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Synthesis of chlorogenic acid amide dimers and their anti-lipid metabolic disorder
activities in vitro

TIAN Yu', WANG Wen-gian®, LI Yong-sheng', WANG Dan', GUO Peng', XU Xu-dong'

1. Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing
100193, China

2. Tianjin Institute of Pharmaceutical Research, Tianjin 300193, China

Abstract: Objective To design and synthesize the derivatives of chlorogenic acid amide dimers, and to study anti-lipid metabolic
disorder activities in vitro. Methods Chlorogenic acid was used as starting material to synthesize the target compounds by three
steps. The lipid-regulating activities of the compounds were tested by HepG2 cells. Results Eight chlorogenic acid dimers
CGA-2a ~ 2d and CGA-3a ~ 3d were synthesized. The structures of the target compounds were identified by spectrum.
Pharmacological results showed that compounds CGA-2d and CGA-3a~3d had different levels potency of lipid-regulating effects in
cells. Conclusion The dimers CGA-2a~2d and CGA-3a~3d are new compounds, some of which have potential lipid-regulating
biological activities, worthy of further development.
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— RINGE ARG — FARRATHEY) CGA-2a~2d K
CGA-3a~3d, i Bids3 2 1) — FAR AW 0 R,
SCHRARIE T e 2 T RSB G s RIS
HepG2 g MllR 41 B R X ixX L6 i1 A= W) B AT PR 4 PG
TR ZELIG VAN, DU RE— 0 R IR IR 15 1
RIFRIEY, o 298 i S I R 35 E S
FEn
1 NE5RH

Y+ (JKA) C-MAG HS 7 B4 1 Pi #e4%; IKA
RV10 SEAT R 26 RA: MitEEh - FERZ AL104
R Bruker Avance ITT 600 %A% g FE3E b it
1 FEER KR LTQ-Obitrap XL 5 Ik FH A% 5
Analect RFX-65A B21 /MG ; BYLABUV-III %
AMT B IRFERHEA BR A F]D, 37 Ty 5%C0, 15
WA (HA Sanoy A #]); IXS1 BI'E %6 Bl
#i (Olympus A7) ); KC junior LA 437606 T
(BioTek 2 #] )

SEIRIR, R BN 98%, WA U4 2iks
e Ly AT OFi 30k 98%) TR 11
DUFFSER S (MTT). W4 O Jekl. R (0AD.
TR BRI A Sigma A w); DMEM i BERs
FEHI H Gibco A F]; 2,2- ~HAILN KL (DMP).
NN-—5HN3 2 (DIEA). 4547 (BOP).
—ILTR (TFA). X HIZRMEIR—7K (TsOHD, 4
H 22 T A A T R PR A 2 (3 Ak
K& G. H. GF254 %0t B B TAHR A
NI HepG2 4 B 17 Ak 5T PR = 2 Be S fili s 2
BFSC T 40 M 0 o i RIAR A T 85 o By 2l R b 27 4l
2 FEE4R
2.1 ERERS
2.1.1 4,5-0-§ XHE-3-0-WiHEEE 22 TR (CGA-1)
M S SR A O ER, 500 mL )RR
PP NS5 (14.0 g, 39.6 mmol), #RJE A
120 mL JE/K AT 80 mL DMP, $iiH [ 3 5 ki
o )R I AEAL T TsOH (100 mg), il
PRV A N IR, TN RN, TR A B
12 406 - R (100 : 1), TLC Wil RN E K5,
FHTE/K Nay,CO; FHARIZE pH {Hl 5~6, g, Wk
R, SRR R RS, A -
BEIR CBE (1 - DYERARE Ok R, I8 90.1%.
HR-ESI-MS m/z: 417.116 7 [M+Na]*. "H-NMR (600
MHz, DMSO-dg) d: 9.58 (1H, s), 9.14 (1H, s),
7.48 (1H, d, J=15.8 Hz), 7.05 (1H, d, J=1.5 Hz),

