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These matrix elements can be expressed as products of phase 
factors and 6-j coefficients according to standard procedures.29 

The energies of the total spin state S = 2 were calculated 
through the expression 

E(S = 2) = j /2Jl2 + Y d J 2 2 ,  

The energies of the S = 1 and S = 0 states were obtained 
by diagonalization of the Hamiltonian matrices 
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The synthesis and molecular and crystal structure of cis-chlorodiammine(~,~-dimethyl-9-methylguanine)platinum( 11) 
hexafluorophosphate, ~is-[Pt(NH~)~(Dmmg)cl](PF~), are reported. The compound crystallizes in the monoclinic system, 
space group P2,/c, with a = 5.467 (2) A, b = 9.784 (5) A, c = 32.309 (17) A, 6 = 92.20 (4)', V =  1726.9 A3, Z = 4 
[based on a formula weight of 602.78 for [Pt(NH~)~(C~N~Hl10)Cl](PF6)], D m d  = 2.34 (1) g cm-,, and Dcalcd = 2.32 
g A structural model was obtained by conventional Patterson and Fourier methods and refined by fullmatrix least-squares 
techniques to an R value of 0.054 based on 4554 counter-collected F,'s. The ~is-[Pt(NH~)~(Dmmg)Cl]+ complex cation 
is four-coordinate with the Dmmg base bound through the N(7) position of the five-membered imidazole ring. Principal 
geometrical parameters for the primary coordination sphere are as follows: Pt-N(ammine trans to the chloro ligand) = 
2.059 (6) A; Pt-N(ammine trans to the Dmmg base) = 2.027 (7) A; Pt-N(7)(Dmmg) = 2.035 (6) A; Pt-C1 = 2.300 (2) 
A; base/PtN3C1 coordination plane dihedral angle = 81.3'. The significant difference in the two Pt-NH3 bond lengths 
is attributable to a greater structural trans effect for the chloro ligand over that of the N(7)-bound purine base. The molecular 
dimensions of the coordinated Dmmg ligand are in excellent agreement with those reported for the free base. The crystal 
structure is stabilized by hydrogen bonding between the exocyclic oxygen atom O(6) of the Dmmg ligand as an acceptor 
and the coordinated ammine ligands as donors and by general electrostatic interactions. The complex cation affords a 
model for a species of the type ~is-[Pt(NH~)~(N(7)-bound guanine)CI]+, where the guanine residue is part of a polynucleotide 
chain. Such species have been postulated as possible intermediates in the reaction sequence leading to the cross-linking 
of DNA by the antitumor agent cis-[Pt(NH,),Cl,]. 

Introduction 
The class of coordination compounds typified by cis- [Pt- 

(NH3)2C12] (cisplatin) are clinically successful antineoplastic 
agents.2 Diverse experimental evidence implicates that the 
primary targets for these drugs are regions of DNA rich in 
guanine-cytosine  residue^.^ These findings have stimulated 
considerable research into the chemistry of platinum com- 
pounds containing nucleic acid components as ligands. These 
investigations have led to numerous proposals for ways in which 
platinum compounds may bind to the nucleobases of DNA 
so as to cause mutagenesis (by inducing base mispairing) or 
cell death (by introducing one or more different kinds of 
"defects" that cancer cells may find difficult or impossible to 
repair). Both the cis and trans isomers of these platinum 
compounds are mutagenic, and to some extent carcinogenic, 

but only the cis isomers have significant antitumor a ~ t i v i t y . ~ , ~  
This suggests a structural basis for the antineoplastic properties 
of the cis compounds. Consequently, many structural studies 
have been performed on model systems containing two nucleic 
acid constituents bound to a cis-A2Pt" moiety, where A = NH3 
or A2 = a bidentate chelate such as ethylenediamine (en) or 
trimethylenediamine (tn).'v6 All of these systems model po- 
tential products of bifunctional attack of cis-A2PtC1, on a 
DNA polymer, with the replacement of the two chloro ligands 
by donor atoms from two nucleic acid bases. The ultimate 
product is envisioned as a DNA polymer containing a met- 
al-mediated intrastrand or interstrand cross-link. 

