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(N-Salicyiidene-N’,N’-dimethyiethylenediamine)(theophyllinato)copper(II)-3.5-water is orthorhombic, with a = 12.570 
(4) A, b = 14.983 (5)  A, c = 23.249 (8) A, V = 4378.6 As, CuO3N,CIBHz2~3.5Hz0, 2 = 8, dmeasd = 1.496 (5) g ~ m - ~ ,  
and ddCd = 1.508 g cmM3. A model in space group Pnna has been refined by full-matrix least-squares techniques (nonhydrogen 
atoms anisotropic with the inclusion, but no refinement, of the hydrogen atoms associated with the complex) based on 3028 
counter-collected F,’s to a final R index of 0.130 and a final weighted R index of 0.088. The waters of crystallization (hence 
the structure) appear to deviate slightly from space group Pnna. The primary coordination sphere about the copper is 
approximately square planar with the tridentate Schiff base and N(7) of the theophylline monoanion occupying the four 
coordination sites. Weak axial interactions involving O(6) of the theophylline monoanion and a water molecule are also 
observed. Crystal data are reported for the trihydrate and the monohydrate as well as the title compound. 

Introduction 
The title complex is a close analogue of (N-3,4-benzosal- 

icylidene-N’,N’-dimethyleth ylenediamine) (theophyl1inato)- 
copper(II), I.’ I is unique among 6-oxopurine complexes in 

U 

I 

that  in addition to the common metal-N(7) bond’s2 a direct, 
but weak, bond is formed between the exocyclic oxygen atom 
a t  position 6 of the purine ring and an axial site on the Cu(I1) 
center. 

Coordination of 6-oxopurines by such an N(7) ,0 (6 )  che- 
lation mode has been frequently postulated in the l i t e r a t ~ r e , ~  
most in connection with the mechanism of action 
of cix-Pt11(NH3)2C12, a wide-spectrum antineoplastic agent. 
Except for 1, crystallographic studies of 6-oxopurine complexes 
have failed to reveal any direct interaction between O(6) and 
the metal.’y2 Very frequently, the exocyclic oxygen O(6)  
interacts with hydrogen-bond donors either within the metal 

complex or with other species in the crystalline lattice.2,’ For 
example, in complexes analogous to I but containing only one 
methyl group (and hence one hydrogen atom) on the terminal 
nitrogen atom of the Schiff base ligand, O(6) does not interact 
with the Cu(I1) but accepts a hydrogen bond from the terminal 
N-H 

In order to determine whether the weak N(7),0(6) chelate 
mode found in I would survive other crystalline environments, 
we have prepared and studied the crystal structure of the title 
complex. 
Experimental Section 

The complex (N-salicylidene-N’,N’-dimethylethy1enediamine)- 
(theophyllinato)copper(II) was prepared in a very similar fashion to 
I.’ Recrystallization from a variety of solvents yielded three crystalline 
hydrates: the monohydrate from 95% EtOH, the trihydrate from HzO, 
and the 3.5 hydrate from MeOH. 

Preliminary oscillation and Weissenberg photographs on all 
modifications gave crystal systems, rough cell constants, and space 
groups. Accurate cell dimensions and their associated standard 
deviations were obtained in each case from a least-squares fit of the 
setting angles for 15 reflections measured on a Syntex PI automated 
diffractometer. Crystal densities were obtained by neutral buoyancy 
methods. Complete crystal data for all three hydrates are collected 
in Table I. 

The 3.5 hydrate was chosen for a complete structural investigation 
as it formed crystals of the highest quality. A crystal with the following 
faces and mean dimensions was subsequently chosen for data collection: 
(010)-(oio), 0.27 mm; (loo)-(Too), 0.16 mm; (001)-(ooi), 0.066 
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Figure 1. Stereoview of the (N-salicylidene-N',N'-dimethylenediamii 
of the nonhydrogen atoms are drawn at the 40% probability level. The 
set to 1 A2. 

