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Abstract: The synthesis of the trans stilbene E-combretastatin A-4
has been achieved via a Horner—Wittig reaction of (3,4,5-tri-
methoxybenzy!)diphenylphosphine oxide. The anticancer drug Z-
combretastatin A-4 was prepared by the hydroboration/protonation
of adiaryl-akyne.
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The stilbene cis-combretastatin A-4 Z-1, isolated from the
African bush willow, Combretum caffrum' shows excit-
ing potential as an anticancer agent binding strongly to
tubulin? and displaying potent and selective toxicity® to-
ward tumour vasculature.* Cis-combretastatin A-4 Z-1 is
able to inhibit cell growth at low concentrations (1Cs,
P388 murine leukaemiacell line 2.6 nM). The potency of
trans-combretastatin A-4 E-1 is much lower and inhibits
cell growth in the uM range. As part of a project devoted
to the study of the anticancer effects of related compounds
we required quantities of both geometrical isomers of
combretastatin A-4. The efficient syntheses of both cis-
combretastatin A-4 Z-1 and its trans isomer E-1 are de-
scribed herein.

The route to the trans stilbene was based on the Horner—
Wittig reaction of benzyldiphenylphosphine oxideswhich
we had developed earlier.® a-Chlorobenzyldiphenyl phos-
phine oxide (3) was prepared by a known reaction® be-
tween 3,4,5-trimethoxybenzal dehyde 2 and
chlorodiphenylphosphine. The reduction of 3 to the
(3.,4,5-trimethoxybenzyl)diphenylphosphine oxide (4)
was best achieved by catalytic hydrogenolysis thereby
avoiding the use of tributyltin hydride,” which we had pre-
viously used to effect this transformation.® Phosphine ox-
ide 3 was deprotonated with BuLi and reacted with t-
butyldimethylsilyl protected isovanillin to give exclusive-
ly the trans alkene E-5. Removal of the silyl group, by
treatment of 5 with TBAF gave trans-CA-4 E-1 in excel-
lent yield (96%). With E-1 in hand we were able to
achievethetotal synthesisof arelated natural product. Us-
ing the method of Katz and co-workers® oxidative
photocyclisation® of E-1 regiospecifically gave the
phenanthrene 6, a natural product isolated from Combre-
tum caffrumt® and Combretum psidioides.'*
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Reagents and conditions; i, Ph,PCl, decalin reflux, 3 h, 63%; ii, Pd/C
(10%), H, 1 atm , MeOH:CH,Cl, 1:1, 2 days, 97%; iii, BuLi, 15 min,
0°C; 4-MeO-3-OTBMDS-C¢H,CHO, 12 h, 20 °C, 80%; iv, TBAF,
20 min, 20 °C, 96%; v hv, |, CsHg, r.t., 3 h, 68%.

Scheme 1

Our approach to the cisisomer is based on the synthesis of
an akyne 10 followed by selective hydrogenation. Thisis
similar to an approach described recently by Furstner et
al.;*?> however our protocol does not involve the use of
protecting groups and the alkene moiety is constructed
with greater stereoselectivity (vide infra).

(3,4,5-Trimethoxyphenyl)ethyne (8) was prepared by re-
action of dibromoalkene 7 (from 3,4,5-trimethoxybenzal -
dehyde (2) and tetrabromomethane/triphenylphosphine)
with BuLi. The other partner in the anticipated coupling
reaction—>5-iodo-2-methoxyphenol (9)—was made by
the iodination of guaicol acetate with mercury(Il) oxide
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and iodine, using a modification of the procedure of Tass-
ily and Leroide.**Wefound that the iodine was best added
portionwise to a mixture of guaicol acetate and mercu-
ry(I1) oxide. Thealkyne 8 and aryl iodide 9 were then cou-
pled according to our recently described method using
tetraki s(tri phenylphosphine)palladium(0) and copper(l)
iodide to give the diarylalkyne 10.}* The X-ray crystal
structure of 10 (Figure 1) revealed that the two aromatic
rings are orthogonal. The akyne 10 was sequentialy
treated with dicyclohexylborane and acetic acid, accord-
ing to the method of Zweifel et a.,’ to give combretasta-
tin A-4 Z-1 in 82% yield. Inspection of the *H NMR
spectrum of the crude reaction mixture indicated that the
Z:Eratiowas>99:1. However, purification by chromatog-
raphy on silica resulted in partial isomerisation (the Z:E
ratio of isolated Z-1 was 95:5). Kugelrohr distillation of
the crude reaction mixture proved to be the purification
method of choice as the Z:E ratio remained >99:1.

