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Abstract : A new synthesis of oi-aminoalkylphosphonates from vinylphosphonates is described. The
synthetic method involves the aziridination of vinylphosphonates using Phl=NTs in the presence of
copper catalyst. Aziridinylphosphonates thus obtained furnish the corresponding o-amino-
alkylphosphonates in good overall yields after catalytic hydrogenation.
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o-Aminoalkylphosphonates have received an increasing amount of attention since they are key substrates in
the synthesis of phosphonopeptide.' In these connections, the utilities a-aminoalkylphosphonates as enzyme
inhibitors,” antibiotics and pharmacological agents,” herbicides,* and heptens of catalytic antibodies® are well
documented. A number of synthetic methods for the preparation of a-aminoalkylphosphonates have been
available.* The most commonly employed method is nucleophilic addition of phosphite to imine derivatives.’
Other miscellaneous methods include alkylation of anionic or cationic phosphonoglycine equivalents,’®
electrophilic amination of anions of alkylphosphonates,” hydrogenation of dehydroaminophosphonate
devivatives,'® amination of a-hydroxyalkylphosphonates,'' and aldol reaction of (isocyanomethyl)phosphonate
with aldehydes. '

In this paper, we wish to report a new synthesis of a-aminoalkylphosphonates 3 from vinyl phosphonates 1.
It was performed by the aziridination™ of vinylphosphonates 1 with [N-(p-toluenesulfonyl)imino]-
phenyliodonane(PhI=NTs)"* in the presence of copper catalyst and followed by the reductive ring opening of
aziridinylphosphonates 2."* The copper catalyzed aziridination of vinylphosphonates 1 employing PhI=NTs, as
the nitrene precursor, affords N-tosyl aziridinylphosphonates 2 in good yields. The optimized reaction
conditions are summarized in Table 1 for representative substrate(1a). Aziridination of vinylphosphonate 1a may

be achieved with PhI=NTs in the presence of copper catalyst in either nonpolar or polar solvents in good yields.
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Table 1. Aziridination of Vinylphosphonate(1a).
Entry Solvent equiv of catalyst Time Yield® (%)
la_ PhINTs (10 mol%)

1 CH:CN 1 1.2 Cu(OTf), 10 min 21
2 CH:CN 5 1 Cu(OTf), 10 min 80
3 CH:CN 5 1 Cu(OTH) 10 min 82
4 CH,Cl, 1 12 Cu(OTf), 1h 35
5 CH:Ch 5 1 Cu(OTf), 3h 69
6 CsHs 1 1.2 Cu(OTH): 91h 53
7 CsHs 1 3 Cu(OTf) 84 h 78
8 CeHs 5 1 Cu(OTf): 76 h 82
9 CsHs 5 1 Cu(OTf) 91h 83

* Yields are based on limiting reagent.

The influence of solvent polarity on the reaction rate is striking. In nonpolar solvent such as benzene, the
reaction are substantially slower(entries 6-9). In contrast, this same reaction when carried out acetonitrile at
room temperature proceeded to completion within 10 min(entries 1-3). The preceding results show that, with
Cu( I ) and Cu(1Il) salts, acetonitrile is the optimal solvent for the aziridination of vinylphosphonate 1a with
PhI=NTs. With (phenylsubstituted)vinylphosphonate(1a), both CuOTf and Cu(OTf), afford high yield of
aziridinylphosphonate 2a. The low yields that were obtained from the reactions in excess PhI=NTs with
vinylphosphonate as the limiting reactant. The yields increase when reactions were carried out employing the
PhI=NTs as the limiting reagent in the presence of 5 equiv of vinylphosphonates and CuOTf in acetonitrile at
room temperature. Under optimal conditions(10 mol% of CuOTf, 1 equiv of PhI=NTs, 5 equiv of
vinylphosphonate, acetonitrile, room temperature), the aziridination proceeds in good yields (Table 2).'
Recently, regiospecific cleavages of aziridine-2-carboxylic acid derivatives by the catalytic hydrogenation were
reported."” The C-N bond of the aziridine ring of aziridinylphosphonates 2 was also regioselectively reduce by
catalytic transfer hydrogenation in the presence of 10% Pd(0)/C and ammonium formate to afford a-aminoalkyl

phosphonates in quantitative yields(Table 2).
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Table 2. Syntheses of aziridinylphosphonates(2)
and a-aminoalkylphosphonates(3).

No R Yield (%) of 2 Yield (%) of 3
a CsHs 82 86
b p-CL,CsHy 95 89
c 1-Naphthyl 87 83
d 2-Naphthyl 85 81

In summary, we have found a new synthetic route for the preparation of a-aminoalkylphosphonates 3 from
vinylphosphonates 1 in good yields. Present procedure involve the aziridination of vinylphosphonate using

Ph1=NTs and hydrogenolytic cleavage of aziridinylphosphonate 2 with site-selective manner.

