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sufficient to get a good sample, and titrated on 0.01 N silver nitrate
(potentiometric titration). Results are reported in Figure 2.

In the case of onium salts 4a,c,d equilibrium 3 was studied in
the same condition as for the kinetic measurements, adding to
the system 12 mmol of potassium methanesulfonate corresponding
to the amount formed in reaction 1 at 100% conversion. For 4b

equilibrium 3 was studied at the following percents of reaction
1: 5, 10, 20, 50, 100% (Figure 1).

Registry No. lc, 14937-45-2; 2¢, 3115-68-2; 3¢, 1643-19-2; 4a,
81389-83-5; 4b, 3125-07-3; 4e¢, 14866-33-2; 4d, 16829-91-7; octyl
methanesulfonate, 16156-52-8.
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The syntheses and anionic oxy-Cope rearrangements of 1,2-dialkenylcyclobutanols are reported. Reaction
of 2-methyl-2-(2-methylpropen-1-yl)-1-cyclobutanone (1) with vinyl-, isopropenyl-, or isobutenyllithium led to
formation of cyclobutanols 2a—-c. Treatment with potassium hydride induced rearrangement to Z and E cy-
clooctenones 3a—c and 4a,c. Reaction of 5-methylenespiro[3.5]nonan-1-one (8) with the same alkenyllithium
reagents afforded directly a mixture of rearranged and ring-opened products (11a-¢ and 12a-¢). Reaction of
spiro{3.5]non-5-en-1-one (17) with vinyl- or isopropenylmagnesium bromide produced a mixture of diastereomeric
cyclobutanols 18a,b and 19a,b which underwent anionic oxy-Cope rearrangement to bicyclo[5.3.1]lundec-1-
(11)-en-4-ones 20a,b in high yield. A mechanism for the rearrangement of stereodistal 1,2-dialkenylcyclobutanols

is proposed.

There are several important classes of natural products
which contain eight-membered rings. Cyclooctanes appear
in the fused-ring systems of the ophiobolin,! ceroplastol,?
cotylenol,? and fusiococcin* families of natural products
and also in the bridged, bicyclic skeletons of pleuromutilin®
and taxol.?

Syntheses of cyclooctanes from acylic precursors tend
to be only marginally successful” due to unfavorable en-
tropic factors as well as large increases in enthalpy resulting
from transannular and torsional strain. Somewhat more
successful preparations of cyclooctanes have involved one-
and two-carbon ring expansions of cycloheptanes® and
cyclohexanes,? respectively, and also fragmentation of
bicyclic precursors.®® However, these reactions are far
from general, and new methodology for cyclooctane syn-
thesis is needed. We report the results of our investigation

(1) Nozoe, S.; Hirai, K.; Tsuda, K. Tetrahedron Lett. 1966, 2211.

(2) Rios, T.; Quijano, L. Tetrahedron Lett. 1969, 1317.

(8) Takeshi, S.; Akhisiro, T.; Tamutsu, S. Agric. Biol. Chem. 1975, 39,
1929.

(4) Ballio, A.; Chain, E. B.; De Leo, P.; Erlanger, B. F.; Mauri, M,;
Tonolo, A. Nature (London) 1964, 203, 297.

(5) Birch, A. J. Proc. Chem. Soc. 1962, 3. Arigoni, D. Gazz. Chim. Ital.
1962, 92, 884,

(6) Wani, M. C.; Taylor, H. L.; Wall, M. E.; Coggan, P.; McPhail, A.
T. J. Am. Chem. Soc. 1971, 93, 2325.

(7) luminati, G.; Mandolini, L. Acc. Chem. Res. 1981, 14, 94. Craig,
L. E. Chem. Rev. 1951, 49, 103. Ziegler, K. In “Methoden der Organischen
Chemie (Houben-Weyl)”; Muller, E., Ed.; Georg Thieme Verlag: Stutt-
gart, 1955; Vol. 4/2. Sicher, J. Prog. Stereochem. 1962, 3, 202.

(8) Gutsche, C. D.; Redmore, D. “Carbocyclic Ring Expansion
Reactions”; Academic Press: New York, 1968,

(9) Geetha, K. Y.; Rajagopalan, K.; Swaminathan, S. Tetrahedron
1978, 34, 2201. Dauben, W.; Hart, D. J. Org. Chem. 1977, 42, 922. Ra-
mani, P. V,; John, J. P.; Narayanan, K. V.; Swaminathan, S. J. Chem.
Soc., Perkin Trans. 1 1972, 1516. Swaminathan, S.; Srinivasan, K. G.;
Venkataramani, P. S, Tetrahedron 1970, 26, 1453. Birch, A. J.; Hutch-
inson, E. G. J. Chem. Soc. C 1971, 3671. Mukaiyama, T.; Higo, M.
Tetrahedron Lett. 1970, 5297.

(10) Das, T. K.; Dutta, P. C. Synth. Commun. 1976, 6, 253. Carruth-
ers, W.; Qureshi, M. J. Chem. Soc., Perkin Trans. 1 1973, 51. Bloomfield,
J. J.; Martin, R. A.; Nelke, J. M. J. Chem. Soc., Chem. Commun. 1972,
96. Tamura, Y.; et al. J. Org. Chem. 1975, 40, 2702. Oppolzer, W.; Bird,
T. G. C. Helv. Chim. Acta 1979, 62, 1199. Boeckman, R. K., Jr.; Bershas,
J. P.; Clardy, J.; Solheim, B. J. Org. Chem. 1977, 42, 3630.

Scheme I
0 OH 3
1. a,b, or ¢, E1;0, =78 °C — R
2. HOAc —
— 1\\\
R/ R
1 2a, R'! =R*=R*=H

b,R' =CH,;R>=R®=H
¢, R' =H;R* = R® = CH,

1. KH, THF, 25 °C 3 3
- T L

2a~-c
2. HOAc

3a-
a=e 4a,c
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of a novel and versatile cyclooctane synthesis based upon
ring expansion of cyclobutane precursors.

The Cope rearrangement of cis-1,2-divinylcyclobutane
has been studied in detail by Berson and others.!!:1216
Driven by a significant release of ring strain, this rear-
rangement occurs at much lower temperatures than the
acyclic variant. We felt that the anionic oxy-Cope version
of this rearrangement would be particularly suitable as a
general method for the synthesis of substituted cyclo-
octenones for several reasons: (1) the required di-
alkenylcyclobutanols could, in principle, be prepared di-
rectly from readily available 2-alkenylcyclobutanones;'® (2)
rearrangement should be possible under mild conditions
(room temperature or below) due to the accelerating effect

(11) Vogel, E. Justus Liebigs Ann. Chem. 1958, 615, 1. Grimme, W.
J. Am. Chem. Soc. 1972, 94, 2525.

(12) (a) Berson, J. A.; Dervan, P. B. J. Am. Chem. Soc. 1972, 94, 8949,
(b) Berson, J. A.; Dervan, P. B. Ibid. 1972, 94, 7597, 7598.

(13) (a) Trost, B. M.; Keeley, D. E.; Arndt, H. C.; Bogdanowicz, M. J.
J. Am. Chem. Soc. 1977, 99, 3088. (b) Trost, B. M.; Jungheim, L. N. Ibid.
1980, 102, 7910. Cohen, T.; Matz, J. R. Tetrahedron Lett. 1981, 2455,
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Scheme II

of the anionic substituent;'* (3) the relative configuration
of chiral centers produced as a result of the rearrangement
can be predicted from the transition-state conformation;
(4) the resulting 4-cycloocten-1-ones are differentially
functionalized and should serve as useful synthetic in-
termediates in the construction of natural products.

