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Abstract In order to find novel protein tyrosine phosphatase 1B (PTP1B) inhibitors, a series of novel arylaminoacetylhydra-
zone derivatives containing carbazole moiety were designed and synthesized. Their structures and configurations were con-
firmed by IR, '"H NMR, '3C NMR, two-dimensional NMR spectra (including 'H-'H COSY, 'H-'*C HMBC and NOESY) and
elemental analysis. The inhibitory activities of all the target compounds against PTP1B were tested, and it was found that the
target compounds had potent inhibitory activity against PTP1B, and most of them had lower ICso value than the positive con-
trol drug oleanolic acid. Among them, N'-(9-octylcarbazol-3-ylmethylene)-2-(4-nitrophenylamino)acetohydrazide (3t) had the
highest inhibitory activity against PTP1B with ICso of (2.78 =-0.04) umol/L. Molecular docking was used to study the bind of
compound 3t with PTP1B enzyme.

Keywords protein tyrosine phosphatase 1B (PTP1B) inhibitor; carbazole; arylaminoacetylhydrazone; synthesis; molecular
docking
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EABEIREEIREY 1B (PTP1B)&Z PTP B IE 1) k
Rz —, TR B R IR D R A AN T 2 P S 5 4%
S A R EENE AN, L& fE & N Ay
I3 AT RE -0 R PRI AT PR 6-100 s of A R U R A 2
BATHERPME R P EEEZEH, X&2HT
PTP1B (it ERIE T8 7R L. ik, PTPIB &%
N—FRA A& R YT fa K AR B I 25 e s, 291
T NTZ . IR BT A it T ORER)
PTP1B #0315 {H H {4 GG KR B PTPIB 411
FFRI0CT, Rk, R IR G M E R T
H. 2241 PTP1B 7).

BERF AR I — R EBENEY, KRET R
B, BEEEATAEDEA PRS2, PrEPY. Pul . 4t
W PRIF 23 B0 98 PSS 3k (R 2 BV M. HEM(Cz) 2
NI EGIE— A ) =AY, Ha%E—
BV ZEDEHAL A VIR CBEEE ), AR RIE
AT AV A LA, BrRRO HUERT P P
JRIRCO, HUR BB, PUBE R BIFNPT B ENE 2 R ALY
WV AN, IESERWE R EON, S RS A AW
FTAEP BA PRGBS, PrEgEs3T. Pt P8 J fip a0+
SLEYEYE. D, AR M R T S R A

AT 5T 2 R HT IR T AR UE B, IR B R AT
AW EVELER) PTPIB #7142, BT R Srsl, Ao
TERT A TARRRAL B0, R 252 A1 28 sk, i g
WA S ok Tt i e A S O s T B R A, &
— RYIHT AL MR DS S I BRI AT A M) (Scheme 1),
FHI g FHXF PTPIB BHIHNE M. A %2R I Scheme 2.
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1 SRS
1.1 BirkE 3 HERK

2530 2 A8 732, B EAT & RUFT R TR A4 9-4t
FEIEIE-3- F R 1 5 55 5% B 2 78 2B R AL B DK
FRAEAE T 4G, 193 1 56 RN 1) 05 2 5 2T H br
e 3.
1.2 BHE3 IR

HFrE4 3 75 3412~3182.1666~ 1692 A1 1622~
1630 cm ™' X4/ A2 x H N—H. C=0 f1 C=N 1
LG AR BIHRRAE TR AL o IR LA e F 1 3005 B 25 Tk A
g5,
1.3 B#rkEH 3 #9 NMR &
1.3.1  HArbo4h 3 69 A Boofed IR 64 B 6) 4 2

DIREER B Atk &4 3t AT st v, sk H brik
A9 3¢ 1 TH NMR(E 1)1 13C NMR i# (B 2) & 81, K3
CONH (H-10)M =37 COCH, (H-12) HIJi 1 LA kA5
YRR T AE T, RO S BB R RS
SRR T R G S, B E AR LA E TR
T, RAR = 3 IE AR (DMSO-ds) H 77 1E 25 5 il 57 1) 4
BT LAY 3t IR (C—N S8 & B A 355 DU
PEIR B C—N BEANRE H B ie%%, RIL7E DMSO-
de FRTREAAAEQIE 3 Fros VU R Sk A~D. AT
EHALEY) 3t BIPIF SRR R, W T AR E
AL &9 3t 1) 2D NMR % (45 'H-3C HMBC.NOESY
A1 'H-'H COSY).
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Scheme 1 Design of the target compounds
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X =4-0OCHj3, 3-Cl, 4-NO,

H
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Yields 84.2% ~ 90.0%
3a~3t

R = CaHs, n-C3Hy, n-C4Hg, n-CsH4q, n-CgHy3, n-C7H1s5, n-CgHqy

BR2 Hirb&Y 3a~3t (& ik

Scheme 2  Synthetic routes of target compounds 3a~3t
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Figure 1 'H NMR spectrum of representative target compound 3t
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Figure 2 '3C NMR spectrum of representative target compound 3t
BI7E 13C NMR #E b ()% . H "H-°C HMBC i I ATIE, {44 3t 7€ DMSO-ds 52 B A Fil B B fh
( HTLATE R R C-11/C-11'51K3% on 11.59/ SERARIEAER, AR C 1 D I EE R AT, o
11.56 fE1EHEAHIRUE, Sy 11.59/11.56 5 ¢ 145.1/148.3 17 B OH i 75 C-9/C-9'MIFE 5 Mb2ei, RalfE
TER R FCIE. FrLA, on 11.59/11.56 1 dc 145.1/148.3 435 TETERE CUE.
HIEH A A B Pl RA A 1) H-10/H-10'F1 C-9/C-9".
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Figure 3  Structures and relevant atomic labels for the four possible isomers A~D of representative target compound 3t
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Figure 4 'H-3C HMBC spectrum of representative target
compound 3t (partial enlarged spectrum)
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5 H-12'%8 8] _FEE B G, H-10 5 H-12 %8 [8) _F i B o,
HH P E A SRR E MR, FREE O JR 15 H-10 4
TR, 1B SN Z A, #E 0 JRT5 H-104
TS0, MRS H RG-S 3t TH NMR 8% o 5 fb S 4 1
MR IS T AR B, T AR GE A A B PRI SR AR 1) 25 B
BN 67.5%F0 32.5%, A (E)FRIR G5 A SRk B
DA R34, R Bk B i (C—N B ) B AT 8 7 Xt
YR, E KRR R At Z BB Sk B B RS GE.
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NOESY i 7%, H-9 55 H-2 (dd, J=8.5, 1.0 Hz) &%
H-9'5 H-2' (dd, J=8.5, 1.0 HZ)fFEE 28 Y&, W] H-9
5 H-2 (0u7.92) %% H-9'5 H-2' (6n7.87)% 5] _L#E B 45T,
FH AT A B AR S0 3t 1) A R B 5o ) o e s
W EA a3 Frs.

1.3.2  HArbs4h 3 49 '"H NMR 54038 547

NT X EBMEEY) 3 1) 'THNMR (5510808, %
BREEVMLEY 3t Tk et 5488,

R IEE: AR % A 'H NMR i
FIFSS AL BTV S on 6.79/6.74 4 H-14/H-14" (d, J=9.0
Hz), du 8.04/8.06 ¥ H-15/H-15' (d, J=9.0 Hz).

MR E R 7 )H)E: B NOESY i J %1, H-10 (du
11.59)5 H-9 (6n 8.22). H-9 5 H-2 (0u 7.92)FEH X
U, kTR E H-2. FARYE 'H-"H COSY #%(& 6), H-2
5 61 7.65 (d,J=8.5 Hz). H-2 5 di 8.48. H-2'5 6 8.46
TAEFE AT X, BIAT i 52 H o 7.65+ 8.48 1 8.46 43751 N
H-1. H-4 f1 H-4'. £k, "H NMR 3 5 42 (1) g8 4
H-5 1 H-8, R F=% A, H-5 ¥ H-8 1E1%37,
HH A € on 8.25 9 H-5, on 7.61 A H-8. Fifi#E 'H-'H
COSY ] #i & H-6 (du 7.24)H1 H-7 (ou 7.48).

MR IR LTSRS b i+ VR MRS T = % B mT
5E H-16 (O 4.40), H-17 (0 1.69~1.83), H-18~H-22 (Jy
1.09~1.32)A1 H-23 (4 0.80).

