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(PTPAB)HPHIE M TEM

=HEp WEFEC XNFE4Q® waxfEC H OB
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(OREH T AERS ML TR E s K% 116012)

WE AU T — RIS TR S/ BRI AEY 3 0 4. FIFH 'TH NMR. C NMR. IR R R Mt it
17T BHIRAL. AP T AARL 3t & A A B BERREE 1B (PTPIB)HMHNETE, 18 T 45 M SR e R, 645
BoR, K ayst PTPIB A B I MGIREdE, o 1,5-30[(9- T F=-3-F M 55) 7 FH L1009 e (o) R4 35 2 0 v,
IC5o=(4.81+0.41) pmol/L, HiFVEm T EZGYIHUERRR. X B AL &Y 1-[(9-5 k-3 3E) 7 FF 3L B B iR (30 A 4e
HAT T X e TN B 12 R (DFT) U5, 0 TXH 5 R A, 1h &4 3f F de 45531 PTP1B B H 185 o3 F1 a6 JE
RS 4, 5 PTPIB Bl &t . MetE. SR n-n S EAERER T RENE &Y.

A BRI MEME; &R PTPIB 3 407X DFT 15

Synthesis and Protein Tyrosine Phosphatase 1B (PTP1B) Inhibitory
Activity Evaluation of Novel Carbazole-Based
Carbohydrazone Derivatives
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Abstract A series of novel carbazole-based mono-/bis-carbohydrazone derivatives 3 and 4 were synthesized. Their structures
were characterized by '"H NMR, *C NMR, IR spectra and elemental analysis. The inhibitory activities of all synthesized com-
pounds against protein tyrosine phosphatase 1B (PTP1B) were evaluated, and the structure-activity relationship was discussed.
The results indicated that most of the compounds had good inhibitory activity against PTP1B, and 1,5-bis[(9-butyl-3-carba-
zolyl)methylene]carbohydrazone (4¢) showed the highest inhibitory activity against PTP1B with IC5o=(4.81+0.41) umol/L
and the activity was higher than that of the control drug oleanolic acid. Molecular docking and density functional theory (DFT)
calculations of 3f and 4¢ were carried out. The results of molecular docking indicated that 1-[(9-heptyl-3-carbazolyl)meth-
ylene]carbohydrazone (3f) and 4¢ bind to an active site of PTP1B enzyme formed by the helices a3 and a6, and formed a sta-
ble complex respectively with PTP1B enzyme by hydrogen bonds, polar, hydrophobic and n-r interactions.
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2 BUHE PRI (T2D) A& H P9 43 W T RE B fig 51 e 1t —Fh
RN, AR BRE R S R BB O A Ok,
BEAE B IR, BT BE S IBOR . O I B
B B A 2 B B AT A RS, B AR s E PR
BRI G 2 2017 SERA G4 RGN, &R 4.25
e NEA BRI, Hd T2D 5 Fra B8RRI 51 90%,
H BT 2045 FE 4R 6.29 12 N AR RIER. Wittt
F) 2035 4F, REKAT 1.43 {24 B EN. SR, BT
WJCEIRAIG T2D 69T 7R BTA SMEria T I H 2
Fee BB 0 A HEVU Rl P () IR, DA G0 ot vy I RE AN
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PIRe s B A L S R A VE DL Rk, SR PR
PRI 23R — N Bk k.

ITAERBE L], AR ARMERRE 1B (PTP1B)
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AR ISR ZAREYI(IRS-1 F1 IRS-2)F18 & 32k 2 1%
FRfk. K, PTPIB A& 2 ZUpH R A0 AR R A 250h 7 e
&, PTP1B /N3 IR AT B 2 V6 I7 1% L850 ) fige i 245
WS A, IR R I, PTPIB 25 £ MusiE it &
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N H
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Hybridization

B 1

AN B BN B RO, 00l B R T T (PO
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W EaR, WA A PTPIB G HE ] i
HHEMIRF 5] NA R T4 5 PTPIB [0 1ERY,
A, AT AR BAT T2 2GS 1, T
N o 2T HE TR B CHURE RO, s AR, g 0.
PURD, S0 b R AT RV S5S . AR N- BB e s
IR I K G T Ji 97 A 420 2L R PSR 0 PR A DO,
e FLIE 25 e SE8E K (3 hn, HURE PRV 5 48 L. qH
SCHR TR AT RN, 7 R M BA 1 ok I B 0T A 0 1) 6 B 6
PTP1B i P AR RIF 7 v A W SCHRE .

BT BRESR, N T FARAEDURE R AU T 1 R
BEENHMER . SRR EE R #H4 PTPIB
PR, I ARG BRATRINE I AR 20 A 78 # it
N- 4 I e e 5 i T il 245 20 4] 4 58 T S B 2 T
WP B~/ XU BR R IR AT A2, R VPA FEXT PTPIB (4]
TETE. XET AR ) N-SCREGESE AT A0, 25 R L SR
HIFAAE, (25 RIAZRHIG K, WTRe S80S PTPIB B4 &
RERBFAR, TS PEBRAR, PR AR SO v R AH L
N-SCEERE I MRMERTAE I A . H bRt S st AR
41 Scheme 1 Fizw, & 4k I Scheme 2 Fias.

