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Reaction of 3-methoxy-2-methylphenol
with 2-ethoxyvinylphosphonic dichloride
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Condensation of 2-ethoxyvinylphosphonic dichloride with 3-methoxy-2-methylphenol in
dioxane in the presence of trifluoroacetic acid results in 5,13-dimethoxy-4,14-dimethyl-1-
phospha-2,16-dioxatetracyclo[7.7.1.038.019:15]heptadeca-3,5,7,10,12, 14-hexaene 1-oxide and
2-hydroxy-7-methoxy-8-methyl-2-oxobenzo[e]-1,2-oxophosphorine.
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There are plenty of works devoted to the development
of methods for the synthesis and studies of properties of
the phosphorus-containing cage-like structures, whose
framework is formed from three endocyclic P—O (see
Refs 1—7), P—N (see Ref. 8), or P—C bonds (see Ref. 9).
At the same time, there are virtually no information on the
synthesis of the cage-like compounds formed with simul-
taneous involvement of endocyclic P—O and P—C bonds.
The synthesis of phosphonates containing both P—O and
P—C bonds is only mentioned in the works19-13 dealing
with the chemistry of carbophosphatranes. However, the
method of their preparation is laborious enough, it in-
cludes several steps, and the final products are obtained in
low yields.

We have developed an original one-step method for
the synthesis of phosphonate 1 of a cage-like structure by
the condensation of 2-ethoxyvinylphosphonic dichloride!4
2 with 3-methoxy-2-methylphenol!® 3 in dioxane in the
presence of trifluoroacetic acid (Scheme 1).

It should be noted that the reaction under study gives
not only a bicyclic phosphonate 1 as the final product, but

also phosphorine 4, the ratio 1 : 4 =2 : 1 (see Scheme 1).
It is obvious that the reaction proceeds through the inter-
mediate formation of chlorophosphorine 5 (Scheme 2),
which has a chemical shift around & 10 in the 3'P NMR
spectrum of the reaction mixture and is easily transformed
into phosphorine 4 in the process of isolation. Compounds
of such a type have been described, and it was noted that
the corresponding to them chlorides readily undergo
hydrolysis upon the action of water.16

The condensation of phenol 3 and 2-ethoxyvinylphos-
phonic dichloride 2 in the ratio 2 : 1 leads to an insignifi-
cant (about 5%) increase in the yield of the cage-like com-
pound 1.

Compound 1 is a white crystalline substance, soluble
in DMSO and in the acetone—water mixture. The struc-
tures and composition of the products obtained were con-
firmed by the 'H and 3'P NMR and IR spectroscopic
data, elemental analysis, as well as by X-ray crystallo-
graphy. According to the X-ray diffraction data for the
crystal of compound 1 (Fig. 1), the bond distances in the
bicyclic system are within the standard values for these
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types of bonds. The phosphorus atom has a tetrahedral
configuration. The heterocycles, forming the bicyclic sys-
tem, are in the C-sofa conformation; the five-atomic frag-
ment P(2)O(1)C(16)C(11)C(10) is planar. The hetero-
cyclic fragments are turned with respect to each other by
71.33°. The earlier described carbon compound!? with sim-
ilar structure also has the rings in the sofa conforma-
tion. Due to the intermolecular hydrogen bonds of the
C—H...O-type involving the phosphoryl and methoxy
groups, the corrugated layers are formed, which, in turn,
form a bilayer structure directed along the Oa axis.

The crystalline compound 4 is readily soluble in etha-
nol and DMSO. The structure of product 4 was estab-
lished by X-ray diffraction analysis (Fig. 2). The hetero-
cycle has the conformation of distorted boat, the five-
atomic fragment O(1)C(8A)C(4A)C(4)C(3) is planar within
0.056(3) A, the phosphorus atom P(2) comes out of this

Fig. 2. Geometry of the molecule 4 in crystal.

plane by 0.3396(7) A. In the crystal 4, the phosphoryl
group forms a classic hydrogen bond of the O—H...O-type
with the hydroxy group of a neighboring molecule, due
to which an infinite chain of molecules is formed along
the Oag axis.

The condensation of 2-ethoxyvinylphosphonic dichlor-
ide 2 with 2-methylresorcin 6 in dioxane in the presence
of trifluoroacetic acid gives bicyclic phosphonate 7 as the
only product in 80% yield (Scheme 3).

