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Abstract: N-Substituted l-(alkoxyamino)alkylphosphonates were obtained by a 
new addition reaction of trialkyl phosphite and alkyl halide to nitrone. A 
push-pull type mechanism was suggested for the addition reaction. 

Nitrones have attracted many chemists because of their versatile 

reactivities. 1 And the synthetic utility of nitrone has been widely 

recognized especially in their 1,3-dipolar addition reactions. 2 Addition 

reactions of some nucleophiles to the charge-locarized structure of nitrone 

were also reported.3 However, to our knowledge, there is no report on the 

simultaneous addition reaction of electrophile and nucleophile to nitrone. 

Herein, we report a new addition reaction of trialkyl phosphite 2 

and alkyl halide 2 to nitrone 1 , where one end of nitrone attacks alkyl 

halide (electrophilel and the other is attacked by phosphite (nucleophile) to 

yield an N-substituted l-(alkoxyamino)alkylphosphonate 4. (eq. 1) 
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A typical example of the reaction is as follows: A mixture of 

4,5,5-trimethyl-d-pyrroline N-oxide (508 mg, 4 mmol), trimethyl phosphite 

(496 mg, 4 mmol) and iodomethane (2.84 g, 20 mmol) in an anhydrous benzene 

(5 ml) was stirred and heated at 40°C under nitrogen. The reaction was 

monitored by VPC. After 3 hours, the cooled reaction mixture was subjected 

to column chromatography (silica gel, n-C6H14 -EtOAc gradient) to give 

0,0-dimethyl l-methoxy-4,5,5-trimethyl-pyrrolidin-2-ylphosphonate (713 mg, 
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71%) as an oil. Other reactions were conducted in a similar way. Detailed 

conditions and the results were listed in Table 1. 
4 

In this reaction, three kinds of reactants were placed and heated 

all together. A push-pull mechanism was suggested by two blank experiments, 

where no reaction was observed in the absence of one of the reactants, 

electrophile (alkyl‘halide) or nucleophile (phosphite). Salt formation was 

not detected in each blank reaction, so the stepwise mechanism was excluded. 

In addition, normal Arbusov products, R5P(=0)(OR4)2 and R4P(=0)(OR4)2, were 

not formed appreciablly despite of the presence of excess amounts of alkyl 

halide. As a matter of fact, catalytic amount of alkyl halide was sufficient 

for the reaction (entry 7, Table 11, but excess amounts of alkyl halide were 

used for acceleration of the reaction and improvement of the ratio of 

teLo:d :Tz:; ka:fle"' 

For, the reaction product R4X also reacted as a 

I and by-product 6 was formed in the case where R4 and R5 

were different (eq. 2). Nucleophilic halogen ion reacted more smoothly 

(I> Br>> Cl) (entries 9, 10, 11, Table l), and the reaction was accelerated 

in a polar solvent (CH~CN>THF>C~H~) (entries 2, 3, 4, Table 1). These 

features of the reaction might imply the fact that dealkylation step was 

essential in completing the reaction as in the case of normal Arbusov 

reaction. 5 

;n N b 

6 8 

la lb lc 

This reaction was applicable not only to cyclic nitrones, la and Lb, 

but also to acyclic one, Lc. It seemed that the former was more reactive 

than the latter (entries 1 and 14, Table 1). The difference of reactivity 

might be due to the inherent instability of distorted five membered ring 

system. Even the hindered cyclic nitrone, Lb, reacted smoothly 

to give the corresponding N-substituted 1-alkoxyamino-tert-alkylphosphonate 

in a good yield (entry 13, Table 1). In addition, diethyl phenylphosphonite 

reacted easily with ia and Lb in a similar manner , yielding a diastereomeric 

mixture of the corresponding O-ethyl alkylphenylphosphinate in good yields 

(entries 16 and 17, Table 1). 

We are now under active investigation on the application of this 

addition reaction to the syntheses of biologically active compounds. 
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Table 1. Addition Reaction of Trialkyl Phosphite and Alkyl Halide 

to Nitronea 

entry reactants solv. temp. time conv. b yield(%jcin 4+6 
1 2 1 (OC) (hr) (%I (4/6 ratio) - - -- 
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P(OMej3 propargyl-Br 

P(OMej3 Me1 

P(OMej3 MeI 

P(OEtj3 Et1 

PhP(OEU2 Et1 

PhP(OEU2 Et1 

C6H6 

C6H6 

CH3CN 
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40 
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70 

40 

40 

70 

70 
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3 100 71 

5 93 n.d. d (99/l) 

0.5 99 n.d. d (88/12) 

3 97 61 (99/l) 

2 100 74 (91/9) 

1 100 65 

1 80 n.d. 
d 

1 100 86 (75/25) 

1 100 72 (97/3) 

3 100 56 (95/S) 

3 0 0 

0.5 100 61 (85/15) 

1 100 78 

5 23 83 

5 83 76 

4 100 67f 

2 100 71f 

a) All reactions were carried out with a molar ratio of 1:1:5 (l/2/3), unless --- 
otherwise stated. For the general procedures and the structures of reactants 

and products, I, f! and 6, see the text. b) Conversion, based on VPC area 

intensities. c) Isolated yields, based on conversion. The ratio of 4/6 was -- 
calculated from VPC area intensites of the isolated mixture. Each component 

was separated by preparative VPC and characterized by its spectral (NMR, IR and 

mass) and analytical data. d) Isolated yield was not determined. e) A molar 

ratio of 1:l:O.l (l/2/3) was employed. f) Obtained as a diastereomeric mixture --- 

REFERENCES AND NOTES 

1. (a) L.I. Smith, Chem. Rev., 1938, 23, 193. (b) R. Grashey, R. Hfiisgen 

and H. Leitermann, Tetrahedron Lett., 1960, 9. (c) G.R. Delpierre and M. 

