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A convenient synthesis of benzylic phosphonates and 2,3-dihydrobenzo|d][1,2]oxaphos-
phole 2-oxides substituted at the aromatic ring, as well as their precursors, 2-hydroxybenzylic
alcohols, from the derivatives of salicylic aldehyde, salicylic acid, and 2-hydroxyacetophenone
bearing an additional hydroxy or methoxy group at the para position of the aromatic ring was
developed. For the first time, the possibility of selective demethylation of the methoxy group
positioned ortho to the methylene phosphonate fragment with retention of the methoxy group

at the para position was shown.
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Organophosphorus compounds attract great attention
due to their wide application in industry,! biology and
medicine,2~% and organic synthesis.”»8 Among them
acyclic and cyclic phosphonates® should be noted for their
biological activity, in particular, their stability to hydrolytic
enzymes. Due to this, phosphonates can be employed as
the P—C-analogs of transition states at enzyme active sites
during peptide synthesis and peptide bond hydrolysis10-11
or secondary metabolites in microorganismsS. In the lite-
rature, special attention is paid to the development of the
synthetic methods towards phosphonates of different
structure. 12

In the present work, we report a synthetic approach to
functionally substituted phosphonates based on 2-hydr-
oxybenzylic alcohols. The most common method to
synthesize one of the closest analogs of the target com-
pounds is the Arbuzov-type reaction between triethyl
phosphite and 2-hydroxybenzylic alcohol (1) to give di-
ethyl 2-hydroxybenzylphosphonate (2). This method can
also be used to obtain cyclic 2-ethoxy-3H-benzo[d][1,2]-
oxaphosphole 2-oxide (3)13—15 (Scheme 1).

Nonetheless, this approach has not been used for the
synthesis of salicylic alcohol derivatives with additional
hydroxy or methoxy group at position 4 of the aromatic
ring, probably, due to poor availability of these compounds.
Hence, oxymethylation of resorcinol in the presence of
boric acid!® and reduction of aldehyde 4al” or acid 4b18:19
led only to the mixtures of oligo/polymerization products
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of the target 2,4-dihydroxybenzylic (B-resorcylic) alcohol
5a (Scheme 2). It is known that alkylation of the phenolic
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hydroxy groups weakens the tendency of the correspond-
ing derivatives to self-condensation; however, reduction
of monomethyl ether 4¢20 also resulted in the self-con-
densation products (see Scheme 2).

Reduction of methyl benzoate 62! allowed us to obtain
the target alcohol 7a22 (Scheme 3). Alcohols 7b—d were
synthesized by the Grignard reaction of acetophenones 8,
9a,b and methylmagnesium iodide. Attempted synthesis
of alcohol 7e by the direct reaction of 2,4-dihydroxyaceto-
phenone (10) with methylmagnesium iodide failed. In the
reaction mixture magnesium salt of phenol 10 immediately
precipitated, which did not react further, and the starting
acetophenone 10 was recovered after hydrolysis. The reac-
tion of ketone 9a23 with methylmagnesium iodide that was
performed according to the reported procedure24 after
hydrolysis with aqueous NH4Cl resulted mainly (>90%)

in a dehydration product, styrene 11, instead of the target
alcohol 7¢. Only hydrolysis of the reaction mixture with
aqueous NaHCO; afforded alcohol 7¢, which is highly
tend to dehydration at temperatures above 30 °C and,
therefore, is not suitable for phosphonate synthesis by this
Arbuzov-type reaction. To solve this problem, aceto-
phenone 9b%5 was obtained. Its Grignard reaction afforded
alcohol 7d that is not prone to dehydration.

Then compounds 7a—d were reacted with triethyl
phosphite under the Arbuzov reaction conditions. In the
absence of the phenolic hydroxy group ortho positioned
to the oxymethyl fragment, alcohols 7 do not react with
triethyl phosphite. The Arbuzov rearrangement catalyzed
by tetrabutylammonium iodide (BuyN1)26 afforded phos-
phonate 12 in 44% yield (Scheme 4). During the isolation
of phosphonate 12 by flash-chromatography, three more
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organic fractions that apparently contain different by-
products of the alcohol 7a condensation were obtained.

