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TRANSANNULAR RING EXPANSION OF THE SPIROCYCLOPROPANE MOIETY IN THE ACID CATA- 
LYZED REARRANGEMENT OF OXIRANES DERIVED FROM NORBORNENE AND BICYCLOC2.2.2lOCTENE. 
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SUMMARY: Trertment of the spirocvclopropane derivatives of epoxy norbornane 2 
and epoxy bicvcloCZ.2.2loctane 0 with trifluoroacetic 3c1d snd perchloric 3c:d 
affords the subs?ituted brendanes 2 and 2 and homobrendanes 2 and =&Q respecti<:e- 
ly. 

The electrophilic addition 

bornene 1 (n = 1' gave the 

L (n=l) 

2 (n=2) = 

of 3renesulfenvl chlorides to spirocvcloprop3nenor- 

l-rendane derivatives 2a.b.' This novel rearrange- 

ment involving transannular 

& 1 X= SAr;Y=H I 4 = 

3b (X=H;Y=SArl = 

ring expansion of the spirocyclopropane group w3s 

to be extended to the corresponding bicycloC2.2.2loctenes 1 !n = 2), in the 

hope of providing an efficient synthetic entry into complex carbon skeletons 

such as the homobrendanes. Unfortunatelv, with p_-toluenesulfenyl chloride the 

spirobicycloC2.2.2?octene 1 led exclusivelv to the addition Products 4. Pre- 

sumably the intermediary episulfonium ion of 1 is trapped bv the nucleorhilic 

chloride ion faster than transannular ring expansion of the spirocyclopropane 

moiety. To promote such neighboring group participation. acid catalyzed rear- 

rangement of the corresponding oxiranes 5 and $. was employed, anticipating that 

unaer these conditions nucleophilic trapping of the protonated oxiranes would he 

subordinate to transannular ring expansion (Eq.1). Furthermore, besides extending 

the scope of this novel transannular ring expansion', functionalized brendanes 

1 and 2 and homobrendanes 4 and u rJould be conveniently made available from 

simple and readily accessible spirocyclopropane-substituted bicyclic precursors. 
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The oxiranes 2 and & IJere prepared vi.3 eposidation of the respective oiefins 1 

and 1 bv means of m-chloroperbenzoic ac?d.Z Tr,e spiroolefin 2 ~13s convenient! v 

Frepared via cvcloaddition of methv~enecvclopropane L!i?h 1,3-cvclohexadier~e.2 

Treatment of oxirane 2 l,rith trifluoroacetic acid in Ccl, afforded the isomeric 

hvdroxv esters & and a in a 25 : 72 ratio (bv capillarv GC). IJhile i.iith dilute 

per.~:hlorlc acid in ti113 onlv cbv '3C-NMR) the diol & ~~3s obtalne(d iEq.1). 

These propus.ed structures are cons i ,t ent ~1 i t h t he 'H- and Ia C-PiKR spscrral d 3 t 3 : 

additiunallv, sn X-rav an3!vsis ' of the 3,8-diol & rlgornuslv established 

the structural assignment. Furthermore, the hvdroxv esters & and a Ljere sepa- 

rated hv flash chromatography on s.ilica gel. eluting with 6 : I petroleum ether 

(Xl-7O).'ethvl acetate and hydrolyzed LJith KUH/Hr c7 in ethanol to the re- 

spective diols & 3nd a.' 

