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One consequence of the configuration at  P4 is the nonequiva- 
lence of the two N, ligands in 1. This is manifested in the 
preferential protonation of the less hindered N 2  ligand, as pre- 
viously notedS5 

There are significant differences in the reactivity of the A and 
B isomers as illustrated by (i) their reactions with acid to produce 
ammonia and h y d r a ~ i n e , ~  (ii) addition of NEt, (2 mol) to a BI3 
isomer in CH2CI2 solution at room temperature resulting in the 
immediate loss of all nitrogen as N 2  but a similar result not 
occurring with 2A, and (iii) the lability of PPh3 to exchange in 
2B but not 2A. Presently, it is not obvious how these differences 
arise. One notable feature about the solid-state structure of 2B' 
is the open volume above P4 in the coordination sphere. 

Work is in progress to delineate this problem and understand 
why the B isomers favor hydrazine formation whereas the A 
isomers favor ammonia formation in solvents of low dielectric 
c o n ~ t a n t . ' ~  
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(1 3) Carried out by using [MOCI(NNH,)(~~~~~O~)(PP~M~~)]CI~~ 
(14) A full report of the structural data and allied chemistry will be sub- 

mitted for publication in Inorg. Chem. 
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Facile Substitution of NH3 Ligands in a Diplatinum(II1) 
Complex of 1-Methyluracil 

Sir: 
The degree of inertness of amine ligands in cis-diamineplatinum 

complexes and its possible relevance in biological systems, spe- 
cifically with regard to the mode of action of Pt antitumor agents, 
still are a matter of debate. While there has been a report on the 
release of amine from dichloro(ethylenediamine)platinum(II) 
under in vivo conditions,' similar in vitro studies have provided 
no evidence for an amine labilization on binding of cis-diamine- 
platinum(I1) complexes to DNA.,,, On the other hand, in model 
systems the replacement of N H 3  or other amine ligands from 
platinum complexes has been shown to occur occasionally, e.g. 
on reaction with p01y(A),~ during the reaction of cis-(NH3),Pt- 
(H20),,' with pyrimidine nucleobases leading to "platinum 
 blue^",^ or in the presence of S-containing ligands such as me- 
thionine.6 Recently, we could demonstrate by X-ray analysis the 
conversion of cis-[(NH,),Pt(MeC)Cl]Cl (MeC = l-methyl- 
cytosine) into trans-(NH3)Pt(MeC)Cl2' and further that via this 
route formation of tris(nuc1eobase) complexes of Pt(I1) is possible? 
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Figure 1. Molecular structure of the cation of [CI(NH,),Pt(l- 
MeU),Pt(NHJ2C1] C12-3 SH,O (2). 

We herewith wish to report yet another example of NH3 re- 
placement from a platinum coordination compound, the facile 
substitution of two cis-arranged ammonia ligands in a di- 
platinum( 111) complex containing bridging 1 -methyluracil ligands 
in a head-head orientation. Reaction occurs in 1 N HC1 solution 
at room temperature or at 3 OC. Interestingly, only the two NH, 
groups trans to the two coordinating 0 4  oxygens of the two 1-MeU 
ligands are replaced by chloride, yet the NH3 ligands trans to the 
N 3  sites are not. 

The two diplatinum(II1) complexes described here were pre- 
pared via another diplatinum(II1) precursor, cis-[ (NO2)- 
(NH,),Pt( 1-MeU)2Pt(NH3)2] (N03)3.H20 (head-head) ( 1),9 
which was obtained from the diplatinum(I1) complex cis- 
[ (NH,),Pt( 1 -MeU),Pt(NH,),] (NO,), (head-head)'O through 
oxidation with concentrated H N 0 3 .  The identity of 1 has been 
established by elemental analysis and X-ray crystallography." 
1 is unusual in the sense that it is the first structurally charac- 
terized diplatinum(II1) complex with unequal coordination num- 
bers (6 and 5) of the two Pt atoms. 

cis- [C1(NH3)2Pt( 1-MeU)2Pt(NH3)2CI] C12.3.5H20 (2) was 
prepared as follows: 100 mg of 1 was dissolved in 1.5 mL of 1 
N HCl; the resulting yellow solution was centrifuged from any 
undissolved material and then allowed to evaporate in air a t  22 
"C. After 24 h, 65 mg of orange cubes of 2 was c ~ l l e c t e d . ' ~ , ' ~  
Slow evaporation (several days) of the filtrate gave other products 
as well, two of which (cis-(NHJ2PtC14 and neutral 1-MeUH) were 
identified by IR spectroscopy. 

