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Design, Synthesis and in vitro Evaluation of Thiazole Derivatives of
Naproxen as Cyclooxygenase-2 Inhibitors
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Abstract Based on the differences between cyclooxygenase-2 (COX-2) and COX-1, a series of derivatives
of naproxen in which the carboxyl group was replaced with a variety of substituted thiazolyls were designed.
Seven target compounds were synthesized in four steps with naproxen as a starting material and structurally
confirmed by *H NMR, MS and elemental analysis or HRMS. The biological tests showed that some of them

have inhibitory activity against COX-2 in vitro.
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Figure 1 Binding models of representative compound 5f and
SC-558 with COX-2
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a. isobutyl chloroformate, Et;N, THF, —5 C; b. NH3-H,O; c. P,Ss, THF, reflux; d. 4a~4f EtOH, reflux; e. i) 4 mol/L HCI, reflux; ii) Na,COs/H, O;

f. CH3SOCl, Pyridine, CH,Cly; g. Bry, AICI3, THF; h. Ac,0, Pyridine
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Scheme1l Synthetic route of compounds 5a~5g
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Tablel Dataof m.p.,yield and MS of compounds 5a~5g and their structures

1
R\O S

Compound R R! m.p./C Yield/% MS (m/2)
ba H CH; 85~87 86.2 345 (M), 330, 185, 172, 171
5b 4-CH3S0, CH; 136~137 71.0 423 (M), 408, 329, 185, 171, 89
5¢ 4-Br CHs 106108 55.8 425 (M*+2), 423 (M"), 410, 212, 185
5d 4-CH30 CH; 96~98 63.8 375 (M™), 360, 187, 185, 153, 148
be 4-CH3SO,NH CH; 165~167 80.4 438 (M™), 423, 359, 344, 185, 179
5f 4-CH3;CONH CH; 193~194 73.8 402 (M™), 387, 360, 185, 171, 149
59 4-NH, H 181183 67.3 346 (M*), 331, 182 149, 117, 104

#2 &Y 5a~5g % COX-2 Fll COX-1 K%

Table2 Inhibition percentage rate of COX-2 (1 umolsL %) and COX-1 (10 pmolsL %) of compounds 5a~5g

Inhibition/%

Compound R or Structure
COX-2 COX-1

5a H 111.98 0.00

5b 4-CH3S0, 48.41 NT

5¢ 4-Br 92.23 NT

5d 4-CH;0 78.44 NT

Se 4-CH3SO,NH 25.55 NT

5f 4-CH3CONH 51.79 NT

5 See Scheme 1 13.87 NT
Naproxen See Scheme 1 |Csp>1 pmolsL ? ICs=0.52 pmoleL *
Celecoxib C5p=3.0 nmolsL ! ICs0=1.0 pmolsL *
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21 2-(6-FEE-ZF-2-8)ARRETSERRER(Q)
B &

7E 50 mL = #ifi A A 200 mg (0.869 mmol)Zs
AL 176 mg = ZfEAT 10 mL T THF, vKERB 32 ~5
C, B FWEIME T 3 mL THF dh 5 PR 5 1 g 119
mg (1.738 mmol), i 58 S5 i+ 30 min, JEFRAER =4
JE R IR SR, KMok —Dalifh, BT N2 RN,
22 2-(6-HEE-ZE-2-K) AERRQ)MFIZ

7£ 100 mL = U 20 mL 25%% /K, VKERH
#~5 C, fitFE FignEie XA 0.869 mmol VR 1 (1)
THF %W, InocdksbE 30 min, By 4R, oKyt
BN LE 4, AfA K 162 mg, m.p. 154~157 C, &
7% 81.3%. 'H NMR (CDCl3, 300 MHz) d: 1.61 (d, J=
7.2 Hz, 3H, CH4CH), 3.76 (g, J=6.6 Hz, 1H, CHCH),
3.92 (s, 3H, CH30), 5.52 (s, 2H, CONH,), 7.13~7.18 (m,
2H, ArH), 7.39 (d, J=8.1 Hz, 1H, ArH), 7.68~7.75 (m,
3H, Ar).
2.3 2-(6-BHEE-ZF-2-F) FiRABIZ)MHF

