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Abstract: Utilizing a cross-coupling reaction between the arylstannane S and the iodoenone 7, the
arylcyclohexenone 8 was prepared. This compound was then transformed into the enediyne aldehydes
16a,b. Treatment of 16a with cat. amounts of TBAF gave rise to the macrocyclic dynemicin analog
17a. This was converted to the phenolic enediyne 18. © 1997 Elsevier Science Ltd.

Dynemicin A2 is a member of the family of enediyne antitumor antibiotics.3> Among these compounds it
is unique in that it represents a hybrid between an anthraquinone and a bicyclic enediyne. The antitumor activity
is caused by the enediyne structure which can undergo a cycloaromatization to a cytotoxic diradical. However,
to prevent a premature diradical formation, dynemicin A has been equipped with a blocking group that stabi-
lizes the enediyne structure. This kinetic stabilization of the enediyne is due to the trans-anellated epoxide
which causes a highly strained transition state of the Bergman cyclization.4 The activation, that is opening of
the epoxide is initiated by a two-electron reduction of the quinone.3b In designing structurally simple ana-
logs,2-3 several issues come to mind: Which functional groups on the aryl system or ring E are essential for
binding to DNA? What is the role of the nitrogen atom? To answer some of these questions we designed com-
pounds that lack the nitrogen heterocycle. In principle, these analogs of type 2 should undergo activation upon
reduction of the quinone. Instead of the epoxide, one also could use other small rings as blocking device.

Dynemicin A (1) ° 2 X=0,NR,CH
Scheme 1

In a forward direction, the quinone will be generated from an electron-rich aryl system through an oxida-
tion reaction. Because the aryl ring should not be too electron-rich to prevent an unwanted epoxide opening
during the synthesis and at the same time will have to be easy to oxidize in the final step, the choice of the aryl
ring is crucial. Therefore, we selected a 3-fers-butyldimethylsilyloxyphenyl group as a quinone precursor. In a
recent paper we showed that arylmetal compounds can be coupled to functionalized cyclohexenes with a leav-
ing group (iodide or triflate) at the vinylic position.6 Now we describe on the basis of this strategy the con-
struction of an advanced dynemicin analog 18.

The synthesis commenced with 3-bromophenol (3) which was first silylated to yield 47 and then con-
verted to the arylstannane 5 (1.05 equiv #-BuLi, -780C, then 1.05 equiv C1SnBu3). The other coupling partner
7 was prepared from the enone 6. To introduce a iodine in the 2-position, 68 was treated with trimethylsilyl
azide in tetrachloromethane followed by the addition of iodine to provide 7 in good yield.9 Other methods for
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the iodination were less efficient. 10 The palladium-catalyzed cross-coupling reaction of 5 (1.1 equiv) with the
iodoenone 76 in N-methyl-2-pyrrolidinone (NMP) provided the 2-arylcyclohexenone 8 in excellent yield on a
10 g scale. ! The construction of the enediyne started with the addition of lithium trimethylsilylacetylide to the
enone 8, providing the alcohol 9. Then the hydroxyl group of 9 was protected as methyl ether under carefully
controlled conditions (1.5 equiv NaH, 3.0 equiv 1,3-dimethyl-2-imidazolidinone, 4.0 equiv Mel, THF, 0 —
20°C, 3 h). Some starting material (9%) was recovered from this reaction.
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Scheme 2

Selective cleavage of the C-SiMe; bond to give 11 was possible with silver nitrate and potassium
cyanide3P. Coupling of the alkyne 11 with the vinyl chloride 1212 in the presence of copper(I) iodide and a
Pd(0) catalyst completed the synthesis of the enediyne 13.13 Reductive removal of the pivaloyl protecting
group (DIBAH) gave the allyl alcohol 14 which was converted to the epoxide 15a (single diastereomer) with
buffered m-chloroperbenzoic acid (mCPBA). From 15a two cyclization substrates 16a and 16b were prepared.
Thus, oxidation of the alcohol 15a with the Dess-Martin reagent!4 gave rise to the cyclization substrate 16a.
On the other hand, removal of the acetylenic SiMe3 group as above furnished the enediyne 15b whose oxida-
tion provided 16b. The crucial cyclization was examined first with compound 16b. While the reactions appear
very clean on TLC, the isolated yields so far are moderate. The best result was obtained with 1.1 equiv of
LiN(SiMes3), as base (0.01 M in THF, -78°C, 2 h) which provided the macrocycle 17b in 28% yield (+28%
recovered starting material). A much better result was realized from the cyclization of 16a. Although 16a
contains two silyl groups, treatment of 16a with catalytic amounts of anhydrous TBAF 15 delivered the
macrocycle 17a in 77% isolated yield. Only one diastereomer at the new stereogenic center was formed. On the
basis of our previous work, 16 the stereochemistry was assigned as shown. Due to steric hindrance around the
aryl-cyclohexyl C-C-bond, 17a exists as a mixture of two rotamers (= 54:46 ratio in C¢gDg). Treatment of 17a
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with potassium carbonate in methanol provided 17b. Removal of the TBS group to give the enediyne 18 was
accomplished with TBAF. Alternatively, the macrocycle 18 is accessible directly from 16a by reaction with
catalytic amounts of anhydrous TBAF followed by the addition of water-containing TBAF in 78% yield. The
mass spectrum of 18 showed the M*-peak at m/z = 322, supporting the cyclization reaction. In addition, there
is a characteristic fragment at m/z = 121 which corresponds to HOCgH4CO™.

DIBAH mCPBA
R —— —_—
toluene, -780C SiMe; NapHPO4

(85%) CH2CI2

(97%)

KCN
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Scheme 3

In summary, we developed an efficient route to dynemicin A analogs that lack the nitrogen heterocycle.
The synthetic scheme is compatible with a silylprotected phenol ring. This should allow for a mild oxidation to
the quinone.!7 In addition, the secondary hydroxyl group might be replaced in a SN2 reaction with a nitrogen
nucleophile, thus opening a route to quinone imines.3¢:13 Studies along these lines are currently underway in
our laboratory.