Experimental Section

General. "H NMR spectra were recorded on a Buruker AC 200 spectrometer using tetramethylsilane as
an internal standard. Chemical shifis are measured in part per million(8) and coupling constants , J, are reported
in Hz. Multiplicity was simplified such as s=singlet, bs=broad singlet, d=doublet, t=triplet, dq=double quartet,
and m=multiplet. Infrared spectra were measured on a Perkin-Elmer 283B. Mass spectra were determined with a
Hewlett-Packard 5985A or Jeol HX 100/110 through EI or FAB method. Methylene chloride was refluxed and
distilled from phosphorus pentoxide. Bezene and acetonitrile were distilled from calsium hydride and stored
over 4A° molecular sieves. Column chromatography was performed on Merck silica gel 60(230-400mesh). The

vinylphosphonates 1'® and PhI=NTs'** prepared as reported previously.
ylp!

Representative procedure of aziridination of vinylphosphonate. Preparation of diethyl 2-phenyl-1-
N-tosylaziridinylphosphonate(2a). To stirred solution of vinylphosphonate (1a, 360.4 mg, 1.5 mmol) and
Cu(OTf) (6.4 mg, 10 mol%) in acetonitrile (5 mL) was added PhI=NTs (0.112 g, 0.3 mmol) at room
temperature under No. When the reaction mixture had turned homogeneous it was filtered through a plug of
silica with ethyl acetate (30 mL) as eluent and concentrated in vacuwo. Purification by flash column
chromatography(2:1, ethyl acetate/n-hexane) afforded 101mg(82%) of 2a. Rg: 0.4(ethyl acetate : n-hexane =
2 : 1); 'H NMR(CDCl, 200MHz) § 1.22-1.35(m, 6H), 2.41(s, 3H), 3.52(dd, 1H, Jpu=15, Jwm=5.1), 3.94-
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4.21(m, 1H, 4H), 7.23-7.7(m, 9H); *C NMR(CDCl:, 50MHz) § 16.4, 21.6. 38.1(d, J=198.3), 48.4, 63.3(d,
J=20.8), 128, 128.1, 128.3, 129.2, 129.4; IR (neat, cm™') 3005, 2970, 1330, 1250, 1120, 980; HRMS: calcd for
CsH24NOsPS 409.1113, found 409.1120.

Diethyl 2-(4-chlorophenyl)-1-N-tosylaziridinylphosphonate(2b). R,: 0.32(methylene chloride : ethyl acetate
=10 : 1); '"H NMR(CDCl:, 200MHz) & 1.14-1.39(m, 6H), 2.42(s, 3H), 3.47(dd, 1H, Jou=14.7, Jin=5), 3.95-
4.2(m, 1H, 4H), 7.16-7.72(m, 8H); “C NMR(CDCl;, 50MHz) § 16.3, 21.6, 38.4(d, J=198.7), 47.7, 63.5(d,
J=22), 127.5, 128, 128.3, 128.6, 129.1, 129.5, 130.2, 130.7; IR (neat, cm™) 3010, 2980, 1260, 1050, 1020,
975; HRMS: calcd for CioHa3CINOsPS 443.0723, found 443.0778.

Diethyl 2-(1-naphthyl)-1-N-tosylaziridinylphosphonate(2¢). R;: 0.35(methylene chloride : ethyl acetate =
10 : 1); mp 88-91 °C; 'H NMR(CDCl, 200MHz) § 1.26-1.43(m, 6H), 2.32(s, 3H), 3.7(dd, 1H, Jpu=148,
Juwi=5.2), 4.15-4.31(m, 4H), 4.62(dd, 1H, Jp=9.1, J=5.2), 7-7.95(m, 11H); “C NMR(CDCl;, 50MHz) &
16.4, 21.5, 36.7(d, J/=198.8), 472, 63.5(d, /=30.3), 1238, 124.8, 1259, 126.4, 126.5, 128.1, 128.3, 129.1,
129.9; IR (neat, cm'l) 3045, 2985, 1258, 1105, 1021; HRMS: caled for C,cH;sNO4PS 4591269, found
459.1242.

Diethyl 2-(2-naphthyl)-1-N-tosylaziridinylphosphonate(2d). R;: 0.31(methylene chloride : ethyl acetate =
10 ; 1); mp 85-86 °C; 'H NMR : (CDCl;, 200MHz) & 1.23-1.37(m, 6H), 2.37(s, 3H), 3.63(dd, 1H, Jp=14.9,
Jiai=4.8), 4.04-4.21(m, 4H), 4.32(dd, 1H, Jp=4.5, Jiy=4.9), 7.15-7.85(m, 11H); *C NMR (CDCl;, 50MHz) &
16.4, 21.5, 38.4(d, J=197.8), 48.6, 63.4(d, J=21.4), 126.1, 126.5, 126.8. 127.7, 128, 128.1, 129.2, 129.3; IR
(neat, cm’™) 3046, 2987, 1593, 1323, 1262, 1102, 1023: HRMS: calcd for CoHsNO,PS 459.1269, found
459.1259.

