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Structural modification and biological evaluation of monomeric compound from
Pandanus tectorius
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Abstract: Objective To modify the structure of natural monomeric compound 3-O-caffeoylquinic acid from medicinal plant
Pandanus tectorius, and evaluate the anti-influenza virus activity of the derivatives. Methods Applying 3-O-caffeoylquinic acid as
material, the target compounds were prepared by three routes and evaluated for their anti-influenza virus effects by MDCK cells in
vitro. Results Thirteen caffeoylquinic acid derivatives B1—B13 were synthesized. The structures of the target compounds were
identified by spectrum. Pharmacological results showed that the compounds B4, B6, and B10 had the different potencial inhibition on
the replication of influenza virus in cells. Conclusion The new compounds B2 and B4—B13 which show the potential biological
activity of anti-influenza virus, have not been reported in any literatures and are worth studying further.
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Fig. 1 Synthetic route of 3-O-caffeoylquinic acid derivatives
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R EY B2; DL 3-O-WHEREZE TR N 5L,
Lewis [ — F 3000 — 90 R IR IR ( TMSOTD AL,
B8AIF R SARA TN EER, 1334059 B3;
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23 EBRAE
231 4.5-0-TF X3E-3-0-nHEmE 2 1R (B1) X
G S RAEOTEN, 250 mL RIS
P HERRFREL 7.0 g(19.8 mmol)3-O-W LS 712,
I 60 mL JC/KEAAT 40 mL 2,2- — F4E LA bt
(DMP), $ifl N i o ) S N R AL
i (50 mg) TsOH, #itER RN, TEE T
KN, TLC WA H G, /K Nay,COs Hrfil
2 pH N 5~6, I8, JWIEZARER, RRVE
AR i alifl, 3 RmMERE 2 T R AT A2 B1.
232 34- N IE-4,5-0- TN X F-3-0-mHE L ZE 7
PR (B2) HIA M T 100 mL [RJEKEI itk
PREL 0.1 g (0.25 mmol) fb&4) B1 #10.17 g (1.23
mmol) /K K,CO3, M 40 mL Jo/K ZIEHEHE
A, RIEIA 0.01 mL ¥R, F&ERARY N R
B, EF| TLC Wl Bighn, JWEZERREHR, H
50 mL BEFR ZBEFRE, 5% NaHCO; YEE A, L
JEFHTEK NaySO, T, R, i
Atk alid, 15 2I0mHENEZE T RRATAEY) B2,
233 4',5-0-15 XIE-3"-O-WNHEEE 4 7/ -1-0-FF
fig (B3) (I 22% Gk A o 1), F 25 mL
[5] JE G P ME R AR 0.7 g (2 mmol) 3-O-IimERpE 24
TA0.35 g (6 mmol) JL/KINEH, I 10 mL 7
KDY S B P 3 AT, UK N 212 i TMSOTE
0.33 mL (2 mmol), T %M FRNEA, A
VK 1 mol/L NaOH ¥ 0.35 mL V&K N, BSR4,
BRI, HHUZEMIEK NaSOs TH. s 25w
A, BRI R R Ak, A3 RNHERE 4
FRATAY) B3
234 4 5-0- X IE-3-O-WmmEREZE T B B Ak
&Y (B4~B8) A %30k & ok,
T 250 mL [BJRE M, HEFRRIUTAEY BL 1.2 ¢
(3 mmol) A1 BOP 1.5 g (3 mmol), 7/
ZAFF, I 70 mL JC/KVEA %57 THF-CH3CN(3 -
2) HEFEEEAE. M 0.8 g (6 mmol) f] DIEA )5,

1) SNV R R N AR % 3 mmol, TLE TLC M
PR IR ZE BRI A, AR AR I i A i 4l
b, F3EINHEREZE T2 FRAT A2 B4~BS.
2.3.5  3-O-WmHREEZE T RRELIE KA 59 (B9~B13)
MRk 2% SR a o™, 50 mL [ ke
i, 2 SIVERRFREL 2 mmol #7/E4) B4~B8, A
TFA-DCM-H,0 (9 :1: 1) MiRE¥IK 20 mL, =
VLR BEEEROY 0.5 h, % TLC WAl S 45 . Jf)E
AR, YA R ik aliik, 15 Bk
2T RATAY) B9~B13.
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MMRTFRHL N EARTEY B DMSO MR 779,
37 °C, 5% CO, M EE FHEFE 48 h, BEFLINA MTT %
W (5 mg/mL) 20 pL, 4k&EE55% 4 h, NOIFEAL
MR EiEW, AEFLIN 150 L DMSO, 37 CHEH
10 min, 45527850 @lfE . FHBEARXAE 550 nm P
KA CEE (4D fH, TR

