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Synthesis and Characterization of a Copper Complex
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The wide-ranging biological effects and potential pharma-
cological implications of nitric oxide (NO)have stimulated
interest in developing prodrugs that evolve NO in a controlled
manner in aqueous solutidn.Important examples are the
[RoaN(N20,)] ~ ions (NONOatesy;* which have been shown to
regenerate 2 equiv of bioactive NO spontaneously i kit
rates that depend on pH and the nature of the R grdulps.

one strategy to further control NO release rates and increase

target specificity, derivatives of these ions were prepared in
which the oxygen atoms were alkylateor metalated:2 Of

note with regard to the latter are several structurally character-
ized copper complexes of [B(N2O,)]~, either homoleptic or
having solvent coligands, that are stable in nonaqueous sofvents.
However, these typically polynuclear complexes are reported
to decompose in $D at the same rate as the parent sodium
salt, implicating rapid displacement of the NONOate from the
metal ion and subsequent NO release via hydrolysis of the free
ligand. We hypothesized that, by using an appropriate coligand-
(s), copper complexes of NONOates with increased stability
and, thus, greater potential as prodrugs for controlled and
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(LPr3)? enables the preparation of a unigue mononuclear copper
complex of [EtN(N2O,)]~ that exhibits enhanced stability in
aqueous solution at 37T but which can be induced to rapidly
evolve NO through the addition of acid or thiols.

selective NO release might be accessible. We report that the  Agmixture of solutions of [P*Cu(H0)(0sSCF:)]0sSCR;°

sterically hindered 1,4,7-triisopropyl-1,4,7-triazacyclononane
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and Na[EzN(N2O;)] (1.8 equiv) in MeOH at-35 °C afforded

a deep blue-green solution and a green precipitate after 30 min.
The precipitate (obtained in low and variable yields) was
identified as the carbonate complex FECu)(u-nt:n?-
C03)(H20)](0sSCR),, 1 (Scheme 1), by comparison of its BV

vis and IR spectra to those of independently synthesized material
that was structurally characterized by X-ray crystallography.
Removal of solvent from the blue-green solution and crystal-
lization from acetone/ED at —20 °C yielded {L"P=Cu-
[Eta2N(N2O2)]} OsSCHR;, 2, in 49% yield after 3-5 days!? Close
inspection revealed that the product consisted of a mixture of
crystals of two different colors, blue and blue-green. Separate
X-ray structure determinations on a crystal of each type revealed
them to be slightly different morphological forms of the same
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Complex1 was independently prepared by allowing an aqueous
solution of [LPCu(H,0)(0sSCkR)]0sSCR; (0.210 g, 0.330 mmol, in
~3 mL) and 1.0 M NaOH £0.5 mL) to stand in air (the presumed
source of CQ for the CQ?~ ligand). Green blocklike crystals of 1
deposited after 1 week (15 mg, 9%): mp 1885°C; UV—vis [CH.-
Clz, nm (e/complex, Mt cm~1)] 304 (10 800), 388 (2300), 650 (350);
FTIR (KBr) 2974, 1539, 1476, 1377, 1278, 1159, 1068, 1032, 962,
765, 720, 639, 570, 519 cr electrospray MSn/e (relative intensity)
847 (IM — HO — OsSCR]™, 100), 348 ([lPrCuOC]", 74), 256
([L*Pr]*, 63). Anal. Calcd for @HesClFsNsO10S: C, 39.08; H, 6.76;

