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Abstract:

Chiral phosphine ligands are of key importance in development of transition-metal catalysts for
enantioselective reactions. Yet, despite the critical importance of P-chiral phosphines, the methodology
for their enantioselective synthesis in high enantiomeric excess and without resolution or separation of
diastereomers remains relatively undeveloped. We describe herein an effective enantioselective
synthesis of chiral tertiary phosphines. This methodology shows promise for the synthesis of a wide
range of monophosphines and diphosphines of high enantiomeric purity and could be useful for the
asymmetric reactions,
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ABSTRACT

Chiral phosphine ligands are of key importance in developmenf of
transition-metal catalysts for engntioselective reéctions. Yet, despite the critical
importance of P-thral phosphines, the methodology for their enantioselective
synthesis in high enantiomeric -excess and without resolution or separation of
diastereomers remains relatively undeveloped. We deécribe herein an effective
enantioselectiv'e. synthésis of chiral tertiary phosphines. Th.is methodology
- shows promise for the syhthes’is of a wide range of monophosphines and
diphosphfnes of high. enantiomeric purity and.could be useful for the

asymmetric reactions.




INTRODUCTION

Introduction to Enaﬁiiggélggﬂvé Catalysis

Chirality plays a ceﬂri‘tral role in .science and technology. A wide range of
significant physical, chemical, and.bi‘dl'ogical functions are generate.d. through
precise molecular recognition which requireé,strict matching of chirality. For a
long tirhe, a_cbess to enantiomérica‘lly. pure compounds, at least in.a practical
sense, was thought to be nature’s monopoly. Living org'ani'sms are masters of
enantioselective catalysis. In general, wh'e_n a Iivihg cell '}nanufactures a chiral
organic molecule, it se€lectively pro'duces only one of the two non-
superimposable mirror-image forms (enantiomérs). To do otherwise is at best
inefficient. Biocatalyst (enzynﬁes and ribozymas) promote the chemistry of life
with exquisite efficiency and seleétivﬁy. A '

Synthetic chemists have been slow to learn from nature’s model.
Creatibn' of optically active organic molecules by chemical means is
challenging‘and difficult. Only optical resoluﬁon and structural modificat_ion of :
naturally oc'curring' chiral substances provide in this respect. Until_‘recently,_'it
was common practice for a pharmaceutical coﬁpahy to market a chiral drug as
the racemate.! As recently as 1985, more than 75% of chiral drugs were sold as
the racemates. This approach in effect meant that gach dose of a drug was
contaminated with- an equal weight of an isomer, which usually had no
therapeutic value but had the potential to cause unsuspected deleterious side

éffects. For example, the sedative thalidomide (1) was marketed as a
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3 .
optoelectronics, it is easy to understand the growing deman-d for efficient
‘methods of proddcing enantiomerically pure compounds.

Assiduous efforts made by syﬁthetic organic chemists in the last two
decades are converting the chemist’'s dreams into reality. In order to maximize -
synﬂ;etic efficiency, it is-obviously desirable to utilize a catalytic améunt of chiral
source for “multiplication of chirality”, namely, stereoselective productidn of a
large quantity of a chiral target compound. Enantioselective catalysis ié
| bringing about a revolution in asymmetric. synthesis. Seldom has there been -
an area of chemistry where the scientific goals are so challengfng and the
“economic benefits so obvious. | '

| In the past, the selling of a racemic product could be d'efended on the
grounds thét the cost of manufacturing a single isomer could be proﬁibitive.
Today, improvements in the technology for asymmettic synthesis, including the
development of enantioselective catalysts baséd-on metal complexes, make the
development of new racem_ic drugs_unacceptable. Asymmetric synthesis has
advanced to the point where it-should be possible to manufacturéany drug as a
single eﬁantiomer. ‘

" Conventional methods of asymmietric éynt_hésis rely on the stoichiometric
use of enantiomerically pure starting materials or reagents. -In resolution by
differential crystallization,* a racemic-product mixture. can be cphverted, into a
separable mixture of diastereomers by the use of a stoichiometric amount of an
optically pure-resolviﬁg agent (_Scheme 1). This method, however, requires
recovery of the resolving agent and wastefully consumes precioué starting

materials to make the wrong enantiomer, which must then be racemized or

discarded.
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5
most often work in aqueous or near agueous environments);

v) organometallic reagents are generally less capricious. than enzymes,
which are often susceptible to degradation caused by heat, oxidation,
and pH.

‘Enantioselective catalysis using metal complexes, provides 6né of the
most generél, flexible methods for asymmetric reactions. Metallic elefnents
poéséss a variety of catalytic activities, and permutation of organic ligands, or.-
auxili'aries that direct the steric céurse of the reaction is practically unlimited.
Besides the choice of central metal molecular design of the chiral modifier is a
particularly significant task. 'Efficient ligands must be endowed wnth a swtable
functionality, an appropriate element of symmetry, substltuents capable of
differentiating space either sterically or elect’ronically, skélétal rigidity or
flexibility (depending on the nature of the reaction) etc. - all of whiqh contribute

to accomplish highly enantibselective catalysts.

