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Abstract: A method is described for the synthesis of a-chloro-a-alkyl- and a-methyl-a-alkylphosphonic acids in 

either enantiomeric form and in high optical purity, based on the asymmettic allrylation of a-substituted bicyclic 

phosphonamides derived from a C2 symmetrical diamine. 

The phosphonic acids are an important class of compounds that exhibit a variety of unique biological 

properties.1 In addition to their inherent activities in a number of areas, they are the molecules of choice when a 

carboxyl surrogate is sought.2 In many instances these involve a-substitution by alkyl, amino, and halo groups, 

were a host of applications in medicinal chemistry can be found. 3 For example, a-chlorophosphonic acids are 

potent antiviral agents.4 

To the best of our knowledge, methods for the synthesis of enantiomerically pure (or enriched) compounds 

in these series have not been reported. 5 We now describe a general protocol for the asymmetric synthesis of a- 

chloro-a-alkyl and a-methyl-a-alkylphosphonic acids which provides either enantiomer in high optical purity in 

each series. The process shown in Scheme 1, consists in the treatment of the readily available chloromethyl and 

ethyl phosphonamides (1 and 2), prepared from (RR)-1,2-bis-N-methylamino-cyclohexanee with a base such as 

n-BuLi or LDA in THP followed by addition of an appropriate alkyl halide at -100°C. The resulting products of 

general st~ctures 3 and 4 are obtained in high yields, and they am of excellent optical purities. These alkylated 

phosphonamides can be hydrolyzed under mild conditions to give the corresponding a-substituted phosphonic 

acids in excellent yields. The phosphonic acids in the other enantiomeric series can be similarly obtained starting 

from the corresponding phosphonamide prepared from the (S,S)-diamineP 

Scheme 1. 
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Table 1 lists the results of the alkylation of the (RR)-chloromethylphosphonamide 1 (mp. 84’C, hexane, 

[a]25D -109.8” c 1.0, CHC13) with a variety of alkyl halides (entries 1-7) at -1oO”C.7 Diastereomeric ratios 

ranging from 90~10 (entries 1,6,7) to >99:1 (entries 2-4) were observed, and in a number of cases the products 

were crystalline and amenable to single crystal stmcture analys@ (3, R=Et). In the case of the at-allcoxy halides 

(entries 6,7). the diastereomeric products could be separated by column chromatography. Treatment of the U- 

chloro-a-alkylated products with dilute hydrochloric acid gave the corresponding free phosphonic acids 5 in 

excellent yields. That no racemization had taken place during the hydrolysis was ascertained by treatment of 

optically pure (R)-a-chlom-a-prow1 phtxrphonic acid (R=Et) with thionyl ~hhkb(2 q.) in dichlommethane (30 

min.) then (RR)-1.2~bis-N-methylamino-cyclohexane in the presence of Et3N in benzene to afford (R)-l-chloro- 

1-propyl phosphonamide 3 ,(R=Et) (Table 1, entry 2) in 67% isolated yield (2 steps), and a >99:1 ratio as 

evidenced by 31P NMR. 

Table 1 a~ROa-&.WL ~OSPHONIC ACIDS 

E.Nl-RY Rx 

(R.R) Series 
1. 

2. 

3. 

ALKYLUION(-loooc) HYDROLYSIS 

Yield%B Ratiob mp.(“C) [ulynd YieldaDc mp.(“C) [al”nf Config.’ 

87 9o:lO 75-780 -99.6O(c 0.5) 95 3s380 +SY(c 1.0) R 

79 >99:lC 123-125’ -69.o”(eO.5) 98 loe0 +36.6”(c 1.2) R 

83 *:1c 131-1330 -62.Oyc 1.0) 97 87-880 +51.2yc 1.0) R 

4. CI+CHCIi2Br 80 >99:lC 136lnO -715’(cO.6) qualIt. oil +32.oO(c 1.0) R 

5. PhCH2Br 86 919 103-105~ -15.4yc 1.0) quaut. 1040 +32.9’(c 0.9) R 

6. TBDPSiO-(CH&I 79 9Od oil -2l.oo(c 1.3)’ 95 350 +55.8O(c 0.553 R 

7. TBDPSiO-(C?&I 76 9o:lob 56-580 -34LP(c 1.4s 88 oil +219yc 1.4 R 

(S,S) Series 

8. 

