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Convenient Route to Both Enantiomerically Pure Forms of trans-4,5-Di-
hydroxy-2-cyclopenten-1-one: Efficient Synthesis of the Neocarzinostatin

Chromophore Core
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An enantioselective synthesis of an epoxybicyclo[7.3.0]dodecenediyne core system of the neocarzinostatin chro-
mophore has been achieved via intramolecular acetylide addition and palladium-mediated coupling of iodocyclopentene
5 with alkyne 6. The key cyclopentene moiety, trans-4,5-dihydroxy-2-cyclopenten-1-one 7, was conveniently prepared
in both enantiomerically pure forms via enzymatic desymmetrization of meso-3,4,5-trans,trans-trihydroxycyclopentene

derivatives.

The chromphore structures of chromoprotein antitumor an-
tibiotics such as neocarzinostatin 1' and kedarcidin 2 possess a
highly strained nine-membered cyclic diyne core that is tightly
fused to a densely functionalized cyclopentene ring. In their
total synthesis, concise approaches to prepare chiral trans-4,5-
dihydroxy-2-cyclopenten-1-one derivatives™* to serve as key
intermediates are therefore required.>® Described herein is a
convenient synthesis of both enantiomers of a trans-4,5-dihy-
droxy-2-cyclopenten-1-one derivative, en route to the conver-
gent construction of a functionalized bicyclo[7.3.0]dodecene-
diyne core system of 1 (Chart 1).

By analogy with previous processes from our group and
others,™™ the epoxybicyclic core 3 would be accessible
via an acetylide anion—aldehyde ring closure of 4, which itself
could be synthesized by palladium-mediated coupling of the

Neocarzinostatin chromophore (1)

iodocyclopentene 5 with the alkyne 6 (Scheme 1).” In turn, §
and 6 would be derived from the enantiomerically pure cyclo-
pentenone (—)-7 and propargylic alcohol 8,3 respectively.

Results and Discussion

Expeditious Synthesis of Both Enantiomers of trans-4,5-
Dihydroxy-2-cyclopenten-1-one. The retrosynthetic plan
towards the highly oxygenated cyclopentenone (—)-7 is out-
lined in Scheme 2. Enantiomerically pure (—)-7 would be pre-
pared from (—)-9 via enzymatic desymmetization of meso-cy-
clopentenetriol 10.® The most straightforward route to the key
intermediate 10 would be a Diels—Alder type reaction between
singlet oxygen and the alkoxy cyclopentadiene 13. However,
Diels—Alder reactions of 13 tend to favor syn-addition relative
to the Cs alkoxy substituent.” Therefore, the cyclopentadienyl-

Kedarcidin chromophore (2, revised structure)

Chart 1.
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silane 12 was chosen as an alternative substrate for two main
reasons:'” firstly, high anti stereoselectivity has been demon-
strated in analogous Diels—Alder reactions'® and, secondly,
the C-Si bond can be oxidatively transformed to a C—O bond
with stereochemical retention.!!"!?

Preliminary experiments revealed that judicious choice of
the silyl group in 11 was required for the successful formation
of 10. For example, lithium cyclopentadienide was silylated
with methoxydimethylsilyl or dimethylphenylsilyl chloride to
afford cyclopentadienylsilane 14 or 15, respectively (Scheme
3). Subsequent reaction with singlet oxygen followed by re-
duction of the endo-peroxide produced the diol 16 or 17 in
moderate yield. While the methoxydimethylsilane 16 was
found to be too labile to acetylation, giving a mixture of silanol
18 and siloxane 19, the dimethylphenylsilane 17 smoothly
gave its diacetate 20, but any further transformation of 20 was
unsuccessful.'?

A successful route to the meso-diol 10 is outlined in Scheme
4. Lithium cyclopentadienide was treated with dimethylsilyl
chloride to give the cyclopentadienyldimethylsilane 22, which
was exposed to singlet oxygen at low temperature. The result-
ing endo-peroxide was reduced with zinc in acetic acid to give

the desired trans-cyclopentenediol 23 in 62% overall yield.
After pivaloylation, 24 was treated according to Tamao condi-
tions (30% hydrogen peroxide, potassium fluoride, and potas-
sium hydrogencarbonate) causing oxidative cleavage of the C—
Si bond to generate 25 in good yield.!! Protection of the alco-
hol 25 as its #-butyldimethylsilyl (TBS) ether followed by re-
ductive cleavage of the pivalate groups with LiAlH4, afforded
the key meso-compound 10 in near quantitative yield.

Syntheses of both enantiomers of the enone 7 are shown in
Scheme 5. Lipase (Amano AK) catalyzed asymmetric
acylation® of the diol 10 gave monoacetate (—)-9 quantitatively
in excellent enantioselectivity.!> Dess—Martin oxidation'* of
(—)-9 provided the enantiomerically pure enone (—)-7;'> other
oxidations with MnQO,, PDC, SOj;-pyridine, or Swern condi-
tions gave lower yields. On the other hand, the meso-diacetate
27, derived from diol 10, was converted to enantiomerically
pure (+)-9 via asymmetric hydrolysis with lipase (Amano AK)
and oxidation gave the antipodal enone (+)-7, which is useful
for synthesis of kedarcidin chromophore 2. In short, both
(—)-7 and (+)-7 were readily obtained in enanantiomerically
pure form and on a preparative scale (ca. 0.1 molar) within 8 or
9 steps from cyclopentadiene.
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Synthesis of the Epoxydiyne Moiety. Synthesis of the
epoxy diyne fragment 6 commenced with the propargylic alco-
hol 8, which is readily available from D-mannitol (Scheme
6).>! Oxidation of 8 with PDC followed by Wittig reaction
gave the (E)-o,B-unsaturated ester 28 exclusively. Reduction
of 28 with DIBAL gave a mixture of aldehyde and primary al-
cohol, which was treated with Dess—Martin periodinane to
give the aldehyde 29. By use of the Corey procedure, transfor-
mation to the alkyne 32 was attempted and the 1,1-dibro-
moalkene 30 was formed by treatment of 29 with triphen-

ylphosphine and tetrabromomethane in the presence of trieth-
ylamine.“’ However, as illustrated in Scheme 6, metalation of
30 with butyllithium gave complex mixtures, conceivably due
to the carbanion intermediate 31 undergoing competitive elim-
ination of the C13-ether functionality prior to o-bromide elim-
ination. Therefore, the partially protected diol 34 was selected
as a substrate, since the resulting allylic alkoxide would pre-
vent this unproductive type of elimination. To this end, the ac-
etonide of 30 was removed with p-toluenesulfonic acid in
methanol and the resulting free diol 33 was selectively silylat-
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ed at the primary position to afford 34. Gratifyingly, the reac-
tion of 34 with butyllithium efficiently generated the enediyne
35 in 93% yield. Subsequent Sharpless asymmetric epoxida-
tion of 35 with (—)-diethyl tartrate,”®>" followed by protect-
ing group manipulation, gave the epoxy diyne 38 as a single
stereoisomer. Lastly, the terminal alkyne of 38 was silylated
with TESCI and the TMS group was selectively removed with
KF-2H,0 in methanol at —10 °C to give the desired epoxy-
diyne fragment 6.

Construction of Epoxybicyclo[7.3.0]dodecenediyne Moi-
ety. Preparation of the iodocyclopentene 5 is shown in
Scheme 7. o-lodination of cyclopentenone (—)-7 led to 39 in
near quantitative yield."” Treatment of 39 with z-butyldimeth-
ylsilyl cyanide in the presence of zinc iodide'® gave the pro-
tected cyanohydrin 40 as a single isomer. After methanolysis
of 40, the alcohol 41 was protected to give the desired meth-
oxymethyl (MOM) ether 5. Confirmation of the stereochemis-
try of these products were determined by NOE difference ex-
periments on the acetonide 43, which was derived from 41 via
the tetraol 42.

Bull. Chem. Soc. Jpn., 74, No. 6 (2001) 1001

Using PdCl,(CH;CN), as catalyst under Sonogashira-type
conditions, coupling of § with the epoxy diyne unit 6 proceed-
ed readily and gave 44 in 72% yield (Scheme 8).” After re-
moval of the acetylenic TES group using potassium carbonate
in methanol, the nitrile 45 was reduced with DIBAL and the
resulting unstable aldehyde 4 was immediately treated with a
large excess of lithium hexamethyldisilazide and cerium (III)
chloride in THF at —20 °C. Under these conditions, the de-
sired nine-membered ring closure reaction proceeded smooth-
ly and afforded the strained bicyclic epoxy enediyne 3 in 70%
yield.”™™ The stereochemistry of the C8 was unambiguously
determined by NOE experiments.

Conclusion

In summary, an expeditious synthesis of both enantiomeri-
cally pure forms of trans-4-acetoxy-5-t-butyldimethylsilyloxy-
2-cyclopenten-1-one, (—)-7 and (+)-7, was achieved via enzy-
matic desymmetrization of meso-3.4,5-trans,trans-trihydroxy-
cyclopentene derivatives, 10 and 27, respectively. In turn, 10
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and 27 were readily prepared by the photosensitized oxidation
of 5-dimethylsilylcyclopentadiene 22 followed by retentive
Tamao oxidation of the C-Si bond. Through a series of reac-
tions involving [PdCl,(CH3CN),]-mediated coupling of io-
docyclopentene 5 with epoxy alkyne 6, the aldehyde-acetylen-
ic cyclization precursor 4 was synthesized and subsequently
treated with excess LIN(TMS),/CeCl; at —20 °C to afford the
highly strained bicyclo[7.3.0]dodecenediyne 3. Advanced
studies directed toward the total synthesis of the chromophore
1, as well as 2, are actively being pursued in our laboratory and
will be the subject of future work.

