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in the 2.504-A O--O distance, in the severe bending at these
oxygens (£C-O-Sr = 135.2° for O17 and 137.8° for O31), and
in the acute Sr—Sr—O angles of 70.46° (O17)) and 78.29° (O31),
as these ligands try to decrease the distance between their lone
pairs. These latter bond angles and the longer distance to O17
mark it as the phenol ligand.

Solution spectroscopic studies ('"H and *C NMR) at 25 °C
in THF-d, show evidence for only a single phenyl environment.
Even at -90 °C, some rapid fluxional process time averages the
structurally inequivalent phenyl sites.

Visually, this compound appears to melt at 96-99 °C. Thermal
analysis of this solid under helium reveals well-defined trans-
formations. DSC shows an endotherm (41 J/g) centered at 98
°C, which is evident in the TGA profile as the weight loss of all
six THF molecules. Further weight loss continues so that, by 200
°C, all phenol has been lost. Additional weight loss accompanies
further heating to 1000 °C.

(22) O-O distances in the range 2.40-2.50 A are classified as “strong”. See:
Schuster, P.; Zundel, G.; Sandorfy, C. The Hydrogen Bond; North
Holland: Amsterdam, 1976.

The above findings serve to demonstrate that the oxygen donor
Lewis base THF, when combined with strontium and phen-
oxide/phenol, is sufficient to afford a discrete and soluble mo-
lecular aggregate in which Sr?* attains a pseudooctahedral en-
vironment. The Lewis base is sufficiently strongly bound to
prevent polymer formation in solution but too labile to give volatile
molecular species. A donor substituent on the phenoxide might
avoid this difficulty.
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The reaction of K[Pt(DMSO)Cl,] with trichloroacetonitrile in aqueous solution adjusted to pH ~ 7 with NaOH produces, after
24 h, a blue solution from which blue crystals were grown and analyzed by X-ray diffraction. The compound is a monomeric
chelate Pt(I1) species containing a deprotonated imide ligand, formed from the dimerization of trichloroacetonitrile. The crystals
of Pt(DMSO)CI(C,NO,Clg) are monoclinic, P2,/n space group, with a = 11.214 (9) A, b = 11.555 (11) A, ¢ = 13.841 (9) A,
8 =107.18 (5)°, ¥ = 1714 (2) A%, and Z = 4. The structure was refined to R = 0.040 and R, = 0.039. The bond distances
are Pt-Cl = 2.301 (2), Pt-S = 2.217 (2), Pt-O(1) = 2.002 (5), and Pt-O(2) = 1.950 (5) A. The imide ligand is planar, and
its dihedral angle with the Pt(II) coordination plane is 1.7°. After being exposed to air more than 7 months, the crystal became
yellow. The blue color was probably caused by a coating on the surface by a blue amorphous Pt complex. When the pH of the
aqueous solution is not adjusted (pH =~ 2), K[Pt(DMSO)Cl,] reacts with trichloroacetonitrile to give a yellow powder and very
pale yellow crystals, identified by diffraction methods as cis-Pt(DMSO)(H,0)Cl,. The crystals are orthorhombic, P2,2,2, space
group, with a = 8.900 (3) A, b = 9.020 (3) A, ¢ = 10.493 (4) A, and Z = 4, and the structure was refined to R = 0.044 and
R, = 0.052. The Pt-Cl bonds are 2.337 (5) and 2.292 (5) A, and the Pt-S distance is 2.191 (4) A, while the Pt-O bond is 2.076

(16) A. The crystal is stabilized by hydrogen bonds between the aqua ligand and one Cl ligand and O of DMSO.

Introduction

We have recently reported’ the molecular and crystal structure
of an analogue of “platinblau” reported in 1907,2 whose exact
structure is still unknown. It was suggested’® that platinblau
contained deprotonated acetamide anions bound to platinum(II),
the acetamide ligand being obtained by reaction of water with
coordinated acetonitrile. But attempts to obtain platinblau by
direct combination of platinum(ll) with acetamide were not
successful. It has been assigned a variety of monomeric and
polymeric structures of platinum(II) and -(IV).+®

(1) Rochon, F. D.; Kong, P. C.; Melanson, R. Inorg. Chem. 1990, 29, 1352.

