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Abstract

Two crystalline forms of the [Cu(I)(IMP}DPA)-
(H,0)],°nH,0 (IMP =inosine 5'-monophosphate,
DPA = 2,2 -dipyridylamine) complex were obtained
from aqueous solution at pH=6.2. The crystals of
the two forms belong to the monoclinic system, space
group P2,. The cell parameters are: a=9.445(2),
b=33902(4), c=7802(2) A&, B=90.48(2)°, Z=
2, D,=1.69gem™> and Mo Ka)=1049 cm™!

(form a, n=4), and a=7.828(2), b=18552(3),

c=17378(3) A, B=91.16Q2)°, Z=2, D.=1.66
gem ™3, (Mo Ka)=10.40 cm™! (form 8, n=3.62).
Bau and coworkers reported the preparation of form
a by vapor diffusion of CH3CN into aqueous solution
containing Cu(NO;),, Na,IMP and DPA in a 1:1:1
molar ratio and the analysis of the compound by
single crystal X-ray diffraction [1].

Intensities for 3412 reflections were collected
from a crystal of form f in the present work. Graphi-
te-monochromatized Mo Ko radiation was employed.
The structure was refined to final R and R,, values
of 0.1000 and 0.1115 respectively. The dimeric
units contain two copper ions in square-pyramidal
coordination polyhedra. Each polyhedron consists
of two nitrogen atoms of DPA, two oxygen atoms
from two phosphate groups and a water molecule
in the axial position. A statistical disorder was found
in a nucleotide moiety of the dimer. Two sets of
atomic positions corresponding to the purine system
were refined with site occupation factors of 0.62(1)
and 0.38(1) respectively. Also the ribose ring shows a
disorder with two possible conformations. The
puckering mode of the prevailing conformation is
C(3")endo. In the other nucleotide molecule of the
dimer the furanose puckering mode is C(3")-ndo.
The rotation around the glycosyl linkages can be
described as ‘gn#i’ in the structure of form . The
C(4)-N(9)—C(1)-0(4') torsion angle values are
—97(2) and —94(3)° for the disordered nucleotide
molecule and +91(2)° for the other nucleotide
moijety. Strong intermolecular DPA—-DPA and
purine—purine stacking interactions stabilize the
crystal lattice. The differences on the nucleotide
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conformation between the structure of form « and
form § can probably be ascribed to differences in
the hydrogen bonds and stacking interactions.

Introduction

The importance of nucleotide—metal species in
many biological processes has resulted in considerable
efforts to elucidate the nature of donor sites and
coordination sphere geometries. Moreover the con-
formation of the nucleotide moiety in metal com-
plexes can play an important role in enzymatic
reactions. Defined structural information on nucleo-
tide—metal compounds is provided by Xray dif-
fraction studies. In recent decades many studies
have been carried out on different model complexes
in the solid state [2]. Recently the preparation of
a series of ternary complexes involving ATP (ATP =
adenosine 5'-triphosphate), DPA and Mg®* or other
divalent metal jons appeared [3,4]. The experi-
mental conditions (like pH, temperature, presence
of precipitating agents etc.) are very important to
prepare crystalline metal—nucleotide complexes.

With the aim to obtain single crystals containing
divalent metal ions and purine nucleotides from
almost neutral aqueous solution we investigated the
IMP-DPA system. It was possible to prepare two
crystalline forms (form o« and form ) of a 1:1:1
Cu(Il)-IMP—DPA complex from an aqueous solu-
tion at pH=6.2 and room temperature. One of
these forms (form &) was previously prepared by
Bau and coworkers [1] following a different proce-
dure. Here we report the data relevant to the new
form (form f) and a comparison with the structure of
form a.

Experimental

Material

Inosine 5'-monophosphoric acid disodium salt
was purchased from Sigma and used without any
further purification. DPA (Aldrich) was twice re-
crystallized from ethanol. Copper(II) sulphate was
Erba reagent grade product.