fiTZEY X MDCK il 50% A Ik % (50%
cytotoxic concentration, CCso) H] GraphPad Prism
(GraphPad Software, San Diego, CA) 4H#Til%.
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AL ST 3 K
2.5 FTEMERIMIERBRSEFER"
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(7 P 1 3 0 ) 4 2 5 DY RS 0 400 i 1A 00 75
W) 50% A Rk JE  (50% effective concentration,
ECso) H GraphPad Prism (GraphPad Software, San
Diego, CA) MM it 5,

3 HR5R
3.1 LAY HE

WA BL: BN, K 90.1%. HR-MS
m/z: 417.116 7 (C19Hy0Na, 1A 417.116 2 [M+
Na]"). '"H-NMR (600 MHz, DMSO-dq) d: 9.58 (1H, s,
Ph-OH-3/4), 9.14 (1H, s, Ph-OH-3/4), 7.48 (1H, d, J =



. 1136 + 2x]

Chinese Traditional and Herbal Drugs 35 46 % %5 83 20154 4 A

15.8 Hz, H-7), 7.05 (1H, d, J= 1.5 Hz, H-2), 7.00 (1H,
dd, J = 1.4, 8.2 Hz, H-6), 6.77 (1H, d, J = 8.1 Hz,
H-5), 6.23 (1H, d, J = 15.9 Hz, H-8), 5.34~5.30 (1H,
m, H-3"), 4.39~4.38 (1H, m, H-4"), 4.11~4.09 (1H,
m, H-5'), 2.20~2.16 (1H, m, H-2/6'), 2.03~2.01
(1H, m, H-2"/6"), 1.92~1.89 (1H, m, H-2"/6"), 1.83~
1.79 (1H, m, H-2'/6"), 1.40 (3H, s, H-8'/9), 1.25 (3H,
s, H-8'/9"); "*C-NMR (150 MHz, DMSO-dq) 6: 176.2
(C-7"), 165.8 (C-9), 148.5 (C-4), 145.6 (C-3), 145.4
(C-7), 125.6 (C-1), 121.5 (C-6), 115.8 (C-10"), 114.9
(C-5), 114.1 (C-8), 108.1 (C-2), 76.5 (C-4"), 73.2
(C-1), 72.7 (C-3"), 70.4 (C-5'), 36.4 (C-2'), 34.8
(C-6"), 28.1 (C-8'), 26.0 (C-9').

&Y B2: A, R 68.5%. HR-MS m/z:
687.257 3 (C4oHygOoNa, T1HAE 687.257 0 [M+Na] ).
'H-NMR (600 MHz, DMSO-dy) &: 7.55 (1H, d, J =
15.7 Hz, H-7), 7.50 (1H, d, J = 1.7 Hz, Bn-H), 7.47~
7.44 (4H, m, Bn-H), 7.40~7.36 (8H, m, Bn-H),
7.33~7.31 (3H, m, Bn-H, H-2), 7.22 (1H, dd, J = 2.0
Hz, 8.3 Hz, H-6), 7.08 (1H, d, J = 8.3 Hz, H-5), 6.50
(1H, d, J = 15.9 Hz, H-8), 5.37~5.33 (1H, m, H-3"),
5.19 (4H, s, Bn-CH,), 5.15~5.09 (2H, m, Bn-CH,),
4.41~439 (1H, m, H-4"), 4.12~4.11 (1H, m, H-5"),
2.24~220 (1H, m, H-27/6"), 2.10~2.07 (1H, m,
H-2'/6"), 1.99~1.96 (1H, m, H-2'/6'), 1.88~1.84 (1H,
m, H-2/6"), 1.41 (3H, s, H-8'/9"), 1.26 (3H, s, H-8'/9");
BC-NMR (100 MHz, CDCL) 6: 174.2 (C-7'), 166.3
(C-9), 151.2 (C-4), 149.0 (C-3), 145.1 (C-7), 137.0 (C-
Bn'’-1), 136.8 (C-Bn”"-1), 135.2 (C-Bn"-1), 128.8
(C-Bn'"-3, 5), 128.7 (C-Bn""-3, 5), 128.7 (C-Bn"-3, 5,
Bn'"-4), 128.3 (C-Bn""-4, Bn"-4), 128.1 (C-Bn'"-2,
6), 128.0 (C-1), 127.4 (C-Bn""-2, 6), 127.3 (C-Bn"-2,
6), 123.1 (C-6), 1159 (C-10), 114.3 (C-5), 113.9
(C-8), 109.7 (C-2), 77.4 (C-4)), 77.0 (C-1'), 74.0
(C-3"), 71.4 (C-Bn"-7), 71.1 (C-Bn"""-7), 70.7 (C-5"),
67.9 (C-Bn"-7), 37.0 (C-6'), 34.5 (C-2'), 28.1 (C-8"),
26.0 (C-9").