Results and Discussion

We chose as our simplest model system the known!%
2-methyl-2-(2-methylpropen-1-yl)cyclobutanone (1,
Scheme I). Reaction of 1 with vinyllithium?® afforded the
allylic alcohol 2a in essentially quantitative yield. Simi-
larly, reaction of 1 with isopropenyllithium!® and iso-
butenyllithium!® produced the corresponding alcohols 2b
and 2c¢, respectively. In each case the allylic alcohol iso-
lated was found to be essentially one diastereomer (>95%)
by NMR and HPLC analyses. Although the stereochem-
istry of the alcohols was not definitively established, the
alkenyl groups are most likely trans as a result of attack
of the alkenyllithium at the less hindered face of the
carbonyl.

Treatment of cyclobutanol 2a with potassium hydride
(KH) in THF at room temperature resulted in rapid re-
arrangement (Scheme I) to the cis- and trans-cyclo-
octenones 3a and 4a (3a/4a ratio of 79:21), which were
isolated in 62% overall yield from cyclobutanone 1. Under
the same conditions, 2c rearranged to a mixture of 3¢ and
4c (67:33 3¢c/4c) in 49% overall yield, while cyclobutanol
2b afforded exclusively (>95% by NMR and HPLC
analyses) cis-cyclooctenone 3b in 50% overall yield.

The rearrangement of these alcohols is somewhat sur-
prising in view of the observation that trans-1,2-divinyl-
cyclobutane does not undergo Cope rearrangement but
instead reacts predominantly via [1,3]-shift processes at
elevated temperatures.!® Since it is reasonable to assume
that 2a—¢ are trans-dialkenylcyclobutanols, their rear-

(14) Evans, D. A.; Nelson, J. V. J. Am. Chem. Soc. 1980, 102, 774.
Evans, D. A.; Bai eon, D. J., Nelson, J. V. Ibid. 1978, 100, 2242. Evans,
D. A.; Golob, A. M. Ibid. 1975, 97, 4765.

(16) Neumann, H.; Seebach, D. Chem. Ber. 1978, 111, 2785. Reich, H.
J.; Olson, R. E,; Clark, M. E. J. Am. Chem. Soc. 1980, 102, 1423.

(16) Hammond, G. S.; DeBoer, C. D. J. Am. Chem. Soc. 1964, 86, 899.
Trecker, D. J.; Henry, J. P. Ibid. 1964, 86, 902. Berson, J. A.; Dervan,
P. B. Ibid. 1973, 95, 267, 269.

Scheme III
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@ (a) MsCl, Et,N, ether, 25 °C; (b) 4,4'-dichlorodiphenyl
diselenide, NaBH,, EtOH, reflux; (¢) acetone, BF,-Et,0,
reflux; (d) lithiocyclopropy! phenyl sulfide, THF, -78 °C;
(e) TsOH, PhH, reflux; (f) MCPBA, THF, —-20 °C; (g) CCl,,
Et,NH, reflux.

rangement to cyclooctenones presumably occurs via initial
isomerization to the cis-dialkenylcyclobutanol (vide infra)
and subsequent Cope rearrangement. No products re-
sulting from [1,3] rearrangements were detected in these
reactions.

The formation of trans-cyclooctenones 4a and 4c is due
to a change in transition-state conformation from the
normally favored s-cis boat conformation (5, Scheme II)
to a chair conformation (6) as a result of steric interactions
between the endo terminal methyl substituents and the
cyclobutyl ring protons, a phenomenon also observed by
Berson!?® during his study of the rearrangements of hin-
dered cis-1,2-dialkenylcyclobutanes. The cis-cyclooctenes
3a—c may arise via s—cis boat transition-state 5 or possibly
via the alternative chair transition state 7. Exclusive
formation of cis-cyclooctenone 3b from the isopropenyl-
cyclobutanol 2b may be due to destabilization of the chair
transition-state 6b (leading to the trans isomer) by steric
repulsion between the quasi-diaxial methyl groups.'’

T
CH
~ \[’/\ 3
CH CH
Hs 3 3
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Scheme IV
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@ (a) CH,=CHLi, (b) CH,=C(CH,)Li. 9a-12a, R' = H;
9b-12b, R' = CH,.

We have also investigated the ring expansion of 5-
methylenespiro[3.5]nonan-1-one (8, Scheme III) to various
octahydrobenzocyclooctenones. The benzocyclooctene ring
system is of interest due to its incorporation in the anti-
tumoral taxol. Furthermore, the cyclopentacyclooctene
ring system, which should be available by an analogous ring
expansion of 5-methylenespiro[3.4]octan-1-one, is found
in the ophiobolin, ceroplastol, cotylenol, and fusiococcin
families of natural products.

The preparation of 8 was accomplished in 46% overall
yield from the known!® ethylene ketal of 2-(hydroxy-
methyl)cyclohexanone 13 as shown in Scheme III. Me-
sylation of 13 followed by displacement with p-chloro-
benzeneselenenolate anion!® cleanly afforded the primary
selenide. Transketalization furnished the seleno ketone
14 in 70% overall yield from 13. Conversion to the cy-
clobutanone 15 (as a mixture of diastereomers) was ac-
complished by the method of Trost!® in 76% overall yield.
Finally, oxidation and selenoxide elimination?® produced
8 in 86% yield.

It was expected that the rearrangement of allylic alcohols
derived from 8 would be particularly facile due to the rigid
s-cis orientation of the exocyclic methylene and the con-
sequent reduction of activation energy needed to achieve
the preferred s-cis boat transition-state conformation. This
was found to be the case, and, in general, it was not pos-
sible to isolate these allylic alcohols.

Instead, reaction of 8 with vinyllithium (Scheme IV)
resulted in isolation of a mixture of 1,2,3,4,5,6,9,10-octa-
hydro-7(8H)-benzocyclooctenone (11a) and 5-(2-methyl-
1-cyclohexen-1-yl)-1-penten-3-one (12a) in 78% yield
(44:56 1la/12a). Similarly, treatment of 8 with iso-
propenyllithium produced, after the workup, a mixture of
11b and 12b in 76% yield (17:83 11b/12b). Benzocyclo-
octenones 11a,b are presumably formed via rapid oxy-Cope
rearrangement of the cis-dialkenylcyclobutanols 9a,b while
the ring-opened ketones 12a,b are produced via retro-ene
reaction of the intermediate trans-dialkenylcyclobutanols
10a,b.?! This retro-ene process (also termed 3-hydroxy

(17) We are currently attempting to determine unambiguously the
relative population of each transition-state conformation in these rear-
rangements.

(18) Kirmse, W.; Schneider, S. Chem. Ber. 1969, 102, 2440.

(19) Sharpless, K. B.; Young, M. W. J. Org. Chem. 1975, 40, 947.

(20) Reich, H. J.; Wollowitz, S.; Trend, J. E.; Chow, F.; Wendelborn,
D. F. J. Org. Chem. 1978, 43, 1697.

Gadwood and Lett
Scheme V
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20a,b
¢ CH,=CHMgBr, (b) CH,=C(CH,)MgBr, (c) (CH,),C=

CHMgBr. 18a-20a, R' = R? = R® = H; 18b-20b, R! =
CH,,R? = R® = H; 18c and 19¢, R' = H, R* = R® = CH,,.

olefin cleavage) has been observed previously in compe-
tition with the oxy-Cope rearrangement.”? The formation
of octahydrobenzocyclooctenones 11a,b from the cyclo-
butanone 8 constitutes the first example of a one-step,
four-carbon ring expansion of a cyclobutanone to a cy-
clooctanone.

