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Abstract: A Cu(I)-mediated reaction of aromatic Grignard reagents with allylic tetrahydropyranyl

ethers results in formation of the coupled products in good yields. This methodology allows facile

synthetic manipulation of compounds with two reactive allylic positions.

© 1998 Elsevier Science Ltd. All rights reserved.

Mammalian ras genes encode guanosine triphosphate-binding proteins that play an essential role in the signal
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transduction pathways which regulate cell proliferation.” Mutations in RAS proteins are associated with
approximately 30% of all human cancers' and the demonstration that RAS famnesylation is essential for RAS-induced
cellular transformations has aroused an intense interest in farnesyl pyrophosphate analogues as potential
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limited to mimics of the polar diphosphate “heads” *"* The recent publication of a crystal structure for famesyl protein

transferase (FPTase),' the enzyme that catalyzes reaction of famesyl pyrophosphate with RAS, revealed a
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lends credibility to the design of novel farnesyl “tails” incorporating aromatic rings, compounds that may illuminate the
importance of non-bonding interactions in recognition of the farnesyl chain.”® Synthesis of such compounds could be
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analogues (e.g. 1) would require reaction at one allylic position of a geraniol derivative (2) in the presence of a second

functional group that also might be displaced. One solution to this problem is the subject of this report.
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Selenium dioxide is routinely employed for oxidation of terminal prenyl units at the E methyl group.'® For
example, oxidation of geranyl acetate (3) with SeO, gives the alcohol 4, and this compound has been converted to the

corresponding bromide 5 by reaction with NBS/DMS."” Treatment of compound 5 with phenyl magnesium bromide in
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the presence of Cul revealed that both the bromide and the acetate were displaced at roughly equivalent rates to give
the diaryl compound 6. Converting acetate 5 to the corresponding alcohol (7) also proved difficult. Attempted
hydrolysis by treatment with KOH/MeOH" gave primarily the methyl ether 8 while reductive cleavage of the acetate
was accompanied by reduction of the allylic bromide. An alternative strategy, utilizing a different geraniol protecting
group prior to the SeO; oxidation, was limited by the impact of many potential protecting groups on the yield of the
oxidation step.’® However, compound 9 was prepared by reaction of the THP ether derived from geraniol with SeQ,
and subsequent reaction with acetic anhydride. Attempted use of compound 9 in a coupling reaction with CsHsMgBr
initially was disappointing because again both the THP and acetate groups were displaced under mild conditions.

However, this unexpectedly facile displacement’® of the THP ether suggested an alternate reaction sequence that did

allow the desired Grignard coupling.
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3X=H R = Ac 6 12X =H R = Ac
4 X =0H R=Ac 13 X =0H R=Ac
5§ X=Br R=Ac 14 X =0THP R=Ac
7 X =Br R=H 1§ X=0THP R=H
8X=0CH; R=H
9X=0Ac R=THP
10X=0THP R=Ac
11X=0THP R=H

The known THP ether 10% was prepared in quantitative yield by reaction of dihydropyran with the product (4)

of selenium dioxide oxidation of geranyl acetate. As expected, no problems were encountered cleaving the acetate 10

to the alcohol 11 by reduction or hydrolysis in the presence of the THP-protected allylic alcohol. A parallel series of
reactions was used to convert prenyl acetate (12) to the known alcoho! 13, and then to the desired THP ethers 14 and

15.2' Both compounds 11 and 15 were examined in Grignard coupling reactions with several different organometallic
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L PU\I./\AOH + AngBr i:/_) Ar\L/\AQH
| In (69-92%) | I
Mn=215n=1 16-21

species and all pairings provided efficient coupling (Table 1). When compound 11 was treated with an excess of the
reagents derived from bromobenzene or m-bromotoluene, the coupled products 16 and 17 were obtained in high yield.
With the tBDMS-protected m-bromophenol, coupling also proceeds smoothly, and treatment of the initial product
naphthyl and biphenyl reagents to obtain coupled products approximating the length of the farnesyl chain. In this

d
series, the desired compounds (19, 20, and 21) were always the major reaction products and each was obtained in
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readily separable by column chromatography and easily identified by their 'H NMR spectra. Presumably, the larger

entry substrate aryl halide product yield
Br
Y e \
1 1 O] LA Ao~ o~ 81%
\\\/ N ~ ~ N~ S~ U
16
Br
//k 1 = | | PR
2 11 = | | P “ ~ 91%
o OH
17
Br
RN
3 11 /l\i | | I 92%
e
Kﬁ/LOﬁDMS HO ™ " 0H
18
Br
=
I Y
4 15 Z N X x"""0H 69%
NN L 19 (12%)2
Z | o o Z | o |
5 15 | | 75%
N F ™ Va A OH (16%)a
20
=~
o ™
6 15 = =" SN, 7%
e/ \_7 | (15%)a
21
a) Yield of the Sy2' product.

In conclusion, the displacement of THP ethers in Cu(l)-mediated Grignard reactions is an effective strategy

for coupling aromatic compounds with allylic alcohols. While the basis of the special reactivity of the THP

geraniol undergoes this displacement at least 10-fold faster than the corresponding methyl or phenyl ethers.
Because allylic THP ethers can be prepared in high yields from allylic alcohols, and are more stable to many

ossible to view this moiety as both a pr:
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a reactive center. Further studies on the scope of Cu(I)-mediated THP displacements, as well as on the

biological activity of these farnesol analogues, wili be reported in due course.
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In a typical procedure, the aryl bromide (6 eq) was treated with Mg turnings in THF at reflux to generate
the Grignard reagent, and the reaction mixture was allowed to cool to ~40° C. The Cul (1.5 eq) was
added in one portion, followed by addition of the THP ether. The resulting mixture was heated to ~50° C
until the reaction was complete by TLC analysis, generally 2-4 h



