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Optimization the one pot reaction for synthesis of flavonols
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Abstract: One-pot method was used to optimize the Algar-Flynn-Oyamada (AFO) reaction. The molar ratio
of reactants, alkali, reaction solvent, reaction time and reaction temperature were optimized through single
factor design using 2'-hydroxyacetophenone and the corresponding benzaldehyde (benzaldehyde, p-
methylbenzaldehyde, p-anisaldehyde and 4-dimethyllaminobenzaldehyde) as raw materials. The factors and
levels affecting the reaction greatly were screened out. Then, a mathematical model was established through
response surface design to predict the optimal process of one-pot synthesis of flavonols. The optimal reaction
conditions were as follows: corresponding benzaldehyde (1.0 mmol), 2'-hydroxyacetophenone (1.2 mmol),
NaOH (10.3 mmol), ethanol absolute (10.2 mL) as solvent, refluxing at 80 °C for 3 h, after cooling, adding
H,0, (8 mL, mass fraction 35%) and H,O (8 mL), keeping at 25 °C for 3 h. The yield of flavonols by
one-pot approach were all over 85%.

Key words: AFO reaction; one-pot method; flavonols; process optimization; response surface design; fine
chemical intermediates
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Bruker Advance 300 MHz BUA% w4 4R I 354
Fii+ Bruker A ; Agilent 1200 B AR (AL, 3%
= Agilent 23w, MRS F 28 « (354 Waters XBridge
Cig, 4.6 mmx150 mm, 3.5 um; WizhAH A HIEFLS
$20.5%0 — R LR IK WL, T s AH B R AR T 5345 0.5%0
ZROTRCNEEW ; BV, Wi 1.0 mL/ min,
PEFER S L, FEWE 35 °C, KIU#E 220 nm,
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PP R, ¥ 0.1491 g (1.0 mmol ) Xf — FIE K0
FEE( T ).0.1633 g( 1.2 mmol )2'-BRILFEZFH( 1T ),
0.4 g (10.0 mmol) NaOH # T 10 mL JC/K L%
(EtOH) J5/in% 100 mL BJELIRH, 7580 °CF
KR 3 h, TLC [V (aEE) « V(ZRREHEE) =10 :
1) BREEHHE O SE UG, MIAUK 30 mL, J797 pH=7
(0.1 mol/L AYFHERAR ), FHZFRABEFEHL (30 mLx3
), AT NaCl A PEA( 50 mLx2 ¥k ), JG7K Na,SO,
TR BR R, SEIhEIAN 0.2350 g CHL™,
7R 88% ).

122 wPEARNE&RFmBRE (1)

B EHAIV (0.2350 g, M=% ) T 10 mL G
KB ZER LR T, FARKIMA 10 mL NaOH
(1 mol/L ) Al 8 mL H,O, ( FiHE/4K 35% ), il (25
°C) N3 h, TLC [V (fimlk) : vV ( ZERLHR )
=10 = 1 JEREEHA 2 S 0 58 42 ), P15 pH=8~9( 1 mol/L
MIERR ), A AN, g, AWmEHTRE, 155
BEEER 2-[4-(CH B 50 R ]-3-F e S (1)
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0.1212 g (0.43 mmol ), f=#%N 60.32%, WA EIE
2N 96.4%., K 243 °C ( SCHRUMY 243 °C ).
'HNMR (CDCl;, 300 MHz), d: 8.23 (d, J=8.8 Hz, 2H),
8.07 (d, J=7.6 Hz, 1H), 7.77 ~ 7.60 (m, 2H), 7.40 (td,
J=5.4. 2.3 Hz, 1H), 6.75 (d, J=8.8 Hz, 2H), 3.10 (s,
6H). *CNMR (75 MHz, CDCly), 6:172.5, 155.1, 151.4,
141.2, 136.9, 132.9, 129.2, 125.3, 124.2, 120.9, 118.0,
111.5,97.2,40.1,
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FHALRE: I EW 1 . fk&W 1T . NaOH
FIICIK ZEEHAF] 100 mL B FE B b, 76 B0 5E 1R 3
(T)F, RMWHERT (¢)(TLC BRESR N, fF1
HAETT A, WIRNARRBRH EEE, N
AIKFIH,0, (JEE4%835% ) 4 8.0mL, =T, 4%
S22 3 he PHYT pH=8~9 (1 mol/L WYL ), 4 Rk
Brib, WORIME, AIMEEFTI, TR S

