
Tetrahedron Letters,Vol.30,No.Z1;pp 2783-2786,1989 0040-4039/89 $3.00 + .OO 
Printed in Great Britain Pergamon Press plc 

Asym metric synthesis of phosphinates, phosphine oxides and phosphines 
by Michaelis Arbuzov rearrangement of chiral oxazaphospholidine 
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Abstract : A general approach to asymmetric synthesis of high optically active tertiary 

organophosphorus compounds is described. Oxazaphospholidine 3 reacts with alkyl halide to give regio and 

stereoselectively the corresponding phosphinam ide 4. Me thy1 phenyl phosphina mide 4a is used for the 

preparation of methyl phenyl phosphinate 5a with ee > 96 % . - The preparation of(t) and(-) -PAMP or 

DIPA M P from 3 is described. 

Chiral organophcephorus compounds with chirality on the phosphorus atom have been an 

important subject for investigation over the last twenty years due to the widespread study of these 

compounds for the comprehension of biochemical mechanisms (1) and in asym metric synthesis (2). 

The spectacular asym metric syntheses with C - H and C- C bond creation described up to now, 

have shown the key importance of the organophosphorus ligands such as PAMP, DIPAMP, DIOP, 

CHIRAPHOS . . . (2b). 
Several asymmetric syntheses of phcqhinates, phosphines or phosphine oxides have been 

described since the work of Mislow (3). However, chemical difficulties remain and in addition, these 

syntheses are often long and general applications are limited (4 - 8). 

A few years ago we propmed a general method for the asym metric synthesis of phosphinates 

and phosphine oxides (7,8b), using the Michaelis- Arbuzov rearrangement of chiral diheterophosphacy- 

cloalkanes (scheme 1). However this procedure approach has received little attention (8c, d) and remains 
to be developped. 

Ph-P(NEt), + 

abc de 

R, = Me Et Bu Bn Bn 

X=1 I I BrCl 
Scheme 1 

The scheme above shows that it is pmsllsle to prepare various organophosphorus compounds of 

known absolute configuration, from only one heterocyclic compound 2 . The method is based on two key 

steps : 
- diastereoselectivity during the synthesis of the diheterophosphacycloalkanes 2. 
- regioselectivity of the Michaelis - Arbuzov rearrangement due to the heterocycle 

dissymetry at the positions 1 and 3. 

Here, we present results obtained using oxazaphospholidine 1 showing the practical application 

for the asym metric synthesis of optically pure (+) or ( -) - PAMP and DIPAMP. 

Pure oxazaphospholidine 3 was prepared from bis (diethylamino) phenylphosphine 1 and ( -) - 

ephedrine 2 (scheme 1) (9). The absolute configuration of 3 was established according to the NMR - - 

chemical shifts and the coupling constant 2J PNC (11). the synthesis of the derivative oxo- 2 with known 

structure (12) and comparaison with similar diheterophcephacycloalkanes (13). 
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The reaction of 1 with an alkylhalide RlX, give the phcsphinamides 4a.e by Michaelis Arbuzov 

rearrangement. The results presented in table I show that stereoselectivity depends on the steric 

hindrance of the R1 group and experimental conditions. Thus, we can see that methyl is better than 
ethyl, butyl and benzyl groups (entries 1,2,3,5). On the other hand, when the reaction is heated in pure 
alkyl halide the selectivity decreases, but in similar conditions benzyl chloride gives a better result than 
the corresponding bromide (entries 2,4,6). 

entry RlX condi t ions product fb) yield % de % fa) 

1 Me I 24h/ C6H6 / RT@ 

2 Et I 14 mn / 80°C 

3 Pr I 24h I CH2Cl2 1 RT 

4 PhCH 2Br lh / 110°C 

5 PhCH 2Br 72h! C6H6 I RT 

6 PhCH 2Cl 39 mn / 100°C 

a) estimated by NMR ‘H, 31P 
b) spectroscopic and analytical data (14) 
c) for a typical procedure see ref. (16) 

4a - 

4b - 

4c - 

4d - 

4d - 

4e - 

85 85 

80 70 

80 80 

80 0 

YO 46 

90 60 

Results from Arbuzov rearrangement of oxazaphospholidine 1 

TABLE I 

The absolute configuration of the major isomer 4 (vide Infra), indicates a retention of the 
chirality at the phcsphorus atom for the Michaelis Arbuzovkarrangement, similar to that observed in 
acyclic series (16). Diastereomeric methylphenyl phosphinamide 4a is readily available in a satisfactory 
yield, by filtration from the reactive medium and recristalliza%n in acetone or chromatography on 
alumina with AcOEt as eluant. Acid methanolysis of the phosphinamides 4a (17) gives R(+) - methyl 
phenylphcsphinate 2 with an ee more than 96 % and aziridine S. w%h can be recycled into 
(->-ephedrine by alcaline hydrolysis of the chloro N - acetyl derivative (18). 

- 
Ph 

L 

Scheme 2 

HSiCI, 1 1 

LQ 

The absolute configuration S of the phosphinate /) and the stereochemistry with inversion of 
the chirality during the phoaphinamide methanolysis (191, proves the R configuration of 3, and the 
predominant retention of chirality at the phosphorus atom during a Michaelis Arbuzov rearrangement of 
the oxazaphcspholidine 2. The reaction of o-anisyl magnesium bromide with the phosphinate 5 gives 
R( + 1 -o- anisyl methyl phenyl phosphine oxide 1 (95 % ee), which is used for the prepsrazon of 
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(+) - PAMP 5 ( - > - DIPAMPO 2 and ( - > - DIPAMP g following the procedure described by Knowles and 

~011. (21) (scheme 2). 
Interestingly, it is possible to prepare benzyl methyl phenyl phosphine oxide 11 in the S or R 

configuration from the phosphinates *, or 5e which can be obtained from the same oxazaphospholidine 1 - 
(scheme 3) (23). 

Ph 7 

‘i 
k4eC’p!‘hti 

BaMgBr P 

S (-1 U 

ro1o = - 47” (92% ee) 

PhCHzCI ti 

\ /“‘CH Ph MeMgBr ‘1’ 

MeCH/H+ I&C 1 ’ 
Ph 

Ph”]p\CH,ph 

h4e 

5s R(+) U 
[alo = + 39.2” (77% ee) 

Scheme 3 

Similarly, S( - )- methyl phenyl phcephinate, S( - ) - PAMPO, S,S( +) - DIPAMPO and S,S 

( + ) - DIPAMP were prepared from ( - 1 - oxazaphospholidine derived from (+ 1 - ephedrine. 
In conclusion, we have described an efficient method for the preparation of phcsphine oxides 

with high optical purity and known absolute configuration, starting from the same oxazophospholidine 

derived from (-)-ephedrine. We have also prepared (+)-PAMP, (-)-PAMP. and DIPAMP using the 

two antipodal ephedrines showing the wide stereochemical possibilities of the procedure. 
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