
2659

© Georg Thieme Verlag  Stuttgart · New York — Synthesis 2016, 48, 2659–2663

E. Salomó et al. Special TopicSyn  thesis

Efficient Preparation of (S)- and (R)-tert-Butylmethylphosphine–
Borane: A Novel Entry to Important P-Stereogenic Ligands
Ernest Salomó ◊a 
Sílvia Orgué ◊a 
Antoni Riera*a,b 
Xavier Verdaguer*a,b

a Institute of Research in Biomedicine (IRB Barcelona), The 
Barcelona Institute of Science and Technology, Baldiri Reixac 
10, 08028, Spain

b Departament de Química Orgànica, Universitat de Barcelona, 
Martí i Franquès 1, 08028, Spain
antoni.riera@irbbarcelona.org
xavier.verdaguer@irbbarcelona.org

◊ These authors contributed equally to the present work.

P

Me
OH

BH3

P

Me
H

BH3

88% yield
99% ee

99% ee

Quinox-P*

Benz-P*

Pincer-P*

1) Ms2O, Et3N

2) reducing 
    agent

Received: 15.01.2016
Accepted: 26.02.2016
Published online: 22.03.2016
DOI: 10.1055/s-0035-1561854; Art ID: ss-2016-c0031-st

Abstract A novel one-pot reductive methodology for the synthesis of
optically pure tert-butylmethylphosphine–borane is reported. The
preparation uses as the starting material tert-butylmethylphosphinous
acid–borane, which is available in both enantiomeric forms from cis-
1,2-aminoindanol and tert-butyldichlorophosphine. The process is
based on the reduction of a mixed anhydride, the configurational stabil-
ity of which has been studied in several solvents and temperatures.
Tetrabutylammonium borohydride was the best reducing agent allow-
ing for the development of a practical process. To demonstrate the util-
ity of the new methodology, the product obtained in this manner was
used in the preparation of Quinox-P*.

Key words phosphorus, P-ligands, P-stereogenic phosphines, ste-
reospecific reductions, ligand synthesis

P-Stereogenic phosphines are a subclass of phosphine li-
gands that have recently grown into one of the most effi-
cient type of ligands for asymmetric hydrogenation and
other relevant industrial processes.1 In this respect, the de-
velopment of synthetic methodology allowing for the effi-
cient synthesis of such compounds is of crucial importance.
In our group, we have developed a novel strategy for the
synthesis of valuable P-stereogenic synthons like ami-
no(tert-butyl)methylphosphine–borane 1 and tert-butyl-
methylphosphinous acid–borane 2 (Scheme 1).2 Com-
pounds 1 and 2 have been employed in the synthesis of
MaxPHOS, SIP, and phosphinooxazoline ligands that have
proven very efficient in asymmetric hydrogenation and
[2+2+2]-cycloaddition reactions.2a,e,f Compounds 1 and 2
are valuable because they bear in common the tert-butyl-
methylphosphine moiety which provides a high steric bias
when the phosphorus is coordinated to the metal center.

Scheme 1  Synthesis of optically pure P-stereogenic synthons

Another important P-stereogenic building-block of the
same family is the tert-butylmethylphosphine–borane 3,
that has been used by Imamoto for the synthesis of C2 sym-
metric Quinox-P*, Benz-P*, and Pincer-P* ligands (Figure
1).3 These ligands have been demonstrated to be very effi-
cient in numerous catalytic processes.4 The synthesis re-
ported for 3 relies on the stereoselective deprotonation of
tert-butyldimethylphosphine–borane with the sparteine/s-
BuLi couple, followed by oxidation of the corresponding
phosphide with O2 to yield the corresponding (hy-
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Figure 1  tert-Butylmethylphosphine–borane 3 serves as a precursor 
for important P-stereogenic C2-bisphosphines
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