¢ £ % Chinese Traditional and Herbal Drugs 3F 49 % 25 19 # 2018 £ 10 A - 4507 -

VLB EE BRT M & R R VRS M

Fx#l, T HEKR ko mc, @ wmT, o &Y

1. WARIERR S A AR SIREERIERT 7P O, BRIT B/RIE 150076

2. EEEERER AR EE SRR 2 IR T T, T2 (RIRZEYD) BIET 2T R AL ST B S =, g i
it 5 BRI 2 7 BT A Se e S, K P R BER P 25 T ORI AR 0 2 AL SO 25 AT T AT R, KRG
T8RP S I 7 S R R A B =, dE 100193

W OEBE BRI A RO YIRS B 8T A, 5 R S AT R AN R AR R AL R R DA
WNEERR AR aR kL, RARGE AT (BOP) NAEER, 5T IUMEAK KRB HEsr=9, FIHNFE HepG2 40M P FA %24
AR ARR . R WA R 14 DNMEERELZEY) CA1~CAL4, BHEFIEH RIIEL . 2R %
B, 14 MEEYIXT HepG2 4 A 2 IUAS [ REE i AR vE 4, JLAR AT AR CAG PR I At 14 B T 5 3 Pl i R 8 4 245 2
Ry 2538 &Y CA6. CAT F1 CANL 350K W SCHRARE I IMHERR BT L &4, Hh CA6 1 C11 BB TEM A
AWpiEtE, EARE— RN

KR MNMERREENG; fTAM: AR WARVETE; HepG2 UM

FESES: R284.1 NHERIRERE: A MEHS: 0253 - 2670(2018)19 - 4507 - 06

DOI: 10.7501/j.issn.0253-2670.2018.19.007

Synthesis and lipid-regulating evaluation of caffeic acid amide derivatives

JI Yu-bin', WANG Bao-qi'"*?, XU Xu-dong >, GUO Peng?, TIAN Yu’, SHANG Hai’

1. Research Center of Life Sciences and Environment Sciences, Harbin University of Commerce, Harbin 150076, China

2. Beijing Key Laboratory of Innovative Drug Discovery of Traditional Chinese Medicine (Natural Medicine) and Translational
Medicine, Key Laboratory of Bioactive Substances and Resources Utilization of Chinese Herbal Medicine, Key Laboratory of
Efficacy Evaluation of Chinese Medicine against Glycolipid Metabolic Disorders of State Administration of Traditional Chinese
Medicine, Zhongguancun Open Laboratory of Research and Development of Natural Medicine and Health Products, Institute of
Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100193,
China

Abstract: Objective To evaluate the anti-lipid metabolic disorder activities of these compounds in vitro, the natural caffeic acid
amide derivatives were designed and synthesized. Methods Using caffeic acid as start material, BOP as a condensing agent, and the
target compounds were sequentially prepared with fourteen amines, and then the lipid-regulating effect was evaluated using HepG2
cells. Results Fourteen caffeic acid amide compounds CA1—CA14 were synthesized. The structures of the target compounds were
identified by spectrum. Pharmacological results showed that fourteen derivatives have potency of lipid-regulating in different levels. In
particular, compound CA6 showed significant lipid-regulating effects compared to the lead compounds caffeic acid and Simvastatin.
Conclusion Compound CA6, CA7, and CA11 had not been reported in any literatures before. Among them, the novel compounds
CAG6 and CA11 have showed potential of lipid-regulating activities, and deserved further research.
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1R 2 RAREA BT AR R R B S HAR IR A
YiEYE, WRINTEIRERR . X E TR, FIERRR . £
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#& Y08 Pandanus tectorius (L.) Parkins. X 44 %}
TEEE, SRR I R R TR VA v IR AE A R
2y, ARURLEA TR SR, ERYREih EAM CA
BAWMAEN, L CA RESFIEYE AR
NHERR BT ARV A R IR e AR VE T, HS
JEALRARF=H) CA G HER G, BB R B
DA 3,4- R YA AL Oy 3 05 1 A B PR R
CIERNEMEA IR RNEER, SR EZ
AT (simvastatin) 3 PER S, 5T H Ao
MERR LN EAT AV R IR S R WARkiE,  [RItAR sk
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&Y CA1l: AEmR, WEHN 71%.
HR-ESI-MS m/z: 244.095 3 [M+Na] . "H-NMR (600
MHz, DMSO-d) d: 7.95 (1H, t, J = 5.5 Hz, CONH),
721(1H, d, J = 15.6 Hz, CH = CH), 6.93 (1H, s,
Ph-H-2), 6.82 (1H, m, Ph-H-6), 6.73 (1H, m, Ph-H-5),
6.32 (1H, d, J = 15.5 Hz, CH = CH), 3.12~3.09 (2H,
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Fig. 1 Synthetic route of caffeic acid amide derivatives

m, NHCH,), 1.47~1.43 (2H, m, CH,CH3), 0.87 (3H,
t, J = 7.4 Hz, CH,CH;); "“C-NMR (150 MHz,
DMSO-dy) d: 165.3, 147.2, 145.5, 138.8, 126.5, 120.3,
118.7,115.7, 113.8, 40.4, 22.5, 11.5.

