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The reaction of [Cu(danda)}** (danda = 3,7-diazanonane-
1,9-diamine) with formaldehyde and barbituric acid resulted
in a new macrocyclic compound, bearing barbituric acid as

a spiro substituent which was characterized by spectral and
potentiometric methods, cyclic voltammetry and single-crystal
X-ray diffraction.

Template condensation of nickel(1t) and copper(i1) acyclic
tetraamine complexes with formaldehyde and nucleophiles is a
convenient way to prepare functionalized macrocyclic com-
plexes.! The use of primary amines as nucleophiles in these
reactions results in the formation of complexes of azacyclam
ligands (cyclam = 1,4,8,11-tetraazacyclotetradecane) possess-
ing non-co-ordinated nitrogen atom(s) in the macrocyclic
backbone.?>* Such molecules are unstable in the free (non-co-
ordinated) state owing to the hydrolytic instability of the
diaminomethylene fragments® and this feature restricts their
applicability for the preparation of complexes with metals other
than nickel or copper. From this point of view, the employment
of C-H acids, which form C-C bonds upon interaction with
formaldehyde, as nucleophiles seems more preferable, but their
assortment is rather limited. To date only nitroalkanes and
malonic acid esters have been used as locking fragments in the
preparation of macrocycles.'®” Reactions with the latter
reagent usually result in low yields of the desired products.’

In our search for polytopic macrocyclic compounds we
intended to prepare complexes bearing fragments of barbituric
acid by the reaction of urea with 6,6,13,13-tetraethoxycarbonyl-
substituted cyclamcopper(i1).® Unfortunately, only the decarb-
oxylated product was obtained.

Having implied that barbituric acid itself can behave as a
nucleophile, we tried to use it in a formaldehyde-amine
condensation and succeeded in the preparation of complex 2
in good yield, starting from 1 (Scheme 1).1 Interestingly, the

t Complex 1 (2.1 g, 5 mmol) was dissolved in methanol (100 cm?®) under
reflux and concentrated perchloric acid (0.1 cm®) and 379 aqueous
formaldehyde (1.0 cm?, 13 mmol) were added. Barbituric acid (0.8 g, 6
mmol) dissolved in aqueous methanol (1:1, v/v; 40 cm?®) was added
dropwise during 1 h. Boiling was continued for 3 h and then the mixture
was cooled and filtered. The solution was evaporated and the dry
residue dissolved with heating in water (10 cm®) and acidified to pH 3
with HCIO,. After cooling in a refrigerator, the precipitate was filtered
off, washed with methanol and recrystallized from acidic aqueous
solution. Yield 1.2 g (41%). IR ¥/cm™ (KBr): 3592m, 3507m (vgy);
3253m (vyp); 1756s, 1725s, 1693s (vco); ca. 1100vs, 619s (v¢y0,). UV/VIS

A/t {e/dm> mol™* cm™) (H,0): 515 (76), 254 (4500), ca. 210 (ca.
6800) (Found: C, 23.35; H, 4.30; N, 12.65. C,3H,3CI,CuN¢O,,
requires C, 23.25; H, 4.15; N, 12.50%).

reactions of the analogous open-chain tetraamine nickel(i)
complex or [Cu(en),]** (en = ethane-1,2-diamine) under
similar conditions do not result in macrocyclic compounds and
only the acyclic condensation products are formed.®

The IR spectrum of complex 27 is fully consistent with the
structure proposed; the UV/VIS characteristics are typical of
copper(if) complexes having 14-membered tetraaza ligands,!®
with a single band in the visible region attributable to d—d
transitions. The intense UV absorption can be considered as
a superposition of the metal-to-ligand charge transfer band
(ca. 210 nm) and the intramolecular band of the barbituric
moiety (254 nm). As for the latter, its intensity is ca. half
that of barbituric acid (A = 258 nm, £ = 9300 dm® mol™!
cm™?).

The solution properties of the new complex are determined to
a great extent by the barbituric fragment of the macrocycle.
Thus, the complex is sparingly soluble in acidic aqueous
solutions but has high solubility in alkaline media. This fact is
undoubtedly connected with the acid-base equilibria affecting
the substituent. Potentiometric investigations revealed a pK,
value of 6.78 + 0.03 (0.1 mol dm™3, NaClO,, 290 K) which
is lower than for 5,5-diethylbarbituric acid (pK, = 7.79),"!
indicating the strong influence of a neighbouring metal centre
on the proton equilibrium. It follows also from the
spectrophotometric titration that there is a second acid-base
equilibrium with pX, > 10.5.

The mutual influence of the substituent and the metal centre
is also clearly evident from electrochemical data.} Thus, the E;
value of the Cu-Cu" couple for 2 in 10 mol dm= HCIO, is ca.
1.1 V vs. saturated calomel electrode, i.e. 0.1 V higher than for
Cu"™-Cu®(cyclam) under the same conditions. This feature
indicates a substantial electron-withdrawing effect of the
barbituric acid fragment, similar to that produced by the nitro
group in copper-amide macrocyclic complexes. !