H-12/H-12'f1 H-13/H-13'{ 7 & . & 3% XE o
4.51/4.04 W JHJ& N H-12/H-12' (d, J=6.0 Hz). H 'H-'H
COSY 1741, H-12/H-12'5 H-13/H-13'1F4EH A Xk,
AT 5E H H-13 (0n 7.47)/H-13' (5 H-8 E&).
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Figure 6 'H-'"H COSY spectrum of representative target com-
pound 3t (partial enlarged spectrum)

RE B FRLEY 3t (1) 'H NMR 153585 V7 J8 $idis I
1. WIEAE BARLAY 3t 1) 'H NMR iS50k )38,
xF B AR &40 3a~3s [ '"H NMR #3347 7 H)E. B HR
1hE%) 3a~3t [f] 'H NMR 3404 7T LLA HH, CONH H (1)
JR TR I H BLAEAR S on 11.30~11.59; H-4 Wfigig
BUFE Ou 8.42~8.48; CH=N {1 T ig HBLLE on
8.18~8.41; COCH, H ¥ Jii 7 W Wi i tH B AE on 3.76~
4.51. CONH. CH=N Fl COCH, [ J5i T W} UL e 1) Rl %o} H1
B

HRHE B ARALE40 3 1 TH NMR 8% o i 50 2 (1
WO TR R P EME, W52 T AR B B AP AR & 40
WA 54.1%~67.5%K1 32.5%~45.9%, A SRR S

F1 HERLAY 3t 1 'H NMR #8433 )% (DMSO-ds, 500 MHz)

Table 1 'H NMR partial data of target c

ompound 3t (DMSO-ds, 500 MHz)

Position OH 'H-'H COSY NOESY
A B A (B) A (B)
1(1" 7.65 (d, J=8.5 Hz) — H-2 (—) H-16 (—)
22" 7.92 (dd, J=8.5, 1.0 Hz) 7.87 (dd, J=8.5, 1.0 Hz) H-1,4 (H-4") H-9/H-9'
33" / / / /
4 (4" 8.48 8.46 H-2 (—) /
5(5") 8.25(d, J/=7.5Hz) 8.21 (d, J=7.5Hz) H-6 (H-6") /
6 (6" 7.244 (t,J=17.5 Hz) 7.237 (t,J=7.5 Hz) H-5,7 (H-5") /
7(7" 7.48 (t,J=7.0 Hz) — H-6,8 (—) /
8 (8") 7.61 (d, J=8.0 Hz) — H-7(—) H-16 (—)
99" 8.22 8.41 / H-2/H-2'/H-10/H-10'
10 (10" 11.59 11.56 / H-9/H-9'/—/H-12'
11(11Y / / / /
12 (12" 4.51 (d, J=6.0 Hz) 4.04 (d, J/=6.0 Hz) H-13 (—) (—)/H-10'/H-14/H-14'
13 (13" 7.47 — H-12 (—) H-14 (—)
14 (14" 6.79 (d, J=9.0 Hz) 6.74 (d, J=9.0 Hz) H-15 (H-15") H-12/H-12'/H-13
15 (15" 8.04 (d, /=9.0 Hz) 8.06 (d, /=9.0 Hz) H-14 (H-14") /
16 (16" 4.40 (t, J=6.5 Hz) 4.38 (t,J=6.5 Hz) / H-1/H-8
@ “—": There should be a peak, but it is not observed in the spectrum; “/”’: No peak.
Chin. J. Org. Chem. 2021, 41, 3157~3170 © 2021 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 3161



BIKE

MRILX

1.3.3 B ARMba4 3 49 3C NMR 353038 547

i HFrb &4 3a~3t () BC NMR #8548 7T 401, 76
%3 dc 169.7~171.4 (A)F1 165.0~167.0 (B)[8] H L)
A C=0 MM, 76 oc 144.7~145.1 (A)HN
148.0~148.3 (B)Z[A]HHHLHIIE Y CH=N MBI II%;
1E dc 43.6~46.9 (A)F1 44.8~47.0 (B)Z 0] BLHIIE A
CHoNH HIBRIR I, 76 dc 109.4~154.6 A HIBLATIE N
R RN 75 B8 b BB IS U 7E O 55.3~55.3 Z (R H I
[Py OCH; BRI ISIEE; E Jc 37.1~43.8 Kbt I 1)
N NCH, BRI SIS, 7E oc 19.7~31.2 4bH B IE A
‘B CH, [F BRI 7F 5c 11.3~13.9 &b HIBLKII& A CH,
(T A WA .

IR SRR R A Y 3a~3t DRI A L.
1.4 BirkEY 3 WEMEMHRR

T EHBRMLE YR PTPIB 03 P DL M 45
MSIEVERIR R, DASFEUERIR A FHPEXT ] 254, WlE B
A& 3 % PTPIB H i, 4559 L% 2.

2 LAY 3a~3t X PTPIB il ik

Table 2 Inhibitory activities of the compounds 3a~3t against
PTPIB

PTPIB
——

Compd. X R Zh;g‘;‘g:li ICso/(umol L 1)
3a  4-OCH; CaHs 93.19+1.27 9.91+1.72
3b  4-OCHs n-CsH:  93.9241.48 9.00+0.63
3¢ 4-OCH: n-CiHy  91.8240.32 9.3140.16
3d  4-OCHs n-CsHi  81.15+2.86 7.68+1.56
3¢ 4-OCH: n-CeHiy  76.38410.73 5.26+1.66
3f  4-OCH; n-CsHis  74.15+1.24 5384274
3g  4-OCH; n-CsHi  53.684033 7.76+0.54
3h 3-Cl  CaHs 90.2141.19 7.09+1.11
3i 3-Cl n-GsHs  953240.16 5.8040.72
3j 3-Cl  n-CiHo  9524+0.15 3.8840.02
3k 3-Cl n-CsHi 96464024 6.67%0.18
31 3-Cl n-CeHis  96.03+1.67 41440.13
3m 3-Cl  n-CiHis 93344021 4514023
3n 3-Cl  n-CsHi  83.0843.72 5484258
30 4NOy n-C:Hr  77.04+1.71 5.5940.98
3p 4NO: n-CiHo  74.05+2.13 4084138
3¢ 4-NO» n-CsHi 73234085 5.57+1.33
3r 4NO» n-CeHp 95374133 4414117
35 4NO; n-CiHis  96.39+0.24 3274047
3t 4-NO; n-CsHiy  96.70+1.63 2.7840.04

“ Positive control: oleanolic acid, [Cso=(6.63+0.02) umol*L .

2 WA, Hirb&Y 3 % PTPIB Eon AR 1
HHIEH, ICs0i5(2.78 £0.04)~(9.91+1.72) pmol/L,
LA 3t 5P R [1Cso=(2.78 £0.04) umol/L], K%
SEBHPEXTRE 2P0 1.4 £, thAb, 3e~3f. 3i~3j Fil 31~
3s P03 I A w0 R 2590, 3k PR35 S5 BE Ik ok B 245 4
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IR R, B AREAEY) 3% PTP1B [0
TS RIE b X B MR LA B ER R N T
BEEEMKEAR. UEN LA TFERNX=
4-OCHs), Fifi 1t B AR T & A W H 7 2 [ 1
(X=3-Cl/4-NO,). 24 X=4-OCH;t}, kit R Nk
FERHEME R (3e A1 36); 24 X=3-CI I, %idtsE R A
LK H OB E TR (3] A0 3D); 24 X=4-NO,
I, KEdEEE R K BEI & PR m (3s A 3t).

1.5 SFHEMR

R HbrMEEYS PTPIB BFf45 &8 KA HAEH
XF T B AR AL RO R Stk — AR C AR 2 AR A H
). EEER PTPIB HAT s A iE 1 () B AR &4 3t,
FIF Dockingserver ¥ % HabAT 770 XA K, 45
RO 7 ek 3.

VAL113

E7 1b&%3t5 PTPIB EE1 3D X B (A) 2 3t L 45 &

RL AR G BEAR ELAE F AR FE(B)

Figure 7 3D docking mode of compound 3t with PTP1B en-
zyme (A) and key interaction residues in binding site surrounding
3t (B)
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R3 HEY 3t 5 PTPIB (45 & Ak S AR B4R
Table 3 Binding energy and interactions between the target compound 3t with PTP1B (PDB ID: INNY)

Est. free energy/  No. of

(kJ/mol) of binding H-bond . 00nd (ength/nm)

Polar (length/nm)

Hydrophobic (length/nm) n-1 (length/nm)

N(2)-VAL184 (0.349)
N(3)-VAL184 (0.300)
N(4)-VAL184 (0.306)
N(2)-GLU186 (0.265)
N(3)-GLU186 (0.267)

—25.75 5

H(26)-GLU186 (0.245)
0(2)-ARG268 (0.370)
0(3)-ARG268 (0.336)
N(5)-ARG268 (0.387)

C(9)-PRO180 (0.352)
C(10)-PRO180 (0.314)
C(11)-PRO180 (0.355)
C(21)-PRO180 (0.324)

C(4)-TYR152 (0.382)

7 /TUUE H, BARME S 3t IR REER A A
TE[R—FIH N, 3t 5 PTP1B BT o3 AT a6 BRJE L B
P AR BAEH, BERE4 A E(—25.75 kI/mol).
A 2 141 e R P A U T [IN(2) A N(3) A0 55 2 ik 2 4] o
AR F[N@4)]5 a6 45 5E 5 1 VAL184 F1 GLU186 %
MBI T 5 MNER. Ak, BRI EE T
[H(Q26)] J B I E M E R 75 GLU186 A1 ARG268
AELEAG RMEAE . HRMEER AN RAs(CH=N) & 4 f7 T
o3 BRBE L, HREEER R JE - [C4). C(9). C(10)F1
C(11)] X CH=N F A F[CRD]IEE o3 W HeH Fl 1
RAERBRIAAEE ©n MBKIEH. HEAT LA H, B
FE NS YAE] PTPIB G PEREE FEERM, M
G NI 0 L 5 P P 3 s, R LA 1)
NREVEERE FEMEH. Bintb &% PTPIB [1)5& M|
PERTIF R T HARNZ o3 F1 a6 B2 HEE R 6 M .