Scheme 3
Me Me E’ Me
HO OH o 0
e v(ber,
6 7

i. CF;COOH, dioxane.

The structure and composition of the thus obtained
bicyclic phosphonate 7 were confirmed by the 'H and
3Ip NMR and IR spectroscopic data, elemental analysis
data, as well as by mass spectrometry.

Experimental

IH NMR spectra were recorded on a Bruker AVANCE-600
spectrometer (600 MHz) relative to the signals for the residual
protons of the deuterated solvent (DMSO-dg), 3'P NMR spec-
tra were recorded on a Bruker MSL-400 NMR Fourier-spec-
trometer (100.62 MHz) relative to the external standard, 85%
H;PO,, at 20 °C. IR spectra were recorded on a Vector 22 IR
Fourier-spectrometer (Bruker) in the range of frequencies
400—3800 cm~!. The samples were studied as emulsions in Nujol.
The mass spectrum was recorded on a MAT-212 mass spectrom-
eter (Finnigan) with the resolution 1000 (EI, 60 eV, ionization
current 0.3 mA), direct injection of the substance into the source
of ions. The precise determination of the ion masses was per-
formed at the resolution 10000 by the alignment method. Melt-
ing points were measured on a BOCIUS heating stage. Elemen-
tal analysis was performed on a EuroVector 3000 instrument.
X-ray diffraction studies were performed in the Department of
X-ray diffraction studies of the Community Center of the
Spectroanalytical Center on the basis of the Laboratory of Dif-
fraction Methods of Studies in the A. E. Arbuzov IOPhCh KazSC
RAS. The structure was solved by the direct method using the
SIR program!8 and refined first in the isotropic and then in the
anisotropic approximation using the SHELXL-97 program.!® The
hydrogen atoms of the hydroxy groups were found from the dif-
ferential series of electron density, hydrogen atoms at the carbon
atoms were placed to the calculated positions and refined using
the riding model. All the calculations were performed using the
WinGX program package.2? Analysis of intermolecular contacts,
including hydrogen bonds in crystals, were performed using the
PLATON program.?!
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5,13-Dimethoxy-4,14-dimethyl-2,16-dioxa-1-phosphatetra-
cyclo[7.7.1.03:8.010:15]heptadeca-3,5,7,10,12,14-hexaene
1-oxide (1) and 2-hydroxy-7-methoxy-8-methyl-2-oxabenzo[e]-
1,2-oxaphosphorine (4). 2- Ethoxyvinylphosphonic dichloride (2)
(1.2 g, 0.0064 mol) was added dropwise to a mixture of 3-meth-
oxy-2-methylphenol (3) (0.88 g, 0.0064 mol) and trifluoroacetic
acid (0.48 mL, 0.0064 mol) in dioxane (14 mL). The reaction
mixture was heated at 60 °C for 25 h, a precipitate that formed
was filtered off, washed with DI water, dried in vacuo until the
weight was constant to obtain compound 1 (1.2 g, 54.5%), m.p.
218 °C. Found (%): C, 62.42; H, 5.11; P, 8.52. C;3H;4O+P. Cal-
culated (%): C, 62.43; H, 5.49; P, 8.96. 'HNMR, &:2.01 (s, 6 H,
CH;); 2.59 (dd, 2 H, PCH,, JH q=4.1 Hz, JP u = 16.39 Hz);
3.74 (s, 6 H,OCH;); 4.71 (dt, | H, CH, 3JHH 376Hz JPH
=35.58 Hz); 6.70 (d, 2 H, meta-CH,, JH y = 8.54 Hz); 7.28
(d, 2 H, ortho-CH ,;om» JH u = 8.54 Hz). 3p NMR, &: 13.31.
IR, v/cm‘1 1271 (P=0), 1613(arom)

