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W OE R A RN-FBARRA AW R-3- TR EAT A, RN L ARINERE E M, ik AR AT A 4 2-[6-(F A
H)-1-(4-FOR T BEAR ) -2-F A -1H-" % -3- K T8 (GY3) b FAL A4, A 4- 3R F R R R b 3 AR 35 & 4-BORBR W B8 9 JjAt, &
Fischer %R 2R A 3B R BRI B MES 47 R 735 8 Fb N-25 ek (3- 2 A K Pk sk S-FA KR Fab Ak 47 A K FAL ik 4-F ARk
KEAFEA A-TEh AR PELL 3-CBRA R FEL A FIABEL wbeg-2-F B ) B 89 — S5 vk-3- T EAT A M . RIAAA
5 28 6 HepG2 M 3K B AR 69 IR SME R B 4B AL E 04 . 4R 2SR B N-FBE AR 09 = A3 k-3- T ik & B Axfbdoam, 3t
LM B, AR IR A AR E A E . 2 1.0 pmol/L &4 T, BT AL a4 £ HepG2 2m it L6942 H) £ T R A
5.4%~9.1% , 2 ¥ ,2-[(2R,35)-5-"F A -2-F K -1-(4-F BB A K FEL AL )-2,3- = A" 7R-3- 2| T 09 I B R, AT 3 B4
HAEE 5 FEA(9.10+1.81)% , 5 P st 1R 254 — W SUIREEE[(10.58 £ 1.68) %], 42473 55 T 4 54044 GY3[(12.15£0.78) %], %
it AR RS N-F BN S IR EIIANR R R FRRAM , def AR Faim S LGB E R RRAE T %, L5
F i ZBRAR AN GY3.
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Design, Synthesis and in vitro Hypoglycemic Activity Study of N-aroyl Substituted Indoline-3-acetic Acid
Derivatives

ZHANG lJiquan'*, WU Tingting', MA Caiyu', MA Xiao', WANG Jianta', TANG Lei*(1.College of Pharmaceutical
Sciences, Guizhou Medical University, Guiyang 550025, China; 2.Guizhou Medical University/Guizhou
Provincial Engineering Technology Research Center for Chemical Drug R&D, Guiyang 550004, China)

ABSTRACT OBJECTIVE: To design and synthesize N-aroyl substituted indoline-3-acetic acid derivatives and evaluate their in
vitro hypoglycemic activity. METHODS: Using indoline derivative 2-[5-(benzyloxy)-1- (4-chlorobenzoyl) -2-methyl-1H-inclol-3-y1]
acetic acid (GY3) as leading compound, 4- (benzyloxy) phenyl hydrazine hydrochloride and methyl 4-oxopentanoate as raw
material, 8 kinds of N-aroyl (3-hydroxybenzoyl, 3-cyanobenzoyl, 4-nitrobenzoyl, 4-methylsulfonylbenzoyl, 4-acetamidobenzoyl,
3-acetylaminobenzoyl, isoniacyl and pyridine-2-formyl) substituted indoline-3-acetic acid derivatives were synthesized via 4 steps
reactions: Fischer indole cyclization, reduction, amidation and hydrolyzation. The human hepatoma HepG2 cell lines were used to
investigate the glucose consumption activity of the target compounds. RESULTS: Totally 8 wvarious N-aroyl substituted
indoline-3-acetic acids were synthesized and their structures were confirmed by mass spectrum (MS) , nuclear magnetic resonance
'H-NMR and "C spectrum. Under the condition of 1.0 umol/L, the percentage of glucose- promoting consumption of the synthesized
compounds on HepG2 cells was 54% -9.1% . 2-[(2R, 3S) -5-benzyloxy-2-methyl-1- (4-methylsulfonyl benzoyl) -2,
3-dihydro-indole-3-yl] acetic acid showed the best hypoglycemic activity. The percentage of glucose- promoting consumption was
(9.1 £1.81)% , which was close to that of positive control metformin [(10.58 + 1.68)% ], but less potent than that of leading
compound GY3[(12.15 + 0.78)% ]. CONCLUSIONS: Different electron-withdrawing substituents are introduced into N-aroyl
aromatic rings of dihydroindole compounds, such as cyano, nitro, methyl sulfonyl; hypoglycemic activity decreases in varying
degrees and is weaker than halogen substituents.