PR, Fea e & 1 1.0 mmol, 1T
1.0 mmol, NaOH 10.0 mmol, 770K L1 10.0 mL,
7K 8.0 mL, H,0,( JFiH 3% 35% )8.0mL, T4 80 °C,
t 43 ho SRl RS R IKT, 85 R X
N SENR o PR AA T A PR Al YRR A
V(LTRETR) = VA MEE)=1 : (20~10)86 B LE .
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Table 1  Effect of alkali on yield
¥ Bis/mmol t/h V=3 /%

1 DABCO/5.0 10 IR
2 DMAP/5.0 10 JRhE
3 P(Ph):/5.0 10 0

4 NaOCH;/5.0 10 11.2
5 NaHCO3/5.0 10 0

6 Na,C05/5.0 10 8.3
7 NaOH/5.0 3 51.6
8 KOH/5.0 3 50.1
9 NaOH/6.0 3 56.6
10 NaOH/8.0 3 70.5
11 NaOH/10.0 3 76.8
12 NaOH/12.0 3 73.5
13 NaOH/14.0 3 71.7

e PR, TR, DABCO F=2M
J¥z; DBU K 1,8-" &R H[5.4.0]+—k-7-%; DMAP Jy 4-—
FHEIEILRE s P(Ph), y =R SE 1.

R 1 s, E% WAYEL DABCO. DMAP
WAL, CAERE AR, £ P(Ph LT, K
DB 0 r= g S B R BB A SRR A AL 1 B
BRI N, BFARESESES, ROVMELLHETT
10§24 NaOCH;3, Na,CO; i}, [ h el BE#E, {Uf
25 10% 024 . BT NaHCO; Bt K55, %
FIEEH R AT o ¥R NaOH., KOH
B, SR RSB R, R S — B B 3 h, B
WA R T F®A, ks 3 h, At 50%
) BFR A . AT &, ] NaOH 1Eh
KRtk . BEE NaOH AR, HAr=#i
FERAWITE R, 24 NaOH IMA &= L&Y 1T Y
B 10 f58F, P2RE IR 76.8%. ARG BB R 5
ik, ¥EHE NaOH IMAH MLEY | WA HR 8.
10, 12 4% 3 A4 7w bz 1AL o
2.1.2 EF ARG

¢ 1.2.3 195280, BE T FIA XS B IV
FEERIEC, BRI 2,

22 VBRI PR RN
Table 2  Effect of solution on yield

SN ER

5 sl V7=%/%
/mL

1 DMF 10 10.3
2 DMSO 10 8.9
3 THF 10 12.2
4 DCM 10 0

5 MeOH 10 64.7
6 EtOH 10 75.8
7 EtOH 6 70.1
8 EtOH 8 73.6
9 EtOH 12 75.1
10 EtOH 14 75.0

i : DMFAN,N-—FH FEH kR ; DMSOXy —H B K ; THF
VYA s DCMy A ke,

W 2 s, FERLE SRR, 24 s 0 i 71
JAER T PEE ) DMF. DMSO I, = ZA{UH
10.3%. 8.9%; 4L THF MEFIEE, [ %A B i
3, PERAUN 12.2%; 24 LL DCM RHERIET, B4
Ao I 2 52 W A . 4 BT MeOH SR 5l
BF, SR FEHGAE] 64.7%, B IoK 2B,
FERIEE 75.8%., HEETCIK LBEINA R XTI 5%
M) (J75 6~10 ), H340 B A ™= 2 s Ik, E#E 8. 10,
12 mL 3 /K- i b LA . PRk, SRATE/K 2
AR R 9 o
2.1.3 R et~ R FHR

Fi¢ 1.2.3 WSEES, BE T R T Y B XS B R
PRI PR, 25 LR 3.

