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Design, synthesis and antidiabetic activities of 5-arylmethylene
thiazolidine-2,4-dione derivatives

HUANG Min', XU Jinf, FAN Li, LIU Hong-ping, ZHANG Kun, FENG Ji-zhou, YANG Da—cheng*

(Key Laboratory of Applied Chemistry of Chongging Municipality, Institute of Bioorganic and Medicinal Chemistry,
School of Chemistry and Chemical Engineering, Southwest University, Chongging 400715, China )

Abstract: In order to find highly active antidiabetic agents, the 3-amino group of skeletal structure
of thiazolidine-2,4-diones (TZDs) was modified to generate the new molecules TM1 and TM2 in the present
research. The new molecules TM3-TM6 containing rhodanine structural units were designed based upon
the bioisostere and combination principles. The target molecules TM 7, which is similar to the traditional TZDs
structurally, were designed by connecting the phenolic hydroxyl of the above target molecules to carbazole
through a linker. All of these target compounds were synthesized successfully by selecting suitable synthetic
routes with optimized procedures. The assay results of peroxisome proliferator activated receptor response
element (PPRE) agonist activity revealed that the PPAR agonist activity was decreased due to the change of TZD
ring. The assay of a-glucosidase inhibitory activity and protein tyrosine phosphatase-1B (PTP-1B) inhibitory
activity showed that most of the seven serials target molecules have weak activities in vitro. However, 3 of the
compounds exhibited strong PTP-1B inhibitory activities. TM2-6 exhibited the highest inhibitory activities,
which reached 96.71% with ICg, 1.48 mg-L™". In addition, the toxicity prediction disclosed that the highly
active compounds were almost non-toxic. These results provide a hint for the development of new antidiabetic
drugs.
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Tablel Thephysical and spectral data of target molecules

T™™  Yield% mp/C 'H NMR (300 MHz, DM SO-ds), *C NMR (75 MHz, DMSO-ds)

1-1 785  185-186 ‘H NMR§3.72 (3H, s, COOCH3), 4.55 (2H, s, CHy), 7.93 (2H, d, J = 7.6 Hz, Ar-H), 8.14 (1H, s, C=CH), 8.36 (2H, d,
J=7.6Hz, Ar-H)

1-2 833  164-166 ‘HNMR§3.72(3H, s, COOCHag), 454 (2H, s, CH,), 7.59 (1H, d, J = 8.6 Hz, Ar-H), 7.82 (1H, d, J = 8.4 Hz, Ar-H),
8.04 (1H, s, C=CH), 8.12 (1H, s, Ar-H)

1-3 828  153-155 'H NMR§3.72 (3H, s, COOCHg), 453 (2H, s, CHy), 7.59 (1H, d, J = 7.8 Hz, Ar-H), 7.63 (2H, d, J = 7.8 Hz, Ar-H),
8.02 (1H, s, C=CH)

1-4 810  160-162 'HNMR§3.72 (3H, s, OCHs), 4.53 (2H, s, NCH,), 7.61 (2H, d, J = 8.3 Hz, ArH), 7.77 (2H, d, J = 8.2 Hz, ArH), 8.00
(1H, s, ArCH=C). ®C NMR § 42.1, 52.6, 121.3, 124.5, 132.0, 132.4, 132.9, 164.8, 166.5, 167.1

1-5 652  123-126 'H NMR§3.71(3H, s, OCH3), 4.49 (2H, s, NCHy>), 6.76-6.79 (1H, m, OCH=CHCH=C), 7.21 (1H, d, J= 3.3 Hz,
OCH=CHCH=C), 7.84 (1H, d, J = 4.9 Hz, OCH=CHCH=C), 8.12 (1H, s, ArCH=C). *C NMR § 42.0, 52.7, 113.8, 117.0,
120.0, 120.5, 148.2, 149.1, 164.7, 167.3, 167.6

1-6 932  140-142 H NMR§3.72 (3H, s, OCH3), 4.52 (2H, s, NCH3>), 7.33 (1H, m, SCH=CHCH=C), 7.77 (1H, d, J= 3.9 Hz,
SCH=CHCH=C), 8.09 (1H, d, J = 4.6 Hz, SCH=CHCH=C), 8.30 (1H, s, ArCH=C). ®*C NMR ¢ 42.2, 52.7, 117.7, 127.5,
129.2, 134.1, 135.7, 136.9, 164.7, 166.2, 167.2

1-7 825  141-143 HNMR§2.38(3H, s, ArCHs), 3.72 (3H, s, OCH3), 4.52 (2H, s, NCH3), 7.38 (2H, d, J = 7.8 Hz, ArH), 7.56 (2H, d, J =
7.9 Hz, ArH), 7.98 (1H, s, ArCH=C). ®C NMR ¢ 21.1, 42.1, 52.7, 119.2, 130.1, 130.4, 134.2, 114.4, 165.0, 166.9, 167.2

1-8 712  176-178 HNMR§3.73 (3H, s, COOCHg), 3.92 (3H, s, ArOCH3), 4.54 (2H, s, NCH)), 7.25 (1H, d, J = 8.9 Hz, ArH), 7.41 (1H, s,
ArH), 7.69 (1H, d, J = 8.6 Hz, ArH), 7.96 (1H, d, J = 5.5 Hz, ArH), 7.99 (1H, d, J = 5.9 Hz, ArH), 8.11 (1H, s, ArCH=C),
8.19 (1H, s, ArH). ®C NMR § 42.1, 52.6, 55.4, 106.2, 119.1, 119.8, 126.6, 127.9, 128.1, 130.5, 131.5, 134.5, 135.3,
159.2, 164.9, 166.9, 167.2

1-9 59.3  158-160 H NMR§ 3.72 (3H, s, COOCH3), 3.85 (3H, s, ArOCH3), 4.51 (2H, s, CH»), 7.13 (2H, d, J = 7.5 Hz, Ar-H), 7.63 (2H, d,
J=75Hz, Ar-H), 7.97 (1H, s, C=CH)

