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THERMAL REARRANGEMENT OF DIVINYLCYCLOPROPANE SYSTEMS. PREPARATION OF FUNCTIONALIZED,
STEREOCHEMICALLY DEFINED BICYCLIC AND TRICYCLIC PRODUCTS CONTAINING THE
BICYCLO[3.2.1]OCTANE SKELETON
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ABSTRACT: A study involving the preparation and thermolysis of substituted 6-exo~(l-al-
kenyl)bicyclo[3 1.0]hex-2-ene systems (14, 15, 23, 29, 40) shows (a) that C-8 functionalized

17), (b) that the rearrangement reaction is stereospecific even when the 6- (l—alkenyl) group
1s substituted with a sterically bulky isopropyl group (23 » 24; 29 » 30), and (c) that the
method can be extended to include the preparation of tricyclic i systems (40 > 41).

A previous report1 from this laboratory described the synthesis and thermal (Cope)
rearrangement of the substituted 6-exo-(l-alkenyl)bicyclo[3.1.0]hex-2-enes 1-4 (eq. [1]).
This preliminary study demonstrated the potential of the divinyleyclopropane rearrangement of
substances such as 1-4 for the preparation of functionalized bicyclo[3.2.l]octa-2,6-dienes
(e.g. 5-8). sSignificantly, the method allowed for the preparation of bicyclo[3.2.1]octane
compounds possessing a substituent (R', R") at either bridgehead position and with
synthetically useful functional groups on two of the three carbon bridges.

n O o O
/ R
OSM: R 1,5:R=R'=R"=H
\ > " 1
R R" 2,6:R=R"=H, R'=Me
0IR COMe —— | )7/, 3,7:R=R'Me, R":H
R ORI< 4.8 :R=R'"=H, R"=Me
1-4 COMe 5-g 9 10

The bicyclo[3.2.1]octane carbon skeleton is a common structural feature of many
naturally occurring substances. In fact, the primary motivation for carrying out the above-
mentioned study was to develop a general method which would be applicable to the synthesis of
natural products containing the blcyclo[3.2.1]octane ring system. In this connection, taking
into account the structures of a number of specific target molecules [e.g. sinularene (2)2,
quadrone (19)3], it became desirable to extend this investigation in a number of ways.

First, it was important to provide for the functionalization of the one-carbon bridge (C-8)
of the bicyclo-octadiene product(s). Clearly, this would require the preparation and
rearrangement of 6-(l-alkenyl)bicyclo[3.1.0]hex—-2-enes bearing a suitable functional group at
C-4. Second, with respect to the R group on the 6-alkenyl side chain, we wished to determine
whether or not the rearrangement was sterecospecific. In other words, would rearrangement of
geometrically isomeric substrates [R group (E) or (Z) on the l-alkenyl side chain] give

diastereomeric products? The answer to this query was of particular importance for
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substrates in which the R group was sterically bulky (e.g. 1isopropyl). Indeed, for such
substrates in which the bulky R group is cis to the cyclopropyl moiety, one might even
question the viability of a Cope-like bond reorganization.“ Third, it was of interest to
expand the method to include the preparation of tricyclic products in which an additional
ring is appended to the "parent” bicyclo[3.2.1]octane skeleton. We report herein results
which pertain to these desired extensions.

Conversion of 6-exo-vinylbicyclo[3.l.0]hexan-2-one (11)5 into the corresponding enone
lgf was accomplished readily via known’ methods (see Scheme 1). Cuprous bromide catalyzed
conjugate addition of vinylmagnesium bromide to 12 afforded a single product8 which, on the
basis of steric approach control considerations, was expected to possess the stereochemistry
shown in 13. In this stereochemical arrangement, the HA—HB dihedral angle is ~ 90° and it
was shown by appropriate decoupling experiments that, in the 4 nmr spectrum of 13, there is
no coupling between these two protons. Transformation of the ketone 13 into the enol silyl
ether 14 was accomplished via standard reactions.

Although addition (CH3CN, 55°C)? of 1-(tert-butyldimethylsiloxy)—~l-ethoxyethene to the
enone 12 was clean, the reaction was quite sluggish and produced, after a reaction time of 12

hours, a 337% yleld (>95% based on unrecovered 12) of the enol silyl ether 15.
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Scheme 1. (a) LDA, THF, -78°C; PhSeCl; H,0,, HOAc, THF (b) CH,=CHMgBr, CuBreMe,S, THF,
-30°C; NHhCl, H20 (c) LDA, THF, -78°C; EjBuMezsiCI, THF-HMPA (d) (EﬁuMezsiO)(EtO)C=CH2,
MeCN, 55°C (e) 200°C, 2.5 h., CgH, (sealed tube) (f) 1 N HCl, THF, r.t.

Importantly, the thermal rearrangement of substrates 14 and 15 proceeded smoothly and,
in each case, a single product (16, 17, respectively) was formed in high yileld. Subjection
of the latter substances to acid catalyzed hydrolysis provided the bicyclic ketonmes 18 and
19, respectively. Thus, stereochemically homogeneous functionalization of the C-8 carbon of
the bicyclo[3.2.1]octane products can be accomplished readily by means of experimentally
convenient reactions.