KEYWORDS Indoline-3-acetic acid derivative; Hypoglycemic activity; Synthesis; Structure-activity relationship
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A] L3 2 R 1 £ WEATE A FRALTE (ACC) PHAS £ Wk 4
it A 1] N T T A G AR DTG 28 AR I R e Sob A4 Y
AR AR I e T 1A . A B 2R, — bl
PRIGIGIT 245 — W XIS, g m e — il 2S (TZDs ) Jik i 25
388 0] 49 AT 0 e i) 2 A AMIPK 3K & 8 A O
AT Fi A 5SS A BT AL T 2 RS A
Yy, e AR R AL A 2-[5- (R4 L) - 1- (- A
P 3 ) -2- FH L TH-m|e-3- 28] 4R (G Y 3) WY R B AL
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T AR E , & kA N- B Ak, M B AR L A
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TR - B R IIGIF I8 1 AR DL GY3 o
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Fig 1 Chemical structures of GY3 and indoline-3-ace-
tic acid derivatives
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2.2.1 5N IE-2-H JE-1H-5|WE-3- 2 R F i (fb &4 4)
PG T 500 mL SO H A 4-2% B AR JHER iR
(b5 2,10.00 g,40 mmol) I EE(150 mL) , $iHE T
HA 4-48 % 8 R (fk4% 3,5.00 mL, 48.80 mmol) .
i (6.30 mL, 0.12 mol) , I # A1 3 Si Ji 24 h, )2 6,135
(TLC) Wil [z i 58 4% o W HI B =, R ZE TR, 5%
R A 2R 2,158 (200 mL) . 7K (100 mL) , F 2.0
mol/L ZE AL R pH 2= 8~9, /r A HLZ Ik
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FHZK (100 mL) AR A8 (100 mL) Ve, To/K B R EM
TR TR IR 78 FE ] Bk B W A AL E AT A
fik- 2 B8 CO TR (42 1, VIV)1A3 2045 (o [ 44 9.82 g, i %
79.6% ., 'H-NMR (400 MHz, CDCl,) § (ppm) : 7.78 (s,
1H),7.49(d,J=7.2 Hz,2H) , 7.39 (t, J=7.2 Hz, 2H) ,
7.34~7.33(m, 1H),7.14(d,J=8.4 Hz, 1H),7.09(d,J=
2.4 Hz, 1H) , 6.85 (dd, J=2.4 Hz, 1H) , 5.12 (s, 2H) ,
3.66~3.65(m,5H),2.38(s,3H) ; HIME% % (ESI-MS) :
A e (m/z) 3101 [M+H]", Bl AL &4 4.

2.2.2 3-[(2R, 3S)-2- (5-"F A -2- 1 gk -2, 3- — &(- M)
WE-3-35) | CIR P ER (LG BB 2% 3Ck[12], T
50 mL Jz b 3 Ao A H R A S 9 4 (1.50 g, 4.85
mmol) IKAESER (20 mL) , S FEF , Tk (0 C) Rk
AT A A48 (1.52 g, 24.24 mmol) , I EE T2 I h
B4 by FERIAK (30 mL) P K S, 78 W5 741, 5% B )
Jn7K (20 mL) . ZBR 2. (30 mL) , F AR AR ER 24 % pH
29,0 MANLZE, KIZRE ] 182 15 (30 mL) 22 1L
BIHAHZ, 0B K (20 mL) A A5 AL4 (20 mL) ¥
W JOAK BRI AN T , (DSOS ) AR B iR Y 1.48 g,
ZRERCHE JZMT A I k- L BR LR (32 1, VIV) 15 S AR 0
R 9 0.32 g 'H-NMR (400 MHz, CDCl;) 6 (ppm) :
7.43~7.30(m,5H),6.76(d,J/=2.4 Hz,1H),6.68(dd,J=
8.4 Hz, 2.8 Hz, 1H) , 6.53 (d, J=8.4 Hz, 1H) , 4.96 (s,
2H) , 3.70 (s, 3H) , 3.61~3.58 (m, 1H) , 3.45~3.23 (m,
1H),2.62(dd,J=16.0 Hz,7.6 Hz,1H),2.52(dd,J=16.0
Hz, 7.6 Hz, 1H) , 1.25(d, J=6.0 Hz, 3H) ; ESI-MS: m/z
312.1[M+H]", #iiA ML B 5.