Table I. Crystal Data for Various Hydrates of 
(N-Salicy lidene-If,"-dimeth y lethylenediamineb 
(theophyllinato)copper(II) 

3.5H20 3H,O H2O 
a, A 12.570 (4) 12.744 (8) 14.547 (6) 
b ,  A 14.983 (5) 13.846 (12) 22.530 (9) 
c, A 23.249 (8) 25.260 (16) 12.498 ( 3 )  
01, deg 90.00 90.00 90.00 
P ,  deg 90.00 92.52 (5) 90.00 
Y, deg 90.00 90.00 90.00 
v, A3 4378.6 4452.9 4096.1 
mace e r o u ~  Pnna P2lc Pbcm 
iormuia CUO,N,C I 8 ~ , ,  . CUO , N ~ C ]  8 ~ , ,  . cuo ,N,C 8 ~ 2 2 .  

3.5H20 3H,O HZO 
mol wt 497.0 487.9 452.0 
z 8 8 8 
dmeasd, g cm-' 1.496 (5) 1.456 (7) 1.48 (1) 
dcdcd, g cm-' 1.508 1.456 1.47 
solvent MeOH HZO 95% EtOH 

mm. The crystal was mounted with the b axis inclined a t  an angle 
of about 7O to the 6 axis of the four-circle diffractometer. The 
intensities of 7780 reflections in the complete hkl octant and the hkl 
octant (to h = 8 after which the crystal was lost) to 26 = 50° were 
collected in the 8-26 scan mode employing graphite-monochromatized 
Mo Ka radiation. Individual scan speeds were determined by a rapid 
scan at the calculated Bragg peak, and the rate of scanning (28) varied 
from 1.5 to 12.0° m i d .  The intensities of three standards were 
monitored after every 100 reflections and they showed no significant 
variation before the crystal was lost. 

The 7780 measured intensities were assigned observational variances 
based on counting statistics plus a term where p was taken to 
be 0.03 and represents the expected error proportional to the diffracted 
intensity.I0 The intensities and their standard deviations were corrected 
for Lorentz, polarization, and absorption [ ~ ( M o  Ka) = 1.08 mm-', 
maximum and minimum transmission factors on P of 0.93 and 0.85, 
respectively] effects. The data were subsequently symmetry averaged 
and reduced to a set of 3028 independent reflections with I > u(I). 
Careful scrutiny of the measured intensities showed that 20 h01 
reflections with h + 1 = 2n + 1 had significant intensities above 
background [21 1 I /u(I )  1 51 indicating that the n glide normal to 
b was not rigorous. However, we initiated the structural analysis in 
Pnnu with the realization that such an analysis might not be completely 
correct. An approximate absolute scale was determined by the method 
of Wilson." 

A Patterson synthesis allowed the positioning of the copper atom, 
and two subsequent structure factor Fourier cycles yielded positions 
for all nonhydrogen atoms in the asymmetric volume. Three cycles 
of isotropic refinement, minimizing the quantity Cw(lFol - IFc1)2 where 
w = 4F,2/u2(F,2), plus three cycles in which the nonhydrogen atoms 
were allowed to vary anisotropically gave an R value [CIIFol - 
lFcll/xlFol] of 0.15. A difference-Fourier map was calculated and 
positions for the hydrogen atoms attached to the complex were 
obtained. The hydrogen atoms bound to the waters of crystallization 
were only weakly in evidence in a few cases. Our ability to locate 
the hydrogen atoms attached to the complex was reasonable assurance 
that the complex obeyed the packing requirements of space group 

ie)(theophyllinato)copper(II)-3.5-water complex. The thermal ellipsoids 
isotropic thermal parameters for the hydrogen atoms have been artificially 

Pnna; our inability to locate the hydrogen atoms on the solvent 
molecules (nor is there any semblance of a strong hydrogen-bonding 
network involving the solvents; see below) suggests that the solvent 
molecules probably cause the deviation from Pnna as evidenced by 
the "nonsystematically absent" reflections noted above. [In the absence 
of the n glide normal to b, and considering the symmetry of the 
molecule, the correct space group would be Pr~2~a.  Attempts to refine 
models in Pn2,a failed because of convergence problems.] 

