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Synthesis of 1-Phthalimidoalkanephosphonates

P. G. BARALDI, M. GUARNERI, F. MORODER, G. P. PoLLINI,
D. SIMONI

Istituto di Chimica Farmaceutica e Tossicologica, Universita di Ferra-
ra, Via Scandiana 21, 1-44 100 Ferrara, Italy

The discovery of the antibacterial activity of alaphosphin, an
a-aminophosphonic acid dipeptide (L-alanyl-L-1-aminoetha-
nephosphonic acid) which inhibits alanine racemase’,
prompted several research groups to elaborate new methods
for the synthesis of 1-aminoalkanephosphonic acids and es-
ters. The methods presently available for their preparation can
be divided into four general classes:

- addition of dialkyl phosphites to aldimines?:

- reaction of aldehydes with trialkyl phosphites and ureas®,
thioureas®, or alky! carbamates®:

reduction of imines, oximes, or hydrazones of {-oxoalkane-
phosphonic esters®:

!

alkylation of diethyl isocyanomethanephosphonates’.
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Apparently, no attempts have been made to use dialkyl 1-hy-
droxyalkanephosphonates (3) as starting material. Com-
pounds 3 are conveniently available by the acid- or base-cata-
lyzed addition of aldehydes (1) to dialkyl hydrogen phos-
phites®® (2) (Table 1).
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It is known that the reaction of alcohols with phthalimide in
the presence of the complex formed from diethy! diazenedi-
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Table 1. Diethyl 1-Hydroxyalkanephosphonates (3) prepared

SYNTHESIS

carboxylate and triphenylphosphine results in the formation
of N-alkyiphthalimides in good yields'®'!. We have utilized
this reaction for the preparation of dialkyl 1-phthalimidoalka-
nephosphonates (4).

Compounds 4 are precursors of |-aminoalkanephosphonic
acids (conversion via the well-known hydrazinolysis followed
by acid hydrolysis'* of the ester) and they may also find appli-
cation in peptide synthesis'* (via transformation to the acid
chlorides) and as carbonyl olefination reagents (removal of
the phthaloyl group and protection of the amino group by
benzylidenation) ™.

Diethyl 1-Hydroxyalkanephosphonates (3); General Procedure:

The appropriate aldehyde (1; 0.11 mol) is added dropwise to a stirred
ice-cooled mixture of diethyl hydrogen phosphite (2; 13.81 g, 0.1 mol)
and triethylamine (5.06 g, 0.05 mol) and the mixture is heated at 75°C
for 30 min. The product is isolated by distillation in vacuo.

Diethyl 1-Phthalimidoalkanephosphonates (4); General Procedure:

To a stirred mixture of the appropriate diethyl 1-hydroxyalkanephos-
phonate (3; 12.7 mmol), triphenylphosphine (4.984 g, 19 mmol), and
phthalimide (1.87 g, 12.7 mmol) in tetrahydrofuran (20 ml), 2 solution

'H-N.M.R. (CDCl;/TMS:y,)
o [ppm]

3 R Yield b.p./torr  Molecular LR. (fiom)
[%] °Q fermula® or viem ™"
b.p./torr [°C] reported
a H 55 110°/0.5  132-115°/1.5% 3280, 1240,
1050
b CH; 72 87°/0.1  116-119°/1.5% 3300, 1225,
1050
¢ nCH, 75 95°/0.1  111-112°/0.5° 3300, 1230,
1040
d nCeH;: 78 108°/0.1  C;;H30,P 3290, 1225,
(252.3) 1035
€ n-C7H,5 75 110°/0.1 C|2H2704P 3300, 1230,
(266.3) 1040

132 (t, 6H, J=7 Hz, CHy); 3.9 (d, 2H, J=7 Hz, CH,—P); 4-43
(m, 4H, 2CH,—0); 5.12 (sb, 1 H, OH)

1.3 (1, 6H, J=7 Hz, CHy); 1.42 (dd, 3H, Jyyy=6 Hz, Jy»=16 Hz,
CH,); 3.7-4 (m, 1 H, CH): 4-4.4 (m, 4H, 2CH,—0); 475 (sb, 1 H,
OH)

092 (t, 3H, J=7 Hz, CHy); 1.3 (t, 6 H, J=7 Hz, 2CH,); 1.5-1.8 (m,
4H, 2CH,); 3.7-4.1 (m, 1H, CH); 4-4.3 (m, 4H, 2CH,;—0); 438
(sb, LH, OH)

0.9 (t, 3H, J=7 Hz, CHy); 1.3 (t, 6 H, J=7 Hz, 2CH;); 1.45-1.85
(m, 104, 5CHy); 3.75-4 (m, [H, CH); 4.05-435 (m, SH,
2CH.—0, OH)

0.9 (1, 3H, J=7 Hz, CH,); 1.3 (1, 6H, J=7 Hz, 2CH3); 1.4-1.8 (m,
12H, 6CH,); 3.5 (sb, 1H, OH); 3.7-4 (m, 1 H, CH); 4.0-4.4 (m,
4H, 2CH,—0)

* The microanalyses were in good agreement with the calculated values: C, +0.17; H, +£0.22; P, £0.30.