EXPERIMENTAL

General

IH NMR: Varian Unity 500 (500 MHz). - 13C NMR: Varian Unity 500 (125 MHz); all spectra were
recorded in CDCl3 or CgDg as solvent. - The signal multiplicities were determined by means of the DEPT and
APT technique; + for CH or CHj, - for CHj, x for C. - IR: Carl Zeiss Jena SPECORD IR 75. - Melting points:
Dr. Tottoli melting point apparatus. - EI-MS: AMD Intectra GmbH AMD 402. - Flash chromatography: J. T.
Baker silica gel 30-60 pm. - TLC: Merck Si 60 Fy54. - Solvents were distilled prior to use; petroleum ether
with a boiling range of 35-65 °C was used, THF was distilled from sodium diphenyl ketyl immediately before
use. - All reactions were carried out under an atmosphere of argon. - The pH-7 buffer solution used in the
workup procedures was prepared by dissolving potassium dihydrogen phosphate (85.0 g) and sodium
hydroxide (14.5 g) in water (1 1). The following reagents and compounds were prepared according to literature
procedures: Pdy(dba);-CHCl3,19 trimethylsilylacetylene, 20 Dess-Martin periodinane,14 enone 6,8 vinyl
chloride 12.12

1-Bromo-3-(tert-butyldimethylsilyloxy)benzene (4):7 To a solution of 3-bromophenol (25.0 g, 0.145
mol) in CH,Cly (150 ml) was added imidazole (25.0 g, 0.361 mol) at 0°C. After 10 min fert-butyldimethylsilyl
chloride (24.0 g, 0.159 mol) was added and the mixture was stirred for 14 h at room temp. The mixture was
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diluted with ether (350 ml) and filtered. The filtrate was washed with satd. NH4Cl solution (4 x 50 ml), satd.
NaHCOj3 solution (50 ml) and brine (50 ml). The organic layer was dried over NaySOy, filtered, and concen-
trated under reduced pressure to give compound 4 as a colorless oil (40.8 g, 98%) which was used without
further purification. - TLC (petroleum ether/ethyl acetate, 6:1): Re = 0.82. - IR (film): Viax = 3067 eml,
2956, 2932. - lH NMR (500 MHz, CDCI3): 8 = 0.19 [s, 6 H, Si(CH3),1, 0.97 (s, 9 H, C(CH3)3), 6.73-6.76
(m, 1 H, aryl-H), 6.99-7.00 (m, 1 H, aryl-H), 7.06-7.07 (m, 2 H, aryl-H). - 13C NMR (125 MHz, CDCl3): § =
-4.48 [+, Si(CH3);], 18.16 (x, CMe3), 25.59 [+, C(CH3)3], 118.80 (+, aryl-C), 122.44 (x, aryl-CBr), 123.50,
124.45, 130.39 (+, aryl-C), 156.51 (x, aryl-COTBS). - MS (EI), m/z (%): 288 (17) [M*, 81Br], 231 (100) [M*
- CMe3), 201 (3) [M* - CMe3 - 2 Me).

3-tert-Butyldimethyisilyloxy-(tributylstannyl)benzene (S): To a cooled (-78°C) solution of bromide 4
(40.8 g, 0.142 mol) in THF (200 mi) was added #-BuLi (1.6 M in hexane, 93 ml, 0.149 mol). After stirring for
10 min n-Bu3SnCl (48.5 g, 0.149 mol) was added dropwise and the solution was stirred for 5 h during which
time it was allowed to warm to 0°C. The mixture was diluted with petroleum ether (500 ml), washed with wa-
ter (100 ml) and brine (100 ml). The organic layer was dried over NaySQy, filtered and concentrated under
reduced pressure to give stannane 5 (69.9 g, 99%) as a colorless oil which was used without further purifica-
tion. - TLC (petroleum ether): Re= 0.85. - IR (film): Vmax = 3019 cm-!, 2957, 2928, 1577. - 1H NMR (500
MHz, CDCl3): § = 0.19 [s, 6 H, Si(CH3),], 0.86-1.04 (m, 6 H, SnCHy), 0.88 (t, 3/= 7.3 Hz, 9 H, CH,CHj),
0.98 [s, 9 H, C(CH3)3], 1.27-1.36 (m, 6 H, CH3), 1.44-1.56 (m, 6 H, CH3), 6.74-6.76 (m, 1 H, aryl-H), 6.93-
6.94 (m, 1 H, aryl-H), 7.00-7.01 (m, 1 H, aryl-H), 7.16-7.19 (m, 1 H, aryl-H). - 13C NMR (125 MHz, CDCl3):
8 = -4.35 [+, Si(CH3)y], 9.65 (-, SnCHy), 13.66 (+, CHyCH3), 18.27 (x, CMe3), 25.76 [+, C(CH3)3), 27.37,
29.12 (-, CHp), 119.77, 127.82, 128.77, 129.28 (+, aryl-C), 143.14, 155.11 (x, aryl-C). - MS (EI), m/z (%):
498 (0.5) [M*, 1208n), 441 (100) [M™* - Bu].

2-Iodo-3-oxo-1-cyclohexenylmethyl pivalate (7): To a solution of enone 6 (20.2 g, 96.1 mmol) in CCly
was added trimethylsily] azide (22.1 g, 192 mmol) at 0°C. After 3 h a solution of iodine (97.5 g, 384 mmol) in
CCly/pyridine (200 ml, 1:1) was added. After being stirred for 22 h at room temp., the mixture was diluted
with ether (1), washed with water (2 x 150 ml), 20% aqueous Na»S;03 (3 x 100 ml) and brine (100 ml). The
organic layer was dried over NaySQy, filtered and concentrated under reduced pressure. The residue was dis-
solved in heptane, concentrated under reduced pressure to remove the pyridine and then purified by flash
chromatography (petroleum ether/ethyl acetate, 6:1 to petroleum ether/ethyl acetate, 4:1) to give the iodo-
enone 7 (25.9 g, 80%) as a pale yellow solid of m.p. 46-47°C. For spectroscopic data, see ref6.

