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Abstract

The catalytic asymmetric addition of diphenylphosphine oxide to cyclic imines is reported for the first time. The
addition, catalyzed by a heterobimetallic lanthanoid complex, gives the corresponding amino phosphine oxide
products in good to excellent yields and up to 93% ee. The preliminary result of the application of one of these
products as a chiral ligand is also described. © 1999 Elsevier Science Ltd. All rights reserved.
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Interest in oi-aminophosphorus compounds, in particular o-aminophosphonic acids and their
analogs, has greatly increased over the years [1,2]. Applications of these acyclic compounds
are very diverse with their uses ranging from herbicides [3] to enzyme inhibitors [4]. More
recently however, cyclic o-amino phosphonates have proven to be important and promising
applications have been published [5,6]. The high biological activity of these phosphorus-
containing compounds together with their use in the development of new chiral ligands, has
hugely increased the need for their syntheses in enantiomerically pure forms.

We have recently reported a highly efficient route to o-amino phosphonates by the catalytic
enantioselective addition of dimethylphosphite to acyclic [7,8] and cyclic imines [9,10], using
heterobimetallic LPB and YbPB complexes, respectively. To further demonstrate the
practical usefulness of these reactions we initially investigated the syntheses of novel asymmetric
o-amino phosphine oxides and a-amino phosphines as potentially important biologically active
precursors and also as possible chiral ligands. We considered that the syntheses of cyclic
amino phosphine oxides would provide both promising medicinal candidates and also more
efficient chiral ligands than their acyclic counterparts. However, direct conversion of the
phosphonate into the corresponding phosphine oxide (by addition of PhMgBr) failed, as
deprotonation of the amine hydrogen caused the elimination of the phosphite group, thus
regenerating the imine. Consequently, we considered that the asymmetric introduction of
phosphine oxide should be developed, and started to investigate the feasibility of the catalytic
asymmetric addition of diphenylphosphine oxides to cyclic imines.

We now wish to report the first catalytic asymmetric acdition of diphenylphosphine oxide to
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cyclic imines to afford a-amino phosphine oxides in 75-93% ee and in 50-98% yield.
Furthermore, a preliminary application of product 2g as a chiral ligand is also described.

(R)-PrPB (3.3 mol %) Q X
_PhoP(OH 20 eq) _PRPOH RO 52;22 C[N\
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d R' = -(CHy)s-, RZ= Et :g
e R’ = Me, R? = Et
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Several important reasons for developing an efficient method for the addition of
diphenylphosphine oxide in an asymmetric manner should be considered. Since the
deprotonated phosphine oxide will be coordinated to the center metal, the optimum size of the
reaction space in the catalyst should be different for diphenylphosphine oxide and
dimethylphosphite. This size difference, which can be altered by changing the lanthanoid
metal, could give rise to differing reactivities of the catalyst species. Also, because
diphenylphosphine oxide should be deprotonated by the heterobimetallic catalyst, the pKa
difference between phosphine oxide and phosphite could alter the degree of asymmetric
induction. Therefore, the Bronsted basisity of the catalyst should be optimized by changing the
alkali metal [11,12].

We prepared thiazoline 1a [13] and used it to optimize our hydrophosphination reaction, as
it has already been shown to be an excellent substrate for the asymmetric addition of dimethyl
phosphite. Firstly, we examined the effect of rare earth metals in the LnPB complex upon the
hydrophosphination reaction. Several lanthanoid metals were screened and all gave excellent
results (88-91% ee), however, the use of Pr proved to be the best. The choice of alkali metal
for the PrMB complex proved to be important, with K giving a better result (89% ece) than
either Li (78% ee) or Na (87% ee). Interestingly, the introduction of potassium using KHMDS
gave a better yield (98%) than when KO'Bu was used (90%), although ees were the same. Next
we investigated the effect of catalyst amount (3.3-20 mol %) and phosphine oxide addition
(1.0-5.0 eq), and again all results were excellent (89-92% ee), but 3.3 mol% of PrPB and 2.0
equivalents of phosphine oxide were optimum. Finally, solvent effects were examined and we
observed that this reaction gives excellent yields and ees (82-91% ee) with a variety of solvents,
however, a 7:1 ratio of toluene:THF gave the best result. The optimized result for this
substrate, 98% yield and 91% ee, was extremely encouraging as it was better than the reported
hydrophosphonylation of the same imine [9].