N, 8.29. Found: C, 39.25; H, 6.79; N, 8.32. Crystal ddth:= 1014.1,
monoclinic, space group2s/c, a= 16.7355(4) Ap = 21.1711(5) A,
c=13.3955(3) AB = 104.441(1), V = 4596.2(2) B, Z = 4, 20max
= 46.52, pcaic= 1.466 g cn3, T = 173 K. Data were collected using
a Siemens SMART system (Modirradiation), and the structure was
solved by direct methods. Full-matrix least-squares refinemefton
using SHELXTL V5.0 converged with RE 0.0441 and wR2=
0.0916 for 6539 independent reflections with> 20(l) and 616
parameters. See the supporting information for a drawing of the
structure and listings of structural parameters.
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Figure 1. Representation of the cation in the X-ray crystal structure
of the blue form of {LP=Cu[?-Et;N(N2O)0,0]} OsSCHR;, 2 (50%
thermal ellipsoids; all hydrogen atoms omitted for clarity). Selected
bond distances (A) and angles (deg): -6(1), 1.974(4); Ct-0(2),
1.980(4); Cu-N(1), 2.061(4); CtrN(2), 2.024(5); Cu-N(3), 2.235-
(5); O(1y-N(4), 1.302(6); O(2yN(5), 1.317(6); N(4}N(5), 1.277-
(7); N(5)—N(6), 1.417(7); O(1) Cu—0O(2), 79.1(2); O(1)y Cu—N(2),
176.6(2); O(2)-Cu—N(2), 97.8(2); O(1} Cu—N(1), 96.7; O(2)-Cu—
N(1), 158.0(2); O(1)yCu—N(3), 94.3(2); O(2 Cu—N(3), 115.2(2);
N(5)—N(4)—0(1), 112.8(4); N(4)N(5)—0(2), 123.9(5); N(4)y-N(5)—
N(6), 116.3(5); N(4yO(1)—Cu, 115.2(3); N(51-O(2)—Cu, 108.7(3).

compound; a view of the molecule in the blue crystal is shown
in Figure 113 As in other complexes of analogous higher order
nitrogen oxides;® the [E&N(N2O2)]~ anion coordinates to
copper via both oxygen atoms [E®D(1) = 1.974(4) A, Cu-
0O(2)=1.980(4) A]. The blue and blue-green crystalline forms
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Although2 is stable for long periods at ambient temperature
as a crystalline solid or in deionized agueous solution at pH
>7, rapid evolution of NO{80% yield based on a maximum
of 2 equiv/icomplex) occurs upon addition of protonic acids
(HCI, HOAC) or thiols (EtSH, @FsSH). The copper-containing
coproduct in the case when HOAc was used was identified as
[LPr3Cu(OAC)]OsSCR; (3), the X-ray crystal structure of which
revealed;?-binding of the acetate anion to a square pyramidal
Cu(ll) center’> To compare the rates of NO release frém
and Na[EiN(N2O)], NO evolution from solutions of these
species was monitored as a function of time using chemilumi-
nescence detectidfi. Pseudo-first-order rate constants for the
decay of2 and the parent NONOate salt at 37 were calculated
from the slopes of linear plots of I — A)/(As — Ag)] Vs
time (s) from data obtained over-3 half-lives (A = area under
chemiluminescence response curve in-8i\see Supporting
Information). The observed rate constants were essentially
identical in 0.1 M HCI k(2) = k(NONOate)= 4.3(4) x 1072
s71], but 2 decomposed half as fast in 0.1 M HOAk(Z) =
2.2(3) x 1072571, k(NONOate)= 5.3(5) x 102 s71] or PBS
buffer (pH 7.4}7 [k(2) = 1.2(1) x 1078 s71, k(NONOate)=
2.8(4) x 103 s71]. This divergence in NO evolution rates,
although not large, nonetheless verifies the enhanced stability
of 2. In addition, it implies a decomposition mechanism Zor
different from that postulated for other copper complexes of
[EtzN(N202)]7,7 which evolve NO in HO via rapid ligand
dissociation and subsequent hydrolysis at the same rate as the
parent sodium salt. Future research will focus on unraveling
the mechanism of decomposition ®find on developing even
more “tunable” NO-releasing prodrugs through strategic de-
rivatizations of the NONOate and the supporting triazacy-
clononane ligands.
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