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The transition state analog for metal catalyzed hydrolysis of an ester through cooperative
interactions between metal ions as Lewis acid and peroxide was discussed.
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Phosphinates, phosphonates and phosphonamides are
potential transition state analog enzyme inhibitors for
esterase and peptidases.” More recently, they have been
used as antigens for developing catalytic antibodies.”
Although the abzymes are active for hydrolyzing esters
and amides, the level of activity is far below that of real
enzymes. Currently there is considerable interest in de-
veloping metalloabzymes that are highly reactive for
hydrolyzing esters and amides.>® Also of current interest
is metal-peroxide cooperativity in hydrolyzing the amide
bonds of proteins®” and the phosphate diester bonds of
DNA.* Here, the author report on the transition state
analog for metal catalyzed hydrolysis of an ester and
amide through the crystal structure of diphenyl phophinate
and peroxide both bridged to a binuclear Co(IlI) complex.

Materials and Method

Compound 1 was synthesized by adding dropwise a
methanolic solution of sodium diphenylphosphinate (0.01
M) into a methanolic solutuion of L (1 equiv.) and cobalt
perchlorate hexahydrate (2 equiv.) with rapid stirring. In
a few minutes, black brown rhombic crystals appeared
on the bottom of the flask. The product was recrystallized
from a solution of acetonitrile and water.

Equimolar amounts of Co(ClO.),, sodium diphenyl pho-
sphinate and L in methanol was bubbled with air to yield
purple crystals of [CoA(L)O:P(Ph)(02)](CIO.), 1."” Replac-
ing diphenyl phosphinate with dimethyl phosphinate gave
[CoAL)(O:P(Me)(02)] (CIO., 2.
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Abbreviations: L, 2,6-bis(bis(2-pyridylmethyl)aminomethyl)-4-
methylphenol.

Results and Discussion

Over the years, structures of numerous binuclear metal
complexes have been determined including those with L
and bridging carboxylate, peroxide or phosphates.m”
Compound 1 represents the first cobalt(Ill) complex with
a bridging phosphate diester analog. Such complexes are
potentially valuable as antigen for developing metalloa-
bzymes that hydrolyze esters or amides. Cobalt(Ill) is the
metal of choice for developing metalloabzymes since it
is substitutionally inert.

Phosphonates have been used as transition state analog
antigens for developing catalytic antibodies that hydrolyze
esters and amides (Fig. 1). numerous, several hydrolytic
abzymes with remarkable specificities have been developed
to date. In an interesting study, a phosphonate ester (3) was
used as an antigen to develop an abzyme that hydrolyzes
the ester bond of cocaine. Although the abzyme is active
for hydrolyzing cocaine, a much greater activity would
be required in order for it to have any therapeutic effect.

It is well known that metal ions can provide many
orders of magnitude rate acceleration for hydrolyzing
esters and amides through Lewis acid activation as well
as metal-hydroxide activation (Fig. 2). In this example,
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Fig. 1. Transition state analog for hydrolysis of an ester.
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Fig. 2. Transition state analog for metal catalyzed hydrolysis
of an ester.

the first metal is providing the Lewis acid activation
while the second metal is providing the metal-hydroxide
activation. The transition state analog for the metal cata-
lyzed hydrolysis reaction is represented by 4. Hence met-
alloabzymes developed from binuclear metal complexes
with bridging phosphinates or phosphonates (eq. 1, 2, or
4) should provide far greater activity than those developed
from simple uncoordinated phosphinates or phosphonates
(3). Although metalloabzymes have been reported, they
have not been developed from transition state analog for
metal catalyzed hydrolysis reaction.>”

Sequence specific hydrolytic cleavage of the amide
bonds in protein molecules through cooperative interactions
between metal complexes and hydrogen peroxide has been
achieved even though the mechanism of this remarkable
reaction is still unclear.>” In a more recent study, coopera-
tivity between Flp recombinase and peroxide in cleaving
the phosphate diester bond of DNA has been reported.”
We have been interested in developing simple systems
which cleave amides or phosphate esters through coopera-
tive interactions between metal ions and peroxide.>'” Inter-
estingly, compound 1 consists of a diphenyl phosphinate
and peroxide, both bridged to a binuclear Co(Ill) complex.
One of the oxygen atoms of the peroxide is only about
2.8 A away from the phosphorus of the coordinated
phosphinate. It remains to be seen whether the peroxide
will act as a nucleophile if the bridging phosphinate is
replaced with a bridging phosphonate ester or a phosphate
ester.
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