Experimental

General. NMR spectra were recorded using Varian Gemini-
200, Varian Mercury-200, JEOL GX-400, or Bruker AM-600
spectrometers, and referenced to chloroform as an internal stan-
dard. IR spectra were recorded on a JASCO FT/IR-7000 spec-
trometer. Optical rotations were performed by a JASCO DIP-370
polarimeter. Mass and high-resolution mass spectra (HRMS)
were recorded on a JEOL HX-110 mass spectrometer. Elemental
analysis was obtained on a Yanagimoto CHN corder/MT-5 instru-
ment. Melting points were measured on a Yanagimoto micro-
melting point apparatus.

Unless noted otherwise, solvents were dried and purified before
use. THF was distilled from sodium-benzophenone. Anhydrous
grade diethyl ether was purchased from Kanto Chemical Co. Ltd.,
and used without further purification. Benzene, dichloromethane,
DMEF, pyridine, and toluene were distilled over calcium hydride.
Air- and moisture-sensitive reactions were carried out under an ar-
gon atmosphere and anhydrous conditions. All reactions were
monitored by TLC on 0.25 mm Merck Kieselgel TLC plate (60F-
254) using UV light, I, ethanolic phosphomolybdic acid, or p-
anisaldehyde and sulfuric acid solution as developing agents when
heated. Merck Kieselgel 60 (70-230 mesh) and (230—400 mesh)
were used for silica-gel and flash silica-gel column chromatogra-
phy, respectively. Yields refer to chromatographically and spec-
troscopically pure materials.

5-Dimethylsilylcyclopentadiene (22). To a mechanically
stirred solution of cyclopentadiene (64.4 mL, 0.780 mol) in THF
(800 mL) was added dropwise a solution of butyllithium (1.56 M)
in hexane (500 mL, 0.780 mol) at —25 °C over 1 h and the result-
ing solution was stirred for 0.5 h. After chlorodimethylsilane
(95.2 mL, 0.858 mol) was added, the reaction mixture was al-
lowed to stand at 0 °C over 2 h, after which the reaction mixture
was diluted with pentane (150 mL) and quenched with water (200
mL). The organic layer was washed with cold water (500 mL X
2) and brine, dried over anhydrous magnesium sulfate, filtered,
and concentrated under aspirator vacuum at 10-15 °C to give the
crude product 22.

5-Dimethylsilyl-2-cyclopentene-1,4-diol (23). A catalytic
amount of 5,10,15,20-tetraphenylporphyrin (TPP, 240 mg) was
added to a solution of the crude diene 22 in commercially avail-
able CH,Cl, (3500 mL). After O, was bubbled for 30 min, the re-
action mixture was cooled to —80 °C, and irradiated with a 400-W
high pressure mercury lamp, while bubbling O, through the reac-
tion mixture and continually stirring over 2.5 h at this temperature.
During the reaction, TPP (240 mg X 4) was added in four portions
at 30 min intervals. To the peroxide solution was added a suspen-
sion of zinc (226.5 g, 3.12 mol) and acetic acid (134 mL, 2.34
mol) in CH,Cl, (300 mL) and then the mixture was activated by
sonication. The reaction mixture was allowed to warm to —25 °C
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and stirred for 1 h, filtered through Celite, and concentrated. The
remaining brownish residue was purified by column chromatogra-
phy (silica-gel, hexane/ethyl acetate, 1/0 — 6/1 — 4/1 — 1/2) to
yield diol 23 (76.51 g, 62.0% from cyclopentadiene) as a pale
brown amorphous solid. 23: Ry 0.15 (hexane/ethyl acetate, 1/1);
'H NMR (400 MHz, CDCl3) §5.98 (2H, d, J = 0.8 Hz), 4.47 (2H,
dd, J = 3.7, 0.8 Hz), 3.87-3.95 (1H, m), 1.07 (1H, q, J = 3.7 Hz),
0.14 (6H, d, J = 3.8 Hz); *C NMR (100 MHz, CDCl3) § 136.56,
77.80, 42.92, -5.76; IR (thin film) 3360, 3062, 2962, 2902, 2118,
1684, 1615, 1419, 1342, 1255, 1189, 1118, 1071, 884, 845, 735,
650, 596, 458 cm ™~ '; HRMS (EI, 70 eV) m/z: calcd for C;H;30,Si
(M — H)*, 157.0685; found, 157.0684.
4-Dimethylsilyl-3,5-bis(2,2-dimethylpropanoyloxy)cyclo-
pentene (24). Diol 23 (30.57 g, 0.193 mol) and 4-dimethylami-
nopyridine (1.18 g, 9.66 mmol) were dissolved in pyridine (193
mL). The solution was cooled to 0 °C and 2,2-dimethylpropanoyl
chloride (71.3 mL, 0.579 mol) was added dropwise. The reaction
mixture was stirred for 6 h at room temperature and evaporated in
vacuo. The residue was dissolved in diethyl ether (250 mL) and
partitioned with water (100 mL). The organic layer was separated,
the aqueous layer extracted with diethyl ether (100 mL X 3), and
the combined organic extracts washed with brine, dried over anhy-
drous magnesium sulfate, filtered, and concentrated. The remain-
ing oil was purified by column chromatography (silica-gel, hex-
ane/ethyl acetate, 10/1) to yield dipivalate 24 (52.79 g, 83.8%) as
a pale yellow oil. 24: R;0.68 (hexane/ethyl acetate, 5/1); 'H NMR
(400 MHz, CDCl3) 6 6.10 (2H, d, J = 1.1 Hz), 543 2H, dd, J =
3.9, 1.1 Hz), 3.89-3.96 (1H, m), 1.41 (1H, dt, J = 3.9, 3.2 Hz),
1.19 (18H, s), 0.15 (6H, d, J = 3.8 Hz); '*C NMR (100 MHz,
CDCl3) 6 178.19, 135.11, 78.73, 38.30, 35.54, 27.05, —5.67; IR
(thin film) 2974, 2876, 2124, 1729, 1541, 1483, 1462, 1398, 1369,
1325, 1282, 1255, 1149, 1085, 1033, 938, 882, 835, 772, 706,
656, 584 cm™'; HRMS (EI, 70 eV) m/z: caled for C17H300,Si M*,
326.1903; found, 326.1885.
2,5-Bis(2,2-dimethylpropanoyloxy)-3-cyclopenten-1-o0l (25).
The reaction flask was kept open to air throughout this reaction. A
solution of dipivalate 24 (52.70 g, 0.161 mol) in commercially
available THF (160 mL) and methanol (160 mL) was treated with
anhydrous potassium fluoride (19.02 g, 0.327 mol, Nakalai Tesque
Co. Ltd.) and potassium hydrogencarbonate (16.10 g, 0.161
mmol). A solution of 30% hydrogen peroxide in water (65.0 mL,
0.575 mol) was added to the stirred mixture portionwise over 15
min. After several minutes an exothermic reaction began, which
was controlled by intermittent and brief cooling with a water bath
to maintain the reaction temperature between 40—45 °C. The exo-
thermic reaction ceased after a few hours and the reaction mixture
was then stirred over 16 h at room temperature and quenched with
50% sodium thiosulfate pentahydrate (75 mL) while the tempera-
ture was maintained near 30 °C. The formed precipitate was fil-
tered off, the filtrate was evaporated, and the residue was diluted
with diethyl ether (200 mL). After separation of phases, the aque-
ous layer was extracted with ether (100 mL X 3) and the com-
bined organic extracts was washed with brine, dried over anhy-
drous magnesium sulfate, filtered, and concentrated. The remain-
ing oil was purified by column chromatography (silica-gel, hex-
ane/ethyl acetate, 20/1 — 10/1) to yield alcohol 25 (37.53 g,
82.0%) as a colorless oil. 25 R;0.33 (hexane/ethyl acetate, 5/1);
"H NMR (400 MHz, CDCl3) §5.92 (2H, s), 5.36 (2H, d, J = 4.0
Hz), 4.15 (1H, brt, J = 4.0 Hz), 3.83 (1H, brs), 1.23 (18H, s); 1*C
NMR (100 MHz, CDCl;) 6 179.37, 132.14, 84.20, 83.88, 38.66,
27.08; IR (thin film) 3516, 2976, 2938, 2914, 2878, 1734, 1483,
1462, 1400, 1371, 1325, 1282, 1232, 1152, 1089, 1035, 984, 961,
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882, 806, 775, 576, 489 cm™'; HRMS (EI, 70 eV) m/z: calcd for
C5sH,05 M*, 284.1616; found, 284.1620.

4-t-Butyldimethylsilyloxy-3,5-bis(2,2-dimethylpropanoyl-
oxy)cyclopentene (26). Alcohol 25 (37.69 g, 0.133 mol) was
dissolved in DMF (45 mL) and the solution was treated with #-bu-
tyldimethysilyl chloride (23.86 g, 0.158 mol) and imidazole
(18.21 g, 0.267 mol). The reaction mixture was stirred for 2.6 h
and then purified by column chromatography (silica-gel, hexane/
ethyl acetate, 1/0 — 20/1) to yield silyl ether 26 (51.62 g, 97.7%)
as a colorless oil. 26: R;0.60 (hexane/ethyl acetate, 5/1); '"H NMR
(400 MHz, CDCl;) 6 5.88 (2H, s), 5.38 (2H, d, J = 4.0 Hz), 4.36
(1H, t, J = 4.0 Hz), 1.23 (18H, s), 0.87 (9H, s), 0.08 (6H, s); *C
NMR (100 MHz, CDCl;) 6 178.04, 132.47, 82.73, 82.36, 38.67,
27.19,25.62, 17.91, —4.85; IR (thin film) 2984, 2936, 2864, 1736,
1481, 1464, 1398, 1367, 1325, 1280, 1143, 1033, 1007, 984, 963,
942, 882, 862, 839, 779, 671, 578, 491 cm™'; HRMS (EL, 70 eV)
m/z: calcd for C,H3305Si M™, 398.2489; found, 398.2496.

