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Abstract—A new, regiospecific [3 + 2) annulation approach to highly substituted 5-membered carbocycles has been
developed. The “TMS<cyclopentene annulation”™ involves the reaction of (trimethylsilyDallenes with electron-
deficient alkenes and alkynes in the presence of titanium tetrachloride to afford, in a single step, a functionalized
and highly substituted TMS-cyclopentene derivative. Annulations employing a, p-unsaturated ketones proceed
stereoselectively via suprafacial addition to the enone. Some useful transformations of the annulation products are
also described; for example, treatment with K,COs-methanol or HF in acetonitrile effects isomerization and

desilylation yielding a,8-unsaturated ketones.

The identification of the prostaglandins, steroids, and
related natural products as important synthetic targets
has stimulated the development of an impressive
methodology for the synthesis of S-membered carbocy-
cles.! Unfortunately, the design of general, single-step
{3 + 2] annulation approaches to cyclopentane derivatives
has proven to be an elusive goal.” At present there exists
no S-membered ring forming reaction which rivals in
regioselectivity, stereoselectivity, and scope of ap-
plication the highly esteemed Diels-Alder strategy for
the synthesis of cyclohexane derivatives.

Recently we described a new regiocontrolled [3+2]
annulation approach to 5-membered carbocycles involv-
ing the combination of (trimethylsilyl)allenes and elec-
tron-deficient alkenes in the presence of titanium tetra-
chloride.> A unique feature of this “TMS-cyclopentene
annulation” is its capacity to regiospecifically generate
in a single step S-membered rings substituted at each
position and functionally equipped for further synthetic
elaboration.

In this report we now provide full details of our
investigation defining the scope and stereochemical
course of the TMS-cyclopentene annulation. As for-
mulated in Eqn (1), the reaction proceeds with remark-
ably high stereoselectivity via the effective suprafacial
addition of the three carbon allene component to an
electron-deficient olefin (“allenophile™).
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RESULTS

Preparation of (trimethylsilyl)allenes
The synthetic utility of the TMS-cyclopentene annula-
tion obviously depends on the availability of efficient
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routes to (trimethylsilyl)allenes possessing a wide range
of substitution and functionality patterns. Fortunately,
considerable progress has recently been made in the
development of general synthetic approaches to (tri-
methylsilyl)allenes*® as well as specialized routes to
specific functionalized derivatives.” For this investigation
the requisite 1-substituted (trimethylsilyl)allenes 2a-e
were conveniently prepared employing the method of
Westmijze and Vermeer (Eqn 2).** Since
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no satisfactory procedure was available for the synthesis
of pure (trimethylsilyl)allene itself,® we have developed
a new approach which involves an adaptation of Hut-
chin’s method for the reductive deoxygenation of a,B8-
unsaturated carbonyl compounds.” This reaction pro-
ceeds via a concerted[1, 5] sigmatropic rearrangement of
a propargylic diazene intermediate (A) (Scheme 1) and
thus furnishes (trimethylsilylallene (6a) as well as its
3-alkyl derivatives (e.g. 6b) free of their acetylenic
isomers.

Thus, reaction of hydrocinnamyl chloride with cuprous
(trimethylsilyl)acetylide'® gave the ketone 3b, which was
converted to the tosylhydrazone 4b (81-86% overall
yield) by treatment with 1.1 equiv of TSNHNH; in
diethyl ether at 25°. Aithough reaction of 4b with sodium
cyanoborohydride according to Hutchin’s procedure led
to the formation of the pyrazole §'"'* (mp 97-98%), rear-
rangement to the desired allene 6b could be effected in
78-84% yield by employing the indicated modified pro-
cedure. (Trimethylsilyl)allene (6a) was prepared in 51%
yield from the aldehyde 32" in a similar fashion.
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Optimal conditions for the TMS-cyclopentene annulation

The TMS-cyclopentene annulation is typically carried
out by rapidly adding 1.5 equiv of distilled titanium
tetrachloride "' to a solution of the “allenophile” and
1.0-1.5equiv of a (trimethylsilyl)allene in methylene
chloride. With the more reactive allenophiles annulation
is best effected at —78° in order to minimize further
reaction of the TMS-cyclopentene products. Higher
reaction temperatures proved necessary to achieve
complete conversion in the case of the less reactive (e.g.
sterically hindered) allenophiles (vide infra). The pro-
gress of the annulation is conveniently followed by thin
layer chromatography; upon completion the reaction is
quenched by transferring the reaction mixture via can-
nula to a rapidly stirred mixture of diethyl ether and
water.

Scope of the TMS-cyclopentene annulation

Tables 1 and 2 delineate the scope of the TMS-cyclo-
pentene annulation. Addition of allene 2a to methyl vinyl
ketone proceeds smoothly at —78° to furnish the (tri-
methylsilyl)cyclopentene 7 in 71-75% yield after
chromatographic purification. The structure of the annu-
lation product was established by spectral characteriza-
tion (Experimental) and by conversion to l-acetyl-2-
methylcyclopentene (vide infra; semicarbazone m.p.
220.0-220.5°, 1it.'® m.p. 220-221°).

The TMS-cyclopentene annulation can be applied to
the synthesis of a wide variety of highly substituted
S-membered carbocyclic compounds. Both cyclic and
acyclic enones participate in the annulation, indicating
that it is not necessary for the enone to be able to attain
s-cis geometry in order for reaction to occur. a-Alk-
ylidene ketones undergo annulation to provide access to
spiro-fused systems, and acetylenic allenophiles react to
form cyclopentadiene derivatives. Although no reaction
occurs upon exposure of B,B-disubstituted enones to
(trimethylsilyl)allenes at —78°, in many cases annulation
does proceed in good yield provided that the reaction is
carried out at room temperature. However, more hin-
dered enones such as isophorone fail to participate in the
annulation. The formation of the highly congested TMS-
cyclopentene 15 in low yield demarcates the steric limit

of the annulation; the acetylenic ketone 18 was the
principal product isolated in this reaction.

The TMS-cyclopentene annulation proceeds most
efficiently using 1-substituted (trimethylsilyl)allenes.
Very highly substituted 5-membered rings are generated
in annulations employing allenes 2c-e; reactions with 2e
proceed regiospecifically to afford (trimethylsilyl)cyclo-
pentenes containing quaternary centers. Disappointingly,
the parent allene 6a reacts with cyclohexenone to
produce the annulation product 17 in only 17-19% yield
together with the acetylenic ketone 19 (30%).
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The reaction of (trimethylsilyl)allenes with a-nitro
olefins was also investigated in the hope that the latter
might function as ketene equivalents in the TMS-cyclo-
pentene annulation. In the event, reaction of the nitro
alkene 20'” with the allene 2a at — 78° in the presence of
TiCl, produced the acetylene 21 (58% yield) rather than
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the desired TMS-cyclopentene. This resuit suggests,
however, that (trimethylsilyl)allenes may serve as useful
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Table 1. Scope of the TMS-cyclopentene annulation
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propargylic anion equivalents in Michael-type additions
to nitro olefins.'®

Attempts to extend the TMS-cyclopentene annulation
to a,B-unsaturated aldehydes have thus far proved un-
successful. For example, reaction of methacrolein with

allene 2a in the presence of TiCL at ~78° results in the
formation of a complex mixture of products. However,
addition of methyl acrylate to 2a at 25° does proceed as
expected to afford the TMS-cyclopentene 16 in 49%
yield. This annulation proceeds considerably more
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Tabie 2. Stereochemical course of the TMS-cyclopentene annulation
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slowly than the analogous reaction employing methyl
vinyl ketone. Other investigators have reported unsuc-
cessful efforts to achieve the electrophilic substitution of
allylic silanes with a,B-unsaturated esters.'>* The ap-
plication of highly reactive aldehyde and carboxylic acid
equivalents in the TMS-cyclopentene annulation will be
the subject of a future communication from our labora-
tory.

Stereochemical course of the TMS-cyclopentene annula-
tion

As formulated in eqn (1), the TMS-cyclopentene annula-
tion proceeds with a strong preference for suprafacial
addition of the allene to the two-carbon “allenophile™.
The high selectivity displayed by the reaction permits the
stereocontrolled synthesis of a variety of mono- and
polycyclic systems (Table 2).

The reactions of E and Z-3-methyl-3-penten-2-one
illustrate the stereochemical course of the annulation.
These ketones are easily prepared by the reaction of
methyllithium at 0° with tiglic and angelic acid. Thus,
annulation employing the E enone affords a single TMS-
cyclopentene (23), while reaction of the corresponding
Z isomer generates primarily (93-95%) the
diastereomeric annulation product (24). The stereoche-
mistry of these ketones was assigned by analysis of their
3C NMR spectra: the Me group attached to C; in 23
appears upfield (8132 or 14.6) relatlve to the cor-
responding Me group in 24 (5 20.9).”'

Reactions employing acetylcyclohexene, cyclopen-
tenone, and cyclohexenone (entries 4-9) yield in each
case a single annulation product. Molecular models in-
dicate that the intermediates involved in these reactions
(vide infra) are constrained to cyclize to cis-fused ad-
ducts. The coupling constants for the ring fusion protons
in hydrindanes 27, 28, 29, and 32 (J =6.2-7.3 Hz) and
bicyclo[3.3.0)octanes 26 and 33 (J =7.3-8.1 Hz) support
the assignment of cis ring fusion stereochemistry in
these compounds. Annulation with carvone also affords a
single product (30); the orientation of the isopropenyl
group in this adduct was assigned by analogy with
related conjugate additions to carvone.” Finally, ad-
dition of allene 2a to cycloheptenone gave a 4.9: 1 mix-
ture of hydroazulenes 31a and 31b. Epimerization of the
cis-fused adduct cannot be ruled out as the source of the
small amount of trans-fused isomer, although thus far
we have been unable to inhibit its formation through
modifications in the reaction and workup procedures.

Annulations employing allenes 2c and 2d also proceed
stereoselectively to produce TMS-cyclopentene deriva-
tives containing a third stereocenter (Table 2, entries
11-13). The stereochemistry of bicyclo[3.3.0]octanes 33a
and 33b was assigned by analysis of their °C NMR
spectra; in 33b the endo methyl and C, carbons appear
upfield relative to the corresponding carbon atoms in the
exo-methyl isomer 33a.” The stereochemistry of annu-
lation products 32a,b and 34a,b could not be established
with certainty, and the structures proposed in Table 2
were assigned by analogy with the preceding results.

