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TRANSANNULAR RING EXPANSION OF THE SPIROCYCLOPROPANE MOIETY IN THE ACID CATA-
LYZED REARRANGEMENT OF OXIRANES DERIVED FROM NORBORNENE AND BICYCLOC2.2.2]0CTENE.
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SUMMARY: Treatment of the spirocvclopropane derivatives of epaxy norbornane 3
and epoxy bicyclol2.2.2]octare & with trifluorogacetic acid and rerchloric acid

affords the substituted brendanes Z and @ and homobrendanes 2 and 1Q respective-

Ty,

The electrophilic addition of arenesulfeny]l chlorides to spirgcycloprapanenor-

bornene 1 (n = 1Y gave the brendane derivatives 3a,b.' This novel rearrange-—

Y
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ment involving transannular ring expansion of the spirocyclopropane group was

to be extended to the corresponding bicyclal2.2.2Jactenes 2 (n = 2), in the

hope of providing an efficient synthetic entry into complex carbon skeletons
such as the homobrendanes. Unfortunately, uwith p-toluenesulfenyl chlaride the
spirobicyclol2.2.2Joctene 2 led exclusively to the addition products 4. Pre-
sumably the intermediary episulfanium ion of 2 is trapped by the nuclesphilic
chloride ion faster than transannular ring expansion of the spirocyzlopropane
moiety. To promote such neighboring group participation, acid catalyzed rear-
rangement of the corresponding oxiranes 3 and & was employed, anticipating that
under these conditions nucleophilic trapping of the protonated oxiranes would be
subordinate to transannular ring expansion (Eq.1). Furthermore, besides extending
the scope of this novel transannular ring expansion!, functionalized brendanes
Z and 2 and homobrendanes 8 and 1Q would be conveniently made available from

simple and readily accescible spirocyclopropane~substituted bicyclic precursars.
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The oxiranes J and & uere prepared via epoxidation of the recpective olefins L

and 2 by means of m-chlornperbenzoic acid.? The spirgolefin 2 was conveniently
-3

prepared via cvycloaddition of methylenecvclopropane with 1,3-cvclohexadiene.?

Treatment of oxirane 2 with trifluoroacetic acid in CCl, afforded the icameric
perchloric acid in H: oniv {by '3 C-NMRY the diol 2L was obtained (Eq.1)

These prorosed structures are cansistent with the *H- and '3C-NMR speciral datas
additionally, zn X-ray analvecic * of the 3,8-diol 2L rigorousiy establiched

hydraoxy ectere 73 and 28 in a 28 ¢ 72 ratio (bv capillary GC), while with dilute

the structural ascsignment. Furthermore, the hvydroxy esters 7g and 2& were sepa-
rated by flash chromatosraphy on silica gel, eluting with 6 ¢ | petroleum ether
(30-70)/ethyl acetate and hydrolyzed uith KOHAH:D in ethansl to the re-
cpective diols Zk and 28.°7
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It is of mechanictic import to note that in the arenesulfenyl chloride addi-
tign to the spirsalkene J mainly transannular ring expansion without skeletal
rearrangement (path 1 in Eq.1) took place, in the triflucrcacetic acid catalv-~
sics of the epoxide I skeletal! rearrangement followed by transannular ring
expansion (path j in Eq.1) predominated, while in the perchloric acid cataly-
sis of epoxide 2 path j occurred exclusively, This interesting trend in the
product partitioning between path 1 and | speaks for a more active initial
cationic intermediate in the acid catalyzed reaction of the epoxide 2 compared
tg the arenesulfenyl chloride addition to the srpircalkene 1. Consequently,

we expected that transannular ring expansion would be likely in the acid cata-

lyzed transtformation of epoxide &.



3363

Treatment of the exp-epoxide 42 with trifluoroacetic acid in CCYs produced

the isomeric hydroxy esters 2a and 1Qg in 3 26 @ 74 ratio (by capillary GLC).
Flash chromatoaraphy on silics gel, eluting with CH:Cl: led tao the pure hydroxy
ecters 83 and 103. These were cubsequently hydrolvzed with KOH/H-0 in EtCH to
the diols 3k and JQk.? Or the other hand, the endo-isomer 3ave a complex
product mixture (a3t least ten components by capillary GC). No efforts were
made to characterize these because 400 MHz 'H-MMR spectroscopy rewvealed that
eccentially all of the cpirocyclopropane moiety was <til) present in the
camplex product mixture. Skeletal rearrangement leading to a cvclopropvlcar-
binvl cation and subseauent transformations of the latter readily account for
this product complexity of the gnde—epoxide £.* Thus., for transannular ring
expancion to take place, either with (path i) or without (path j) skeletaz)
rearrangement, an antiperiplanar arrangement of the participating bonds fexg-

rsomer of epoxide %) appears to be essential.,

For both epoxides 2 and & examined here, acid catalvzed treatment proceeds
mainly via path j (Eq.1), affording the rearranged products 2 and 12. Skeletal
rearrangement * takes place prior tao transannular ring expansion of the
spirocyclopropane. Competing with this route is path i (Eq.1), leading to the
products Z and § via transannular ring expansion prior to skeletal rearrange-
ment. Thus, the functionalized brendanes and homobrendanes, complex tricveclic
structures, can be made conveniently from the readilv accessible =poxides 5

and & by treatment with protic acids.
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Spiroolefin 2: 50%: colorless Tiguid. b.p. 80 °C at 18 Torr.

Oxirane 2: 26%:; colorless o0il, b.p. 80-20 °C at 0.1 Torr (Kugelrohr).

Oxirane &: 77%: colorless oil, b.p. 60-70 °C at C.1 Torr (Kugelrohrd: 3

ca. 2 ¢ 1 mixwture (by GC on 2 1.5 m x & mm column, coated with 10% Carbowax
M on Chromosorb LHP, operated at 90 °C column temperature and a

0.3 kg/cm?N; flou rate) of exo— and endo-isomers was produced.

Hydroxy ester Za: 4%, colorless oil, b.p. 120-130 °C at 0.1 Torr (Kugelrohr).

Hydroxy ester 2g: 10%, colorless oil, b.p. 110-120 °C at 0.1 Torr (Kugelrohr).

iol Zb: 52% from hydrolvsis of hydroxy ester Za; colorlecss needles, m.p.
?32-233 9C (1 ¢+ | petroleum ether (30-70)7ethy]l acetate).

Diol 2k: S1% from hvdrolvsis of hydroxy ester 233 colorless
prisms, m.p. 254-253 °C (ethanol).

Hydroxy ester 83: 16%; colorless wax, 150-160 °C/0.1 Torr (Kugelrghr).
Hydroxy ester 1Qa: 46%; colorless plates, m.p. 82-83 °C (methvlene chloride).

Diol 8k: 80% from hydrolysis of hvdroxy ester £a; colorless needles, m.p.
163-164 °C dec. f(chloroform).

Diol 10k: 31% from hydrolysis of hydroxy ester 1Qa; colorless needles, m.p.
205-208 °C dec. f(chloroform).

3. Run for us by Dr. K. Peters (Stuttgart): the detaiis of the structural data
will be provided in full paper on this subject.
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