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(86%) of crude cis-1,3-cyclopentanedipropionic acid (2a) which
had m.p. 98-99° after one recrystallization from water. A mix-
ture melting point of this acid with an analytical sample of cis-
1,3-cyclopentanedipropionic acid (m.p. 100-101°) was 98-99°.
A mixture melting point of this acid with an analytical sample of
the trans-dipropionic acid (2b, m.p. 101-102°) was 87-92°.
The infrared spectra of the two samples of ¢is-1,3-cyclopentane-
dipropionic acid were identical except for band intensities.
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Twelve years ago we described the preparation of o-
aminophenylphosphonic acid by the copper-catalyzed
reaction between o-bromophenylphosphonic acid and
aqueous ammonia.? Recently, Lukin and Kalinina?
have reported that they were unable to prepare o-
aminophenylphosphonic acid by this reaction but
obtained instead a 419, yield of o¢-hydroxyphenyl-
phosphonic acid. In their procedure they isolated the
phosphonic acid as a copper complex which was con-
verted to the free acid by means of hydrogen sulfide.
They reported further that the acid thus obtained gave
a negative test for the amino group (by diazotization
and coupling) and gave carbon, hydrogen, and phos-
phorus analyses in reasonable agreement with the
theoretical values for o-hydroxyphenylphosphonic acid.*

In view of the results reported by Lukin and Kalinina,
we have re-examined the matter and have found that
the phosphonic acid obtained by the procedure they
described contains nitrogen and is in fact identical
with the o-aminophenylphosphonic acid prepared by us
in 1952. The properties of o-hydroxyphenylphosphonic
acid, which has recently been prepared by an un-
ambiguous method,* are quite different from those of
the material described by the Russian investigators.
Thus the o-hydroxy compound has m.p. 124-127°,
is extremely soluble in water, and gives a purple color
with aqueous ferric chloride; by contrast, the acid de-
scribed by Lukin and Kalinina has m.p. 178-179°,
is only moderately soluble in water, and gives an
orange-brown color with ferric chloride. Their in-
ability to diazotize their material is surprising, since
Miyata® has recently obtained an azo compound by di-
azotizing o-aminophenylphosphonic acid (prepared by
the amination of o-bromophenylphosphonic acid with
aqueous ammonia) and coupling the resulting diazonium
salt with chromotropic acid.
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Although Lukin and Kalinina are therefore mistaken
about the identity of the phosphonic acid they obtained,
their method of isolation is highly recommended. It is
more convenient and gives more consistent results than
the tedious isolation procedure we originally described.?
Other o-amino-substituted arylphosphonic acids can
also be isolated as copper complexes. Thus we have
prepared two new compounds, 2-amino-4-tolyl- and
2-amino-5-tolylphosphonic acids, and found that they
form insoluble copper complexes. It is of interest that
Lukin, Kalinina, and Zavarikhina’ have reported that
2-amino-5-chlorophenylphosphonic acid can be iso-
lated as a copper complex; compounds in which the
amino group is meta or para to the phosphono (PO;H,)
group apparently do not form insoluble copper com-
plexes.®

In the course of this work, it was found that o-
chloro-substituted arylphosphonic acids can be con-
verted to the corresponding o-amino compounds under
the same conditions used with the o-bromo-substituted
arylphosphonic acids. This result is of some interest
since chloro-substituted anilines (from which the phos-
phonic acids are made) are usually much less expensive
than are the corresponding bromo-substituted anilines.

Experimental®

o-Aminophenylphosphonic  Acid.—o-Bromophenylphosphonic
acid!® (23.7 g.), 18 g. of freshly prepared cuprous oxide, and 400
ml. of concentrated aqueous ammonia were allowed to react
under the exact conditions specified by Lukin and Kalinina.?
On acidification of the reaction mixture to pH 4, a greenish pre-
cipitate was obtained, which was removed by filtration and
dissolved in 100 ml. of 4 N hydrochloric acid. Hydrogen sul-
fide was then passed into the solution to precipitate copper sul-
fide. The filtrate from the copper sulfide was decolorized with
charcoal and treated with solid sodium carbonate until just
alkaline to congo red (pH 3.7). The light gray precipitate thus
obtained was washed with cold water and then dried in vacuo.
The yield was 10.1 g. (589), m.p. 189-193°, Mixture melting
point with authentic o-aminophenylphosphonic acid? was 190-
196°.

Anal. Caled. for CH;NO;P: N, 8.09; P, 17.89.
N, 7.91; P, 17.69.

Some of the reaction conditions described in ref. 3 are not essen-
tial to the success of the above preparation. Thus, J. T. Baker
reagent grade cuprous oxide iz as satisfactory as the freshly pre-
pared material. Furthermore, it is not necessary to pass am-
monia gas through the reaction mixture (as Lukin and Kalinina
have specified) in order to keep the ammonia concentration con-
stant; equally good results are obtained by simply heating the
stirred mixture of phosphonic acid, cuprous oxide, and aqueous
ammonia for 18 hr. at 70-80°. It has also been found that o-
chlorophenylphosphonic acid! can be substituted for o-bromo-
phenylphosphonic acid in the above reaction.

2-Amino-4-tolylphosphonic Acid.—2-Bromo-4-tolylphosphonic
acid? (12.6 g.) and 9.0 g. of cuprous oxide were added to
200 ml. of aqueous ammonia (d 0.90) in a three-necked flask
equipped with a sealed stirrer, a reflux condenser, and a ther-
mometer. The mixture was stirred and heated at 70-80° for
18 hr. The copper complex was isolated as described above and
then dissolved in 400 ml. of 4 N hydrochloric acid. After the
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copper was removed, the pH of the solution was adjusted to 3.7,
whereupon the phosphonic acid crystallized from solution. The
crystals were washed with cold alcohol and then dried ¢n vacuo.
The yield was 4.6 g. (49%), m.p. 213-215°.

