £ K EAFEL S NEREFIUR, EES
B3, Hih 4-EEARMAHAEY 12b 1 1Cs 1IAE] 0.79
pmoleL ', [ X TCPTP thiE /R T 4.3 {5k (H
2-fr(12d)8% 3-f7 (12¢) B &R T HUR = Y0AH b 2 R ig
B E T. mETEUREY) 12e~12g HHIHNE
PEAE, HBRETATIRER 122, HAMERTIHIR
JEF A=) 12h~ 12§ 3552 N AH B ) AR B s
PER R R, Hp 467940 &4 12h XF PTPIB [1) ICs
{EIXE] 1.33 pmoleL ™', S5{b&49 12b iGHE#EIL, HIFRE
%I TCPTP fik$tE—fK. 4-605] NG9L B T-HE S H
B, TEPEEL 12h BEE TR, ATREEIRE RIE 4-07 550 HL
PERB KRG R T UE SHBNES. B 2-F
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JR TR AL, IR 4-Dr BRI (120) 35 2 B35 40
T2 67(12p) 8k 3 7 (120) BRI G, A3A B 5] AXUL
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Table 1 Inhibitory activities of the titled compounds against
PTPIB

ICso (umoleL 1)

Compd. R p— Tcprp  TCPTP/PTPIB
122 H 2724036  7.32+1.15 2.69
12b 4-Cl 0.79+0.21 3.411+0.45 4.31
12¢ 3-Cl 10.224+1.05 >40° —
12d 2-Cl 515+1.17  >40 —
12¢ 4-F 28.70+£2.98 >40 —
12f 3-F 10.94+1.52 >40 —
12g 2-F 15254+2.04 >40 —
12h 4-Br 1334+0.25 3.1840.62 2.39
12i 3-Br 429+1.12  10.324+1.70 2.41
12j 2-Br 9.124+1.38  11.28+1.67 1.24
12k 4-Me 2.81+£0.14 1535+1.44 5.46
121 3-Me 938+2.12 18.22+1.07 1.94
12m 2-Me 1.534£0.77  9.02%1.15 5.90
12n 4-OMe 1.63+£023 12.06+1.83 7.39
120 3-OMe 19.55+£1.19 >40 —
12p 2-OMe 15.62£0.78 >40 —
12q 24-Cl, 0934020 5.93+0.88 6.37
12r 23-Cl, 1240+1.99 16.51+1.01 1.33
12s 34-CLl 171£032 4.724+046 2.76
12t 2-F-4-Br 24274216 >40 —
12u 3-Cl-4-F 1737£1.77 >40 —
12v 24-F, 2680+1.53 >40 —
12w 3,4-OMe, 1427+181 >40 —
LCA 1221£1.72  >40 —
0A® 2672032  5.9840.21 22

“ 1Csp values were determined by regression analyses and expressed as
means = SD of three replications; b 1Cs50>40 pumol/L, the inhibition (%) on
TCPTP was between 5% and 50% at 40 pmolL " '; © TCPTP/PTP1B, the ICs
ratio of TCPTP and PTP1B; d “—>_none accurate value was calculated; ¢ Olea-
nolic acid (OA) as positive control.

WSIER, AR paEERY. R A BLZRIE B SIN 4-Cl,
AT A27 E8E BREE TR, RS i
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PEE .
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AT —E R FME(E 3D). K TCPTP 45 H
(PDB %5 : 1L8K)& & #| PTPIB MI45iM < J5 K I,
TCPTP 24N AEERR K30 Fr B I 14845 /1N, 4-OMe B, 2,4-
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12n.12q 55 PTP1B RIX A8 (E)L &4 12n.12q 55 PTP1B/

TCPTP & fNZ5 F S AR

Figure 3 (A)~(C) compound 12b docked into PTP1B, (D)
compounds 12n & 12q docked into PTP1B, and (E) compounds
12n & 12q docked into the stack of PTP1B with TCPTP
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1 i BN EIE, BT RSKIE; 'TH NMR
K 3C NMR H] BRUKER AV-400 ZkZREFEARACN &
(TMS NN ¥R, CDCly 8% DMSO-d; Ni&5); HRMS i
FeIE T Aglient 1100 (HPLC)5 MicrOTOF II(MS)BE Y
AR Bio-RAD 680 %Y. AsSiIG it AN AR 2%
&Y, CP k.
32 HEVMER
32,1 BREBR-3-B5(7)49 & Ak

A1 IHER(1.88 g, 5 mmol)iAF T 30 mL DMSO, =i
FHIN IBX (1.96 g, 7 mmol), #it#E&N 24 h J&, B v
AT 100 mL /K9, AR & A el g, o, Wk
DF. KIEYEAH 30 mL AR FRE AR, UE, WS,
PRS2, 1540 HER-3-BR(6)HL . KRRl A 10
mL FEE, EREA R EE, BE 3 h e e
JEDE, 15 8 AR =Y I ER-3-F7(6) 1.03 g. Y 55%.
m.p. 121~123 CCCHMEP? m.p. 122~122 C).

B HER-3-M(6, 3.74 g, 10 mmol). ThERFLNE(0.7 g,
10 mmol)Fl ZFREN(1.23 g, 15 mmol)iaT 50 mL Z %, F+
BARFIRZMN 12 h, BEERFBRERGEZT, A 30
mL KPS LLANTIR ) 15 (Ll A BE ER-3- 5 (7)1
3.11 g, W& 80%. mp. 195~198 C(LHERERY m.p.
195~197 “C); '"H NMR (400 MHz, DMSO-d) 6: 10.06
(brs, 1H, COOH), 3.03 (d, J=21.8 Hz, 1H, 2-CH,), 2.76
(dd, J=15.1, 5.0 Hz, 1H, 2-CH,), 2.25~2.08 (m, 2H,
CH,COOH), 2.07~1.78 (m, 6H), 1.69~1.00 (m, 18H),
0.91 (s, 3H, 18-CH3), 0.87 (d, J=6.5 Hz, 3H, 21-CHj),
0.63 (s, 3H, 19-CH3); *C NMR (100 MHz, DMSO-d;) o:
175.4 (COOH), 158.2 (N=C), 56.1, 56.0, 42.7, 42.4, 37 4,
35.6, 35.4, 35.2, 32.1, 31.2, 28.1, 26.8, 26.6, 25.9, 25.7,
25.0,24.2,23.3,22.6,21.1, 18.6 (19-CH3), 12.3 (18-CHj3).
322 (E)-3F £ AARER(10b) 49 & A%,

B % (1.40 g, 10 mmol). ZFREF(20 mL) %
ToK CERER(2.76 g, 20 mmol)iR A, TBRTHEZE 150 C,
JIFIRE N 6 h. ¥ PBRA M E =R S, A 200 g
VKOKH, BT R A, T, USCEEIEE, KT E .
Al 2B 2BV 2 V=1 D)EL )G, i, 24k
THE1F E/Z SRR TR 1.10 g.