To a much lesser extent, attention has been directed toward 
the structural characterization of possible intermediate species. 
For example, one postulated mechanism for the antineoplastic 

(1) (a) The Johns Hopkins University. (b) Emory University. 
(2) F'rcstayko, A. W., Crooke, S. T., Carter, S. K., Eds. 'Cisplatin-Current 

Status and New Developments"; Academic Press: New York, 1980. 
(3) (a) Cohen, G. L.; Ledner, J. A.; Bauer, W. R.; Ushay, H. M.; Caravana, 

C.; Lippard, S .  J. J. Am. Chem. SOC. 1980, 102, 2487. (b) Tullius, T. 
D.; Lippard, S. J. Ibid. 1981, 103, 4620. (c) Stone, P. J.; Kelman, A. 
J.; Sinex, F. M. Nature (London) 1974, 251, 736. (d) Munchausen, 
L. L.; Rahn, R. 0. Cancer Chemother. Rep. 1975, 59, 643; Biochim. 
Biophys. Acta 1975, 414, 2422. 
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Figure 1. Molecular topology, atom numbering, and in-plane molecular electrostatic potentials for the purine bases IP?p-dimethyl-9-methylguanine 
(Dmmg) and 9-methylguanine (9-MeG). Contours are given in kcal/mol. 

action of cisplatin is via an intermediate of thz type cis-[Pt- 
(NH3)2(nucleic acid base)C1]+, a so-called " m o n ~ a d d u c t " . ~ ~  
Recently, structures of two crystalline modifications of the 
complex ~ i s - [ p t ( N H ~ ) ~ (  1-MeC)C1](NO3), where 1-MeC is 
1-methylcytosine, have been reported by Lippert and co- 
workers.' In a subsequent publication,* these same authors 
report that cis- [Pt(NH,),( l-MeC)Cl]Cl interconverts to 
trans- [Pt(NH,)( 1-MeC)C12], with the loss of ammonia, under 
quite mild reaction conditions (aqueous solution, room tem- 
perature). 

In this present report, we extend the structural investigation 
of such monoadducts with a study of the preparation and 
molecular and crystal structure of cis-[Pt(NH3)2(Dmmg)- 
C1](PF6), where Dmmg is the modified purine N2,M-di- 
methyl-9-methylguanine (Figure 1). Although a monoadduct 
of guanine would probably be of greater relevance to the 
potential mode of attack of Pt antitumor agents, no such 
compound is known, possibly because of polymer formation. 
The Dmmg base was chosen because the N (  1) position (see 
Figure l ) ,  even when deprotonated, is quite inaccessible to 
metal attack due to the presence of the bulky dimethylamino 
substituent at  C(2). Deprotonation of a guanine base at N ( l )  
is known to be stimulated6b through platinum coordination at 
N(7), and the isolation of 1:l monomeric complexes for 
A2PtC12 reagents is often complicated by the formation of 
N(7) ,N( 1) coordination polymers. A distinct advantage of 
the modified purine Dmmg is that polymer formation is pre- 
vented by a chemical modification (methylation of the exo- 
cyclic amino group) that does not substantively alter the 
electronic structure compared to that for 9-methylguanine 
(9-MeG) itself; vide infraeg Moreover, Dmmg is a naturally 
occurring base in a number of tRNA's,'O and a knowledge of 
its electronic properties and its metal binding affinity is of some 
interest in its own right. 
Experimental Section 

(a) Preparations. A warm aqueous solution (80 mL, 70 "C) of 
0.2630 g of C ~ ~ - [ P ~ ( N H ~ ) ~ C ~ ~ ]  (0.87 mmol)ll was added to an aqueous 
solution (100 mL, 70 "C) of 0.1693 g of M,M-dimethyl-9-methyl- 

Lippert, B.; Lock, C. J. L.; Speranzini, R. A. Inorg. Chem. 1981, 20, 
335. 
Lippert, B.; Lock, C. J. L.; Speranzini, R. A. Inorg. Chem. 1981, 20, 
808. 
This is in contrast to N(7) site selectivity for adenine that was achieved 
by methylation at the N(3) position as opposed to the N(9) position 
making N(7) electronically more favorable to attack than the un- 
protonated N ( l )  site (Orbell, J. D.; Solorzano, C.; Marzilli, L. G.; 
Kistenmacher, T. J. Inorg. Chem. 1982, 21, 2630). 
Brennan, T.; Weeks, C.; Shefter, E.; Rao, S. T.; Sundaralingam, M. J. 
Am. Chem. SOC. 1972, 94, 8548. 
Dhara, S. C. Indian J .  Chem. 1970,8, 193. 

