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Synthesis of chalcone analogues based on 2H-pyran-2-one
and its antibacterial activity
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>School of Biotechnology and Health Sciences, Wuyi University , Jiangmen 529020 , China

Abstract : Eight novel chalcone analogues were designed and synthesized with 2H-pyran-2-one as the basic structure for the
first time, and then were evaluated for their anti-bacterial activities against 4 strains, including Staphylococcus aureus 252,
Escherichia coli 25922 , Staphylococcus epidermidis 12228 ,and methicillin-resistant Staphylococcus aureus. The results demon-
strated that the series of compounds exhibited the moderate activity against S. aureus 252 , especially compound 12h, which the

inhibitory activity was relatively good among all compounds and could be the potential compound for future structure-activity

relationship research as lead compound.
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2-one with anti-bacterial activity
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Bruket Avance III 400 MHz &A% % 2o R4 5 Agi-
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aureus , MRSA) (£ TAEY A A IR 7)) 5 15045
miE T4l
1.2 HirMLEWHERK

J T A T I A R BRSSO A
e A L E A N TR PR Y 6-& Tt k-4- Y 4R -
2H-ML R R , 5K 5 TEBR M S5 10 T 5 05 T i & 2E Clais-
en-Schmidt 455 5 by B AT 15 2 B dx 7= 9y, HoA pl 3t
ARPELANEL 3 i, DL 4-2 -2 n e 1 Sy kS 4 )
B, Sl SRR R & AR R R A Sy
S (8) , H A R 4 ok 5 150 Y SR 7R —
SRR 6-HY LS8 A0 JE (9) , RS oK oA i)

FAF T 5 A CH MeBr OB A6 59 10, FHER

?E{%: FIA G318 Al b B e 5 fU- 5 T 48 A 3R (DMP
B ), B AT 45 3 £ BE Ak i 4-H 40 B2 H-Atk iR R
(11), i Jm 3 3 5 40 ¢ 19 95 7 | & 4= Claisen-
Schmidt 4545 52 b BV AT 15 2 A TR Z W Bk 597,
HIEIE YN VE7/R VS

o]
SeO, MeMgBr
Dioxane | 0 THF

160°C, 4 h, 91% = rt,1h

10
MeO CHO
9

Aldehyde,

Piperidine, MeOH

B3 &Y 12a~12h KEMEEL
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1.2.1.1 k&8
4-Methoxy-6-methyl-2 H-pyran-2-one (8 ) : & S A+

1R K,CO, (62.4 g,452.4 mmol) Me,SO, (9.8
mL,103.2 mmol ) DA K 4-3% F-6-F -2t Wi i (7 )
(10.0 g,79.36 mmol ) ¥ f#7E 200 mL F8 45 A% PN B
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458 - T 2 H- M -2 - B 45400 ) e K BRZE AR 0 B 5 B BT B A 5 99

SRR 16 h A RETIED A AL, 118, Fris [
TR FHTS AR I B P A 250 B ( PR e/
Wk = 174) 15 20 2009 P A B AR % (9.3 g,
84% ),'H NMR (400 MHz, CDCL,)8:5.74 (1H,d, J
= 2.0 Hz,H5),5.37(1H,d,J = 2.0 Hz,H-3),
3.75(3H,s,4-0CH;) ,2.17(3H,s,6-CH,) "'
1.2.1.2 k&9

4-Methoxy-2-oxo0-2H-pyran-6-carbaldehyde (9 ) :
AARYTF, 17 250 mL (9% B8 BT 4-H 4
HE-6- T IEL-2-NL IR (8 ) (5.6 ,40 mmol ) F1 % fk
fifi (22 ¢,200.0 mmol) , %X J5 T A 150 mL 1
TREBER RS i . SOSIAAE] 160 °C R 4 h,
SRIGR I B Z, U8, UE U O IR S BB VE %, ML
WA E s aith (O OB/ Ak =1/3) 15
FVR A [E K (5.6 ¢,91% ) ,'H NMR (400 MHz,
CDC1,)8:9. 47 (1H,s,6-CHO) ,6. 63 (1H,s,H-5),
5.70(1H,s,H-3) ,3.82(3H,s,4-0CH, ) '™’ |
1.2.1.3 k& 11 Bak