© Elsevier Sequoia/Printed in Switzerland
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TABLE I. Crystal Data for [Cu(ID(IMP)(DPA)(H,0)],nH,0

Form 8, n = 3.62 Forma,n =4

Formula CaoHs1.24N14021,62P2Cu2 CaoHs2N1402,P2Cuy
a (A) 7.828(2) 9.445(2)
b (R) 18.552(3) 33.902(4)
c(A) 17.378(3) 7.802(2)
B (deg) 91.16(2) 90.48(2)
U (A3%) 2523(1) 2498(1)
VA 2 2

Space group P2, P2,

u(Mo Ka) (cm™) 10.40 10.49

M 1263.2 1270.0
D¢ (gem3) 1.66 1.69
£(000) 1300.4

R 0.1000

R 0.1115

Number of measured reflections 3412

Number of observed reflections 3055

The crystalline Cu(Il)-IMP—DPA compound
was prepared with the following procedure: DPA
(1 X 1072 mol) was dissolved in ethanol (5 ml). The
solution was mixed to an aqueous solution (20 ml)
of Na,IMP (1 X 103 mol). The resulting mixture
was added to a solution (20 ml) of CuSQ,-5H,0
(1 X 102 mol). The green solution (pH=6.2) was
filtered and allowed to evaporate at room tempera-
ture. After a period of about a week, dark green
crystals were filtered and washed with water. The
examination under the microscope revealed the
presence of two different kinds of crystals: tufts of
very thin plates and elongated prisms. The crystals
were stored in the refrigerator as some efflorescence
can occur after six days at room temperature. The
two forms gave similar analytical responses. Anal.
Calc. for C,oH,6N70,PCu: C, 37.83; H, 4.13; N,
15.44; Cu, 10.01. Found (form «): C, 38.10; H, 4.25;
N, 15.30; Cu, 10.15. Form 8: C, 38.20; H, 4.15: N
15.50; Cu, 9.95%.

Two well shaped crystals, a prism and a plate were
used for the lattice constant determinations on a
Philips PW 1100 automated four-circle diffractom-
eter. The parameters were obtained by the least-
squares method applied to the setting angle of 25
reflections. The unit cell parameters and other crystal
data are reported in Table I.

>

Collection of X-ray Data

A plate measuring about 0.15 X 0.15 X 0.02 mm
was used for data collection. Intensity data were
collected with the 8—26 scan method with a scan
speed of 0.05° 5™ and a scan width of 1.40° in 8 in
the range 4 <20 <42°.

The intensities of three standard reflections were
monitored after 120 min during the data collections.

They did not show any systematic variation over the
duration of the experiments. Total of 3055 reflec-
tions with F > 40(F) were considered ‘observed’
and used for the structure refinement. The intensities
were corrected for Lorentz and polarization effects;
the absorption correction was also applied.

Structure Solution and Refinement

Systematic absences in the 00 reflections for
k=2n+1 indicated the presence of a 2, screw axes
parallel to b. P2/m space group was excluded on
the basis of the presence of an optically active ribose
in the compound. The structure was solved by the
heavy-atom method and completed by a series of
three-dimensional Fourier and difference-Fourier
maps. The refinement was accomplished by full-
matrix least-squares method with anisotropic thermal
parameters for Cu and P atoms.

The choice between the two possible enantiomeric
structures was made on the basis of the known
absolute configuration of D-ribose. Atomic scattering
factors of C,N,O,P were taken from SHELX76 [5]
those of Cu were taken from ref. 6. During the refine-
ment procedure ten new peaks in the purine region
and three new peaks in the ribose region (close to
C(2"), O(2") and O(3")) of a nucleotide molecule
were shown by difference-Fourier maps. This was
interpreted as a statistical disorder and two purine
systems as well as two C(2"), two O(2') and two O(3")
positions in a nucleotide moiety were refined. The
purine systems were refined as rigid groups. The
thermal parameters of the purine atoms were con-
strained to the same value (refined to 0.0818(36) A?).
The site occupation factors of the atoms within a set
were constrained to the same value. The sum of the
occupancies of the two sets was fixed at 1.0. The
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refined values of the site occupation factors for the
two conformations were 0.62(1) and 0.38(1) respec-
tively.

