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Study on structure modification of kirenol and activity of its anticoagulant factor
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Abstract: Objective To study kirenol derivatives with anticoagulant factor FXa activity and identify lead compounds with
developmental value.. Methods The structural modification of kirenol was conducted through oxidation, esterification and
amidation reaction. The structures of them were fully determined on the basis of NMR and MS data. The activity evaluation of
kirenol and its derivatives was revealed by the virtual screening of computer-aided drug design (CADD) using FXa as target,
combined with the evaluation of the inhibition on FXa in vitro. Results A total of 15 kirenol derivatives including 14 new
compounds (compounds 2-15) were obtained, and the activity evaluation of them on FXa yielded an active compound (compound
12) with Ki value of (589.4+80.12) nmol/L. Conclusion The results of CADD and in vitro coagulation factor FXa assay showed
the best inhibitory activity of compound 12, which is a useful reference for the continuation of the structural modification study of
kirenol, and has some research value.

Key words: kirenol; leading compound; structural modification; anticoagulant factor FXa; computer-aided drug design

53 N3 R (Asteraceae ) 5 %5 J& Siegesbeckia L. pubescens Makino 5% & i %% % S. glabrescent
—AEAERAREY), NEHATY, BETER (2 Makino T B2, B ERE. FIEE .
ARE), (HPEZH) 2020 FERRAIE S NMEHEY)  ERERE. BRIUEZ IR A TR KUBRE
% % Siegesbeckia orientalis L.. MR 4 % & S.  WEAE. BERLH. FEAZE. FMEE. TG

Yris HEA: 2023-01-09

EEmB: HBEARRIFELTIININA (81903481);  E -5l #H 4 (2019M653297); 11l “4k4& R ilK)” (YZLYJIFIH2021YXB);
PN KRR AR B Q4 (X20220736)

EZE N B (2002—), %, AFHESE. E-mail: 1355434588@qg.com

*REEE: T (1987—), B, i+, YW, W05 RN RAR = I S S F s 1 7t
Tel/Fax: (0756)8135676 E-mail: 007898@yzu.edu.cn



$8 % 2023408 $54% B17H  Chinese Traditional and Herbal Drugs 2023 September Vol. 54 No. 17 * 5499 »
I EEAEAE . IARZG R SLIR R SR AR AL A M TR, T AR A R R R AT
P

Puk g, prinke. A ORBEEE LR,

Fih S E R TS A AR B O A 24 ) v 24 52 7 1
A, BAWEIAERE. ERAIR . RFHTEZS . BRI TT
T, TR A R S R bk 45 10E 5k
PG AZE. MEMA. OHEER. 55 ERE
SRE O = 7K SR 5 04 5 i 9 ) AR 4 3t
ST M ER IR TF (adenosine diphosphate, ADP) i
SRS, BRI SES, A
MR, B MBRRAR Y, HA PRI BRI e
HAEIA T T IR .

SR R EAE G R 2, PURIR TR T 2
Wy, JFHE ANz, BIEEE, BRARKRIT
RIFFANAE . BURZG R AR SO R A s (R B
Xof - RERA B i AR IR- DLFEAZ e B il ) JE A
FEHURAPUIAR I LA, AT ERE SR By
BRI R EYRR (B D, fELSHRHE ER
A ISR . BARIRIR AT AR S o B A 2
PP, AR AR (RET Pk,
OIEGRIP POt BUIRITER. Ui, SEENA

KN

DhE. PRI AR EE I AMG D A2,
%EWE%XE TR R AEY),

(6}
otgéj—(OK
CHO

ERIEIELS

§<5j( t@ﬁx

COOEt

N I~
NN 7N
7 .
10
i O>< OH
° ; o HO : OH
N HO'
7
o \\/N\\ OH
EE EiEon

o ex ggﬁ
g Q

Ke;
2

F BRI BT, ST H S MBI A
R FAER I, FEERIEREME . E
A R AT, IRt — b X A LR 4
1B A3 2 2 KRB AT A A s et L B —
1 o

56 25 T R0 ik -16B,17- — Fa - ML FE A2 b-19-
2 (DKA) 256255 2 AN BAT P ke i P i 1k
gy (SR O B, (EILAEMEYIR A SRR,
PR T HIFRAIH, AT 7 Ay B i w4y ik
TEMEUER B RA — g iSRRI A Y. 4
BN E-16,17- 258 D742 Fe-19-BR 1 45 M A,
AW TR DR N B BRI A TR AT T 45018
Ml %, i3 Pinnick &4k, 53] 19-COOH 45 #y,
SRIE TR WA SE TR 2 5] N — 2 RE
REF TREATAEY 154, s E 1, Hd ks
Y14 A (ba¥ 2~15). FIHHHENUERL 259K
THEE A A AL DR -7 FXa 4 54 DA 1R 5 R % B
AT A AT IS R VPAY 15 20400 F 2 Cinhibitor
constant, Kifti) <<10 umol/L Itk &4 6 1>, H:
HKi{E <1 pumol/L BIEEY) 14> (BB 12), Kifl
N (589.40480.12) nmol/L, HA—EMHF M E.

