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Hydrophosphination of secondary propargylic alcohols generates phosphine-containing allylic alcohols that undergo facile [2,3]-sigmatropic
rearrangements with chlorophosphines, furnishing highly enantioenriched, crystalline diphosphine monoxides. The configuration at the newly
formed stereocenter is opposite to that expected based on prior studies, and an ab initio computational evaluation of the possible transition states

was performed to help explain the stereochemical course of the reaction.

Allylic alcohols and their derivatives demonstrate a large
number of useful transformations with both nucleophiles
and electrophiles.!' We have recently developed the first
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uncatalyzed hydrophosphination of propargylic alcohols
and amines with phosphine boranes.** These facile reac-
tions proceed at or below ambient temperature and utilize
bench-stable phosphine boranes rather than pyrophoric-
free phosphines.* The phosphine-containing products de-
rived from propargylic alcohols possess an allylic alcohol
moiety that can be utilized to introduce additional car-
bon—heteroatom bonds onto the carbon chain. Previous
studies by Knochel® on [2,3]-sigmatropic rearrangements
of allylic alcohols (lacking any phosphine substitution)
with chlorophosphines inspired us to examine the reactivity
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of the new hydrophosphination adducts toward phos-
phorus electrophiles. As shown in Scheme 1, treatment of
(R)-(+)-1 with three different chlorophosphines R,P-Cl
generated the rearrangement products (E)-2, -3, and -4 in
good overall yields as single enantiomers. The configura-
tion at the new stereocenter was anticipated to be (S) on the
basis of the suprafacial nature of the rearrangement® and
earlier precedent,” yet a VCD analysis of 4 (Figure 1)
showed that the new stereogenic carbon had in fact the
(R)-configuration.

Scheme 1. Rearrangements of Allylic Alcohol (+)-1
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Next, 12 different aryl- and alkylchlorophosphines®
were examined in the rearrangement of P-chiral alcohol
(S,Rp)-(—)-5, as shown in Table 1. Alcohol (—)-5 was
obtained from the base-mediated, uncatalyzed hydropho-
sphination of enantioenriched (—)-phenylbutynol, as pre-
viously reported (Scheme 1).? The rearrangement products
of (—)-5 were generally formed as single diastereomers with
E-geometries, and each of the bis-phosphineborane deri-
vatives 6a—l was isolated in good yield as a crystalline
solid. X-ray structures of two products, 6d and 61, derived
from aryl and alkyl chlorophosphines, respectively, show
that the isolated products also possess the unexpected (S)-
configuration at the newly formed stereogenic carbon
(Figure 2), in agreement with the stereochemical course
of the reaction observed for (+)-1.

The [2,3]-sigmatropic rearrangement allowed access to a
broad variety of allylic phosphine oxides. Ortho-substituents
on the phenyl rings of 6a were well tolerated, as were
electron-donating groups such as the methoxide functions
in 6¢ and 6d. The conversion was also high with naphthyl
(6e) and furan (6i) groups on the phosphine oxide. Finally,
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Figure 1. Calculated and experimental VCD spectra of phos-
phine oxide 4.

Figure 2. Crystal structures of 6d (left) and 6l (right).

straight alkyl chains, such as in 6k and 6j, as well as
branched chains, such as the cyclohexyl substituents in
61, did not interfere with the process.

In all cases, a uniform stereochemical course was ob-
served, and the P-chirality had no apparent effect on the
rearrangement.’

The unexpected stereochemical outcome of the reaction
was further explored through an ab initio analysis of the
transition state of the [2,3]-rearrangement leading to 6l
(Figure 3). Models for the conversion of 5 to the (R,Z)-
isomer 61* and the (S,E)-isomer 61 were minimized using
molecular mechanics calculations in Spartan’10,® and the
resulting geometries were subjected to a transition-state
calculation at the HF-6311+G** level of theory. TS,
leading to 61* was found to be 5.0 kcal/mol higher in
energy than the transition state TSy leading to the (S, E)-
isomer 6l. This difference in energy is mainly due to a
significant A'-interaction between the methyl substituent
and the phosphine—borane group in TS 4, which provides
a more severe steric clash than the A'~-strain between the
methyl group and the allylic substituents in TSg. Accordingly,
the presence of the bulky phosphine—borane substituent at
the 2-position of the alkene redirects the stereochemical

(8) Wavefunction, Inc., Irvine, CA.
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Table 1. Rearrangement Products
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course of the sigmatropic rearrangement opposite to the
results previously obtained by Knochel et al.
Amine-mediated deprotection of BH;-protected dipho-
sphine monoxides provides the corresponding dipho-
sphines in high yield. Treatment of 6l, for example, with
DABCO in toluene at 70 °C led to the deboronated 7 in
87% yield (Scheme 2).° The structure of this diphosphine
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was confirmed by X-ray analysis (Figure 4). The confor-
mation of 7 is very similar to that of 6l in the solid state; the
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Figure 3. Ab initio transition-state analysis of the [2,3]-rearran-
gement of (S,Rp)-(—)-5.

only major difference is the rotation of P2 to minimize the
allylic strain.

In conclusion, we have developed a new, straighforward
synthesis of BHs-protected diphosphine monoxides. Mild
hydrophosphination of enantioenriched propargylic alco-
hols provides 2-phosphineborane 2-propen-1-ols, which
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Scheme 2. Deprotection of Diphosphine 61
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Figure 4. Crystal structure of 7.

can be subjected to a stercospecific [2,3]-sigmatropic re-
arrangement with chlorophosphines to give diversely sub-
stituted diphosphine monoxides in high overall yields.
After removal of the borane protective group, these novel
P—P species with stereogenic phosphorus and carbon atoms
can serve as chiral ligands in catalytic asymmetric trans-
formations,”'® and we are currently investigating pertinent
applications.

Supporting Information Available. Experimental pro-
cedures, compound characterization, and chiral HPLC
analyses. This material is available free of charge via the
Internet at http://pubs.acs.org.
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