Upon reaction of 8 with isobutenyllithium (eq 1), a

x

1 (CHa)2C=CHLi, o]
Et0, -78 °C
—_— . +

2 HOAc

12¢

mixture of two products was again isolated (52% yield,
81% based on recovered 8). One component of this mix-
ture was found to be ring-opened ketone 12¢, while the
other component was determined to be allylic alcohol 9¢
(49:51 9¢/12¢). This alcohol is much more stable at room
temperature than 9a or 9b because of steric repulsion
encountered in the Cope-rearrangement transition state.
Nonetheless, treatment of 9¢ with KH in THF at room
temperature resulted in facile rearrangement to octa-
hydrobenzocyclooctane 11l¢ in 68% yield (eq 2).
0

1. KH, THF, 25 °C

9¢ > one (2)

1lc

Reaction of 8 with vinyllithium followed by a low-tem-
perature workup and subsequent treatment with KH in
room temperature THF again resulted in the isolation of
a mixture of two products (eq 3). One product was the
previously isolated benzocyclooctenone 11a, while the other
was found to be allylic alcohol 16 (44:56 11a/16). While
benzocyclooctenone 11a again arises as a result of Cope
rearrangement of the stereoproximal dialkenylcyclobutanol

(21) On the basis of TLC evidence, 12a is not present in the cold (-78
°C) quenched reaction mixture but forms rapidly when the reaction
reaches room temperature. Coincident with the formation of 12a is the
disappearance (by TLC) of another component of the reaction misture
which has not been isolated but which is presumed to be 10a.

(22) Viola, A.; Iorio, E. J.; Chen, K.; Glover, G. M.; Nayak, U.; Kio-
cienski, P. J. J. Am. Chem. Soc. 1967, 89, 3462. Leriverend, P.; Conia,
J. M. Bull. Soc. Chim. Fr. 1970, 1040, Barnier, J. P.; Conia, J. M. Ibid.
1975, 1659.
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9a, allylic alcohol 16 arises via a [1,3]? shift of the ster-
eodistal dialkenylcyclobutanol 10a (vide infra).

As a third model system, we chose to study the ring
expansion of the known!3 gpiro[3.5]non-5-en-1-one (17,
Scheme V) to various bicyclo[5.3.1]Jundec-1(11)-en-4-ones,
20a-—c, via the intermediate allylic alcohols. Methods for
synthesis of the bicyclo[5.3.1]Jundecane ring system are of
interest due to its incorporation in the antitumoral taxol
and the antibiotic pleuromutilin.

Treatment of 17 with vinylmagnesium bromide gener-
ated a mixture of diastereomeric alcohols, 18a/19a (78%
yield), which were separated by preparative HPLC.%
Each diastereomer was individually subjected to KH in
THF at room temperature, and both rearranged cleanly
to bicyclo[5.3.1]Jundec-1(11)-en-4-one (20a).”* On a
preparative scale, the mixture of diastereomeric cyclo-
butanols could be converted to 20a in 80% yield. Again,
no products resulting from [1,3] shifts could be detected.

Similarly, isopropenylmagnesium bromide reacted with
17 to produce a mixture of diastereomers 18b/19b (68%
yield)®2 which cleanly rearranged in 72% yield to 20b upon
subjection to anionic oxy-Cope conditions. Treatment of
17 with isobutenylmagnesium bromide also afforded a
mixture of diastereomeric allylic alcohols 18¢/19¢ in 55%
yield.26®> However, attempted anionic oxy-Cope rear-
rangement of these alcohols was unsuccessful, resulting in
formation of a complex mixture of products from which
no ketonic materials could be isolated.

The rearrangement of the stereodistal allylic alcohols
19a,b (which cannot undergo concerted Cope rearrange-
ment) presumably occurs via initial isomerization to the
stereoproximal isomers 18a,b. Berson has shown'? that
a similar isomerization occurs to a small extent in the
thermolysis of trans-1,2-divinylcyclobutane (possibly via
a diradical). In the present case, the anionic oxy-Cope
rearrangement of 19a,b may occur by way of reversible
heterolysis of cyclobutoxide 21 to the allyl anion 22 (eq
4) and reclosure to the stereoproximal isomer 23. Similar

- “ .
//_ ?_o A ° / \\
&= - ~ 20
(4)
21 22 23

fragmentations of allylic alkoxides have been reported by
Benkeser and also by Gerard.# The rearrangement of the

(23) For other examples of [1,3] shifts of potassium allyloxides see:
Thies, R. W.; Seitz, E. P. J. Org. Chem. 1978, 43, 1050. Danheiser, R. L,;
Martinez-Davila, C.; Sard, H. Tetrahedron 1981, 37, 3943.

(24) The ratio of diastereomers is 21:79. We have not determined
which of these alcohols corresponds to structure 18a and which to 19a.

(25) After these results were obtained, two reports appeared dealing
with the same rearrangement (Kahn, M. Tetrahedron Lett. 1980, 21,
4547, Levine, S. G.; McDaniel, R. L., Jr. J. Org. Chem. 1981, 46, 2199).
However, these authors did not comment on, and may have been unaware
9f, the rearrangement of both the stereoproximal and the stereodistal
isomers.

(26) (a) The ratio of diastereomers is 30:70. (b) The ratio of diaste-
reomers is 27:73.

(27) Benkeser, R. A.; Broxterman, W. E. J. Am. Chem. Soc. 1969, 91,
5162. Benkeser, R. A.; Siklosi, M. P. J. Org. Chem. 1976, 41, 3212.
Benkeser, R. A.; Siklosi, M. P.; Mozdzen, E. C. J. Am. Chem. Soc. 1978,
100, 2134. Gerard, F.; Miginiac, P. Bull. Soc. Chim. Fr. 1974, 1924, 2527,
Chan, C. H.; Miginiac, P. Tetrahedron Lett. 1976, 2309. Barbot, F.;
Miginiac, P. Bull. Soc. Chim. Fr. 1977, 113.
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trans-dialkenylcyclobutanols 2a-¢ may occur by an
analogous reversible heterolysis of stereodistal cyclobu-

toxide 24 to allyl anion 25 and reclosure to stereoproximal
cyclobutoxide 26 (eq 5).

0
3 “
fd = [ = sra @
\\\\___ AN \\‘O_
24 26
25

Allylic alcohol 16 may arise by a similar mechanism in
which the stereodistal cyclobutoxide 27 (eq 6) undergoes

0 X
( =2 0
29

x—

27 28

ring opening to allyl anion 28, which then closes to cy-
clohexoxide 29 rather than to a stereoproximal cyclobu-
toxide.2® Allyl anion 28 appears to be unique in this
regard, as a consequence of its conformationally rigid,
sterically unhindered allyl terminus. The possibility that
29 occurs via a concerted [1,3] shift cannot, however, be
ruled out.?

In summary, we have shown that 2-alkenylcyclo-
butanones can be ring-expanded to cyclooctenones either
directly or by anionic oxy-Cope rearrangement of inter-
mediate 1,2-dialkenylcyclobutanols. With the exception
of 8, in which the unhindered, exocyclic methylene is highly
reactive, both the cis- and trans-1,2-dialkenylcyclobutanols
rearrange to cyclooctenones in good to excellent yields.
Syntheses of cyclooctenones in which the double bond is
exclusively cis (from 8) or excllusively trans (from 17) are
possible. In the case of monocyclic cyclobutanones, varying
amounts of both cis- and trans-cyclooctenones can be
produced, depending upon the relative populations of the
transition-state boat or chair conformations. We are
currently investigating the application of this rearrange-
ment to the total synthesis of natural products.

Experimental Section

General Methods. Proton nuclear magnetic resonance (NMR)
spectra were measured on a Varian EM-360 spectrometer or, where
specified, on a JEOL FX-270 spectrometer, and all shifts are
reported downfield from an internal Me,Si standard. Infrared
(IR) spectra were taken with a Perkin-Elmer Model 283 spec-
trophotometer. Mass spectra (MS) were measured with a Hew-
lett-Packard HP 5985A GC/MS system. Elemental analyses were
performed by Micro-Tech Laboratories, Inc. Preparative HPLC
separations were performed by using a Waters HPLC system
equipped with a 7.8 mm X 30 cm semipreparative column packed
with p-Porasil (10-um particle size). Flash chromatography

28) It mgg' be more accurate to represent 22, 25, and 28 as i-iii,
respectively.
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(29) Schlosser, M.; Hartmann, J. J. Am. Chem. Soc. 1976, 98, 4674.