O><O

COOEt

R
(0]
COOCHZCOCHZCH

COOH

DKA

Bl HIF. #%ERE. DKA RILEY 1~16 ML
Fig. 1 Structures of kirenol, darutigenol, DKA and compounds 1—16
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1 NEBEMH

Bruker 400 MHz #ZHi3EAR G (5 [E Bruker
], XEVO-G2QTOF#YCAL66 JFitk{y (EEK
FrHE AR, KQ5200B M veds (R LS
I IRAT), PL341/343 Rig A (SEE 41
IRERAT]D, BP1224S BT KF (Jisrz—, dt
HIRLZ R R TPHRAF), DHG-9053BS-111 A H
PR IR SR HRAE (R v BT a8 G A PR 2
FD, AR A RAL G ma AT,

HEE. OB BERRCBG. &5 Amie. PR,
ETEE est b T o frair= D, il iR
(200~300 H, ZHEEEFEMEHEIRARD, HEZEA
W H SR T Do ARy & B 5
BIANAH R A A R, G B2, il
AFRAE . ONEFE AL T R ATl
A, BT A B S . A ERESRE % H
(HPLC &l 57 & 43 %0>95%, H-NMR Jo40%).
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4 19-OH AL UL R J5 Sl s AR le - &
SN AN IR S IR AT AR WA SRS, TR R P B A
pus14l, SR 5@ PCC ’fmﬂf’-ml ¥ 2 A7 A 19 f7
P2 ) E A R AN, Fad s Pinnick S ALRT,

53] 19-COOH &, ibJaa S5IRARIET B
TERBRIE0), ARSLIGERE T 4 NIRRT R
Bi: RLEROKE SRR K OEIRARARE,
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N-ZIENRIGE IR EAT OV, GINZRFR . Wbk EA R
WRIR A HURIE . 250K 19-COOH b & WTE T4
TRER B A N S BRI R, AR
% 19-COCI Wy [aifk, A )5 5B, AR H br
Y, WG E R T A 10~15 (B 3).
3 BRI ERGEHERE

&Y 1. FELETFEE 10 g (29.6 mmol) BT
250 mL FEAEHEH, AT ERNEH 80 mL Flk
FHIEZ 2.71g (148 mmol), =iRMFEN 4 ho il EZ%
B S S T, AR BN R B 150 mL i
537 A NaHCOs ¥ (3X 150 mL) Fll7K (3X
150 mL) ¥, FAIE/K NaSOs T, hiEkr2:
NazSOs, JakIEZEBRIET, 1FEE~Y), 4l 10954,
2% 97.9%. mp 155~156 °C.[0]5-24(c 0.1, MeOH).
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Reagents and conditions: a-acetone, phosphomolybdic acid, rt, 4h; b-CH,Cl,, PCC, 0 °C—rt, 6 h; c-NaClO, NaH,PO4, 2-methyl-2-butene, tert-butanol,
0 °C—rt, overnight; d-RBr, DMSO, KOH, rt, 6 h; e-CF;COOH, CH30H-H,0, rt, overnight
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Fig. 2 Synthesis route of derivatives of kirenol (series a)
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VA a- RS ZHIER. Z&FHE, 0 'C, 05h, REM=2I, NHR
Reagents and conditions: a-oxalyl chloride, DMSO, CH,Cly, 0 °C, 0.5 h; then triethylamine, NHR
3 HEETEN (RFb) MERKLE
Fig. 3 Synthesis route of derivatives of kirenol (series b)

IH-NMR (400 MHz, Pyridine-ds) & 5.24 (1H, s,
H-14), 4.26 (1H, t, J = 6.9 Hz, H-15), 4.17 (1H, t,J =
7.7 Hz, H-16a), 4.01 (1H, t, J = 7.7 Hz, H-16b), 4.05
(1H, m, H-2), 3.89 (1H, d, J = 10.7 Hz, H-19a), 3.67
(1H, d, J = 10.7 Hz, H-19a), 2.33~2.30 (1H, m), 2.26
(1H, m), 2.07~2.06 (1H, m), 1.82~1.80 (1H, m),
1.78~1.72 (1H, m), 1.65~1.59 (1H, m), 1.41 (3H, s,
CH3-23), 1.35 (3H, s, CH3-22), 1.21~1.18 (1H, m),
1.18~1.14 (1H, m), 1.05 (3H, s, CH3-18), 1.02 (3H, s,
CHs-17), 0.88 (3H, s, CH3-20); 13C-NMR (100 MHz,
Pyridine-ds) & 139.8 (C-8), 127.5 (C-14), 108.8
(C-21), 80.4 (C-15), 66.1 (C-2), 65.7 (C-19), 63.0
(C-16), 55.6, 50.8, 49.5, 45.9, 41.0, 40.4, 36.9, 36.1,
32.4, 28.4 (C-18), 26.7 (c-22) 25.5 (C-23), 23.1
(C-17), 22.6, 18.9, 17.1 (C-20). i#iL TLC ¥ S 4%
WaAAE, ez &9k 15, 16-7 N L& T B .

