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Study on the Synthesis of Shikimic Acid Derivatives and Their Reversal Effects on Paclitaxel-resistant
Human Breast Cancer Cells

ZHANG Lu', CHEN Siying', WANG Qian’, ZHANG Jin', HUANG Liying', REN Le', TIAN Huiping', WANG
Nan', DONG Yalin' (1. Dept. of Pharmacy, the First Affiliated Hospital of Xi’ an Jiaotong University, Xi’ an
710061, China; 2. School of Food and Biological Engineering, Shaanxi University of Science & Technology,
Xi’an 710021, China)

ABSTRACT OBIJECTIVE: To structurally modify shikimic acid, and to investigate the reversal effects of its derivatives on
paclitaxel-resistant human breast cancer cells MCF-7/PTX. METHODS: Using shikimic acid as the lead structure, 1-position
carboxyl group was structurally modified to synthesize a series of shikimic acid derivatives through esterification, amidation,
hydrogenation and reduction, etc. Using non-drug resistant cells MCF-7 as reference, MTT assay was used to screen derivatives
with inhibitory activity as well as half-inhibitory concentration (ICs) and reversal index (RI) of derivatives to MCF-7/PTX. With
the drug resistance-related transgelin 2 as the target, the molecular docking of the active derivatives with the drug resistance-related
protein was carried out by using Glide 1.0 computer-aided design software. RESULTS: Totally 15 derivatives were obtained(T,-T1s) ,
of which T,-T;; were obtained for the first time. MTT assay showed that (3R, 4S, 5R) -N-benzyl-3, 4,
5-trihydroxy-1-cyclohexene-1-formamide (T;) , (3R, 4S, 5R)-N- (3, 4, 5-trihydroxy-1-cyclohexenylmethyl) -benzylamine (T.,) ,
(3R, 48, 5R) -3, 4-O-isopropyl-5-O-acetyl-1-cyclohexene-1-methyl formate (T,;) inhibited MCF-7 and MCF-7/PTX cells to a
certain extent; ICs values of T;, Tu and Ti; combined with pacliaxel to MCF-7/PTX cells were significantly lower than that in
negative control (Paclitaxel alone) group (P<<0.05). RIs of Ty, and Ts were higher, and RIs of the highest dose were 8.8 and 9.3,

which were equivalent to positive control verapamil (10.8). The results of molecular docking showed that the hydroxyl groups at

A ST < BTIE [ R E S IR0 (No.2017IMS013) : positions 3, 4 of T: could form multiple hydrogen bonds with

WP A5 Hh 2 2545 BUR 9 H (No.ZYMS017) - .
" AL BRSO G RS2 . HLEE : 029-85323244, E- addition to the hydrogen bond mentioned above at T., the

Arg625 and Asp627 in the catalytic region of transgelin 2. In

mail : batistuta28@126.com secondary amine side chain at position 1 of Ty could also form
BV AT 2500, 202, Ak S0, Tt BF9s 710« I R hydrogen bond with Glu657 of transgelin 2. When the
2h2F, HLIE:029-85323243, E-mail : dongyalin@ mail xjtu.edu.cn hydroxyl group on the T:s mother nucleus was derived from
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the donor group, the binding of the hydroxyl group to transgelin 2 was closer and the inhibition was enhanced. CONCLUSIONS:

The derivatives T;, T and T have certain reverse activity to paclitaxel-resistant human breast cancer cells. The polyhydroxy

structure of the mother nucleus is the main structural region of the hydrogen bond between shikimic acid and its derivatives and

transgelin 2. The derivation of its power supply group or the introduction of secondary amines and hydrophobic groups into the

1-carboxyl group of shikimic acid is benifit for enhancing the drug resistance reversal effect of derivative.

KEYWORDS Shikimic acid derivative; Transgelin 2; Breast cancer; Paclitaxel resistance; Reversal effect
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Fig1 Chemical structure of SA
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Fig 2 The synthetic route to the target compounds
T.-Ts

Hirfb &9 T— K, 4 & (mp) : 110~
111 °C, LM% %% (ESI)-MS : m/z 189.06[M+H]". 'H-NMR
(300 MHz,D,0)6:2.19(dd, 1H,J=18.0,7.0 Hz, H-6ax ),
2.67(dd, 1H,J=18.0,6.9 Hz,H-6eq) , 3.68(m, IH,H-5),
3.73(s, 3H, -CO,CH,) , 3.97 (m, 1H, H-4) , 4.36 (m, 1H,
H-3),6.77(d, 1H,J=6.0 Hz, H-2) ; "C-NMR (100 MHz,
D,0)0:31.2(C-6),52.0(C-2"),68.3(C-4),68.5(C-5),
69.8(C-3),130.1(C-1),136.2(C-2),167.2(C-1") ., #¥&
R BRI E TN (3R, 4S,5R)-3,4,5- = ¥ K- 1-3F
- 1-FH R H i