1 HR5R
1.1 BRULEYIRAEK

DL e R IE SR e 8 R SRR, 48 N-Jot AL RN FR AL
RS, SRR A 9-kr R M3 FE S (2). 1,3-—
RIENR S E BN a4k 2 HEAT 46 4 [N (Scheme 2),
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Scheme 1 Design stratery of target compounds 3 and 4
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1a~ 1g

BHLE
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HoN _NH
TN
H H
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i 5

, n- CsH11 (d
n-CeHs (e), n- C7H15 (f), n- C8H17 (9)

4a 4g
Yield 90.2% ~ 92.8%

B2 HAisbaEY 3 M4 16 kL

Scheme 2 Synthetic routes of target compounds 3 and 4
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1.2.1 IR #

H H AR A 3 A0 4 (1) IR B¥E 7l 40, £ 3307~3325
H13191~3231 em ' Ab BN N—H R4 4R 5h K
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(A 4R S g 7E 2853 ~2889 F1 2926~2973 cm ™
Ab B A AN C—H IR BRI, 7E 1670~
1692 cm ' &b H B 5R1E Sy C=O I ZEIR B IS I 7E
1600, 1500, 1460 cm ' /& A7 HiH 38 06 A ZK K- 22
FRPRZN %, 75 1627~1659 cm ™' Ab IR I C=N
FIRAEIR BTG, 7E 1514~1536 cm™ ' Ak AT 58 1)
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BN B, YIRS B AL A 3 F0 4 A R
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(syn, B Gk B (anti, C 5K))FRIE(Scheme 3).
1EHFRCEDD 4 1 IR 8% R A O—H iRz IK
U, FTCL, LAY 4 7E[E A2 DA =RA Z54) % A7 AE.
1.2.2 'HNMR i#

H bRk &9 - B 3 79 'H NMR i DL
DMSO-ds A, TMS AR, WA T BAsb &4 3 1)
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245 R 755 WL Scheme 4.
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Scheme 3 Possible structures of target compound 4
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and 4
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F1 HERLEY 3 M4 %F PTPIB HlIIE
Table 1 Inhibitory activities of target compounds 3 and 4 against PTP1B

C d R Log P PTP1B¢
e o Inhibition/% at 20 pg/mL 1Cso"/(umolL )
3a C,Hs 2.22 9.311+4.93 —
3b n-C;H; 2.72 16.99+1.31 —
3¢ n-C4Ho 3.28 17.83+1.31 —
3d n-CsHy, 3.78 80.23+1.91 29.72+4.09
3e n-CgHyz 4.29 80.90+2.00 33.46+3.53
3f n-C;Hys 4.79 77.97+0.14 25.94+8.45
3g n-CgHy; 5.30 76.01+2.45 26.61+9.41
4a C,Hs 7.58 89.76 +0.06 6.91+1.42
4b n-C;H; 8.46 92.46+1.60 5.26+0.19
4c n-C4Ho 8.99 90.8710.31 4.81+0.41
4d n-CsHy, 9.31 91.59+0.03 6.02+0.12
4e n-CgHyz 9.55 90.40+0.57 12.30+0.16
4f n-C;Hys 9.75 94.43+2.67 16.84+0.70
4g n-CgHy; 9.91 93.77+2.42 8.95+0.51
“ Positive control: oleanolic acid, ICsp=(6.92 +0.46) pmol/L. bee—»: not calculated, because the inhibition rate is less than 50%..
HIEPE Z 5. Bhsfea9 3f fil 4c 5 PTP1B (PDB ID:
A

INNY)H) 505 Fe 45 R LK 1~2 fik 2.

HE 1 AR 2 aTLLEH, BRsEY 3f 4563
PTP1B M 0E o3 1 a6 JERMIETESL A, 5 PTP1B
MR T REMNEEY, BARS MG RE(—18.91
kJ/mol). 7E4LE4 3f FF, N(2)H—C(0)—N(3)H—N(5)H,
B NQ)A NQG)JE T35 52 LR iR ASP181 TR
TEHE, HNQ)ETIERMEA#ERIR0.272 nm). H(2).
HG)M N5 5aIEF I ASP181 AR .
IEAR, THPEER K e BB A R B B U A MR E o3 AT a6
(O BE T 1 T K AH BAE L HRIRIRGE 5 2 FE R ik 2
TYRI152 JER T m-m AHEAE .

HE 2 W LLEH, B &Y 4e TR EIPAN R AR
TEFE—AFIW, HA—ANHRMEIASEL PTPIB BFY a6
B2 E, BRI SR PTPIB BEH o3 125E. HIE 2
A 2 vTUEH, BAMELEY) 4¢ 456 %] PTP1B B 1%
JiE a3 A1 a6 TG ERL 5, 5 PTPIB BFE R 1 A2 52 )
HFE&W, BAEBENEEH(—21.25 kI/mol). fEAL&EYD
4c 1, BRELFEEZE C=N(1)—NQ)H—C(O)—N@3)H—
N@)=C # N@Q). NQ3)F N@)JR T 5 & IR ik I
VAL184 fl GLU186 R T 4 MNEEE, HEMEIAHT N(5)JR
T5 SER190 JER T 1 A&, wlilaE 4+ Hy O N
MR IR SR ILFR LI GLU186 1778 & B sk AR P 1
FI. BEAh, BRIE. JEORBRIE . HEMRIR K e B A ik
JE T MR E o3 AT a6 IIINEE T A T )32 FR B /K A LA
F; MEMEIRIE SR R RRIE PHEIS2 AL T n-n A ELAF
H.