6-Acetyl-4-methoxy-2H-pyran-2-one (11 ) ; ¥ 1k
A919(0.308 g,2.0 mmol) il AF] 10 mL A JGK
THF i f PR ARG R G B ImA 3 M
A CH,MgBr(0.733 mL,2.20 mmol) SR VARRIEE
BTEBEFERN 1 h 5, A A NH, Cl % K R0 o
RAWH CH,CL, 28003 W, &I A NN, FR A&
FRKVES 3 U, IMATEIK MgSO, 4 2 h, 5|1
24, RIS 204 0 A 10, SRS ) A m AR
-5 T3 3 ( Dess-Martin periodinane, DMP) (1. 02
g,2.40 mmol) Lz 5 mL [ JE/k CH,Cl, . JNiR&
WTER R AIF T IFESON 2 he B AR AT NaH-
CO, %, ] CH,CL, 220, & JF A HLAH, I A JEK
MgSO, 42 h, ¥ H2s Wedn 3R B W &4 )2 T 43
Bl AR5 2 48 A, B A fe A4 11(0.228 g,
68% ) ,'H NMR (400 MHz, CDCl;)§:6.77 (1H,d,J
= 2.0 Hz,H5),5.73(1H,d,J = 2.0 Hz,H-3),
3.87(3H,s,4-0CH,) ,2.53(3H,s,H-8) """,
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Fig. 4 The structure of compounds 12a-12h

EW 12a  RE QK 5. 78% , ESI-
MS.m/z257.1 [M+H]";FxX K C,H,0,;'H
NMR (400 MHz, CDCl,)8:7.94 (1H,d,J = 15.8
Hz,H9),7.67(3H,dd,J = 18.2,10.7 Hz,H-5,11,
15),7.44(3H,d,J = 5.7 Hz,H-12,13,14) ,6.92
(1H,s,H-8),5.75 (1H, s, H-3),3.88 (3H, s, 4-
OCH,);"”C NMR (100 MHz, CDClL,)8:162.5 (s, C-
2),93.4(d, C3),170.1 (s, C4),56.4 (q, 4-
OCH,) ,104.8(d,C-5),155.6(s,C-6),181.6(s, C-
7),118.7(d,C-8) ,147.5(d,C9),134.2(s,C-10),
131.5(d,C-11,15),129.1(d, C-12,14),129.0(d,
C-13),

L&EH 12b IR A 7K. 67% , ESI-
MS.m/z287.1 [M+H] " 309.1 [M+Nal";%¥F
A K C,H,, 0,;'H NMR (400 MHz, CDCI,) §:8.30
(1H,d,J = 15.9 Hz,H9),7.69(2H,t,J = 11.4
Hz,H-5,15),7.41(1H,t,J = 7.5 Hz,H-13),7.02
~6.87(3H,m,H-8,12,14) ,5.73(1H,s,H-3) ,3.92
(3H,s,4-0CH, ) ,3.87(3H,s,11-OCH, ) ;" C NMR
(100 MHz,CDCl,)8:162.7(s,C-2),93.3(d,C-3),
170.1(s,C4),55.6(q,4-0CH,),118.9(d,C-5),
155.9(s, C6),181.8 (s, C-7),120.8 (d, C-8),
142.7(d,C9),123.3 (s, C-10),159.3 (s, C-11),
56.4(q,11-OCH, ), 104.6 (d, C-12),129.3 (d, C-
13),111.3(d,C-14) ,133.0(d,C-15) ,

LEW 12¢ IR B EAK; 77 3. 62% . ESI-
MS.m/z287.1 [M+H] " 309.0 [M+Nal";%F
A K C,H,, 0,;'H NMR (400 MHz, CDCl,) 5:7. 89
(IH,d,J = 15.6 Hz, H9),7.60 (1H,dd, J =
15.8,2.0 Hz, H-14),7.39 ~ 7.24 (2H, m, H-11,
15),7.18(1H,s,H-5) ,7.00(1H,d,J = 8.2 Hz, H-
8),6.91(1H,d,J = 2.9 Hz,H-13),5.74(1H,s,H-
3),3.87(6H,d,J = 4.1 Hz,4,12-0CH,) ;" C NMR
(100 MHz,CDCl, ) 8:162.5(s,C-2),93.4(d,C-3),
170.0(s,C4),55.4(q,4-0CH;) ,118.9(d,C-5),
155.6(s, C6),181.5 (s, C-7),122.1(d, C-8),
147.5(d,C9),135.5(s,C-10),104.8 (d, C-11),
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56.4(q,11-OCH, ), 160.0 (s, C-12),113.5 (d, C-
13),130.0(d,C-14) ,117. 8(d,C-15) ,