The agreement index R = Z(|F,|— |F /Z|F,|
was 0.1000 while the index Ry, = [Ew(|Fo| — [F[)*/
ZwF,%]'"? was reduced to 0.1115. The function
minimized was Zw(|F,| — |F,[)?> with weights w=
af [6*(F) + bF?] where a and b are variable param-
eters refined to 0.8717 and 0.0156 respectively.
Final atomic coordinates with estimated standard
deviations are reported in Table II. The standard
deviations relevant to the atomic positions of the
nucleoside moieties are somewhat large and prevent
a detailed discussion of bond lengths and angles. The
conformation of the second ribose ring of the dis-
ordered nucleoside moiety is not accurately deter-
mined also owing to the large standard deviations.
The presence of disorder in a nucleoside moiety and
in the molecules of water of crystallization does not
allow better results. However we believe that the
essential features of the structure are correct,

Description of the Structure

The Coordination Sphere

Figure 1 shows the dimeric molecule found in
the structure of form §. Table IIT and Table IV report
the bond distances and selected bond angles.

The two copper ions in the dimer have square-
pyramidal coordination polyhedra consisting of two
nitrogen atoms from DPA two oxygen atoms from
phosphate groups and a water molecule in the axial
position. There is no interaction between the metal
ions and the purine systems. The deviations of the
copper atoms from the basal plane toward the apical
water molecule is 0.20(1) and 0.18(1) A. The two
bridging phosphate groups and the two copper ions
in each dimer form an eight-membered puckered ring.
The Cu—OP bond distances average 1.92(1) A. The
Cu—N bond distances average 2.02(2) A. A coordina-
tion geometry similar to that showed by the copper
ions in the structure of form 8 was found in form a,
in [Cu(IT)(AMP)BIPYXH,0)],%* (AMP = adenosine
5'-monophosphate, BIPY =2,2"bipyridyl) [7], in
[Cu(IT)(3'-GMPYPHEN)XH,0)], (3-GMP = gua-
nosine 3'-monophosphate, PHEN = 1,10-phenanthro-
line) [8], in [Cu(ID(UMP)(DPAXH,0)], (UMP=
uridine 5'-monophosphate) [9] and in [Cu(I))(CMP)-
(DPAYH,0)],; (CMP = cytidine 5'-monophosphate)
[10].

It is worth noting that Cu(II), IMP and BIPY give
a crystalline ternary complex whose structure consists
of [Cu(ID(IMPYBIPYXH,0)]* molecules and NO,~
ions [11]. The metal ion links to IMP just through
the N(7) atom without any bonding interaction with
the phosphate oxygen atoms. Furthermore the
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Fig. 1. ORTEP [15] drawing of the [Cu(ID{IMP)}DPA)-

(H20)]2 molecule in form g with the labelling scheme.

Ellipsoid enclose 30% probability. (For the disordered

nucleotide just the most favourable conformation is re-

ported.)

Cu(I)—N(7) only bonding mode was found also in
[Cu(ID(IMP),(IM), s(H,0); 2(H,0).] (IM=imidazo-
le) [12], and in [Cu(ITYIMP),(dien)] (dien = diethyl-
enetriamine) [13] complexes. Therefore it appears,
at least for ternary complexes in the solid state, that
Cu(Il) ions can interact with the phosphate group of
nucleoside monophosphate without any metal—
nucleobase interaction. Otherwise copper ions can
link just to the nucleobase.

