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ABSTRACT. The methylated metabolites of quercetin, rhamnazin and ombuin are highly likely to develop as anticancer and
anti-inflammatory agents. In this study, we synthesized rhamnazin through selective methylation of quercetin hydroxyl group,

which has not been reported so far. In addition, a new synthetic method was developed to correct the problems of previous
synthetic method of ombuin, one of the methylated metabolites of quercetin.
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- Figure 1. Chemical structures of quercetin(1), rhamnazin(2) and
ZﬂLH l‘—":']: HHO ] 0” _15“ %7151.—8 7:]‘]’]'5“ Oé g :IV\" 9»1]\9%4 ombuin(3)
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Scheme 1. Reagents and conditions: i) PhoCCl,, Ph,O, 180 °C, 30 min , 86%; ii) BnBr, K»,CO3, DMF, 25 °C, 12 h, 59%; iii) Mel, K,COs3,
DMF, 25 °C, 12 h, 86%; iv) AcOH/H>O(v/v=80:20), 140 °C, 6 h 91%; v) BnBr, K,COs, DMF, 25 °C, 12 h, 68%; vi) Mel, K.CO3;, DMF,

25 °C, 12 h, 53%; vii) 10% Pd/C, H,, THF/EtOH, 12 h, 90%.

Scheme 2. Reagents and conditions: i) Mel, K»CO3;, DMF, 25 °C, 12 h, 59%; ii) 10% Pd/C, H,, THF/EtOH, 12 h, 90%.
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WERRT

"H NMR (nuclear magnetic resonance) 2% E 22 Varian
Gemini 300 spectrometerS 53}o] €3t NMR AHE
ol Al-g-% gul= chloroform-d®?} methanol-dy7} A%
a1, 3kstA 0]%-L chloroform (CHCIs, 7.26 ppm)i} 4=
(HOD, 4.87 ppm)of| thsto] o2 o= vehf gl &
e Ay AHEZHL Micromass/Waters LCT Premier
Electrospray TOF (time of flight) mass spectrometer2 7] =
Ak Aol AR&EE AloF2 Sigma-AldrichAt2] S+5-A]
OF-S A3 T 48 TLC (thin-layer chromatography)
L Fluka 60763 A3tk

4

2-(2,2-Diphenylbenzo[d][1,3]dioxo0l-5-yl)-3,5,7-trihydroxyl-
4H-chromen-4-one (4)

AZAE(1.0g, 348 mmol)ys 3| d €] =(30 mL)]
o] tFZ 2 dHe(1.38 mL, 6.96 mmol)S 7}3F
S, 25 A A3 &8 180°Co|A 30E7F wwtstct, Ht
S 33 ES Ao 7 A3 T, AAE T o HSog =
00mL)E 713t ¥, ojzhaith. wAs A9 ZRulEd
2 1) (EtOAc:n-Hexane = 1:3)2] HH © & H2]3}lo] 3315
4(0.91g, 86%)5 ATt

'"H NMR (DMSO-ds, 400 MHz) &: 6.19 (d, J = 2.04 Hz,
1H, 6-H), 6.47 (d, J=2.04 Hz, 1H, 8-H), 7.23 (d, /=832 Hz, 1H,
5>-H), 747 (m, 10H, aromatic H), 7.57 (d, /= 1.68 Hz, 1H, 6’-H),
7.58 (d, J=2.04 Hz, 1H, 2’-H), 9.68 (s, 1H, 3-OH), 10.85 (s,
1H, 7-OH), 12.38 (s, 1H, 5-OH).

3-(Benzyloxy)-2-(2,2-diphenylbenzo[d][1,3]dioxo0l-5-yl)-5-
hydroxy-4H-chromen-4-one (5)
0°Co| A Wl H Zu}o]=(0.89 mL, 7.52 mmol)2} BHAk
Z5(1.30 g, 9.4mmol)S 33HE 4(3.51 g, 7.52 mmol)E
DMF(30 mL)of| 531 &40 7petet. ¥hg &3S 0°C
off A 2A17F Fot wukglh &, AR o2 &8 12417k 5t
A W G £000mLE Ak, o of
Bl EG0mL)E FEFT). §7]%S brine(200 mL).0. 5
Hol 531, vh1u4 Awo|ER A%t 3, of sk, of
g ZoHs %3l AR AW ARuhE 1o (CHCL:
EtOAc=20:1)9] ¥t o g2 Ha|slo] 3eE 5(2.47g, 59%)
£ Q9
'H NMR (CDCls, 400 MHz) &: 5.02 (s, 2H, -OCH,Ph),
6.28 (s, 1H, 6-H), 6.36 (s, 1H, 8-H), 6.92 (d, /=832 Hz, 1H, 5’-
H), 7.25 (m, 5H, aromatic H), 7.40-7.60 (m, 12H, aromatic
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H), 12.75 (s, 1H, 5-OH).