5-t-Butyldimethylsilyloxy-2-cyclopentene-1,4-diol (10). To
a suspension of lithium aluminium hydride (14.82 g, 0.391 mol) in
diethyl ether (200 mL) was added dropwise a solution of dipiv-
aloate 26 (51.20 g, 0.128 mol) in diethyl ether (250 mL) over 30
min at —70 °C. The suspension was stirred for 0.5 h at this tem-
perature, warmed to O °C and quenched with water (15 mL). The
reaction mixture was diluted with diethyl ether (200 mL), treated
with 15% sodium hydroxide (15 mL) followed by water (45 mL),
and filtered. The filtrate was dried over anhydrous magnesium
sulfate, filtered, and concentrated. The residue was purified by
column chromatography (silica-gel, hexane/ethyl acetate, 10/1 —
1/1 — 1/2), to yield meso-diol 10 (28.01 g, 94.6%) as colorless
needles. 10: R;0.37 (hexane/ethyl acetate, 1/1); mp 117.6-118.0
°C (Et,0); '"H NMR (400 MHz, CDCl3) 6 5.83 (2H, s), 4.42 (2H,
brdd, J = 6.0, 4.0 Hz), 3.92 (1H, t, J = 4.0 Hz), 2.19 (2H, brs),
0.92 (9H, s), 0.15 (6H, s); '*C NMR (100 MHz, CDCl5) & 133.98,
89.92, 81.33, 25.82, 18.06, —4.57; IR (KBr) 3296, 3070, 2956,
2930, 2904, 2860, 1475, 1381, 1352, 1323, 1253, 1212, 1158,
1102, 1023, 975, 872, 837, 783, 737, 727, 671, 601 cm™'; HRMS
(EI, 70 eV) m/z: caled for C;oH;903Si (M — CH3)™, 215.1104;
found, 215.1107; Anal. calcd for C;;H,,05Si: C, 57.35; H, 9.63%,
found: C, 57.38; H, 9.42%.

(1S,4R ,5R)-4-A cetoxy-5-t-butyldimethylsilyloxy-2-cyclo-
penten-1-o0l ((—)-9). To a solution of meso-diol 10 (16.41 g,
71.2 mmol) in benzene (300 mL) and vinyl acetate (328 mL, 3.56
mol) was added lipase Amano AK (12.32 g, Amano Pharmaceuti-
cal Co. Ltd.) at 30 °C. After stirring for 13 h, the suspension was
filtered through Celite and the solvent was removed. The residue
was purified by column chromatography (silica-gel, hexane/ethyl
acetate, 10/1 — 5.6/1 — 2.7/1) to yield acetate (—)-9 (19.17 g,
98.8%) as a colorless oil. (—)-9: R;0.47 (hexane/ethyl acetate, 3/
1); [0]3 —66.3° (¢ 1.04, CHCl;); '"H NMR (400 MHz, CDCl3) §
591 (1H, dt,J = 6.1, 1.5 Hz), 5.81 (1H, dt, J = 6.1, 1.5 Hz), 5.32
(1H, dtd, J = 4.2, 1.5, 1.0 Hz), 4.47 (1H, ddtd, J/ = 6.9, 4.2, 1.5,
1.0 Hz), 4.13 (1H, t, J = 4.2 Hz), 2.07 (3H, s), 2.00 (1H, d, J =
6.9 Hz), 0.90 (9H, s), 0.12 (3H, s), 0.09 (3H, s); *C NMR (100
MHz, CDCl3) 6 170.62, 135.63, 130.61, 86.14, 82.94, 80.79,
25.69, 21.01, 18.00, —4.73, —4.79; IR (thin film) 3460, 3070,
2934, 2900, 2862, 1744, 1475, 1375, 1328, 1255, 1129, 1027,
967, 897, 864, 839, 781, 746, 673, 609, 582, 545 cm™'; HRMS
(EL, 70 eV) m/z: caled for CoH,40,Si (MH — C,Hy)", 216.0818;
found, 216.0824.

(4R,5S)-4-A cetoxy-5-t-butyldimethylsilyloxy-2-cyclopenten-
1-one ((—)-7). To a suspension of Dess—Martin periodinane
(44.31 g, 104.2 mmol) in CH,Cl, (140 mL) was added dropwise a
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solution of alcohol (—)-9 (18.98 g, 69.7 mmol) in CH,Cl, (140
mL) over 5 min. The reaction mixture was stirred for 4 h, diluted
with diethyl ether (500 mL), cooled to 0 °C, and quenched with
25% Na,S,03-5H,0-saturated NaHCOj3 solution (500 mL). After
stirring for 20 min at room temperature, the organic layer was sep-
arated and the aqueous layer was extracted with ether (150 mL X
3). The combined organic extracts were washed with brine, dried
over anhydrous magnesium sulfate, filtered, and concentrated, and
the remaining oil was purified by column chromatography (silica-
gel, hexane/ethyl acetate, 10/ — 6/1) to yield acetate (—)-7
(19.00 g, 100.0%) as a colorless oil. (—)-7: R;0.29 (hexane/ethyl
acetate, 6/1); [o]¥ —151.3° (¢ 1.02, CHCl;); '"H NMR (400 MHz,
CDCl3) 67.36 (1H, dd, J = 6.2, 1.9 Hz), 6.30 (1H, dd, J = 6.2,
1.4 Hz), 5.68 (1H, ddd, J = 3.1, 1.9, 1.4 Hz), 4.28 (1H, d, J = 3.1
Hz), 2.14 (3H, s), 0.92 (9H, s), 0.17 (3H, s), 0.13 (3H, s); 1*C
NMR (100 MHz, CDCl3) 6201.42, 170.26, 155.34, 134.13, 78.83,
78.16, 25.62, 20.81, 18.32, —4.66, —5.28; IR (thin film) 2934,
2890, 2862, 1742, 1591, 1475, 1371, 1344, 1234, 1143, 1064,
1035, 982, 926, 841, 783, 681, 605, 538, 435 cm™'; HRMS (EI, 70
eV) m/z: caled for C,H1904Si, (M — CH3)*, 255.1053; found,
255.1050.

3,5-Diacetoxy-4-t-butyldimethylsilyloxycyclopentene  (27).
Diol 10 (382.1 mg, 1.66 mmol) and 4-dimethylaminopyridine
(27.7 mg, 0.14 mmol) were dissolved in pyridine (8.0 mL). The
solution was cooled to 0 °C and acetic anhydride (470 pL, 4.98
mmol) was added dropwise. The reaction mixture was stirred for
1 h at room temperature and evaporated in vacuo. The residue was
dissolved in diethyl ether (20 mL) and partitioned with water (3
mL). The organic layer was separated, the aqueous layer was ex-
tracted with diethyl ether (5 mL X 3), and the combined organic
extracts were washed with brine, dried over anhydrous magne-
sium sulfate, filtered, and concentrated. The remaining oil was
purified by flash column chromatography (silica-gel, hexane/ethyl
acetate, 10/1) to yield diacetate 27 (504.2 mg, 96.7%) as a color-
less oil. 27: R; 0.60 (hexane/ethyl acetate, 3/1); '"H NMR (400
MHz, CDCl;) §5.91 (2H, s), 5.40 (2H, d, J = 4.3 Hz), 4.34 (1H, t,
J = 4.3 Hz), 2.09 (6H, s), 0.89 (9H, s), 0.08 (6H, s); *C NMR
(100 MHz, CDCls) 6 170.47, 132.38, 82.59, 82.33, 25.60, 20.96,
17.97, —4.92; IR (thin film) 2960, 2934, 2902, 2862, 1746, 1475,
1365, 1323, 1226, 1135, 1108, 1027, 969, 897, 861, 839, 781,
675, 605, 497 cm™'; HRMS (EL, 70 eV) m/z: caled for
C5Ha605S1, M ™, 314.1549; found, 314.1556.

(1R,4S,55)-4-A cetoxy-5-t-butyldimethylsilyloxy-2-cyclo-
penten-1-ol ((+)-9). To a suspension of meso-diacetate 27
(465.5 mg, 1.48 mmol) in 0.1 M (1 M = 1 mol dm?) phosphate
buffer (pH 7.0, 14.8 mL) and MeOH (2.9 mL) was added lipase
Amano PS (341.1 mg) at 30 °C. After stirring for 62 h, the reac-
tion mixture was diluted with ethyl acetate (20 mL) and the phases
were separated. The aqueous layer was extracted with ethyl ace-
tate (20 mL X 3), and the combined organic extracts were washed
with brine, dried over anhydrous magnesium sulfate, filtered, and
concentrated. The residue was purified by flash column chroma-
tography (silica-gel, hexane/ethyl acetate, 10/1 — 5.6/1 — 2.7/1)
to yield acetate (+)-9 (380.9 mg, 94.5%) as a colorless oil. (+)-9:
[a]H +67.2° (¢ 1.00, CHCl;).

(4S,5R)-4-Acetoxy-5-¢-butyldimethylsilyloxy-2-cyclopenten-
1-one ((+)-7). To a suspension of Dess—Martin periodinane
(887 mg, 2.09 mmol) in CH,Cl, (3 mL) was added dropwise a so-
lution of alcohol (+)-9 (380 mg, 1.4 mmol) in CH,CI, (3 mL).
The reaction mixture was stirred for 4 h, diluted with diethyl ether
(10 mL), cooled to 0 °C and quenched with 25% Na,S,0;-5H,0-
saturated NaHCO; solution (10 mL). After stirring for 20 min at
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room temperature, the organic layer was separated and the aque-
ous layer was extracted with ether (5 mL X 3). The combined or-
ganic extracts were washed with brine, dried over anhydrous mag-
nesium sulfate, filtered, and concentrated, and the remaining oil
was purified by column chromatography (silica-gel, hexane/ethyl
acetate, 10/1 — 6/1) to yield acetate (+)-7 (371 mg, 98%) as a
colorless oil. (+)-7: [0]} +152.8° (¢ 1.02, CHCI3).

