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Research Progress on Asymmetric Synthesis of Flavanones

Wang, Lihua®** Gong, Xushun'** Lei, Ting®” Jiang, Shizhi***
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(b Yunnan Key Laboratory of Screening and Research on Anti-pathogenic Plant Resources from West Yunnan (Cultivation),
Dali University, Dali, Yunnan 671000)

Abstract Flavanones and their derivatives are important bioactivenatural products. The skeleton structure exists in many
complex natural products and has a wide range of biological activities. The research on flavanones is getting more and more
attention. Chiral flavanone itself is an important chemical substance in plants and has potential medicinal value, but its content
is small. Many chemists are committed to solve the problem through synthetic methods, which promotes the preparation of
enantiomerically enriched flavanones. The preparation process has certain limitations, but for some complex structures of
flavanone compounds it is still difficult to achieve, This is going to be a problem to overcome in the future. The asymmetric
synthesis methods of flavanones are reviewed in recent years. The synthesis methods include carbonyl reduction and chiral
resolution of raceme, formation of carbon-carbon bonds, formation of carbon-heterobonds and other types of synthesis
methods.
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Scheme 1 Ruthenium-catalyzed asymmetric hydrogenation of flavonoids 1
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Scheme 2 Resolution of racemic flavanone 4 with L-(+)-2,3-butanedithiol
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Scheme 4 Rhodium-catalyzed nonenzymatic kinetic resolution of racemic flavanone derivatives
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Scheme 5 Enzymatic kinetic resolution of racemic flavanol ester 8
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Scheme 7 Mitsunobu reaction combined with enzymatic resolution to generate enantiomerically enriched flavanone enantiomers
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Scheme 9 Rhodium catalyzed asymmetric 1,4-addition reactions of chromone with sodium tetraarylborate in the presence of C2 chiral

disulfone ligand
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Scheme 11 Rhodium-catalyzed asymmetric conjugate addition of arylboronic acid to chromone
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Scheme 16 Enantioselective synthesis of flavanone catalyzed
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JEMEA ap-AYEAIER I AXSFR 73T A Oxa-Michael 1K
SR, it BRI BEAT IR AL, ket E R 0 K/
IS (R PR EAT S 25 AR, R TR T 2R B8 o p-ANHLAT
BRGEATHEA, St M e, 153 BA o &5 2 R0t
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Wik B L 1 H FRAL &0 (Scheme 18). HUAR JE 194 J5i %of
ee [HFMEIR, MIEFIRER XA OMe HUIRHS =
I F(91%)H ee HANAE 14%. —SHURE S RKAE
AT ISEES, FRAK IS R B R 2 o2 mT IR i3k 47, A 75 22
TR A — D Ab 3, X A4S A ik SR AT FPE B e I 11
A R B A R (.

OH O Ar Condition A: (1) 30 (10 mol%), CCl,, 60 °C

Z (2) p-TsOH, 80 °C

R COBu  Condition B: 30 (10 mol%), CCly, 60 °C
R2
27
o 9-phenanthryl
R2
g:PigHTf
Saaallee
(2S)-2, 50% ~ 95% yield 9-phenanthryl
14% ~ 74% ee 30

B 18 T N- =SB LA F) o, B- AN LA IR R AN Y R 7
“F M Oxa-Michael I8/ M
Scheme 18 Asymmetric intramolecular oxa-Michael addition
reaction of a,f-unsaturated ketones catalyzed by chiral N-trifluo-
rophosphoramide

BRI RE GG Y2 Oxa-Michael JIE
JS2 AT AT, 2011 4FX MISEBTIR] I XD g < XS 4 24
Yms i AL e B-F B 1K 731 Y Oxa-Michael I MY,
NG — RAN T B SR AT E Y54t 7 O7 8, 1530
W BAT I 17 2 % A 2R R I AR 3k 1% (Scheme
19). 2k Je M 4 BA 3 5 A e mi 7 ik AT IF, R e I
Al SRR — 28, By A0 7 45 F 13 AU L S vz
ERRETES &S

OH O AT (1)31 (20 mol%) o
— PhCF3, r.t. /©\)Jj\
R CO,tBu (2 p-TsOH, 80 °C R o SaAr
27

(25)-2, 80% ~ 97% vyield

60% ~ 909
OH %j %o % ee
AN

B 19 XUhRE XSO E VI AEAL K Oxa-Michael TR/ iR
SR

Scheme 19 Oxa-Michael addition/decarboxylation reaction
catalyzed by bifunctional cinchona alkaloid

52 2-FEE/REIEISTFRILAEMAK
HT T P A i 0 AT 231 A R R ol 7 A
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HIA RGP RAE C2 A B 5] NBURIEGRUT L ER) 5 Rtk
ITis Ak, FLH SR A, FIRERE G TR AT R 5,
BN T RN R . X S TR T PR
SRR BB T BERA 0 b, 2-FR LA IR BR7EFR & i
W2 RAETE R RS, FE FLRPII 5 A, R i et
TRBEH 2-F3E R ERBEAT — 25 18 % ) 4% T M 58 e B
SRt & — TR A PRAR.

