Characterisation of a Binary Transition Metal Complex of a
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{[Cu 3 (3'-GMP) 2 (3'-GMPH) 2 (H 2 0) 5 ] • 7 H 2 0 } „ (1) was isolated from an aqueous solution
of Cu(N0 3 ) 2 and guanosine 3'-monophosphate at a p H of 4.4. 1 is monoclinic space group
C 2 with a = 29.140(7), b = 6.865(5), c = 16.980(7)Ä, ß = 90.31(3)°, Z = 2, D c = 1.81 g - cm-".
The structure was refined to R — 0.065 with i? w = 0.060 for 2642 independent reflections.
It is disordered about a crystallographic diad axis with one of the copper atoms Cu(2)
sited on this axis. This and the other independent copper atom Cu(l) both display square
pyramidal geometries. Cu(l) binds N(7) of a guanine base, two phosphate O atoms of
nucleotide molecules not symmetry-related to one another and two water oxygens. The
guanine base involved in this coordination adopts a syn-conformation relative to the
ribose ring with
= —118.5°. Cu(2) is coordinated by four phosphate O atoms of
different nucleotide molecules and one water oxygen. The second guanine base, which is
not involved in metal binding, displays the anZi-conformation relative to the ribose ring.

Introduction

Binding studies of transition metal cations to
purine nucleotides are of considerable current
interest [2, 3], However, with the exception of one
ternary Cu(II) complex of guanosine 3'-monophosphate (3'-GMP) [4], these investigations were until
1980 restricted to complexes of 5'-nucleotides. We
have now extended the fund of characterised
structures to include a binary Cu(II) complex of
guanosine 2'-monophosphate (2'-GMP) [5], a binary
Ni(II) complex of guanosine 3',5'-cyclic monophosphate (3',5'-cGMP) [1] and ternary Cu(II) complexes of ATP [6, 7] and ADP [7]. In the present
paper we present the preparation and first structural characterisation of a binary transition metal
complex of a 3'-nucleotide, namely
{[Cu 3 (3'-GMP) 2 (3'-GMPH) 2 (H 2 0) 5 ]-7H 2 0}„ (1).
Purine nucleotides contain three characteristic
ligating regions which are capable of metal binding:
(1) the heterocyclic ring N atoms and the exocyclic
functional groups of the base, (2) the phosphate 0
atoms and (3) the hydroxyl 0 atoms of the ribose
moieties. Direct coordination of the purine base
nitrogen N(7) has been observed for all metal
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plexes. In Cu(II) and Zn(II) complexes of 5'nucleotides, which are polymeric, this metal-N (7)
binding is augmented by direct metal-oxygen bonds
to the phosphate groups of one or more neighbouring nucleotide molecules. Contrastingly such metalphosphate binding is absent in
{[Cu(2'-GMPH)2(H20)3] • 5H 2 0} n for which, however, metal-ribose binding to 0(5') is observed. We
may now report a further novel mode of metal
coordination in the polymeric Cu(II) complex of
3'-GMP (1). In this structure one of the three
Cu(II) cations in the structural unit is square
pyramidally coordinated by four different phosphate groups and by one water molecule.
Of the four available base nitrogens N(7) in the
structural unit only two are involved in metal
binding - to the remaining two Cu(II) cations. This
is to our knowledge the first recorded example of
"phosphate-only" binding of a transition metal in
a binary complex of a purine nucleotide.
Experimental
Preparation
of
{[CU3(3'-GMP)2(3'-GMPH)2(H20)5]

• 7 H20}n

(1)

