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Summary: Trlcycllc compound 3 was syntheslzed via a cyclopropanatlon reaction promoted by 
[Rh(‘JAc)zl2. Thls highly strained compound was found to undergo selective chemical 
transformations to glve [2.2.2] oxa-bjcycllc ketones. This methodology was applled tn a total 
synthesis of the monoterpene, eucalyptol. 

The reaction of a-dlazo carbonyl compounds wlth oleflns. medlated by transition metal 

catalysts, provides a useful route to cyclopropanes.' Mechanlstlcally, the reactlon involves 

the addltlon of the keto-carbene to a carbon-carbon double bond. The Intermolecular reactlon of 

keto-carbenes and oleflns requires a hlgh concentration of the olefln (usually as the solvent) 

since dlmerlzatlon of the carbene is usually a faster reaction than cyclopropanatlon. 
2 

Due to 

this llmltatlon many researchers have chosen to explolt this reactlon In an Intramolecular sense, 

thus obviating the carbene dlmerlzatlon problem. Upon surveying the llterature we noted that the 

vast majority of the Intramolecular cyclopropanatlons studies to date have been systems which 

produce bl- or trlcycllc carbocycles.3 This paper describes our efforts to produce novel oxygen 

heterocycles by the Intramolecular cyclopropanatlon of cyclic enol ethers. Furthermore, the 

reactlvlty of the stralned oxa-trlcycllc system was explored under a variety of reactlon 

conditions, to produce reglospeclflc fragmentation of the cyclopropane ring to unveil novel 

[2.2.2] oxablcyclooctanones. 

Beglnnlng with the comerclally avallable 3,4-dlhydro-2H-pyran-2-carboxyllc acid, sodlum salt 

1. we were able to produce the corresponding o-dlazo ketone 2 by a two-step procedure 

outllned In Scheme I. Addition of a catalytic amount (2 weight X) of [Rh(OAc)2]2 In 

CH2C12 at room temperature produced an efflux of nitrogen gas and provided the des\red 

trlcycllc cyclopropyl ketone 3.4 
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The ease of cyclopropanatlon underscores the mlldness of the rhodium II catalyst. Attempts 

with tradltlonal copper catalysts provlded only decomposltlon products. Another factor promotlng 

the reactlon Is that the double bond Is electron rich (due to the a-oxygen) and the keto-carbene 

Is electronically deflclent (due to the carbonyl). 

Catalytic hydrogenation of 3 cleanly reduced the cyclopropane rlng to glve the blcycllc ketone 

4 as the major product along wlth a mlxture of eplmerlc alcohols 5a.b resultlng from a 

subsequent reduction of 4. Blcycllc compound 4 has been described only once before In an 

B-step synthesls.5 
SCHEMEII 
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a) Hp /lO%Pd*C, EtOAc, 5Opsi; b) MeOHlcat pTs0l-l or 

PhSWTHF cat pTsOH; c) PhSNalTHF. 1 10°C 4h; cl) MeLi,tBuLi 

or MeMgCI/Et20, -7B’C lOInin; e) MesCuLi/EtsO, 0°C 2h; 

f) Me2CuLi/BF3Et20/Et20 -78’C Bmin--,O’C 30min. 

Dlssolutlon of oxa-tricycle 3 In acldlc (catalytic pTsOH) HeOH cleanly produced a mixture of 

eplmerlc cyclic methyl acetals 6a and 6b In a ratio of 3:l. The corresponding reactlon was 

seen to occur uslng thlophenol (catalytic pTSOH/THF), to glve a 5:l mlxture of thlo-acetals 7a 

and 7b. We reasoned that thls mechanism occurs vla an acid catalyzed unlmolecular fragmentatlon 

of 3 to form the oxonlum enol 8 which reacts wlth the nucleophlle preferentlally on the 1eSS 

hindered slde (the enol).' However, when thlolate anlon was used (thlophenol, NaH/THF, 110°C. 

sealed tube) nucleophlllc openlng via an SN2 mechanism produced only 7b, wlth the thlophenyl 

group on the slde opposlte the carbonyl. 
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Attempts to achieve nucleophlllc openlng reactlons uslng carbon nucleophlles In homo-conjugate 

fashlon resulted only In I.2 addltlon to the carbonyl.7 Organometalllc reagents MeLi, Mef4gBr 

and tBuL1 reacted on the less hlndered face of the carbonyl (exe) glvlng carblnols 9 and 10, whlle 

He2CuLl dellvered a methyl group on the more hlndered concave part of the molecule affording 

exclusively carblnol 11.' A ratlonallzatlon for the opposlte stereoselectlon of the cuprate 

reaction ljes In the belief that the ring ether oxygen serves to complex the copper catlon masking 

the convex face of the molecule and the nucleophlle Is dellvered from the opposlte slde. 

Homo-conjugate openlng of the cyclopropane rlng with He2CuLl was flnally achieved In the 

presence of BF .Et20.' 
30a 

Thls reactlon probably proceeds via an oxonlum-boron enolate 

zwltterlon 12. which Is alkylated to glve a 1:l mlxture of eplmers 13a.b. 

SCHEMEIII 
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Thls reactlon allowed us to deslgn a short synthesl;,of the monoterpene, eucalyptol 
10 

(Scheme IV). Beglnnlng with the known dlhydropyran 14. the dlazoketone 15 was prepared 

using the modlfled procedure of Harmon et al. l2 Cycllzatlon, medlated by [Rh(OAc)2]2 

proceeded very smoothly to produce oxa-trlcyclanone 16. Homo-conjugate addltlon of 

f4e2CuLl/BF3.Et 0 afforded blcycllc ketone 17, Itself an oxldatlve metabollte of 

eucalyptol. 
13.4 

Thls constitutes a formal synthesls of eucalyptol since the Clenensen 

reduction of 17 has been reported. 
14 

SCHEME=: SYNTHESIS OF EUCALYPTOL 

1. EtONa/(C02Et),/EtOH 24h 

'2.TsN3, 12h 
N2 

0 0 

14 ref 11 15 71% 

[Rh(OAcb]2 O-c-0 Me2CuLi/BF,*Et20 9 

CH,CI,,RT WW -7WC 45min 0 

5min --) O’C 3Omin -&- 
16 92% 

17 45% 

EUCALYPTOL 



2078 

In conclusion, the foroIat.ton of stralned trlcycllc heterocycles such as 3 or 16 provides a 

useful entry Into oxa-blcycllc compounds by relylng on the regloselectlve fragmentation of the 

cyclopropane rlng. We are also tnterested ln expanding this approach to different ring sizes, and 

~111 soon report syntheses of substltuted 7- and I-membered rings. 
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