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Abstract: A general protocol for the synthesis of a-amino-a- alkyl phosphonic acids in either enantiomeric form 

is described based on the alkylation of chiral bicyclic phosphonamides derived from (R,R)- and (S,S)-1,2- 

diaminocyclohexane. 

The a-aminophosphonic acids are probably the most important substitutes for the corresponding a-amino 

acids in biological systemsl Indeed a number of potent antibiotics,* enzyme inhibitors,3 and pharmacological 

agents4 are a-aminophosphonic acids as well as their derivatives, notably peptides. These important compounds 

have also been used in ingenious ways as peptidomimetics~ and their properties have been evaluated in a variety of 

enzymatic test systemsP Aminophosphonic acids are also found as constituents of natural products.7 

Since a number of years, the major source of optically active (even pure) a-aminophosphonic acids was, 

based on the resolution of racemic mixtures* or the utilization of enzymatic methods such as with aminoacylases.9 

More recently, a number of procedures have been reported that rely on asymmetric processes.l@t* In spite of their 

individual merits, the levels of asymmetric induction have been variable or the methods have lacked generality. 

We wish to report on a general method for the synthesis of a-aminophosphonic acids of high optical purity 

in either enantiomeric series. The process consists in the highly stereoselective alkylation of the anion derived from 

the iminomethyldithiolane~3 bicyclic phosphonamide of type 4 which is easily prepared from (RR)-1.2~bis-N- 

methylamino cyclohexane 1. a readily available Cz symmetrical template,14 via the chloromethyl derivative 2. 
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Treatment of 4 with 2.1 equivalents of KHMDS at -78’ in THF followed by addition of the desired alkyl 

halide led to the formation of the corresponding a-alkylated phosphonamides of general structure 5 in high yield 

and excellent diastemomedc purity (Table 1). 16 The structure and absolute configuration at the newly formed 

stereogenic center was unequivocally substantiatedby a single crystal X-ray analysis of the a-ally1 derivative (entry 

4).t7 Mild acid hydrolysis of the products of alkylation led to the free a-aminophosphonic acids shown in Table 1 

whose optical rotations were in excellent agreement with the values reported for the resolved acids.8 Using the 

phosphonamide of type 4 derived from the (S&diamme, led to the enantiomerk series of a-alkylated phosphonic 

acids (entries 8.9). 

Table i ALXYLATION of 4 and HYDROLYSIS of the a- SUBS~~~TED IMIN~ME-IMYL hIOSPHONAMIDES 

Rt?lRY 

(R,R) series 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

(S,S) Series 

8. 

9. 

Bx 

Qw 
PhC&Br 

AucYLATIoN(-78v) HYDROLYSIS 

Yieme Ratiob mp.(“~) (a]z$ YieldSbd mp.(~)~ (a),: e.e.* co~8.b 

74 90110 134’ -183.6’(cO.6) 82 278 -1290 81% R 

73 95:5 1370 -189.W(cO.9) 84 277 -19.2Q 91% R 

76 >99:1 1W -178.oO(cO.7) 86 272 +85* 98% R 

82 >99:1 1230 -163T’(c l.Oj 88 272 -89 (-3 R 

n 955 1360 -183.o”(c 1.0) 81 288 -216’ 90% R 

78 >99:1 1400 -148.6°(cOs) 87 268 -47.6 97% R 

78 >99:1 1W -137.2’(cO.8) - - - - 

75 8~92 1390 +187.oO(c 1.0) 84 278 +14.30 84% s 

81 >1:99 1420 +14S.oo(co.75) 86 270 +5090 98% s 

a. IsoletaI yields b. DUammaic retion (R;F) evaloated by ‘Ii and 31P NMR recded at 121.42 MHZ on a Variao VXR-300 uSi,,8 85% 

H3p04 solution es ao exteml refemce. Wben the ratio is indicated es >99:1, only one diastereomer wes detected by *H and 31P NMR. e. 

@tical rotarims memored on B krM-Bmr-281 polerimete~ io CHcl3. d. Isolated yields after 1 N HQ. them Ii&, neumlimion with 

NaHCq. Dowex@J-l-OH--form end Dowex@-SOli+-fotm chromatography. e. Compouods usually deunqme et dtese tempemt~~es. f. 