2-{3-(tert-Butyldimethylsilyloxy)phenyl]-3-oxo- [-cyclohexenylmethyl pivalate (8): A suspension of io-
doenone 7 (8.10 g, 24.0 mmol), Cul (3.44 g, 18.1 mmol), AsPh3 (1.48 g, 4.82 mmol) and Pdy(dba)3-CHCl3
(0.623 g, 0.602 mmol) in NMP (150 ml) was degassed and stirred for 15 min. The flask was lowered into an
oil-bath (70°C) and stannane 5 (13.2 g, 26.5 mmol) was added. The solution was stirred for 22 h at 70°C. After
being cooled to room temp. the mixture was diluted with ether (1 1), washed with water (4 x 100 ml) and brine
(100 ml). The organic layer was dried over NapSQy, filtered and concentrated under reduced pressure. The
residue was purified by flash chromatography (petroleum ether to petroleum ether/ethyl acetate, 4:1) to give
the enone 8 (8.12 g, 81%) as a pale yellow oil. - TLC (petroleum ether/ethyl acetate, 3:1): Rg = 0.59. - IR
(film): Vmax = 3063 cml, 2957, 2859, 1732, 1682. - IH NMR (500 MHz, C¢Dg): & = 0.16 (s, 6 H,
Si(CH3);], 0.99 (s, 9 H, C(CH3)3], 1.47-1.52 (m, 2 H, CHy), 2.01-2.03 (m, 2 H, CHy), 2.17-2.19 (m, 2 H,
CHy), 4.57 (s, 2 H, CHOPiv), 6.76-6.81 (m, 1 H, aryl-H), 6.82-6.83 (m, 1 H, aryl-H), 6.89-6.90 (m, 1 H,
aryl-H), 7.08-7.11 (m, 1 H, aryl-H). - 13C NMR (125 MHz, C¢Dg): & = -4.36 [+, Si(CHz3);], 18.35 (x,
SiCMe3), 22.15 (-, CHyp), 25.86 [+, SiC(CH3)3), 27.19 (-, CHyp), 27.22 [+, C(O)C(CH3)3], 38.20 (-, CHp),
39.80 [x, C(O)CMe3], 64.94 (-, CH,OPiv), 119.72, 12235, 123.43, 129.26 (+, aryl-C), 136.43, 139.04,
151.92, 155.81 (x, aryl-C, vinyl-C), 177.09 [x, C(O)Bu], 195.72 (x, CO). - MS (EI), m/z (%): 416 (5) [M*],
359 (21) [M* - CMe3), 315 (12) [M* - CO5/Bu], 159 (100). - Co4H304Si (416.6): calcd. C 69.19, H 8.71;
found C 68.98, H 8.93.

2-[3-(tert-Butyldimethylsilyloxy)phenyl|-3-hydroxy-3-(2-trimethylsilyl- 1-ethynyl)- I-cyclohex-
enylmethyl pivalate (9): To a solution of trimethylsilylacetylene (6.39 g, 65.1 mmol) in THF (140 ml) was



Cross-coupling approach towards dynemicin analogs 9163

added #-BuLi (1.6 M in hexane, 39 ml, 62.4 mmol) at -50°C. The mixture was stirred for 1 h, cooled to -78°C
and then a solution of the enone 8 (22.6 g, 54.2 mmol) in THF (50 ml) was added dropwise. After stirring for 2
h the mixture was treated with satd. NaHCO; solution (50 ml) and allowed to warm to room temp. The mix-
ture was diluted with ether (1 1), the phases were separated and the organic phase was washed with brine (100
ml). The organic layer was dried over Na;SOy, filtered and concentrated under reduced pressure. The residue
was purified by flash chromatography (petroleum ether/ethyl acetate, S:1 to petroleum ether/ethyl acetate, 3:1)
to give the alcohol 9 (23.4 g, 84%) as a colorless oil. - TLC (petroleum ether/ethyl acetate, 3:1): R¢ = 0.65. -
IR (film): Vipay = 3478 em-l, 2958, 2933, 2162, 1731. - |H NMR (500 MHz, CgDg): 6 = 0.14 [s, 9 H,
Si(CH3)3), 0.15, 0.16 [2 s, 3 H each, Si(CH3),], 1.00 [s, 9 H, SiC(CH3)3], 1.09 [s, 9 H, C(O)C(CH3)3], 1.70-
1.75 (m, 1 H, CHy), 1.86-1.91 (m, 1 H, CHj), 2.02-2.07 (m, 3 H, CHy), 2.25-2.29 (m, 1 H, CHy), 4.45 (s, 2
H, CH,OPiv), 6.80-6.82 (m, 1 H, aryl-H), 7.07-7.09 (m, 3 H, aryl-H). - 13C NMR (125 MHz, C¢Dg): & = -
4.36 [+, Si(CH3)7], -0.01 [+, Si(CH3)3], 18.36 (x, SiCMe3), 19.49 (-, CHy), 25.87 [+, SiC(CH3)3], 26.96 (-,
CHy), 27.27 [+, C(O)C(CH3)3], 38.33 (-, CHy), 38.78 [x, C(O)CMej), 65.59 (-, CHyOPiv), 68.65 (x, COH),
89.78, 109.94 (x, alkyne-C), 119.58, 122.91, 124.08, 129.20 (+, aryl-C), 132.52, 138.70, 139.88, 155.75 (x,
aryl-C, vinyl-C), 177.20 [x, C(O)Bu]. - MS (EI), m/z (%): 514 (1) [M*], 557 (18) [M* - CMe3), 439 (17)
[M* - CMej - Hy0], 159 (100). - CygH,404Sis (514.8): calcd. C 67.65, H 9.01; found C 67.63, H 8.88.

2-[3-(tert-Butyldimethylsilyloxy)phenyl]-3-methoxy-3-(2-trimethylsilyl- 1-ethynyl- 1-cyclohexenylmethyl
pivalate (10): To a solution of the alcohol 9 (13.7 g, 26.6 mmol) in THF (175 ml) was added NaH (0.828 g,
34.5 mmol) at 0°C. After S min 1,3-dimethyl-2-imidazolidinone (9.09 g, 79.7 mmol) and methyl iodide (15.1 g,
106 mmol) were added, and the mixture was stirred for 1 h at room temp. It was cooled again to 0°C, neutral-
ized with pH-7 buffer solution (100 ml) and diluted with ether (1 1). The organic phase was washed with water
(2 x 100 ml) and brine (100 ml), dried over Na;SQy, filtered and concentrated under reduced pressure. The
residue was purified by flash chromatography (petroleum ether/ethyl acetate, 20:1 to petroleum ether/ethyl
acetate, 8:1) to give the ether 10 (12.3 g, 88%) as a colorless solid of m.p. 51°C, and starting material 9 (1.2 g,
9%). - TLC (petroleum ether/ethyl acetate, 3:1): Re=0.76. - IR (KBr): Vpyax = 2958 cm-1, 2931, 2825, 2164,
1728. - IH NMR (500 MHz, C¢Dg): 6 = 0.10 [s, 9 H, Si(CH3)3], 0.17, 0.18 [2 s, 3 H each, Si(CH3),], 1.01
{s, 9 H, SiC(CH3)3], 1.10 [s, 9 H, C(O)C(CH3)3], 1.64-1.70 (m, 1 H, CHj), 1.72-1.80 (m, 1 H, CHy), 1.92-
197 (m, 1 H, CHyp), 2.01-2.10 (m, 3 H, CH3), 3.25 (s, 3 H, OCH3), 4.52 (d, 2/ = 12.3 Hz, 1 H, CH,OPiv),
4.57 (d, 2j=123Hz I H, CH,OPiv), 6.79-6.81 (m, 1 H, aryl-H), 7.09-7.12 (m, 1 H, aryl-H), 7.13-7.14 (m, 1
H, aryl-H), 7.20-7.21 (m, 1 H, aryl-H). - 13C NMR (125 MHz, C¢Dg): & = -4.30/-4.25 [+, Si(CH3)], -0.07
[+, Si(CH3)3], 18.40 (x, SiCMes3), 18.45 (-, CHy), 25.93 [+, SiC(CH3)3], 27.00 (-, CHp), 27.30 [+,
C(0)C(CHs)3), 33.89 (-, CHy), 38.79 [x, C(O)CMes], 51.33 (+, OCH3), 65.74 (-, CHyOPiv), 74.64 (x,
COMe), 92.63, 106.52 (x, alkyne-C), 119.05, 122 81, 124.26, 128.52 (+, aryl-C), 133.24, 139.14, 140.26,
155.28 (x, aryl-C, vinyl-C), 177.24 [x, C(O)Bu]. - MS (EI), m/z (%): 528 (3) [M*], 513 (4) [M* - Me], 439
(18) [M* - CMe3 - MeOH]), 413 (13) [M* - Me3CCO,CHy], 159 (100). - C30H4504Si7 (528.9): caled. C
68.13, H9.15; found C 6791, H9.17.