The filtrate was concentrated, the oily substance that ob-
tained was dissolved in DI water (10 mL), followed by addition
of acetone (5 mL). The white crystals that formed were filtered,
washed with acetone, and dried in vacuo until the weight was cons-
tant to obtain compound 4 (0.6 g, 27%), m.p. 190 °C. Found (%):
C, 56.98; H, 5.57; P, 14.16. C;yH,O5P. Calculated (%):
C,57.14; H,5.24; P, 14.76. '"H NMR, §: 2.09 (s, 3 H, CH3) 3.84
(s, 3 H, OCHj;); 6.11 (dd, I H, CH= JH H =12.37 Hz, JP H=
=19.99 Hz); 6.83 (d, 2 H, meta-CHamm, JH’H =8.57 Hz); 7.29
(d, 2 H, ortho-CH o, 3JH’H = 8.25 Hz); 7.31 (dd, 1 H, CH=,
3JH’H = 12.67 Hz, 2JP,H = 42.03 Hz). 3'P NMR, &: 6.15. IR,
v/em~!: 1212 (P=0), 1560 (C=C), 1603 (arom.), 2300 (POH).

5,13-Dihydroxy-4,14-dimethyl-2,16-dioxa-1-phosphatetra-
cyclo[7.7.1.03:3.010:15]heptadeca-3,5,7,10,12,14-hexaene
1-oxide (7). 2-Ethoxyvinylphosphonic dichloride (2) (2 g, 0.01 mol)
was added dropwise to a mixture of 2-methylresorcin (6) (1.24 g,
0.01 mol) and trifluoroacetic acid (0.74 mL, 0.01 mol) in di-
oxane (14 mL). The reaction mixture was heated at 60 °C for
25 h, a precipitate that formed was filtered off, washed with DI
water, dried in vacuo until the weight was constant. The yield
was 1.2 g (80%), m.p. 337—340 °C. Found (%): C, 60.19; H, 4.69;
P, 9.83. C,(H505P. Calculated (%): C, 60.38; H, 4.72; P, 9.75.
'H NMR, 8: 1.99 (s, 6 H, CH3); 2.57 (dd, 2 H, PCH,, 3JH’H =
=4.03 Hz, 2JP!H =16.14 Hz); 4.54 (dt, 1 H, CH, 3JH,H =4.03Hz,
3JP u=35.58 Hz); 6.51 (d, 2 H, meta-CH JH n=8.43 Hz);
7.04 (d, 2 H, ortho-CH, o, JH n = 8.43 Hz); 9. 53 (s,2 H, OH).
IR, v/cm~!: 1269 (P=0), 1613 (arom.), 3250—3550 (OH).
3IPNMR, 8: 13.70. MS, m/z (I, (%)): 318 [M]™.

X-ray diffraction studies. Crystals of compound 1 are color-
less triclinic prisms, C;gH;OsP, M = 346.30, a = 7.382(3) A,
b=17.4593) A, c = 14.986(5) A, 0. = 85.072(4)°, B = 89.060(4)°,
v=189.219(4)°, V= 821.9(5) A3, d . = 1.399 g cm =3, Z=2, the
space group P1. Intensities of 10944 reflections (1733 from
which with I > 20(/)) were measured at 20 °C on a Bruker
SMART APEX II CCD diffractometer. The final values of the
divergence factors: Ry, = 0.0662 and R,,,, = 0.1766 on 2726
independent reflections with / > 26(/), the number of refined
parameters 219, R;,, = 0.062. The complete tables of coordi-
nates, temperature parameters, bond distances, and bond an-
gles were deposited with the Cambrige Structural Database
(CCDC 832046).

Crystals of compound 4 are monoclinic, C;(H;;04,P, M =
=226.16, a = 4.755(3) A, b = 11.128(4) A, ¢ = 19.718(3) f\
B =90.570(12)°, ¥ =1043.3(8) A3, Z=4,d . = 1.44 gcm™

the space group P2;/c. Intensities of 13646 reflections (1345
from which with /> 2c(/)) were measured at 20 °C on a Bruker
SMART APEX II CCD diffractometer (w/26-scanning, 6 < 54°,
Mo-Ka irradiation, graphite monochromator, R;,; = 0.0696).
The final values of the divergence factors: Ry, = 0.050 and
Ryop = 0.137 (GOOF = 1.029) on 2270 independent reflections
with />20(/), the number of refined parameters 141, R;,, = 0.070.
The complete tables of coordinates, temperature parameters,
bond distances, and bond angles were deposited with the Cam-
brige Structural Database (CCDC 832047).
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