&W 12d R AR 2 HR59% , ESI-
MS.m/z287.1 [M+H]*,309.0 [M+Nal";%5F
A H C,H,0,;'"H NMR (400 MHz, CDCl;)§:7.91
(1H,d,J = 15.6 Hz,H9),7.66(2H,d,J = 8.3
Hz,H-11,15),7.52(1H,d,J = 15.6 Hz,H-8) ,6.99
~6.85(3H,m,H-5,12,14) ,5.73(1H,s,H-3) ,3. 88
(3H,s,13-0CH, ) ,3.87(3H,s,4-0CH, ) ;" C NMR
(100 MHz,CDCl,)§:162.7 (s,C-2),93.2(d,C-3),
170.2(s,C4),55.5(q,4-0CH;) ,114.6(d,C-5) ,
155.9(s, C6),181.4 (s, C-7),116.3 (d, C-8),
147.4(d,C9),127.1 (s, C-10),131.2 (d, C-11,
15),104.5(d,C-12,14),162. 6 (s,C-13),56.4 (q,
13-0CH,) ,

LEW 12¢ IR B AR 7738 54% . ESI-
MS:m/z291.0 [M+H] " ;4F5#/ C H,ClO,;'H
NMR (400 MHz, CDCL, ) 8:8.35(1H,d,J = 15.8
Hz,H9),7.84 (1H,dd,J = 7.6,1.7 Hz,H-12),
7.63(1H,d,J = 15.8 Hz,H-5),7.45(1H,dd,J =
7.9,1.3 Hz,H-15)7.39 ~7.30(2H, m, H-13,14) ,
6.93(1H,d,J = 2.3 Hz,H-8),5.75(1H,d,J =
2.3 Hz,H-3),3.89(3H,s,4-0CH,) ;" C NMR (100
MHz,CDCL,)8:162.4(s,C-2),93.5(d,C-3),170.0
(s,C4),56.4(q,4-0CH,),105.0(d,C-5),155.4
(s,C6),181.3(s,C-7),120.9(d,C-8),142.9(d,
C9),132.4(s,C-10),136.2(s,C-11),132.1(d, C-
12),130.4(d,C-13),127.2(d,C-14) ,128.2(d, C-
15),

& 12f R A E R 7% 67% . ESI-
MS:m/z291.1 [M+H] " ;47K CH,, ClO,;'H
NMR (400 MHz, CDCl,)8:7.81 (1H,d,J = 15.8
Hz,H9),7.64 ~7.51(3H,m,H-5,13,15),7.40 ~
7.31(2H,m,H-12,14) ,6.89(1H,d,J = 2.3 Hz, H-
8),5.72(1H,d,J = 2.2 Hz,H-3),3.86(3H,s,4-
OCH,) ;" C NMR (100 MHz, CDCl, ) §:162.4 (s, C-
2),93.6 (d, C3),170.0 (s, C4),56.4 (q, 4-
OCH,),105.0(d,C-5),155.3(s,C-6),181.4(s,C-
7),119.9(d,C-8),145.7(d,C9),136.0(s,C-10),
127.3(d, C-11),135.2(s,C-12),130.3(d, C-13),
131.3(d,C-14),128.7(d,C-15) ,

EW 12g WAL, = #.57% , ESI-
MS:m/z291.0 [M+H] " ;/FxJ} C,H,ClO,;'H

NMR (400 MHz, CDCl,)8:7.87 (1H,d,J = 15.8
Hz,H9),7.66 ~7.58 (3H, m, H-5,11,15),7.41
(2H,d,J = 8.4 Hz,H-12,14),6.92(1H,d, ] =
2.2 Hz,H-8),5.74(1H,d,J = 2.1 Hz,H-3),3. 88
(3H, s, 4-0OCH, ) ;" C NMR (100 MHz, CDCI,) §:
162.4(s,C-2),93.5(d,C-3),170.0(s,C4),56.4
(q,4-0CH,),104.9(d,C-5),155.4(s,C-6),181.4
(s,C7),119.1(d,C-8),145.9(d,C9),132.7 (s,
C-10),130.3 (d, C-11,15),129.4 (d, C-12, 14 ),
137.6(s,C-13) .