Schlosser, M.; Hartmann, J.; David, V. Helv. Chim. Acta 1974, 57, 1567.
Schlosser, M. Angew. Chem., Int. Ed. Engl. 1974, 13, 701.
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separations were performed according to the method of Still.%
Preparative L.C separations were performed on a system consisting
of an FMI RPSY laboratory pump and Glenco glass LC columns
packed with Merck silica gel 60 (230-400 mesh).

Dry tetrahydrofuran (THF) and diethy! ether were prepared
by distillation from sodium benzophenone ketyl.

Vinyl bromide and 2-bromopropene were purchased from
Aldrich Chemical Co.

1-Bromo-2-methylpropene was prepared as follows. A 100-
mL, three-necked, round-bottom flask, containing 50 mL of hexane
and fitted with a gas-inlet tube, an addition funnel, and a dry
ice condensor filled with dry ice/acetone slush, was cooled to 0
°C in an ice bath, Bromine (12 mL, 0.23 mol) was added dropwise
over 15 min via the addition funnel, and at the same time iso-
butylene (Matheson) was bubbled into the solution. During the
additions, the solution was irradiated with a 150-W sunlamp. After
all of the bromine was added, the flow of isobutylene was con-
tinued until the solution decolorized. The hexane was removed
under vacuum and the residue distilled to give 38.8 g (78% yield)
of 1,2-dibromo-2-methylpropane, bp 72-75 °C (20 mm) [lit.3! bp
38-42 °C (10 mm)].

To a mixture of 1,2-dibromo-2-methylpropane (38.8 g, 0.18 mol)
and 40 mL of 50% NaOH solution was added 4 mL of tetra-
butylammonium hydroxide solution (Aldrich, 40% in water). The
reaction was heated in a 120 °C oil bath for 2 h during which time
1-bromo-2-methylpropene distilled over with a small amount of
water. The distillate was chilled at —20 °C overnight (to freeze
out the water), decanted, and distilled from 4-A sieves or MgSO,
to provide 18.2 g (75% yield) of pure product, bp 87 °C (lit.%! bp
92 °C).

2-Methyl-2-(2-methylpropen-1-yl)-1-cyclobutanone (1) and
spiro[3.5]non-5-en-1-one (17) were prepared by the method of
Trost et al.!3 except that 20 equiv of acrolein was added during
the fluoroboric acid induced rearrangement. The acrolein traps
liberated thiophenol and prevents formation of side products.'®®
Both 1 and 17 gave spectral data identical with those previously
reported.1® In addition, 1 had a boiling point of 80-82 °C (20
mm), and 17 had a boiling point of 68-70 °C (2.8 mm).

1-Ethenyl-2-methyl-2-(2-methylpropen-1-yl)cyclobutan-
1-0l (2a). A solution of vinyllithium in ether was prepared by
addition of tert-butyllithium (Aldrich, 0.97 M in pentane, 3.59
mL, 3.48 mmol) to excess vinyl bromide (Aldrich, 0.5-1.0 mL)
in 20 mL of dry ether at =78 °C under nitrogen.!® After 15 min
at -78 °C, cyclobutanone 1 (0.200 g, 0.227 mL, 1.45 mmol) was
added slowly to the stirred solution as a neat liquid via syringe.
During the addition, the end portion of the syringe needle was
kept submerged in the cold ether solution so that the ketone was
chilled to ~78 °C as it passed through the needle. The reaction
was stirred for 20 min at —78 °C under nitrogen, acetic acid (0.209
mL, 3.65 mmol) was added with good stirring, and the reaction
mixture was allowed to warm to room temperature. Saturated
aqueous NaHCOj; (5 mL) was added to the reaction mixture, and
the phases were separated. The aqueous phase was extracted with
three 20-mL portions of ether, and the combined organic phases
were dried (MgSO,) and concentrated under vacuum to yield 0.258
g of crude product which was apparently only one diastereomer
by NMR and HPLC analyses. This material was not further
purified but instead used directly for the anionic oxy-Cope re-
arrangement. An analytical sample was prepared by preparative
HPLC (5% ethylacetate/hexane) and gave the following spectral
data: NMR (CCl,) 6 6.03 (1 H, dd, J = 18, 10 Hz), 5.13 (1 H, dd,
J =18, 2 Hz), 5.00 (1 H, m), 4.90 (1 H,dd, J = 10, 2 Hz), 1.6-2.2
(4H,m), 1.58 (3 H, br s), 1.47 (3 H, br s), 1.20 (3 H, 8); IR (CCly)
3600 (m), 3480 (w), 2970 (s), 1450 (m), 990 (m), 920 cm™* (m); MS
(15 eV) m/e 165 M* - 1), 123, 112, 96 (base), 81.

2-Methyl-2-(2-methylpropen-1-yl)-1-(propen-2-yl)cyclo-
butan-1-ol (2b). A solution of propen-2-yllithium in ether was
prepared by addition of tert-butyllithium (Aldrich, 0.97 M in
pentane, 3.5 mL, 3.48 mmol) to 2-bromopropene (Aldrich, 0.437
mL, 5.22 mmol) in 20 mL of dry ether at =78 °C under nitrogen,'®
followed by stirring an additional 20 min at —-78 °C. Reaction
of this organolithium with cyclobutanone 1 (0.200 g, 0.227 mL,

(30) Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923.
(31) Braude, E. A.; Evans, E. A. J. Chem. Soc. 1955, 3328. Hunig, S.;
Kiessel, M. Chem. Ber. 1958, 91, 380.
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1.45 mmol) in the same manner as described for 2a led to isolation
of 0.280 g of crude 2b which was apparently one diastereomer by
NMR and HPLC analysis. This material was not further purified
but instead used directly for anionic oxy-Cope rearrangement.
An analytical sample prepared by preparative HPLC (5% ethyl
acetate/hexane) gave the following spectral data: NMR (CCl,)
65.13 (1 H, m), 4.90 (1 H, m), 4.78 (1 H, m), 1.5-2.4 (4 H, m),
1.78 (3 H, br s), 1.60 (3 H, br s), 1.55 (3 H, br s), 1.24 (3 H, s);
IR (CCl,) 3600 (m), 2970 (s), 1440 (m), 1370 (m), 1140 (m), 900
em™! (m); MS (70 eV) m/e 179 (M* - 1), 109, 99, 69, 43 (base).

1,2-Bis(2-methylpropen-1-yl)-2-methylcyclobutan-1-ol (2¢).
A solution of 2-methylpropen-1-yllithium in ether was prepared
by addition of tert-butyllithium (Aldrich, 0.97 M in pentane, 4.30
mL, 4.20 mmol) to 1-bromo-2-methylpropene (0.570 g, 0.440 mL,
4.20 mmol) in 10 mL of dry ether at —78 °C under nitrogen,
followed by warming to 0 °C for 30 min.’* After being cooled to
~78 °C under nitrogen, this organolithium was reacted with cy-
clobutanone 1 (0.200 g, 0.227 mL, 1.45 mmol) in the same manner
as described for preparation of 2a. Upon workup, crude 2¢ (0.247
g) was isolated which was apparently one diastereomer by NMR
and HPLC analyses. This material was not further purified but
instead used directly in the anionic oxy-Cope rearrangement. An
analytical sample was purified by preparative HPLC (5% ethyl
acetate/hexane) and gave the following spectral data: NMR (CCl,)
8 5.58 (1 H, m), 5.09 (1 H, m), 1.5~2.3 (4 H, m), 1.75 (3 H, br s),
1.67 (6 H, brs), 1.52 (3 H, br s), 1.19 (3 H, s); IR (CCl,) 3600 (m),
3470 (w), 2960 (s), 1440 (m), 1370 (m), 1070 (m), 1050 cm™* (m);
MS (70 eV) m/e 193 (M* - 1), 149, 109, 95, 83 (base).

