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Abstract: The asymmetric phosphonylation of aldehydes via chiral phosphorodiamidites has been examined as 

a function of the steric profile of the chiral auxiliary employed. Comparison of N-Me and N-iPr-(lR,2S)- 

ephedrine auxiliaries reveals that the fatter results in a consistently stronger preference for (SP SC) product 

stereochemistry than rhe former. 

Phospho-transfer processes have long been recognised as being of fundamental importance in biological 

activity such as metabolism and cell biochemistry.l In particular, transfer of the phosphor0 function, 

[(RO)2P(=O)O] mediated by kinase and phosphatase enzymes has attracted significant interest.2 However, some 

of the most desirable synthetic organophosphorus molecules are based on the phosphonate scaffold 

(RO)zP(=O)R (R = alkyl, aryl, H) where the substitution of a phosphor0 oxygen atom by a carbon donor residue 

R imparts considerable hydrolytic stability to the resulting phosphorus compound thus making phosphonates 

extremely attractive mimics of phosphorylated biomolecules. 3 Furthermore, control over the steric. electronic, 
stereochemical and secondary binding capabilities of the R residue offers enormous flexibility to the phosphonate 
function, and has consequently stimulated rapidly growing interest in the development of stereoselective 

methodologies to functionaliaed phosphonate esters and acids4 

Two years ago we initiated a programme of research to develop stereoselective phospho-transfer 

processes and one of the most successful of these processes has been the asymmetric Abramov reaction which 
affords chiral a-functional&d phosphonate esters5 

Scheme 1 R = a@. alI@ 

These studies suggest that stereocontrol at the phosphorus and a-carbon atoms of the phosphonate esters 
can be acheived by manipulation of the stereoelectronic properties of the phosphorus atom coordination 

sphere.5f.h In particular, exploitation of the [N(SiMe3)2] function ensures an almost exclusive (> 98%) SP 
configuration in the imidophosphonate ester product whilst we envisage that the steric profile within the 
(lR,tS)-ephedrine auxilary strongly influences the stereochemistry at the u-carbon atom. 
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Herein we report our studies on a derivative of 1 in which (1R.2S)-N-iPr-ephedrine is used as the 

auxiliary and an examination of the influence that this structural modification has on the stereochemistry of the 

phosphonylation process. 

The new, chiral phosphordiamidite S,-( ( 1R.2S)-N-iPr~phedrine)PN(SiMe3)2 5 is synthesised as 

outlined in Scheme 2 and isolated as a single diastemoisomer (>98%).6 Assignment of the stereochemistry at 

phosphorus has been facilitated by conversion of 5 to the sulfide 6 which, on the basis of lH NMR 

spectroscopy appears to have the Rp configuration. ’ Upon exposure to moist air, 6 is converted to 7 

quantitatively with retention of configuration at phosphorus. 5h Subsequently, the configuration of 7 has been 
confiied by a single crystal X-ray diffraction study. * 

Schema 2 (i) Me&O, reflux 24 h; (ii) LiAlH, THF. reflux 36 h; 
(iii) PCI,, N-methyl rnwpholine, toluene r.t.. 2 I-I; 
(iv) LiN(SiMe&, THF, -78% then 2h at r.t.; (v) Se, toluens. 1 h r.t; _! 
(vi) moist air. days, rl. WI 

s&o* - 
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Phosphordiamidite 5 phosphonylates aldehydes stereoselectively as illustrated in Table 1. In each case 

the product a-siloxoimidophosphonate esters9 are produced as two epimets with differing configurations at the 

a-carbon atom. ‘H NMR spectroscopy is consistent with both epimers having the SP configuration. However, 

5 is a less facile phosphonylating agent than 1. presumably due to the increased steric congestion in the primary 

coordination sphere of the phosphorus atom resulting from replacement of a methyl group by an isopropyl 

group on the ephedrine nitmgen atom. Consistently, an assessment of the relative reactivities of 5 and 1 towards 

o-bromobenzaldehyde under standard conditionsto reveals that the former is the less facile phosphonylating 

agent by a factor of at least. 