Methyl  (2E)-3-[(15)-1,2-Isopropylidenedioxyethyl]-5-tri-
methylsilypent-2-en-4-ynoate (28). To a mixture of pyridinium
dichromate (217.4 g, 0.577 mol) and powdered dry molecular
sieves 3A (132.5 g) in CH,Cl, (500 mL) was added dropwise a so-
lution of alcohol 8 (65.90 g, 0.289 mol) in CH,Cl, (250 mL) at
room temperature over 30 min. The reaction mixture was stirred
for 4 h; then the precipitate was filtered off and washed with ether.
The filtrate was washed sequentially with saturated aqueous potas-
sium hydrogensulfate (300 mL X 3) and then with saturated aque-
ous sodium hydrogencarbonate (200 mL). The organic layer was
washed with brine, dried over anhydrous magnesium sulfate, fil-
tered, and concentrated by evaporation. The crude product was
purified through column chromatography (florisil, hexane/ether, 3/
1) to yield the corresponding ynone as a concentrate (ca. 60 g).

To a solution of the ynone in CH,Cl, (510 mL) was added
Ph;PCHCO,CH; at room temperature. After stirring for 2 h, the
reaction mixture was diluted with hexane (1000 mL), filtered, and
concentrated. The remaining residue was diluted with hexane
(1000 mL) and the precipitate was filtered. The filtrate was con-
centrated and purified by column chromatography (silica-gel, hex-
ane/ethyl acetate, 20/1) to yield 28 (60.30 g, 74%) as a colorless
oil. 28: R;0.58 (hexane/ethyl acetate, 6/1); [o} +39.60° (¢ 1.01,
CHCls); '"H NMR (400 MHz, CDCls) 6 6.38 (1H, d, J = 1.5 Hz),
4.62 (1H,td, J = 6.8, 1.5 Hz), 4.27 (1H, dd, J = 8.6, 6.7 Hz), 3.93
(1H, dd, J = 8.6, 6.7 Hz), 3.76 (3H, s), 1.46 (3H, s), 1.42 (3H, s),
0.24 (9H, s); '*C NMR (100 MHz, CDCl3) & 165.17, 136.92,
123.53, 110.83, 109.04, 99.36, 77.58, 68.99, 51.43, 26.13, 25.71,
—0.44; IR (thin film) 2992, 2960, 2904, 2152, 1734, 1626, 1458,
1437, 1375, 1317, 1253, 1212, 1154, 1073, 1036, 969, 919, 845,
762, 702, 636, 509 cm™'; HRMS (EL, 70 eV) m/z: caled for
C14H»0,Si, M*, 282.1287; found, 282.1289.