¥ EBRS 1.1 g IREYIIMN 2K EE(10 mL)H, F+
T2 190~200 C N3 h, #1555 AR i in
Ak KR E AT . T UE, BRIk . TS
7535t [ R (B)- 4 " A AEER (10b)* 1.0 g, BB IR
55.0%. m.p. 245~247 ‘CCCHME m.p. 247~249 C);
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'H NMR (500 MHz, DMSO-d;) &: 12.4 (brs, 1H, COOH),
7.68 (d, J=8.6 Hz, 2H, PhH), 7.54 (d, J=16.1 Hz, 1H,
CH=CHCO), 7.42 (d, J=8.6 Hz, 2H, PhH), 6.51 (d, J=
16.1 Hz, 1H, CH=CHCO); *C NMR (126 MHz, DMSO-
dg) 6: 167.8 (COOH), 142.9 (CH=CHCO), 135.1 (PhC),
133.6 ((Ph—C)), 130.3 (2C, (Ph—C)), 129.3 (2C, (Ph—
C)), 120.5 (CH=CH—CO).

FiEfA 10e. 10g. 10n~10v Z [ & A 10b
WA AR R, Fee ek 10 BT,

3.2.3  PAAEBEGIEER AT ES(12)69 4 A&

(E)-BURPIEERZ 10 (5 mmol)iA T =5 Z4%(10 mL),
IINGEALIEA(1.79 g, 15 mmol)FI DMF (1 ), FHEZE
(RT3 S AL, % 52 7 R sk e A< 448 22 73 AR PRI AR
M (1), AEgifbEER T 5.

¥ BRI GEYE T & HE(Q20 mL), VKK A
T, BN 1.95 g (5 mmol) A IHEZ-3-15(7), BEJEER 42
T ANIEIE(0.79 g, 10 mmol), FEiRfEFESE R, & H,
NVKIKE K SN, 43 27K, A HUAH F A A6 2h 7K ok
Ba, T uE. WIS FEEM[(VCRMER/ V(2
R 2. 18) = 10/11459 7= 9 A R I A IR PR 5 R (12). g 4
A 80% L FE-/K H 45 Fhaifb = ).

A A T A JIE PR i R (12a): (3 @0 [ 4, e 62%.
m.p. 123.2~125.4 °C; 'H NMR (400 MHz, DMSO-d) §:
11.93 (brs, 1H, COOH), 7.76~7.70 (m, 3H, CH=CHCO,
PhH), 7.45~7.40 (m, 3H, PhH), 6.77~6.71 (m, 1H, CH=
CHCO), 2.97 (d, J=14.0 Hz, 1H, 2-CH,), 2.70 (t, J=13.9
Hz, 1H, 2-CH,), 2.25~2.11 (m, 2H, CH,COOH), 2.10~
1.78 (m, 6H), 1.70~1.04 (m, 18H), 0.94 (s, 3H, 18-CH;),
0.88 (d, J=6.5 Hz, 3H, 21-CHj3), 0.63 (s, 3H, 19-CH3); 1*C
NMR (100 MHz, DMSO-ds) 6: 175.3 (COOH), 170.5
(CH=CHCO), 164.5 (N=C), 145.5 (CH=CHCO), 134.4
(PhC), 131.0 (PhC), 129.3 (2C, PhC), 128.9 (2C, PhC),
116.8 (CH=CHCO), 79.6, 56.0, 44.2, 42.9, 42.7, 37.1,
36.3, 35.6, 35.3, 32.1, 31.2, 28.1, 27.4, 27.0, 26.6, 25.9,
242, 229, 223, 21.1, 18.6 (19-CHs), 12.3 (18-CH3);
HRMS (ESI) caled for Cy3HuNO, [M+H]" 520.3427,
found 520.3491.

A-S AR A IR 5 s (12b): A A, IR 52%.
m.p. 105.4~107.8 °C; 'H NMR (400 MHz, DMSO-d) §:
12.0 (brs, 1H, COOH), 7.79~7.81 (m, 2H, PhH), 7.72 (d,
J=16.1 Hz, 1H, CH=CHCO), 7.50 (d, J=8.4 Hz, 2H,
PhH), 6.78 (dd, J=16.1, 7.2 Hz, 1H, CH=CHCO), 2.96
(d, J=13.9 Hz, 0.5H, 2-CH,), 2.82 (d, J=11.1 Hz, 0.5H,
2-CH,), 2.71 (t, J=13.6 Hz, 0.5H, 2-CH,), 2.42 (t, J=13.9
Hz, 0.5H, 2-CH,), 2.19~2.27 (m, 2H, CH,COOH), 1.82~

Chin. J. Org. Chem. 2019, 39, 2106~2116
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2.14 (m, 6H), 1.04~1.67 (m, 18H), 0.94 (s, 3H, 18-CH,),
0.87 (d, J=6.3 Hz, 3H, 21-CH,), 0.63 (s, 3H, 19-CH;); "°C
NMR (100 MHz, DMSO-dg) 6: 179.9 (CH = CHCO),
170.1 (COOH), 164.9 (N=C), 144.3 (CH=CHCO), 136.4
(PhC), 132.8 (PhC), 129.4 (2C, PhC), 129.2 (2C, PhC),
116.7 (CH=CHCO), 56.4, 55.9, 43.0, 42.8, 40.7, 40.0,
36.9, 35.6, 35.3, 35.3, 31.0, 30.7, 28.2, 27.6, 27.1, 26.6,
25.9, 242, 23.0, 21.1, 18.3 (19-CH;), 12.1 (18-CH3);
HRMS (ESI) caled for C33HysCINO, [M+H]" 554.3037,
found 554.3012.

3-A B A RS ER(12¢): AR, IR 55%.
m.p. 51.4~53.8 C; 'H NMR (400 MHz, DMSO-d;) J:
11.95 (brs, 1H, COOH), 7.9 (s, 1H, PhH), 7.73~7.69 (m,
2H, CH=CHCO, PhH), 7.51~7.44 (m, 2H, PhH), 6.85
(dd, J=9.3, 6.8 Hz, 1H, CH=CHCO), 2.98 (d, J=13.5
Hz, 0.5H, 2-CH,), 2.84 (d, J=11.3 Hz, 0.5H, 2-CH,), 2.72
(t, J=13.7 Hz, 0.5H, 2-CH,), 2.43 (t, J=14.7 Hz, 0.5H,
2-CH,), 2.27~2.18 (m, 2H, CH,COOH), 2.14~1.82 (m,
6H), 1.68~1.01 (m, 18H), 0.95 (s, 3H, 18-CHj3), 0.88 (d,
J=6.5 Hz, 3H, 21-CH;), 0.64 (s, 3H, 19-CH3); °C NMR
(100 MHz, DMSO-d;) J: 175.3 (COOH), 170.4 (CH=
CHCO), 164.2 (N=C), 143.8 (CH=CHCO), 136.7 (PhC),
134.2 (PhC), 131.1 (PhC), 130.6 (PhC), 128.4 (PhC), 127.5
(PhC), 118.7 (CH=CHCO), 56.0, 56.0, 42.9, 42.7, 40.5,
35.5, 35.4, 35.3, 35.2, 31.2, 31.1, 29.4, 28.1, 26.9, 26.6,
24.2,23.0,22.9,21.2,21.1, 18.6 (19-CH3), 12.3 (18-CH3);
HRMS (ESI) caled for C33HysCINO, [M+H]" 554.3037,
found 554.3051.