Chiral Phosphine Ligands

The first example of asymmetric synthesis from prochiral compounds

. catalyzed by homogeneous chiral metal complexes appeared in the literature in

1966.5 A chiral Schiff base-Cu(ll) complex was formed to catalyze

decomposition of ethyl diazoacetate in stryrene to give cis- and trans-i-

carboethoxy-2-phenylcyclopropane in <10% e.e, proving the-existence of

reactive Cu carbenoid placed in a chiral environment (Scheme 2).
Later, exfenéive_ systematic screening of chiral Schiff bases resulted in a
dramatic improvement of the optical yield of cyclopropanation, allowing for

asymmetric synthesis of chrysanthemic acid derivatives in up to 94% e.e.8
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11
One important objective in designing bidentate chiral phos‘phiné ligands

is.to keep a suitable distance between the two chelating points in order to

obtain a suitable chelate ring size. .If the chelate ring is too large, the ligand wiIIl

have a tendency to complex in a monodentate fashion or form a bridge between

metals.

Preparation of Chiral Phosphines .

A. Monophovsohines

A1 Monophosphines with a Chiral Side Chain

Phosphines of the general type (3) (Scheme 5) are among the most easy
to obtain because the synthesis cah start from a chiral natural product (e.g. a
terpene, sugar, etc.). The most frequent wa_y to introduce phosphorus is to treat
the tosylaté-(or halide) df the optically active compound ‘(‘available from the

chiral pool) with the diphenylphosphide anion, -PPh'p_ (Scheme 6):

‘R*X  +  "PPh, _ = R*PPh, + X

Scheme 6. Route to'monophosphines with a chiral side chain

A2 Monophosphines with an Asymmetric Phosphorus Center

Optically active phophines of type (4) (Scheme 5) were first used in '

asymmetric hydrogena't'ion.17 There are three main transformation methods
| giving access to P-chiral phosphines:
- electrolytic 'hydrqéenolysis'of chiral phosphonium salts;
- red'uction of chiral pﬁosphine_oxides;

- displacement of diheterocyclic phosphines
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RESULTS AND DISCUSSIONS

Preparation of Homochiral Oxazaphospholidine Boranes

Progress in the development of transition-metal catalysts for
enantioselective .réactions, especially hydrogenafion processes, heavily
depends on the availability of suitable chiral phosphine or diphosphine ligands.
Yet, despite the critical importance of P-chliral phosphines, the methodology for
their enantioselective synthesis in high enantiomeric e,xbess ‘and without
resolution or separation of diastereomers remains relatively undeveloped.: Our
goal is to develop an effective methodology for the.synthesis of a wide fange of
chiral _phqsphines and diphosphines.

In. 1990, Juge and coworkers reported a new approach for making‘lchiral'
phosphine ligands.'36 One of the crucial steps in this approach is the I
diastereoselective Isynthesis_ of oxaiaphospholidiné boraneS'(35)'. '

The diastereomerically .pure complex (35) was prepared in one step from
bis(diethylamino)phosphine, (-)ephedrine and BHg3-SMez (Scheme 19). A
direct thermal condensatioh was involved in.this step. For most cases We
studied, this reaction gave low yields (15-30%) along with ‘large amounts of
-polar by-products. ) |

We reasoned that the polar by-product .was formed because the
formation of the phosphorus-nitrogen bond was rela'tivel_y'sﬁljow, and the non-
cyclized intermediate (36) can reac;t with another (-)ephedriﬁe molecule to givé

dioxaphosphine products (Scheme 20).
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Chloro—bis(dimethylamino)‘phos'phine . (87) was treated with an
organolithium (or Grignard) reagent to give the bis(dimethylamino)phosphines
(38)’. Exposure of (38) to 1.0 equiv of PCls geve the
chloro(dimethylamino)phosphihe (39). The addition of (39) to a solution of

monolithiated (-)-ephedrine (in THE or 1,2-DME) afforded the non-cyclized

_ phosphonamidates (40) which the P-O bond was_formed by "jonic coupling”.
The reaction mixture was. then heated at reflux for 12 h to furnish the cyclized
products (41). JAddition of 1.1 equiv of BMS in situ provided the desired

complexes (42-48).

The amme exchange reactlon that results in Cycllzatlon is acid catalyzed

(in the form of ammonium saits). In cases where cycllzataon is sluggish, as

shown by-the absence of copious MegNH,evolu'tion, a few pl of MesSiCl may be
added as a more powerful Lewis acid catalysis.
An indication of the preparative scope of the foregoing procedure is

provided by the examples in Table 1. |

Table 1. Isolated yields and melting points of oxazaphospholidine derivatives

compound 142 43 44 45 46 47 48
yield (%) 177 72 78 70 82 76 80
mp(°C) 106 104 82 100 76 99 107

As can be seen f'rorﬁ Table 1, the overall yields for this procedure are all
in the range 70-82%, and seem to be relatively iheensitive to both the electronic
and steric effects of the substituent R. It is particularly worth mention_ing‘ that in
't.his reaction sequence the borane group bonding with the phosphorous atom

activates the adjacent group'and at the same time it protects the phosphine
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