(Z)- and (E)-4,6,6-Trimethylcyclooct-4-en-1-one (3a and
4a). Cyclobutanol 2a (0.258 g, crude, from 1.45 mmol of cyclo-
butanone 1 as described above) in 25 mL of dry THF was added
in one portion to a stirred suspension of hexane-washed KH
(Aldrich, 24% in oil, 0.278 g, 1.67 mmol) in 25 mL of dry THF
under nitrogen. The orange reaction mixture was stirred at room
temperature for 45 min and then quenched with acetic acid (0.095
mL, 1.67 mmol). After an additional 30 min, 25 mL of ether was
added, and the reaction mixture was filtered through a pad of
Celite. Solvent evaporation left 0.217 g of crude product which
was purified by flash chromatography (8 g of silica gel, 5% ethyl
acetate/hexane).

The less polar fraction (0.032 g, oil, 13% yield from 1) was
determined to be the relatively unstable (E)-cyclooctenone 4a
which gave the following spectral data: NMR (CCl,) § 4.70 (1
H,m), 1.5-3.0 8 H,m), 200 (3H, d, J = 2 Hz), 1.20 (3 H, 5), 1.07
(8 H, s); IR (CCly) 2960 (s), 1700 (s), 1450 (m), 1090 (m); MS (70
eV) m/e 166 (M*), 109, 96, 81, 71, 55 (base).

The more polar fraction (0.118 g, oil, 49% vield from 1) was
determined to be the (Z)-cyclooctenone 3a which gave the fol-
lowing spectral data: NMR (CCl,) 6 4.97 (1 H, m), 1.6-2.6 (8 H,
m), 1.62 (3 H,d, J = 2 Hz), 1.08 (6 H, s); IR (CCl,) 2960 (s), 1710
(s), 1465 cm™ (s); MS (70 eV) m/e 166 (M™), 148, 12, 109, 97, 96,
81, 67 (base), 55. Anal. Caled for C;;H30: C, 79.46; H, 10.91.
Found: C, 79.17; H, 10.95.

(Z)-4,6,6,8-Tetramethylcyclooct-4-en-1-one (3b). The an-
ionic oxy-Cope rearrangement of cyclobutanol 2b was carried out
in the same manner as described for 2a. Thus 2b (0.280 g, crude,
prepared from 1.45 mmol of cyclobutanone 1 as described above)
afforded 0.225 g of crude cyclooctenone 3b which was purified
by flash chromatography (8 g of silica gel, 5% ethyl acetate/
hexane) to yield 0.130 g of pure product (oil, 50% yield overall
from 1) which gave the following spectral data: NMR (CCl,) é
5.00 (1 H, m), 1.3-2.7 (7 H, m), 1.67 (3 H, d, J = 2 Hz), 1.14 (3
H, s), 1.04 (3 H, s), 1.01 (3 H, d, J = 7 Hz); IR (CCl,) 2960 (s),
1710 (s), 1700 (s), 1450 {m), 1360 (m), 1180 cm™! (s); MS (70 eV)
m/e 180 (M™), 123, 109, 96 (base), 81, 67, 55.

(Z)- and (E)-4,6,6,7,7-Pentamethylcyclooct-4-en-1-one (3¢
and 4¢). The anionic oxy-Cope rearrangement of cyclobutanol
2¢ was carried out in the same manner as described for 2a. Thus
2¢ (0.247 g, crude, prepared from 1.45 mmol of 1 as previously
described) afforded 0.165 g of crude product which was purified
by preparative HPLC (10% ethyl acetate/hexane).

The less polar compound was determined to be the relatively
unstable (E)-cyclooctenone 4¢ (0.045 g, oil 16% overall from 1)
which gave the following spectral data: NMR (CCl) 6 5.02 (1
H, m), 1.3-28 (6 H, m), 2.02 (3H,d,J = 2 Hz), 1.19 (3 H, s), 1.02
(3 H,s),0.91 (3 H, s), 0.80 (3 H, s); IR (CCl,) 2960 (s), 1700 (s),
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1450 (m), 1385 (m), 1090 cm™ (m); MS (70 eV) m/e 194 (M*),
109, 96 (base), 81, 67, 55.

The more polar compound was determined to be (Z)-cyclo-
octenone 3¢ (0.92 g, oil, 33% overall from 1) which gave the
following spectral data: NMR (CCl,) 6 5.09 (1 H, m), 2.3-2.6 (4
H,m), 2.29 (2H,s),1.75 (3 H, d,J = 2 Hz), 1.7 (6 H, s), 0.95 (6
H, s); IR (CCl,) 2980 (s), 1700 (s), 1450 (m), 1385 cm™ (m); MS
(70 eV) m/e 194 (M*), 109, 96 (base), 81, 67, 55.

2-[[(p-Chlorophenyl)selenenyljmethyl}-1-cyclohexanone
(14). Ketal 13!8 (3.15 g, 18.3 mmol) was dissolved in 30 mL of
dry ether containing triethylamine (distilled from KOH; 3.06 mL,
22.0 mmol). With good stirring, a solution of methanesulfonyl
chloride (distilled from P,05; 1.56 mL, 20.1 mmol) in 25 mL of
dry ether was added over 5 min. After 2 h at room temperature,
the reaction mixture was filtered and concentrated under vacuum
to an oil which slowly solidified (4.48 g). This mesylate was not
further purified but was used directly in the next reaction. The
crude mesylate gave the following NMR data: (CCl,): §4.25 (1
H,dd,J = 9,4 Hz),3.89 (1H, dd, J = 9, 6 Hz), 3.88 (4 H, br s),
2.88 (3 H, s), 1.2-2.3 (9 H, m).

Bis(4-chlorophenyl) diselenide'® (4.09 g, 10.8 mmol) was dis-
solved in 40 mL of absolute ethanol, and NaBH, (1.91 g, 50.3
mmol) in 25 mL of ethanol was added dropwise. The crude
mesylate prepared as described above (4.48 g) was added in one
portion, and the reaction mixture was refluxed for 2 h. After
cooling to room temperature, the reaction mixture was diluted
with 25 mL of water and extracted with 25 mL of ether. The
aqueous phase was saturated with sodium chloride and extracted
with two 25-mL portions of ether. The combined organic phases
were washed with saturated aqueous NaCl, dried (MgSO,), and
concentrated. The oily residue was passed through a pad of 10
g of silica gel with 5% ethyl acetate/hexane to remove polar
impurities. The crude selenide obtained as an oil after solvent
removal (5.78 g) was not purified further but was used directly
in the next reaction. The crude selenide gave the following NMR
data (CCly): 6 6.9-7.5 (4 H, m), 3.83 (4 H, br s), 3.15 (1 H, dd,
J =12, 4 Hz), 2.50 (1 H, dd, J = 12, 8 Hz), 1.0-2.1 (9 H, m).

The selenide prepared as described above (5.78 g) was dissolved
in 50 mL acetone, and, after addition of boron trifluoride etherate
(Aldrich; 50 uL, 0.407 mmol), this solution was refluxed for 1 h.
The solvent was removed under vacuum and was replaced with
50 mL of fresh acetone. More boron trifluoride etherate was added
(30 xL, 0.244 mmol), and the reaction mixture was refluxed for
1 h. Removal of the solvent left 5.51 g of crude ketone 14 which
was purified by preparative LC (180 g silica gel, 7% ethyl ace-
tate/hexane) to afford 3.86 g of pure ketone 14 (70% yield from
ketal 13) as an oil. This ketone gave the following spectral data:
NMR (CCL) 6 6.9-7.4 (4 H, m), 2.9-3.4 (1 H, m), 2.0-2.8 (6 H,
m), 1.0-2.0 (5 H, m); IR (CCl,) 2940 (s), 2860 (m), 1710 (s), 1475
(s), 1090 (s), 1010 em™ (s); MS (70 eV) m/e 304/302/300 (M*
- 302 most intense), 193/191/189, 156/154, 111, 83, 55 (base).