2-[ 3-(tert-Butyldimethylsilyloxy)phenyl]-3-(1-ethynyl)-3-methoxy- 1 -cyclohexenylmethy!  pivalate (11):
To a solution of the acetylene 10 (12.3 g, 23.3 mmol) in THF/ethanol/water (240 ml, 4:1:1) was added silver
nitrate (15.8 g, 93.2 mmol) at 0°C. After 25 min KCN (10.6 g, 163 mmol) was added and the solution was
stirred for 1 h at room temp. The mixture was diluted with ether (1.2 1) and washed with water (2 x 100 ml)
and brine (2 x 100 ml). The organic layer was dried over NaySOy, filtered and concentrated under reduced
pressure. The residue was purified by flash chromatography (petroleum ether/ethyl acetate, 10:1) to give the
acetylene 11 as a colorless solid (10.2 g, 96%) of m.p. 74°C. - TLC (petroleum ether/ethyl acetate, 3:1): R¢ =
0.56. - IR (KBr): Viay = 3272 cm- !, 2938, 2863, 2102, 1732. - IH NMR (500 MHz, C¢Dg): 8 = 0.16 [s, 6 H,
Si(CH3)y], 1.00 [s, 9 H, SiC(CH3)3], 1.11 [s, 9 H, C(O)C(CH3)3], 1.67-1.69 (m, 2 H, CH3), 1.92-1.96 (m, 2
H, CHy), 2.00-2.11 (m, 3 H, CHy, alkyne-H), 3.16 (s, 3 H, OCH3), 4.50 (d, 2/ = 12.2 Hz, 1 H, CH,OPiv),
454 (d, 2/=12.2 Hz, 1 H, CH,OPiv), 6.79-6.81 (m, 1 H, aryl-H), 7.08-7.13 (m, 2 H, aryl-H), 7.15-7.17 (m, 1
H, aryl-H). - 13C NMR (125 MHz, CgDg): § = -4.33/-4.30 [+, Si(CH3),], 18.41 (x, SiCMe3), 18.52 (-, CHp),
25.90 [+, SiC(CH3)3), 26.93 (-, CHy), 27.29 [+, C(O)C(CHj3)3), 34.25 (-, CHp), 38.78 [x, C(O)CMe3]}, 51.29
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(+, OCH3), 65.65 (-, CH,OPiv), 74.16 (x, COMe), 76.15 (+, alkyne-C), 83.98 (x, alkyne-C), 119.31, 122.69,
124.15, 128.29 (+, aryl-C), 133.41, 138.92, 139.85, 155.30 (x, aryl-C, vinyl-C), 177.25 [x, C(O)Bu]. - MS
(ED), m/z (%): 456 (0.7) [M*], 425 (1) [M* + H - MeOH], 409 (0.3) [M* - CH3 - MeOH], 467 (6) [M* -
MeOH - CMe3], 354 (62) [M* - Me3CCO5H], 159 (100). - C57Hy004Si (456.7): caled. C 71.01, H 8.83;
found C 71.04, H8.71.
2-[3-(tert-Butyldimethyisilyloxy)phenyl]-3-methoxy-3-{(Z)-6-trimethylsilyl-3-hexene-1,5-diynyl]-1-
cyclohexenylmethyl pivalate (13): To a solution of the acetylene 11 (9.72 g, 21.3 mmol) in dry degassed
benzene (200 ml) were added Cul (0.608 g, 3.19 mmol), Pdy(dba);*CHCl3 (0.551 g, 1.06 mmol), n-
butylamine (7.79 g, 106 mmol) and (4-chloro-3-buten-1-ynyl)-trimethylsilane 1212 at 0°C. After 1 h the
cooling bath was removed and the solution was stirred for 20 h at room temp. The mixture was diluted with
ether (1 1), washed with water (4 x 200 ml) and brine (100 ml). The organic phase was dried over NapSOy,
filtered and concentrated under reduced pressure. The residue was purified by flash chromatography
(petroleum ether/ethyl acetate, 40:1) to give the enediyne 13 as a yellow oil (9.54 g, 77%). - TLC (petroleum
ether/ethyl acetate, 20:1): R¢ = 0.69. - IR (film): Vpay = 3027 cm-!, 2957, 2899, 2824, 2148, 1731. - 1H
NMR (500 MHz, C¢Dg): 6 = 0.16 [s, 9 H, Si(CH3)3], 0.17 [s, 6 H, Si(CH3),], 1.01 [s, 9 H, SiC(CHj3)3], 1.13
{s, 9 H, C(O)C(CH3)3], 1.79-1.83 (m, 2 H, CH,), 2.08-2.10 (m, 1 H, CHj), 2.12-2.16 (m, 3 H, CHy), 3.31 (5,
3 H, OCH3), 4.57 (d, 2/ = 12.3 Hz, 1 H, CH,OPiv), 459 (d, 2/ = 12.3 Hz, 1 H, CHOPiv), 5.46 (s, 2 H,
vinyl-H), 6.79-6.81 (m, 1 H, aryl-H), 7.09-7.12 (m, 1 H, aryl-H), 7.17-7.20 (m, 2 H, aryl-H). - 13C NMR (125
MHz, C¢Dg): & = -4.28 [+, Si(CH3),], -0.14 [+, Si(CH3)3], 18.41 (x, SiCMe3), 18.98 (-, CHp), 25.93 [+,
SiC(CH3)3], 27.10 (-, CHp), 2732 [+, C(O)C(CH3)3], 34.83 (-, CHy), 38.81 [x, C(O)CMes], 51.77 (+,
OCH3), 65.69 (-, CHyOPiv), 75.09 (x, COMe), 85.92, 98.26, 102.64, 102.95 (x, alkyne-C), 119.31, 119.70,
120.40, 122.71, 124.19, 128.76 (+, aryl-C, vinyl-C), 133.31, 139.23, 139.93, 155.36 (x, aryl-C, vinyl-C),
177.28 [x, C(OMBu]. - MS (EI), mz (%): 578 (3) [M*], 546 (33) [M* - MeOH], 476 (28) [M* -
Me3CCO,H], 463 (25) [M* - Me3CCO,CH;], 444 (30) [M* - MeOH - Me3CCO,H], 73 (100). -
C34Hs004Siy (578.9): caled. C 70.54, H 8.71; found C 70.51, H 8.73.
2-[3-(tert-Butyldimethylsilyloxy)phenyl]-3-methoxy-3-[(Z)-6-trimethylsilyl-3-hexene- 1, 5-diynyl]- 1-
cyclohexenylmethanol (14): To a solution of the ester 13 (8.39 g, 14.5 mmol) in toluene (300 ml) was added
DIBAH (1.0 M in CH,Cly, 32 ml, 32 mmol) at -78°C. After 1 h ethyl acetate (10 ml) was added and the mix-
ture was warmed to room temp. before it was diluted with ether (700 ml) and washed with satd. sodium potas-
sium tartrate solution (2 x 100 ml). The aqueous phase was extracted with ether (150 ml) and the combined
organic layers were washed with brine (100 ml), dried over Na)SQy, filtered and concentrated under reduced
pressure. The residue was purified by flash chromatography (petroleum ether/ethyl acetate, 6:1) to give the
alcohol 14 as a colorless oil (6.09 g, 85%). - TLC (petroleum ether/ethyl acetate, 6:1): Rg= 0.18. - IR (film): V
max = 3387 cm’1, 3026, 2956, 2897, 2824, 2148. - IH NMR (500 MHz, C¢Dg): & = 0.16 [s, 9 H, Si(CH3)3],
0.17 [s, 6 H, Si(CHz),], 1.01 [s, 9 H, SiC(CH3)3], 1.77-1 87 (m, 2 H, CHy), 2.04-2.08 (m, 1 H, CHy), 2.13-
2.18 (m, | H, CHyp), 2.21-2.23 (m, 2 H, CH>), 3.32 (s, 3 H, OCH3), 3.79 (s, br., 2 H, CH,0H), 5.48 (s, 2 H,
vinyl-H), 6.81-6.84 (m, 1 H, aryl-H), 7.10-7.14 (m, 2 H, aryl-H), 7.16-7.17 (m, 1 H, aryl-H). - 13C NMR (125
MHz, C¢Dg): & = -4.28 [+, Si(CH3),], -0.14 [+, Si(CH3)3], 18.41 (x, SiCMe3), 19.10 (-, CHp), 25.92 [+,
SiC(CH3)3], 26.98 (-, CHy), 34.95 (-, CHp), 51.74 (+, OCHg), 64.06 (-, CHyOH), 75.23 (x, COMe), 85.71,
98.69, 102.60, 102.98 (x, alkyne-C), 119.02, 119.57, 120.49, 122.84, 124.32, 128.66 (+, aryl-C, vinyl-C),
136.85, 137.58, 140.54, 155.31 (x, aryl-C, vinyl-C). - MS (EI), m/z (%): 494 (3) [M*], 476 (3) [M* - H,0],
462 (73) [M* - MeOH], 405 (11) [M* - MeOH - CMe3], 73 (100). - CygHy703Si) (494.8): caled. C 70.54, H
8.71; found C 70.51, H 8.73.
5a-[3-(tert-Butyldimethylsilyloxy)phenyl]-5-methoxy-5-{(Z)-6-trimethylsilyl-3-hexene- 1, 5-diynyl [perhy-
drobenzo[b]oxiren-1-ylmethanol (15a): To a solution of the allyl alcohol 14 (5.07 g, 10.2 mmol) in CH,Cl,
(200 ml) were added NayHPO, (22.0 g, 61.5 mmol) and mCPBA (2.65 g, 15.4 mmol) at 0°C. The mixture was
stirred for 18 h during which time the temp. was allowed to reach room temp. Ether (600 ml) was added and
the mixture was washed with 20% Na;SO3 solution (2 x 100 ml), 10% NayCOj3 solution (100 ml) and brine
(100 ml). The organic layer was dried over Na;SQy, filtered and concentrated in vacuo. The residue was puri-
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fied by flash chromatography (petroleum ether/ethyl acetate, 6:1) to give the epoxide 15a as a colorless oil
(5.03 g, 97%). - TLC (petroleum ether/ethyl acetate, 3:1): R¢= 0.44. - IR (film): Vpyax = 3475 em-l, 3031,
2956, 2897, 2828, 2147. - 1H NMR (500 MHz, C¢Dg): 8 = 0.14 [s, 9 H, Si(CH3)3], 0.16 [s, 6 H, Si(CH3)3],
0.99 [s, 9 H, SiC(CH3)3), 1.52-1.55 (m, 1 H, CHj), 1.86-2.16 (m, 5 H, CHj), 3.12 (d, 2/ =115Hz, 1 H,
CH,0H), 3.21 (4, 2/ = 11.5 Hz, 1 H, CH,0H), 3.27 (s, 3 H, OCH3), 5.43-5.54 (m, 2 H, vinyl-H), 6.79-6.82
(m, 1 H, aryl-H), 7.08-7.11 (m, 1 H, aryl-H), 7.45 (s, br., 2 H, aryl-CH). - 13C NMR (125 MHz, C¢Dg): 3 = -
428 [+, Si(CHz),], -0.20 [+, Si(CHz)3], 18.36 (x, SiCMej), 19.34, 23.60 (-, CHy), 25.89 [+, SiC(CH3)3],
31.27 (-, CHy), 52.04 (+, OCH3), 65.93 (-, CH,OH), 67.97, 70.72, 78.38 (x, oxirane-C, COMe), 87.20,
96.73, 102.67, 103.17 (x, alkyne-C), 119.75, 120.18, 127.18, 127.37, 127.57, 128.10 (+, aryl-C, vinyl-C),
138.23 (x, aryl-C). - MS (EI), m/z (%): 510 (10) [M*], 495 (13) [M* - CH3], 480 (100) [M* - 2 CH;z], 463
(11) [M* - MeOH - CHj3], 449 (88), 235 (41) [TBSOCgH4CO™]. - HRMS for Cp9H4204Sis M) caled.
510.2621, found 510.2606. - C29H4704Siy (510.8): calcd. C 68.19, H 8.29; found C 68.03, H 8.49.