Iy R ST A, BRI A AE A
il PTP1B MG MEALE HEAEH. (&Y 4¢ 5 3F [IE 1
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B 1 L&) 3f 5 PTPIB BERIXT 45 SR (A) K 3 MHIESS &1
R R BT SE(B)

Figure 1 Docking result of compound 3f with PTP1B enzyme
(A) and key residues in binding site surrounding 3f (B)

ESR R THEY 4c 5 PTPIB BiE UM AN 52 T

Chin. J. Org. Chem. 2020, 40, 478~488



Chinese Journal of Organic Chemistry

ARTICLE

SER151

2 AW 4c 55 PTPIB BEfXTHEET R (A) L de BITE: & A R KRBT SE(B)
Figure 2 Docking result of compound 4¢ with PTP1B enzyme (A) and key residues in binding site surrounding 4c¢ (B)

£2 HIMEEY 3f 71 4c 5 PTPIB 5 T XHE4 R
Table 2 Molecular docking results of compounds 3f and 4¢ with PTP1B (PDB ID: INNY)

Est. free energy of

Compd. binding/ No. of H-bond

(kJemol )

H-bonds (nm)

Polar (nm) Hydrophobic (nm) Pi-Pi (nm)

N2-ASP181 (0.320)

f —18.91 2
3 89 N3-ASP181 (0.272)

H2-ASP181 (0.237)
H3-ASP181 (0.210)
N5-ASP181 (0.377)

C8-PRO180 (0.321)
C7-PROI180 (0.359)
C15-PRO185 (0.380)
C16-PRO185 (0.362)

C29-TYRI152 (0.304)

C13-TYRI52 (0.345)
C14-TYRI52 (0.358)

N3-VAL184 (0.307) O1-GLU186 (0.354) C30-TYR152 (0.330)
N3-GLU186 (0.301) H3-GLU186 (0.296) C3-PRO180 (0.325)

4c —21.25 5

N5-SER190 (0.321)

N4-GLU186 (0.341) H2-GLU186 (0.328) C34-PHE182 (0.308)
N2-GLU186 (0.315) N1-GLU186 (0.366) C4-PRO185 (0.383)

C15-PHE182 (0.350)
C14-PHE182 (0.376)

C26-ALA189 (0.348)
C25-ALA189 (0.325)

& 3f, HALEY) 4c 5 PTPIB B4 S ae KT &
Y 38, Bt AR LB 5t TR A8 &40 ¢ X PTP1B RIS
PE 1 T B PR R B R R A A 4 3.

H 1,3- 2B BEIR 5 R IR A 24 28 [ 4 5 T T s ) ik
TR IR IR IR AT AR A 2 T AE 1) PTP1B L5,

1.4.2 Mulliken /& -F ¥ %7 547

FIF] Gaussian 09 #fF, 7E HF/3-21G 40 |, 15
T HFRALEW) 4c F1 35 1) Mulliken R T B4 (MAC) 43 i,
LUEREEAM1S PTPIB EAM RS A m. 115
ZER L 3~4.

B 3 v %N, &) 3F 1 6 B fef S ZEAE R /E NH—
C(0)—NH—NH, B 22 fI N30 FIN31 K MR N25 |,
HLIT 20 A N30=—0.766e. N31=—0.736e fll N25=
—1.113e. HE 4 WA, HLEY) 4c BT 2 B
NH—C(0O)—NH ‘&2 f] N74 Fil N76 FIHEMIR E N35
A N70 b, Hf 9508 N74/N76=—0.760e F1 N35/
N70=—1.113e. XLt B3 faf F50 K 1 SR 35 7] g 55 2 ok

Chin. J. Org. Chem. 2020, 40, 478~488

© 2020 Chinese Chemical Society & SIOC, CAS

FRAREAR AR AT A, X 5RImUERE R (E )&
o3RRG R (R 2)—FL
1.43 MEP 5

FIFH Multiwfn 34, 7€ HF/3-21G 24 Fit5 T H
AL E) 36 F0 e 15> T##FL A (MEP). B MEP 11525
F(E s FlE 6)rr A, BAREAY 36 F e IR AR
FUE X I EEEPIE C=0 FHRIR THITGE W
14 [X, 4¢: BT 9/10 [X), HAE A —3.11 Fl—2.98
eV, R|ZXWMESSE FERER. X—4R5%
FRHE(ER 2)F1 Mulliken Hfaf v 5745 R (B 3 AT 4) DL K sk
WaEREE D5

2 #ig

GRCHT 14 AT LR T R B —/ ik I A7 A2
V) 3a~3g Fl 4a~dg, VEU 7 HXT PTPIB Ml 14+,
e T HEEM SRR, LIRERER, Kok
A% PTPIB BA RIFpsliEtt, K&y 4¢ (1
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51CCQ
53H|@.198)
52H(@"201)

18H(9.237)

27H(9n.210) 36H(g.334)

32H(9.388) 35N(-@h\576)
k7 . 334)
N 736)

