J. Org. Chem. 1996, 61, 3245—3249

Tungsten-Promoted Intramolecular Annulation of Propargyl
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Metal carbonyl salts CpW(CO);Na, Re(CO)sNa, and CpFe(CO),Na were used for intramolecular
cyclization of 1-(3-bromo-1-propynyl)-2-(3-oxopropyl)benzene. Among these salts, CpW(CO)s;Na was
found to be the most effective in yielding a metalated fused #*-2,5-dihydro-3-furyl complex. To
generalize this cyclization, a number of organic substrates containing propargyl bromide and
tethered aldehyde or ketone were prepared. Cyclizations of these substrates by CpW(CO);Na
proceeded with moderate yields (50%-65%), producing fused tungsten—n!-2,5-dihydrofur-3-yl
compounds of five-, six-, and seven-membered rings. Demetalations of these organometallic products
by (NH,)>Ce(NO3z)s in CH3OH/CH,CI, under flowing CO provided fused 3-(methoxycarbonyl)-2,5-
dihydrofurans; the yields were 50—60% for most cases. Consecutive oxidations of the representative
n*-2,5-dihydrofur-3-yl complex 15 to its fused #*-2-furyl and further to n*-butenolide derivative were
accomplished in good yields. Demetalations of these two fused 5*-heterocycles were successful for
n*-butenolide but not for the #*-2-furyl derivative.
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Introduction

Metal-mediated intramolecular annulation of unsatur-
ated carbonyl halides (or pseudohalides) with ketones and
aldehydes is useful for the synthesis of complex cyclic
oxygenated molecules,'™ partially owing to the relatively
easy synthesis of these organic substrates. Typically,
low-valent metals initiate the reaction through oxidative
displacement of halides, thereby yielding reactive orga-
nometallic anion equivalents to achieve a subsequent
carbon—carbon bond-forming reaction with ketones and
aldehydes. This synthetic method proceeds well with
allyl® and vinyl halides* (Scheme 1, eqgs 1 and 2) but not
for propargyl halides for which the well-known allenic—
propargyl equilibrium of the corresponding organome-
tallic intermediates interferes (Seheme 1, eq 3).5¢ A
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recent investigation’ indicated that Pd(0)—Sml, allows
the intramolecular coupling of propargyl acetate with a
ketone to yield a-alkynylcycloalkanol smoothly; however,
the coupling with aldehydes is unsatisfactory (<20%). No
effective method is yet available to cyclize these sub-
strates chemoselectively. Selective syntheses of these
alcohols can be accomplished by the intramolecular
coupling of allenyl- or alkynylsilane with tethered ke-
tones and aldehydes®® even though the synthesis of these
silyl substrates requires extra work.

Our previous work demonstrated that in the presence
of Lewis acid CpW(CO)zNa promoted the intermolecular
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[3 + 2] cycloaddition of propargyl halides with aldehydes,
yielding #'-2,5-dihydrofuryl compounds!®!! in excellent
yields (85—90%); the intermediate was a tungsten -
propargyl species that could be isolated. In this case, the
formation of 2,5-dihydrofuran products is unprecedented
in the chemistry of metal propargyl and allenyl com-
plexes.51213 The cycloaddition, however, fails to proceed
with ketones. We now extend this methodology to an
intramolecular system to yield fused 2,5-dihydrofurans
of various types. Moreover, the cyclization applies to both
aldehydes and ketones.

