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Abstract

The ®rst 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*,4R*)-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.1 The highly diastereoselective addition reaction of an
enantiomerically pure phosphorus nucleophile to C�O 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 ephedrine2, glucose3 and
trans-1,2-cyclohexyldiamine4) 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 systems5 and both
enantiomers are readily accessible. However, silylphosphite esters of BINOL have shown rather
low abilities to act as phosphonylating agents towards benzaldehyde.6

Herein, we present for the ®rst time a highly diastereoselective hydrophosphonylation of hetero-
cyclic imines of type 1 using BINOL-phosphite 26 leading to the pharmaceutically interesting
4-thiazolidinylphosphonates 37 as depicted in Scheme 1. Hydrophosphonylation of 3-thiazolines
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has been limited to a low distereoselectivity of 60:40.8 Application of the readily available BINOL
ester of phosphorus acid in the BF3-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 29 are available by the same
method.

The hydrophosphonylation reaction has been carried out in dry dichloromethane with the
3-thiazoline 1 being activated with 1 equivalent of the Lewis acid BF3. The desired thiazolidinyl-
phosphonates 3 have easily been puri®ed and in the case of 3a and 3c 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*,4R*)-con®guration 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

Scheme 1. Diastereoselective hydrophosphonylation and crystal structure of 3a10 (only one enantiomer of the racemic
compound 2 and 3 is shown, and only major isomer is shown of 3a and 3c).

Table 1

Diastereoselective hydrophosphonylation of 3-thiazolines 1
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nearby substituents R1. By contrast, the nature of the more distant substituent (R2) of the N/S-
acetalic carbon atom in¯uences the diastereoselectivity to a larger extent. BINOL±phosphite
already provides good selectivity in the hydrophosphonylation of 3-thiazolines 1a and 1c
(R2=Me; entries 1 and 3 in Table 1) but a higher steric demand of R2 (R2/R2=±(CH2)5±; 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 ®rst highly diastereoselective hydrophosphonylation of

heterocyclic imines, namely 3-thiazolines by a chiral phosphorus nucleophile. BINOL has served
as source of chirality. The relative con®guration of BINOL and the newly formed stereogenic
center in the a-amino phosphonic acid derivatives 3 have been elucidated by X-ray analysis.

Acknowledgements

We are grateful to the Deutsche Forschungsgemeinschaft (DFG) for ®nancial support of this
project (Ma 1130/5-2). I. Schlemminger thanks the Heinz NeumuÈ ller Stiftung for a fellowship.

References

1. (a) Kolodiazhnyi, O. I. Tetrahedron: Asymmetry 1998, 9, 1279±1332. (b) Wiemer, D. F. Tetrahedron 1997, 53,
16609±16644.

2. Sum, V.; Baird, C. A.; Kee, T. P.; Thornton-Pett, M. J. Chem. Soc., Perkin Trans. 1 1994, 3183±3200.
3. Kolodiazhnyi, O. I.; Grishkun, E. V.; Sheiko, S.; Demchuk, O.; Thoennessen, H.; Jones, P. G.; Schmutzler, R.

Tetrahedron: Asymmetry 1998, 9, 1645±1649.

4. Blazis, V. J.; Koeller, K. J.; Spilling, C. D. J. Org. Chem. 1995, 60, 931±940.
5. Shibasaki, M.; Sasai, H.; Arai, T. Angew. Chem. 1997, 109, 1290±1310; Angew. Chem., Int. Ed. Engl. 1997, 36,

1236±1256.

6. Green, N.; Kee, T. P. Synth. Commun. 1993, 23, 1651±1657.
7. (a) Andrews, K. J. M. European Patent 33919, 1981, Ho�mann-La Roche; Chem. Abstr. 1982, 96, 52498r. (b)

Drauz, K.; Koban, H. G.; Martens, J.; Schwarze, W. Liebigs Ann. Chem. 1985, 448±452. (c) Drauz, K.; Koban,
H. G.; Martens, J.; Schwarze, W. US Patent 5424211, 1985, Degussa AG; Chem. Abstr. 1984, 101, 211458x.

