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Abstract

The first highly diastereoselective (dr up to >95:5) hydrophosphonylation of heterocyclic imines by a
chiral phosphorus nucleophile is introduced. Addition of binaphthol ester of phosphorus acid towards
BF3-activated 3-thiazolines gives the corresponding (aR*,4 R*)-4-thiazolidinylphosphonates almost exclusively
as elucidated by X-ray analysis. © 2000 Elsevier Science Ltd. All rights reserved.
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The stereoselective preparation of optically active organophosphorus compounds has been of
great interest over the last few years.! The highly diastereoselective addition reaction of an
enantiomerically pure phosphorus nucleophile to C=0 and C=N double bonds, respectively, and
subsequent cleavage from the chiral auxiliary connected to the phosphorus moiety may serve as a
general concept for the preparation of enantiomerically pure a-hydroxy and a-amino phosphonates.
However, only a few chiral phosphorus nucleophiles (on the basis of ephedrine?, glucose® and
trans-1,2-cyclohexyldiamine*) have been reported to be diastereoselective phosphonylating
reagents towards aromatic aldehydes. The selectivity achievable in the phosphonylation of achiral
imines is much lower in general. As a consequence, a chiral phosphorus nucleophile for the highly
stereoselective C—P bond formation especially with imines would be desirable. In addition,
accessibility of both enantiomers of the chiral auxiliary would be advantageous. BINOL
(binaphthol) has already shown excellent chiral recognition properties in other systems> and both
enantiomers are readily accessible. However, silylphosphite esters of BINOL have shown rather
low abilities to act as phosphonylating agents towards benzaldehyde.®

Herein, we present for the first time a highly diastereoselective hydrophosphonylation of hetero-
cyclic imines of type 1 using BINOL-phosphite 2° leading to the pharmaceutically interesting
4-thiazolidinylphosphonates 37 as depicted in Scheme 1. Hydrophosphonylation of 3-thiazolines
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Scheme 1. Diastereoselective hydrophosphonylation and crystal structure of 3a'® (only one enantiomer of the racemic
compound 2 and 3 is shown, and only major isomer is shown of 3a and 3c).

has been limited to a low distereoselectivity of 60:40.8 Application of the readily available BINOL
ester of phosphorus acid in the BFs-activated hydrophosphonylation of cyclic imines 1 provides
high stereoselection (Table 1). The chiral phosphorus nucleophile 2 has been prepared using
racemic BINOL in this work but the enantiomerically pure forms of 2° are available by the same
method.

Table 1
Diastereoselective hydrophosphonylation of 3-thiazolines 1

entry product educt R'/R! R*/R? dr’ yield (%)
1 3a"! 1a" Me / Me Me / Me 83:17 47
2 3b" 1b*? Me / Me —(CHy)s— >95:5 47
3 3c" 1c® —~(CHy)s— Me / Me 80:20 37
4 3q' 1d" —(CHy)s— —(CHy)s- >95:5 68
5 3e'” 1e't H/H —~(CHy)s— >95:5 30

 The dr-value was determined from the crude product by 'H NMR spectroscopy.

The hydrophosphonylation reaction has been carried out in dry dichloromethane with the
3-thiazoline 1 being activated with 1 equivalent of the Lewis acid BF;. The desired thiazolidinyl-
phosphonates 3 have easily been purified and in the case of 3a and 3¢ the diastereomers have been
separated by column chromatography.

The thiazolidinylphosphonates 3 are formed in moderate yields but with excellent selectivity.
The almost exclusively formed major diastereomer was found to have (aR*,4 R*)-configuration by
X-ray analysis of the major diastereomer of thiazolidinylphosphonate 3a. It should be noted that
stereoselection of the BINOL-phosphite 2 seems to be independent of the steric demand of the
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nearby substituents R!. By contrast, the nature of the more distant substituent (R?) of the N/S-
acetalic carbon atom influences the diastercoselectivity to a larger extent. BINOL—phosphite
already provides good selectivity in the hydrophosphonylation of 3-thiazolines la and 1c
(R?=Me; entries 1 and 3 in Table 1) but a higher steric demand of R? (R?/R?=—(CH,)s—; entries
2, 4 and 5 in Table 1) leads to the formation of only one diastereomer of the corresponding
thiazolidinylphosphonates 3.

In conclusion, we have presented the first highly diastercoselective hydrophosphonylation of
heterocyclic imines, namely 3-thiazolines by a chiral phosphorus nucleophile. BINOL has served
as source of chirality. The relative configuration of BINOL and the newly formed stereogenic
center in the a-amino phosphonic acid derivatives 3 have been elucidated by X-ray analysis.
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