Hrfb &9 T— 1 @ [ 4K , mp: 64~65 C ,
ESI-MS:m/z 231.11[M+H]+. 'H-NMR (300 MHz, DMSO-
ds)0:0.87~0.93(t,3H,J=9.0 Hz,H-5") , 1.31~1.40(m,
2H,H-4'),1.54~1.61(m,2H,H-3'),2.03~2.09(dd, 1H,
J=18.0,7.0 Hz,H-6ax) , 2.40~2.46(dd, 1H,J=18.0,7.1
Hz,H-6eq),3.56~3.58(m, 1H,H-5),3.84~3.86(m, 1H,
H-4),4.06~4.10(t, 2H,J=6.4 Hz,H-2') ,4.23(m, 1H,
H-3),4.60~4.62(d, 1H, J=7.2 Hz, 5-OH) , 4.80~4.83
(m, 2H, 3-OH, 4-OH) , 6.61 (d, 1H, J=6.0 Hz, H-2) ;
“C-NMR (100 MHz, CDCl;)5: 128.3(C-1),137.7(C-2) ,
69.8 (C-3) , 68.3(C-4) , 68.5(C-5), 31.2(C-6) , 167.2
(C-1"),653(C-2"),31.2(C-3"),189(C-4"), 138

Pl p
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(C-5"). HiddiE iRk i A i T. 0 (3R, 4S,5R)-3, 4,
5- =R 1R M- 1-H R IE TR

His b &9 T— A @ K, mp: 98~100 C,
ESI-MS : m/z 265.09]M+H]", 'H-NMR (300 MHz, DMSO-
d:)6:2.01~2.07(dd, 1H,J=18.0,7.1 Hz,H-6ax) , 2.50~
2.56(dd, 1H,J=18.0,7.0 Hz,H-6eq) , 3.52(m, 1H,H-5),
3.85 (m, 1H, H-4) , 4.21 (m, 1H, H-3) , 4.32 (s,
2H,-O-CH,-),4.52(d, 1H,J="7.3 Hz,5-OH) , 4.67~4.70
(d, 1H, J=17.2 Hz, 4-OH) , 4.78 (d, 1H, J=7.2 Hz,
3-OH),6.36(d, 1H,J=6.0 Hz,H-2),7.23~7.30(m, 5H,
Ar-H) ; *C-NMR (100 MHz, CDCl,)§:130.1(C-1) , 136.2
(C-2),69.8(C-3),68.3(C-4),68.5(C-5),31.2(C-6),
167.2(C-1"),66.2(C-2'),136.1(C-3"),127.1(C-4',8"),
128.9(C-5",7"),127.6(C-6") . 4k I3 135 B i 0 2
T: A (3R,4S,5R)-3,4,5-=FH-1- I 2 M- 1- B TR
2.1.2 HARMEAW T ~Te LLSA KR, #5242.1.17 35
OIS R E A b, AR5 LA TBTU 4547 . 58 F e
N, N-ZHEEH R AT, 43 3 S IE N R OE T e R
JHie R X O e X SRR I R g SRR N 2- 2
JLE M F7 1V I, 7% (3R, 4S, 5R) -3, 4-0- 5 W A H-5- %%
FE-N-1E N - 1-38 OV 0 - 1- HH e (Pl {4 e,) | (3R, 48,
5R)-3,4-O-5 W NFE-5-F2H-N-1F T He-1- 3R 2 - 1-F ik
Jiie (H a4 c5) L (3R, 4S,5R) -3, 4-O-57 V. N 3-5-F2 - N-
IR BE-1-38 O - 1- H I i (o B) 44 ) L (3R, 48, 5R) -3,
4-0-57 0.9 3-5-F2 FE-N-"R FE - 1- 31 O 4 - 1- FH ke (o i)
& c;) . (3R,4S,5R)-3, 4-0-5F . [N Fk-5- 5 F-N-Xf F 2R
Fe-1-A - 1-H BERE (Rl co) L (3R, 48, 5R)-3, 4-0-
SV TR HE-5-F2 - N-XF JUR B - 130 U0 - 1- Y e e (i)
##c,) . (3R,4S,5R)-3,4-O-5 . N HE-5-F2HE-N-XF — 5 F
FEORJE -1- 8 O M -1- B R e ()4 ¢.0) T (3R, 48,
5R)-3,4-0-5 . N F-5-F2 JE-N-(2/-MEME I ) -1 - IR - 1-
FH LR (P TE A ) 5 BB 5 vk EE R K F 90°CF
IRl B g, 43 545 20 B brib & 94k &9 To~To (L
BEI3A) o LASA ARG R, S (I BE T % 5 T e
RV ASE) = LA ZE R R (R R h) | AR h Tk
AT M S AR, 3 I 5E B S AR R 8 F)
P SEOREL & 5 80 DOOREL o FH S FR B i A, 72 ks 1 32830 n
N Q-G L A e I E AR S AT L R
152](3R,4S,5R)-N-(2'-MLRE R ) -3, 4, 5-0- = L k- 1-
RO M- 1- B Ik el 4R 1) 5 5 (el 1 9 T H B,
AW, FEIR T oS RS9 T.(WLE 3B) .
HARME AW T~ T PR BT A D i A s an T o

Hirfb &% T— 11 @ A, mp: 90~92 C,
ESI-MS:m/z 216.11[M+H]", 'H-NMR (400 MHz, DMSO-
d:)9:0.80~0.84(t, 3H,J=8.0 Hz,H-4'),1.39~1.45(m,
2H,H-3'),1.95~2.00(dd, 1H,J=16.0, 7.0 Hz, H-6ax) ,
2.46~2.50(dd, 1H,J=16.0, 7.0 Hz, H-6eq) , 3.01~3.07
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Fig 3 The synthetic route to the target compounds
To-Th

