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Reaction of 2-(2-Hydroxy-5-methoxyphenyl)benzothiazole in
PPA.—A mixture of 0.4 g (1.55 mmol) of 2-(2-hydroxy-5-
methoxyphenyl )benzothiazole and 60 g of PPA was heated at
170° for 15 hr. Work-up as above in A gave 2-(2,5-dihydroxy-
phenylbenzothiazole, 0.12 g (30%), mp 193-196°, An infrared
spectrum of the product was identical with that of 2-(2,5-dihy-
droxyphenyl)benzothiazole prepared from 5-hydroxysalicylic
acid and o-aminothiophenol in PPA.

Registry No.—4 (X = 0), 835-64-3; 9, 24978-46-9;
2-(2,5-dihydroxyphenyl)benzothiazole, 24978-47-0.
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Unlike carboxylic acids, phosphonie acids cannot be
esterified by direct reaction with aleohols. Esterifica-
tion is usually accomplished by converting the phos-
phonic acid to the corresponding acid chloride which
will react with an alcohol in the presence of base to yield
the phosphonate ester.?

In the course of a recent study it became of interest to
synthesize a series of esters from methylenediphos-
phonic acid (MDP). Siddall and Prohaska® have pre-
pared tetra(3-methyl-2-butyl) methylenediphosphonate
in 509, yield from methylenediphosphonic tetrachloride
and the alcohol in the presence of pyridine. Methyl-
enediphosphonic tetrachloride is also obtained in 509,
yield* so that the overall conversion from MDP to its
tetraalkyl ester proceeds in low yield and involves two
rather difficult steps.®*

This note describes a one-step method of esterifica~
tion of MDP which results in 70-909, yields of the
tetraalkyl esters. The method is not limited to MDP
but has been shown to be applicable to esterifications of
vie-tri- and tetraphosphonic acids as well as 1-hydroxy-
1,1-diphosphonic acids.

Three literature reports led us to attempt the esterifi-
cation of polyphosphonic acids with esters of orthofor-
mic acid. Trialkyl orthoformates are known? to effect
the esterification of carboxylic acids in up to 959, yield.
Fitch® has prepared alkyl hypophosphites from hypo-
phosphorous acid and trialkyl orthoformates. Finally
a 1960 patent” describes the esterification of benzene-
phosphonic acid with triethyl orthoformate.

MDP was found to react at elevated temperatures
with trialkyl orthoformates to yield tetraalkyl methyl-
enediphosphonates, along with the corresponding
alcohol and alkyl formate (eq 1). It was necessary to

. A
HzOgPCHgPOaHz -+ 4(RO)3CH —_—
R,0;PCH,PO;R; + 4ROH + 4HC(O)OR (1)
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continuously remove the lower boiling aleohols and
formates (reduced pressure is required when R =
CuiHar) so that higher reaction temperatures could be
obtained. Tetramethyl, tetraethyl, tetraallyl, and
tetrakis(octadecyl) methylenediphosphonates were sue-
cessfully prepared via this procedure. Their #P nmr
chemical shifts are given in Table 1.

To broaden the scope of this esterification method,
the recently reported?® vicinal tri- and tetraphosphonic
acids were allowed to react with triethyl orthoformate.
Esterification proceeded as deseribed above and hexa-
ethyl propane-1,2,3-triphosphonate and octaethyl bu-
tane-1,2,3,4-tetraphosphonate were isolated by distilla~
tion. In this case the polyphosphonic acid halides are
unknown so that an alternative method of esterification
is not available. Phosphorus nmr chemical shifts are
given in Table I.

Another class of polyphosphonic acids for which the
acid halides are unknown is the alkyl-1-hydroxy-1,1-
diphosphonic acids. An attempt was made® to esterify
ethane-1-hydroxy-1,1-diphosphonic acid with diazo-
methane. The tetramethyl ester was perhaps pre-
pared initially but completely rearranged to the phos-
phate-phosphonate. %2 Under the conditions used,® the
tetramethyl ester of ethane-1-methoxy-1,1-diphos-
phonic acid always accompanied the phosphate-phos-
phonate in the final product.

