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Abstract Flavonols, also known as 3-hydroxyflavones, are a kind of unique flavonoids that widely distributed in the plant
kingdom, and have been associated with a wide variety of biological activities and pharmaceutical applications. Four principal
synthetic approaches to flavonol skeleton including Auwers synthesis, Algar-Flynn-Oyamada reaction (AFO),
Baker-Venkataraman synthesis and flavone oxidation by 3,3-dimethyldioxirane (DMDO) are summarized. The regioselective

methylation, prenylation and glycosylation of polyhydroxyl flavonols are presented as well.
Keywords flavonol; synthesis; AFO reaction; derivatization; regioselectivity
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1 HIFEEENER

TR PR B AR A R, R RUANUANAE T 2R 3 -t e
BRI AR, AT 3-FRFEMGI N, XPAP A L&
o, [EINSER, W Auwers V. B REREAL CERE]
AFO B, Ao Dby, RISE& s, Fal AR
3L 10: Baker-Venkataraman 7%, ZEH# DMDO % 4L,
1.1 Auwers &%

Auwers JEU' MR AR S EAEE S L, B Auwers
T 1908 AERIL. HIFIRNE R P A &, IR 2-
TR-2-(a-TRAR L) R IR IR, SR f5 248 W Ak 2 A= FE A,
BAR )9 ¥ Wi I (Scheme 1).

@ PhCHO _ wCHPh Br,

(0]
O Ph
%Ph KOEt |
OH
B 1 Auwers 7226 ) 55 B

O
Scheme 1  Auwers synthesis of flavonol

P T 12 5 B () JER A F T A, ) Ak — AR A
BN, RNAREZ, RS, KIEA LS B
(1) 52 B S FH #5070
1.2 Algar-Flynn-Oyamada (AFO)& 2

B HHd AL IAR] Algar-Flynn-Oyamada (AFO)/X
N, BT %% /K 24 Algar, Flynn F1H A f¢) Oyamada 7E
1934 4E[RIINHRIE, J54 Ozawa M Smith 5 (K HGE, BN
il & AR RS & T, ) Zis T % KR

HOO/OH
OH
HO,C J\: OH OHC J\: OR

MOMO OH

HO
HCI, MeOH

A 2 1) A ), BEAR S 7 A fﬁﬁiﬁﬁﬁqj PARE 8 S
IRER S A AR, SR E— T, AR .
JRL 2R A RN, — B HH 2R AN 2R AT AR P i
xilkcs

TR KA A 2 i NI I O T T KR
WEFLTAE. 2006 4F, ARATTCARRMY 5543 TR Al 3,5-
TRIERHBRONIERL, ek AR AR FR B IR AL
ORI, R AEPE S5 T R AERE R & B, 285,
£ H,0,/NaOH 1A &, & /RE A& — BT, LA
21% ~32% K B E G W T RV H I KL &)
(Scheme 2).

MITX AFO B JRYI3EAT T Rt 7t. 3.4-— %
FEE A R P E A E A S £ skiE M, (HKE
P (<1077 moleL ™). Yap S"LARUREIE R LB K
JFoR, 2R Claisen-Schmidt 454, 2 /K B bl 14
H,0, 84k IR, BT & e 1 2 5 3 i B (Scheme  3).
IKARFSTE 6-R0 5] NFREE, KORIG IR 1 3',4'- 52 Jk 8 i it
7K, FEAAERTE K o IR AR B IA %) 107 moleL .

Black fiff 78 /N1 VK AFO S FH 15| W 25 3
P2 PR . A AT AR 2 e 3 mal ol Rl 552K R g
4 G4 2N A KR, SR )5, FH H,O./NaOH 4645 36
AP ek, &5, £ KOH/THF R &, DAdagll
AR T W R E B R AL S (Scheme 4). R BISZARRL
PEEHR, 0510 2,307 #RA AR EE U, 5] W2 7K i 2
FALI T AE A e R 32 2 B R, ASRRAS 2AH M I B
P P .

