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Fig.1 Differtent structures of chlorogenic acid isomers
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Fig.2  Annual production of chlorogenic acid-related

research in recent 10 years
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Fig.3 Reaction diagram of the synthesis of chlorogenic acid derivatives by acyl chloride method
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Fig.4 Reaction diagram of the synthesis of chlorogenic acid derivatives catalyzed by lipase
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Table 1 Research summary of the enzymatic synthesis of chlorogenic acid derivatives
BTy ik B R AEAL 7] il RIS AL A );‘%L
C h FI% LK
B 1L i F8 .+ =8+  Novozym 435 K AF 60 720 75 [19]
KA Bk Novozym 435 BN B 60 168 60  [20]
KB kB A E  Novozym 435 #ils R COJH& T 8 55 25 85 |26
B Rk TR F 8+ =8 Novozym 435 - 55 93 93 [27]
+ o B
T B 2 85 Lipozyme RM Wk AT kB 55 168 59 [28]
reik R A A HE B A B LB AN B iR 28 6 44 [29]
£ R4 35 B SUBL Bs Bk 34 b ik - 24 - [30]
FEAE A e s B R A By M ERI=F AR 30 24 60 [31]
SRR ER 4k JRBR K R By BB 3 2% 40 4 50 [32]
9 o %% R B K 8 8/ Novozym [BMIM][NTE] 80 29 853 [33]
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Guyot 5P 7E 2000 4F 5t iz i T Novozym
435 FFfE AL )55 < 1 A s 1t 5 4 D IR 2 i, il
TSR SRR H FERRAE — R4 5
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JH Vi 5 2 i B S o A s S iR W g, itk — 2P
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AW P I S R A G SRR
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S TR AT AR W O I S A AT Rk e A
JE R DTG PR 4 A E s R FE AL R
YRR SR BR AT AR W) P AL TR ik LIS BR A R
FEMER T 1A . Wang SEUSR R [A] fic g K B 19
N HENE T IR TR % 4 I BR HEA T IBEAL , ARAS T 2Bk
SRR . T BEAL SR R IR 55 5 Pl W] 25 A5 1 i 2
JRERAT Y, XHIFRE T 1,1-2 8 -2 =i 5t
Ak (DPPH) 1 2, 2% - - (3- & Bk I g e —
6—TH TR ) — Bt £h (ABTS) H H 56 1 B il 30 A K 2k
TR JEBE ST R, RN T A R 4R R R AT A=
WYL ELRE 138 TR AR, JLHOE 4Bk
% SRR 1 R B 22 | AR B ) vk 2 (1Cs0) 7E 2 #
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JRFR Y 2.4 A5 RN 1.2 4% , SR 7E 5 22 19 40 A 3% 5 0ok
i v oy g P B iR 1% v B R Ak S iR R R B M g
Jr R B U 0 BT A AL RE J7 , #E CAA (Cytotoxic T—cell
adherence assay )5 H , H B BELR AR 1Y CAA HL
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Table 2 Study on the biological activity of chlorogenic acid derivatives
FREAT A ARk & E EAE Tk EX -3 EE BN
GREMWE  FE RAAL B b R CGA-C18:3 # DPPH # ABTS  [12]
B AT ST FkERS A 4
% F CGA # 66.9%% 62.0%
AL 4E R i ARG KA BRAARERAAE ABRERRANE ZFOR (15
Rt B E A A F (ECy)
# 94 pgml, E F KT CA
(EC5%=29.1 pg/mL)
G REBBEKEE KFE  RWE e 3 ok FREAT A M B2 3 Hela @i [40]
T WH FER & TA 97.1%
R BB A2 LTk WAH REFEZBEREETHR SZRBRFETHEERR KT [41]
GRB T =% A E T A (NCCLS) A7 # % T3k 92.7%
L Eg VR g
%R BB = gk Y W A ABTH& Hep G2 ta fe 2 SRR R 4T A4 2 d R AL A8 aF [42]
RAK X 2% R B %1% 0.006
BEAL 4% R R B4 AL WH - BEf ERED S BRE R AABLERRITE a-EH A [43]
- &) ¥ B pNPG B #H a-H H ¥ B 1Cs 15 2 A A
13.3 pmol/mL #= 3.4 pmol/mL
FREAKRAN FEH WHBNHE-6-F BEEEARAITEER ZREATAES 291 £ 0.1 mmol/l.  [44]
AEEE % B Bp A R A s R
GORBREMAT AFER WA RBRRA Mk kA i 18k GRMAITAY Cla ZFHEE (45
X7 A X o 3 %) W TR A B (H. Pylori)
EW L, H B HZEA 10 mm
% R BR T Bg 1 F ik A TR Rl JE R R AEK RIMREFR R SWITEN A [46]
vk B2 2B 1Cs = 21.9 pumol/L
SRk 5 R B ALFEE PR ZEE B16 it 5 29 i 5 X, 3 GREATEN TIETEREAE  [47)