9. 

%azI 84 >lz99c 124-1250 +68LP(c 1.0) 97 1110 -36syc 1.25) s 

PlC!H2Br 85 7% 103-l&to +17.2O(c 1.3) 98 105’ -35.8”(c 1.32) S 

a. Yields of isolated crystalline materUs except entry 6 (510% of the start& phosphonan& can be recovered); b. 
Diastereomeric ratios (R:S) evaluated by 31P NMR ncorded at 121.42 MHz on a Vsrian VXR-300 using 85% 
H3P04 solution as an external reference; c. Only one diastereomer was detected by ‘H and slP Nh4R d. Optical 

rotations measured on a Perkin-Elmer-281 pokrbneter in CHC13. e. Isolated yields after Dowex@ SOW-X8, H+ 

chromatography. f. Optical rotations measund in MeOH. g. Configuration established based on the absolute 
configumtion of the precursor alkylated phesphmamide as deternked by X-ray crystallography in the case of entry 
(2); (ref 8). h. The mixture of disstereorners was separated on silica gel (EtOAc-MeOH 9&l), TBDPSi = tert- 
butyldiphenylsilyl. i. Value for the major isomer. j. Value for the desilylated major isomer. 

Alkylation of the (R,R)-ethylphosphonamide 2 (mp. 56”C, hexane. [a]=~ -93.5’; c 1.0, CHC13) by 

treatment with LDA at -lOO”C, followed by the desired alkyl halide afforded the corresponding a-alkylated 

phosphonamide of general structure 4 (Table 2). Excellent diastereoselection ratios were obtained and the products 

were once again crystalliic and suitable for X-ray analysis.9 In a preliminary report,lO we had shown that high 

diastereoselecdvity (-90: 10) was obtained with ethyl iodide and ally1 bromide at -78°C. 
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observed. Surprkingly, alkylation of the carbanion duived fnrm 2 with benzyl bromide at OOC gave a 80~20 mixtw 

of a-benzylated compounds in 87% yield (compare, Table 2, entry 3). Hydrolysis undo acidic conditions afforded 

the corresponding a-methyl-a-ally1 phosphor& acids 6 in excellent yields and optical purities. 

Table 2 ~-I~&THYL~-~Y’L F’HOSPHONIC ACIDS 

ENIRY 

(R,R) seliu 

1. 

2. 

3. 

4. 

5. 

Rx ALKYLATIorq-lax) HYDROLYSIS 

Yieldsbp Ratiob mp.(“C) [alsod Yield4bc mp.(“C) [alz,,’ C0nfig.g 

a3cm 76 955 95-960 -815qc 1.0) 90 se!? +62o(c 1.0) R 

CHpCIKEIzBr 82 94~6’ 87-W dWT(c 1.0) 88 oil -l.l*(c 1.75) R 

-Br 83 97:3 9sv -353yc 12) 86 122-125’ +23.6”(c2.2) R 

TBDF’SiO-(C?I~I 68 94~6 oil -32Y(c 1.03) 94 3S” +7.O”(c 1.2Sj R 

TBDPSiO-(Cii&I 71 >99:1’ oil -35syc 1.1) 92 cd +Z3.S”(c 1.19 R 

(S,S) series 

6. 

7. 

a. 

a3a21 78 5s 92-950 +79.2yc 1.0) 91 54-58D -6.10 (c 0.9) s 

CHp=Ui~Br 83 496 86m +91.V(c 1.0) 88 oil +1.4yc 1.4) s 

=WBr 84 496 w +33.6yc 1.0) 82 121124* -22.8yc 1.0) s 

a. Mated crystalbe mamials except emies 4 and 5 (oils); b-g (same as Table 1); h. Dcprotdm @BUG. THR 