Sa-[3-(ter1-Butyldimethylsilyloxy)phenyl]-5-{ (Z)-3-hexene-1,5-diynyl]-5-methoxyperhydrobenzo[b]-
oxiren-1-ylmethanol (15b): To a solution of the enediyne 15a (355 mg, 0.695 mmol) in THF/ethanol/water (15
ml, 4:1:1) was added silver nitrate (472 mg, 2.78 mmol) at 0°C. After 20 min KCN (317 mg, 4.86 mmol) was
added and the solution was stirred for 0.5 h at 0°C and for 0.5 h at room temp., diluted with ether (200 ml),
washed with water (2 x 20 ml) and brine (20 ml). The organic layer was dried over Na;SOy, filtered and
concentrated under reduced pressure. The residue was purified by flash chromatography (petroleum ether/ethyl
acetate, 6:1) to give the enediyne 15b as a colorless oil (296 mg, 97%). - TLC (petroleum ether/ethyl acetate,
3:1): Rg=0.38. - IR (film): Va5 = 3456 cm-!, 3286, 3035, 2933, 2828, 2093. - 1H NMR (500 MHz, C¢Dg):
8 =015 [s, 6 H, Si(CH3);], 0.99 [s, 9 H, SiC(CH3)3], 1.48-1.52 (m, 1 H, CHj), 1.85-2.14 (m, 5 H, CHy),
3.04 (d, 3/=2.4 Hz, 1 H, alkyne-H), 3.13-3.22 (m, 5 H, CH,0OH, OCH3), 5.40-5.52 (m, 2 H, vinyl-H), 6.77-
6.79 (m, 1 H, aryl-H), 7.07-7.08 (m, 1 H, aryl-H), 7.44-7.48 (m, 2 H, aryl-H). - 13C NMR (125 MHz, C¢De):
§ = -4.36/-430 [+, Si(CH3),], 18.37 (x, SiCMej3), 19.06, 23.39 (-, CHy), 25.89 [+, SiC(CH3)3}, 31.06 (-,
CH»), 52.04 (+, OCH3), 65.91 (-, CHOH), 67.99, 70.88, 78.38 (x, oxirane-C, COMe), 81.12 (+, alkyne-C),
85.58, 87.00, 96.72 (x, alkyne-C), 119.41, 119.73, 121.11, 128.92 (+, aryl-C, vinyl-C). - MS (EI), m’z (%).
438 (1) [M*], 423 (1) [M* - CH3], 407 (90) [M* - H - 2 CH3], 376 (12) [M* - MeOH - CH3], 293 (67), 235
(58) [TBSOCgH4CO™), 73 (100). - Co6H3404Si (438.6): caled. C 71.19, H 7.81; found C 70.88, H 7.83.