Synthetic elaboration of TMS-cyclopentene annulation
products

The TMS-cyclopentene annulation products are
readily transformed into a variety of synthetically valu-
able systems. One useful transformation involves the
conversion of the annulation products to a,8-unsaturated
ketones (Table 3). Exposure of the TMS-cyclopentenes

to either potassium carbonate in methanol (25°, 2.5-21 hr;
method A) or a dilute solution of hydrofluoric acid in
acetonitrile (25°, 2-48 hr;. method B) results in isomeriza-
tion followed by desilylation of the intermediate y-tri-
methylsilyl-a,8-unsaturated ketones. Although complete
conversion to the a,8-enones was achieved in most
cases, treatment of TMS-cyclopentene 8 with excess
potassium carbonate at 25° for 14d afforded an 89: 11
mixture of 36 and the corresponding B,y-enone isomer.>*
As expected, exposure of bicyclof3.3.0]octenones 33a,b
to hydrofluoric acid results in desilylation without
isomerization to produce 45a,b in 92% yield. In this
system, the B,y-enone is thermodynamically favored
because of the additional ring strain associated with the
conjugated isomer.”® Hydrofluoric acid can also be
employed to effect the desilylation of TMS-cyclopen-
tenes in which isomerization is blocked by substitution
(e.g. entry 5).

Acetylenic allenophiles participate in one-pot *“double
annulations™ to generate bicyclo[3.3.0Joctadiene deriva-
tives. For example, sequential treatment of 3-butyn-2-
one with allenes 2e and 2a at —78° to —30° in the
presence of titanium tetrachloride furnished the bis-
annulation product 46 in 38% yield.
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The vinylsilane moiety incorporated in the annulation
products can serve as the basis for a variety of other
interesting synthetic transformations. For example,
vinylsilanes undergo regiospecific electrophilic sub-
stitution with great facﬂlty employing a wide range of
electrophilic species.”*” Treatment of the TMS-cyclo-
pentene 7 with 1.5 equiv of acetyl chloride and 2.5 equiv
of AICl; in CH.ClI, at 0° for 1hr thus provides 13-
diacetyl-2-methylcyclopentene (47) in 95% yield after

" aen

a

chromatographic purification. Santelli and Pardo have
recently described alternate routes to this compound
which they suggest should serve as a valuable inter-
mediate in natural product synthesis.

DISCUSSION
Scheme 2 outlines the general mechanistic course of
the TMS-cyclopentene annulation employing methyl
vinyl ketone as prototypal allenophile. The reaction likely
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Table 3. Isomerization-desilylation of TMS-cyclopentene annulation products

entry TMS~-cyclopentene method product X vield
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involves initial complexation of the enone and titanium  silicon bond. The C-Si bond in {trimethylsilyl)allenes is
tetrachloride to generate an alkoxy allylic carbocation. oriented coplanar to the allylic 7 bond but orthogonal to
Regiospecific electrophilic substitution™*™ of this cation  the vinylic # system, and therefore can afford direct
at C; of the (trimethylsilyl)allene then provides a vinyl  stabilization only to the transition state resulting from
cation stabilized by interaction with the adjacent carbon-  electrophilic attack at C;.” A 1,2 shift of the trimethyl-
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silyl group®®*' then occurs to afford an isomeric vinyl  sulfide were distilled from CaH,. THF and diethyl ether were

cation (B) which is intercepted by the titanium enolate to
produce the new S-membered ring.

Inspection of molecular models indicates that cycliza-
tion of the initial intermediate (A) is disfavored by the
large distance separating the cationic center and nucleo-
philic carbon. These reactive centers are well situated for
ring closure in the isomeric cation (B). Interestingly,
Santelli and Jellal have recently reported the isolation in
low (12%) yield of a cyclobutane derivative (type D)
from the reaction of acetylcyclopentene and (trimethyl-
silyDallene.”® These workers also obtained a small
amount (4% yield) of a pyran derivative (product C) in a
related reaction. We have not detected the formation of
type C products in any of the annulations examined in
our laboratory including those (Table 1, entries 6,7) pro-
ceeding via enolates whose geometry should most favor
O-alkylation.

The disappointing yield of TMS-cyclopentene product
observed in the reaction of (trimethylsilylallene itself
(Table 1, entry 11) is attributable to the relative in-
stability of the terminal vinyl cation B (R = H) involved
in this case. The major product isolated in this reaction is
thus the acetylene (E) generated by desilylation of the
more stable vinyl cation (A).

A complete understanding of the basis for the high
stereoselectivity displayed in the TMS-cyclopentene
annulation requires a more definitive investigation of the
mechanism of the reaction. Apparently cyclization pro-
ceeds more rapidly than conformational interconversion
in the intermediate cations. Additional studies are
underway in our laboratory to further extend the scope
of the reaction, and to implement the TMS-cyclopentene
annulation in the synthesis of natural products.

EXPERIMENTAL

Instrumentation. IR spectra were obtained using a
Perkin-Elmer 283B grating spectrophotometer. 'H NMR spectra
were measured with Perkin-Elmer R-24B (60 MHz) and Bruker
WM-250 (250MHz) spectrometers. *C NMR spectra were
determined on JEOL FX-90Q (22.5 MHz) and Bruker WM-250
(62.8 MHz) spectrometers. Chemical shifts are expressed in ppm
(8) downfield from TMS as an internal standard. Low resolution
mass spectra (MS) were determined on a Varian MAT 44 in-
strument; high resolution mass spectra were measured with a
DuPont CEC-110B spectrometer. M.ps and b.ps are uncorrected.

Materials. Methylene chloride, benzene, acetonitrile, triethyl-
amine, dimethylformamide, chlorotrimethylsilane, and dimethyl

distilled from sodium benzophenone ketyl or dianion. MeOH was
stored over 3A molecular sieves. Sulfolane, TiCls, MsCl, and all
acid chlorides, ketones, aldehydes, and esters were distilled
before use. Powdered molecular sieves were heated with a
Bunsen burner at 0.1 torr before use. LiBr and CuBr were dried
at 100° (0.1torr) for 15hr. Column chromatography was per-
formed using E. Merck silica gel 60 (230400 mesh). Chromato-
graphic purifications of <0.100 g of material were carried out in
disposable pipettes containing ca. 1g of silica gel.

All reactions were carried out in flame-dried glassware under
an atmosphere of argon or nitrogen with the aid of magnetic
stirring.

Preparation of (trimethylsilyl)allenes via Westmijze-Vermeer
method

3-Trimethylsilyl-2-propyn-1-ol (1a). To a soln of propargyl al-
cohol (22.4g, 400 mmol) in 800 mL THF at (° was added drop-
wise over 1.5hr n-BuLi soln (238M in hexane, 336mL,
800 mmol). The resulting mixture was treated dropwise over 1 hr
with chlorotrimethylsilane (86.8 g, 800 mmol), allowed to warm to
25° over 0.5 hr, and stirred 0.5 hr further. The mixture was then
poured into 600 mL 3M HCI and stirred at 25° for 0.5 hr. The
organic phase was separated and washed with water, satd
NaHCO; aq, and satd NaCl aq, dried over MgSOQ,, filtered, and
distilled to yield 46.2g (90%) of 1a* as a pale yellow oil (b.p.
64-67°/10 torr) with spectral characteristics identical to that pre-
viously reported for this compound.®

1-Methyl-1-(trimethylsilyl)allene (2a). To a soln of 1a (46.2g,
360 mmol) and Et;N (54.7g, 540 mmol) in 1100 mL CH,Cl, at
—50° was added dropwise over 0.5 hr methanesulfonyl chloride
(55.0 g, 480 mmol). The resulting mixture was allowed to warm to
25° over 1.5 hr and stirred 0.5 hr further at that temp. The mixture
was then poured into 600 mL water, the aqueous phase was
separated and extracted with CH:Cl,, and finally the combined
organic layers were washed with water and satd NaCl aq, dried
over MgSO,, filtered, and concentrated to afford 74.3g of the
mesylate as a pale yellow oil used in the next step without
purification.

To a soln of LiBr (34.4g, 400 mmo!) and cuprous bromide
(56.8 g, 400 mmol) in 1000 mL THF at — 10° was added dropwise
over | hr MeMgBr soln (3.0 M in ether, 132 mL, 400 mmol). The
resulting suspension was stirred at — 10° for 1 hr, cooled to - 60°,
and treated dropwise over 20 min with a soln of the mesylate
prepared above in 120 mL of THF. The mixture was next stirred
at —60° for 0.5 hr, allowed to warm to 25° over ! hr, maintained
at 25° for 1hr further, and then poured into 1000 mL satd
NH.CI aq (adjusted to pH 8 by addition of NH,OH). The resul-
ting mixture was stirred at 25° for 0.75 hr, and the organic phase
was then separated and washed with satd pH 8 NH,CI aq until
the extracts were no longer blue. The combined aqueous layers
were back-extracted with CH.Cl,, and the combined organic
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phases were finally washed with water and satd NaCl aq, dried
over MgSQ,, filtered, and concentrated by careful distillation of
the solvent at atmospheric pressure. Distillation then gave 23.8g
(52% overall from 1a) of 2a* as a colorless oil: b.p. 52-53°
(90 torr); IR (tf) 2955, 2920, 2900, 2860, 1935, 1440, 1400, 1250,
935, 880, 830, 805, 750, and 685cm™'; 'H NMR (60 MHz, CDCly)
§0.13(s,9H), .71 (t, 3H,J=3),and 4.27 (q, 2H, ] =3).

4-Trimethylsilyl-3-butyn-2-ol (1¢). To a soln of (trimethylsilyl)-
acetylene (15.0 g, 153 mmol) in 135 mL THF and 75 mL hexane at
0° was added dropwise over 1 hr n-BuLi soln (2.27 M in hexane,
61.2mL, 139 mmol). The mixture was cooled to —70°, treated
dropwise over | hr with a soln of acetaldehyde (18.4 g, 417 mmol)
in 40 mL THF, and then stirred at —70° for 2hr and at 25° for
16 hr. The resulting mixture was diluted with water and the
aqueous phase was separated and extracted with ether. The
combined organic layers were washed with satd NaCl aq, dried
over MgSO,, filtered, and concentrated to afford 23.8g of a
brown oil. Column chromatography on silica gel (elution with
EtOAc-hexane) furnished 16.3 g (76%) of 1c* as a yellow oil: IR
(tf) 3340, 2975, 2955, 2930, 2900, 2160, 1445, 1405, 1365, 1320,
1245, 1110, 1070, 1040, 940, 860, 835, 750, and 690 cm™'; 'H NMR
(60 MHz, CDCL) 6 0.18 (s, 9H), 1.42 (d, 3H, J=7), 2.0 (br s,
1 H), and 4.2-4.75 (m, 1 H).