1-10 675  109-111 *H NMR60.94 (3H,t, J = 7.3 Hz, CH,CHj), 1.38-1.50 (2H, m, CH,CHs), 1.67-1.76 (3H, m, CH,CH,CHs), 3.71 (3H, s,
OCHg), 4.06 (3H, t, J = 7.3 Hz, OCH,CsH>), 4.51 (2H, s, NCHy), 7.12 (2H, d, J = 8.5 Hz, ArH), 7.62 (2H, d, J= 8.4 Hz,
ArH), 7.96 (1H, s, ArCH=C). *C NMR ¢ 13.7, 18.7, 30.6, 42.0, 52.7, 67.6, 115.4, 117.0, 125.0, 132.5, 134.2, 160.9,
165.0, 166.9, 167.3

1-11 794  153-155 H NMR 3.70 (3H, s, COOCHs), 3.76 (3H, s, CH30), 3.84 (6H, 5, 2CH30), 4.51 (2H, 5, CH5), 7.01 (2H, s, ArH), 7.95
(1H, s, =CH)

1-12 836  146-148 H NMR63.71(3H, s, COOCH3), 451 (2H, s, CHy), 6.16 (2H, s, OCH0), 7.13 (1H, d, J = 6.5 Hz, Ar-H), 7.23 (2H, d,
J=10.7 Hz, Ar-H), 7.94 (1H, s, C=CH)

1-13 902  163-164 'H NMR§3.72 (6H, s, COOCHa), 451 (2H, s, CHy), 4.93 (2H, s, COCH,0), 7.13 (2H, d, J = 7.2 Hz, Ar-H), 7.63 (2H, d,
J =73 Hz, Ar-H), 7.97 (1H, s, C=CH)

1-14 823  146-149 HNMR3.71(3H, s, OCH3), 450 (2H, s, NCH,), 6.94 (2H, d, J = 8.5 Hz, ArH), 7.53 (2H, d, J = 8.5 Hz, ArH), 7.91
(1H, s, ArCH=C), 10.46 (1H, s, OH)

2-1 80.6  248-250 'HNMR§4.40 (2H, s, CHy), 7.63 (2H, d, J= 8.5 Hz, ArH), 7.69 (2H, d, J = 8.5 Hz, ArH), 8.01 (1H, s, ArCH=C), 13.47
(1H, s, COOH). **C NMR § 42.4, 121.5, 129.5, 131.77, 131.9, 132.6, 135.5, 164.9, 166.7, 167.9

2-2 873  258-260 'H NMR§4.41 (2H,s, CHy), 7.66 (2H, d, J=8.3 Hz, ArH), 7.83 (2H, d, J = 8.2 Hz, ArH), 8.10 (1H, s, ArCH=C), 13.49
(1H, s, COOH)

2-3 816  193-196 H NMR§4.39 (2H, s, CH,), 7.37 (1H, m, SCH=CHCH=C), 7.81 (1H, d, J = 3.9 Hz, SCH=CHCH=C), 8.12 (1H, d, J =
4.6 Hz, SCH=CHCH=C), 8.34 (1H, s, ArCH=C), 13.67 (1H, 5, COOH)

2-4 90.2  227-229 'HNMR§4.37 (2H, s, CHy), 7.42 (2H, d, J = 8.0 Hz, ArH), 7.63 (2H, d, J = 7.9 Hz, ArH), 8.01 (1H, s, ArCH=C), 13.26
(1H, s, COOH)

2-5 835  222-225 HNMR§4.37 (2H, s, CHy), 7.18 (2H, d, J = 7.8 Hz, Ar-H), 7.69 (2H, d, J = 7.7 Hz, Ar-H), 8.02 (1H, s, ArC=CH),
13.37 (1H, s, COOH)

2-6 834  252-253 'H NMRJ 4.67 (2H, s, NCHy), 6.12 (2H, s, OCH,0), 7.01 (1H, d, =85 Hz, ArH), 7.31 (1H, d, J = 8.2 Hz, ArH), 7.57
(1H, s, ArH), 7.77 (1H, s, ArCH=C), 12.95 (1H, s, COOH). *C NMR ¢ 40.3, 101.7, 108.2, 110.1, 125.6, 127.6, 127.8,
145.0, 147.3, 149.1, 164.9, 166.5, 170.2

2-7 847  244-246 HNMR §4.38 (2H, s, NCHy), 4.80 (2H, s, OCH,), 7.10 (2H, d, J = 8.6 Hz, ArH), 7.63 (2H, d, J = 8.6 Hz, ArH), 7.96
(1H, s, ArCH=C), 13.30 (2H, s, COOH). **C NMR ¢ 43.2, 59.1, 116.5, 118.7, 126.7, 133.3, 134.7, 160.8, 166.1, 168.0,
169.0, 170.7

2-8 85.1  262-264 H NMR§4.36 (2H, s, NCH)), 6.93 (2H, d, J = 8.3 Hz, ArH), 7.52 (2H, d, J = 8.3 Hz, ArH), 7.89 (1H, s, ArCH=C),
10.41 (1H, s, OH), 13.32 (1H, s, COOH)

31 812  182-184 H NMR 3.75(3H, s, CH30), 3.85 (6H, s, 2CH30), 4.70 (2H, s, CH,COOH), 6.94 (2H, s, ArH), 7.76 (1H, s, =CH),
13.26 (1H, s, COOH)

32 875  230-233 'HNMR§3.85(3H, s, CH30), 4.71 (2H, s, CH,COOH), 6.96 (1H, d, J = 8.5 Hz, Ar-H), 7.14 (1H, d, J = 8.6 Hz, Ar-H),
7.20 (1H, s, Ar-H), 7.76 (1H, s, =CH), 10.25 (1H, s, OH), 13.24 (1H, s, COOH).