The Nucleotide Molecule

In spite of the similarities found in the coordina-
tion polyhedra of form f and form «, there are
many differences in the conformations of the ribose
rings and in the rotation around the glycosyl linkage.

One nucleotide molecule of the dimer in form g
shows that the ribose puckering mode is mainly
C(3")endo [14] (62(1)%, see Table V). The ribose
ring in the other molecule has a C(3")endo conforma-
tion. On the other hand the two ribose rings of form
a have a C(4')exo conformation [1]. The rotation
around the glycosyl linkage can be described as
‘anti’ in both the nucleotide molecules of form S.
It has to be noted that the x (0(4")—~C(1")-N(9)—
C(4)) torsion angle values are —97(2)° (62(1)%) and
—94(3)° (38(1)%) in one nucleotide and +91(2)° in
the other one. In the structure of form a both the
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TABLE IIl. Bond Distances (A) with their Estimated Stan-
dard Deviations in Parenthesis
=
o
.- Cu(1)-0(31) 1.91(  Cu(2)-0(32) 1.94(2)
Cu(1)-0(42) 1.90(1)  Cu(2)-0(41) 1.94(1)
o Cu(1)-N(1D1)  2.05(2) Cu(2)-N(1D2)  2.02(2)
g § § 5 g c:,rg § a @ 5 é § 5 g g E g Cu(1)-N(2D1) . 2.00(2) Cu(2)-N(2D2) 2.01(2)
L TITTgeegzegeecs Cu(1)-O(W1) 242(2)  Cu(2)-O(W2) 2.27(2)
RS SIRNQISELIIICRSER
= P(1)-0(21) 1.53(1)  P(2)-0(22) 1.48(1)
P(1)-0(31) L51(D  P(2)-0(32) 1.52(2)
o e P(1)-0(41) 148(1)  P(2)-0(42) 1.53(2)
2T S80I 2E82]Y P(1)-0(5'1) 1.60(1) P(2)-0(5'2) 1.61(1)
S 32832533238z 58
g NAFAadaTooo Fn § g C(1'1)-N(91) 1.32(4) C(1'2)-N(92) 1.37(4)
P! bt C(1'1)-0@4'1) 1.42(3) C(1'2)-0(4"2) 1.42(4)
C(1'D-C(2'1) 1.52(3) C(1'2)-C(2'2) 1.59(5)
C(2'1)-0(2'1) 1.37(3)  C(2'2)-0(2'2) 1.49(5)
858 5858585885858 8] C(2'1)-C(3'1) 1.55(3) C(2'H-C(3'2) 1.43(5)
57 SxTsrsSrsErseIRe ST C(311)—0(3' 1) 1.42(3) C(3‘2)—O(3’ 2) 1.64(5)
eS8 SRS ILTToRaTTS C(3'1H-C@'D) 1.56(2) C(3'2)-C(4'2) 1.51(5)
MT NN WLV VNNV n e C(4'1)-0(4'1) 137(2)  C@4'2)-0(4'2) 1.52(4
