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A SIMPLE CHIRAL SHIFT REAGENT FOR MEASUREMENT OF ENANTIOMERIC EXCESSES OF PHOSPHINE OXIDES
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Abstract - (R)-(-)~N-(3,5-dinitrobenzoyl)-a-phenylethylamine is a chiral shift reagent which
allows ee measurements of various phosphine oxides. Good results were obtained for monophosphi-
ne oxides with asymmetric phosphorus centers as well as with an asymmetric carbon in o position
of phosphorus. The reagent is also able to differentiate the two enantiomers of racemic DIOP
dioxide.

Chiral phosphines are of great importance in asymmetric catalysis as ligands for transition

meta]sl-3

. It is therefore expected that an increasing number of new chiral phosphines will be .
synthetized and it is helpful to have convenient and easy methods to measure their enantjome-
ric purities. Nmr spectroscopy was previously used to measure optical purities of phosphines
after quaternization with a chiral organic ha11'de4 or after their combination with a chiral
palladium comp]exS. It was also proposed to use an optically active phosphinothioic acid as a
chiral reagent for phosphine oxides6. Small peak separations of chiral phosphine oxides were
observed in 1H nmr using ghiral solvating agents7. We recently found that (R) or (S)-N-(3,5-di-
nitrobenzoyl}-a-phenylethylamine 1 is an excellent chiral shift reagent (lH nmr) for sulfoxi-
des8. le now wish to report our data which show that the same reagent can be used to measure
enantiomeric excesses of chiral phosphine oxides. It applies also to the corresponding phos-
phines, after their in situ oxidation by t-BuDOH (optically active phosphines react with

9)'

The standard conditions for enantiomer analysis are the following. The phosphine oxide is dis-

t-BuOOH with complete retention of optical activity

solved in CDC]3 (0.1-0.3 M), one equivalent of the chiral reagent is added and the 1H nmr is
recorded.

The reagent 1 is easily prepared by acylation of a-phenylethylamine as previously described8.
Pure (R)-1 is characterized by the following data : mp = 158-160°C, (a)D = - 48.5° (c=0.9, ace-
tone). IR (nujol) : 3320, 3060, 1620, 1532, 1334, 912 em !
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TABLE

Resolution of some 1H nmr signals (400 MHz) of racemic phosphine oxides in nresence of one

equivalent of (R)-1.

Entry Phosphine oxide? Solvent Resolved signals SeFaration
Hz)
n
1 Ph = C(CHy), CDCIS(E?“ e (d, ;‘]P-H= 12 Hz) :2
CH, : tBu(d, “Jp_= 15 Hz) :
!
CcbC1 2 _ 6
2 Ph"Fi\C(CHZPh 3 Me (d, “Jp_p= 12.5 Hz)
CH3
0
]! CDC13/CC'I4 2
CH3
§o gt CDC1.,/CCH Me (d, 23, = 14 H 4
4 P 3/CCly e (d, "p_y= 14 Hz)
Ph (9:1) OMe (s) 3
CH3
o oH )
5 PN cocl, Me (d, “Jp_= 13.4 Hz) 5
Ph
CH3
2
CDC1 Me (with spin decounling on 3
6 P—c-c—N/J 3 jn decour
Pfl I CH, d, “Jp_y= 17 Hz)
Ph CH3
9 3
cbCl 0-Me (d, "J,_,,= 11 Hz) 1
7 - 3 P-H b
H3C0 Y\ocn3 coct, 0-Me 1.5
CH3
0 : H Eéph e (s)
CH < -p- . . .
3 T 2 CH (with spig decoupling on
8 N Ph cocl, 3 u
/< ph 3 CHys dy “p_y = 8 HZ)
CH3 0 CHZ-ﬁ-Ph CH2 (w;th spin decoupling on 7
CH
H 0 c
racemic CDCT4 Me (s) 7
a) The concentration is 0,1-0.3 M
b) Proportion:substrate : (R)-1 = 1:4
c) Proportion:substrate : (R)-I = 1:2
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N02
2~
Pth
_-PPh,
NO 2
2 H
(-)-(R)-1 (-)-(S,S)-DIOP 2
5.5 Hz 5.5 Hz
2 _ 7 Hz
Jpy= 125 12 \ \
gy
0
1 -
Ph-IT-CH3 (racemic) (1(R) 1
equiv.)
EtTN a—
(8=1.72 ppm)
entry 3
at 400 MMz, in COC1, Hz Hz
6 Hz
B
H
ngo :_—~CH,P(0)Ph, (R)-1
(1 equiv.)
Me 0
Me :i\CHZP(O)PhZ —
H entry 8
(racemic) : u
(Sye = 1-17 ppm) \\\_-“ \\\\v—~\~
. . Hz
at 400 MHz in C0013 Hz
Sy = 1.09 ppm
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d, J=2Hz) ; 8.9 (2H, d, J=2Hz) ; 7.45-7.2 (5H, m) ; 6.8 (1H, broad,s, NH) ; 5.35 (lH, q,J=7Hz)
1,65 (3H, d, J=7Hz). MS (70ev)M'(%) : 315 (60.2), 300 (95), 195 (100), 147 (23), 104 (64), 75
(66).