B3 &Y 3f B4k 454 K Mulliken Hi g 5345 B

Figure 3 Optimized structure and Mulliken charge distribution of compound 3f

7H(@¢238)

50)
\ _ 31H(*.205
32H(edbaE0, 2850 ) 18H(.234)

64H(B 224) 69H(8; 204)

B4 &Y de BIRALLER K Mulliken H A 5345 B

Figure 4 Optimized structure and Mulliken charge distribution of compound 4¢

B 5 (L&Y 3t T
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Figure 6 Molecular electrostatic potential of compound 4¢
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1-[(9- £, 2 -3- I M 32 ) ST 326 1 K % (3a): 1 €0y
K, PP 84.8%. m.p. 186.1~186.9 ‘C; 'H NMR (500
MHz, DMSO-dg) 6: 10.30 (s, 1H, NH,), 8.54 (s, 1H, NHy),
8.21(d, J=7.5 Hz, 1H, Cz-H,), 8.03 (s, 1H, Cz-H,), 8.02
(s, IH, CH=N), 7.87 (dd, J=8.5, 1.0 Hz, 1H, Cz-Hs),
7.62 (d, J=7.0 Hz, 1H, Cz-H,), 7.60 (d, J=8.0 Hz, 1H,
Cz-Hy), 7.47 (td, J=17.8, 1.0 Hz, 1H, Cz-H,), 7.23 (t, J=
7.3 Hz, 1H, Cz-Hy), 4.45 (q, J=7.0 Hz, 2H, NCH,), 4.11
(s, 2H, NH,), 1.32 (t, J=7.0 Hz, 3H, CH;); “C NMR
(DMSO-ds, 125 MHz) §: 157.35 (C=0), 141.29 (CH=
N), 140.09, 139.96, 125.99, 125.83, 124.69, 122.35,
122.26, 120.55, 119.22, 119.06, 109.30, 109.12, 37.04
(NCH,), 13.68 (CH3); IR (KBr) v: 3322, 3191, 3078, 2970,
2857, 1674, 1627, 1605, 1518, 1489, 1471, 1235 cm ..
Anal. caled for CicH7;NsO: C 65.07, H 5.80, N 23.71;
found C 65.33, H 5.98, N 23.50.

1-[(9- TR 2 -3- I I 5 ) I FR 26 1B 196 % (3b): - 1
K, FH 88.2%. m.p. 186.5~187.1 ‘C; 'H NMR (500
MHz, DMSO-dg) 6: 10.29 (s, 1H, NH,), 8.54 (s, 1H, NHy),
8.21 (d, J=7.5 Hz, 1H, Cz-H,), 8.02 (s, 2H, CH=N,
Cz-H,), 7.86 (dd, J=8.5, 1.5 Hz, 1H, Cz-Hs), 7.62 (d, J=
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8.0 Hz, 1H, Cz-H,), 7.60 (d, J=8.5 Hz, 1H, Cz-Hjy), 7.46
(t, J=7.3 Hz, 1H, Cz-H;), 7.23 (t, J=7.3 Hz, 1H, Cz-Hy),
4.37 (t, J=7.0 Hz, 2H, NCH,), 4.10 (s, 2H, NH,), 1.68~
1.97 (m, 2H, NCH,CH,), 0.88 (t, J=7.3 Hz, 3H, CH;); "°C
NMR (DMSO-ds, 100 MHz) d: 157.85 (C=0), 141.74
(CH=N), 141.17, 141.01, 126.45, 126.28, 125.15, 122.70,
122.61, 120.99, 119.66, 119.52, 110.04, 109.87, 44.27
(NCH,), 22.36, 11.81 (CH;); IR (KBr) v: 3307, 3202,
3075, 2959, 2872, 1674, 1627, 1608, 1514, 1489, 1467,
1224 ¢cm™ !, Anal. calcd for C;H;oN5O: C 66.00, H 6.19, N
22.64; found C 66.15, H 5.99, N 22.77.

1-[(9- T FE-3- kI 37 R TR B A (e): W A 2k
K, % 85.7%. m.p. 181.1~182.6 ‘C; 'H NMR (500
MHz, DMSO-d) 6: 10.29 (s, 1H, NH,), 8.54 (s, 1H, NHy),
8.20 (d, J=17.5 Hz, 1H, Cz-H,), 8.02 (s, 2H, CH=N,
Cz-H,), 7.86 (dd, J=8.5, 1.5 Hz, 1H, Cz-Hs), 7.60 (d, J=
8.5 Hz, 1H, Cz-H,), 7.58 (d, J=8.5 Hz, 1H, Cz-Hjy), 7.46
(td, J=7.6, 0.8 Hz, 1H, Cz-H,), 7.22 (t, J=7.3 Hz, 1H,
Cz-Hy), 4.39 (t, J=7.0 Hz, 2H, NCH,), 4.11 (s, 2H, NH,),
1.66 ~1.87 (m, 2H, NCH,CH,), 1.21 ~1.40 (m, 2H,
NCH,CH,CH,), 0.87 (t, J=7.5 Hz, 3H, CH;); °C NMR
(DMSO-ds, 100 MHz) J: 157.84 (C=0), 141.70 (CH=
N), 141.08, 140.93, 126.46, 12629, 125.17, 122.72,
122.64, 121.00, 119.65, 119.52, 110.00, 109.82, 42.59
(NCH,), 31.19, 20.24, 14.18 (CHs); IR (KBr) v: 3307,
3202, 3075, 2955, 2872, 1674, 1627, 1601, 1514, 1489,
1471, 1209 cm™'. Anal. caled for CigH, NsO: C 66.85, H
6.55, N 21.66; found C 66.63, H 6.71, N 21.40.