Figurel X-ray crystal structure of alkyne 10

The growth inhibitory activities of E-1 (IC5, 0.6 uM),
phenanthrene 6 (1C5, 0.7 uM) and alkyne 10 (1Cs, 21 uM)
were determined in the K562 human chronic myeloge-
nous leukaemia cell lineusing the MTT assay. This assay
is based on the reduction of yellow 3-(4',5-dimethylthia-
zol-2'-yl)-2,5-diphenyltetrazolium bromide (MTT) by mi-
tochondrial dehydrogenases of metabolically active cells
to a purple-blue formazan, as detailed by Edmondson et
al.1® The I Cy, concentration was cal culated with reference
to a standard curve constructed for control cells and rep-
resents the concentration which results in a 50% decrease
in cell growth after five daysincubation. The lower activ-
ity of thealkyne 10isin agreement with our previousfind-
ings that diarylalkynes are not particularly cytotoxic. The
phenanthrene 6 whilst moderately cytotoxic illustrates
that the conformational flexibility present in Z-1 isimpor-
tant in determining its high activity.

In conclusion we have developed efficient syntheses to
both cis and trans combretastatin A-4, which will be use-
ful in the design of analogues. The use of the hydrobora-
tion/protocol is a useful aternative to hydrogenation in
the synthesis of Z-1.
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Reagents and conditions; i Phy/CH,Br,, 0 °C, 10 min, 65%; ii, BuLi
(2 equiv), -78°C, L hthen 20 °C, 1 h, 83%; iii, 5-iodo-2-methanoxy-
phenol (9), (PhsP),Pd/Cul, piperidine, 20 °C, 1 h, 63%; (C¢H;1)BH,
0°C, 1 hthen 20 °C, 30 min; HOACc, 0 °C, 2 h 82%.

Scheme 2

The general experimental procedures used have been described
elsewhere.t’

(a-Chloro-3,4,5-trimethoxybenzyl)diphenylphosphine Oxide
©)

A mixture of 2 (28.06 g, 0.143 mal), chlorodiphenylphosphine
(25.67 mL, 0.143 mol) and decalin (70 mL) was refluxed for 3 h,
and allowed to cool. The decalin was decanted to yield abrown sol-
id. The solid was recrystallised from propan-2-ol to furnish awhite
solid (37.27 g, 63%), mp 221-223 °C; R; = 0.58 (SO,, EtOAC).

IR (KBr) v=3060 (w), 2940 (s), 1600-1430 (s), 1280 (m), 1240 (s),
1190 (s), 1020 (s), 720 (s), 580 (s) cm™.

IH NMR (300 MHz; CDCl.): 8 = 3.67 (6H, s, 3,5-OMe), 3.81 (3H,
s, 4-OMe), 5.36 (1H, d, Jp, = 4.7 Hz, a-H), 6.47 (2H, d, Jp, = 1.7
Hz, H-2 and H-6), 7.25-7.97 (10H, m).

FAB-MS mz cacd for C,H,,CIO,P (M*) 416.0944, found
416.0949.

FAB-MS m/z (%) 416 (M, 40), 257 (100), 215 (80), 201 (50).

Anal cacd for C,,H,,CIO,P,: C 63.4; H, 5.28; Cl, 851; P, 7.43;
found: C, 63.6; H, 5.5; Cl, 8.7; P, 7.7.

(3,4,5-Trimethoxybenzyl)diphenylphosphine Oxide (4)

A slurry of 10% Pd on C (10 mol%) was stirred vigorously in anhyd
MeOH (5mL) under H, for 30 min. To this mixture a solution of 3
(0.83 g, 2mmol) in MeOH (20 mL) and CH,CI, (20 mL) was added
dropwise. The flask was charged with H, and the resulting mixture
was stirred for 2 days. The mixture was filtered through Celite,
dried (MgSO,) and concentrated in vacuo to provide a white solid.
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Recrystallisation (EtOAC) gavethe4 (0.74 g, 97%) mp 170-172 °C;
R; = 0.53 (SO, EtOAC).

IR (KBr) v=3000-2700 (m), 1440 (s), 1250 (s), 1190 (s), 1000 (s)
cm™,

H NMR (300 MHz; CDCly): 6 = 3.6 (2H, d, Jpy = 14.4 Hz, CH,),
3.64 (6H, s, 3,5-OMe), 3.78 (3H, s, 4-OMe), 6.24 (2H, s, H-2, H-6),
7.45-7.54 (6H, m, aromatic), 7.71-7.73 (4H, m, aromatic).