Two further cycles of anisotropic refinement produced convergence 
(no shift per error greater than 0.7) to a final R value of 0.130. The 
final weighted R value [(Cw(lFoI - IFcl)2/CwlFo12)1/z] and good- 
ness-of-fit index [(Cw(lFol - IFcl)2/(N0 - NV))'l2, where NO = 3028 
observations and NV = 285 variables] were 0.088 and 2.6, respectively. 
A final difference-Fourier map showed no features exceeding *0.9 
e/A3. The scattering curves for the nonhydrogen atomsI2 and the 
scattering curve for HI3 were taken from common sources. The real 
part of the scattering curves was corrected for anomalous dispersion 
effects.I4 Final nonhydrogen atom positional parameters are collected 
in Table 11. The crystallographic computations were performed with 
standard ~r0grams.l~ Anisotropic thermal parameters, hydrogen atom 
parameters, nonhydrogen atom distances and angles, and a list of 
calculated and observed structure factor amplitudes are available.16 

Results 
The molecular conformation of the (N-salicylidene-N',- 

N'-dimethylethylenediamine) (theophyllinato)copper( 11) 
complex is illustrated in the stereoview of Figure 1. The 
coordination sphere is pseudo square planar with the tridentate 
Schiff base and N(7) of the theophylline monoanion occupying 
the four equatorial coordination sites, Table 111. Two weak 
axial interactions involving a water molecule (Cu-O(32) = 
3.271 (8) A) and O(6) of the theophylline base (Cu-0(6) = 
3.340 (8) A) are also present. 

The present complex, like its close analogue I,' was designed 
to allow for the possibility of maximum axial interaction 
between the copper center and the exocyclic oxygen O(6) of 
the theophylline base. While the molecular conformations of 
the two complexes are virtually identical, the very lon 
Cu-O(6) distance found here [Cu-0(6) = 3.340 (8) i! 
compared to the value of 2.919 (3) A in I] clearly suggests 
that the energetics associated with such an interaction can be 
only on the order of the crystal packing forces operative in 
forming the solid. The present system is again in accord with 
the proposition that Cu-N(7),0(6) chelate formation is not 
a primary mode of metal-ligand bonding in Cu(I1) complexes 
of 6-oxopurines.'J7 

The binding of the theophylline monoanion to the copper 
center is strong, however, with a Cu-N(7) distance of 1.969 
(7) A that is the second shortest of the values we have observed 
in such complexes being only slightly longer than the Cu-N(7) 
distance of 1.956 (3) A found in I,' where the weak Cu.-0(6) 
interaction may add some stability to the complex. In the 
absence of either an interligand hydrogen bond involving O(6) 
or a significant Cu-0(6) intera~tion,'J*-'~ the exocyclic bond 
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Table 11. Final Positional Parameters 

Kistenmacher et al. 

atom X Y Z atom X Y 2 

cua 10399 (8) 25135 (9) 6460 (5) (73) 6034 (9) 
o(ab 5611 (5) 1527 (4) 2199 (3) C(4) 4149 (7) 
06)  2106 (5) 1334 (4) 1720 (3) (25) 3167 (7) 
O(10) 1484 (5) 1799 (4) 9 (3) C(6) 2958 (7) 
0(31)c 7899 (6) 1634 (6) 2264 (3) C(8) 3150 (7) 
0(32)c 5727 (5) 4286 (5) 157 (3) C(10) 924 (8) 
O(33)‘ ’14 ‘ I 2  741 (5) C(1 1) 1415 (9) 
O(34)‘ 8582 (8) 4940 (7) 2250 (4) C(12) 842 (12) 
NU) 3841 (6) 1509 (5) 1985 (3) C(13) -232 (11) 
N(3) 4999 (5) 2510 (5) 1525 (3) C(14) -757 (8) 
N(7) 2531 (5) 2800 (4) 828 (3) C(15) -186 (9) 
N(9) 4196 (5) 3396 (5) 764 (3) C(16) -796 (8) 