Lamchen, 1965, lJ, 329. (d) R. Hiiisgen, H. Seidl and I. Bruning, Chem. Ber., 



666 

1969, 102, 1102. (e) D.St.C. Black, R.F. Crozier and V.C. Davis, Synthesis, 

1975, 205. (f) A. Pa&a, Angew. Chem., Int. Ed., 1976, 15, 123. (g) w. 

Oppolzer, ibid., 1977, 16, 10. 

2. (a) J. J. Tufariello: "1,3-Dipolar Cycloaddition Chemistry", ed. by A. 

Padwa, Volume 2, John Wiley & Sons, New York, p 83-167, 1985. (b) J.J. 

Tufariello and G.B. Mullen, J. Am. Chem. Sot., 1978, c, 3638. cc!) J.J. 

Tufariello, J.T. Tegeler, S.C. Wong and S.A. Ali, Tetrahedron Lett., 1978, 

1733. (cl) M.A. Schwaltz and G.C. Swanson, J. Org. Chem., 1979, 44, 953. (e) 

J.J. Tufariello and G.E. Lee, J. Am. Chem. Sot., 1980, 102, 373. (f) P.N. 

Confalone, G. Pizzolato, D.L. Confalone and M.R. Uskokovic, J. Am. Chem. 

sot., 1980, 102, 1954. (g) S. Takano and K. Shishido, J. Chem. Sot. Chem. 

Commun., 1981, 940. (h) P.M. Wovkulich and M.R. Uskokovic, J. Am. Chem. 

sot., 1981, l&, 3956. (i) A. Padwa, K.F. Koehler and A. Rodridguez, J. Am. 

Chem. Sot., 1981, 103, 4974. Cj) T. Iwashita, T. Kusumi and H. Kakisawa, J. 

Org. Chem., 1982, 3, 230. (k) T. Kametani, S.-P. Hwang, A. Nakayama and T. 

Honda, J. Org. Chem., 1982, 2, 2328. (1) R.V. Stevens and K. Albizati, J. 

Chem. Sot. Chem. Commun., 1982, 104. 

3. (a) R. Bonnett, R.F.C. Brown, V.M. Clark, 1.0. Sutherland and A. Todd, J. 

Chem. Sot., 1959, 2094. (b) M. Masui and C. Yijima, J. Chem. Sot. (C), 1967, 

2022. (c) G.E. Utizienger and F.A. Regenass, Helv. Chim. Acta, 1954, 11, 

1892. (a) A. Dornov, H. Gehrt and F. Ische, Annalen, 1954, 5&, 220. (e) 

J.B. Bapat, D.St.C. Black, R.F.C. Brown and C. Ichlov, Aust. J. Chem., 1972, 

25, 2445. (f) M. Masui, K. Suda, M. Yamauchi and C. Yijima, J. Chem. Sot., 

1971, 1955. 

4. All compounds showed spectral and analytical data consistent with their 

structures. Salient spectral data for new compounds follow: 0,0-Dimethyl 

l-methoxy-4,5,5-trimethylpyrrolidin-2-ylphosphonate (entry 1, Table 1) 

nD(25.0'C) 1.4506; IR (neat film) 2875 (s), 1690 (ms), 1455 (ml, 1240 (s), 

1040 (s), 825 (ms); NMR 6 (Ccl41 0.81 (3H, s), 1.14 (3H, s), 0.80-2.10 (6H, 

m), 2.95-3.50 (lH, m), 3.63 (3H, s), 3.72 (3H, d, J-10 Hz), 3.78 (3H, d, J=lO 

Hz); mass spectrum, m/z (relative intensity) 251 (M+, 0.5), 204 (0.7), 178 

(0.6), 172 (1.7), 168 (O-6), 142 (loo), 95 (16). 0,0-Diethyl 

1-(N-ethoxy-N-methylamino)benzylphosphonate (entry 15, Table 1) nD(25.4*c) 

1.4705; IR (neat film) 3030 (w), 2980 (s), 1710 (ml, 1600 (w), 1445 (mw), 

1390 (m), 1255 (s), 1040 (s), 970 (s), 695 (m); NMR 6 (CC14) 0.98 (3H, t, 

J=14 HZ), 1.10 (3H, t, J=14 Hz), 1.33 (3H, t, J=14 Hz), 2.50 (3H, s), 

3.30-4.40 (7H, m), 7.10-7.65 (5H, m); mass spectrum, m/z 

301 (k, O), 164 (loo), 136 (141, 118 (211, 77 (9). 

5. (a) K. Sasse: "Methoden der Organischen Chemie", ed. 

XII/l, Georg Thieme Verlag, Stuttgart, 1963. (b) J.I.G. 

"Organophosphorus Reagents in Organic Synthesis", ed. by 

Academic Press, London, 1979. 

(Received in Japan 28 October 1987) 

(relative intensity) 

by E. Mhller, Band 

Cadogan: 

J.I.G. Cadogan, 