e C(4'1)—C(5'1) 1.54(2) C(@'2-C(5'2) 1.44(4)
T8 3388350850489y g C(5'1)-0(5'1) 1.49(3)  C(5'2)-0(5'2) 1.43(3)
S% REESNEERESENEEE COID-NOLD 1600
© o T © <+ t? R R~ R = R = C(1'1)—C(2'11) 1.54(4)
ARORNA - C2'1D-CB3'D  1.52(3)
C(2'11)-0(2'11)  1.40(4)
~n SASARAasAaASA8% CED-0EF1L  14903)
o 288588558888285 @ 1346
T Zdodaeoruneosa==E N(11)—C(21) 1.37 N(12)-C 1.
OO ZZZCOC0000C00C000 C21)-NG1) 1.36 C(22)-N(32) 1.23(5)
= N(31)-C(41) 1.37 N(32)-C(42) 1.36(5)
= C(41)-C(51) 1.39 C(42)—C(52) 1.31(5)
2 C(51)—C(61) 1.39 C(52)-C(62) 1.47(5)
5 C(61)-0(61) 1.24 C(62)~0(62) 1.28(4)
R B 4 C(61)-N(11) 1.37 C(62)-N(12) 1.37(4)
= C(51)-N(71) 1.38 C(52)-N(72) 1.33(5)
- N(71)-C(81) 1.31 N(72)-C(82) 1.30(5)
- B C(81)-N(91) 1.34 C(82)-N(92) 1.39(5)
29 3338585 rezrEgss I N(91)-C(41) 1.42 N(©92)-C(42) 1.38(5)
S% S eXsSrESIndcssa | N(111)-C(211)  1.36
BRI SRIITICI®CLLLEAIS | g CQ1D-NG311)  1.35
S NG1D-C@11)  1.37
5§ £3383335585585] | & CALD-CEL) 139
SZ ERERZINESREERSE|° 1D 061D 124
o s g C(611)-0(611 1.
SR <rT"’mmgﬁgg.irg,g.&?g:'r’ 5 C(611)-N(111)  1.37
G
P C(511)-N(711)  1.38
= N(711)-C(811)  1.30
Gy
SS FREEESEFEEESERT| 8 NO11)-C(411)  1.37
e 29232232 RIND2R323| 5
58 RITUXSIJIA®OR]I| 8 N(1D1)-C(1D1) 1.31(3) N(1D2)-C(1D2) 1.34(3)
E C(1D1)-C(2D1) 141(3) C(1D2)-C(2D2) 1.43(3)
I I . C(2D1)-C(3D1) 1.42(4) C(2D2)-C(3D2) 1.28(3)
98 d3387308h8xxany | = C(3D1)-C(4D1) 1.29(4) C(3D2)-C(4D2) 1.43(4)
TS ZIISSRIC-RSSEBSD g C(4D1)-C(5D1) 141(4) C@D2)-C(5D2) 1.42(4)
N O FOLONOD—ATLTNON—~ O C(5D1)-N(1D1) 1.29(3) C(5D2)-N(1D2) 1.34(3)
oY mEywmesmesyIaTe f, C(ID1)-N(3D1) 141(3) C(1ID2)-N(G3D2)  139(3)
_ & N(3D1)-C(6D1) 1.393) N(3D2)-C(6D2)  1.39(3)
~~ SOoSooooooooos :Q? :8‘ g C(6D1)—C(7D1)  1.38(4)  C(6D2)-C(7D2)  1.36(3)
S g @ g g @ 8 Q @ @ g 93 % SE= Z C(7D1)-C(8D1)  1.45(4) C(7D2)-C(8D2)  1.26(4)
O0 Z2ZZ0TCTG0CTTCTTUS0 |a (continued)
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TABLE IIL. (continued)