Table 1. Crystal Data for cis-[Pt(NH,),(Dmmg)Cl](PF,) 
a = 5.467 (2) A 
b = 9.784 (5) A 
c = 32.309 (17) A 
p = 92.20 (4)' 
V =  1726.9 A3 

[ W N H  3 1 2  (C, N 5 H, 1 om1 (PF,) 
space group P2,lc 
mol wt = 602.78 
D,,,d = 2.34 (1) g cm-3 
D,dcd (2 = 4) = 2.32 g cmT3 

guanine (0.87 mmo1).l2 The pale yellow solution was allowed to slowly 
evaporate at 60 "C. The pH of the final solution was ca. 5. After 
several days of slow evaporation at 60 "C, 0.1745 g of white powder 
was collected by filtration. A bulk chemical analysis of the collected 
powder was consistent with the formulation [Pt(NH3)2(Dmmg)- 
Cl]Cl.HCl. Anal. Calcd: C, 18.14, H, 3.42; N, 18.51; C1, 20.08. 
Found: C, 18.23; H, 3.35; N, 18.61; C1, 19.97. 

This material was water soluble, and sizable crystals were readily 
isolated after the addition of excess NHQF6. A density measurement 
(neutral buoyancy in CC14/CHBr3) and preliminary X-ray data were 
in accord with the composition [Pt(NH3)2(Dmmg)C1](PF6). This 
was confirmed by an elemental analysis. Anal. Calcd: C, 15.97; 
H, 2.66; N, 16.30. Found: C, 16.30; H, 2.74; N, 16.18. 

(b) Collection and Reduction of the X-ray Intensity Data. Pre- 
liminary oscillation and Weissenberg photography showed the crystal 
system to be monoclinic, with systematic absences (h01,1= 2n + 1; 
OM), k = 2n + 1) consistent with the space group PZl/c. A well-formed 
single crystal was cleaved parallel to the (010) plane to give a prismatic 
fragment with the following face assignments and dimensions: 

Precise cell dimensions were derived from a least-squares fit to the 
setting angles for 15 carefully selected reflections on a Syntex P i  
automated diffractometer. The crystallographic b axis was approx- 
imately aligned along the 4 axis of the spectrometer. Pertinent 
crystallographic data are collected in Table I. 

Emplo ing graphite-monochromatized Mo Ka radiation (A = 

of 2.0-8.0" rnin-' in 20, we surveyed the intensities of 5735 reflections 
in the h,k,*l quadrant to 20 = 60". Three standards were monitored 
after every 100 reflections collected and showed no systematic var- 
iations other than those expected from counting statistics. Out of 
a symmetry-unique set of 4993 reflections, 4554 had net intensities 
above zero; these were assigned observational variances based on 
counting statistics plus a correction term of the form (Poz, where p 
was taken to be 0.03.13 

The nonzero intensities and their estimated standard deviations 
were corrected for Lorentz and polarization effects and for the effect 
of absorption. On the basis of the above face assignments and crystal 
dimensions and a calculated linear absorption coefficient of 88.7 cm-I, 
the maximum and minimum transmission factors were 0.36 and 0.1 1, 
respectively. An approximation to the absolute scale factor was 
obtained by the method of Wi1s0n.I~ 

(ioo)-(ioo), 0.28 W; (oio)+oio), 0.28 mm; (ooi)-(ooi), 0.12 mm. 