(CH2$_, 

N”&OH &O 

2 In=11 
’ ‘b (Nu=OHl 

a(Nu=OCOCF31 2 (n=l) 

g In=21 = 4 in=21 

t Nue 
H@ 

HO I 
(Eq. 11 

\ I , r 

It 1s of mechanistic impor? to note that in the arenesulfenvl chloride .addi- 

tion to the spiro.alkene 1 mainlv transsnnular ring expansion without skeletal 

rearrangement <path i ln Eq.1) took place, in the trifluoroacetic acid catal\:- 

sis of the epoxide 2 skeleta! rearrangement followed bv transannular rinq 

expansion (path j in El.11 predominated, I,lhile in the perchloric acid catals- 

sic, of epoxide 2 path j occurred exclusivelv. This interesting trend in the 

product partitioning between path i and j speaks for a more active initial 

cationic intermediate in the acid catalyzed reaction of the epoxide 5 compared 

to the arenesulfenyl chloride addition to the spiroalkene 1. Consequently, 

we expected that transannular ring expansion would be likely In the acid ca?a- 

lazed transformation of epoxide 6. 
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Treatment of the uo-epoxide 4 with trifluoroacetic acid in T,Cln produced 

the isomerls hYdrox,i esters & and 123 in 3 24 : 74 r3tio !bv capill3rv GC). 

Flgsh chronl3t:',>r3phv on sillsa gel, elu?ing luith CHzC’l: led to the pl~re hydroxv 

esters h 3nd &. These Were subseluentlv hydrolvzed with hOH/H:O in EtGH to 

the dlols & snd &&.' '?r the other hsnd, the m-isomer ,qave a complex 

product mixture 'at least ten components by capillary SC). No efforts !~ere 

made to characterize these becatise 400 MHz 'H-NMR spectroscopv reve3led that 

ess.entially all of the s,pirocYclopropane moietv 1.13s still present in the 

complex product mixture. Skeletal rearrangement leading to a cvclopropylcar- 

binvl catlon and subse.auent transformations, of the latter re3dilv account for 

this product complexity of the &-epoxide 6.' Thus. for transannulsr rinq 

expansion to take place, either with (path i) or without (path jl ske!etel 

rearrangement, 3n antiperiplanar arrsngement of the partlcipsting bonds cm-- 

:somer of epoxide 4) appears to be essentisl. 

For both egoxides 2 and 6 examined here, acid catalyzed treatment proceeds 

mainly via path j cEq.l), affording the rearranged products 4 and u. Skeletal 

rearrangement ' tskes place prior to transannular ring expansion of the 

spirocyclnpropane. Competing with this route is path i (Eq.l), leading to the 

products z and & via transannular ring expansion prior to skeletal raarrange- 

ment. Thus. the functionalized brendanes and homobrendanes, complex tricyclic 

structures, can be made convenientlv from the readilv accessible epoxides 2 

and 4 by treatment with protic acids. 
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Spiroolefin 2: 50’:: colorless liquid. b.p. $0 O1: at 18 Torr. 

Oxirane 2: 26%: colorless oil, b.p. SO-90 'C at 0.1 Torr (Kugelrohr). 

Oxirane 8: 77%: colorless oil, b.p. 60-70 'C at 0.1 Torr (Kuqelrohr): 3 

,:a. 2 : 1 mixture (by GC on a 1.5 m x 8 mm column, coa?ed IAith 10% Carbowax 

N on Chromosnrb I,IHP, operated at ?O OC column temperature and a 

0.3 kg!cm2Nz flow rate) of z- and endo-isomers was produced. ti 

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

Hydroxy ester a: lo%, colorless oil, b.p. 110-120 'C at 0.1 Torr (Kugelrohr). 

Diol A: 52% from hydrolysis of hydroxy ester h; colorless needles, m.p. 

232-233 oc (1 : 1 petroleum ether (30-70)/ethvl acetate). 

Diol a: 51% from hydrolysis of hydroxy ester a: colorless 

prisms, m.p. 254-255 'C (ethanol). 

Hydroxy ester &: 16%: colorless wax. 150-160 'C/O.1 Torr (Kuqelrohr). 

Hydroxy ester &&: 46%: colorless plates, m.p. 82-83 'C (methylene chloride). 

Dial &: 80% from hydrolysis of hydroxy ester &: colorless needles, m.p. 

163-164 "C dec. (chloroform!. 

Viol u: 31% from hydrolysis of hydroxy ester m; colorless needles, m.p. 

205-208 "C dec. (chloroform). 
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