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Summary: A convenient multigram scale method has been 
developed for preparation of enantiomerically-pure (Rp)- 
and @,)-tertiary phosphine oxides including allyl- and 
but-Zenyl- tert-butylphenylphosphine oxides wherein (Rp)- 
and (S,)-tert-butyl-phenylphosphinothioic acids are con- 
verted into (Rp)- and @,)-tert-butylphenylphosphine 
oxides by ultrasound irradiation in the presence of Raney- 
Ni a t  room temperature and the secondary phosphine 
oxides then metalated and treated with alkyl halides. 

Our interest in conjugate addition reactions of lithiated 
3-alkylallylic sulfoxides, phosphine oxides, and phospho- 
nates with cyclic enones' has turned toward development 
of enantiomerically pure reagents which provide adducts 
suitable for elaboration into synthetically useful targeh2v3 
We and others have succeeded in preparing4 and carrying 
out conjugate addition reactions5 with lithiated optically 
active allylic sulfoxides, but because of difficulty of access 
or of configurational instability, these are not optimum 
substrates. While Hua and co-workers have elegantly 
utilized lithiated allylic oxazaphospholidine oxides: the 
method of synthesis is not applicable to 3-alkylallylic 
systems.' In contrast, 3-alkylallylic acyclic and cyclic 
phosphonates, nonstereogenic a t  phosphorus but bearing 
chiral ligands, are easily prepared from nucleophilic 
phosphorus by alkylation with the allylic halide, but the 
lithiated reagents are either unstable or provide conjugate 
adducts with poor diastereoselectivity.* Phosphorus acid 
diamides bearing homochiral ligands are also easily 
prepared: and the derived allyP and butenylphosphon- 
amides provide lithiated reagents which in contrast to the 
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phosphonates undergo stereoselective conjugate addi- 
tion.1° Because of their greater synthetic utility with 
regard to Wittig-Horner and related methodologies, we 
have focused on tertiary phosphine oxides and have 
prepared the highly crystalline (Rp)- and (S,)-tert- 
butylphenylphosphine oxides from the corresponding tert- 
butylmethylphenylphosphine oxides.3 The lithiated re- 
agents undergo essentially complete diastereoselective 
conjugate addition to enantiofacial cyclic enones in high 
 yield^.^ Nevertheless, the preparations are bedevilled by 
a tedious resolution step and are not amenable to large- 
scale operations. We now describe here a method which 
allows us to prepare not only multigram quantities of the 
enantiomerically-pure butenyl- tert-butylphenylphosphine 
oxides but also other enantiomerically-pure tertiary phos- 
phine oxides. 
(&I-tert-Butylphenylphosphinothioic acid was pre- 

paredll and resolved by an adaptation12 of literature 
methods (Scheme l).l"15 Desulfurization of the thioic 
acid with Raney nickel proceeds with retention of con- 
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Table 1. Phosphine Oxides from Lithiated (Rp)- and (E+)-tert-Butylphenylphosphine Oxides 
(Rp)-enantiomep (Sp)-enantiomep 

phosphine oxide mp ('0 yield (7% ) [a lmD yield (% ) [a]% 
allyl 71-73 56 -31.8' (c 1.53, MeOH) 91 +30.0° (c 1.85, MeOH) 

benzyl 180-184d 68 -111.7' (c 1.17, MeOH) - 
methyl 99-100 54 +23.5' (c 1.61, Me0H)e - 

a All phosphine oxides were assayed by 'H NMR spectroscopy at 600 MHz for enantiomeric purity. In each case the other enantiomer was 
not able to be detected.2s Unless indicated the optically pure phosphine oxides are new compounds. Li t3  [aImD -16.1' (c 1.05, CHCls).' Lit.8 
[a lmD +16.0° (c 0.79, CHCl3). d Lit." mp 187-189 'C, racemic form only. e Lit.20 [aIz0D 22.7 ' (MeOH). 

2- butenyl 101.5-102.5 80 -39.6' (C 1.15, CHC13)b 75 +39.7' (C 1.08, CHC13)C 
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Figure 1. Expanded sections of 600-MHz lH NMR spectrum of I (Rp)-, I1 (Rp,Sp), and I11 (Sp)-(E)-but-2-enyl-tert-buty1phenylphosphine 
oxides in the presence of 1 equiv of (R,)-tert-butylphenylphosphinothioic acid in CDCla: (a) allylic methyl region; (b) tert-butyl region. 
Note that chemical shifts of NMR signals in racemic mixture do not necessarily coincide with respective signals from each of the 
enantiomers (cf. ref 20). 

f i i a t i o n  to give the corresponding tert-butylphenylphos- 
phine oxide, although in our hands use of the l i terature  
method16J7 invariably gave partially or completely race- 
mized products. However, ul t rasonic  irradiation18 of a 
degassed mixture of (R,)-(+)-tert-butylphenylphos- 