A& FREXS g (13.2 mmoD) &1 BT

AT, NN 30 mL AR R IA R, R
F“ /b & 60~100 HEER:, A5 N 3 B i
FBEUKBH. B 7.24 g (33 mmol) SU4%ERILNE £
(PCC) ¥ T 25 mL & HkE, SR8 N2 Nl
i, A EIRDIRE 6 he RV 200~300 HEERR
WOEAE, PR, R G IR, K
a6, 177Uk K R T R AR, BUA
Fok-BE R .l (50 1) BEf, WY 4199, e
85%, LICMIATRE, KETRIBCE A A2 A B, T
HEHT TP RN,

tEY) 2: B iR EfA 4.19 g (11.2 mmol),
B P, N 40 mL FUT EEAN 5.23 g (67.2
mmol) 2-FE-2-T ¥, vKigdhitk; HU3.78 g (33.6

mmol) YV S EZEN A1 4.04 g (33.6 mmol) flE — Z4N
T 20 mL 7K AR G 7 S ER A AN IR — SN )
IR NS, VKN 0.5 h 5 T2 =,
PR s Yol FE A8 B T WA 2-FR 3E-2-"T 04, in 100
mL KB, BERR AR ZEHL (3X 100 mL), BSER
fig )2 F 3 A0 NaCl K& (3X 100 mL) ¥&, FH
TR AN T8, R4 15 =Y . &
AR, HMEE-ES R OF8 (30 1) ¥, 15
HOR =P e i 4.01 g, K 91.8%. ESI-MS m/z:
389.23 [M—H]", CuH330s. IH-NMR (400 MHz,
Pyridine-ds) & 5.29 (1H, s, H-14), 4.06 (1H, t, J = 6.9
Hz, H-15), 3.92 (1H, t, J = 7.8 Hz, H-16a), 4.01 (1H, t,
J = 7.8 Hz, H-16b), 3.19 (1H, d, J = 13.8 Hz, H-3a),
2.61 (1H, dd, J = 14.0, 1.2 Hz, H-3b), 2.36~2.33 (1H,
m), 2.28~2.22 (2H, m), 2.16~2.06 (3H, m), 1.93
(1H, t, J = 7.4 Hz, H-9), 1.87~1.84 (1H, m), 1.79~
1.74 (1H, m), 1.61~1.52 (1H, m), 1.49~1.45 (1H,
m), 1.42 (6H, s, CH3-22, 23), 1.34 (3H, s, CH3-18),
1.17~1.10 (1H, m), 1.04 (3H, s, CH3-17), 0.99 (3H, s,
CH3-20); BBC-NMR (100 MHz, Pyridine-ds) & 207.6
(C-2), 179.0 (C-19) 138.8 (C-8), 127.7 (C-14), 108.6
(C-21), 80.6 (C-15), 65.5 (C-16), 54.4, 54.0, 51.8, 49.4,
48.3, 435, 36.4, 36.2, 31.8, 28.4 (C-18), 26.5 (C-22),
25.4 (C-23), 24.5, 22.8 (C-17), 18.5, 14.7 (C-20).
&% 3: BAk&4 2 100 mg (0.26 mmol),

FRAK RS B A AL A 4. BRAMR 81
mg, YK 90.3%. mp 172.5~174.8 C. [0]5-28 (c
0.1, MeOH)>., HixuiEkE S5HAY 3 i, il
HHREk 2 MHIEES, C ik B EE &
108.6, 26.5 1 25.4 Itk JE ¥, HILAE AT HIEL S
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4 NG 3 R XER =4 . ESI-MS m/fz 349.21
[M—H]", CazH290s, 'H-NMR (400 MHz, CDCls)
& 5.20 (1H, s, H-14), 3.70 (1H, d, J = 9.2 Hz, H-15),
3.56~3.49 (2H, m, H-16), 2.79 (1H, d, J = 13.8 Hz,
H-3a), 2.45 (1H, d, J = 13.8 Hz, H-3b), 2.34 (1H, m),
2.11~1.89 (6H, m), 1.81~1.65 (2H, m), 1.52~1.42
(2H, m), 1.36 (3H, s, CHz-18), 0.96~0.91 (1H, m),
0.85 (3H, s, CH3-17), 0.60 (3H, s, CH3-20); 3C-NMR
(100 MHz, CDCl3) & 208.6 (C-2), 179.0 (C-19), 137.4
(C-8), 129.3 (C-14), 76.3 (C-15), 63.6 (C-16), 54.9,
53.5, 51.2, 49.9, 48.3, 43.3, 37.2, 35.7, 31.5, 27.6
(C-18), 23.6, 22.4 (C-17), 18.1, 13.5 (C-20).

b &Y 4. BALEY 2 100 mg (0.26 mmol),
BT AL, A 2 mL ) DMSO, $iidkiafiE,
SRIGINN 29 mg (0.52 mmol) (A AL 58 mg
(0.52 mmol) HIRZKE, FILIN 6 h; BB {2l
A 20 mL 9Kk, BERR CBE (3X20 mL) ZEHL, &
HEIZ, HBMEK (2x60mL) ¥, FHHE
IKIRBRENT-H, IR A1 =Pk i o M AN
FEEGE, AR EEER 08 (50 1) P, Breat
i 88 mg, i 81.0%. mp 115.5~117.2 C.[a]y-24
(c 0.1, MeOH). ESI-MS m/z 419.35 [M+H]",
CasH3905. H-NMR (400 MHz, Pyridine-ds) &: 5.28
(1H, s, H-14), 4.09 ~3.94 (4H, m, H-15, 164,
OCHCHs3), 3.82 (1H, t, J = 7.7 Hz, H-16b), 2.98 (1H,
dd, J = 14.0, 1.8 Hz, H-3a), 2.53 (1H, dd, J = 14.0, 1.8
Hz, H-3b), 2.32~2.29 (1H, m), 2.22~2.16 (2H, m),
2.06~1.97 (2H, m), 1.88 (1H, t, J = 7.4 Hz, H-9),
1.82~1.73 (3H, m), 1.56~1.49 (1H, m), 1.44 (1H,
overlapped), 1.44 (3H, s, CHsz-22), 1.37 (3H, s,
CH3-23), 1.28 (3H, s, CHz-18), 1.21 (1H, m), 1.07
(3H, t, J = 7.1 Hz, -OCH,CHj3), 0.99 (3H, s, CH3-17),
0.72 (3H, s, CHs-20) ; BC-NMR (100 MHz,
Pyridine-ds) &: 207.0 (C-2), 175.8 (C-19), 138.5 (C-8),
127.9 (C-14), 108.7 (C-21), 80.6 (C-15), 65.6 (C-16),
60.9 (C-24), 54.5, 53.8, 51.3, 49.2, 48.1, 43.3, 36.2,
31.8, 28.0 (C-18), 26.6 (C-22), 25.4 (C-23), 24.2, 22.9
(C-17), 18.4, 14.6 (C- 20), 13.9 (C-25).