1,3-Dimethyl-1-(trimethylsilyl)allene  (2c). Reaction of 1Ic
(16.3g, 115mmol) with methanesulfonyl chloride (17.5g,
153 mmol) and Et;N (17.4g, 172mmol) in 250 mL of CH.Cl,
according to the procedure described for the preparation of 2a
gave 25g of the mesylate as a brown oil used in the next step
without purification.

Reaction of 23g of this mesylate with the organocopper
reagent prepared from LiBr (10.9g, 125mmol), CuBr (17.9g,
125 mmol), and MeMgBr soln (3.0 M in ether, 41.6 mL, 125 mmol)
in 400mL of THF at —50° for 1hr and then at 25° for 12hr
according to the procedure described for the preparation of 2a
provided 9.4 g (65% overall from 1c) of 2c as a colorless oil: b.p.
58-59° (48 torr); IR (tf) 2955, 2920, 2890, 2860, 1935, 1440, 1360,
1240, 970, 865m 830, 750, 730, and 680cm™'; '"H NMR (60 MHz,
CDClLy) 8 0.12 (s, 9H), 1.65(d, 3H,J=7, 1.72(d, 3H, ] =2.9),
and 4.75 (m, 1 H).

1-Trimethylsilyl-1-pentyn-3-ol (1d). Reaction of (trimethyl-
silyl)acetylene (9.8g, 100mmol) with n-BuLi soln (2.39M in
hexane, 40.1mL, 96 mmol) and then propionaldehyde (5.57pg,
96 mmol) in 375 mL THF according to the procedure described
for the preparation of 1c provided 12.4g (80%) of 1d*® as a pale
yellow oil with spectral data identical to that reported previously.

1-Ethyl-3-methyl-3-(trimethylsilyl)allene (2d). Reaction of 1d
(8.98, 57 mmol) with methanesulfonyl chloride (8.64 g, 76 mmol)
and Et;N (8.64g, 86 mmol) in 250 mL CH,Cl, according to the
procedure described for the preparation of 2a gave 13.3g of the
mesylate as a yellow oil used in the next step without
purification.

Reaction of this mesylate with the organocopper reagent pre-
pared from LiBr (4.95g, 57 mmol), CuBr (8.18g, 57 mmol), and
MeMgBr soln (3.0 M in ether, 19 mL, 57 mmol) in 180 mL of THF
at —60° for 0.75 hr and then at 25° for 1.5 hr according to the
procedure described above for the preparation of 2a gave 6.53 g
(74% overall from 1d) of 2d as a colorless oil: b.p. 55-57°
(30torr); IR (tf) 2955, 2930, 2910, 2890, 2850, 1935, 1440, 1390,
1360, 1300, 1245, 930, 855, 830, 745, and 680cm™'; 'H NMR
(60 MHz, CDCl;) 6 0.16 (s, 9H), 1.05(t,3H,J=7), 1.72(d, 3H,
J=13),2.02 (m, 2H), and 4.82 (m, 1 H).

2-Methyl-4-trimethylsilyl-3-butyn-2-ol (le). Prepared by the
reaction of Me;SiC = CMgBr and acetone as described pre-
viously’”: m.p. 41° IR (tf) 3350, 2980, 2955, 2930, 2900, 2870,
2130, 1450, 1360, 1250, 1215, 1160, 965, 910, 840, 750, 730, and
690cm™'; 'H NMR (60 MHz, CDCly) § 0.18 (s, 9 H), 1.52 (s, 6 H),
and 2.18 (s, 1 H).

1.1,3-Trimethyl-3-(trimethylsilyl)allene (2e). To a soln of le
(6.3 g. 41 mmol) and LiBr (3.57 g, 41 mmol) in 100 mL of THF at
—60° was added dropwise over 0.5h n-BuLisoln (1.44 M in hexane,
28.5mL, 41 mmol). The resulting soln was stirred at —60° for
40 min, treated dropwise over 0.5 hr with methanesulfony] chloride
(3.14g. 41 mmol). and then stirred at — 60° for 2 hr further.

To a soln of LiBr (8.93g. 103mmol) and CuBr (148g,

103 mmol) in 250 mL of THF at —30° was added dropwise over
0.5 hr MeMgBr soln (2.8 M in ether, 36.8 mL, 103 mmol), and the
resulting mixture was stirred at — 30° for 0.5 hr and then cooled
to —40°. This yellow suspension was transferred by cannula over
1 hr into the mesylate soln (prepared above) maintained at — 60°.
The resulting mixture was stirred at — 30° for 1 hr, at 25° for 1 hr,
and then worked up as described in the preparation of 2a to
afford 4.1g (65%) of 2e as a colorless oil: b.p. 4041° (20 torr); IR
(tf) 2950, 2920, 2900, 2850, I945{ 1440, 1400, 1350, 1240, 1190,
1050, 935, 830, 740, and 680 cm™'; '"H NMR (60 MHz, CDCly) §
0.18 (s, 9H) and 1.72 (s, 9 H).

Preparation of (trimethylsilyl)allenes via reductive deoxygenation
method

3-(Trimethylsilyl)propynal (3a). This aldehyde was prepared in
80% vyield by the reaction of Me;SiC=CMgBr and dimethyl-
formamide': b.p. 44° (1Storr); IR (tf) 2970, 2910, 2860, 2740,
2160, 1670, 1390, 1260, 1000, 850, and 765cm™"; 'H NMR
(60 MHz, CDCls) 6 0.30 (s, 9 H) and 9.28 (s, 1 H).

[3 - (Trimethylsilyl) - 2 - propynylidene] - 4 - methylbenzenesul-
fonyl hydrazide (4a). A soln of 3a (25.1g, 200 mmol) and p-
toluenesulfonylhydrazine (41.6 g, 220 mmol) in 200 mL of EtOH
was heated at reflux for 3.5hr. The resulting suspension was
concentrated at <25° (15torr) to ca. 40mL and the ppt was
collected by filtration and dried at 25° (0.1 torr) to afford 55.5g
(94%) of 4a as yellow crystals used in the next step without
further purification: 'H NMR (60 MHz, CDCl;) § 0.27 (s, 9H),
2.46 (s, 3H), 6.66 (s, 1 H), 7.64 (AB, 4 H), and 8.68 (br s, 1 H).

(Trimethylsilyl)ailene (68). Sodium cyanoborohydride (48.0g,
800 mmol), 4a (31.0g, 100 mmol), and bromocresol green (ca.
0.005 g) were dissolved in 460 mL of a 1: 1 mixture of DMF and
sulfolane. Pentane (460 mL) was added, and the resulting two-
phase mixture was treated dropwise with ca. S mL of conc HCI
so that the indicator changed from blue to yellow and some H,
evolution was observed (pH 1-2). The mixture was then heated
at 40-45° for 10 hr (bath temp 50°) while 2.5 mL portions of conc
HCI were added at intervals of 1hr. The resulting mixture was
next heated at 40-45° for 20 hr and then at 55-60° (bath temp 80°)
for 48 hr. The mixture was allowed to cool to room temp, diluted
with water, and extracted with pentane. The combined organic
phases were washed with satd NaCl aq, dried over Na,SO,,
filtered, and the pentane was removed by careful distillation at
atmospheric pressure. Distillation of the product of several runs
gave 11.5g (51% overall from 3a) of 6a as a colorless oil: b.p.
90-93° (760 torr); IR ﬁtf) 2955, 2900, 1935, 1250, 1210, 1055, 840,
800, 750, and 690 cm™; 'H NMR (60 MHz, CDCl,) 5 0.15 (s, 9 H),
427(d,2H,J=177), and 4.88 (dd, | H, ] =6.6, 7.7).

S-Phenyl-1<(trimethylsilyl)-1-pentyn-3-one (3b). To a soln of
(trimethylsilyl) acetylene (2.70 g, 27.5 mmol) in 100 mL THF at ¢°
was added dropwise over 0.25 hr n-BuLi soln (2.43 M in hexane,
10.25 mL, 25 mmol). A soln of CuBr- Me,S* (5.66 g, 27.5 mmol)
in 7S mL Me-S was then added dropwise over 0.75 hr and the
resulting mixture was stirred at 0° for 1hr. Hydrocinnamyl
chloride (4.80 g, 29 mmol) was then added and the mixture was
stirred at 25° for 12hr. The resulting mixture was then diluted
with ether and satd NH.C] aq (adjusted to pH 8 with NH,OH)
and stirred vigorously for 0.25hr. The organic phase was
separated and washed with pH 8 satd NH.CI aq until the extracts
were no longer blue. The combined aqueous layers were backex-
tracted with ether, and the combined organic phases were then
washed with water and satd NaCl solution, dried over Na,SO,,
filtered, and concentrated to afford 6.54g of 3b as a yellow oil
used in the next step without purification.

{1-(2- Phenylethyl)-3-(trimethylsilyl}-2-propynylidene)-4-methyl
benzenesulfonyl hydrazide (4b). A soln of crude 3b (6.5g)
and p-toluenesulfonylhydrazine (5.1 g, 28 mmol) in 50 mL diethy!
ether was stirred at 25° for 14d. Concentration and recrystal-
lization from 95% EtOH afforded 8.1g (81%)* of 4b as white
crystals: m.p. 105.5-107°; IR (CH2C1;)3260, 3055, 3030, 1600,
1495, 1450, 1385, 1340, 1280, 1245, 1185, 1165, 1080, 1060, 920,
840, and 805 cm™'; 'H NMR (60 MHz, CDCl;) 6 0.22 (s, 9 H), 2.40
(s, 3H), 2.72 (m, 4H), 7.16 (br s, S H), 7.55 (AB, 4 H), and 8.27 (s,
1H).

1-(2- Phenylethyl)-3-(trimethylsilyl)allene  (6b). The tosylhy-
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drazone 4b (8.0g, 20 mmol) was reduced with sodium cyano-
borohydride (10.0 g, 160 mmol) in 100 mL of 1: 1 DMF-sulfolane
as described for the preparation of 6a except that hexane was
substituted for pentane, and the reaction was carried out at (bath
temp) 50° for 9 hr (addition of 1 mL conc HCI at 2 hr intervals),
and then at 50° for 16 hr and 90° for 20 hr. Column chromato-
graphy on silica gel (elution with hexane) afforded 3.02 g (69%)*
of 6b as a colorless oil: IR (tf) 3085, 3060, 3025, 2950, 2850, 1940,
1605, 1495, 1450, 1245, 860, 840, 760, 755, 745, and 700cm™"; 'H
NMR (250 MHz, CDCl3) 8 0.15 (s, 9H), 2.3-2.4 (m, 2H), 2.77 (,
2H,J=176),4.88(q, 1H,J=6.7),4.99 (dt, 1H,J=3.7,6.7), and
7.3 (m, SH); "C NMR (22.5 MHz, CDCLy) § 2099, 141.9, 128.4,
128.3, 125.8, 83.0, 82.8, 36.0, 29.7, and — 1.0; MS mle 216 (M").