&Y CA2: BHEHmAK, WEHN 68%.
HR-ESI-MS m/z: 258.111 8 [M+Na]". '"H-NMR (600
MHz, DMSO-d) 6: 7.97 (1H, t, J = 5.7 Hz, CONH),
7.22 (1H, d, J=15.5 Hz, CH = CH), 6.94 (1H, d, J =
1.8 Hz, Ph-H-2), 6.83 (1H, dd, J = 8.1, 1.8 Hz,
Ph-H-6), 6.73 (1H, d, J = 8.1 Hz, Ph-H-5), 6.37 (1H,
d, J = 15.6 Hz, CH = CH), 2.99~2.97 (2H, m,
NHCHS,), 1.75~1.68 [1H, m, CH(CHs),], 0.86 [6H, d,
J = 6.7 Hz, CH(CH;),]; "“C-NMR (150 MHz,
DMSO-d) 5: 165.4, 147.2, 145.5, 138.9, 126.5, 120.4,
118.7,115.8, 113.8, 38.6, 31.1, 46.2, 28.2, 20.2,

EY CA3: HRKEKMAK, WEN 62%.
HR-ESI-MS m/z: 286.142 5 [M+Na]". "H-NMR (600
MHz, DMSO-d) d: 7.95 (1H, t, J = 5.6 Hz, CONH),
7.21 (1H, d, J = 15.6 Hz, CH = CH), 6.93 (1H, m,
Ph-H-2), 6.82 (1H, m, Ph-H-6), 6.73 (1H, m, Ph-H-5),
6.31 (1H, d, J = 15.5 Hz, CH = CH), 3.13~3.11 (2H,
m, NHCH,), 1.44~1.40 (2H, m, NHCH,CH,), 1.30~
1.24 [6H, m, (CH,);CH;], 0.87 (3H, m, CH,CHs);
BC.NMR (150 MHz, DMSO-d¢) &: 165.2, 147.2,
145.5, 138.8, 126.4, 120.3, 118.6, 115.7, 113.8, 38.6,
31.1,29.2,26.2,22.1, 14.0,

&Y CA4: BHEHAK, WEHN 65%.
HR-ESI-MS m/z: 314.174 8 [M~+Na] . "H-NMR (600

MHz, DMSO-d) d: 7.95 (1H, t, J = 5.6 Hz, CONH),
7.20 (1H, d, J=15.6 Hz, CH = CH), 6.93 (1H, d, J =
1.8 Hz, Ph-H-2), 6.82 (1H, dd, J = 82, 1.8 Hz,
Ph-H-6), 6.73 (1H, d, J = 8.2 Hz, Ph-H-5), 6.31 (1H,
d, J = 157 Hz, CH = CH), 3.15~3.11 (2H, m,
NHCH,), 1.43~1.41 (2H, m, NHCH,CH,), 1.28~
1.23 [10H, m, (CH,)sCHs], 0.85 (3H, t, J = 7.4 Hz,
CH,CH;); "C-NMR (150 MHz, DMSO-d;) J: 165.3,
147.2, 145.5, 138.9, 126.5, 120.4, 118.6, 115.7, 113.8,
38.6,31.3,29.3,28.8,28.7, 26.6, 22.2, 14.0.

&Y CAS: At A, RN 69%.
HR-ESI-MS m/z: 342.205 3 [M+Na]". "H-NMR (600
MHz, DMSO-d) d: 7.93 (1H, t, J = 5.6 Hz, CONH),
7.20 (1H, d, J = 15.6 Hz, CH = CH), 6.92 (1H, d, J =
2.0 Hz, Ph-H-2), 6.82 (1H, dd, J = 82, 2.0 Hz,
Ph-H-6), 6.73 (1H, d, J = 8.2 Hz, Ph-H-5), 6.32 (1H,
d, J = 155 Hz, CH = CH), 3.14~3.11 (2H, m,
NHCH,), 1.43~1.41 (2H, m, NHCH,CH,), 1.26~
1.23 [14H, m, (CH,);CH;], 0.87 (3H, t, J = 7.4 Hz,
CH,CHs); "“C-NMR (150 MHz, DMSO-dj) 6: 165.2,
147.2, 145.5, 138.8, 126.4, 120.3, 118.7, 115.7, 113.8,
38.9, 31.3, 29.2, 29.0, 28.5, 27.0, 26.5, 25.8, 22.1,
14.0.

