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Summary: Treatment of either the verticillenes (3), (6), (13) or (14) 

with Lewis acids fails to produce the corresponding taxane carbon 

framework viz (2), and instead only products, e.g.(a), (9), (16), of 

rearrangement of the epoxide rings in the substrates are obtained. 

Taxane is the generic name applied to the group of alkaloids e.g. taxinin 

I (l), first isolated from the common yew Taxus baccata; they show structures 

based on the novel tricycle [10.3.1.0 4'61 pentadecene carbon franework(2)'. 

A number of taxanes have recently been shown to exhibit potent anti-leukemic 

properties2, and these properties in combination with their relatively complex 

structures have made the molecules an interesting and challenging group of 

compounds for total synthesis 
3 . The carbon framework (2) has its origins in 

geranylgeranyl pyrophosphate (GGPP), and verticillene (3) is considered to be 

the most likely intermediate between GGPP and taxane (2)4. Verticillene(3) 

correlates with cembrene (4), a constituent of conifer wood, and also with 

casbene(5) produced by seedlings of Ricinus communis. In the previous Letter, 

we described a total synthesis of E,E-verticillene(3)4. -- In this Letter, we 

summarise the outcome of our attempts to effect transannulation of both 

verticillene (3) and the related verticillol(l2) a constituent of the conifer 

Sciadopitys verticillata, and their derivatives, to the taxane ring system(2). 

We first investigated the transannulation of verticillene(3), using BF3- 

etherate under varying conditions, but to our surprise found no evidence for 

the formation of tricyclic products; instead the verticillene underwent 

extensive decomposition, even at room temperature. Suspecting that this might 

be due to preferential complexation between BF3 -etherate and the more nucleo- 

philic bridgehead double bond in (3), rather than the 7,8-double bond, we then 

decided to prepare the corresponding 7,8-epoxide (6) of verticillol. Treatment 

of verticillene(3) with meta-chloroperbenzoic acid (MCPBA) in dichlormethane 

in the presence of disodium hydrogen phosphate, led to a mixture of 3,4- and 

7,8-monoepoxides(78S) which were separated by chromatography (reverse phase 

h.p.1.c; 17:3 MeOH-H20). The 7,8-epoxide (6) showed spectral data 61_02(CMe), 

l.l(CMe), 1.29(CMe), 1.6(:CMe), 1.63(:CMe), 1.5-2.5(m,15H), 2,6(dd,J9 and 2,CHO), _ 
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5,41(br, :CH), closely similar to those of verticillol 7,8-epoxide (13)', which 

was synthesised in a similar manner from natural verticillol (12) and whose 

structure and stereochemistry were rigidly established by X-ray crystallography6. 

Treatment of the vertillene 7,8-epoxide(6) with BFsetherate, under 

conditions used previously by Look and Fenical 
7 

to effect transannulation of 

the II-membered ring epoxide(l0) to (II), gave none of the hoped for tricyclic 

alcohol(7). Instead, the corresponding allylic alcohol(81, needles m.p. 

174-175'C was isolated as the major product (52%), together with the fluoro- 

hydrin(9)(35%). These observations led us to suspect that the initial epoxide 

(6) had the alternative configuration at the epoxide, with epoxidation occurr- 

ing from the 'inside' face of the macrocycle(3). Transannulation in a crown 

conformation, and through a chair like transition state would then be much less 

favoured, and possibly account for the formation of the allylic alcohol (8) 

rather than (7). An X-ray structure determination of the crystalline alcohol 

(8j8 however, fully established the pseudo-equatorial orientation of the 

hydroxyl group, thereby confirming that the original epoxide(6) was produced 

from attack on the outside face of the 12-membered ring in (3). 

With the failure of verticillene (3) and its 7,8-epoxide(6) to undergo 

transannular cyclisation to the taxane ring system (2), we decided to investi- 

gate transannulation of the epoxides (13) and (14) derived from natural verti- 

cillol (12)'. Treatment of verticillol with MCPBA, in a similar manner to that 

described earlier for (3), followed by chromatogrpahy (silica; EtOAC-petrol 4:1), 

gave the 7,8-epoxide (13) (47%), as colourless crystals m.p. 146-9OC, 

accompanied by the corresponding 3,4-epoxide (23%), m.p. 139-4O"C, and the known 

bis-epoxide (13%), m.p. 160-I'C (lit.',m.p. 159-60"). The structure and stereo- 

chemistry of verticillol 7,8-epoxide (13) was established rigorously by x-ray 

crystallography6. Dehydration of verticillol (POC13-C5H5N) produced a mixture 

of endo- and exo- anhydroverticillols which could be separated by chromatography'. 

The endo-isomer gave rise to a mixture of the corresponding 3,4- and 7,8-mon- 

epoxides and the bis-epoxide on treatment with MCPBA, from which the 7,8-epoxide 

(14) was separated by chromatography. We were unable, however, to resolve the 

mixture of monoepoxides resulting from epoxidation of the exo-anhydroverticillol. 

Interestingly, in neither case were we able to detect concurrent epoxidation 

of the six-ring double bonds in the anhydroverticillols. 

Reactions between verticillol 7,8-epoxide(13) and BF3-etherate, and 

between (13) and trimethylsilyl triflate, under a range of reaction conditions, 

resulted in the formation of largely the ketone (18), m.p. 130-3OC (EtOAc), 

" max1670cm.-1, 61.12(d,J7,CHMe); 6carbon219.7ppm., accompanied by small amounts 

of the products (16) and (17) resulting from straightforward dehydration of (13). 

In a similar manner, treatment of the endo-anhydroverticillol epoxide (14) with 

BF3-etherate led only to decomposition, and none of the hoped-for taxol (17) 

could be detected amongst the products. 

The failure of either of the verticillenes (3), (6), (13) and. (14) to 

undergo transannular cyclisation, in vitro, to the corresponding taxane ring -- 
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systems is both interesting and perplexing . Although the observations do 

not disprove the involvement of verticillenes in the biosynthetic sequence 

leading to the taxane ring system from GGPP, they do lead us to suspect that 

this is a much more subtle sequence than we had hitherto imagined, and one 

which may involve alternative pathways for elaborating the tricycle or use 

different geometrical/positional isomers of GGPP for its purpose. 

We thank Professors Norin (Stockholm) and Sumimoto (Fukuoko) for 

providing us with generous amounts of natural verticillol, and the S.E.R.C. 

for a studentship (to C.B.J.) 
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