2-A AR A R 5 ER(12d): A B E A, E 49%.
m.p. 49.9~51.9 “C; '"H NMR (400 MHz, DMSO-d;) §:
11.96 (brs, 1H, COOH), 8.00~7.96 (m, 2H, PhH), 7.56 (d,
J=17.8 Hz, 1H, CH=CHCO), 7.49~7.39 (m, 2H, PhH),
6.83 (dd, J=9.1, 6.9 Hz, 1H, CH=CHCO), 2.95 (d, J=
13.7 Hz, 0.5 H, 2-CH,), 2.81 (dd, J=11.0, 4.1 Hz, 0.5H,
2-CH,), 2.70 (t, J=13.4 Hz, 0.5H, 2-CH,), 2.42 (t, J=14.1
Hz, 0.5H, 2-CH,), 2.26~2.18 (m, 2H, CH,COOH), 2.13~
1.84 (m, 6H), 1.80~1.06 (m, 18H), 0.93 (d, J=2.4 Hz,
3H, 18-CH3), 0.87 (d, J=6.0 Hz, 3H, 21-CH3), 0.62 (s,
3H, 19-CH;); “C NMR (100 MHz, DMSO-d,) J: 174.8
(COOH), 170.1 (CH= CHCO), 163.6 (N=C), 139.6
(CH=CHCO), 133.7 (PhC), 132.0 (PhC), 131.5 (PhC),
129.9 (PhC), 128.3 (PhC), 127.7 (PhC), 119.5 (CH=
CHCO), 55.5, 55.5, 42.4,42.2, 35.1, 34.9, 34.8, 34.8, 30.7,
30.6, 27.6, 26.2, 26.1, 25.4, 25.3, 23.7, 22.5, 22.3, 20.6,
18.1, 18.0 (19-CHj3), 11.8 (18-CH3); HRMS (ESI) calcd for
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C33H,sCINO, [M+H]" 554.3037, found 554.3029.

- AR A IR AE R (12e): (I EAREAR, IR 47%.
m.p. 64.7~66.5 ‘C; '"H NMR (400 MHz, DMSO-dy) §:
12.0 (brs, 1H, COOH), 7.91~7.87(m, 2H, PhH), 7.78 (d,
J=16.0 Hz, 1H, CH=CHCO), 7.32 (t, J=8.8 Hz, 2H,
PhH), 6.76 (dd, J=9.2, 6.8 Hz, IH, CH=CHCO), 3.02 (d,
J=13.8 Hz, 0.5 H, 2-CH,), 2.88 (d, J=10.6 Hz, 0.5H,
2-CH,), 2.76 (t, J=13.8 Hz, 0.5H, 2-CH,), 2.47 (t, J=14.2
Hz, 0.5H, 2-CH,), 2.33~2.24 (m, 2H, CH,COOH), 2.18~
1.85 (m, 6H), 1.77~1.10 (m, 18H), 1.00 (d, J=2.6 Hz,
3H, 18-CHs), 0.93 (d, J=6.4 Hz, 3H, 21-CH;), 0.69 (s,
3H, 19-CH;); *C NMR (100 MHz, DMSO-dy) 6: 175.3
(COOH), 170.5 (CH= CHCO), 1702 (N=C), 165.0
(CH=CHCO), 163.5 (d, 'Jo—y=194 Hz, PhC), 1443
(PhC), 131.3 (d, *Je—r=9 Hz, 2PhC), 116.7 (CH=CHCO),
116.4 (d, *Je—r=22 Hz, 2PhC), 56.0, 55.9, 44.2, 42.9,
42.7, 35.5, 35.3, 35.2, 31.1, 31.1, 28.1, 27.4, 26.9, 26.6,
25.9, 25.8, 24.2, 23.0, 22.9, 21.1, 18.6 (19-CHj), 123
(18-CH;); HRMS (ESI) caled for Cy3HusFNO, [M+H]'
538.3333, found 538.3356.

3R A IR S ER(120): (A EBE Ak, R 50%.
m.p. 69.6~71.8 C; '"H NMR (400 MHz, DMSO-dj) o:
11.93 (brs, 1H, COOH), 7.74~7.66 (m, 2H, CH=CHCO,
PhH), 7.59 (d, J=7.8 Hz, 1H, PhH), 7.50~7.44 (m, 1H,
PhH), 7.27 (dd, J=8.4, 2.4 Hz, 1H, PhH), 6.82 (dd, J=
9.1, 6.9 Hz, 1H, CH=CHCO), 2.97 (d, J=14.1 Hz, 0.5H,
2-CH,), 2.82 (d, J=10.8 Hz, 0.5H, 2-CH,), 2.70 (t, J=
13.8 Hz, 0.5H, 2-CH,), 2.42 (t, J=14.2 Hz, 0.5H, 2-CH,),
2.28~2.19 (m, 2H, CH,COOH), 2.14~1.77 (m, 6H),
1.71~1.01 (m, 18H), 0.94 (s, 3H, 18-CH3), 0.88 (d, J=6.4
Hz, 3H, 21-CH;), 0.63 (s, 3H, 19-CH;); C NMR (100
MHz, DMSO-ds) d: 175.3 (COOH), 170.6 (CH=CHCO),
170.4 (N=C), 163.0 (d, "Je—r=265 Hz, PhC), 144.1
(CH=CHCO), 137.1 (d, *Jo—r=8 Hz, PhC), 131.3 (d,
3Je—r=8 Hz, PhC), 125.3 (PhC), 118.6 (d, *Jo—=4 Hz,
PhC), 115.0 (d, 2Jc—s=23 Hz, PhC), 99.9 (CH=CHCO),
56.0, 56.0, 44.2, 42.9, 42.7, 40.0, 37.1, 35.5, 35.3, 35.2,
32.1, 31.2, 28.1, 27.4, 26.9, 26.6, 25.9, 24.2, 23.0, 21.1,
18.6 (19-CHj), 12.3 (18-CH3); HRMS (ESI) calcd for
C33HysFNO, [M+H]" 538.3333, found 538.3327.