Results and Discussion

Similar to CpW(CO);Na,* Re(CO)sNa and CpFe-
(CO);Na in conjunction with BF; promoted [3 + 2]
cycloaddition of propargyl bromide to aldehydes to give
metalated #*-2,5-dihydrofur-3-yl compounds in ca. 80 and
50% vyields, respectively. In an earlier report,*® these
three anions were found to be reactive toward aldehydes.
Hence, the key feature to utilize these anions for suc-
cessful intramolecular annulation relies heavily on their
kinetic differentiations toward these two functionalities.
The prerequisite is that the anion should react more
rapidly with the propargyl halides.® We first examined
the cyclization of the substrates 1a,b'® with these metal
anions; Scheme 2 summarizes the results. To achieve
the maximum effect of kinetic differentiation, a THF
solution of metal anion was slowly added to 1 in THF at
0 °C. The addition was carried out in three portions with
a 30-min interval. Monitoring the solution by silica TLC
plate showed the formation of a tungsten—»*-propargyl
complex!” that was extracted with diethyl ether and
subsequently treated with BF3;-Et,0 (0.50 equiv) at —40
°C. After 3 h, the solution was gradually warmed to 23
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Entry X M X/M (molar ratio)  products (yields)

1 Br CpW(CO)3 1.0 2a (57 %)

2 Br CpW(CO)3 0.5 2a (5 %)

3 Cl  CpW(CO)3 1.0 2a (35 %)

4 Br Re(CO)5 1.0 2b (25 %)

5 Br  CpFe(CO)2 1.0 -

(a) 0 °C, THF, 3 h, (b) BF3-Et30 (0.5 equiv), -40 °C to 0 °C, 5 h (c)
(NH4)2Ce(NO3)g (3.0 equiv), CO (1 atm), CH2Clo/CH30H, -78 °C, 2 h; -78
°C to 23 °C, 5 h.

°C and quenched with aqueous NaHCOj; solution. After
chromatography, the organometallic products 2a,b (en-
tries 1-5, Scheme 2) were shown to be bicyclic #*-2,5-
dihydro-3-furyl complexes based on spectral data and
elemental analysis. Scheme 2 shows the pathway lead-
ing to 2a,b through an allene cationic species. If 2 equiv
of CpW(CO);Na are used, the yields decrease drastically
from 57% to 5%. Such a decrease implies that the anion
reacts irreversibly with both propargyl halides and
aldehydes. As expected, propargyl bromide (1a) is su-
perior to its chloride analogue (1b) with a significant
difference in the yields (entries 1 and 3, Scheme 2). In
addition, CpW(CO)3;Na was more effective than the other
two anions (entries 4 and 5, Scheme 2); CpFe(CO),Na
failed to give the corresponding #*-propargyl species as
monitored by TLC and *H NMR spectroscopy even if 1
equiv of iron anion was used. An important feature of
the tungsten case is the lack of allenic—propargyl equi-
librium'7:18 that avoids the formation of byproducts like
n*-2,3-dihydro-4-furyl or a-alkynylcycloalkanol com-
pounds. Oxidative demetalation of 2a with (NH4)Ce(NOs)s
in CH3OH/CH,CI, under flowing CO gas afforded 3-(meth-
oxycarbonyl)-2,5-dihydrofuran 3 in 46% yield.

To expand the scope of cyclization, we have synthesized
various organic substrates listed in Table 1, some of
which are known in literature.’®® The remaining com-
pounds are not difficult to prepare; the synthetic schemes
and spectral data are listed in the supporting informa-
tion. The substrates 4—10 (entries 1—7, Table 1) were
used for the intramolecular cyclization of propargyl
halides with aldehydes, whereas 11—13 were employed
for the cyclizations with the tethered ketones (entries
8—10, Table 1). Experimental procedures for the cycliza-
tion reactions followed exactly those of 2a involving the
use of equilmolar proportions of CpW(CO)s;Na and or-
ganic substrates. In most cases, the resulting tungsten

