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Abstract The tetracyclic meroterpenoid natural product (+)-liphagal is one of a number of natural inhibitors of phos-
phatidylinositol 3-kinase (PI3K), which plays a central role in regulation of cell proliferation, cell survival, adhesion, mem-
brane trafficking, glucose transport and neurite growth. Liphagal also shows inhibitory activity against PI3Ka with an ICs, of
100 nmol-L ' making it as an agent for the treatment of inflammatory and autoimmune disorders as well as cancer and car-
diovascular diseases. From a structural point of view, liphagal has an unprecedented [6-7-5-6] tetracyclic skeleton, and has
attracted significant attention from the synthetic chemists. Starting from cheap and commercially available
2.4,5-trimethoxylbenzaldehyde and a-ionone, an advanced intermediate 10 for the synthesis of 8-epi-liphagal was achieved in
the longest linear 7 steps and 8.72% yield. The key reactions include: Wittig reaction, Cu-catalyzed cyclization, chemoselec-

tive hydrogenation and Friedel-Crafts reaction.
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Reagent and conditions: (a) BBr;, CH,Cl,, 80%; (b) CBr4, PPhs,
Et;N, CH,Cly; (c) Cul, KsPO4, THF, 68.5% (2 steps); (d) Raney-Ni,
THF, 100%; (e) 4, n-BuLi, then 6 in THF, 82.9%; (f) SOCI,, Pyridine,
52%; (g) Hz, Pd/C, 89%; (h) CF3SOsH, CH,Cly, 41.4%
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Scheme 1 Synthesis of advanced intermediate of 8-epi-liphagal
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4 LIERS
4.1 AXZFFRF

'H NMR i1 ®C NMR 4351 i Bruker-400 7% fif 3%
PRALAE 400 MHz #1100 MHz Jl 5, TMS 4 A%, JBiik LA
Hewlett-Packard 5988 4 it {3l 52, E1 9, 70 eV H #213E
FE. =R L BrukerApexID B S A0G 22, ESI .
21 4ME% P B MERCURY-300 41 4h 61543, KBr J& A%k
WSE. 2 S8 (TLC) AT JZ 7 23 0 A8 T 1l 2R3 By it
W) A= (R JEHTRER GF,sy BUAENR AT 200~300 H
FEEMTRERS. SEB6 AT sORE S R B kR, ket —
sLalifk,
42 WEMBIEK
42.1 ALbdh 2 96

AR TR 2,4,5- = AR HIE(2.02 g, 103
mmol) E i H R AE A 50 mL & ke, KK R
I 44 235 1 BBr; (0.99 mL, 10.3 mmol, d=2.60 g/mL),
W oe R UK WA, RV Z 13 h 5, W)
AR 40 mL /K, BIZUHERE 1 h, FF V58K, M
FEA R WK, @ FRAE =R, &AM,
VLRI fr SRk e, KRR AT, Wai G2 a e
44 2 (1.50 g, 80% yield). m.p. 104~106 ‘C; 'H NMR
(400 MHz, CDCl3) d: 3.83 (s, 3H), 3.88 (s, 3H), 6.42 (s,
1H), 6.86 (s, 1H), 9.65 (s, 1H), 11.35 (s, 1H); *C NMR
(100 MHz, CDCly) 0: 56.2, 56.3, 100.0, 112.7, 113.2,
142.8,157.1, 159.2, 193.8.
422 fedh 3 896K

EEARY T, 75 50 mL FRBEEH I 25 mL &
AP &L, VKoK R R CBry (0.55 g, 1.65
mmol)A! PPh; (0.86 g, 3.30 mmol), #$E FAIA EtN
(0.46 mL, 3.298 mmol, d=0.726 g/mL), 10 min J5, 734t
TG 2 (0.10 g, 0.55 mmol), HN5E 52 VKis =i
PFE 2 h, MFIELER R K, R PR =R, &
FEAHUAH, WRIf EhKVE, JoKBBRM T8, W40 54
JEHTEMIRY) 3 (0.16 g, 84% yield). 'H NMR (400 MHz,
CDCly) d: 3.85 (s, 6H), 4.84 (br, 1H), 6.43 (s, 1H), 7.12 (s,
1H), 7.52 (s, 1H); *C NMR (100 MHz, CDCl3) ¢: 55.9,
56.5,77.2,100.5, 111.5, 113.7, 131.8, 142.9, 147.2, 150.4;
IR (KBr) vie: 3422, 2925, 1515, 1452, 1204 cm '; MS
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(70 eV) m/z (%): 316 (98), 314 (100), 301 (21), 299 (22),
73 (32); HRMS (ESI) caled. for CioH4Br,OsN (M —+
NHJ ) 353.9335, found 353.9339.
423 1Ledh 4 896

