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Az=E X 2 @Eis Rl #HERS
HHLBEZRF250 2ol L BIRA GO A% IR 430065)

WE D2 AR AV ORI, FEARE AR, USRI AT, 78 HyOo/(CoHs),NH #h F . aiie i Sa]
— R AR RAT I AR, BE T RBARE RS BRI R AT EA] LA SRR R A ST B A5 o
RN, BE VIR, B b OTE R A BRI SRR AN K5 AT (B4 . AL, T B
G ZAZ RS RAL A IE.

R - EUREIAT A, AR RAT A, A 5 T

A Facile Method to Prepare Dihydroflavonol Derivatives
Zhou, Zongbao Wang, Hong Ye, Xiaochuan Hu, Chunling™

(Key Laboratory of Chinese Medicine Chemistry and Chinese Herbal Compound of Hubei Province,
College of Pharmacy, Hubei University of Traditional Chinese Medicine, Wuhan 430065)

Tao, Kaiqi

Abstract A series of dihydroflavonol derivatives were synthesized by the reaction of 2'-hydroxyl chalcone derivatives with
H,0,/(CH3CH,),NH system in anhydrous tetrahydrofuran under low temperature. The influences of reaction temperature, re-
action solvents, the kinds and proportion of alkaline additive and oxidants on this reaction were investigated, and the optimal
reaction conditions were determined. This method has the advantages of simple operation, mild conditions and convenient

post-treatment. Besides, all synthetic products were fully characterized by NMR spectra.
Keywords 2'-hydroxyl chalcone derivatives; dihydroflavonol derivatives; facile method

TEBEIRA G EE C-2,3 AR AL S
IRTADD, SeRA-& M AERE Y v 2 B A #2284
B, M C3 AL B A R, @ RO A R
(dihydroflavonols). &6 — 5 35 i i S5 A0 & 1 2 0 HH A
B0 AW s M, 0 A8 HEFA 3 ((taxifolin) « V& BT A &
(astilbin) « . & # ¥ & (dihydromyricetin) & 7K & #i 32
(silybin, & 1), X% S HHBEA AV EoR H R
PUEAA B FUR S A g v, T DME
ERSE S EMIATI . SRR A E N —
KR G, 123 R T AT A R, $2HEE
W RME. DR, Al oA Rl S R R SR A S
B A WU 25405 58 ) R 1) T .

I S AR 2K H Algar-Flynn-Oyamada
(AFO) i 12, ESRBRZEA: oK 2'-F2 5k A /K Il
T B R, AR5 & A R IR A &
Y, SR AERR T SR T OR3P IR G AR BT 75 1 A
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B, % ERIRN Tz, H2 BRI R NP IR T
FH, WA R o BRI, SN RS2 R A I ok
PER KUY, B R RiE!Y, 2 R A RERAT A
RETEES RN 2 A B P AR R A B IR, (HR % 57k
FIT i) £ S0 B I I 7 26 AR (25% ~ 28%), a3 [l DA
Fe 2B FEA IR ERIA b HUAR IR 1 28 T 57 BHH A FE B I PR
Hl. AT RIRIE, DL 2R A R ERAT A N R R,
L Dioxane N7, £ H0,/(CoHs),NH & &A% 1 —
RA) A R, (H R R R P A 0 AN = (38% ~
63%). DRIk, R T 545 B RN &, HoAT BUR
1N [ B 1) — 2 el 3T A 0 1 BRT 7 V2k
BAINET, AL 2-FRIEEIRERE Y N EEL
TEARIEZ5PF R, DAY A BRI (THF) A ¥ 71, L H,0,/
(CoHs),NH NEALFIFER IO, BIhHIF R T —Fh& ik
CEE B R AT A 5 . B R 4N Bg. 1.
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Figure 1 Representative examples of biologically active dihydroflavonols

o
@\)J\/\@ H202/(C2H5)2NH

\

1 &R5i1e
11 EitR

Oyamada 25U 4L T AFO Jo il %% — S MR,
SRz pH=10.5, i H,0,/NaOH 1A R 1G5 1 H
PR, SR T VRN R EE SR+ Tk, BT P4l
b B4 BB, IR iZ 57K 2 #E 4. Tanaka 250
RIE W 2'-FR I A IR R [E 4K 18 5] 0 BUE K, IR R AE
H,0,/NaOH &R H ¥+t 2 h 5e453 3 &7 2 1) — A sl
P, AR FRATTN 1% 5 V0 B0 R R A 31 SR WA B, 1M
& R 2 AH B 1) A AL = P 3 B (flavonol). Cummins 55
UONRIE, [FIFEMIRYIAE Hy0/NaOH 14 2 K H B,
fE 5 CFRM 3 h GEF3 3 S0 FRmE . 3 o A R I
(aurone) FIVR &40, HISk, FRATHEM S B i B AT e X
N PEYA AR, Patonay Z5UTHRIE, K 2R
R B VR AR S b R TR BV R B, fE = R &
H,0,/NaOH & R ¥l dE, &R 7 5 — SR i, HIH
PRERER(21%~24%). X8R B —IRE T RATE R
LS RN sz I8 8 SR 1) 5 i R A AN 25 72 A