(8 )  (a) Lippert, B. Inorg. Chim. Acra 1981, 56, L23. (b) Faggiani, R.; 
Lock, C. J. L.; Lippert, B. Ibid. 1985, 106, 75. 

(9) 1-MeU is the monoanion of 1-methyluracil, 1-MeUH. 
(10) Lippert, B.; Neugebauer, D.; Raudaschl, G. Inorg. Chim. Acta 1983, 

78, 161. 
(11) Lippert, B.; Schollhorn, H.; Thewalt, U.,.J. Am.  Chem. SOC., in press. 
(12) Crystal data for 2 at -120 "C: a = 20.813 (5) A, b = 14.266 (3) A, 

c = 17.704 (4) A, @ = 97.13 (2)O, V = 5216.0 A,, monoclinic system, 
space group I2/c, Z = 8, pcald = 2.303 g cmd. Of the 6493 independent 
reflections (Phillips PW-1100 diffractometer, -120 OC, X = 0.71069 
A, 8/20 technique with emax = 28", Lp and empirical absorption cor- 
rections), 4700 reflections with F, > 2up0 were used and gave a final 
R = 0.056. The SHELX program package was used for the calculations. 
The coordinates of the Pt atoms were taken from Patterson maps; the 
other non-hydrogen atoms were located by subsequent AF syntheses. 
All atoms, except the water oxygens, were refined anisotropically. 
Elemental analysis13 and density measurements (pobrd = 2.35 in 
CH,I/CH,I,) favor formulation of 2 as a 4.5-hydrate. Crystallo- 
graphically, only 3.5 water molecules were found, but we cannot exclude 
the possibility of an additional, disordered water molecule present, e.g. 
at x = 0,1885, y = 0.0632, z = 0.7324. Although we also considered 
the possibility that two different modifications of 2 might be present, 
determinations of cell constants of several samples originating from 
different preparations did not confirm such an assumption. 

(1 3) Anal. Calcd for [Cl(NH,)2Pt(C5HSN202)]2C12-4.5H20: C, 12.89; H,  
3.36; N, 12.03; 0, 14.60; C1, 15.22; Pt, 41.89. Found: C, 12.89; H, 3.27; 
N, 12.25; 0, 14.55; CI, 15.40; Pt, 41.9. 
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Figure 2. Molecular structure of CI(NH,),Pt( l-MeU)2PtCI,.2H20 (3). 

In the course of the ' H  N M R  spectroscopic characterization 
of 2, we observed that on redissolving 2 in 1 N DCI, a dark red, 
crystalline compound (3) was formed. On a preparative scale, 
20 mg of C1(NH3)2Pt(l-MeU)2PtC13-2H20 (3) was obtained from 
40 mg of 2, dissolved in 1.2 mL of 1 N HC1, within 2-5 days at 
3 0C.14915 If the solution was allowed to evaporate at 22 OC, the 
yield of 3 was lower, and small amounts of (NH,)2[PtCI,] and 
I-MeUH were isolated as well. 

It is 
comprised of two cis-diammineplatinum units that are bridged 
by two 1-MeU ligands in a head-head arrangement and axially 
capped by chloro ligands. In agreement with the stoichiometry 
(three negative groups per Pt), the hexacoordination of each Pt, 
and the short Pt-Pt separation of 2.573 (1) A, which is consistent 
with a Pt-Pt single bond, the oxidation state of Pt in 3 is +3.16 
Pt-CI distances are 2.459 (3) 8, (C11) and 2.425 (4) ((212) and 
agree with data obtained in similar systems." As a consequence 
of the tilting of the equatorial Pt coordination planes toward each 
other (21.1°), the CI-Pt-Pt-Cl unit is not exactly collinear but 
forms an angle about each Pt of ca. 174' (Pt l )  and 172' (Pt2). 

The overall 
geometry of 3 is very similar to that of 2, yet the two NH, ligands 
trans to the coordinating 0 4  donor atoms are now replaced by 
two chlorides. The Pt-Pt separation of 2.543 (1) A is slightly 
shorter than in 2. Pt-C1 distances in the equatorial plane of Pt2 
are significantly shorter than the axial Pt-C1 distances, 2.285 (3) 
and 2.296 (3) A vs. 2.465 (3) and 2.416 (3) A. While the 
equatorial Pt-C1 distances are normal for mononuclear complexes 
of Pt(II)Is and Pt(IV),19 the considerably longer axial Pt-CI 

The structure of the cation of 2 is shown in Figure 1. 

The neutral complex 3 is shown in Figure 2. 

