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FEE: DIFHE BRI, S5ARFRBAIR I — S8 B EEAE R IL 383 Claisen-Schmidt WA i —5
JRER C a- ), PRI IR RN A —E I ( a- c) , FEESMIh 88.6%. 87.7%.
86.1%, LAH W (E)-3-(2-F AR K)-1-(2- 2 3 -4- A BRI I -2-05-1-00 (@) ol i B PR 38 S A g o T
P, R BRE art R I, R RAES AN — & EHEE 3.6 mmol . FHEE 3 mmol |
Je/KZ. W% 15 mL , NaOH 0.239 g(6 mmol ), 70 C FIljii 10 h, 7EiZ 5 F  a. b, ¢ FHF=RH10 93.7%.
92.3%F1 92.1%., i#iF 'HNMR. CNMR. 135°DEPT ( LM AL A ) . FTIR BE =Wty JHm
WRHEAIMFTOCERE,  a  cAEBK 375.8. 377.6 Hl 376.8 nm AT ERE /M, 421.0, 5550, 6114au., )57k
K 5. 1050955,  a- cHIP“FN 90.1%~93.7%, a- c N 84.7%~88.9%.
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Catalytic synthesis of monochlorchalone and flavone
with paeonol as precur sor

AN Chaona, WANG Yiying, LIU Meng, ZOU Xiao, LIU Cunfang, TIAN Guanghui*
( Shaanxi Key Laboratory for Catalysis, Shaanxi University of Technology, Hanzhong 723000, Shaanxi, China )

Abstract: Chlorinated chalcones a~ ¢ were synthesized via Claisen-Schmidt condensation reaction of
paeonol and chlorinated benzaldehydes with different substituent sites in presence of alkali catalyst, and
then further iodine-catalyzed for synthesis of flavonoids a~ ¢ with ayield of 88.6%, 87.7% and 86.1%,
respectively. The influence of akali, temperature, solvent dosage on the vyield of
(E)-3-(2-chlorophenyl)-1-(2-hydroxyl-4-methoxyphenyl)prop-2-en-1-one ( a) was investigated, with the
response surface method employed for synthesis condition optimization. Under the optimum conditions of
3.6 mmol chlorinated benzaldehyde, 3 mmol paeonol, 15 mL ethanol, 0.239 g (6.0 mmol) NaOH, reaction
temperature 70 °C and reaction time 10 h, the average yield of chalcone  awas up to 93.7% with those
of chalcone b and ¢ 92.3% and 92.1% respectively. The products obtained were characterized by
HNMR, ®¥CNMR, 135° DEPT and FTIR, and further evaluated for their UV and fluorescence properties.
The fluorescence intensity of a~ c¢ at 375.8, 377.6 and 376.8 nm was 421.0, 555.0 and 611.4 au.,
respectively. When the synthesis scaled up 5 or 10 times, the yields of a~ ¢ were 90.1%~93.7%, and
thoseof a~ cwere84.7%~88.9%.

Key words: paeonol; catalytic synthesis; chalcone ketones, flavone; chlorinated; fine chemicals
intermediates
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T EESHEE . HE. WENSEY b, HaE
N 0.2%~0.9%*4 | PR M R HUAR B R o A ik
Je KR R R G R0 . BRT, SCEkikE
W FEA . (1) ] 4-Z BRI 5 A i &%
PR 45 A RIBCA KRB (2) LA 2-583E 2 BE N B 5
KL Claisen-Schmidt 45 415 3 (E)-1-(4- 2 K
$£)-3-(HE I [ D] WEWY-2-JE) N -2-45-1- B (3) MR
b 4-F2H-3-I AR IE S 1,3-5 1,4- . LW HEA
S ASRIXAT REAE;  (4) fEE 6 N 2 AL rt
7 T R[] il A Y i 4 A B 2'- 5 -4 AR - 3-
WY IEATRERS . DL E TSR P R ARG . RS
PE2 | AL B R P S I, Ak, LA
B g BB AT R B B L SCRR R E 9, A
B A-H -2 FR It -4 F S IR AT ORI . P B T R
IR . 2-¥ 3 -4- W A FL-4-F A R 55, =R N
46.83%~87.40%, fH A — G B2 1b &9 o
AR 2 TR L bk | MERESEAL A WIRTIANS, ]
B, JF & RN A IR A B T 2 RE AR U JS 227 1)
e,

