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Synthesis of 4-methyl-(3'S, 4'S)-khelthiolactone derivatives and their anti-platelet
aggregation activities in vitro

HU Meng-nan, YAN Chao-qun, HE Su-hai, LIANG Tai-gang, LI Qing-shan
School of Pharmaceutical Science, Shanxi Medical University, Taiyuan 030001, China

Abstract: Objective To design and synthesize khelthiolactone derivatives, and to evaluate their anti-platelet aggregation activities
in virto. Methods 7-Hydroxy-4-methyl coumarin was used as starting material to synthesize the target compounds by
nucleophilic substitution reaction, claisen rearrangement, sulfuration reaction, sharpless asymmetrical dihydroxylation, and
esterification reactions. The anti-platelet aggregation activities of the synthesized compounds were evaluated by microplate reader
method. Results Eight novel khelthiolactone derivatives were synthesized and characterized by '"H-NMR, *C-NMR, and MS data.
The in vitro assay indicated that compounds 5h and 5b exhibited remarkable anti-platelet aggregation activities, and they were better
than control drug ozagrel sodium. Conclusion 4-Methyl-(3'S, 4'S)-khelthiolactone derivatives have good anti-platelet aggregation
activities, which could be a valuable candidate for further development.
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WEERTAEY) Sa~5h, BT HA RSP/ MR
TEERDEAL G, IR ROC R .

1 #8

1.1 X5

X-4 $0 7 Bos B S E{; Bruker Avance
600 MHz 8 ‘FAZHEILPR L 15 APT 3200 QTRAP
WOREEHA; 2 1H Perkin-Elmer 241 JiE e HA
Byt LC-10A =il 4 26E BIO-RAD 680
T4 [ BRI -

1.2 X%

TFRIA-HFIEF G R URESE=98%, Bl ]
PR A T]); NN-— LIERRE . BRI — K&
R H=99%, BIhr TH 2R AR HbenE
Wi i 40=97%, % #2855\ )s 3-
F-3-HE-1-T e 4- g . IR O
WHE OREDE=99%, 2R 2w s
(DHQD),-PYR (Jlit 73 40=97%, Sigma-Aldrich {t
SERFNAT]D s EALE . BRI, kA R
AR 2R TR AT R 7D s LA LIRS A Bl hir
TR A F R, R =97%. R
M E TR E=95%, Pt 13102731,
YA BR A D
1.3 )

K, HEVE, RUR 2.0~2.5 kg, dilipqEER}
KEFNY) SR LR 4E, S VFniiES SYXK ()
2013-0002.

2 FHIEMER

2.1 BERS

2.1.1 4-FHRE R (2) MHEW L 7-Fdk-4- 1
HFEEZFE (Smmol) M JEL, 30 mL P EAE A,
4 mL N,N-—"FE G (DMF) 15 BIER, A
To/KBRIEAR (12.5 mmol). BALAH (5 mmol). PUT
Fetks (TBAB, 0.5 mmol). 3-5(-3-F2E-1-T 4k
(5mL), 70~80 CJ/xN 72h, ik - R (31 1)
MJETFFR, TLC MRV 5E4r. A, ki,
JEWINA 100 mL BEER L BeFake, /K (50 mLX4)
Pk, BRI KRR T8, S8Rk, 2Rt
#, WOEZE AR, SRR, A EEE B
N M

B LD HEIRAEDI NN 20 mL N,N-— LI 7K )%
o, [BIAEZ 20 h, AR - IR (300 1) DR JETIFA,
WIS B 58 40 A BN A AR, 150 mL
1R CERRE SOV IR, MK 10% SRR /KR 260

K SEACAN KR (50 mL X 3) WV, WAEA WL,
WEZE R, SrElcAEtibaith, A - R
Mg (1201 PEM, 1920 E A& 2, i 25%,
mp 140~142 °C CCHRE™: mp 141~143 C).

212 A-HIERRANEERE R 3 Mam! K
4-FFEAGE 22 (0.5 mmol) ¥ 10 mL FRH, i
ANF AT (0.3 mmol), [FIE 4 h, A1k - P
(30 1) AJETFA, TLC Wil Noe4s. Vol s 7% Hi v
7, SRRk, AihE - BiROEE (10 11D
DEE, A3 2B 44 3, W 33%, mp 188~190 C.
2,13 4-FHE-3'S, 4'9)-IIRGACHER (4) 5 Rk
BAREALH (0.75 mmol). BXRET (0.75 mmol).