0.71069 K ) and using the 6-26 scan mode with a variable scan rate 

(12) Solorzano, C. Ph.D. Thesis, The Johns Hopkins University, 1981 
(13) Busing, W. R.; Levy, H.  A. J.  Chem. Phys. 1957, 26, 563. 
(14) Wilson, A. J. C. Nature (London) 1942, 150, 152. 
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Table 11. Final Non-Hydrogen Atom Coordinates for cis-[ Pt(NH,),(D"g)Cl] (PF,)" 
z Y atom X Y atom X Z 

Ptb 25097 (4) 655 (2) 23138 (1) (36) -400 (13) 1773 (6) 1427 (2) 
CJ -536 (4) -1538 (2) 2218 (1) C(8) 4779 (13) -487 (7) 1502 (2) 

N(1 0) 5235 (12) 1498 (7) 2407 (2) C(21) -2903 (16) 3578 (9) 320 (3) 
N(1 1) 1899 (15) -18 (6) 2928 (2) C(9) 6073 (14) -782 (8) 770 (3) 

3824 (1) NU) -1133 (10) 2270 (5) 1032 (2) P 6986 (4) 631 (2) 
N(2) -904 (1 2) 2582 (6) 320 (2) F(1) 8267 (10) 2074 (5) 3905 (2) 
N(3) 1895 (11) 1165 (6) 644 (2) F(2) 6807 (16) 903 (10) 3336 (2) 
N(7) 3087 (12) 150 (5) 1696 (2) F(3) 7238 (20) 316 (11) 4297 (2) 

O(6) -1513 (9) 21 28 (5) 1734 (2) C(20) 170 (15) 2290 (13) -70 (3) 

N(9) 4591 (11) -224 (5) 1087 (2) F(4) 5644 (12) -794 (6) 3757 (2) 
C(2) 47 (13) 1994 (7) 665 (2) F(5) 9625 (16) -1 (5) 3799 (3) 
C(4) 2630 (12) 648 (6) 1011 (2) F(6) 4424 (11) 1297 (8) 3816 (4) 
(35) 1671 (12) 874 (6) 1399 (2) 

a Estimated standard deviations in the least significant fwre are enclosed in parentheses in this and all the following tables. Parameters 
X 10'; for all other atoms, parameters x lo4. 

(c) Solution and Refmement of the Structure. The positional 
coordinates of the Pt atom were deduced from a Patterson synthesis. 
A subsequent structure factor-Fourier calculation allowed the location 
of the 24 other non-hydrogen atoms of the asymmetric unit. Several 
cycles of isotropic and anisotropic least-squares refinement, minimizing 
the quantity Cw(lFd - where w = 4F:/$(F:), gave an R value 
[CllFol - ~ F c ~ ~ / ~ ~ F o ~ ]  of 0.065. At this stage, a difference-Fourier 
synthesis yielded coordinates for all 17 hydrogen atoms; the isotropic 
thermal parameters for the H atoms were fixed at values ca. 1.0 A2 
larger than for the atom to which they were bonded. Two subsequent 
cycles of refinement, holding the H atom parameters fixed, led to 
convergence (maximum shift/error of 0.8) and to a final R value of 
0.054. The final weighted R value [(Zw(lFol - IFcI)2/CwIFo12)1/2] 
and goodness of fit [(Cw(lFol - IFcI)2/(N0 - NV))IIZ, where NO 
= 4554 nonzero observations and NV = 226 variables] were 0.062 
and 2.0, respectively. A final difference-Fourier map was essentially 
featureless, showing a maximum peak of 1.8 e/A3 near the Pt atom 
and peaks on the order of k l .0  e/A3 in the region of the PFs- anion. 

Neutral-atom scattering curves for the n~n-hydrogen'~ and the 
hydrogenI6 atoms were taken from common sources. Anomalous 
dispersion corrections" were applied to the scattering factors for all 
non-hydrogen atoms. Final atomic coordinates for the non-hydrogen 
atoms are collected in Table 11. Tables of anisotropic thermal 
parameters, parameters for the hydrogen atoms, and final calculated 
and observed structure factor amplitudes are available as supple- 
mentary material. The crystallographic computations were performed 
with a standard set of computer programs." 
Results and Discussion 

Below we describe the crystal and molecular structure of 
the cis- [Pt(NH3)2(Dmmg)C1] (PF,) coordination compound. 
As noted above, the Dmmg ligand was chosen because the 
bulky dimethylamino group a t  C(2) prevents metal attack a t  
the potential N( 1) binding site and, thus, the formation of 
polymeric species. To assess the magnitude of the perturbation 
of the electronic structure of the 9-MeG base due to the methyl 
substituents of the amino group, we have undertaken a study 
of the electronic structures of the Dmmg and 9-MeG bases 
under the INDO appro~imat ion . '~  