&Y CA6: RIEAIRYY, YN 55%.
HR-ESI-MS m/z: 372.216 9 [M+Na] . "H-NMR (600
MHz, DMSO-dg) 6: 9.36 (1H, s, OH), 9.13 (1H, s,
OH), 7.96 (1H, t, J = 5.5 Hz, CONH), 7.21 (1H, d, J =
15.9 Hz, CH = CH), 6.93 (1H, d, J = 1.8 Hz, Ph-H-2),
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6.82 (1H, dd, J = 8.1, 1.8 Hz, Ph-H-6), 6.73 (1H, d,
J = 8.2 Hz, Ph-H-5), 6.30 (1H, d, J = 15.7 Hz, CH =
CH), 3.38~3.36 (2H, m, CH,0), 3.24~3.23 (2H, m,
OCH,), 3.20~3.17 (2H, m, NHCH,), 1.69~1.64 (2H,
m, NHCH,CH,), 1.44~ 141 (1H, m, OCH,CH),
135~ 1.24 (8H, m, CH;CH, CH,CH,CH,CH3),
0.87~0.82 (6H, m, CH;CH,, CH,CH,CH,CHs);
BC.NMR (150 MHz, DMSO-d¢) &: 165.3, 147.3,
145.5, 138.9, 126.4, 120.4, 118.6, 115.7, 113.8, 72.8,
68.0, 39.1, 36.0, 30.1, 29.5, 28.6, 23.5, 22.6, 14.0,
11.0.

&Y CAT: AR, WEN 43%.
HR-ESI-MS m/z: 452.316 4 [M+Na] . "H-NMR (600
MHz, DMSO-ds) d: 9.35 (1H, s, OH), 9.12 (1H, s,
OH), 7.94 (1H, t, J = 5.3 Hz, CONH), 7.20 (1H, d, J =
15.7 Hz, CH = CH), 6.92 (1H, d, J = 1.8 Hz, Ph-H-2),
6.81 (1H, dd, J = 8.0, 1.8 Hz, Ph-H-6), 6.73 (1H, d,
J = 8.0 Hz, Ph-H-5), 6.31 (1H, d, J = 15.6 Hz, CH =
CH), 5.35~5.29 (2H, m, CH,CH = CHCH,), 3.14~
3.11 (2H, m, NHCH,), 1.98~1.93 (4H, m, CH,CH =
CHCH,), 1.42~1.41 (2H, m, NHCH,CH,), 1.32~
1.19 [22H, m, (CH,)sCH,CH = CHCH,(CH,)sCHs],
0.84 (3H, t, J = 6.5 Hz, CH,CH;); “C-NMR (150
MHz, DMSO-dy) d: 165.2, 147.2, 145.5, 138.9, 129.7,
126.5, 120.3, 118.6, 115.7, 113.8, 38.6, 31.3, 29.3,
29.2, 29.1, 29.1, 29.1, 28.9, 28.9, 28.8, 28.8, 28.6,
26.6,26.6,26.5,22.2, 14.0.

&Y CA8: HEk K, WEHN 69%-.
HR-ESI-MS m/z: 240.064 1 [M+Na]". 'H-NMR (600
MHz, DMSO-dj) 6: 8.42 (1H, s, CONH), 7.27 (1H, m,
CH = CH), 6.95 (1H, s, Ph-H-2), 6.84 (1H, m,
Ph-H-5), 6.74 (1H, m, Ph-H-6), 6.32 (1H, d, J = 15.6
Hz, CH = CH), 3.97 (2H, m, NHCH.,), 3.14 (1H, m,
CH = C); “C-NMR (150 MHz, DMSO-dq) J: 165.2,
147.5, 145.6, 139.9, 126.2, 120.7, 117.6, 115.8, 113.8,
73.1,27.9.

&Y CAY: BB AK, WERN 74%.
HR-ESI-MS m/z: 292.095 6 [M+Na]*. "H-NMR (600
MHz, DMSO-dq) 6: 8.50 (1H, t, J = 5.5 Hz, CONH),
7.37 (1H, d, J = 15.5 Hz, CH = CH), 7.33~7.24 (5H,
m, Ph-H-1'~5"), 6.95 (1H, s, Ph-H-2), 6.84 (1H, m,
Ph-H-6), 6.75 (1H, m, Ph-H-5), 6.40 (1H, d, J = 15.5
Hz, CH = CH), 4.38 (2H, d, J = 5.6 Hz, NHCH,);

BC-NMR (150 MHz, DMSO-de) 6: 165.5, 147.4,
145.5, 139.6, 139.5, 128.7, 128.3, 127.7, 127.4, 126.8,
126.4, 120.5, 118.3, 115.8, 113.8, 42.3.