AFO [ NAE—SE RN & e tAg 2] iz H.
Chrysosplenol D 5 #)& M IR 1 £ &5 2 b 3 16 38
(Artemisia annua L.)FHEEFLED. R, %
AP REFNHE IS JE A R A ER AN 1 2

\©;( MOMO. OH
O O 15% Hy0,, MeOH
or (6] KOH, EtOH OR 6% NaOH

R= CH3 MOM

R =CHjz, H

B2 FEN AFO JURi R o i i ) 25

Scheme 2 Synthetic route of flavonols via AFO reaction used by Wang
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© OBn

OBn

2) HCI, EtOH

1) NaOH, EtOH O OH O OBN 309 Hy0,, NaOH
AcHN A OBn EtOH, 1,4-dioxane

O

1) 36% HCI, AcOH

)
AcHN

0]

OH

O OH
o) O © | OH
HO
2) O/A/lo, pyridine NN OH
o o) H o)

B3 Yap ANHZKIE P SR RS 1 5 S 2

Scheme 3  Synthetic route of water-soluble flavonols used by Yap

OMe Ph CHO OMe Ph OMe Ph
N O N H,0,, NaOH KOH
MeO N NaNH, MeO N 82% 82% MeO
92%

o ‘ o

BRI 4 5| BT SIS AA A 1) i 2

Scheme 4 Synthetic route of indole analogues of flavonols

2N 25 SR AR TR, M RS NGRS 2R AP UE TS 1 LA
R G vb B R s i DT BAR JE SRAE Z A 1Y
AR, (HRIRFEFEHREAE. 2008 4, Kraus BHJF NS
SCHL T HAR S A R, DL SR AR R R L N SRR
5 AR R R R R A e AR AR, (EBE S
AFO Wi, HHFAR07 F AR AR AE, AT T i &
(1) H,O, 1 NaOH, FFREK | [a], bl 60% 1) %
45 T S EARE, A LAk, DL 78%M e R iI1g T
HEE, SERC AFO BGRB8 2, L 31%[ 5™
P T Chrysosplenol D 1) N T4 Hi(Scheme 5). iX#f
el Z S L AERN T, Mg
AFO SBLor NPT, Feacidh, Hp ek A 3 i
Sy T AE, X0 AFO RS HRRARI T B — &
-8

2010 4, Lewin BRI LUEHRS o & &= & A
HONERL, 12 EGHR AFOZE, 43 2 I 30%(K) H,0,
T, IR TR 2 d, RJGH CBRIFEFTIARR T pH %
6, FININEETLEEREAIEIN 2 h, o e R YL T ke,
“—HR” WNET 4-FIEM R K (Scheme 6). X itk
KR BRUCRBETE “—47 WIELLHT, BEME
GAT, AT RERS &, BRI, 7= 28K,
JEERE f5 SN 14%.

Pandurangan %5 P45 & b ik 5 R kit 7 vk, A
H,0,/NaOH E 15 B /R Bl S A4k, ZH AT
FR MRS E N B VR R2E i B RS, RN R A
BB v I, DA A RIS A BT A 2R A
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(Scheme 7). Z%J/77kiEH MOM fEfRY %, 193] T AFO
SRS S EE R (AR, MOM  RPIETE R AE il — &
B P AT — R o Bk, g L, 3% FH A I IR A AR AL I A,
Ja A ER T, BT L A EBUDIR, RE R G
TR, X T 2 R AR A K, AR — PRI
otk 7k

2012 4, Gunduz 234 L) AFO Bk — 353t
ITT o, RET “—8k” AFO A1k DIARIRSER
A S BRI 9 )5kt S A BN R B b [l
N3 h, AHIEREE, BN 0.5 molL ™ (A
AN 35% 1) HyOn TN FE 2~3 h, “—48” WL
VEG R T S MR S L S (e iy AR 3-F2 R S i)
(Scheme 8). S JOLA AT A% /I i ARG Fi 55 1] = 1) AR i, A
P R 7 F BtOAc ZE B E S T B IR i 8 AL 3, g o] DAAS
B HFRPEY. 1% R IR S R IR 2 DR R
C—ER BAEG R T 4RI IR, WA e AR
M 5E R Tk T B R A R AR B ) D R, A R
R KAa%, 7A@ g 517, R BiRm, &
AIA 79%, {ERH— LWt eE.