e

#x g #pHAE A L 1Cs = 0.9 pmol/L

JFIR ECs A 29.1 pg/mL, £ 45 5 b 1 Bt A AL BOR |
BT 70T 2 B R 73 1 P Y 1 DR BEAL E AT T
R, 3 R S R AT AR W B AL RE 1 10T B S AR
B M 5 AT AR B R I, Sk DR AT A 1) 8 26 i P I 34
TEAE Y A v 2 B BRI F TR AN T — SRR 4 R,
Xu S5 5% 1< AH [7) 100 A 10 42 3k 1 A A 15 1R
(RERR IR IR | i R IV JRR 1R ) 5 2 S5 R 147 TR
R, K45 T LASR IR R 5l o AT AR, 1
DPPH H B %53 B i 55 o LA mmol/L. TE/mmol/L
sample (TE & — G & # >4 it , Trolox equivalent) ff
S VEAG BT R AL BE T 0 B S JE IR A R R T | ¢
TR VTR T | o J5L TR IV b TR P /T ¢ Doyt 2 IV R TR g 1)
ik % 1.25,1.29,1.28,0.91 mmol/L. TE/mmol/L

sample, SZEJEE (1.36 mmol/L. TE/mmol/L. sam-
ple) A0 LLA BT T R, SR 2 30 e v K7 i 4t
AATE P, UL A 5 SR R R 43 R R R AT
WL AT, ) DATE AR R O B 4 S R 47T 4
ISR RTEE T, R4S SR I R 48 i % SR R AT A
.

2L 53 B F5 ARAT 1 S S R AT A W) AR
AL PR SR SRR A A I R R, (BB RS B 2 AR
P A1 feff G P A P R B T A SR A DR
S i R TR ROCR o 24, S R RRAT AR MR AR
P i T T USRI A 3 R ke N 32 i 4 5
BRI A WIAE A R BT RARTR RIS, R i
TE B W B A ARG T R T IR AR SE
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oI5 TR T VIS R B 8 S N 15 R A T AN 1)
rh MR 2 I T B R RS | R SR PR Lok i
rh S T 0 M AR AR TR 2CR B I DR,
FE T4 SRR AR R R A 40 b e AR, | ok A RO
25T 10 FpAS ] 2 7Y 1) 2 Ji i Wk e R AT A=, e B0
o JEURR AT A2 W) 4T HeLa 20 (4 410 ) 3R B i nl 3k
97.19% , %+ HCT-8 4 20 Jfd (1) 0 il 23 fi =i 35 92.5%,
AR W 0T L WA R 5 b e
25 I (1% 23.1% ) , Sudrez—Quiroz S5 iE
TR BEPEAB G IS 0 23 i 2 T8 e 6%tk 3 0 o ith 25 A=
K, (S B Bk R AR B W B (MICy, A1
MICyo ) BfF 5% 0 22 18 1E F , 45 9% 36 B 4 DRI o TR 1Y)
MICs5,<<0.5~0.7 mg/mL,MICg=1.0~1.5 mg/mL, %% il
R+ e R ) MICs<0.7~1.2 mg/mL,MICg= 1.5
mg/mL, 75 52 bR 35 77 520 F2 v | 4 D R 5 T F0 1 — 98
P %F it & 0 40 0 A a5 = g3 B a] Gk B 92.7% Ml
83.7% , 7 Wi 23t I PR I A& — P Al H A A B P TR 24
Ho Jibbeklr i A BA AR R, X 5 Ma
SR Y 0 2k i PR AYT A ) T ARG L TR AR N Y -1,
3] SRl I 1 OUL SR A o SR, S S PR AT AE W A
AR DY TR AR BILE LA KA AL . BRSO R H A
et — T, SRR AT AR AR D et A
i — 2L
2.3 HEe4LEWiEH

i R K bt A Ak BT B SR
T PE AL 3 S5 A e B T 5 10 2% Dt I 1ok e — 3R
LA RR B D e, A 20 e 45 RS
i el O e e, W P 358 nm T A MOGIE
(A ) VEAR I o HE R AR L, 22 BTG T 3 LA 784 %
AR 0.254, WA T [ 8k 22 3 B 15 B ot A 15
) RE B | AR 5 0 IR 2 S R AT (4=0.239) 4
Wik A — o 285 A SRR AT A9 2 d(A4=0.244)
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Research Advances in the Preparation and Bioactivity of Chlorogenic Acid Derivatives
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Abstract Chlorogenic acid (CGA) is a type of water—soluble phenolic derivatives with a variety of physiological func-
tions, but its low lipid solubility limit CGA’s industrial applicability. Molecular modification is an effective approach to
synthesize chlorogenic acid derivatives (CAD) which have higher liposolubility and comparable bioactivities to CGA. In
this paper, the preparation of CAD using chemical methods including the acyl chloride method and enzymatic methods,
such as esterification and ester exchange are reviewed. The typical approaches for the isolation and purification of CAD
are discussed. Besides, the recent advances in chlorogenic acid derivatives” bioactivities including the antioxidant, antitu-
mor and antifungal functions, lipid metabolism regulation properties are evaluated. Finally, the current issues in CAD
study and potential applicability in future are summarized.

Keywords chlorogenic acid derivatives; chemical method; enzymatic synthesis; antioxidation; biological activity