2.2.3  ZEMIME-3- LB AWM SR S
(0.31 g, 1.00 mmol) % f# T .12 £, 1 (5 mL) M1 2 Jii5 (10
mL) ¥, B4 I 3- 3% 2K H R (0.27 g, 2.00
mmol) 8 3-F KL FH R (0.29 g, 2.00 mmol ) B 4-fif§ KL
F 2 (0.34 g, 2.00 mmol ) =5, 4- F fifh ik 3L 7 H % (0.40 g,
2.00 mmol) a§; 4- 2, i i 32K H iR (0.36 g, 2.00 mmol ) 2§,
3- A KL (0.36 g,2.00 mmol ) B F4H#R (0.25 g,
2.00 mmol) 5% 2- Mt e B % (0.25 g, 2.00 mmol) , F il A
EDC - HC1(0.40 g, 2.20 mmol) , N- F 3£ 1 0k (0.25 mL,
2.20 mmol) ZEIRAHFE N 12 he SN P INA 2R 21k
(20 mL) , 437 FH 1 mol/L ##2 (10 mLx3 ¥ ) . 1fL Fl i iz
B4 (10 mLx3¥K) /K (10 mLx3 ) il AT AL sk (10
mLx3 YO PE, ToK R REN T8 , hUE I 7% 207
13 AmINE-3- LR IAT A AL

2.24  TAMIME-3- LR AEY R At A
W-3- 2 R 254 A MRLAL (0.81 mmol) , 1 i T DU &, 1k e
(9 mL) FIHIBE (3 mL) VRS FI o, TUKERB T InA L
mol/L & 4L # (4.00 mL,4.00 mmol) , {7 T #itHE 5
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10 min & , F+ 2 EEFHHE Y 3 h, AT 1 mol/L R R 1H 15
pH 2 3~4, R ZE BRI, 5% B H SR £ R (20 mL)
L, A HUZ KK (10 mL) g A& Ak#k (10 mL) P
U JCIRBREN T8 B I F IR 28 L), Bk PR W A kA
FEEHT A - LR CB6 (12 1, ) 15315 Bk &4
AN W3- CRRFEAT R o AR Y 8 A k-3-2
FRRATHEY 35 Dla, 2-[(2R,38)-5-" R4 HE-1-(3-52
JEHE W ) -2- F -2, 3- T 15|k -3- 38 212 s Db,
2-[(2R,38)-1-(3-FUHEAR R AL ) -5- 71 A Bk -2- T Jk-2, 3-
A3 JE] 2R s Ble, 2-[(2R, 38)-5- R A SE-2-H
FE-1-(A-fS HEOR H R JE ) -2, 3- — &(- M| Wk -3- 2 £ iR s D
1d. 2-[(2R,38)-5-"F 48 Hk-2- F FE-1- (4- FFV R P KL T 1k
I )-2,3- A -mE-3- 3L 2. s B e, 2-[(2R,38)-1-(4-
LMok 2 HEOR P R ) -5 AR Bk -2- FP -2, 3- & -1 - 3-
HZHR; ©1f, 2-[(2R,3S)-1-(3-Z Bk HETE I BRI ) -5-
RS -2- H 32, 3- A - E3- ) 2R D Lg.
2-[(2R,38)-5-"F A Bk-2- F BE-1- (M e -4-FH BE 5L ) -2, 3-—
-8 E-3- L) 22 s @ 1h. 2-[(2R, 35)-5-"F% 4 Jk-2-
JE-1- (I -2- R )2, 3- Mg |WE-3- 3 2R