33 964  206-208 'H NMR §4.53 (2H, s, CH,COOH), 6.95 (2H, d, J = 7.7 Hz, Ar-H), 7.52 (2H, d, J = 8.0 Hz, Ar-H), 7.74 (1H, s, =CH),
13.23 (1H, s, COOH)

41 715  237-239 HNMR 6 1.54 (3H, d, J = 7.1 Hz, CHCH3), 5.62 (1H, g, J = 7.0 Hz, CHCHs), 7.91-7.95 (3H, m, Ar-H and =CH), 8.36
(2H, d, J = 8.6 Hz, Ar-H), 13.32 (1H, 5, COOH)

4-2 862  255-257 HNMR 6 1.54 (3H, d, J = 7.1 Hz, CHCH3), 5.62 (1H, g, J = 7.0 Hz, CHCH3), 7.59 (1H, d, J = 8.4 Hz, Ar-H), 7.82-7.89
(2H, m, Ar-H and =CH), 8.1 (1H, s, Ar-H), 13.25 (1H, s, COOH)

43 765  227-229 HNMR 6§ 1.54 (3H, d, J = 7.1 Hz, CHCH3), 5.62 (1H, g, J = 7.0 Hz, CHCHj), 7.63 (2H, d, J = 8.6 Hz, Ar-H), 7.69 (2H,

d, J= 8.6 Hz, Ar-H), 7.85 (1H, s, =CH), 13.29 (1H, 5, COOH)
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T™™  Yield% mp/C 'H NMR (300 MHz, DM SO-ds), *C NMR (75 MHz, DMSO-ds)

4-4 834  223-225 HNMR§ 1.55 (3H, d, J = 7.1 Hz, CHCH3), 5.62 (1H, g, J = 7.0 Hz, CHCHj), 7.60 (2H, d, J = 8.4 Hz, Ar-H), 7.77 (2H,
d, J= 8.4 Hz, Ar-H), 7.82 (1H, s, =CH), 13.27 (1H, 5, COOH)

45 88.6  191-193 'H NMR ¢ 1.54 (3H, d, J = 7.1 Hz, CHCH3), 5.62 (1H, g, J = 7.0 Hz, CHCHa), 7.33-7.36 (1H, m, Ar-H), 7.80 (1H, s,
=CH), 8.13-8.16 (2H, m, Ar-H), 13.27 (1H, s, COOH)

4-6 785  247-249 HNMR 6 1.54 (3H, d, J = 7.1 Hz, CHCH3), 2.38 (3H, s, ArCH3), 5.62 (1H, g, J = 7.0 Hz, CHCH3), 7.39 (2H, d, J= 8.0
Hz, Ar-H), 7.56 (2H, d, J = 8.0 Hz, Ar-H), 7.81 (1H, s, =CH), 13.25 (1H, s, COOH)

47 765  216-219 HNMR 6 1.54 (3H, d, J = 7.1 Hz, CHCH3), 3.92 (3H, s, OCH3), 5.62 (1H, g, J = 7.0 Hz, CHCH3), 7.27 (1H,d, J= 8.9
Hz, Ar-H), 7.41 (1H, s, Ar-H), 7.67 (1H, d, J = 8.6 Hz, Ar-H), 7.93-8.05 (3H, m, 2Ar-H and =CH), 8.19 (1H, s, Ar-H),
13.27 (1H, s, COOH)

4-8 836  185-188 'HNMR 1.54 (3H, d, J= 7.1 Hz, CHCH3), 3.85 (3H, s, OCH3), 5.62 (1H, g, J = 7.0 Hz, CHCH3), 7.14 (2H, d, J = 8.4
Hz, Ar-H), 7.64 (2H, d, J = 8.4 Hz, Ar-H), 7.81 (1H, s, =CH), 13.22 (1H, s, COOH)

49 832  199-201 'H NMR ¢ 1.54 (3H, d, J= 7.0 Hz, CHCH3), 3.75 (3H, s, CH30), 3.85 (6H, s, 2CH30), 5.62 (1H, g, J = 6.7 Hz, CHCHy),
6.96 (2H, s, ArH), 7.79 (1H, s, =CH), 13.26 (1H, 5, COOH)

410 843  197-199 HNMR 153 (3H, d, J=7.0 Hz, CHCH3), 5.58 (1H, g, J = 6.8 Hz, CHCH3), 6.16 (2H, s, OCH,0), 7.12 (1H, d, J= 8.1
Hz, Ar-H), 7.19 (1H, s, Ar-H), 7.23 (1H, d, J = 8.1 Hz, Ar-H), 7.75 (1H, s, =CH). *C NMR 6 13.4, 52.9, 102.2, 109.3,
109.6, 118.8, 127.1, 127.2, 133.8, 148.4, 150.0, 166.2, 169.5, 192.6

411 768  281-283 'HNMR 1.53(3H, d, J= 7.0 Hz, CHCH3), 3.84 (3H, s, OCH3), 5.61 (1H, q, J = 6.9 Hz, CHCH?3), 6.96 (1H, d, J = 8.2
Hz, Ar-H), 7.14 (1H, d, J = 8.3 Hz, Ar-H), 7.21 (1H, s, Ar-H), 7.75 (1H, s, =CH), 10.21 (1H, s, OH), 13.32 (1H, s, COOH)

51 765  166-167 ‘H NMR 6 3.39-3.50 (2H, m, CH2CsHs), 3.75 (3H, s, CH30), 5.76-5.86 (1H, m, CHCOOH), 7.12-7.24 (7H, m, ArH),
7.59 (2H, d, J = 8.2 Hz, ArH), 7.74 (1H, s, =CH), 13.27 (1H, s, COOH)

52 827  139-141 'H NMR ¢ 3.45-3.50 (2H, m, CH2CsHs), 3.74 (3H, s, CH30), 3.84 (6H, s, 2CH30), 5.71-5.84 (1H, m, CHCOOH), 6.92
(2H, s, ArH), 7.13-7.26 (5H, m, ArH), 7.72 (1H, s, = CH), 13.26 (1H, s, COOH)

5-3 832  117-118 'H NMR ¢ 3.39-3.49 (2H, m, CH,CsHs), 5.77-5.91 (1H, m, CHCOOH), 6.16 (2H, s, OCH,0), 7.10-7.19 (8H, m, ArH),
7.73 (1H, s, =CH), 13.28 (1H, s, COOH).®3C NMR ¢ 34.1, 59.1, 103.3, 110.4, 110.7, 119.0, 127.7, 127.9, 128.4, 129.3,
130.0, 135.0, 137.5, 149.4, 151.2, 167.5, 169.8, 193.6

5-4 713 121-122 'H NMR ¢ 3.49-3.52 (2H, m, CH,CsHs), 4.08 (3H, s, CH30), 5.81-5.94 (1H, m, CHCOOH), 7.11-7.21 (6H, m, ArH),
7.60 (2H, d, J = 8.8 Hz, ArH), 7.77 (1H, s, =CH), 13.42 (1H, s, COOH).