-447 (6) 2201 (5) 537 (4) -1194 (8) 
N(20) 456 (6) 3371 (6) 1275 (3) C(19) 4 6 1  (9) 
C(1) 3710 (8) 805 (6) 2424 (5) C(20) 966 (10) 
C(2) 4873 (8) 1842 (6) 1917 (4) C(21) 500 (10) 

a Cu parameters X 10’. 0, N, and C parameters X104. Oxygen atoms of the waters of crystallization. 

2880 (6) 
2776 (5) 
2408 (6) 
1734 (6) 
3373 (6) 
1260 (6) 
746 (7) 
154 (8) 
71 (8) 

562 (7) 
1157 (7) 
1162 ( 7 )  
2662 (8) 
3512 (9) 
4238 (8) 
2962 (8) 

1434 (4) 
1190 (4) 
1240 (4) 
1640 (4) 
582 (4) 

-309 (4) 
-729 (5) 

-1067 (5) 
-1017 (5) 

-606 (5) 
-245 (4) 

161 (5) 
920 (5) 

1086 (5) 
1301 (5) 
1843 (5) 

Table 111. Bond Lengths (A) and Angles (deg) in the Primary 
Coordination Sphere about  the Copper 

Bond Lengths 
cu-O( 10) 1.910 (6) Cu-N(l7) 1.944 (8) 
Cu-N(7) 1.969 (7) Cu-N( 20) 2.081 (8) 

Bond Angles 

O(lO)-Cu-N(17) 92.6 (3) N(7)-Cu-N(20) 92.8 (3) 
0(1 O)-Cu-N(7) 90.6 (3) N(7)-Cu-N(17) 175.0 (3) 

0(10)-C~-N(20) 173.7 (3) N(17)-Cu-N(20) 84.3 (3) 

Y t  

*# 
Figure 2. Projection of the  s t ructure  of (N-salicylidene-N’,N’-di- 
methylethylenediamine)(theophyllinato)copper(II)-3.5-water onto 
t h e  bc plane. 

angles at N(7) are nearly symmetric with values of Cu- 
N(7)-C(5) = 127.5 (6)’ and Cu-N(7)-C(8) = 128.6 (6)’. 

The remaining bond lengths and angles in the primary 
coordination sphere closely resemble those we have observed 
in other such systems. The Cu-N(20) bond length of 2.08 1 
(3) A, like its analogue in I at 2.068 (3) A, is significantly 
longer than in the monomethylethylenediamine systems.89 The 
parameters in the purine ring and the Schiff base are typical. 

The crystal packing is illustrated in the (100) projection of 
Figure 2. The packing is dominated by hydrogen-bonding 
interactions and by intermolecular overlap between the sal- 
icylidene ring and the theophylline moiety of glide-related 
complexes. Although the hydrogen atoms associated with the 
water molecules have not been located, some aspects of the 
hydrogen bonding are discernible. The N(9) atom on the 
theophylline anion accepts a hydrogen bond from water 
molecule atom O(32) [N(9)--0(32) = 2.73 (1) A], which is 
also hydrogen bonded to water molecule atom O(33) [O- 
(32)--0(33) = 2.82 (1) A]. Two other hydrogen bonds appear 
to involve the carbonyl oxygen O(2) of the theophylline ring 

and the water molecule atoms O(31) and O(34) [0(2)-.0(31) 
= 2.88 (1) 8, and 0(2)-0(34) = 2.86 (1) A]. Other details 
of the interwater hydrogen bonding scheme are difficult to 
interpret, as noted above. 

As in several (Schiff base)copper-theophylline c o m p l e x e ~ , ~ ~ ~  
there is a significant intermolecular overlap of the salicylidene 
ring and the theophylline moiety. Several short contacts within 
these overlapped dimers, Figure 2, are on the order of 3.3-3.4 
A. 
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