Table 2. Diethyl 1-Phthalimidoalkanephosphonates (4) prepared

4 R Yield m.p. [°C] (solvent) Molecular
[%] or b.p. ["C)/torr formula®
or Lit. m.p. [°C]

LR. (CHCLy)
vem™]

"H-N.M.R. (CDCl:/TMS;..)
& [ppm]

a H 62 66-67° 67° (hexane)'2 1770, 1720, 132(t, 6 H,J=7 Hz, CH,); 4.1 (d, 2H, J= 11 Hz, CH,): 4.0-4.4
(hexane) 1240, 1050 (m, 4H, 2CH,—0); 7.7-8.0 (m, 4Hyna)
b CH, 60 131-132°/ CisHgNOsP 1770, 1720, 13 (1 6H, J=7 Hz, CHy); 1.7 (dd, 3H, Jun=8 Hz, Jyp=17
0.0005 (311.3) 1240, 1050 Hz, CHs); 4.0-44 (m, 4H, 2CH,—0); 45-50 (dg, 1H,
Jun=8 Hz, Jyp=17 Hz, CH); 7.7-8.0 (m, 4 Hynina)
¢ nCH;, 63 142-143°/ CieH,NOGP 1770, 1720, 0.9 (t, 3H, J=7 Hz, CH3); 1.3 (1. 6H, J=7 Hz, 2CH;); 1.2-1.5
0.0005 (339.9) 1250, 1050 (m, 4H, 2CH,): 4.0-43 (m, 4H, 2CH,—0); 4.4-48 (m, 1H,
CH); 7.7-8.0 (m, 4 Hppna)
d nCH, 65 155-156"/ CoHgNOSP 1770, 1720, 0.9 (1, 3H, J=7 Hz, CHj); 1.3 (1, 6H, J=7 Hz, 2CHy); 1.2-16
0.0005 (381.4) 1250, 1050 (m, 10H, 5CH,); 4.0-43 (m, 4H, CH,—0); 4.4-48 (m, I H,
CH); 7.7-8.0 (m, 4 Honina)
e -Gl 71 160-161°/ CooHyoNOGP 1770, 1720, 0.9 (, 3H, J=7 Hz, CHy); 1.3 (1, 6 H, J=7 Hz, 2CHy); 1.1 1.6
0.0005 (395.4) 1250, 1050 (m, 12H, 6CH,); 4.0-43 (m, 4H, 2CH,—0); 4.4-4.8 (m, 1 H,

CH); 7.7-8.0 (m, 4 Hpninar)

“ The microanalyses were in satisfactory agreement with the calculated values: C, £0.27; H, £0.25; N, £0.17; P, £0.30.
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of diethyl diazenedicarboxylate (3.31 g, 19 mmol) in tetrahydrofuran
(10 ml) is added dropwise at room temperature. Stirring is continued
for 2 days and the solvent then removed in vacuo. Ether (50 ml) is ad-
ded to the residue to precipitate triphenylphosphine oxide and diethyl
hydrazine-N, N'-dicarboxylate which are filtered off. The filtrate is
evaporated and the residue column-chromatographed on silica gel
(120 g) using ethyl acetate/petroleum ether (b.p. 40-70°C) (1/1) as
eluent.

I-Aminoethanephosphonic Acid; Typical Procedure:

A solution of diethyl 1-phthalimidoethanephosphonate (4b; 3.1 g,
0.01 mol) and 99% hydrazine hydrate (1 ml) in methanol (20 ml) is stir-
red at room temperature overnight and then refluxed for 2h. The pre-
cipitated phthalic hydrazide is filtered and the filtrate is evaporated in
vacuo. The crude oily residue is refluxed for 6 h with concentrated hy-
drochloric acid (30 mt). The cooled solution is evaporated in vacuo to
dryness, the residue is dissolved in methanol (10 ml), and treated with
propene oxide to pH 6. The precipitated 1-aminoethanephosphonic
acid is filtered off, washed with cold methanol and diethyl ether;
vield: 0.87 g (70%); m.p. 272-274°C (Lit.”, m.p. 273-274°C).
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