HRHE AFO S BHLIR AT 1, 2'-F S A /R B4 A o — &
TR R S B Wy R AR B VE S T IO I A R T
5 U T R A 3 A e RS 200 S ) R AR
(R SR LU A B R i IX AN [ RO AR, BRI, kA
T [RBS NFR) R AL TR AR R B
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ZEA UL B4, FRATLL 23R A R N R, 4l
HA 7RG I BRSO B R SR LA DA
Ko SR AR A AT 3o 12 2 S PR S

MFE 1 H Entries 1~4 FFIETH, LEEST—
5 CH, U ERRE 0= R AR B SRR T —
5 CH, JBB A e, — 508 BRI 7= R BEAK; 2R
FELRFFIE—5 CHY, ZEEEHEE W R i, A2
ﬁaﬂ]h&rj*tbFE’Jﬁsgﬁﬁin/ﬂ%%j SRR, N
T AR VR, AE ) S T I 2 3R A Dy — B
%%@H@%B’J@ W, FF HBEAE TR e, B R Y =

BTG R, $E R AL B AR, X U B I SR
xmz&m;unﬁ\ =, BULREFRBIREE —5 Cadb
[k A

M 1 " Entries 2, 5~7 FIEHE A5, IR

UM B B 2 B PE R AL ik R Ik P AR A T
ﬁm‘m, SN B 2o AR R R T 240k P AR B P
VAL TR [0 P B V,IN- R FR Bt i (DMIF) AT THF), SR
SAE R AR RIP B, H IS E AL G A
B ) 7 e A

M I BE T 51(F% 1, Entries 2, 8~10), MEH
WUBR IR S 5, P R 2 T, B InFliEH — 2
[lZ(DEA)R 5 £, A Uiids infI b n2-F iR
fiil) : n(DEA)=1 : 3 B, f=Fixm. TERFAMFIF
N LA XS s B FRISZ A ) (% 1, Entries 2, 11~14), %M
T H F R S AR () S0 S K R (M-CPBA), {H 2
FRIEA IR AR AEAT A AR Ak, IX AT g AR R F I 4R Ak
B o f-AEANE TV A E AL AW, I BEAS T R B
HEATRY, 4 3 B WK VR BRI, 4K AT A
o B-AN U RN IR S AL SOR A A A, B FRDBUEEIK
FILEBIN n(2-F23E 2 KER) @ n(H0,)=1 : 3 &, 4K
AR (7 R e, R IR HL0, [, A
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Table 1 Optimization of the reaction conditions

cC
\

O
2'- hydroxyl chalcone
1a

seadE: »
OH

o
dihydroflavonol
2a

a

Oxidant
Alkaline additive

Temp./solvent

Entry Temp./’C  Solvent Alkaline additive Oxidant” Yield/%

1 —10 THF Diethylamine H,0, 40
2 —5 THF Diethylamine H,0, 75
3 0 THF Diethylamine H,0, 45
4 10 THF Diethylamine H,0, 10
5 —5  Methanol Diethylamine H,0, 0°
6 —5 DMF Diethylamine H,0, 35
7 —35  Acetone Diethylamine H,0, 45
8 —5 THF Diethylamine H,0, 65¢
9 —5 THF Triethylamine H,0, 65
10 —5 THF Pyridine H,0, 67
11 —5 THF Diethylamine H,0, 61°¢
12 —5 THF Diethylamine H,0, 30/
13 —5 THF Diethylamine =~ M-CPBA 0
14 —5 THF Diethylamine DDO 66

“Unless otherwise specified, all the reactions were carried out using 1.0 mmol
of 1a, 300 mol% alkaline additive, 300 mol% oxidant, 15.0 mL of solvent;
® The mass fraction of H,0, is 30%; ¢ The reaction product is flavonol; 7200
mol% alkaline additive; 200 mol% oxidant; 7400 mol% oxidant.