T HEAEALFI(DHQD),-PYR (0.005 mmol). —/K&4k
A (5 nmol) HKIXINA SmL BT 1 -/K (1: 1)
W, S iRBERE 10 mine FFIREE 0 °C, AR
T % (0.25 mmol), R FH v B (0 A8 A ()5
N 4-HIE-BAR N BRAR = 2 (0.25 mmol), 0 Cx
I 24 ho ] NI AR RN (1 @) 7%
K (25 mL). & HLE (2.5 mL), A=
W, BN 4w RO AR e (10 mLX 3)
W, GIFENUAE, oK, e, 2R
T, BURZEHREER, SRR 4, RN
57%, mp 134~136 ‘C, XTHUAIEE (ee) H 77%.
2.1.4  4-FFE-(3'S,4'S)- 2K HI R4 -3 4'-(-)- HLAK
ACAEE (Sa) (&R # 4-TIE-(3'S, 4'S)-JUMK A
RWEE (0.5 mmol) ¥ T 10 mL Jo/K & F e,

IOAZE I (2 mmol). 4- Ltz (DMAP,
0.064 mmol) ¥ LRk — W fi% (DCC, 2 mmol),
40~50 C M. 4 h, Arihieg - IR (3 0 1D AEIFH,
TLC W s pisg 4t ygid, wUkzEmusn, e
AL RER A A RE A, A - NI (9 @ 1) Pl
2 HbL ) Sa. WCE N 34%, mp 186~187 C,
[a] =78.7 (¢ 0.7, CHyCl), ESI-MS m/z 501.1 [M+
H]". 'H-NMR (600 MHz, CDCly) §: 7.57 (d,
J=89Hz, 1H, H-5), 7.46~7.53 (m, 2H, Ar-H),
7.29~7.35 (m, 4H, Ar-H), 7.05 (d, J=4.9 Hz,
1H, H-4), 6.96 (d, J=89 Hz, 1H, H-6), 6.94
(s, 1H, H-3), 5.71 (d, J=5.0Hz, 1H, H-3"),

229 (s, 3H, CHs-4), 1.64 (s, 3H, CH;-2"), 1.53
(s, 3H, CHs-2"); C-NMR (150 MHz, CDCl;) §:
198.56, 168.30, 168.25, 159.76, 158.783, 146.61,
136.21, 135.69, 132.83, 132.76, 132.71, 132.18,
131.27, 131.04, 129.90, 128.93, 118.43, 118.23,
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109.77, 80.86, 73.74, 64.22, 28.05, 25.66, 20.94.
2.1.5  4-F 3 (3'S,4'S)- 4B G0 Ik 4R 4 -31,4'-(-) -
MBS (Sb) MG L&Y 5a 16
B, G Y) 4 5AGEOR IR N, R &
JAE sl alith, fayhilE - IR (7 0 1) YERASEIH
LG Sb. WWE Ny 42%, mp 186~188 C,

[ ]20—941 (¢ 0.8, CH,Cl,), ESI-MS m/z588.8 [M+
NH,]". 'H-NMR (600 MHz, CDCly) 6: 7.85 (d,
1H, Ar-H), 7.79 (d, 1H, Ar-H), 7.56 (d, J=
89Hz, 1H, H-5), 7.31~7.48 (m, 5H, Ar-H),

7.17~7.19 (m, 1H, Ar-H), 7.04 (d, 1H, J=49
Hz, H-4), 7.01 (s, 1H, H-3), 6.92 (d, J=8.9 Hz,
1H, H-6), 5.74 (d, J=49 Hz, 1H, H-3"), 2.31
(s, 3H, CHs-4), 1.60 (s, 6H, CH;3-2'X2), PC-NMR
(150 MHz, CDCly) d: 198.71, 169.13, 168.89,

159.82, 158.81, 146.73, 143.85, 143.64, 135.65,
135.19, 134.77, 134.60, 13427, 133.45, 133.15,
132.29, 131.55, 129.90, 128.86, 128.51, 128.17,
118.29, 80.78, 73.53, 63.96, 24.48, 24.17, 20.95.
2.1.6  4-HFE-(3'S,4'S)- i) SR Bk AL -31,4'- () -
IIMEAC AR (5¢) BIE L ZALEH) Sa 5 Rk
Jivd, HAREY) 4 5RECRTRR N, KL SRR
FEE gL, Al - NE (7 01D YRR H AR
B 5e. % 29%, mp 159~160 °C, [a]2) —24.0
(¢ 0.8, CH,CL), ESI-MS m/z 588.8 [M+NH4] -