P IR 2 43R T RCF A ) S SR R B — 28 K AR
e, BABUME . PURE SRR (A
e KAR = b S A, B B 5, SOA
ATTAS T ) A B ) 75 ORGSR N I 1)
5y L S 2 B LA IR N AT IR 2 30 L
SN SR 7-FRFE W AR AR B LA A K
FHEW, FUNEEI A ARG B, sk R
L Baker-Venkataraman NAKIEA BRI . BHHE, XHE
BT kAN SR IR TER AT Y, RN B R A
15%~20%. ¥ THEPL R T W ERAE AR O B A K
JRTF 5k, EEJEEEIN C I 35 AR, & B/,
W, AFR8AIGIAG. W, WU 6 5] ALYk,
b QBRI A AT I e 2 S RIS A
AP T S R A s, A S ) R LA B AR
T R B T ) A O K L A TR e S A

i b, RN . BRAERE . SO
B R AT R L B A R TR R T A U )
B, ASCUAPE R By w5 R ] U A Uk A —
S EEAE B4R fL i 5 Claisen-Schmidt 520 & il—
AT R, P AT B Ab DG B S R B A — S FE
It fe—E AR AR T, #ErEF, DEE
A R R 0B R 4 b 28 R A i B . %
B — SR SRR e B R 0 T AT B, T S R
et A 7=, A g PR AR L P AR

1 LIGEH

11 . MRENEE
FHEE B (BT 54k 99% ) , ik Ak B A R

oAl WEENT (TLC) fEIR GFasy, LHRIRE FREIR
MEEBRA TR ; KOH, NaOH . |,. CH.Cl,. /K2
B HEE . A, ZFROWR. R (RE sk
36%~38%) . " HI RN, ABFECEHIEE . Al & ZEH
. XPECETEE . BRELEREN, AR, LHUETHEHE
IR, S K A ZEIE K

Bruker-600 MHz A% fif He P i i A3 [ P9 Az Py
HaEkE (TMS), %5 CDCls. CD,Cl, ), % Bruker
3Fl; KQ-700DE MUK b & Be 4 ik we i FEes, b
SRR A AR AN T 5 X-4B 1 00 A, AR
L B2 A AT BR A F] 5 FTIR-650 U4 L A5 46
AN TR, VRS S 4% BRI SR A PR A F] 5 Cary
Eclipse A% Y6 G, £ Agilent A F;
TU-1900 # XU oR £ Ah-1T WA E BT, R i
RSN F] 3 BSAL124S-4W Bl T RKF, FELH]
Wil gn A Al ZF-5 BRI ACERIMHHL, 1R
Tk BHE AT
1.2 HAHAE
121 — & & REGE M

DL e B R0 A [ B AT VR A — S8R B T A A
O B — S AR, A RS PR o

COCH;,4

CHO
OH CH;CH,0H i _
~ NaOH =
OCH, H,CO OH
1 Ma~c Ma~c

Ma~chI448. 1. X—4a AR 2R

PU(E)-3-(2- G A5 k) -1-(2-F2 Ik -4- F A LR ) 15 -
2-4-1-F ( a) A BB K 498.53 mg (3 mmol)
FHEz (1 ). 506.04 mg (3.6 mmol)AB A HEE ( Ta)
1 0.239 g (6.0 mmol) NaOH ¥ T 15 mL Jo/K Z )5
Bz 50 mL [BJESEMF, 70 °ClEIf Y 10 h, TLC
BEES [ RIFFR VA MmES) - V( LFROTR ) =4
1), fehiseafm, MW 6 mol/L wyERmR i 4y
PH=5~6, NNZKAIRE EE AT, TEOKIE e Hii
H 05hfait ik, BEARIKBESR, KBRS MG
1331 936.56 mg Fu B A R, A Ry ik B4 AN [+
BRALIR —E A A b AT co