2-FRAAERE A1 IR R G B (12g): A EEA, UK 57%.
m.p. 182.4~184.6 ‘C; 'H NMR (400 MHz, DMSO-dj) 6:
11.94 (brs, IH, COOH), 8.01~7.95 (m, 2H, PhH), 7.56 (d,
J=6.6 Hz, 1H, CH=CHCO), 7.49~7.39 (m, 2H, PhH),
6.84 (dd, J=9.0, 7.0 Hz, 1H, CH=CHCO), 2.94 (d, J=
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14.2 Hz, 0.5 H, 2-CH,), 2.81 (dd, J=10.6, 4.6 Hz, 0.5H,
2-CH,), 2.70 (t, J=13.8 Hz, 0.5H, 2-CH,), 2.43 (t, J=14.1
Hz, 0.5H, 2-CH,), 2.28~2.19 (m, 2H, CH,COOH), 2.13~
1.78 (m, 6H), 1.71~1.03 (m, 18H), 0.94 (d, J=2.9 Hz,
3H, 18-CH;), 0.87 (d, J=6.4 Hz, 3H, 21-CH3), 0.63 (s,
3H, 19-CH3); C NMR (100 MHz, DMSO-ds) 6: 175.2
(COOH), 170.8 (CH = CHCO), 170.6 (N=C), 164.1
(PhC), 140.1 (CH=CHCO), 134.2 (PhC), 132.5 (PhC),
132.0 (PhC), 129.7 (d, "Jo—r=163 Hz, PhC), 128.2 (PhC),
120.0 (CH=CHCO), 56.0, 56.0, 44.2, 42.9, 42.7, 37.1,
35.5, 35.3, 35.2, 32.1, 31.2, 28.1, 27.5, 26.9, 26.7, 25.9,
242, 229, 21.1, 18.6 (19-CHs), 12.3 (18-CHs;); HRMS
(ESI) caled for Cy3HysFNO, [M+H]' 538.3333, found
538.3352.

A-IREERE A I ER SR (12h): AR, IR 60%.
m.p. 139.5~142.0 °C; 'H NMR (400 MHz, DMSO-d;) :
7.74~7.69 (m, 3H, PhH, CH=CHCO), 7.63 (d, J=6.8
Hz, 2H, PhH), 6.79 (dd, J=12.9, 7.2 Hz, 1H, CH=
CHCO), 2.97 (d, J=11.4 Hz, 0.5H, 2-CH,), 2.82 (dd, J=
11.9, 3.0 Hz, 0.5H, 2-CH,), 2.70 (t, J=11.1 Hz, 0.5H,
2-CH,), 2.42 (t, J=11.3 Hz, 0.5H, 2-CH,), 2.28~2.19 (m,
2H, CH,COOH), 2.13~1.78 (m, 6H), 1.69~1.07 (m,
18H), 0.94 (d, J=2.6 Hz, 3H, 18-CHj,), 0.88 (d, J=5.2 Hz,
3H, 21-CHj), 0.64 (s, 3H, 19-CH;); °C NMR (100 MHz,
DMSO-ds) d: 175.3 (COOH), 170.2 (CH=CHCO), 164.3
(N=C), 144.2 (PhC), 133.8 (CH=CHCO), 132.3 (PhC),
130.8 (PhC), 130.8 (PhC), 1244 (CH=CHCO), 117.8
(PhC), 117.7 (PhC), 79.6, 56.0, 46.1, 44.2, 42.7, 37.1, 36.3,
35.5, 35.3, 35.2, 32.1, 31.2, 28.1, 27.4, 26.9, 26.6, 25.8,
242, 23.0, 21.1, 18.6 (19-CHs), 12.3 (18-CHs); HRMS
(ESI) caled for C33HysBrNO, [M+H]" 598.2532, found
598.2521.

3R ARG HER 5 EE(121): FAIGER, BeR 47%.
m.p. 90.3~92.6 ‘C; 'H NMR (400 MHz, DMSO-d) &
11.96 (brs, 1H, COOH), 8.03~8.02 (m, 1H, PhH), 7.76 (d,
1H, J=6.2 Hz, CH=CHCO), 7.70 (d, 1H, J=12.8 Hz,
PhH), 7.62 (dd, J=6.4, 1.4 Hz, 1H, PhH), 7.39 (t, J=6.3
Hz, 1H, PhH), 6.84 (dd, J=12.8, 6.8 Hz, 1H, CH=
CHCO), 2.98 (d, J=12.2 Hz, 0.5H, 2-CH,), 2.84 (dd, J=
11.2, 2.5 Hz, 0.5H, 2-CH,), 2.70 (t, J=11.1 Hz, 0.5H,
2-CH,), 242 (t, J=11.4 Hz, 0.5H, 2-CH,), 2.27~2.20
(m, 2H, CH,CO- OH), 2.13~1.78 (m, 6H), 1.70~1.05
(m, 18H), 0.94 (d, J=2.5 Hz, 3H, 18-CH3), 0.88 (d, J=
5.2 Hz, 3H, 21-CHj3), 0.63 (s, 3H, 19-CHs); *C NMR (100
MHz, DMSO-d) d: 175.3 (COOH), 170.6 (CH=CHCO),
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1642 (N=C), 143.8 (CH=CHCO), 137.0 (PhC), 133.5
(PhC), 131.4 (PhC), 131.3 (PhC), 127.8 (PhC), 122.7
(PhC), 118.6 (CH=CHCO), 79.6, 56.0, 44.2, 42.9, 42.7,
37.1, 36.3, 35.6, 35.3, 35.2, 32.1, 31.1, 28.1, 27.4, 26.9,
26.6,25.9,24.2,22.8,21.1, 18.6 (19-CHs), 12.3 (18-CH,);
HRMS (ESI) calcd for C33HysBrNO, [M—i—H]+ 598.2532,
found 598.2560.

2-IR AR A BHRR A5 B (125): A G, R 60%.
m.p. 102.7~104.9 “C; "H NMR (400 MHz, DMSO-dj) J:
11.95 (brs, 1H, COOH), 7.98~7.93 (m, 2H, PhH), 7.72
(dd, J=5.4, 1.0 Hz, 1H, CH=CHCO), 7.45 (td, J=6.1,
0.9 Hz, 1H, PhH), 7.38 (td, J=6.2, 1.3 Hz, 1H, PhH), 6.79
(dd, J=12.7, 7.0 Hz, 1H, CH=CHCO), 2.95 (d, J=11.2
Hz, 0.5H, 2-CH,), 2.82 (dd, J=11.8, 3.7 Hz, 0.5H, 2-CH,),
2.70 (t, J=11.2 Hz, 0.5H, 2-CH,), 2.42 (t, J=11.2 Hz,
0.5H, 2-CH,), 2.27~2.18 (m, 2H, CH,COOH), 2.13~
1.77 (m, 6H), 1.70~1.04 (m, 18H), 0.93 (d, J=3.0 Hz,
3H, 18-CH3), 0.87 (d, J=5.1 Hz, 3H, 21-CH3), 0.62 (s,
3H, 19-CH;); “C NMR (100 MHz, DMSO-d;) o: 175.3
(COOH), 170.5 (CH= CHCO), 164.0 (N=C), 142.7
(CH=CHCO), 133.7 (PhC), 132.7 (PhC), 128.9 (PhC),
128.7 (PhC), 125.2 (PhC), 120.1 (PhC), 120.0 (CH=
CHCO), 79.6, 56.0, 44.2, 42.9, 42.7, 37.1, 35.5, 35.3, 35.2,
32.1, 31.1, 28.1, 26.9, 26.7, 25.8, 24.2, 22.9, 22.8, 21.1,
18.6 (19-CHj), 12.2 (18-CH;3); HRMS (ESI) calcd for
C53HusBrNO, [M+H]" 598.2532, found 598.2541.