7£ 50 mL [ 756 TE O 400 mg (1.746 mmol) 2 Fil
488 mg (2.195 mmol) Ttk %, 20 mL 45 THF, #
JI$EFEIIR 30 min, 945, AN 20 mL {1 NaHCO;3 7K
PR 20 ML 18 LBE 5y )2, KIZEH S8 LBEHEE K
(2X10 mL), AIHMEEZE, ToK NapSO, T4, 1yt
FHt, EERRFEZEMT, At/ 2R 4R 20:1,10:1, 5
1 (VD V)BREEVERE, 7381774 314 mg, HRF (A, m.p.
130~133 C, /% 73.4%. '"H NMR (CDCl;, 300 MHZ) 6:
1.79 (d, J=6.9 Hz, 3H, CH5CH), 3.92 (s, 3H, CH;0), 4.21
(9, J=6.9 Hz, 1H, CH3CH), 6.66 (s, 1H, SH), 7.13~7.19
(m, 2H, ArH), 7.41 (d, J=8.7 Hz, 1H, ArH), 7.50 (s, 1H,
=NH), 7.71~7.75 (s, 3H, ArH).
2.4 2-R-1-FE-ZHE(4a)Fl &

7E 50 mL —#0fiEH, nA 6.01 g (50.0 mmol) 2 Z, i
110 mL JE/K LTk, VKB4 0 °C, P A 0.10g
K=5ALEE, N 8.00 g (50.0 mmol)iR &, Inse/a LU
TR R, AT AR B A, I R R K
%2 ml, BEEEEHE, AhEERUKYE, TG 2R Ol
FAT RV A R T 4, 49 BT LD &5 ) 8.56 g,
m.p. 47~48 ‘C (GCfk m.p. 50 CM), =% 82.2%. H
NMR (CDCls, 300 MHz) §: 4.58 (s, 2H, COCH.Br),
7.32~7.48 (m, 3H, ArH), 7.81~7.92 (m, 2H, ArH).

2.5 2-R-1-(4-FRFEEEE X E)- ZE(4b) BH &

il 25 7R da, B 1-(4- R IGE SR - ORI ) - 2k
J5URL, MR LR AAT R A T T A A, map. 129~

131 °C [3C#k m.p. 127.5~1285 ‘C (EtOH)™], /=%
85.2%. *H NMR (CDCl3, 300 MHz) §: 2.90 (s, 3H, CHs),
4.62 (s, 2H, COCH.Br), 8.03 (d, J=8.0 Hz, 2H, ArH),
8.15 (d, J=8.0 Hz, 2H, ArH).

2.6 2-R-1-(4-R-FE)-ZHR(4c) &

I8 TTVER] da, B 1-(4- - A8 IE) - 20 S k),
LR LA Tk VR A5 R 4, m.p. 109~110 C
[3C#k mp. 118 °C (EtOH)™], /% 80.8%. 'H NMR
(CDCl3, 300 MHz) §: 4.59 (s, 2H, COCH,Br), 7.55 (d, J=
8.0 Hz, 2H, ArH), 7.77 (d, J=8.0 Hz, 2H, ArH).

2.7 2-R-1-(4-BEE-FE) ZH(4d)HFI&

#2579 1R]) da, MU 1-(4- TR AR FE- ALY - 20k IR
Bl LR CBERUAT TR A R S5 i, mp. 69~71 C
[3Ciik m.p. 69~70 CM], 7% 66.3%. 'H NMR (CDCls,
300 MHz) &: 3.81 (s, 3H, OCH3), 4.52 (s, 2H, COCH,Br),
6.91 (d, J=8.0 Hz, 2H, ArH), 7.76 (d, J=8.0 Hz, 2H,
ArH).

2.8 2-[1-(6-HEHE-ZE-2-&)- ZE]-4-FH - EMW (5a)
Bl &

7£ 50 mL SEFEHF A 1.00 g (4.07 mmol) 3 A1 10
mL oK LB, %R G 0.81 g (4.07 mmol) 4a, fiiF:
[A[ 50 min, # s 28 BRI, B i 20 mL 7K A1 20
mL LR LFE5Y 2, KIZH G G IR, &
HUAH, HOF1T NaHCO, ¥k, MU #h7K¥E, Tk MgSO, T4,
MR S RML N, CEOKEL R, BRI, ki
[f{k 1.21 g, mp. 85~87 C, /"% 86.2%. 'H NMR
(CDCl3, 300 MHZ) 8: 1.92 (d, J=7.2 Hz, 3H, CH4CH),
3.92 (s, 3H, CH0), 4.70 (g, J=7.2 Hz, 1H, CHsCH),
7.13~7.18 (m, 2H, ArH), 7.32~7.34 (m, 2H, ArH),
7.39~7.49 (m, 3H, ArH), 7.71~7.76 (m, 3H, ArH), 7.92
(d, J=7.8 Hz, 2H, ArH). HRMS (El) calcd for CpHio-
NOS: 345.118736; found 345.118633.