a: ek, ;73K 93.7%, mp. 107.3~ 107.5
°C, HWHME (R;) =0.6, *HNMR (600 MHz, CDCl3),
5: 13.34(s, 1H), 8.27 (d, J=14.8 Hz, 1H), 7.82~7.80
(m, 1H), 7.76~7.74 (m, 1H), 7.58 (s, 1H), 7.55 (s,
1H), 7.47~7.45(m, 1H), 7.36~7.30 (m, 3H), 3.87 (s,
3H); **CNMR (150 MHz, CDCl3), J: 191.60, 166.83,
166.41, 140.20, 135.61, 133.22, 131.33, 131.27,
130.40, 127.91, 127.10, 123.10, 114.05, 107.92,
101.12, 55.65; 135° DEPT ( LW A M AL LR AR )
(600 MHz, CDCl3),:140.19,131.33,131.28,130.40,
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127.91, 127.10, 123.09, 107.92, 101.11, 55.65;
FTIR, vicm™. 558, 568, 637, 756 (C—Cl) (2
P IeABA L ) , 806, 981, 1160, 1280, 1509,
1515, 1649 (C=0) , 2855, 3420 (C—OH) .

(E)-3-(3-FAAIE)-1-(2- 72 5L -4- W A FE R 38 TN - 2-
J5-1-10 (b)) BAREK, ;73 92.3%, m.p. 106.4~
106.6 °C, R=0.5, HNMR (600 MHz, CDCl3), &:
13.33 (s, 1H), 7.81 (dd, J=16.3. 8.1 Hz, 2H), 7.65 (d,
J=1.7Hz, 1H), 7.57 (d, J=15.5Hz, 1H), 7.52~7.50
(m, 1H), 7.40~7.36 (m, 2H), 6.50 (dd, J=8.5. 6.0 Hz,
2H), 3.87 (s, 3H); *CNMR (150 MHz, CDCl3), §:
191.44, 166.83, 166.31, 142.64, 136.67, 135.05,
131.29, 130.45, 130.26, 127.91, 26.94, 121.72,
114.02,107.96,101.12,55.66;135° DEPT(600 MHz,
CDCly), §: 142.65, 131.29, 130.46, 130.26, 127.91,
126.94, 121.72, 107.96, 101.12, 55.66; FTIR, v/cm™:
539, 570, 623, 775 (C—Cl) , 857 ( #¥ i
AEEU ) , 958, 1016, 1135, 1223, 1363, 1643
(C==0) , 2853, 3418 (C—OH) .

(E)-3-(4-FA A H)-1-(2- ¥ H-4- W A R T -2-
M- (0 c) : smEEAEA, 7% 92.1%, mp.
108.7~108.9 °C, R; =0.6, HNMR (600 MHz,
CD,Cl,), d: 13.33 (s, 1H), 7.85 (dd, J=17.9. 12.2 Hz,
2H), 7.61 (dd, J=21.5., 12.0 Hz, 3H), 7.43(d, J=8.5
Hz, 2H), 6.52(dd, J=9.0. 2.5Hz, 1H), 6.47 (d,
J=2.5Hz, 1H), 3.86 (s, 3H); “*CNMR (150 MHz,
CD,Cl,), §: 192.95, 176.41, 168.04, 167.80, 159.36,
143.97, 137.71, 134.79, 132.68, 131.80, 130.54,
122.31, 115.34, 108.91, 102.38, 57.03; 135° DEPT
(600 MHz, CDCl3), 6: 142.64, 131.34, 129.75,
129.21, 120.97, 107.58, 101.05, 55.70; FTIR, v/cm
494, 606, 792( C—Cl ), 827 ( I ZJTRH UL ),
958, 1131, 1221, 1443, 1503, 1639 (C==0) ,
2764, 3434 (C—OH) .

122 — R FERG AR

AR, —SE AR a~ c K ERIZ ik e

PRI A — G BT , HA U ER AnR FTR o

O 0]
=
N
mGﬁ, |
H,CO OH DMSO H,CO (O) z e
X

Ma~c Va~c
Va~c/r3 %8, [al. Xt—&ACEE

DL 2-(2- R k)-7- W AR - AH- 2 )f5-4-B (- a)
B4 M FREL500mg  a, 43.95mgl,, 15 mL
“HETM (DMSO) F=Hikeis, i 130 °Clrl
WL 6h, TLCIBE N [JRIFH Vv (£t )

