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Abstract Icaritin, the aglycone of icariin, has many pharmacological and biological activities, such as antiosteoporosis activ-
ity and estrogen regulation. The synthesis of caritin via an eight-step strategy including Houben-Hoesch acylation, one-pot
Algar-Flynn-Oyamada reaction and europium-promoted prenylation etc., from anhydrous phloroglucin is reported in this pa-

per. All the compounds were characterized by NMR and HRMS spectea.

Keywords icaritin; flavonols; isopentyl alkenyl; Algar-Flynn-Oyamada
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Figure 1 Construction of flavonol skeleton
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Figure 2 Synthesis of icaritin
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SEHEMNCEY) 6 Pl 2 RS (a7 RS
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BRI AT, thE 6, 7R T2 IAAFAEE VT, IUAT
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PRI IE, DL 98%IKI = A3 2| T e & = Wi F 3%
(8). ZUt, AN TE 4k LA 2K =By b S Rk, 4
JUL ROV SR FE R A R k. (R b, BN 8
(1)) S R S5 0 e T 56 Wi SRR (1) DB B, 1

K A5 J52 IV 77 6 (4 3 ) S A J 0 — 2B AR A T S 5
FITAE.
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AFO J WA 0 s L A D SRS TR R R A
B, SCRIE 4.2%. KRIL—BiE AFO RN AMGETE T
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AL A AR SER) T 5 R SE I EEHE S Y. %A
Lt T ARG 2 2% AT A, T AR R
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3 XEIHN
3.1 UEHIKF

it % ] Bruker Daltonics Bio-TOF-Q IIT 7 i {%
(ESIMS)II5E; MG ILHR 1515 FH Bruker Avance 600 %4
R IR O 52 (DU 6 RE R TMS R WAR). BT IR
FE =T AT al, JoKIEFILhRUE 7 1L AL B,

3.2 A E
32,1 24,6-Z AR TEA) 894K

] 250 mL = IR 23l I TR = 193(12.6 g,
0.1 mol). ZJi%(6.15 g, 0.15 mol)FI /K Z k(50 mL), ¥k
BREIR 0~5 °C, BHEINAZLES AL IF JC K E AL B
(2.27 g, 0.02 mol). |1 5z Wi BN 5 AL AR,
FRLE2 he PRl SO E T UKAE 74 H1 24 h, FRIESELE
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MHz, DMSO-dg) 6: 12.18 (s, 2H, OH), 10.31 (s, 1H, OH),
5.78 (s, 2H), 2.53 (s, 3H); *C NMR (150 MHz, DMSO-d;)
5: 22.61, 164.85, 164.38, 104.14, 94.63, 32.41; HRMS
(ESI) caled for CsHoO, (M + H) ' 168.0417, found
168.0659.

322 24-=-O-(F & T H)-6-F2 LK THR(2) 09 4
%

) 250 mL PY R INALEY) 1 5.04 g, 30
mmol). JE/KEEFRH(20.8 g, 210 mmol). & 1 5E Fk(6.23
g, 75 mmol)FIJE/K (100 mL), [FIFEHHE 3 h KWV
AR, UE, BT, Sk B cha
W) C MR LED)=1: 112 )5, BEEY 2 52
g, 7% 68%. '"H NMR (600 MHz, CDCI5) 8: 13.66 (s, 1H,
OH), 6.17 (s, 2H), 5.20 (s, 2H), 5.10 (s, 2H), 3.47 (s, 3H),
3.42 (s, 3H), 2.59 (s, 3H); *C NMR (150 MHz, CDCl5) ¢:
203.14, 166.76, 163.44, 160.36, 106.87, 97.07, 94.48,
93.97, 93.97, 56.63, 56.34, 32.88; HRMS (ESI) calcd for
CoH,c06Na (M+Na)" 279.0839, found 279.0841.