G B3: WK, R 66.7%. HR-MS
m/z: 457.147 2 (CpHyeNaOo, TIEAH 457.147 5 M+
Na]"). "H-NMR (600 MHz, DMSO-dq) d: 9.60 (1H, s,
Ph-OH-3/4), 9.16 (1H, s, Ph-OH-3/4), 7.51 (1H, d, J =
15.8 Hz, H-7), 7.11~6.95 (2H, m, H-2, 6), 6.77 (1H,
d, J=17.7 Hz, H-5), 6.25 (1H, d, J = 15.8 Hz, H-8),

5.24~5.10 (1H, m, H-3"), 4.50~4.36 (1H, m, H-4"),
426 ~4.14 (1H, m, H-5'), 2.29~2.18 (2H, m,
H-2'/6"), 2.14~2.04 (1H, m, H-2'/6"), 1.90~1.79 (1H,
m, H-2/6"), 1.57 (6H, s, H-11', 12'), 1.41 (3H, s,
H-8'/9), 1.27 (3H, s, H-8/9"); "C-NMR (150 MHz,
DMSO-dg) 6: 173.7 (C-7'), 165.9 (C-9), 148.4 (C-4),
145.7 (C-3), 145.6 (C-7), 125.5 (C-1), 121.4 (C-6),
115.8 (C-10"), 114.9 (C-5), 113.7 (C-8), 110.4 (C-2),
108.2 (C-13'), 78.2 (C-4"), 75.6 (C-1'), 72.5 (C-3'),
69.4 (C-5"), 35.7 (C-6"), 34.0 (C-2"), 28.1 (C-11"), 27.9
(C-12'), 27.8 (C-8"), 25.7 (C-9").

AV Ba: RO AR, W 65.2%. HR-MS
m/z: 484.194 6 (CoyH3 NOgNa, 15714 484.194 7 [M+
Na]"). '"H-NMR (400 MHz, DMSO-dq) d: 7.51~7.44
(2H, m, N-H, H-7), 7.06~6.98 (2H, m, H-2, 6), 6.78
(1H, d, J = 8.1 Hz, H-5), 6.24 (1H, d, J = 15.9 Hz,
H-8), 5.43 (1H, s, H-1'), 5.38~5.32 (1H, m, H-3'),
4.43~4.42 (1H, m, H-4'), 4.13~4.10 (1H, m, H-5"),
4.04~395 (1H, m, H-17), 226 ~221 (1H, m,
H-2'/6"), 1.98~1.94 (1H, m, H-2'/6"), 1.81~1.77 (4H,
m, H-2'/6', H-2", 5"), 1.68~1.55 (2H, m, H-2", 5"),
1.53~1.44 (2H, m, H-3", 4"), 1.44~135 (5H, m,
H-8'/9', 3", 4"), 1.25 (3H, s, H-8/9"); "*C-NMR (100
MHz, DMSO-dg) d: 174.7 (C-7"), 166.0 (C-9), 148.5
(C-4), 145.7 (C-3), 145.4 (C-7), 125.7 (C-1), 121.5
(C-6), 115.9 (C-10"), 114.9 (C-5), 114.2 (C-8), 108.2
(C-2), 77.0 (C-4"), 74.2 (C-1"), 73.7 (C-3"), 71.1 (C-5"),
50.5 (C-1"), 37.0 (C-6'), 34.5 (C-2"), 32.4 (C-2"), 32.3
(C-5"), 28.1 (C-8"), 26.0 (C-9'), 23.6 (C-3", 4").