A solution of 0.20 g of Cu(N03)2 • 3 H 2 0 in 3 ml
of H 2 0 was added to a solution of 0.29 g of the
sodium salt of 3'-GMP (Sigma Chemical Co) in 5 ml
of H 2 0. A green gelatinous precipitate which formed
immediately was redissolved by addition of 0.1 N
HCl to give a clear solution of pH 4.4. This was left
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to stand in a closed vessel. Fine green needles were
allowed to grow over a period of circa 3 months
until a single crystal large enough for an X-ray
analysis was available. The remaining crystals were
filtered off and washed with water and methanol.
Microanalysis was performed by Beller (Göttingen).
C4oH6ON2O037P4Cu3 • 7 H 2 0
Calcd
C 25.9 H 4.0
Found C 26.0 H 3.6
X-ray

N 15.1,
N 14.6.

structural analysis of 1

Crystal and refinement data for 1 are summarised
in Table I. Preliminary oscillation and Weissenberg
photographs indicated that the space group was
monoclinic C2. Reflection data were collected with
graphite-monochromated CuKa radiation {X —
1.54178 Ä) in the 0-2 0 mode for one half of reciprocal space up to 20max = 130°. Empirical absorption
corrections based on azimuthal scan data were
applied to the intensities. 5827 recorded reflections
were merged to yield 3162 independent reflections
Table I. Crystal and refinement data for 1.
Stoichiometry
Space group
a (A)
b (A)
C

triclinic space group P I confirmed the presence of
the disorder and refinement was completed in the
space group C2. Anisotropic temperature factors
were introduced for all atoms with the exception of
0(5') of 3'-GMP molecule B and C(5') of 3'-GMP
molecule B' whose positions in the final electron
density synthesis are only 0.46 Ä from one another.
Six independent positions of which five have site
occupation factors of 0.5 and one 1.0 were located
for O atoms of water molecules of crystallisation.
Hydrogen were not included in the refinement.
Weigths were given by the expression w = k [a2 (Fo) +
0.0002 Fo2]"1.
The final value of B was 0.065 with i?w 0.060.
Table II lists the final atom coordinates for 1, with
equivalent isotropic temperature factors Ueq =
1/3 Si£jUijai*aj*äi • äj for all atoms except 0(5')
and C(5') of 3'-GMP molecules B and B' respectively.
Standard numbering has been employed for the
nucleotide atoms*.
Discussion

1 is polymeric with a basic structural unit as
depicted in Fig. 2 in accordance with the arrangement given in Fig. 1. The coordination of both

C4oH6ON2O037P4Cu3 • 7 H 2 0
C2
29.140(7)
6.865(5)
16.980(7)
90.31(3)
2
1853.7
1.81
CuKa

(A)

ßO

z

Mr
D c (g • c m - 3 )
Radiation
H (cm-1)
2 0 range
Unique reflections
F^ rejection criterion
Refinement reflections
R

17

<

28.8

130°
3162
<
2.0 a
2642
0.065
0.060

of which 2642 were regarded as observed [Fo2 >
2.0a (Fo2)]. The internal consistency index for
equivalent reflections was 0.077. The structure was
solved by Patterson and difference syntheses and
refined by blocked full-matrix least-squares. For
the monoclinic space group C2 one of the copper
atoms Cu(2) must be sited on a crystallographic
diad axis and the structural unit must be disordered
about this axis. The nature of the disorder is
depicted in Fig. 1. Those atoms which are not
underlined display site occupation factors of 0.5 and
all occupy either the positions depicted in Fig. 1 or
the symmetry related positions generated by the
operation of the diad axis on which Cu(2) is sited.
The guanine bases of both 3'-GMP molecules A
and B and the ribose moiety of 3'-GMP molecule A
with the exception of 0(5') are not disordered.
Difference syntheses calculated using the complete
data set for a non-disordered arrangement in the

Fig. 1. The arrangement of atoms in the structural
unit of 1. The structure is disordered about a diad axis
passing through Cu(2) and perpendicular to the plane
of the paper.
* A list of observed and calculated structure factors
may be received a t : "Fachinformationszentrum
Energie, Physik, Mathematik, GmbH, D-7514
Eggenstein-Leopoldshafen 2 " . The Registry-Nr.,
CSD 50 346, the name of the author, and the
reference should be given.
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Table II. Positional parameters with equivalent isotropic temperature factors U e q.