(18) Bell, P. B.; Wojcicki, A. Inorg. Chem. 1981, 20, 1585.
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Table 1. Reaction Scheme and Isolated Yields of Tungsten—5-2,5-Dihydrofuryl Complexes and Fused
3-(Methoxycarbonyl)-2,5-dihydrofurans
Entry Substrate? L.Ab 2,5-Dihydro-3-furyl.d Unsaturated Ester®
o o,
==— (CHg)3CHO
1 Brr—( 2) — §=D 14" (66 %) §=D 24 (56 %)
4 w MeO!
/—==—(CH),CHO o
9 B LiCl104 &_O 15 (60 %) S:D 25 (58 %)
MeOC
/—==(CH)sCHO (0}
3 Br BF3Et,0 S_O 16 (50 %) }C .
6 MeO 26 (55 %)
4 Br _7 (CHz)2CHO - i—? 17' 40 %) -
. o
5 B  (CHpaCHO BF3-Et;0 g—p 18 (52%) z}——-p 27 (50 %)
8 MeO.
e O o
6 ] =8 cro BF3Et,0 g—O CS:O;
r 0 19 (55 %) MeO2 28 (54.%)
OSiEts o H o H
7 N A_cHo BF3-Et,0 ;@...osnzts _ ] \oH
10 w 20 (52 %) MeO. 29 (56 %)
Br/%— (CHz)3COMe o) e [o)
8 1 BF3Et,0 — 21 (59 %) }b 30 (55 %)
w MeO.
/—=—(CH2)4COMe o, Me o Me
9 ™ BF3-Et;0 _ 22(68%) J:O 31 (63%)
w MeO;
(CH2),COMe Me Me
o)
10 @ BFyEL0 % 23 (52%) % 214
w MeOC

13 Br

a Equimolar ratios of CpwW(CO)3Na and organic substrates were used. ? Lewis acid in equimolar proportions was used. ¢ These
organometallic compounds were purified on a silica column except 14 and 17.f 9 Isolated yields after chromatographic purification. ¢ Isolated
yields after purification by preparative silica TLC. f Compounds 14 and 17 were purified on a Florisil column at 0 °C.

ni-propargyl compounds'” were subsequently treated
with a suitable Lewis acid such as BF;Et,O or LiClO,.
The yields of #!-2,5-dihydro-3-furyl compounds 14—23 are
shown in Table 1. The tungsten n-heterocycles were
decomplexed with (NH,4),Ce(NO3)s®*® in CH;OH/CH,CI,
under flowing CO (1 atm) to afford the bicyclic unsatur-
ated esters 24—32 in the yields shown in Table 1. No
Lewis acid was required for the annulation of five-
membered rings such as 14 and 17 (entries 1 and 4, Table
1) whereas LiCIO, was sufficiently acidic to effect the
cyclization yielding 15 (entry 2, Table 1) in 60% yield.
Most of the fused 7'-2,5-hydrofur-3-yl compounds in
Table 1 were purified by chromatography through a silica
column. The exceptions were 14 and 17 that were
chromatographed through a short Florisil column at 0
°C. Entries 1—-3 are fused unfunctionalized 2,5-dihydro-
furans of five- to seven-membered rings. The molecular
structures of 15 and 16 have been determined by X-ray
diffraction studies.? The cyclization was extended to
functionalized substrates 7—10 (entries 4—9, Table 1).
Entries 4—5 (Table 1) show fused dihydrofurans contain-
ing an external =CH, bond that increases the ring strain.
Consequently, the five-membered ring product 17 was

(20) Magnuson, R. H.; Meirowitz, R.; Zulu, S.; Giering, W. P. J. Am.
Chem. Soc. 1982, 104, 5790.

slightly thermally unstable at 23 °C, and the yield is low
(40%). Oxidative demetalation of 17 by (NH,;).Ce(NO3)s
in the CH3;0OH/CH,CI,/CO system failed to produce the
corresponding 3-(methoxycarbonyl)-2,5-dihydrofuran. The
annulation reactions on 9 and 10 were examined to study
the effect of a bulky substituent; the yields of the
resulting products 19 and 20 were 55% and 52%, respec-
tively. Notably, only a single diastereomer was found
for 20 of which the cis-configuration was indicated by
proton NOE difference spectroscopy. In this case, ir-
radiation of the Cq proton signal (6 4.80 ppm) of 20 led
to an increase of the C; proton intensity (6 4.18 ppm) by
4.5%. Ce(lV) oxidation of 20 in the CH3;OH/CH,CI,/CO
system led to desilylation to give 29 in 56% yield.
Although tungsten—n!-propargyl compounds failed to
react with ketones intermolecularly, the intramolecular
annulation of 11-13 proceeded smoothly yielding #*-
dihydrofuryl compounds of five- and six-membered rings
such as 21-23 in 52—68% yields (entries 8—10, Table
1). Likewise, Ce(lV)-oxidative demetalations of 21—23