MATISE AFO R (HLE AT T 32 [ mF e 2224,
N & Geismann 25 PR — Rl B 1 S ALER
(Scheme 9): Z/REA/EIL AMENEH T AR ELD
HRa AR, SR By A U TN I B AT S AR I, 3
o AR, AR A A Y IR IR R, S A
My 48 F B 0 PRI B b AT R T, ) AR R A R
Pig; BEBOREE o-fr, WA= BRIP4 T oo 3R 108 .
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OBn
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B 5 Chrysosplenol D & AL
Scheme 5 Synthetic route of chrysosplenol D
OMe
@: 1) NaOH, 30% H,0,, 0 °C, 48 h
rutinosyl-O. ONg OH then AcOH to pH =6, 0°C, 24 h HO
sodium metabisulfite, reflux, 2 h
2) 11 equiv. HCI, 55°C, 1.5 h
OH O 14% OH O
Hesperidin for 2 steps Tamarixetin

B 6 BT AR 4- 2 &=

Scheme 6 Synthesis of tamarixetin from hesperidin
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Scheme 7 Synthetic route of polyhydroxyl flavonols used by Pandurangan
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Scheme 8 “One-pot” synthesis of flavonols used by Gunduz
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Scheme 9 Possible mechanism of AFO reaction

SRSV REE RV 2 SEER LR fldn, X T 6'-Air
B AT B B AR E AR AR BN B 7K B, A AFO
S4B 5 A A S VIR B R (Schemes 2 FT 5);
M2 6L BRI K, X HREE(C=0) M Lk
AEBHAE S 2-Mia e 5k BRI R, 5 a-
B BE B BT, TR, 7= 42 G R R T 1 18 i 2O,
T 3 P I PR AL 26 BH I T P (Scheme 7).

SR, 1%L 45 52 o7 B —— 2 T T A AL
Prp AP I IR RN, 2-FR SR AR R A
ik — B R AR HZ, Y 2 R
OMOM. HEFEHRES, TERIFEZAMT, 7 B5fs 2nE
— [P KB A ) (Scheme 7).

AFO M, NEIMZEASTAH 80 sk, A2
H AT 3k R FH ) — M Bl . BRI 2151
AR RE, el T B ROV, 6 S AT R AP R,
TR T IEAE A JL ). B2, B 3R A2 W) b 4 A
MISEMECR, RIS A B, S S A . 55
PP\ 2 k-2 ik TR IR Eg -3 DA K 2-T5 FEOR T
WK PR -3-FR R S5 B = W AR e, AR R R AE 7= N B ATS
A—ERRIRE. AMTIEFISE AFO [ BLFIHLELET 7T, 7
ESaifb v BB Ak, PR Z S I SR 3R, DA ED
Bl SR A, I B4R B AFO [N 7=

(0]
OH
R17/\ + cl N
~ \ 7R
OR
(0]

Base N
R

- NS R

1.3 Baker-Venkataraman 3%

fH Allan-Robinson % % 7Z 1] K f¥) Baker-Venka-
taraman xRl O ST S A RO 5. B
3 AP AR EIR GBS 5 B COT H R I T
B ) 72 Mk e b AR R, RS, ERME R T RAE
Baker-Venkataraman S HE N, 192 -8 ER1L &,
LR AR AL A PR A B I 2510 & ) (Scheme 10).

2 R EEH b (G Ay Y 2R Bl 2 ) R A
BF, PIERAE R 3-O-r HUAR B i Jd 25 foe Ik B 2R FH gt 2
AR 7 EEREAE Y. KB N, TR
SR 82347 (Scheme 11).

