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Thereis substantialinterest in learning how to effect the abiotic
cleavage of phosphate esters hydrolytically, as accomplished by
DNA and RNA phosphatases. Many metals provide acceleration
in phosphate ester hydrolysis,! but cleavage by Co(I1I) complexes
bearing substitutable cis-coordination sites is amongst the fastest.2
While phosphodiesters require only one Co(III) to effect hy-
drolysis, phosphomonoesters require two: one for charge neu-
tralization and one to deliver a metal hydroxide.2¥ Accordingly,
the 1:1 trpn—Co(III) complex with 5-AMPis hydrolytically stable;
addition of a second equivalent of Co(III) results in rapid,
quantitative dephosphorylation to afford adenosine and the
bidentate u*-phosphatocomplex.? Perhaps not surprisingly, many

1 Presented at the 204th National Meeting of the American Chemical
Society, Washington, DC, August, 1992.
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Figure 1. X-raydiffraction structure of compound 3. The hydrogenatoms
and counterions are not shown for ease of viewing the heavy atom
framework.

phosphatases converge two and even three metal centers at their
active sites.) We have considered whether or not a kinetic
advantage might be gained by converging two Co(III) centers
onto a phosphate-sized “pocket”,* but rigidly so as to avoid u-oxo
dimer formation. Wenow report the synthesis of such a binuclear
complex that demonstrates cooperativity in the hydrolysis of
phosphomonoesters.

The trpn- Co(III) complex sometimes demonstrates higher
hydrolytic reactivity than does the cyclen-Co(III) complex,2® but
we have been unable to prepare N-substituted trpn-Co(III)
complexes as needed to bring the two together. However,
N-substituted cyclen-Co(III) complexes can be made.’ Thus, we
synthesized binuclear complex 4 using the sequence shown in
Scheme 1.6 Both models and MM calculations support the
prediction that 4 fulfills two important design elements; (i)
inorganic phosphate can “fit” into the internuclear pocket, and
(ii) the complex is geometrically prohibited from forming an
intramolecular u-oxo dimer. Models likewise predicted that
nonbonded interactions between cyclen and anthracene hydrogens
would favor the cofacial conformation depicted in 4. X-ray
analysis of 3 (Figure 1), which could be obtained in crystalline
form, supports this hypothesis.” The addition of inorganic
phosphate 5a to a D,O solution (pD 7) of 4 yielded a set of !P
NMR lines centered about 28 ppm; the spectrum is consistent
with formation of a series of diastereomeric phosphate chelates,
each with three P-O coordinations to Co(III) centers.2?

We conducted reactions of various Co(III) complexes with
activated phosphate esters at 25 °C in pH 7.0 collidine buffer

(3) Included are purple acid phosphatase, which is binuclear, and alkaline
phosphatase, which is trinuclear.
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(6) Synthetic and characterization information for 2-4 are included in the
supplementary material.

(7) The carbonyl oxygens of 3 cannot occupy the same region of space,
resulting inthe skew conformation observed in the X-ray picture. Weanticipate
that this is not the case in aquo complex 4, which unfortunately could not be
crystallized.
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Table I. Phosphate Ester Hydrolysis Mediated by DiaquoCobalt(IIT) Complexes?
phosphate ester 4 cyclen-Co(III) trpn-Co(III) uncatalyzed 4/cyclen-Co(III)
p-nitrophenyl phosphate 1.33 X 102 1.27 X 103 9,25 X 10+ 8.2Xx10°%¢ 10
bis(p-nitrophenyl) phosphate 1.17 %X 10 1.66 X 10~ 4,21 X 1044 1.3 X% 101t ¢ 0.7

@ Reaction conditions: 25 °C, 0.1 M collidine buffer, pH 7, 25 uM phosphate ester, 2.0 mM total Co(III), and monitored at 440 nm. All pseudo-
first-order rate constants are reported in units of s-1. # Reference 9, extrapolated from rate measurement at 39 °C, AS* = 3.5 eu. ¢ Reference 10;
extrapolated from rate measurement at 100°C, AS* = 25.5 eu. 4 Trpn-Co(III) hydrolyzes bis(p-nitrophenyl) phosphate 2.5-fold faster than cyclen-Co(III).
This rate increase agrees with the literature precedent observed at 50 °C.

(0.1 M)® under pseudo-first-order conditions. The reaction of the substitutable coordination sites; and (3) kinetic indication

rateconstants using cyclen-Co(III), trpn-Co(III), and 4 (each total
[Co(III)] = 2.0 mM) with p-nitrophenyl phosphate (PNPP; 5b)
and bis(p-nitrophenyl) phosphate (BPNPP) (each 25 uM) are
provided in Table I. It is observed that the reaction of 4 under
these conditions is 10 times greater than that of 2 equiv of
cyclen-Co(III) and over 106 times greater than that of the
uncatalyzed reaction. 3'PNMR analysisatthe end of the reaction
between 4 and PNPPreveals tricoordinated phosphate resonances
exactly like those observed using inorganic phosphate. As
expected from the mechanism of action, 4 does not show enhanced
reactivity toward BPNPP, a phosphodiester.

In summary, we report: (1) the synthesis of a binuclear Co-
(III) complex structurally prohibited from forming a deactivating
u-oxodimer; (2) X-ray analysis documenting cofacial orientation

(8) Other investigators have utilized pH-stat conditions to avoid the use
of buffers, which competitively react with and inactivate Co(I1I) complexes.
We observe that use of collidine (2,4,6-trimethylpyridine; pK, 7.43) permits
buffering without rapid inactivation.

(9) Kirby, A. I.; Jencks, W. P. J. Am. Chem. Soc. 1965, 87, 3209.

(10) Kirby, A. J,; Younas, J. J. Chem. Soc. B 1970, 510.

of cooperative phosphate hydrolysis by both Co(III) centers in
the binuclear reagent.
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