General procedure for TMS-cyclopentene annulation

3-Acetyl-2-methyl-1-(trimethylsilyl)cyclopentene (7). To a soln
of methyl vinyl ketone (2.24g, 32mmol) and 1-methyl-1-{tri-
methylsilyDallene (4.04g, 32 mmol) in 150mL CH,Cl, at -78°
was added dropwise over S min TiCl; (5.28 mL, 48 mmol). The
resulting red soln was stirred at — 78° for 1 hr and then transfer-
red over 2min by cannula into a flask containing 800 mL of a
rapidly stirred 1:1 mixture of dicthyl ether and water. The
aqueous phase was separated and extracted with ether, and the
combined organic layers were then washed with satd NaCl aq,
dried over Na,SO,, filtered, and concentrated to afford 5.69 g of a
yellow oil. Column chromatography on silica gel (elution with
THF-hexane) gave 4.5g (71%) of 7 as a colorless oil: IR (tf)
2957, 2908, 2850, 1708, 1615, 1350, 1250, 1160, 1065, 835, 750, and
685cm™'; 'H NMR (250 MHz, CDCL) 5 0.06 (s, 9 H), 1.67 (dt,
3H, J=1.1, 2.1), 2.00 (s, 3H), 1.79-2.08 (m, 2 H), 2.33-2.58 (m,
2H) and 3.39 (br t, 1H, J=7.0); an exact mass determination
gave m/fe 196.1284 (Calc. for CyHxOSi: 196.1283).

3 - Benzoyl - 2 - isopropyl - | - (trimethylsilyl)cyclopentene (8).
Reaction of 1-phenyl-2-propen-1-one (0.132g, 1.00 mmol)
with I-isopropyl-1<trimethylsilyDallene* (0.232g, 1.50 mmol)
and TiCl, (0.286 g, 1.50 mmol) in 4 mL CH,Cl, at —78° for 1 hr
according to the general procedure furnished 0.209 g (73%) of 8
as a colorless oil: IR (tf) 3085, 3060, 3025, 2955, 2860, 2840, 1680,
1600, 1595, 1580, 1465, 1445, 1330, 1245, 1205, 1070, 990, 910, 845,
830, 750, 710, and 680 cm™"; '"H NMR (250 MHz, CDCl;) 5 0.16
(s, 9H), 0.78 (d, 3H, J =7.0), 0.99 (d, 3H, J =7.0), 1.86-1.96 (m,
1H), 2.03-2.19 (m, 1H), 2.39 (ddd, 1 H, J=2.6, 8.5, 15.8), 2.49-
2.63 (m, 1H), 2.88 (sept, 1 H, J=17.0), 452 (dm, 1H, J]=9.9),
7.39-7.54 (m, 3 H), and 7.96-8.0 (m, 2H); ’C NMR (22.5 MHz,
CDCl) 8 202.0, 157.7, 138.8, 137.1, 132.5, 128.4, 128.3, 53.2, 36.6,
31.1, 30.6, 22.2, and - 0.4; an exact mass determination gave m/e
286.1753 (Calc. for C sH0Si: 286.1753).

3. Acetyl - 2,5,5 - trimethyl - 1 - (trimethylsilyl)cyclopentene
(9). Reaction of methyl vinyl ketone (0.035g, 0.50 mmol) with
1,1,3-trimethyl-3-(trimethylsilyl)allene (0.085g, 0.55 mmol) and
TiCl (0.143g, 0.75mmol} in 2mL CH,Cl, at —78° for 1hr
according to the general procedure provided 0.090 g (80%) of 9 as
a colorless oil: IR (tf) 2955, 2900, 2865, 1710, 1595, 1360, 1245,
1160, 1120, 1000, 830, 755, and 680cm '; 'H NMR (250 MHz,
CDCly) 6 0.16 (s, 9H), 1.03 (s, 3H), 1.14 (s, 3H), 1.70 (dd, 1 H,
J=89, 129), 1.71 (d, 3H, J=1.3), 1.88 (dd, 1 H, J =89, 12.9),
2.09 (s, 3H), and 3.51 (brt, 1 H, 1 =89).

3-(2' - Methyl - 3' - trimethylsilyl - 2' - cyclopentene - 1 - yl) -2 -
cyclohexen-1-one (10). Reaction of 3-vinyl-2-cyclohexen-1-one®
(0.249 g, 2.0 mmol) with 1-methyl-1-(trimethylsilyl)allene (0.353 g,
2.8 mmot) and TiCle (0.33 mL, 3.0 mmol) in 8 mL of CH,Cl; at
—=20° for 1hr according to the general procedure gave 0.327g
(66%) of 10 as a colorless oil: IR (tf) 2950, 2865, 1670, 1610, 1455,
1425, 1415, 1370, 1345, 1245, 1190, 1130, 1065, 1005, 965, 885, 835,
750, and 685cm™; 'H NMR (250 MHz, CDCly) § 0.14 (s, 9 H),
1.65 (dt, 3H, J = 1.1, 2.2), 1.7-2.3 (m, 6 H), 2.3-2.5 (m, 4H), 3.3
(m, 1 H), and 5.84 (s, 1 H); °C NMR (62.8 MHz, CDCl) 5 200.1,
168.7, 147.9, 138.5, 125.8, 61.1, 37.6, 37.3, 29.9, 26.6, 22.9, 15.5,
and —0.8; an exact mass determination gave m/e 248.1613 (Calc.
for CysH208i: 248.15%).

2-Acetyl -3,5,5 - trimethyl - 4 - trimethylsilyl - 1,3 - cyclopentadiene
(11). Reaction of 3-butyn-2-one (0.034 g, 0.50 mmol) with 1,1,3-
trimethyl-3-(trimethylsilyDallene (0.077g, 0.50 mmol) and TiCls
(0.143 g, 0.75 mmol) in 2 mL of CH,C}, at — 78° for 1 hr according

to the general procedure afforded 0.059g (53%) of 11 as a pale
yellow oil: IR (tf) 2960, 2925, 2895, 2835, 1725, 1595, 1380, 1365,.
1330, 1255, 1250, 1190, 1160, 1050, 1000, 935, 925, 900, 835, 760,
and 680cm™"; "H NMR (250 MHz, CDCl3) 5 0.23 (5, 9 H), 1.23 (s,
6H), 2.20 (s, 3H), 2.37 (s, 3H), and 7.07 (s, 1H); °C NMR
(2.5 MHz, CDCly) § 1973, 161.9, 150.9, 147.0, 142.3, 55.9, 28.3,
219, 16.5, and 1.1, an exact mass determination gave mje
222.1443 (Calc. for Ci3H2,0Si: 222.1440).

2 - Methyl - 3 - (trimethylsilyl)spiro(2 - cyclopentene - 1,2 - a -
tetralone) (12). Reaction of 2-methylene-a-tetralone® (0.140g,
0.88 mmol, ca. 95% pure) with 1-methyl-1<(trimethylsilyi)allene
0.166g, 1.32mmol) and TiCl, (0.250g, 1.32mmol)
in 4mL of CH,Cl, at -78° for 1hr according to
the general procedure furnished 0.201g (80-84%) of 12 as a
colorless oil: IR (tf) 3060, 3020, 2950, 2915, 2850, 1675, 1615,
1600, 1450, 1375, 1350, 1305, 1280, 1245, 1225, 1155I 1115, 1070,
1020, 975, 925, 900, 830, 750, 735, and 685cm™; 'H NMR
(250 MHz, CDCl;) & 0.14 (s, 9H), 1.67 (1, 3H, J = 2.0), 1.82 (ddd,
1H, J =130, 4.6, 13.2), 1.9-2.06 (m, 2 H), 2.26-2.4 (m, 3 H), 2.90
(ddd, 1H, J=1.0, 46, 169), 3.12 (ddd, 1 H, J=4.6, 124, 16.9),
721(d, 1H,J=1.8),7.28 (dd, 1H, J =175, 7.8), 7.43 (ddd, 1 H,
J=13, 75, 18), and 8.02 (dd, 1H J=13, 7.8); "C NMR
(22.5 MHz, CDCl,) & 200.7, 150.7, 143.6, 137.5, 133.0, 132.3, 128.5,
127.8, 126.6, 64.9, 34.8, 33.7, 31.7, 26.5, 14.1, — 0.6; an exact mass
determination gave mle 284.1578 (Calc. for CigHOSi:
284.1596).

2-Isopropylidenecyclohexanone. A suspension of 2-(1-hydroxy
-1-methylethyl)cyclohexanone® (0.340 g, 2.2 mmol), p-toluenesul-
fonic acid monohydrate (0.170g, 0.9 mmol) and powdered 3A
molecular sieves (0.340 g) in 4 mL of benzene was heated at 50°
for 1 hr. The mixture was allowed to cool to room temp, filtered
through celite, and washed with satd NaHCO; aq and NaCl aq,
dried over Na,SO,, filtered, and concentrated to afford 0.260 g of
a pale yellow oil. Column chromatography on silica gel (elution
with ether-pentane) gave 0.230g (77%) of 2-isopropylidene-
cyclohexanone as a colorless oil with spectral data identical to
that previously reported.

1,4,4 - Trimethyl - 2 - (trimethylsilyl)spiro(4.5)dec - 1- en - 6 - one
(13). Reaction of 2-isopropylidenecyclohexanone (0.095 g,
0.69 mmol) with 1-methyl-1-(trimethylsilyDallene  (0.173 g,
1.37 mmol) and TiCl (0.197 g, 1.03 mmol) in 2mL CHCl. at 25°
for 1 hr according to the general procedure afforded 0.157 g (86%)
of 13 as a colorless oil: IR (tf) 2955, 2870, 2840, 1700, 1620, 1470,
1450, 1425, 1370, 1315, 1290, 1250, 1210, 1070, 890, 860, 835, 750
and 685cm™"; 'H NMR (250 MHz, CDCly) 6 0.09 (s, 9 H), 0.83 gs.
3H), 1.25 (s, 3H), 1.67 (t, 3H, J = 1.6), and 1.6-2.5 (m, 10 H); *°C
NMR (22.5 MHz, CDCl;) 6 212.0, 152.2, 133.9, 71.0, 51.6, 4.4,
42.7, 30.6, 27.1, 25.9, 25.7, 21.9, 15.2, and —0.8; an exact mass
determination gave mfe 264.1913 (Calc. for CieH2s0Si: 264.1909).