(2E)-3-[(15)-1,2-Isopropylidenedioxyethyl]-5-trimethylsilyl-
pent-2-en-4-ynal (29). To a solution of ester 28 (136.26 g,
0.483 mol) in CH,Cl, (200 mL) and hexane (1000 mL) was added
dropwise a solution of DIBAL (1.0 M) in hexane (1000 mL, 1.00
mol) at —78 °C over 50 min. The reaction mixture was stirred for
1 h, allowed to warm up to 0 °C, and then diluted with ethyl ace-
tate (900 mL). The reaction was quenched with saturated aqueous
ammonium chloride (350 mL), saturated aqueous Rochelle salt
(650 mL), and water (150 mL). After stirring overnight at room
temperature, the two phases which formed were separated. The
aqueous layer was extracted with ethyl acetate (800 mL), and the
combined organic layer was washed with brine, dried over anhy-
drous magnesium sulfate, filtered, and concentrated by evapora-
tion. A solution of the crude product in commercially available
CH,Cl, (500 mL) was treated with Dess—Martin periodinane
(224.0 g, 0.526 mol) at 0 °C. The reaction mixture was stirred for
2 h at room temperature. The solution was diluted with ether
(1200 mL), cooled to 0 °C, and then saturated aqueous sodium hy-
drogencarbonate solution containing 25% sodium thiosulfate pen-
tahydrate (2700 mL) was poured into the reaction mixture portion-
wise. After stirring for 20 min at room temperature, the organic
layer was separated and the aqueous layer was extracted with
ether (750 mL X 2). The combined organic extracts were washed
with brine, dried over anhydrous magnesium sulfate, filtered, and
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concentrated, and the remaining oil was purified by column chro-
matography (silica-gel, hexane/ethyl acetate, 20/1) to yield alde-
hyde 29 (97.3 g, 80.0%) as a colorless oil. 29: R, 0.55 (hexane/
ethyl acetate, 6/1); [0 +25.51° (¢ 1.04, CHCl3); 'H NMR (400
MHz, CDCl3) 6 10.11 (1H, d, J = 8.1 Hz), 6.52 (1H, dd, J = 8.1,
1.5 Hz), 4.68 (1H, td, J = 6.6, 1.5 Hz), 4.30 (1H, dd, J = 8.6, 6.9
Hz), 3.97 (1H, dd, J = 8.6, 6.3 Hz), 1.47 (3H, s), 1.43 (3H, s),
0.24 (9H, s); *C NMR (100 MHz, CDCly) § 192.30, 144.24,
133.34, 111.08, 109.38, 97.35, 77.05, 68.77, 26.10, 25.60, —0.56;
IR (thin film) 2992, 2964, 2904, 2148, 1684, 1599, 1458, 1383,
1253, 1222, 1156, 1114, 1071, 959, 847, 762, 704 cm™'; HRMS
(EI, 70 eV) m/z: caled for C,3Hy05Si, M™, 252.1182; found,
252.1193.
(3E)-1,1-Dibromo-4-[(1S)-1,2-isopropylidenedioxyethyl]-6-
trimethylsilylhexa-1,3-dien-5-yne (30). To a solution of carbon
tetrabromide (78.5 g, 0.237 mol) in CH,Cl, (140 mL) was added a
solution of triphenylphosphine (64.4 g, 0.246 mol) in CH,Cl, (120
mL) was added at —20 °C. After stirring for 40 min at this tem-
perature, a solution of aldehyde 29 (20.7 g, 77.3 mmol) and trieth-
ylamine (13.0 mL, 93.3 mmol) in CH,Cl, (150 mL) was added to
the reaction mixture at —60 °C. The mixture was stirred for 2 h,
allowed to warm to room temperature, diluted with hexane (900
mL), filtered, and concentrated. The remaining residue was dilut-
ed with hexane (500 mL) and the precipitate was filtered. The fil-
trate was evaporated and then purified by column chromatography
(silica-gel, hexane/ethyl acetate, 50/1) to yield 1,1-dibromoalkene
30 (27.0 g, 86%) as a pale yellow oil. 30: R;0.66 (hexane/ethyl
acetate, 6/1); [a]y —11.9° (¢ 1.01, CHCl;); 'H NMR (400 MHz,
CDCl3) 6 7.41 (1H, d, J = 10.9 Hz), 6.62 (1H, dd, J = 10.9, 1.1
Hz),4.54 (1H,td, J = 6.8, 1.1 Hz), 4.18 (1H, dd, J = 8.1, 6.5 Hz),
391 (IH, dd, J = 8.2, 7.1 Hz), 1.48 (3H, s), 1.42 (3H, s), 0.23
(9H, s); *C NMR (100 MHz, CDCl;) § 134.46, 132.51, 126.10,
110.36, 105.54, 99.87, 95.76, 77.69, 68.78, 26.27, 25.93, —0.27;
IR (thin film) 2990, 2964, 2882, 2140, 1557, 1458, 1381, 1373,
1253, 1222, 1154, 1069, 969, 886, 845, 808, 760, 729, 702, 636,
555 cm™'; HRMS (EI, 70 eV) m/z: caled for C4HyoBr,0,Si, M*,
405.9599; found, 405.9636.
(28,3E)-6,6-Dibromo-3-trimethylsilylethynyl-3,5-hexadiene-
1,2-diol (33). A solution of acetonide 30 (26.2 g, 64.3 mmol) in
methanol (175 mL) was treated with 4-toluenesulfonic acid mono-
hydrate (6.12 g) at room temperature. The reaction mixture was
stirred for 48 h at this temperature, and the solvent was removed.
The residue was diluted with ether (200 mL), and washed with
saturated aqueous sodium hydrogencarbonate (20 mL). The aque-
ous layer was extracted with ether (100 mL X 2), and the com-
bined organic layer was washed with water (20 mL), then brine,
dried over anhydrous magnesium sulfate, filtered, and concentrat-
ed. The remaining residue was purified by column chromatogra-
phy (silica-gel, hexane /ethyl acetate, 50/1) to yield diol 33 (22.9
g, 97%) as a colorless amorphous solid. 33: R, 0.48 (hexane/ethyl
acetate, 3/1); [a]F —4.11° (¢ 1.02, CHCl;); 'H NMR (200 MHz,
CDCl3) 6§ 742 (1H, d, J = 10.7 Hz), 6.64 (1H, dd, J = 10.7, 1.0
Hz), 4.27 (1H, m), 3.84 (1H, brd, J = 10.9 Hz), 3.65 (1H, brdd, J
=10.9, 7.0 Hz), 3.31 (1H, brd, J = 5.3 Hz), 2.78 (1H, brs), 0.23
(9H, s); *C NMR (50 MHz, CDCl;) § 134.48, 132.25, 126.72,
106.24, 100.02, 95.76, 74.03, 65.50, —0.22; IR (thin film) 3374,
3024, 2962, 2900, 2142, 1551, 1410, 1311, 1253, 1178, 1125,
1089, 1046, 984, 932, 843, 801, 760, 741, 702, 638, 543 cm™!;
HRMS (EI, 70 eV) m/z: calcd for C;H,sBr,0,Si, M*, 365.9286;
found, 365.9281.
(35,3E)-6,6-Dibromo-1-¢-butyldimethylsilyloxy-3-trimethyl-
silylethynyl-3,5-hexadien-2-ol (34). To a solution of diol 33
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(22.4 g, 60.8 mmol) in CH,Cl, (160 mL) were was added #-bu-
tyldimethylsilyl chloride (10.1 g, 66.8 mmol), 4-dimethylami-
nopyridine (0.371 g, 3.04 mmol), and triethylamine (14.3 mL, 102
mmol) at 0 °C. The reaction mixture was allowed to warm to
room temperature and then stirred for 19 h. The solution was di-
luted with ether (240 mL) and washed with water (50 mL). The
aqueous layer was extracted with ether (40 mL X 2), and the com-
bined organic layer was washed with brine, dried over anhydrous
magnesium sulfate, filtered, and concentrated. The remaining oil
was purified by column chromatography (silica-gel, hexane/ethyl
acetate, 20/1) to yield 34 (26.4 g, 90%) as a colorless oil. 34: R,
0.42 (hexane/ethyl acetate, 6/1); [a]E —19.5° (¢ 1.02, CHCl;); 'H
NMR (200 MHz, CDCl;) 6 7.43 (1H, d, J = 10.7 Hz), 6.65 (1H,
dd, J = 10.7, 1.5 Hz), 4.20 (1H, m), 3.85 (1H, dd, J = 10.1, 3.8
Hz), 3.64 (1H, brdd, J = 10.1, 6.3 Hz), 0.90 (9H, s), 0.23 (9H, s),
0.082 (3H, s), 0.075 (3H,s); '*C NMR (50 MHz, CDCl;) & 134.70,
131.96, 127.15, 105.46, 100.51, 94.99, 73.57, 65.70, 25.85, 18.32,
—0.19, —5.37; IR (thin film) 3412, 2960, 2930, 2886, 2862, 2144,
1549, 1473, 1392, 1363, 1309, 1253, 1180, 1114, 1006, 934, 843,
779, 760, 700, 638, 420 cm™'; HRMS (EL, 70 eV) m/z: calcd for
C7H30Br,02Si,, M*, 480.0151; found, 480.0161.
(2S,3E)-1-t-Butyldimethylsilyloxy-3-trimethylsilylethynyl-
hex-3-ene-5-yn-2-ol (35). To a solution of 1,1-dibromoalkene
34 (26.4 g, 54.8 mmol) in THF (556 mL) was added dropwise a
solution of n-butyllithium (1.56 M) in hexane (110 mL, 0.172
mol) was added dropwise over 30 min at —100 °C. The mixture
was stirred at this temperature for 0.5 h and quenched with satu-
rated aqueous ammonium chloride (80 mL). After separation of
the layers, the aqueous layer was extracted with ether (40 mL),
and the combined organic layer was washed with saturated aque-
ous ammonium chloride (40 mL) and brine, dried over anhydrous
magnesium sulfate, filtered, and concentrated. The remaining oil
was purified by column chromatography (silica-gel, hexane/ethyl
acetate, 50/1) to yield 35 (16.4 g, 93%) as a colorless amorphous
solid. 35: R;0.52 (hexane/ethyl acetate, 6/1); [e]B +23.6° (¢ 0.90,
CHCl3); "H NMR (400 MHz, CDCl3) §6.09 (1H, dd, J = 2.4, 2.0
Hz),4.23 (1H, m), 3.87 (1H, dd, J = 10.2, 3.9 Hz), 3.64 (1H, dd, J
=10.2,6.4 Hz),3.31 (1H, dd, J = 2.4, 0.8 Hz), 2.76 (1H, brd, J =
4.4 Hz), 0.90 (9H, s), 0.22 (9H, s), 0.09 (3H, s), 0.08 (3H, s); 1*C
NMR (100 MHz, CDCls) 6 135.86, 114.92, 104.66, 100.63, 84.32,
80.84, 73.32, 65.75, 25.82, 18.30, —0.20, —5.38, —5.44; IR (thin
film) 3454, 3318, 2960, 2932, 2862, 2148, 1473, 1392, 1363,
1309, 1253, 1114, 1007, 891, 841, 779, 762, 698, 634 cm™';
HRMS (EI, 70 eV) mi/z: caled for Cj7H300,Si,, M*, 322.1784;
found, 322.1770.
(35,4R)-3,4-Epoxy-3-[(1R)-1,2-isopropylidenedioxyethyl]-1-
trimethylsilyl-1,5-hexadiyne (38). To a suspension of pow-
dered molecular sieves 4A (45.8 g) in CH,Cl, (400 mL) cooled at
—23 °C, was added titanium(IV) isopropoxide (72.0 mL, 0.244
mol) and D-(—)-diethyl tartrate (45.9 mL, 0.269 mol), and the
mixture was stirred for 20 min. To the stirred solution at —23 °C
were added a solution of enediyne 35 (73.3 g, 0.227 mmol) in
CH,Cl, (160 mL) and then a solution of 7-butyl hydroperoxide (5
M) in CH,Cl, (260 mL, 1.30 mol) was added. The reaction mix-
ture was stirred for 96 h while maintaining the temperature at —23
°C. The reaction was quenched with saturated aqueous sodium
thiosulfate (1000 mL), and the solution was diluted with ether
(1200 mL) and washed with water (300 mL). The precipitate was
filtered and washed with ether. After separation of layers, the
aqueous layer was extracted with ether (700 mL), and the com-
bined organic layers were washed with brine, dried over anhy-
drous magnesium sulfate, filtered, and concentrated. After the re-
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maining oil was dissolved in THF (240 mL) and cooled to 0 °C,
acetic acid (30 mL) and water (120 mL) were added to the mix-
ture. The reaction mixture was allowed to warm to room tempera-
ture and was then stirred for 17 h. The solution was diluted with
ether (300 mL), then cooled to 0 °C, and quenched with saturated
aqueous sodium bicarbonate (750 mL). The aqueous layer was
separated and extracted with ether (120 mL X 2). The combined
organic layers were washed with brine, dried over anhydrous mag-
nesium sulfate, filtered, and evaporated. After purification
through column chromatography (silica, hexane/ethyl acetate, 2.8/
1), the corresponding epoxy diol was dissolved in CH,Cl, (450
mL). The solution was treated with a mixture of 2,2-dimethox-
ypropane (81.0 mL, 0.659 mol) and pyridinium 4-toluene-
sulfonate (5.77 g, 23.0 mmol) at room temperature. The mixture
was stirred for 18 h at this temperature, followed by refluxing with
molecular sieves 4A for 2 h. After cooling to room temperature,
the solution was diluted with hexane (400 mL), and washed with
water (100 mL) and saturated aqueous sodium hydrogencarbonate
(60 mL). The aqueous layer was extracted with hexane (120 mL),
and the combined organic layers were washed with brine, dried
over anhydrous magnesium sulfate, filtered, and concentrated.
The remaining residue was purified by column chromatography
(silica-gel, hexane/ethyl acetate, 80/1 — 60/1) to yield 38 (39.9 g,
66%) as a colorless oil. 38: R, 0.43 (hexane/ethyl acetate, 6/1);
[a]¥ +65.8° (¢ 1.05, CHCl3); 'TH NMR (200 MHz, CDCly) §4.21
(1H, dd, J = 8.6, 6.7 Hz), 4.10 (1H, dd, J = 8.6, 6.1 Hz), 4.01 (1H,
t,J = 6.6 Hz), 3.63 (1H, d, J = 1.6 Hz), 2.47 (1H, d, J = 1.6 Hz),
1.45 (3H, s), 1.35 (3H, s), 0.18 (9H, s); *C NMR (50 MHz,
CDCl3) 6 110.95, 97.69, 93.81, 77.53, 75.80, 74.62, 67.05, 57.87,
49.52,26.06, 25.28, —0.42; IR (thin film) 3288, 2992, 2966, 2904,
2182, 2132, 1458, 1375, 1253, 1218, 1156, 1077, 1009, 951, 847,
762, 702, 663, 586, 540, 509, 426 cm™!; HRMS (EI, 70 V) m/z:
calcd for C4H,005Si, M, 264.1182; found, 264.1183.

(3R 45)-3,4-Epoxy-4-[(1R)-1,2-isopropylidenedioxyethyl]-1-
triethylsilyl-1,5-hexadiyne (6). To a solution of alkyne 38 (39.9
g, 0.151 mol) in THF (600 mL) was added a solution of n-butyl-
lithium (1.56 M) in hexane (107 mL, 0.167 mol) dropwise over 20
min at —100 °C. After stirring for 30 min at this temperature, the
mixture was treated with triethylsilyl chloride (30.5 mL, 0.182
mol), and then stirred for a further 30 min. The reaction was
quenched with water (120 mL), and the solution was allowed to
warm to room temperature. The separated aqueous layer was ex-
tracted with hexane (80 mL), and the combined organic layer was
washed with brine, dried over anhydrous magnesium sulfate, fil-
tered, and evaporated. The residue obtained was dissolved in
methanol (400 mL), and then the solution was treated with potas-
sium fluoride dihydrate (14.4 g, 0.152 mol) at —10 °C. After stir-
ring for 36 h at this temperature, the reaction was diluted with
hexane (600 mL) and then quenched with water (200 mL). After
separation of layers, the aqueous layer was extracted with hexane
(200 mL X 2), and the combined organic layer was washed with
brine, dried over anhydrous magnesium sulfate, filtered, and con-
centrated. The remaining oil was purified by column chromatog-
raphy (silica-gel, hexane /ethyl acetate, 100/1 — 50/1) to yield 6
(34.5 g, 81%) as a colorless oil. 6: R;0.56 (hexane/ethyl acetate,
6/1); [a]} +64.5° (¢ 1.00, CHCI3); '"H NMR (400 MHz, CDCl;) &
4.21 (1H, dd, J = 8.6, 6.7 Hz), 4.10 (1H, dd, J = 8.6, 6.2 Hz),
4.05 (1H, t, J = 6.4 Hz), 3.63 (1H, s), 2.47 (1H, s), 1.47 (3H, s),
1.35 (3H, s), 0.99 9H, t, J = 7.8 Hz), 0.61 (6H, q, J = 7.8 Hz);
3C NMR (100 MHz, CDCly) § 110.97, 99.41, 90.29, 77.16,
75.79, 7541, 66.82, 57.89, 49.85, 26.03, 25.11, 7.30, 4.08; IR
(thin film) 3284, 2960, 2916, 2880, 2188, 2130, 1460, 1375, 1263,



1006 Bull. Chem. Soc. Jpn., 74, No. 6 (2001)

1218, 1156, 1077, 1019, 967, 949, 891, 855, 824, 739, 576, 513,
416 cm™'; HRMS (EI, 70 eV) m/z: caled for Ci7H,605S1, M™,
306.1652; found, 306.1644.