-78’C) of the a-ally&d phosphonamide (Table 2, entry 2. ratio 94~6) and deuteration (CD3OD) gave a product in a 

diastenomeric ratio of 7228 (31P NMFQ. i. Value for the desilylwd compound 

The preferential formation of the observed diastereomer in the alkylation of the chloromethyl and 

ethylphosphonamides 1 and 2 can be anticipated to some extent by examination of molecular models. Thus one 

can make the reasonable assumption that the attack of the initially formed anion on the electrophile will take place 

preferentially from the side facing the lone pair of one of the nitrogen atoms rather than the side facing the N- 

methyl group (Scheme 2). This corresponds to an approach of the more exposed face of a planar anion, which is 

supported by the recent elegant sties by Denmark and Dorow. on the X-ray crystal structure of a [Li+.2THF$ 

salt of the carbanion derived f?om 2-benzyl-2-oxo-1.3.2diaxaphosphorinane. 

Scheme 2. 
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In addition to their preparative utility in the asymmetric synthesis of the title compounds, these 

topologically interesting bicyclic phosphonamide reagents are diaste;reomsically pure in each series by virtue of the 

utilixatlon of a C2 symmetrical llgand. l l 

Acknowledgments 

We wish to thank NSERCC. FCAR and the Killam Foundation for generous financial assistance. We 

greatly acknowledge the collaboration of the X-ray laboratory at l’Universit6 de Mondal. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

References 

a) “The Role of Phosphonates in Living Systems”, Hilderbrand R.L. (ed.), CRC Press, Boca Raton, Fla. 

1983; b) Freedman, L. D. and Doak. G. 0.; Chem. Rev., 1957,57,479. 

a) Giannousis. P. P. and Bartlett, P. A.; J. Med. Chem., 1987.30. 1603; b) Bay&, E. K.. Campbell, C. 

D. and Dingwall. J. G.; J. Chem. Sot.. Perkin Trans I, 1984,2845. 

a) Logusch. E. W., Walker, D. M.. McDonald, J. F.. Leo, G. C. and Franz, J. E.; J. Org. Chem., 1988, 

53,4069; b) Dhawan. B. and Redmore. D.; Phosphonu and Sulfur, 1987,32. 119. 

McKenna, C. E., Khawli, L. A., Bapat, A., Harutunian, V. and Cheng, Y-C., Biochemical 

Pharmacology, 1987.36,3103. 

Stereoselective alkylations of chiral, phosphorus stabilixed benxylic carbanionslead to a-a&dated a-benxyl 

phosphonic acids of high enantiomeric purity, Prof. S. E. Denmark, private communication. For an elegant 

study of the structure of such carbanions, see, Denmark, S. E. and Dorow, R.L.; J. Am. Chem. Sot., 

1990,112, 864. 

a) Galsbol, F., Steenbol, P. and Sorensen, S. B.; Actu Chem. Stand., 1972,26, 3605; b) Gnuma, K.. 

Ito, T., Nakamura, A.; Bull. Chem. Sot. Jpn. 1980.53, 2012. 

In a typical procedure, a solution of LDA (1.55 mmoles) in dry THF is cooled at -100°C and treated with 1 

(0.333 g, 1.41 mmoles) in 4.5 mL of dry THF at -lOO°C. After 15 min., propyl iodide (0.360 g. 2.11 

mmoles) is added. After 10 min., the mixture is quenched at -1OO’C with excess MeOH then warmed to 

room temp.. Usual work up and chromatography affords 0.326 g (838yield) of the a-alkylated product 

(Table 1. Entry 3). 

B&anger-Gariepy, F.. Bennani, Y. L.. Hanessian. S. and Brisse, F.; Actu Cryst., 1989.05.289. 

B&tiger-Gariepy. F., Delorme, D., Hanessian, S. and Brisse, F.; Actu Cryst., 1986, C42, 856. 

Hanessian. S., Delorme, D., Beaudoin, S. and Leblanc, Y.; J. Am. Chem. Sot., 1984,106, 5754. 

The chiral diamine could be recovered after Dowex@-H+ chromatography. All compounds showed 

satisfactory spectroscopic and analytical results by ‘H, 13C. 3*P, NMR, IR and HRMS. 

(Received in USA 17 July 1990) 


