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Oxidative Cleavage of o-Hydroxyphenyl Phosphate by lodobenzene Diacetate
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The protecting o-hydroxyphenyl group in the synthesis of mono- or dialkyl phosphates {6 or 8) could be
removed by oxidative cleavage of mono- or dialkyl o-hydroxyphenyl phosphates (3 or 7) using todobenzene

diacetate.

Organic phosphoric acid esters play an important role
in the biological processes and lubricant applications. The
monoalkylphosphoric acid esters have been obtained as
pure barium salt from alcohols in the presence of a suitable
base and a suitable solvent by using catechol as the protect-
ing group.! The phosphorylation of alcohols with o-
phenylene phosphorochloridate (1), which was readily ob-
tained from the reaction of catechol with phosphorus pen-
tachloride followed by the addition of acetic anhydride, was
proceeded to give monoalkyl o-phenylene phosphate 2. The
o-phenylene phosphate 2 was easily hydrolyzed (o o-hy-
droxyphenyl phosphate 3a during the alkaline work-up
process. The removal of the g-hydroxyphenyl protector in
3a yielded the corresponding monoalkyl phosphate 4 by hy-
drogenolysis or by treatment with bromine in neutral aque-
ous solution, periodic acid in aqueous solution, or lead
tetraacetate in dioxan solution followed by alkaline hy-
drolysis.> We now wish to report that the monoalkyl o-hy-
droxyphenyl hydrogen phosphate 3 could rapidly be con-
verted into the corresponding monoester 4 in good yield
when 3 was treated with iodobenzene diacetate at room tem-

perature.
C 9 row Q0
K 4
o e o TOR
1 2

-

~

OH 1) PClg
2) AcsD
OH
ol
HA0, base Fi‘—OFi Oxidation ﬁ o
= b —— RO—F{
o
QOH

3a 4

Usually, the relative hydrolysis rate of aryl phosphate
was larger than that of alkyl phosphate.** An initial attempt
was made to hydrolyze the o-hydroxyphenyl phosphate 3
under acidic or basic conditions.®® Unfortunately, the hy-
drolyzed results showed that the cleavage between the P and
O-alkyl bond to give 5 was much faster than that of the P and
O-hydroxyphenyl bond to yield 6.
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This observation coupled with the known unstability
of catechol® under the presence of oxidant prompted us to in-
vestigate the oxidative cleavage of the P and O-hy-
droxyphenyl bond. We have tried to use bromine as oxidant
and work in acidic conditions to give the acid form of
monoalkyl phosphate 6, but the yield was not as good as be-
fore.

Hypervalent iodine agent, iodobenzene diacetate, was
employed to oxidize alcohols,” enolizable ketone,’® phe-
nols,”" or as a phenolic oxidative coupling agent,' iodonat-
ing agent.”>" Recently, some intramolecular cyclizations
were effected via hypervalent iodine oxidation.'*"* Thus,
the reaction between 3 and iodobenzene diacetate using
H:0-CH;CN as sobvent successfolly produced the desired
monoalky] phosphoric acid product 6 in good yield. This
reaction should take place in the presence of water. A large
amount of water caused a two phase reaction and gave the
hydrolyzed product o-hydroxypheny! phosphoric acid 5 in-
stead of 6. Acetonitrile was added as cosoivem. The opti-
mum ratio of H20 and CH;CN was equal to 2:1. In order to
shift the reaction toward the right, 6 equivalents of Na;CO»
were added. The physical and spectroscopic data of
monoalkyl phosphoric acid 6 are summarized in Tabie
1.

Since the o-phenylene phosphate 2 has been proved to
undergo ring-opening hydrolysis to o-hydroxyphenyl phos-
phate ata far greater rate,'”'® dialkyl o-hydroxyphenyl phos-
phate 7 was obtained when the phosphorylation was pro-
ceeded in 2 equivalent excesses of alcohol. Similarly, the al-
coholysis product 7 was subjected to oxidative cleavage
with iodobenzene diacetate to give dialkyl phosphoric acid
8. The physical and spectroscopic data of dialkyl phospho-
ric acid 8 are summarized in Table 2.
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In this study, we described a convenient method forthe 8 including oxidative cleavage of P and O-hydroxyphenyl
preparation of monoalkyl and dialkyl phosphoric acid 5 and ~ bond using todobenzene diacctate,

Table 1. Selected Physical and Spectroscopic Data of Monoalkyl Phosphoric Acid 6

Yield  Molecular 'H NMR BC NMR S'p NMR
Product % formula® (CDCl3) 8, ppm (CDCls) &, ppm (CDCl) 6, ppm
6a 75 C4H1104P 092 (3H,, J=T72Hz), 1.38 2H, qt, J = 7.2, 6.5 Hz), 13.6, 18.7,32.3, 67.0 -4.6