Cu(l)
Cu(2)
OW( 1)
OW(2)
OW(2)'
OW(3)

x/a

y/b

z/c

0.0952(1)

0.0000

0.3855(4)
-0.1317(13)
-0.3227(25)
-0.2150(21)
0.5832(21)

0.3028(1)
0.5000
0.1991(4)
0.3602(10)
0.3828(6)
0.5752(7)

49(1)
40(1)
55(4)
63(10)
39(7)
43(7)

0.0848(12)
0.0902(14)
0.1330(14)
0.0544(10)
0.0197(14)
0.0171(15)
0.0502(15)
0.0492(12)
-0.0168(12)
-0.0330(16)
-0.0157(13)
-0.0371(15)
0.1403(10)
-0.1953(15)
-0.3833(11)
-0.1237(17)
0.3073(10)
0.6029(15)
0.7011(19)
0.9010(20)
0.1373(24)
0.2996(29)
0.0937(20)
0.3894(11)
0.4220(23)
0.2532(22)
0.2244(23)
0.0506(23)

0.1245(4)
0.1621(5)
0.1171(4)
0.2385(4)
0.2751(4)
0.2437(4)
0.1625(4)
0.1218(3)
0.3041(3)
0.3684(5)
0.3556(3)
0.4165(4)
0.4243(4)
0.3951(4)
0.4187(4)
0.4329(5)
0.4860(3)
0.5653(5)
0.6305(6)
0.6318(7)
0.3031(8)
0.4338(8)
0.4147(7)
0.4863(3)
0.3650(6)
0.4563(7)
0.3696(7)
0.4970(7)

35(4)
33(5)
44(5)
29(4)
28(4)
28(4)
32(5)
53(4)
29(4)
37(5)
32(4)
30(4)
40(4)
31(5)
47(4)
33(5)
34(3)
30(5)
50(7)
37(7)
55(9)
44(7)
32(7)
36(3)
42(8)
29(5)
34(8)
47(8)

0.0258(14)
0.0300(16)
-0.0165(17)
0.0592(14)
0.0920(16)
0.0955(15)
0.0623(16)
0.0638(12)
0.1398(15)
0.1608(20)
0.1437(15)
0.1639(26)
0.2978(22)
0.0301(19)
-0.1937(20)
0.0839(46)
-0.0491(20)
0.2957(34)
0.4589(46)
0.4231(33)
-0.0619(8)
-0.0076(35)
0.0837(26)
-0.2699(22)

0.1873(4)
0.2485(5)
0.3201(4)
0.2430(4)
0.1683(6)
0.1027(5)
0.1081(5)
0.0551(3)
0.0369(4)
0.0635(6)
0.1435(5)
0.1919(8)
0.2197(8)
0.1702(5)
0.1711(7)
0.2193(15)
0.2917(7)
0.2453(12)
0.2100(16)
0.1274(11)
0.3469(3)
0.2999(14)
0.5821(7)
0.3779(7)

39(4)
39(5)
55(5)
45(5)
39(5)
34(5)
38(5)
53(4)
51(5)
55(7)
47(5)
95(10)
49(8)
44(6)
42(7)
84(17)
39(7)
44(11)
77(17)
99(6)*
37(3)
57(12)
42(8)
49(9)

0.0000

0.0917(2)
0.0994(5)
0.0748(4)
0.0063(4)
0.2324(2)
0.2732(3)
0.3098(2)
0.2795(2)
0.2393(2)
0.1962(2)
0.1903(3)
0.1550(2)
0.1637(2)
0.1877(2)
0.2344(2)
0.2690(3)
0.2938(2)
0.3046(3)
0.2898(2)
0.3485(3)
0.1485(2)
0.1580(3)
0.1321(3)
0.1355(4)
0.3666(4)
0.1016(6)
0.0953(4)
0.0655(2)
0.1119(4)
0.0991(5)
0.1043(4)
0.0875(4)