7.00 (1H, dd, J=14Hz, 82Hz), 6.77 (1H, d,
J=8.1Hz), 6.23 (1H, d, J=15.9 Hz), 5.34~5.30
(1H, m), 4.39~4.38 (1H, m), 4.11~4.09 (1H,
m), 2.20~2.16 (1H, m), 2.03~2.01 (1H, m),
1.92~1.89 (1H, m), 1.83~1.79 (1H, m), 1.40
(3H, s), 1.25 (3H, s)o

2,12 4,5-0- XIHE-3"-0-WmmHERE 2 7 i £ B
TRARRTAY) (CGA-22) G % STk A
J7iE, F 500 mL [F K, AERIFRECATAE D)
CGA-1 (2.4 g, 6 mmol) I BOP (3.0 g, 6 mmol),
AR AT, IO 140 mL /KBS
THF-CH;CN (1 : 1) fiifE 2 %f#. A DIEA (2.0
g, 15mmoD) J&, M iins =% (0.22 g,
3.6 mmol), JEHFHIN —EHF ke - HEE (10: 1), H
B TLC MM S N &5 3 o 9 25 BRI, TRl it
AT At alidy, b - HEE (20 1) BElifT
WHEOK AR, WHE N 21.3%. HR-ESI-MS m/z:
811.293 0 [M—H] . 'H-NMR (600 MHz, CD;OD)
5: 7.56 (2H, d, J=16.0Hz), 7.04 (2H, d, J=
1.9Hz), 6.93 (2H, dd, J=19Hz, 8.2Hz), 6.78
(2H, d, J=82Hz), 626 (2H, d, J=15.9 Hz),
5.45~5.41 (2H, m), 4.56~4.54 (2H, m), 4.20~
4.18 (2H, m), 3.38~3.33 (4H, m), 2.38~2.34
(2H, m), 2.14~2.11 (2H, m), 1.97~1.95 (2H,
m), 1.92~1.88 (2H, m), 1.52 (6H, s), 1.33 (6H,
m)e

2.1.3  4,5-0-P5 XEE-3"-O- I Mt 45 7 1 78— Tk i
TR AEY (CGA-2b) Gk L&Y
CGA-2a M5 i e aidh T7v%, ik 549 CGA-1 FI
“f% (0.27 g, 3.6 mmol) V. SRR, K
S R e i ik, AU B - (20 1 1D
VEMAFR TR R, E N 18.8% . HR-ESI-MS m/z:
825.307 0 [M—H] . '"H-NMR (600 MHz, CD;OD) §:
7.56 (2H, d, J=16.0Hz), 7.05 (2H, d, J=1.8 Hz),
6.95 (2H, dd, J=18Hz, 8.0Hz), 6.78 (2H, d,
J=8.0Hz), 627 (2H, d, J=160Hz), 5.47~543
(2H, m), 4.57~4.53 (2H, m), 422~4.18 (2H, m),
325~323 (4H, m), 2.38~2.34 (2H, m), 2.15~
2.12 (2H, m), 1.95~1.93 (4H, m), 1.70~1.68
(2H, m), 1.53 (6H, s), 1.34 (6H, m).

2.1.4 4'5-0-§ XHE-3-O-WnEmE 45 718 1 Wik
TRIEMTAEY (CGA-2¢) WA Bt &Y
CGA-2a & R4 T7 7, &% CGA-1 AT
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% (0.32g, 3.6 mmol) V. JlEZAERRER, Tk
A I R R (A, AU R - FEE(20 0 1)
VEMARIR F O A, RN 25.0% . HR-ESI-MS mi/z:
839.323 0 [M—H] . 'H-NMR (600 MHz, CD;0D) J:
9.59 (2H, s), 9.15 (2H, s), 7.75 (2H, t, J=5.7
Hz), 7.47 (2H, d, J=16.0 Hz), 7.04 (2H, d,