Anal calcd for C,,H,;0,P: C, 69.1; H, 6.1; P, 8.1; found C, 68.8; H,
59, P, 79.

FAB-MS m/z (%) 383 ([M+H]*, 80), 181 (100).

(E)-1-(3',4',5'-Trimethoxyphenyl)-2-(4"’-methoxy-3"-tert-bu-
tyldimethylsiloxyphenyl)ethene[(E)-5]

To compound 4 (1.70 g, 4.44 mmol) in anhyd THF (8 mL) was
slowly added BuL.i [2.8 mL, 4.44 mmol (1.6 M solution)] at O °C.
The red solution was stirred for 15 min at 0 °C before 4-methoxy-
3-(tert-butyl-dimethylsiloxy)benzal dehyde® (1.0 g, 3.70 mmol) in
anhyd THF (10 mL) was added. The solution was stirred for an ad-
ditional 30 min at 0 °C, alowed to slowly warm to r.t. and stirred
overnight to afford a white precipitate of lithium diphenylphosphi-
nate. The mixture was treated with H,O (20 mL) and extracted with
CHCI; (3 x 30 mL). The organic extracts were dried (MgSO,) and
evaporated in vacuo. Chromatography (silicagel, hexane:EtOAc
2:1 viv) and recrystallisation (EtOH) gave white crystals (1.28 g,
80%), mp 127-128 °C (lit.*¥ mp 128-130 °C); R; = 0.75 (SiO,, hex-
ane:EtOAC 2:1 viv).

IR (KBr) v= 3060 (w), 2930 (m), 1590 (s), 1390 (w), 1350 (), 1280
(9), 1130 (s), 1010-990 (m), 970 (s) cm™.

H NMR (300 MHz; CDCl,): § = 0.19 (6H, s, SiMe;), 1.02 (9H, s,
CMe,), 3.83 (3H, s, OMe), 3.86 (3H, s, OMe), 3.92 (6H, s, 2 X
OMe), 6.71 (2H, s, H-2',6), 6.83 (1H, d, J=8.6 Hz, H-5"), 6.84 (1H,
d, J=17.3Hz, CH=C), 6.92 (1H, d, J = 17.3 Hz, C=CH), 7.07—7.03
(2H, m, H-2," H-4").

13C NMR (75.5 MHz; CDCl,): 5= -4.6, 16.5, 25.8, 55.5, 56.1, 61.0,
103.3, 112.0, 118.6, 120.5, 126.6, 127.9, 130.4, 132.6, 135.4, 145.2,
150.9, 153.4.

Anal calcd for C,,H4,05Si C, 66.9; H, 8.0; Si, 6.5; found C, 67.2; H,
7.9; Si, 6.5.

FAB-MS m/z (%) 430 ((M+H] *, 100).

trans-Combr etastatin-A4 [(E)-1].

To akene E-5 (103 mg, 0.24 mmol) in anhyd THF, was added
TBAF (2 mL of 0.5M solution in THF, 1 mmol). The yellow solu-
tion was stirred for 20 min and then treated with H,O (50 mL). The
mixture was extracted with CHCI; (3 x 25 mL), and the organic ex-
tracts washed with H,O (2 x 25 mL), dried (MgSO,) and concen-
trated in vacuo. Chromatography (silica gel, EtOAc:hexane, 1:1 v/
v) gave an off white solid (73 mg, 96%) mp 115-116 °C (lit.*® mp
116 °C); R; = 0.48 (SiO,, EtOAc:hexane, 1:1 v/v).

IR (KBr) v= 3440 (br), 960 (trans-HC=CH) cm™.
UV (MECN): A (€) 222 (23 416), 330 nm (34 745).

H NMR (300 MHz; CDCly): § = 3.68 (3H, s, OCH,), 3.86 (3H, s,
OCH3,), 3.92 (6H, s, OCHy), 5.61 (1H, s, OH), 6.71 (2H, s, 2,6-H),
6.83 (1H, d, J = 8.3 Hz, 5"-H), 6.87 (1H, d, J = 16.6 Hz, CH=C),
6.92 (1H, d, J = 16.6 Hz, C=CH), 6.98 (1H, dd, J = 8.3, 2.0 Hz, 6'-
H), 7.14 (1H, d, J = 2.0 Hz, 2"-H).