VLRROER) =2: 1), fFRMN5EEIEEEIAZE
K B Z2A B E RN B AT & 0 B AR B iR
AT PR, TEVKIS T e 0.5 h J5 g . [EAR
KPEYE, WEEEZS S 5195] 04398 g KA ML a,
FAAHFETT 2 mE M b e,

a: K EHA, 73 88.6%, m.p. 123.6~123.9 °C,
Ri=0.6, 'HNMR (600 MHz, CDCl3), J: 8.13(d, J=
8.8Hz, 1H), 7.91(s, 1H), 7.77 (d, J=7.7 Hz, 1H),
7.52~7.44 (m, 2H), 7.01~6.97 (m, 2H), 6.75 (s,
1H), 3.95(s, 3H); *CNMR (150 MHz, CDCl3), o:
177.70, 164.41, 161.46, 157.98, 135.26, 133.67,
131.36, 130.32, 127.13, 126.26, 124.29, 117.79,
114.75, 108.14, 100.40, 55.92; 135° DEPT (600
MHz, CDCls), §: 131.35, 130.31, 127.13, 126.26,
124.28, 114.76, 108.14, 100.39, 55.92; FTIR, v/icm™:
457, 553, 612, 688, 783 (C—Cl) , 953 ( —Huft
) , 1091, 1248 (C—O—C) , 1374, 1438,
1638, 2776,

2-(3-FRRE)-T-H - 4H- (0 )5-4-T ( b) -
M [ A, 77 % 87.7%, m.p. 122.7~122.9 °C,R;=0.6.
'HNMR (600 MHz, CDCls), ¢: 13.33(s, 1H), 7.83
(d, J=8.9 Hz, 1H), 7.79 (s, 1H), 7.64 (d, J=1.7 Hz,
1H), 7.57 (d, J=15.5 Hz, 1H), 7.51 (dd, J=7.2.
1.4 Hz, 1H), 7.40~7.35 (m, 2H), 6.51~6.48 (m, 2H),
3.87 (s, 3H); *CNMR (150 MHz, CDCl5), 6: 191.44,
166.83, 166.46, 142.64, 136.67, 135.05, 131.29,
130.45, 130.26, 127.91, 126.94, 121.72, 114.02,
107.96, 101.12, 55.66; 135° DEPT (600 MHz,
CDCls), §: 131.35, 130.32, 127.16, 126.27, 124.29,
114.74, 108.20, 100.41, 55.91; FTIR, vicm™: 452,
552, 650, 688, 781 (C—Cl), 835, 952 ( —Hft
gk ) , 1087, 1163, 1269 (C—O—C) , 1374,
1440, 1504, 1644, 2764,

2-(4-FA R IE)-7-H SE H-4H- O N -4-F (- c) -
KEGEEK, % 86.1%, mp. 127.9~128.1 °C,
R=0.7. HNMR (600 MHz, CD,Cl,), J: 13.33 (s,
1H), 7.85 (dd, J=17.9. 12.2 Hz, 2H), 7.62 (dd, J=20.7.,
11.2 Hz, 3H), 7.43(d, J=8.5Hz, 2H), 6.52 (dd,
J=9.0. 25Hz, 1H), 6.47 (d, J=2.5Hz, 1H), 3.86
(s, 3H); CNMR (150 MHz, CD,Cl,), J: 192.95,
176.65, 168.04, 167.80, 159.69, 143.97, 137.88,
134.79, 132.68, 131.80, 130.54, 122.31, 115.34,
108.91, 102.38, 57.03; 135° DEPT (600 MHz,
CDClg), 6: 129.28, 127.53, 126.76, 114.56, 107.36,
100.45, 55.96; FTIR, v/cm™: 480, 551, 672, 809
(C—Cl), 851, 910 ( —HufCUs# ) , 1018, 1096, 1166,
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1278 (C—O—C) , 1371, 1408, 1604, 1656, 2848,
1.3 HEMRERLEIN. AKX

ME—FE/RKE a~ cPAK—FHEN a c
7 'THNMR. CNMR #1 135° DEPT #%[&, i H
GERY s I E HZEAN-AT I (UV-Vis) WISOERE, L
CH.Cl, M, FEMMWRIEY R 1x107° mol/L; [Ali,
e B, L CHClL AiEH, FEMIREEY A
1x10° mol/L, Me4%55F 5nm, L EIK 220 nm,
KA K 415 nm,

2 RS

21 —SERAMERIZ

oAb —SEE R AR T2, 5 3 7% 580 i
B BRES—EERE a- c PRI,
PLoa PPEym N E, 7R R L A &
Box-Behnken i1, HEIRE | mim . BFEXTE
M alsg HAEM, %M Design-Expert 13 {44434,
W a A MIERE T ZAMIE T RIE, JF
FELZHME by co
211 PR EEE
2001 GO — S AR R 7 A 5 )