Generally, we find the electronic structures of these two 
6-oxopurine bases to be virtually identical. For example, the 
derived molecular dipole moments for 9-MeG and Dmmg of 

(15) Hanson, H. P.; Herman, F.; Lea, J. D.; Skillman, S. Acta Crystallogr. 
1964. 17. 1040. -- - -, - , - -  . -  
Stewart, R. F.; Davidson, E. R.; Simpson, W. T. J .  Chem. Phys. 1965, 
42, 3175. 
Cromer, D. T.; Liberman, D. J .  Chem. Phys. 1970, 53, 1891. 
Crystallographic programs employed include Wehe, Busing, and Lmy's 
ORABS, Zalkin's FORDAP, Busing, Martin, and Levy's OR- (modified), 
Pippy and Ahmed's MEAN PLANE and Johnson's ORTEP. 
(a) Pople, J. A.; Segal, G. A. J.  Chem. Phys. 1966,44, 3289. (b) The 
limitations of approximate molecular orbital methods for the calculation 
of electrostatic potentials have been explored (Geissner-Prettre, C.; 
Pullman, A. Theor. Chim. Acta 1972.25, 83; 1974, 33,91; 1975,36, 
335). From the considerations contained in these papers, the comparison 
of the electrostatic potentials of Dmmg and 9-MeG with each other is 
probably more reliable than either individually. 
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Figure 2. Two perspective views of the ci~-[Pt(NH~)~(Dmmg)Cl]+ 
cation: left, approximately normal to the plane of the purine base; 
right, along the perpendicular to the PtN3C1 coordination plane. 

Table 111. Molecular Geometry for cis-[Pt(NH,),(Dmmg)CI] (PF,) 
(a) Primary Coordination Sphere about the Pt Atom 

Bond Lengths (A) 

Pt-N(11) 2.027 (7) Pt-Cl 2.300 (2) 
Bond Angles (Deg) 

N(lO)-F't-N(7) 88.7 (2) N(ll)-Pt-CI 87.6 (2) 
N(lO)-Pt-CI 179.3 (2) N(7)-Pt-C1 92.0 (2) 

(b) N2 JV2-Dimethyl-9-methylguanine Base 
Bond Lengths (A) 

Pt-N(10) 2.059 (6) Pt-N(7) 2.035 (6) 

N(lO)-Pt-N(ll) 91.7 (3) N(ll)-Pt-N(7) 179.5 (3) 

0(6)-C(6) 1.233 (8) N(7)-C(8) 1.297 (9) 
N(l)-C(6) 1.410 (9) N(9)-C(4) 1.384 (9) 
N(l)-C(2) 1.398 (9) N(9)C(8) 1.366 (9) 
N(2)-C(20) 1.439 (12) N(9)-C(9) 1.438 (10) 
N(2)-C(21) 1.464 (11) C(2)-N(2) 1.341 (9) 
N(3)-C(2) 1.299 (9) C(4)-C(5) 1.394 (9) 
N(3)-C(4) 1.338 (9) C(5)-C(6) 1.440 (9) 
N(7)-C(5) 1.402 (9) 

Bond Angles (Deg) 
Pt-N(7)-C(8) 126.5 (5) N(l)-C(2)-N(2) 
Pt-N(7)-C(5) 126.2 (4) N(2)-C(2)-N(3)' 
C(5)-N(7)-C(8) 107.3 (6) N(3)-C(4)-N(9) 
C(2)-N(l)-C(6) 125.2 (6) N(3)-C(4)-C(5) 
C(2)-N(2)-C(20) 11 8.9 (7) C(5)-C(4)-N(9) 
C(2)-N(2)-C(21) 123.5 (7) C(6)-C(5)-N(7) 
C(20)-N(2)-C(21) 117.5 (7) C(4)-C(5)-N(7) 
C(2)-N(3)-C(4) 113.4 (6) C(6)-C(5)4(4) 
C(4)-N(9)-C(8) 108.5 (6) C(5)-C(6)-0(6) 
C(4)-N(9)-C(9) 124.2 (6) N(l)-C(6)-0(6) 
C(9)-N(9)-C(8) 127.2 (6) N(l)-C(6)-C(5) 
N(l)-C(2)-N(3) 123.4 (6) N(7)-C(8)-N(9) 