Sa-{3-(tert-Butyldimethylsilyloxy)phenyl]-5-methoxy-5-{(Z)-6-trimethylsilyl-3-hexene-1,5 -diynylJper-
hydrobenzofbJoxiren-ia-carbaldehyde (16a): To a solution of Dess-Martin periodinane (3.92 g, 9.23 mmol) in
CH,Cl, (90 ml) was added a solution of the alcohol 15a (3.93 g, 7.69 mmol) in CHyCly (30 ml) at 0°C. After
being stirred for 3 h at room temp. satd. NaHCO3 solution (30 ml) and 20% Na38,03 solution (30 ml) were
added and the mixture was stirred for 15 min. Ether (500 ml) was added and the organic phase was washed
with 20% NayS,03 solution (2 x 75 ml), 10% NapCO3 solution (100 ml) and brine (75 ml). The organic layer
was dried over Na;SOy, filtered and concentrated under reduced pressure. The residue was purified by flash
chromatography (petroleum ether/ethyl acetate, 20:1 to petroleum ether/ethyl acetate, 10:1) to give the alde-
hyde 16a as a colorless oil (3.65 g, 93%). - TLC (petroleum ether/ethyl acetate, 3:1): Rg = 0.74. - IR (film): v
max = 3048 cm'l, 2955, 2898, 2859, 2147, 1728. - 'H NMR (500 MHz, C¢Dg): 8 = 0.12/0.13 [s, 6 H,
Si(CHs),], 0.17 [s, 9 H, Si(CHz)3], 0.97 [s, 9 H, SiC(CHj3)3], 1.38-1.52 (m, 2 H, CHy), 1.85-1.96 (m, 3 H,
CHj), 2.70-2.75 (m, 1 H, CH3y), 3.24 (s, 3 H, OCH3), 5.39-5.54 (d, 3J=11.1 Hz, 1 H, vinyl-H), 5.50 (d, 3J=
11.1 Hz, 1 H, vinyl-H), 6.73-6.76 (m, 1 H, aryl-H), 697-7.04 (m, 1 H, aryl-H), 7.35-7.41 (m, 2 H, aryl-H). -
13C NMR (125 MHz, CgDg): & = -4.41/-4.32 [+, Si(CH3)3], -0.19 [+, Si(CH3)3], 18.34 (x, SiCMe3), 18.79,
19.17 (-, CHyp), 25.84 [+, SiC(CH3)3], 31.15 (-, CHp), 52.23 (+, OCH3), 68.87, 70.93, 78.41 (x, oxirane-C,
COMe), 87.88, 95.19, 102.45, 103.58 (x, alkyne-C), 119.23, 120.45, 120.57, 121.99, 12334, 128.87 (+, aryl-
C, vinyl-C), 135.78, 155.42 (x, aryl-C), 198.64 (+, C=0). - MS (EI), m’z (%): 508 (3) (M1, 493 (6) [M* -
CHa], 479 (37) [M* - H - COJ, 476 (35) [M* - MeOH], 447 (23) [M* - MeOH - H - CO}, 419 (4) [M" -
MeOH - CMes], 235 (13) [TBSOCgH4CO"], 73 (100). - CpgHy0O4Siy (508.8): caled. C 68.46, H 7.92;
found C 68.42, H7.71.