(2) Hoffmann, K. A.; Bugge, G. Ber. Dtsch. Chem. Ges. 1907, 40, 1772,

(3) Hoffmann, K. A.; Bugge, G. Ber. Dtsch. Chem. Ges. 1908, 41, 312.

(4) Chernyaev, 1. I; Nazarova, L. A. Izv. Sekt. Platiny Drugikh Blagorodn.
Met., Inst. Obsch. Neorg. Khim., Akad. Nauk SSSR 1951, 26, 101.
Barkovskii, V. F.; Kul’berg, L. M. Izv. Sekt. Platiny Drugikh Blago-
rodn. Met., Inst. Obsch. Neorg. Khim., Akad. Nauk. SSSR 1954, 28,
235.

More recently, “platinum blues” have been obtained from the
reaction of cisplatin (cis-Pt(NH;)Cl,) with pyrimidines, especially
uracil derivatives.” [t has been suggested that platinum blues
might be promising as second generation platinum antitumor
drugs. But these compounds have shown to be difficult to
characterize. cis-Diammineplatinum pyrimidine blues were
suggested to be amorphous polymers of varying chain lengths.>!0

(5) Chernyaev, 1. 1.; Shenderetskaya, E. V.; Nazarova, L. A.; Antsyshkina,
A. S. Proceedings of the 7th International Conference on Coordination
Chemistry, Stockholm, 1962; p 260.

(6) Orgel, L. E. International Conference on Coordination Chemistry;
Special Publication 13; The Chemical Society: London, 1959; p 96.

(7) Gillard, R. D.; Wilkinson, G. J. Chem. Soc. 1964, 2835.

(8) Brown, D. B,; Burbank, R. D,; Robin, M. B. J. Am. Chem. Soc. 1969,
91, 2895,

(9) Davidson, J. P.; Faber, P. J.; Fischer, R. G., Jr.; Mansy, S.; Peresie, H.
J.; Rosenberg, B.; VanCamp, L. Cancer Chemother. Rep., Part 1 1975,
59, 287.

0020-1669/90/1329-2708%02.50/0 © 1990 American Chemical Society



DMSO Complexes of Pt(II)

Table I. Crystallographic Data for cis-Pt(DMSQ)(H,0)Cl; (I) and
Pt(DMSO)CI(C,NO,Cly) (II)

I 11
chem formula CszOzSClth C5H5NOJSC17Pt
fw 362.15 615.44
space group P2,2,2, (No. 19) P2;/n (No. 14)
a, A 8.900 (3) 11.214 (9)

b, A 9.020 (3) 11.555 (11)
o A 10.493 (4) 13.841 (9)
8, deg 90 107.18 (5)
v, A} 842.4 (5) 1714 (2)

z 4 4

F(000) 656 1144

Seaicds Mg m™? 2.855 2.385
AM(Mo Ka), A 0.71069 0.71069
u(Mo Ka), mm™! 17.64 9.49
transm coeff 0.061-0.124 0.095-0.639
T.K 295 295

R 0.044 0.040

R, 0.052 0.039

Lippard et al. have prepared several of these compounds with
a-pyridone and uracil derivatives. Three such platinum blues were
characterized crystallographically.!’'2 These were found to be
tetranuclear mixed-valence platinum(2.25) compounds with
bridging a-pyridonate or 1-methyluracilate ligands. Several similar
non-blue complexes were reported with the same ligands.'*!6 The
intense color of platinum blues was suggested to arise from
metal~metal charge-transfer transitions that vary in energy with
metal-metal distances.!?

We have been involved in the synthesis and study of sulfoxide
Pt(II) complexes for several years. Recently we studied the
reaction of K[Pt(DMSO)Cl,] with CH,CN, which gave a green
compound on standing. Its crystal structure was determined, and
we found that it was a dinuclear species with bridging acetamido
ligands.! We repeated the synthesis several times, and we obtained
crystals of different colors, yetlow, green, gray, dark blue, and
almost black. We studied all these crystals by X-ray diffraction,
and we found that they were all identical, i.e. the dinuclear
acetamido compound ClI(DMSO)Pt(u-C,H,NO),Pt(DMSO)CL.!
We assumed that the compound was probably yellow and that
the blue color was caused by a coating of some amorphous blue
Pt complex on the surface of the crystal. We decided to continue
the project by studying a similar reaction with another nitrile,
namely trichloroacetonitrile. Again, we obtained yellow and blue
compounds, but this time they seemed clearly different. The
results of this study are discussed below.