2 Zhig

WA I AT — R AT B R e IR 5 2 2 2T
f74E% 3a~3t, I/ 2D NMR (‘H-'H COSY. 'H-BC
HMBC F1 NOESY)BE AHE 17 HME. NE T et
PTPIB (i, seaess RE R, Fré i Birfts
Y1 3 %F PTPIB ¥HBRIMHIGEE, B XZHE
(3e~3f. 3i~3j. 31~3t)1iE M T BH XS B 2545535
RIR, HAtb &%) 3t BEMER &, 1Cso=(2.7810.04)
umol/L. I X1k &4 3t Ko T X HEWF 7L £ W, Wbl
75 2 F R R I )AL A ) 3a~3t 41 PTPIB ¥%
PER OGR4, B F R AR EENEN. &
THIFA R H R8T ) 5 I e 3R 55 R 3 2 R IR A7 AR 0 2 7
TEM) PTPIB 0I5, AHFFLE RA BT %I K H
16975 PTPIB AHICHN R I PTP1B ) 7.

3 SWES

3.1 UFE5RHF

f#[E BRUKER 500 MHz #Z i3RI, TMS AR,
DMSO-ds N7, #E TENSOR 27 % FT-IR J¢ift{%
(KBr J£ J); #[E Elementar A7 Vario EL 702 4 Hr
130 X-5 AR AN A RV ARG IE). BT AR
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T B Fk57 A | Ho s at.
3.2 FEMLEYIHIE R

ARG S 1T 2 2R SCRR 16, 4411077 VA K.
3.3 B EY 3IMERIEE

7] 50 mL KRN 0.5 mmol FaJ4A 9-Jg ik
M3 S 1 F0 4 mL oK O, ZlRbiEE 2 K anm,
TN 6 M UKBERR(Z) 10 L), 2kS+E 0.5 h JFHIAN 0.5
mmol B4 55 & IE LM 2, IR 6~7 h, N &h
WG, FENIRAEE =R, fhiE s EA =, H>
HOK QMR IEE, BRI RN, AR
IR, HhiE, TERARIAN EAR LAY 3.

N'-(9- 2 FEHE -3 3 B 36)-2-(4- A B SR 38 4 Tk
Bk (3a): KA B, 7% 85.1%. Isomer A: 54.2%,
Isomer B: 45.8%. m.p. 175.3~175.8 ‘C; 'H NMR (500
MHz, DMSO-d) d: 11.42, 11.31 (s, 1H, CONH, CONH"),
8.46, 8.42 (s, 1H, Cz-H*, Cz-H*), 8.19, 8.40 (s, 1H, CH=
N, CH'=N), 8.26, 8.22 (d, J=8.0 Hz, 1H, Cz-H5, Cz-H%),
7.90, 7.84 (d, J=8.5 Hz, 1H, Cz-H2, Cz-H?), 7.68, 7.67 (d,
J=8.5 Hz, 1H, Cz-H!, Cz-H"), 7.64 (d, J=8.0 Hz, 1H,
Cz-H®), 7.49 (t, J=7.5 Hz, 1H, Cz-H"), 7.25, 7.24 (t, J=
7.5 Hz, 1H, Cz-HS, Cz-H®), 6.75, 6.76 (d, J=8.5 Hz, 2H,
ArH, ArH"), 6.65, 6.59 (d, J=9.0 Hz, 2H, ArH, ArH'),
5.33, 5.62 (t, J=6.0 Hz, 1H, NH, NH'), 4.40~4.54 (m,
2H, NCH,), 4.25, 3.76 (d, J=6.0 Hz, 2H, COCH,,
COCHY), 3.65, 3.64 (s, 3H, OCH3, OCH"%), 1.27~1.39 (m,
3H, CH3); 3C NMR (DMSO-ds, 125 MHz) d: 171.4, 166.8
(C=0, C'=0), 151.2, 150.9, 144.7, 148.0 (CH=N,
C'H=N), 142.7, 142.5, 140.6, 140.5, 140.0, 126.2, 125.2,
125.1, 124.6, 124.2, 122.3, 122.11, 122.08, 120.7, 120.6,
120.1, 120.0, 119.31, 119.25, 114.6, 114.5, 113.5, 113.4,
109.6, 109.5, 109.4, 55.3 (OCHs), 44.6, 46.9 (CH,NH,
C'H,NH), 37.1 (NCH,), 13.7; IR (KBr) v: 3381, 3313,
3277, 3215, 3049, 2971, 2898, 1692, 1626, 1598, 1515,
1505, 1487, 1473, 1238 cm™ . Anal. calcd for Co4H24N4O5:
C 71.98, H 6.04, N 13.99; found C 71.77, H 6.22, N 13.74.

N'-(9- P FE HE -3 3 36 -2-(4- R AR B SR 38 4 Tk
J#E@3b): KA AR, F2% 87.9%. Isomer A: 54.4%,
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Isomer B: 45.6%. m.p. 186.3~186.9 “C; 'H NMR (500
MHz, DMSO-dy) J: 11.42, 11.31 (s, 1H, CONH, CONH"),
8.45, 8.42 (s, 1H, Cz-H*, Cz-H%), 8.19, 8.40 (s, IH, CH=
N, CH'=N), 8.26, 8.22 (d, J/=8.0 Hz, 1H, Cz-H>, Cz-H),
7.89, 7.83 (dd, J=8.5, 1.5 Hz, 1H, Cz-H?, Cz-H?), 7.69,
7.68 (d, J=8.5 Hz, 1H, Cz-H!, Cz-H"), 7.65 (d, J=8.5 Hz,
1H, Cz-H®), 7.48 (t, J=7.8 Hz, 1H, Cz-H’), 7.242, 7.235
(t, J=7.5 Hz, 1H, Cz-H®, Cz-H®), 6.746, 6.754 (d, J=9.0
Hz, 2H, ArH, ArH'"), 6.64, 6.58 (d, J=8.5 Hz, 2H, ArH,
ArH"), 5.33, 5.62 (t, J=5.8 Hz, 1H, NH, NH'), 4.33~4.40
(m, 2H, NCH,), 4.24, 3.76 (d, J=6.0 Hz, 2H, COCHa,
COCHY), 3.65, 3.64 (s, 3H, OCH3, OCH"3), 1.75~1.86 (m,
2H, NCH,CH>), 0.88 (t, J=7.3 Hz, 3H, CH3); '3C NMR
(DMSO-ds, 125 MHz) o: 171.4, 166.9 (C=0, C'=0),
151.3, 151.0, 144.8, 148.1 (CH=N, C'H=N), 142.6,
142.4, 141.14, 141.05, 140.52, 140.50, 126.1, 125.08,
125.06, 124.5, 124.1, 122.2, 122.0, 121.9, 120.6, 120.5,
120.0, 119.9, 119.3, 119.2, 114.56, 114.55, 113.48, 113.47,
109.8, 109.7, 109.6, 55.3 (OCHs), 44.7, 47.0 (CH,NH,
C'HoNH), 43.8 (NCHy), 21.8, 11.3; IR (KBr) v: 3391,
3318, 3282, 3210, 3049, 2961, 2873, 1687, 1622, 1595,
1515, 1501, 1487, 1473, 1235, 1224 cm '. Anal. calcd for
CasHo6N4O2: C 72.44, H 6.32, N 13.52; found C 72.68, H
6.12, N 13.39.

N'-(9-"T FEIM: -3V F 55 )-2-(4- AR FE AR 3% £ Tk
E@Be): KA ERE AR, 2% 88.3%. Isomer A: 54.3%,
Isomer B: 45.7%. m.p. 191.6~192.4 C; '"H NMR (500
MHz, DMSO-dy) J: 11.42, 11.31 (s, 1H, CONH, CONH"),
8.45, 8.42 (s, 1H, Cz-H* Cz-H*), 8.19, 8.40 (s, IH, CH=
N, CH'=N), 8.26, 8.21 (d, J/=7.5 Hz, 1H, Cz-H>, Cz-H%),
7.90, 7.83 (d, J=8.5 Hz, 1H, Cz-H?, Cz-H?), 7.68, 7.67 (d,
J=8.5 Hz, 1H, Cz-H!, Cz-H"), 7.63 (d, /=8.0 Hz, 1H,
Cz-H%), 7.49 (t, J=17.5 Hz, 1H, Cz-H"), 7.242, 7.235 (4,
J=17.3 Hz, 1H, Cz-HS, Cz-H%), 6.75, 6.76 (d, J=8.5 Hz,
2H, ArH, ArH"), 6.64, 6.59 (d, /=8.5 Hz, 2H, ArH, ArH"),
5.33, 5.62 (t, J=5.8 Hz, 1H, NH, NH'), 4.37~4.47 (m,
2H, NCH,), 4.24, 3.76 (d, J=16.0 Hz, 2H, COCH,,
COCHY), 3.65, 3.64 (s, 3H, OCH3, OCH"3), 1.71~1.81 (m,
2H, NCH,CH>), 1.24~1.36 (m, 2H, NCH,CH,CH>), 0.88
(t, J=7.3 Hz, 3H, CH3); '*C NMR (DMSO-ds, 125 MHz)
0:171.4,166.9 (C=0, C'=0), 151.3, 151.0, 144.8, 148.1
(CH=N, C'H=N), 142.6, 142.5, 141.1, 141.0, 140.5,
140.4, 126.1, 125.12, 125.10, 124.6, 124.1, 122.2, 122.01,
121.98, 120.6, 120.5, 120.1, 119.9, 119.3, 119.2, 114.6,
113.49, 113.45, 109.74, 109.65, 109.6, 55.3 (OCH3), 44.7,
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47.0 (CH,NH, C'H,NH), 42.2 (NCH,), 30.7, 19.7, 13.7; IR
(KBr) v: 3381, 3344, 3282, 3183, 3065, 2956, 2873, 1671,
1626, 1598, 1515, 1491, 1470, 1249, 1238 cm '. Anal.
caled for CosHpgN4O5: C 72.87, H 6.59, N 13.07; found C
72.58, H 6.44, N 13.29.