29 2-[1-(6-HEE-ZE-2-8) ZH[-4-4-FHEHE-F
)= (5b)#l &

& 7 vk 1A 5a, SOH 4b R, TR 20 min, JEK
CPFELS 5, 2R A NG A, mp. 136~137
‘C, % 71.0%. *H NMR (CDCl;, 300 MHz) 6: 1.92 (d,
J=7.2 Hz, 3H, CH4CH), 3.08 (s, 3H, CH5S0,), 3.92 (s,
3H, CH30), 4.69 (q, J=7.2 Hz, 1H, CH4CH), 7.13~7.17
(m, 2H, ArH), 7.46 (d, J=8.7 Hz, 1H, ArH), 7.53 (s, 1H,
ArH), 7.71~7.74 (m, 3H, ArH), 7.98 (d, J=8.1 Hz, 2H,
ArH), 8.12 (d, J=8.1 Hz, 2H, ArH). HRMS (EI) calcd for
CsH21NO5S,: 423.096287; found 423.096217.
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210 2-[1-(6-HEHE -ZE-2-K)- CZH]4-4-R-FH)-
IEM (5c) By HI &

il 2% 772 0R] Ba, O 4c skl B 30 min, LK
KL, 1320 A B IDG s &, mp. 106~108 C,
77 % 55.8%. 'H NMR (CDCl3, 300 MHz) d: 1.92 (d, J=
7.2 Hz, 3H, CH3CH), 3.92 (s, 3H, CH30), 4.79 (q, J=7.2
Hz, 1H, CH4CH), 7.13~7.17 (m, 2H, ArH), 7.35 (s, 1H,
ArH), 7.45~7.49 (m, 1H, ArH), 7.55 (d, J=8.7 Hz, 2H,
ArH), 7.71~7.76 (m, 3H, ArH), 7.82 (d, J=8.7 Hz, 2H,
ArH). HRMS (El) calcd for C,H1gBrNOS: 423.029247;
found 423.027221.

211 2-[1-(6-BEE-E-2-B) 2E]4-@-BEE-F
)-1Em (5d) By H &

il 2% 7715 A 5a, SOH 4d kL, [R13 30 min, 95%
CPET L, A2 A G DG SR, mp. 96~98 C,
7% 63.8%. '"H NMR (CDCl3, 300 MHz) ¢: 1.91 (d, J=
7.2 Hz, 3H, CH4CH), 3.85 (s, 3H, CH30), 3.92 (s, 3H,
CH30), 4.71 (g, J=7.2 Hz, 1H, CHsCH), 6.95 (d, J=9.0
Hz, 2H, ArH), 7.13~7.20 (m, 3H, ArH), 7.46~7.49 (m,
1H, ArH), 7.70~7.78 (m, 3H, ArH), 7.86 (d, J=9.0 Hz,
2H, ArH). HRMS (EI) calcd for C3H1NO,S: 375.129301;
found 375.130043.

2.12 N-(4-ZBt-ZFE)RREmBAR(7) R Hl &

7F 50 mL = ZUH Hoin A 1.00 g (7.40 mmol) X} 4a 3
L. 20mL CH,Cl, F1 1.5 g flERE, VK4 0 °C, ¥ i
T 5 mL CH,Cl, i) FE 50 0.89 g (7.77 mmol), Jii5e
Ja EIEBEFE S h, I 30 mL K, FREEJE AP, /K
FHH CHClL # i — ik, & IFAHUH, HAERKEE, Jok
MgSO, T4, BRI BN, ToK SRS &, 13
B EREIR A 1.32 g, mp. 152~154 C, WK
83.8%. 'H NMR (CDCls, 300 MHz) §: 259 (s, 3H,
CH5COAr), 3.11 (s, 3H, CH3S0,), 6.99 (s, 1H, NH), 7.27
(d, J=8.7 Hz, 2H, ArH), 7.98 (d, J=8.7 Hz, 2H, ArH).
2.13 N-[4-(2-1R- CB)-FE]- FrRER AR (4e) HIHI &

Tl TR da, ST R, LR CBEE 4G, 7
Yo KRR A4, mop. 182~183 °C [3C#k m.p. 190~
191.5 C (EtOH)™], 7% 66.1%. *H NMR (DM SO-dg,
300 MHz) §: 3.13 (s, 3H, CH3S0,), 4.83 (s, 2H, COCH,-
Br), 7.29 (d, J=8.4 Hz, 2H, ArH), 7.93 (d, J=8.4 Hz, 2H,
ArH), 10.55 (s, 1H, CONH).

