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It was found that mixed diesters of phosphoric acid and pyrophosphates were obtained
in good yields when alcohols and arylphosphates, respectively, were allowed to react with
4-methoxyphenyl N-(2-aminophenyl) phosphoramidate in the presence of cupric chloride.
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Several methods for the preparation of mixed diesters of phosphoric acid and pyrophos-
phates have been suggested and examined.? It was recently demonstrated in our laboratory
that phenyl 8-quinolyl phosphate reacts with cupric chloride to give an intermediate
complex, from which mixed diesters of phosphoric acid can be obtained by further reaction
with alcohols.® More recently, Koizumi ¢t al. reported® the preparation of alkyl phenyl
phosphates by the used of phenyl N-(2-aminophenyl) phosphoramidate, but this method,
employing an excess of alcohols under reflux, was not wholly satisfactory.

We have found that 4-methoxyphenyl N-(2-aminophenyl) phosphoramidate (1) reacts
with alcohols in the presence of cupric chloride to give the corresponding mixed diesters of
phosphoric acid (2).

We describe here the catalytic reaction of 1 and its application for the preparation of
mixed diesters of phosphoric acid (2) and pyrophosphates (3).

TasLe 1.  Effect of CuCl, in the Phosphorylation of #-Butyl Alcohol with
4-Methoxyphenyl N-(2-Aminophenyl)phosphoramidate (1)

CuCl, Temp. Time Yield of 2d
(0.075 mmol) (°C) (hr) (%)
22 24 02
CuCl, 22 24 15
50 12 o»
CuCl, 50 5 82

@) In the above reactions, 1 (0.1 mmol) and n-butyl aclohol (1.0 mmol) were used.
b) The starting material was recovered quantitatively.

—
~

Location: Narashino-shi, Chiba 275, Japan.

2) F. Cramer, H. Schaller, and H. A.Staab, Chem. Ber., 94, 1612 (1961); W. Kampe, ibid., 98, 1031 (1965);
A.F. Cook, M.J. Holman, and A.L. Nussbaum, J. Amer. Chem. Soc., 91, 1522 (1969); T. Hata, Y. Mushika,
and T. Mukaiyama, Tetrahedron Lett., 1970, 3505; M. Eto, M. Sasaki, M. Tto, My. Eto, and H. Ohkawa,
wid., 1971, 4263; T. Mukaiyama and M. Hashimoto, Buil. Chem. Soc. Japan., 44, 196 (1971); idem,
Tetvahedvon Lett., 1971, 2425; R.A. Bauman, Synthesis, 1974, 870; F. Ramirez, J.F. Marecek, and I. Ugi,
J. Amer. Chem. Soc., 97, 3809 (1975); H. Takaku, M. Yamana, and Y. Enoki, J. Org. Chem., 41, 1261
(1976) ; H. Takaku, Y. Shimada, Y. Nakajima, and T. Hata, Nucleic Acids Res., 3, 1233 (1976); H. Takaku,
T. Konishi, and T. Hata, Chemistry Lett., 1977, 655.

3) H. Takaku and Y. Shimada, Chem. Phaym. Bull., 21, 445 (1973); H. Takaku, Y. Shimada, and K. Arai,
Bull. Chem. Soc. Jpn., 47,779 (1974) ; H. Takaku and Y. Shimada, Chem. Pharm. Bull., 22,1743 (1974).

4} T. Koizumi, Y. Arai, and E. Yoshii, bid., 21, 202 (1973); 22, 468 (1974).
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4-Methoxyphenyl N-(2-aminophenyl) phosphoramidate (1) was prepared as a phosphor-
ylating agent in 729, yield from o-phenylenediamine and 4-methoxyphenyl phosphorodichlo-
ridate® on reflux in dry benzene for 4 hr, using a modification of Koizumi’s procedure.?

We carried out the phosphorylation of #-butyl alcohol with 1 in the presence and absence
of metal catalysts in pyridine. The results are summarized in Table I. ~ As shown in Table I,
no reaction was observed when 1 (0.1 mmol) was treated with #-butyl alcohol (1.0 mmol) in
dry pyridine (1 ml) for 12 hr at 50°, and the starting material (1) was recovered. On the other
hand, 1 (0.1 mmol) and #-butyl alcohol (1.0 mmol reacted with each other in the presence of
cupric chloride (0.075 mmol) in dry pyridine (1 ml) for b hr at 50°, yielding the corresponding’
n-butyl 4-methoxyphenyl phosphate (2d) in 829, yield together with a trace of P1,P2-bis(4-
methoxyphenyl) pyrophosphate (3a). Paper chromatography of the reaction mixture showed
the presence of a small amount of 3a, which could not be isolated, The yield of 3 depended
on the amount of cupric chloride, and better results were obtained in the presence of 0.75 molar
equivalent.