(21) Crystal data of 15, 16, and 34 including ORTEP drawing,
atomic coordinates, bond lengths and angles, and thermal parameters
have been deposited at the Cambridge Crystallographic Data Centre.
The coordinates can be obtained, on request, from the Director,
Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge,
CB2 1EZ, UK.
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aKey: W = CpW(CO)3; (i) PhsCBF4 (1.5 equiv, CHxClI, 0 °C, 1
h); (i) NaHCO3 m-CPBA (1.2 equiv, 0 °C, 1.5 h), NaOAc/HOAc;
(iii) MesNO-H20 (3.0 equiv, 23 °C, 2 h).

further provided bicyclic unsaturated ester 30—32 in 44—
63% yields.

Our previous work?® demonstrated that the tungsten—
n*-2,5-dihydro-3-furyl complex can be oxidized to »*-furyl
and further to A3-butenolide derivatives. Extending
these oxidations to fused #-2,5-dihydro-3-furyl com-
pounds is of interest. Treatment of 15 with Ph;CBF,4 (1.5
equiv) in CH.CI; (0 °C, 1.0 h) and then quenching with
NaHCO3z(aq) delivered 33 in 83% yield (Scheme 3).1° The
conversion of 15 to 33 represents an oxidative rearrange-
ment of a 5'-2,5-dihydro-3-furyl to »*-2-furyl derivative,
of which the mechanism has been elucidated previously.1%®
Subsequent oxidation of 33 with m-CPBA (2.0 equiv, 0
°C) in hexane with a NaOAc/HOAc buffer gave fused A3-
butenolides 34 in 73% yield. Further demetalation of 34
with Me;NO-H,0 (3.0 equiv) produced 35 in 75% yield.
The molecular structure of 34 was determined from an
x-ray diffraction study.?® Unfortunately, we could not
decomplex 33 with various oxidants including Ce(1V), I,
and m-CPBA to liberate one major furan. Instead, a
mixture of several organic products was produced.

In conclusion, we have demonstrated the use of CpW-
(CO);sNa for intramolecular cyclization of propargyl bro-
mides with tethered aldehydes and ketones. CpW-
(CO)sNa shows kinetic differentiation toward the two
functional groups, thereby producing functionalized -
2,5-dihydro-3-furyl complexes of five-, six-, and seven-
membered rings in moderate yields. The #!-five-mem-
bered heterocycles are demetalated by Ce(1V) oxidation
in CH,CI,/CH3;OH. Although consecutive oxidations of
n*-2,5-dihydro-3-furyl compounds to #!-2-furyl and »*-
butenolides are successful, the oxidative demetalation of
n*-2-furyl derivative is not.

Experimental Section

Unless otherwise noted, all reactions were carried out under
nitrogen atmosphere in oven-dried glassware using standard
syringe, cannula, and septa apparatus. Benzene, diethyl ether,
tetrahydrofuran, and hexane were dried with sodium ben-
zophenone and distilled before use. Dichloromethane was
dried over CaH; and distilled before use. W(CO)s, Re2(CO)10,
Cp2Fe2(CO)4, BF3-Et,0, dicyclopentadiene, propargyl alcohol,
and sodium were obtained commercially and used without
purification. Organic substrates 1a,'® 1b,'6 and 4—6'° were
prepared according to literature reports. Syntheses and
spectra data of 7-13, 15—23, 25—32, and 36—39 are listed in
the supporting information.

Elemental analyses were performed at National Cheng
Kung University, Taiwan. Mass data of tungsten and rhenium
compounds were reported according to #4W and 87Re isotopes.