2-(2,2-Diphenylbenzo|[1,3]dioxol-5-yl)-3-bezyloxy-5-hydroxy-7-
methoxy-4H-chromen-4-one (6)

Aoofx geE=wEH1.40g, 9.88 mmol)¥} EBEHAHZE
(124 g, 8.98 mmol)% SHsH=E 5(5.0 g, 8.98 mmol)E DMF
(30 mL)o] =21 &Hof 73ttt WIS BFES 2204
12*17P Ris u&fa 3 g(lSOmL)g 7}aj vk

F

=

e TX]

As=3ta 2= %i 2| Eg EEU}EJEH 1] (CH,CL:EtOAc
=20:1)°] W o = Zejsto] SghE 6(441g, 86%)y2 U
"H NMR (CDCl;, 400 MHz) §: 3.86 (s, 3H, -OCH3) 5.03
(s, 2H, -OCH,Ph), 6.36 (d, /= 2.08 Hz, 1H, 6-H), 6.41 (d, J=2.0
Hz, 1H, 8-H), 6.92 (d, J = 8.32 Hz, 1H, 5°-H), 7.28 (m, 4H,
aromatic H), 7.40-7.44 (m, 7H, aromatic H), 7.51 (d, /= 1.56 Hz,
1H, 6’-H), 7.56-7.61 (m, SH, aromatic H), 12.69 (s, 1H, 5-OH).

2-(3,4-Dihydroxy-phenyl)-3-benzyloxy-5-hydroxy-7-methoxy-
4H-4-one (7)

Aol A 2hghE 6441 g, 7.73 mmol)o]] obA| EAKSB0 mL)}

=20 mL)= 7Het &3 &S W51, 140 °Coll A 6417
R URTAN i P % Adeor A3, A7) &
(300 mL)& 7}staz, o & obA|H| 0] E(300 mL)E 7}sf
SR 77152 23 a7 Y 0| E S (300 mL)=
“101511} 715e 2T -, vtads duolER
23 &, AT S AYeFHohal ARES UE
ZEHEto 2 Y AAst 3= 7(2.87 g, 91%)2 D3

'H NMR (DMSO-ds, 400 MHz) §: 3.86 (s, 3H, —OCH3),
5.01 (s, 2H, -OCH:Ph), 6.38 (d, J = 2.2 Hz, 1H, 6-H), 6.70
(d, J=2.16 Hz, 1H, 8-H), 6.86 (d, J = 8.48 Hz, 1H, 5’-H),
7.30-7.54 (m, 7H, aromatic H), 12.72 (s, 1H, 5-OH).

olo

2-(4-Benzyloxy-3-hydroxy-phenyl)-3-benzyloxy-5-hydroxy-
7-methyoxy-4H-4-one (8)

0 °Coll Al iR X Zu}o]=(0.07 mL, 0.62 mmol)Q} EHAF
Zr&(0.1g, 0.71 mmol)S 3}¢HE 7(0.23 g, 0.57 mmol)—
DMF(5 mL)°]l 3581 g9 o] 7}t vhg- &3-E5 0°Co]l
Al 2A17F ot ke &, A2 07 S 12*1& e
HWPE} Hhs =l EG0mL)E 7tk o d ofAlH|
3l §7]%S brine30 mL)E 4 o]
o|ER 23t &, ofH3ieh oS

Aesote ARi=s 29 ARvPEIH I (CHLL:
MeOH=5:1)9] ®fHf o= #e|sto] 315t 8(0.19g 68%)5
o1 o]
T A
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'H NMR (CDCls, 400 MHz) &: 3.86 (s, 3H, -OCHj), 5.04
(s, 2H, -OCH,Ph), 5.07 (s, 2H, -OCH,Ph) 5.72 (s, 1H, 3>-OH),
6.36 (d, J=2.2 Hz, 1H, 6-H), 6.42 (d, J = 2.2 Hz, 1H, 8-H),
6.96 (d, J = 8.6Hz, 1H, 5°-H), 7.24-7.44 (m, 10H, aromatic
H), 7.62 (d, J=2.16 Hz, 1H, 6>-H), 7.63 (d, J = 2.0Hz, 1H,
2>-H), 12.68 (s, 1H, 5-OH).

2-(4-Benzyloxy-3-methoxy-phenyl)-3-benzyloxy-5-hydroxy-
7-methyoxy-4H-4-one (9)

ALoA Qe E=mEH0.07g, 049 mmol)¥} BAFLE
(0.05 g, 0.36 mmol)Z 3}3H= 8(0.18 g, 0.36 mmol)S DMF
(SmL)o] 591 golof 7hatch. Whg EFBE A4
1247F et Wk &, BEmL)E 7HE) 9 FAA
20tk o] EEL o F opAHlo| E@U ML) FE3L,
brine(40 mL)©. 2 A oj&tt $7|2& Hadle], vl
% Avo|ER A% T, olTkeIh ool PpBE}
I ARES A9 I 202 28 9 (CH,Cl:EtOAc = 80:1)
of oz Festo] 3kgha 9(0.10 g, 53%)E AU