(m, 2H, H-2") , 3.48~3.50 (m, 1H, H-5) , 3.80 (m, 1H,
H-4),4.17(m, 1H,H-3) , 4.54~4.56 (d, 1H, J=17.0 Hz,
5-OH),4.68~4.70(d, 1H,J=17.3 Hz, 4-OH) , 4.77~4.78
(d,1H,J=17.2 Hz,3-OH),6.27(d, 1H,J=6.3 Hz,H-2) ,
7.81~7.84(t,1H,J=6.0 Hz,-NH-) ; “"C-NMR (100 MHz,
CDCly) ¢ : 139.9 (C-1) , 136.5 (C-2) , 69.4 (C-3) , 67.9
(C-4),68.1(C-5),30.0(C-6),168.2(C-1"),40.9(C-2"),
23.1(C-3"),11.2(C-4") o A R B3 B T
(3R,4S,5R)-N-1F N 3-3,4,5- = F F-1-3F O M -1-
TR

Htr b &9 T— H @ [ &, mp: 103~104 C,
ESI-MS : m/z 230.13[M+H] . 'H-NMR (400 MHz, DMSO-
ds)5:0.84~0.89(t,3H,J=17.5 Hz,H-5"),1.24~1.32(m,
2H,H-4'),1.35~1.43(m,2H,H-3"),1.93~2.00(dd, 1H,
J=18.0,7.0 Hz, H-6ax) , 2.46~2.48(dd, 1H,J=18.0, 7.0
Hz, H-6eq) , 3.05~3.10(t, 2H,J=7.5 Hz,H-2') , 3.46~
3.50(m, 1H,H-5),3.79~3.82(m, 1H,H-4) ,4.16(m, 1H,
H-3),4.64~4.69(m, 2H, 4-OH, 5-OH) , 6.26 (d, 1H,J=
6.0 Hz, H-2) , 7.76 (s, 1H, -NH- ) ; “C-NMR (100 MHz,
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CDCly) 6 : 139.9 (C-1) , 136.5(C-2) , 69.4 (C-3) , 67.9
(C-4),68.1(C-5),30.0(C-6),168.2(C-1"),40.3(C-2"),
32.2(C-3"),19.8(C-4"),13.8(C-5") . M F iR E
%€ Ts A (3R, 48, 5R)-N-1E T -3, 4, 5- = ¥ H-1- 372
Ji-1-F kR

Hinfb & ¥ Te— 1 & [ K, mp: 136~138 C,
ESI-MS: m/z 250.10[M+H]"., 'H-NMR (400 MHz, DMSO-
ds)0:2.06~2.13(dd, 1H,J=18.0,7.0 Hz, H-6ax) , 2.58~
2.64 (dd, 1H, J=18.0, 7.2 Hz, H-6eq) , 3.56~3.58 (m,
1H,H-5),3.87~3.80(m, 1H,H-4) , 4.27(m, 1H, H-3) ,
4.59~4.60(d, 1H,J="7.0 Hz,5-OH) ,4.74~4.76(d, 1H,
J=17.0 Hz,4-OH) ,4.81~4.83(d, 1H,J=7.0 Hz, 3-OH) ,
6.45(d, 1H,J=6.0 Hz, H-2) , 7.01~7.07(d, 1H, J=8.0
Hz,H-5'),7.26~7.32(t,2H,J=8.1 Hz,H-4',6") ,7.65~
7.69(d, 2H,J=8.0 Hz, H-3',7"),9.67 (s, 1H, -NH- ) ;
“C-NMR (100 MHz, CDCl,)5: 139.9(C-1),136.5(C-2),
69.4 (C-3) , 67.9(C-4) , 68.1 (C-5), 30.0 (C-6) , 163.1
(C-1'),137.6(C-2"),121.6(C-3',7"),128.9(C-4",6"),
128.0 (C-5") o M4 I i I 3 £ 45 6 & Te M (3R, 48,
5R)-N-7K3E-3,4,5- =5 1- A - 1-FH BEE .

HArfb &% T—— M @ [& 44, mp: 86~88 C
ESI-MS: m/z 264.11[M+H] . 'H-NMR (300 MHz, DMSO-
ds)5:2.01~2.07(dd, 1H,J=18.0,7.0 Hz,H-6ax) , 2.50~
2.56(dd, 1H,J=18.0,7.0 Hz,H-6eq) ,3.53(m, 1H,H-5),
3.84 (m, 1H, H-4) , 4.20 (m, 1H, H-3) , 4.31 (s, 2H,
2'-CH,) , 4.53(d, 1H,J=17.0 Hz, 5-OH) , 4.68~4.70(d,
1H,J=17.0 Hz, 4-OH) , 4.77 (s, 1H, J=7.0 Hz, 3-OH) ,
6.37(d, 1H,J=6.0 Hz,H-2) ,7.23~7.30(m, 5H, Ar-H) ,
8.40(s, 1H, -NH-) ; “C-NMR (100 MHz, CDCl,) 5 : 139.9
(C-1),136.5(C-2),69.4(C-3),67.9(C-4),68.1(C-5),
30.0(C-6),168.5(C-1"),43.9(C-2"),137.9(C-3"),126.9
(C-4',8'),128.5(C-5',7"),126.7(C-6") . ¥ I iRk
BOEHGE T 4 (3R, 4S,5R)-N-"£3E-3, 4, 5- = F-1-3F
O - ke iz