General Procedure for the Intramolecular Cyclization
of Propargyl Halides with Aldehydes or Ketones. An-
nulation of 1-(3-Bromo-1-propynyl)-2-(3-oxopropyl)ben-
zene (la) with CpW(CO)sNa. W(CO)s (3.75 g, 10.7 mmol)
and NaCsHs (1.03 g, 11.8 mmol) were heated in THF (150 mL)
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for 84 h. To a THF solution (5.00 mL) of 1a (2.60 g, 10.7 mmol)
was added dropwise the above CpW(CO)sNa solution in three
portions at 30-min intervals. Monitoring the solution by silica
TLC showed the formation of an #*-propargyl species (diethyl
ether/hexane = 1/1, Ry = 0.82). The solution was stirred for 2
h at the same temperature before it was evaporated to dryness
in vacuo. The n*-propargyl species was extracted with diethyl
ether (2 x 20 mL) and filtered under a nitrogen atmosphere.
To the ether filtrate (ca. 35 mL) was added BF3;-Et,O (0.752
g, 5.30 mmol) at —40 °C, and the mixture was slowly warmed
to 0 °C over a period of 4 h. The cyclization was monitored by
silica TLC (2a, diethyl ether/hexane = 1/1, Ry = 0.51), and the
solution was added to a saturated NaHCOg; solution (10 mL).
The organic layer was separated and chromatographed through
a short silica column at 23 °C (diethyl ether/hexane = 1/1) to
yield 2a (3.07 g, 6.10 mmol, 57%) as a yellow solid (mp 97—99
°C dec): IR 2013, 1915 cm™%; *H NMR (400 MHz, CDClg) 6
7.73(d, 3 =8.9 Hz, 1H), 7.21—7.08 (m, 3H), 5.62 (s, 5 H), 4.73
(m, 1H), 4.57 (dd, J = 8.5, 4.6 Hz, 1H), 4.53 (dd, J = 8.5, 4.0
Hz, 1H), 2.98-2.86 (m, 2H), 2.20 (m, 1H), 1.71 (m, 1H); 3C
NMR (400 MHz, CDClg) 227.2, 215.9, 214.5, 144.2, 137.2,
133.4, 128.6, 126.5, 126.4, 125.2, 114.9, 91.3, 89.3, 85.2, 31.4,
28.9; MS m/z 504 (M%), 448 (M* — 2CO). Anal. Calcd for
Cx0H16WO4: C, 47.64; H, 3.20. Found: C, 47.70; H, 3.35.

Annulation of 1a with NaRe(CO)s. NaRe(CO)s (2.80 g,
8.05 mmol), 1la (2.00 g, 8.05 mmol), and BF3;-Et,O (0.570 g,
4.02 mmol) afforded 2b (1.01 g, 2.00 mmol, 25%) as a yellow
solid (mp 67—69 °C dec): IR 2120, 2050, 2008 cm™%; *H NMR
(400 MHz, CDCls) 6 7.48 (d, 3 = 7.4 Hz, 1H), 7.10—7.25 (m,
3H), 5.38 (dd, J = 12.0, 3.1 Hz, 1H), 5.29 (dd, J = 12.0, 3.1
Hz, 1H), 3.06 (ddd, J = 12.0, 6.9, 5.2 Hz, 1H), 2.84 (ddd, J =
12.4, 7.0, 5.6 Hz), 2.14 (m, 1H), 1.95 (m, 1H); *C NMR (400
MHz, CDCls) 6 212.0, 135.4, 129.3, 128.8, 127.3, 126.9, 126.3,
107.1, 81.9, 67.6, 30.7, 26.2; MS m/z 498 (M*). Anal. Calcd
for C17H11ReOs: C, 41.04; H, 2.23. Found: C, 40.90; H, 2.48.