1H nmr spectra of mixtures of 1 and phosphine oxides were registered at 400 MHz in CDC]3 (or
better, when possible, in CDC13-CC14 mixtures). The main results using various racemic phosphi-
ne oxides (1:1 mixture with 1) are summarized in the Table. The snlittings are not very large
{(a few Hz) but the absence of broadening effect often allows to measure the ee. Several nhos-
phine oxides RR'R"P=0 as well as PHZE-CH(Me)-E-N were resolved by the reagent. The pro-
chiral compound Me-P(O)(OMe)2 shows Qhe non e8uiva1ence of the methoxy groups which should al-
low, for example, to measure the ee of the chiral analog Me-P(O)(OMe)(OCD3). An interesting
case is that of chiral diphosphines, widely used in asymmetric catalysis. DIOP 2 was studied
as a typical example. As shown in the Table, dioxide of racemic DIOP 2 (prepared in situ from
racemic DIOP by 10 min. contact at room temperature with an excess of t-BuOOH solution in
CHZC]2 or toluene, followed by vacuum evaporation) was resolved for its CHs, CH2 and CH groups.
Because of the couplings between CH and CH2 it is necessary to use spin decoupling. This suc-
cessful result gives good hope that the method can be applied to many chiral diphosphines (of

C2 B{ C1 symmetry) in which the phsophorus is not an asymmetric center.

Acknowledgments

We thank CNRS and Roussel-Uclaf Co. for a financial support, Dr S.Jugé for a sample of two
phosphine oxides (entries 4 and 5, Table) and Dr C.Merienne for recording 1H nmr spectra.

References

(1) H.B.Kagan, in “"Comprehensive Organometallic Chemistry",
G.Wilkinson Ed., 1982, 8, 463, Pergamon Press, Oxford.

(2) B.Bosnich, M.D.Fryzuck, Topics in Stereochem., G.Geoffroy Ed., 1981, 12, 119.

3) L.Marko, J.Bakos in "Aspects in Homogeneous Catalysis", 1982, 4, 145, R.Ugo Ed., Reidel,
Dordrecht.

(#) a) J.P.Casey, R.A.Lewis, K.MisTow, J.Am.Chem.Soc., 1962, 91, 2789.
b) R.A.Lewis, K.Mislow, Ibid., 1969, 91, 7009.
(5) E.P.Kyba, S.P.Rines, J.0rg.Chem., 1982, 47 4800.
(6) M.Moriyama, W.G.Bentrude, J.Am.Chem.Soc., 1983, 105, 4727.
(7) W.H.Pirkle, S.D.Beare, R.L.Muntz, J.Am.Chem.Soc., 1969, 91, 4575.
{(8) M.Deshmukh, E.Duflach, S.Jugé, H.B.Kagan, Tetrahedron Lett., 1984, 3467.
(9) B.D.Denney, J.W.Hanefin, Tetrahedron Lett., 1963, 2177.

(Received in France 14 March 1985)