&) BS: R ERAR, R 68.9%. HR-MS
m/z: 500.225 9 (C,sH3sNOgNa, 14548 500.226 0 [M+
Na]"). 'H-NMR (400 MHz, DMSO-dq) d: 7.74 (1H, t,
J =59 Hz, N-H), 7.47 (1H, d, J = 15.9 Hz, H-7), 7.05
(1H, d, J= 1.9 Hz, H-2), 7.00 (1H, dd, J= 1.8, 8.2 Hz,
H-6), 6.76 (1H, d, J = 8.2 Hz, H-5), 6.24 (1H, d, J =
15.9 Hz, H-8), 5.44 (1H, s, H-1"), 5.36~5.32 (1H, m,
H-3'), 4.42~4.41 (1H, m, H-4"), 4.13~4.11 (1H, m,
H-5'), 3.09~3.00 (2H, m, H-1"), 2.25~2.22 (1H, m,
H-2'/6'), 1.97~1.94 (1H, m, H-2'/6"), 1.76~1.75 (2H,
m, H-2'/6"), 1.41 (3H, s, H-8/9"), 1.39~1.36 (2H, m,
H-2"), 1.25 (3H, s, H-8/9"), 1.23~1.21 (6H, m,
H-3"~5"), 0.83 (3H, t, J = 7.1 Hz, H-6"); “C-NMR
(100 MHz, DMSO-dg) 6: 174.9 (C-7'), 165.8 (C-9),
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148.4 (C-4), 145.5 (C-3), 145.2 (C-7), 125.5 (C-1),
121.3 (C-6), 115.7 (C-10"), 114.8 (C-5), 114.0 (C-8),
108.0 (C-2), 76.8 (C-4"), 74.0 (C-1"), 73.5 (C-3"), 70.8
(C-5"), 38.5 (C-1"), 37.0 (C-6"), 34.5 (C-2), 30.9
(C-2"), 28.9 (C-3"), 27.9 (C-4"), 25.8 (C-8', 9'), 22.0
(C-5"), 13.8 (C-6").

G B6: IRTTERR, IR 40.2%. HR-MS
m/z: 506.238 1 (CysH3NOy, 1514 506.239 0 [M—
H] ). "H-NMR (600 MHz, DMSO-d) d: 7.77 (1H, t,
J=5.6 Hz, N-H), 7.47 (1H, d, J = 15.7 Hz, H-7), 7.04
(1H, d, J=2.0 Hz, H-2), 7.00 (1H, dd, J= 1.9, 8.2 Hz,
H-6), 6.76 (1H, d, J = 8.1 Hz, H-5), 6.24 (1H, d, J =
15.9 Hz, H-8), 5.42 (1H, s, H-1"), 5.36~5.32 (1H, m,
H-3'), 443~4.41 (1H, m, H-4"), 4.13~4.11 (1H, m,
H-5"), 3.34~3.31 (4H, m, H-3", 5"), 3.17~3.06 (2H,
m, H-17), 2.25~222 (1H, m, H-2/6"), 1.97~1.94
(1H, m, H-2'/6"), 1.76~1.75 (2H, m, H-2'/6"), 1.65~
1.61 (2H, m, H-2"), 1.48~1.43 (2H, m, H-6"), 1.41
(3H, s, H-8'/9"), 1.33~1.28 (2H, m, H-7"), 1.26 (3H,
s, H-8/9"), 0.86 (3H, t, J = 7.4 Hz, H-8"); "“C-NMR
(150 MHz, DMSO-dg) 6: 175.0 (C-7'), 165.8 (C-9),
148.4 (C-4), 145.5 (C-3), 145.2 (C-7), 125.5 (C-1),
121.3 (C-6), 115.7 (C-10"), 114.8 (C-5), 114.0 (C-8),
108.0 (C-2), 76.8 (C-4"), 74.0 (C-1"), 73.5 (C-3"), 70.8
(C-5"), 69.7 (C-5"), 67.9 (C-3"), 37.0 (C-6"), 36.3
(C-1"), 344 (C-2)), 31.3(C-2"), 29.2 (C-6"), 28.0
(C-8"), 25.8 (C-9"), 18.8 (C-7"), 13.7 (C-8").