1-[(9- 3 2 -3- R P 56 ) 3V HH 26 B B A (3d): 1 8
K, FEHR 86.4%. m.p. 187.2~187.9 ‘C; 'H NMR (500
MHz, DMSO-dg) 6: 10.30 (s, 1H, NH,), 8.54 (s, 1H, NH,),
8.21 (d, J=8.0 Hz, 1H, Cz-H,), 8.02 (s, 2H, CH=N,
Cz-H,), 7.87 (dd, J=8.5, 1.5 Hz, 1H, Cz-Hs), 7.60 (d, J=
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8.0 Hz, 1H, Cz-H,), 7.58 (d, J=8.5 Hz, 1H, Cz-Hy), 7.47
(t, J=7.5 Hz, 1H, Cz-H,), 7.23 (t, J=7.5 Hz, 1H, Cz-Hy),
4.39 (t, J=7.0 Hz, 2H, NCH,), 4.11 (s, 2H, NH,), 1.67~
1.87 (m, 2H, NCH,CH,), 1.17~1.39 (m, 4H, NCH,-
CH,(CH,),), 0.80 (t, J=6.8 Hz, 3H, CH;); “C NMR
(DMSO-d,, 100 MHz) 6: 157.88 (C=0), 141.85 (CH=
N), 141.09, 140.92, 126.48, 12627, 125.16, 122.72,
122.63, 120.99, 119.66, 119.53, 109.95, 109.80, 42.77
(NCH,), 29.08, 28.70, 22.36, 14.28 (CH;); IR (KBr) v:
3307, 3202, 3075, 2952, 2868, 1670, 1627, 1601, 1514,
1489, 1467, 1238 cm '. Anal. caled for C;oHp;NsO: C
67.63, H 6.87, N 20.76; found C 67.43, H 6.62, N 20.57.
1-[(9- L 2-3- IR I ) 7 R T e i (3e): 1 B oK,
% 91.7%. m.p. 183.4~184.0 ‘C; 'H NMR (500 MHz,
DMSO-dg) d: 10.32 (s, 1H, NH,), 8.54 (s, 1H, NHy), 8.21
(d, J=8.0 Hz, 1H, Cz-H,), 8.04 (s, 1H, Cz-H,), 8.01 (s,
1H, CH=N), 7.87 (dd, J=8.5, 1.5 Hz, 1H, Cz-Hs), 7.60
(d, J=6.5 Hz, 1H, Cz-H,), 7.59 (d, J=8.0 Hz, 1H, Cz-Hy),
7.47 (t, J=7.8 Hz, 1H, Cz-H,), 7.22 (t, J=7.5 Hz, 1H,
Cz-Hy), 4.39 (t, J=6.8 Hz, 2H, NCH,), 4.11 (s, 2H, NH,),
1.66~1.87 (m, 2H, NCH,CH,), 1.12~1.41 (m, 6H,
NCH,CH,(CH,)5), 0.80 (t, J=7.0 Hz, 3H, CH3); *C NMR
(DMSO-ds, 100 MHz) §: 157.86 (C=0), 141.74 (CH=
N), 141.08, 140.92, 126.45, 126.28, 125.15, 122.72,
122.64, 121.00, 119.67, 119.52, 109.97, 109.80, 42.79
(NCH,), 31.42, 28.96, 26.57, 22.46, 14.28 (CH;); IR (KBr)
v: 3307, 3202, 3075, 2952, 2868, 1674, 1627, 1601, 1514,
1489, 1471, 1238 cm ' Anal. caled for C,HysNsO: C
68.35,H 7.17, N 19.93; found C 68.52, H 7.04, N 20.17.
1-[(9-PE5E-3- e W J ) IV PR 1B Bk 1 (316): 903 1 ok
K, PEH 89.2%. m.p. 187.3~187.9 ‘C; 'H NMR (500
MHz, DMSO-d;) d: 10.31 (s, 1H, NH,), 8.54 (s, 1H, NH,),
821 (d, J=8.0 Hz, 1H, Cz-H,), 8.03 (s, 2H, CH=N,
Cz-H,), 7.87 (dd, J=8.5, 1.5 Hz, 1H, Cz-Hs), 7.59 (d, J=
8.0 Hz, 1H, Cz-H,), 7.58 (d, J=8.5 Hz, 1H, Cz-Hy), 7.46
(td, J=7.8, 1.0 Hz, 1H, Cz-H;), 7.22 (t, J=7.3 Hz, 1H,
Cz-Hy), 4.38 (t, J=7.0 Hz, 2H, NCH,), 4.12 (s, 2H, NH,),
1.65~1.88 (m, 2H, NCH,CH,), 1.01 ~1.42 (m, 8H,
NCH,CH,(CH,),), 0.80 (t, J=7.0 Hz, 3H, CH3); *C NMR
(DMSO-d,, 100 MHz) 6: 157.86 (C=0), 141.78 (CH=
N), 141.09, 140.93, 126.44, 12629, 125.14, 122.74,
122.65, 120.99, 119.67, 119.51, 109.95, 109.79, 42.80
(NCHy,), 31.64, 29.00, 28.89, 26.89, 22.42, 14.32 (CH,); IR
(KBr) v: 3307, 3202, 3078, 2948, 2864, 1670, 1627, 1605,
1514, 1489, 1467, 1231 cm ™. Anal. calcd for C,H,;N;O:
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C 69.01, H 7.45, N 19.16; found C 69.26, H 7.67, N 19.01.