2007 4 Hintermann B8 /N7 (A7)0 1 3R g
DB 2-F2 FE A IR A A A AN X AR IR AL A B )5 i (Scheme
20). CEIHA — SN C-6FRIE) 2-F A REFHLAE
C-6'Ab B A S S5 T 25 5 01, TR ) A A 1 S
Y 32 1EE RSN AEMIIRIIAFAE N B HUER & B fe i 2
WEY, BABENEAAR KPS pOE . ZiH
ek R BT R AL S R R, OB R . S e
VERMME . JERFIETET, SO RE R, o ik 1tk
BUK, EAAERNRES TR e g, St
P FRIAFAE FRAR T S AT BRI 48

OH O
A pvp 34 (50 mol% )
MeO OH PhCI (0.03 moliL), r.t., 70 h
PMP = p-MeOCeH4
2 o4 o0
MeO o~ “PMP ZjitZE/Q*
33, 81% conversion, 64% ee 34
B 20 SAENEDTRAEN 2,6- —F2 I A REH 32 IIAXT R

AN
Scheme 20 Cinchona alkaloid catalyzed the asymmetric cycli-
zation of 2,6-dihydroxychalcone 32

IR AN AR XS G0 LW AT 2R (1 T 1R
SR, AR IREN 7 AL NaH X A it
TFER TS TR E R &), e
R AN O R 85 1 (R AL S RO, K S B B A AT
PE. B T PRI FROR (R i 2R 2-F2 5 2K (1Y
Fetb(Scheme 21), BN, XPAMEMLTIARIEM T
A BB BRI A T, SEARIEFNE S B N AR A
IR AR AR A R A R R ISR E D, A
NG AT (7R AR AT AR & P 0 A . X2 A
X ] B 2-F2 R AR B HEAT B A PRI ]

2014 4 EKERIEFWIBTT IR AR 1 EE TR 2 oA
MR e AT HLAEALTR), Refeidt 2-Fe ik B /RMA I 70 T
Oxa-Michael IR, 7537 F B 0 WL L LT
PRI R G ) (Scheme 22). FEM G R I A L
BR(UH A-SARTIR), N i 85 5 v 18] 44 O T pl 4243,
o S S AR, B 1 R SO R R, R R
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ceklNides
RAFHIT 321, AN BT PR BT, 2-F2 k4 OH O OH O
IRBAASVE BARTE R — M I 2K 30 b, 3552 P2 AR BT 7 2R ) m 41 (30 mol%) /Ej\)j
ST BRI RS PRORA, 9 o oPoguog  MeON23%,36h A o
TV e ) ) 5 B A T — R A R4 38 39
OH O (0] OH 2
OH
©/N\/\Ar 36a/NaH, toluene-CHCl5 @f‘j\ ppe—
a5 or 36b/NaH, cymene-CHCl; o *Ar HO 0" "R
2a -)-isosilybin A (40)
R Ar=Ph \©: jAOH
H 4h: 71% yield, 80% ee @[OMe S Y
S Ar = 4-FCgH, OH
N 18h: 82% yield, 80% ]
~ 9h: 67% i:ZId, 85% Z: B 23 (A B REIIRL R B
36aR=H Scheme 23  Bionic chalcone cyclization reaction
36b R = Me o
B 21 2RISR SRR A NN 43 (15 mol%)
" O OH = Piperidine, KOH, H,0, 2 ~ 10 min

Scheme 21 Asymmetric ion pair catalysis for the reversible
cyclization of 2-hydroxychalcone to flavanone

cat. 37 (10 mol%)

OoH O 4-chlorobenzoic acid Q
R'—\ A (10 mol%) R'—\
- toluene, r.t. "
r

35a 25)-2
55% ~ 82% yield
Oﬁ 83% ~ 99% ee

B 22 2-F LA R PR 0T sk B 7 AR FA Ak 15 R e
Scheme 22 Synthesis of flavanones by enantioselective bionic
cyclization of 2-hydroxychalcone

2015 4F Scheidt &4 F 2 /i B 1) J5 39 07 AR FR AL R
e 3 Gk VR A ) SRS 5 () K KB 5, fEZE e
THEATR R IRIE A, DR L8], 32 5 S A4 ik
$VE(Scheme 23).