Optical rotatiu~~ nxaaued in IN NaOH, at ~1.0 exeep enay 4. ~0.9. g. Endorncdc excess bnsed on the values rcpmted for the woked 

a- ’ ammopbospbonic acids (ref. 8). h. C3mfiguration established based on the ab.wlute cdi8uration of the precursor alkylatai phosphonemide 
ks detamined by X-ray aystallography (ref.17) and on literature data (ref.% 1 and 8). i. With n-B&i (2.1 eq.. 63%). LDA (2.1 eq., 57%). 

LiHMDS (2.1 eq.. 53%). NaHMJX (2.1 eq., 34%). J. llte rotation value is not mpmted in the Meratm. 

Three features of the alkylation of the iminomethyldithiolane derivative 4 are worthy of note. Firstly, 

although several bases were tried, (Table 1, entry 4i). the ultimate choice of ICHMDS was based on the combination 

of efficiency and high diastereosekctivity. Secondly, it is important to utilize slightly over 2 equivalents of base, 

even when n-BuLi is used where proton exchange with the anion is not possible. Thirdly, it may not have eluded 

the reader that unlike other cases of alkylation of chloromethyl or ethyl, phosphonamides in the same (R,RJ- 

series.15 alkylation of 4 gives products with the opposite orientation of the akyl chain which is normally expected 

from the enantiomeric (S,Shseries).*7J8 A plausible explanation for this intriguing and unexpected behavior is that 

a chelated entity is produced prior to the alkylation reaction. As a consequence, the “opposite” face of the anion is 

now exposed for alkylation as illustrated in scheme 2. A similar chelate for a potassium enolate prepared from 



N-(1,3dithiolan-2-ylidene) glycine ethyl ester has been proposed by Hopp~.~~* lg 

Schem 2. 

Another route to a- aminophosphonic acids is possible from the a-chloro-a-alkylphosphonamides of 

general structure 7 which sre easily obtained by the asymmetric slkylation of chloromethylphosphonsmide 2.15 

Nucleophilic displacement with snide ion gives the cotresponding a-azido derivatives of type 8. Mild acid 

hydrolysis followed by hydrogenation of the azido group led in almost quantitstive yields to the corresponding a- 

amino phosphonic acids 9, (Scheme 3). 

Scheme 3. 
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Unfortunately due to the relatively harsh conditions of the displacement teactions, this method could not be 

adapted for the synthesis of the a-azido-a-slkyl phosphonsmides having a potemially acidic proton such as the a- 

bet@ or the a-ally1 analog. In these cases elimination rather than substitution was the main event, Table 2?2 

Table 2 a.-AZDO and a-AMINO-c-ALJWL. PHOSPHONIC ACIDS PROM 

a-cHLORO-c&kKYL PHOSPHONAMDRS 

ENlRY 

(R,R) Serb 

1. 

2. 

3. 

4. 

(S,S) Series 

5. 

6. 

R 

cH3cHr 

~3Kw2- 

62 9o:lO 390 -99.8’ (c 1.23) 95 278 -12.50 78% R 

65 >99:1 86’ -186.0”(~ 1.03) 98 276 -2160 98% R 

65 >99:1 oil -166.4°(~2.20) 96 272 +8.!V 98% R 

66 ml’ oil -100.0yc 2.25) 95 288 -18.8’ 78% R 

64 >1:99 84O +187.1°(c 1.02) 96 277 +20.8’ 98% s 

67 >I:99 oil +1673’(c 3.29) 97 269 -8.4O 97% s 

HYDROLYSIS snd REDUCTION 

Yicld%d mp.(Qe [almf e.e.S Cmfig.h 

a-e and e-g (same ss in Table 1) d. h&ted yields sRer cat. hydrogenation @‘tO2/HzO). Jknvex@-H+ chromstography. 
Recrystslhzstion lowers the yields by 510%. i. The precursor 1-(R)-1-chluro-3-methyl butyl phosphonsmide wss 
obtsined in 78% yield and 89:ll disstereotmric ratio using (CH$$HCHflTf. Using iso-butyl iodide, the reaction was 
much less efficient (2 h, -78°C 15% yield, 935 ratio). 
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