L& 12h R AR 75 36% , ESI-
MS:m/z263.1 [M+H]";4+=k C;H,0,;'H
NMR (400 MHz,CDCl;)§:7.20(1H,dd,J = 15.5,
6.8 Hz,H-5) ,6.95(1H,d,J = 15.6 Hz,H-9) ,6. 82
(1H,d,J = 2.4 Hz,H-8),5.70(1H,d,J = 2.4
Hz,H-3),3.86(3H,s,4-0CH,),2.37 ~2. 14 (1H,
m,H-10),1.43 ~0.98 (10H, m, H-11, 12,13, 14,
15);"C NMR (100 MHz, CDCL,)§:162.5(s,C-2),
93.3(d, C-3),170.0 (s, C4),56.3(q,4-OCH,),
104.6(d, C-5),155.6 (s, C-6),182.0 (s, C-7),
120.6(d,C-8),158.2(d,C-9),41.3(d,C-10),31.6
(t,C-11,15),25.6(t,C-12,14) ,25.8(t,C-13)
1.3 HEFEENR

DA R R R PR SR S B A 1 A IR R R
PR A, DA 3 €0 g A 3K T 252 R AT 1A 25922
AT ER TR 12228 J Tt FH AR PO AR 4 B (o A K T
RN TE AR , 38 8 4 AKX i RS W T
BEE PETEN
2 #RE5itig
2.1 HiErLEYHERK

A 11 B4 I RAR T SCk ™ BEAT . 7R
#2AE W 12 2R AT RS
W9 H5RCEIIALE W RN, 45 R AR feAs 20 F AT
9T 0% A R IR 2L, 88 3 A% T 6 FRATT AR 00 AT i D
PR 2 2 H-NH IR -2 - A 9 A7 A S B AR R0 AN
5, XELUB AR B o, B- AN TR R . PR ik, 3R AT i AR
Semg A AW 11 S5HOCH) 5 A RELE B S5 T
&M Claisen-Schmidt 45 & 2 v, BY o] 75 3] H ARk &
W2, 5K KA RONAR R pH EA KT 9, IR
2H- NI -2- [ A (R 25480 , DR, 3R A1 R IR e e 5 X
gt 1) NaOH FE Ry , B4~ R 25 AR A, 5 4
PRTET B, =0 o T o B 2tk
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Table 1 Inhibitory activity of compounds 12a-12h against bacteria
&Y e/ MM MIC(wg/mlL)
Compound S. aureus 252 E. coli 25922 S. epidermidis 12228 MRSA
12a 64 > 64 > 64 >64
12b 64 >64 >64 > 64
12¢ 64 >64 >64 >64
12d 64 >64 >64 >64
12 64 > 64 > 64 > 64
12f 64 >64 >64 >64
12g 64 >64 >64 >64
12h 16 64 >64 32
25 /KM Chalcone >64 >64 > 64 >64
Tt 8 Z Vancomycin 1 ] 5 |
ZRVEAR Ampicillin 2 64 _ _

RO I PRI 2 SR R, BT 2H-m g -2-
A 14 2 R B A HA — 5 B DU I P, A EE TR
LA M Y £ /K ( chalcone ) Xof A&, HoAM il 75
Py T— R Hod xR ML & PR 4 i
R ER A 252 A B R E SR 5 ) 2
&%) 12h, MIC fH3A %] T 16 pg/mL. SR, % &
FUAL G W)X R I R T 25922 | 26 B2 7 7 BR 1 12228
T FFY 46 P b <5 €0 0 2 JoK T A6 A 48 3 A % B
AL BRI 12h Sb, i6 A A 2R R IR R AR
AR R, T BRI B2 A) 12h,
I PELEFTAT A6 5 W AR B, HORN AR X B (0
]2 SRR A B A T M A T X i PR S
MR B O A ER T A — E AR T TR A3 K
FEIE 25922 A6 P 0 T A K B X HE )
3 &ig
ARVE SCRRIE A= W6 A B I SO A= 1251
PREBIE 8T 51 AT BT P A 2H-n -2 -
SR H S A AT T S A BT IR T 8
A LA 2 H-AHk W -2- B S 5 A 1 20 22 A 7 i 2 A
Wy, et 5 s 2 A 8 A 1E-5 0 i R UL Py o
SCHRARE , HAL =45k 7R3 T H NMR P C NMR
HRMS “545 4501k . 38 190 25 R S0 G P, % B
R RS G 12a ~ 12h JEAT 7400 1P 1
(b e (R AT KR 252 K IAAT T 25922 3R B i R

12228 i Y4 P bR 4 B (R A BR AT ) o SRR
A % RN E I 6 B O BRI 252 A B Y
BEPEPEANEIVE T, R0 = A5 20 120, 3000 35 1 7 By
LSRR R, AT AR A S AL A AT
P IIPURIE PE RO R BT, it — B IRA
WFFE A IR BRZE R IR = MR FT TR PR it T2
NEZRHTEE L.
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