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A variety of substituted hydroxymethylene diphos-
phonic acids derivatives comprises good complexones
and the substances widely used in medicine [1].
Compounds containing hydrolytically stable hydroxy-
methylene diphosphonic fragment PCP are of interest
as an unusual organophosphorus analogs of natural
pyrophosphates [2]. We found that the reaction of
trimethylsilyl esters of trivalent phosphorus with the
readily accessible chlorides of unsaturated carboxylic

2(Et0),POSiMe;

acids affords new hydroxymethylene diphosphonic
compounds containing unsaturated fragments. They
may be of interest as promising complexones and anti-
oxidants.

An excess of alkylsilylphosphite in methylene
chloride solution reacts readily with unsaturated
carboxylic acids chlorides to form diphosphonates I-
IV in a high yield [3].

2(Me;Si0);P

[(EtO),P],CR RCOCI1 [(Me;SiO),P],CR
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R = (CH=CH),Me (I, IV), CH=CHPh (III), /c=c\ (IL, V).
H H

The reaction of diphosphonates III-V with an
excess of methanol gives rise to the substituted
hydroxymethylenediphosphonic acids VI-VIII, which
are thick oils. Note that the mild conditions of the
methanolysis of trimethylsilyl esters III-V allow
retaining unchanged the methylenediphosphonic frag-
ments in the acids VI-VIII [3].

5MeOH
-V [((HO),P],CR
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R = CH=CHPh (VI), (CH=CH),Me (VII),

(CHy; (CHy),CH;
C=C/ (VIII).
/ AN
H H
Tetraethyl (1,3-pentadien-1-yl)trimethylsiloxy-

methylene diphosphonate (I). To a solution of 21 g

of diethyl(trimethylsilyl)phosphite in 20 ml of me-
thylene chloride with stirring and cooling to 10°C was
added a solution of 6 g of sorbinoyl chloride in 10 ml
of methylene chloride. The mixture was stirred for
0.5 h and then heated to boiling. The solvent was
distilled off in a vacuum; the residue was kept in a
vacuum (0.5 mm Hg) for 1 h at 30°C. Yeld 19.5 g,
96%, oil. "H NMR spectrum, 8y, ppm: 0.16 s (MesSi),
0.9-1.1 m (4MeCH,OP), 1.37 d (C°Hj, *Juy 5.6 Hz),
3.6-3.8 m (4CH,OP), 5.2-6.1 m (CH=CH). *C NMR
spectrum, 8¢, ppm: 78.53 t (C', 'Jpc 155.9 Hz), 132.63
t (C%, 2Jpc 10.1 Hz), 124.26 t (C°, *Jpc 5.9 Hz), 130.36
(C*, C%), 17.37 (C°). *'P NMR spectrum: &p 15.59 ppm.
Found, %: C 45.96; H 8.11. C7H350-P,Si. Calculated,
%: C 46.14; H 8.20.

Compounds II-V were obtained similarly.

Tetraethyl (8-heptadecen-1-yl)trimethylsiloxy-
methylene diphosphonate (II). Yield 97%, oil. 'H
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NMR spectrum, oy, ppm: —0.06 s (Me;Si), 0.9-1.1 m
(5CH;, 11CH,), 1.25-1.40 m (C’H,), 1.7-1.8 m
(2CH,C=), 3.8-4.0 m (4CH,0P), 5.0-5.1 m (CH=CH).
BC NMR spectrum, 8¢, ppm: 78.66 t (C', 'Jpc155.9
Hz), 23.33 t (C°, *Jpc 5 Hz), 31.58 and 35.03
(2CH,CH=), 129.46 (CH=CH). 3P NMR spectrum: dp
19.16 ppm. Found, %: C 56.68; H 10.12. CyHg,
O-,P,Si. Calculated, %: C 56.84; H 10.20.

Tetra(trimethylsilyl) (2-phenylethyl-1-yl)tri-
methylsiloxymethylene diphosphonate (III). Yield
96%, oil. 'H NMR spectrum, &y, ppm: 0.5-1.0 m
(MesSi), 6.19 d. t (C*H, “Jiiy 15.8, “Jpn 6.2 Hz), 6.47 d.
t (C°H, *Jun 15.8, “Jpy 5.2 Hz), 6.8-7.1 m (C¢Hs). °C
NMR spectrum, 8¢, ppm: 79.03 t (C', 'Jpc 162.6 Hz),
130.37 t (C% *Jpc 10 Hz), 126.34 t (C, *Jpc 5.8 Hz),
136.22 t (C*, “Joc< 1 Hz), 128.43 and 126.04 (C°, C°),
127.32 (C7), 2.46 (MesSiOC), 0.95 d (Me;SiOP,
3Joc 5.9 Hz). *'P NMR spectrum *'P: §p —2.58 ppm.
Found, %: C 43.89; H 7.91. C,4Hs,0,P,Si5. Calculated,
%: C 44.01; H 8.00.