Our prime concern is how substitution of an N-Me group by an N-k function affects stereocontrol at 

the a-carbon atom. Diastereoselectivities (d-s.) in the phosphonylation of selected aldehydes via both 1 and 5 

are reproduced in Table 1 along with the 3 lP NMR resonances of both diastereoisomers of the products using 

N-iPr-(1R,2S)-ephedrine. It can be seen that, of the two phosphonylating agents, 5 has a similar 

diastereoselectivity profile with all benaldehyde derivatives except those containing orfho substituents, for which 

higher selectivities are obtained. We have found previously that 1 will phosphonylate meta and- substituted 

benzaldehydes to afford a-siloxoimidophosphonate esters in which the (SPSC) epimer dominates and 

furthermore that the (SPSC) epimer consistently displays the higher frequency 31P NMR resonance.5h 

Consequently, when AP [@major) - &minor)] ispusifive the (SPSC) epimer dominates. The d-s. values quoted 

in columns 2 and 3 of Table 1 reflect the proportion of this high frequency (SPSC) isomer in the crude product 

mixture. Analysis of the 31 P chemical shifts for the a-siloxoimidophosphonate esters produced from 5 reveals 

consistently possess positive AP parameters and consequently we assign the dominant isomers as having the 

(SPSC) con@uration. 
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Tabk 1 ’ Percentage of high frequency product (3’P NMR) in the 
cnnio phosphonylation mixture as determined by integration 
of appropriabe resonances in the “P and ‘l-l NMR.’ Reference 5h. 
’ AP - b(major) - 6(minor). ’ Phoaphonate phosphorus only. ‘4~ 3. 

pCNCsH(9 91” 90 19.1 16.2 +0.9 

~02NGH49 sob 90 16.9 16.0 +0.9 

o-PPh&,H4 10 20’ 85 21.4* 20.4* +l.O 

o-02NCsH4 11 47’ 63 20.6 t 6.3 +2.3 

2-C,& 12 Ql b 92 20.3 19.4 +O.Q 

oA3rC.H. 13 64b 94 16.0 16.7 +1.3 

m-BrC&14 14 90 66 19.4 16.5 +O.Q 

p-BrC.H4 15 69 92 19.9 16.9 +l .o 

Consequently, it appears that an N-k for N-Me substitution on ephedrine leads to a consistently high 
level of stereocontrol at both the phosphorus and u-carbon sites with a strong, consistent preference for the 

(SpSC) product stereochemistry. Thus, with me&~- and F-substituted benzaldehydes the stenzoselectivity is 

not significantly diffennt between 5 and 1, *I whereas with orrho-substituted derivatives the (SpSC) epimers 

are distinctly favoured over the (SpRC) isomers. Since the product composition appears to be controlled by 
both the stability of and rate of silyl transfer in the important intermediate adducts A and B,5h we envisage that 
dominance of the (SpSC) product isomers may reflect a decrease in stability of A over B as the stereoelectronic 
demands of the ephedrine nitrogen substituent increases from methyl KO isopropyl (Scheme 3). 

(SF. Flc) 

Scheme 3 Perspective view of the approach 

and interaction of an aldehyde with 1 or 5. 
R = M-s, ‘Pr. 

Currently, our efforts are being directed towards delineating the source of stereoselectivity in the 
Abramov reaction and the development of catalytic, enantioselective hydrophosphonylation processes which 
couple the stoichiometric results reported here and earlier5 with new approaches from metallo-organic and 
biological chemistries. l2 

Aknowledgements 

We thank the EPSRC for for their continued support of our programmes in organophosphorus chemistry 
and an Earmarked studentship (to M.J.C.). We are most grateful to Dr Mark Thornton-Pett for the 
crystallographic analysis of 7. 

References and Notes 

I. Stryer. L. BiochemAy. 3rd Edition, W. H. Freeman. New York. 1988. 

2. Hendry. P.: Sargeson. A. M. Progress Inorg. Chem: Bioinurgcuric Chemistry, 1990, 38,201 and references therein; See also 

Enryntt’ Chemistry. lmyocr orrd Appficarions. Suckling. C. J. (Ed.). 2nd Edition. Chapman axI Hall. London, 1990. 



8674 

3. Nomizu. M.: Otaka. A.; Burke Jr.. T. R.: Roller. P. P. Tetmhmkm. 1994. 50. 2691; Yokomatsu. T.: Yamagishi. T.: Shibuya. S. 