Experimental Section
Syntheses. K[Pt(DMSO)CI,;] was prepared as already reported.!’
cis-Pt(DMSO0)(H,0)Cl, (I). A 0.15-g sample of K[Pt(DMSO)Cl,]
was dissolved in 15 mL of water. Trichloroacetonitrile (3 drops) was then
added to the solution in a beaker that was covered with paraffin paper.

(10) (a) Lippert, B. J. Clin. Hematol. Oncol. 1977, 7, 26. (b) Thomson, A.
J.; Roos, I. A. G.; Graham, R. D. J. Clin. Hematol. Oncol. 1977, 7, 242.
(c) Flynn C. M., Jr.; Viswanathan, T. S.; Martin, R. B. J. Inorg. Nucl.
Chem. 1977, 39, 437. (d) Macfarlane, R. D.; Torgenson, D. F. Science
1976, 191, 920. X

(11) Barton, J. K.; Rabinowitz, H. N.; Szalda, D. J.; Lippard, S. J. J. Am.
Chem. Soc. 1971, 99, 2827.

(12) O'Halloran, T. V.; Mascharak, P. K.; Williams, I. D.; Roberts, M. M.;
Lippard, S. J. Inorg. Chem. 1987, 26, 1261.

(13) Hollis, L. S.; Lippard, S. J. J. Am. Chem. Soc. 1981, 103, 1230; 1983,
105, 3494,

(14) Hollis, L. S.; Lippard, S. J. Inorg. Chem. 1983, 22, 2600. O’Halloran,
T. V.; Lippard, S. J. J. Am. Chem. Soc. 1983, 105, 3341.

(15) ?;Halloran, T. V.; Roberts, M. M.; Lippard, S. J. Inorg. Chem. 1986,

, 957.

(16) (a) Laurent, J. P.; Lepage, P.; Dahan, F. J. Am. Chem. Soc. 1982, 104,
7335. (b) Faggiani, R.; Lippert, B.; Lock, C. J. L. Inorg. Chem. 1980,
19, 295. (c) Matsumoto, K.; Takahashi, H.; Fuwa, K. Inorg. Chem.
1983, 22, 4086. (d) Matsumoto, K.; Fuwa, K. J. Am. Chem. Soc. 1982,
104, 897. (e) Matsumoto, K.; Takahashi, H.; Fuwa, K. J. Am. Chem.
Soc. 1984, 106, 2049. (f) Matsumoto, K.; Fuwa, K. Chem. Lett. 1984,
569. (g) Matsumoto, K. Bull. Chem. Soc. Jpn. 1988, 58, 651.

(17) Kukushkin, Y. N.; Vyazmenskii, Y. E.; Zorina, L. I. Russ. J. Inorg.
Chem. Engl. Transl. 1968, 13, 1573.
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Figure 1. Labeled diagram of ¢is-Pt(DMSO)(H,0)Cl,.

The solution was left standing at room temperature. After 1 week, the
yellow precipitate was filtered out. This product was found to contain
at least two compounds, a yellow powder and very pale yellow crystals
identified as cis-Pt(DMSO)(H,0)Cl,.

Pt(DMSO)CI(C,CI(NO,) (II). A 0.5-mmol sample of K[Pt-
(DMSO)CI,] was dissolved in 20 mL of water, and the pH of the solution
was adjusted to 7 with NaOH. Trichloroacetonitrile (2.5 mL), dissolved
in about 10 mL of ethanol, was added. The beaker was sealed with
waxed paper and left standing at room temperature. The next day the
solution was dark blue, and a few days later, dark blue crystals were
isolated. Yield: =~40%. Dec range: 115-120 °C. The compound is
diamagnetic. IR (cm™): »(C=0) 1585, »(Pt—Cl) 347.