R 3 proon, Yy 1A I8 o Lok
1.0+ 1.0 B, FUEREIAN, VYA R R, i
TN R, ik —AN R YAt e, A, #m
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WINT TG, AR A Y T =,
U E YR AR 1.0 0 1.2 I, RBERLE
85.0%, ZAkZE4RT 1T R WX =S5 A K, B,
PEEEn( 1) - n(1)=1.0 : 1.2, AEmR RIS

K3 Y B  LE AR BR

Table 3  Effect of molar ratio of reactants on yield

75 I /mmol I /mmol V7= /%
1 1.2 1.0 84.2
2 1.1 1.0 83.5
3 1.0 1.0 75.4
4 1.0 1.1 84.1
5 1.0 1.2 85.0
6 1.0 1.3 84.9

2.1.4 BB EIT R
¥ 1.2.3 L5, BEET N BEXT A R IV
FERFE, G5RILE 4,

R4 RBEX AR
Table 4 Effect of temperature on yield

75 7/°C V7=5/%
1 60 56.8
2 65 72.4
3 70 75.4
4 75 75.3
5 80 76.7

R 4 froR, RNREEHR 80 °CHE, =3
. MREREIRET, KRCARWEH, &
Fh I, AR ST v R A R IR B e AN K
HCR 80 °CHE A s v fe A Ui B
2.1.5 RAZAZEHYR

BE, EBUKFH X N A BRI, 2
KRR, IABARETT &M, AT
NEFEFT s MoK AL ], BB TR 1 A B FRAR,
SR R BRTAE L, Rl S A R MR B A, S
HORREAG . 2 1.2.3 99505, B8 7K HEX & ™
YNV =2 05gm, 25580 S,

5 RIS A 5
Table 5 Effect of H,O dosage on yield

75 H,0 Hf/mL V7=%/%
1 4.0 36.6
2 6.0 62.5
3 8.0 74.8
4 10.0 65.5
5 12.0 63.7

2.2 e Rz E SR 6
221 mp@LER
TER R SRR [, B B A — B A K
T2 rmn A fe, g5RmE 6 U, RIEH
A AR SR U R RN
¥=85.202-0.094+0.18B+0.655C-0.484B+0.6254C+
0.31BC-1.8084°-1.2835B°-2.1885C

T At R T 252 AIMARE 7.98 mL
(XFR 1.0 mmol &9 1 ). ZEEM AR 10.18 mL
(XPHE 1.0 mmol fb&W 1), BmA &= ZIEY 1
PiBEE Y 10.31 4%, BALEIN 4450 85.3%.

XG4T I 22500, SR ILER 7,

F2 6 —FR T B I A P 1) e N T S 5 4 SR

Table 6 The results of response surface experiment for the
one-pot method

A B C

5 H,O/mL EtOH/mL  n(NaOH)/n( 1) MI72/%
1 8 10 10 85.2
2 8 12 8 81.3
3 6 12 10 82.4
4 8 10 10 85.5
5 8 12 12 82.5
6 8 10 10 84.9
7 10 10 12 82.4
8 10 10 8 79.1
9 8 10 10 85.4
10 6 10 12 82.1
11 6 8 10 81.1
12 10 12 10 82.1
13 8 10 10 85.0
14 10 8 10 82.8
15 8 8 8 81.6
16 8 8 12 81.5
17 6 10 8 81.3

T PR AMBET IR 5,

®T TiESH

Table 7 Analysis of variance

J¥5 Fort AmE B FE P1{H
5

il 52.02 9 5.78 14.85  0.0009  **
A 0.0648 1 0.0648 0.1664  0.6955

B 0.2592 1 0.2592  0.6658  0.4414

C 3.4300 1 3.4300 8.8200  0.0208  *
AB 0.9216 1 0.9216 2.3700  0.1678
AC 1.5600 1 1.5600 4.0001  0.0852
BC 0.3844 1 0.3844 09873  0.3535
A? 13.77 1 13.77 3537  0.0006  **
B 6.94 1 6.94 17.82  0.0039  *x*
C? 20.17 1 20.17  51.80  0.0002  **
k2 2.73 7 0.3893

EE L] 2.47 3 0.8249 13.17  0.0153
Wik 0.2505 4 0.0626

BEZE 5474

—_
N

W s s, M/KHE N 8.0 mL i, FEi =R
IR B A AR SE P W e R A A, K R 6.0,
8.0, 10.0 mL 3 47K FHE4 7w b i A4k

TE: T REEE,; o REMEBFE.