In order to obtain 2,4-dihydroxybenzylphosphonate
13, compound 12 was demethylated with excess of BBr;.
Further acidic hydrolysis of compound 13 gave phosphonic
acid 14. Demethylation of phosphonate 12 with equimo-
lar amount of BBrj carried out similarly to selective de-
methylation of methoxyphenyl substituent neighboring to
the carbonyl group?? resulted in diethyl (2-hydroxy-4-
methoxybenzyl)phosphonate (15) (see Scheme 4). The
structure of compound 15 was determined based on 13C—
{TH} NMR data. Figure 1 shows the fragments of 13C NMR
spectra of compounds 12, 13, and 15 with the C(2) and
C(4) atom resonances. The C(2) atom signals are easy to
identify due to their position in stronger field and larger
spin-spin coupling constant J (3/p¢c = 5—7 Hz), then that
of the C(4) atom signal.

The C(2) and C(4) atoms of dimethoxy- (12) and di-
hydroxybenzylphosphonates (13) are notably less non-
equivalent that these atoms of 2-hydroxy-4-methoxy-
phenyl derivative 15.

Unlike compound 7a, alcohols 7b,c bearing gem-di-
methyl fragment and ortho positioned to it hydroxy group
react with triethyl phosphite to give initially phosphonates
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16a,b that can be detected in the reaction mixture by 3!P
NMR spectroscopy. Compounds 16a,b under the reaction
conditions immediately underwent cyclization to benz-
oxaphospholes 17a,b (Scheme 5). Compounds 17b,c have
been previously synthesized in four steps from aceto-
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Fig. 1. Fragments of 13C NMR spectra (100 MHz, CDCl3) of compounds 12 (a), 13 (b), and 15 (c). Spin-spin coupling constants

(Jpc) are given in Hz.
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phenone and 4-methoxyacetophenone via the Pd-catalyzed
C—H activation.?8

In summary, the presented work suggests a convenient
synthesis of cyclic and acyclic phosphonates as well as the
starting substituted 2-hydroxybenzylic alcohols. For the
first time, selective ortho-demethylation of the methylene-
phosphonate moiety with retention of the para-methoxy
group was reported.

Experimental

IH, 31P, and 13C NMR spectra were recorded on a Bruker
Avance-400 spectrometer (working frequencies of 400 (!H),
101 (3C), and 162.0 MHz 3!(P)) in DMSO-d¢, D,0 or CDCl;.
Chemical shifts are reported on the & scale relative to the re-
sidual solvent signal (\H), the carbon atom of the solvent (13C),
and 85% H;PO, as an external standard (3'P) and referred to
Me,Si. IR spectra were recorded on a Bruker Tensor-27 instru-
ment in Nujol or in KBr pellets. ESI-MS spectra were recorded
on a Bruker Daltonics Amazon X mass spectrometer operating
in a positive ion mode in the range of m/z 200—1000. Capillary
voltage was 4500 V. The data were processed using Data Analysis
4.0 software (Bruker Daltonics). Elemental analysis on carbon
(C), hydrogen (H), nitrogen (N), and sulfur (S) was performed
on an EuroEA3028-HT-OM CHNS-O analyzer (Eurovector
SpA). Phosphorus content was determined by pyrolysis in the
stream of oxygen. All the solvents were purified before use by the
standard procedures, acetone was used as received. Compounds
4c¢,20 6,21 7a,22 7h,29 and 9b25 were synthesized according to the
previously reported procedures.

1-(2,4-Dimethoxyphenyl)ethan-1-one (9a) was synthesized
similarly to compound 62! from 2,4-dihydroxyacetophenone
(5.0 g, 33 mmol), dimethyl sulfate (6.9 mL, 9.2 g, 73 mmol), and
K,COj5 (13.8 g, 100 mmol). White crystals, yield 4.9 g (83%),
b.p. 103 °C (0.1 Torr) (¢f. Ref. 28: 121—122°C (0.5 Torr)), m.p.
38—40 °C. IR, v/cm~L: 3000, 2977, 2943, 2841, 1662 (C=0),
1600, 1467, 1359, 1270, 1164, 1027, 836.

2-(2,4-Dimethoxyphenyl)propan-2-ol (7c). To a solution of
methylmagnesium iodide in diethyl ether (prepared from Mg
(0.36 g, 15 mmol) and iodomethane (0.94 mL, 2.13 g, 15 mmol)
in diethyl ether (5 mL)), a solution of 2,4-dimethoxyacetophen-
one (1.8 g, 10 mmol) in diethyl ether (5 mL) was added dropwise
maintaining the reaction temperature at <20 °C. The resulting
mixture was stirred at room temperature for 1 h and hydrolyzed
with saturated aqueous NaHCOj; at cooling with water bath
(20 °C). The mixture was extracted with diethyl ether, the com-
bined organic layers were dried over Na,SOy,, and solvent was
removed in vacuo at bath temperature of 20 °C to give 1.6 g (82%)
of product 7c as a colorless liquid. IR, v/cm~!: 3543, 3444, 3085,
2967, 2938, 2837, 1614, 1584, 1504, 1462, 1367, 1256, 1208,
1158, 1090, 1040. '"H NMR (CDCls), 8: 1.58 (s, 6 H, CH3); 3.80
(s, 3 H, OCHj;); 3.89 (s, 3 H, OCHj3); 6.45 (dd, 1 H, Ar,
J=28.6 Hz, J = 2.4 Hz); 6.51 (d, 1 H, Ar, J = 2.5 Hz); 7.21
(d, 1 H, Ar, J = 8.5 Hz).

