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Abstract The first total synthesis of (+)-2,3,2",3"-tetrahydroochnaflavone has been achieved, which was isolated from the
leaf of quintinia. The target molecular is consisting of naringenin and eriodictyol moieties, which was synthesized using
2,4,6-trihydroxyacetophenone and 4-hydroxybenzaldehyde as starting materials. The key steps in the synthesis of
2,3,2" 3"-tetrahydroochnaflavone were the formation of a diaryl ether and cyclization of an ether-linked bichalcone to assem-

ble the dihydroflavone, and the key synthetic intermediates are detailed.
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Figure 1  Structure of (£)-2,3,2",3"-tetrahydroochnaflavone
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Reagents and conditions: (a) Br,, CHCI;, 40 C, 6.5 h, 84%; (b) CuO-Fe;0,4, TBAB, Cs,CO;, DMF, 145 C, 24 h, Ar, 52%; (c). (d) anhydrous
K,COs, acetone, MOMCI, reflux, 93%, 84%; (e) KOH-H,O-EtOH, 0 C, 24 h, N,, 92%; (f) EtOH, NaOAc, 80 °C, 24 h, 38%; (g) MeOH, HCI,

65 ‘C, 0.5 h, 90%

B®R 1 (+)-2,3,2"3"-Tetrahydroochnaflavone 4 i
Scheme 1 Synthesis of (£)-2,3,2",3"-tetrahydroochnaflavone
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BCHBRP=H) 9. A S W R S BRAD R TV 1 — 5 B ik
5 1 Ullmann R SOEFEFE AL G4 8 ORISR, 1X
WRVFZ W TN T, TER TSl XUk & 4 e A
WIS, X, #AILL CuO-Fe;0,4 /F N Ullmann W
AR, DABSEREN, To/K LB N R R B A, G H
Frrey). X REAHMEYE Ullmann B (I SGEE, RN 84
FRARGE R A PP T — 28 g 2.
3 X
3.1 UEFE5HF

NMR ] Bruker (600 400. 150 A1 100 MHz)%! k%1
SEHR AN 5 (CDCL, DMSO-ds 1E¥ 7, TMS N A AR);
HRMS H Thermo Orbitrap Elite Jl5E; £ 1L iikE =1 5%
AR AR SQ-5200 ALUEE A PIF A, 200~300 H X
GF254 FEIR(F S T A 77). I35 8 4 b 4h.
3.2 ZWHE
32,1 2-32¥K-46-=F A F AL RTE(2)49 6

G HOTES 7 SCHR[44]. 7E 100 mL 1) = el 4K
W 2,4,6-=¥F K 2.8 800 mg (4.8 mmol), J/K
K,CO; 1400 mg (10 mmol), A 30 mL, =EiFHi+E 30
min. ZAETE N, (R T2 HIN N & 2L F % 0.76 mL
(10 mmol), 60 C F[EI 2 h. FERPTEASE, B E1IRMN
W, uE, WORRR L. AR ENT, 5
1020 mg KO 2, 725 84%. '"H NMR (400 MHz,
CDCly) d: 13.64 (s, 1H, OH), 6.12 (d, J=7.9 Hz, 2H,
ArH), 5.14 (s, 2H, OCH,0), 5.05 (s, 2H, OCH,0), 3.41 (s,
3H, OCHs), 3.35 (s, 3H, OCH3), 2.53 (s, 3H, COCH,); “C
NMR (100 MHz, CDCl;) 6: 202.94 [C-(1-C=0)], 166.55
(C-2), 163.24 (C-4), 160.15 (C-6), 106.61 (C-1), 96.79
(C-3), 94.26 (OCH,0), 93.74 (C-5), 56.42 (OCH3), 56.12
(OCH3), 32.67 [C-(1-Me)|$#i 52 % 2 Hk[44], HEA—
.
3.2.2 3-iR-4-F IR F BE(4)89 B K