Hinfb &9 Te— B f K, mp: 179~180 °C,
ESI-MS: m/z 264.11[M+H]". 'H-NMR (400 MHz, DMSO-
ds)d:2.05~2.10(dd, 1H,J=16.0, 7.0 Hz, H-6ax) , 2.25
(s, 3H, -CH,) , 2.58~2.62 (dd, 1H, J=18.0, 7.0 Hz,
H-6eq) , 3.53~3.57 (m, 1H, H-5) , 3.86~3.88 (m, 1H,
H-4),4.26 (m, 1H,H-3) , 4.65~4.66 (d, 1H, J=17.0 Hz,
5-OH),4.78~4.80(d, 1H,J=17.0 Hz, 4-OH) , 4.85~4.86
(d,1H,J=17.0 Hz, 3-OH),6.43(d, 1H,J=6.0 Hz,H-2) ,
7.08~7.10(d, 2H, J=8.0 Hz, H-3', 7" ), 7.54~7.56 (d,
2H,J=8.0 Hz, H-4',6') ,9.63 (s, 1H, -NH-) ; "C-NMR
(100 MHz,CDCl;)8:39.9(C-1),136.5(C-2),69.4(C-3),
67.9(C-4),68.1(C-5),30.0(C-6),163.1(C-1"),134.6
(C-2"),121.5(C-3",7'),129.2(C-4",6"),136.8(C-5"),
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21.3(C-8") o AR I AR U 1% 4l 0 22 Ts 4 (3R, 48,
5R)-N-XFFH R HE-3,4,5- =52 - 1- R U - - I o

H sk &9 Te— A 6 B K, mp: 132~133 C.
ESI-MS : m/z 268.09[M+H] . 'H-NMR (400 MHz, DMSO-
ds)6:2.06~2.11(dd, 1H,J=16.0,6.0 Hz, H-6ax) , 2.58 ~
2.62 (dd, 1H, J=16.0, 6.0 Hz, H-6eq) , 3.56~3.59 (m,
1H,H-5),3.88~3.90(m, 1H,H-4),4.27(m, 1H,H-3) ,
4.67~4.68(d, 1H,J=7.0 Hz,5-OH) , 4.81~4.83(d, 1H,
J=17.0 Hz,4-OH) ,4.87~4.88(d, 1H,J=7.0 Hz, 3-OH) ,
6.45(d, 1H, J=6.0 Hz, H-2) , 7.12~7.16 (d, 2H, J=8.0
Hz,H-4',6'),7.67~7.71(d,2H,J=8.0 Hz,H-3',7") ,
9.78(s, 1H, -NH-) ; “C-NMR (100 MHz, CDCl,)5: 139.9
(C-1),136.5(C-2),69.4(C-3),67.9(C-4),68.1(C-5),
30.0(C-6),163.1(C-1"),133.2(C-2"),126.1(C-3",7"),
115.7(C-4",6'),162.9(C-5") o M4k bR B 1 K00 i o
To 4 (3R, 4S, 5R) -N-XF R H -3, 4, 5- = 2 H-1-3F
Ieii-1- FP gk e

H 5tk & ¥ Tio— 3 & [ 1A , mp: 68~70 °C,
ESI-MS:m/z 318.09]M+H]", 'H-NMR (400 MHz, DMSO-
ds)6:2.09~2.13(dd, 1H,J=16.0, 7.0 Hz, H-6ax) , 2.58 ~
2.62(dd, 1H,J=16.0,7.0 Hz,H-6eq) ,3.59(m, IH,H-5),
3.89(m, 1H,H-4),4.29(m, 1H,H-3),4.70~4.72(d, 1H,
J=1.0 Hz,5-OH) ,4.85~4.87(d, 1H,J=7.0 Hz,4-OH) ,
4.90~4.91(d, 1H,J=17.0 Hz,3-OH) ,6.51(d, 1H,J=6.0
Hz,H-2),7.56~7.58(d,2H,J=8.0 Hz,H-4',6"),7.91~
7.93(d,2H,J=8.0 Hz,H-3',7"),10.1 (s, 1H, -NH- ) ;
“C-NMR (100 MHz, CDCl;)§:139.9(C-1) ,136.5(C-2) ,
69.4 (C-3) , 67.9 (C-4) , 68.1 (C-5) , 30.0 (C-6) , 163.1
(C-1'),140.9(C-2"),121.9(C-3",7"),125.3(C-4",6") ,
132.1(C-5"),124.1(C-8") o AR ¥ I id P 15 B 1 22 To
(3R, 4S,5R)-N-%F = # I EL R BE-3, 4, 5- = R J-1-3F
CL - 1-F It e .