116.4 (6) 
120.1 (6) 
126.4 (6) 
128.8 (6) 
104.8 (6) 
132.9 (6) 
108.6 (6) 
118.6 (6) 
129.5 (6) 
120.0 (6) 
110.5 (6) 
110.9 (6) 

7.30 and 7.25 D are essentially indistinguishable. Secondly, 
and important to the coordination properties of each base, we 
find that the in-plane molecular electrostatic potentials for the 
9-MeG and the Dmmg bases are very similar, both showing 
rather deep minima near the 0(6),N(7) cleft (-69.6 and -70.2 
kcal/mol, respectively; see Figure 1). Thus, the desired dis- 
crimination against polymer formation has been achieved 
without a discernible perturbation in the electronic structure 
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or the coordination propensity of the 6-oxopurine ligandsg 
Molecular Geometry of the cis -[Pt(NH,),(Dmmg)C!l]+ 

Cation. Two projection views of the cis-[Pt(NH,),(Dmmg)- 
C1]+ cation are presented in Figure 2; one view is approxi- 
mately along the normal to the plane of the purine base and 
the other perpendicular to the PtN3Cl coordination plane. 
Bond lengths in the primary coordination sphere and for the 
coordinated Dmmg ligand are given in Table 111. The co- 
ordination geometry about the Pt(I1) center is essentially 
planar, with the four-coordination sites occupied by the N(7) 
atom of the five-membered imidazole ring of the Dmmg base, 
the N atoms of the cis-coordinate ammines [N(lO)H, and 
N ( l  1)H3], and the chloro ligand. 

The Pt-N(7) bond length to the Dmmg base at  2.035 (6) 
A is in excellent agreement with other N(7)-bound 6-oxopurine 
bases: 2.035 (13) A for the [Pt(diethylenetriamine)(guano- 
sine)],+ cation;20 2.029 (9) A for the [Pt(diethylenetri- 
amine)(inosine)I2+ cation;z1 2.021 (7) A for [Pt(tn)(Me-5'- 
GMP),]O (where Me-5'-GMP is the phosphate methyl ester 
of guanosine 5'-mono hosphate).,, Similarly, the Pt-Cl 

pyrimidine)platinum( 11) chloro c ~ m p l e x e s . ' - ~ ~ ~ ~  
The most interesting aspect of the geometry of the primary 

coordination sphere in the present complex cation lies in the 
comparison of the two cis-Pt-N(ammine) bond lengths. For 
the ammine, N (  1 l)H3, trans to the N(7)-bound purine base, 
we find a Pt-N distance of 2.027 (7) A. This value is very 
close to those we have previously reported for the cis- [Pt- 
(NH3),(3-methyladenine),I2+ cation (2.03 1 (6) and 2.039 (6) 
A)9 and the C ~ S - [ P ~ ( N H , ) ~ ( ~ - M ~ C  ,I2+ cation (2.031 (7) and 

co-workers* for trans-[Pt(NH,)( 1-MeC)Cl2]. In contrast, for 
the ammine (N(1O)H ) trans to the chloro ligand, a Pt-N 
distance of 2.059 (6) 8: is observed. The 0.032-A difference 
between the two Pt-N(ammine) bond lengths is significant 
(-sa) and, we presume, reflects a measurable difference in 
the relative structural trans effects25 for the chloro and the 
N(7)-bound Dmmg ligands. The magnitude of the difference 
in the Pt-N(ammine) bond lengths observed here is on the 
order expected for two ligands of nearly equal strength in the 
structural trans-effect series for Pt(II).25 

Finally, it is of interest to consider the conformation of the 
complex. In another studyz6 we have analyzed the confor- 
mations of several trans-bis(nuc1eic acid base)platinum(II) 
and mono(nuc1eic acid base)platinum(II) complexes. It was 
foundx possible in some cases to rationalize a large (near 90') 
or a small (near 50') base/coordination plane dihedral angle 
in terms of intramolecular effects. For example, interligand 
hydrogen bonding tends to favor a small dihedral angle, while 
weak Pt.-O(exocyclic oxygen atom) and repulsive interligand 
steric factors tend to favor a large dihedral angle. For most 
systems, these intramolecular forces are weak, and intermo- 
lecular interactions (the ubiquitous "crystal-packing forces") 
are nonnegligible and can sometimes be determinative of the 
observed molecular conformation in the solid. 