FESCHR[12] A b, HeZevr e fss M, %
%% KOH. NaOH K H A& xf —& A& /R a~ c ™
R, ERE 1,

RO — AR AR A

Tablel  Effect of alkali onyield of chlorochal cones
F5 Bd/mmol  WEI/M aFfE/% bFER/%  cFEER/%
1 KOH/3.0 12 50.4 49.8 52.5
2 KOH/4.5 12 50.7 50.2 53.8
3 KOH/6.0 12 51.2 50.1 53.1
4  NaOH/1.5 6 74.4 77.6 70.5
5 NaOH/2.4 6 76.5 77.9 74.6
6 NaOH/3.0 6 80.7 80.0 76.6
7 NaOH/4.5 6 94.2 84.3 86.3
8 NaOH/6.0 6 91.7 93.5 90.5
9 NaOH/7.5 6 90.7 87.1 92.3
10 NaOH/9.0 6 83.2 86.3 86.2
11 NaOH/10.5 6 76.9 79.3 76.9

e EE 70 °C. FFEZER N 3 mmol. Ta~c 2y 3.6 mmol .
RN ICIK L

M2 10, %A KOH KW 12 h g, Hr™
Y a- cIf=FY) 50%, vt NaOH, Bz bl &= 1
Bom, =¥ a- ¢ WERA IR, Hid 2
SRRARH =R, Hdr, A NaOH 15 435Il 2 ik
VP R R R 1.5, 2.0, 25 f58f, a- ¢
1 7 243 91 7 15 94.2% . 93.5% . 92.3%. i 1% 4% NaOH

AR By W o & 1) 1.5, 2.0, 2.5 4% 3
MO S R VATITE Y e A
2.1.1.2  J i B X — S A SR B 7 ) 5
F BN TR FW IR (40~90 °C ) R — 4 A /R il
a- CIERMEEm, Z5H IR 2,
F2 SN R X — A R AR AR

Table2 Effect of temperature on yield of chlorochalcone

FE o OREIC arriE % b 775 /% c 7= H %
1 40 40.3 34.7 304
2 45 49.9 4.7 38.9
3 50 60.4 59.4 50.6
4 55 70.0 69.9 67.6
5 60 89.7 76.5 78.8
6 65 94.7 87.8 85.2
7 70 83.1 94.4 89.8
8 75 74.0 71.3 92.1
9 80 67.2 67.9 69.1
10 85 57.5 55.1 50.2
11 90 50.0 48.2 30.8

. NaOH & 6 mmol . J} 7 @ & 3 mmol . 1T a~c A&
3.6 mmol . %7 TEK LEE

2 T L, BEERVIRERN TR, Bisfes
Yoa- o MR EERINEREAN R SR
435 65, 70 Al 75 °CHY, PRk E e ; MR
it 75 °Cla, RNRRSH Bk E A L,
s HAME SR, ik, 43lksE 65, 70,
75 °C 3 A AKFEA T ma 1 A A
2.1.1.3 AR — A R PR R A5

TESCHR[9-101 Al |, % B PF PR, 3 FH H i
TG B R3], 25 880 500 FH 2 5 — G 2 /R i

a- CIERMFEm, ERIE 3.

3 PRI — AR 7 A5 R
Table 3 Effect of solvent on yield of chlorochalcones

e wON RmL amRI% bERI% o RI%
1 MeOH 10 57.4 55.2 55.6
2 MeOH 15 60.9 59.7 58.9
3 MeOH 20 65.2 60.9 61.3
4  EtOH 10 84.7 84.2 83.8
5  EtOH 15 89.3 89.4 87.6
6  EtOH 20 86.1 84.6 84.3

. NaOH #ifi & 6 mmol . F} 7 F & 3 mmol ., T a~c F&:
3.6 mmol ,

M 3T, BEFHTCK L mER, F= 3R h 48 o
W #E 10, 15, 20 mL 3 S /K Sk F 7 o g T A AL
212 vmpdEERAAS R —RAE R a
2.1.2.1  mh AE LA