Annulation of 7-Bromo-5-heptynal (4) with CpW-
(CO)sNa. CpW(CO)sNa (1.90 g, 5.30 mmol) and 4 (1.00 g, 5.29
mmol) afforded 14 (1.54 g, 3.50 mmol, 66%) as a yellow solid
(mp 37—39 °C dec): IR 2018, 1908 cm~%; H NMR (400 MHz,
CsDg) 6 5.10—5.13 (m, 1H m), 4.97—5.03 (dd, J = 11.0, 4.5 Hz,
1H), 4.69—4.72 (dd, J = 11.0, 3.4 Hz, 1H), 4.49 (s, 5H), 2.17—
2.22 (brt, J = 9.5 Hz, 1H), 1.84—1.97 (m, 3H), 1.68—1.81 (m,
1H), 1.41-1.51 (m, 1H); **C NMR (100 MHz, CDCls) 6 227.2,
214.9,214.8,159.3, 105.1, 94.8, 90.8, 90.5, 31.3, 24.3, 24.5; MS
m/z 442 (M%), 414 (M* — CO), 358 (M* — 3CO). Anal. Calcd
for CisH14WO4: C, 40.75; H, 3.19. Found: C, 40.88; H, 3.32.

General Procedure for Demetalations of 5*-2,5-Dihy-
dro-3-furyl Complexes. Synthesis of 3. Compound 2a
(0.20 g, 0.40 mmol) in CH,CI,/CH3OH (1/1, 3.0 mL) was cooled
to —78 °C, and CO was passed through the solution. To this
was added dropwise a solution of (NH,).Ce(NO3)s (0.66 g, 1.20
mmol) in 5 mL of CH;OH at the same temperature. The
solution was warmed to 0 °C over a period of 2 h. Monitoring
the solution by silica TLC plate showed formation of an organic
component (diethyl ether/hexane = 1/1, R = 0.56). The
solution was concentrated and purified by preparative silica
TLC toyield 3 as a colorless oil (42 mg, 0.185 mmol, 46%): IR
(Nujol) 1700, 1615 cm™%; 'H NMR (300 MHz, C¢Dg) 6 9.01 (d,
J=7.7Hz, 1H), 7.12 (t, 3 = 7.7 Hz, 1H), 7.01 (t, 3 = 7.7 Hz,
1H), 6.80 (d, J = 7.7 Hz, 1H), 5.07 (dd, J = 12.6, 5.1 Hz, 1H),
4.96 (dd, J = 12.6, 5.1 Hz), 3.28 (s, 3H), 2.51-2.43 (m, 2H),
2.11-2.02 (m, 1H), 1.82—1.68 (m, 1H); 3C NMR (75 MHz,
CDCls) 6 164.1, 148.0, 138.8, 128.0, 130.4, 130.2, 128.6, 125.9,
120.4, 86.5, 76.3, 51.5, 31.2, 28.5; HRMS calcd for C14H1303
229.0864, found 229.0861.

Synthesis of 24. Compound 14 (0.13 g, 0.298 mmol) and
(NH4).Ce(NO3)s (0.50 g, 0.90 mmol) afforded 24 as a colorless
oil (28 mg, 0.167 mmol, 56%): IR (Nujol) 1700, 1615 cm™%; *H
NMR (400 MHz, CDCls) 6 5.18—5.13 (1H, m), 5.02—4.97 (2H,
m), 3.75 (3H, s), 2.72—2.63 (1H, m), 2.39-2.32 (1H, m), 2.11—
1.98 (3H, m), 1.50—1.41 (1H, m); 1*C NMR (100 MHz, CDCls)
0164.1, 163.6, 121.3, 92.8, 80.2, 51.3, 30.6, 25.4, 22.4; HRMS
calcd for CoH1,03 168.0786, found 168.0783.