N'-(9-J3 J= IH 13- V. F ik )-2-(4- FH SRR DR B 0k ) £ T
J#E(3d): KB AR, F2% 86.0%. Isomer A: 54.7%,
Isomer B: 45.3%. m.p. 164.3~164.6 ‘C; 'H NMR (500
MHz, DMSO-ds) J: 11.43, 11.31 (s, IH, CONH, CONH"),
8.45, 8.42 (s, 1H, Cz-H*, Cz-H*), 8.19, 8.40 (s, 1H, CH=
N, CH'=N), 8.26, 8.21 (d, J=7.5 Hz, 1H, Cz-H>, Cz-H"),
7.90, 7.83 (dd, J=38.5, 1.0 Hz, 1H, Cz-H?, Cz-H?), 7.67,
7.66 (d, J=8.5 Hz, 1H, Cz-H', Cz-H"), 7.63 (dd, J=38.0,
1.5 Hz, 1H, Cz-H®), 7.49 (t, J=7.8 Hz, 1H, Cz-H’), 7.241,
7.235 (t, J=17.3 Hz, 1H, Cz-H®, Cz-H®), 6.75, 6.76 (d, J=
9.0 Hz, 2H, ArH, ArH"), 6.65, 6.59 (d, J/=28.5 Hz, 2H, ArH,
ArH"), 5.35, 5.62 (s, 1H, NH, NH'"), 4.34~4.48 (m, 2H,
NCH,), 4.25, 3.76 (s, 2H, COCH,, COCH%), 3.65, 3.64 (s,
3H, OCHs;, OCH"), 1.72~1.84 (m, 2H, NCH,CH>),
1.22~1.35 [m, 4H, NCH>CH(CH>)], 0.81 (t, J=6.8 Hz,
3H, CH;); 3C NMR (DMSO-ds, 125 MHz) J: 171.4, 167.0
(C=0, C'=0), 151.3, 151.1, 1449, 148.2 (CH=N,
CH=N), 1424, 142.3, 141.1, 141.0, 140.42, 140.40,
126.2, 125.0, 124.6, 124.1, 122.2, 122.0, 121.9, 120.6,
120.5, 120.0, 119.9, 119.3, 119.2, 114.6, 114.5, 113.6,
113.5, 109.7, 109.6, 109.5, 55.3 (OCHj), 46.9, 44.8
(CHoNH, C'H,NH), 42.3 (NCH>), 28.6, 28.2, 21.8, 13.8; IR
(KBr) v: 3381, 3354, 3183, 3059, 2956, 2857, 1666, 1629,
1595, 1515, 1491, 1470, 1238 cm '. Anal. calcd for
C27H30N40;: C 73.28, H 6.83, N 12.66; found C 73.09, H
7.09, N 12.83.

N'-(9- O HE -3 3 B 36)-2-(4- A B R 1 38 4 Tk
JBE(3e): K @E A, 7% 86.0%. Isomer A: 54.5%,
Isomer B: 45.5%. m.p. 147.6~148.2 ‘C; 'H NMR (500
MHz, DMSO-ds) J: 11.42, 11.30 (s, IH, CONH, CONH"),
8.45, 8.42 (s, 1H, Cz-H*, Cz-H*), 8.18, 8.40 (s, IH, CH=
N, CH'=N), 8.25, 8.21 (d, J=7.5 Hz, 1H, Cz-H>, Cz-H"),
7.90, 7.83 (d, J/=9.0 Hz, 1H, Cz-H?, Cz-H?), 7.67, 7.66 (d,
J=8.5 Hz, 1H, Cz-H'!, Cz-H"), 7.63 (d, /=8.0 Hz, 1H,
Cz-H®), 7.48 (t, J=7.5 Hz, 1H, Cz-H"), 7.24, 7.23 (t, J=
7.3 Hz, 1H, Cz-H®, Cz-H%), 6.745, 6.753 (d, J=9.0 Hz,
2H, ArH, ArH"), 6.64, 6.58 (d, /=9.0 Hz, 2H, ArH, ArH"),
4.34~4.51 (m, 2H, NCH>), 5.33, 5.62 (t, J=6.0 Hz, 1H,
NH, NH"), 4.24, 3.76 (d, J=5.5 Hz, COCH,, COCH"),
3.65, 3.64 (s, 3H, OCHjs, OCH%), 1.69~1.86 (m, 2H,
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NCH,CH), 1.15~1.36 [m, 6H, NCH,CH»(CH.)s], 0.80 (t,
J=17.0 Hz, 3H, CH3); 3C NMR (DMSO-ds, 125 MHz) §:
1714, 166.8 (C=0, C'=0), 151.2, 150.9, 144.7, 148.0
(CH=N, C'H=N), 142.7, 142.5, 141.1, 140.9, 140.44,
140.42, 126.1, 125.10, 125.07, 124.5, 124.1, 122.2, 121.99,
121.96, 120.7, 120.5, 120.1, 119.9, 119.3, 119.2, 114.6,
114.5, 113.5, 113.4, 109.8, 109.7, 109.6, 55.3 (OCHj3),
44.6, 46.9 (CH,NH, C'H,NH), 42.4 (NCH»), 30.9, 28.5,
26.1, 22.0, 13.8; IR (KBr) v: 3381, 3183, 3054, 2956,
2852, 1671, 1626, 1598, 1515, 1491, 1470, 1241 cm .
Anal. calcd for CsH3:N40,: C 73.66, H 7.06, N 12.27;
found C 73.49, H 6.87, N 12.16.

N'-(9-PEIEIE -3 F 3 )-2-(4- AU RE R U ) T
E@3D: KA FE A, =% 855%. Isomer A: 54.1%,
Isomer B: 45.9%. m.p. 159.8~160.4 “C; 'H NMR (500
MHz, DMSO-dy) J: 11.41, 11.30 (s, 1H, CONH, CONH"),
8.45, 8.42 (s, 1H, Cz-H*, Cz-H%), 8.19, 8.41 (s, IH, CH=
N, CH'=N), 8.25, 8.21 (d, J/=7.5 Hz, 1H, Cz-H>, Cz-H),
7.90, 7.83 (dd, J=8.5, 1.5 Hz, 1H, Cz-H?, Cz-H?), 7.66,
7.65 (d, J=8.5 Hz, 1H, Cz-H!, Cz-H"), 7.62 (dd, J=38.5,
2.0 Hz, 1H, Cz-H®), 7.48 (t, J/=7.5 Hz, 1H, Cz-H'), 7.24,
7.23 (t, J=7.3 Hz, 1H, Cz-HS, Cz-H"), 6.75, 7.76 (d, J=
9.0 Hz, 2H, ArH, ArH"), 6.65, 6.59 (d, J=9.0 Hz, 2H, ArH,
ArH"), 5.32, 5.61 (t, J/=6.0 Hz, 1H, NH, NH'), 4.35~4.45
(m, 2H, NCH,), 4.25, 3.77 (d, J=6.0 Hz, COCH,,
COCHY), 3.650, 3.645 (s, 3H, OCHs, OCH'3), 1.71~1.82
(m, 2H, NCH,CH>), 1.12~1.32 [m, 8H, NCH,CH:-
(CH»)4], 0.81 (t, J=7.0 Hz, 3H, CH3); 3C NMR (DMSO-
ds, 125 MHz) J: 171.4, 166.8 (C=0, C'=0), 151.3,
151.0, 144.7, 148.0 (CH=N, C'H=N), 142.6, 142.5,
141.1, 141.0, 140.44, 140.42, 126.1, 125.11, 125.08, 124.5,
124.1, 122.2, 122.00, 121.97, 120.6, 120.5, 120.1, 119.9,
119.3, 119.2, 114.6, 114.5, 113.5, 113.4, 109.74, 109.66,
109.6, 55.3 (OCHs3), 44.7, 47.0 (CH,NH, C'H,NH), 42.4
(NCH»), 31.2, 28.5, 28.4, 264, 21.9, 13.8; IR (KBr) v:
3396, 3323, 3189, 3054, 2950, 2852, 1671, 1629, 1598,
1515, 1491, 1470, 1238 cm™ . Anal. calcd for CyoH34N4O;:
C 74.01,H 7.28, N 11.91; found C 74.15, H 7.07, N 12.17.