C(8D1)--C(9D1)
C(9D1)-C(10D1)
C(10D1)-N(2D1)
N(2D1)-C(6D1)

1.41(4)
1.33(4)
1.31(3)
1.38(3)

C(8D2)-C(9D2)
C(9D2)—C(10D2)
C(10D2)-N(2D2)
N(2D2)--C(6D2)

1.41(4)
1.43(5)
1.34(4)
1.29(3)

G. Giorgi and R. Cini

nucleotide molecules have an unusual ‘syn’ conforma-
tion around the glycosyl bond [1].

The DPA Molecule
The pyridine rings in the DPA molecules are

essentially planar. The two rings are tilted in each

TABLE 1V. Bond Angles (deg) with the Estimated Standard Deviations in Parenthesis Relevant to the Coordination Polyhedra

0(31)—Cu(1)-0(42) 91(1) 0(32)-Cu(2)-0(41) 90(1)
0(31)-Cu(1)~N(1D1) 91(1) 0(32)-Cu(2)-N(1D2) 90(1)
0(31)—Cu(1)-N(2D1) 172(1) 0(32)-Cu(2)~N(2D2) 170(1)
0(31)-Cu(1)-0(W1) 95(1) 0(32)-Cu(2)—-0(W2) 90(1)
0(42)—Cu(1)-N(1D1) 164(1) 0(41)-Cu(2)-N(1D2) 169(1)
0(42)—Cu(1)-N(2D1) 86(1) 0(41)—Cu(2)-N(2D2) 90(1)
0(42)—Cu(1)—0(W1) 90(1) 0(41)-Cu(2)-0(W2) 90(1)
N(1D1)—Cu(1)—N(2D1) 90(1) N(1D2)-Cu(2)-N(2D2) 88(1)
N(1D1)~Cu(1)~0(W1) 106(1) N(1D2)—Cu(2)—0(W2) 100(D)
N(2D1)—Cu(1)—0O(W1) 92(1) N(2D2)—Cu(2)—-0(W2) 100(1)
TABLE V. Selected Least-squares Planes with Deviations of the Atoms (A)
Plane Atom Devia- Direction Cosines Plane Atom Devia- Direction Cosines
tions tions

1 N(1D1) -0.026 0.8868  0.0155 -0.4797 2 C(6D1) 0.004  0.9935 0.0131 -0.1333

C(1D1) 0.024 C(7D1)  —0.032

C(2D])  —0.006 C(8D1) 0.040

C(3D1)  -0.010 C(9D1)  —0.019

C(4D1) 0.008 C(10D1) —0.012

C(5D1) 0.010 N(2D1) 0.018

Cu(1)? —-0.467 Cu(1)? —-0.347

N(3D1)®> ~0.010 N(3D1)2 0.130
3 N(1D2) —-0.004 —0.8592  0.0071 0.5289 4 C(6D2) 0.001 —0.9826 0.0987 0.1775

C(1D2) 0.014 C(71D2) 0.052

C(2D2)  -0.020 C(8D2)  —0.054

C(3D2) 0.014 C(9D2) 0.009

C(4D2)  -0.003 C(10D2) 0.037

C(5D2)  -0.002 N(2D2)  —0.045

Cu(2)® -0.234 Cu(2)? ~0.543

N(3D2)2 0.008 N(3D2)2 0.031
5 N(1D1) —0.071 0.7399  0.5981 -0.3229 6 N(1D2) 0.004 0.8162 0.5034 -0.2999

N(2D 1) 0.076 N(2D2)  —0.004

0o(31) 0.075 0(32) —0.004

0(42) —0.080 0(41) 0.004

Cu(1)2 0.200 Cu(2)? ~0.183

oW1)? 2.599 OW2)2  -2432
7 Cc(1'1) ~0.001 0.9722 -0.1587 -0.1916 8 C(1'2) —0.030  0.3329 0.8828 0.3245

c2'1) 0.001 C(2'2) 0.018

0@’ 0.001 0(4'2) 0.031

c') ~0.001 C(4'2) ~0.019

C(3'12 -0.627 C(3'2)2 0.447

C(5'1N* -0.846 C(5'2)2 0.995

8Not defining the plane.
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Fig. 2. Diagram of four [Cu(ID(IMPY}DPA)(H0)}, dimeric units in form 8. The molecules are in the following positions: I
x,y,2), I (x+1,y,z+1), I (—x,%+y,~2), IV (—x+1,%+y, —z+1). Water molecules have been omitted for clarity.
There are two types of intermolecular stacking: DPA—-DPA and purine—purine interactions (see Figs. 3 and 4).

ligand molecule. The dihedral angles average 21(2)°. metal jons have deviations between 0.23(1) and
A similar tilted configuration was found in the 0.54(1) A from the pyridine planes in the present
structure of [Cu(IN(UMPYDPAXH,0)], [9]. The structure.
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TABLE VL. Significant Stacking Distances (&) for [Cu(II)(IMP)(DPA)(H;0)]2+3.62H,0