Representative procedure of reductive cleavage of aziridinylphosphonates 2. Preparation of diethyl
2-phenyl-1-N-tosylaminoethylphosphonate(3a). To a stirred suspension of aziridinylphosphonate 2a ( 81.8
mg, 0.2 mmol) and Pd/C (80 mg) in dry methanol (2 mL), anhydrous ammonium formate(63 mg, 1 mmol) was
added in a single portion. The resultion mixture was stirred at room temperature for 24 h under N, the catalyst
was removed by filteration through a celite pad and washed with ethyl ether and methanol. The filterate was
evaporated under reduced pressure. The resulting residue was triturated with water and extracted with ethyl
acetate and the combined organic extracts were dried, filtered, and concentrated in vacuo. Purification by silica
gel flash chromatography provided 70.7 mg, of 3a (86 %) as white solid. Ry: 0.3(ethyl acetate : n-hexane = 2 :
1); mp 104-105 °C; 'H NMR(CDCl;, 200MHz) & 1.22(t, 6H, J=6.9), 2.39(s, 3H), 2.76-3.18(m, 2H), 3.88-
4.17(m, 1H, 4H), 5.28(brdd, NH), 7.06-7.67(m, 9H); “C NMR (CDCkL, 50MHz) § 16.2, 21.5, 36.7, 51.7(d,
J=156.1), 62.9(d, J=39.2), 126.7, 126.8, 128.3, 128.5, 129.5, 129.7; IR (neat, cm™) 3070, 2965, 1256, 1120,
1043, 1023, 995; HRMS: calcd for CisH21NOsPS 411.1269, found 411.1258.

Diethyl 2-(4-chlorophenyl)-1-N-tosylaminoethylphosphonate(3b). R¢: 0.23(ethyl acetate : #-hexane = 1 : 1),
mp 116.2-116.5 °C; 'H NMR (CDCls, 200MHz) & 1.21(t, 6H, J=7), 2.38(s, 3H), 2.76-3.18(m, 2H), 3.88-
4.18(m, 1H, 4H), 5.41(brd, NH), 6.92-7.56(m, 8H); *C NMR (CDCl;, 5S0MHz) § 16.3, 21.4, 36.6, 51.7(d,
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J=156.2), 62.9(d, J=43), 126.7, 126.8, 128 .3, 129.5, 129.7; IR (neat, Cm'l) 3060, 2963, 1251, 1062, 1020, 982;
HRMS: calcd for CioHasNOsPS 445.0880, found 445.0871.

Diethyl 2-(1-naphthyl)-1-N-tosylaminoethylphosphonate(3c). R;: 0.18(ethy! acetate : n-hexane = 1 : 1); mp
144-145 °C; 'H NMR (CDCls, 200MHz) & 1.22-1.38(m, 6H), 2.27(s, 3H), 3.15-3.28(m, 1H), 3.6-3.7(m, 1H),
4.03-4.32(m, 1H, 4H), 5.84(brd, NH), 6.75-7.88(m, 11H); “C NMR (CDCl:, 50MHz) § 16.4, 21.4, 34.0,
51.4(d, J=157.7), 63.2(d, J=72.5), 123.3, 125.2, 125.5, 126.1, 127.5, 128.4, 128.7, 129; IR (neat, cm™) 3080,
2983, 1218, 1160, 1058, 1015; HRMS: calcd for C:H2sNOsPS 461.1408, found 461.1408.

Diethyl 2-(2-naphthyl)-1-N-tosylaminoethylphosphonate(3d). R;: 0.15(ethyl acetate : n-hexane = 1 : 1); mp
137-138 °C; '"H NMR(CDCls, 200MHz) § 1.22-1.34(m, 6H), 2.09(s, 3H), 2.93-3.05(m, 1H), 3.2-3.34(m, 1H),
4.05-4.33(m, 1H, 4H), 6.04(brd, NH), 6.65-7.88(m, 11H); "“C NMR(CDCkL, 50MHz) § 16.3, 21.4, 36.7, 52(d,
J=155.5), 63(d, J=40.1), 125.6, 125.9, 126.3, 127.4, 127.5, 128, 128.5, 129; IR (neat, cm™) 3114, 2981, 1334,
1210, 1161, 1063, 1018, 946, HRMS: calcd for CsHasNOsPS 461.1408, found 461.1421.
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