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We recently reported the formal [3,3]-sigmatropic shift of Scheme 1

1-alkenyl-3-alkylidenecyclobutyl silyl ethers to give various Me Me  Loc p OR
2-methylenecyclohex-4-enecarboxylates and the application of this HzC:C:< Me>

Z CO,Et a 0
methodology to the total synthesis of the antitumor agent dysidiolide /:\H 2 TP J ﬂlc,
in its correct enantiomeric forrhWe proposed a mechanism to TBSO To'g(i? °c ©
account for the unusual exo selectivity of this thermal process. We 1 attractive 3R=TBS Me
now report the rearrangement of more substituted systems to include Et0—<0” N\ OR EtO——0 . OR
unsymmetric 2,2-dialkylethenyl derivatives, which have caused us Me” —CH,\" | rather| Me .
to revise this original mechanism. In addition, we report herein the : than repuisive
base-catalyzed rearrangement of the corresponding cyclobutanols, | e ; o

which proceeds at very low temperatures and affords the opposite
diastereoselectivity. This work now permits the formation of very

hindered substituted cyclohexene systems. RO, CH2 Me
Heating the cyclobutyl silyl etheB, prepared by the [2+ 2] K /@CO?B
cycloaddition of the silyloxybutadieng and the 2-methylallene-
| EtO,C Et020
carboxylate?, gave only the exo cyclohexede (Scheme 1). We n
believe that this rearrangement occurs via a diradical mechanism,
as proposed by Dolbiérjn which bonda of the cyclobutane is Scheme 2
selectively cleaved over borasince the electron-deficient meth- Me TBSO ___Me
ylene radical inl would be expected to be more stable cis to the P HC= C:<oo £t
electron-donating methyl group rather than cis to the electron- /<\Me 2 T Mey Me
withdrawing ester. This seems to be due to two factors: a repulsive TBSO T°'g(§zoc COLEt
steric interaction between the methyl and thésgrbon inll and s . Me Me 6
a slight attractive interaction of the carbonyl oxygen and protons 52‘2{;3%%6 L Me
on the sp methylene group ih. Rotation and electronic reorganiza- %— ""COE
tion, as shown irll , would give the observed exo produkt.® orp-wave  TBSO CH,
Because it is often extremely difficult to prepare very hindered 200°Ci2h 7
cyclohexene systems by cycloadditions, for example, compoundsSCheme 3
with contiguous quaternary centers, we studied the rearrangement
of the 2,2-dialkylethenyl systems. Thus, cycloaddition of the N HCZC;<M9 889 ~
silyloxydiene 5 prepared from mesityl oxide and the allenecar- <\M€ i CO,Et Me\%:'/\M(e
boxylate 2 gave the cyclobutané, which could be cleanly TBSO ToI/1230°C b
rearranged to the hindered cyclohexéhen heating in a sealed 2~ 9abc
tube at 135°C for 48 days or by flash vacuum pyrolysisr
microwave heating (Scheme 2). We also prepared the unsym- tol /CL /ﬁl
. . ) _ heat CO,Et CO,Et
metrical 2,2-disubstituted alkenyl systems, namely, the three aryl T sealed +
alkenes9a—c, via cycloaddition of the analogosarylbutadienes tube TBSO TBSO
12 days/130°C a Ar= 1

8 and the allenecarboxylate Heating of these cyclobutanes gave
the desired cyclohexenes but with poor diastereoselectivity (roughly
2:1) (Scheme 3).

17 days/128 °C b Ar = pMeOCGH4 1 1 9
17 days/128 °C ¢ Ar = p-NO,CgH, 1:2

Attempts to promote the rearrangement using TBAF to prepare treatment ofl3 with methyllithium at—78 °C gave the desired
the alkoxide in situ failed due to elimination of the tertiary allylic  rearrangement produtt in 33% yield along with 10% of recovered
silyl ether by the basic fluoride ioh.To try to improve the 13and some of the tertiary alcohol from addition of methyllithium
diastereoselectivity of this process, we decided to prepare theto the ester. Thus, as hoped, the anion of the alcohol rearranged at
trimethylsilyl ether rather than the correspondteg-butyldimeth- low temperatures to give the enone ester.
ylsilyl ether. Thus, the TMS enol etherl was prepared from Now that we had developed a method for the rearrangement of
mesityl oxide and reacted with the allenecarboxyte give the these systems at low temperature, we decided to reexamine the
desired silyl ethed2 in 58% vyield (Scheme 4). Hydrolysis of the  unsymmetrical 2,2-disubstituted alkenyl systems. The dithe
silyl ether in acidic ethanol furnished the cyclobuta8lin 45% (prepared from thé&-enone) reacted witR to give the silyl ether
yield. After several failed attempts to rearrange the alcohol with 16, which was hydrolyzed to give the alcohd¥ in 70% vyield.
sodium bases (with and without metal additives), we found that Treatment of this alcohol with lithium bases afforded the cyclo-
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hexenone products with a great preference for the endo isomer,
for example, LIHMDS afforded a 67% yield df8n with only a
trace of18x (23:1)7 Thus, we have developed a method for the
low temperature conversion of such cyclobutanols into cyclohex-
enones but with a complete inversion of the stereochemical
preference.

Presumably, the selective formation of the endo isob8erfrom
17 proceeds via the mechanism outlined in Scheme 6. The metal
alkoxidelV formed by deprotonation of the alcoHbl would open
bondb cis to the ester group in great preferencewince Weiler
and Harris have shown that the cis anion is formed in complete
preference to the trans in similar systeh®otation inV followed
by an intramolecular Michael addition as shown would then afford
18n. Thus, the reaction proceeds via two distinct mechanisms
depending on conditions.

The consequences of this mechanistic dichotomy imply that either

diastereomer can be made from the same substrate by choice of

conditions. We have now shown that to be the case (Scheme 7). [2
+ 2] Cycloaddition of the diend9 with 2 gave the cyclobutyl
silyl ether20in 35% yield (along with some of the [# 2] product
21X).° Thermolysis 0f20 in toluene afforded only the exo product
21x in 90% yield, which was desilylated to give the exo cyclo-
hexenone22x as the sole product. To access the opposite diaste-
reomer, the silyl ethe2O was hydrolyzed in acid to the alcoh®

in quantitative yield. Treatment &3 with LHMDS in THF at—78

°C afforded a 73% yield of a 5:1 mixture in which the endo
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diastereomeR2n predominated. Thus, either the endo or the exo
diastereomer can be prepared as the major product of the rear-
rangement oR0. It is interesting to note that when HMPA is added

to the solution to help dissociate the lithium ion, the selectivity
decreases to only 1.3:1. Therefore, a tight metal alkoxide bond is
required for high stereoselectivity, presumably because it is
necessary for the selective cleavage of bbrid Scheme 6.

In summary, we have developed a route to very hindered
cyclohexene systems via a thermal [3,3]-sigmatropic rearrangement
of cyclobutyl silyl ethers and the base-promoted cyclobutanol
opening-intramolecular Michael cyclization to give either diaste-
reomer of the desired product. Further work on the application of
these rearrangements in synthesis is underway and will be reported
in due course.
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