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Summary: A new O — C rearrangement reaction, which has been applied to the synthesis of squalene
(Scheme I), has been shown to proceed by an intermolecular mechanism (Scheme IT).

Reported herein is a novel rearrangement of allylphosphinic esters which proceeds via
allylidenephosphorane intermediates with carbon-carbon bond formation, as exemplified by the overall
transformation 1 — 2. The rearrangement in this case was effected simply by sequential treatment of 1 with
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2 equiv of lithium disopropylamide (LDA) in tetrahydrofuran (THF) at -78 °C for 5 min and 2 equiv of
triisopropylsilyl (TIPS) triflate! at -78 °C for 30 min, and the product (2) was isolated extractively after
quenching with water and acidification in 81% yield. Reaction of 2 with diazomethane in ether-cthanol
afforded ester 3 (93%, as a mixture of two P/Cq diastereomers.2.3 The following sequence was employed
for the synthesis of 1: 4
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The rearrangement has been applied to a synthesis of squalene from farnesol as shown in Scheme I.
Methyl E,E-farnesylphenylphosphinate (6) (from E,E-farnesyl bromide and dimethyl phenylphosphonite4)
was converted directly to the corresponding acid chloride and thence with E,E-famesol to 7. Rearrangement
of 7 under the standard conditions outlined effected selective Cy5-Cjs coupling to form the TIPS ester 8
which was transformed into the corresponding morpholide 9. Although the removal of phosphorus from
phosphonic acid derivatives is not well precedented, it was possible to convert 9 to pure all E-squalene
under the reductive conditions indicated in Scheme 1.6.7

The mechanism of this interesting C-C bond forming rearrangement has been clarified by a variety of
experiments as outlined in the following sections.

A. Methyl groups can migrate from O to C in the rearrangement. For example, treatment of the
methyl ester 11 successively at -78 °C in THF with LDA and TIPS triflate produced the TIPS ester 12 in
91% yield as a mixture of two P/Cy diastereomers.
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B. The use of trimethylchlorosilane instead of TIPS triflate after o-lithiation of 11 produces only a-
silylated product 13. The formation of 13 may proceed by a direct C-silylation process or, more probably, via
an initial O-silylation step.
C. Allylic groups migrate without allylic transposition. For example, reaction of the specifically
dideuterated ester 148 sequentially with LDA and TIPS triflate at -78 °C in THF produced rearrangement
product 15 exclusively (70% yield) and none of the isomeric 16, as determined by !H NMR analysis.
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D. The formation of the O —> C rearrangement product is not unimolecular as shown by crossover
experiments. Thus, when a 1:1 mixture of 6 and 17 in THF at -78 °C was treated successively with LDA
and TIPS triflate, there was obtained after hydrolysis, esterification with CH2N; and silica gel
chromatography a ca. 1:1 mixture of 18, R=CH3, and 18, R=CD3, and a ca. 1:1 mixture of 19, R=CH3, and
19, R=CD3, as determined by mass spectroscopic analysis (chemical ionization using NH3). From this
result it is clear that the migration from O to C is an intermolecular rather than an intramolecular process.
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This result is not unexpected since an intramolecular rearrangement of methyl would be tantamount to a
frontside SN2 displacement.
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E. Tertiary carbon groups do not undergo O — C migration. Reaction of substrate 20 in THF at

-78 °C successively with LDA and TIPS triflate affords only the a-silylated product 21 (as a mixture of two
P/Cq, diastereomers), possibly the result of O — C silyl migration.
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(8 1.1 equiv of CICOCOCI, CH,Cl,, 0°C, 6 b; (b) E,E-famesol (Aldrich Co.), 2 equiv Et;N,
CH,Cl,,0°C, 4 h (72% of 7); () 2 equiv of LDA, THF, -78 °C, 2 equiv of TIPS triflate
(65% of 8); (d) 1.1 equiv of CICOCOC], then excess morpholine, CH,Cl, 0 °C (73% of 9);

(e) excess Li in EtNH, - THF - -BuOH, 0 °C 2.5 h (31% of 10 after column chromatography
on silica gel).
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It is likely that the O — C rearrangement occurs via an O-silyl allylidencoxyphosphorane (22,
Scheme II) as a bimolecular event, either via the ion pair 23 + 24 or by a concerted double O— C
rearrangement process as symbolized by 25. Although the latter possibility demands a greatcr' loss of
entropy, it cannot now be excluded.
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In summary, an interesting and synthetically useful reaction for carbon-carbon coupling is described
which depends on the O-silylation of a phosphinate stabilized carbanion and a bimolecular double O — C

rearrangement.9
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