'H-NMR (600 MHz, CDCly) 6: 7.76~7.82 (m,

4H, Ar-H), 7.59 (d, J=8.9 Hz, 1H, H-5), 7.45~
7.53 (m, 2H, Ar-H), 7.28~7.34 (m, 2H, Ar-H),
7.02 (d, J=4.9 Hz, 1H, H-4"), 6.98 (d, J=9.0 Hz,
1H, H-6), 6.96 (s, 1H, H-3) 5.69 (d, J=4.9 Hz,
1H, H-3"), 2.31 (s, 3H, CHs-4), 1.62 (s, 3H,
CH;-2"), 1.52 (s, 3H, CH3-2").

2.1.7  4-FIE-(3'S,4'S)- NI R AR k-3 40 (-)-
JIMEACAER (5d) A #HBILED) 5a NG
BT, BAEY 4 SRR N, A
IRFE RSl AT - R (8 1 1) PEAEEIH
LG 5d. W 33%, mp 173~175 C,

[a] —19.4 (0.8, CH,CL), ESI-MS m/z 588.8 [M+
NH,]". 'H-NMR (600 MHz, CDCl3) 6: 7.77~7.82
(m, 4H, Ar-H), 7.58 (d, J=8.90Hz, 1H, H-5),
7.27~7.35 (m, 4H, Ar-H), 7.00 (d, J=4.9 Hz,
1H, H-4"), 6.97 (d, J=9.0 Hz, 1H, H-6), 6.95
(s, 1H, H-3), 5.68 (d, J=49Hz, 1H, H-3"),

2.30 (s, 3H, CH34), 1.60 (s, 3H, CH3;-2"), 1.52
(s, 3H, CH;-2"). “C-NMR (150 MHz, CDCl;) §:
198.46, 167.52, 167.41, 159.69, 158.73, 156.98,
139.83, 13822, 134.05, 131.71, 131.48, 131.15,
129.90, 129.01, 118.50, 118.22, 80.82, 73.81, 64.64,
60.40, 25.85, 25.58, 20.91.

2.1.8  4-F1IL-(3'S,4'S)- A8 F 2K T Ik 4 2k -3',4'-(-)-
FUMRBRAC TS (Se) ME ik F&HELAH) Sa 104 1k
Jivk, WA 4 SACF IR TIR OV, KL &R
A Llif, Amik - I (1D WA EIE
LAY Se. WHEHN 29%, mp 212~214 C,
[a]) =873 (¢ 1.1, CH,CLy), ESI-MS m/z 529.1 [M+
H]". '"H-NMR (600 MHz, CDCl;) d: 7.78 (d, 1H,
Ar-H), 7.67 (d, 1H, Ar-H), 7.55 (d, J=8.8 Hz,
1H, H-5), 7.27~7.36 (m, 2H, Ar-H), 7.03~7.20
(m, 4H, Ar-H), 7.03 (d, J=49 Hz, 1H, H-4"),
6.98 (s, 1H, H-3), 6.94 (d, J=8.8 Hz, 1H, H-6),
5.70(d, J=4.9 Hz, 1H, H-3"), 2.48(d, 6H, CH3-Ar),
2.30 (s, 3H, CHs-4), 1.62 (s, 3H, CH3-2"), 1.55
(s, 3H, CH;-2"). “C-NMR (150 MHz, CDCl;) §:
198.62, 168.11, 167.74, 159.71, 158.77, 146.69,
136.32, 135.58, 135.09, 134.97, 134.45, 134.20,
133.69, 133.48, 133.31, 129.95, 129.52, 129.30,
129.12, 127.63, 118.34, 109.57, 80.64, 74.77, 64.86,
28.08, 27.47, 25.57, 25.13, 16.98.