N'-(9-3 FEIE -3 3F T3 )-2-(4- FAURE R U ) T
W (3g): Kl &, F=2% 85.6%. Isomer A: 54.8%,
Isomer B: 45.2%. m.p. 168.4~169.0 C; 'H NMR (500
MHz, DMSO-dy) J: 11.42, 11.30 (s, 1H, CONH, CONH"),
8.45,8.42 (d, J=0.5 Hz, 1H, Cz-H*, Cz-H*), 8.18, 8.40 (s,
1H, CH=N, CH'=N), 8.25, 8.21 (d, J=7.5 Hz, 1H,
Cz-H°, Cz-H*), 7.89, 7.83 (dd, J=8.5, 1.5 Hz, 1H, Cz-H?,

Chin. J. Org. Chem. 2021, 41, 3157~3170

© 2021 Chinese Chemical Society & SIOC, CAS

Cz-H?), 7.67, 7.66 (d, J=8.5 Hz, 1H, Cz-H!, Cz-H"), 7.62
(d, J=8.0 Hz, 1H, Cz-H®), 7.48 (t, J=7.5 Hz, 1H, Cz-H"),
7.24,7.23 (t, J=7.3 Hz, 1H, Cz-H®, Cz-H®), 6.745, 6.753
(d, J=9.0 Hz, 2H, ArH, ArH"), 6.64, 6.58 (d, J=9.0 Hz,
2H, ArH, ArH'), 5.33, 5.62 (t, J=5.8 Hz, 1H, NH, NH"),
4.34~4.50 (m, 2H, NCH,), 4.24, 3.76 (d, J=5.5 Hz,
COCH,, COCHY), 3.65, 3.64 (s, 3H, OCHs, OCH"%),
1.68~1.85 (m, 2H, NCH,CH,), 1.05~1.41 [m, 10H,
NCH,CH,(CH>)s], 0.81 (t, J=7.0 Hz, 3H, CH3); '*C NMR
(DMSO-ds, 125 MHz) &: 171.4, 166.8 (C=0, C'=0),
151.2, 150.9, 144.7, 148.0 (CH=N, CH=N), 142.7,
142.5, 141.04, 140.95, 140.44, 140.42, 126.1, 125.10,
125.07, 124.5, 124.1, 122.2, 121.99, 121.96, 120.7, 120.5,
120.1, 119.9, 119.3, 119.2, 114.6, 114.5, 113.44, 113.37,
109.8, 109.7, 109.6, 44.6, 46.9 (CH,NH, C'H,NH), 42.4
(NCH,), 55.3 (OCHs3), 31.1, 28.7, 28.6, 28.5, 26.4, 22.0,
13.9; IR (KBr) v: 3401, 3189, 3059, 2950, 2852, 1671,
1629, 1598, 1515, 1491, 1470, 1241 cm . Anal. calcd for
C30H36N4Oy: C 74.35, H 7.49, N 11.56; found C 74.57, H
7.65,N 11.37.

N'-(9- 2, FE M e 23237 H ) 2-(3- A AR & 2 ) 4 Tt ik
(3h): KEEFREE, 722 86.6%. Isomer A: 59.2%,
Isomer B: 40.8%. m.p. 227.5~228.0 ‘C; 'H NMR (500
MHz, DMSO-ds) &: 11.46, 11.40 (s, 1H, CONH, CONH),
8.47, 8.44 (s, 1H, Cz-H*, Cz-H*), 8.19, 8.39 (s, 1H, CH=
N, CH'=N), 8.26, 8.22 (d, J=8.0 Hz, 1H, Cz-H®, Cz-H?),
7.91,7.85 (dd, J=8.5, 1.0 Hz, 1H, Cz-H2 Cz-H?), 7.68 (d,
J=8.5 Hz, 1H, Cz-H"), 7.64 (d, J=38.5 Hz, 1H, Cz-H?®),
7.49 (t, J=7.8 Hz, 1H, Cz-H7), 7.25 (t, J=7.5 Hz, 1H,
Cz-H®), 7.10, 7.11 (t, J=8.0 Hz, 1H, ArH, ArH'), 6.52~
6.74 (m, 3H, ArH), 6.17, 6.38 (t, J=5.8 Hz, 1H, NH,
NH"), 4.42~4.53 (m, 2H, NCH>), 4.32, 3.84 (d, J=5.5 Hz,
COCH,, COCHY), 1.34, 1.33 (t, J=7.0 Hz, 3H, CH3);
13C NMR (DMSO-ds, 125 MHz) §: 170.7, 166.1 (C=0,
C'=0), 150.1, 149.9, 1449, 148.2 (CH=N, C'H=N),
140.6, 140.5, 140.0, 133.59, 133.56, 130.34, 130.26, 126.2,
126.1, 125.1, 124.6, 124.2, 122.3, 122.13, 122.10, 120.7,
120.6, 120.2, 120.0, 119.31, 119.25, 115.7, 115.3, 111.6,
111.03, 110.98, 109.52, 109.47, 109.4, 43.7, 45.5 (CH,NH,
C'H,NH), 37.1 (NCH,), 13.7; IR (KBr) v: 3412, 3360,
3183, 3069, 2956, 2852, 1677, 1629, 1598, 1508, 1491,
1473, 1280 cm !. Anal. calcd for Co3H»CIN4O: C 68.23, H
5.23, N 13.84; found C 68.05, H 5.34, N 13.60.

N'-(9- T4 25 IH 1 -3 31 R 36)-2-(3- S AR 38 ) & Tk Mk
(3i): KA A IRE M, 725 84.2%. Isomer A: 59.2%,
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Isomer B: 40.8%. m.p. 228.4~228.8 C; '"H NMR (500
MHz, DMSO-dy) d: 11.46, 11.40 (s, 1H, CONH, CONH"),
8.46, 8.43 (s, 1H, Cz-H*, Cz-H*), 8.19, 8.39 (s, IH, CH=
N, CH'=N), 8.25, 8.22 (d, J/=7.5 Hz, 1H, Cz-H>, Cz-H),
7.90, 7.84 (dd, J=8.5, 0.5 Hz, 1H, Cz-H?, Cz-H?), 7.69 (d,
J=8.5 Hz, 1H, Cz-H"), 7.65 (d, J=8.0 Hz, 1H, Cz-H?),
7.48 (t, J=7.8 Hz, 1H, Cz-H"), 7.24 (t, J=7.3 Hz, 1H,
Cz-H%), 7.10, 7.11 (t, J=7.8 Hz, 1H, ArH, ArH"), 6.51~
6.77 (m, 3H, ArH), 6.17, 6.38 (t, J=5.8 Hz, 1H, NH, NH"),
435~4.44 (m, 2H, NCH»), 4.32, 3.84 (d, J=5.5 Hz,
COCH,, COCH"), 1.75~1.88 (m, 2H, NCH,CH,), 0.88 (t,
J=17.3 Hz, 3H, CH3); 3C NMR (DMSO-ds, 125 MHz) §:
170.7, 166.1 (C=0, C'=0), 150.1, 149.9, 144.9, 148.1
(CH=N, C'H=N), 141.2, 141.1, 140.53, 140.50, 133.6,
133.5, 130.34, 130.26, 126.13, 126.10, 125.0, 124.5, 124.1,
122.2, 122.1, 122.0, 121.9, 120.6, 120.5, 120.2, 120.0,
119.3, 119.2, 115.7, 115.3, 111.6, 111.01, 110.96, 109.80,
109.75, 109.7, 43.8, 45.5 (CH,NH, C'H,NH), 43.7 (NCH>),
21.9, 11.3; IR (KBr) v: 3396, 3354, 3189, 3065, 2961,
2873, 1677, 1629, 1598, 1508, 1491, 1473, 1280 cm .
Anal. caled for CyHa3CIN4O: C 68.81, H 5.53, N 13.37;
found C 68.93, H 5.70, N 13.52.

N'-(9-T FE e w3237 H J6)-2-3- A AR & 5 ) 4 B
(3j): KAEFIREE, =% 86.6%. Isomer A: 60.2%,
Isomer B: 39.8%. m.p. 229.8~230.3 C; 'H NMR (500
MHz, DMSO-dy) d: 11.46, 11.40 (s, 1H, CONH, CONH"),
8.46, 8.43 (s, 1H, Cz-H* Cz-H*), 8.19, 8.40 (s, IH, CH=
N, CH'=N), 8.25, 8.22 (d, J/=7.5 Hz, 1H, Cz-H>, Cz-H),
7.91, 7.84 (dd, J=8.5, 1.0 Hz, 1H, Cz-H?, Cz-H?), 7.68 (d,
J=8.5 Hz, 1H, Cz-H"), 7.63 (d, J=8.0 Hz, 1H, Cz-H?),
7.49 (t, J=7.8 Hz, 1H, Cz-H"), 7.24 (t, J=7.3 Hz, 1H,
Cz-H%), 7.10, 7.11 (t, J=7.5 Hz, 1H, ArH, ArH"), 6.48~
6.79 (m, 3H, ArH), 6.18, 6.38 (t, J=5.8 Hz, |H, NH, NH"),
437~4.48 (m, 2H, NCH»), 4.32, 3.84 (d, J=5.5 Hz,
COCH,, COCH"), 1.70~1.81 (m, 2H, NCH,CH,), 1.24~
1.35 (m, 2H, NCH,CH,CH>), 0.88 (t, J=7.3 Hz, 3H, CH3);
3BC NMR (DMSO-ds, 125 MHz) 6: 170.7, 166.1 (C=0,

=0), 150.1, 149.9, 1449, 148.1 (CH=N, C'H=N),
141.1, 141.0, 140.5, 140.4, 133.6, 133.5, 130.34, 130.26,
126.14, 126.11, 125.0, 124.5, 124.1, 122.19, 122.16,
122.00, 121.97, 120.6, 120.5, 120.2, 120.0, 119.3, 119.2,
115.7, 115.3, 111.6, 111.01, 110.96, 109.74, 109.69, 109.6,
43.7, 45.5 (CH,NH, C'H,NH), 42.2 (NCHy), 30.7, 19.7,
13.7; IR (KBr) v: 3396, 3354, 3189, 3065, 2956, 2867,
1681, 1629, 1598, 1491, 1473, 1280 cm '. Anal. calcd for

3166 http:/sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

CasHasCIN4O: C 69.35, H 5.82, N 12.94; found C 69.58, H
5.68, N 13.17.