FEFRR R L LAl EXF a AR T 23R T
NEASAL, S5 40 XHIA BRI Ty 225007,
ZER I 5. K] Design-Expert 13 /X Wi 1 1 552
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ReE RIATINE, I ZochlH TR AJEHRZL PR
Y=213.972-33.244+1.78B+0.73C-9.174B+ 2.1.2.2 W R E B4
1.364C+0.06BC—6.7934?—1.539B°—4.172C? B 1 R A R 20— A R a R

Ka B EAURE AR AR AR K4 P T ] e A R 2

Table 4 Results of response surface experiments of synthesis
of chalconone a

F5 AmE/mmol  BIRE/IC CHBFIEML art®Fi%

1 45 70 10 87.8

2 45 75 15 88.9

3 6.0 70 15 90.0

4 6.0 65 20 80.0

5 45 65 15 87.6

6 6.0 65 10 88.1

7 75 75 15 83.9

8 6.0 70 15 93.4

9 6.0 70 15 925

10 75 70 20 84.1

1 6.0 70 15 945

12 75 70 10 79.9

13 6.0 75 20 88.2

14 75 65 15 88.8

15 6.0 70 15 91.8

16 45 70 20 88.7

17 6.0 75 10 87.8 - !

TE: FHEE I 3mmol . T a~c 4k 3.6 mmol VA7 ﬂdﬂ; e e

Kz, =

X
£5 R iR =
Table5 Analysisof variance
FE o P HEE B F{E P B&EN
e 180.79 9  20.09 554 0.0172 *

A 33.21 1 3321 915 0.0192 *
B 1.71 1 171 047 0.0144 =
C 3.65 1 3.65 1.00 0.0496  *
AB 9.61 1 9.61 265 01477 **
AC 2.72 1 272 174 02642 **
BC 0.06 1 0.06 0.75 04151 **
A2 68.04 1 68.04 0.02 0.0093 *
B? 5.28 1 528 1875 0.0034 *
c? 4571 1 4571 146 0.0069 *
B2 25.40 7 3.63
AT 13.87 3 4.62 160 03217 **
HiR#E 1153 4 2.88
M2 206.20 16

W 7 fREEREE (P<01) ; “**” REERAR
% (P>01) ,

& 5 I, BRI F=5.54, P=0.0172
(P<0.1) , UdAMIAIZ: S B3 BRI F=1.60,
P=0.3217 (P>0.1) , Ui BIZEA A R USRS
¥, TWRIA A%, B2, CPfl P<0.1, KR LR BE, Bl 1 BARBIEL  a e R T A S v 4k E
VLA 3 AR 1 0 A JR A 9 A AT — 8 AR G, B Fig.1 Response surface and contour plotsof target model ~ a

71
69
B fEee 67 g5 20
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ME L FH, B B, e — R
il a FEREGEMA R, MESHENEL, H
Y By e 07 TR AT B AR o RLRE L B L YR X
Foa WM EIETHE R R, S
FEH, EmEEMEE, Hhorrry, sk
EFO A R, SHEREHLA BT, B
SHRBEZ ML EA N, EEREE RS
WA . Bl 6.0 mmol (P R By TR G 2
fi5) , RNRE 70 °C, JKZEEHR 15 mL, i
=4k 94.5%.,
213 BiEEH

MR G B A A B, R — AR a
A M T4 AP 3 mmol . ABE K 3.6
mmol . NaOH 6 mmol . To/K £ 15 mL . #i& & 70 °C .
[l 10 h, ~PATSES 3 kAR EIPE1™40h 93.7%, 1F
PEAAE X A P A — S A R B A T 5 G IE, 4551
W#E6, b, cFEELHIN 92.3%F 92.1%.

# 6 FESEER

Table 6 Optimize experimental results

75 Ew 375 %
1 OH O Cl 93.7
H,CO Ma
2 OH O 92.3
JbHJWGrn
H,CO mb
3 92.1

OH O
H;CO Me cl

22 —SERMREEEMAMKEE
R AR B R, DL 1.2.1 R 1.2.2
WOTEE A, BORBEHR E 5 %, 10 £, Ak
a  C. FHEE N 2.5 F1 5.0 g, XF R AGAE . [H]
Xop G L 0 2.53 1 5.06 g, NaOH Jil 4 1.20
f2419; G a~ cHIBKELE , —F AR
Jiitoh 2.5 f110.0g, I,k 0.219 1 0.439 g, JiX
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Fig. 2 UV-Visabsorption spectraof chalcones and flavones
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Fig. 3 Fluorescence spectra of chalcones and flavones
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