Alkylation10 of the dianion of methyl acetoacetate withA(E),(E)—l—bromo—G—methylhepta—
2,4-diene (_g_(_)_),ll followed by treatment of the resultant product with p-toluenesulfonyl azide
in the presence of trilethylamine, gave the diazo keto ester 21 (Scheme 2). Carbenoid ring
closure of the latter substance provided the bicyclic ketone 22, which was converted readily
into the corresponding enol silyl ether 23.

When hept-l-en-4-yn-3-ol [obtained in 86% yield by reaction of 1l-lithio-3-methyl-1-
butyne with acrolein (THF, -30°C + r.t.)] was heated (130°C, 40 h.) with triethyl ortho-
acetate (5 equiv.) in the presence of a catalytic amount of propancic acid,l? ethyl (E)~non-
4-en-6-ynoate (26) was obtained in 66% yileld (Scheme 2). The latter material was converted
via standard reactions into the diazoketone 27 which, upon subjection to carbenoid ring
closure, was transformed into the bicyclic ketone 28. Hydrogenation of the triple bond in 28

proceeded smoothly and the resultant ketone was converted into the enol silyl ether 29.
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Scheme 2. (a) [CH,COCHCO,Me JNa*Li*, THF, r.t.; HjOt (b) p-MeCH,SO,N;, Et,N, MeCN, r.t.
(¢) Cu(acac),, CgHg, reflux (d) LDA, THF, -78°C; t-BuMe ,8iCl, THF-HMPA (e) 200°C, 2 h.,
CgHg (sealed tube) (f) n-Bu,NF, THF, r.t.; 1 N HCl, THF, reflux (g) KOH, H,0-MeOH,

reflux ; H30+ (h) (COCl)z, hexane, reflux (1) CH,N,, Et,0, 0°C  (3j) H,, Lindlar's
catalyst, quinoline, pentane (k) 240°C, 4.5 h., CgHg (sealed tube) (1) 1 N HCl, THF, r.t.

It was gratifying to find that thermolysis of the divinylcyclopropanes 23 and 29
provided cleanly, in each case, a single product (24, 30, respectively) in high yield. The
fact that these substances are eplmeric at the isopropyl-bearing carbon was shown by their ly
nmr spectra. Suitable decoupling experiments revealed that, in compound 24, the HA—HB
coupling constant is ~ 5 Hz (dihedral angle ~ 40°), while in 30 there is very weak coupling
(J < 1 Hz) between HA and HB (dihedral angle ~ 80°). Treatment of compounds 24 and 30 as
indicated in Scheme 2 provided endo-(25) and exo-4-isopropylbicyclo[3.2.l}oct-2-en-6-one
(31), respectively. Again, it was clear that these substances were epimeric. Thus, for
substrates which contain, on the 6-(l-alkenyl) side chain, bulky substituents, both the
viability and stereospecificity of the rearrangement process had been demonstrated.

Treatment of cis-blcyclo[3.3.0]oct~2-ene (22)13 with N-bromosuccinimide in dimethyl
sulfoxide - water,ll+ followed by sodium hydroxide, provided a 4:1 mixture of the epoxides 33
and 25}5 (see Scheme 3), which were separated by chromatography. Conversionl® of 33 into a
mixture of the silyl ethers 35 and 36 (1:4, separated by chromatography), followed by
Rh,(0Ac),~ catalyzed additionl? of ethyl diazoacetate to 36, afforded the cyclopropyl esters
37 (mixture of epimers at the ester-bearing carbon). The fact that cyclopropanation had
occurred exclusively from the convex side of 36 was shown by the 4 nmr spectrum of 37.
Suitable decoupling experiments disclosed that there is no coupling between HA and HB
(dihedral angle ~ 90°).

Conversion of 37 into the alcohol 39 (via the aldehyde 38) was accomplished efficiently
by way of a sequence of standard reactions. Oxidation of 39 gave the corresponding tricyclic
ketone which was transformed into the required enol silyl ether 40. Thermal rearrangement of
the latter substance gave mainly one compound, accompanied by a number of minor
side-products. Suitable purification of this mixture provided the desired material 41 in
excellent yleld. Treatment of 41 with tetra-n-butylammonium fluoride gave the tricyclic
ketone 42 which, notably, possesses the "parent” carbon skeleton of the anti-tumor

sesquiterpenocid quadrone (10).



3962

/

s

3 H
(b)le) OS' (d)
< o,
(80"/0) (58 %) (78 %)

33 a -epoxide 36
34 3-epoxide (€)-(g)
(77%)
os. /
QH 0si<
U PR «)n) ’ LG /
(93%) (90%) (65%) H (86%)
0 OSl

39
Scheme 3. (a) NBS, DMSO-H20, T.t.; NaOH, H,0, r.t. (b) PhSeNa, EtOH-THF, reflux; H,0,,

H,0, reflux (c) t-BuMe,SiCl, imidazole, DMF, r.t. (d) N,CHCO,Et, Rh,(0Ac), (e) LiAlH,,
Et,0, r.t.; Hy0 (£) CgHgNeCrO;+HC1, NaOAc, CH,Cl,, r.t. (g) t-BuOK, t-BuOH-THF, r.t.
(h) PhyP=CH,, THF, r.t. (i) n-Bu,NF, THF, r.t. (j) LDA, THF, -78°C; t-BuMe,SiCl,
THF-HMPA (k) 155°C, 5 h., C6H6 (sealed tube) (1) n-Bu,NF, THF, -78°cC.
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