Terr&don:A~mmewy. 1993. 4. 1401: Nair, H. K.; Guneratne. R. D.; Mcdak. A. S.; Burton. D. J. J. Org. Chem.. 1994, 59. 

2393; Green. D.: Patel. G.: Elgendy. S.: Baban. J. A.: Claeson, G.: Kskkar, V. V.: Deadman, J. Tem?&&on. 1994. 50. 5099: 

Hamilton. R.: Shute. R. E.: Travers. J.: Walker, B.: Walker. B. 1. Tewahedron Lasts.. 1994. 35. 3597. 

4. Hanessian. S.: Bennani. Y. L.: Delorme. D. 7iwahedroti L.&s.. 1990. 45. 6461: Hanessian. S.: Bennani. Y. L. Tebr&dw 

Lens.. 1990, 45.6465: Yokomatsu, T.; Yamagishi. T.: Shibuya. S. Terrohedon:Asymmeny. 1993. 4, 1779: 1783: Gordon. N. J.: 

Evawlr.. S. A. .I. Org Chem.. 1993. 58. 5293: 5295: Denmark. S. E.: Chen. C-T. J Am Chem. Sot , 1992, 114. 10674: 

Rath, N. P.; Spilling, C. D. TewahrdronLutrs . 1994. 35. 227: Blazis. V. J.; Koeller, K. J.: Spilling. C. D. Tefmhedfw~: 

Asymmewy. 1994.5.499. 

5. (a) Sum, V.: Davies. A. J.: Kee. T. P. J. Chem. SOL Chem. Commw.. 1992. 1771; (b) Pikersgill. 1. F.: Devitt, P. G.: Kee. 

T. P. Synrh. Commu~.. 1993. 23, 1643: (c) Greene. N.: Kee. T. P. Sy~rh. Commute.. 1993, 23. 1651: (d) Sum, V.: Kee. T. P. 

J. Chenz. Ser.. Perkin lFans. 1. 1993. 1369: (e) Sum. V.: Kee. T. P. J Chem. SIX.. Perkrn Dws. 1. 1993. 2701: (0 Sum. V.: 

Kee. T. R: Thornton-Pelt. M. J. Chcm. Sot.. Chem. Commw.. 1994. 743: (g) Devitt, P. G.; Kee. T. P. J. Chem. Sot , Perkirt 

Twos. I. in the press: (h) Sum. V.: Baird. C. A.: Kee. T. P.: Thornton-Pett. M. J. Chem. Sot.. Perkin Truns. 1. in the press. 

6. Selected NMR data for 2-7 (CDCl3 or C6D6 solvents, 29811): 2 8~ 7.4-7.1 (m, SH, Ph). 5.04 (d. 1H. 3Jm 7.6. PhCHO). 

3.86 (dq. IH. 3Jm 6.8. MeCHN). 2.08 (br s, IH, NH). I.65 (s. 3H. NCMe). 1.43 (s. 3H. NCMe). 0.72 (d. 3H. ‘JHH 6.6. 

MeCHN). 3 6H 7.4-7.2 (m, 5H. Ph). 4.67 (d. 3Jm 4.0. PLO). 3.9 (br s. 1H. OH). 3.04 (dq, IH. 3Jm 6.5. 4.0. MeCHN). 

2.% (sept. IH. 3JHH 6.2. Me2CH). I.10 (d. 3H. 3J~ 6.1. Mr2CH). 1.08 (d. 3H. 3JHH 6.1. Mc2CH). 0.79 (d. 3H. ‘JHH 6.6. 

MeCHN). 4 $., 7.2-7.1 (m. SH. Ph-H). 5.77 (dd. IH. 3Jm 9, 3JpH 1. PhCHO), 3.85 (m. IH. 3JHH = 3JpH 6.3. Me.CHN). 

3.53 (m. IH. 3Jw 6.6. 3JpH 15.6. C!fMe2), 1.46 (dd. 3H. 3JHH 6.9, 4JpH 2.7, CHMe2). 1.25 (d, 3H. 3Jm 6.4. CHMe2). 

0.63 (d. 3H. 3JHH 6.3, MeCHN). S, 170.8 (s). 5 SH 7.3-7.0 (m, SH. Ph-H). 5.65 (d, IH. ‘JHH 5.1. PhCHO), 3.58 (dqd. IH. 