G BT: R AR, IR 38.8%. HR-MS
m/z: 562.301 4 (C30HyNOo, 15714 562.301 6 [M—
H] ). 'H-NMR (600 MHz, DMSO-dq) d: 7.76 (1H, t,
J=5.8Hz, N-H), 7.47 (1H, d, J = 15.9 Hz, H-7), 7.04
(1H, d, J= 1.8 Hz, H-2), 7.00 (1H, dd, J= 1.7, 8.3 Hz,
H-6), 6.76 (1H, d, J = 8.1 Hz, H-5), 6.23 (1H, d, J =
15.9 Hz, H-8), 5.41 (1H, s, H-1'), 5.36~5.32 (1H, m,
H-3'), 443~4.41 (1H, m, H-4"), 4.13~4.11 (1H, m,
H-5'), 3.34~3.32 (2H, m, H-3"), 3.24~3.20 (2H, m,
H-5"), 3.16~3.07 (2H, m, H-1"), 2.26~2.22 (1H, m,
H-2'/6"), 1.97~1.95 (1H, m, H-2'/6"), 1.78~1.75 (2H,
m, H-276'), 1.65~1.61 (2H, m, H-2"), 1.41 (4H, s,
H-8/9', 6"), 1.26~1.22 (11H, m, H-8"/9', 7"~9",
11", 0.86~0.80 (6H, m, H-10", 12"); "*C-NMR (150
MHz, DMSO-dg) 6: 175.0 (C-7"), 165.8 (C-9), 148.4
(C-4), 145.6 (C-3), 145.3 (C-7), 125.5 (C-1), 121.3

(C-6), 115.8 (C-10"), 114.8 (C-5), 114.1 (C-8), 108.0
(C-2), 76.9 (C-4"), 74.0 (C-1'), 73.5 (C-3'), 70.8 (C-5"),
68.2 (C-3"), 67.1 (C-5"), 39.0 (C-6"), 37.0 (C-6"), 36.2
(C-17), 34.4 (C-2'), 30.0 (C-7"), 29.2 (C-8"), 28.5
(C-2"), 28.0 (C-8'), 25.8 (C-9"), 23.4 (C-11"), 22.5
(C-9"), 13.9 (C-10"), 10.9 (C-12").

&) B8: IR EHR, W 33.3%. HR-MS
m/z: 642.400 1 (C37Hs¢NOg, TI551H 642.400 6 [M—
H] ). 'H-NMR (600 MHz, DMSO-d) d: 7.71 (1H, t,
J=15.9 Hz, N-H), 7.47 (1H, d, J = 15.8 Hz, H-7), 7.04
(1H, d, J= 2.0 Hz, H-2), 7.00 (1H, dd, J= 1.9, 8.2 Hz,
H-6), 6.76 (1H, d, J = 8.2 Hz, H-5), 6.23 (1H, d, J =
15.9 Hz, H-8), 5.42 (1H, s, H-1"), 5.36~5.32 (1H, m,
H-3'), 4.43~4.40 (1H, m, H-4"), 4.13~4.11 (1H, m,
H-5'), 3.10~2.99 (2H, m, H-1"), 2.25~2.21 (1H, m,
H-2/6"), 1.97~1.94 (3H, m, H-2/6’, 9", 10"), 1.76~
1.75 (2H, m, H-2'/6"), 1.41 (3H, s, H-8'/9"), 1.39~1.37
(2H, m, H-8"), 1.27~1.21 (29H, m, H-8/9", 2"~7",
107~17"), 0.84 (3H, t, J = 6.8 Hz, H-18"); "*C-NMR
(150 MHz, DMSO-dg) §: 175.0 (C-7'), 165.8 (C-9),
148.4 (C-4), 145.5 (C-3), 145.2 (C-7), 129.6 (C-9”,
10, 125.5 (C-1), 121.3 (C-6), 115.7 (C-10"), 114.8
(C-5), 114.0 (C-8), 108.0 (C-2), 76.8 (C-4"), 74.0
(C-1'), 73.5 (C-3), 70.8 (C-5'), 38.4 (C-1"), 37.0
(C-6"), 34.5 (C-2'), 31.2 (C-2"), 29.1 (C-8"), 29.1
(C-11"), 29.0 (C-7"), 28.8 (C-12"), 28.7 (C-6"), 28.6
(C-13"), 28.5 (C-5"), 28.5 (C-4"), 27.9 (C-8'), 26.6
(C-14"), 26.5 (C-16"), 26.2 (C-15"), 25.8 (C-9'), 23.4
(C-11"),22.0 (C-17"), 13.9 (C-18").