&Y CA10: FEkKR, RN 70%.
HR-ESI-MS m/z: 306.112 2 [M+Na]*. 'H-NMR (600
MHz, DMSO-dg) J: 8.08 (1H, t, J = 5.4 Hz, CONH),
7.31~7.19 (6H, m, CH = CH, Ph-H-1'~5’), 6.94 (1H,
d, J= 1.8 Hz, Ph-H-2), 6.83 (1H, dd, J = 8.1, 1.8 Hz,
Ph-H-6), 6.74 (1H, d, J = 8.1 Hz, Ph-H-5), 6.32 (1H,
d, J = 155 Hz, CH = CH), 3.40~3.37 (2H, m,
NHCH,), 2.76 (3H, t, J = 7.5 Hz, NHCH,CH,);
BC.NMR (150 MHz, DMSO-dg) &: 165.4, 147.3,
145.6, 139.6, 139.1, 2 X 128.7, 2 X 128.4, 126.4, 126.1,
120.4, 118.5, 115.8, 113.8, 40.4, 35.3.

EY CAlL: [ A, RN 35%.
HR-ESI-MS m/z: 282.075 3 [M+Na]". "H-NMR (600
MHz, DMSO-d) J: 8.44 (1H, t, J = 5.4 Hz, CONH),
7.59 (1H, m, furan-H-4"), 7.27 (1H, d, J = 15.6 Hz,
CH = CH), 6.95 (1H, s, Ph-H-2), 6.83 (1H, m,
Ph-H-5), 6.74 (1H, m, Ph-H-6), 6.40~6.35 (2H, m
CH = CH, furan-H-3'), 6.27 (1H, m, furan-H-2'), 4.37
(1H, d, J = 5.5 Hz, NHCH,); "“C-NMR (150 MHz,
DMSO-d) 6: 165.3, 152.3, 147.4, 145.6, 142.2, 139.7,
126.3, 120.6, 118.1, 115.8, 113.8, 110.9, 110.8, 110.5,
109.2, 108.9, 107.0, 35.5.

EY) CA12: RIFEMAK, BWEHN 45%.
HR-ESI-MS m/z: 308.090 5 [M+Na]". "H-NMR (600
MHz, DMSO-dj) 6: 9.93 (1H, s, CONH), 7.60 (2H, m,
Ph-H-1', 5'), 7.37 (1H, d, J = 15.5 Hz, CH = CH), 7.00
(1H, s, Ph-H-2), 6.90 (3H, m, Ph-H-6, Ph-H-2’, 4"),
6.77 (1H, m, Ph-H-5), 6.50 (1H, d, J = 15.5 Hz, CH =
CH), 3.72 (3H, s, OCH3);: "“C-NMR (150 MHz,
DMSO-dg) 6: 163.6, 155.1, 147.6, 145.6, 140.2, 132.7,
126.3, 120.7,2X 120.6, 118.6, 115.8, 3X 113.9, 55.2,

AP CA13: IRIEER AR, IWHEN 52%.
HR-ESI-MS m/z: 284.126 8 [M+Na]". "H-NMR (600
MHz, DMSO-dq) 6: 7.83 (1H, d, J = 6.8 Hz, CONH),
7.20 (1H, d, J = 15.6 Hz, CH = CH), 6.92 (1H, s,
Ph-H-2), 6.82 (1H, m, Ph-H-6), 6.73 (1H, m, Ph-H-5),
6.33 (1H, d, J = 15.6 Hz, CH = CH), 3.63 (1H, m,
NHCH), 1.78~1.68 (4H, m, 2XCH,), 1.29~1.16
(6H, m, 3X CH,); "C-NMR (150 MHz, DMSO-dj) 6:
164.4, 147.2, 145.5, 138.8, 126.5, 120.3, 118.9, 115.7,
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113.8,47.4,32.9, 32.6, 25.3, 24.6, 24.5,

&Y CAl4: HEHEK, IERHA 46%.
HR-ESI-MS m/z: 270.111 1 [M+Na]". '"H-NMR (600
MHz, DMSO-dg) d: 7.29 (1H, d, J = 15.3 Hz, CH = CH),
7.07 (1H, s, Ph-H-2), 6.97 (1H, m, Ph-H-5), 6.92 (1H,
d, J = 15.3 Hz, CH = CH), 6.73 (1H, m, Ph-H-6),
3.59~3.51 (4H, m, CH,NCH,), 1.60~1.46 (6H, m,
3XCH,); "C-NMR (150 MHz, DMSO-dq) 6: 164.6,
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Fig. 2 Evaluation of in vitro lipid-regulating effects of caffeic acid amide derivatives
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