M1a, H A, 1% 68.3% o %% 5 (mp) : 85~
86 °C ; 'H-NMR (400 MHz, CDCl,) 6 (ppm) : 7.34~7.26
(m,6H),7.17(t,J=7.6 Hz, 1H) , 6.92~6.79 (m, 5H) ,
5.07(s,2H),3.09(t,/=6.8 Hz,1H),2.62~2.57(m,3H),
1.25~1.19 (m, 3H) ; "C-NMR (100 MHz, CDCl,) §
(ppm) : 175.8, 171.5, 159.7, 156.6, 141.8, 136.8, 135.1,
133.8, 128.7, 128.5, 128.2, 127.8, 127.7, 127.2, 118.6,
114.1,113.1,112.1,70.5,60.6,39.7,21.1, 14.2; ESI-MS:
m/z 440.1[M+Na], #iE N la,

@1b, @ [E A, 3. 37.7% . mp: 146~149 C ;
'H-NMR (400 MHz, CD,OD) § (ppm) : 8.15~8.08 (m,
1H),7.86~7.66(m,4H),7.33~7.25(m,5H),6.92(t,J=
2.4 Hz, 2H) , 5.04 (s, 2H) , 4.08~4.04 (m, 1H) , 2.77 (d,
J=5.6 Hz, 1H) , 2.35~2.29 (m, 2H) , 1.30~1.02 (m,
3H) ; "C-NMR (100 MHz, CD.OD) ¢ (ppm) : 180.1,
175.7, 165.9, 156.4, 137.2, 133.3, 129.9, 129.8, 129.0,
128.1, 127.5, 127.3, 117.6, 117.5, 114.3, 113.6, 112.9,
112.8, 70.0, 63.2, 51.6, 39.0, 34.5, 21.7; ESI-MS: m/z
449.1[M+Na]", Bk K 1b.,

@ 1lc, 0 [ {4, % . 86.3% ., mp:203~206 C;
"H-NMR (400 MHz, DMSO-d6) § (ppm) : 12.06 (s, 1H) ,
8.33(d,J=8.4 Hz, 2H) ,8.06~7.76 (m, 3H) , 7.39~7.33
(m,5H),7.09~7.03(m, 2H) , 5.08(s, 2H) ,4.01(dd,J=
7.2,14.0 Hz, 1H) , 3.11~3.03 (m, 1H) , 2.51 (d, J=14.0
Hz, 2H) , 1.19~1.16 (m, 3H) ; “C-NMR (100 MHz,
DMSO-d6)  (ppm) : 173.4, 173.0, 155.8, 148.1, 142.9,
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137.0, 135.5, 134.6, 128.5, 127.6, 126.8, 123.9, 118.1,
113.2,112.1,111.1,69.6,60.3,31.8,20.7, 14.1; ESI-MS:
m/z 469.1[M+Na]', #fiiA N 1c.

@1d, A EA, % :39.4% . mp:218~220 C;
'H-NMR (400 MHz, DMSO-d6) 5 (ppm) : 8.12~8.06 (m,
2H) , 7.76 (s, 2H) , 7.49~7.34 (m, TH) , 6.97~6.87 (m,
1H) , 5.08 (s, 2H) , 4.49 (d, J=5.6 Hz, 1H) , 3.99~3.98
(m, 1H) , 3.17(s, 3H) , 2.97~2.93 (m, 1H) , 2.67~2.59
(m, 1H) , 1.27~0.98 (m, 3H) ; “C-NMR (100 MHz,
DMSO-d6) d (ppm) : 177.9, 177.8, 153.1, 141.0, 139.7,
132.4, 131.8, 131.5, 131.2, 130.8, 129.6, 122.8, 116.5,
111.4, 110.3, 107.1, 74.2, 65.2, 42.8, 35.8, 24.2, 17.2;
ESI-MS :m/z 502.1[M+Na]", #ik K 1d.