250 mL [BJEFEMF, 17 4-F2 LK FHEE 6100 mg (50
mmol), 75 mL CHCL V&, 22183 A 2.8 mL Br, (55
mmol) A1 13 mL CHCls, )30 min #i§5¢. 40 ‘C FHiHE
6.5 h, RMFEA. JRIEMZ CHCL. [R5 i
300 mL 7K, NaOH il pH £ 6. KB E i s, #H
kg, dhidn, Hrih Ak, JuEs B, 3 8500 mg M
M E AR 4, 773K 84%. mp. 124~126 C (lit* 122~
124 C); '"H NMR (400 MHz, CDCl;) J: 9.82 (s, 1H,
CHO), 8.04 (s, 1H, H-2), 7.75 (d, J=8.4 Hz, 1H, H-6),
7.15 (d, J=8.4 Hz, 1H, H-5), 6.45 (s, 1H, OH); *C NMR
(100 MHz, CDCl3) d: 189.57 [C-(1-C=0)], 157.64 (C-4),
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134.11 (C-2), 131.39 (C-1), 130.98 (C-6), 116.56 (C-3),
111.16 (C-5)%¥ [71 2 2% SCHk[46).
323 3-(4-FEER A )-4-B AR T EE(S) 494k

H T 1ES% CHR[47]. 17 50 mL BEf R AL A
Y1(4) 244 mg (2 mmol), 1LE4)(3) 440 mg (2.20 mmol),
CuO-Fe;04 63 mg (0.2 mmol), TBAB 65 mg (0.2 mmol ),
Cs,C0532.6 mg (1.0 mmol), DMF 15 mL, 7E 145 CHii#E
TRBE 24 h, SR FRRN R4 R, RS H
7] CuO-Fe;0,4. FIRIEA W LR LBEAEL(20 mL X
3), AHAHA, /K NaSO, Tk, LUE, WERREH
A PR ET, 53] 250 mg #HalE 4k 5, 7~
H 52%. m.p. 134~136 C ((1it.** 133~135 °C); '"H NMR
(600 MHz, CDCl3) 6: 9.83 (s, 1H, CHO), 9.80 (s, 1H,
CHO), 8.02 (d, J=8.3 Hz, 1H, H-6), 7.79 (d, J=8.3 Hz,
1H, H-5), 7.75 (dd, J=8.4, 1.9 Hz, 2H, H-2'6"), 7.13 (d,
J=8.4 Hz, 2H, H-3',5"), 6.97 (d, J=8.5 Hz, 1H, H-2), 6.47
(s, 1H, OH); *C NMR (150 MHz, CDCl;) &: 191.25
(CHO), 189.66 (CHO), 161.90 (C-4"), 157.66 (C-4), 134.10
(C-1"), 132.49 (C-1), 131.39 (C-2',6"), 130.89 (C-6), 116.54
(C-2), 116.00 (C-3',5", 111.14 (C-5).

324 3-(4-FELRAK)-4-F A F AR FTEL6)49 S
R

HRITIES % CHR[44]. 72 Ny R F, k&4 5
480 mg (2 mmol), K,CO; 280 mg (2 mmol), 10 mL A Fi7E
W, RN G I R 0.15 mL (2 mmol), JiFA[E]
W, RPSEA. WEIR MR, 18, W0k ZE R R
MZTERAEENT, 53] 530 mg EOBEK 6, 7% 93%.
'H NMR (600 MHz, CDCl;) 6: 9.89 (s, 1H, CHO), 9.85 (s,
1H, CHO), 8.08 (d, J=1.9 Hz, 1H, H-2), 7.80~7.86 (m,
2H, H-3.4), 7.78 (dt, J=8.5 Hz, 4.4 Hz, 1H, H-2"), 7.26
(dd, J=8.8 Hz, 6.4 Hz, 1H, H-3"), 7.11~7.18 (m, 2H,
H-5',6"), 5.33 (s, 2H, OCH,0), 3.52 (s, 3H, OCHj3).