1-[(9-3F F -3- e M ) W7 FRYBR 1A Bt 1T (3g): 1
K, PEF 94.7%. m.p. 181.5~181.8 ‘C; 'H NMR (500
MHz, DMSO-dg) 6: 10.30 (s, 1H, NH,), 8.54 (s, 1H, NHy),
8.20 (d, J=7.5 Hz, 1H, Cz-H,), 8.02 (s, 2H, CH=N,
Cz-H,), 7.86 (dd, J=8.5, 1.5 Hz, 1H, Cz-Hs), 7.59 (d, J=
8.5 Hz, 1H, Cz-H,), 7.58 (d, J=8.5 Hz, 1H, Cz-Hjy), 7.46
(td, J=7.8, 1.0 Hz, 1H, Cz-H,), 7.22 (t, J=7.5 Hz, 1H,
Cz-Hy), 4.38 (t, J=7.0 Hz, 2H, NCH,), 4.11 (s, 2H, NH,),
1.65~1.87 (m, 2H, NCH,CH,), 1.09~1.35 (m, 10H,
NCH,CH,(CH,)s), 0.81 (t, J=7.0 Hz, 3H, CH3); C NMR
(DMSO-ds, 125 MHz) J: 157.84 (C=0), 141.70 (CH=
N), 141.07, 140.92, 126.44, 12629, 125.15, 122.72,
122.65, 121.00, 119.66, 119.51, 109.97, 109.80, 42.79
(NCH,), 31.62, 29.19, 29.06, 28.98, 26.92, 22.47, 14.36
(CH3); IR (KBr) v: 3307, 3202, 3078, 2952, 2868, 1670,
1627, 1605, 1514, 1489, 1467, 1220 cm™'. Anal. calcd for
C,HNs0: C 69.63, H 7.70, N 18.45; found C 69.34, H
7.93, N 18.18.
322 HRAS 4 694 kil ik

FETFIENT 50 mL = IO AR IR IIA 2 mmol H [H] 44
&4 2+ 20 mL C,HsOH Al L oK BS TR, Ak 2 [ 4
fift. SRJ5, BN 1 mmol 1,3- & IEAR, MR 6 h. |
RigE e, &AW DEEN, fFRBMIESYMRAHE,
e R = i, KRR RS BB, A S mL K
VEMIIR, T, P CEEHEGEE (S mLX2), TR
il DMSO 45 5 J5 B A5 314 5 H R4 4.

1,5-RU[(9- £, FE-3- e W 58 ) 37 R B B P (da): 05 1
AR, 2R 92.0%. mp. 256.3~256.9 C; 'H NMR
(500 MHz, DMSO-d;) J: 10.64 (s, 2H, NHX2), 8.55 (s,
2H, CH=N X 2), 8.40 (brs, 2H, Cz-H, X 2), 8.25 (d, J=8.0
Hz, 2H, Cz-H,X2), 7.95 (d, J=8.5 Hz, 2H, Cz-HsX?2),
7.69 (d, J=8.5 Hz, 2H, Cz-H,X2), 7.65 (d, J=8.0 Hz,
2H, Cz-HgX2), 7.50 (t, J=7.8 Hz, 2H, Cz-H,X2), 7.26 (t,
J=17.3 Hz, 2H, Cz-H¢X2), 4.49 (q, J=6.8 Hz, 4H, N-
CH,X2), 1.35 (t, J=7.3 Hz, 6H, CH;X2); "C NMR
(DMSO-ds, 100 MHz) J: 152.82 (C=0), 144.51 (CH=
N), 140.76, 140.50, 126.60, 126.26, 125.15, 122.86,
122.69, 121.09, 119.94, 119.70, 109.89, 109.85, 37.60
(NCH,), 14.22 (CH3); IR (KBr) v: 3202, 3046, 2973, 2889,
1684, 1656, 1598, 1587, 1532, 1492, 1475, 1225 cm ..
Anal. caled for C5HysNO: C 74.38, H 5.64, N 16.79;
found C 74.69, H 5.47, N 16.68.