3 - Acetyl - 24,4 - trimethyl - | - (trimethylsilyl)cyclopentene
(14). Reaction of mesityl oxide (0.049g, 0.50 mmol) with 1-
methyl-1-(trimethylsilyl)allene (0.126g, 1.0mmol) and TiCl
(0.143 g, 0.75S mmol) in 2 mL CH,Cl, at 25° for 1hr according to
the general procedure provided 0.073 g (65%) of 14 as a colorless
oil: IR (tf) 2955, 2925, 2900, 2870, 2840, 1705, 1615, 1365, 1355,
1250, 1160, 1070, 1035, 835, 750, and 6%0cm™'; 'H NMR
(250 MHz, CDCl3) 8 0.13 (s, 9H), 0.9%s, 3H), 1.11 (s, 3H), 1.72
(ddd, 3H, 1=0.7, 1.8, 2.6), 2.04 (s, 3H), 2.2-2.3 (m, 1 H), 2.43
(dquin, 1H, J=22, 15.8), and 3.01 (br s, 1 H); an exact mass
determination gave mje 224.1596 (Calc. for C3H240Si: 224.1596).

3- Acetyl -2,44.5,5 - pentamethyl - 1 - (trimethylsilyl)cyclopent-
ene (15) and 4,4,55-tetramethyl-6-octyn-2-one (18). Reaction
of mesityl oxide (0.049g, 0.50mmol) with 1,1,3-trimethyl-3-
(trimethylsilyallene (0.154g, 1.0mmol) and TiCl, (0.143g,
0.75 mmol) in 2mL of CH,Cl, at 25° for 1hr according to the
general procedure afforded 0.104g of a yellow oil. Preparative
thin layer chromatography (elution with ether-pentane) gave
0.008 g (7%) of 15 and 0.023 g (25%) of 18 as colorless oils. For
15: IR (t) 2960, 2950, 2905, 2865, 1705, 1595, 1465, 1445, 1390,
1370, 1365, 1350, 1260, 1245, 1180, 1160, 1035, 995, 960, 935, 835,
755, 675 and 660cm™'; 'H NMR (250 MHz, CDCL;) 5 0.15 (s,
9H), 0.73 (s, 3 H), 0.86 (s, 3 H), 0.90 (s, 3 H), 1.03 (3, 3H), 1.70 (d,
3H, J=1.1), 2.12 (s, 3H), and 3.40 (br s, 1 H); an exact mass
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determination gave 252.1907 (calc. for C,sH2s0Si: 252.19%09). For
18: IR (tf) 2970, 2920, 2880, 2855, 1710, 1460, 1390, 1370, 1360,
1350, 1300, 1240, 1200, 1155, 1130 and 1040cm™'; 'H NMR
(250 MHz, CDCl;) 8 1.05 (s, 6 H), 1.11 (s, 6 H), 1.77 (s, 3H), 2.15
(s, 3H), and 2.52 (s, 2H); °C NMR (22.5 MHz, CDCl) § 209.9,
85.6, 76.7, 50.1, 38.9, 33.0, 24.6, 21.7 and 3.5; an exact mass
determination gave mfe 180.1517 (Calc. for C;Hx»0: 180.1514).

3 - Carbomethoxy - 2 - methyl - 1 - (trimethylsilyl)cyclopentene
(16). Reaction of methyl acrylate (0.043g, 0.50 mmol) with I-
methyl-1-(trimethylsilyl)allene (0.095g, 0.7Smmol) and TiCl
{0.190 g, 1.0 mmol) in 2 mL of CH,Cl. at 25° for 13.5 hr according
to the general procedure gave 0.052 g (49%) of 16 as a colorless
oil: IR (tf) 2950, 2900, 2840, 1735, 1615, 1435, 1245, 1195, 1160,
1070, 1040, 1005, 830, 750, and 685cm™"; '"H NMR (250 MHz,
CDCly) 6 0.12(s, 9H), 1.79 (dt, 3H,J = 1.1, 1.8), 2.0-2.1 gm, 2H),
2.3-26(m, 2H), 3.41 (brt, 1 H,J =7), and 3.69 (s, 3 H); "C NMR
(22.5MHz, CDCl3) § 175.3, 145.5, 1384, 57.7, 51.5, 37.3, 284,
15.7, and —0.7; an exact mass determination gave m/e 212.1237
(Calc. for CnHmOzSiZ 2121233)

cis-8-( Trimethylsilyl)bicyclo[4.3.0]non-8-en-2-one (17) and 3-
(2-propynyl)cyclohexanone (19). Reaction of 2-cyclohexen-1-one
(0.48 g, 0.50 mmol) with (trimethylsilyl)allene (0.084 g, 0.75 mmol)
and TiCl, (0.143 g, 0.75 mmol) in 2 mL of CH;Cl, at —78° for 1 hr
according to the general procedure furnished 0.021g (19%, ca
95% pure) of 17 and 0.020 g (30%) of 19 as pale yellow oils. For
17: IR (tf) 2950, 2860, 1700, 1635, 1455, 1405, 1310, 1240, 1220,
830, 760, 745, and 685cm™": 'H NMR (250 MHz, CDCly) & 0.06
(s, 9H), 1.6-2.6 (m, TH), 2.7-2.9 (m, 1 H), 3.05 (dddd, ! H,
J=0.8,279.1,159), 3.7 (m, 1 H), and 544 (q, 1H. J=2.7); an
exact mass determination gave 208.1267 (Calc. for C,;HxOSi:
208.1283). For 19: IR (tf) 3285, 2930, 2865, 2110, 1710, 1450, 1425,
1345, 1310, 1225, 1055, and 865 cm™'; 'H NMR (250 MHz, CDCl,)
8 1.45-1.75 (m, 2 H) and 1.95-2.5 (m, 10 H); "*C NMR (22.5 MHz,
CDCly) 6 210.6, 81.4, 70.4, 47.0, 41.0, 37.8, 30.3, 25.4, and 24.8;
an exact mass determination gave m/e 136.0884 (Calc. for Co
H|202 1360888)

5-Nitromethyl-7-phenyl-2-heptyne (21). Reaction of l-nitro-4-
phenyl-1-butene (0.177g, 1.0mmol) with I-methyl-1-(trimethyl-
silyDallene (0.253g, 2.0 mmol) and TiCls (0.570g, 3.0 mmol) in
4mL CH,Cl, at —78° for 15min according to the general pro-
cedure provided 0.133g (58%) of 21 as a colorless oil: IR (tf)
3090, 3065, 3030, 2925, 2765, 1605, 1550, 1495, 1455, 1435, 1380,
1355, 1195, 1030, 745, and 700 cm™"; 'H NMR (250 MHz, CDCl,)
5 1.78 (t, 3H, 1=24), 1.65-1.85 (m, 2H), 2.3-2.45 (m, 3H),
2.5-2.75 (m, 2H), 435 (dd, 1 H, J=509, 12.5), 4.51 (dd, 1H,
1=170, 12.5), and 7.15-7.3 (m, S H); "*C NMR (22.5 MHz, CDCl5)
§ 141.5, 128.6, 128.4, 126.2, 78.7, 74.5, 36.4, 32.7, 32.6, 20.9, and
3.3; an exact mass determination gave mfe 231.1256 (Calc. for
C14H7NO;: 231.1259).

trans - 3 - Acetyl - 2,4 - dimethyl - | - (trimethylsilyl) cyclopentene
(22). Reaction of E-3-penten-2-one (%0%, 0.042g, 0.50 mmol)
with 1-methyl-1<(trimethylsilyl)allene (0.063g. 0.50 mmol) and
TiCls (0.143g, 0.75 mmol) in 2mL of CH,Cl, at —78° for 1 hr
according to the general procedure gave 0.075g (79%) of 22 as a
colorless oil: IR (tf) 2960, 2915, 2875, 2845, 1705, 1615, 1355,
1250, 1210, 1160, 1065, 1030, 830, 750, and 685cm '; 'H
NMR (250 MHz, CDCl3) 6 0.07 (s, 9H), 0.99 (d, 3H,J =7.0), 1.65
(br s, 3H), 202 (s, 3H), 195205 (m, 1H), 2.25-24
(m, 1H), 2.70 (ddquin, 1 H, J = 2.2, 8.1, 16.1), and 3.02 (br d, |1 H,
J=4.6); "C NMR (22.5 MHz, CDCl,) 6 2109, 145.4, 138.3, 75.4,
46.1, 36.8, 27.3, 21.4, 16.2, and - 0.8; an exact mass determination
gave mfe 210.1439 (Calc. for C;2H».08i: 210.1440).

E-3-Methyl-3-penten-2-one. To a soln of E-2-methyl-2-
butenoic acid (7.12g, 71.1 mmol) in 130mL of THF at (° was
added dropwise over 2hr MeLi soln (1.32M in ether, 130 mL,
158 mmol). The resulting soln was stirred at 0° for 3.5 hr and then
transferred dropwise via cannula over 2.3 hr to a soln of 250 mL
of 0.4 M HCI maintained at 0°. The aqueous phase was satd with
NaCl and extracted with ether. The combined organic layers
were washed with satd NaCl aq, dried over Na,SO,, filtered, and
the solvent was removed by distillation through an 18 in vigreux
column. Distillation provided 4.8 g (69%) of E-3-methyl-3-penten-
2-one as a colorless oil, b.p. 45-47° (29torr) with spectral data
identical to that previously reported.*

trans - 3 - Acetyl - 2,34 - trimethyl - 1 - (trimethylsilyl)cyclopent -
ene (23). Reaction of E-methyl-3-penten-2-one (0.049 g, 0.50 mmol)
with 1-methyl-1-(trimethylsilyl)allene (0.063g, 0.5 mmol) and
TiCls (0.082mL. 0.75 mmol) in 2mL CH,Cl, at —-78° for 1hr
according to the general procedure afforded 0.080 g (71%) of 23
as a colorless oil: IR (tf) 2955, 2915, 2840, 1700, 1610, 1445, 1380,
1350, 1250, 1160, 1100, 835, 750, and 690 cm ™'; "H NMR (250 MHz,
CDCly) 6 0.13 (s, 9H), 091 (d,3H,J=7),0.95(s, 3H), 1.63 (br ¢t,
3H), 1.97-2.08 (m, 1H), 2.08 (s, 3 H), and 2.4-2.65 (m, 2 H); "°C
NMR (22.5 MHz, CDCls) & 212.7, 152.2, 137.2, 69.2, 44.3, 40.4,
25.5, 14.6, 14.3, 13.2, and - 0.8; an exact mass determination gave
mle 224. (Calc. for Ci3H240Si: 224.1596).