N'-(9- 3 F5 W 1 -3- 37 H 26)-2-(3- AR R 26 ) £ Tk
(Bk): KEEFREE, 722 87.4%. Isomer A: 60.2%,
Isomer B: 39.8%. m.p. 212.4~212.8 °C; '"H NMR (500
MHz, DMSO-ds) d: 11.46, 11.40 (s, 1H, CONH, CONH"),
8.46, 8.43 (s, 1H, Cz-H*, Cz-H*), 8.19, 8.40 (s, 1H, CH=
N, CH'=N), 8.25, 8.22 (d, J=8.0 Hz, 1H, Cz-H, Cz-H),
7.91,7.84 (dd, J=8.8, 1.3 Hz, 1H, Cz-H2, Cz-H?), 7.67 (d,
J=9.0 Hz, 1H, Cz-H"), 7.63 (d, J=8.0 Hz, 1H, Cz-H?),
7.49 (t, J=7.8 Hz, 1H, Cz-H7), 7.24 (t, J=7.5 Hz, 1H,
Cz-H°), 7.10, 7.11 (t, J=8.0 Hz, 1H, ArH, ArH'"), 6.53~
6.75 (m, 3H, ArH), 6.18, 6.38 (t, J=6.0 Hz, 1H, NH, NH'),
4.37~4.47 (m, 2H, NCH,), 4.32, 3.84 (d, J=6.0 Hz,
COCH,, COCH"), 1.71~1.84 (m, 2H, NCH,CH,), 1.21~
1.35 [m, 4H, NCH,CHx(CH,)], 0.81 (t, J=7.0 Hz, 3H,
CHs); BC NMR (DMSO-ds, 125 MHz) d: 170.7, 166.2
(C=0, C'=0), 150.1, 149.9, 1449, 1482 (CH=N,
CH=N), 141.1, 141.0, 140.44, 140.41, 133.6, 133.5,
130.4, 130.3, 126.2, 126.1, 125.0, 124.6, 124.1, 122.18,
122.16, 121.99, 121.96, 120.6, 120.5, 120.1, 120.0, 119.3,
119.2, 115.7, 115.3, 111.5, 111.02, 110.97, 109.72, 109.66,
109.6, 43.7, 45.5 (CH,NH, C'H,NH), 42.3 (NCH,), 28.6,
28.2, 21.9, 13.8; IR (KBr) v: 3412, 3360, 3189, 3065,
2956, 2867, 1677, 1629, 1598, 1508, 1491, 1473, 1280
cm . Anal. calcd for CosH27CIN4O: C 69.87, H 6.09, N
12.53; found C 69.69, H 5.84, N 12.67.

N-(9- O 2 k-3 3IF F 368)-2-(3- S 2K & 5 ) & T JF
3N: KA RE A, 2% 87.4%. Isomer A: 59.7%,
Isomer B: 40.3%. m.p. 206.0~206.8 ‘C; 'H NMR (500
MHz, DMSO-ds) d: 11.46, 11.40 (s, 1H, CONH, CONH"),
8.46, 8.43 (s, 1H, Cz-H*, Cz-H*), 8.19, 8.39 (s, 1H, CH=
N, CH'=N), 8.25, 8.22 (d, J=7.5 Hz, 1H, Cz-H, Cz-H%),
7.91,7.84 (dd, J=8.5, 1.0 Hz, 1H, Cz-H2 Cz-H?), 7.67 (d,
J=8.5 Hz, 1H, Cz-H"), 7.63 (d, J=8.5 Hz, 1H, Cz-H?®),
7.49 (t, J=7.8 Hz, 1H, Cz-H’), 7.24 (t, J=7.5 Hz, 1H,
Cz-H), 7.10, 7.11 (t, J=8.0 Hz, 1H, ArH, ArH'"), 6.53~
6.73 (m, 3H, ArH), 6.17, 6.38 (t, J=5.8 Hz, 1H, NH, NH'),
437~4.45 (m, 2H, NCH,), 4.32, 3.84 (d, J=6.0 Hz,
COCH,, COCH"), 1.71~1.83 (m, 2H, NCH,CH,), 1.17~
133 [m, 6H, NCH,CHx(CH,)3], 0.80 (t, J=7.0 Hz, 3H,
CHs); *C NMR (DMSO-ds, 125 MHz) §: 170.7, 166.2
(C=0, C'=0), 150.0, 149.9, 144.9, 1482 (CH=N,
C'H=N), 141.1, 141.0, 140.43, 140.41, 133.58, 133.55,
130.4, 130.3, 126.14, 126.12, 125.0, 124.6, 124.1, 122.18,
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122.15, 121.98, 121.95, 120.6, 120.5, 120.1, 120.0, 119.3,
119.2, 115.8, 115.3, 111.6, 111.5, 111.01, 110.97, 109.71,
109.65, 109.6, 43.7, 45.5 (CH,NH, C'H,NH), 42.3 (NCHa),
30.9, 28.4, 26.0, 21.9, 13.8; IR (KBr) v: 3401, 3354, 3194,
3059, 2950, 2867, 1677, 1629, 1598, 1491, 1473, 1280
cm . Anal. caled for Co7HoCIN4O: C 70.34, H 6.34, N
12.15; found C 70.07, H 6.12, N 11.96.

N'-(9- & F e 3237 H 36)-2-(3- R AR R ) S B
(3m): KE G AR, 723 85.3%. Isomer A: 60.2%,
Isomer B: 39.8%. m.p. 205.6~206.2 ‘C; 'H NMR (500
MHz, DMSO-dq) d: 11.46, 11.40 (s, I1H, CONH, CONH"),
8.46, 8.43 (s, 1H, Cz-H*, Cz-H*), 8.19, 8.39 (s, IH, CH=
N, CH'=N), 8.25, 8.22 (d, J=8.0 Hz, 1H, Cz-H’, Cz-H),
7.91,7.84 (dd, J=8.5, 1.5 Hz, 1H, Cz-H2, Cz-H?), 7.67 (d,
J=9.0 Hz, 1H, Cz-H"), 7.63 (d, J=8.5 Hz, 1H, Cz-H?),
7.48 (t, J=7.5 Hz, 1H, Cz-H"), 7.24 (t, J/=7.3 Hz, 1H,
Cz-H%), 7.10, 7.11 (t, J=8.0 Hz, 1H, ArH, ArH"), 6.52~
6.74 (m, 3H, ArH), 6.18, 6.38 (t, J=5.8 Hz, 1H, NH,
NH'"), 4.37~4.47 (m, 2H, NCH>»), 4.32, 3.84 (d, J/=5.5 Hz,
COCH,, COCH"%), 1.69~1.83 (m, 2H, NCH,CH>), 1.12~
1.32 (m, 8H, NCH,CH»(CH>)4), 0.81 (t, J=7.0 Hz, 3H,
CH;); *C NMR (DMSO-ds, 125 MHz) d: 170.7, 166.1
(C=0, C'=0), 150.1, 149.9, 1449, 148.2 (CH=N,
CH=N), 141.1, 141.0, 140.5, 140.4, 133.57, 133.55,
130.3, 130.2, 126.12, 126.09, 125.1, 124.5, 124.1, 122.20,
122.18, 122.02, 121.99, 120.6, 120.5, 120.1, 120.0, 119.3,
119.2, 1157, 115.3, 111.58, 111.56, 111.02, 110.97,
109.71, 109.65, 109.6, 43.7, 45.5 (CH,NH, C'H,NH), 42.4
(NCH,), 31.1, 28.5, 28.4, 26.4, 21.9, 13.8; IR (KBr) v:
3396, 3354, 3189, 3065, 2950, 2867, 1677, 1629, 1598,
1491, 1473, 1280 cm '. Anal. calcd for CosH31CINJO: C
70.80, H 6.58, N 11.79; found C 70.65, H 6.84, N 12.00.