Oxidation of 15 by PhsCBF4. To a CH,Cl, (20 mL)
solution of 15 (1.00 g, 1.22 mmol) was added Ph;CBF, (0.80 g,
2.62 mmol) in CH.Cl, (3 mL) at 0 °C. The solution was stirred
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for 1 h before quenching with saturated NaHCOs. The organic
layer was separated, dried over MgSO,, and evaporated to
dryness under vacuum. The residue was eluted through a
silica column under nitrogen (diethyl ether/hexane = 1/1, R¢
= 0.87) to yield 33 (0.82 g, 1.81 mmol, 83%) as a yellow oil: IR
2018, 1924 cm™1; IH NMR (400 MHz, CDCl3) 6 6.26 (s, 1H),
5.52 (s, 5H), 2.56 (t, J = 6.2Hz, 2H), 2.30 (t, J = 6.2Hz, 2H),
1.71-1.77 (m, J = 6.2Hz, 2H), 1.60—1.66 (2H, m); 3C NMR
(100 MHz, CDCls) 6 228.5, 216.7, 158.1, 134.7, 131.4, 119.7,
92.2, 22.2, 23.6, 23.8, 21.5; MS 454 (M), 426 (M* — CO), 398
(Mt — 2CO), 370 (M* — 3CO). Anal. Calcd for Ci16H14WO4:
C, 42.30; H, 3.00. Found: C, 41.98; H, 3.20.

Oxidation of 33 by m-CPBA. To 33 (0.84 g, 1.85 mmol)
in hexane (5 mL) were added NaOAc (0.20 g, 2.4 mmol) and
HOACc (0.20 mL, 3.5 mmol). To this stirred mixture was added
m-CPBA (0.34 g, 1.95 mmol) in CH,CI; (1 mL) at 0 °C. After
being stirred for 20 min, the solution was treated with a Nay-
COs solution, and the organic layer was extracted with diethyl
ether, washed with NaHCOs (5 mL), and dried in vacuo. The
residue was chromatographed through a silica column (diethyl
ether/hexane = 1/1) to yield 34 (R; = 0.29, 0.64 g, 1.35 mmol,
73%) as an orange solid (mp 65—68 °C dec): IR 2021, 1923,
1734 cm™%; *H NMR (400 MHz, CDCls): ¢ 5.45 (s, 5H), 3.74
(s, 1H) 2.23 (t, 3 = 7.2 Hz, 2H), 2.03 (t, J = 7.2 Hz, 2H), 1.76
(m, 2H), 1.57 (m, 2H); 3C NMR (100 MHz, CDCls) § 227.5,
217.8, 216.6, 188.2, 140.9, 122.8, 92.9, 24.4, 22.7, 22.6, 22.2,
6.8; MS 470 (M%), 442 (M* — CO), 414 (M* — 2CO), 386 (M*
— 3CO). Anal. Calcd for CisH14WOs: C, 40.86; H, 2.97.
Found: C, 40.88; H, 3.15.
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Demetalation of 34 by MesNO. To a solution of 34 (0.20
g, 0.43 mmol) in CH.CI; (5 mL) were added anhydrous Mes-
NO (64 mg, 0.86 mmol) and H,O (14.4 mg, 0.80 mmol), and
the solution was stirred at 28 °C for 2 h. The residue was
treated with H,O (5 mL), and the organic layer was extracted
with diethyl ether, dried in vacuo, and eluted through a silica
column (diethyl ether/hexane = 1/1) to produce 35 (Rt = 0.63,
45 mg, 0.32 mmol, 75%) as a colorless oil: IR 2057, 1964 cm™1;
H NMR (400 MHz, CDCl3) ¢ 3.10 (m, J = 3.7 Hz, 2 H), 2.17
(td, 3 = 6.0, 3.7 Hz, 2 H), 2.00 (m, J = 7.9 Hz, 2H), 1.72 (m, J
= 6.6, 6.0 Hz, 2H), 1.63 (m, J = 7.9, 6.6 Hz, 2H); 3C NMR
(100 MHz, CDCls3) 6 176.5, 150.5, 110.5, 36.0, 22.5, 22.3, 22.1;
HRMS calcd for CgH100, 138.0680, found 138.0677.
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