J=18Hz), 7.00 (2H, dd, J=1.8. 82Hz), 6.76
(2H, d, J=8.1Hz), 624 (2H, d, J=159 Hz),
542 (2H, s), 5.36~5.32 (2H, m), 4.43~4.36
(2H, m), 4.12~4.09 (2H, m), 3.09~3.01 (4H,
m), 2.24~221 (2H, m), 1.97~1.94 (2H, m),
1.75~1.74 (4H, m), 1.41 (6H, s), 1.39~1.34
(4H, s), 1.25 (6H, m),

2.1.5 4,5-0-P XHE-3-0-WmMEmE 4 71 T Wi
TRIKTAEY (CGA-2d) MEK LAY
CGA-2a & At Tk, G CGA-1 fild,
% (042 g, 3.6 mmol) V. SRR,
Sl e Rkt aliAk, AU R - FEE(20 ¢ 1)
VEMEAFR BT AR, YeFh 20.3% . HR-ESI-MS m/z:
867.354 8 [M—H] . 'H-NMR (600 MHz, CD;0D) 6:
7.56 (2H, d, J=15.8Hz), 7.04 (2H, d, J=1.8 Hz),
6.94 (2H, dd, J=1.8Hz, 8.0Hz), 6.78 (2H, d,
J=8.0 Hz), 627 (2H, d, J=15.8 Hz), 5.46~542
(2H, m), 4.55~4.50 (2H, m), 4.22~4.15 (2H, m),
322~3.17 (4H, m), 2.37~2.33 (2H, m), 2.13~2.08
(2H, m), 1.95~190 (4H, m), 1.54~1.49 (10H,

m), 1.35~1.32 (10H, m),

2.1.6  3-O-WNHEREZE T 1% £ — Wi he — RARATEY)
(CGA-32) G &% ki &k a ™, + 50
mL [FJEFE T, HEFFRIATAY CGA-2a (0.81 g,
1 mmol), N TFA-DCM-H,0 [FJEA#H (9 1 1 :
1 15mL, Z3l FRRE RN, JRIFFI) =T -
FEEE (10 0 1), & TLC MR NS . [ R 7%
BRUA, FRARPIE I AT i alifk, AT -
g (150D AR E O AR, RN 54.4%.
HR-ESI-MS m/z: 731.230 5[M—H] . 'H-NMR (600
MHz, CD;OD) ¢: 7.58 (2H, d, J=16.0 Hz), 7.09
(2H, d, J=1.9Hz), 6.95 (2H, dd, J/=1.9 Hz, 8.1 Hz),
6.78 (2H, d, J=8.1 Hz), 6.29 (2H, d, J=15.8 Hz),
5.38~5.30 (2H, m), 4.29~422 (2H, m), 3.73~3.71
(2H, m), 3.68~3.58 (4H, m), 2.14~2.13 2H, m),
2.12~2.08 (2H, m), 2.05~2.01 (2H, m), 1.97~1.94
(2H, m).