4- FF R YRR I A H G J5 6 (12k): [ e LA, iR
54%. m.p. 81.9~83.0 ‘C; '"H NMR (400 MHz, DMSO-d;)
8: 11.97 (brs, 1H, COOH), 7.70~7.53 (m, 3H, PhH, CH=
CHCO), 7.24 (d, J=7.9 Hz, 2H, PhH), 6.67 (dd, J=16.0,
7.1 Hz, 1H, CH=CHCO), 2.96 (d, J=14.1 Hz, 0.5H,
2-CH,), 2.82 (dd, J=10.6, 4.7 Hz, 0.5H, 2-CH,), 2.69 (t,
J=14.3 Hz, 0.5H, 2-CH,), 2.40 (t, J=14.1 Hz, 0.5H,
2-CH,), 2.33(s, 3H, PhCHj;), 2.27 ~ 2.19 (m, 2H,
CH,COOH), 2.14~1.76 (m, 6H), 1.71~1.01 (m, 18H),
0.94 (d, J=2.6 Hz, 3H, 18-CH3), 0.87 (d, J=6.5 Hz, 3H,
21-CH3), 0.63 (s, 3H, 19-CH;); *C NMR (100 MHz,
DMSO0-dg) §: 175.3 (COOH), 170.3 (CH=CHCO), 170.0
(N=C), 164.6 (CH=CHCO), 145.5 (PhC), 141.0 (PhC),
131.8 (PhC), 130.0 (PhC), 128.9 (PhC), 128.6 (PhC), 115.6
(CH=CHCO), 79.6, 56.0, 44.2, 42.9, 42.7, 37.1, 35.5,
35.3, 352, 32.1, 31.2, 28.1, 27.4, 26.9, 26.6, 25.8, 24.2,
23.0, 22.3, 21.5 (PhCHs), 21.1, 18.6 (19-CHj), 12.3
(18-CH3); HRMS (ESI) caled for C3HysNO4 [M+H]®
534.3583, found 534.3563.
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3- F O R AR I8 A H R 5 B (12): B e [ A, e
48%. m.p. 79.1~81.6 “C; '"H NMR (400 MHz, DMSO-d;)
5: 11.94 (brs, 1H, COOH), 7.67 (d, 1H, J=16.1 Hz, CH=
CHCO), 7.57 (s, 1H, PhH), 7.52(d, J=7.7 Hz, 1H, PhH),
7.32 (t, J=7.6 Hz, 1H, PhH), 7.25(d, J=7.6 Hz, 1H,
PhH), 6.71 (dd, J=16.1, 6.8 Hz, 1H, CH=CHCO), 2.97
(d, J=14.0 Hz, 0.5H, 2-CH,), 2.83 (dd, J=10.8, 4.7 Hz,
0.5H, 2-CH,), 2.70 (t, J=14.0 Hz, 0.5H, 2-CH,), 2.41 (t,
J=14.2 Hz, 0.5H, 2-CH,), 2.33 (s, 3H, PhCH,), 2.27~
2.19 (m, 2H, CH,COOH), 2.13~1.77 (m, 6H), 1.71~1.05
(m, 18H), 0.94 (d, J=2.6 Hz, 3H, 18-CH3), 0.87 (d, J=6.4
Hz, 3H, 21-CHj), 0.63 (s, 3H, 19-CHs); *C NMR (100
MHz, DMSO-dy) 6: 175.3 (COOH), 170.4 (CH=CHCO),
170.1 (N=C), 164.5 (CH=CHCO), 145.6 (PhC), 138.6
(PhC), 134.4 (PhC), 131.7 (PhC), 129.2 (PhC), 126.2
(PhC), 116.6 (CH=CHCO), 79.6, 56.0, 44.2, 42.9, 42.7,
37.1, 35.6, 35.3, 35.2, 32.1, 31.2, 28.1, 27.4, 26.9, 26.6,
25.8,24.2,23.0, 22.3, 21.2 (PhCHs3), 21.1, 18.6 (19-CH,),
12.3 (18-CH;); HRMS (ESI) caled for C3HusNO, [M+
H]" 534.3583, found 534.3552.

2- FBE YRR IR 4 IE R 15 B (12m): 13 € [l 44k, ig e
50%. m.p. 90.0~91.9 ‘C; 'H NMR (400 MHz, DMSO-d)
J: 11.94 (brs, 1H, COOH), 7.92 (d, J=15.8 Hz, 1H, CH=
CHCO), 7.77~7.74(m, 1H, PhH), 7.35~7.22 (m, 3H,
PhH), 6.63 (dd, J=15.9, 7.5 Hz, 1H, CH=CHCO), 2.95
(d, J=14.2 Hz, 0.5H, 2-CH,), 2.82 (d, J=10.6 Hz, 0.5H,
2-CH,), 2.70 (t, J=13.8 Hz, 0.5H, 2-CH,), 2.45~2.38 (m,
3.5H, PhCH3, 2-CH,), 2.28~2.19 (m, 2H, CH,COOH),
2.14~1.79 (m, 6H), 1.71~1.04 (m, 18H), 0.94 (d, J=2.8
Hz, 3H, 18-CH3), 0.87 (d, J=6.4 Hz, 3H, 21-CH3), 0.63 (s,
3H, 19-CH;); “C NMR (100 MHz, DMSO-d;) o: 175.3
(COOH), 170.5 (CH = CHCO), 164.5 (N=C), 142.6
(CH=CHCO), 137.9 (PhC), 133.1 (PhC), 131.2 (PhC),
130.8 (Ph—C), 127.1 (PhC),116.7 (PhC), 126.9 (CH=
CHCO), 79.6, 56.0, 44.2, 42.9, 42.7, 37.1, 35.6, 35.3, 35.2,
32.1, 31.2, 28.1, 27.4, 26.9, 26.6, 25.8, 24.2, 23.0, 22.3,
21.1, 19.7 (PhCHjy), 18.6 (19-CHs3), 12.3 (18-CH;); HRMS
(ESI) caled for C34HuNO, [M-+H] ™ 534.3583, found
534.3559.