(12) The procedure involved treatment of the acid (40-50 g) in ether 
with (S!-(-)-a-methylbenzylamine in ether followed by collection of the 
cryatallme, ether-insoluble (R,)-(+)-acid-(S)-(-)-amine salt for 12 h. The 
pure salt had [Cyl2OD = +30.3' (c 2.6, CHCls) [lit." +24.3' (c 2.4, MeOH)]. 
If the NMR m a y  showed contamination from the diastereomeric salt, 
the salt was diseolved in chloroform and induced to recrystallize by addition 
of ether. The (+)-acid (20-25 g) and starting amine were recovered in 
the standard way. The crude (-)-acid was recovered from the ether- 
soluble (S)-(-)-acid-(S)-(-)-amine salt. If the NMR assay showed 
contamination, the salt waa dissolved in ether and treated with (R)-(+)- 
a-methylknzylamine to provide the ether-insoluble (S)-(-)-acid-(R)- 
(+)-amine salt [ [ a l " ~  = -30.35' (c 2.6, CHCla)] from which the pure 
(-)-acid was recovered; cf. refs 13 and 14. The resolution is very easily 
and quickly carried out. 
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phinothioic acid (1) (10 g) and Raney nickell9 i n  ethanol 
dur ing  3 h at 15-20 "C with mechanical stirring provided 
(S,)-(-)-tert-butylphenylphosphine oxide (2) in 87% yield. 
lH NMR assay at 600 M H z  (see below) indicated that the 
product had an enantiomeric puri ty  of >99.6%. Similarly, 
the @,)-enantiomer gave the (R,)-(+)-phosphine oxide 
(enantiomeric puri ty  >99.6%, 79% yield). Due to sus- 
ceptibility to oxidation, the secondary phosphine oxides 
were used directly i n  the next  step without  fur ther  
purification. 

The configurational s tabi l i ty  of lithiated P-chiral sec- 
ondary phosphine oxides has not previously been docu- 
mented (cf. refs 16 and 17). However, we  f ind that direct  
lithiation with butyl l i thium or L D A  at low temperature 
gives a stable anion  which undergoes alkylation with 
retention of configuration. O p t i m u m  conditions for  the 
preparat ion of ter t iary phosphine oxides (Table 1) involve 
addi t ion of a mixture  of the secondary phosphine oxide 
and 3 equiv of an alkyl or allylic halide in THF to a solution 
of L D A  at -50 "C in THF and then warming to room 
temperature. Allyl bromide and (R,)-(-1-tert-butylphen- 
ylphosphine oxide gave (R,)-(-)-allyl- tert-butylphenylphos- 

(19) Fieser, L. F.; Fieser, M. Reagents for Organic Synthesis; Wiley: 
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preparation of multigram quantities of chiral phosphine 
oxides of high optical purity has been developed. This 
approach to preparing chiral phosphine oxides will not 
only have important applications in the synthesis of 
vitamin D compounds and other natural products, but is 
equally well applicable to the preparation of chiral 
phosphines which are currently in great demand for the 
design of new catalysts.24 
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phine oxide (3) in an unoptimized yield of 56 7%. Similarly, 
the @)-(+)-enantiomer was prepared. From (E)-1-bro- 
mobut-2-ene (3 equiv) and the tert-butylphenylphosphine 
oxides were obtained the corresponding (E)-butenylphos- 
phine oxides together with small amounts (ca. 5% ) of the 
(2)-isomers. Recrystallization from pentane enabled the 
pure (E)-isomers to be obtained in 75430% yields. lH 
NMR spectroscopic assay indicated >99.6 7% enantiomeric 
purity; that is, the other enantiomer was not able to be 
detected (Figure 1). The entire operation leading to 4 
and its enantiomer can be performed routinely without 
the use of chromatography to purify the products. The 
facile preparation of the (R,)-enantiomer 4 is especially 
useful in the context of the total synthesis of vitamin D 
and steroid  derivative^.^^^ Also prepared were the (Rp)- 
benzyl and methyl compounds; this represents a more 
convenient preparation of the latter compound than that 
previously described.a20 

Finally, we emphasize the convenience of the NMR assay 
method as originally developed by Harger which involves 
the use of each of the intermediate, resolved phos- 
phinothioic acids forming diastereomeric complexes with 
the phosphine oxide products.21v22 Sections of 600-MHz 
NMR spectra of the (Itp)-, (Rp,Sp)-, and (S,)-butenylphos- 
phine oxides admixed with equivalent amounts of the (Rp)- 
phosphinothioic acid are reproduced in Figure 1.23 

In summary, a new and efficient method for the 
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