PR 11 72 2 SRR B, X AT RE R =) HL0, 50K —
EaW Y s A ] TR S O N o 7/ B
FRlE. 2 BRTIR, 75 THF &R, BERFE—S C, n2"-
F2IEATRER) @ n(DEA) © n(H,0,)=1:3:3 i, & 2-%&
BE A I B 7 A oy S e R e S S A
1.3 RYINER

1E EIRRACHI R BLZAE T, AT R LR 3%
EWRHT T HEER. R 2 R, BB RF, AE
HAREE 2-FR R R B & T iZ R Bk R,
H B3 S W R SR RS, HRY) 2-FR B AR
AP 753 B(A 385 B 1) 2 5 A BUCEE . BURIR 1Az
BT LA R BRI B RN, ot S e ] 5 72 R AT — 5E )
S, ZRRP TR, 22 AR A SRR IEA
[(% 2, Entries 1~6, 7~12), B ¥ _EA% o 73N,
SRS (ARG, P20 BEAIG; T2 B IR R AT BE, f
NI TR 4 RE, 77 R AN 3R (K 2, Entries 3, 6, 9, 12). X
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FRE T SN TR AE G, AR ) — R S A SR 5
AR, AT RIS 3. BhAh, AR,
2 2R B MCHUIE N (3R 2, Entries 1, 7), A
W ARG R R, ORI )RR, 7 3R
BRI, Z SR E Ve 2, A FEBREE R &
SIRREAT AV AR At T R BRI
#2 MR
Table 2 Scope of the substrates

o H,0, (300 mol%)
N NN (C,Hs),NH (300 mol%)

RL_T:/ | ;T_Rz THF? l

oH (15 mL), -5 C

1
o N
R'——
OH
0 2
Entry Product R! R? Time/h  Yield/%

1 2 H H 8 75
2 2b H 4'-OMe 15 70
3 2¢ H 4'-F 6 76
4 2d H 4-.CH(CH;) 20 71
5 2e H 3'.4'-OMe 24 65
6 2f H 4'-Cl 4 84
7 2g  4-OMe H 4 79
8 2h 4-OMe 4'-OMe 7 75
9 2i 4-OMe 4'-F 3 81
10 2j 4-OMe 4'-CH(CH3) 12 67
11 2k 4-OMe 3'4'-OMe 13 71
12 21 4-OMe 4'-Cl 2 90

© 2016 Chinese Chemical Society & SIOC, CAS

“Unless otherwise specified, all the reactions were carried out on 1.0 mmol of
1; b Redistilled solvent; © The substrate by TLC proves that the reaction is
completed.

2 i

DL 2R RE A G E R, fE—5 CH&M4
T, BATHF A%, PLH,04/(CoHs),NH A4 A0 7 FI RIS
InFl, RS T — R A A B R R AT AE A
B TR R BT OB AR AN K e A B T
R, BB E AR B R BLEY), TTCASEIL 2'- 52 gk
PREEA EANFBAREE R RGN B, Z7E RN
AT EAREAT A& AR T —FB R T, A=
ST Y R — 5 LS VRO TSR AR T
P,

3 SEES
3.1 {UFE5RHF

WRS-2 BUGIHLIE sA (i B A S PR
AN, ARG IE); Bruker Advance-400 FT UGS
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PRAX (45 [E] Bruker A &, %778 CDCl;, TMS N FF); %
AMTARTI(UV-8 = AMY); 2 il iR (GF254,
ST PR, AR N A s Al s oy
4.

32 ZWHE

2R B IREAAT AV E S 5 SRR [22 ~24] A
. 2-FREAREATAEY (1.0 mmol). — Zf&(3.0
mmol)A1 10 mL JE/K PUE M 50 mL 7B /2 S
o BERERSS), FEUKERIA N ZENE N 0.3 mL 30% H,0,
(3.0 mmol), JHINTEEERFHREE—S C, kg fitt
B AR SEA(TLC K, 248 m Bk & inN 20
mL A7K, BE, BERTIETES, dIE, BKERE, T,
L= S A B R R B4 &, 18 BAR=9 2a~
21.

2- 3R EIRIE AN -4-F 22)" Y [ EERIR
4E 4, mp. 186.5~188.7 °C; "H NMR (CDCls, 400 MHz)
5: 7.92 (d, J=7.6 Hz, 1H), 7.60~7.40 (m, 6H), 7.16~
7.00 (m, 2H), 5.13 (d, J=12.0 Hz, 1H), 4.62 (d, J=12.0
Hz, 1H), 3.69 (s, 1H); *C NMR (CDCl;, 100 MHz) o:
194.23, 161.74, 136.92, 136.36, 129.30, 128.69, 127.57,
127.35,122.11, 118.14, 83.91, 73.67.