6-1 832  235-237 'H NMR§ 2.74-2.85 (1H, m, CCH,), 3.26-3.38 (1H, m, CCHy), 5.75-5.83 (1H, m, CHCOOH), 3.84 (3H, s, OCH3), 7.13
(2H, d, 3 = 8.3 Hz, ArH), 7.63 (2H, d, J = 8.2 Hz, ArH), 7.79 (1H, s, =CH), 12.50-14.20 (2H, m, CO;H)

6-2 758  225-227 'HNMR ¢ 2.89-2.94 (1H, m, CCH,), 3.22-3.27 (1H, m, CCH>), 3.75 (3H, s, CH30), 3.86 (6H, s, 2CH30), 5.91-6.03
(1H, m, CHCOOH), 6.98 (2H, s, ArH), 7.81 (1H, s,=CH), 12.78 (1H, s, COOH), 13.46 (1H, s, COOH). *C NMR 6 34.0,
54.2,57.1, 61.3, 109.1, 121.3, 129.3, 135.2, 141.1, 154.3, 167.4, 169.7, 172.3, 193.8

6-3 823  257-260 'H NMR ¢ 2.85-2.94 (1H, m, CCH,), 3.24 (1H, dd, J = 8.5, 16.4 Hz, CCH,), 5.91-5.97 (1H, m, CHCOOH), 6.15 (1H, s,
OCH,0), 7.12 (1H, d, J = 8.1 Hz, ArH), 7.18 (1H, s, ArH), 7.23 (1H, d, J = 8.1 Hz, ArH), 7.77 (1H, s, =CH), 12.00-13.10
(2H, m, COzH). *C NMR 6 33.0, 53.2, 102.3, 109.5, 109.7, 118.7, 127.1, 127.4, 134.1, 148.5, 150.2, 166.6, 168.8, 171.3,
192.7

6-4 811  284-286 'HNMR 6 2.37-2.43 (1H, m, CCH,), 3.48-3.54 (1H, m, CCHy), 3.84 (3H, s, OCH3), 5.47-5.50 (1H, m, CHCOOH),
6.93 (1H, d, J= 7.9 Hz, ArH), 7.12 (1H, d, J = 8.3 Hz, ArH), 7.17 (1H, s, ArH), 7.64 (1H, s, =CH)

6-5 940  241-243 'HNMR 6 2.39-2.44 (1H, m, CCH,), 3.46-3.56 (1H, m, CCHy), 5.48-5.51 (1H, m, CHCOOH), 6.94 (2H, d, J= 7.9 Hz,
ArH), 7.51 (2H, d, J = 7.9 Hz, ArH), 7.65 (1H, s, =CH), 10.56 (1H, s, OH)

7a-1 835  200-202 'H NMR ¢ 3.70 (3H, s, OCHs3), 4.46-4.49 (4H, m, OCH,and COCH,), 4.82—4.85 (2H, m, NCH>), 6.98 (2H, d, J = 8.4
Hz, Ar’-H), 7.19-7.24 (2H, m, Ar-H), 7.44-7.49 (2H, m, Ar'-H), 7.54 (2H, d, J = 8.4 Hz, Ar>-H), 7.70 (2H, d, = 8.1
Hz, Ar'-H), 7.91 (1H, s, ArCH=C), 8.14 (2H, d, J = 7.6 Hz, Ar*-H). *C NMR 6 41.9, 42.0, 52.7, 66.8, 109.6, 115.3,
117.3,119.0, 120.2, 122.2, 125.4, 125.7, 132.4, 134.0, 140.2, 160.2, 165.0, 166.9, 167.3

7a-2 802  249-252 'H NMR 6 4.45-4.49 (4H, m, OCH; and COCH,), 4.84 (2H, t, J = 5.6 Hz, NCH,), 6.98 (2H, d, J = 8.4 Hz, Ar>-H),
7.19-7.24 (2H, m, Ar'-H), 7.44-7.50 (2H, m, Ar'-H), 7.55 (2H, d, J = 8.2 Hz, Ar®-H), 7.70 (2H, d, J = 8.2 Hz, Ar’-H),
8.01 (1H, s, ArCH=C), 8.14 (2H, d, J = 7.7 Hz, Ar'-H)

7b-1 850  255-258 HNMR§4.47 (2H,t, J = 5.6 Hz, OCH,), 4.66 (2H, s, CH,COOH), 4.84 (2H, t, J = 5.6 Hz, NCH,), 6.99 (2H, d, J = 8.2
Hz, Ar’-H), 7.19-7.24 (2H, m, Ar*-H), 7.44-7.50 (2H, m, Ar'-H), 7.56 (2H, d, J = 8.2 Hz, Ar>-H), 7.70 (2H, d, = 8.2
Hz, Ar'-H), 7.79 (1H, s, =CH), 8.14 (2H, d, J = 7. 7THz, Ar’-H). ®C NMR 6 41.9, 45.4, 66.9, 109.6, 115.5, 118.8, 119.0,
120.2,122.2, 125.4, 125.7, 133.0, 133.7, 140.2, 160.5, 166.5, 167.3, 193.1

7b-2 873  185-188 HNMR 152 (3H, d, J=7.1 Hz, CH3), 447 (2H, t, J= 5.6 Hz, OCH,), 4.84 (2H, t, J = 5.6 Hz, NCH,), 5.61 (1H, q,
J=7.1Hz, CHCOOH), 6.99 (2H, d, J = 8.2 Hz, Ar®-H), 7.19-7.24 (2H, m, Ar'-H), 7.44-7.50 (2H, m, Ar'-H), 7.56 (2H,
d, J= 8.2 Hz, Ar’-H), 7.70 (2H, d, J = 8.2 Hz, Ar™-H), 7.79 (1H, s, =CH), 8.14 (2H, d, J = 7.7 Hz, Ar'-H), 13.61 (1H, s,
COOH). ®*C NMR 6 13.4, 41.9, 52.8, 66.9, 109.6, 115.5, 118.3, 118.9, 120.1, 122.2, 125.3, 125.7, 132.9, 133.7, 140.2,
160.4, 166.2, 169.6, 192.7