5-[[(p-Chlorophenyl)selenenylmethyl}spiro[3.5]nonan-
1-one (15). To cyclopropyl phenyl sulfide® (2.52 g, 2.42 mL, 16.8
mmol) in 50 mL of dry THF at 0 °C under nitrogen was added
n-butyllithium (Aldrich; 1.6 M in hexane, 10.1 mL, 16.8 mmol),
and the resulting yellow solution was stirred 1 h at 0 °C and then
chilled to =78 °C. The ketone 14 (3.62 g, 12.0 mmol) in 20 mL
of dry THF was added over 5 min, and the resulting solution was
stirred at -78 °C for 2 h and then at 0 °C for 1 h. At the end
of this time, 10 mL water and 25 mL ether were added, and the
phases were separated. The aqueous phase was extracted with
two 20-mL portions of ether, and the combined organic phases
were washed with saturated aqueous NaCl, dried (MgSO,), and
concentrated under vacuum. The crude alcohol thus obtained
was used directly in the next reaction without further purification.
The crude alcohol gave the following NMR data (CCL): & 7.0-7.5
(9 H, m), 0.5-2.5 (16 H, m).

The crude alcohol was dissolved in 50 mL of benzene containing
0.2 mL of water and 1.35 g (7.50 mmol) of toluenesulfonic acid
monohydrate. This reaction mixture was refluxed for 3 h, cooled,
and washed with 25 mL of water. The aqueous wash was extracted
with two 20-mL portions of ether, and the combined organic
phases were washed with saturated aqueous NaHCO, and satu-

(32) Tanaka, K.; Uneme, H.; Matsui, S. Chem. Lett. 1980, 287.
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rated aqueous NaCl. After the mixture was dried (MgSO,) and
the solvent removed under vacuum, the crude cyclobutanone was
purified by preparative LC (180 g silica gel, 3% ethyl acetate/
hexane). In this way cyclobutanone 15 (3.21 g, oil, 76% yield from
ketone 14) was obtained as a mixture of diastereomers which gave
the following spectral data: NMR (CCl,) & 7.0-7.5 (4 H, m), 2.3-3.5
(5 H, m), 1.2-2.3 (10 H, m); IR (CCl,) 2930 (s), 2860 (m), 1770
(s), 1475 (s), 1190 (s), 1090 (s), 1010 cm™ (s); MS (70 eV) m/e
344/342/349 (M* - 342 most intense), 312/314/315, 123/125, 109
(base), 95, 81, 67.

5-Methylenespiro[3.5]nonan-1-one (8). The selenide 15 (8.19
g, 23.3 mmol) was dissolved in 50 mL of dry THF, and the re-
sulting solution was chilled to —20 °C. m-Chloroperbenzoic acid
(Aldrich; 85%, 5.20 g, 25.6 mmol) in 30 mL of dry THF was added
over 5 min, and the reaction mixture was stirred at —20 °C for
20 min. At the end of this time, the reaction mixture was
transferred by cannula into 75 mL of refluxing CCl, containing
diethylamine (4.81 mL, 46.6 mmol). After 10 min at reflux, the
reaction mixture was cooled and diluted with 50 mL of water. The
phases were separated, and the aqueous phase was saturated with
NaCl and then extracted with two 20-mL portions of ether. The
combined organic layers were washed with saturated aqueous
NaCl, dried (MgSO,), and concentrated under vacuum. The crude
product was separated from the nonvolatile residue by Kugelrohr
distillation [80 °C (0.5 torr)] and then purified by fractional
distillation [bp 48 °C (0.9 mm)] to give 3.01 g (86%) of spiro-
nonanone 8 which gave the following spectral data: NMR (CCl,)
54.60 (2H, brs), 2.85 (2 H, t,J = 8 Hz), 2.0-2.4 (3 H, m), 1.3-2.0
(7 H, m); IR (CCly) 2940 (s), 2860 (m), 1775 (s), 1640 (m), 1440
(m), 1050 (m), 890 cm™ (m); MS (70 eV) m/e 150 (M*), 122, 108,
93 (base), 79. Anal. Caled for C,(H;,O: C, 79.96; H, 9.39. Found:
C, 79.86; H, 9.35.

1,2,3,4,5,6,9,10-Octahydro-7(8 H)-benzocyclooctenone (11a)
and 5-(2-Methyl-1-cyclohexen-1-yl)-1-penten-3-one (12a). A
solution of vinyllithium was prepared as previously described,
from tert-butyllithium (0.97 M, 2.48 mL, 2.40 mmol) and excess
vinyl bromide in 20 mL of dry ether at -78 °C. Ketone 8 (0.150
g, 0.156 mL, 1.00 mmol) was added via syringe in the manner
previously described for the preparation of 2a. After 30 min at
-8 °C, the reaction was quenched with acetic acid (0.137 mL,
2.40 mmol) and the mixture allowed to warm to room temperature.
Saturated aqueous NaHCOj; (5 mL) was added and the phases
were separated. The aqueous layer was washed with two 10-mL
portions of ether, and the combined organic phases were dried
(MgSQ,) and concentrated under vacuum to leave 0.173 g of a
mixture of 11a and 12a which was separated by flash chroma-
tography (18 g of silica gel, 4% ethyl acetate/hexane).

The less polar component (0.077 g, oil, 43% yield) was identified
as the ring-opened product (12a) and gave the following spectral
data: NMR (CCl,) 6 6.12 (2 H, m), 5.60 (1 H, dd, J = 8, 4 Hz),
2.1-2.7 (4 H, m), 1.3-2.1 (8 H, m), 1.60 (3 H, br s); IR (CCl,) 2940
(s), 1705 (s), 1685 (s), 1640 (m), 1450 (m), 1400 (m), 1100 (m), 990
(m), 960 cm™ (m); MS (70 eV) m/e 178 (M*), 150, 108, 93 (base),
79, 67, 55. Anal. Caled for C;;H,30: C, 80.84; H, 10.18. Found:
C, 80.50; H, 10.28.

The more polar component (0.061 g, oil, 35% yield) was de-
termined to be benzocyclooctenone 11a which gave the following
spectral data: 270-MHz NMR (CDCl;) 6 2.47 (6 H, m), 2.14 (2
H, m), 1.95 (4 H, m), 1.58 (6 H, m); IR (CCl,) 2940 (s), 2860 (m),
2840 (m), 1705 (s), 1470 (m), 1450 cm™ (m); MS (70 eV) m/e 178
(M*), 150, 135, 93, 91, 79 (base). Anal. Caled for C;oH,40: C,
80.84; H, 10.18. Found: C, 80.28; H, 10.10.

8-Methyl-1,2,3,4,5,6,9,10-octahydro-7(8 H)-benzocyclo-
octenone (11b) and 2-Methyl-5-(2-methyl-1-cyclohexen-1-
yl)-1-penten-3-one (12b). A solution of propen-2-yllithium was
prepared from 2-bromopropene (0.302 mL, 3.60 mmol) and
tert-butyllithium (0.97 M, 2.48 mL, 2.40 mmol) in 20 mL of dry
ether at —78 °C as previously described. Reaction of this or-
ganolithium with ketone 8 (0.150 g, 0.150 mL, 1.00 mL) in the
manner previously described for the preparation of 11a and 12a
resulted in isolation of a mixture of 11b and 12b, which was
separated by flash chromatography (18 g silica gel, 2.5% ethyl
acetate/hexane).