8. Hoppe, I.; SchoÈ llkopf, U.; Nieger, M.; Egert, E. Angew. Chem. 1985, 97, 1066±1067; Angew. Chem., Int. Ed. Engl.
1985, 24, 1067.

9. Tanaka, K.; Ohta, Y.; Fuji, K. Tetrahedron Lett. 1993, 34, 4071±4074.

10. Single crystals of the major isomer of 3a were crystallized from ether, mounted in inert oil and transferred to the
cold gas stream of the di�ractometer. Crystal data: C27H26NO3PS, M=475.52, triclinic, a=8.2388(5),
b=11.8642(7), c=13.3079(9) AÊ , U=1186.55(13) AÊ 3, T=193(2) K, space group P1, Z=2, absorption

coe�cient=0.234 mm^1, 14439 re¯ections measured, 4303 unique (Rint=0.0362) which were used in all
calculations. The ®nal !R(F2) was 0.0425 (all data). Crystallographic data (excluding structure factors) for 3a

have been deposited with the Cambridge Crystallographic Data Centre, Cambridge, UK, as supplementary

publication number CCDC 146344. Copies of the data can be obtained, free of charge, on application to CCDC,
12 Union Road, Cambridge CB2 1EZ, UK (fax: +44 1223 336033 or e-mail: deposit@ccdc.cam.ac.uk).

11. Data for (aR*,4R*)-3a (major isomer): 1H NMR (300 MHz, CDCl3) � [ppm]=1.44, 1.59, 1.75, 1.77 (4 s, 12H),
3.01 (s, 1H), 3.36 (d, 2JPH=16.5 Hz, 1H), 7.32±7.64, 8.00±8.09 (2 m, 12H); 13C NMR (75 MHz, CDCl3) �
[ppm]=28.3, 29.4, 31.9, 32.8, 61.6 (d, 2JCP=4.4 Hz), 64.0 (d, 1JCP=140.4 Hz), 75.1 (d, 3JCP=24.8 Hz), 119.8,
120.9, 121.5, 121.7, 125.8, 125.9, 126.8, 126.9, 127.2, 128.5, 131.3, 131.7, 131.9, 132.3, 145.4, 147.2 (2 d, 2JCP=10.6
Hz, 2JCP=10.4 Hz). Data for (aR*,4S*)-3a (minor isomer): 1H NMR (300 MHz, CDCl3) � [ppm]=1.32, 1.47,

1.68, 1.87 (4 s, 12H), 2.37 (s, 1H), 3.80 (d, 2JPH=20.4 Hz, 1H), 7.27±7.57, 7.88±8.05 (2 m, 12H); 13C NMR (75
MHz, CDCl3) � [ppm]=28.5, 28.7, 31.7, 32.3, 62.1, 67.2 (d, 1JCP=135.7 Hz), 75.4 (d, 3JCP=23.5 Hz), 121.2, 121.6,
125.4, 125.8, 126.4, 126.7, 127.1, 127.1, 128.5, 129.3, 131.2, 133.5, 145.1, 149.2 (2 d, 2JCP=8.7 Hz, 2JCP=10.9 Hz).

7287



12. Drauz, K.; Koban, H. G.; Martens, J.; Schwarze, W. Liebigs Ann. Chem. 1985, 448±452.
13. Data for (aR*,4R*)-3b: 1H NMR (300 MHz, CDCl3) � [ppm]=1.29±2.00 (m, 10H), 1.41, 1.73 (2 s, 6H), 3.36 (d,

2JPH=16.5 Hz, 1H), 7.31±7.64, 7.95±8.08 (2 m, 12H); 13C NMR (75 MHz, CDCl3) � [ppm]=23.6, 25.2, 25.5, 41.1,
41.3, 28.1, 29.5, 59.0, 63.1 (d, 1JCP=139.7 Hz), 80.7 (d, 3JCP=24.0 Hz), 119.8, 120.9, 121.5, 121.7, 125.8, 125.9,
126.6, 126.9, 126.9, 127.2, 128.5, 131.3, 131.7, 131.8, 132.3, 145.5, 147.5 (2 d, 2JCP=10.3 Hz, 2JCP=10.3 Hz).