3'-GMP molecule B
N(l)
C(2)
N(2)
N(3)
C(4)
C(5)
C(6)
0(6)
N(7)
C(8)
N(7)
C(l)'
0(1)'
C(2)'
0(2)'
C(3)'
0(3)'
C(4)'
C(5)'
0(5)'
P
0(31)
0(32)
0(33)

-0.3066(2)
-0.2765(3)
-0.2951(3)
-0.2315(2)
-0.2196(3)
-0.2460(3)
-0.2935(3)
-0.3227(2)
-0.2188(2)
-0.1785(3)
-0.1745(2)
-0.1352(3)
-0.1191(4)
-0.0948(3)
-0.0995(4)
-0.0550(7)
-0.0546(3)
-0.0714(6)
-0.0464(7)
-0.0399(6)
-0.0103(1)
0.0326(8)
0.0185(4)
-0.0087(5)

xja

Ueq

3'-GMP molecule A
N(l)
C(2)
N(2)
N(3)
C(4)
C(5)
C(6)
0(6)
N(7)
C(8)
N(9)
C(l)'
0(1)'
C(2)'
0(2)'
C(3)'
0(3)'
C(4 )'
C(5)'
0(5)'
0(5)"
P
0(31)
0(32)
0(33)
P'
0(31)'
0(33)'

Table I I (continued).

0(1)"
0(2)"
C(3)"
0(3)"
C(4)"
C(5)"
0(5)"
P'
0(31)'
0(32)'
0(33)'

z/c

Ue

0.1511(8)
0.2147(8)
0.1977(10)
0.2827(6)
0.1668(12)
0.1011(14)
0.0362(12)
0.3177(3)
0.2814(11)
0.4055(8)
0.2935(8)

44(8)
53(9)
43(11)
38(7)
44(11)
70(7)*
130(19)
33(19)
46(11)
39(8)
47(8)

0.3960(36) 0.9415(13)
0.2865(40) 0.0890(11)
0.5407(57) 0.0566(14)
0.6095(53) -0.0072(10)
0.4392(21) 0.2121(4)
-0.0921(21) 0.4585(6)

150(19)
113(16)
173(25)
147(20)
107(7)
42(7)

y/b

-0.1142(4)
-0.1021(5)
-0.0551(5)
-0.0497(4)
-0.0674(6)
-0.0412(8)
-0.0433(9)
-0.0012(1)
0.0303(6)
-0.0064(4)
0.0104(4)

0.3667(21)
-0.1202(24)
0.1735(34)
0.1767(21)
0.3755(32)
0.4394(43)
0.3211(35)
0.2300(8)
0.0886(31)
0.2123(24)
0.4382(20)

Unbound water molecules 4
OW(4) 0.4664(6)
OW(5)
0.0488(6)
OW(6)
0.0865(6)
OW(7) 0.0911(5)
OW(8)
0.0984(2)
OW(9) -0.0598(4)

0 ( 5 ) ' and C(5)" of 3'-GMP molecule B were refined
isotropically.
OW(8) has a site occupation factor of 1.0, the
remaining unbound water oxygens 0.5.
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Fig. 2. The structural unit of 1.