®1le, A EAA, CHE:72.3% . mp:212~213 C;
'H-NMR (400 MHz, CD;OD)J(ppm) : 7.69(d,J=17.6 Hz,
2H) , 7.48~17.40 (m, 5H) , 7.35~7.27 (m, 4H) , 7.01 (d,
J=2.8 Hz,1H),6.91~6.72(m, 1H),5.03(s,2H) , 3.96~
3.92 (m, 1H) , 3.18 (t, J=17.2 Hz, 1H) , 2.69~2.53 (m,
2H) , 2.15 (s, 3H) , 1.28~1.16 (m, 3H) ; “C-NMR (100
MHz, CD,0D)é(ppm):175.7,175.1,171.8,157.8,142.0,
140.2, 138.6, 128.9, 128.6, 128.1, 123.6, 120.6, 115.5,
114.1, 113.4, 112.3, 111.0, 71.4, 64.9, 62.7, 41.4, 32.9,
23.9; ESI-MS : m/z 481.1[M+Na]', #fiik K le.

@ 1f, [ [ A, e % : 45.1% . mp: 131~133 C
'H-NMR (400 MHz, CD;OD+CDCl;)5(ppm) : 8.09(d,J=
9.2 Hz, 1H) , 7.71~7.59 (m, 3H) , 7.44~7.30 (m, 6H) ,
7.28~7.24(m, 1H) , 6.89~6.78 (m, 2H) , 4.97 (s, 2H) ,
3.32~3.28(m, 1H), 3.14(t,J=7.2 Hz, 1H) , 2.54(d, J=
6.0 Hz,2H),2.08(s,3H),1.20~1.10(m, 3H) ; “C-NMR
(100 MHz, CD:OD+CDCl;)6(ppm) : 177.8,174.4,141.2,
141.0, 140.8, 133.7, 133.3, 132.5, 132.4, 131.9, 131.5,
131.4, 129.1, 126.3, 126.1, 122.1, 118.0, 116.2, 111.0,
74.4, 67.4, 48.4, 38.1, 27.4, 13.8; ESI-MS: m/z 459.1
[M+H]", Bk 11,

D1g, [ A % . 55.3% . mp: 163~165 C ;
'H-NMR (400 MHz, CDCl;) 5 (ppm) : 8.90 (d,J=4.5 Hz,
2H),7.82~17.78(m,2H),7.69~7.65(m,2H),7.51~7.46
(m, 1H) , 7.48~7.31 (m, 5H) , 6.85 (m, 1H) , 6.82 (m,
1H) , 5.06 (s, 2H) , 4.69~4.67 (m, 1H) , 3.22 (m, 1H) ,
3.11~3.04(m, 1H) , 2.59~2.56 (m, 1H) , 1.07(d, J=6.4
Hz, 3H) ; “"C-NMR (100 MHz, CDCl;) § (ppm) : 176.5,
168.0, 150.1, 143.6, 135.1, 134.8, 134.2, 129.5, 127.1,
125.4, 125.0, 118.5, 115.6, 110.8, 72.9, 65.6, 43.8, 36.5,
20.8; ESI-MS : m/z 425.1[M+Na] ", #iik H 1g.

@ 1h, [ A, 1% . 48.0% . mp: 166~169 C ;
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'H-NMR (400 MHz, CDCl;) § (ppm) : 8.94(d,J=4.4 Hz,
1H),8.32(d,J=8.8 Hz, 1H) , 7.93~7.76 (m, 1H) , 7.77
(d,J=7.6 Hz,1H) ,7.50~7.47(m, 1H) , 7.41~7.29 (m,
5H),6.91(dd,J=2.4,8.8 Hz, 1H) , 6.85(d,J=2.4 Hz,
1H) ,5.05(s, 2H) , 4.67~4.65 (m, 1H) , 3.23 (d, J=9.6
Hz, 1H) , 3.02~2.94 (m, 1H) , 2.57~2.52 (m, 1H) , 1.06
(d, J=6.4 Hz, 3H) ; “C-NMR (100 MHz, CDCl,) ¢
(ppm) : 174.4, 165.2, 156.5, 153.5, 147.5, 138.9, 136.9,
135.2, 128.1, 127.6, 127.5, 125.4, 124.5, 119.2, 114.1,
111.6,70.3,62.0,44.8,39.3,21.4; ESI-MS:m/z 425.1[M+
Na]', #A A 1h,
2.3 fESMpEHEE IR