2.14 N-(4-{2-[1-(6-FREE-ZE-2-5) T HEW-4-£}-
E)-BREm AR (Ge) K H &

45 VL F Ba, SOH e MIERL I 1 h, FIEEK

mEE, BRI A EE AR, mp. 165~167 C, PR

80.4%. 'H NMR (CDCl3, 300 MHz) d: 1.86 (d, J=7.2 Hz,
3H, CH4CH), 2.98 (s, 3H, CH3S0,), 3.87 (s, 3H, CH;0),
4.64 (g, J=7.2 Hz, 1H, CH4CH), 6.63 (s, 1H, NH), 7.08~
7.13 (m, 2H, ArH), 7.21~7.26 (m, 3H, ArH), 7.40~7.44
(m, 1H, Ar), 7.66~7.70 (m, 3H, ArH), 7.87 (d, J=9.0 Hz,
2H, ArH). Anal. calcd for C,3H,N-03S,: C 62.99, H 5.06,
N 6.39; found C 63.07, H 5.02, N 6.22.

2.15 N-(4-ZEi-FE) C B (8) Ry HI &

75 50 mL 3 T3 A 1.00 g (7.40 mmol) % 24 FE 2K
L. 20 mL AEEERT 2.50 g (24.5 mmol)BSRET, PRk
6h, JIA 3mL /K LB, GkEfidt Lh, Rk 4E % 10
mL, BCE, B e E AR, g KA, TEK SR
L, R L 0.69 g, BRI F 45 b A EE
135174 0.61 g, m.p. 166~167 C, & it 98.8%. *H
NMR (DMSO-ds, 300 MHZ) d: 2.07 (s, 3H, CH3COATr),
2.49 (s, 3H, CH5CON), 7.70 (d, J=8.7 Hz, 2H, ArH), 7.90
(d, J=8.7 Hz, 2H, ArH), 10.27 (s, 1H, CONH).

2.16 N-[4-(2-1R-ZBt)-F £~ T Bthz (4f) 89 &

il J7ikIA) da, M 8 AIREL, LR LFEE LS,
1930 71y A 4. [44396 mg, m.p. 192~194 °C [3CHk m.p.
190 C (EtOH)!™], 1t % 54.8%. *H NMR (DM SO-ds, 300
MHz) d: 2.08 (s, 3H, CH3COAr), 4.84 (s, 2H, COCH,Br),
7.72 (d, J=8.7 Hz, 2H, ArH), 7.96 (d, J=8.7 Hz, 2H,
ArH), 10.35 (s, 1H, CONH).

217 N-(4-{2-[1-(6-FEE-Z-2-K) - ZH|EW-4-K}-
FE)- T B R& () B9l &

il 45 57207 S, O AF fifEURE, [R13E L h, SRR
DR R AT A, HhuE, K SRR, 19 214E )
a4k, mp. 193~194 C, % 73.8%. 'H NMR
(DM SO-dg, 300 MHz) §: 1.80 (d, J=7.2 Hz, 3H, CH4CH),
2.05 (s, 3H, CH4CO), 3.85 (s, 3H, CH40), 4.69 (q, J=6.9
Hz, 1H, CH3CH), 7.13~7.17 (m, 1H, ArH), 7.29 (s, 1H,
ArH), 7.46~7.49 (m, 1H, ArH), 7.64 (d, J=8.7 Hz, 2H,
ArH), 7.77~7.88 (m, 6H, ArH), 10.02 (s, 1H, NH). Anal.
calcd for CyH»N-0,S: C 71.62, H 5.51, N 6.96; found C
71.32, H 5.49, N 6.68.

2.18 6-{1-[4-(4-BrE-FE)-EM-2 K]-ZH)-%-2-f
(50)RyH &

7E 25 mL BhE M i\ 320 mg (0.845 mmol) 5f, 15
mL (4 mol/L) HCI, #iJJHtEmIR 2 h, fiid: T A 30 g
UK. 20 mL 7KF1 3 g NaOH TE & iR &4, #r I 4,
HyETS BN, SWEKE LS T, 13 307 Y b (o 4,
m.p. 181~183 C, /*# 67.3%. '"H NMR (DM SO-ds, 300
MHzZ) 6: 1.77 (d, J=6.9 Hz, 3H, CH3CH), 4.62 (q, J=7.2
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Hz, 1H, CH4CH), 5.25 (s, 2H, NH,), 6.58 (d, J=9.0 Hz,
2H, ArH), 7.07 (d, J=8.1 Hz, 2H, ArH), 7.39 (d, J=8.1
Hz, 1H, ArH), 7.5 (s, 1H, ArH), 7.59~7.65 (m, 3H, ArH),
7.73 (d, J=8.1 Hz, 2H, ArH), 9.69 (s, 1H, OH). HRMS
(E1) calcd for CpHigN,0S 346.113985, found 346.113182.
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