700, ZERIRY) F=14.85, P=0.0009 ( P
{H<0.01 ), Vi 2 A0 22 S g I 3 o AR AR A 0L 10
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F=13.17, P=0.0153 ( P {}<0.05), iHHiZHiRI 2%
PO 3% ABH C — KT P=0.0208, AF &Y 3 4>
TR P {EY<0.01, IR K E, BB AR
o T A 3 A8 1 % o I B ) — Rk A B T2 A
FASeE, HXFsgmp eI s = a2, JEAR R H
B R e R . WA ER FE KN
DLFN T H 45 DR R = s i RN - C>B>A .
222 R E B S

1 SRR RS A5 PR 26 i T 7= 23R 5 M (1)
Wi 7 T P A 45 e 2R 1

P 1 BT A g T4 e 2k ]
Response surfaces and contour maps of the model
MNP T e 7 i AT AR Y, 2% DR TSR
FmAEE I, B R, BRI

Fig. 1

M 17 T S 5 A Tl o 4% DR 36 77 3R 10 5 i 24 S B4
e R AR, 5 E SR i AR B IS
— 3, A EIR M N EAETE ERGE, TRAR R
BHEZ AL EAERRRS, £REZRERL
[T 3594 B 8 P T, A 4% R 3R 2 IRl AE S HAE T
223 AiEM LI

FRAE IO 5 A A A, B BB & i T2 5%
PR E AR ZEH B 1.0 mmol . 2'-BEEFE L 1.2
mmol. NaOH 10.3 mmol, ZFEHEF] (10.2 mL),
80 °Clulyii 3 h, ¥WHI5, A 8.0 mL H,0, ( Jii &4
$35%). 8.0mL /K, =ik FUKLER N 3 ho HARHE
FEDL 1.2.3 37, FAT5E56 3 ISR 772K 85.6%
(FrifEfw 2= (SD) {HA 0.6240 ), & T SCrkIRIE =
% (79.0% ) U1,

I T 2% Hofl 3 Ff B0 A B I BSR4
M, 5RIFE 8, Nk 8 FrR, FERIik 85%LU
b, BOCHRHR A PR AR T T 8.35%~23.86%, Ui AR
PR ELA ARG ) AE T P A RS e M o Ok B TR
— A T 2R AR S N AR IR, ST AL
gefn . WRERI TN B AR

8 WFTIIS
Table 8 Validation test results

SH R AR
o A
F5 et FEESY  FEE/% H A/ Y%

l
No
0] ‘ 79.0l!71

70.01"% 86.7 23.86

73.0120 89.0 21.92

75.011% 85.3 13.73

TE: XN B S 0 R AR R R X
SFEORIRE . X BRI A AT RT3 R

3 #it

(1) B Z A N TR 52 36 3, X AFO &
O TR 1) S N AT T — Sk Ak, Db T RO AR
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PR, WORHLE I T BN AL B AR

(2) Al —5 kA s B R T 225500
AR A EE 1.0 mmol, 2-FRFEAKZEH 1.2 mmol .
NaOH 10.3 mmol, JG/K ZBE A% 10.2 mL ), 80 °C
M 3 h, RWHIE=RE, MMA 8.0 mL Hy0, ( itk
H35% ). 8.0 mL /K, FIL LKL 3 ho

(3) R A B R B iy B e, )5
PIik B 85% LA I, # SCHk it 3B (EH 2 T 8.35%~
23.86%. —HMIEA T L ReAE RARTH N =%,
BAEEZ S BAERE ., 7R85 SO EE
R, AT RUE SR SR B A A Y T A B T ik
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