The less polar component (0.121 g, oil, 62% yield) was identified
as 12b and gave the following spectral data: NMR (CCl,) 6 5.79
(1 H, brs), 5.60 (1 H, br s), 2.1-2.8 (4 H, m), 1.3-2.1 (8 H, m),
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1.81 (3 H, br, s), 1.57 (3 H, br s); IR (CCl,) 2930 (s), 1680 (s), 1630
{w), 1450 (m), 1085 (m), 930 cm™ (m); MS (70 eV) m/e 192 (M™"),
177, 108, 93 (base), 81, 79, 69, 67, 41.

The more polar component (0.026 g, oil, 14% yield) was
identified as 11b and gave the following spectral data: NMR
(CCl) 6 2.1-2.8 (5 H, m), 1.7-2.1 (6 H, m), 1.2-1.7 (6 H, m), 0.95
(3H, d, J = 7 Hz); IR (CCl,) 2940 (s), 1710 (s), 1460 cm™ (m);
MS (70 eV) m/e 192 (M), 150, 135, 122, 108, 93 (base), 91, 79,
77

5-Methylene-1-(2-methylpropen-1-yl)spiro[3.5]nonan-1-ol
(9¢) and 2-Methyl-6-(2-methyl-1-cyclohexen-1-yl)-2-hexen-
3-one (12¢). A solution of (2-methylpropen-1-yl)lithium was
prepared from 1-bromo-2-methylpropene (0.371 mL, 3.60 mmol)
and tert-butyllithium (0.97 M, 2.48 mL, 2.40 mmol) in 25 mL of
dry ether as previously described. Reaction of this organolithium
with ketone 8 (0.150 g, 0.156 mL, 1.00 mmol) at ~78 °C in the
same manner as described for the preparation of 11a and 12a
resulted in isolation of a mixture of 8, 9¢, and 12¢. The crude
mixture of products was separated by flash chromatography (18
g silica gel, 2.5% ethyl acetate/hexane into two fractions. The
less polar fraction (0.113 g) was further purified by preparative
HPLC (50% methylene chloride/hexane) to afford ketone 8 (0.054
g) and enone 12¢ (0.055 g, oil, 27% vyield, 42% based on recovered
8) which gave the following spectral data: NMR (CCl,) 5 5.97
(1H,m), 2.1-2.8 (4 H, m), 2.10 (3 H, br s), 1.3-2.0 (8 H, m), 1.85
(3 H, brs), 1.56 (3 H, br s); IR (CCl,) 2920 (s), 1690 (s), 1620 (s),
1450 (m), 1200 cm™ (m); MS (70 V) m/e 206 (M™), 98, 93, 83
(base), 55.

The more polar component isolated by flash chromatography
was found to be 9¢ (0.052 oil, 25% yield, 39% based on recovered
8) which gave the following spectral data: NMR (CCl,) 6 5.48
(1 H,m), 470 (1 H, brs), 4.42 (1 H, br s), 0.9-2.5 (12 H, m), 1.73
(3H,d,J = 2Hz), 1.65 3 H, d, J = 2 Hz); IR (CCl,) 3605 (m),
3500 (m), 2940 (s), 1640 (s), 1450 (s), 1070 (m), 1055 (s), 900 (m),
890 cm™ (m); MS (70 eV) m/e 206 (M*), 205 (M* - 1), 189, 163,
108, 93, 91, 83 (base), 55.

9,9-Dimethyl-1,2,3,4,5,6,9,10-Octahydro-7(8 H )-benzo-
cyclooctenone (11¢). Spiro[3.5]nonanol 9e (0.056 g, 0.272 mmol)
in 10 mL of dry THF was added to a suspension of hexane-washed
potassium hydride (24% in oil, 0.054 g, 0.326 mmol) in 10 mL
of dry THF. The reaction mixture was stirred 30 min at room
temperature and then quenched with acetic acid (0.019 mlL, 0.326
mmol). Saturated aqueous NaHCO; (5 mL) was added, and the
phases were separated. The aqueous phase was extracted with
two 10-mL portions of ether, and the combined organic phases
were washed with saturated aqueous NaCl, dried (MgSQ,), and
concentrated under vacuum. The residue was purified by flash
chromatography (8 g of silica gel, 5% ethyl acetate/hexane) to
afford ketone 11e (0.038 g, oil, 68% yield) which gave the following
spectral data: NMR (CCl,) 6 2.33 (2 H, s), 1.3-2.2 (14 H), 0.98
(6 H, s); IR (CCl,) 2940 (s), 1705 (s), 1450 (m), 1335 (m), 1228
em™ (m); MS (70 eV) m/e 206 (M*), 177, 150, 108 (base), 93, 79.

2-Ethenyl-3,4,5,6,7,8-Hexahydro-2(1 H)-naphthalenol (16).
A solution of vinyllithium was prepared from excess vinyl bromide
and tert-butyllithium (0.97 M, 0.825 mL, 0.800 mmol) in 10 mL
of dry ether at -78 °C as previously described. Ketone 8 (0.050
g, 0.052 mL, 0.333 mmol) was added by syringe in the manner
described for the preparation of 2a. After 15 min at ~78 °C, the
reaction was quenched by the addition of acetic acid (0.038 mL,
0.666 mmol) in 5 mL of cold (—78 °C) ether. The quenched
reaction mixture was stirred an additional 30 min at -78 °C, the
ether solvent was removed via bulb-to-bulb distillation under
vacuum {(~1-3 torr, temperature <-25 °C), and 15 mL of cold
(-78 °C) pentane was added. This mixture was stirred 15 min
at =78 °C, and the pentane supernatant was transferred to a clean
cold (78 °C) flask via a stainless-steel cannula. The pentane was
removed under vacuum (~1-3 torr, temperature <-25 °C) and
replaced with 10 mL of cold (78 °C), dry THF. This cold THF
solution was then transferred via cannula to a suspension of
hexane-washed potassium hydride (24% in oil, 0.111 g, 0.666
mmol) stirred in 20 mL of dry THF at room temperature. After
30 min at room temperature, the reaction was quenched with
acetic acid (0.038 mL, 0.666 mmol) and the mixture diluted with
10 mL of saturated aqueous NaHCO;. The layers were separated,
and the aqueous layer was extracted with two 10-mL portions of
ether. The combined organic phases were washed with saturated
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aqueous NaCl, dried {MgSO,), and concentrated under vacuum.
The residue was purified by preparative HPLC (10% ethyl
acetate/hexane) to yield two components.

The less polar component (0.011 g, 19%) was identified as the
previously characterized cyclooctenone 11a.

The more polar component (0.014 g, oil, 24% yield) was de-
termined to be allylic alcohol 16 which gave the following spectral
data: NMR (CCly) 65.73 (1 H, dd, J = 17, 10 Hz), 5.10 (1 H, dd,
J =17,2 Hz), 4.90 (1 H, dd, J = 10, 2 Hz), 1.3-2.1 (15 H, m); IR
(CCl,) 3600 (m), 3450 (w), 2940 (s), 2840 (m), 1440 (m), 995 (m),
925 cm™ (m); MS (70 eV) m/e 178 (M™), 160, 108, 93 (base), 91,
79, 55.

1-Ethenylspiro[3.5]non-5-en-1-0l (18a/19a). Spiro[3.5]-
non-5-en-1-one!™ (17; 0.500 g, 0.368 mmol) in 12 mL of dry THF
was added to a stirred solution of vinylmagnesium bromide (0.5
M in THF, 12.0 ml,, 6.00 mmol) under nitrogen at 25 °C. After
15 min, the reaction was diluted with 2 mL of saturated aqueous
NH,C], filtered through a plug of glass wool, dried (MgS0,), and
concentrated under vacuum. The residue was purified by flash
chromatography (18 g silica gel, 5% ethyl acetate/hexane) to yield
0.473 g (oil, 78% yield) of a mixture of diastereomers 18a and
19a. This mixture was not routinely separated but was used
directly in the anionic oxy-Cope rearrangement.