4- AR A A IR 5 R (12n): LA, e
52%. m.p. 71.8~73.9 ‘C; 'H NMR (400 MHz, DMSO-d)
d9: 11.97 (brs, 1H, COOH), 7.72~7.62 (m, 2.8H, PhH, CH
=CHCO), 7.54 (d, J=16.0 Hz, 0.2H, PhH), 7.00~6.96
(m, 2H, PhH), 6.58 (dd, J=16.0, 7.0 Hz, 0.8H, CH=
CHCO), 6.37 (d, J=16.0 Hz, 0.2H, CH=CHCO), 3.80 (d,

Chin. J. Org. Chem. 2019, 39, 2106~2116

© 2019 Chinese Chemical Society & SIOC, CAS

J=4.2 Hz, 3H, OCHj3), 2.96 (d, J=14.0 Hz, 0.5H, 2-CH,),
2.82 (dd, J=10.5, 4.5 Hz, 0.5H, 2-CH,), 2.70 (t, J=14.6
Hz, 0.5H, 2-CH,), 2.41 (t, J=14.4 Hz, 0.5H, 2-CH,),
2.27~2.19 (m, 2H, CH,COOH), 2.14~1.78 (m, 6H),
1.71~1.03 (m, 18H), 0.94 (d, J=2.6 Hz, 3H, 18-CH;),
0.88 (d, J=6.5 Hz, 3H, 21-CH,), 0.64 (s, 3H, 19-CH3); 1*C
NMR (100 MHz, DMSO-ds) 6: 175.3 (COOH), 170.2
(CH=CHCO), 169.9 (N=C), 164.8 (CH=CHCO), 161.7
(PhC), 145.3 (PhC), 130.7 (PhC), 130.3 (PhC), 127.1
(PhC), 114.8 (PhC), 114.0 (CH=CHCO), 56.0 (OCH;),
55.8, 55.7, 44.2, 42.9, 42.7, 37.1, 35.6, 35.3, 35.2, 32.1,
31.2, 28.1, 27.4, 26.9, 26.6, 25.9, 24.2, 23.0, 22.9, 21.1,
18.6 (19-CHj), 12.3 (18-CHs); HRMS (ESI) caled for
C34HssNOs [M+H]" 550.3532 found 550.3512.

3- HAAE R A IR R 5 R (120): I ELLEI44, Wi
57%. m.p. 83.5~85.6 “C;'H NMR (400 MHz, DMSO-dq)
8:7.69 (d, J=12.8 Hz, 1H, CH=CHCO), 7.35~7.29 (m,
3H, PhH), 7.00 (dd, J=6.2, 1.9 Hz,1H, PhH), 6.76 (dd,
J=12.9, 6.9 Hz, 1H, CH=CHCO), 3.80 (s, 3H, OCHj3),
2.97 (d, J=11.2 Hz, 0.5H, 2-CH,), 2.83 (dd, J=8.9, 3.16
Hz, 0.5H, 2-CH,), 2.69 (t, J=11.3 Hz, 0.5H, 2-CH,), 2.41
(t, J=11.5 Hz, 0.5H, 2-CH,), 2.27~2.19 (m, 2H, CH,CO-
OH), 2.13~1.76 (m, 6H), 1.70~1.05 (m, 18H), 0.94 (d,
J=2.4 Hz, 3H, 18-CHj3), 0.87 (d, J=5.2 Hz, 3H, 21-CH3),
0.63 (s, 3H, 19-CH3); *C NMR (100 MHz, DMSO-d,) o:
175.3 (COOH), 170.4 (CH=CHCO), 170.1 (N=C), 164.5
(CH=CHCO), 160.0 (PhC), 145.5 (PhC), 135.9 (PhC),
130.4 (PhC), 121.6 (PhC), 117.1 (PhC), 113.4 (CH=
CHCO), 79.6, 56.0 (OCH;), 55.7, 44.2, 42.9, 42.7, 37.1,
36.2, 35.3, 35.2, 32.1, 31.1, 28.1, 27.4, 26.9, 26.6, 25.8,
24.2, 23.0, 22.3, 21.1, 18.6 (19-CH;), 12.3 (18-CHj);
HRMS (ESI) caled for CyHiNOs [M+H]" 550.3532
found 550.3526.

2- AR AR A IR R 5 l(12p): A E Ak, Yok
53%. m.p. 87.9~90.0 ‘C; "H NMR (400 MHz, DMSO-d;)
5: 11.95 (brs, 1H, COOH), 7.93 (dd, J=16.2, 3.2 Hz, 1H,
CH=CHCO), 7.76~7.73 (m, 1H, PhH), 7.43 (t, J=8.5
Hz,1H, PhH), 7.10 (d, J=8.4 Hz, 1H, PhH), 6.99 (t, J=
7.4 Hz, 1H, PhH), 6.71 (dd, J=16.2, 5.3 Hz, 1H, CH=
CHCO), 3.88 (s, 3H, OCHj), 2.93 (d, J=14.0 Hz, 0.5H,
2-CH,), 2.79 (d, J=11.3 Hz, 0.5H, 2-CH,), 2.70 (t, J=
13.9 Hz, 0.5H, 2-CH,), 2.42 (t, J=14.2 Hz, 0.5H, 2-CH,),
2.27~2.19 (m, 2H, CH,COOH), 2.14~1.81 (m, 6H),
1.70~0.98 (m, 18H), 0.94 (s, 3H, 18-CH3), 0.88 (d, J=6.5
Hz, 3H, 21-CH;), 0.63 (s, 3H, 19-CH;); C NMR (100
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MHz, DMSO-d) d: 175.3 (COOH), 170.1 (CH=CHCO),
1649 (N=C), 158.4(CH=CHCO), 140.2 (PhC), 132.7
(PhC), 129.2 (PhC), 122.7 (PhC), 121.1 (PhC), 116.7
(PhC), 112.2 (CH=CHCO), 79.6, 56.1 (OCHj), 56.0, 44.2,
42.9, 42.7, 37.1, 35.6, 35.3, 35.2, 32.1, 31.2, 28.1, 27.4,
26.9,26.6,25.8,24.2,23.0,22.3,21.1, 18.6 (19-CH3), 12.3
(18-CH;); HRMS (ESI) caled for Ci4HyugNOs [M+H]"
550.3532 found 550.3545.

24- R WEBE A R S ER(12q): A AE AR, IR
60%. m.p. 78.1~80.3 “C; '"H NMR (400 MHz, DMSO-d;)
d: 11.95 (brs, 1H, COOH), 8.02 (dd, J=8.5, 3.6 Hz, 1H,
CH=CHCO), 7.90 (d, J=16.0 Hz, 1H, CH=CHCO),
7.74 (s, 1H, PhH), 7.50 (dd, J=8.6, 2.1 Hz, 1H, PhH),
6.87 (dd, J=16.0, 7.2 Hz, 1H, CH=CHCO), 2.93 (d, J=
14.2 Hz, 0.5H, 2-CH,), 2.80 (dd, J=10.8, 4.6 Hz, 0.5H,
2-CH,), 2.70 (t, J=13.8 Hz, 0.5H, 2-CH,), 2.42 (t, J=14.1
Hz, 0.5H, 2-CH,), 2.28~2.19 (m, 2H, CH,COOH), 2.13~
1.78 (m, 6H), 1.70~1.03 (m, 18H), 0.93 (d, J=3.1 Hz,
3H, 18-CH3), 0.87 (d, J=6.4 Hz, 3H, 21-CHj), 0.62 (s,
3H, 19-CH;); “C NMR (100 MHz, DMSO-dg) &: 175.3
(COOH), 170.6 (CH = CHCO), 164.0 (N=C), 1389
(CH=CHCO), 136.1 (PhC), 135.0 (PhC), 131.1 (PhC),
130.1 (PhC), 129.9 (PhC), 128.5 (PhC), 120.7 (CH=
CHCO), 79.6, 56.0, 44.2, 42.9, 42.7, 37.1, 35.5, 35.3, 35.2,
32.0, 31.1, 28.1, 27.5, 26.9, 26.7, 25.8, 24.2, 22.9, 22.3,
21.1 (19-CHj), 18.6 (18-CHs); HRMS (ESI) caled for
C;3HuCLNO, [M+H]" 588.2647 found 588.2665.