13C NMR (75.5 MHz; CDCl): § = 55.9, 56.0, 60.9, 103.3, 111.6,
114.2,119.1, 127.0, 127.7, 133.2, 137.6, 144.7, 145.7, 146.3, 153.3.

Anal calcd for CgH,,0s: C, 68.3; H, 6.4; found C, 68.9, H, 6.6.

FAB-MSmz calcd for CygHyOs: (M*) 316.1311, found 316.1313.
FAB-MSmz (%) 316 ([M+H]*, 100).

2-Hydroxy-3,5,6,7-tetramethoxyphenanthrene (6)

Anhyd N, was passed through a solution containing stilbene E-1
(0.05 g, 0.16 mmoal), iodine (0.02 g, 0.16 mmol), propylene oxide
(6.3 mL, 90 mmaol) and benzene (500 mL) for 20 min. The solution
was irradiated using a 125W UV lamp for approximately 3 h until
the reaction was complete (TLC). The solution was washed with
N&,S,05 (50 mL, ag, 15%), H,O (50 mL ) and brine (50 mL). The
organic extract was dried (MgSO,) and evaporated to give ayellow
solid. Chromatography (silicagel, 2:1 hexane:EtOAc) gave an off-
white solid (0.033 g, 68%), mp 175-177 °C (lit.2> mp 176-178 °C);
R = 0.69 (S O,, 2:1 hexane:EtOAC).

IR (KBr) v= 3440 (br, OH), 30002740 (m), 14801460 (m), 1280
(), 1270-1210 (), 11701120 (d) cmr™.

IH NMR (300 MHz; CDCl.): § = 4.01 (3H, s, OCH,), 4.02 (3H, s,
OCHS,), 4.04 (3H, s, OCHy), 4.10 (3H, s, OCH,), 5.88 (1H, s, OH),
7.08 (1H, s, H-1), 7.31 (1H, s, H-8), 7.51 (1H, d, J = 6.3 Hz, H-10),
7.53 (1H, d, J = 6.3 Hz, H-9), 9.07 (1H, s, H-4).

13C NMR (75.5 MHz; CDCly): § = 55.8, 55.9, 60.3, 61.3, 105.3,
107.1,111.2,118.7,124.0, 124.9, 126.2, 127.7, 129.3, 142.5, 144.6,
146.7, 151.5, 151.7.

Anal calcd for CgH,50s: C, 68.8; H, 5.7; found C, 68.5; H, 5.4.
FAB-MSmz (%) 314 ([M+H]*, 100).

5-1odo-2-methoxyphenol® (9)

Guaicol acetate?® (12 g, 72 mmol), Ac,0 (3.6 mL, 38 mmol) and
HgO (12 g, 55 mmol) in CH,Cl, (40 mL) were heated under reflux
and |, (24 g, 95 mmol) was added portionwise slowly over 3 h. Each
portion of iodine was added only after the orange colour of the re-
action mixture reemerged. The resulting pink mixture was heated
under reflux for further 12 h before being cooled and filtered. The
solid residue obtained was washed thoroughly with H,O. The fil-
trate was washed with Na,S,0; (aq, sat.) and H,O (30 mL). The or-
ganic layer was dried (MgSO,) and concentrated in vacuo. The
brown residue obtained was recrystallised (MeOH) to yield off-
white crystals. These crystals were treated with NaOH (10 mL, ag
30% wi/v) and heated under reflux. The boiling solution was acidi-
fied to pH 1 with concd HCI and allowed to cool. The precipitate
which formed was filtered, washed with ice-cold water and recrys-
tallised (MeOH) to give the phenol 9 aswhite crystals (14.2 g, 79%)
mp 88-90 °C (lit.? mp 87-88 °C); R, = 0.81 (SiO,, EtOAc:hexane
1:2).

IR (KBr) v=3500-3400 (br), 3000-2740 (m), 1300 (s), 1220 (s),
1130 (m) cm'L.

IH NMR (300 MHz; CDCly): § = 3.86 (3H, s, OMe), 5.61 (1H, s,
OH), 6.59 (1H, d, J = 8.5 Hz, H-3), 7.16 (1H, dd, J = 8.5, 2.1 Hz, H-
4),7.24 (1H, d, J = 2.1 Hz, H-6).

13C NMR (75.5 MHz; CDCl,): §=56.1, 83.1, 112.6, 123.5, 129.1,
146.6, 146.8.