"H NMR (CDCls, 400 MHz) &: 3.72 (s, 3H, -OCH3), 3.87
(s, 3H, -OCHz), 5.06 (s, 2H, -OCH2Ph) 5.24 (s, 2H, -OCH;Ph),
6.37 (d, J=1.96 Hz, 1H, 6-H), 6.43 (d, /= 1.96 Hz, 1H, 8-H),
6.95 (d, J=8.64 Hz, 1H, 5’-H), 7.26-7.54 (m, 10H, aromatic
H), 7.56 (d, J=1.96 Hz, 1H, 6’-H), 7.64 (d, /= 1.96 Hz, 1H, 2’-
H), 12.69 (s, 1H, 5-OH).

3,5-Dihydroxy-2-(4-hydroxy-3-methoxyphenyl)-7-methoxy-
4H-chromen-4-one (2)

Al 2o A sle&E 9(90 mg, 0.19 mmol)E o] €+-&(15 mL)
I} THF(15 mL)of| =91 o) 10% Pd/C(9 mg)S A A 3]
7¥ete} Wk %ﬁ%% o 24 shofl A 12417 59t oL
B 7, celite padS Boho] of HotaL, o 2R HojE
ok o g AeEHL YRES ALLE 25}
A (2, 56 mg, 90%)2 13 Al o] A= Aot

"H NMR (DMSO-ds, 400 MHz) §: 3.85 (s, 3H, -OCH3),
3.86 (s, 3H, -OCHj3), 6.35 (d, J=2.2 Hz, 1H, 6-H), 6.79 (d, J
= 2.16 Hz, 1H, 8-H), 6,95 (d, J = 8.44 Hz, 1H, 5’-H), 7.75
(dd, J=2.08, 8.48 Hz, 1H, 6’-H), 7.78 (d, J=2.1 Hz, 1H, 2’-H),
12.46 (s, 1H, 5-OH); HRMS calcd. for Ci7H1407 330.0740
found 330.0743.

2-(3-Hydroxy-4-methoxy-phenyl)-3-benzyloxy-5-hydroxy-
7-methyoxy-4H-4-one (10)

Al2oA 2 2E=wEH0.077 g, 0.54 mmol)2} EHAFZE
(0.068 g, 0.49 mmol)S 3}¢H= 7(0.2 g, 0.49 mmol)2 DMF
(SmL)o]l =31 goo] 7hgteh ¥k E3taE A2

ARS

Ho

2
124]2F &¢F aHgt -, =G0 mL)E 7Hsf ¥he& SA1A
2t} o] EFHEL ol obAlHlo] EUOmL)E FE3}1,
brine(40 mL).©.2 HlojZtt f7]15S elshel, uh1y
2 /H_lﬂo]l_:‘i 7-]}_6]— = qu,]_U]—]:]- o:]oﬂ ] 71-0};.__101_

T ABRES A 32 u}E 78 1](CH,Ch:EtOAc = 80:1)

of Wlor &elsto] shekE 10(0.12 g, 59%)= AUk

"H NMR (CDCl;, 400 MHz) §: 3.87 (s, 3H, -OCH3), 3.97
(s, 3H, -OCH3), 5.07 (s, 2H, -OCH,Ph), 5.64 (s, 1H, 3’-OH),
636 (d, J=22 Hz, 1H, 6-H), 643 (d, J=2.2 Hz, 1H, 8-H), 6.90
(d, J=8.6 Hz, 1H, 5°-H), 7.26-7.39 (m, 5H, aromatic H), 7.66 (d,
J=12.16 Hz, 1H, 6’-H), 7.68 (dd, J = 2.16, 8.6 Hz, 1H, 2’-H),
12.69 (s, 1H, 5-OH).

3,5-Dihydroxy-2-(3-hydroxy-4-methoxyphenyl)-7-methoxy-
4H-chromen-4-one (3)

Al 2 of| A SlgHE 10(120 mg, 0.29 mmol)2 of| gH-2(15 mL)
I} THF(15 mL)of| =91 o) 10% Pd/C(9 mg)S A A 3]
Fhgte uhg ERHES S 87 ol A 12417 B &
WHek %, celite padE Fsho] oushaL, ofekE® Aojs
o ojo g AYEFHT AFES MBS A2 Yot
24213, 86 mg, 90%)S A3E A O] A2 At

'H NMR (DMSO-ds, 400 MHz) §: 3.84 (s, 3H, -OCH3),
3.86 (s, 3H, -OCHj3), 6.35 (s, 1H, 6-H), 6.72 (s, 1H, 8-H), 7.10 (d,
J=8.52Hz 1H, 5’-H), 7.67 (s, 1H, 6’-H), 7.71 (d, J = 6.44 Hz,
1H, 2°-H), 12.44 (s, 1H, 5-OH); HRMS calcd. for Ci7H1407
330.0740 found 330.0741.
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