AT} Baker-Venkataraman v2: 25, 244 T
FAASIRI s fe A A R (A B R BT e A HLAA
A, HEbE IR IR DL AR R R TE S, AR
KO EEZLAR B-TA B, {515 Be AN B HE P 2D
Refy — AT

HE2Mo i S EFEMRENE S h—.
Tanaka Z5POV7E B i — Pl 76 K0 10 28 T I 2 LR L 45 7
fit§ (F3GalTase) [ T Jl B A e A AR I 1L 25 T )
I, Sl AR OR 5 57 & R AE DMAP LT
TERlE; 285 CERRTR A/ e 7k R b, IR B4 I K PR A
B 3-REIE IR, & AR, SRR EY
(Scheme 12).
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Scheme 10 Baker-Venkataraman synthesis of flavones
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Scheme 11 Baker-Venkataraman synthesis of flavonols
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Scheme 12  Synthesis route of flavonols used by Tanaka
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RIS, AR, AFFE 5S-MOM R I ik, 1M
7 b, EEA53) 7-TBDPS 13-4 B ke 7= 4.

Chen ZPEARL 5,7-—F83E-3-0-p-D-2F- L pE
fret, Sk B4k T MBI, SCEL T AR 2
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ENEZE FRRET T 170 CHERE 3 h 5, IS A AR

MOMO OMOM /©/
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OMe
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3
— e |
CH3CN O
4 OMe

LEEFNR 0.5 h, ZJ5, fEKERHPIEN CO, Uik, TifH
Hh 43 T FE A B (Scheme  14). %A BT 2 FH 2K R BT
TEBRALRTR, A2 B B AEBRE 2 1 R K FI3E, BB S 72
KBTI 2528 LA, FEARA CO, AR, XA
BETENS IR . EAE WK PIIR . SR B R 2 0
KRG IFAWE, 1 “—7 WIESHRME, KRE T
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I P A A T v, AL AR5, TN R ] R e
W, XT 2 AR, B FHEL D0

OBn
oo T
MOMO O

OBn
o

EDCI DMAP

" CHCl,
82%

0,
92% OTs O

B 13 Shaw /N & Al B R B AT A 10 1) i 2%

Scheme 13  Synthetic route of flavonols use by Shaw
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Scheme 14 Synthetic route of flavonols use by Chen

FIF Baker-Venkataraman ¥2:& %l B 2340 &4,
B R RS, A REAR BRI, PREZ, A
WA A S HE, &0 RS THAE, Hria
aifbth 2 TikA7, EEEMNE, RNEVERN S5, A
AT UARYR G oL, RiGMA. Kk, XMkgir
SR EAT R4 1 S AT 5L
1.4 7 DMDO &1t

Costa ZEPURLEERIE | — Pl sk B 4 A0 s R B F) 7
. S RN R A (LDA) S SR ) 3 A R T
TeAE R 3L, SR JE PR R A0 R, 2RI 1L, H0,
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AL ER T R 1 o 5 R RR R AR B A S B AE — 78 C
17, RFIZEAHZ, BEPBREZ, NET KRR &,
AT 2 ) T - H i S0 B 1 17 4 N R R 1 T k.
{EFERR 5, 00U BT 52 30 SR R e A S
e PR EE A, B, XA 3 HRE & B %
AT, FIRIUNIEYE. HO, ¥ F R L 7 3
i, 75 R ERARS R, {22, F m-CPBA, H,0, iIX K2 i)
TR S AL 77 L S KMnOy, SeO,, NiO,, TI(OAc); 254 )&
FREALT, X 1 B R A AL AR AR RE R T

TR, 2 55 (DMDO) & — il AR 45 1R 4
ARF. AR E PR, EREBETEN op-A1
MR Be. SR ILHTG R, #REH e E Lk, 1991 4F,
Adam FBHFNBYE Vo DMDO 3 3 B (1 3R 44,
J SR FH T2 2R B A e B ) R SRR AT TSR T B X
H i it E RS DMDO IR BT, A R T B )
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CQ)~CORMEMT W, I7F 90%LL . ZHEN =)
RMIPEATEEY), IR 4-A T SRR
TEMEAL R R RRAE I3, B30T R
Pl (Scheme 15). 2 J&, 7E1LZSM A ZATED N &
B, X AR FH DMDO 48 A4 35 B > 35 B i 0 771, R
KPR R 2] 1 T 32 F LR,