325 22"-—#HE-464"6"4-FF AT A H-3-A-
4"-32 3 /R ER(7) B9 A A%,

G HOT1ES % 3CHR[49]. 7 Ny R4, VKK HiERE T,
4L &4 6 110 mg (0.38 mmol), 2 195 mg (0.76 mmol),
10 mL FEEETF, M 2 mol/L IS SEALBIAR 7.60
mL (7.6 mmol ), [ 24 h, ¥ N % 200 mL ¥K/K
W, JFH 3 mol/L MRS pH EHE 3, AR L
P20 mLX3), &IFEHLZ, JK NaSO, T4, i
UE, VR HIAR. MR RN, 53] 268 mg
O 7, 755 92%. mp. 69~73 C; '"H NMR (600
MHz, CDCl;) 6: 13.86 (s, 1H, OH), 13.77 (s, 1H, OH),
7.82 (d, J=15.6 Hz, 1H, H-$), 7.79 (d, J=15.6 Hz, 1H,
H-4"), 7.75 (d, J=15.6 Hz, 1H, H-a"), 7.65 (d, J=15.6
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Hz, 1H, H-a), 7.53 (d, J=9.0 Hz, 1H, H-6"), 7.45 (d, J=
9.0 Hz, 1H, H-5"), 7.24 (s, 1H, H-2"), 7.15 (d, J=8.4 Hz,
2H, H-2",6"), 7.00 (d, J=8.4 Hz, 2H, H-3",5"), 6.29 (d,
J=2.4 Hz, 2H, H-3,3"), 6.22 (d, J=2.4 Hz, 1H, H-5), 6.20
(d, J=2.4 Hz, 1H, H-5"), 5.30 (s, 2H, OCH,0), 5.27 (s,
2H, OCH,0), 5.23 (s, 2H, OCH,0), 5.20 (s, 2H, OCH,0),
5.14 (s, 2H, OCH,0), 3.50 (s, 3H, OCHj3), 3.46 (s, 3H,
OCHj), 3.42 (s, 3H, OCHj3), 3.40 (s, 3H, OCHj3), 3.30 (s,
3H, OCH;); *C NMR (150 MHz, CDCly) J: 192.78 (C=
0), 192.47 (C=0), 167.32 (C-7), 167.25 (C-7"), 163.48
(C-5"), 163.28 (C-5), 159.77 (C-9), 158.93 (C-9"), 155.11
(C-4"), 143.02 (C-4"), 142.37 (C-1"), 140.49 (C-1), 132.79
(C-3", 130.65 (C-1"), 129.91 (C-3"5"), 129.81 (C-2),
129.17 (C-2"), 128.94 (C-1"), 126.76 (C-2",6"), 125.41
(C-6"), 116.49 (C-2), 115.73 (C-5"), 107.51 (C-4), 107.41
(C-4"), 97.44 (OCH,0), 95.20 (C-8"), 95.12 (C-8), 94.87
(OCH,0), 94.71 (OCH,0), 94.66 (OCH,0), 94.16 (C-6),
94.10 (C-6"), 94.02 (OCH,0), 56.94 (OCH;), 56.83
(OCH3), 56.48 (OCH;), 56.43 (OCH3), 56.12 (OCHs).
Anal. calcd for C40H4,045: C 62.91, H 5.59; found C 62.99,
H 5.55.

32,6 (£)-575"7"4-2F A F A HA-3-HA-4"- %K
BR(8) 9 & Ak,

G755 SCERY. LAY 7 220 mg (0.29
mmol)f] 7 mL JorK ZEEE T, IIATC/KEERREH 660 mg
(8.0 mmol), 80 C, #iikkx N 24 h )5, WHEIZ =, A
MK, H R OEEFER(Q20 mLX3), &3HEHE, H
MR R KV, oK Na,SO, THE, i UE, MR 2%
. KA RAEZIT S 2] 84 mg HEEAMIE 8, =%
38%. 'H NMR (400 MHz, CDCl;) §: 7.68 (d, J=2.0 Hz,
1H, H-2"), 7.38 (d, J=8.4 Hz, 2H, H-2",6"), 7.30 (dd, J=
8.4 Hz, 2.0 Hz, 1H, H-5"), 7.18 (d, J=8.4 Hz, 1H, H-6"),
7.08 (d, J=8.8 Hz, 2H, H-3",5""), 6.44 (d, J=2.4 Hz, 1H,
H-6"), 6.43 (d, J=2.0 Hz, 1H, H-6), 6.39 (d, J=2.4 Hz,
1H, H-8), 6.38 (d, J=2.4 Hz, 1H, H-8"), 5.38~5.31 (m,
2H, H-2,2"), 5.28~5.17 (m, 10H, OCH,0), 3.53~3.47
(m, 15H, OCHj3), 3.05 (dd, J=13.2, 16.4 Hz, 1H, Hyans-3"),
2.98 (dd, J=13.0, 16.4 Hz, 1H, H,u,-3), 2.78 (dd, J=2.8,
16.4 Hz, 2H, H.;-3,3"); °C NMR (100 MHz, CDCl;) o:
189.00 (C-4"), 188.44 (C-4), 164.37 (C-7), 164.07 (C-7"),
163.17 (C-5), 163.09 (C-5"), 159.44 (C-4"), 159.42
(C-8a,8a"), 157.38 (C-4"), 153.80 (C-3"), 133.52 (C-1"),
131.92 (C-1Y), 131.15 (C-2"), 127.46 (C-2",6"), 126.19
(C-6"), 116.32 (C-3",5"), 115.93 (C-5'), 112.99 (C-8,8"),
107.25 (C-4a, 4a"), 94.94 (OCH,0), 94.26 (OCH,0), 93.98
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(OCH,0), 78.68 (C-2,2"), 56.40 (OCHj;), 56.38 (OCHj;),
56.29 (OCHsj), 45.50 (C-3), 45.46 (C-3"); ESI-MS m/z:
831.28 [M+3Na]". Anal. caled for C4H40,5: C 62.71, H
5.86; found C 62.99, H 5.55.