9166 F. BOBE er al.

Sa-{3-(tert-Butyldimethylsilyloxy)phenyl]-5-[(Z)-3-hexene-1, 5-diynyl]-5-methoxyperhydrobenzo{b]ox-
iren-la-carbaldehyde (16b): To a solution of Dess-Martin-periodinane (218 mg, 0.514 mmol) in CH,Cl, (5
ml) was added a solution of the alcohol 15b (188 mg, 0.429 mmol) in CH,Cl, (5 ml). After being stirred for 90
min at room temp., satd. NaHCO3 solution (5 ml) and 10% NayS;03 solution (5 ml) were added and the
mixture was stirred for 15 min. Ether (200 ml) was added and the organic phase was washed with 10%
Naj$703 solution (2 x 20 ml), 10% NayCO3 solution (20 ml) and brine (20 ml) before it was dried over
Nay80y, filtered and concentrated under reduced pressure. The residue was purified by flash chromatography
(petroleum ether/ethyl acetate, 20:1 to petroleum ether/ethyl acetate, 15:1) to give the aldehyde 16b as a pale
yellow oil (156 mg, 83%). - TLC (petroleum ether/ethyl acetate, 10:1): Rg = 0.33. - IR (film): Vpyay = 3292
em-1, 3053, 2955, 2897, 2858, 2095, 1727. - 'H NMR (500 MHz, CgDg): 8 = 0.12, 0.13 [2 s, 3 H each,
Si(CH3)], 0.97 {s, 9 H, SiC(CH3)3], 1.35-1.37 (m, 1 H, CHj3), 1.44-1.50 (m, 1 H, CHj), 1.77-1.79 (m, 1 H,
CHy), 1.88-1.92 (m, 2 H, CHy), 2.65-2.69 (m, 1 H, CH3), 3.07 (d, 3/ = 1.7 Hz, 1 H, alkyne-H), 3.17 (s, 3 H,
OCH3), 5.34-5.39 (m, 2 H, vinyl-H), 6.73-6.75 (m, 1 H, aryl-H), 6.98-7.01 (m, 1 H, aryl-H), 7.40-7.44 (m, 2
H, aryl-H). - 13C NMR (125 MHz, CgDg): & = -4.45/-4.37 [+, Si(CH3),), 18.34 (x, SiCMej3), 1847, 18.97 (-,
CH,), 25.83 [+, SiC(CH3)3], 30.86 (-, CHy), 52.30 (+, OCH3), 68.88, 70.96, 78.42 (x, oxirane-C, COMe),
80.95 (x, alkyne-C), 85.86 (+, alkyne-C), 87.83, 95.24 (x, alkyne-C), 119.93, 120.45, 120.63, 122.22, 123.49,
128 87, (+, aryl-C, vinyl-C), 135.76, 155.76 (x, aryl-C), 199.00 (+, C=0). - MS (EI), m/z (%): 436 (8) [M*],
407 (58) [M* - H - CO], 404 (56) [M* - MeOH], 375 (31) [M* - H - CO - MeOH], 347 (14) [M* - MeOH -
CMes], 235 (50) [TBSOCgH4CO™), 73 (100). - Co6H3204Si (436.6): caled. € 71.52, H 7.39; found C 71.27,
H 7.46.

14-{3-(tert-Butyldimethylsilyloxy)phenyl]-9-methoxy-2-trimethylsilyloxy-1 3-oxatricyclof 7.3.2.01. 14}
tetradec-5-ene-3,7-diyne (17a): A solution of the aldehyde 16a (472 mg, 0.928 mmol) in THF (100 ml) was
stirred with molecular sieves (4 A, 0.5 g) at 0°C. Tetrabutylammonium fluoride (0.1 M in THF, stirred for 1 h
over molecular sieves, 4 A, 0.92 ml, 92 umol) was added and the mixture was stirred for 2 h at 0°C. Ether (300
ml) was added and the mixture was washed with water (50 ml) and brine (50 ml). The organic layer was dried
over Na;SOy, filtered and concentrated under reduced pressure. The residue was purified by flash chroma-
tography (petroleum ether/ethyl acetate, 15:1) to give the enediyne 17a as a colorless oil (367 mg, 77%). -
TLC (petroleum ether/ethyl acetate, 6:1): Rf = 0.71. - IH NMR (500 MHz, C4Dg): 8 = 0.06/0.07 [s, 9 H,
Si(CH3)3), 0.14/0.15/0.18/0.19 [s, 6 H, Si(CH3),], 0.98/1.01 [s, 9 H, SiC(CH3)3], 1.58-1.63 (m, 1 H, CHy),
1.76-1.94 (m, 2 H, CHy), 2.21-2.36 (m, 2 H, CHy), 2.65-2.70 (m, 1 H, CHj), 3.01/3.02 (s, 3 H, OCH3),
4.40/4.43 (s, 1 H, CHOTMS), 5.48/5.50 (s, 2 H, vinyl-H), 6.75-6.81 (m, 1 H, aryl-H), 7.01-7.11 (m, 1 H, aryl-
H), 7.58-7.60 (m, 1 H, aryl-H), 7.91-8.01 (m, 1 H, aryl-H). - 13C NMR (125 MHz, CgDg): & = -4.31/-4.26 [+,
Si(CHjz);], -0.16/-0.12 [+, Si(CH3)3], 18.24 (x, SiCMej3), 18.34/18.44, 21.06/21.13 (-, CHy), 25.87/25.93 [+,
SiC(CH3)3). 29.65/29.72 (-, CHy), 52.79/52.90 (+, OCH3), 68.17/68.25 (+, CHOTMS), 72.12, 73.77/73 .87,
79.87 (x, oxirane-C, COMe), 87.59, 93.13/93.31, 100.95, 101.12 (x, alkyne-C), 119.69/120.17, 12142,
122.18/122.30, 122.41/122.44, 123.47/123.57, 128.48/12886 (+, aryl-C, vinyl-C), 138.08/138.36,
154.76/155.74 (x, aryl-C).

