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The dlvinylcyclopropane rearrangement has been shown to be of consrderable potentral rn the con- 
structlon of the backbone of the trgliane, daphnane, and lngenane families of natural products. 

The crs-divlnylcyclopropane rearrangement has found rncreaslng use as a method of generating 

natural products contalnrng a seven-membered carbocycle. Frrst applred to the synthesis of the 

monocyclrc (f)-dlctyopterene A, 
2 
more highly developed methodology3 for generation of function- 

alized dlvlnylcyclopropanes has recently extended It to syntheses of (+I-B-hrmachalene 3c and 

the pseudoguaranes (*I-daxmrnrc acrd and (f)-confertin. 3e.4 

This rearrangement clearly offers manifold advantages including an efflcrent and facile 

method for ring construction as exemplified by the previously noted syntheses and, as a 

consequence of Its endo transltron state, 
5 
a mechanism for controlling rrng stereochemistry. 

The confluence of these elements as suggested In Scheme I and elaborated hereon 1s expected 

to figure slgnlficantly m our synthesis studies on the tn- and tetracycllc aterpenes of the 

pharmacologrcally fascinatrng tlgliane. daphnane, and rngenane fanulles.6 In particular, 1t 1s 

Scheme I 

&-& 

5 OH 1 
expected that the C ring stereochemrstry generated under the sterlc influence of the D ring 

appendages could be used to uniquely control the stereochermstry developed at C-4 (and by 

extension C-5). This stereochemistry may be otherwise d.rfflcult to generate, in the case of the 

trgliane phorbol (L), the C-4 a-OH stereochemlstry appears to be thermodynarmcally preferred.' 

As a consequence of thus stereomductlon, the synthetrc problem would be reduced to the less 

fonardable ob3ectrve of preparing a suitably functlonalrzed C ring precursor, l.e., cyclohexane 

synthesis. 

No divlnylcyclopropanes similar to those requzed for the tlglrane, daphnane, and lngenane 

precursors have been reported. Furthermore, whrle the obvious approach to these farmlles would 

require an oxygen-based substituent (or its equivalent) at C-4 of the dlvlnylcyclopropane (Scheme 

I), the sterrc and electronic Influence of such a urut on the rearrangement was unknown. n-Alkyl 

groups at thus posItIon are known to greatly retard but not preclude the rearrangement.' For the 

Purposes of this pre1rm~nar-y study, the 1-bromo-2-vlnylcyclopropane 8 needed for the preparation 

of a suitable model system (1 e., Ub) was constructed v=a the followrnq %x-step sequence. 3d,q - 
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Etfl , Et@, 0°C 

I 2. LAH, O’C,lOmm. 

PCC,NaOAc 

I/ 8 ” 

I 

1. t-BuLi ,Et.&-78”~O”c 7 69 % 

2.8 

6 

61 % 

51 % from 8 

13 a:R=H; b: R=CH, 14 

Condensation of the a-bromoenone 2 
11 

lo with the sulfur ylid 2 in dry benzene resulted In a 

84% yield of the adduct a, 
12 

with no endo Isomer detected This remarkably high stereoselec- 

tivlty 1s somewhat surprlslny rn view of the 2 1 ratlo reported for addltron to cyclohex- 

enone.ll The efflclency of the reactlon of this ylld (2) with 2 1s also noteworthy in that 

Its reactlon with ethyl a-bromoacrylate and a-bromoacrylonitrlle has been reported 
13 

to occur 

In progressively much poorer yields due to a prototropplc shift after conjugate addition of the 

ylld. resulting In bromide rather than dimethylsulflde displacement Analogously, the ma3or 

Isolable byproduct from our reactlon 1s a methyl thloether presumably formed by prototroplc 

shaft, bromrde displacement, and then bromrde nucleophlllc attack on a sulfonium methyl. Its 

formation was found to be rmnlmzed by performrng the reactlon at the highest temperature com- 

patible with the stability of the ylid, ca. 8O'C. Thus, the success In our example can perhaps 

be ascrlbed to the lower basiclty of ketone versus nltrlle and ester enolates. 
14 

The ketoester 2 was reduced by sodium borohydrzde to a rmxture of eplmerlc alcohols 2. 
15 



Mesylatlon 
16 

of 5 followed in the same flask by 

the alcohol gl' in 59% yield from the ketoester _ 

addltlon of excess llthlum aluminum hydride gave 

OxLdatzon of 6 with sodium acetate-buffered 
19 

pyrldlnlum cnlorochromate I8 provrded the aldehyde z,-- whzh upon reaction with the methylene 

Wlttlg reagent generated 
20 

from methyltrlphenylphosphonlum bromide in benzene and potassium &- 

amylate m cyclohexane 
21 

furnIshed the required l-bromo-2-vrnylcyclopropane 2, 
22 

a somewhat 

llqht-sensltlve, unstable llquld 

The other precursor, 2,3-dlmethoxy-2-cyclopentenone 2, 
23 

was obtalned in 14% yield by treat- 

ment of finely ground 2,3-dlhydroxy-2-cyclopentenone with excess dlazomethane in tetrahydrofuran 

at 4OC for I.4 hours and then quenching with excess methanol 
24 

Metal-halogen exchange between 

bromovlnylcycloprapane 2 and -butylllthlum followed by addltlon of the ketone 2 gave the 1,2- 

adduct lo. Room temperature acldlc hydrolysis lmmedlately after lsolatlon of the crude product 

gave a 51% yield of the crystalline, air-sensltlve, 
25 

trlcycllc methoxyketone 12, 
26 

wlthout any 

ln&catlon of Its dlvlnylcyclopropane precursor 11. - 

In regard to the faclllty of this rearrangement and Its more general synthetic consequences, 

It 1s of Interest to note that dlvlnylcyclopropane 13a has been previously found to have a half- 

life of 316 hours at room temperature (23-25OC) and 33 minutes at 80°C. ReplacIng the hydrogen 

on the cyclopropane gemlnal to the enone with a methyl group m results III a reduction of room 

temperature halfllfe to 54 hours and at 56 5"C, 96 nunutes 
27 

For comparison purposes the 

a-methoxyenone 14 was prepared XI connection with this study and found to rearrange with a half- - 

life of only 9.3 hours at room temperature and 17 minutes at 57.O'C These cursory klnetlcs 

studies are not complete or accurate enough to determine the change in AH+ and ASS as a function 

of substltuents, nevertheless they do suggest that the replacement of the cls-methyl group with 

oxygen-based functlonallty and the increased alkyl substltutlon of the cyclopropane rlnq may 

both contribute to the reduction of the halfllfe of 11 Alternatively , x may be formed via a - 

solvolytlc Cope rearrangement mechanism. 
28 

This prellmlnary study has verlfled that the dlvlnylcyclopropane rearrangement provides a 

prormslng route to the tlgllanes, daphnanes, and lnqenanes Research on the mechanlstlc and 

synthetic rarmflcatlons of this study 1s in progress 
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