7b-3 765  157-160 *H NMR 6 3.39-3.49 (2H, m, CH,CeHs), 4.47 (2H,t, = 5.6 Hz, OCHy), 4.84 (2H, t, J = 5.6 Hz, NCHy), 5.77-5.91 (1H,
m, CHCOOH), 6.99 (2H, d, J = 8.2 Hz, Ar®-H), 7.13-7.26 (7H, m, Ar'-H and Ar®-H), 7.44-7.50 (2H, m, Ar*-H), 7.55
(2H, d, J=8.2 Hz, Ar®-H), 7.72 (2H, d, J = 8.2 Hz, Ar'-H), 7.78 (1H, s, =CH), 8.14 (2H, d, J = 7.7 Hz, Ar*-H)

7b-4 817  281-284 HNMR 2.67-2.74 (1H, m, CCHy), 3.21-3.33 (1H, m, CCHy), 4.47 (2H, t, J = 5.7 Hz, OCH,), 4.84 (2H, t, J = 5.6 Hz,

NCH,), 5.75 (1H, g, J = 7.1 Hz, CHCOOH), 6.99 (2H, d, J = 8.3 Hz, Ar®-H), 7.19-7.24 (2H, m, Ar'-H), 7.44-7.50 (2H,
m, Ar-H), 7.53 (2H, d, J = 8.3 Hz, Ar®-H), 7.69-7.71 (3H, m, 2Ar*-H, =CH), 8.14 (2H, d, J = 7.7 Hz, Ar-H). ®*C NMR
§34.4,41.9, 53.8, 66.9, 109.6, 114.8, 115.5, 119.0, 120.2, 122.2, 125.6, 131.8, 132.9, 133.4, 140.2, 160.4, 166.6, 168.7,
171.6, 193.0
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Table 2 Antidiabetic activity of target molecules TM1 and TM2. ‘The cLogP data is calculated by the online software Plexus
provided by Eli Lilly and Company. The value in parentheses is the antidiabetic activation at the equal molar concentration converted

by (antidiabetic/Conc.) x37.13

™ Ar cLogP* Conc. PPRE a-Glucosidase PTP-1B
9 /umol-L™* agonistic activity/% inhibitory activity/% inhibitory activity/%
11 4-0,N-CeHs 16 31.03 8.15 (9.75) 11.84 (14.17) 14.79 (17.70)
1-2 3,4-diCI-CeHs 29 28.89 17.89 (22.99) 14.07 (18.08) 10.10 (12.98)
1-3 4-Cl-CgHy 23 32.08 27.97 (32.37) 12.99 (15.03) 29.58 (34.24)
1-4 4-Br-CeHy 25 28.07 24.47 (32.37) 52.82 (69.87) 25.4 (33.60)
15 (>~ 0.8 37.42 23.92 (23.73) 14.04 (13.93) 12.29 (12.19)
16 @\ 16 35.30 20.31 (21.36) 24.84 (26.13) 12,94 (13.61)
17 4-HyC-CeHs 22 34.36 19.42 (20.99) 21.90 (23.67) 13.71 (14.82)
18 6-Methoxy-2-naphthyl- 25 27.98 30.81 (40.89) 34.60 (46.03) 12,98 (17.22)
19 4-CH30-CoHa 15 3254 27.45 (31.32) 31.76 (36.24) 15.21 (17.36)
1-10 4-C4HeO-CoHa 2.9 28.62 30.96 (40.17) 30.27 (39.27) 15.31 (19.86)
111 3,4,5riCH30-CeH> 12 27.22 22.97 (3L.33) 0.28 (0.38) 4.39 (5.99)
112 3,4-OCH,0-CeHs 13 3115 37.25 (44.40) 32.45 (38.68) 7.47 (8.90)
113 4-CgHs-OCH;CO,CHs 12 27.37 ~2.81 (-3.81) -8.76 (~11.88) 18.38 (24.93)
1-14 4-HO-CeHa 14 34.00 33.62 (36.62) 3.76 (4.10) —2.48 (-2.70)
21 4-Cl-CeHs 22 33,59 556 (6.15) 117 (1.29) 23.16 (25.60)
22 4-Br-CeHq 23 29.23 753 (9.57) ~7.66 (-9.73) 28.66 (36.41)
23 @\ 15 37.13 ~2.09 (~2.09) 0.50 (0.50) 0.5 (0.50)
24 4-HyC-CeHs 21 36.06 ~1.35(-1.39) ~0.83 (-0.85) 17.47 (17.99)
25 4-CH30-CoHa 14 34.09 5.65 (6.15) —5.15 (-5.61) 20.04 (21.83)
2-6 3,4-OCH,0-CgH3 1.2 32.54 8.30 (9.47) 23.20 (26.47) 96.71 (110.35)
2.7 4-CeHa-OCH,COH 09 29.65 -3.30 (-4.13) —4.62 (-5.79) 9.70 (12.15)
28 4-HO-CgHq 13 35.81 27.74 (28.76) 1.49 (1.54) ~35.67 (~36.99)
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Figure5 Comparison graph of PPRE relative agonistic activity of different series compounds
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Table3 Antidiabetic activity of target molecules TM3-TM6. "The cLogP datais calculated by the online software Plexus provided by
Eli Lilly and Company. The value in parentheses is the antidiabetic activation at the equal molar concentration converted by (antidiabetic/

Conc.) x33.86

™ Ar cLogP* Cone. _PPRE _ o-Clucosidase _ PTPiB
/umol-L agonistic activity/% inhibitory activity/% Inhibitory activity/%

3-1 3,4,5-triCH30-CgH> 20 27.07 —2.41(-3.01) -1.86 (-2.33) 17.90 (22.39)
3-2 3-CH30-4-HO-CgH3 20 30.74 —-5.66 (—6.23) -0.86 (—0.95) 11.74 (12.93)
3-3 4-HO-CgH4 21 33.86 —4.26 (—4.26) -9.01(-9.01) 30.11 (30.11)
4-1 4-0,N-CgH4 3.0 29.55 —8.67 (-9.93) 11.30 (12.95) 23.92 (27.41)
4-2 3,4-diCl-CgH3 42 27.61 —6.25 (—7.66) 5.33 (6.54) 13.05 (16.00)
4-3 4-Cl-CgH4 3.6 30.51 —-11.59 (—12.86) 12.08 (13.41) 6.72 (7.46)