1,5-U[(9-TA FE-3-FHR W ) W7 B 26 1B I i (4b): 1 €2
WK, 772 91.8%. m.p. 242.9~243.5 “C; '"H NMR (500
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MHz, DMSO-dg) 6: 10.60 (s, 2H, NHX2), 8.53 (s, 2H, C-
H=NX2), 8.39 (brs, 2H, Cz-H,X2), 8.25 (d, J=7.5 Hz,
2H, Cz-H,X2), 7.93 (d, J=8.5 Hz, 2H, Cz-H5X?2), 7.69
(d, J=8.5 Hz, 2H, Cz-H,X2), 7.65 (d, J=8.0 Hz, 2H,
Cz-HgX2), 7.49 (t, J=7.8 Hz, 2H, Cz-H,X2), 7.26 (t, J=
7.3 Hz, 2H, Cz-Hg X 2), 4.41 (t, J=7.0 Hz, 4H, NCH, X 2),
1.76~1.93 (m, 4H, NCH,CH,X2), 0.90 (t, J=7.5 Hz,
6H, CH;X2); °C NMR (DMSO-ds, 100 MHz) &: 152.83
(C=0), 144.50 (CH=N), 141.35, 141.06, 126.56, 126.21,
125.10, 122.71, 122.55, 121.00, 119.88, 119.66, 110.11,
110.10, 44.33 (NCH,), 22.38, 11.83 (CH3); IR (KBr) v:
3205, 3053, 2962, 2875, 1688, 1656, 1598, 1583, 1532,
1492, 1474, 1223 ¢cm '. Anal. caled for C33H3NgO: C
74.98, H 6.10, N 15.90; found C 74.82, H 5.86, N 16.08.

1,5-X[(9- T 23 P I IV Y 6 Bk 5k i (4e): 1 £
WA, 753 92.8%. m.p. 221.3~222.2 ‘C; 'H NMR (500
MHz, DMSO-dq) 6: 10.61 (s, 2H, NHX2), 8.53 (s, 2H, C-
H=NX2), 8.39 (brs, 2H, Cz-H,X2), 8.25 (d, J=8.0 Hz,
2H, Cz-H,X2), 7.93 (d, J=8.5 Hz, 2H, Cz-H5X2), 7.68
(d, J=9.0 Hz, 2H, Cz-H,X2), 7.64 (d, J=8.0 Hz, 2H,
Cz-HgX2), 7.49 (t, J=7.5 Hz, 2H, Cz-H,X2), 7.26 (t, J=
7.5 Hz, 2H, Cz-Hg X 2), 4.43 (t, J=7.0 Hz, 4H, NCH, X 2),
1.71~1.86 (m, 4H, NCH,CH,X2), 1.25~1.42 (m, 4H,
NCH,CH,CH, X 2), 0.90 (t, J=7.5 Hz, 6H, CH;X2); °C
NMR (DMSO-ds, 100 MHz) d: 152.82 (C=0), 144.52
(CH=N), 141.26, 140.97, 126.57, 126.22, 125.12, 122.73,
122.57, 121.01, 119.87, 119.66, 110.07, 110.04, 42.65
(NCH,), 31.21, 20.26, 14.19 (CH;); IR (KBr) v: 3209,
3050, 2955, 2868, 1685, 1630, 1598, 1532, 1489, 1467,
1213 em™ !, Anal. caled for C3sH36NgO: C 75.51, H 6.52, N
15.10; found C 75.74, H 6.41, N 15.33.

1,5-XU[(9- 1% FE-3- I W 56 ) VI F JEE 1B i e (4d): I £
AR, % 90.5%. m.p. 210.9~211.3 °‘C; "H NMR (500
MHz, DMSO-dq) 6: 10.61 (s, 2H, NHX2), 8.53 (s, 2H, C-
H=NX2), 8.39 (brs, 2H, Cz-H,X2), 8.24 (d, J=8.0 Hz,
2H, Cz-H,X2), 7.94 (d, J=8.5 Hz, 2H, Cz-H5X?2), 7.67
(d, J=8.5 Hz, 2H, Cz-H,X2), 7.63 (d, J=8.5 Hz, 2H,
Cz-HgX2), 7.49 (t, J=7.8 Hz, 2H, Cz-H;x2), 7.26 (t, J=
7.5 Hz, 2H, Cz-Hg X 2), 4.42 (t, J=7.0 Hz, 4H, NCH, X 2),
1.74~1.86 (m, 4H, NCH,CH,X2), 1.23~1.38 (m, 8H,
NCH,CH,(CH,),X2), 0.82 (t, J=7.0 Hz, 6H, CH;X2);
3C NMR (DMSO-d,, 100 MHz) J: 152.84 (C=0), 144.62
(CH=N), 141.25, 140.96, 126.57, 126.21, 125.12, 122.73,
122.56, 121.01, 119.89, 119.66, 110.04, 110.02, 42.82
(NCH,), 29.11, 28.74, 22.38, 14.32 (CH;); IR (KBr) v:
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3325, 3209, 3050, 2955, 2868, 1688, 1627, 1597, 1532,
1489, 1467, 1242 cm™'. Anal. caled for C;HyNgO: C
76.00, H 6.89, N 14.37; found C 76.15, H 7.08, N 14.51.