Ana calcd for C;H,O,l: C, 33.6; H, 2.8; found C, 33.7; H, 2.7.
FAB-MSmz (%) 250 ([M+H]*, 100).

1,1-Dibromo-2-(3',4 5 -trimethoxyphenyl)ethene?? (7)

Triphenylphosphine (3.16 g, 12.06 mmol) was added to CBr, (2 g,
6.03 mmoal) in anhyd CH,CI, (45 mL) at 0 °C. Compund 2 (1.18 g,
6.03 mmol) was added and the resulting mixture was stirred at 0 °C
for 10 min before the addition of H,O (15 mL). The organic phase
was separated, dried (MgSO,) and concentrated in vacuo. The yel-
low slurry obtained was tritrated with hexane and then Et,O to re-
move Ph;PO. The organic washings were dried (MgSO,) and
concentrated in vacuo to give the dibromoalkene (2.12 g, 65%) asa
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yellow solid, mp 4345 °C (lit.2 mp 40 °C); R; = 0.74 (SiO,, hex-
ane.EtOAc, 3:1).

IR (KBr) v= 3000-2700 (m), 1130 (m) cmr.

'H NMR (300 MHz; CDCl,): § = 3.86 (6H, s, 2 X OMe), 3.87 (3H,
s, OMe), 6.80 (2H, s, H-2',6), 7.41 (1H, s, H-1).

13C NMR (75.5 MHz; CDCl;): 6= 56.2, 60.8, 105.8, 130.5, 136.6,
138.4, 153.0, 205.7.

Anal cacd for Cj;H,,Br,0;: C, 37.5; H, 3.4; Br, 45.4; found C,
37.7; H, 3.3; Br, 45.2.

FAB-MS mz (%) 352 ([M+H]*, 100).

3,4,5-Trimethoxyphenylethyne(8)

BuLi [(3.75 mL, 6 mmol) of a 1.6 M solution] was added slowly
(over 1 h) to the dibromoakene 7 (1 g, 2.9 mmol) in anhyd THF (20
mL) cooled to -78 °C. The resulting brown solution was stirred at -
78 °C for 1 h then warmed slowly to r.t. and stirred for a further h.
Sat. NH,CI (50 mL) was added and the mixture extracted with ether
(3x50mL). The combined etheral extractsweredried (MgSO,) and
concentrated in vacuo to afford a yellow solid. Chromatography
(silicagel, CH,CI,) gavethe akyne 7 (0.46 g, 83%) asawhite solid,
mp 68-69 °C (lit? mp 68-68.5 °C); R; 0.50 (SiO,, 4:3 hex-
ane:EtOAC).

IR (KBr) v= 3250 (), 3000-2700 (Ar) cm™.

H NMR (300 MHz; CDCl,): 8 = 3.03 (1H, s, CH), 3.85 (9H, s, 3x
OCH,), 6.73 (2H, s, H-2,6).

13C NMR (75.5 MHz; CDCly): § = 56.0, 60.8, 76.1, 83.6, 109.2,
116.9, 139.2, 153.9.

Anal calcd for C;H,,04: C, 68.7; H, 6.3; found C, 69.1; H, 6.6.
FAB-MSmz (%) 193 ((M+H]*, 25).

2-(3"-Hydroxy-4" -methoxyphenyl)-1-(3',4’,5'-trimethoxyphe-
nyl)ethyne'? (10)

Under N, alkyne 8 (0.5 g, 2.6 mmol), phenol 9 (0.65 g, 2.6 mmoal),
(PPh,),Pd (0.14 g, 0.52 mmol) and Cul (0.02 g, 0.13 mmol) were
dissolved in piperidine (20 mL) to give a clear green solution. The
solution was stirred for 1 h at r.t. during which time ayellow precip-
itate slowly formed. The precipitate dissolved upon addition of sat.
NH,CI (20 mL). The mixture was extracted with Et,O (3x 20 mL).
The organic extracts were washed with H,O (2 x 20 mL) and brine
(2x20mL), dried (MgSO,) and concentrated in vacuo. Chromatog-
raphy (silsca gel, hexane:EtOAc 4:3) and recrystallisation (hex-
ane:CHCl,, 1:1) gave the diarylakyne 10 (0.51 g, 63%) as white
crystals, mp 96-98 °C; R; = 0.87 (SiO,, EtOAc:hexane, 1:2 v/v).