Tapie II. Preparation of Alkyl 4-Methoxyphenyl Phosphates (2)

Compound Alkyl Ve 2 Rfvalueo PEY)
2a Methyl 69 0.80 0.59
2b Ethyl 79 0.82 0.60
2c n-Propyl 79 0.86 0.63
2d n-Butyl 82 0.86 0.61
2d n-Butyle) 75
2e sec-Butyl 75 0.88 0.55
2f n-Octyl 81 0.82 0.66

a) Paper chromatography was perfotmed by the descending technique using Toyo Roshi No. 51A
paper. The solvent system used was isopropanol-conc. ammonia-water (7:1: 2, v/v).

b) P.E. refers to paper electrophoretic mobility relative to 4-methoxyphenyl phosphate. The
buffer used was potassium phosphate (0.2 m, pH 8).

¢) This reaction was carried out with three molar equiv. of #-butyl alcohol.
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Chart 1

5) V.V. Katyskina and M.Y. Kraft, Zh. Obshch. Khim., 26, 3060 (1956).
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In a similar manner, variuos mixed diesters of phosphoric acid (2) were obtained in high
yields as shown in Table II.

In the above reactions, when 1 was treated with 3 molar equiv. of #-butyl alcohol, the yield
-of 2d decreased (see Table II). Of various metallic compounds examined, it was found that
‘the yield of 3 increased when cupric chloride was used as the metallic catalyst.®

The reaction seems to proceed through an intermediate (4) formed from 1 and cupric
-chloride. The intermediate (4) in turn reacts with alcohol to give alkyl 4-methoxyphenyl
‘phosphate (2) [Chart 1].

Next, the reaction of 1 and aryl phosphate in the presence of cupric chloride was at-
‘tempted. For example, when 1 (0.1 mmol) was reacted with 4-nitrophenyl phosphate (0.13
mmol) in the presence of cupric chloride (0.075 mmol) in dry pyridine (1 ml) for 5 hr at 22°,
‘the corresponding P!-4-methoxypheny;, P2-4-nitrophenylpyrophosphate (3b) was obtained
:in 889, yield.

TaBre III. Preparation of Unsymmetrical and Symmetrical Pyrophosphates (3)

Compound Time Yield of 3
No. Aryl (hr) (%) Rf value® P.ED
3a 4-Methoxyphenyl 5 51 0.57 0.89
85¢) 0.60 0.89
3b 4-Nitrophenyl 5 44 0.72 0.87
889 0.70 0.83

a) Paper chromatography was performed by the descending technique using Toyo Roshi No. 51
paper. The solvent system used was isopropanol-conc. ammonia-water (7: 1: 2, v/v).

b) P.E. refers to paper electrophoretic mobility relative to 4-methoxyphenyl phosphate. The
buffer used was potassium phosphate (0.2 u, pH 8).

¢) The reactions were carried out in the presence of CuCl,.

P1,P2-bis(4-methoxyphenyl) pyrophoshate (3a) was similarly obtained as shown in Table
TII. In the absence of cupric chloride, the rate of the reaction was very slow (see Table III).

In conclusion, it appears that 1 is a useful phosphorylating agent for alcohols and phos-
‘phates in the presence of a metallic catalyst.

Experimental

Reagent-grade pyridine was distilled after treatment with p-toluenesulfonyl chloride and dried over
-calcium hydride for 2 weeks. Paper chromatography was performed by the descending techique using Toyo
Roshi No. 51A paper. The solvent system used was: isopropanol-conc. ammonia—water (7:1:2, v/v). Paper
-electrophoresis was carried out in an apparatus similar to that described by Markham and Smith? with the
following buffer solution: 0.2m potassium phosphate (pH 8). Phosphorus-containing compounds were
located on chromatograms by the method of Hanes—Isherwood,® followed by ultraviolet irradiation.

4-Methoxyphenyl N-(2-Aminophenyl) phosphoramidate (1) A solution of o-phenylenediamine (10.8 g,
0.1 mol) in dry benzene (150 ml) was treated with 4-methoxyphenyl phosphorodichloridate® (12.3 g, 0.05
mol) at 0°. The reaction mixture was stirred for 1 hr at room temperature then refuxed for 4 hr. The solvent
“was evaporated off in vacuo and the residue was added to ice-water (1000 ml). The precipitate was collected
by filtration and washed with ice-water. Recrystallization of the crude product from a mixture of ethanol
.and water gave 1 (10.4 g, 729%,) as white crystals, mp 177—178°.  Awxal. Caled for C;;H,;N,0,P-H,0:C, 50.00;
H, 5.49; N, 8.97. Found: C, 49.54; H, 5.52; N, 8.72. The compound lost water after drying under reduced
‘pressure at 50° to give the anhydrous compound, mp 154—156° C. Rf=0.71 (isopropanol-conc.ammonia—
water, 7: 1: 2 v/v). PE=0.61 [to 4-methoxyphenyl phosphate, phosphate buffer (pH 8)]. IR »Xi cm™!
.3400, 3240, 1620, 1500, and 1210. Anal. Caled for C;3H,;N,O,P: C, 53.07; H, 5.14; N, 9.52. Found: C,
52.72; H, 5.10; N, 9.51.