&9 5. BALEY 450 mg  (0.12 mmol),
R /K FRAS BN S & 6. BRI SLEY) 5
bis, SaEHdEsk 2 MIEES, Cilids/bfr
FEAEAE & 108.7, 26.6 F1 25.4 [IBRIE 7, H b AH ] H)
TEMEY) 6 NG5 i X I . [a]s -40(c 0.1,

MeOH). ESI-MS m/z: 379.28 [M+H]*, CzHssOs.

'H-NMR (400 MHz, CDCl3) & 5.21 (1H, s, H-14),
4.07~3.56 (6H, m, H-15, 16a, 16b, -OCH,CHj3), 2.84
(1H, d, J = 13.8 Hz, H-3a), 2.43 (1H, d, J = 13.8 Hz,
H-3b), 2.36~2.32 (1H, m), 2.16~1.92 (5H, m), 1.79
(1H, d, J = 12.8 Hz, H-12b), 1.70~1.63 (1H, m),
1.58-1.45 (2H, m), 1.37 (3H, s, CH3-18), 1.24 (3H, t,
J = 7.5 Hz, -OCH,CH3), 1.04~0.89 (1H, m), 0.89
(3H, s, CH3-17), 0.64 (3H, s, CH3-20); 13C NMR (100
MHz, CDCl3) & 208.6 (C-2), 175.4 (C-19), 137.4
(C-8), 128.7 (C-14), 76.1 (C-15), 63.0 (C-16), 60.9
(-O-CH;CHs), 54.8, 53.6, 51.0, 49.6, 48.1, 43.0, 37.1,
35.7, 31.2, 28.0 (C-18), 23.6, 22.6 (C-17), 18.2, 14.0
(C-20), 13.7 (FOCH,CH3).

&) 6: BG4 BRI T71E, B
4li i 67 mg, YK 76.1%.mp 126.7~127.5 ‘C.[a]5-34
(c 0.1, MeOH). ESI-MS m/z 433.29 [M+ HJ*
C26H41050 lH-NMR (400 |V|HZ, CDC|3) 5. 5.18 (lH, S,
H-14), 4.91 (1H, m, H-24), 3.95 (1H, t, J = 6.8 Hz,
H-15), 3.88 (1H, dd, J = 7.6, 6.8 Hz, H-16a), 3.73
(1H, t, J = 7.6 Hz, H-16b), 2.83 (1H, d, J = 13.8 Hz,
H-3a), 2.46 (1H, d, J = 13.8 Hz, H-3b), 2.36~2.33
(1H, m), 2.16~2.10 (2H, m), 2.06~2.01 (2H, m),
1.93 (1H, t, J = 7.4 Hz), 1.80~1.67 (3H, m), 1.58~
1.55 (2H, m), 1.40 (3H, s, CHz-22), 1.35 (3H, s,
CH3-23), 1.33 (3H, s, CHz-18), 1.27 (3H, d, J = 6.2
Hz, -CH-CHs), 1.23~1.12 (1H, m), 1.20 (3H, d, J =
6.2 Hz, -CH-CH3), 0.92 (3H, s, CH3-17), 0.68 (3H, s,
CH3-20); 13C-NMR (100 MHz, CDCls) &: 207.8 (C-2),
174.7 (C-19), 137.8 (C-8), 127.6 (C-14), 108.4 (C-21),
79.9 (C-15), 68.4 (C-24), 65.1 (C-16), 54.7, 53.7, 51.1,
49.2, 48.0, 43.1, 35.8, 35.7, 31.3, 28.1 (C-18), 26.0
(C-22), 25.0 (C-23), 23.6, 22.3 (C-17), 21.6 (C-25),
21.1 (C-26), 18.1, 14.4 (C-20).