Once the reaction conditions had been optimized, thiazolines 1b-f, benzothiazine 3 [13], and
pyrroline 1g [14] were synthesized to investigate the scope of the reaction. Addition of
diphenylphosphine oxide gave the thiazolidinylphospine oxides 2b-f in 81-93% ee and in 50-
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98% yield, pyrrolidinylphosphine oxide 2g in 75% ee and in 63% yield, and thiazinylphosphine
oxide 4 in 82% ee and in 72% yield. Importantly, recrystallization using CH,Cl,/hexane gave
both phosphine oxide products 2a and 2f in 99% ee and approximately 80% yield.

Treatment of pyrrolidinylphosphine oxide 2 g with S-1-(1-napthyl)ethy! isocyanate gave the
corresponding urea 5 in good yield (70%). Recrystallization (by slow evaporation of a THF
solution) allowed us to unequivocally determine the absolute configuration of this urea as § by
X-ray crystallography (R value = 7%). This is the same absolute configuration as the sulfur-
containing hydrophosphonylation products, and although we have so far been unable to assign
the absolute configuration of the thiazolidinylphospine oxides, we believe that they will also
have the same stereochemistry.

Table 1. Preparation of phosphine oxide products X-ray structure of urea §
Imine Product yield (%) ee (%) Osppp "

1a 2a 98 912

1b 2b 98 932 P\(

1c 2¢ 95 924 H Me o)

1d 2d 98 814

1e 20 76 822

1 2t 50 924

19 29 63 756

3 4 72 824

250 °C, 50 h. © Room temperature, 96 h.

We have developed a highly efficient catalytic asymmetric addition of diphenylphosphine
oxide to cyclic imines to give the amino phosphine oxides 2a-g and 4 in good to excellent ees
and good to excellent yields. To the best of our knowledge this is the first reported example of
its kind [15].

Applications of the amino phosphine oxide products currently being investigated include the
examination of their biological activities and also their usefulness as chiral ligands.
Preliminary results show that pyrrolidinylphosphine oxide 2g (75% ee) catalyzes the reduction
of ketone 6, in the presence of BH,® S(CH,),, to give the corresponding alcohol 7 in good yield
(56%) and moderate ee (21%) [16,17].

9

PPh,
HN
] 76 2g (75% ee, 10 mol%) QH
gogiad gy
toluene, 110 °C, 30 min

6 7

Further applications of the amino phosphine oxide products are currently being investigated.
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General Procedure : Pr(OPr), [18] (448 UL of a 0.2 M solution in THF, 0.09 mmol),
KHMDS (476 pL of a 0.57 M solution in toluene, 0.27 mmol) and H,O (90 puL of a 1.0 M
solution in THF, 0.09 mmol) were added sequentially to a stirred solution of pre-dried (R)-
BINOL (77 mg, 0.27 mmol), in THF (2.5 mL) under argon. The solution was stirred for 1
hour at room temperature, then the solvent was evaporated under reduced pressure, and
toluene:THF / 7:1 (3.6 mL) was added. The pale yellow solution was stirred for 1 hour at
room temperature to give the (R)-PrPB catalyst solution (0.025 M).

To the above freshly prepared (R)-PrPB solution (3.6 mL of a 0.025 M solution, 0.09 mmol)
under argon, was added thiazoline 1a (857 mg, 2.7 mmol), and the mixture was stirred for 10
mins at room temperature. Diphenylphosphine oxide (1.09 g, 5.91 mmol) was added and the
suspension was stirred at 50 °C for 50 hours. The reaction mixture was quenched by addition
of sat. NH,Cl solution and then neutralized with sat. NaHCO, solution. The aqueous layer was
extracted several times with EtOAc, and the combined organic layers were washed with sat
brine, dried over MgSQO,, filtered and evaporated under reduced pressure to give a yellow oil,
which solidified on standing.  Purification of the crude material by flash column
chromatograpthy (EtOAc:hexane / 1:1 as eluent) afforded the thiazolidinylphosphine oxide 2a
as a white powder in 98% yield. The enantiomeric excess was determined to be 93% by chiral
HPLC analysis (Daicel CHIRALPAK AS, 'PrOH/Hex = 1/9, flow rate: 1.0 mL/min, retention
time = 10 min and 15 min).
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