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Abstract: The synthesis of the novel FPP analog 13-methylidenefarnesyl diphosphate 2 is described. The key step
in the synthetic sequence involved the stereoselective coupling of enol triflate 8 with vinyltributyltin using
Pd(AsPh3), and Cul as catalysts to afford primarily the desired cis-divinylester 7. It is also demonstrated that other 3-
substituted farnesyl analogs can be prepared by this Pd(0)-catalyzed route.

The biosynthetic intermediate farnesyl diphosphate (FPP; 1) occupies a key position in cellular lipid
metabolism. It has long been established that the first committed step in cholesterol biosynthesis involves the
reductive head-to-head dimerization of two molecules of FPP to give squalene.! More recently, it has been
discovered that farnesylation of certain proteins, such as the signal transduction protein (and oncogene product)
ras, is absolutely required for their activity.2? There has been a great deal of interest in the development of
squalene synthase inhibitors as cholesterol-lowering agents*-S and farnesyl-protein transferase (FPTase)
inhibitors as potential anti-cancer agents.” There has thus been renewed activity directed toward the synthesis of
FPP analogs.8® As a part of a program directed toward elucidating the mechanism of FPTase,!0 we targeted
13-methylidenefarnesyl diphosphate 2 for investigation as a possible mechanism-based inhibitor.!! Herein the
synthesis of 2 via a flexible and stereoselective Pd(0)-catalyzed route is described. We have also demonstrated
that this route is applicable to the preparation of other farnesyl analogs and famesyl diphosphate itself. There has
also been renewed activity directed toward development of new methods for the stereoselective synthesis of

isoprenoids.!2-14
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The synthetic strategy chosen was the homologation sequence originally developed by Weiler and recently
employed by Cane for the synthesis of 6,7-dihydrofarnesol.%!3 Coupling of commercially available sodium salt
3 (Figure 2) with geranyl bromide 4 afforded the B-ketoester §. Compound 5§ was then converted into the enol
phosphate 6 in the manner previously described by Weiler and coworkers.!3 Unfortunately, all attempts to
couple 6 with a vinyl cuprate species to afford the desired compound 7 were unsuccessful. Treatment of 6 with
vinylmagnesium chloride in the presence of a nickel(II) catalyst!S also failed to afford 7 (in both instances, only
starting material was recovered). It was apparent that a more reactive leaving group was necessary in order to
introduce a vinyl moiety into the 3 position of the farnesyl structure.
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Reagents and Conditions: a) 3, nBuLi, THF, 0 °C; 4, 0 °C to 1t (71 %); b) NaH, THF, 0 °C; (EtO)2P(O)ClI, 0 °C to rt (66 %); ¢)
(Me3Si)2NK, THF, -78 °C; (CF3S02)2NPh, THF, -78 °C to rt (52 %); d) CH2=CHSnBu3, Pd(AsPh3)3, Cul, N-
methylpyrrolidone, st (69 %); ¢) DIBAL, PhMe, -78 °C (43 %); f) N-Chlorosuccinimide, Me2S, CHaClz, -40 to 0 °C;
(BugN)3HP207, CH3CN 0 °C to 1t (20 %)

Numerous studies over the past ten years have established enol triflates as superior intermediates for the
stereoselective synthesis of substituted vinyl compounds.!” Particularly encouraging for our purposes were
recent reports that enol triflates derived from B-keto esters couple with vinyltin reagents to give dienyl esters. 18-
2 We therefore attempted to prepare the enol triflate 8 from 5, using a varicty of different conditions. Success
was only achieved using potassium bis(trimethylsilyl)amide to gencrate the enolate followed by quenching with
N,N-bis(trifluoromethanesulfonyl)-N-phenylimide.2! Palladium-catalyzed coupling of 8 with vinyltributyltin
using the procedure of Scott and Stille?? afforded the desired ester 7 and its undesired isomer 9 in a ~1:1 ratio.
Previously, Houpis had reported the loss of stercochemistry in the Pd(II)-catalyzed coupling of the enol triflate
from a B-ketoester and vinyltributyltin.!® The assignment of stereochemistry was based on the chemical shifts
observed for the protons indicated in Figure 2. The ester carbonyl has an anisotropic deshielding effect that
results in a downfield shift of protons adjacent to it.2> A similar, but less pronounced deshielding effect has
been observed in other farnesyl ester analogs. 15

Farina and Krishnan have recently developed a protocol that provides superior results for a variety of
Pd(0)-catalyzed coupling reactions.2* In our case, use of "Pd(AsPh3);" in NMP afforded a higher ratio of the
desired isomer 7. However, the addition of Cul as a co-catalyst significantly increased the stereoselectivity of
the reaction and increased the yicld as well. Johnson?® and Liebeskind?® have recently described the beneficial
effect of Cul on Pd(0)-catalyzed coupling reactions; however, this is the first report that it can increase the
stereoselectivity of this process. Treatment of 7 with LiAI(OEt)H3® or Red-Al resulted in reduction of both
conjugated double bonds as well as the ester. However, the use of excess DIBAL-H at -78° C successfully
produced 13-methylidenefarnesol (10; Figure 3).22% The two-step diphosphorylation procedure developed by
Poulter et al.2? was then employed to convert 10 to the desired FPP analog 2.
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Reagents and Conditions: a) 8, SnMe4, Pd(AsPh3)2, Cul, NMP, 100 °C; b) 8, SnEt4, Pd(AsPh3)2, Cul, NMP, 100 °C; ¢} 8,
HC=CSnBu3, Pd(AsPh3)2, Cul, NMP, rt; 14, ByyNF, THF, 0 °C (sce text); d) 8, PhSnBu3, Pd(AsPh3)2, Cul, NMP, 100 °C.

The Pd(0)-catalyzed coupling of organotin reagents with enol triflate 8 has also been used to synthesize
other farnesyl ester derivatives (Figure 3). In all cases, the reaction was highly stereoselective, affording almost
exclusively the desired isomer. Compounds 11 and 12 have previously been prepared and converted to the
corresponding diphosphates;® thus, this provides a highly stercoselective route to 1 and its 13-methyl analog.
The ethynyl derivative 13 was also prepared from 8.30 Surprisingly, a significant amount of the tributyltin
compound 14 was obtained, possibly through generation of BuzSnC=CCu from cthynyltributyltin followed by
its Pd(0)-catalyzed coupling with 8.3! Fluoride-induced destannylation of 14 produced additional 13;32
however, the combined overall yield of 13 was a modest 33%. Particularly noteworthy is the synthesis of the 3-
desmethyl-3-phenyl derivative 15 in a completely stereoselective manner. Figure 4 depicts a prototypical
condensation of a hindered ketone with a stabilized phosphorous reagent. Other workers have reported that
reaction of acetophenone with Wittig reagent 17 or Horner-Emmons reagent 18 cither leads to a ~1:1 ratio of 19
and 20 or primarily the trans isomer 20.33 Alternative methods that have been reported for the synthesis of
19/20 also afford primarily 20.>4 Thus the coupling method described herein could be uniquely useful for the
stereoselective preparation of hindered cis-B,B-disubstituted ¢, B-unsaturated esters such as 15 or 19,3536
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