& 7. BUALEY) 6 30 mg (0.09 mmol), P&
IKARAS IR B TR A &9 7. KB B 54k 59 6
b, SRk 2 ANHIES, 18C il
PAEAE{ES 108.4, 26.0 A1 25.0 ARG T, HHUL(E
APHEE 7 8 6 WA XIEREY). [a]d 32 (¢ 0.1,
MeOH)o ESI-MS m/z: 393.26 [M+H]+, Ca3H3705,
H-NMR (400 MHz, CDCl3) & 5.15 (1H, s, H-14),
4.84 (1H, m, H-24), 3.64 (1H, m, H-15), 3.48 (2H, m,
H-16a, 16b), 2.79 (1H, d, J = 13.8 Hz, H-3a), 2.37
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(1H, d, J = 13.8 Hz, H-3b), 2.30~2.26 (1H, m),
2.10~1.85 (7H, m), 1.72 (1H, d, J = 12.8 Hz), 1.47
(2H, m), 1.28 (3H, s, CH3-18), 1.16 (3H, d, J = 6.2 Hz,
-CH-CHj3), 1.13 (3H, d, J = 6.2 Hz, -CH-CHs), 0.98~
0.91 (1H, m), 0.83 (3H, s, CHs-17), 0.61 (3H, s,
CH3-20) ; 3C-NMR (100 MHz, CDCls) & 208.6
(C-2), 174.9 (C-19), 137.4 (C-8), 128.8 (C-14), 76.2
(C-15), 68.6 (C-24), 63.1 (C-16), 54.7, 53.6, 51.2,
49.7, 48.2, 43.0, 37.1, 28.1 (C-18), 23.6, 22.7 (C-17),
21.6 (C-25), 21.2 (C-26), 18.2, 14.2 (C-20).

&Y 8: HIBILEY 4 KM%, 3R
FEPAE L 101 mg, WeE 81.3%. [l 92 (c 0.1,
MeOH). ESI-MS m/z 483.35 [M+H]*, Cz7H4107.
IH-NMR (400 MHz, CDCl3) & 5.19 (1H, s, H-14),
455 (2H, m), 4.20 (2H, m), 3.95 (1H, t, J = 6.8 Hz),
3.88 (1H, t, J = 6.8 Hz), 3.72 (1H, m), 2.92 (1H, d, J =
13.8 Hz, H-3a), 2.47 (1H, d, J = 13.8 Hz, H-3b), 2.35
(1H, d, J = 14.2 Hz, H-12a), 2.21~2.15 (2H, m),
2.06~2.03 (2H, m), 1.95 (1H, t, J = 7.4 Hz, H-9),
1.87~1.66 (3H, m), 1.58~1.56 (2H, m), 1.45 (3H, s,
CH3-22), 1.39 (3H, s, CH3-23), 1.32 (3H, s, CH3-18),
1.18-1.13 (1H, m), 0.92 (3H, s, CH3-17), 0.69 (3H, s,
CH3-20), 1.27 (3H, d, J = 7.2 Hz, -OCH2CH3);
BC-NMR (100 MHz, CDCl3) & 207.7 (C-2), 174.8
(C-19), 167.1 (C-2"), 137.5 (C-8), 127.6 (C-14), 79.8
(C-15), 65.0 (C-16), 61.1 (C-1"), 60.6 (C-3"), 54.5,
53.5, 50.8, 49.0, 48.1, 43.1, 35.7, 35.6, 31.1, 28.0
(C-18), 25.9 (C-22), 24.8 (C-23), 23.5, 22.2 (C-17),
18.0, 14.3 (C-20), 13.8 (C-4').

&Y 9: HIBILEY) 4 BRI 7, PR
PP L 90 mg, YR 72.3%. ESI-MS m/z: 481.29
[M +H]+, C30H41050 1H-NMR (400 MHZ, CDC|3)
& 7.40~7.29 (5H, m, Ar-H), 5.18 (1H, s, H-14), 5.01
(2H, m, -O-CH,-Ar), 3.93~3.84 (2H, m, H-15, 16a),
3.69 (1H, t, J = 7.6 Hz, H-16b), 2.90 (1H, d, J = 13.8
Hz, H-3a), 2.46 (1H, d, J = 13.8 Hz, H-3b), 2.32 (1H,
d, J = 12.2 Hz, H-12a), 2.22~2.00 (4H, m), 1.91 (1H,
t, J = 7.4 Hz, H-9), 1.79~1.76 (1H, m), 1.67~1.50
(3H, m), 1.40 (3H, s, CH3-22), 1.38 (3H, s, CH3-23),
1.33 (3H, s, CH3-18), 1.16~1.13 (1H, m), 0.98 (1H, m),
0.92 (3H, s, CH3-17), 0.54 (3H, s, CH3-20); 3C-NMR
(100 MHz, CDCls) & 208.2 (C-2), 175.1 (C-19), 137.7
(C-8), 127.7 (C-14), 108.4 (C-21), 80.1 (C-15), 66.6

(C-24), 65.2 (C-16), 55.0, 53.7, 51.1, 49.1, 48.2, 43.2,
35.9, 35.8, 31.2, 28.1 (C-18), 26.1 (C-22), 25.0 (C-23),
23.7, 22.4 (C-17), 18.1, 14.3 (C-20); Ar-C: & 135.2,
128.4,128.4,128.2,128.2,128.1.