WEY) BY: R EHAR, R 78.0%. HR-MS
m/z: 444.164 0 (C, HysNOgNa, 15714 444.163 4 [M+
Na]"). 'H-NMR (400 MHz, CD;0D) ¢: 7.57 (1H, d,
J=15.9 Hz, H-7), 7.05 (1H, s, H-2), 6.99~6.90 (1H,
m, H-6), 6.78 (1H, d, J = 8.1 Hz, H-5), 6.29 (1H, d,
J = 15.8 Hz, H-8), 5.45~5.33 (1H, m, H-3'), 428~
4.19 (1H, m, H-4"), 3.75~3.67 (1H, m, H-5"), 3.54~
3.42 (1H, m, H-1"), 2.10~1.92 (6H, m, H-2', ¢', 2"),
1.78~1.66 (2H, m, H-3"), 1.78~1.66 (2H, m, H-4"),
1.52~1.42 (2H, m, H-5"); “C-NMR (100 MHz,
CD;0D) d: 176.2 (C-7"), 169.0 (C-9), 149.5 (C-4),
147.0 (C-3), 146.8 (C-7), 127.8 (C-1), 122.9 (C-6),
116.5 (C-5), 115.4 (C-8), 1152 (C-2), 77.7 (C-4"),
74.3 (C-1"), 72.6 (C-3"), 71.9 (C-5'), 52.2 (C-1"), 40.0
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(C-6"), 38.6 (C-2"), 33.5 (C-2", 5"), 24.8 (C-3", 4").

&Y B10: SRR R, U3 82.5%. HR-MS
m/z: 460.194 8 (C»,H3 NOgNa, 11514 460.194 7 [M+
Na]™). 'H-NMR (400 MHz, CD;OD) ¢: 7.58 (1H, d,
J =159 Hz, H-7), 7.09~7.01 (1H, m, H-2), 6.98~
6.91 (1H, m, H-6), 6.78 (1H, d, J = 8.0 Hz, H-5), 6.29
(1H, d, J = 15.9 Hz, H-8), 5.43~5.37 (1H, m, H-3"),
4.28~4.19 (1H, m, H-4"), 3.73~3.70 (1H, m, H-5"),
3.21~3.17 (2H, m, H-1"), 2.11~1.91 (4H, m, H-2',
6", 1.55~1.45 (2H, m, H-2"), 1.35~1.26 (6H, m,
H-3"~5"), 0.92~0.86 (3H, m, H-6"); '*C-NMR (100
MHz, CD;0D) 6: 176.6 (C-7'), 169.0 (C-9), 149.6
(C-4), 147.0 (C-3), 146.8 (C-7), 127.8 (C-1), 123.0
(C-6), 116.5 (C-5), 115.3 (C-8), 115.1 (C-2), 77.8
(C-4"), 74.3 (C-1'), 72.6 (C-3"), 72.0 (C-5'), 40.2
(C-1"), 40.0 (C-6"), 38.7 (C-2'), 32.6 (C-2"), 30.4
(C-3"), 27.6 (C-4"), 23.6 (C-5"), 14.3 (C-6").

&Y BIL: IR R, WU 71.5%. HR-MS
m/z: 466.207 0 (Cp3H3,NOg, V1A 466.207 7 [M—
H] ). 'H-NMR (600 MHz, CD;0D) d: 7.57 (1H, d,
J =158 Hz, H-7), 7.04 (1H, d, J = 1.8 Hz, H-2), 6.95
(1H, dd, J = 1.8, 8.2 Hz, H-6), 6.78 (1H, d, J= 8.1 Hz,
H-5), 6.29 (1H, d, J = 15.9 Hz, H-8), 5.42~5.38 (1H,
m, H-3'), 424~4.23 (1H, m, H-4), 3.72~3.70 (1H,
m, H-5'), 3.48~3.46 (2H, m, H-3"), 3.43~3.41 (2H,
m, H-5"), 3.30~3.28 (2H, m, H-1"), 2.12~2.07 (2H,
m, H-2'/6"), 2.04~2.00 (1H, m, H-2/6'), 1.95~1.92
(1H, m, H-2'/6"), 1.78~1.74 (2H, m, H-2"), 1.57~
1.52 (2H, m, H-6"), 1.40~1.34 (2H, m, H-7"), 0.92
(3H, t, J = 7.4 Hz, H-8"); “C-NMR (150 MHz,
CD;0D) 8: 176.6 (C-7"), 169.0 (C-9), 149.5 (C-4), 147.0
(C-3), 146.8 (C-7), 127.8 (C-1), 122.9 (C-6), 116.5 (C-5),
115.4 (C-8), 115.2 (C-2), 77.7 (C-1'), 74.0 (C-4"), 73.5
(C-3"), 70.8 (C-5"), 69.7 (C-5"), 67.9 (C-3"), 40.0 (C-6"),
38.7 (C-2'), 38.4 (C-1"), 32.9 (C-6"), 30.2 (C-2"), 20.4
(C-7"), 142 (C-8").