Tetra(trimethylsilyl) (1,3-pentadien-1-yl)tri-
methylsiloxymethylene diphosphonate (IV). Yield
96%, oil. 'H NMR spectrum, 6y, ppm: —0.2-0.3 m
(MesSi), 122 d (C°Hs;, *Jyy 6 Hz), 5.1-58 m
(CH=CH). C NMR spectrum, 3¢, ppm: 78.30 t (C',
'"Jpc 162.6 Hz), 131.01 t (C* *Jpc10.9 Hz), 126.69 t
(C, *Jpc5.9 Hz), 13028 t (C*, *Jpc< 1 Hz), 129.13
(C%), 17.55 (C%), 2.12 (Me;SiOC), 0.64 d (Me;SiOP,
*Jrc 5.8 Hz). *'P NMR spectrum: 8p —2.46 ppm. Found,
%: C 40.61; H 8.40. C,;Hs5,0,P,Si5. Calculated, %: C
40.75; H 8.47.

Tetra(trimethylsilyl) (8-heptadecen-1-yl)tri-
methylsiloxymethylene diphosphonate (V). Yield
97%, oil. 'H NMR spectrum, &y, ppm: —0.1-0.0 s
(MesSi), 0.97 t (CHs, *Jyyy 6.4 Hz), 1.4-1.5 m (11CH,),
1.62-1.72 m (C’H,), 2.05-2.15 m (2CH,C=), 5.35-
5.45 m (CH=CH). °C NMR spectrum, 8¢, ppm: 77.89
t (C', 'Upc 164.6 Hz), 23.37 t (C2, *Jpc 5.9 Hz), 129.29
and 129.46 (CH=CH), 31.56 and 35.20 (2CH,C=),
22.31-2991 m (11CHp), 13.73 (CH;), 2.45
(Me;SiOC), 0.96 d (MesSiOP, *Jpc 5.1 Hz),). *'P NMR
spectrum: dp 1.80 ppm. Found, %: C 50.03; H 9.88.
C33H7807P28i5. Calculated, %: C 5021, H 9.96.

(2-Phenylethyl-1-yl)hydroxymethylene diphos-
phonic acid (VI). To 30 ml of methanol at 10°C under
stirring was added a solution of 11 g of diphosphonate
II in 10 ml of diethyl ether. The mixture was heated
to boiling, the solvent was distilled off, the residue was
kept in a vacuum (1 mm Hg) for 1 h. Yield 4.8 g, 98%,
oil. '"H NMR spectrum, Oy, ppm: 6.95 d.t (CZH, 3 Jan
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15.4, *Jpu4.8 Hz), 6.67 d t (C’H, *Jyun15.4, *Jpu<
1 Hz), 7.2-7.5 m (C¢Hs). >C NMR spectrum, 3¢, ppm:
75.79 t (C', 'Jpc 149.2 Hz), 130.96 t (C2, *Jpc 10 Hz),
123.47 t (C, *Joc< 1 Hz), 136.57 (C*), 126.45 and
128.50 (C°, C%), 127.69 (C"). *'P NMR spectrum: &p
16.12 ppm. Found, %: C 36.64; H 4.07. CoH,0,P;.
Calculated, %: C 36.75; H4.11.

Compound VII, VIII were obtained similarly.

(1,3-Pentadien-1-yl)hydroxymethylene diphos-
phonic acid (VII). Yield 97%, oil. "H NMR spectrum,
3, ppm: 5.5-6.6 m (CH=CH), 1.75 (C°Hs). *C NMR
spectrum, 8¢, ppm: 75.25 t (C', 'Jpc 149.6 Hz), 131.35
t (C%, *Jpc < 1 Hz), 129.58 t (C°, *Jpc < 1 Hz), 131.07
(CY), 124.27 (C°), 17.41 (C®). *'P NMR spectrum: &p
16.27 ppm. Found, %: C 27.78; H 4.59. CsH,0,P>.
Calculated, %: C 27.92; H 4.68.

(8-Heptadecen-1-yl)hydroxymethylene diphos-
phonic acid (VIII). Yield 96%, oil. 'H NMR spec-
trum, dy, ppm: 5.5-6.6 m (CH=CH), 2.0-2.2 m
(2CH,C=), 1.6-1.8 m (C’H,), 1.1-1.4 m (11 CH,),
0.89 t (CHj, *Juy 6.2 Hz). ®C NMR spectrum, dc,
ppm: 73.18 t (C', 'Jpc 147.1 Hz), 23.30 t (C?, “Jpc <
1 Hz), 129.39 and 129.60 (CH=CH), 30.39 and 31.84
(2CH,CH=), 22.53-29.65 m (11CH,), 13.62 (CH;). *'P
NMR spectrum: 6p 20.35 ppm. Found, %: C 50.26; H
8.86. C 3H330,P,. Calculated, %: C 50.46; H 8.94.

The NMR spectra were recorded on a Bruker
Avance-400 spectrometer in CDCl; (I-V) and CD;0D
(VI-VIII), internal reference TMS (‘H, C) and
external reference 85% phosphoric acid solution in
D,O ('P).
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