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Functional methylenediphosphorus compounds are  esrlier [2]. We found that this reaction proceeds by
interesting as prospective ligands and biologically  the scheme of Arbuzov rearrangement only at heating
active compounds and aso they are widely used in  the mixture to 150-160°C in the presence of zinc
organic synthesis [1]. For the synthesis of arylme-  chloride as a catalyst and results, depending on the
thylenediphosphonates of new type we studied reac-  structure of the parent compounds, in formation of
tions of triethyl- and tris(trimethylsilyl)phosphites  substituted phosphonates | or diphosphonates 1.
taken in excess with a series of substituted benzal- However, we failed to involve unsubstituted benzal-
chlorides A prepared alongside the methods described  chloride to this reaction under similar conditions.

(XO)5P 2(EtO)3P

(XO),P(O)CH(CI)Ar o ArCHCIzW[(EtO)2P(O)]2clHAr,
la-lc A Ila, Ilb
. MeQ , ,OMe s 4 MeO, ,
X = Et (Ia, 1b), MesSi (Ic); Ar =E@F (|a),3©5 (Ib), 2 5 OMe (¢, I1a), @5 (I1b).
" ®ome
The phosphonates | a and | ¢ and diphosphonate I la NMR spectra of compounds I-1V contain typical

can be easily hydrolyzed to form phosphonic 11 and  signals of PC*H and PC*HP fragments and of substi-
diphosphonic IV acids, respectively. Under these tuted aromatic fragments.

conditions occurs also cleavage of chlorine-carbon Diethyl (4-fluorophenyl)chloromethylphos-

bond. phonate (1a). A mixture of 3 g 4-fluorobenzalchloride,
H,0, HCI 1 7 g of triethylphosphite and 0.1 g of zinc chloride

18, 1b———=> (HO)PC'H(OH)Ar, was heated at 150-160°C for 2 h and then was dis
tilled. 3 g of phosphonate |a was obtained, yield 64%,

lla, 111b mp 152°C (2 mm Hg), n&’ 1.4885. *H NMR spectrum,

, : L ; 8, ppm: 4.75 d (C'H, 2Jn, 12 Hz), 6.82 d (C3H, 33,y

11, Ar =@ F (a),@ OMe (b), 8 Hz), 7.32 d (C*H, J,,, 8 Hz). 3C NMR spectrum,
8, ppm: 52.52d (RN 160 Hz), 130.16 tS(CZ, 2Joc =

11 Hz0.HO [(Ho)zp]ch@ OMe. Jec 35 Hz), 130.69 dd (C°, *Jec 6 Hz, *Jrc 8 H2),
I 115.26 d (C*, 23 22 Hz), 162.68 d (C°, 1 248 H2).

Y, 3P NMR spectrum, &, ppm: 16.89 s. Found, %:
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C 46.89; H 5.26. C;,H,sCIFO,P. Calculated, %: C
47.07; H 5.39.

Compounds Ib, Ic, and |1 were obtained by similar
procedure.

Diethyl (2,3-dimethoxyphenyl)chloromethyl-
phosphonate (Ib). Yield 68%, mp 184 °C (2 mm Hg),
n2 1.5139. *H NMR spectrum, §, ppm: 5.35 d (C*H,
23 16 Hz), 3.60 s and 3.65 s (OMe), 6.64-7.17 m
(C°H, C°H, C'H). ¥*C NMR spectrum, 5., ppm:
45.63 d (C*, 1o 163 Hz), 55.52 s and 55.73 s (OMe),
121.56 d (C?, 2Jc 4 Hz), 146.59 d (C3, 3Jx: 9 H2),
152.04 s (C%, 124.04 s (C®), 117.97 s (C%), 112.81 d
(C’, 3Jc 3 Hz). 3P NMR spectrum, 5p, ppm: 17.96 s.

Bis(trimethylsilyl) (4-methoxyphenyl)chloro-
methylphosphonate (Ic). Yield 81%, mp 166 °C
(2 mm Hg), mp 65°C. "H NMR spectrum, &, ppm:
0.09 s and 0.19 s (Me,Si), 4.71 d (C*H, 23, 12 Hz),
3.72 s (MeO), 6.80 d (C*H, 33, 8 Hz), 7.36 d (C*H,
334 8 Hz). 1*C NMR spectrum, &, ppm: 0.63 s and
0.79 s (Me,Si), 54.63 d (C!, 13 168 Hz), 55.21 s
(Me0), 126.90 t (C?, 2Jn: 3 Hz), 130.21 d (C3, I
6 Hz), 113.75 s (C*%, 159.94 s (C°). 3P NMR spec-
trum, &p, ppm: -0.79 s.