2005 4E, Hecht KILAMEHELLIN KL R AERL, &
I E/REIR 1/DMSO AR5, #Ef DMDO %1k,
R A R T L SRR ATAE Y SLO101, — Rl R b
BRI p90 Rsk HLA 532 PTG I R AR =4,
TRE T — 2% M e T 21 R R 3% T B A77 A2 420 1) A 47 -
#:4%2(Scheme 16).

DMDO A& & AFasE, WAEnf(a ki, Hil&idE%
B, RPLAEMEHTZ, fE— R LH T SRR S
W& 9L, 2009 4F, Adams Z5P8% DMDO 4L R
NEHEAT B, o DMDO il & fa ik v & = —, H
BHEE) DMDO A B B il 2% SRR, J5 2 S I6 50
HE— 25 ek, SR 1) R i R S A R K T
(732, o S5 R 1) L0 XU AT R A A ROBE, A B T
P () = 263k 95% LA . ot fs, BRIk 7 A B DMDO 1)
AR, R T B R %A O R X G
BUF, LB R, Ja A, A
SR R BEAEARIE R AT, AR BB, Kk
N FE R R R A, IAR] T A S AL

B 15 #H DMDO %Ak ik & B i e
Scheme 15 Synthesis of flavonols via flavones oxidation by DMDO
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Scheme 16 Synthetic route of kaempferol glycoside SL0101

2011 4E, Compton Z I 78 K, #H¥) DMDO %%
02 L TR0 R BT 0 2. 4G 5-, 7-fr i P AE
AR, BR T AE BRI B RE S, PR 40N A R,
AR EZAEIFY)(Scheme 17), 3 HEE#E DMDO & 14
INSAR= Py eSS 8, 22, 2 5-810 7-060 0 A
B L ) OB R R B BT, 2 R
TEE PR AT 2 ) S 2 3 o

Ty — PG R (AR I R R 2R
[PhI(OAC),]). AT B 4AER B KM, K% 3 0T
HOEE, 15 20 AH B B B B, B TR TR 60% A
#1404 (Scheme 18).
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Reaction of 5,7-dimethoxyflavone with DMDO
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- "OH
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B 18 FEIMAE = Z Fs LA R

Scheme 18 Synthesis of flavonols via flavones oxidation by iodobenzene diacetate
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TR 3>7. AR R TUORW AR AELE, [E13 7-A0 3-
PRI PRI R A S . IX — S 5 el JE ok — Se At

n%_ﬁ}:nﬂzeﬂ[w 50]

2010 4F, a7 BUEE— DR R T M 2 A s 3
1. FERR B AR R AEAGRIER T, RIS &
PECRIF S, ST R 25 1 X e B PE R 24k, 3T =y
FERHA T 4 N HH AT AE ) (Scheme 20). Z 515
FIride F 0 CRAr 0 e R 4 0 R TG 2 0, HLERE D7 (8, 43
BT TR, PR BT e, EAREE— AT AR

CRG Bl SCRR, 2 P Y R AR MK BRI
N T>4A3>3>>5 SR REC=0)MEREH

HO O. >< MeO
O ‘ OH BnBr K2CO3 DMF Mel K2CO3 DMF
Pd OH),

OH O e

FE AR S, P —, R RS AL Emh
2RI, BT S IEAL T 3-F0 3RS S 4 2 R
AR, TR T2 A R R R, F IR s . (2
&, JEI R G AR AR T B, ST R A A
Py 20 25 11 DX S0 6 1 HR B AL, KPS R SR ASH G R 1 =
SR, RS RAREEHRE ) A R EZE SN P A SR
H, #—HEEE AT 2010 4, Lewin BHIF/NH B
T e R TR N RS TR, B s 2R
TG, S NBS fEHEREE A PR 6-07 F1 8-hr 5] AR
JiF, TR GErE 3,700 S N A, HUGAE CuBr i
T, RARF RN B, DU R o R
5 BRNART 53-8 3E-3,6,7,8,4'- 1L F A I TR
FhE A R W PR 22 5 240 M 55 VI R R )
(Scheme 21). 1H2, f&Ja— L WEAT I, 8-f F4H
FEAELINAE, 7 2R 20%.