TRYE S-=BAE C—C # X C—N BT AL
B B R A T BRI —RF sS), 2017 4 Awasthi
SEUSTR T Y S-= MR AL RS A AL R 2- 32 A K
PRIk EEME R Oxa-Michael MAG SN, LA =38 A% bt
W BEPE G B eI 24 5 P (Scheme 24).

5.3 4FM™A Mitsunobu #3%

2001 4 Hodgetts ZUILATT &5 1) 3,5- — AR B K I Ay
R R EE AT MOM R, AV G 5 LG S R4S 3
45, R0 FORTSIR MR ORI A BIME T4 46, 2 fa it
1743 Mitsunobu PV, X e 45 Hh 2 F AL
PL 33% 1) S e 345 21 B A Wi 1t 1 RAR =40 (—)-
Pinostrobin (48) (Scheme 25).
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Cl
)\ Br
SN CHj
A A )cPh
up to 99% yield Q
up to 99% ee 43

B 24 S-=MEAL 2- 2L AR 1 AN R AL S
Scheme 24  S-Ttriazine-catalyzed asymmetric cyclization of
2-hydroxychalcone

OMe
t-BuLi, toluene, -78 °C
MeO omom  then 6 OTBS
MeO_
44 N Ph
Me
OMe O OTBS
Ph 10% p-TsOH, 55 °C
MeO OMOM THF/H,0 (9 :1)
45
OMe O OH OMe O
ph  PPhs, DEAD
0,
MeO OH THE0°C \eo 0" Ph
46 47
OH O

AICl3, MeCN, reflux /@fuj\
MeO (0] Ph

48, 33% yield

B 25 Mitsunobu 7% A B (S)-(—)-Pinostrobin
Scheme 25 Synthesis of (S)-(—)-pinostrobin by Mitsunobu
method
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2002 4 Noda Z54SILL KA S ML R R}, J@ it BF;e
E6O 465 1,3-P9 B S B A B MERE AT AE 4 50,
IET &4 A BAF RIS A G A Rk
G, B Ja BT Mitsunobu A0 AR S 87 AR lsx i
B MBI H(R/S)-4 (Scheme 26), %7723 i i ] T
RIRF=HIIE L.

6 FftiH

6.1 HBREKHYD FAIEMAR
2009 R FISEEOR ] B XS 8 A= B AT AL E
AL, LA 5T A Oxa-Michael HI/5% s
BRI, FEIRANHIZEAF T S T — R TS A
o
Propane-1,3-dithiol S S

n-BuLi, epoxides (R/S)-styrene

I & W0(Scheme 27). KREZEHMWEY), TeHBUR
FEAE O BE TS IR b Al e e R A7 B 0T, 3B RE AR R Y
FER I ee fH.

2011 FZ A AE 58 573 T N Oxa-Michael IS &
BB Sl 240 &0 )5 (Scheme 19), XCHEATZEAH, #4 ) LFh
F AR SNBSS gAMb, LLEAT BE S 35 B R
WS B, FE 200 FE R (MVK) . N-TRAR T — Wk W0 i
(NBS)AI N-5 T Bt W (NCS) Y RELE IR AN 26 42 R 77
AR B R AT AR, B R TR e RO g R
(Scheme 28).

2013 X JJ5EBORF AT T Bl AT A2 ) Morita-Baylis-
Hillman (MBH)BRERIE -5 % i 1A DL A B #6145

QOH

CL
OH

49

BF5*Et,0, CHCl3, rit. ©\><H
OH

50

*

THF, -18°C

o}
Sq HgCl,, CaCOg, r.t., MeCN/H,O ©\)Jj\

S PPh3, DEAD, THF, rt.
T
OH

51

0" "Ph (2R)-4, 70% yield, 95% ee
52 (2S)-4, 73% yield, 97% ee
Bz 26 Mitsunobu 724 H(S)-(—)-Pinostrobin
Scheme 26 Synthesis of (S)-(—)-pinostrobin by Mitsunobu method
CF3
OH O Ar O
F
W (1) 55 (15 mol%), toluene, r.t. ©\)Jj:002R
COR  (2) Na,COj, NFSI, rt. o Ar