14. Data for (aR*,4R*)-3c (major isomer): 1H NMR (300 MHz, CDCl3) � [ppm]=1.19±2.18 (m, 10H), 1.58, 1.75, 3.06
(s, 1H), 3.32 (d, 2JPH=17.0 Hz, 1H), 7.32±7.66, 7.93±8.08 (2 m, 12H); 13C NMR (75 MHz, CDCl3) � [ppm]=23.7,
25.5, 27.3, 37.2, 38.4, 31.9, 32.7, 64.3 (d, 1JCP=140.4 Hz), 69.6, 74.1 (d, 3JCP=25.7 Hz), 119.9, 121.1, 121.5, 121.8,
125.9, 126.8, 126.9, 127.2, 128.5, 131.3, 131.7, 131.9, 132.3, 145.5, 147.4 (2 d, 2JCP=10.9 Hz, 2JCP=10.9 Hz). Data

for (aR*,4S*)-3c (minor isomer): 1H NMR (300 MHz, CDCl3) � [ppm]=1.19±2.26 (m, 10H), 1.26, 1.46 (2 s, 6H),
2.51 (s, 1H), 3.75 (d, 2JPH=20.9 Hz, 1H), 7.24±7.66, 7.91±8.07 (2 m, 12H); 13C NMR (75 MHz, CDCl3) �
[ppm]=23.6, 25.2, 27.4, 36.2, 38.5, 31.7, 32.2, 67.5 (d, 1JCP=135.7 Hz), 70.1 (d, 2JCP=5.1 Hz), 73.3 (d, 3JCP=24.5

Hz), 120.9, 121.2, 121.3, 121.8, 121.8, 125.3, 125.7, 126.3, 126.6, 127.0, 127.1, 128.2, 128.4, 129.9, 131.0, 131.2,
131.2, 131.4, 145.2, 149.3 (2 d, 2JCP=9.6 Hz, 2JCP=10.9 Hz).

15. Hatam, M.; Tehranfar, D.; Martens, J. Synth. Commun. 1995, 25, 1677±1688.

16. Data for (aR*,4R*)-3d: 1H NMR (300 MHz, CDCl3) � [ppm]=1.06±2.12 (m, 20H), 3.30 (d, 2JPH=17.1 Hz, 1H),
7.27±7.65, 7.96±8.07 (2 m, 12H); 13C NMR (75 MHz, CDCl3) � [ppm]=23.5, 25.3, 27.0, 37.0, 38.1, 23.5, 25.2, 25.4,
40.8, 41.3, 63.2 (d, 1JCP=139.9 Hz), 66.7 (d, 2JCP=4.4 Hz), 79.4 (d, 3JCP=23.8 Hz), 119.7, 120.9, 121.4, 121.7,
125.7, 126.6, 126.7, 126.8, 127.1, 128.4, 131.1, 131.6, 131.7, 132.2, 132.2, 145.4, 147.2 (2 d, 2JCP=9.7 Hz, 2JCP=9.9

Hz).
17. Data for (aR*,4R*)-3e: 1H NMR (300 MHz, CDCl3) � [ppm]=1.27±2.02 (m, 6H), 2.33 (s, 1H), 3.13 (ddd,

2JHH=10.4 Hz, 3JHH=6.1 Hz, 3JPH=1.5 Hz, 1H), 3.27 (ddd, 3JPH=11.0 Hz, 3JHH=11.0 Hz, 2JHH=10.4 Hz,

1H), 3.49 (ddd, 2JPH=13.8 Hz, 3JHH=11.0 Hz, 3JHH=6.1 Hz, 1H), 7.32±7.66, 7.96±8.07 (2 m, 12H); 13C NMR
(75 MHz, CDCl3) � [ppm]=23.7, 25.2, 25.7, 40.0, 40.6, 35.7, 54.6 (d, 1JCP=147.8 Hz), 83.2 (d, 3JCP=22.0 Hz),
120.0, 120.9, 125.9, 126.0, 126.9, 127.0, 127.2, 128.5, 131.4, 131.9, 132.4, 145.2, 147.0 (2 d, 2JCP=10.9 Hz,
2JCP=10.9 Hz).

18. Thiel, M.; Asinger, F.; Schmiedel, K. Liebigs Ann. Chem. 1958, 611, 121±138.

7288