2-(2-Hydroxypropan-2-yl)-5-methoxyphenol (7d) was syn-
thesized as described earlier for alcohol 7b2? from Mg (0.36 g,
15 mmol), iodomethane (0.94 mL, 15 mmol), and 1-(2-hydroxy-
4-methoxyphenyl)ethan-1-one (0.9 g, 5.4 mmol) in diethyl ether
(10 mL). Yellowish oil, yield 0.96 g (97%). "H NMR (CDCl;),

8: 1.67 (s, 6 H, CHj3); 3.79 (s, 3 H, OCHj3); 6.41 (dd, 1 H, Ar,
J=8.6 Hz, J=2.6 Hz); 6.47 (d, 1 H, Ar, /= 2.6 Hz); 6.99 (d,
1 H, Ar, /= 8.6 Hz); 9.01 (s, 1 H, OH).
2,4-Dimethoxy-1-(prop-1-en-2-yl)benzene (11) was synthe-
sized as described earlier for 2-(2,4-dimethoxyphenyl)propan-
2-o0l (7¢).24 Yellowish oil, yield 3.66 g (70%). The main charac-
teristics coincide with those described previously.30 IR, v/em=!:
3556, 3079, 3000, 2967, 2836, 2572, 2505, 2363, 2067, 1946,
1893, 1789, 1609 (C=C), 1577, 1504, 1464, 1439, 1414, 1370,
1314, 1298, 1274, 1258, 1209, 1161, 1103, 1037, 975, 940, 894,
834, 803, 749, 734, 684, 635, 604, 589, 563, 504, 455. 'H NMR
(CDCly), 6:2.10(d, 3H, CH;3,/=1.0 Hz); 3.81 (s, 3 H, OCHj3);
3.82 (s, 3H, OCH3); 5.05(dd, 1 H, CH of Eisomer, /=2.3 Hz,
J=1.0Hz); 5.10 (dq, 1H, CH of Zisomer, /=2.9 Hz, /= 1.5 Hz);
6.44 (d, 1 H, Ar, J=2.4 Hz); 7.12 (d, 1 H, Ar, J = 8.0 Hz).
Diethyl (2,4-dimethoxybenzyl)phosphonate (12) was synthe-
sized as described earlier.28 A mixture of (2,4-dimethoxyphenyl)
methanol (7a) (2.1 g, 12.5 mmol), Buy,N*I~ (0.138 mg, 3 mol.%),
and (EtO);P (3.1 mL, 18.7 mmol) was heated at bath temperature
of 135 °C for 24 h. The volatiles were removed in vacuo, phos-
phonate 12 was isolated by flash-chromatography (gradient
elution with petroleum ether—ethyl acetate, 5 : 1—0 : 1, then
CH,Cl, to remove BuyNI, and EtOH to elute compound 12).
Yellowish viscous oil, yield 1.59 g (44%). Found (%): C, 54.20;
H, 7.39; P, 10.68. C;3H,,05P. Calculated (%): C, 54.16; H, 7.34;
P, 10.74. IR, v/em~1: 3457, 2981, 2937, 2909, 2838, 1613, 1588,
1509, 1466, 1421, 1393, 1326, 1293, 1264 (P=0), 1210, 1187,
1156, 1099, 1032 (POC), 964, 835, 635, 584, 524, 501. 'TH NMR
(CDCly), 8: 1.22 (t, 6 H, CH3 J = 7.1 Hz); 3.15 (d, 2 H, CH,,
J =21.1 Hz); 3.77 (s, 3 H, OCH3); 3.79 (s, 3 H, OCH3); 3.99
(m, 4 H, OCH,); 6.43 (d, 1 H, Ar, J = 3.0 Hz); 6.45 (dd, 1 H,
Ar, J = 2.5 Hz, J = 0.7 Hz); 7.20 (dd, 1 H, Ar, J = 9.2 Hz,
J=2.8 Hz). BC—{'H} NMR (CDCls), §: 15.4 (d, J = 6.2 Hz);
24.8 (d, J=139.7 Hz); 54.4, 54.6, 60.8 (d, /= 6.7 Hz); 97.5 (d,
J=29Hz); 103.7 (d,J=3.2 Hz); 111.3 (d, /= 9.3 Hz); 130.5