3.2.7 (%£)-2,3,2",3"-Tetrahydroochnaflavone(9) 49 &
7%,

G ITESHE IS MEY) 8 36 mg (0.047
mmol), 2 mL Jo/K HELEWRH, fHET, &ZIEmA 3
mol/L 58 1 mL, 7E 65 ‘C /&N 30 min, 7] MK
I 1T mL K. HI 4R OBEREH(20 mL X 3), &HANLZE
TR MR K Be, To/KRRER BE T, I8, WUk
BREWER. M MARERAEEHT, 193] 23 mg 5 (4 14
9, & 90%. m.p. 245~247 C; 'H NMR (400 MHz,
Acetone-dg) 0: 12.07 (s, 1H, OH), 12.04 (s, 1H, OH), 10.44
(s, 1H, OH), 10.40 (s, 1H, OH), 10.09 (s, 1H, OH), 7.58 (s,
1H, H-2"), 7.27 (d, J=8.4 Hz, 2H, H-2"",6"), 7.24 (d, J=
8.8 Hz, 1H, H-5"), 7.00 (d, J=8.4 Hz, 1H, H-6"), 6.83 (d,
J=8.4 Hz, 2H, H-3",5"), 5.92 (d, J/=2.0 Hz, 2H, H-8,8"),
591~5.90 (m, 2H, H-6,6"), 5.35~5.31 (m, 2H, H-2,2"),
3.12 (dd, J=13.2, 17.2 Hz, 1H, H,,,3"), 3.05 (dd, J=
12.8, 16.8 Hz, 1H, H,,,,-3), 2.72 (dd, J=2.8, 17.2 Hz, 1H,
H.,-3"), 2.70 (dd, J=2.8, 16.8 Hz, 1H, H,;-3); °C NMR
(100 MHz, Acetone-dg) 0: 194.00 (C-4"), 193.45 (C-4),
165.55 (C-7), 165.50 (C-7"), 162.50 (C-5,5"), 161.60
(C-8a"), 161.40 (C-8a), 156.44 (C-4"), 153.20 (C-4"),
129.82 (C-3"), 129.40 (C-1"), 128.53 (C-1'), 126.51
(C-2M6™), 12542 (C-6"), 115.10 (C-2.5"), 114.22
(C-3",5"), 100.72 (C-4a), 100.70 (C-4a"), 95.11 (C-8),
95.00 (C-8"), 93.98 (C-6"), 93.92 (C-6), 77.40 (C-2"),
77.31 (C-2), 41.40 (C-3), 41.38 (C-3"). Anal. calcd for
C30H204¢: C 66.49, H 3.63; found C 66.42, H 4.09. HRMS
calcd for C3yH»,01 [M+H]+: 543.0503, found 543.0586.

H#Bi# ¥ (Supporting Information) L5547 2~9 ) 'H
NMR Fil °C NMR P&l X Shhkha] LA G 3 AT g il
(http://sioc-journal.cn/) L. F#k.
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