Reaction of ethane-1-hydroxy-1,1-diphosphonic acid
with trimethyl orthoformate was found to produce the
corresponding tetramethyl ester which was isolated in
about 709, yield by crystallization. This ester proved
to be identical with authentic tetramethyl ethane-1-
hydroxy-1,1-diphosphonate prepared by a combination
of the methods of Fitch and Moedritzere and Pudovik,
et al,10b

It is known!! that ethane-1-hydroxy-1,1-diphos-
phonic acid ean dimerize to a very stable cyclic conden-~
sate containing C-0-C and P-O-P linkages (com-
pound I). This condensate was easily converted to the
hexamethyl ester by reaction with trimethyl ortho-
formate. Asreported elsewhere,!! the ester was utilized
in establishing the structure of I.

HC O

H,0,P—C—P—0H
O/ \O

/

HC O
I

An attempt to esterify ethane-l1-hydroxy-1,1,2-tri-
phosphonic acid with trimethyl orthoformate resulted
in partial esterification with concomitant rearrange-
ment to the phosphate-diphosphonate as shown by P
nmr. To further characterize the course of the re-

(7) J, Preston and H, G. Clark, U. 8. Patent 2,928,859 (1960).

(8) W. A. Cilley, D. A. Nicholson, and D. Campbell, J. Amer. Chem. Soc.,
92, 1685 (1970).

(98) D.F. Kuemmel, private communication,

(10) (a) 8. J. Fiteh and K, Moedritzer, J. Amer. Chem. Soc., 84, 1876
(1962); (b) A. N. Pudovik, I. V. Konovalova, and L, V. Dedova, Dokl.
Akad. Nauk SSSR, 158, 616 (1963); Chem. Abstr., 60, 8060a (1964).

(11) J. B. Prentice and O. T. Quimby, manuscript submitted for publica-
tion on the preparation of condensates of ethane-1-hydroxy-1,1-diphosphonic
acid,
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TaBLE I
Bp/mm, 5 (3P Caled, % - Found, % ~ %
Compd Registry no. (mp) nmr)? H P mol wt o] H P mol wt®  yield
[(CH1):0sP,CH, 16001-93-7  87-90°/0.05  —23.0  25.9 6.1 26,7 232 25,9 6.2  26.7 235  70-90°
[(C2Hy)20sP ,CH, 1660-94-2 90-94°/0,1 -19.0 37.5 7.7 2l 288  37.4 7.8  21.8 280  70-90°
[(CHz==CHCH,):0sP1:CH: 25091-05-8 .8 ~20,0  46.4 6.6 18,4 336  46.5 6.6 17.8 355  99°
[(C1sHa1):05P]:CH, 25091-06-9 (80-62°)f -19.5 73,9 12,8 . 5.2 1156  73.1 12,7 5.0 1110  86°
(C3H:):0:P—CH, 25091-07-0 170°/0.1 —28.5¢ 39.8 7.8 20.5 452 39.2 8.1  20.6 425 72
[
(C:Hs):0:P—CH
|
(C2Hs),0sP—CH,
(C2Hs);0:P—CH; 25091-08-1 o B -30.37 39.9 7.7 20,6 603 39.8 7.6 20.6 580 79
|
(CoHs):0sP—CH
I
(C:Hs):0:P—CH
|
(C2Hs):0:P—CH,
[(CHa),0:P1:C(OH) CHs 15207-88-2  (67-70°)% -22.0 27.4 6.1 23,7 262 27.3 6.1 24,9 265 70
HC O
{CH),0,P—C—F—QCH,
o 16218-84-1  (141-144°)7 ~15.8% 26,1 5.3 26,9 460  26.4 5,5 26,0 438 62
(CHM;.P-—C—lﬁ——OCH3 —~6.5%
HC O
¢ Chemical shifts are reported in ppm shift from 859, HsPOs. ? Average of three determinations. ¢ Range of yields from several ex-
periments. ¢ CAUTION! Attempted vacuum distillation of this material resulted in violent decomposition. Purification was ac-

complished by chromatography on acid-washed alumina.
petroleum ether.
kIt was necessary to molecularly distill the crude ester.
ethyl ether.
phosphorus atoms in thering. Seeref 11.

arrangement, this esterification was driven to comple-
tion and the resulting produet hydrolyzed to the acid.
After neutralization with base, the tetrasodium salt of
ethane-1-hydroxy-1,2-diphosphonic acid was isolated
by crystallization. Structure elucidation was accom-
plished vi¢ P and 'H nmr decoupling experiments.
The probable reaction pathway is shown in Scheme I.

