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Synthesis of mono-carbonyl curcumin analogues containing nitrogen heterocyclic
ring and their anti-inflammatory activities
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Abstract: Objective A series of mono-carbonyl curcumin analogues containing nitrogen heterocyclic ring were designed and
synthesized and their anti-inflammatory activities were detected. Methods A mixture of thiophen-2-acryloyl chloride and compounds
containing nitrogen heterocyclic ring reacted to yield the target compounds, and the structures were identified using 'H-NMR and
ESI-MS. The anti-inflammatory activity of these compounds was detected by mouse macrophages producing pro-inflammatory
cytokines TNF-a and IL-6 induced by LPS. Results Thirteen target compounds were synthesized, and some of these compounds
could significantly inhibit the production of inflammatory cytokines, especially compound Z5 exhibited the most inhibitory activity.
Conclusion Compounds Z1, Z5, and Z9—Z13 are new compounds, and compound Z5 could be used as the candidate of
anti-inflammatory drug.
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Fig. 1 Synthesis and chemical structures of curcumin analogues with nitrogen heterocyclic ring
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'H-NMR (600 MHz, CDCLy) 6: 6.52 (1H, d, J =
15.0 Hz, H-a), 7.04 (1H, d, J = 3.6 Hz, H-4), 7.21 (1H, d,
J=3.0Hz, H-3), 7.37 (1H, d, J= 3.0 Hz, H-5), 7.42 (1H,
m, H-5), 7.88 (1H, d, J=15.0 Hz, H-b), 8.82 (2H, d, J =
4.8 Hz, H-4', 6'). ESI-MS m/z: 231.6 [M+H] .

FRRT A 1 21~24 J 26 ~713.

(2)-N-TT 3E-3-(WEWy -2-3%) INMlERE (Z1), 3%
OHAR, 7% 81.5%, mp 74.0~75.8 ‘C. 'H-NMR
(600 MHz, CDCls) d: 0.90 (3H, t, J = 5.4 Hz, -CH3),
1.35 (2H, m, -CH,-), 1.55 (2H, m, -CH,-), 3.3 (2H, t,
J=17.2Hz, NH-CH,-), 5.9 (1H, s, CO-NH-), 6.25 (1H,
d, J = 15.0 Hz, H-a), 7.0 (1H, d, J = 3.6 Hz, H-4),
7.17 (1H, d, J = 3.6 Hz, H-3), 7.28 (1H, d, J = 3.6
Hz, H-5), 7.75 (1H, d, J = 15.0 Hz, H-b). ESI-MS
m/z: 210.0 [M+H]", 231.8 [M+Na].

(2)-1-NyIpk-3-(WEWy -2-35)-2-J-1-ld (Z2), Bl
WA, F7% 82.3%, mp119.5~121.0 ‘C. 'H-NMR
(600 MHz, CDCl3) 6: 3.63 (8H, t, J = 7.8 Hz,
4X-CH,), 6.6 (1H, d, J = 15.0 Hz, H-a), 7.03 (1H, dd,
J = 3.6 Hz, H-4), 7.22 (1H, d, J = 3.6 Hz, H-3), 7.31
(1H, d, J = 3.6 Hz, H-5), 7.82 (1H, d, J = 15.0 Hz,
H-b). ESI-MS m/z: 224.0 [M+H]", 245.8 [M+Na]".

(Z)-1-(4- I BE DR e -1- 35 )-3-(WBE Wy -2- 55 )-2- 475 -1 -
i (Z23), PR, P73 79.2%, mp 138.6~140.2
‘C. 'H-NMR (600 MHz, CDCL) d: 2.27 (3H, s,
-NCHa), 2.44 (4H, t, J = 7.2 Hz, 2 X -CH,NCHj), 3.71
(4H, t, J = 7.2 Hz, 2X-CH,NCO), 6.67 (1H, d, J =
15.0 Hz, H-a), 7.03 (1H, d, J = 3.6 Hz, H-4), 7.17
(1H, d, J = 3.6 Hz, H-3), 7.28 (1H, d, J = 3.6 Hz,
H-5), 7.75 (1H, d, J = 15.0 Hz, H-b). ESI-MS m/z:
236.8 [M+H]".