(d, J=5.5 Hz); 157.2 (d, J = 6.7 Hz); 159.0 (d, J = 3.5 Hz).
3Ip—{IH} NMR (CDCls), 8p: 27.4 (s). MS (ESI), m/z: 289
[M + H]".
Diethyl (2,4-dihydroxybenzyl)phosphonate (13). To a mixture
of compound 12 (0.36 g, 1.25 mmol) in dichloromethane (6 mL)
cooled to —78 °C, 1 M solution of BBr3 (12.5 mL, 10 equiv.) in
dichloromethane was added dropwise. The reaction mixture was
stirred at —78 °C for 10 min and the cooling was removed. After
temperature reached ambient, the mixture was stirred for 12 h.
The mixture was treated with methanol (3x5 mL) and the vola-
tiles were removed in vacuo using a rotary evaporator. Water
(5 mL) was added to the residue and the organic phase was ex-
tracted with dichloromethane. Removal of the solvent in vacuo
afforded pure phosphonate 13 as brownish oil, yield 0.16 g (49%).
Found (%): C, 50.82; H, 6.57; P, 11.78. C;H;05P. Calculat-
ed (%): C, 50.77; H, 6.59; P, 11.90. 'TH NMR (CDCl;), &: 1.19
(t, 6 H, CH3, J = 7.1 Hz); 3.10 (d, 2 H, CH,, J = 20.3 Hz);
4.02—3.96 (m, 4 H, OCH,); 6.35 (dd, 1 H, Ar, J = 8.3 Hz,
J=12.4Hz); 6.51 (d, 1 H, Ar, /= 2.4 Hz); 6.88 (dd, 1 H, Ar,
J=8.3Hz, J=2.5Hz); 7.83 (s, 2 H, OH). 3C—{'H} NMR
(CDCly), 8¢: 16.3 (d, J= 6.0 Hz); 27.8 (d, J = 139.3 Hz); 63.0
(d, J=7.0 Hz); 105.1 (d, J = 3.2 Hz); 108.4 (d, J/ = 2.6 Hz);
109.0 (d, /=9.2 Hz); 131.8 (d, /= 6.9 Hz); 156.0 (d, /= 5.6 Hz);
157.4 (d, J = 3.3 Hz). 3'P—{!H} NMR (CDCl;), 8p: 30.2 (5).
(2,4-Dihydroxybenzyl)phosphonic acid (14) was synthesized
as described above for phosphonate 13 with some changes. The
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reaction mixture was treated with methanol and the volatiles were
removed in vacuo. The residue was treated with 10 M HC1 (1 mL)
in water (5 mL) and stirred at 23 °C for 14 h. Water was removed
in vacuo, to give compound 14 as brown viscous oil, yield 0.43 g
(77%). Found (%): C, 41.10; H, 4.31; P, 15.09. C;HqO<P.
Calculated (%): C, 41.19; H, 4.44; P, 15.17. IR, v/cm~!: 3274,
1619, 1520, 1460, 1400, 1310, 1211 (P=0), 1166, 1138, 1090,
933,975,937, 842, 811, 764, 742, 702, 669, 627, 543, 485, 459.
'H NMR (D,0), &: 3.12(d, 1 H, CH,, J = 20.5 Hz); 6.49—6.39
(m, 2 H, Ar); 7.12—7.07 (m, 1 H, Ar). BC—{!H} NMR (D,0),
8¢ 27.4 (d, J=134.1 Hz); 103.0 (d, J = 2.4 Hz); 107.6 (br.s);
111.1 (d, J=9.7 Hz); 132.1 (d, /= 5.7 Hz); 154.8 (d, J = 3.4);
155.41 (s). 3'P—{'H} NMR (D,0), 8p: 26.8 (s). MS (ESI), m/z:
205 [M + H]t.