(4S,5R)-4-A cetoxy-5-t-butyldimethylsilyloxy-2-iodo-2-cyclo-
penten-1-one (39). To a solution of cyclopentenone (—)-7 (5.94
g, 22.0 mmol) in carbon tetrachloride (25 mL) and pyridine (25
mL) was added dropwise a solution of iodine (11.15 g, 43.9
mmol) in carbon tetrachloride (40 mL) and pyridine (40 mL) at 0
°C. The reaction mixture was allowed to warm to room tempera-
ture and then stirred for 4 h. The mixture was diluted with ether
(200 mL) and washed with water (150 mL). The separated aque-
ous layer was extracted with ether (100 mL X 2), and the com-
bined organic extracts were washed with 1 M HCI (150 mL X 2),
water (100 mL), and saturated Na,S,05; (60 mL), and dried over
anhydrous magnesium sulfate. After filtration and concentration,
the remaining oil was purified by flash column chromatography
(silica-gel, hexane/ethyl acetate, 10/1) to yield iodocyclopenenone
39 (8.41 g, 96.6%) as a pale yellow oil. 39: R;0.70 (hexane/ethyl
acetate, 3/1); [a]} —143.9° (¢ 1.02, CHCl;); 'H NMR (200 MHz,
CDCl;) 67.79 (1H, d, J = 2.7 Hz), 5.60 (1H, dd, J = 2.8,2.2 Hz),
4.33 (1H, d, J = 2.8 Hz), 2.14 (3H, s), 0.92 (9H, s), 0.18 (3H, s),
0.14 (3H, s); ®C NMR (50 MHz, CDCl;) § 196.56, 169.96,
160.94, 103.83, 79.84, 75.65, 25.50, 20.65, 18.21, —4.56, —5.39;
IR (thin film) 2958, 2934, 2888, 2862, 1744, 1576, 1473, 1373,
1255, 1228, 1168, 1141, 1087, 1036, 980, 888, 841, 783, 756,
698, 677, 547 cm™'; HRMS (EI, 70 eV) m/z: caled for
CoH ,10,Si, M — C4Hg)*, 338.9550; found, 338.9546.

(1R 4R ,55)-4-Acetoxy-1,5-bis(z-butyldimethylsilyloxy)-2-
iodo-2-cyclopentene-1-carbonitrile (40). Cyclopentenone 39
(5.15 g, 13.0 mmol) was azeotroped with toluene (10 mL X 3). A
solution of enone 39 in CH,Cl, (26 mL) was treated with #-bu-
tyldimethylsilyl cyanide (2.87 g, 20.3 mmol) and then anhydrous
Znl, (1.09 g, 3.40 mmol) at room temperature and stirred for 42 h.
The mixture was diluted with ether (100 mL) and quenched with
water (10 mL). The aqueous layer was extracted with ether (10
mL X 3), and the combined organic layers were washed with
brine (8 mL), then dried over anhydrous magnesium sulfate. Puri-
fication by flash column chromatography (silica-gel, hexane/ethyl
acetate, hexane — 40/1 — 30/1) provided nitrile 40 (6.71 g,
95.9%) as a colorless oil. 40: R;0.68 (hexane/ethyl acetate, 6/1);
[0]F —76.8° (c 1.05, CHCl;); 'H NMR (200 MHz, CDCl;) § 6.46
(1H, dd, J = 2.0, 0.7 Hz), 5.22 (1H, dd, J = 4.1, 2.0 Hz), 4.29
(1H, dd, J = 4.1, 0.7 Hz), 2.09 (3H, s), 0.95 (9H, s), 0.94 (9H, s),
0.44 (3H, s), 0.30 (3H, s), 0.18 (3H, 5), 0.12 (3H, s); *C NMR (50
MHz, CDCl3) 6 169.98, 141.20, 116.32, 103.63, 84.44, 81.87,
25.72, 25.50, 20.73, 18.13, 18.02, —2.78, —3.01, —4.20, —4.82;
IR (thin film) 2960, 2934, 2900, 2862, 1750, 1473, 1392, 1365,
1255, 1228, 1143, 1081, 1027, 980, 940, 876, 841, 783, 679 cm™!;
HRMS (EI, 70 eV) mlz: calcd for C19H33IN04Si2, (M - CH3)+,
522.0992; found, 522.0994.