In the title complex, the base/PtN,Cl coordination plane 
dihedral angle is large at  81.3'. It is unlikely that this con- 
formation is strongly influenced by the Pt--0(6) interaction, 

distance at  2.300 (2) i is typical of mono- and bis(purine or 

2.033 (7) A)z4 and that (2.04 (1) d ) reported by Lippert and 
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kY 
Figure 3. Perspective view of the crystal packing. Dashed ha indicate 
hydrogen bonds; dotted lines suggest electrostatic interactions. 

since the Pt--0(6) distance at  3.479 (7) A is typically large 
for an N(7)-bound 6-oxopurine base.5 The large dihedral angle 
is, moreover, inconsistent with the presence of interligand 
hydrogen bonding of the type N-H-0(6) as found, for ex- 
ample, in [Pt(diethylenetriamine)(7,9-dimethylhypo- 
xanthine)12+ (where the base/PtN4 dihedral angle is 48°).27 
In fact, the plane of the Dmmg base is oriented so that the 
exocyclic O(6) atom is tilted toward the chloro rather than 
the N(10)H3 ammine ligand (see Figure 2). Thus, crystal- 
packing forces, notably two intermolecular hydrogen bonds 
involving O(6) and base...PF6- electrostatic interactions (see 
Figure 3), surely contribute significantly to the observed 
molecular conformation. The likely absence of such specific 
intermolecular interactions in a polar solvent may well lead 
to a molecular conformation in solution that is quite different 
from the one observed in the solid. We do note, however, that 
the molecular conformation observed here for cis- [Pt- 
(NH,),(Dmmg)Cl]+ is similar to that found for cis-[Pt- 
(NH3)2(1-MeC)C1]+,7 where large base/PtN3C1 dihedral 
angles of 84 and 88' have been reported for two crystalline 
modifications of its nitrate salt. In the 1-MeC complex cation, 
the presence of a stronger Pt.-O atom (O(2)) interaction at  
-3.08 A may play a larger role in determining the large 
dihedral angles. 

Molecular Dimensions for the N2,N2-Dimethyl-9-methyl- 
guanine Ligand and the Hexafluorophosphate Anion. The bond 
lengths in the N(7)-coordinated Dmmg ligand, Table 111, are 
in excellent agreement with those reported earlier for the free 
base,1° with minor differences in some of the bond angles of 
the imidazole ring apparently related to the metal binding at 
N(7). 

The nine-atom framework of the coordinated Dmmg ligand 
shows a degree of nonplanarity (Table IV) that is somewhat 
larger than in the free base.1° The dihedral angle between the 
pyrimidine and the imidazole rings for coordinated Dmmg is 
1.4", while that for the free base is 0 . 6 O . ' O  In the present 
complex, the exocyclic O(6) and N(2) atoms show normal 
displacement magnitudes from the plane of the purine; how- 
ever, the pyramidal character reported for N(2) in free Dmmg 
[N(2) being displaced by 0.08 A from the plane through C(2), 
C(20), and C(21)] is not as pronounced for the coordinated 

(27) de Castro, B.; Chiang, C. C.; Wilkowski, K.; Marzilli, L. G.; Kisten- 
macher, T. J. Inorg. Chem. 1981, 20, 1835. 
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Table IV. Least-Squares Planes and the Deviation of Individual 
Atoms (A) from These Planes for cis-[ Pt(NH,),(Dmmg)Cl](PF,)a 

(a) Primary Coordination Sphere (-0.6734X + 0.7317Y - 
0.10562=-1.4697 A) 

Pt* -0.003 c1 -0.004 
N(7) 0.004 -0.005 

0.004 
(b) Imidazole Ring (-0.59981- 0.7897Y - 

0.1 2912 = -1.7061 A) 
N(9) 0.002 C(5) 0.004 
N(7) -0.003 C(8) 0.001 
C(4) -0.003 

(c) Pyrimidine (-0.6106X- 0.7779Y - 
0.14852=-1.7845 A) 