AR, 78 50 mL BRBm B L EY 3
(0.76 g, 2.29 mmol)¥%i - 20 mL F7% THF 1, i+ ~
Sy BN Cul (87.6 mg, 0.46 mmol)F1 K5PO, (0.97 g, 4.59
mmol), ARG 8 h 5 AR KR =i, rEisE iy, &
Bk, & A MRS 5 AL Z ATk Y 4 (0.44 g,
75% vyield). "H NMR (400 MHz, CDCl;) o: 3.89 (s, 6H),
6.58 (s, 1H), 6.91 (s, 1H), 6.98 (s, 1H); *C NMR (100
MHz, CDCly) &: 56.2, 56.3, 95.0, 101.4, 108.1, 120.5,
1252, 146.8, 147.8, 150.4; IR (KBr) viax: 2927, 1485,
1313, 1211, 1116 cm™'; MS (70 eV) m/z (%): 258 (98),
256 (100), 243 (61), 241 (64), 187 (33), 185 (44).
424 Lo 6 896 R

AT P o552 24 d(0.51 g, 2.68 mmol)E il
WRAEE 75025 mL THF 1, # N AR H e A
W-2 M Raney-Ni, PREFEMLIEHE 0.5 h, BRI %
WK, CERREE =R, A IEAHUAH, A R K
VEBR, KBTI, W4 5 E 3 Ltk 6
(0.52 g, 100% yield). '"H NMR (400 MHz, CDCl;) 6: 0.83
(s, 3H), 0.88 (s, 3H), 1.07~1.13 (m, 1H), 1.33~1.39 (m,
2H), 1.44~1.45 (m, 1H), 1.57 (s, 3H), 1.70~1.76 (m, 1H),
1.93 (s, 2H), 2.09 (s, 3H), 2.40~2.46 (m, 2H), 5.30 (s, 1H);
C NMR (100 MHz, CDCly) d: 22.8, 23.4, 24.3, 27.5, 27.5,
29.8,31.4,32.4,43.6,48.4,120.9, 120.9, 135.4, 208.8.
425 o T 8E R

AT B A 4 (033 g, 1.29 mmol)iE T 10
mL FE7& THF ", —78 C NZI&iNA n-BuLi (2.2
moleL™!, 0.65 mL, 1.42 mmol), 0 ‘C R4k 0.5 h J5EHH
FE2|—78 C, ZIZIMANAEY)6(0.28 g, 1.42 mmol)f) 2
mL THF %, 5654kt 10 min, HAISEAEL
K, LR CERAW =R, A IFA VA, MR KU,
TO/KBR BN TI5e, WRAR JG A JZ M AR 7 (0.41 g, 83%
yield). IR (KBr) vinex: 2954, 1487, 1465, 1210, 1126 cm ™ ;
MS (70 eV) m/z (%): 354 (7), 231 (100); HRMS (ESI)
caled. for CyH;0; (M — H,0) © 3552268, found
355.2262.
426 Lo 8 thE R