3J HH = 6.6, 3JpH 5.2. MeCHN). 3.37 (dqq. IH. jJm 6.4. 6.3. 3.1pH 3.3. CHMe2). 1.30 (d. 3H. 3Jm 6.5. CHMe2). 1.08 (d. 

3H. 3Jw 6.4. CHMe2). 0.55 (d. 3H. 3Jm 64. M&X-IN), 0.37 (s, 18H. SiMe3). S, 147.6 (s). 6 ijH 7.6-7.0 (m. 5H. Ph). 5.51 

(dd. IH. ‘Jm 7.3. 3Jp~ 3.7. PhCHO). 3.60 (dqd. IH. 3Jm 7.0. 3J~~ 24.4, MeCHN). 3.52 (dsept. 3Jm 6.5. 3JPH 4.4. 

CHMe2). 1.25 (d. 3H. 3JHH 6.6. CHMe2). 1.12 (d. 3H. 3JHH 6.5. CHMe2). 0.93 (d. 3H, 3JHH 6.8. McCHN). 0.49 (s. 18H. 

SiMe3). i$, 78.9 (s). 7 &H 7.5-7.0 (m. SH. Ph). 5.1 I (d. 1H. “JHH 5.3, PhCHo). 3.63 @ct. IH, 3Jm 6.0. MeCHN). 3.34 (ddq. 

3Jm 5.4. 3JPH 24.6. C/fMe2). 1.34 (d. 3H. 3Jm 6.5. CHMe2). 1.01 (d. 3H. “JHH 6.6. CHMe2). 0.82 (d. 3H. 3J~ 6.6. 

MeCHN). 0.28 (s. 9H. SiMe3). 8~ 76. I (s). 

7. Hall, C. R.; Inch. T. D. TcwcrhrdrortLe/~s. 1976.10. 3645. 

8. Cain. M. J.; Thornton-PetI. M.: Kee. T. P. unpublished results. 

9. Representative characterising data for major isomers of a-siloxoimidophosphonate esters. 8 (Found: C. 60.7; H. 7.8; N. 7.95. 

C26H40N302PSi2 requires C. 60.78: H. 7.85: N. 8.18). (Found: M+. 513.241 287. Calc. for C26H40N302PSi2: M. 513.239 

673). 6H 7.5-6.8 (m. 9H. Ph-H). 5.31 (d. lH. “./HH 5.6. PhCHO). 5.03 (d. 1H. 2Jp~ 14.8. PCUAr). 3.41 (dqd, lH.3JP~ 15.1. 

3J HH 6.4. MeCHN). 2.96 (m. IH. 3JHH = 3.tpH 6.8. CHMe2), I.01 (d. 3H. 3Jm 6.5. CHMe2). 0.75 (d. 3H. 3J~ 6.7. 

CHMe2). 0.69 (d. 3H. “JHH 6.8. MXHN) 0.29 (s. 9H. SiMe3). 0.01 (s. 9H. SiMe3). SC 145.11 (s. CH-C6H4CN-CIpso_CH). 

137.59 (d. 3~pC 10.6. Ph-Cipso). 131-126 (several. Ar-C). 118.60 (d. ‘./PC 2.6. Ar-CN). Ill.52 (d. ‘Jpc 4.1. CH-C6H4CN- 

Cipso_CN). 80.38 (d. 2JpC 2.2, PhCHO). 74.42 (d. ‘JpC 159.2. PCHAr). 53.04 (d. 2JpC 8.0, MeCHN). 46.72 (d. 2JpC 4.0. 

CHMe2). 23.11 (d. 3Jp~ 7.4. CI-JA4t=2). 18.37 (s. MrCHN). 4.02 (d. 3JpC 3.6. NSiMe3). 1.41 (s. OSiMe3). 

10. Relative reactivities were assessed from the percentage reaction III a I:5 mixture of the organophosphorus ester and aldehyde 

(0. I7 mmol scale) in 2 cm3 toluene solvent after 5 minutes at 2.S°C. as determined by 31P NMB specIroscopy.sg 

11. Denmark, S. E.: Chen, C-T. J. Oq Chest. 1994. 59. 2922. 

12. Mitchell. M. C.: Kee. T. P. manuscript in preparation. 

(Received in UK 9 August 1994; revised 8 September 1994; accepted 16 September 1994) 