4-4 4-Br-CgHa 38 26.86 —2.48 (-3.13) 24.96 (31.46) 5.35 (3.44)

4-5 @\ 29 33.45 —-6.04 (-6.11) 10.41 (10.54) 6.36 (6.44)

4-6 4-H3C-CgH4 35 3253 —7.54 (-7.85) 11.56 (12.03) 2.02 (2.10)

4-7 6-Methoxy-2-naphthyl- 38 26.81 45.55 (57.53) 2.83(3.57) 25.98 (32.81)
4-8 4-CH30-CgHa 29 30.92 19.41 (21.26) —-8.10 (-8.87) 35.85 (39.26)
4-9 3,4,5-triCH30-CgH. 25 26.11 22.22 (28.82) 0.06 (0.08) 13.00 (16.86)
4-10 3,4-OCH,0-CgHs 2.6 29.67 46.10 (52.61) —2.24 (-2.56) 19.04 (21.73)
4-11 3-CH30-4-HO-CgH3 2.6 29.46 19.22 (22.09) -3.08 (-3.54) 17.65 (20.29)
5-1 4-CH30-CgH. 45 25.03 13.12 (17.75) -1.17 (-1.58) 20.02 (27.08)
5-2 3,4,5-triCH30-CgH> 42 21.78 22.96 (35.69) -0.91(-1.41) 8.14 (12.65)
5-3 3,4-OCH,0-CgH3 43 24.19 28.80 (40.31) —5.40 (-7.56) 23.28 (32.59)
5-4 3-CH30-4-HO-CgH3 42 24.07 26.64 (37.48) -1.12 (-1.58) 21.02 (29.57)
6-1 4-CH30-CgHa 22 27.22 19.19 (23.87) 0.94 (1.17) 22.61 (28.13)
6-2 3,4,5-triCH30-CgH. 19 23.39 13.36 (19.34) -2.27 (-3.29) 1.83(2.65)

6-3 3,4-OCH,0-CgH3 2.0 26.22 13.44 (17.36) -1.96 (—2.53) 15.21 (19.64)
6-4 3-CH30-4-HO-CgH3 19 26.08 0.75 (0.97) -3.01(-3.91) 21.30 (27.65)
6-5 4-HO-CgH4 21 28.30 11.46 (13.71) —2.47 (-2.96) 17.65 (21.12)
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o 4 Ji A

TM7 RAIK) o & R HE R 5, 5
i LA E DD HITEEZ AN . (H TMT7 RELED
1) PTP-1B il yE P SRR AT, Rl TM7b-2 5
TM7b-4 435 P 43 B 1] 98.22% 5 92.35%. H
SimBioSys 2 & 1 eHi TS # it HiE 1 7+ 5 & i
(PTP-1B, PDB code 1XBO™) x4 ik %, J& i
PyMOL B3R EC 5 (] 6, a B A B & EC ik
4y TPCAS: 745079-21-4, b 5 TM2-6, ¢ 4 TM7b-2,
d N TM7b-4).

Bl 6 o i PR 2 5 8 0 2 G X3 R e A
a8, AAE R R R AN . Bk S
T H5RE IR GIn262. Arg254. Arg221. Aspl8il.
Tyrd6. Arg24 Tt BAsLE4 TM2-6 550k
FRA%HE Arg221. Gly220. Ser216. Phel82. Asplsl &
WA, HARMLEY TM7h-2 5 FERR R Arg221.
Phel82 ¥ A, HIrLEY TM7b-4 5Lk
£ GIn266. GIn262. Phel82 R E M, H HArb&
VIl B S5 e (FPR IR 454 55 Phel82 15 Hi /K 4 B
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Table4 Antidiabetic activity of target molecules TM7.

Conc.) x24.13

"The cLogP data is calculated by the online software Plexus provided by Eli
Lilly and Company. The data in parentheses is the antidiabetic activation at the equal molar concentration converted by (antidiabetic/

™ X Y z cLogP* Cone. | _PPRE _ o-Clucosidase _ PTPiB
/umol-L agonistic activity/% inhibitory activity/%  Inhibitory activity/%

M7 (o} - 438 24.13 55.42 (55.42) -1.73(-1.73) 15.37 (15.37)
7a-1 (o} H CHs 4.7 20.55 16.84 (19.77) 2.73(3.21) 7.37(8.65)
7a-2 o} H H 5.3 21.16 11.20 (12.77) 8.11 (9.25) 65.71 (74.93)
7b-1 S H H 54 20.47 28.25 (33.30) 9.74 (11.48) 30.71 (36.20)
7b-2 S CHs H 6.0 19.90 15.75 (19.10) 2.63(3.19) 98.22 (119.10)
7b-3 S CH,CgHs H 77 17.28 26.52 (37.03) 6.57 (9.17) 48.92 (68.31)
7b-4 S CH,COOH H 54 18.29 23.87 (31.49) 2.31(3.05) 92.35 (121.84)

Figure 6 Docking figures of compounds and protein. &
CAS:745079-21-4, b: TM2-6, c: TM7b-2, d: TM7b-4

EF . HFrL &Y TM2-6 5 TM 7b-2 (32 3¢ 5 Arg221
] 1 B A — LT A ELAE B 2 — PSR IR B S 4 G e
TXFlAR A A AR 20AE VR 2 S PTP-1B il 5]
H LI,

24 k&Y PTP-1B HMFIEM I1Cs ESFH TN
B AWRENE T PTP-1B &iE 2> T 1Cs 1,
W 5.

W PR I S M, T B HARZY, R R PR
KAWL I FEART . AT M S
VI 4tk S E Simulations Plus 23 &) 1) &
Tl % ADMET Predictor 8.0 Till{t& ¥ i &1tk
(% 5).