Diethyl (2-hydroxy-4-methoxybenzyl)phosphonate (15) was
synthesized using the published procedure2’ with minor chang-
es. Amount of BBr; was reduced to 1.05 equiv. Compound 15
was obtained as reddish highly viscous oil, yield 0.57 g (42%),
m.p. 80—83 °C. Found (%): C, 52.68; H, 7.03; P, 11.18.
C,H9OsP. Calculated (%): C, 52.55; H, 6.98; P, 11.29 IR,
v/em~!: 3216 (OH), 2960, 2926, 2873, 2854, 2740, 2366, 2306,
1619, 1599, 1521, 1509, 1465, 1445, 1396, 1369, 1320, 1290,
1230 (P=0), 1203, 1164, 1096, 1035, 984, 961, 841, 810, 734,
701, 634, 577, 513, 489, 467, 413. 'H NMR (CDCl,), &: 1.21
(t, 6 H, CH;, /=7.1 Hz); 3.08 (d, 2 H, CH,P, J = 20.6 Hz);
3.71 (s, 3H, OCH3); 4.04—3.87 (m, 4 H, OCH,); 6.43 (dd, H(5),
1 H,J=28.4 Hz, J=2.5 Hz); 6.51 (d, H(3), 1 H, /= 2.5 Hz);
6.97 (dd, H(6), 1 H, J= 8.3 Hz, J= 2.2 Hz); 8.47 (s, 1 H, OH).
BC—{IH} NMR (CDCl,), §¢: 16.2 (d, CHs, J = 6.1 Hz), 28.3
(d, CH,P, J = 139.9 Hz); 55.24 (s, OCH3); 62.6 (d, OCH,,
J = 6.7 Hz); 103.4 (s, C(4)); 107.0 (s, C(6)); 110.4 (d, C(2),
J = 9.4 Hz); 132.0 (d, C(7), J = 6.6 Hz); 155.7 (d, C(3),
J=14.6 Hz); 160.1 (s, C(5)). 3'P—{'H} NMR (CDCls), 8p: 30.8
(s). MS (ESI), m/z: 245 [M — C,Hs]*.

2-Ethoxy-3,3-dimethyl-3H-benzo[d][1,2]oxaphosphole
2-oxide 3 (17a). A mixture of compound 7b (4.17 g, 27 mmol,
1 equiv.), triethyl phosphite (4.78 mL, 4.63 g, 27 mmol) and
o-xylene (50 mL) was refluxed for 48 h. The solvent was distilled
off at normal pressure and the residue was distilled under vacuum
to give product 17a as slightly yellow oil. Yield 4.72 g (76%), b.p.
85—90 °C (0.1 Torr). Physicochemical properties of product 17a
coincide with those described previously.28 IR, v/cm~!: 3064,
1609, 1588, 1475, 1455, 1268, 1242 (P=0), 1200, 1035, 859.
'"H NMR (CDCly), 8: 1.35 (t, 3 H, CH,CH3, J = 7.1 Hz); 1.49
(d, 3H, C(3)Hs,J=2.5Hz); 1.53 (d, 3H, C(3")H;, J=2.3 Hz);
4.35—4.25 (m, 2 H, OCH,); 6.99 (br.d, 1 H, H(7), J= 8.0 Hz);
7.07 (br.t, 1 H, H(5), /= 7.5 Hz); 7.16 (td, | H, H(4), /= 7.6 Hz,
J=1.4Hz);7.21(td, 1 H, H(6),/=7.8 Hz, J= 1.6 Hz). 31P—{!H}
NMR (CDCls), 8p: 51.0 (s). MS (ESI), m/z: 227 [M + H]™.

2-Ethoxy-6-methoxy-3,3-dimethyl-3 H-benzo[d][1,2]oxa-
phosphole 2-oxide (17b). A mixture of alcohol 7d (0.93 g, 5.1 mol),
triethyl phosphite (0.88 mL, 0.85 g, 5.1 mmol), and o-xylene
(30 mL) was refluxed for 48 h. The solvent was distilled off at
normal pressure and the residue was dried in vacuo (0.05 Torr)
at 120 °C. Yield 0.91 g (70%), yellowish oil. Physicochemical
properties of product 17b coincide with those described previ-
ously.26 '"H NMR (CDCly), 8: 1.39 (t, 3 H, CH,CH;, J=7.1 Hz);
1.49 (d, 3 H, C(3)H;, / = 2.4 Hz); 1.54 (d, 3 H, C(3")H3,
J=12.2Hz);3.81 (s, 3 H, OCH; J = 1.8); 4.39—4.27 (m, 2 H,
OCH,); 6.61 (dd, 1 H, H(7), J = 2.5, J = 0.8 Hz); 6.66 (ddd,
1 H, H(5), /J=8.4 Hz, J= 2.5 Hz, J= 0.9 Hz); 7.08 (dd, 1 H,

H(4), J = 8.4 Hz, J = 1.5 Hz). 3'P—{!H} NMR (CDCl,),
dp: 51.3 ().
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