(1R 4R ,55)-1,5-Bis(¢-butyldimethylsilyloxy)-2-cyclopentene-
1-carbonitrile (41). To a solution of acetate 40 (6.62 g, 12.32
mmol) in methanol (26 mL) was added K,CO; (435.0 mg, 3.15
mmol) at room temperature. The reaction mixture turned black
immediately and was stirred for 2 h. The solvent was removed un-
der aspirator vacuum and the residue was dissolved in ether (50
mL) and water (10 mL). After separation of the phases, the aque-
ous layer was extracted with ether (10 mL X 2). The combined
organic extracts were washed with brine (5 mL), dried over anhy-
drous magnesium sulfate, filtered, and concentrated. The remain-
ing residue was purified by flash column chromatography (silica-
gel, hexane/ethyl acetate, 20/1) to yield alcohol 41 (5.23 g, 85.6%)
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as a colorless amorphous solid. 41: R;0.46 (hexane/ethyl acetate,
6/1); [a]} —14.4° (¢ 1.00, CHCI3); '"H NMR (200 MHz, CDCl;) &
6.43 (1H, dd, J = 2.0, 0.5 Hz), 4.42 (1H, ddd, J = 8.0, 4.2, 2.0
Hz), 4.07 (1H, dd, J = 4.2, 0.5 Hz), 2.00 (1H, d, J = 8.0 Hz), 0.96
(9H, s), 0.93 (9H, s), 0.42 (3H, s), 0.29 (3H, s), 0.20 (3H, s), 0.18
(3H, s); C NMR (50 MHz, CDCl;) § 144.85, 116.62, 101.68,
88.03, 84.57, 80.51, 25.85, 25.55, 18.13, 18.10, —2.85, —2.99,
—3.92, —4.85; IR (thin film) 3458, 2934, 2902, 2862, 2248, 1597,
1473, 1408, 1365, 1311, 1259, 1195, 1151, 1110, 1067, 1031,
1007, 977, 940, 839, 783 cm™'; HRMS (EI, 70 eV) m/z: calcd for
C7H33INO;Si,, (M — CH3) ™", 480.0886; found, 480.0882.
(1R,4R,5S5)-1,5-Bis(¢-butyldimethylsilyloxy)-2-iodo-4-meth-
oxymethoxy-2-cyclopentene-1-carbonitrile (5). A solution of
alcohol 41 (1.10 g, 2.22 mmol) in CH,Cl, (2.2 mL) at 0 °C was
treated with diisopropylethylamine (1.16 mL, 6.66 mmol) and
chloromethyl methyl ether (253 pL, 3.33 mmol), stirred at 0 °C for
30 min and then refluxed at 40 °C for 4 h. After cooling to room
temperature, the mixture was concentrated in vacuo and the resi-
due was dissolved in ether (30 mL). The solution was washed
with saturated NH4CI (10 mL), and the aqueous layer was extract-
ed with ether (10 mL X 2). The combined organic extracts were
washed with brine (8 mL), dried over anhydrous magnesium sul-
fate, filtered, concentrated, and purified by flash column chroma-
tography (silica-gel, hexane/ethyl acetate, 50/1) to yield ether 5
(1.19 g,99.3%). 5: R;0.74 (hexane/ethyl acetate, 6/1); [a]5 —9.8°
(c 1.01, CHCl5); 'H NMR (400 MHz, CDCls) § 6.54 (1H, dd, J =
1.6, 0.4 Hz), 4.72 (1H, d, J = 6.8 Hz), 4.68 (1H, d, J = 6.8 Hz),
4.20 (1H, dd, J = 4.4, 1.6 Hz), 4.18 (1H, dd, J = 4.4, 0.4 Hz),
3.39 (3H, s), 0.96 (9H, s), 0.93 (9H, s), 0.44 (3H, s), 0.29 (3H, s),
0.17 (3H, s), 0.14 (3H, s); *C NMR (100 MHz, CDCL3) § 144.31,
116.64, 101.44, 97.39, 87.50, 86.16, 83.75, 55.78, 25.83, 25.59,
18.20, 18.06, —2.54, —2.88, —4.00, —4.76; IR (thin film) 2934,
2862, 1603, 1473, 1365, 1305, 1257, 1216, 1152, 1038, 1000,
940, 920, 841, 781, 712, 679 cm™"; HRMS (EI, 70 eV) m/z: calcd
for C19H35INO4Si2, (M - CH3)+, 524.1 148, fOlll'ld, 524.1160.
(1R,4R,55)-1,5-Bis(z-butyldimethylsilyloxy)-2-{(3S,4R)-3,4-
epoxy-3-[(1R)-1,2-isopropylidenedioxyethyl]-6-triethylsilyl-
1,5-hexadiynyl}-4-methoxymethoxy-2-cyclopentene-1-carbo-
nitrile (44). A degassed solution of iodocyclopentene 5 (0.340
g, 0.572 mmol), alkyne 6 (0.316 g, 1.03 mmol) and N,N-diisopro-
pylethylamine (0.95 mL, 1.85 mmol) in DMF (0.9 mL) was added
to a suspension of bis(acetonitorile)dichloropalladium(Il) (15.3
mg, 59.0 umol) and copper(l) iodide (22.5 mg, 0.118 mmol) in
DMF (1.0 mL) at room temperature. After stirring for 1 h, the re-
action was quenched with saturated aqueous ammonium chloride,
diluted with ether, and the aqueous layer was extracted with ether.
The combined organics were washed with brine, dried over anhy-
drous magnesium sulfate, and concentrated. The residue was pu-
rified by flash column chromatography (silica-gel, hexane/ethyl
acetate, 50/1) to yield enediyne 44 (0.288 g, 72%) as a colorless
oil. 44: R, 0.43 (hexane/ethyl acetate, 6/1); [e]H +21.8° (¢ 1.05,
CHCl3); 'H NMR (400 MHz, CDCl;) § 6.34 (1H, d, J = 2.0 Hz),
471 (1H,d,J = 7.2 Hz),4.67 (1H, d,J = 7.2 Hz), 4.26 (1H, dd, J
=5.0,2.0 Hz), 4.20 (1H, dd, J = 8.1, 6.4 Hz), 4.15 (1H, dd, J =
6.4, 6.0 Hz), 4.11 (1H, d, J = 5.0 Hz), 4.05 (1H, dd, J = 8.1, 6.0
Hz), 3.71 (1H, s), 3.10 (3H, s), 1.46 (3H, s), 1.35 (3H, s), 0.98
(9H, t, J = 7.9 Hz), 0.94 (9H, s), 0.92 (9H, s), 0.61 (6H, q,J = 7.9
Hz), 0.38 (3H, s), 0.29 (3H, s), 0.15 (3H, s), 0.12 (3H, s); *C
NMR (100 MHz, CDCl;) § 141.83, 126.57, 116.40, 110.99, 99.22,
97.45, 90.86, 88.65, 87.53, 84.80, 80.27, 79.93, 77.32, 75.48,
66.85, 58.27, 55.62, 49.88, 26.01, 25.73, 25.54, 25.08, 18.14,
17.97, 7.36, 7.05, —2.84, —3.09, —4.22, —4.78; IR (thin film)
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2960, 2934, 2890, 2864, 1464, 1375, 1303, 1259, 1216, 1154,
1079, 1042, 1006, 843, 783, 729, 681, 582, 435 cm™!; HRMS (EI,
70 eV) miz: caled for CiyHgO,Sis, M*, 717.3913; found,
717.3915.
(1R,4R,55)-1,5-Bis(t-butyldimethylsilyloxy)-2-{(3S,4R)-3,4-
epoxy-3-[(1R)-1,2-isopropylidenedioxyethyl]-1,5-hexadiynyl}-
4-methoxymethoxy-2-cyclopentene-1-carbonitrile (45). A so-
lution of silylalkyne 44 (0.415 g, 0.578 mmol) in methanol (7.0
mL) was treated with potassium carbonate (43.6 mg, 0.316 mmol)
at room temperature, and the mixture was stirred for 24 h. The
solvent was removed under reduced pressure, and the residue was
diluted with ether (10 mL). The solution was washed with water
(10 mL), and the aqueous layer was extracted with ether (5 mL X
2), and the combined organic extracts were washed with brine,
then dried over anhydrous magnesium sulfate. After filtration and
concentration, the remaining oil was purified by flash column
chromatography (silica-gel, hexane/ethyl acetate, 10/1) to yield
alkyne 45 (0.223 g, 64%) as a colorless oil. 45: R;0.22 (hexane/
ethyl acetate, 6/1); [a]¥ +22.4° (¢ 1.02, CHCl3); '"H NMR (600
MHz, CDCl3) 6 6.39 (1H, d, J = 2.1 Hz), 471 (IH,d, J = 6.9
Hz),4.67 (1H,d, J = 6.9 Hz), 4.26 (1H, dd, J = 4.4,2.0 Hz), 4.23
(1H, dd, J = 8.5, 6.1 Hz), 4.14 (1H, t, J = 6.1 Hz), 4.12 (1H, d, J
= 3.5 Hz), 4.07 (1H, dd, J = 8.6, 6.1 Hz), 3.70 (1H, d, J = 1.7
Hz),3.37 3H, s), 2.49 (1H, d, J = 1.7 Hz), 1.47 (3H, s), 1.35 (3H,
s), 0.94 (9H, s), 0.90 (9H, s), 0.35 (3H, s), 0.29 (3H, s), 0.16 (3H,
s), 0.13 (3H, s); '3*C NMR (150 MHz, CDCl;) § 142.30, 122.64,
116.52, 110.06, 97.30, 88.05, 87.15, 85.21, 80.99, 80.10, 77.06,
75.54, 75.41, 66.90, 58.07, 55.65, 49.37, 26.02, 25.72, 25.51,
25.08, 18.10, 17.96, —2.82, —3.19, —4.31, —4.83; IR (thin film)
3312, 2934, 2894, 2862, 1475, 1375, 1259, 1216, 1154, 1104,
1077, 1042, 1004, 978, 922, 841, 782, 677, 441 cm™'; MS (EIL, 70
eV) m/z (rel intensity) 588 (26), 546 (100), 516 (62).
(1R,4R,55)-1,5-Bis(z-butyldimethylsilyloxy)-2-{(3S,4R)-3,4-
epoxy-3-[(1R)-1,2-isopropylidenedioxyethyl]-1,5-hexadiynyl}-
4-methoxymethoxy-2-cyclopentene-1-carbaldehyde (4). To a
solution of nitrile 45 (112.5 mg, 0.186 mmol) in CH,Cl, (2 mL)
was added a solution of diisobutylalminium hydride (0.96 M) in
hexane (290 pL, 0.278 mmol) at —60 °C. The mixture was stirred
for 4 h and then allowed to warm to 0 “C. The reaction was
quenched with saturated aqueous ammonium chloride (1.0 mL);
then ethyl acetate (15 mL), saturated aqueous Rochelle salt (12
mL), and water were added to the solution. After vigorous stirring
for 2 h, the mixture turned clear and the phases were separated.
The aqueous layer was extracted with ethyl acetate (10 mL), and
the combined organic phase was washed with brine, dried over an-
hydrous magnesium sulfate, filtrated, and concentrated. The re-
maining oil was purified by flash column chromatography (silica
gel, hexane/ethyl acetate, hexane — 6/1) to yield aldehyde 4
(107.80 mg, 95%) as a colorless oil. (Aldehyde 4): R;0.22 (hex-
ane/ethyl acetate, 6/1); [c]® —39.8° (¢ 1.13, CHCl3); '"H NMR
(200 MHz, CDCl3) 6 9.37 (1H, s), 6.50 (1H, t, J = 1.6 Hz), 4.74
(1H,d,J = 6.9 Hz),4.69 (1H,d,J = 6.9 Hz), 434 2H,d,J = 1.6
Hz), 4.24-3.88 (3H, m), 3.66 (1H, d, J/ = 1.9 Hz), 3.40 (3H, s),
2.42 (1H, d, J = 1.9 Hz), 1.44 (3H, s), 1.35 (3H, s), 0.93 (9H, s),
0.84 (9H, s), 0.23 (3H, s), 0.22 (3H, s), 0.09 (3H, s), 0.06 (3H, s);
3C NMR (50 MHz, CDCl;) & 198.12, 143.18, 125.69, 110.95,
97.26, 92.02, 89.53, 87.05, 86.00, 81.26, 77.24,, 75.37, 75.15,
66.84, 58.01, 55.63, 49.23, 25.90, 25.61, 25.50, 25.07, 18.55,
17.83, —2.05, —2.29, —4.41, —5.18; IR (thin film) 3314, 2934,
2894, 2862, 1746, 1475, 1375, 1257, 1216, 1154, 1102, 1077,
1042, 1006, 922, 841, 781, 677, 433, 414 cm™'; HRMS (EI, 70
eV) m/z: caled for C3HsoOsSin, M ™, 606.3044; found, 606.3041.
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(1R,2R,5R,6S,11R,125)-1,12-Bis(t-butyldimethylsilyloxy)-
5,6-epoxy-6-[(1R)-1,2-isopropylidenedioxyethyl]-11-meth-
oxymethoxybicyclo[7.3.0]dodec-9-ene-3,7-diyn-2-ol (3). A
suspension of anhydrous cerium chloride (520.1 mg, 2.11 mmol)
in THF (10 mL, freshly distilled from sodium-benzophenone) was
initially stirred over 12 h. To a separate solution of butyllithium
(1.56 M) in hexane (1.60 mL, 2.50 mmol) was added hexamethyl-
disilazane (680 uL, 3.22 mmol) dropwise at 0 °C. The solution of
lithium amide was stirred for 30 min and then added to the sus-
pension of cerium(IIT) chloride at —40 °C. The mixture was al-
lowed to warm to —20 °C gradually and then stirred for 1 h. To
the mixture of cerium chloride and lithium amide was added a so-
lution of aldehyde 4 (107.8 mg, 0.178 mmol) in THF (35 mL)
dropwise at —20 °C. After stirring for 40 min, the reaction was
quenched with saturated aqueous ammonium chloride; the precip-
itate which formed was filtered off and then washed with ethyl ac-
etate. The filtrate was washed with saturated aqueous ammonium
chloride and the aqueous layer was extracted with ethyl acetate.
The combined organic extracts were washed with brine, dried over
anhydrous magnesium sulfate, filtered, then concentrated, and the
remaining residue was purified by flash column chromatography
(florisil, hexane/ethyl acetate, 10/1) to yield the desired bicyc-
lo[7.3.0]dodecenediyne 3 (75.5 mg, 70%) as a colorless oil. 3: Ry
0.18 (hexane/ethyl acetate, 6/1); [o]E —19.8° (¢ 1.10, CHCI3); 1H
NMR (600 MHz, CDCl3) 6 6.32 (1H, t, J = 1.3 Hz, C12H), 4.71
(1H, d, J = 6.8 Hz, OCH,0OCH;), 4.68 (1H, d, J = 6.8 Hz,
OCH,0CH;), 447 (1H, dd, J = 4.7, 1.6 Hz, C8H), 4.26 (1H, t, J
= 6.7 Hz, C1’'H), 4.246 (1H, dd, J = 5.0, 1.3 Hz, C11H), 4.243
(1H, d, J = 5.0 Hz, C10H), 4.20 (1H, dd, J = 8.4, 6.7 Hz, C2'H),
4.04 (1H, dd, J = 8.4, 6.7 Hz, C2’H), 3.58 (IH, d, J = 1.6
Hz,C5H), 3.37 (3H, s, OCH,—~OCH,), 2.88 (1H, d, / = 4.6 Hz,
C80OH), 1.39 (3H, s, C(CHj3)y), 1.35 (3H, s, C(CHs),), 0.91 (9H, s,
Si(CH3),C(CHj3)3), 0.90 (9H, s, Si(CH3),C(CHs);), 0.19 (3H, s,
Si(CH;),C(CH,);), 0.17 (3H, s, Si(CH;3),C(CH3);), 0.14 (3H, s,
Si(CH3),C(CH,)3), 0.12 (3H, s, Si(CH3),C(CHs)3); *C NMR (150
MHz, CDCl;) 6 137.85, 127.53, 110.78, 97.00, 96.10, 88.55,
88.49, 88.42, 87.35, 87.19, 85.43, 74.60, 67.65, 67.03, 63.73,
55.55, 53.54, 26.18, 25.80, 25.66, 25.23, 18.31, 17.91, —2.18,
—2.66, —4.41, —5.00; IR (thin film) 3524, 2934, 2892, 2862,
1744, 1473, 1375, 1257, 1216, 1152, 1100, 1040, 1006, 965, 920,
839, 758, 677, 565, 507 cm™'; HRMS (EI, 70 eV) m/z: calcd for
C3H5005S1;, M™, 606.3044; found, 606.3056.