Hirfb &% Ti— A @[ &, mp: 218~220 C,
ESI-MS : m/z 257.05[M+H]"., 'H-NMR (400 MHz, DMSO-
ds)0:2.09~2.14(dd, 1H,J=16.0,7.0 Hz, H-6ax) , 2.60~
2.64 (dd, 1H, J=16.0, 7.0 Hz, H-6eq) , 3.58~3.59 (m,
1H,H-5),3.88~3.90(m, 1H,H-4) ,4.26 (m, 1H, H-3) ,
4.711~4.72(d, 1H,J=17.0 Hz,5-OH) , 4.84~4.86(d, 1H,
J=1.0 Hz,4-OH) ,4.90~4.91(d, 1H,J=7.0 Hz,3-OH) ,
6.70(d, 1H,J=6.0 Hz, H-2) , 7.21~7.22(d, 1H, J=7.5
Hz,H-4'),7.50~7.51(d, 1H,J=7.5 Hz,H-3') , 12.1 (s,
1H, -NH-) ; “C-NMR (100 MHz, CDCl;)d: 139.9(C-1) ,
136.5(C-2) , 69.4 (C-3) , 67.9 (C-4) , 68.1 (C-5) , 30.0
(C-6),163.1(C-1"),165.0(C-2"), 132.6(C-3"), 112.1
(C-4") . MG IR P EEAE 4 & Tk (3R, 45, 5R) -N-
(2/-WEMEIE ) -3, 4, 5- = F25E-1- R OV - 1-FO G -

HHEEZG 2020455 31 55 8

H sk &9 To— A 8 A, mp: 231~232 C,
ESI-MS: m/z 251.09[M+H]'., 'H-NMR (400 MHz, DMSO-
ds)9:2.06~2.11(dd, 1H,J=16.0,7.0 Hz, H-6ax ) ,2.61~
2.65(dd, 1H, J=16.0, 7.0 Hz, H-6eq) , 3.55~3.57 (m,
1H,H-5),3.87~3.88(m, 1H,H-4) ,4.24(m, 1H,H-3) ,
4.67(d, 1H,J=17.0 Hz, 5-OH) , 4.78 (d, 1H, J=7.0 Hz,
4-OH) , 4.86(d, 1H,J=7.0 Hz, 3-OH) , 6.56 (d, 1H, J=
6.0 Hz,H-2),7.10~7.13(t, 1H,J=6.0 Hz,H-6") , 7.76 ~
7.80(dd, 1H,J=8.0,5.0 Hz, H-4') , 8.02~8.04(dd, 1H,
J=8.0, 6.0 Hz, H-5' ) , 8.33~8.34 (d, 1H, J=5.0 Hz,
H-3'),10.1(s, 1H,-NH-) ; *C-NMR (100 MHz,CDCl;)6:
139.9(C-1),136.5(C-2) ,69.4 (C-3),67.9(C-4) , 68.1
(C-5),30.0 (C-6) ,163.1 (C-1"), 149.9 (C-2" ) , 148.1
(C-3'),117.9(C-4'),138.3(C-5"),114.2(C-6") . 4 I
W REEHE A E Tl (3R, 4S,5R) -N-(2'-MERERE ) -3, 4,
5- = FRIE-1-FR O M- 1-H ke o
2.1.3 HeEY T HHMEASY T TNk,
TUKIB 14 F 18N LiAIH,, I 58 )5 218 T+ 2% 0,
SRIGFERAAY Nkl B A B = , WS iR
AP T, LR 4, HPRAEPE A ST .

Ox OH OO
CHj CH,0H
AR o ORI VOB  LiATH, @\
—_— —_—
pIEEE ik ml g
HO" Y “oH " o Y on

Y HO* " NoH
3

OH OH OH
SA T, T
4 HIrLEW TS K KL
Fig4 The synthetic route to the target compound T;

Hirfb &9 To— 1 & [ K, mp: 32~33 C,
ESI-MS:m/z 161.07[M+H]", ‘H-NMR (400 MHz, DMSO-
ds)5:2.04~2.08(dd, 1H,J=16.0,7.0 Hz, H-6ax) , 2.40~
2.44 (dd, 1H, J=16.0, 7.0 Hz, H-6eq) , 3.57~3.59 (m,
1H,H-5),3.67(s,2H,1’-CH.), 3.85~3.87(m, IH,H-4),
4.22(m,1H,H-3),4.67~4.69(d, 1H,J=7.0 Hz,5-OH) ,
4.86~4.87(d, 1H,J=17.0 Hz,4-OH) ,4.88(d, 1H,J=7.0
Hz,3-OH), 6.62(d, 1H,J=6.0 Hz, H-2) ; *C-NMR (100
MHz,CDCl;)é:137.1(C-1),122.1(C-2),68.0(C-3),68.6
(C-4),67.6(C-5),30.8(C-6),67.3(C-1"), 4 [-idJk
TR T (3R, 48, 5R)-1-F2 FH - 1- 3R L H5-3, 4,
5- %,
2.1.4 HIrEEW T, ks ik — Wb N,
N-—HEHRAR A G, TG4 M2 A TBTU
DIPEA, i+ SV 5 AR I , & il i P s b e 4, 15 31
R EIAR co s 5 H T4 o0 95 DU S0k g, I LIS i A 2
LiAIH, /7, vk B+ 5 R I I3, Sy 72 15 51 (3R,
48,5R)-N-(3,4-0-5¢ . N 3-5-F2 3 -1- 348 O s F L) -
JHe (LA e) 5 K v LA e 35 T DK IR v, iAol 9t /s 4
R, WS B EY T, W 5. HE LT R A
PEE T .
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o. NH/©
5\ L) mm M .TBTU .DIPEA 6
R GG/ N TR, S O OH