ScuemE 1

(CH30)sCH
HzOsPCHzC(OH)(POSH2 )2 —

A
(CHs)zoaPCHzc(OH)[POS(CHs)z]2 —
+

H
(CHy):0:,PCH,CH[OPO3(CHs)e} [POs(CHs)e] =z
2

H0;PCH:,CH(OH)(PO;H,) ~+ H;PO,

Experimental Section!?

Methylenediphosphonic acid (MDP) was prepared by pyrolyz-
ing (180°) a sample of tetraisopropyl methylenediphosphonate.ts.14
Propane-1,2,3-triphosphonic acid and butane-1,2,3,4-tetraphos-
phonic acid were prepared by literature methods® as were ethane-
1-hydroxy-1,1-diphosphonic acid,*® its condensate (I),!' and
ethane-1-hydroxy-1,1,2-triphosphonic  acid.® Trimethyl and
triethyl orthoformate were purchased from the Aldrich Chemical
Company. Triallyl and tris(octadecyl) orthoformate were pur-

¢ Based on crude yield of alcohol and formate.
7-81P nmr resonances for ‘“‘end’” and ‘“‘middle’” phosphonate groups have been shown to be degenerate.
“ Recrystallized from acetone-hexane.
 The resonance at — 15.8 ppm has been shown to arise from the dangling phosphonate.groups, and that at —6.5 ppm from

! Recrystallized from hexane~
See ref 8,
i Recrystallized from ethyl acetate~

All esterifications were performed by combining the poly-
phosphonic acid with an excess of trialkyl orthoformate, heating,
and removing alcohol and alkyl formate by distillation as they
were formed. The preparation of tetramethyl methylenediphos-
phonate is considered typical and is given in detail. Yields,
physical measurements, and analytical data for the other esters
prepared in this study are collected in Table I.

Tetramethyl Methylenediphosphonate.—MDP (1 equiv) and
trimethyl orthoformate (6 equiv) were combined and heated to
reflux for 1 hr. The acid was not significantly soluble in tri-
methyl orthoformate necessitating rapid stirring to assure in-
timate contact of the two phases. Excess trimethyl orthoformate
(100%) was added and the methyl formate and methanol,
formed in situ, were continuously removed by distillation thereby
allowing the reaction temperature to rise. Heating was con-
tinued until only one phase remained and trimethyl orthoformate
began to distill (bp 99-101°). Removal of excess trimethyl ortho-
formate left a colorless liquid. This liquid was vacuum distilled
to yield pure tetramethyl methylenediphosphonate.

Attempted Preparation of Hexamethyl Ethane-1-hydroxy-1,1,2-
triphosphonate.—The reaction temperature was not allowed to
exceed 90° in this preparation. Even after extended heating at
this temperature esterification was incomplete as evidenced by
P and 'H nmr. Nevertheless, approximately 18% of the tri-
phosphonate had rearranged to the phosphate-diphosphonate.

Tetrasodium Ethane-1-hydroxy-1,2-diphosphonate.—The
above reaction was repeated without temperature control. The
maximum reaction temperature (105°) was maintained for 10 hr.
After removing volatile products, concentrated HCl was added
and the mixture was refluxed 6 hr. Excess HCl was removed and
4 equiv of NaOH (based on starting acid) was added. The
title compound was precipitated by addition of methanol and
was recrystallized from methanol-water, yield 61%,.

chased from Kay-Fries Chemicals. Anal.” Caled for C;H,0:P;Na, (dihydrate): C, 7.3; P, 18.8;
Na, 27.9; H,0, 10.9. Found: C, 7.6; P, 19.2; Na, 29.0;
H:0, 10.7.

(12) All melting and boiling points reported herein are uncorrected,
Elemental analyses were carried out in these laboratories. Phosphorus nmr
spectra were recorded on a Varian HR-60 spectrometer operating at 24.3
MHz, Chemical shifts are accurate to ==0.5 ppm and are measured from an
external 85% HiPQs reference, Molecular weights were determined on a
Model 302 Mechrolab osmometer.

(13) A, E, Canavan, B. F, Dowden, and C. Eaborn, J. Chem. Soc., 331
(1962).

(14) C. H. Roy, U, 8. Patent 3,251,907 (1066).

(15) B. Blaser and K. H. Worms, German Patent 1,082,235 (1960).

(16) 0. T. Quimby, U. 8, Patent 3,400,148 (1968},
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