&) B12: IR ERR, I 60.6%. HR-MS
m/z: 522.269 5 (Co7H4NOo, TH5AH 522.270 3 [M—
H]). 'H-NMR (600 MHz, CD;0D) d: 7.57 (1H, d,
J=15.8 Hz, H-7), 7.04 (1H, d, J = 1.9 Hz, H-2), 6.94
(1H, dd, J= 1.9, 8.1 Hz, H-6), 6.77 (1H, d, J= 8.1 Hz,
H-5), 6.29 (1H, d, J = 15.8 Hz, H-8), 5.42~5.38 (1H,
m, H-3'), 423 (1H, m, H-4"), 3.72~3.69 (1H, m,

H-5), 3.47~3.45 (2H, m, H-1"), 3.31~3.28 (4H, m,
H-3", 5"), 2.13~2.07 (2H, m, H-2'/6"), 2.04~2.00
(1H, m, H-2"/6"), 1.95~1.92 (1H, m, H-2'/6"), 1.78~
1.74 (2H, m, H-2"), 1.50~1.46 (1H, m, H-6"), 1.33~
1.28 (8H, m, H-7"~9", 11"), 0.91~0.86 (6H, m,
H-10", 12"); "“C-NMR (150 MHz, CD;OD) 6: 176.6
(C-7"), 169.0 (C-9), 149.5 (C-4), 147.0 (C-3), 146.8
(C-7), 127.8 (C-1), 122.9 (C-6), 116.5 (C-5), 115.4
(C-8), 1152 (C-2), 77.8 (C-1'), 75.0 (C-5"), 74.4
(C-4"), 72.7 (C-3"), 71.9 (C-5'), 70.4 (C-3"), 41.0
(C-6"), 40.0 (C-6"), 38.7 (C-2'), 38.4 (C-1"), 31.7
(C-7"), 30.3 (C-8"), 30.2 (C-2"), 24.9 (C-9"), 24.1
(C-11"), 14.4 (C-10"), 11.5 (C-12"),

&Y B13: IRtk K, WL 67.3%. HR-MS
m/z: 602.368 3 (C34Hs;NOg, T151H 602.369 3 [M—
H]). 'H-NMR (600 MHz, CD;0D) §: 7.57 (1H, d,
J=16.0 Hz, H-7), 7.04 (1H, d, J = 1.8 Hz, H-2), 6.94
(1H, dd, J=1.7, 8.2 Hz, H-6), 6.77 (1H, d, J= 8.2 Hz,
H-5), 6.29 (1H, d, J = 15.9 Hz, H-8), 5.43~5.38 (1H,
m, H-3"), 424~4.23 (1H, m, H-4), 3.73~3.71 (1H,
m, H-5"), 3.23~3.15 (2H, m, H-1"), 2.13~2.08 (2H,
m, H-2'/6"), 2.05~1.92 (3H, m, H-2/6', 9"), 1.89~
1.74 (1H, m, H-10"), 1.65~1.50 (4H, m, H-8", 11"),
1.30~1.26 (24H, m, H-2"~7", 12"~17"), 0.90~
0.88 (3H, m, H-18"); "C-NMR (150 MHz, CD;0D) §:
176.6 (C-7"), 169.0 (C-9), 149.5 (C-4), 147.0 (C-3),
146.7 (C-7), 127.8 (C-1), 122.9 (C-6), 116.5 (C-5),
115.4 (C-8), 115.4 (C-9"), 115.2 (C-2), 115.2 (C-10"),
77.7 (C-1'), 74.4 (C-4"), 72.6 (C-3"), 71.9 (C-5"), 40.2
(C-1"), 40.0 (C-6"), 38.7 (C-2"), 30.7 (C-2"), 30.6
(C-8"), 30.5 (C-11"), 30.4 (C-3"), 30.4 (C-7"), 30.2
(C-12"), 30.2 (C-16"), 30.1 (C-15"), 30.0 (C-14"),
27.8 (C-13"), 27.8 (C-4"), 27.7 (C-6"), 26.0 (C-5"),
23.7 (C-17"), 14.4 (C-18").
32 MRFERHER