IR (KBr) v = 3540-3300 (br), 3000-2940 (s), 2220 (w), 1580 (9),
1240 (s), 1130 (s) cm™.

1H NMR (300 MHz; CDCl): § = 3.86 (3H, s, OCH,), 3.88 (6H, s,
OCH3,), 3.92 (3H, s, OCHy), 5.62 (1H, s, OH), 6.75 (2H, s, H-2'6),
6.82 (1H, d, J = 8.3 Hz, H-5"), 7.06 (1H, dd, J = 8.3 and 1.9 Hz, H-
6"), 7.09 (1H, d, J = 1.9 Hz, H-2").

13C NMR (755 MHz; CDCl,): & = 55.9, 56.2, 61.0, 86.9, 87.9,
108.7,110.5, 116.0, 117.5, 118.6, 124.2, 133.6, 145.4, 147.1, 153.1.

Anal calcd for C;gH,50s: C, 68.8; H, 5.8; found C, 68.8; H, 5.8.
FAB-MSmz (%) 314 ([M+H]*, 100).

Crystal data for 10: C,gH;505, M = 314.32, triclinic, a = 8.622(2),
b=9.196(2), c=10.762(3) A, U=816.5(3) A3 T=29312) K,
space group P -1, monochromated Mo-Ka radiation, A = 0.71073 A,
Z=2,Dc=1.279 Mg m?3, F(000) = 332, colourless plates, dimen-
sions 0.35 x 0.35 x 0.30 mm, u(Mo—Ka) =0.193 mm?, Siemens
R3M/N diffractometer, o-26 scan, 4<20<50°, 3479 reflections mea-
sured, 2870 unique reflections. The structure was solved by direct
methods and refined by full-matrix least-squares (SHEL X 97). All

non-hydrogen atoms were refined anisotropically; hydrogens were
constrained to chemically-reasonable positions. The final cycle of
least-squares refinement (for 280 parameters) converged with
wWR2 = 0.1268 (for al data) and R1 = 0.0431 (for 2870 reflections
[1>25(1)]). Selected bond distances: C(1)-C(2) 1.186(2) A.

cis-=Combretastatin-A4 Z-1

Borane-THF (5 mL of a1 M solution in THF) was slowly added to
distilled cyclohexene (1.02 mL, 10 mmol) in THF (5 mL) at 0 °C.
Thismixturewasstirred for 1 hat 0 °C, affording adense white pre-
cipitate after 10 min. The alkyne 10 (0.75 g, 2.4 mmol) in THF (5
mL) was added and the resulting yellow mixture was stirred for 1 h
at 0 °C after which time the precipitate had dissolved giving a clear
yellow solution. The solution wasallowed towarmtorr.t. and stirred
for 30 min. HOAc (1.72 mL, 30 mmol) was added and the solution
stirred at 0 °C for 2 h. H,O (30 mL) was added and the mixture ex-
tracted with CH,Cl, (3 x 25 mL). The organic extracts were washed
with sat. NaHCO; (3 x 25 mL), H,O (30 mL), dried (MgSO,) and
concentrated in vacuo. Impurities were removed by Kugelrohr dis-
tillation leaving the akene Z-1* (0.62 g, 82%) as the residue; R, =
0.73 (SIO,, EtOAc:hexane, 1:1 v/v).

IR (KBr) v= 3460-3400 (br), 3000 (m), 1620 (m), 1580 (s), 1240
(s), 1030-1010 (m) cm'™.,

IH NMR (300 MHz; CDCl,): § = 3.70 (6H, s, OMe), 3.84 (3H, s,
OMe), 3.86 (3H, s, OMe), 552 (1H, s, OH), 6.41 (1H, d, J = 12.2
Hz, CH=C), 6.47 (1H, d, J = 12.2 Hz, C=CH), 6.52 (2H, s, H-2, 6),
6.73 (1H, d, J = 8.4 Hz, H-5"), 6.80 (1H, dd, J = 8.4, 1.9 Hz, H-6"),
6.92 (1H, d, J = 1.9 Hz, H-2").

13C NMR (75.5 MHz; CDCl,): § = 55.9, 60.9, 106.0, 110.3, 115.0,
121.1, 129.0, 129.5, 130.6, 132.9, 137.1, 145.2, 145.7, 152.8.

Ana calcd for C;gH,,0s: C, 68.4; H, 6.4; found C, 68.0; H, 6.4.
FAB-MSmz (%) 316 ((M+H]* 100).
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