Z-3-Methyl-3-penten-2-one. To a soln of Z-2-methyl-2-
butenoic acid (0.510g, 5.1 mmol) in 16 mL diethyl ether at (° was
added dropwise over 0.25 hr MeLi soln (1.32 M in ether, 8.45mL,
11.2 mmol). The resulting soln was stirred at 0° for 2 hr and then
transferred dropwise via cannula over 50 min to 20mL of 0.4 M
HCI maintained at 0°. The aqueous phase was separated and
extracted with ether, and the combined organic layers were
washed with satd NaCl aq, dried over Na,SO, filtered, and the
solvent was removed by careful distillation through a 6 in vigreux
column. Kugelrohr distillation (50-60°, 30 torr) provided 0.291g
(58%) of Z-3-methyl-3~penten-2—one““ as a colorless oil: IR (tf)
2960, 2920, 1680, 1620, 1490, 1355, 1230, 1140, and 820cm™"; 'H
NMR (250 MHz, CDCl,) § 1.86-1.93 (m, 6 H), 2.26 (s, 3 H), and
5.85(qq. 1 H, J= 1.3, 7.4); C NMR (22.5 MHz, CDCl;) § 202.6,
136.2, 133.4, 29.9, 20.7, and 15.5.

cis-3-Acetyl-2,3,4 - trimethyl - | - (trimethylsilyl)cyclopentene
(24). Reaction of Z-3-methyl-3-penten-2-one (0.049 g, 0.5 mmol)
with 1-methyl-1-(trimethylsilyl)allene (0.077g, 0.61 mmol) and
TiCls (0.082mL, 0.75 mmol) in 2mL CH-Cl, at —78° for 1hr
according to the general procedure furnished 0.070 g (68%) of a
13-19: 1 mixture of 24 and 23 as a colorless oil. For 24: IR (tf)
2960, 2935, 2905, 2840, 1700, 1610, 1450, 1380, 1350, 1250, 1210,
1160, 1105, 835, 755, and 685cm™'; '"H NMR (250 MHz, CDCl;) 6
0.15 (s, 9H), 0.93 (d. 3H, I =7.0), 1.11 (s, 3H), 1.64 (br t, 3H),
1.98 (s, 3H), 2.04-2.24 (m, 2 H), and 2.67 (ddq, 1 H,J =15, 7.4,
13.6); 'C NMR (22.5 MHz, CDCl;) 5 212.3, 152.7, 138.8, 69.5,
45.4,44.4,283,20.9, 14.7, and - 0.9; an exact mass determination
gave mje 224.1 (Calc. for C3H.,OSi: 224.159%).

cis-6- Acetyl-7-methyl-8-(trimethylsilyl)bicyclo[4.3.0] non-7-ene
(25). Reaction of 1-acetylcyclohexene (0.062 g, 0.50 mmol) with
1-methyl-1-(trimethylsilylallene (0.076 g, 0.60 mmol) and TiCl,
(0.143 g, 0.75 mmol) in 2 mL of CH,Cl; at — 78° for 1 hr according
to the general procedure provided 0.114g (91%) of 25 as a
colorless oil: IR (tf) 2965, 2855, 1700, 1605, 1450, 1345, 1245,
1150, 830, 750, and 685 cm™'; '"H NMR (250 MHz, CDCl;) 8 0.07
(s, 9H), 1.04-1.2 (m 1H), 1.2-1.45 (m, 6H), 1.59 (dd, 3H,
J=1.9,22),2.02 (s, 3H), 2.0-2.1 (m, 1 H), 2.16 (ddq, 1H, ] = 2.2,
7.8, 15.6), 2.37 (ddq. 1 H,J = 1.9, 7.4, 15.6), and 2.5-2.6 (m, 1 H);
C NMR (22.5MHz, CDCly) & 212.2, 152.5, 137.5, 68.7, 41.7,
41.0, 28.0, 27.1, 26.4, 22.2, 21.8, 144, and —0.6; an exact mass
determination gave mfe 250.1777 (Calc. for C,HxOSi:
250.1753).

cis-8- Methyl-7(trimethylsilyl)bicyclo[3.3.0] - oct - 7- en - 2 - one
(26). Reaction of 2-cyclopenten-1-one (0.041 g, 0.50 mmol) with
1-methyl-1-(trimethylsilylallene (0.063g, 0.50 mmol) and TiCls
(0.143 g, 0.75 mmol) in 2 mL CH,Cl, at - 20° for 2 hr according to
the general procedure afforded 0.050 g (48%) of 26 as a colorless
oil: IR (tf) 2960, 2915, 2895, 284S, 1735, 1615, 1445, 1410, 1380,
1245, 1210, 1145, 1050, 1010, 830, 750, and 685cm™"; 'H NMR
(250 MHz, CDCls3) 6 0.07 (s, 9H), 1.45-1.6 (m, 1 H), 1.79 (dt, 3 H,
I=1.1,22), 20-2.3(m, 4H), 2.70 (ddquin, 1 H, ] =2.3, 8.1, 16.4),
2.83-2.96 (m, 1H), 3.10 (br d, 1H, J=8.1); an exact mass
determination gave mfe 208.1289 (Calc. for C,,H20Si: 208.1283).

cis-9-Methyl-8-(trimethylsilyl) bicyclo[4.3.0]non-8-en-2 - one
(27). Reaction of 2-cyclohexen-1-one (0.048g, 0.50 mmol) with
1-methyl-1-(trimethylsilyl)allene (0.095g, 0.75 mmol) and TiCls
(0.143 g, 0.75 mol) in 2mL CH,Cl: at - 78° for 1 hr according to
the general procedure gave 0.094 g (85%) of 27 as a colorless oil:
IR (tf) 2950, 2925, 2855, 1705, 1610, 1445, 1245, 1215, 1200, 1070,
1035, 1010, 830, 750, and 685 cm™'; 'H NMR (250 MHz, CDCL;) §
0.07 (s, 9H), 1.3-1.45 (m, 1 H), 1.5-1.7 (m, 2 H). 1.66 (m, 3 H),
1.75-1.9 (m, 1H), 2.0-2.15 (m, 2H), 2.2-2.35 (m, | H), 2.4-2.45
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(m, 1 H), 2.5-2.62 (m, 1 H), and 3.18 (br d, 1 H, J = 6.2); an exact
mass determination gave mje 222.1416 (Calc. for C;3H»OSi:
222.1440).

cis - 9 - Isopropyl - 8 - (trimethylsilylybicyclo[4.3.01non - 8 - en
2-one (28). Reaction of 2-cyclohexen-1-one (0.096 g, 1.0 mmol) with
1-isopropyl-1-{trimethylsilyl)allene (0.232¢, 1.5 mmol) and TiCL
(0.286 g, 1.5 mmol} in 4 mL. of CH,Cl; at - 78 for 1 hr according
to the general procedure furnished 0.212g (85%) of 28 as a
colorless oil: IR (tf) 2955, 2925, 2865, 1700, 1590, 1455, 1445,
1360, 1310, 1250, 1225, 1055, 1020, 865, 835, 750, and 685 cm ™ '; 'H
NMR (250 MHz, CDCl5) 6 0.03 (s, 9 H), 0.86 (d, 3H, J = 7.0), 0.96
(d, 3H, ] =7.0), 1.37-1.63 (m, 3 H), 1.75-1.85 (m, 1 H), 2.03 (ddd,
1H,J=189,27, 156), 2.2-2.4 {m, 3H), 245-2.55 (m, | H), 2.79
(sept, 1H, 1=7.0), and 3.37 (br 4, 1H, 7=7.3; “C NMR
(22.5 MHz, CDCly) & 214.6, 156.7, 136.5, 61.6, 43.0, 42.5, 41.3,
31.5,28.6, 24.3, 21.5, 20.4, and — 0.6; an exact mass determination
gave mfe 250.1756 (Calc. for CysHxOSi: 250.1753).

cis-7,7,9- Trimethyl - 8§ - (trimethylsilyl}bicyclo{4.3.0lnon - 8- en
- 2 - one (29). Reaction of 2-cyclohexen-1-one (0.048 g, 0.5 mmol)
with 1,1,3-trimethyl-3-(trimethylsilyl)aliene (0.116g, 0.75 mmol}
and TiCl, (0.143 g. 0.75 mmol) in 2mL CH,Cl, at - 78° for 1hr
according to the general procedure provided 0.079 g (63%) of 29
as a colorless oil: IR (tf) 2950, 2870, 2810, 1705, 1595, 1455, 1445,
1375, 1315, 1245, 1200, 830, 755, and 680cm™; 'H NMR
(250 MHz, CDCL) 8 0.13 (s, 9H), 0.94 (s, 3H), 1.02 (s, 3H)},
1.27-1,55 (m, 2 H), 1.66 (d, 3H, J = 1.4), 1.57-1.71 (m, | H), 1.85-
1.95 (m, 1 H), 1.98-2.13 (m, 2H), 2.30 (dm, 1 H, ] = 14.8), and 3.34
{br d, 1H, J=7.0); °C NMR (22.5MHz, CDC) 5 2137, 145.2,
144.3, 63.6, 538, 52.6, 40.9, 26.7, 24.2, 24.0, 23.8, 16.2, and 1.4

cis - 4 - exo - Isopropenyl - 1.9 - dimethyl - 8 - (trimethylsilyl)
bicyclo[4.3.0Jnon - 8 - en - 2 - one (30). Reaction of carvone
0.075g, 0.5mmol) with l-methyl-l-(trimethylsilyDallene
(0.095 g, 0.75 mmol) and TiCL {0.143 g, 0.75 mmol) in 2 mL CH,Cl,
at —78° for Lhr according to the general procedure afforded
0.120g (879} of 30 as a colorless oil: IR (tf) 3080, 2950, 2920,
1700, 1640, 1610, 1440, 1375, 1245, 885, 830, 750, and 680 cm ™'; 'H
NMR (250 MHz, CDCL3) 8 0.08 (s, 9H), 1.10 (s, 3H), 1.65 (t. 3 H,
§=22), 1.68 (m, 3H), 1.65-1.72{(m, 2H), 2.10{dm, 1 H,] = 12.4),
2.15-2.25 (m, 1 H), 2.27-2.31 (m, 2 H), 2.45~2.57 {m, 2 H), 4.63(m,
1H), and 4.72 {m, 1 H); °C NMR (62.8 MHz, CDCly) 5 215.6,
1515, 147.7, 136.1, 1104, 64.8, 46.1, 43.9, 42,0, 39.8, 32.4, 21.3,
211, 144 and —0.7; an exact mass determination gave mje
276.1891 (Calc. for C,7H508i: 276.1909).