LAY 10 Hitb54 2 100 mg (0.26 mmol),
B MRS, A 2 mL R E b, KR
NHEREARE, ARJEINN 42.2 mg (0.26 mmol) N,N'-
PRIE DKM (CDD, ZESRY FRBL 6 hy R
BR¥EAL, A 20 mL KK B, BERR B8 (3X20
mL) L, SIFEVZE, HHBAEHK (2X60
mL) ¥, FHTOKBERAN T8, o I8RgE1S =
o AH M RERAE B, AU EE-BER Ol (51 D)
Ve, 19774 82 mg, UK 65.6%. mp 182.2~
184.2 C. [a]? -72 (c 0.1, MeOH). ESI-MS m/z
441.34 [M+H]*, CasHss0s. 'H-NMR (400 MHz,
CDCl3) 6. imidazole group [ou 7.74 (1H, s, H-2"),
7.13 (2H, d, J = 5.4 Hz, H-4', 5], 5.17 (1H, s, H-14),
4.00 (1H, t, J = 6.8 Hz, H-15), 3.90 (1H, dd, J = 7.6,
6.8 Hz, H-16a), 3.75 (1H, t, J = 7.6 Hz, H-16b), 2.60
(1H, d, J = 11.0 Hz, H-3a), 2.46~2.34 (3H, m),
2.14~2.11 (1H, m), 2.06 (1H, d, J = 13.8 Hz, H-12a),
1.93 (1H, t, J = 7.4 Hz, H-9), 1.86 (1H, brd, J = 13.8
Hz, H-12b), 1.78~1.69 (2H, m), 1.57 (2H, m), 1.48~
1.25 (2H, m), 1.40 (3H, s, CH3-22), 1.34 (3H, s,
CH3-23), 1.29 (3H, s, CH3-18), 1.14~1.07 (1H, m),
1.02 (3H, s, CH3-20), 0.91 (3H, s, CH3-17); 3C-NMR
(100 MHz, CDCls) & 207.4 (C-2), 176.3 (C-19), 137.4
(C-8), 134.0, 130.0, 116.1, 129.8 (C-14), 108.6 (C-21),
79.4 (C-15), 65.2 (C-16), 55.1, 52.2, 51.7, 48.0, 46.6,
38.5, 36.0, 34.7, 31.4, 26.2 (C-22), 25.1 (C-23), 22.7
(C-17), 21.6, 19.0, 18.7 (C-18), 18.5 (C-20).

& 11: BUb&4 2 100 mg (0.26 mmol),
BIaiEmS, N 2 mL TR &R, Bk
AR, SR 0.027 mL (0.312 mmol) I EEEES
FMHE AL 77 B T8 DMF, =35 %% 2 h; %5 0.032 mL
(0.312 mmol) ) Z %A1 0.043 mL (0.312 mmol)
E’JJF G CHEIAN 1 mL &R, RNk

VR BRI 2 S AR R, IR 1 h
Jas MO 20 mL S e & R B, AR JE K
(2X20 mL) ALK (2X20 mL) ¥, FH
ToKIREREN T8, T UEIRAE1S =k . K&
kR, A EE-BEIR £l (50 1) e, 3R
¥) 68 mg, YF 58.6%. [a]5-20 (c 0.1, MeOH).
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ESI-MS m/z 446.37 [M+H]*, CzsHaaNOs. H-NMR
(400 MHz, CDCls) & 5.17 (1H, s, H-14), 3.98 (1H, t,
J = 6.8 Hz, H-15), 3.89 (1H, m, H-16a), 3.75 (1H, m,
H-16b), 3.43 (2H, m, N-CHy), 3.29 (2H, m, N-CHy),
2.93 (1H, d, J = 13.8 Hz), 2.56 (1H, d, J = 16.4 Hz),
2.37~2.34 (1H, m), 2.12~1.76 (7H, m), 1.57 (2H,
m), 1.47 (3H, s, CHs-22), 1.40 (3H, s, CH3-23), 1.25~
1.16 (1H, m), 1.34 (3H, s, CHs-18), 1.13 (6H, m,
N-ethyl), 0.92 (3H, s, CHz-17), 0.81 (3H, s, CH3-20);
13C-NMR (100 MHz, CDCl3) & 207.8 (C-2), 174.5
(C-19), 137.9 (C-8), 128.2 (C-14), 108.7 (C-21), 79.9
(C-15), 65.3 (C-16), 56.1, 55.4, 52.7, 51.2, 50.7, 42.3
(C-24, 26), 41.2, 38.3, 36.0, 35.9, 31.6, 26.7 (C-22),
26.2 (C-23), 25.1, 22.6 (C-17), 18.4, 15.6 (C-25, 27),
14.0 (C-18), 12.5 (C-20).

& 12: wBAEY 11 KHl& 7%, 158
AR 88 mg, W 73.1%. mp 194.6~195.7 C.
[a]?-12 (c 0.1, MeOH). ESI-MS m/z 466.29 [M+
H]+, C23H35050 lH-NMR (400 MHZ, CDC|3) o Ar-H
[6:7.51 (2H, d, J=7.8 Hz), 7.34 (2H, dd, J = 7.8, 7.2
Hz), 7.14 (1H, t, J = 7.2 Hz)], 5.07 (1H, s, H-14), 3.98
(1H, t, J = 6.8 Hz, H-15), 3.83 (1H, dd, J = 7.7, 6.8
Hz, H-16a), 3.73 (1H, t, J = 7.8 Hz, H-16b), 2.46 (1H,
d, J = 13.8 Hz), 2.28~2.25 (1H, m), 2.06~1.83 (6H,
m), 1.73~1.61 (2H, m), 1.57~1.51 (2H, m), 1.48~
1.44 (2H, m), 1.37 (3H, s, CH3-22), 1.31 (3H, s,
CH3-23), 1.23 (3H, s, CHs-18), 0.89 (3H, s, CH3-17),
0.72 (3H, s, CH3-20); 3C-NMR (100 MHz, CDCls) &
207.2 (C-2), 174.7 (C-19), 138.6 (C-8), 128.9 (C-14),
108.6 (C-21), 79.2 (C-15), 65.2 (C-16), 56.3, 53.6,
52.1, 47.2, 46.4, 38.5, 36.1, 35.2, 32.0, 26.2 (C-22),
25.2 (C-23), 22.4 (C-17), 21.5, 19.5, 18.9 (C-18), 17.7
(C-20); Ar-C: 136.4, 124.8, 128.5, 128.5, 122.9,
122.9.