DPA--DPA Purine—Purine
C(1D1)...C(3D2) 3.44 N(11) ... C(52) 3.38
C(1D1) ... C(4D2) 3.56 N(@11) ... C(62) 3.12
C(2D1)...C(4D2) 3.42 (i,y+%,2) N(11) ... 0(62) 3.21
N(1D1)...C(3D2) 3.44 C(21)...NQ12) 3.59
C(21)...C(42) 3.36
C(1D1) ... N(3D2) 343 C(21)...C(52) 3.33
C(2D1) ... N(1D2) 3.50 C(21) ... C(62) 3.31
C@4D1) ... C(2D2) 3.48 (x+1,y+ %, z) N(@31) ... C(42) 3.37
N(1D1) ... N(3D2) 3.45 N(31) ... N(92) 3.48
C(41)...N(72) 3.50
C(41)...C(82) 3.26
C(41) ... N(92) 3.58 x-1y,z-1)
C(51) ...N(72) 3.31
C(s1) ... C(82) 3.50
C(61) ... 0(62) 3.51
Cc6l)...C(52) 3.59
C(61) ... N(72) 3.41
N(@31iD ...C(52) 3.59
N(311) ... N(72) 3.56
N(@311)...C(82) 3.55
C(211)...C(52) 3.50
C(211) ... C(62) 3.49
Hydrogen Bonds

The crystal lattice is stabilized by an extensive
network of hydrogen bonds. Intramolecular hydrogen
bonds involve the coordinated water molecules and
the non-coordinated phosphate oxygen atoms.
Similar interactions were found in the structure of
[Cu(I(UMPYDPAYXH,0)], [9]. Moreover inter-
molecular hydrogen bonds also occur between the
coordinated water molecules and phosphate oxygen
atoms belonging to adjacent complex molecules.
Furthermore the non-coordinated phosphate oxygen
atoms interact with the bridging nitrogen atoms of
DPA molecules (namely N(3D1) and N(3D2)).
Significant hydrogen bonding interactions occur
between the N(1) nitrogen atom from the purine
systems and O(2") or O(3") oxygen atoms from the
ribose rings. The O(6) oxygen atoms from the purine
systems interact with O(2") or O(3") ribose oxygen
atoms. The O(4') oxygen atoms interact with free
water molecules.

Stacking Interactions

There are two types of intermolecular stacking
interactions (Fig. 2 and Table VI). In one case the
DPA molecules from adjacent dimeric units are
involved (Fig. 3). The dihedral angles between the
stacked aromatic rings are about 5(2)°.

The second type interaction involves the purine
systems. It is evident from Fig. 4 that stacking
interactions with an extensive overlapping region
exist between the purine moieties.

Fig. 3. Perspective view of the intermolecular stacking inter-
action involving coordinated DPA molecules. The metal
ions are also drawn.

Conclusion

The structures of [Cu(ID(IMPY(DPAYH,0)|,
(form o and form B) show that the metal ion prefers
to link to the phosphate oxygen atoms of the nucle-
otide molecule. The differences in lattice forces
between the structures of form a and form § are not
able to change the coordination sphere. Probably
some other factors as the presence of Cu(Il)-DPA
bonding interactions and the negatively charged
phosphate oxygen atoms (at pH=6.2) make the
metal—phosphate only binding mode possible.
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Fig. 4. Perspective view of the intermolecular stacking inter-
actions involving the purine systems.

On the other hand some differences in the hydro-
gen bonds and stacking interactions have a large
influence on the conformation of the nucleotide
molecules in the solid state.

This means that we must be careful to draw some
general conclusion on nucleotide conformation from
solid state studies.
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Supplementary Material

Tables of bond angles, and observed and calculated
structure factors are available from the authors on
request.
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