1.63 (2H, quintet, J = 6.5 Hz), 3.38 (br s, OH), 3.98
(2H, q, J= 6.5 H)
6b 79 CaH1104P 094 3H, ¢, J=74Hz), 1.33(3H,d, J=6.3Hz), 1.64 9.3,20.8,302,779 -4.6
(2H, qd, J="7.4, 6.3 Hz), 4.40 (1H, septet, J = 6.3 Hz),
6.87 (br s, OH)

6c 77 CaH11OsP 0.95(6H. d, 7= 6.6 Hz), 1.97 (1H, nonatet, J = 6.6 Hz), 18.6, 29.0, 73.5 -4.3
3.80(2H, t, J= 6.6 Hz), 6.56 (br s, OH)
6d 83 CeH1504P U.89 (3H.t, /=65 Hz), 1.31 (6H, m}, 1.68 (2H, quin- 14.0,22.5,25.1,30.2, -4.3
tet, J = 6.5 Hz), 4.02 (2H, g4, J= 6.5 Hz), 4.88 (br s, OH) 31.3,67.7
6e 21 CsH1504P 089 (3H,1, J=64Hz), 1.32(3H.d, J=54Hz),1.50 13.9,21.3,224, 271, -4.6
(6H, m), 4.44 (1H, septet, J = 5.4 Hz), 9.32 (br s, OH) 37.0,77.0
6f g1 CsH504P 0.92 (6H, m), 1.35 (4H, m), 1.81 (1H, m), 3.86 (2H, m) 14.2,16.3, 19.8, 33.5, -4.5
34.9,72.7
6g 72 CgH1504P 0.88 (3H, d, J=6.3 Hz), 0.90(3H, d, J=6.3 Hz), 1.28 21.7,22.2,22.8,24.3, 5.7
(1H, m), 1.30 (3H, d, 7= 6.1 Hz), 1.70 {2H. m), 4.47 46.7, 74.7
(1H, septet, S = 6.1 Hz), 7.43 (br s, OH)
6h 70 CeHi504P 0.92 (9H, s), 1.62 (2H, m), 4.07 (2H, m), 6.15 (br s, 29.5,43.1.43.2, 654 5.0
OH)
6i 82 C1oH2304P 088 (3H,t, J= 6.6 Hz), 1.25 (14H, m), 1.62 (2H, m), 14.1,22.7.253,29.2, 43
396 (2H, q. J= 6.5 Hz}, 6.50 (br 5, OH) 20.3,29.6, 29.7, 30.1,
31.9, 68.3
6j 78 CgH304P 147 (2H, m), 1.70 (2H, m}, 2.07 (ZH, m), 4.04 (2H, q, 24.5,294, 331, 67.9, 4.6

J=063Hz).5.00(2H, m), 5.78 (1H, ddt, J=17.0, 10.2, 114.9, 138.2
6.6 Hz), 9.77 (br s, OH)

" All compounds were analyzed by high resolution mass spectral measurement for the quasimolecular jion [M+H]*.
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Table 2. Selected Physical and Spectroscopic Data of Dialkyl Phosphoric Acid 8
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Yield  Molecular 'H NMR BC NMR 3'p NMR

Product % formula® {CDCl3) 6, ppm (CDCly) &, ppm (CDCls) &, ppm

8a 72 CgH1504P 0.94 (6H, t, J=7.3 Hz), 1.42 (4H, sextet, J= 7.3 Hz), 13.5,18.6,32.0,67.9 52
1.69 (4H, tt, J=7.3, 6.6 Hz), 4.07 (4H, q, J = 6.6 Hz},
8.38 (br s, OH)

8h 75 CsH1904P 094 (6H,t,J=7.5Hz),1.32(6H, d, J=6.2Hz). 1.75 9.4,20.8,302,77.1 57
(4H, m), 4.39 (2H, septet, J = 6.3 Hz), 10.76 (br s, OH)

8c 72 CgHi904P 0.95(12H,d,J=6.7Hz), 1.97 (2H, m), 3.80 (4H, ¢, J = 18.6,29.0, 73.6 -4.5
6.4 Hz), 7.57 (br s, OH)

8d 79 Ci2H2704P  0.89 (6H, t, J=6.7 Hz), 1.32 (12H, m), 1.65 (4H, m), 13.9,22.5,25.0,30.0, -4.4
4.03 (4H, q, F = 6.7 Hz), 7.00 (br s, OH) 31.3, 680

Be 74 Ci2H2704P 090 (6H, t, J=7.2 Hz), 1.33 (6H, d, /= 6.3 Hz), 1.50 139,214,224,27.1, -6.1
(12H, m), 4.43 (2H, septet, J= 6.3 Hz), 6.47 (brs, OH) 37.1,76.5

