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MILD BASIC AND HIGHLY SELECTIVE HYDROLYSIS OF AN ARYL-ALKYL 1-H-PHOSPHONATE DIESTER:
PREPARATION OF THE MONO-1~H-PHOSPHONYLATED DIPEPTIDE Z-Ser(OPOoH»)-Tyr (OH)NHj.
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ABSTRACT

Basic hydrolysis (pyridine-water) of a 2,2,2-trifluoroethyl tyrosinyl 1-H-phosphonate diester
affords predominantly a 2,2,2-trifluoroethyl l-H-phosphonate mono-ester and tyrosine. The
latter finding has been applied to the synthesis of a dipeptide consisting of a 1-H-phospho-
nylated serine and a non-l-H-phosphonylated tyrosine moiety.

In an earlier paperl we showed that 1-H~phosphonate monoesters of serine (l) and tyrosine
(é) were easily accessible by phosphitylating of the corresponding protected amino acids with
the monofunctional reagents 3 or 6. It was also demonstrated that 1 and 3 could be coupled,
in the presence of pivaloyl chloride (PVCl), with an appropriately protected nucleoside to
give, after oxidation of the intermediate l-H-phosphonate diesters, the nucleopeptide frag-
ments % and é, respectively.

We now report that mixed l-H-phosphonate diesters ] can be hydrolyzed, with a high degree
of selectivity, under mild basic conditions. The latter will be illustrated in the preparation
of the mono~l-H-phosphonate dipeptide Z-Ser(OPOyHj)-Tyr(OH)NHy (Lg).

The use of l-H-phosphonate diesters as intermediates in the synthesis of nucleic acids is
not as well advanced as the corresponding phosphoz— or phosphite3—triester approaches. The
reason for this is mainly due to the inherent instability of 1-H-phosphonate diesters towards
base. Hata et al.” circumvented this problem by converting the P~H bond, present in a 1-H-
phosphonate diester, into a relatively more base-stabile P-acyl{4-chlorobenzoyl) bond.

The recent and interesting finding that DNAS and RNA® could also besynthesized by a solid-
phase approach, in which intermediate l-H-phosphonate diester linkages play an essential role,
stimulated us to study in detail the stability of these type of bonds towards base.

Apart from some earlier studies on this subject7, Gibbs et al.8 reported that ammonolysis
of the l-H-phosphonate diesters l (R=Alkyl or Aryl) containing a trifluoroethyl group af-
forded predominantly, according to pathway A, the l-H-phosphonate monoesters §. On the pos-
sible formation of‘g (pathway B) starting from the mixed aryl-diester ] (R=Aryl) was not
commented upon. However, we assumed that basic hydrolysis of 7 (R=Aryl) would follow the
same pattern as established? for an aryl internucleosidic phosphotriester bond: i.e., the rate
and selective formation of an internucleosidic phosphodiester linkage is determined by the pK
of the leaving aryloxy group and the nature of the base, respectively.

In order to verify, and eventually extend the findings of Gibbs et al. toward the prepara-
tion of phosphorylated peptides, we performed the following experiments. The crude serine H-
phosphonate ester /a was prepared1 by adding PVCl (1.1 mmol) to a solution of 1 (1 mmol) and
2,2,2-trifluorcethanol (1.2 mmol) in pyridine (2.5 ml) and acetonitrile (2.5 ml). Monitoring
of the coupling by 31p_NMR revealed complete conversion of 1 into /& (§P 10.12 and 9.88 ppm;
JP-H 737.3 Hz) within 10 min. Following the same protocol a solution of 7b (Sp 6.163 JP-H
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744.2 Hz) was obtained. Hydrolysis of Zf and ZP was now effected by adding water (0.5 ml) to
the individual solutions. Work-~up, after 10 min., and purification of the mixture afforded,
in the case of 7a, homogeneous serine H-phosphonate 8a (6P 5.2 ppm; JP-H 632.3 Hz) in a yield
of 85%. On the other hand, work-up and purification of the hydrolysis products of 7b gave
crystalline Z-Tyr(OH)0Bzl (m.p. 113-115°C; ['u]%O (c=1, MeOH) -11.9° ) in 75% yield. The above
results indicate that the hydrolysis of 7a (di~alkyl ester) proceeds as expectedd via path A.
The outcome of the hydrolysis of the aryl-alkyl diester /b is, however, in contrast with the
finding8 that ammonolysis of l (R=phenyl) gave 8 (R=phenyl) in a yield of 807. Two possible
explanations can be forwarded to explain the observed ambiguity in the basic hydrolysis of
the alkyl-aryl diester Zp: (i) the nature of the base determines the pathway (A or B) to be
followed; (ii) formation (via path A) of 8b which is then further hydrolyzed to give
Z-Tyr(OH)0Bz1l and phosphorous acid. Both possibilities proved to be not viable. Thus ammono-
lysis of ZP (R=Tyrosine amide) afforded Z-Tyr(OH)NHy in a high yield. Further, §P was rather
stable in pyridine-water: no detectable degradation was observed (TLC-analysis) after 1l h at
20°C. However, saponification of 8b (R=Tyrosine amide) with sodium hydroxide (0.1N) resulted
in a rapid formation (TLC~analysis) of Z—Tyr(OH)NHzll-

An interesting application of the hydrolysis via pathway B of an aryl-alkyl H-phosphonate
diester will be demonstrated in the preparation of the dipeptide Z-Ser (OPOsH»)-Tyr (OH)NH,
.

Dipeptide Lglz was phosphitylated with 3 followed by acidolysis and subsequently hydrolysis
with pyridine-water, to afford, after purification, the bis-1-H-phosphonylated derivative
’1310 (R=H; Rf 0.24 (CH3CN/HpO, 9:1); 8P 5.8 (JP-H 629.9) and 2.0 (JP-H 634.8 Hz)) in a yield
of 507%7. Coupling of £} with trifluoroethanol in pyridine, and in the presence of PVCl1l, gave
intermediate L? (8P 9.92 (JP-H 737.2 Hz) and 6.32 (JP-H 744.6 Hz)) which was then hydrolyzed.
Work-up and purification (DEAE-Sephadex A-25) yielded homogeneousl3 Lglo (yield 70%Z, Rf 0.46
(CH30H/H0, 9:1), &P 5.20 (JP-H 625.0 Hz)). The mono-H-phosphonylated dipeptide L} could also
be prepared (overall yield 657, based on LQ) by hydrolyzing intermediate Lg obtained by trans-
esterification of Lg with 138.

In conclusion the results presented in this paper may open the way of preparing oligo-
peptides containing solely l-H-phosphonylated serine and/or threonine moieties. It is also
not excluded that the l-H-phosphonate functions may, in turn, give an easy access!® to modi-

fied or non~modified phosphate derivatives of biologically important oligopeptidesls.
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