23- TR AR A HER IS BE(12r): A E A, i
55%. m.p. 99.7 ~ 1023 C; 'H NMR (400 MHz,
DMSO-d) d: 11.96 (brs, 1H, COOH), 8.00~7.94 (m, 2H,
PhH), 7.72 (dd, J=6.4, 1.2 Hz, 1H, CH=CH—CO), 7.43
(t, J=6.4 Hz, 1H, PhH), 6.86 (dd, J=12.8, 7.2 Hz, 1H,
CH=CHCO), 2.94 (d, J=11.2 Hz, 0.5 H, 2-CH,), 2.81
(dd, J=8.4, 3.7 Hz, 0.5H, 2-CH,), 2.70 (t, J=11.3 Hz,
0.5H, 2-CH,), 2.43 (t, J=11.2 Hz, 0.5H, 2-CH,), 2.28~
2.19 (m, 2H, CH,COOH), 2.13~1.75 (m, 6H), 1.68~1.02
(m, 18H), 0.93 (d, J=3.0 Hz, 3H, 18-CHj3), 0.87 (d, J=5.2
Hz, 3H, 21-CH,), 0.62 (s, 3H, 19-CHs); *C NMR (100
MHz, DMSO-d) J: 175.3 (COOH), 170.7 (CH=CHCO),
163.9 (N=C), 140.0 (CH=CHCO), 134.6 (PhC), 133.0
(PhC), 132.5 (PhC), 132.0 (PhC), 129.0 (PhC), 127.5
(PhC), 121.5 (CH=CHCO), 79.6, 56.0, 44.2, 42.9, 42.7,
37.1, 35.5, 35.3, 35.2, 32.0, 31.1, 28.1, 27.5, 26.9, 26.7,
25.8, 24.2, 229, 223, 21.1 (19-CH3), 18.6 (18-CHj);
HRMS (ESI) caled for C33HyuCLNO, [M+H]"™ 588.2647
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found 588.2658.

34- TR A IR RS AR (12s): I K, o
52%. m.p. 1454~1479 C; 'H NMR (400 MHz,
DMSO-dg) 8: 11.94 (brs, 1H, COOH), 8.10 (s, 1H, PhH),
7.78~7.67 (m, 3H, PhH, CH=CHCO), 6.87 (dd, J=16.2,
6.9 Hz, 1H, CH=CHCO), 2.97 (d, J=14.0 Hz, 0.5H,
2-CH,), 2.83 (dd, J=10.7, 4.7 Hz, 0.5H, 2-CH,), 2.70 (t,
J=14.0 Hz, 0.5H, 2-CH,), 2.41 (t, J=14.4 Hz, 0.5H,
2-CH,), 2.27~2.19 (m, 2H, CH,COOH), 2.13~1.78 (m,
6H), 1.71~1.00 (m, 18H), 0.94 (d, J=2.6 Hz, 3H,
18-CH3), 0.87 (d, J=6.4 Hz, 3H, 21-CH;), 0.63 (s, 3H,
19-CH;); “C NMR (100 MHz, DMSO-dg) &: 175.3
(COOH), 170.4 (CH=CHCO), 164.1 (N=C), 142.7 (CH
=CHCO), 135.4 (PhC), 133.2 (PhC), 132.2 (PhC), 131.4
(PhC), 130.6 (PhC),128.9 (PhC), 119.2 (CH=CHCO),
79.6, 56.0, 44.2, 42.9, 42.7, 37.1, 35.6, 35.3, 35.2, 32.1,
31.2, 28.1, 27.4, 26.9, 26.6, 25.8, 24.2, 22.8, 21.1, 18.6
(19-CH;), 12.3 (18-CHs); HRMS (ESI) caled for Cy3Hys
CLNO4 [M+H]" 588.2647 found 588.2633.

2-H-4-IR P EERE A IR R S R (120): B4, Yiese
58%. m.p. 160.1 ~1622 C; 'H NMR (400 MHz,
DMSO-d) d: 11.94 (brs, 1H, COOH), 7.89~7.84 (m, 1H,
PhH), 7.73~7.67 (m, 1H, PhH), 7.50 (dd, J=8.4, 1.9 Hz,
1H, CH=CHCO), 6.83 (dd, J=16.2, 7.0 Hz, 1H, CH=
CHCO), 2.94 (d, J=14.0 Hz, 0.5H, 2-CH,), 2.80 (dd, J=
10.3, 4.6 Hz, 0.5H, 2-CH,), 2.70 (t, J=13.9 Hz, 0.5H,
2-CH,), 2.42 (t, J=14.2 Hz, 0.5H, 2-CH,), 2.27~2.19 (m,
2H, CH,COOH), 2.14~1.75 (m, 6H), 1.71~1.01 (m,
18H), 0.93 (d, J=2.8 Hz, 3H, 18-CHj3), 0.87 (d, J=6.4 Hz,
3H, 21-CHj3), 0.63 (s, 3H, 19-CH;); *C NMR (100 MHz,
DMSO-ds) 6: 170.8 (COOH), 170.6 (CH=CHCO), 164.1
(N=C), 160.8 (d, 'Jo-y=257 Hz, PhC), 1362 (CH=
CHCO), 131.3 (PhC), 128.7 (Ph—C), 124.8 (PhC), 121.6
(d, “Je-r=10 Hz, PhC), 120.0 (d, *Jor=11 Hz, PhC),
100.0 (CH=CHCO), 79.6, 56.0, 44.2, 42.9, 42.7, 37.1,
35.5, 35.3, 35.2, 32.0, 31.1, 28.1, 27.4, 26.9, 26.6, 25.8,
242, 229, 21.1, 18.6 (19-CH3), 12.3 (18-CH3); HRMS
(ESI) caled for C33H44BrFNO4 [M+H]" 616.2438
found 616.2454.