&Y 13: #ZBAEY 11 Kfl& Tk, /A
BH K 108 mg, YK 86.0%. mp 166.8~168.9 C.
[a]2-20 (c 0.1, MeOH). ESI-MS m/z 484.34 [M+
H]*, CaoHasFNO4. H-NMR (400 MHz, CDCl3) &
phenyl group [du 7.43 (2H, m), 6.98 (2H, t, J = 8.2
Hz)], 5.07 (1H, s, H-14), 3.98 (1H, t, J = 6.6 Hz,
H-15), 3.83 (1H, dd, J = 7.5, 6.5 Hz, H-16a), 3.72
(1H, t, J = 7.5 Hz, H-16b), 2.36 (1H, d, J = 13.8 Hz,
H-3a), 2.23 (1H, brd, J = 13.8 Hz, H-3b), 2.06~2.04

(2H, m), 2.06~2.04 (2H, m), 1.92~1.80 (4H, m),
1.57 (2H, m), 1.50~1.40 (2H, m), 1.36 (3H, s,
CHs-22), 1.30 (3H, s, CHs-23), 1.14 (3H, s, CHz-18),
0.89 (3H, s, CHs-17), 0.60 (3H, s, CH3-20); *C-NMR
(100 MHz, CDClI3) & 209.5 (C-2), 175.0 (C-19),
138.6 (C-8), 128.9 (C-14), 108.6 (C-21), 79.9 (C-15),
65.1 (C-16), 55.9, 53.4, 52.0, 47.0, 46.3, 38.4, 36.0,
35.2,31.8, 26.2 (C-22), 25.2 (C-23), 24.9 (C-18), 22.4
(C-17), 21.5, 19.4, 18.9, 17.8 (C-20); phenyl group:
160.1, 132.4, 124.6, 124.5, 115.2, 114.9,

EY 14 #ZBHEY 11 K&, 5
R 50 mg, YKZ 41.6%. [a]? -96 (c 0.1, MeOH).
ESI-MS m/z: 460.30 [M+H]*, C27H42NOs. 'H-NMR
(400 MHz, CDCls) &: 5.20 (1H, s, H-14), 3.98 (1H, t,
J = 6.5 Hz, H-15), 3.91 (1H, dd, J =7.5, 6.5 Hz,
H-16a), 3.73 (1H, t, J = 7.5 Hz, H-16b), 3.66 (8H, m,
morpholinyl-H), 2.93 (1H, d, J = 13.8 Hz), 2.56 (1H,
d, J=15.8 Hz), 2.38 (1H, d, J = 13.8 Hz), 2.15~2.08
(2H, m), 1.99~1.95 (2H, m), 1.88 (1H, t, J = 7.4 Hz),
1.81 (1H, d, J = 12.6 Hz), 1.76~1.72 (2H, m), 1.60~
156 (3H, m), 1.34 (3H, s, CHs3-18), 0.93 (3H, s,
CH3-17), 0.80 (3H, s, CH3-20), 1.47 (3H, s, CH3-22),
1.41 (3H, s, CH3-23); 13C-NMR (100 MHz, CDCls) &
207.2 (C-2), 174.7 (C-19), 137.5 (C-8), 128.4 (C-14),
108.6 (C-21), 79.9 (C-15), 66.9 (2xC), 65.3 (C-16),
56.3, 55.0, 52.9, 51.1, 50.7, 46.4, 41.5, 36.0, 35.8,
31.4,26.2 (C-22), 24.9 (C-18), 25.9, 25.0 (C-23), 24.9,
22.5 (C-17), 18.3, 15.2 (C-20).

WE 15: #ZBAEY) 11 KHI&T7%, 3l
R 39 mg, Y 31.2%. ESI-MS m/z 487.35 [M+
H]*, C29H47N204. *H-NMR (400 MHz, CDCls) & 5.18
(1H, s, H-14), 3.98 (1H, t, J =6.8 Hz, H-15), 3.90 (1H,
dd, J = 7.7, 6.8 Hz, H-16a), 3.73 (1H, t, J = 7.7 Hz,
H-16b), 3.66 (4H, m, H-2', 6), 2.91 (1H, d, J = 14.4
Hz, H-3a), 2.55 (1H, d, J = 16.2 Hz), 2.46~2.44 (6H,
m, H-3", 5', N-ethyl), 2.38 (1H, d, J = 13.8 Hz), 2.15~
2.07 (2H, m), 2.00~1.93 (2H, m), 1.87 (1H,t, J = 7.4
Hz), 1.81 (1H, d, J = 12.8 Hz), 1.76~1.70 (2H, m),
1.62~1.52 (3H, m), 1.33 (3H, s, CH3-18), 1.10 (3H, t,
J = 6.8 Hz, N-ethyl), 0.92 (3H, s, CH3-17), 0.78 (3H,
s, CHs-20), 1.45 (3H, s, CHs-22), 1.40 (3H, s,
CHs3-23); *C-NMR (100 MHz, CDCls) & 207.3
(C-2), 174.4 (C-19), 137.6 (C-8), 128.3 (C-14), 108.6
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(C-21), 79.9 (C-15), 65.3 (C-16), 56.4, 55.0, 52.8, 52.7
52.0, 51.1, 50.7, 45.4, 41.4,35.9, 35.8, 31.4, 29.6, 26.1
(C-18), 26.0 (C-22), 25.0 (C-23), 24.8, 22.5 (C-17),
18.3, 15.3 (C-20), 11.8 (-N-CH,CHs3).
4 FEMEFEMN