1,5-X[(9- 3 -3- ML e 6 ) W7 FF DL 1B T s (de): ¥ 3%
ORAR, 7% 90.2%. m.p. 200.0~200.7 C; 'H NMR
(500 MHz, DMSO-ds) 6: 10.62 (s, 2H, NHX2), 8.53 (s,
2H, CH=NX2), 8.39 (brs, 2H, Cz-H;X2), 8.24 (d, J=8.0
Hz, 2H, Cz-H,X2), 7.94 (d, J=8.5 Hz, 2H, Cz-HsX2),
7.67 (d, J=8.5 Hz, 2H, Cz-H,X?2), 7.63 (d, J=8.0 Hz,
2H, Cz-Hg X 2), 7.49 (t, J=7.5 Hz, 2H, Cz-H; X 2), 7.26 (t,
J=17.3 Hz, 2H, Cz-H¢X2), 4.42 (t, J=7.0 Hz, 4H, NC-
H,X2), 1.72~1.86 (m, 4H, NCH,CH,X2), 1.15~1.39
(m, 12H, N CH,CH,(CH,);X2), 0.81 (t, J=7.0 Hz, 6H,
CH;X2); *C NMR (DMSO-dg, 125 MHz) &: 152.80 (C=
0), 144.48 (CH=N), 141.25, 140.96, 126.56, 126.21,
125.08, 122.72, 122.57, 121.02, 119.90, 119.65, 110.06,
110.04, 42.85 (NCH,), 31.43, 28.99, 26.60, 22.49, 14.30
(CHs); IR (KBr) v: 3325, 3220, 3050, 2952, 2853, 1692,
1652, 1627, 1598, 1569, 1493, 1471, 1242 cm . Anal.
calced for C3o0HuNgO: C 76.44, H 7.24, N 13.71; found C
76.17, H 7.45, N 13.96.

1,5- XL [(9- B 3 -3- I e I ) S F DR 1B 1 fi 4): 1 B8
WA, % 90.6%. m.p. 202.2~202.5 C; "H NMR (500
MHz, DMSO-ds) d: 10.61 (s, 2H, NH X 2), 8.53 (s, 2H, CH
=NX2), 8.40 (brs, 2H, Cz-H,X2), 8.24 (d, J=7.5 Hz,
2H, Cz-H,X2), 7.94 (d, J=8.5 Hz, 2H, Cz-H5X?2), 7.66
(d, J=9.0 Hz, 2H, Cz-H,X2), 7.62 (d, J=8.0 Hz, 2H,
Cz-HgX2), 7.49 (t, J=7.8 Hz, 2H, Cz-H,X?2), 7.25 (t, J=
7.3 Hz, 2H, Cz-H¢ X 2), 4.42 (t, J=6.8 Hz, 4H, NCH, X 2),
1.70~1.88 (m, 4H, NCH,CH,X2), 1.11~1.37 (m, 16H,
NCH,CH,(CH,);X2), 0.81 (t, J=7.0 Hz, 6H, CH;X2);
3C NMR (DMSO-d,, 125 MHz) d: 152.80 (C=0), 144.63
(CH=N), 141.25, 140.96, 126.55, 126.21, 125.08, 122.73,
122.57, 121.01, 119.89, 119.65, 110.06, 110.03, 42.86
(NCH,), 31.67, 29.04, 28.91, 26.92, 22.45, 14.35 (CH;); IR
(KBr) v: 3325, 3213, 3064, 2926, 2853, 1688, 1659, 1627,
1598, 1489, 1471, 1235 cm . Anal. caled for C41H4sNgO:
C 76.84, H 7.55, N 13.11; found C 76.63, H 7.73, N 12.99.

1,5- X [(9-3F Fik-3- I e I 37 FR IR VB ik Ml (dg): 11 €2
WA, 7% 91.1%. m.p. 200.2~200.8 C; 'H NMR (500
MHz, DMSO-dg) 6: 10.60 (s, 2H, NH X 2), 8.53 (s, 2H, C-
H=NX2), 8.39 (brs, 2H, Cz-H,X?2), 8.24 (d, J=7.5 Hz,
2H, Cz-H,X2), 7.93 (d, J=8.5 Hz, 2H, Cz-H5X?2), 7.67
(d, J=8.5 Hz, 2H, Cz-H,X2), 7.63 (d, J=8.0 Hz, 2H,
Cz-HgX2), 7.49 (t, J=7.8 Hz, 2H, Cz-H,X2), 7.25 (t, J=
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7.5 Hz, 2H, Cz-H4X2), 4.42 (t, J=6.8 Hz, 4H, NCH, X 2),
1.70~1.88 (m, 4H, NCH,CH, X2), 1.11~1.39 (m, 20H,
NCH,CHy(CH,)sX2), 0.82 (t, J=7.0 Hz, 6H, CH;X?2);
3C NMR (DMSO-dq, 125 MHz) §: 152.78 (C=0), 144.42
(CH=N), 141.25, 140.96, 126.55, 126.20, 125.08, 122.72,
122.57, 121.01, 119.88, 119.65, 110.07, 110.03, 42.85
(NCH,), 31.63, 29.20, 29.08, 29.01, 26.94, 22.48, 14.37
(CH;); IR (KBr) v: 3325, 3231, 3050, 2926, 2853, 1688,
1648, 1627, 1598, 1580, 1493, 1471, 1235 cm™'. Anal.
calcd for C43HsoNgO: C 77.21, H 7.84, N 12.56; found C
77.32,H7.63, N 12.40.

3.3 B EYEIE MM
HFrALG¥n%t PTPIB A4 1) 3k 1 07 % 52 56 7 v
¥ HR S HR[4110 7 1R 3ET

i B &L (Supporting Information) Hirft547 3 fil 4
1 IR "H NMR 1 °C NMR L\ Hi#fb &%) 3a ) 2D
NOES #f &, ix 64kl m DL 4 2% A A 1] 1Y 3 (http:/
sioc-journal.cn/) I F %%,
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