AHIFELL HepG2 A MLV RS, AR 4l 32 1Ak S 0 4
PEAG AL T 20 N FRARARIT O BB E 1E 1X
B0 RRZH (Z FF BN ) | BHPAE T B (— HOBUAIR, 1
pmol/L) FUAN A 5234k G- 2 . — FERUMICR — Y 6B
PIC il A% 0.2 mol/L BV £ ¥ , 52 Ak A5 — FH S I AL i
il % 100 mmol/L B¢ 10 mmol/L, IIfii FH aif FH — F 35 3y Ak 45
R BERY, 1.0 pmol/L. HepG2 A% 10 % 54+ 1M1 #)
B DMEM K5 3535 F 37 °C (5% CO. ML 324 i
B, B K SR B TR, 2~ 3 AR AR L IR
HepG2 4l T 96 FLAR , HF I TCA s FIXTIRZE . £i¢
MMERZET0% ~80% A5 B, 35 £ IR I IR 5, HIBEIR
M (PBS) UE 2 3l , #e b5 0.2% MLy & 1 L 1
nmol/L i 5 2 (49 JC I 35 1640 K5 37 , IF 47 20 4l
2, R A A - ALY L (1% (GOD-POD
12 ) 7€ HepG2 240 /i i 4 WA 19 A 1, 1133000 A A WIS G
E/\$(%)—(/§ [ Xof I 2 2 W 5 f2 — in 2 2 e g

)/ X B A A i< 100% o ANTRAL S PITE
HepG2 2 bR A A FE [T R IR 1
Fx1 AEHEWMEHepG2 A EMREFEHER

SFE(xts,n=3)

Tab 1 Percentage of glucose-promoting consumption
of different compounds in the HepG2 cell lines (x + s,
n=3)

s/l 2k TERGEIRREFE A 202, %
la 1.0 wmol/L 6.72+0.37
1b 1.0 pmol/L 826+ 1.51
lc 1.0 wmol/L 8.76 £0.25
1d 1.0 pmol/L 9.10£1.81
le 1.0 wmol/L 7.36 £0.95
1f 1.0 pmol/L 5431032
lg 1.0 wmol/L 6.01£0.82
1h 1.0 pmol/L 2131344
GY3 1.0 pmol/L 12.15+£0.78
ZITAR 0.5%(V/7)

R 1.0 pmol/L 10.58 +1.68

M TSR AT LR ), N-J57 IR 57 26

China Pharmacy 2019 Vol. 30 No. 3 - 321 -



H, - 5 P SRR BRI AR N T R IR

(GY3) o For, XAz 87 H, B AT BBOA s 1 e e 7 [ o2 1

HL T AU (e vs. 1b, le vs. 1), 5 A HL T3 A A

BEREIRAL G 1d RO PERRS FETS M, (B35 15 %

A GY 3 K R Xt R 24495 — F XD

3 it

HepG2 41 -5 N4 Mg e BURAAE B AR AL, FEA R

BT IER TR A B A0 e 8 3R S B B SR A A I 1, BB

AT S R4 0o L BS54 AR A

TS W BRI NERE TG PP

AT BT A& 3 02 TE GY 3 Y5 TR AL IS

BRI 5B, B AT R RRRETE E . BAR

G50 BRI S MATAE Y S AR T R B Y

GY3, (HANIR AR F o 7T GY3 S5 Ui i 55
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