A R EALA Y 7 (103.2 mg, 0.277 mmol)iE T
8 mL 7% CH,CL ', 0 °C FIIANLRE(0.048 mL, 0.694
mmol, d=1.64 g/mL), $REIIA SOCL, (0.108 mL, 1.387
mmol, d=0.98 g/mL), 2 min J5 UK LB K, LFFAE
=R, GBI, ORI F v e, A oK
Ve, Jo/KBREREN T, WRARJS AL Z AT AR 8 (51.1
mg, 52% yield). '"H NMR (400 MHz, CDCl5) §: 0.93 (s,
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3H), 0.95 (s, 3H), 1.15~1.19 (m, 1H), 1.48~1.55 (m, 1H),
1.74~1.78 (br, 4H), 2.00~2.09 (br, 5H), 2.34~2.40 (m,
2H), 5.40 (s, 1H), 6.35 (t, J=7.2 Hz, 1H), 6.43 (s, 1H),
6.95 (s, 1H), 7.03 (s, 1H); *C NMR (100 MHz, CDCl;) §:
13.4, 23.0, 23.6, 27.4, 27.6, 29.4, 31.7, 32.6, 49.9, 56.2,
56.4,95.2,100.7, 102.2, 121.0, 121.2, 123.3, 128.9, 135.9,
146.3, 147.6, 149.3, 157.7; IR (KBr) vmax: 2924, 1766,
1485, 1322, 1210 cm™'; MS (70 eV) m/z (%): 354 (7), 231
(100); HRMS (ESI) caled. for C,3H3 03 M+ H ")
355.2268, found 355.2272.
427 edh 9 85K

Bk &4 8 (0.40 g, 1.13 mmol)i T 10 mL Z 1R L1
H, N 50 mg Pd/C, SRR FERLERE 24 h, fEE
TuEFR PA/IC, LR LERYE, SIFENUM, K45 EH
MERY 9 (0.36 g, 89% yield). '"H NMR (400 MHz,
CDCls) 6: 0.86 (s, 3H), 0.90 (s, 3H), 1.08~1.15 (m, 1H),
1.28~1.49 (m, 7H), 1.63 (br, 4H), 1.78~1.89 (m, 1H),
1.95 (br, 2H), 2.81~2.89 (m, 1H), 3.91 (s, 3H), 3.91 (s,
3H), 5.28 (s, 1H), 6.27 (s, 1H), 6.96 (s, 1H), 7.01 (s, 1H);
C NMR (100 MHz, CDCl5) §: 19.1, 23.0, 23.4, 27.4, 27.6,
28.5, 31.7, 32.5, 34.3, 36.0, 49.5, 56.2, 56.4, 95.3, 100.6,
102.2, 120.0, 120.6, 136.5, 146.1, 147.0, 149.0, 162.8; IR
(KBI) viax: 2957, 1486, 1319, 1211, 1120 cm™'; MS (70
eV) m/z (%): 356 (32), 231 (30), 205 (100).
42.8 LA 10 496

EAGEY T A9 (60.4 mg, 0.17 mmol)iE T 10
mL TR & F R, 0 CREMEMA CFSOH (0.075
mL, 0.85 mmol), ff#F 0 CARLEHEFE 15 min, WA
NaHCO; K, CBERH =k, A AN, WAlfrEh
IKVE, TR T4, Wedn S AL 2SR 10 (25
mg, 41% yield). '"H NMR (400 MHz, CDCl5) 6: 0.98 (s,
3H), 1.00 (s, 3H), 1.21~1.33 (m, 2H), 1.36 (d, J=14.8 Hz,
3H), 1.42 (s, 3H), 1.43~1.46 (m, 1H), 1.48~1.56 (m, 1H),
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1.58~1.69 (m, 3H), 1.71~1.75 (m, 2H), 1.80~1.91 (m,
1H), 2.58 (d, J=12.8 Hz, 1H), 3.26~3.31 (m, 1H), 3.90 (s,
3H), 3.92 (s, 3H), 6.97 (s, 1H), 7.11 (s, 1H); *C NMR
(100 MHz, CDCLy) 6: 18.8, 19.0, 20.3, 22.4, 22.8, 31.0,
33.8, 34.5, 36.0, 39.3, 40.1, 40.5, 50.2, 56.2, 57.0, 95.1,
104.9, 120.4, 124.7, 144.9, 146.7, 148.3, 154.6; IR (KBr)
Vinax: 2927, 1614, 1488, 1462, 1194 cm™'; MS (70 eV) m/z
(%): 356 (20), 205 (100), 57 (95); HRMS (ESI) calcd. for
Ca3H3305 (M+H") 357.2424, found 357.2420.
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