F SR, KB mnis vk B AR A4 ) B KA )
R THREY, Haist Bt &9 1Cs E3/0
T B N PLERAN . 1 T 45 AR B, S
YA ST BRI TEYE, TR A 5 S R E R 9T
3 g

KL TZDs BAMIEAEMNT, Wit T 74
RO Bt &9, EAE RS R E, AT 51
AN HFRE Y . RSN URE PR R R R I 3 A
PTP-1B il y& AR 47 i HAn >+, Horh TM2-6 il
T ME L 96.71%. 1 Csp 16 A 1.48 mg-L Y, 41T B P %F
By, |AETIER, &iEtEs IR R, AIE
T BLBURE IR 2 ) e 5oy i — DAL

SKIGER S

BlR (BERAERANT T, AR); ToKESRREN (iR
INETHE AL TR, AR); IRZERFEE (Hirg&
JC I 24 By PR I 3%, >98%); R (AbEh
AL TAHBR AR, 99%); —mifbik. 1,2- IR ZHE.
AN AT, AT (REREHRAL
G, AR); BRERET (RN AR AL TA R A,
AR); HERR. WEMR. RNER. REAER (S
IEFHARBIRTEAF, CP); 34,5-=HEILEH
e, 2-MEWy . 4-HESEHEE (Alfa Acear, AR);
2-WRIR FH I (R &A= A R AR, CP);, &
1b4H (J&K Chemical ltd., 60% mineral oil); S %4k
HO(FEKATARF) T, CP); DMF (Samsung Fine

Table 5 Invitro ICs for highly inhibitory active compounds. The normal range of toxic predictions: TOX-hERG pIC 5<6 mol-L ™
TOX-MUT risk<2; TOX-BRM-rat TDsp=>4 mg-kg *-d*; TOX-BRM-mouse TDs;=>25 mg-kg *-d *; TOX-RAT LCs;>300 mg-kg*

TM2-6 10 96.18 1.48 3.53 0 7 349 588 1
TM7b-2 10 98.57 2.17 5.89 1 9 35 478 0.5
TM7b-4 10 90.24 4.96 5.36 0 18 66 642 1
NazVO, 100 93.31 5.35 - - - - -
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Chemicals, AR); 4-E K % (Fluka, AR); MM, 4-H
AIERHEE, 24 —SORHIE. 4RERHE., dO
e (EZEFRF R, AR); 6- 4 JE-2-25/ (WD
Wk THRAF, CP); HAALHHMEE (LN E &
BLEIFIT, CP);, KHEE (R —), CP); KA
FEE A T A5 A Sl ml o Al = B

SRS LRI (AV-300, Bruker); X5 i

O P E A (X6, MRPNERARAT).

1 BiUENER

1.1 MEMKE 24-—8F (SM) AR E 1 L =#
MG 2. 236 g (2.5 mol). #ififik 209 g (2.75 mol)
Ak R 625 mL, fiHE T NFAEI 3 h, A AT
b, 1EUE, SR B HO Pk 2K, 15 2-W R 3E-4-
W T ) T 6 A, ) SR A DN HLO 380 mL A
PEIR 6 g, INFENE 30 min, R G UE, JERA EPEEE
Mrem, T8, AR E H,OBE% 21k, 60 CT 158 h,
FRME ML -2,4- — i [ IR fi ik SM 184.5 g. Yield:
60%; mp: 125.6~127.1°C; IR (KBr, cm%): 3134 (s,
), 3047 (S, vcy), 2949, 2825 (S, ven,), 1739 (s,
ve=0), 1655 (S, ve=o), 618.0 (M, vcs); *HNMR (300
MHz, CDCl,): 6 4.14 (s, 2H, CH,), 12.02 (s, 1H, NH).

12 BfoF TM1 MER@EZE Tt
11 mmol. SM 10 mmol F1J:7K NaOAc 10 mmol,
TREEEE R ARR S, N 100 mL BRI, Wik
125 °C J B, [ SRR 15 1k, BEEDARBY, HE5E
A [E A OB, R HOINN S H B % (DMF)
e [ 4 2 A v E, BN 50 mL H,0 #r i k& [E 4k,
2 mol-L ™t HCI ¥ 1 %5 pH 5~6, =R+ 30 min J&
T 4CHrE, Mk, JEYHH H0 Bk, 100 CHE, H
Et,O-EA=2: 1 (v/v) IR &V 6~8mL 7 #ud %,
I, TBe, HAhEfA IM L.

5-55 3 H B ME M fe-2,4- — i (IM1). R LB H

Big Fl K, COs &b 1: 1.2 2 #0k. T 50 mL
JEE B AR KN IM 1, DMF. K,COs, #it#: 10 min
JE MR R WG, =B HE R, TLC Rl 2 B i
FEo MTEREH HyO VK, ¥4 J i B 2N,
g, HO ¥k 2 . 95% LBEE 455, B HIRLEY)
T™M1.
1.3 B#HSF TM2 BERKEZE 50 mL KA
N 2-(5-75 W0 F S E M 42 -2, 4- — i -3-38) 2R H
fig (TM1) 1 mmol. HOAc 10 mL. HCI 3 mL, 80°C
AU IN#Z B, TLC A e Mg FE o [RBL5E G, ¥
HkE, ik, EARH 50% 2B E L5, 5 RS
¥ TM2,

1.4 B#9F TM3~TM6 & RIBZE  7£ 250 mL
SN AR YOI NH3-H,O 60 mmol . CS, 60 mmol
50192 g FE=OERE, IREWMHIINE, &
B3N 15 mL ZIEER ) NaOH /K& (tH 60 mmol
ZIEER, 70 mmol NaOH iz /K 2E vk iy T i 45
), RAHFEN 4 h JG7E 70 CKE T ML R
LRI CSe EVKIB FIIAN 15 mL & LR /KIE
W (UK T H 72 mmol 5 Z R A 72 mmol NaOH il
VKRR R)) . FWBFEL) 2 h JGEVKIG TR Eh R
W pH=1, BAZIRHHEL 1 h, KB IN#AZ 30 min,
5 RN, A E AT A, HhiE. 50% B E
ghen, 1A IM2,

1.1 mmol 7% &FE. 1.0 mmol IM2 F1 1.2 mmol
Je/K NaOAc S 50 mL [RJEFEHEH, I 3~4 mL
BER A MR, 90 C/KME I, TLC Waml s ik 2, &
RLSERE ] HO WK RN, A B AU, il iE,
H,0 ¥t 2 . [E 1A 50% B2 H 45 5, 58 HirMb&
¥ TM3~TM6.