2.1.9  4-FF-(3'S,4'S)- X IR F Ik 4R -3, 4'-(-)-
FUMRBRAR TS (56 ME R TR Sa 106
Jivk, LAY 4 SXEON PR OV, RS SR
FEE G A, Ak - IR (8 1 1) PEMATEI H AR
&M st WE R 38%, mp 224~225 C,
[0]2) —236.1 (¢ 0.5, CHyCly), ESI-MS m/z 680.7 [M+
Na] . 'H-NMR (600 MHz, CDCl3y) 0: 7.70~7.74
(m, 4H, Ar-H), 7.58 (d, J=89Hz, 1H, H-5),
7.44~751 (m, 4H, Ar-H), 7.00 (d, J=4.9 Hz,
1H, H-4", 6.97 (d, J=89 Hz, 1H, H-6), 6.95
(s, 1H, H-3), 5.67 (d, J=49Hz, 1H, H-3),
2.30 (s, 3H, CHs4), 1.60 (s, 3H, CH3-2"), 1.52
(s, 3H, CH32"),

2.1.10  4-F1IE-(3'S4'S)- 4B VR IR k4 -3 4'-(-)-
PUMBRAC TS (S &K LBIEY 5a 5
W7, A 4 HARECR IR OV, KL &t
RFE RSl Ak, Al - AR (9 1 1) e EIH
PRI A 5g WK 27%, mp 212~213 °C, [a]}) —78.2
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(¢ 1.3, CH,CL), ESI-MS m/z 659.0 [M+H] . '"H-NMR
(600 MHz, CDCl3) 6: 7.76~7.84 (m, 2H, Ar-H),
7.60~7.62 (m, 1H, Ar-H), 7.57 (d, J=8.9 Hz,
1H, H-5), 7.51~7.53 (m, 1H, Ar-H), 7.22~7.32
(m, 4H, Ar-H), 7.02~7.03 (d, J=4.7Hz, 2H,
H-4'. 3), 6.92 (d, J=8.9Hz, 1H, H-6), 5.75 (d,
J=48Hz, 1H, H-3", 2.32 (s, 3H, CH;-4), 1.61
(d, 6H, CH;3-2'X2). “C-NMR (150 MHz, CDCl;)
5: 198.62, 168.53, 168.21, 159.73, 158.78, 146.76,
136.94, 136.64, 135.57, 135.07, 134.98, 134.47,
130.10, 129.99, 124.21, 123.97, 118.37, 109.49,
80.73, 74.82, 65.03, 28.77, 25.33, 20.9%4.

2,111  4-HHE-(3'S.4'S)- —-(2,4- G Ik 8 5 )-
3A4-C)-PLUMBRAR AR (Sh) &k LAY
Sa (K4 7vE, Ak & 4 5 2,4- SRR N,
R RE AR (B alith, Ak - N (60 1) ¥k

/di
HO O [0

3-G-3-FAE-1-T 4, K,CO3, K1, TBAB

DMF, i, 70~80 C

BRAFALAN, K,COs, (DHQD),-PYR,
KGRI, BUTEE - K

E1

J::I%t& N N-— 2K
(6] (6] 6]

15 2] H s 549 Sho WOE 48%, mp 193~194 C,
[0]2) —209.2 (¢ 0.3, CH,Cly), ESI-MS m/z679.5 M+
K]". 'H-NMR (600 MHz, CDCl3) §: 7.80 (d, 1H,
Ar-H), 7.76 (d, 1H, Ar-H), 7.58 (d, J=8.9 Hz,
1H, H-5), 743 (d, 1H, Ar-H), 7.35 (d, 1H,

Ar-H), 7.25~7.27 (m, 1H, Ar-H), 7.17~7.19 (m,
1H, Ar-H), 7.01 (s, 1H, H-3), 6.98 (d, J=4.9
Hz, 1H, H-4"), 693 (d, J=89Hz, 1H, H-6),
5.71(d, J=4.9 Hz, 1H, H-3"), 2.32 (s, 3H, CH;-4),
1.57 (d, 6H, CH3-2'X2), “C-NMR (150 MHz,

CDCly) d: 198.55, 167.32, 166.84, 159.65, 158.71,
146.83, 141.62, 140.95, 137.57, 137.13, 136.01,
135.66, 133.78, 133.37, 129.94, 129.25, 118.42,
118.37, 109.22, 80.55, 74.83, 65.18, 28.43, 25.28,
20.93.

HbrtAY) Sa~5h G s 2 WK 1.