0 \%o
LiAIH, /g 1ﬂ%ﬂm «/kh“%a
fluml« ﬂu’fl\l_h

A e
EPlﬂﬁ\e

E5 B#iEY T14E’JAﬁJZE§%
Fig5 The synthetic route to the target compound T\,

H¥s b & Ti— 1 @ &, mp: 72~73 C,
ESI-MS: m/z 250.13[M+H]". 'H-NMR (400 MHz, DMSO-
ds)9:2.01~2.07(dd, 1H,J=18.0,7.0 Hz,H-6ax) , 2.35~
2.37(s,2H,1'-CH.) , 2.60~2.66(dd, 1H,J=18.0,7.0 Hz,
H-6eq) , 3.67~3.69 (m, 2H,H-4,5) , 3.74~3.76 (m, 1H,
H-3),4.20~4.32(s,2H,2'-CH.) , 4.64~4.65(d, 1H,J=
7.0 Hz, 5-OH) , 5.42~5.46 (d, 1H, J=7.0 Hz, 4-OH) ,
5.56~5.59(d, 1H,J=7.0 Hz, 3-OH) ,6.61(d, 1H,J=6.0
Hz,H-2),7.21(d, 1H,J=7.8 Hz,H-6') , 7.21~7.32(m,
4H,H-4',5",7',8");*C-NMR (100 MHz, CDCI,)d:139.0
(C-1),121.9(C-2),67.7(C-3),68.6(C-4),67.3(C-5),
32.2(C-6),53.1(C-1"),54.8(C-2"),140.2(C-3'), 127.9
(C-4",8"),128.5(C-5",7"),127.0(C-6"), ¥ ik
Bt e Tioh (3R, 4S,5R)-N-(3,4,5- = H-1- A LI
3 ) - iz
2.1.5 HIsEEWTs ¥ HIMEEY TN,
B IR IR A T E Il S %5 | R &
BRSO pH 28 7,75 (3R, 48, 5R) -3, 4-O- 5 Wi R J2-5-
FREE-1- A M- 1-FH R H R Crp B4 ) 5 B PR j B it
BEEF MRS A, Tl T HdE, AR R RE BUE
HLZ MR A 10 % R RS W K ZEBUS , P LA TG K B BR A
T4 15 B &Y Tos, HEWLE 6, JLRRALME o 2 i 3%
BT

0O« OH 0s O
“CH, “CH;
P R R BRI
I o BT
HO™ " oH HO™ Y “OH oV " oH

OH OH 0

SA EPW/I\b

SA T rhE AT

“CH;
P o
0" " NoAc

AT ik

6 BRUEY T-HE KL
Fig 6 The synthetic route to the target compound Ts

H 41:/]?{’{3%% Ti— Fl @ ElIEéI'M: , mp: 59~60 C ,
ESI-MS: m/z 229.09[M+H]". 'H-NMR (300 MHz, DMSO-

- 950 - China Phammacy 2020 Vol. 31 No. 8

ds) 6 : 1.28~1.32 (s, 6H, 8-CH, 9-CH;) , 1.98 (s, 3H,
11-CH,) , 2.24~2.32(dd, 1H, J=18.0, 7.0 Hz, H-6ax) ,
2.59~2.66(dd,1H,/=18.0,7.8 Hz,H-6eq) , 3.71(s, 3H,
2-CH,) , 4.23~4.27 (m, 1H, H-5) , 4.80 (m, 1H, H-4) ,
4.87~491(m, 1H,H-3),6.80(d, 1H,J=6.0 Hz, H-2) ;
“C-NMR (100 MHz, CDCl;)6:130.1(C-1),133.8(C-2),
73.9(C-3), 76.0 (C-4) , 69.9 (C-5) , 28.3 (C-6) , 121.1
(C-7),26.6(C-8,9),170.2(C-10),21.0(C-11) , 167.2
(C-1'),52.3(C-2") . M4 IR i B i o Tos M (3R,
48,5R)-3,4-0-5F W N HE-5-0- L R FE-1- 3R 2 4 - 1- F R
s, TS BAsfb W, To~Ts XA W SCHk s , N
HUGE FRA BOTNESAR S .
2.2 SAfTHEYIm 2o FiE AT

AT R F MTT B T4 &9 T~ T X%
MCF-7 #1 MCF-7/PTX 4 fl iy # il /E ] o 25 23, 1k
B T ~Te . To~Tu ¥ TCHLE BP0 HI/E T, Bk $eib &
YT, T T A7 G S 9% o

