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Abstract: Readfly available dSrfvathf8S d Q8raniol bearing a 1-J@oxyalkyl side chain in the 6-position und8rgo 

acid-catalyzed mgbspec#b cyclizatbn to fom, cycbgemnid derivatives whbh have an intamsting relation to ring A 
of taxoL 

The relationship of the structure of ring A of taxol (1)2 to that of geraniol strongly suggests the 

desirability of the latter as a starting material for its construction. We now report that 6-(1- 

hydroxyalkyl) derivatives of geraniol (2, scheme 1) undergo cationic cyclization, readily 

and in good yield, and that the regiochemistry of these cyclizations can be controlled to 

form 3 rather than 4. This result is of special interest in the context of those approaches to taxol 
which start with the construction of ringA. 

e L/T; +/or 

+ Q- OR 

An obvious starting material for allylic alcohols of type 2 would be 6-bromogeraniol (5), but, 
surprisingly, neither that simple substance nor the related 6-bromogeranic acid (6}, or its esters (cf 

7). appear to have been described in the literature. The route we followed to the tert- 

butyldimethylsilyl ether of 6-bromogeraniol (9) is shown In Scheme 2, starting with the regiospecific 

addition of bromine to the 6,7 double bond of methyl geranate (8).4-s 

Scheme 1 

The ether 9 was used in two different constructions of the desired allylic alcohols. In the first, 

formation of the vinyl lithium derivative was followed by addition of cyclohexanecarboxaldehyde to 

give the carbinol 10 in quantitative yield. The high yield (82%) of unsaturated aldehyde 11 
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8 * 6,R-II 5. FM-4 
7, R&%3 0, R-TBDMS 

a) ESQ. CH&g, -2CI “C to morn temperature; b) DBU. CH,CI,. feflux, 1 h; C) Al+&*, THF, 0 -c&l h; 

62% from 6; d) TBDMS-CM, Imidazole, CH2C12. 0 “C, 12h; 60%. 
Scheme 2 

obtained by reaction of the lithium derivative from 9 with djrnethy~~arn~e provides another route 

to those allylic alcohols not easily obtainable by the method used to make 10. For example, 

reaction of 11 with phenylsulfonyfmethylmagnesium bromide7 produced the allytic carbinol 12 in 

quantitative yield. 

a) t-EuLi, THF, -78 bc, 1 h; b) cyclclhexanecarboxaldehyde. -78 OC, IO min; quantitative from9; 
c) DMF, -78 “C; 82%; d) sea text. 

We could now explore the ~~~ernist~ of the cationic ~cliz~~on of 2. VVe anticipated that the 

interplay of the usual two effects, electron distribution and steric crowding, might be adjusted to 

favor the course 2 to 3, but we were surprised by the ease with which cyclization took place in the 

direction we had hoped.8 For instance. when ailyiic alcohol 10 was dissolved in acetic anhydride, 

foflowed , at 0” C, by a catalytic amount (0.25 equiv) of ferric chktride. TLC analysis indicated 

complete disappearance of the starting materiaf after 1.5h. The 1l-i nmr spectrum of the product, 

however, showed not only the expected complete conversion of the siloxy group to the acetate,9 

but also that cydization had taken p/ace to yield (65%, unoptimized) the, predominantly &, diene 

13. lt will be realized that even this simple case has some conceptual connection to taxol when the 

structure of the latter is compared to that of one of the cis glycols derivable from 13 (Scheme 4). 

Scheme 4 
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The suocess of the simple model cyciiration above prompted us to examine the cyciization reaction 

in a case more obviously related to the taxoi A ring problem. Cyclization of 14 (3 equiv 0.5 % 

BF3*Et20lo in CHeCi2 at -30 - -15 OC; quenched with saturated NaHC03) proceeded, again 

regioseiectiveiy at the tertiary site, to give 15 (72%; 3:l mixture of tertiary alcohol epimers 11112). 

We believe that, in this case, the electronic and steric effects of the sulfonyi group are bcdh involved 

in inhibiting cyclization at the secondary center (Scheme 5). 

Hydrolysis of the acetate of 15 and oxidation of the resulting alcohol with Jones reagent to the 

corresponding acid was followed by treatment with NBS in THF to give the anticipated 

bromoiactone 16 (52% from 15). The latter could be transformed into the dienic iactone 17 by 

reductive elimination with tributyistannanel3 in refiuxing benzene (92%), followed by dehydration 

of the tertiary alcohol function with 1 .l equiv of BFa=Et2014 in refiuxing CHpClp. Lactone 17 was 

thus obtained (90%) as a 3:l endo - exo mixture,15 the endo component of which reacted 
selectively with 1.2 equiv of mCPBA at room temperature to give monoepoxide 16 (66%).1* 

Reduction of the iactone system of 16 with 1.2 equiv of DIBAL, followed by treatment with DBU at 

40-50 “C, gave the usefully functionaiized phydroxy-a&unsaturated aidehyde 19 (40%).17~1* 

Aside from any taxoi related interest, the regiospecific cyclization described here should expand 

the already large area of usefulness of oationic poiyene cyciizations.19 
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