2-FR I3 FR B4 HR LRI E AU 4T (2b)
{4 & 4K, m.p. 166.8~169.0 ‘C; 'H NMR (CDCls, 400
MHz) d: 7.92 (d, J=7.6 Hz, 1H), 7.54 (dd, J=8.8, 15.6
Hz, 3H), 7.10 (d, J=7.6 Hz, 1H), 7.02 (dd, J=8.8, 15.6
Hz, 3H), 5.09 (d, J=12.4 Hz, 1H), 4.64 (d, J=12.4 Hz,
1H), 3.84 (s, 3H), 3.67 (s, 1H); *C NMR (CDCl;, 100
MHz) J: 194.39, 161.79, 160.37, 136.90, 128.96, 127.33,
122.04, 118.15, 114.20, 83.62, 73.60, 55.38.

2- TR HE -3 4G AR I AL -4- B (20):
O E A, mp. 164.0~166.7 ‘C; 'H NMR (CDCl;, 400
MHz) d: 7.92 (d, J=7.6 Hz, 1H), 7.57 (d, J=8.4 Hz, 2H),
7.55 (s, 1H), 7.15 (s, 2H), 7.10 (d, J=7.6 Hz, 1H), 7.04 (d,
J=8.4 Hz, 1H), 5.12 (d, J=12.4 Hz, 1H), 4.57 (d, J=12.4
Hz, 1H), 3.74 (s, 1H); *C NMR (CDCl;, 100 MHz) o:
194.06, 164.43, 161.96, 161.58, 137.03, 132.29, 129.34,
127.39, 122.26, 118.49, 118.11, 115.57, 83.13, 73.68.

45 Y HE-2-FRHE 3P0 HE 28 I AL I -4 (2d) %)
F @A, mp. 159.7~163.2 C; '"H NMR (CDCls, 400
MHz) d: 7.93 (d, J=7.6 Hz, 1H), 7.53 (dd, J=7.6, 8.4 Hz,
3H), 7.32 (s, 2H), 7.10 (d, J=8.4 Hz, 1H), 7.04 (d, J=8.4
Hz, 1H), 5.12 (d, J=12.4 Hz, 1H), 4.67 (d, J=12.4 Hz,
1H), 3.68 (s, 1H), 2.96 (p, J=6.8 Hz, 1H), 1.28 (s, 6H);
C NMR (CDCls;, 100 MHz) &: 194.37, 161.81, 150.16,
136.92, 133.58, 127.59, 126.91, 122.05, 118.16, 83.85,
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73.56, 34.03, 23.92.

2- IR FE-3-F R34 AR R DR 9 A R -4-
(2e): [ E 4K, mp. 159.7~60.5 ‘C; 'H NMR
(CDCls, 400 MHz) §: 7.92 (d, J=7.6 Hz, 1H), 7.55 (d, J=
7.6 Hz, 1H), 7.18~7.00 (m, 4H), 6.95 (s, 1H), 5.08 (d, J=
12.4 Hz, 1H), 4.65 (d, J=12.4 Hz, 1H), 3.92 (d, J=5.8
Hz, 6H), 3.71 (s, 1H); >C NMR (CDCl;, 100 MHz) ¢:
194.28, 161.70, 149.89, 149.21, 136.92, 128.69, 127.35,
122.10, 120.47, 118.15, 111.13, 110.34, 83.91, 73.60,
55.96.

2-FRHE 3R B4R I A -4-F 202
o [E &, mp. 172.4~173.7 ‘C; '"H NMR (CDCl;, 400
MHz) §: 7.92 (d, J=7.6 Hz, 1H), 7.52 (d, J=8.4 Hz, 2H),
7.43 (d, J=8.4 Hz, 2H), 7.12 (d, J=7.6 Hz, 1H), 7.05 (s,
1H), 5.11 (d, J=12.4 Hz, 1H), 4.55 (d, J=12.4 Hz, 1H),
3.72 (s, 1H); “C NMR (CDCl;, 100 MHz) d: 193.92,
161.53, 137.05, 134.92, 128.88, 127.40, 122.32, 118.47,
118.12, 83.07, 73.64.

2-TRJE-3-F5 Jk -4 FR SR R I AU -4- T (2g)
H 4K, mp. 139.9~142.1 C; '"H NMR (CDCls, 400
MHz) d: 7.92 (s,1H), 7.60~7.40 (m, 6H), 7.16~7.00 (m,
2H), 5.13 (d, J=12.0 Hz, 1H), 4.62 (d, J=12.0 Hz, 1H),
3.69 (s, 1H); *C NMR (CDCl;, 100 MHz) §: 192.77,
166.84, 163.82, 135.92, 136.36, 128.57.30, 127.54, 110.64,
100.67, 84.37, 73.05, 55.40.