A3 SBON B4 K 59 59 MCF-7 .MCF-7/PTX 2 , 45
FR AR T A T, 2 e R 3R 5L (B & 5% FBS (1)
RPMI 1640 35575, T [A]) A2 4 0 2% i 28 1x10°>/mL,
Fie gL 100 pL #2810 96 LAk B Rl HL 54 PTX 41
PII Ty To T ARG AL, I35 B AN S 4N 0 2 10 R
A, HHE6ANEFL. T 37 C.5%CO 0T (RS
F% 24 h, REAN MG RE J5 WS RG5O BRI A 5
S B 5 5L 180 uL, 2528 20 AL 5 A N 25 9 1 58 4 B
FRHE 180 pL (HiH , PTX 1957 #2430 pmol/L, T, 1957
3R 3.6.12.24 .48 96,192,384 pmol/L, T, 7 &>
WIS 37.74.148 296,592 .1 1842 368.4 376 umol/L, T}
(37 2 4 A A 23.5,46.9 . 93.8 . 187.5 . 375.0, 750.0 .
1 5000 3 000.0 pmol/L, 4% 25 ¥y #| & W & 2 % L
BRI6]) . B537 72 hm , W35 3755, A RPMI 1640 155
F 180 puL 15 mg/mL ¥ MTT X5 20 L, 95 F 4 h )5, 5+
% BT I EEHR 150 pL, Y545 15 min )& , {3 1
BEFRAY T 490 nm K AN WG S B (A) 18, FF 15340
HERIIHER AR IH 2R (% ) = (1 — 2994 A {H/25 AR
HEZH A{H ) x100% 1R 5 % AR BE (1C;) . EiRiIedE
3., 3Fh SARTAEYIX MCF-7 . MCF-7/PTX 20 4= K1)
PHAE L 7

SEA T AR E T I8 55 577 50518 30,60
120 pmol/L , Ty, 3% 4% 57 3t 43591 4 15,30 .60 pmol/L, Tss
B3 R 0 91 A 3.6, 12 pmol/L., &M ik MTT 12,
PLAERIIAK (10 pmol/L, 71 i 15 B 22 SCHK[16]) S PHME:
X B DL PTX B kg BRI Yok B 4G 4% Ak 450/ B 1 o)
5 PTX 156 F X MCF-7/PTX 41 it i) 2 B il e & (1Cs, )
I T 54 0 %5 4% 5% (RI, RI= B PE XF B8 4 1Cs/8¢ ) 40
ICs) o VARIVERTFANFEbR , HAE MK, FRIAAE N AL A
X 25 G A e 1 ke . IR RIS T A 3K

K SPSS 21.0 2 %t Bdim A e 1t o0 br . £t A
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100 .
B ®
.~ 80 . 80
¥ 60 ~ MCF-T ® w0 - MCF-T
é 0 =887 £249) ol £ 16,=(12361 £6.21) pmol L
0 B e
ot ~MCF-TPTX 3 ~+ MCE-TPTX
X 20' 1C.= (25185 £ 385) umol/L ﬁ Zg 16,=(11387£492) ol L
20 25 30 35 40 45 15 20 25 3.0 35 4.0 45
Fls T EE F X EC A
AT B.Tu

100

-== MCF-7

1C;=(61.92+ 1.38) umol/L
—+ MCF-TPTX
1C,=(65.95 % 1.42) umol/L

10 15 20 25 30
SRR
C.TIS

7 3T SALTAEY I MCF-7. MCF-7/PTX 0B 4
B EIERA (n=3)
Fig 7 Inhibitory effect of 3 kinds of SA derivatives on
the growth of MCF-7 and MCF-7/PTX cells
(n=3)
X s R, A L BCR A B R 2Ry 2240 Hrel LSD K5
P<0.05 AZERAGITFEL, GRIWEKL, HRIA
UL, #5500 5 To . Toa Tt PTX K FHAL XS MCF-7/PTX 4 i i)
1Cs B34 B AT BT B4 (P<<0.05) s 2Lrp T, T B9
RIAE R, Hofie @ A RTAM 510 8.8.,9.3, 55 B X B 24
Y1(10.8)414,
®1 3TSAITEWHIC, K RIE
Tab 1 RI and IC;, values of 3 kinds of SA derivatives

AR, %

Eit] il 1Co(¥£5), pmol/L RI

BT et 30 pmol/L 22900434

THPTX A 30 junol/L+30 pmol/L 900.6+29" 25
60 pmol/L+30 ymol/L 9104£53" 26
120 pmol/L+30 pmol/L 71891407 37

T, +PTXI 4L 15 pmol/L+30 pmol/L 7135449 31
30 pmol/L+30 pmol/L 4121433 6.0
60 pmol/L+30 wmol/L 2835435 8.8

THPTX B 3 pmol/L+30 pmol/L 796.8£3.9" 24
6 pmol/L+30 pmol/L 4602435 6.8
12 panol/L+30 pmol/L 2189156 93

PR+ PTX BRI 10 pmol/L+30 pmol/L B0.1£19° 108

T S BT A A, " P<<0.05

Note: vs. negative control group, “P<<0.05

2.3 HFTE

iH L Glide 1.0 T LA B 25 W) TR 2.2 1
RIS VRS S AR 1 2 PR DX S T O R
FEOYHT MR SA AT A Wt 8 e 2 11 2 il M FH
LES Wt JNEEN

& SA RI L, SA AW T 1 3 4 7 b By F2 BLam it
PR Z /R (HBA) FI & S it {& (HBD) 5 I & 1 2
A I P B Arg625 i1 Asp627 T ik , il LBk |
1) 22 ¥ BE 45 4h) 2 L 55 g o0 (B TP i U ) 2 245 R IX
B, B 8B, 2 1A EE 5] A g it BREEZ
[ Z A FILRETE L2 A U AD , MBE 28 e th T 554 R 2R
[ 2 Ak DX 8 T 1 28 S R R 3 Glu657 T Jlg U S 5 {HL ok