independent copper atoms Cu(l) and Cu(2) is square
pyramidal. Cu(l) binds N(7) of the 3'-GMP molecule
A and phosphate oxygens 0(31) of a symmetry
related molecule A and of 3'-GMP molecule B. The
coordination is completed bv two water oxygens
OW(l) and OW(2) of which 'the latter adopts the
axial site in the square pyramid. A detailed analysis
of the bond lengths and angles is precluded by the
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nature of the disorder. Indeed differences in the
bond distances from Cu(l) to the disordered atoms
0(31) and 0W(2) indicate that this copper atom
may adopt two different positions, which must,
however, be so close to one another that they
cannot be distinguished in difference syntheses.
Attempts to refine two different positions for Cu(l)
with Cu(l)-0 distances to equivalent substituents
tied to be equal to one another w ere not satisfactory
and were abandoned. The following final bond
lengths were obtained: Cu(l)-N(7) 1.998(6),
Cu(l)-0W(1) 1.982(7), and the averaged values
Cu(l)-0(31) [GMP A,A'] 1.92, Cu(l)-0(31) [GMP
B,B'] 1.97, Cu(l)-0W(2), 0W(2') 2.26 Ä.
Cu(2) is coordinated by four phosphate 0 atoms
belonging respectively to 3'-GMP molecules A and B
and symmetry related molecules generated by the
diad axis passing through Cu(2). 0(32) of 3'-GMP
molecule B takes up the axial position in the square
pyramid. The fifth ligand is provided by a water
oxygen 0W(3). Bond distances are as follows
Cu(2)-0(32) [3'-GMP A] 1.925(5), Cu(2)-0(32)'
[3'-GMP B'] 2.01(2), Cu(2)-OW(3) 1.87(1),
Cu(2)-0(32) [3'-GMP B] 2.55(2)1. In order to
balance charge in the structural unit, two of the
nucleotide moieties must be present in the form
[3'-GMPH]~ i. e. with one of the phosphate oxygens
protonated. An analogous state of affairs was
observed in the inosine 5'-monophosphate complex
[Cd2(5'-IMPH)2(5'-IMP)(H20)6]ra, which was prepared at a similar pH, namely 3.88 [8], As a result of
the disorder it is not possible to unequivocally locate
the hydrogen atom positions. However, bond distances to Cu(2) strongly suggest that the 0(32)
phosphate oxygens of 3'-GMP molecules B are
protonated. The axial distance Cu(2)-0(32)
[3'-GMP B] of 2.55(2) Ä is particularly long and

thereby indicative of a weaker Cu-0(H)-interaction.
In addition the basal bond distance of 2.01(2) Ä for
Cu(2)-0(32)' [3'-GMP B'] is also relatively long.
Phosphate-only binding of a metal cation in a
binary complex of a purine nucleotide has not to
our knowledge previously been observed. An example is known for an binary complex of a pyrimidine nucleotide, namely [Co2(5'-UMP)2(H20)4]2 [9].
In this case, however, the uracil base does not
possess a non-protonated base nitrogen and metalbase binding would have to place through an exocyclic carbonyl oxygen.
The 3'-GMP molecules A and B display different
conformations at the glycosidic bond C(l')-N(9).
The torsion angle *CN [0(1')-C(1')-N(9)-C(8)] is syn
with a value of —118.5° for molecule A and anti
with values of respectively 45.1° and 86.3° for the
disordered ribose moiety of molecule B. A trans
conformation of 0(5')-C(5') relative to C(4')-C(3')
is observed for the first of the disordered 0(5') atoms
of molecule A, as evidenced by the torsion angle
[0(5')-C(5')-C(4')-C(3')], which takes up a value of
—178.9°. The second disordered atom 0(5") adopts
the gauche+ position as do the 0(5')-C(5') bonds of
the disordered ribose ring of molecule B. Torsion
angles t^oo are in these cases respectively 45.2, 58.1
and 43.7°.
The crystal structure is stabilised by stacking of
the guanine bases at distances of 3.3-3.4 Ä from one
another in columns along the y direction. Parallel
to these columns are hydrophilic regions occupied
by the copper cations, the disordered phosphate
groups and bound and unbound water molecules.
The N(7) nitrogens of 3'-GMP molecule B, which do
not participate in metal binding are involved in
intermolecular N(7) •••H-N(l) hydrogen bonds of
length 2.79 Ä with N(l) atoms of molecule A.
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