A small amount of the mixture was separated by preparative
HPLC (7% ethyl acetate/hexane) to yield two pure diastereomers
in a 21:79 ratio. The major diastereomer gave the following
spectral data: NMR (CCly) 6 5.95 (1 H, dd, J = 17, 10 Hz), 5.45
(2H,s),5.06 (1 H,dd,J = 17,2 Hz), 495 (1 H, dd, J = 10, 2 Hz),
1.3-2.3 (11 H, m); IR (CCl,) 3600 (m), 3460 (m), 2940 (s), 1755
(w), 1640 (w), 1440 (m), 995 (m), 920 cm™ (s); MS (15 eV) m/e
164 (M%), 136, 107, 94 (base), 79, 43.

The minor diastereomer gave the following spectral data: NMR
(CCly) 6 5.97 (1 H,dd, J =17, 10 Hz), 5.83 (2 H, s), 5.20 (1 H,
dd, J = 17, 2 Hz), 5.03 (1 H, dd, J = 10, 2 Hz), 1.2-2.3 (11 H, m);
IR (CCly) 3560 (m), 3010 (m), 2940 (s), 2860 (m), 1755 (w), 1635
(w), 1440 (m), 995 (m), 920 cm™ (s); MS (15 eV) m/e 163 (M*
- 1), 150, 136, 122, 108, 94 (base), 79.

1-(Propen-2-yl)spiro[3.5]non-5-en-1-0l (18b/19b). Spiro-
[3.5]non-5-en-1-one (17; 0.500 g, 0.368 mmol) in 12 mL of dry THF
was added to a stirred solution of (propen-2-yl)magnesium
bromide (0.5 M in THF, 12.0 mL, 0.600 mmol) under nitrogen
at 25 °C. After 15 min the reaction mixture was worked up as
described for 18a/19a, and the crude residue was flash chroma-
tographed (18 g silica gel, 2.5% ethyl acetate/hexane) to afford
0.364 g (oil, 68% yield) of a mixture of diastereomers 18b/19b.
HPLC analysis (5% ethyl acetate/hexane, 5 mL/min, Waters
RCM-100 module loaded with an 8-mm-i.d. 10-um-silica column)
showed two diastereomers to be present in a 30:70 ratio. This
mixture of diastereomers gave the following spectral data: NMR
(CCl,) 65.85(1 H,m), 551 (1H,s),489(2H, brs), 243 (1 H,
m), 1.3-2.1 (10 H, m), 1.70 (3 H, br s); IR (CCl,) 3600 (m), 3480
(w), 2940 (s), 2860 cm™ (m), MS (70 eV) m/e 178 (M*), 150, 122,
4.

1-(2-Methylpropen-1-yl)spiro[3.5]non-5-en-1-0l (18¢c/19¢).
Spiro[3.5]non-5-en-1-one (17; 0.500 g, 0.368 mmol) in 12 mL of
dry THF was added to a stirred solution of (2-methylpropen-1-
yl)magnesium bromide (0.5 M in THF, 12.0 mL, 0.600 mmole)
under nitrogen at 25 °C. After 15 min, the reaction was worked
up as described for 18a/19a, and the crude residue was purified
by flash chromatography (18 g silica gel, 2.5% ethyl acetate/
hexane) to afford 0.318 g (oil, 55% yield) of a mixture of dia-
stereomers 18c/19¢c. HPLC analysis as described for 18b/19b
showed two diastereomers to be present in a 27:73 ratio. This
mixture of diastereomers gave the following spectral data: NMR
(CCly) 6 5.82 (1 H, m), 5.58 (2 H, s), 5.42 (1 H, m), 1.2-2.3 (10
H, m), 1.70 (6 H, br s); IR (CCl,) 3610 (m), 3480 (w), 2940 (s),
1660 (w), 1440 (m), 1380 (m), 1200 cm™ (m); MS (70 eV) m/e 192
(M), 164, 98, 83 (base), 79.

Bicyclo[5.3.1]Jundec-1(11)-en-4-one (20a). The mixture of
diastereomeric alcohols 18a/19a (0.473 g, 2.88 mmol) in 10 mL
of dry THF was added to a stirred suspension of hexane-washed
potassium hydride (0.483 g of 24% KH in oil, 2.90 mmol) in 30
mL of dry THF at 25 °C under nitrogen. After 10 min at 25 °C,
the reaction was quenched with 1 mL of saturated aqueous NH,Cl,
filtered through a glass wool plug, dried (MgSO,), and concen-
trated under vacuum. The residue was purified by flash chro-
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matography (18 g silica gel, 5% ethyl acetate/hexane) to afford
0.379 g (oil, 80%) of the bicyclic ketone 20a.

In separate experiments, the major diastereomer of the 18a/19a
mixture was found to rearrange to ketone 20a in 87% yield, and
the minor diastereomer also rearranged to produce ketone 20a
in 80% yield.

Bicyclic ketone 20a gave the following spectral data which is
identical with that previously published for this compound:25
NMR (CCl,) 6 5.10 (1 H, br s), 1.0-3.0 (15 H, m); IR (CCl,) 2940
(s), 1700 (s), 1450 (m), 1080 (m), 900 cm™! (m); MS (15 eV) m/e
164 (M*), 146, 136, 107 (base), 94, 79, 57, 43.

5-Methylbicyclo[5.3.1}Jundec-1(11)-en-4-one (20b). Rear-
rangement of the diastereomeric mixture of 18b/19b (0.360 g, 1.72
mmol) was accomplished by the procedure described for prepa-
ration of 20a to afford 20b (0.222 g oil, 72% yield) as a single
diastereomer which gave the following spectral data: NMR (CCl,)
$5.10 (1 H, br s), 1.0-3.0 (14 H, m), 0.87 (3H, d, J = 7 Hz); IR
(CCly) 2940 (s), 1705 (s), 1450 (m), 1140 (m), 1075 (m), 920 (m),
890 cm™ (m); MS (70 eV) m/e 178 (M%), 136, 110, 94, 79 (base),
67, 55.
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The reaction of 2-(methylseleno)benzoic acid with 1,1’-carbonyldiimidazole followed by addition of tert-butyl
hydroperoxide gave 1,1-dihydro-1-tert-butoxy- and 1-hydroxy-1-methyl-3H-2,1-benzoxaselenol-3-ones (3a and
4a), suggesting the intramolecular insertion of the neighboring selenium atom into the O-0 bond of tert-butyl
2-(methylseleno)peroxybenzoate (1a). In the reaction of 2-(phenylselenc)benzoyl chloride with tert-butyl hy-
droperoxide, 1,1-dihydro-1-tert-butoxy-1-phenyl-3H-2,1-benzoxaselenol-3-one (3b) and its 1-oxide (9) were produced.

The latter gave 2-carboxyphenyl phenyl selenone upon aqueous alkaline hydrolysis.

Much progress has recently been made in organo group
4B element chemistry. In addition to and closely related
to the versatile reactivities,! chemical bonding in high-
valent states of these classes of compounds is the subject
of interest. Martin and co-workers,? for example, found
a striking effect of the neighboring sulfur atom on the rate
enhancement of the homolytic 0-O bond cleavages of
tert-butyl 2-thioperoxybenzoates. Intermediacy of the
sulfuranyl radicals was advocated,?® and stable dialkoxy-
and bis(acyloxy)sulfuranes were obtained as an extension
of this concept.*® Since the selenium atom can expand
its valence shell more readily,® and the carboxyl group in
the neighborhood of the Se—O bond can act as a ligand to
form more stable selenuranes,” it seemed to us of interest
to investigate the anchimeric assistance of the neighboring
selenium atom in the decomposition of tert-butyl 2-
selenoperoxybenzoates. We report here the attempted
synthesis of tert-butyl 2-(methylseleno)peroxybenzoate

!To whom correspondence should be addressed at The Institute
for Molecular Science.

(1a) and the related reactions of 2-selenobenzoic acids and
their derivatives with tert-butyl hydroperoxide.®
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