HHEEZG 2020455 31 55 8

CHEREHEI2 5 Tis
B8 HRER2HFINEMNTREE
Fig 8 Schematic diagrams of the docking of SA deri-

vative and transgelin 2

ek B A P e B SR U TE T LS (oL i, ] L — R e 2%
% 00 ) 2 e A 1 2 B S A R 5 e Ak A L A HA
HBD B CHEm , 456 i 28 1 2 A3 1 36 P 2 L JC B 1)
2 H R, R I DU S A i K AR R A R T3 s AT
A W B AR 1 2 3 PE R IV . R 8C BT L, 2
SA BERZ I (32 FER UL SE AT A AL 5 T 2R P 0 e
B 2 PR P B, SRR X R b 2R Akt
TT B ZE AT A AT 1 58— A e J 2 11 2 P
BREE,

3 Tt

PTX Sl R 7L b i A7 7 58 b i i R kg7
2§27 — BRI MDR [ & A AR R M BR i1 T 1% 24 IR 97 5L
R R, B A B ) i 245 5 bR R (A% 1 2R
F2) 5 S & WA B 058 30 T 2 3 (R T 245336
B2, T B 5 LR A G DRI AR, BLE B 2L
PRI AR TR IR 2 —

AHEFE LA SA Sk JER}, 3 2 PR 1k J2 N A A A 4
To~Ts5 K SA 5 PRI 7K A B 4 1w B 4%, P36 2o 1t AL
FIK A BN A B IE R AT A ) Tu~To s 4% SA [l f& =
AL PR R B AL KRN RS BARE A T s
FEE IR IR AL AR, 153 HARE S T B SA Hrii]
KRB AL ST, FEEA TR S5 K S N, 3845 H AR b &4
T K5 25 B 1R HH R -5 PR 58 7K T2 s 4 Tl o ), P ot
LEAL R AS B B AP Tiso HH To~Tos N B UKGH
i BRGSO ESAR S

Bifl 5 A< BIF 5 7 S0 0 00 O Y L ik | 38 MTT
DT Tr JTo T NG HEIER T T RN, KB Lk
kW% MCE-7 #1 MCF-7/PTX 41 i A4 K 3 HA B 5
MR A o A e e ) () SE Rl T AE 5T A4
PR BE X R (322 24 AT 306 A Jiehog 241 i i) MIDR™) , [
BT R AT AR IC, MIRIE ., 25 R 8N, 4%
4 Tr Toa Tis+PTX B 41X MCF-7/PTX 4 A () 1Cs
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{E3 AR T BV B b, T T Y RUES 7, P
H Hhe v R Y RUMA B 5K 8.8.9.3, 5 FH % X BE 245 9 AH
Ho XN, Tr Tu Tos 1 AR D MDR 33 5% 57 1 i 6 4
a0

AT — R FIRIE AT AEY) S R 1 2 n A

PO IGHAT o0 X e b o B R BN SA B EE

BEJ2 SA K HATT AW S5 g o3 A B B VB ) T 4 M IX

S, 1A A BBOCARRE DU AT 2 e 12 A A ) ) i 24 0 A

PEo 4 LALINEE by R R BE AT 226 A AR ) e S A

JHE P A TS T 2 2 5 T 2 LA MO BB R Sy P I e

TG Jre LA ), A7 A 9 (U T Tos) WU R 3 () i 245

WO . 2EE N AE LGRS | A Z e 4 py i

fts HBD HU I A R T EE A TR )41 | 3 7T 3558 43+

S XA A, AR AT A= 0 5 B S kA

FNEG TS N E— 25 R TR S A 231 )

AHEAE o rsnl DL, e 00 i Lt K AT A 5 A A

THGRRAT A W AR 1 2 G P . A XA R

R, Y SA B RS T LT A LS L A

TTEE) (T ) XFHE EAE 11 2 A RS P A B s o, X 42

7N LU D T 1 2K P 45 R AT AR AR A 2 4 s 41 ) 35

MR ERZ—. BHIN N, X AR S = M RBR &

Y2 5y E ARG 25 RS N, s 8 a5 5 R

Ko TEIRSALEYIBT T A URLLR I — 22 & H AR

b5 HBA FITHBD (A& Ko, IF 5800 % e G

G, LA SR NGrF KV SA T AE MR I R

12 B VR IR s i T 22  doh 2R 5 W ny ik

— BRI BEE 1AL

25 BTk AR LA SA e AL G il ER AL

AL RN A BT 154 SARTAEY), Hop 124 ik

BRI E Y . MTT i e b 735X e85 R B 1k

B To Tu T X PTX R 25 N ZLARE AR M 2 HAT — 52 19

SULE SIS C NI P ¢S VAST /N 3179 311w/ @ 3 RO Y 782

FE AT e S AT 43 A Ak A K AT A B TR AT A W i

W T . AESE AT S FLRIE PTX I 24 390 4% 77) )

KRR A G BT IR YA B 24305
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