We thank Amano Pharmaceutical Co. Ltd. for generous gifts
of lipases and Dr. Martin J. Lear for his correction of the
manuscript. We gratefully acknowledge that the measure-
ments of elemental analysis, 400 & 600 MHz NMR and mass
spectrum were supported by the Instrumental Analysis Center
for Chemistry, Guraduate School of Science, Tohoku Universi-

ty.

References

1 a) K. Edo, M. Mizugaki, Y. Koide, H. Seto, K. Furihata, N.
Otake, and N. Ishida, Tetrahedron Lett., 26, 331 (1985). b) A. G.
Myers, P. J. Proteau, and T. M. Handel, J. Am. Chem. Soc., 110,
7212 (1988).

2 a)J.E. Leet, D. R. Schroeder, D. R. Langley, K. L. Colson,
S. Huang, S. E. Klohr, M. S. Lee, J.Golik, S. J. Hofstead, T. W.
Doyle, and J. A. Matson, J. Am. Chem. Soc., 115, 8432 (1993). b)
S. Kawata, S. Ashizawa, and M. Hirama, J. Am. Chem. Soc., 119,



1008 Bull. Chem. Soc. Jpn., 74, No. 6 (2001)

12012 (1997).

3 K. Toyama, S. Iguchi, T. Oishi, and M. Hirama, Synlett,
1995, 1243.

4 For synthetic studies of trans-4,5-dihydroxy-2-cyclopent-
en-1-one derivatives: a) H. C. Kolb and H. M. R. Hoffmann,
Tetrahedorn: Asymmetry, 1,237 (1990). See also S. Caddick and
S. Khan, J. Chem. Soc., Chem. Commun., 1995, 1971. b) C. R.
Johnson, B. M. Nerurkar, A. Golebiowski, H. Sundram, and J. L.
Esker, J. Chem. Soc., Chem. Commun., 1995, 1139.

5 For synthetic studies of neocazinostatin and kedarcidin
chromophore: a) P. A. Wender, M. Harmata,; D. Jeftrey, C. Mukai,
and J. Suffert, Tetrahedron Lett., 29, 909 (1988). b) A. G. Myers,
P. M. Harrington, and E. Y. Kuo, J. Am. Chem. Soc., 113, 694
(1991). ¢) M. Hirama, T. Gomibuchi, K. Fujiwara, Y. Sugiura, and
M. Uesugi, J. Am. Chem. Soc., 113, 9851 (1991). d) A. G. Myers,
P. M. Harrington, and B.-M. Kwon, J. Am. Chem. Soc., 114, 1086
(1992). e) T. Takahashi, H. Tanaka, Y. Hirai, T. Doi, H. Yamada, T.
Shiraki, and Y. Sugiura, Angew. Chem., Int. Ed. Engl., 32, 1657
(1993). f) K. lida and M. Hirama, J. Am. Chem. Soc., 116, 10310
(1994). g) K. lida and M. Hirama, J. Am. Chem. Soc., 117, 8875
(1995). h) P. Magnus, R. Carter, M. Davies, J. Eliott, and T.
Pitterna, Tetrahedron, 52, 6283 (1996). i) I. Sato, Y. Akahori, K.
Iida, and M. Hirama, Tetrahedron Lett., 37, 5135 (1996). j) M.
Eckhardt and R. Briickner, Angew. Chem., Int. Ed. Engl., 35, 1093
(1996). k) K. Mikami, F. Feng, H. Matsueda, A. Yoshida, and D.
S. Grierson, Synlett, 1996, 883. 1) A. G. Myers, M. Hammond, Y.
Wu, J.-N. Xiang, P. M. Harrington, and E. Y. Kuo, J. Am. Chem.
Soc., 118, 10006 (1996). m) S. Kawata, F. Yoshimura, J. Irie, H.
Ehara, and M. Hirama, Synlett, 1997, 250. n) S. Caddick and V.
M. Delisser, Tetrahedron Lett., 38, 2355 (1997). o) H. Tanaka, H.
Yamada, A. Matsuda, and T. Takahashi, Synlett, 1997, 381. p) F.
Yoshimura, S. Kawata, and M. Hirama, Tetrahedron Lett., 40,
8281 (1999). q) A. G. Myers and S. D. Goldberg, Angew. Chem.,
Int. Ed. Engl., 39, 2732 (2000).

6 Very recently, the total synthesis of the (+)-neocarzinosta-
tin chromophore has been reported: A. G. Myers, J. Liang, M.
Hammond, P. M. Harrington, Y. Wu, and E. Y. Kuo, J. Am. Chem.
Soc., 120, 5319 (1998).

7 R.S.Reddy, S. Iguchi, S. Kobayashi, and M. Hirama, 7et-
rahedron Lett., 37, 9335 (1996).

8 For related enzymatic desymmetrization of meso com-
pounds, see: C. R. Johnson, A. Golebiowski, D. H. Steensma, and
M. A. Scialdone, J. Org. Chem., 58, 7185 (1993).

9 J. B. Macaulay and A. G. Fallis, J. Am. Chem. Soc., 112,
1136 (1990).

HEADLINE ARTICLES

10 While trimethylsilyl cyclopentadiene is known to undergo
a temperature-dependent 1,2-migration of the trimethylsilyl group
onto an sp>-carbon, it exists mostly at 0 °C as 5-silyl-1,3-cyclo-
pentadiene (> 90%). See: a) C. S. Kraihanzel and M. L. Losee, J.
Am. Chem. Soc., 90, 4701 (1968). b) K. C. Frisch, J. Am. Chem.
Soc., 75, 6050 (1953). ¢) H. P. Fritz and C. G. Kreiter, J. Orga-
nomet. Chem., 4, 313 (1965).

11 a) K. Tamao, N. Ishida, T. Tanaka, and M. Kumada, Orga-
nomet., 2, 1694 (1983). b) K. Tamao and N. Ishida, J. Organomet.
Chem., 269, C37 (1984). ¢) K. Tamao, N. Ishida, Y. Ito, and M.
Kumada, Org. Synth., 69, 96 (1990).

12 a) H.-F. Chow and 1. Fleming, Tetrahedron Lett., 26, 397
(1985). b) 1. Fleming, J. H. M. Hill, D. Parker, and D. Waterson, J.
Chem. Soc., Chem. Commun., 1985, 318.

13 Enantiomeric excesses were determined to be > 99% ee by
HPLC analysis of the corresponding benzoate derivatives
(CHIRALCEL OD: DAICEL, eluent: hexane/i-PrOH = 40/1).

14 a) D. B. Dess and J. C. Martin, J. Am. Chem. Soc., 113,
7277 (1991). b) R. E. Ireland and L. Liu, J. Org. Chem., 58, 2899
(1993). ¢) S. D. Meyer and S. L. Schreiber, J. Org. Chem., 59,
7549 (1994).

15 The absolute configuration of (—)-7 was determined by
comparison with an authentic sample synthesized from (3R,4R)-2-
acetoxycyclopent-3-en-1-ol (—)-47, which was further trans-
formed to the known (1R, 2R)-1,2-cyclopentanediol (—)-46
(Scheme 9), see: Z.-F. Xie, H. Suemune, I. Nakamura, and K.
Sakai, Chem. Pharm. Bull., 35, 4454 (1987).

16 a) E.J. Corey and P. L. Fuchs, Tetrahedron Lett., 13, 3769
(1972). b) D. Grandjean, P. Pale, and J. Chuche, Tetrahedron
Lett., 35,3529 (1994).

17 C. R. Johnson, J. P. Adams, M. P. Braun, C. B. W.
Senanayake, P. M. Wovkulich, and M. R. Uskokovic, Tetrahedron
Lett., 33,917 (1992).

18 M. Golinski, C. P. Brock, and D. S. Watt, J. Org. Chem.,
58, 159 (1993).

HOI.Q a,b AcO.. cde ACOI..Q
16 % 27 %
HO
(-)-46

HO TBSO ©
(--47 ()7
a) Hy, 5% Pd-C, MeOH, 19 h. b) KoCO3, MeOH, 6 h. c) TBSCI, imidazole,

DMF, 2.5 h. d) NBS, pyridine, CCly, kv, 2h. e) DMSO, NaHCOs, 50 °C,
13 h.

Scheme 9.