53

54, 56% ~ >99% vyield

17% ~ 96% ee

55

B 27 WIDRE XG94 W AL 53 1k 25~ N Oxa-Michael /21 H AL 2

Scheme 27 Bifunctional cinchona alkaloids catalyze tandem intramolecular oxa-Michael addition/electrophilic fluorination reaction

Os_Me
o)

(1) 31 (20 mol%), PhCFj, r.t. = ,CO,t-Bu
OH O Ph (2) MVK, Na,CO3, rt. o ph
= 56, 99%, 92% ee
COzt-BIJ o «
27 X
a (1) 31 (20 mol%), PhCF3, rt. »CO,t-Bu
(2) NXS, Na,CO3, rit. o ph

57, X = Br, 82%, 93% ee
58, X = Cl, 86%, 93% ee

B 28 4T N Oxa-Michael JI /35 H i 4 52 B fg W7

Scheme 28 Intramolecular oxa-Michael addition/electrophilic halogenation tandem reaction
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BIKE

ik SR

BRSO, s I TN R e AL/ FF 38 /93 T N ) Oxa-Michael
IR BLE % T B e B 2R A & 9. {38 A = DhRe b7 4
XG0 A - e -t R, i 2 AN s R TR S
Michael 52442 [A] AR EAEH, 18 o, f-ANHLAIEHZ 45
T Oxa-Michael JNECE A B 0t WOk £, WIEEIRY)
GIANANFEVER P HREE, 1FBIF SR SRR ee H
1) H b5 =¥ (Scheme 29).

O OBoc
1
R R NH, 62 (20 mol%)
+
o R2 toluene, 40 °C, 60 h
60a R2=Ph
59 5
60b R~ = 1-naphthyl
P -
O HN™ "R?
N
o~ “Ar | NH
61 N~ H H
50% ~ 87% yield 0 A
65% ~ 89% ee S
62 Ar = 3,5-(CF3)QCGH3

B 29 MBH BERES -5 B 1t g 25 AR TBE S 1
Scheme 29 Enantioselective tandem reaction of MBH car-
bonate and benzylamine

6.2 REFHAERN

2016 AFRAR AR EPURIHF R A V- R E
(NHCs) {10418 e BE IR A, AT 70 F W2 BB 46 &
SN, SEIL T EAE A T 4 S AR O B b T ) R A
B, PRSI AR SR 44 B 43 B (Scheme 30), 7EJEAH 5]
N5 FE 2 3R 23 (R AL, AT 3k 23 7 A R
NEFIENZS B 155 i 2, A3 8002 30 1S8R 3 = P
AL S B RDEZal e d a5 A AR2R By 2R n i)y
PERRT WA PERRE, ATREZ T Breslow HH [E] 44 TR
3 TR PR S 1 S B A 2,

7 #ig

T S T R 7 A0 DR HL A B R R A S AT I
i A A AT E AR T AR ORI %, 7R 25 1L
TEENAWA B NE R R, MRS T IR
WETE T T 7 ORI, 7B AERL. IS
FH BT SRR (10— S T ¥ Aol 75 ) 28 o TR A 20 1 ) S
JEONTTRE, EH T4 A ) 2 FEPELE ] & 1 I AR o th [ A
AAEE AN FRE L B A, B D 7E ) F Y fe R 047 23 T
SR, 755 ECIE R R T R P BR, R
FHBEREAT AR SN 2 25 | ATy — i S
P & ROTEE R T T 5 bR 7 1 1l 24, AH]
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AR FRMEAEA G B BE B SR S P52 4 Ja Bk T
L, RO A AT BT & BT RN R TS
%, WA R I D (AW i 1 77 259

?’_"l;_:

0

o

R )W
=

0" "Ph /

63 KOH (0.8 equiv.), THF, -20 °C
0 0
OH OH
\ "|1 \ "|1
R R A
Z 0" pPh Z 0" Ph

64 65
40% ~ 50% vyield 40% ~ 48% yield
54% ~ 96% ee 92% ~ 96% ee

15 mol% 66
67 (0.5 equiv.), 68 (0.5 equiv.)

o |
\>§N | OH OH
N - OH
\;N\A i
o @8
Ar=246-ClsCeH, | g7 68
66 :

B3R 30 71 IR 2 B A SR ARG B 1 4 s e
Scheme 30 Stereoselective synthesis of flavanones by intramo-
lecular benzoin reaction
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