323 57-=-0-(F &AL F 2)-4-F A A Z B (3)49
&

i) 50 L [ JE RS AL A 2 (256 mg, 1 mmol).
Il & (136 mg, 1 mmol). Z A LH1(120 mg, 3 mmol)Fl
FEE(3 mL)RIE 3 h H AR WAL s, VA HI R
FZ G, IMAZEAANAA0.5 mol/L, 6 mL)FIid4
HE(30%, 0.5 mL), =i MY 3 h ¥ S N A UK K H,
I R CR(10 mLX3)AH, S IFA L, Tk %
WG SRR IS S VA EE) - VAR =1 1]
BEUEY 3 (157 mg), 77% 40%. '"H NMR (600 MHz,
CDCly) d: 8.18 (d, J=9.0 Hz, 2H), 7.31 (s, 1H, OH), 7.03
(d, J=9.0 Hz, 2H), 6.85 (d, J=1.8 Hz, 1H), 6.73 (d, J=
1.8 Hz, 1H), 5.37 (s, 2H), 5.27 (s, 2H), 3.89 (s, 3H), 3.58
(s, 3H), 3.53 (s, 3H); HRMS (ESI) calcd for C;sH;,0;
(M+H)" 345.0969, found 345.0960.

324 7-0-(F 8T A)-4-F 2L BREZ (4)49 %) &

] 50 mL [T IMALED 3 (360 mg). FHE
(10 mL)RIEEERH W2 mol/L, 3mL), T 40 C FHiHEIx
N3 h, RBER N, EUISEKIEZ G, BELEY 4
(264 mg), "% 83%. 'H NMR (600 MHz, CDCl3) o:
11.71 (s, 1H, OH), 8.18 (d, J=9.0 Hz, 2H), 7.04 (d, J=9.0
Hz, 2H), 6.68 (d, J=1.8 Hz, 1H), 6.58 (s, 1H, OH), 6.48
(d, J=1.8 Hz, 1H), 5.37 (s, 2H), 3.89 (s, 2H), 3.51 (s, 3H);
5C NMR (150 MHz, CDCls) 6: 175.48, 163.38, 161.42,
160.98, 156.84, 146.15, 135.95, 129.67, 123.36, 123.37,
114.31, 104.77, 99.73, 94.51, 94.47, 56.53, 56.65, 55.62;
HRMS (ESI) caled for CgH;;0; (M+H') 345.0969,
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found 345.0960.
3.2.5 3,7-=-O-(F £ F H)-4"-F BI85 BB (5) 89
&

76 50 mL [AERKEEH MALEY) 4 (268 mg, 0.78
mmol). T HHLE(10 mL). —RNIELIZ3B50 pL,
2.0 mmol), BE/GMA S FEEFEEB6 uL, 1.1 mmol).
NRAYT = R HEE 12 h 25, AN BRI (0.5 N,
5 mL). - S RE, KZEH & TR mLX2)%
B, AIF ke, 2T 5 Sk i 4 85 [ V(A
fif) - V(NE)=5 : 1113 21HLEW 5 255 mg, F=% 84%.
'H NMR (600 MHz, CDCl5) &: 12.55 (s, 1H, OH), 8.03 (d,
J=9.0 Hz, 2H), 7.01 (d, J=9.0 Hz, 2H), 6.62 (d, J=1.8
Hz, 1H), 6.46 (d, J=1.8 Hz, 1H), 5.23 (s, 2H), 5.18 (s,
2H), 3.89 (s, 3H), 3.49 (s, 3H), 3.20 (s, 3H); *C NMR
(150 MHz, CDCl;y) 6: 178.73, 163.09, 162.09, 161.82,
157.24, 156.87, 135.48, 130.85, 123.05, 114.03, 106.80,
99.87, 97.90, 94.26, 94.06, 57.86, 56.55, 55.58; HRMS
(ESI) caled for CyH,Os (M+H) " 389.1231, found
389.1228.