6) With nickel chloride, zinc chloride, and cobalt chloride, the yield of 2d decreased slightly.
7) R. Markham and J.D. Smith, Biockem. J., 52, 55 (1952).
.8) C.S. Hanes and F.A. Isherwood, Nature, 164, 1107 (1949).
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Alkyl 4-Methoxyphenyl Phosphates (2); General Procedure Cupric chloride (10.1 mg, 0.075 mmol)
was added to a solution of 4-methoxyphenyl N-(2-aminophenyl) phosphoramidate (1) (29.4 mg, 0.1 mmol) and
alcohol (1.0 mmol) in dry pyridine (1 ml) with vigorous stirring for 5 hr at 50°. After complete removal of
the solvent under high vacuum, the residue was dissolved in water and the insoluble materal (o-phenylenedi-
amine-copper) was removed by filtration. The solution was treated with Dowex 50W-X2 (pyridinium form).
and the resin was removed by filtration. The solution was concentrated » vacuo and the residue was dis-
solved in water (10 ml). The yield of 2 were determined spectrophotometrically it terms of 2 max (H,O, pH
7) 280 nm (¢=1,830) for alkyl 4-methoxyphenyl phosphates (2) after separation by paper electrophoresis. The-
results are summarized in Table I and Table II.

Unsymmetrical and Symmetrical Pyrophosphates (3); General Procedure: Cupric chloride (10.1 mg,
0.075 mmol) was added to a solution of 4-methoxyphenyl N-(2-aminophenyl) phosphoramidate (1) (29.4 mg,,
0.1 mmol) and aryl phosphate (0.13 mmol) in dry pyridine (1 ml) with stirring for 5 hr at 22°. The yields.
of 3 were determined by the method descrived above. In this solvent, PL,P2-bis(4-methoxyphenyl) pyro-
phosphate (3a) has 4 max (H;0, pH 7) 274 nm (¢=2,660), and P'-4-methoxyphenyl P?-4-nitrophenyl pyro--
phosphate (3b) has Amax (H,O, pH 7) 290 nm (¢=10,000). The results are summarized in Table III.
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An acidic tripeptide was isolated from neurotoxic dialysate by ultrafiltration with
an Amicon Centriflo DM-5 membrane, followed by gel filtration on Sephadex G-15 and
Sephadex G-10, and ion-exchange chromatography on DEAE-Sephadex A-25. The
tripeptide thus obtained was identified as H-Glu-Asp-Gly-OH by amino acid analysis,
Edman degradation, and measurement of physical constants and analytical data in com-
parison with those of the authentic tripeptide. This tripeptide inhibited LDH activity.

Keywords uremic toxins: uremic neuropathy; acidic tripeptide; middle molecu-
lar hypothesis; lactate dehydrogenase

Research on uremic toxins has now been going on for more than 150 years, but despite-
these efforets the true nature of uremic toxicity has not been fully elucidated yet. Many-
substances are known to accumulate in the body fluids of patients with uremic symptoms.34-
However, none of the peptides have been identified chemically, and their biological roles are
quite unknown.5® The middle molecular hypothesis formulated by Babb et al.5 on the basis.
of manipulation of clinical hemodialysis strategies suggested that uremic neuropathy was due

1) Amino acids, peptides and their derivatives mentioned in this paper are the L-configuration. abbrevia--
tions used are those recommended by the IJUPAC-IUB Commission on Biochemical Nomenclature:
Biochem. Biophys. Acta, 263, 205 (1972). Other abbreviations: DMF=dimethylformamide, Et,N=
triethylamine, TFA=trifluoroacetic acid, WSCI=water-soluble carbodiimide, HONB=N-hydroxy-5-
norbornene-2,3-dicarboximide, Tos=p-toluenesulfonic acid, LDH=1actate dehydrogenase (EC 1.1.1.27),.
AP-M=aminopeptidase-M.

2) Location: Tsutsumimachi 3-16-1, Sendai, 980, Japan.

3) J.L. Funck-Bretano, N.K. Man, A. Sausse, G. Cueille, J. Zinfraff, T, Druehe, P. Jungers, and J.P. Billon,.
Kidney Int., 7, S-352 (1975).

4) P. First, J. Bergstrom, A, Gordon, E. Johnsson, and L. Zimmerman, Kidney Int., 7, S-272 (1975).

5) A.L. Babb, P.C. Farrel, D.A. Uvelli, and B.H. Scribner, Tvans. Am. Soc. Avtif. Intern. Organs, 18, 98.
(1972).

6) P. First, L. Zimmerman, and J. Bergstrom, Clinical Nephrology, 5, 1718 (1976).
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