15 BHFE7ZFTM7af)&mBEE T 100 mL [# ke
AR NN 4-F2FE 2K FEE 1 mmol. DMF 3 mL.
K,CO3 4 mmol. 1,2- ¥R Z.%E 4 mmol, =i 4 3 S M,
TLC Wil je i fE, 29 24 h R Sig5me, Hhvg, b H,O
15 mL #iF&, 2 mol-L ™' HCl i 2 d ik, EA 2EHL,
MR NaCl ¥ed, AMAHTEK NaSO, T, ez .
PE/EA (viv, 8 : 1) K17 B (& IM5. i
74.2%, mp 75~77C. "HNMR (300 MHz, CDCl3) §
3.68 (2H,t, J = 5.6 Hz, BrCH,), 4.38 (2H, t, J = 5.6 Hz,
OCHy), 7.03 (2H, d, J = 8.6 Hz, Ar-H), 7.86 (2H, d, J =
8.6 Hz, Ar-H), 9.91 (1H, s, CHO)

T 100 mL [ A R NaH 1.2 mmol 73 #3
2 mL DMF 1, N £ F I 1.2 mmol H:P£ ) DMF
W, AR Q0 CHEFE L h A4, VK FIIAN 1 mL
IM5 1 mmol ] DMF ¥ V&, 50 CHi S N, TLC il
SRR . [LEE, BN H,O UK, N EA $2HX
3, AHAHMFN NaCl Pk 2. Jo7K NapSO, T
i, Jig7& . PE/EA (viv, 8 : 1) H:0il /)y BS540 5 IM6.
it % 54.3%. mp 139~143 ‘C. ‘H NMR (300 MHz,
CDCl3) 6 4.43 (2H, t, J = 5.6 Hz, OCH,), 4.76 (2H, t,
J = 5.6 Hz, NCH,), 6.89 (2H, d, J = 8.6 Hz, Ar%H),
7.26~7.29 (2H, m, Ar*-H), 7.46~7.51 (4H, m, 2Ar*-H
and 2Ar*-H), 7.75 (2H, d, J = 8.6 Hz, Ar*-H), 8.10 (2H,
d, J=7.7 Hz, Ar'-H), 9.84 (1H, s, CHO).

PL IM6 ATE M g -2,4- — i Sy JERE A i HR ] 4
IM7, SEEGPURIA] 5-75 I FH B e e -2,4- — i (IM 1)
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A . I 86.2%. *HNMR (300 MHz, DM SO-dy)
5 4.41~4.45 (2H, m, OCH,), 4.83 (2H, t, J = 4.4 Hz,
NCH,), 6.96 (2H, d, J = 8.5 Hz, Ar>-H), 7.19~7.23 (2H,
m, Ar'-H), 7.44~7.49 (4H, m, 2Ar-H and 2Ar%H),
7.68~7.71 (3H, m, 2Ar*-H and ArCH=C), 8.14 (2H, d,
J = 7.7 Hz, Ar*-H), 12.50 (1H, s, NH); ®*CNMR (75
MHz, DMSO-ds) & 41.9, 66.8, 109.6, 115.1, 115.2,
118.9, 120.1, 122.2, 125.7, 126.7, 131.2, 131.6, 140.2,
159.7, 167.5, 167.9.

TM7alf) & Bl IM7 55 2088 5 5 R R 2], 52
WP RE TM1 A TM2 f& .
16 B#9F TM7b WEREE TM7b 1A K H
IM6 5 IM2 [ B33, seiuPiRE TM3~TM6.
2 HEYEMNR
2.1 PPRE-LuciR&EERAEFiESLIEHE> T HepG2
HHMIFERR T 96 FLBR, 3GFRid A P gL il 2 e it B
T KE L R Qe A i, 24 h S 3 S R RE
mn A DMEM 57558, R IEE X (R
Ll ) B RE (R Qe m 4 ) A e gk
GERGFR 24 h JE Rl S8 R EEEPE . AR A I 2 R4k
SOROGEREE L AAETHE G2, WUEZE =[(L wa—L wx)/
(L pon—L es)—1] x100; BEANFE S BENIRE BONE 5L, =
K
22 o-BEHEEEIIFIFIFESEESED 100 L Kk
RifR FF 5 0.02 U % 5l (Sigma A &), G-0660)
I 5 7L 30 P SR VR I B (H KRNI A
U E) . 67 nmol -L M BERRANZE 0T (pH =6.8) Al
BEdh, R 3e L 2 FOn R (R Z B ATAE ) ATER XS
JE (CR&REN), 37 °C 3 10 min &, A1 0.1 mol-L™*
FEERE, IR 10 min, T 0N 200 pl {7 % 5 i
MARF (PA BT A D), Y2515 490 nm il 2 OD {H .
HEAE OD H T2, #i| 2 =1~ (OD #4—OD =)/
(OD p1—OD =1)-
23 EHREIERBEERE 1B IHEMFIELES
EP 200 pL Bk AT PTP-1B (EAKIX).
100 mmol-L~* i B2 4h 22 v (1 mmol-L™" EDTA,
0.1% Triton-X-100, 15 mmol -L* p-3i%: 2., pH=6.0)
FURE S, BTS2 (W R (NS BERIRE ) FOBA
SPHE (ANERER), 37 CML 10 min, HIE 5 K
RIR WL B IEC ) PNPP, 37 ‘C4k4E )3 30 min, A
1 mol-L™" NaOH % 1k jz 8%, 405 nm | & OD fE.
i OD A 154 2, #1123 =[1—(OD #4—0D =)/
(OD s~ OD )] x100%. H1] i Hef A i BRI B 152 X0
AL, KT 70% BRI E | Coo B, REANFE i

PREERRE 6 AMNIKEE, MR RWE L. RIEHH]
K, NMA XIfit #%AEH ) 4 Parameter Logistic Model
15 1Cso

Bogt: 208 £ 2 0 I U R o RS BTt B 2 5
75 S8 DN OB PR 7% P A4
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