14~/ 3-(tert-Butyldimethylsilyloxy)phenyl]-9-methoxy- 1 3-oxatricyclof 7.3.2.01. 14 Jtetradec-5-ene-3, 7-di-
yn-2-0l (17b): a) A solution of the aldehyde 16b (53 mg, 121 umol) in THF (12 ml) was cooled to -78°C and
treated with bis-(trimethylsilyl)potassium amide (0.5 M in toluene, 267 ul, 134 pmol). After 2 h ether (50 ml)
was added and the mixture was washed with water (2 x 10 ml) and brine (10 ml). The organic layer was dried
over NaySQy, filtered and concentrated under reduced pressure. The residue was purified by flash chroma-
tography (petroleum ether/ethyl acetate, 6:1) to give the enediyne 17b as a colorless oil (15 mg, 28%) and
starting material 16b (15 mg).

b) A solution of the enediyne 17a (305 mg, 0.599 mmol) in methanol/CH;Cl (20 ml, 1:1) was treated
with K,CO3 (91 mg, 0.659 mmol) at 0°C. The mixture was stirred for 45 min before pH-7 buffer solution (5
ml) and ether (150 ml) were added. The organic phase was washed with water (30 ml), brine (30 ml), dried
over NaySQy, filtered and concentrated under reduced pressure. The residue was purified as described before
to give the enediyne 17b (230 mg, 88%). - TLC (petroleum ether/ethyl acetate, 6:1): Rg= 0.19. - IR (film): ¥
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max = 3452 cml, 2927, 2856. - IH NMR (500 MHz, C¢Dg): & = 0.13/0.14/0.19/0.20 [s, 6 H, Si(CH3),],
0.97/1.04 [s, 9 H, SiC(CH3)3], 1.52-1.57 (m, 1 H, CHy), 1.73-1.87 (m, 2 H, CHj), 2.14-2.24 (m, 2 H, CHj),
2.45-2.50 (m, 1 H, CHy), 3.00/3.02 (s, 3 H, OCH3), 4.03-4.05 (m, 1 H, CHOH), 5.45-5.51 (m, 2 H, vinyl-H),
6.79-6.99 (m, 1 H, aryl-H), 7.08-7.13 (m, 1 H, aryl-H), 7.55-7.61 (m, 1 H, aryl-H), 7.86-7.97 (m, 1 H, aryl-H).
- 13C NMR (125 MHz, CgDg): & = -4.37/-4.33/-4.27 [+, Si(CH3),], 18.17/18.26 (-, CHy), 18.35/18.41 (x,
SiCMe3), 20.60/20.68 (-, CH»), 25.85/25.93 [+, SiC(CH3)3], 29.57/29.65 (-, CH3), 52.80/52.90 (+, OCH3),
67.57/67.68 (+, CHOH), 71.77/71.83, 73.50/73.57, 79.43/79.50 (x, oxirane-C, COMe), 87.81, 93.08/93.27,
100.72, 100.89 (x, alkyne-C), 119.51/120.07, 121.42, 122.30/122.45, 122.52/123.30, 123.49/123.64,
128.38/128.87 (+, aryl-C, vinyl-C), 137.99/138.32, 154.71/155.74 (x, aryl-C). - MS (EI), m/z (%): 436 (3)
[M*], 419 (11) [M* - OH], 404 (15) [M* - MeOH], 375 (9) [M* - H - CO - MeOH], 347 (13) [M* - MeOH -
CMes], 235 (100) [TBSOCgH4CO™]. - HRMS for CygH3704Si (M*) caled. 436.2069, found 436.2061.

14-(3-Hydroxyphenyl)-9-methoxy- 1 3-oxatricyclof 7.3.2.01. 14 Jtetradec-5-ene-3, 7-diyn-2-ol (18): a) A so-
lution of the aldehyde 16a (0.735 g, 1.44 mmol) in THF (150 ml) was stirred with molecular sieves (4 A, 0.7 g)
at -20°C. Tetrabutylammonium fluoride (0.1 M in THF, stirred for 1 h over molecular sieves, 4 A, 0.72 mi, 72
pmol) was added and after 40 min more tetrabutylammonium fluoride (1.0 M in THF < 5% H,0, 3.0 ml, 3.0
mmol) was added and the mixture was stirred for 40 min at -20°C. The reaction was quenched with pH-7
buffer solution (30 mi) and diluted with ether (750 ml). The organic phase was washed with water (100 ml) and
brine (75 ml), dried (Na;SOy), filtered and concentrated under reduced pressure. The residue was purified by
flash chromatography (diethyl ether/petroleum ether, 2:1) to give the enediyne 18 as a colorless solid (360 mg,
78%) of m.p. 88-89°C.

b) To a solution of the enediyne 17b (21 mg, 48 pmol) in THF (5 ml) was added tetrabutylammonium
fluoride (1.0 M in THF, 48 pl, 48 pmol) at 0°C. After 15 min pH-7 buffer solution (5 ml) and ether (30 ml)
were added. The organic phase was dried over NaySOy, filtered and concentrated under reduced pressure. The
residue was purified as described before to give the enediyne 18 (13 mg, 81%). - TLC (petroleum ether/ethyl
acetate, 1:1): Rg=0.55. - IR (KBr): Vjax = 3400 cm™l, 2935, 2192 - TH NMR (500 MHz, CgDg): 8 = 1.54-
1.58 (m, 1 H, CHy), 1.66-1.86 (m, 2 H, CHy), 2.17-2.23 (m, 2 H, CHy), 2.44-2.51 (m, 1 H, CHy), 3.00/3.01
(s. 3 H, OCH3), 4.01 (s, 1 H, CHOH), 5.42/5.43 (s, 2 H, vinyl-H), 6.36-6.37/6.56-6.58 (m, 1 H, aryl-H), 6 99-
7.06 (m, 1 H, aryl-H), 7.24/7.81 (s, 1 H, aryl-H), 7.48-7.50/7.84-7.86 (m, 1 H, aryl-H) - 13C NMR (125
MHz, C¢Dg): & = 18.18 (-, CHy), 20.61/20.97 (-, CHy), 29.45/29.68 (-, CHy), 52.77/52.96 (+, OCH3), 65.88
(x, oxirane-C), 67.52/67.58 (+, CHOH), 73.84, 79.51 (x, oxirane-C, COMe), 87.84, 93 43, 100.57, 100.65 (x,
alkyne-C), 114.95/115.03, 116.68/117.48, 121.25, 122.36/122.42, 122.55/123 35, 128.60/128.80 (+, aryl-C,
vinyl-C), 138.04/138.21, 155.13/156.23 (x, aryl-C). - MS (EI), m'z (%): 322 (1) [M*], 321 (1) [M* - HJ, 305
(4) [M* - OH], 293 (8) [M* - H - COJ, 261 (85) [M* - H - CO - MeOH], 201 (100), 121 (68)
[HOCgH4CO]. - CooH 304 (322.3): calcd. C 68.46, H 7.92; found C 68.42, H7.71.
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