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Synthesis of Phenylalanine-derived B-Hydroxy and (3-Keto Phosphine Oxides —
Investigation of the Configurational Stability of Lithiated
Phosphine Oxides Using the Hoffmann Test

Peter O'Brien and Stuart Warren*
University Chemical Laboratory, Lensfield Road, Cambridge, CB2 1EW England

Abstract: Reaction between a phenylalanine-derived aldehyde and a lithiated phosphine oxide (the
Hoffmann test) has been used to demonstrate that lithiated phosphine oxides are not configurationally
stable in THF at —78 °C on the timescale of thier reaction with the aldehyde. Additionally, these
reactions generate synthetically useful products. Copyright © 1996 Elsevier Science Ltd

Recently, we suggested that organolithium derivatives of secondary phosphine oxides such as 1 and 2
did not maintain their configuration o to phosphorus even on the relatively short timescales of internal
electrophilic quenches with Me3SiCl or cyclobutanone.! In that study, "classical” methods such as relative
(e.g. syn- and anti-1) and absolute [e.g. (S)- and (R)-2] stereochemistry were used to study configurational
stability. However, two issues still remained: we had not obtained any information on lithium derivatives of
primary phosphine oxides 3 and the timescale of our investigation could be shortened further.2 In this paper,
then, we provide a simple and synthetically useful solution to both of these issues using a "non-classical”
method of investigating configurational stability — the "Hoffmann test”.3-5
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In the Hoffmann test, a racemic organolithium is reacted with a racemic electrophile (e.g. aldehyde 4)
and the ratio of the diastereomeric products so obtained is determined (experiment 1). A comparison of this
ratio with that obtained from reaction between the same organolithium and an enantiomerically enriched
electrophile (experiment 2) allows conclusions to be drawn about the configurational stability of the
organolithium derivative. The theory behind the Hoffmann test has been discussed in detail elsewhere* and
since its introduction in 1987 it has been used to investigate the configurational stability of organolithiums
derived from sulfides, 3.6 selenides,? sulfones® and some benzyl-substituted compounds.6-8 However, to date,

the test has not been used to gain information on phosphorus-stabilised organolithiums.
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As part of our studies into the configurational stability of lithiated phosphine oxides,! we proposed to
carry out the two Hoffmann test reactions using ethyldiphenylphosphine oxide (3; R = Me) and aldehyde 4.
Before we actually did this, the inherent Felkin selectivity of aldehyde 4 (synthesised using Reetz's
method®:10) in reactions with lithiated phosphine oxides was established: addition of lithiated phosphine
oxide 5 to aldehyde rac-4 afforded a 50% yield of an 80:20 ratio (by H NMR) of alcohols anti- and syn-6.
The anti stereochemistry of the major product was assigned from precedent? assuming that Felkin!! non-
chelation control predominates and on the basis of an alternative synthesis of alcohol syn-6: sodium
borohydride reduction of B-keto phosphine oxide rac-8 (synthesised using an acylation reaction with benzyl
ester rac-T) generated a 90:10 ratio of alcohols syn- and anti-6. Once again, stereoselectivity was assigned
from precedent!2 and is rationalised in terms of a Felkin!! non-chelation controlled reduction.
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We were now ready to carry out the first of the Hoffmann test experiments. Addition of lithiated
phosphine oxide 9 to aldehyde rac-4 in THF at —78 °C (our usual reaction conditions!) and lH NMR analysis
of the crude reaction mixture indicated that all of the four possible alcohol products 10 had been generated in
a ratio of 27:40:28:5. Generally, in the Hoffmann test, only two out of the four possible alcohols are obtained
because of the good Felkin selectivity usually exhibited by aldehyde 4 — in these cases, it is only necessary to
measure this ratio without assigning the stereochemistry. However, when four alcohols are obtained, 3 those
with the same 1,3 relative stereochemistry have to be identified. By repeated chromatography, we were
fortunately able to isolate a pure sample of the major product which was shown to be alcohol anti,anti-10 by

X-ray crystal structure analysis!4 (Figure 1).

Hoffmann test experiment 1: Reaction of lithiated phosphine oxide 9 with aldehyde rac-4
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Because we were unable to assign the stereochemistry of the other three alcohols 10, we tried to

synthesise the same alcohols using a reduction route. To our surprise, an acylation reaction between lithiated
phosphine oxide 9 and benzyl ester 7 proceeded stereoselectively to give a 66% yield of a 90:10 ratio (by 'H
NMR) of B-keto phosphine oxides 11. The major ketone, isolated by crystallisation, was identified as anti-11
by X-ray crystallography!4 (Figure 2). We could have used this acylation reaction for our Hoffmann test
experiments - indeed, such an experiment would not suffer from the complication of multiple diastereomeric
products (unlike our reaction with aldehyde 4). However, we believe!S that the stereoselectivity of the
acylation reaction is due to a thermodynamically driven equilibration of ketones anti- and syn-11 by
enolisation of the now quite acidic proton a to the diphenylphosphinoyl group. Sodium borohydride
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reduction of B-keto phosphine oxide anti-11 was also highly stereoselectivel® giving a mixture of the two
alcohols :3anti-10. Although we were unable to assign the stereochemistry of all four alcohols 10, the
reduction route did enable us to identify which alcohols had the same 1,3-relative stereochemistry. Thus, we
assigned a 67:33 L3syn : L.3anti ratio of alcohols 10 obtained from experiment 1 of our Hoffmann test
experiments, a value which is in the optimum range# for carrying out the test.
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Figure 1: X-ray crystal structure of anti,anti-10 Figure 2: X-ray crystal structure of anti-11..

When carrying out experiment 2 of the Hoffmann test, there are two important practical points.
Firstly, inverse addition of pre-cooled organolithium to the electrophile ensures that the timescale of the test
is indeed the rate of reaction with the electrophile and, secondly, a ten-fold excess of the electrophile is used
to ensure that the reaction goes to completion. In this way, reaction of lithiated phosphine oxide 9 with 10
equivalents of aldehyde (5)-4 generated a 28:39:27:6 ratio of alcohols 10 at 295% completion as judged by
IH NMR of the crude reaction mixture. The 13syn : 1.3anti ratio of alcohols 16 was 67:33 which is identical
to that obtained from experiment 1. Purification by chromatography gave a 93% isolated yield of essentially

the same ratio of alcohols 10.
Hoffmann test experiment 2: Reaction of lithiated phosphine oxide 9 with aldehyde (S)-4
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Since the conversion of ethyldiphenylphosphine oxide into alcohols 10 is complete using aldehyde
(5)-4 (chemical yield, 93%) and since the L.3syn : 1.3anri ratios are the same in experiments 1 and 2,4 we can
conclude that organolithium derivatives of primary phosphine oxides such as 3 are not configurationally
stable in THF at —78 °C even on the timescale of their reaction with aldehyde 4. A configurationally stable
lithiated phosphine oxide would have generated a 50:50 mixture of [:3syn- and !-3anti-10 in experiment 2.4
The results of the Hoffmann test reactions are completely consistent with our earlier findings.! Furthermore,
these reactions are synthetically useful: the B-hydroxy functionality in alcohols (e.g. 10) is a masked alkene
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and so the synthetic sequence benzyl ester 7 — p-keto phosphine oxide 11 — alcohol 10 actually represents a

stereocontrolled route to amino acid-derived allylic amines of defined double bond geometry.!7
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