N'-(9- 3 FE I -3 F JE)-2-(3- S R 2 45 ) S It JF
(3Bn): KA FAREE, 2% 86.9%. Isomer A: 59.9%,
Isomer B: 40.1%. m.p. 196.0~196.6 C; 'H NMR (500
MHz, DMSO-dy) d: 11.46, 11.40 (s, 1H, CONH, CONH"),
8.46, 8.43 (s, 1H, Cz-H* Cz-H*), 8.19, 8.39 (s, IH, CH=
N, CH'=N), 8.25, 8.22 (d, J/=7.5 Hz, 1H, Cz-H>, Cz-H),
7.91, 7.84 (d, J=9.0 Hz, 1H, Cz-H?, Cz-H?), 7.67 (d, J=
9.0 Hz, 1H, Cz-H"), 7.62 (d, J=8.5 Hz, 1H, Cz-H®), 7.48
(t, J=7.5 Hz, 1H, Cz-H’), 7.24 (t, J=7.3 Hz, 1H, Cz-H°),
7.09, 7.11 (t, J=7.5 Hz, 1H, ArH, ArH"), 6.53~6.74 (m,
3H, ArH), 6.18, 6.38 (t, J=5.8 Hz, 1H, NH, NH'), 4.36~
4.46 (m, 2H, NCH»), 4.31, 3.84 (d, J=5.5 Hz, COCHp,,
COCH%), 1.70~1.84 (m, 2H, NCH,CH>), 1.10~1.33 [m,

Chin. J. Org. Chem. 2021, 41, 3157~3170

© 2021 Chinese Chemical Society & SIOC, CAS

10H, NCH,CH»(CH>)s], 0.81 (t, J=6.8 Hz, 3H, CH3); 1*C
NMR (DMSO-ds, 125 MHz) ¢: 170.7, 166.1 (C=0, C'=
0), 150.1, 149.9, 144.9, 148.1 (CH=N, C'H=N), 141.1,
141.0, 140.44, 140.41, 133.6, 133.5, 130.33, 130.25,
126.12, 126.09, 125.0, 124.5, 124.1, 122.19, 122.16,
122.01, 121.97, 120.6, 120.5, 120.2, 120.0, 119.3, 119.2,
115.7, 115.3, 111.6, 111.5, 111.01, 110.96, 109.72, 109.67,
109.6, 43.7, 45.5 (CH2NH, C'H,NH), 42.4 (NCH»), 31.1,
28.7, 28.6, 28.5, 26.4, 22.0, 13.9; IR (KBr) v: 3406, 3354,
3182, 3065, 2956, 2863, 1677, 1629, 1598, 1508, 1491,
1473, 1280 cm™!. Anal. caled for CooH33CIN4O: C 71.22, H
6.80, N 11.46; found C 71.41, H 6.60, N 11.19.

N'-(9- PR HE IR -3 - P FFT 5 )-2-(4-fil 5 28 U ) £ T
(30): FEHMIAK, 7% 85.2%. Isomer A: 66.9%, Isomer B:
33.1%. m.p. 239.6~240.0 'C; 'H NMR (500 MHz,
DMSO-dg) o: 11.56, 11.52 (s, 1H, CONH, CONH"), 8.48,
8.44 (s, 1H, Cz-H*, Cz-H*), 8.20, 8.39 (s, 1H, CH=N, CH'
=N), 8.25, 8.22 (d, J=8.0 Hz, 1H, Cz-H> Cz-H%), 8.03,
8.04 (d, /=9.0 Hz, 2H, ArH, ArH"), 7.90, 7.85 (dd, J=8.5,
1.5 Hz, 1H, Cz-H? Cz-H?), 7.69 (d, J=8.5 Hz, 1H,
Cz-HY), 7.65 (d, J=8.5 Hz, 1H, Cz-H?®), 7.46, 7.58 (t, J=
6.0 Hz, 1H, NH, NH"), 7.49 (t, J=7.8 Hz, 1H, Cz-H’),
7.25,7.24 (t, J=7.3 Hz, 1H, Cz-H®, Cz-H®), 6.78, 6.72 (d,
J=9.0 Hz, 2H, ArH, ArH'"), 4.49, 4.02 (d, J=6.0 Hz,
COCH,, COCH"%), 4.33~4.44 (m, 2H, NCH,), 1.76~1.87
(m, 2H, NCH,CH,), 0.88 (t, J=7.3 Hz, 3H, CH;); 3C
NMR (DMSO-dg, 125 MHz) o: 169.7, 165.0 (C=0, C'
=0), 154.6, 154.4, 145.1, 148.3 (CH=N, CH=N),
141.2, 141.1, 140.53, 140.52, 136.3, 136.1, 126.1, 126.0,
125.0, 124.5, 124.2, 122.2, 122.0, 121.9, 120.6, 120.5,
120.13, 120.11, 119.3, 119.2, 111.3, 109.8, 109.7, 43.8,
44.8 (CH,NH, C'HoNH), 43.6 (NCHy), 21.9, 11.3; IR
(KBr) v: 3385, 3318, 3189, 3080, 2966, 2878, 1671, 1626,
1601, 1525, 1501, 1473, 1325, 1297 cm !. Anal. caled for
C24H23Ns0s: C 67.12, H 5.40, N 16.31; found C 67.37, H
5.58, N 16.44.

N'-(9- T I -3 - FT K )-2-(4-filf 5 28 U ) £ T
(3p): EHEKR, I3 84.3%. Isomer A: 66.5%, Isomer B:
33.5%. m.p. 232.5~2329 C; 'H NMR (500 MHz,
DMSO-dg) o: 11.56, 11.52 (s, 1H, CONH, CONH"), 8.48,
8.45 (s, 1H, Cz-H*, Cz-H*), 8.20, 8.39 (s, 1H, CH=N, CH'
=N), 8.25, 8.22 (d, J=7.5 Hz, 1H, Cz-H> Cz-H%), 8.03,
8.05 (d, J/=9.0 Hz, 2H, ArH, ArH"), 7.91, 7.86 (d, J=38.5,
0.5 Hz, 1H, Cz-H?, Cz-H?), 7.67 (d, J=8.5 Hz, 1H,
Cz-HY), 7.64 (d, J=8.5 Hz, 1H, Cz-H?®), 7.45, 7.58 (t, J=
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6.0 Hz, 1H, NH, NH'), 7.49 (t, J=7.8 Hz, 1H, Cz-H'),
7.25,7.24 (t, J=17.5 Hz, 1H, Cz-HS, Cz-H), 6.78, 6.72 (d,
J=9.0 Hz, 2H, ArH, ArH"), 4.50, 4.02 (d, J=5.5 Hz,
COCH,, COCH"), 4.38~4.47 (m, 2H, NCH,), 1.72~1.82
(m, 2H, NCH,CH>), 1.25~1.36 (m, 2H, NCH,CH,CH>)
0.89 (t, J/=7.5 Hz, 3H, CH3); '3C NMR (DMSO-ds, 125
MHz) §: 169.7, 165.0 (C=0, C'=0), 154.6, 154.4, 145.1,
1483 (CH=N, CH=N), 141.1, 141.0, 140.5, 140.4,
136.4, 136.1, 126.1, 126.02, 126.01, 125.0, 124.5, 124.2,
122.19, 122.18, 122.00, 121.96, 120.6, 120.5, 120.14,
120.08, 119.3, 119.2, 111.3, 109.7, 109.6, 43.6, 44.8
(CHoNH, C'HoNH), 42.2 (NCH»), 30.7, 19.7, 13.7; IR
(KBr) v: 3369, 3188, 3075, 2955, 2872, 1681, 1628, 1601,
1533, 1497, 1471, 1322, 1297 cm !. Anal. caled for
C2sHasNsOs3: C 67.70, H 5.68, N 15.79; found C 67.49, H
5.56,N 16.01.

N'-(9- 3 FE e -3 - 11 F R )-2-(4- i R 2 ) 2L T A
(3q): EHEHR, I3 87.4%. Isomer A: 66.8%, Isomer B:
33.2%. m.p. 251.2~251.6 ‘C; 'H NMR (500 MHz,
DMSO-ds) d: 11.56, 11.53 (s, 1H, CONH, CONH"), 8.48,
8.45 (s, 1H, Cz-H* Cz-H*), 8.21, 8.40 (s, 1H, CH=N, CH'
=N), 8.25, 8.22 (d, J=7.5 Hz, 1H, Cz-H’, Cz-H>), 8.03,
8.05 (d, /=9.0 Hz, 2H, ArH, ArH"), 7.91, 7.86 (dd, J=9.0,
1.0 Hz, 1H, Cz-H?, Cz-H?), 7.67 (d, J=8.5 Hz, 1H,
Cz-HY), 7.63 (d, J=8.5 Hz, 1H, Cz-H?®), 7.46, 7.59 (t, J=
6.0 Hz, 1H, NH, NH"), 7.49 (t, J=7.8 Hz, 1H, Cz-H"),
7.25,7.24 (t, J=17.3 Hz, 1H, Cz-H®, Cz-H?), 6.78, 6.73 (d,
J=9.0 Hz, 2H, ArH, ArH"), 4.50, 4.03 (d, J=6.0 Hz,
COCH,, COCH"%), 4.38~4.47 (m, 2H, NCH,), 1.73~1.84
(m, 2H, NCH;CH;), 1.21 ~1.36 [m, 4H, NCH,CH»-
(CH»),], 0.81 (t, J=6.8 Hz, 3H, CH3); 3C NMR (DMSO-
ds, 125 MHz) o: 169.7, 165.0 (C=0, C'=0), 154.6,
154.4, 145.1, 148.3 (CH=N, CH=N), 141.1, 141.0,
140.5, 140.4, 136.4, 136.1, 126.1, 126.02, 126.00, 125.0,
124.6, 124.2,122.20, 122.18, 122.01, 121.97, 120.6, 120.5,
120.2, 120.1, 119.3, 119.2, 111.4, 109.7, 109.6, 43.6, 44.8
(CHuNH, C'H,NH), 42.3 (NCH>), 28.6, 28.2,21.9, 13.8; IR
(KBr) v: 3380, 3333, 3282, 3064, 2955, 2868, 1688, 1630,
1601, 1528, 1496, 1467, 1311, 1280 cm !. Anal. calcd for
C26H27N503: C 68.25, H 5.95, N 15.31; found C 68.42, H
6.20, N 15.15.