OH O
Rhamnetin

AcOH HQO

Bz 19 W= 7-0-F 5L
Scheme 19 7-O-Methylation of quercetin
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Scheme 20 Selective monomethylation of quercetin used by He
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Scheme 21 Semisynthesis of polymethoxyflavone from Hesperidin
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J, a5 AE VIR S S RE D) R S EERE,
M5 S0P 2 R AR B M 228 P, Pinostrobin X
CAMP T 2 — g g () #0635 1A 8-prenylpinostrobin
(¥ 1761, AN EERETE A IS 10 1/3 22 1/45% 8-AL B AT
S VRN SE L lavandylyl (13 75 £ 2t 25
[mutidrug resistance protein 1 (MRP1)/ATP-binding cas-
sette C1(ABCC1) inhibitor] ™ 58 EL A7 # 307 39 i 57 1%,
76 52 BT e B T A 2 P T ) 8 A SR S,

E B IR B BEAZ b 51N 53 O 2 1) B4R, LT
Jain 25T I ST A A . AT 2-F -3 T

OMe
HO (0] O
(] +
OMe

fi-2-FE A7, 7E BFELOMEH T, 54 HZEALH) L 22
B L, HRIMF=YE 6-H 8-S IR LK 6,8- 5%,
ATV IR A Y, TR A E T 4 25 446 (Scheme
22). X PR M B 4 O 0 B v R B BEAZ B R,
BREATERY, RN—PHT, e E,; (H2, ]
BRI TEA:, FERAK, MDA G A Bk, W
15 21 B S R TR AL AU R M AL = IR &, T
.

TE BT IR 450 5] O\ S 0 R 0 7%, 2 R
Claisen FHE N ——ZEZRIRAH] O-hr 7 R IhFEF],
TERHAE 26 A T 0 B8 3 Wy 2 8k 1) &0 A 5O A7, B
C-Hr SR IEHE A, 2014 4F, Nemoto /NH OSSR FH %4 i)
T OS-RIImE R R AT 2-H R 3T M -2- BRI
ST AR, SR 2-F 23S T M -2- 2 S N BB A AR
PN Z 0 4525 b, RETE CREFHER T R E
Claisen HHE, BRI HA=Y), 7% HN 95%. i ik
PILJE, 193] 5'-5 IR 2 3R (Scheme 23).
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Scheme 22  Direct prenylation of flavonols
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Scheme 23  Synthesis of uralenol via Claisen rearrangement
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Claisen FHE, 19 FxF A EH =4 8- IR JA LML &, 77
A 50% (Scheme 24).

N T $&5 Claisen XAz 8 HE K M YR, Al-Maharik
S I02E & R AR ) lupiwighteone i, Y% FH - XU
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Scheme 24  Synthesis of 8-prenylated quercetin via para-Claisen rearrangement
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Scheme 25 Synthesis of lupiwighteone via para-Claisen rearrangement catalyzed by Eu(fod),
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B 26 /KR8 R IA B2

Scheme 26 Synthetic route of icaritin
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B 27 Li/MABEIRE 3-0-H 1K & Butt 22
Scheme 27 Synthetic route of 3-O-glycosylated flavonols used by Li
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Bz 28 Needs /N 3 3-F1 3'-O-Ki T AL P K45 B 42
Scheme 28 Synthetic route of quercetin 3- and 3'-O-glycosylated derivatives used by Needs
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Scheme 29  Synthetic route of quercetin 3-O-glycosylated derivatives used by Oyama
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