32.6 3,7-=-0-(F 2 F 3)-5-0- 74 KM K -4-F 2
R F BB (6)49 4 &

F 25 mL FESHF IMALAEY 5 (420 mg, 1.08
mmol). TC/KBERRA(390 mg, 3 mmol)AJE/K P Eid(10
mL), RJE A 18-76-6, 5 IS IR HEIR(360
ul, 3 mmol), EiHFE 12 h. Libygr )5, EBHET,
15 210 7= PG Ak AT B0 1% 23 B [ V(A il ) - V(AT =
5 1119865 6 (406 mg), 7% 82%. 'H NMR (600
MHz, CDCl;) 6: 8.03~8.02 (d, J=9.0 Hz, 2H), 6.99~
6.98 (d, J=9.0 Hz, 2H), 6.69 (d, J=2.1 Hz, 1H), 6.42 (d,
J=2.1 Hz, 1H), 5.57 (t, J=6.3 Hz, 1H), 5.23 (s, 2H), 5.20
(s, 2H), 4.69 (d, J=6.3 Hz, 2H), 3.87 (s, 3H), 3.50 (s, 3H),
3.18 (s, 3H), 1.78 (s, 3H), 1.75 (s, 3H); *C NMR (150
MHz, CDCl3) 6: 173.68, 161.22, 161.09, 160.32, 158.62,
153.70, 137.61, 137.48, 130.40, 123.37, 119.53, 113.67,
110.36, 98.06, 97.73, 95.33, 94.36, 66.63, 57.53, 56.39,
55.35,25.77, 18.40; HRMS (ESI) calcd for C,sH,9O5 (M+
H)" 457.1857, found 457.1859.

3.2.7 3,7-=-0-(F AL T 3)-8- 7 R -4 F AL
BB (7)49 ) &

T 25 mL T IMALEY) 6 (160 mg, 0.35
mmol) Al Eu(fod);[ =(6,6,7,7,8,8,8--L 9-2,2- — H13E-3,5-
¥ Hid)4, 20 mg, 0.02 mmol MG HE(5 mL), K NVIKALE
FAMRYT IR 80 CrhfitEE 36 h, WA T G Sk
Tl B VCH ) @ VNN =5 11 REY T (67
mg), /7&K 42%. '"H NMR (600 MHz, CDCl5) d: 12.56 (s,

1302 http:/sioc-journal.cn/

© 2013 Chinese Chemical Society & SIOC, CAS

1H), 8.05 (d, J=8.8 Hz, 2H), 7.02 (d, J=8.9 Hz, 2H), 6.59
(s, 1H), 5.26 (s, 2H), 5.20 (t, J=6.8 Hz, 1H), 5.18 (s, 2H),
3.89 (s, 3H), 3.51 (d, J=6.8 Hz, 2H), 3.48 (s, 3H), 3.21 (s,
3H), 1.77 (s, 3H), 1.68 (s, 3H); *C NMR (150 MHz,
CDCly) d: 178.89, 161.57, 160.21, 160.05, 156.96, 153.67,
135.06, 131.87, 130.70, 123.29, 122.32, 113.86, 108.51,
106.28, 97.76, 97.52, 94.33, 57.71, 56.30, 55.41, 25.73,
21.87, 17.95; HRMS (ESI) calcd for C,5H,9O4 (M—|—H)+
457.1857, found 457.1847.
32.8 EFEZG@)HE

7E 25 mL A AL EY 7 (80 mg, 0.18
mmol). FEE(S mL)FEEEZ(3 mol/L, 1 mL), MWK T4
SRR BEREMIE 1 b W4ibR 2 R, g Uk
MKz Ja, 1321 EAR LG4 8 (64 mg), 73
98%. 'H NMR (600 MHz, DMSO-dy) o: 12.35 (s, 1H,
OH), 10.78 (s, 1H, OH), 9.43 (s, 1H, OH), 8.10 (d, J=9.0
Hz, 2H), 7.10 (d, J=9.0 Hz, 2H), 6.29 (s, 1H), 5.16 (t, J=
6.0 Hz, 1H), 3.83 (s, 3H), 1.74 (s, 3H), 1.62 (s, 3H); "°C
NMR (150 MHz, DMSO-d;) d: 176.29, 161.32, 160.56,
158.37, 153.60, 146.27, 135.97, 131.12, 129.25, 123.63,
122.54, 114.15, 105.74, 103.14, 97.90, 55.45, 25.49, 21.26,
17.88; HRMS (ESI) caled for CpHyO¢Na (M+Na)"
391.1152, found 391.1148.
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