The molecular structure of complex 2 determined by X-ray
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Scheme 1 (i) Barbituric acid, HCHO, MeOH-water (6: 1, v/v), reflux
4 h. Axial H,0 and CIO, in 2 are omitted

1 Glassy carbon working electrode, sweep rate 100 mV s™!; strongly
acidic medium was used to attain the reversibility of the redox couple.!?
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Fig. 1 Molecular structure of complex 2, C-H protons have been
omitted for clarity. Selected interatomic distances (A) and angles (°):
Cu-N(1) 2.025(4), Cu-N(2) 1.995(5), Cu-N(3) 2.007(4), Cu-N(4)
2.008(4), Cu-0(9) 2.52(1), Cu-O(14) 2.69(1); N(1)-Cu-N(2) 85.9(2),
N(2)-Cu-N(3) 95.4(2), N(3)-Cu-N(4) 86.2(2), N(4)-Cu-N(1) 92.4(2).
Hydrogen bonds: O(9)-H - .- 0(22) 2.88, O(9-H---0(22) (1 — x,
—y, —2) 2.92, N(6)-H «- - O(8) 2.88, O(8)-H - + - O(23) (—x, 0.5 + y,
—-05—-2) 295 O@r-H:--0(12) (=1 ~x, 11—y, —2z) 297,
NGS)»H-H«.-0(11) (x,0.5 — y, —0.5 + z) 3.03

crystallography is shown in Fig. 1.* The copper ion has a
distorted tetragonal-bipyramidal co-ordination with equatorial
Cu-N distances [average 2.009 A] typical of 14-membered
tetraazamacrocyclic copper complexes.! %1% The axial d(Cu-O)
values [Cu-O(H,0) 2.52 and Cu-O(Cl0,) 2.69 A] are slightly
longer than usually observed in copper complexes (2.28-2.52
and 2.49-2.57 A, respectively®). Nevertheless, 2 can be
formulated as [CuL(H,0)(Cl0,)]JCIO,-H,O because such
elongation of axial bonds is a common feature of six-co-
ordinate tetragonal azamacrocyclic copper complexes.!’

The average interatomic distances and angles in the
macrocyclic backbone are also typical for those of known
complexes.'®?5 The torsion angles of the C—-C bonds
correspond to a gauche and those of the C-N bonds to a trans
conformation. Both six-membered rings of the macrocycle have
a chair conformation, while both five-membered rings have a
twist one. The overall macrocycle symmetry is distorted C,,
with a mirror plane through C(4)-Cu~C(9), which is a common
motif for the cyclam molecule.!® The barbituric acid fragment
is disposed nearly perpendicular to a macrocycle plane (85°);
its geometry is very similar to other known barbiturate
derivatives.'® In addition, there is a network of hydrogen bonds
to water molecules and perchlorate anions.

Thus, our investigation offers a convenient route to new
functionalized macrocyclic complexes. The synthetic approach
proposed possesses the following advantages: mild reaction
conditions, short reaction times and relatively high yields. The

* Crystal data: C,;H,4Cl,CuN¢O,;, M = 670.85, monoclinic, space
group P2,/c, a = 8.188(2), b = 13.758(3), ¢ = 20.922(4) A, B =
94.73(3)°, U = 2348.809) A3, Z =4, D, = 1727 g cm™>, p = 4.11
mm™', F000) = 1260, 0.28 x 0.35 x 0.21 mm. 3460 (R, = 0.0406)
Independent reflections were measured at 295 K on Enraf-Nonius
CAD-4 diffractometer using Cu-K« radiation (A = 1.541 78 A) with -
20 scans (3 < 8 < 60°). The structure was solved by the heavy-atom
method,'* refinement was by full-matrix least squares on F~ for all data
with anisotropic displacement parameters for non-hydrogen atoms
and isotropic for hydrogen atoms {goodness-of-fit = 1.039, final R
indices [/ > 20(/)] R1 = 0.0574, wR2 = 0.1506, w = 1/[c*(F,)* +
(0.1065P)* + 4.70P], P = [max(F,, O)* + 2F.*]/3}. Atomic coord-
inates, thermal parameters and bond lengths and angles have been
deposited at the Cambridge Crystallographic Data Centre (CCDC).
See Instructions for Authors, J. Chem. Soc., Dalton Trans., 1996,
Issue 1. Any request to the CCDC for this material should quote the
full literature citation and the reference number 186/33.
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applicability of this method to the syntheses of copper(u)
macrocyclic complexes bearing N-substituted barbituric acids
is currently under investigation in our laboratory. Metal
complexes such as 2 are prone to form a network of hydrogen
bonds, similar to those found in barbiturates, as well as to
co-ordinate additional ligands. This ability to display ditopic
properties may be of special interest in the study of the
biological activity of such complexes.