Tetraethyl (4-methoxyphenyl)methylenedi-
phosphonate (11a). Yield 78%, mp 202°C (2 mm Hg),
nY 1.4982. *H NMR spectrum, &, ppm: 3.47 t (C*H,
23 24 Hz), 3.54 s (Me0), 6,63 d (C°H, 3J,,, 8 H2),
7.17 d (C4H, 3J,, 8 Hz). *C NMR spectrum, 5,
ppm: 44.37 t (C', Y3, 1325 Hz), 54.89 s (MeO),
121.66 t (C?, 2Jnc 8 Hz), 131.29 t (C3, 3Jx: 6.5 H2),
113.69 s (C%, 158.90 s (C°). 3P NMR spectrum, &,
ppm: 18.74 s. Found, %: C 48.59; H 7.05. C;gHg-
O,P,. Calculated, %: C 48.73; H 7.16.

Tetraethyl (2,5-dimethoxyphenyl)methylenedi-
phosphonate (I1b). Yield 76%, mp 212°C
(2 mm Hg), n® 1.5008. *H NMR spectrum, &, ppm:
352 s and 355 s (MeO), 4.35 t (CH, 23% 26 Hz),
6.45-6.60 m (C*H, C°H), 7.18 s (C'H). ¥*C NMR
spectrum, 8¢, ppm: 35.48 t (C*, 1. 133 Hz), 55.29 s
and 56.30 (OMe), 119.28 t (C?, 2J. 8 Hz), 150.78 t
(C3, %Jc 7 Hz), 111.78 s and 113.94 s (C* C),
153.08 s (C%), 116.21 t (C’, 3Jpc 4.5 H2). 3'P NMR
spectrum, &p, ppm: 19.05 s. Found, %: C 48.02,
H 7.06. C;,H4,0gP,. Calculated, %: C 48.11; H 7.13.

4-Fluor ophenyl(hydr oxymethyl)phosphonic acid
(I'1a). A mixture of 3 g of phosphonate la and 20 ml
of conc. hydrochloric acid was heated on a boiling
water bath for 4 h and then evaporated to dtryness at
7 mm Hg. 30 ml of water was added which was thed

digtilled off in a vacuum. 2 g of acid Illa was ob-
tained, yield 92%, mp 69°C. 'H NMR spectrum, &,
ppm: 4.72 d (C'H, 23, 12 Hz), 7.10-7.15 m (C°H),
7.41-7.44 m (C*H). C NMR spectrum, 5., ppm:
70.10 d (C*, YJn. 160 Hz), 136.71 s (C?), 129.66 s
(C3), 114.69 d (C*, 2J 21 Hz), 161.76 d (C°, I
244 Hz). 3'P NMR spectrum, &, ppm: 18.52 s (see
[3]).

Compounds I11b and 1V were prepared by similar
procedure.

4-M ethoxyphenyl(hydroxymethyl)phosphonic
acid (111b). Yield 96%, mp 78°C. *H NMR spectrum,
8, ppm: 4.71 d (C'H, 2J5, 12 Hz), 344 s (OMe),
6.67 d (C°H, 33, 8 Hz), 7.12 d (C*H, 3Jp, 8 H2).
13C NMR spectrum, 8., ppm: 69.77 d (C!, e
160 Hz), 129.02 s (C?), 55.16 s (OMe), 12852 d (C3,
3Joc 6 Hz), 113.87 s (C%, 158.29 s (C°). *'P NMR
spectrum, dp, ppm: 20.76 s, (see [3]).

(4-M ethoxyphenyl)methylenediphosphonic acid
(IV). Yield 96%, mp 86°C. 'H NMR spectrum, §,
ppm: 3.49 t (C'H, 235, 26 Hz), 3.57 s (OMe), 6.65 d
(CH, 3Jp 8 Hz), 7.20 d (C*H, 335, 8 Hz). ®C NMR
spectrum, 8¢, ppm: 45.06 (ct, 1JP% 126.5 Hz),
124.96 t (C?, 2Jn 7.5 HZ), 131.08 t (C3, 3J. 6 H2),
117.72 s (C?%), 157.76 s (C°), 54.74 s (OMe). 1P NMR
spectrum, &p, ppm: 17.72 s. Found, %: C 33.94;
H 4.38. CgH,,0,P,. Calculated, %: C 34.06; H 4.29.

NMR spectra were registered on a Bruker Avance
400 instrument, solvents: CDCI; for compounds | and
[, D,O for compounds Ill and 1V; references TMS
(*H and *C) and 85% H,PO, in D,O (*'P).
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