2- SR 3R I 4.4 R R O AU T -4- R
e [ E AR, mp. 1349~136.4 'C; 'H NMR
(CDCls, 400 MHz) §: 7.84 (d, J=8.8 Hz, 1H), 7.50 (d, J=
8.4 Hz, 2H), 6.99 (d, J=8.4 Hz, 2H), 6.65 (d, J=8.8 Hz,
1H), 6.47 (s, 1H), 5.05 (d, J=12.4 Hz, 1H), 4.56 (d, J=
12.4 Hz, 1H), 3.83 (s, 6H), 3.73 (s, 1H); >C NMR (CDCl;,
100 MHz) 6: 192.68, 166.83, 163.89, 160.34, 128.95,
114.19, 112.13, 110.90, 100.98, 83.82, 73.12, 55.76, 55.37.

2- TR 5L -3- ¥R Fh -4 AR R -4 UK O AU IR -4- B
@) [ E A, mp. 129.3~129.7 C; 'H NMR
(CDCls, 400 MHz) §: 7.85 (d, J=8.8 Hz, 1H), 7.56 (d, J=
8.4 Hz, 2H), 7.15 (d, J=8.4 Hz, 2H), 6.67 (d, J=8.8 Hz,
1H), 6.49 (s, 1H), 5.09 (d, J=12.4 Hz, 1H), 451 (d, J=
12.4 Hz, 1H), 3.85 (s, 3H), 3.76 (s, 1H); >*C NMR (CDCl;,
100 MHz) 6: 192.30, 166.93, 163.69, 161.95, 132.39,
129.39, 129.03, 115.56, 112.04, 111.07, 101.00, 83.33,
73.20, 55.79.

4S5 Y HE-2- R R -3 PR -4 W AR B R O AU g -4-
B 2D A @A, mp. 150.8~151.4 ‘C; 'H NMR
(CDCls, 400 MHz) 6: 7.85 (d, J=8.8 Hz, 1H), 7.50 (d, J=

http://sioc-journal.cn/ 2755
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8.0 Hz, 2H), 7.33 (d, J=8.0 Hz, 2H), 6.66 (d, J=8.8 Hz,
1H), 6.48 (s, 1H), 5.09 (d, J=12.4 Hz, 1H), 4.59 (d, J=
12.4 Hz, 1H), 3.82 (s, 3H), 3.73 (s, 1H), 2.95 (p, J=6.8
Hz, 1H), 1.27 (d, J=6.8 Hz, 6H); *C NMR (CDCl;, 100
MHz) d: 192.66, 166.85, 163.91, 150.11, 133.70, 128.98,
127.58, 126.90, 112.13, 110.90, 101.00, 84.06, 73.07,
55.75, 34.03, 23.96.

2-ZRJE-3-F2Hk-4 3" 4 — AR B ORI SN g -4-
@K [ E A, mp. 147.2~148.1 C; 'H NMR
(CDCls, 400 MHz) 8: 7.85 (d, J=8.8 Hz, 1H), 7.20~7.04
(m, 2H), 6.98~6.92 (m, 1H), 6.66 (d, J=8.8 Hz, 1H),
6.50 (s, 1H), 5.06 (d, J=12.4 Hz, 1H), 4.58 (d, J=12.4
Hz, 1H), 3.93 (d, J=10.0 Hz, 6H), 3.84 (s, 3H), 3.74 (s,
1H). *C NMR (CDCl;, 100 MHz) 6: 192.56, 166.86,
163.82, 149.87, 149.21, 128.98, 120.45, 112.10, 111.14,
110.30, 101.01, 84.12, 73.10, 55.99.

2- IR -3-F2 4 B AR R -4 UK I AU IR -4- i
@D A E A, mp. 110.9~112.5 C; '"H NMR
(CDCls, 400 MHz) §: 7.92 (d, J=7.6 Hz, 1H), 7.52 (d, J=
8.4 Hz, 2H), 7.43 (d, J=8.4 Hz, 2H), 7.12 (d, J=7.6 Hz,
1H), 7.05 (s, 1H), 5.11 (d, J=12.4 Hz, 1H), 4.55 (d, J=
12.4 Hz, 1H), 3.72 (s, 1H); *C NMR (CDCls, 100 MHz) -
193.92, 161.53, 137.05, 134.92, 128.88, 127.40, 122.32,
118.47, 118.12, 83.07, 73.64.

4 BT KL (Supporting Information) L&) 2a~21 [
NMR i B, X 4 R m] DL A 2% A4S ) Y 3l (hitp://
sioc-journal.cn/) | N #%.
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