0(6)* -0.030 C(20)* 0.013 
N U )  0.01 8 C(21)* -0.099 
N( 2) * -0.008 C(4) 0.005 
N(3) 0.005 C(5) -0.003 
C(2) -0.017 C ( 6 )  -0.008 

(d) Dmmg Ligand (-0.6055X- 0.7833 Y - 0.14102 = -1.7683 A) 
0(6)* -0.021 C(20)* -0.016 
N U )  0.012 C(21)* -0.134 
W ) *  -0.033 C(4) 0.017 
N(3) 0.004 C(5) 0.014 
N(7) -0.013 (26) 0.000 
N(9) 0.007 C(8) -0.01 1 
C(2) -0.028 CP)* 0.065 

a In each of the equations of the planes, X ,  Y, and Z are 
coordinates referred to the orthogonal axesa, b, and c*. Atoms 
designated by an asterisk were given zero weight in calculating 
the planes; the atoms used to define the planes were given equal 
weight. 
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Table V. Distances (A) and Angles (Deg) in Interactions 
of the Type D-H. . .A 

D H D-H Aa H * * * A  D.**A LDH.*.A 
N(10) H(101) 0.92 0(6)!, 2.06 2.927 (8) 154 
N(11) H(112) 0.86 0(6)!,l, 2.17 3.009(8) 164 

All superscripts in this column refer to symmetry transforms 
N(l) H(l) 0.87 F(5)"' 2.70 2.841 (8) 90 

(space group P2,lc): (i) 1 + x, y ,  z ;  (ii) F, 
(iii) 1 - x, t y ,  - z. 

+ y ,  - z ;  

base [the corresponding displacement of N(2) here being only 
0.026 A]. Furthermore, the dimethylamino group is twisted 
at  an angle of ca. 3 O  with respect to the base plane in the 
coordinated ligand compared to nearly 6' for the free base. 

The hexafluorophosphate anion exhibits evidence of libra- 
tional disorder, with the fluorine atoms showing varying de- 
grees of exaggerated thermal motion. The average P-F bond 
length is 1.58 (2) A, with individual contributors ranging from 
1.54 to 1.60 A. The average F-P-F angle is 90 (4)' (range 
84-940). 

Crystal Structure. The contents of two unit cells are shown 
in Figure 3. Possible hydrogen-bonding interactions are 
collected in Table V. The extended crystal structure is sta- 
bilized by these hydrogen bonds, which are of the type N- 
(ammine)H--0(6)(Dmmg), and by general electrostatic in- 
teractions between platinated-purine bases that "sandwich" 
PF6- anions (note the columnar arrays parallel to b in Figure 
3). These purine/PF6- electrostatic interactions saturate both 
sides of the delocalized purine ?r system to the preclusion of 
base/base stacking, which has been shown to be favorable for 
the free base in solution.28 

Summary. The preparation and molecular structure of the 
complex cation cis-chlorodiammine(N2,M-dimethyl-9- 
methylguanine)platinum(II) have been reported and discussed 
above. In this first example of a model complex containing 
a 6-oxopurine base for the intermediate in the proposed 
cross-linking mode of action of platinum(I1) antitumor agents, 
two ground-state structural features are of interest: there is 
a measurable, albeit slight, difference in the Pt(I1)-NH, bond 
lengths trans to the chloro and the N(7)-bound purine ligands; 
and the coordinated purine base is orientated nearly normal 
to the coordination plane of the complex. Neither of these 
structural features would seem to play a primary role in the 
further reaction of such an intermediate through the loss of 
the chloro ligand. 

Types of ground-state structural features that could have 
a role in promoting further reaction of such an intermediate 
and lead to the formation of a metal-mediated cross-link or 
the controversial Pt-N(7),0(6) chelation mode are the fol- 
lowing: a significant interaction of O(6) and the Pt(I1) center; 
a cis effect of the N(7)-bound purine base augmenting the 
trans effect of C1- or acting on the chloro ligand; a distortion 
such that the Pt atom is out of the plane of the purine base; 
and a hydrogen bond between O(6) and one of the ammine 
ligands. None of these features are observed (or their effect 
is too small to be observed). If there is any special reactivity 
of a 6-oxopurine base monoadduct, it may well be manifest 
in the transition-state species or in a strained environment 
imposed by the nucleic acid. 
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