Anal. Caled. for C;H;)NO;P: N, 7.48; P 16.55.
N, 7.68; P, 16.60.

2-Amino-5-tolylphosphonic Acid.—2-Chloro-5-tolylphosphonic
acid monohydrate!® (11.2 g.) was treated with cuprous oxide and
aqueous ammonia by the procedure described above. The cop-
per complex of the amino acid was isolated, dissolved in 90 ml. of
4 N HCI, and then converted to the free acid. The yield was
4.4¢g.(47%), m.p. 219-222°.

Anal. Caled. for C;HNO;P: N, 7.48; P, 16.55.
N, 7.23; P, 16.21.
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The conversion of phosphinic acids (I) to phospho-
nous dichlorides (III) by treatment with excess phos-
phorus trichloride has been considered by Frank?® to be
evidence for tautomerism involving form II. Re-

ArPH(0O)OH —= ArP(OH), —> ArPCl,
I II III

cently, the existence of such an equilibrium was ques-
tioned by Quin and Dysart* who found only one inflec-
tion in the titration curves of several examples of I
including those examined by Frank,® and that reac-
tion of the acids with diazomethane failed to give the
diesters. They suggested that, in the formation of II],
the shift to tricovalent phosphorus involves not I, but
the chloro derivative, ArPH(O)CL

We have found that the method of Frank® is appli-
cable to the conversion of ferrocenylphosphinic acid to
ferrocenylphosphonous dichloride. The compound that
we have used has an estimated electron density on phos-
phorus of such a magnitude® that Quin and Dysart’s
hypothesis* would predict failure to undergo the tauto-
meric shift. We suggest that our results, like those of
Frank,® indicate an equilibrium involving form II,
and that the results of Quin and Dysart are not in-
consistent with the existence of 11.6
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cf. ref. 10.
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It is significant that chemical and kinetic evidence
point to the existence of a tautomeric equilibrium in a
related system.”®

(RO).P(O)H === (RO):POH

Ferrocenylphosphonous dichloride, a red-orange
liquid decomposing on attempted distillation at 0.5
mm., was obtained in 53% yield. Its solubility in n-
heptane distinguished it immediately from the phos-
phinic acid which was insoluble in the same solvent.
The product was identified by its hydrolysis to the
phosphinic acid and conversion to ferrocenylphospho-
nous dipiperidide, C;H;FeC;H,P(NC;Hyp). The air-
stable dipiperidide, golden platelets with m.p. 106-107°,
represents the first known phosphorus amide of ferro-
cene,

Experimental

Ferrocenylphosphonous Dichloride.*—Phosphorus trichloride
(3.52 ml., 0.04 mole) was added dropwise over a period of 2 min.
to a vigorously stirred slurry of 1.0 g. (0.004 mole) of ferrocenyl-
phosphinic acid® in 20 ml. of benzene under nitrogen. The addi-
tion of only a few drops of phosphorus trichloride caused a sudden,
complete solubilization of the acid. The solution was orange in
color, no heat developed, and there was no gas evolution. Al-
most immediately, immiscible phosphorous acid began to appear
as a dark greenish, viscous sirup adhering to the walls of the
reaction flask. Stirring was continued for 0.5 hr. at room
temperature.

After decantation of the orange solution, benzene and unreacted
phosphorus trichloride were removed under reduced pressure
(aspirator) on a steam bath. The residue, a red-orange liquid
which decomposed on attempted distillation at 0.5 mm., was
taken up in n-heptane. The orange heptane solution plus a small
amount of insoluble yellowish solids were decanted from some
red-orange, semisolid material adhering to the bottom of the
flask. The solids, probably unreacted phosphinic acid, were
removed by filtration. Sensitivity of the dichloride to hydrolysis
was indicated when evaporation of films of the filtrate in air gave
crystalline phosphinic acid. The solvent was evaporated from
the filtrate under a stream of nitrogen leaving 0.6 g. (53%,) of
red-orange liquid product.

Ferrocenylphosphonous Dipiperidide.—The ferrocenylphos-
phonous dichloride (0.0021 mole) was dissolved without further
purification in 20 ml. of n-heptane. The solution, which became
somewhat cloudy on standing (probably as a result of some
hydrolysis), was added dropwise over a period of 5 min. to a
vigorously stirred solution of 0.85 ml. (0.0086 mole) of piperidine
in 20 ml. of benzene protected against atmospheric moisture.
Cooling was applied with an ice-bath during the addition. The
orange solution in the reaction flask soon became cloudy with
formation of piperidine hydrochloride. After the addition, the
mixture was stirred 2 hr. at room temperature, and then filtered.
The filtrate was evaporated to dryness on a steam bath. The
residue, a dark orange viscous liquid which became brown-orange
in color as it solidified, was extracted three times with boiling
heptane, and the insoluble, brown-orange, viscous liquid was dis-
carded. After filtration of the combined orange heptane extracts,
evaporation of the solvent under an air stream gave orange
crystals together with a yellow viscous liquid which gradually
solidified on standing; the yield (crude) was 0.32 g. (39.5%).
The product was taken up in boiling ethanol, and the solution
was filtered, concentrated, and cooled to give 0.1 g. of product
in the form of golden platelets, m.p. 106-107° (uncor.).

Anal.  Caled. for CyxHyFeN,P: C, 62.51; H, 7.61; Fe,
14.53; N, 7.29; P, 8.06. Found: C, 62.10; H, 7.52; Fe,
14.52; N, 6.75; P, 7.93.

Further concentration and cooling of the mother liquor
vielded no more product. After removal of solvent by evapora-
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