K H B B ERHE AP EIBE L R T FXa J 13 74
BEAT VRN . SRR I9E A B E e (0.05 mol/L
Tris-0.1 mol/L NaCl-0.1%BSA Z& i, pH=7.4).
R 4 975 225 SR A Ak A P9k FE v Dl 1410, 100
1000. 10 000 nmol/L. 7E 96 FLER T, FFFLAA 10 pL
IR E L AN R BE 25 (3 D0 B AH A
0.1% DMSO0 10 uL) A1 25 uL.0.003 IU/mL ¥ human
FXa, DL 40 uL ) BSA Z2r (pH 7.4) JRE 5],
37 CRIEE 15 min. ZJEHA 40 puL & OEY
S-2765, 7%% 10 sJ5, T=EIR FIFE 1 he BT
M5E B-FLAE 405 nm HIMOGREE (Ao THEAHIAR.

FIHFER=1— A pra/A s

it SPSS19.0 AT IHE TR Kifl, 53
SR I A 6 A (Ki<<10 pmol/L) 437l &
LR ALEY) 1. 4. 6. 12 fi1 13, Wk 1.
5 o X

NT B AEYS FXa FIER T, SR HE
WU Bh 25 B v AT 73— 2B I 9. AR 211
FXa 52 A id 451 R T 8 F s 8 2 (Protein
Date Bank, ID: 4Y76) @, {§iH] Maestro.10.6 #f4
Protein Preparation Wizard bR 4788 g J
fifb A2 A B FfT R IE . Al K. BE
B/ MEALEE, SRS PDB JEFLRE L EAS Ik
/NJeHts. FIF ChemDraw 2014 (] Chem 3D £:i)/)N
T =Y ARGER, Ao/ MUEALEE, F347H MOL
R, SN Maestro.10.6 #ft, 18] LigPrep

Fx1 EPRLET FXa B5EETNER
Table 1 Inhibitory effects of compounds on blood
coagulation factor FXa

wEm Ki/(nmol L1

pEa 2568.0+231.8
1 7 165.0£822.5
4 3495.01+412.6
6 2798.0+308.9
12 589.4+80.1
13 8738.04+925.1

edoxaban 34+04

GLY216 /
GLU217

GLY219

B Ab 3, OPLS3 SLIght 4y T Gt AT Ak . FIH
Maestro.10.6 %) Glide Wit ATt
5, LL G-score fENXIHE:4EFIFNAE 5, LL Glide
(BRI BIARHE T AT 5 B . ABRGRHC AR A ot
A RKE Y 1.5 nm 1) workspace ligand, 1% 4%k &
K&~ XP (Extra precision). 43 Hi%} &5 TEEAL &
Yy 12 BAT T o FRHESE R LK 4. 5.

AL, TR 16-OH {E A A,
5 Glu 216 ERMIEE - EUR 7TE st 2-0OH 1
NEEAHA, 5 Gly 97 ERIMEEREE FIEIR TR
A EAE; 19-0H 1 NEsE A S THR-98
MEE b Rds b s S EAER . (A 12
ghph 2-5kE EEETE VAR S Gly 216
ER-NH RASBAMHEAEM: B35 TRY-99 L
IR IR m-m SR LA
6 it

AHIE TS 5 2 o B R e P i R B )
T LEEHHT T SR T . AR BS54
REAE, B IR E AR A A TR 19-OH bR
B, JErE R B — AR B T EE AT AR
154, FE T EAG EEATARRIEE . BT 5%

MET180

PHEL7
THR215 cHELZ

TYR99

"THR98

-CGLU97

LYS96

4 FEES 4Y76 HTFIHELER
Fig. 4 Molecular docking results of kirenol with 4Y76.



* 5506

¢ ¥ % 20236E9H H54% H 17  Chinese Traditional and Herbal Drugs 2023 September Vol. 54 No. 17

5
Fig. 5 Docking model of compound 12 with 4Y76

BRFRPULARETE, WOy THRR A TR AT

Vg 2 PE 1, AT TR A T B A AT A AT

TSN B 5 FXa #0H)A%, 53] Ki f6>10

umol/L L&A 11 4, Kifi <10 pmol/L Hfb &

YA 64, Hi KiE<1 umol/L L &#I LA, A

& 12 [(589.4+80.12) nmol/L], B BAL T

A BN 8 TR, T R AL S Y 12

5 FXa 2R EAEE, HEMNZM S TRY-99 _ERA

I B me-n AR BLAE AT RER AL S 12 TS PR AR T

w BRI R . SR AL, AR AT

YIRREYEIL A — @ 22 EE, 30 75 BN A i A AT

AW G5 R A8 R AL g — A AR - RIS

FETT AT AP0t e Ath gt ifiL PR -1 RO/ FH DA A st It LA

SN AN BETERT T, DA RS A e 2

a7
RBAR FAEYERREEA BT

SE 3k
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