T 56 MTT Al T #-R12E40%F MDCK 4 Jfd
(PVEEPE, AR5 7E 0 85U RV ] P I8 e 40 2% 52 56 %
E TR B1~B13 XHiEd 8 4R 4M& 4 MDCK
P AIEE R, BAREIR WAL 1. T4 B4, B6
1 B10 i EE S ECso 2001 4 2.34. 1.06 Al
19.88 pg/mL, {H2& B4 (1401 il 5514 BE 55 (CCso 4 63.77
ng/mL), JITIRECE R (TI=27.25), Kt B4 Bf
PP eEE e, B RAI .
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Table 1 Antiviral activities of 3-O-caffeoylquinic acid derivatives

e ECso/(ugmL™") CCso/(ugmL™)
B1 >50 >50
B2 >50 >50
B3 >50 >50
B4 2.34 63.77
B5 >50 >50
B6 1.06 20.25
B7 >50 >50
B8 >50 >50
B9 >50 >50
B10 19.88 100.8
B11 >50 >50
B12 >50 >50
B13 >50 >50
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Ei

VL RO R AR, IR ZE T IR 5 )
TRy FLPUU A #5 E 0 ARE T

o B H  JEAT MR W B AN I PR S I, i

EATBOGNR T BRI, AN 1 S AT )
TGS . AR, 4 SYE R R A 4
i A, 6 AR SR I L A A AT A
FABHE, An] B R BT s AL AT R .
SE 3k

(1]

(2]

(EEPREZNC Y WA, SEP TG (ED
IM]. % 2 bR dbat: ARCIARHARAE, 1996.
tERZER D E Y S mE R A s, P EEYE M)
JERt: R RAL, 1992.

E R 2B (PR e 2. FIHRAR [M].
g BRREEOR HRRAL, 1999.

XI5EE, SNte, YeIEE, &, FR IR T I
[1]. HhE2h, 2012, 43(4): 636-639.

(5]

[10]

[11]

[12]

[13]

Zhang X, Wu C M, Wu H F, ef al. Anti-hyperlipidemic
effects and otential mechanisms of action of the
caffeoylquinic acid-rich andanus tectorius fruit extract in
hamsters fed a high fat-diet [J]. PLoS One, 2013, 8(4):
€61922.

BB, AR, A i e IR A )
WEGTHERE [7]. P E P 2h7R0E, 2006, 31(11): 869-874.
Han J, Miyamae Y, Shigemori H, et al. Neuroprotective
effect of 3,5-di-O-caffeoylquinic acid on SH-SYSY cells
and senescence-accelerated-prone mice 8 through the
up-regulation kinase-1  [J].
Neuroscience, 2010, 169(3): 1039-1045.

Miyamae Y, Kurisu M, Murakami K, et al. Protective

of  phosphoglycerate

effects of caffeoylquinic acids on the aggregation and
neurotoxicity of the 42-residue amyloid B-protein [J].
Bioorgan Med Chem, 2012, 20(19): 5844-5849.

Nugroho A, Lim S C, Byeon J S, et al. Simultaneous
quantification and validation of caffeoylquinic acids and
flavonoids in Hemistepta lyrata and peroxynitrite-
scavenging activity [J]. J Pharm Biomed Anal, 2013, 76:
139-144.

Dang Z, Jung K, Zhu L, et al. Identification and synthesis
of quinolizidines with anti-influenza A virus activity [J].
ACS Med Chem Lett, 2014, 5(8): 942-946.

Ma C M, Kully M, Khan J K, et al. Synthesis of
chlorogenic acid derivatives with promising antifungal
activity [J]. Bioorg Med Chem, 2007, 15(21): 6830-6833.

Ma C M, Masao H, Mohsen D, et al. Chlorogenic acid
derivatives with alkyl chains of different lengths and
orientations: potent a-glucosidase inhibitors [J]. J Med
Chem, 2008, 51(19): 6188-6194.

Metaferia B B, Chen L, Baker H L, et al. Synthetic
macrolides that inhibit breast cancer cell migration in
vitro [J]. J Am Chem Soc, 2007, 129(9): 2434-2435.