Acknowledgements

We thank the Foundation of Fundamental Research of the
State Committee for Science and Technologies of the Ukraine
(Project No. 3.3/52) and the International Science Foundation
(Grant Nos. UBG 000 and UBG 200) for financial support.
This work was supported, in part, by the International Soros
Science Education Program through Grant Nos. GSU 053150
(to A. I. P.) and APU 053069 (to A. Y. N.). We also thank
Dr. S. P. Gavrish for electrochemical measurements.

References

1 G. A. Lawrance, M. Maeder and E. N. Wilkes, Rev. Inorg. Chem.,
1993, 13, 199.

2 M. P. Suh, W. Shin, H. Kim and C. H. Koo, /norg. Chem., 1987, 26,
1846; M. P. Suh, S.-G. Kang, V. L. Goedken and S.-H. Park, Inorg.
Chem., 1991, 30, 365; M. P. Suh, B. Y. Shim and T. S. Yoon, Inorg.
Chem., 1994, 33, 5509.

3 S. V. Rosokha, Ya. D. Lampeka and I. M. Maloshtan, J. Chem.
Soc., Dalton Trans., 1993, 631; S. V. Rosokha, I. M. Maloshtan
and Ya. D. Lampeka, Zh. Neorg. Khim., 1993, 38, 1012; I. M.
Maloshtan, S. V. Rosokha and Ya. D. Lampeka, Zh. Neorg. Khim.,
1994, 39, 792.

4 L. Fabbrizzi, A. M. Manotti Lanfredi, P. Pallavicini, A. Perotti,
A. Taglietti and F. Ugozzoli, J. Chem. Soc., Dalton Trans., 1991,
3263; R. W. Hay, J. M. Armstrong and M. M. Hassan, Transition
Met. Chem., 1992, 17, 270.

5 M. P. Suh and S.-G. Kang, Inorg. Chem., 1988, 27, 2544, S.-K. Jung,
S.-G. Kang and M. P. Suh, Bull. Korean Chem. Soc., 1989, 10, 362.

6 P. Comba, N. F. Curtis, G. A. Lawrance, M. A. O’Leary, B. W.
Skelton and A. H. White, J. Chem. Soc., Dalton Trans., 1988, 2145;
N. F. Curtis, G. J. Gainsford, A. Siriwardena and D. C.
Weatherburn, Aust. J. Chem., 1993, 46, 755.

7 G. A. Lawrance and M. A. O’Leary, Polyhedron, 1987, 6, 1291,
G. A. Lawrance, B. W. Skelton, A. H. White and E. N. Wilkes, Aust.
J. Chem., 1991, 44, 1511; L. Xin and N. F. Curtis, Aust. J. Chem.,
1992, 45, 1087; W. Hambley, G. A. Lawrance, M. M. Maeder and
E. N. Wilkes, J. Chem. Soc., Dalton Trans., 1992, 1283,

8 L. Xin, N. F. Curtis and D. C. Weatherburn, Transition Met. Chem.,
1992, 17, 147.

9 A. L. Prikhod’ko and Ya. D. Lampeka, unpublished work.

10 G. A. Melson (Editor), Coordination Chemistry of Macrocyclic
Compounds, Plenum, New York, 1979; K. B. Yatsimirskii and Ya.
D. Lampeka, Physicochemistry of Metal Complexes with Macrocyclic
Ligands, Naukova Dumka, Kiev, Russian edn., 1985.

11 A. E. Martell and R. M. Smith, Critical Stability Constants, Plenum,
New York, 1989, vol. 6, p. 498.

12 C. B. Castellani, L. Fabbrizzi, M. Licchelli, A. Peroti and A. Poggi,
J. Chem. Soc., Chem. Commun., 1984, 806.

13 S. P. Gavrish and Ya. D. Lampeka, Zh. Neorg. Khim., 1993, 38,
1304.

14 G. M. Sheldrick, SHELXS 86, in Crystallographic Computing 3,
eds. G. M. Sheldrick, C. Kruger and R. Goddard, Oxford
University Press, 1986, p. 175; SHELXL 93, a program for crystal
structure refinement, University of Gottingen, 1993.

15J. C. A. Boeyens and S. M. Dobson, in Stereochemical and
Stereophysical Behaviour of Macrocycles, ed. 1. Bernal, Elsevier,
Amsterdam, New York, 1987, p. 1.

16 A. G. Orpen, L. Brammer, F. H. Allen, O. Kennard, D. G. Watson
and R. Taylor, J. Chem. Soc., Dalton Trans., 1989, S1.

17 P. A. Tasker and L. Sklar, J. Cryst. Mol. Struct., 1975, §, 329;
E. Ochiai, S. J. Rettig and J. Troffer, Can. J. Chem., 1978, 56, 267,
R. Clay, J. Murray-Rust and R. Murray-Rust, J. Chem. Soc., Dalton
Trans., 1979, 1135.

18 G. P. Jones and P. A. Andrews, J. Chem. Soc., Perkin Trans. 2, 1987,
415.

Received 9th February 1996; Communication 6/00977H


http://dx.doi.org/10.1039/DT9960002017