Anal. Calcd for C1(NH,)2Pt(CSH,N202)2PtCl,.2H20: N, 9.86; Pt, 
45.78. Found: N,  10.25; Pt, 45.8. 
Crystal data for 3: u = 15.986 ( 5 )  A, b = 8.856 (3) A, c = 8.700 3) 
A,LY = 111.31_(3)0,/3 = 86.24 (3)O, y = 112.58 (3)". V =  1055.6 A'. 
space group PI, Z = 2, Pcalcd = 2.681 g c w 3 ,  Pobrd = 2.70 g cm-? Of 
the 2925 measured reflections, 2647 with F, > 2 0 ,  were used (cf. ref 
13, exce t e,,, = 23O). R = 0.042, and R ,  = 0.046 with w-' = o,F + 
0,00068. 
(a) Lippert, B.; Schollhorn, H.; Thewalt, U. Z .  Nuturforsch., E . :  Anorg. 
Chem., Org. Chem. 1983, 388, 1441. (b) Hollis, L. S.; Lippard, S.  J. 
Inorg. Chem. 1983, 22, 2605 and references cited therein. 
(a) Hollis, L. S.; Roberts, M. M.; Lippard, S. J .  Inorg. Chem. 1983, 22, 
3637. (b) Che, C.-M.; Herbstein, F. H.; Schaefer, W. P.; Marsh, R. 
E.; Gray, H.  B. J .  Am.  Chem. Soc. 1983, 105, 4604. 
(a) Lippert, B.; Lock, C.  J. L.; Speranzini, R. A. Inorg. Chem. 1981, 
20, 335. (b) Faggiani, R.; Lippert, B.; Lock, C. J. L. Ibid. 1980, 19, 
295. 

separations reflect the high trans influence of the Pt-Pt bond. The 
tilt angle between the Pt coordination planes in 3 (16') is 
somewhat smaller than in 2, in agreement with the shorter Pt-Pt 
distance in 3. 

A comparison of Pt-NH, distances trans to N 3  of 1-MeU in 
2 (2.05 (1) A each) with those trans to 0 4  (2.02 ( l ) ,  2.00 (1) 
A) does not reveal differences that might be attributed to a higher 
structural trans influence of 0 4  vs. N3. 

The solution behavior of 2 and 3, as studied by UV-visible,20 
' H  NMR, and Raman spectroscopy, can be summarized as fol- 
lows: (i) 2 is unstable in water. The ' H  N M R  resonances of 2, 
which are sharp immediately after sample preparation, become 
broad and unresolved with time.2' (ii) In 1 N HC1 (DCI), 2 is 
converted into the transient species 3. According to UV-visible 
spectroscopy, the maximum concentration of 3 at 22 "C is reached 
within 10-12 h; afterward decomposition of 3 occurs, with PtCIt- 
and 1 -MeUH identified as products. Isolated 3, when dissolved 
in HCl, shows the same decomposition behavior. (iii) 2 is relatively 
stable (for days) in 1 N HC1 in the presence of NaNO, (1-2 
quiv/dimer). NaN0,  ( 3 4  quiv/dimer) has no stabilizing effect. 
Consistent with this observation, 1 is stable in 1 N HC1 (DC1) 
for days, even though its NOT ligand immediately is substituted 
by C1-22 and only gradually is it decomposed to cis-(NH,),PtCl, 
(yet not PtCl;-), I-MeUH, and possibly other products. A direct 
conversion of 1 - 3 without isolation of 2 could not be achieved. 

Conclusion. The facile displacement of the two cis-arranged 
NH, groups in 2 is surprising in that it does not follow the pattern 
that might be expected on the basis of the usual kinetic trans effect 
for Pt(I1) complexes with N > 0. While steric effects may play 
an important role in permitting NH, substitution at Pt2 yet not 
at P t l  (Ptl is, in  contrast to Pt2, shielded by the two exocyclic 
02 '  atoms of the 1-MeU rings), the fact that H N 0 2  apparently 
prevents NH, substitution may suggest that the conversion 2 + 
HCI - 3 is coupled with a redox process. 
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Supplementary Material Available: Listings of atomic coordinates and 
temperature factors for 2 and 3 ( 2  pages). Ordering information is given 
on any current masthead page. 
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Immediately after sample preparation: 6 3.49 (CH,, s), 6.13 (H5, d, 
'J(H5SH6) = 7.3 Hz), 7.90 (H6, d). After 20 h: 6 3.46 (CH, s, b), 
-6.1 (H5, half-width = ca. 0.6 ppm), ~ 7 . 6  (H6, half-width = ca. 0.6 
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(22) The Raman solution spectrum of 1 in 1 N HCI does not show the intense 
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