N'-(9- CLFEIHE -3 F HH 45)-2-(4- Tl 3 2K 55 £ T
3r): HOKR, F2% 87.7%. Isomer A: 67.3%, Isomer B:
32.7%. mp. 239.4~239.9 C; 'H NMR (500 MHz,
DMSO-ds) d: 11.56, 11.52 (s, 1H, CONH, CONH"), 8.47,
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8.45 (s, 1H, Cz-H* Cz-H*), 8.20, 8.39 (s, 1H, CH=N,
CH'=N), 8.25, 8.22 (d, J=7.5 Hz, 1H, Cz-H°, Cz-H%),
7.91, 7.86 (dd, J=8.5, 1.0 Hz, 1H, Cz-H?, Cz-H?), 7.45,
7.58 (t, J=7.8 Hz, 1H, NH, NH'), 4.50, 4.02 (d, J=5.5 Hz,
COCH,, COCH%), 8.03, 8.05 (d, J=9.0 Hz, 2H, ArH,
ArH"), 7.67 (d, J=8.5 Hz, 1H, Cz-H"), 7.63 (d, J=8.5 Hz,
1H, Cz-H®), 7.49 (t, J=7.8 Hz, 1H, Cz-H’), 7.243, 7.239
(t, J=7.3 Hz, 1H, Cz-HS, Cz-H®), 6.78, 6.72 (d, J=9.0
Hz, 2H, ArH, ArH"), 4.37~4.46 (m, 2H, NCH>), 1.71~
1.83 (m, 2H, NCH:CH,), 1.61~1.34 [m, 6H, NCH,CH>-
(CH»)3], 0.80 (t, J/=7.0 Hz, 3H, CH3); 3C NMR (DMSO-
ds, 125 MHz) ¢: 169.7, 165.0 (C=0, C'=0), 154.6,
154.4, 145.1, 148.3 (CH=N, CH=N), 141.1, 141.0,
140.44, 140.42, 136.4, 136.1, 126.1, 126.02, 126.00, 125.0,
124.5,124.2, 122.19, 122.18, 122.00, 121.97, 120.6, 120.5,
120.2, 120.1, 119.3, 119.2, 111.3, 109.7, 109.6, 43.6, 44.8
(CH:NH, C'H,NH), 42.4 (NCH,), 30.9, 28.5, 26.1, 22.0,
13.8; IR (KBr) v: 3381, 3333, 3287, 3065, 2956, 2867,
1687, 1629, 1601, 1528, 1497, 1466, 1311, 1280 cm .
Anal. caled for Cp;Hp9NsO;: C 68.77, H 6.20, N 14.85;
found C 68.51, H 6.47, N 14.67.

N'-(9-PE I -3 7 F 5 )-2-(4- il 28 2 2 ) 2L Tk
(3s): FOHMA, FEZ 89.3%. Isomer A: 67.3%, Isomer B:
32.7%. mp. 215.2~215.7 C; 'H NMR (500 MHz,
DMSO-dg) o: 11.56, 11.52 (s, 1H, CONH, CONH'), 8.47,
8.45 (s, 1H, Cz-H*, Cz-H*), 8.20, 8.39 (s, 1H, CH=N, CH'
=N), 8.25, 8.22 (d, J=38.0 Hz, 1H, Cz-H>, Cz-H"), 8.03,
8.05 (d, J/=9.0 Hz, 2H, ArH, ArH"), 7.91, 7.86 (dd, J=9.0,
1.0 Hz, 1H, Cz-H?, Cz-H?), 7.67 (d, J=9.0 Hz, 1H,
Cz-H"), 7.63 (d, J=8.0 Hz, 1H, Cz-H®), 7.46, 7.58 (t, J=
6.0 Hz, 1H, NH, NH"), 7.49 (t, J=7.8 Hz, 1H, Cz-H’),
7.243, 7.239 (t, J=7.5 Hz, 1H, Cz-H®, Cz-H%), 6.78, 6.72
(d, /=9.0 Hz, 2H, ArH, ArH'"), 4.50, 4.02 (d, J=5.5 Hz,
COCH,, COCH"%), 4.36~4.46 (m, 2H, NCH,), 1.69~1.84
(m, 2H, NCH,CH>), 1.12~1.32 (m, 8H, NCH,CH-
(CH>)4), 0.81 (t, J=6.8 Hz, 3H, CH3); '*C NMR (DMSO-
ds, 125 MHz) ¢: 169.7, 165.0 (C=0, C'=0), 154.6,
154.4, 145.1, 148.3 (CH=N, C'H=N), 141.1, 141.0,
140.44, 140.42, 136.4, 136.1, 126.1, 126.01, 125.99, 125.0,
124.5,124.2,122.20, 122.18, 122.00, 121.97, 120.6, 120.5,
120.2, 120.1, 119.3, 119.2, 111.3, 109.7, 109.6, 43.6, 44.8
(CH2NH, C'HoNH), 42.4 (NCHy), 31.1, 28.5, 28.4, 26.4,
21.9, 13.8; IR (KBr) v: 3365, 3333, 3292, 3189, 3069,
2956, 2852, 1681, 1629, 1601, 1525, 1494, 1470, 1325,
1297 em™ . Anal. caled for CasH31NsO3: C 69.26, H 6.43,
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N 14.42; found C 69.39, H 6.24, N 14.66.

N'-(9-3F FEIE W3- F 3 )-2-(4- il 2R 2 2 ) 2L T
3t): FOR, F2F 90.0%. Isomer A: 67.5%, Isomer B:
32.5%. mp. 208.1~208.9 C; 'H NMR (500 MHz,
DMSO-ds) d: 11.59, 11.56 (s, 1H, CONH, CONH"), 8.48,
8.46 (s, 1H, Cz-H* Cz-H*), 8.22, 8.41 (s, 1H, CH=N,
CH'=N), 8.25, 8.21 (d, J=7.5 Hz, 1H, Cz-H> Cz-H%),
8.06, 8.04 (d, J/=9.0 Hz, 2H, ArH, ArH"), 7.92, 7.87 (dd,
J=8.5, 1.0 Hz, 1H, Cz-H?, Cz-H?), 7.65 (d, J=8.5 Hz,
1H, Cz-HY), 7.61 (d, J=8.0 Hz, 1H, Cz-H®), 7.48 (t, J=
7.0 Hz, 1H, Cz-H7), 7.47 (s, 1H, NH), 7.244, 7.237 (t, J=
7.5 Hz, 1H, Cz-HS, Cz-H®), 6.79, 6.74 (d, J=9.0 Hz, 2H,
ArH, ArH"), 4.51, 4.04 (d, J=6.0 Hz, COCH,, COCH"),
4.40, 4.38 (t, J=6.5 Hz, 2H, NCH>), 1.69~1.83 (m, 2H,
NCH,CH>), 1.09~1.32 [m, 10H, NCH,CHx(CH)s], 0.80
(t, J=6.8 Hz, 3H, CH;); '3*C NMR (DMSO-ds, 125 MHz)
0: 169.7, 165.0 (C=0, C'=0), 154.6, 154.4, 145.1, 148.3
(CH=N, C'H=N), 141.1, 141.0, 140.5, 140.4, 136.4,
136.1, 126.1, 126.01, 125.99, 125.0, 124.5, 124.2, 122.20,
122.19, 122.01, 121.98, 120.6, 120.5, 120.14, 120.07,
119.3, 119.2, 111.3, 109.7, 109.6, 43.6, 44.8 (CH,NH,
C'HoNH), 42.4 (NCH,), 31.1, 28.7, 28.6, 28.5, 26.4, 22.0,
13.8; IR (KBr) v: 3365, 3292, 3194, 3069, 2956, 2852,
1681, 1629, 1601, 1525, 1494, 1470, 1325, 1297 cm .
Anal. calcd for Cx»H33NsOs: C 69.72, H 6.66, N 14.02;
found C 69.46, H 6.43, N 13.85.

3.4 BFrLEEMEMENIR

T W8 22 SCHR[45110 75564 T PTP 1B HHI 3G 14 07 ik
3.5 Bt EY 3t 5 PTP1B B4 FxiiE

T XK A Dockingserver #44, #4x PTP1B &
F & & 45 #J) (PDB ID:INNY) . RCSB ] PDB &
(http://www.rcsb.org) %K.

4 BTkl (Supporting Information) {L&4%) 3a~3t [
IR. 'HNMR. BC NMR. 'H-'H COSY. 'H-'3C HMBC
A NOESY i [&. X 284 8L ] BL 4 9% MR 1) /Y 2l
(http://sioc-journal.cn/) I N %K.
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