2.1.7  3'-O-WHERE 28 7 B N Ik e SR AR AT AR
(CGA-3b) & HEHAEY) CGA-3a ALK
alifh g7k, T CGA-2b (0.83 g, 1 mmol) fiit
PR RR TR, RN 60.2%. HR-ESI-MS m/z:
745.244 6 [M—H] . 'H-NMR (600 MHz, CD;0D) §:
7.57 (2H, d, J=15.8Hz), 7.05 (2H, d, J=2.1 Hz),
6.94 (2H, dd, J=2.0Hz, 8.1 Hz), 6.78 (2H, d,
J=82 Hz), 629 (2H, d, J=15.8 Hz), 5.43~539
(2H, m), 4.24~423 (2H, m), 3.71~3.70 (2H, m),
3.24~322 (4H, m), 2.15~2.12 (2H, m), 2.10~2.07
(2H, m), 2.05~2.01 (2H, m), 1.98~1.95 (2H, m),
1.70~1.66 (2H, m).
2.1.8  3-O-WIHE®EZE TR T Wik — AT AR
(CGA-3¢) A G CGA-3a A MK
aifk 5k, i AEY CGA-2¢ (0.83 g, 1 mmol) fit
TRYFR TR AR, W 59.7% . HR-ESI-MS m/z:
759.2615 [M—H] . 'H-NMR (600 MHz, CD;0D) §:
7.58 (2H, d, J=16.0Hz), 7.06 (2H, d, J=2.0 Hz),
7.58 (2H, d, J=16.0Hz), 7.06 (2H, d, J=2.0 Hz),
6.95 (2H, dd, J=2.0Hz, 82Hz), 6.79 (2H, d,
J=8.0 Hz), 630 (2H, d, J=16.0 Hz), 5.42~538
(2H, m), 4.24~422 (2H, m), 3.71~3.70 (2H, m),
3.24~3.19 (4H, m), 2.13~2.07 (4H, m), 2.05~2.01
(2H, m), 1.97~1.93 (2H, m), 1.54~1.50 (4H, m).
2.1.9  3'-O-WmHEREZE 7 R O Wk R AR AT AR
(CGA-3d) & HEAEY) CGA-3a ALK
alifh g7k, T CGA-2d (0.83 g, 1 mmol) fiit
TR RR TR AR, W 51.1%. HR-ESI-MS m/z:
787.2923 [M—H] . 'H-NMR (600 MHz, CD;OD) §:
7.57 (2H, d, J=159Hz), 7.05 (2H, d, J=2.0 Hz),
6.94 (2H, dd, J=19Hz, 82Hz), 6.78 (2H, d,
J=8.1 Hz), 630 (2H, d, J=15.9 Hz), 5.42~538
(2H, m), 425~422 (2H, m), 3.72~3.70 (2H, m),
3.19~3.17 (4H, m), 2.13~2.07 (4H, m), 2.05~2.01
(2H, m), 1.94~1.92 (2H, m), 1.52~1.47 (4H, m),
133~1.30 (4H, m).

SF IR R NG — JRARAT AL ) A R 2 LI 1.
2.2 RINEMEAR

N HepG2 4l 2R H & 10%M16 74 s Al
TR/ (100 pg/mL) ) DMEM R;9E3k, |
37 C\ 5% CO, REFRA 5. A K R RE 7RI
70%~80%IK, fF ] 100 pmol/L IR FIAZH R VR &
ORI 12 b, s BRI B S 4 T A
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Fig.1 Synthetic routes of chlorogenic acid amide dimers
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F{E BOP 1 DIEA 145454 T, fE /K SHEHFIE
KDY R R S R, S AN R BE (R 107 — e
ARG N, 1FRIRTAEY CGA-2a~2d; RTEY)
CGA-2a~2d FAEE/KIN =R OIR A Fher
it 2 AT LR, B 243 BIRT A CGA-3a~3d.
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Table 1 Lipid-regulating activities of chlorogenic acid amide

dimers
A AfH
Xof R 0.2100.004
B 0.2540.006""
AT 0.239+0.005%*
7 0.2500.008
CGA-2a 0.2540.010
CGA-2b 0.2520.009
CGA-2¢ 0.252£0.011
CGA-2d 0.24440.008*
CGA-3a 0.2490.008
CGA-3b 0.249+0.007
CGA-3c¢ 0.245+0.006
CGA-3d 0.2440.006

X RALLLER: 7T P<0.001; SR LLEL: “P<0.05 *4P<0.01
""P <0.001 vs control group; #P<0.05 4*P<0.01 vs model group

32 {RIMEMRR

TEVEVEE B 8 /N AN [ K 8 1 W i
TR, BT AMCED R T AN RIFR
IR RVE R, AR A BTG PR AR - BH 6] B 2 2 A
T A, BfT4EY) CGA-2d F1 CGA-3a~3d
s e AR TR R s R, b
CGA-2d WIEMEL R AH BEEE L, EHFRERND
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