J3 ARl

6] reflux

reflux

AR R, DMAP, DCC

CH,Cl,, 40~50 C

O
)\©/Cl
O Br

5a~5h

5d: R=

5h: R=

(0]
)‘\@\Cl

(0] Cl
)b\Cl

Bir{L &4 5a~5h B R ER %%

Fig. 1 Synthetic route of target compounds 5a — Sh

2.2 {RSMIMRBE SNSRI

DASEL LS TR A0 4 BE PR R 24, SR ki S M Al
Pt A S EE by ) /NSRBI . MR IR B L
R M REF M EBIKIM. 1 000 r/min &0 5
min, 43214 & /MR (PRP), 4325 PRP )i,
FLL 3 000 r/min B0 15 min, 235514534 L /NI,
% (PPP). 10% DMSO — H B B i A MR &
Iy HIECEK 400, 200, 100, 50 wmol/L M,
90 pL PRP # 96 fLARH, A 5 pL ARl of

7, 37 CHEE 5 min. 96 FLH B BEbrAL b phidk
% 10 s, 570 nm NIEOGEE (4D fEH, 30 sill 1
W SN 3 R, BMEHILA g DREIMA 5 pmol/L
MR (ADP) 5 uL, 30 s 1 RE 4 HAH
Ak, W TATFLIIWE R IME R Ao VLML NER
HR (AR KI/MRREMHEE (AR "2, 1
B PR EEEANHIR L (ICs), W& 1.

AR=(A¢—A1)/(Ag—Appp)

AIR=(1-AR #5/AR 1)
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Table 1 Inhibitory activities of khelthiolactone derivatives against aggregation of platelets

e 50 pmol/L 100 pmol/L 200 pmol/L 400 umol/L 1Coy/(umol- L)
AR/% AIR/% AR/%  AIR/% AR/% AIR/% AR/%  AIR/%
5a 64.93 7.25 54.68 21.88  47.60  32.00 2143 69.39 289.89
5b 62.43 10.81 56.81 18.84 2629  62.44 7.69 89.02 194.00
5c 63.62 9.11 49.32 2955 4361 37770 4176 40.34 491.42
5d 53.49 23.59 48.29 31.02 3777 46.05  30.17 56.90 315.52
5e 59.22 1.30 55.64 726  52.88 11.86  40.22 32.97 593.52
5f 44.76 25.40 41.12 3146 3569 4051  34.03 43.29 440.38
5g 56.09 6.51 4431 26.15 3317 4472 3221 46.32 394.48
5h 50.85 15.25 34.02 43.30 1828  69.54  11.70 80.49 177.26
4 64.97 14.51 60.94 19.81 53.85  29.15  45.67 39.91 503.59
4- BRI 63.18 16.87 61.97 18.46  47.66 3729  37.63 50.49 352.78
A% B 71.17 6.36 48.24 36.53 33.60 5579  21.86 71.24 254.22
MRS RS S R s, a she 3 e

5b 1] ICso 1543514 177.26+ 194.00 pmol/L, 5 F-BH
Xof FE 24 BLALAE B A1) ICso fH (254.22 pmol/L).

SUARBRAC I BERTAE D) 3, 47 ik 5 AN [i] 1) 24
R psle, ML/ NECREIVENE A B R, MY
ST BRI ZE IR S, (b SR B R AP
MR R A TG PE, Wi 4B s X XCEUR Y R I
(5h) JE MR, HUCHABERFIREE (5b), &
TR EER TR (Se) JIVETEH AL

R TR PR H R B R 2B (56, 5g) Witk
WM T2 IR BRI 2EY) (5a), UL AT —
SEFRRE I 52 B HUARIE 23 (A7 B 52, 437 B K
ANFFACA P B NCER S S T

XA A 4 55 4-FRSEYLAK py R (4 ) DL
2) MAEYETE, SIRN BRI G EZ 2-F R
T T ey B BB W B SR SR
FHSS, Mtk J5ER Se 4, Frfa (L& is e 5+
a4, B4 4-FHIEGUMBAC A G 3", 407 R
ARG, (G is T R, &1 4-
R EILAR AT TR

B2 4-BEINMNAEEMEY
Fig. 2 Structure of 4-methylkhellactone

SCHRA AL S 2 1 RE 248 DM fis
Al AP RER IR Z Ma Rk, ZKVERR DMF .
ERTTVEAFAE DMF RUEAE 4, B KSR
Wl ek, LANE A, DMF v
A, A TBAB MEBMEALHS, A T DMF
I, T S A A 5y, ORI B

PSS RRW], IUBLA AT BT —
SE ML NSRS E L, H A UGRAC A BT 2R
) 3", 4015 E AR HIR IR, A5 s i
FR NS RERAMBIE 1, 3K A AT BE R IERAL S )
SR B 1Y) 2 SR

SE 3k
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antiplatelet aggregation constituents from Formosan
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525-530.
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