3-F-A-H I A B IS FR(120): (A (B, Yo
53%. m.p. 144.9~147.1 ‘C; § 11.98 (brs, 1H, COOH),
8.10~8.07 (m, 1H, PhH), 7.82~7.79 (m, 1H, PhH), 7.70
(d, J=12.8 Hz, 1H, CH=CHCO), 7.48 (t, J=7.1 Hz, 1H,
CH=CHCO), 6.81 (dd, J=12.9, 6.7 Hz, 1H, CH=
CHCO), 2.97(d, J=11.1 Hz, 0.5H, 2-CH,), 2.82 (dd, J=
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8.4, 3.7 Hz, 0.5H, 2-CH,), 2.69 (t, J=11.2 Hz, 0.5H,
2-CH,), 2.41 (t, J=11.5 Hz, 0.5H, 2-CH,), 2.27~2.19 (m,
2H, CH,COOH), 2.13~1.76 (m, 6H), 1.70~1.03 (m,
18H), 0.94 (d, J=2.5 Hz, 3H, 18-CHj,), 0.87 (d, J=5.2 Hz,
3H, 21-CHj,), 0.63 (s, 3H, 19-CH3); °C NMR (126 MHz,
DMSO-dy) 6: 175.3 (COOH), 170.5 (d, J=35 Hz, CH=
CHCO), 164.2 (N=C), 158.7 (d, 'Je—r=252 Hz, PhC),
143.0 (CH=CHCO), 132.7, 130.9 (d, *Jc—y=6 Hz, PhC),
129.9 (t, *Je—=8 Hz, PhC), 120.8 (d, *J—=18 Hz, PhC),
118.4 (d, *Jo-r=3 Hz, CH=CHCO), 117.9 (d, *Jo =21
Hz, PhC), 79.6, 56.0, 44.2, 42.9, 42.7, 37.1, 35.5, 35.3,
35.2, 32.1, 31.1, 28.1, 27.4, 26.9, 26.6, 25.8, 24.2, 22.9,
21.1, 18.6 (19-CH3), 12.2 (18-CHs); HRMS (ESI) calcd for
C33H4CIFNO, [M+H]"572.2943 found 572.2977.

2,4- R R FEBE A IHER A5 BE (12v): B il 4k, i
56%. m.p. 157.1 ~159.2 ‘C; 'H NMR (400 MHz,
DMSO-dg) d: 11.95 (brs, 1H, COOH), 8.03~7.97 (m, 1H,
PhH), 7.71 (d, J=16.2 Hz, 1H, CH=CHCO), 7.41~7.35
(m, 1H, PhH), 7.22~7.17 (m, 1H, PhH), 6.78 (dd, J=
16.2, 6.7 Hz, IH, CH=CHCO), 2.94 (d, J=14.0 Hz, 0.2H,
2-CH,), 2.80 (dd, J=10.4, 4.6 Hz, 0.8H, 2-CH,), 2.70 (t,
J=13.8 Hz, 0.2H, 2-CH,), 2.42 (t, J=14.1 Hz, 0.8H,
2-CH,), 2.28~2.19 (m, 2H, CH,COOH), 2.13~1.77 (m,
6H), 1.68~1.01 (m, 18H), 0.94 (s, 3H, 18-CHj3), 0.87 (d, J
=6.4 Hz, 3H, 21-CH3), 0.63 (s, 3H, 19-CH,); *C NMR
(100 MHz, DMSO-dy) 6: 175.3 (COOH), 170.8 (CH=
CHCO), 170.5 (N=C), 164.3 (CH=CHCO), 164.0 (dd,
'Je-r=252 Hz, *Jo-¢=13 Hz, Ph—C), 161.4 (dd, 'J=255
Hz, Jc—=13 Hz, PhC), 136.3 (PhC), 131.6 (d, *Je—=10
Hz, PhC), 119.2, 113.0 (d, 2J=22 Hz, PhC), 105.1 (CH=
CHCO), 79.6, 56.0, 44.2, 42.9, 42.7, 37.0, 35.5, 35.3, 35.2,
32.0, 31.1, 28.1, 27.4, 26.9, 26.6, 25.8, 24.2, 22.9, 21.1,
18.6 (19-CH;), 12.3 (18-CHs3); HRMS (ESI) caled for
Cs3HyFo- NO, [M+H]" 556.3238 found 556.3257.

3,4- AR P RE IR A IR IR 5 B (12w): (A Gl 4
W& 52%. mp. 85.7~87.8 C; 'H NMR (400 MHz,
DMSO- dg) 6: 11.95 (brs, 1H, COOH), 7.65 (d, J=16.0
Hz, 1H, CH=CHCO), 7.38 (s, 1H, PhH), 7.26 (d, J=8.3
Hz, 1H, PhH), 7.26 (d, J=8.3 Hz, 1H, PhH), 7.48 (d, J=
8.4 Hz, 1H, PhH), 6.63 (dd, J=15.9, 6.2 Hz, I1H, CH=
CHCO), 3.80 (d, J=5.8 Hz, 6 H, 2-OCH3), 2.97 (d, J=
13.9 Hz, 0.5H, 2-CH,), 2.82 (dd, J=10.5, 4.6 Hz, 0.5H,
2-CH,), 2.69 (t, J=14.0 Hz, 0.5H, 2-CH,), 2.40 (t, J=14.2
Hz, 0.5H, 2-CH,), 2.26~2.19 (m, 2H, CH,COOH), 2.13~
1.78 (m, 6H), 1.70~1.06 (m, 18H), 0.94 (s, 3H, 18-CH;),
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0.87 (d, J=6.4 Hz, 3H, 21-CHj,), 0.63 (s, 3H, 19-CH;); "*C
NMR (100 MHz, DMSO-ds) 6: 1753 (COOH), 169.7
(CH=CHCO), 164.8 (N=C), 151.5 (CH=CHCO), 149.4
(PhC), 145.8 (PhC), 127.3 (PhC), 123.7 (PhC), 114.1
(PhC), 111.9 (PhC), 110.7 (CH=CHCO), 79.6, 56.0, 56.0
(2C, OCHs), 44.2, 42.9, 42.7, 37.1, 35.5, 35.3, 35.2, 32.1,
31.1, 28.1, 27.4, 26.9, 26.6, 25.8, 24.2, 23.0, 21.1, 18.6
(19-CHs), 12.3 (18-CH;); HRMS (ESI) caled for CssHso-
NO¢ [M+H]" 580.3638 found 580.3683.

3.3 PTP1B K& TCPTP #IH5E M AR

FH T3 ) PTP1B A1 TCPTP Fg 34 /& M KAt i oh
FKikFH4itb ) GST 58 H. PTP1B Al TCPTP 17K fi#
JEED T HE AR — BN(pNPP) (I BEEE 15 I 1 P2 04E 405
nm KA IR SR AR, [T AT Lhd i kil 405 nm Ab0%
5 5 I R P 9% 1 DA S A A 0 B A/ . K
FLARE AN 72 STk AT,

#H B#1 K (Supporting Information) HFr{b &4 12a~
12w [¥] "H NMR 1 °C NMR &3, 3% Lepp)n] DL 6 2 A
AT 3k (http://sioc-journal.cn/)_F N %K.
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