10 - Methyl - 9 - (trimethylsilyl)bicyclo[5.3.0}dec - 9~ en - 2 - one
(31a,b). Reaction of 2-cyclohepten-l-one (0.055g, 0.50 mmol)
with 1-methyl-1-(trimethylsilyl)allene (0.095g, 0.75 mmol) and
TiCl (0.143 g, 0.7S mmol) in 2mL CH,Cl» at —78° for 1 hr ac-
cording to the general procedure produced 0.111g (94%) of an
inseparable mixture of 31a and 31b as a colorless oil: IR (tf} 2956,
2925, 2860, 1705, 1450, 1325, 1245, 1065, 845, 830, 750, and
685cm™'; 'H NMR (250 MHz, CDCl3) 5 0.04 (s, 9 H, 31b), 0.06 (s,
9 H, 31a), 1.36~1.63 (m, 1 H), 1.62 (br s, 7 H, 31b), 1.64 (brs, 7 H,
3la), 1.8-2.04 (m, 1 H), 2.1-2.36 (m, 3 H), 2.43-2.65 (m, 2 H), 3.60
(brd, | H, 31, J = 9.1}, and 3.68 (br d, 1 H, 31b, J = 9.6); an exact
mass determination gave mfe 236.1568 (Calc. for CH.0Si:
236.1596).

cis - 7- Ethyl -9 - methyl - 8 - (trimethylsilyl)bicyclo[4.3.0)non - 8
- en - 2 - one (32ab). Reaction of 2-cyclohexen-1-one (0.048¢,
0.56 mmol} with I-ethyl-3-methyl-3-{trimethylsilylaliene (0.077 g,
0.50 mmol) and TiCl, (0.143 g, 0.75 mmol) in 2mL CH:Cl, at - 78°
for 1 hr according to the general procedure gave 0.099 g (79%) of
an inseparable mixture of 32a and 32b as a colorless oil: IR (tf)
2930, 2890, 2865, 1700, 1590, 1455, 1445, 1380, 1360, 1315, 1245,
1230, 1170, 1140, 990, 830, 755, and 680 cm™'; "H NMR (250 MHz,
CDCly) 5 0.10(s, 9 H, 32a), 0.11 (s, 32b), 0.82 (1. 3H, 32b, ] = 7.0).
0.84 (t, 3H, 32, J=7.0), 1.2-1.41 (m, 2H), 1.64 (br s, 3H),
1.43-1.75 (m, 3H), 1.85-2.1 (m, 2H), 2.30 (dm, 1 H, J=14.7),
2.46-2.63 (m, 2H), 3.07 (br d, 1 H, 328, J =6.3), and 3.33 (br 4.
{H,32b,J=6.7).

cis-6,8- Dimethyl-7-(trimethylsilylbicyclo[3.3.0] oct-7-en-2-one
(33a,h). Reaction of 2-cyclopenten-l-one (0.840g, 10.0 mmol)
with 1,3-dimethyl- 1-(trimethylsilyl)allene (2.12g, 15.0 mmol) and
TiCly (2.88g, 15.0mmol) in 40mL CHCl, at -78° for 3hr
according to the general procedure furnished 1.51g (68%) of an
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inseparable mixture of 33a and 33b as a colorless oil: IR (tf) 2950,
2870, 1730, 1600, 1450, 1405, 1370, 1245, 1145, 830, 750 and
680cm™"; 'H NMR (250 MHz, CDCl5) 8 0.10 (s, 9 H, 33a), 0.12 (s,
9H, 33b), 096 (d, 3H, 33a, J=7.0), 1.07 (d, 3H, 33, J=13),
1.4-3.0 (m, 6H), 1.8 (m, 3H), 3.03 (br d, 1 H, 33b, I=7.8) and
320 (br d, 1H, 33a, ] =7.3); °C NMR (22.5 MHz, CDCL): for
33a: § 217.9, 143.5, 143.0, 64.8, 52.2, 48.2, 38.2, 27.8, 21.7, 15.3
and 0.45, for 33b: 5 218.5, 144.0, 143.5, 65.0, 48.0, 44.2, 38.4, 21.8,
154, 152 and 0.50; an exact mass determination gave mle
221.1425 (Calc. for CraH20Si: 222.1440).

3 - Acetyl - 2,4,5 - trimethyl - 1 - (trimethylsilyl)cyclopentene
(34a,b). Reaction of E-3-penten-2-one {(%0% pure, 0.084g,
1.0mmol) with 13-dimethyl-1-{trimethylsilyDaliene (0.140g,
1.0mmol} and TiCls (0.286g. 1.50 mmol) in 4mL of CH,Cl, at
~78° for 1 br according to the general procedure provided 0.165 g
(82%) of 34ab as a colorless oil: IR (tf) 2965, 2930, 2880, 1715,
1610, 1450, 1380, 1355, 1250, 1210, 1165, 1090, 1025, 840, 760, and
690 cm™"; 'H NMR (250 MHz, CDCIy) for 34a: 8 0.11(s, 9 H), 0.78
{d, 3H, J=7.0), 095 (d, 3H, J=7.0), 1.66 (br s, 3H), 2.09 (s,
3H), 2.43 (dquin, 1 H, J =70, 10.3), 2.72 (quin, 1 H, ] =7.0), and
3.22 (d, 1H, J=10.3); for 3b: 6 0.12 (s, 9H), 1.03 (d, 3H,
J=7.0), .04 (d, 3H, J=7.0), 1.68 (m, 3H), 1.76-1.87 (m, 1 H),
211 (s, 3H}, 225234 {m, 1 H), and 3.03 (d, 1 H, J=59); °C
NMR (22.5 MHz, CDCl;) for 34a: 8 211.6, 145.9, 71.2, 47.1, 41.8,
28.2, 16.1, 14.7, 14.1, and ~0.3; for 34b: 5 210.6, 145.0, 143.2,
74.2, 53.7, 453, 28.2, 21.5, 20.6, 16.5, and 0.1; an exact mass
determination gave mje 224.1600 (Calc. for C,:H2,08i: 224.1596).

General procedure for desilylation and isomerization-method A
1-Acetyl-2-methylcyclopentene (35). A soln of 7 (0.118¢g,
0.6 mmol) and anhyd K,CO; (0.042g, 0.3 mmol) in 3 mL. MeOH
was stirred at 25° for 9hr. The mixture was then diluted with
water and extracted with diethyl ether. The combined organic
phases were washed with satd NaCl aq, dried over MgSOs,
filtered, and concen.ated to afford 0.099g of a yellow oil.
Column chromatography on silica gel (elution with ether-pen-
tane) gave 0.051 g (68%) of 35 as a colorless oil: semicarbazone
m.p. 220-220.5° {lit.'® 220-221°%); IR (tf) 2945, 2910, 2845, 1675,
1650, 1610, 1430, 1355, 1300, 1255, 1210, 1015 and 960cm™"; 'H
NMR (250 MHz, CDCl3) 8 1.80 (quin, 2H, ] =7.5), 2.06 {m, 3 H),
222(s, 3H), 248 (br t, 2H, J = 7.5), and 2.64 (m, 2 H).
1-Benzoyl-2-isopropylcyclopentene (36). Reaction of 8 (0.175 g,
0.61 mmol) and K:CO: (0.252 g, 1.83 mmol) in $ mL MeOH at 25°
for 14d according to procedure A provided 0.089 g (68%) of an
89: 11 mixture of 36 and 3-benzoyl-2-isopropylcyclopentene: for
36: IR (tf) 3075, 3055, 3020, 2960, 2865, 1640, 1595, 1575, 1455,
1445, 1335, 1260, 1230, 1170, 1020, 1000, 885, 830, 785, 705 and
690cm™"; 'H NMR (250 MHz, CDCLy) § 0.93 (d, 6H, J=6.7),
1.88 (quin, 2H, J=7.3}, 2.45-2.52 (m, 2H), 2.59-2.71 (m, 3 H),
7.37-7.53 (m, 3H), and 7.75-7.79 {m, 2 H); an exact mass deter-
mination gave mje 214.1350 (Calc. for CisH50: 214.1358).

General procedure for desilylation-method B

i-Acetyl-2 4.4 trimethylcyclopentene (37). A soln of 9 (0.085g,
0.38 mmol} and 0.2 mL of 48% HF in 2mL MeCN was stirred at
25° for 48 hr. The mixture was diluted with water and extracted
with ether. The combined organic phases were washed with satd
NaCl aq, dried over Na,SO,, filtered, and concentrated to afford
0.074¢ of a yellow oil. Column chromatography on silica gel
(elution with THF-hexane) gave 0.038g (66%) of 37 as a color-
less oil: IR (tf} 2950, 2920, 2900, 2860, 1675, 1650, 1610, 1460,
1425, 1360, 1240, and 1215cm™'; '"H NMR (250 MHz, CDCl) &
1.04 (s, 6 H), 201 (m, 3H), 2.17 (s, 3H), 2.27 {m, 2 H), and 2.43
{m, 2H}); an exact mass determination gave mfe 152.1182 (Calc.
fOl" C(QH\{,OZ |52]2ﬂl)

1-Acetyl-2,S-dimethyicyciopentene  (38). Reaction of 22
(0.059g, 0.28mmol) and K-CO: (0.040g, 0.28mmol) in 2mL
MeOH at 25° for 23 hr according to procedure A gave 0.025g
(64%) of 38 as a pale yellow oil: IR (tf) 2950, 2860, 2830, 1670,
1650, 1610, 1450, 1430, 1355, 1245, 1210, and 1115em™"; 'H NMR
(250 MHz, CDC13) 8 1.04 (d, 3H, J =7.0), 1.3-1.45 (m, 1 H), 2.0
(br s, 3H), 1.95-2.1 (m, L H), 2.24 (s, 3H), 2.2-2.38 (m. 1 H),
2.5-2.6 (m, 1H), and 3.07 (br s. 1H), an exact mass deter-
mination gave m/e 138.1052 (Calc. for CoH .0 138.1045).
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cis-6-Acetyl-7-methylbicyclo[4.3.0]non-7-ene (39). Reaction of
25(0.132 g, 0.53 mmol) with 0.13 mL 48% HF in 2.5 mL MeCN at
25° for 16 hr according to procedure B furnished 0.090 g (96%) of
39 as a colorless oil: IR (tf) 3030, 2925, 2845, 1700, 1440, 1375,
1345, 1220, 1190, 1145, and 1005cm™'; 'H NMR (250 MHz,
CDCl3) 6 1.2-1.5 (m, 7 H), 1.60 (br s, 3H), 2.10 (s, 3 H), 2.07-2.18
gn 2H), 2.3-2.45 (m, 1 H), 2.6-2.73 (m, 1 H), and 5.52 (br s, 1 H);

C NMR (22.5MHz, CDCl;) & 211.8, 143.7, 127.2, 65.0, 41.2,
35.7, 27.6, 27.3, 26.0, 21.6, 21.5, and 13.7; an exact mass deter-
mination gave m/e 178.1368 (Calc. for C,2H,50: 178.1358).