8fF 75 Ci2H2704P  090(6H,t, J=7.1 Hz), 0.94 (6H. d, J=6.7 Hz), 1.30 142, 16.3, 19.8, 33.5. -4.6
(8H, m), 1.80 (2H, m), 3.85 (4H, m), 8.55 (br 5, OH) 34.9, 72.4

8g 72 Ci2Hz2704P  0.90(6H, d, /= 5.9 Hz), 0.93 (6H, d, J= 6.0 Hz), 1.20 22.1,22.2,229,24.3, -5.8
(2H, m), 1.33 (6H. d, f = 6.2 Hz), 1.70 {(4H, m), 4.50 46.7, 747
(2H, septet, J = 6.2 Hz), 6.53 (br 5, OH)

sh 75 Ci2Ha704F 093 (18H, 5), 1.63 (4H, t, J=T7.4 Hz), 4.09 (4H, q. J = 29.6,43.3,43.4, 655 -4.7
7.4 Hz), 6.95 (br s, OH)

8i 78 CooH4aO4P 08B (6H.t, J= 6.4 Hz), 1.26 (24H, m), 1.66 (4H, m), 14.1,22.7, 25.5,29.1, -6.1
4.02 (4H, q, = 6.5 Hz), 6.20 (br s, OH) 293, 29.5, 29.6, 30.3,

31.9,67.7

8j 81 CizH304P 144 (4H, m), 1.70 (4H, m), 2.08 (4H, m), 4.02(4H, q, 24.7,20.5 33.1, 674, -4.9

J=6.6Hz), 5.00 (4H, m), 5.79 (2H, ddt, F=17.0, 10.2, 114.8, 138.2

6.6 Hz), 9.83 (br s, OH)

* All compounds were analyzed by high resolution mass spectral measurement for the quasimolecular ion [M+H]".

EXPERIMENTAL SECTION

General

IR spectra were recorded on a Nicolet Magna FT-IR
spectrometer as thin films, 'H and °C NMR spectra were
recorded on Bruker AC-200 FI-NMR spectrometers; all
chemical shifts are reported in ppm from tetramethylsilane
as an intemnal standard. *'P NMR spectra were recorded on
Bruker AMX-400 FT-NMR spectrometers; all chemical
shifts are reported in ppm from phosphoric acid as an exter-
nal standard. MS and HRMS spectra were recordedona VG
7{0-2508 spectrometer.

The general procedure for the preparation of monoal-
kyl o-hydroxyphenyl phosphate 3

o-Phenytene phosphorochloridate (1) was prepared
according to standard procedures.’ Alcohol (5 mmol) was
added slowly to a solution of 1 (0.95 g, 5 mmol) in anhy-
drous diethy! ether (20 mL}. The reaction mixture was
stirred at room temperature for 1 h and poured into a solu-
tion of pyridine (1.19 g, 15 mmol) in diethyl ether (20 mL).
This solution was extracted with water (30 mL x 3). The
aqueous layer was washed with EtQAc (10 mL x 2) and

actdified with 4 N HC] and extracted with diethyl ether (30
mL x 3). The combined organic layer was dried over anhy-
drous magnesium sulfate and concentrated under reduced
pressure to give pure monoalkyl o-hydroxyphenyl phos-
phate 3.

The general procedure for the preparation of dialkyl e-
hydrexyphenyl phosphate 7

Alcohol (10 mmol) was added slowly to a solution of
o-phenylene phosphorochloridate (1, 0.95 g, 5 mmol} in an-
hydrous diethyl ether (20 mL}. The reaction mixture was
stirred at room temperature for 1 h. This solution was ex-
tracted with water (10 mL x 3). The combined organic layer
was dried over anhydrous magnesium sulfate and concen-
trated under reduced pressure to give pure dialkyl o-hy-
droxyphenyl phosphate 7.

The general procedure for the oxidative cleavage of
mono- or dialkyl o-hydroxyphenyl phosphate 3 or 7 to
mono- or dialkyl phosphate 6 or 8

Mono- or dialkyl o-hydroxyphenyl phosphate 3 or 7 (1
mmol) together with iodobenzene diacetate (0.39 g, 1.2
mmol)} were added 1o a mixed solvent of acetonitrile—H:0
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(2:1, total 3 mL). The reaction mixture was stirred at room
temperature for 1 h, then, Na,COs (0.64 g, 6 mmol) was
added and stirred for another 1 h. The resulting solution
was poured into H O (15 mL). The aqueous layer ‘was
washed with EtOAc (10 ml. x 2) and acidified with 4 N HCI
and extracted with EtOAc¢ (20 mL x 3). The combined or-
ganic layer was decolored with charcoal, dried over anhy-
drous magnesium sulfate, and concentrated under reduced
pressure to give pure o-hydroxyphenyl phosphate 6 or 8.
The physical and spectroscopic data are shown in Tables 1
and 2.
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