(Z)-N- 2. FE-3-(WEWy -2-3%) HEIERG (Z4),
B A, 7% 68.9%, mp 1263~127.6 C.
'H-NMR (600 MHz, CDCl;) &: 2.88 (2H, t, J = 7.2
Hz, -CH,-CH,), 3.65 (2H, q, J = 7.2 Hz, NH-CH,-
CH,), 5.61 (1H, s, -NH), 6.12 (1H, d, J = 15.0 Hz,
H-a), 7.01 (1H, d, J = 3.6 Hz, H-4), 7.19 (1H, d, J =
3.6 Hz, H-3), 7.21 (2H, d, J = 7.2 Hz, Ar-H-2, 6), 7.24
(1H, s, Ar-H-4), 7.29 (1H, d, J = 4.8 Hz, H-5), 7.32 (2H,
d,J=7.2Hz, Ar-H-3, 5),7.75 (1H, d, J = 15.0 Hz, H-b).
ESI-MS m/z: 258.0 [M+H]", 279.8 [M+Na] ",

(Z)-N-2K 1 Hk-3- (e 2- 0k IR EEIE (Z6),
FE AR, 7% 754%, mp 1193~1208 C.

'H-NMR (600 MHz, CDCl;) 6: 4.5 (2H, s, NH-CH,),
6.23 (1H, d, J = 15.0 Hz, H-a), 7.02 (1H, d, J = 3.6
Hz, H-4), 7.19 (1H, d, J = 3.6 Hz, H-3), 7.23 (2H, m,
H-5, Ar-H-4), 7.24 (2H, m, Ar-H-2, 6), 7.30 (2H, m,
Ar-H-3, 5), 7.75 (1H, d, J = 15.0 Hz, H-b), 7.90
(1H, s, NH-CH,). ESI-MS m/z: 243.9 [M+H]",
265.7 [M+Na]".

(Z)-N-(4-587K)-3-(WEWy-2-38) HlERE (Z7),
HH R, % 78.8%, mp 99.6~101.4 C.'H-NMR
(600 MHz, CDCl;) d: 4.51 (2H, s, NH-CHy,), 5.93 (1H,
s, -NH), 6.22 (1H, d, J = 15.0 Hz, H-a), 7.02 (1H, m,
H-4), 7.20 (1H, d, J = 3.6 Hz, H-3), 7.27 (2H, d, J =
7.2 Hz, Ar-H-2, 6), 7.29 (1H, d, J = 7.2 Hz, H-5), 7.31
(2H, d, J=7.2 Hz, Ar-H-3, 5), 7.78 (1H, d, J = 15.0 Hz,
H-b). ESI-MS m/z: 261.9 [M+H]", 283.8 [M+Na]".

(2)-N-(4-57K)-3-(WEWy 2-3%) G (Z8),
WM A, 77%K 83.1%, mp 148.5~150.6 C.
'H-NMR (600 MHz, CDCl3) 6: 4.51 (2H, s, NH-CH,),
5.96 (1H, s, -NH), 6.22 (1H, d, J = 15.0 Hz, H-a), 7.03
(1H, t, J= 3.6 Hz, H-4), 7.20 (1H, d, J = 3.6 Hz, H-3),
7.23 (2H, d, J = 7.2 Hz, Ar-H-2, 6), 7.29 (1H, d, J =
9.0 Hz, H-5), 7.31 (2H, d, J = 7.2 Hz, Ar-H-3, 5), 7.78
(1H, d, J = 15.0 Hz, H-b). ESI-MS m/z: 278.0 [M+
H]', 299.8 [M+Na]".