9-Methylbicyclo[4.3.0)non-9(1)-en-2-one (40). Reaction of 27
(0.083 g, 0.37 mmol) with K,CO; (0.026g, 0.19 mmol) in 2.5mL
MeOH at 25° for 2.5hr according to procedure A provided
0.048 g (86%) of 40" as a colorless oil: IR (tf) 2925, 2860, 1675,
1615, 1450i 1430, 1370, 1340, 1320, 1260, 1240, 1175, 1105, 940 and
800cm™; 'H NMR (250 MHz, CDCly) 6 1.12-1.29 (m, 1 H), 1.33-
1.5 (m, 1H), 1.6-1.8 (m, 1 H), 1.87-2.28 (m, 5 H), 2.02 (br s, 3H),
2.32-2.48 (m, 2H), and 2.81 (m, 1H); an exact mass deter-
mination gave m/e 150.1019 (Calc. for C(oH,40: 150.1045).

9-Isopropylbicyclo[4.3.0)non-%(1)-en-2-one (41). Reaction of
28 (0.184 g, 0.73 mmol) with K,CO; (0.153g, 1.1 mmol) in SmL
MeOH at 25° for 21 hr according to procedure A afforded 0.097 g
(75%) of 41 as a colorless oil: IR (tt? 2940, 2860, 1675, 1610, 1460,
1325, 1255, 1175, 1105, and 805 cm™"; 'H NMR (250 MHz, CDCl)
8099(d, 3H,J=7.0), 1.02 (d, 3H, J =7.0), 1.18-1.46 (m, 2H),
1.64-1.82 (m, 1 H), 1.9-2.5 (m, 7H), 2.83 (br s, 1H), and 3.59
(sept, 1H, J=7.0); an exact mass determination gave mje
178.1345 (Calc. for.C;H50: 178.1358).

7.1.9-Trimethylbicyclo[4.3.0)non-%(1)-en-2-one (42). Reaction
of 29 (0.079 g, 0.32 mmol) with 0.1 mL 48% HF in 2 mL MeCN at
25° for 2.5 hr according to procedure B gave 0.053 g (94%) of 42
as a colorless oil: IR (tf) 2955, 2935, 2865, 2815, 1675, 1615, 1455,
1425, 1360, 1340, 1320, 1265, 1215, 1160, 1120, 955, 920, 890, and
825cm™'; 'H NMR (250 MHz, CDCly) & 0.81 (s, 3H), 1.07 (s,
3H), 1.18-1.35 (m, 1H), 1.52-1.74 (m, 2 H), 1.91-2.01 (m, 2H),
2.04 (br s, 3H), 2.08-2.2 (m, 1 H), 2.3-2.42 (m, 2 H), and 2.47-2.57
(m, 1 H); an exact mass determination gave mje 178.1335 (Calc.
for Ci2Hy50: 178.1358).

10-Methylbicyclo[5.3.0)dec-10(1)-en-2-one (43). Reaction of
31a,b (0.080g, 0.3d mmol) with K,CO; (0.023g, 0.t7 mmol) in
2.5mL MeOH at 25° for 2.5 hr according to procedure A fur-
nished 0.051g (91%) of 43 as a colorless oil: IR (tf) 2920, 2860,
1670, 1610, 1445, 1430, 1370, 1320, 1270, 1245, 1180, 1160, and
86Scm™'; '"H NMR (250 MHz, CDCly) § 1.19-1.57 (m, 4H),
1.62-1.96 (m, 3 H), 2.02 (br s, 3H), 2.03-2.12 (m, 1 H), 2.23-2.54
(m, 4 H), and 2.87 (br m, 1 H); an exact mass determination gave
mle 164.1194 (Calc. for C||H|§01 ]641201)

7 - Ethyl - 9- methylbicyclo[4.3.0)non - (1) - en - 2 - one (44a,b).
Reaction of 32a,b (0.096g, 0.38 mmol) with 0.1 mL 48% HF in
2ml. MesCN at 25° for 2 hr according to procedure B provided
0.062g (91%) of 44a,b as a colorless oil: IR (tf) 2960, 2930,
2865, 2825, 1675, 1620, 1460, 1430, 1370, 1315, 1270, 935, and
840cm™'; 'H NMR (250 MHz, CDCl;) § 0.82 (t, 3H J=17.3),
0.9-1.1 (m, 1 H), 1.3-1.5 (m, 2 H), 1.55-1.8 (m, 2H), 1.9-2.2 (m,
4H), 201 (brs, 3H), 2.3-2.4 (m, 1 H), 2.5 (br dd, 1H,J=17.5,17),
and 2.85-2.98 (m, 1 H); °C NMR (22.5 MHz, CDCl3) & 200.6,
151.5, 134.3, 50.0, 43.9, 41.0, 26.0, 24.0, 22.6, 16.2 and 12.2; an
exact mass determination gave mje 178.1343 (Calc. for Ci,HsO:
178.1358).

cis-6,8- Dimethylbicyclo[3.3.0}oct-7-en-2-one (45a,b). Reaction
of 33a,b (1.51 g, 6.80 mmol) with 1.3 mL 48% HF in 25 mL MeCN
at 25° for 15 hr according to procedure B provided 0.740 g (92%)
of 45a,b as a colorless oil: IR (tf) 3020, 2945, 2860, 1730, 1640,
1445, 1405{ 1370, 1275, 1170, 1140, 1125, 1085, 845, 830 and
810cm™"; 'H NMR (250 MHz, CDCLy) & 091 (d, 3H, 45a, J =
6.7),0.92 (d, 3H, 45b, ] =6.7), 1.61 (br s, 3 H), 1.5-1.77 (m, 1 H),
1.91-2.22 (br s, 3 H), 2.33-2.47 (m, 45a | H, 45b 2 H), 2.7-2.87 (m,
4%a 1 H), 2.93 (m, 1 H), 5.09 (m, 1 H, 45b) and 5.19 (m | H, 45a).
3C NMR (62.8 MHz, CDCL) for 45a: § 217.5, 135.3, 132.6, 61.1,
48.2, 46.9, 37.3, 27.3, 20.8 and 14.4, for 45b: § 218.2, 135.1, 132.0,
62.3, 43.3, 41.1, 38.9, 22.1, 14.2 and 13.7; an exact mass deter-
mination gave mfe 150.1046 (Calc. for CoH,.0: 150.1045).

1-Acetyl - 2,4,4,8 - tetramethyl - 3,7 - bis(trimethylsilyl)bicyclo
[3.3.0) octa-2,7-diene (46). To a soln of 3-butyn-2-one (0.034g,

0.5mmol) and 1,1,3-trimethyl-3<{trimethylsilyl)allene (0.077 g,
0.5 mmol) in 2.5 mL CHCl, at - 78° was added rapidly dropwise
TiCL (0.143 g, 0.75 mmol). The resulting red soln was stirred at
—78° for 0.5hr and then treated with additional TiCle (0.143 g,
0.75mmol) and I-methyl-1(trimethylsilyDallene  (0.095g,
0.7 mmol). The mixture was next stirred at —78° for 1hr,
allowed to warm to —30° over 0.5 hr, and then transferred via
cannula to a 1: 1 mixture of ether and water at 25°. The aqueous
phase was separated and extracted with ether, and the combined
organic layers were washed with satd NaCl aq, dried over
Na,SOy, filtered, and concentrated to afford 0.168 g of a yellow
oil. Column chromatography on a silica gel (elution with ether-
pentane) furnished 0.067 g (38%) of 46 as a yellow oil: IR (tf)
2950, 2920, 2860, 1705, 1610, 1585, 1440, 1405, 1380, 1360, 1350,
1250, 1175, 1160, 1120, 1070, 1025, 840, 750 and 680cm '; 'H
NMR (270 MHz, CDCls) & 0.09 (s, 9H), 0.16 (s, 9H), 0.93 (s,
3H), 0.9 (s, 3H), 1.74 (br s, 3H), 1.80 (s, 3H), 2.05 (s, 3H),
2.30-2.33 (m, 2H) and 2.49 (dd, 1H, J=5.2, 7.0); °C NMR
(22.5 MHz, CDCl3) & 212.0, 148.3, 147.1, 146.6, 139.1, 88.5, 61.0,
519, 37.9, 30.5, 26.3, 24.2, 16.9, 16.2, 1.4 and —0.7; an exact mass
determination gave m/fe 348.2303 (Calc. for CxH3s0Si,: 348.2305).

1,3-Diacetyl-2-methylcyclopentene (47). To a suspension of
anhyd AICl; (0.770g, 5.77mmol) in 15mL CH)Cl, at 0° was
added over 1 min AcCl (0.270 g, 3.46 mmol), and the resulting
mixture was stirred at 0° for 3 min and then treated dropwise
over 2min with a soln of 7 (0.453g, 231 mmol) in SmL
CH.Cl,. The mixture was stirred at 0° for 1 hr and then transfer-
red via cannula to a mixture of ether and 1 M HCI at 25°. After
10 min the aqueous phase was separated, saturated with NaCl,
and extracted with ether. The combined organic layers were
washed with satd NaCl aq, dried over Na,;SO,, filtered, and con-
centrated to afford 0.413 g of a pale yellow oil. Column chroma-
tography on silica gel (elution with EtOAc-hexane) gave 0.363 g
(95%) of 47 as a colorless oil with spectral characteristics iden-
tical to that previously reported.
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