(2)-2-[3-(ME Wy -2- ) N M Ik 2L ] 2 3
(Z29), FEM A, 775 53.8%, mp 187.4~189.8 C.
'H-NMR (600 MHz, DMSO-d) 6: 2.5 (1H, s, -NH),
6.28 (1H, d, J = 15.0 Hz, H-a), 7.12 (1H, t, J = 3.6 Hz,
H-4), 7.42 (1H, d, J = 3.6 Hz, H-3), 7.63 (1H, d, J =
3.6 Hz, H-5), 7.68 (1H, d, J = 15.0 Hz, H-b), 7.84 (1H,
s, CO-NH), 9.28 (2H, s, CS-NH,). ESI-MS m/z: 249.6
[M+Na]", calcd for CgHoN30S,: 227.02.

(Z)-N-(1 Z-M5] - 6-3)-3-(WEW -2-3L) TR I e
(Z10), KK oK, 77 % 45.6%, mp 223.4~224.9 C.,
'H-NMR (600 MHz, CDCl;) d: 6.39 (1H, s, H-3"),
6.61 (1H, d, J=15.0 Hz, H-a), 7.13 (1H, t,J = 1.8 Hz,
H-2"), 7.28 (1H, d, J = 1.8 Hz, H-7"), 7.32 (1H, m,
H-4"), 7.33 (1H, m, H-5'), 7.42 (1H, d, J = 3.0 Hz,
H-4), 7.63 (1H, d, J = 5.4 Hz, H-3), 7.70 (1H, d, J =
15.0 Hz, H-b), 8.01 (1H, s, H-5), 9.99 (1H, s, NH-),
11.01 (1H, s, CO-NH). ESI-MS m/z: 268.7 [M+H]",
290.7 [M+Na]", caled for C;sH;;N,OS: 268.07.

(E)-N-[2-( 5 k) £ 36 1-3-(WEWy -2- %) T 4 I
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& (211D, SRR, 7% 68.4%, mp 230.0~231.4
‘C. 'H-NMR (600 MHz, DMSO-dg) 6: 3.26 (2H, t, J =
3.0 Hz, -CH,-CH,), 6.37 (1H, d, J = 15.0 Hz, H-a), 7.09
(1H, d, J= 3.6 Hz, H-4), 7.10 (1H, d, J = 3.6 Hz, H-3),
7.36 (1H, d, J = 3.6 Hz, H-5), 7.60 (1H, d, J = 15.0
Hz, H-b), 7.57 (1H, s, CO-NH). ESI-MS m/z: 322.9
[M+H]', 354.8 [M+Na]", calcd for C ¢H¢N>O,S:
332.07.

(Z)-N'-[3-(WEWy-2-J5) TR M 1 ik 1-2- ML e P I T
(Z12), FE WA, 77 54.3%, mp 226.6~228.9 C,
'H-NMR (600 MHz, CDCl;) 6: 6.61 (1H, d, J = 15.0
Hz, H-a), 7.10 (1H, m, H-4), 7.11 (1H, d, J = 3.6 Hz,
H-3), 7.32 (1H, d, J = 3.6 Hz, H-5), 7.63 (1H, m,
H-5'), 7.78 (1H, d, J = 15.0 Hz, H-b), 8.20 (1H, t, J =
4.2 Hz, H-4'), 8.39 (1H, d, J= 3.0 Hz, H-3"), 8.79 (1H,
d, J = 3.0 Hz, H-6"). ESI-MS m/z: 273.9 [M+H]",
295.8 [M+Na]", caled for C;3H N;0,S: 273.06.

(Z)-N-(1 S-7R91 [d] WKME-2-J8)-3-(Ewy-2-E)
WA (Z13), O AR, =% 76.7%, mp
205.8~208.0 ‘C. 'H-NMR (600 MHz, DMSO-dj) 6:
6.16 (1H, d, J = 15.0 Hz, H-a), 7.19 (2H, d, J = 3.6
Hz, H-4', 7'), 7.32 (2H, d, J = 1.8 Hz, H-5, 6'), 7.42
(1H, t, J= 7.8 Hz, H-4), 7.63 (1H, d, J = 5.4 Hz, H-3),
7.88 (1H, d, J = 15.0 Hz, H-b), 8.01 (1H, s, H-5).
ESI-MS m/z: 269.8 [M+H]", calcd for C4H;1N;OS:
269.32.,
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