Crystallographic Measurements and Structure Resolution. The two
crystals were selected after examination under a polarizing microscope
for homogeneity. They were obtained directly from the reacting medium.
The unit cell parameters were obtained by least-squares refinement of
the angles 26, w, and x for 15 well-centered reflections on a Syntex PI
diffractometer using graphite-monochromatized Mo Ka radiation.
Crystal data and other information are summarized in Table I. Scan
rates and data treatment have already been described.'® Corrections
were made for absorption and Lorentz—polarization effects. The anom-
alous dispersion terms of Pt, S, and Cl were included in the calculations.!?

The coordinates of the Pt atom for the two crystals were determined
from a three-dimensional Patterson map, and the positions of all the other
non-hydrogen atoms were found by the usual Fourier methods. The
refinements of the two structures were done by using full-matrix least-
squares techniques, minimizing > w(F, - F.)%. In crystal II, the location
of the O and N atoms of the bidentate ligand were clearly identified.
Interchanging their positions resulted in negative or abnormal thermal
factors. The H atoms could not be located. Isotropic secondary-ex-
tinction corrections®® were included in the calculations. Individual
weights w = 1/0%(F) were applied. The refinement of the scale factor,
coordinates, and anisotropic temperature factors of all atoms converged
to R = 0.044 and R, = 0.052 for I and to R = 0.040 and R, = 0.039
for II. There were a few residual peaks (<1.1 (for I) and 1.5 (for II)
e A% in the close environment of the Pt atom.

The scattering curves of Cromer and Waber?! were used. The cal-
culations were done on a Cyber 830 computer with programs already
described.!®

Results and Discussion

When K [Pt(DMSO)Cl,] is dissolved in water (0.025 M), the
pH of the solution is 2.35, indicating some hydrolysis reactions.
When the pH of the solution is adjusted to ~7 with NaOH, the
complex reacts with trichloroacetonitrile to form a dark blue
compound. Crystals adequate for X-ray diffraction analysis were
obtained, and the crystal structure of the compound was deter-
mined. The results have shown that it is a monomeric chelate
compound of Pt(II}) with a deprotonated imide ligand: Pt-
(DMSO)CI(C4NO,Clg) (compound II). When the pH of the
solution is not adjusted, K[Pt(DMSO)Cl;] reacts with tri-
chloroacetonitrile and a yellow product can be obtained. Under
the microscope, the product was found to be a mixture of at least

(18) Melanson, R.; Rochon, F. D. Can. J. Chem. 1975, 53, 2371.
(19) Cromer, D. T. Acta Crystallogr. 19685, 18, 17.

(20) Coppens, P.; Hamilton, W. C. Acta Crystallogr. 1970, A26, 71.
(21) Cromer, D. T.; Waber, J. T. Acta Crystallogr. 1968, 18, 104,
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c(5)
o(3)

c(6)

Figure 2. Labeled diagram of the molecule Pt{DMSO)CI(C ,NO,Cl,).

two compounds, a bright yellow powder and some pale yellow
crystals suitable for diffraction methods. The crystal structure
of the latter compound was determined. The results of the study
have shown that it is an aqua complex, cis-Pt(DMSO)(H,0)Cl,
(compound I). The yellow compound is probably the expected
product cis-Pt(DMSO)(trichloroacetonitrile)Cl,, which is pro-
duced in relatively small quantity. The IR spectrum of the mixture
indicated a weak »(C==N) band around 2300 cm™!. Trichloro-
acetonitrile is probably not a very good ligand for Pt(II), especially
since aqua complexes can be isolated in its presence. The poor
nucleophilicity of CI;CC=N is due to the presence of the three
Cl atoms. Attempts were made to separate the two compounds
by dissolving in different solvents, but the separation was never
complete. Furthermore, the product seemed to undergo some
changes.

The refined atomic parameters of the two structures are listed
in Table II. Labeled diagrams of the molecules are shown in
Figures 1 and 2. The bonds distances and angles are reported
in Table III.

cis-Pt(DMSQ)(H,0)Cl,. The pale yellow crystals (1), which
slowly crystallized after the addition of trichloroacetonitrile to
an aqueous solution of K[Pt(DMSO)Cl,], are the aqua compound
Pt(DMSO)(H,0)Cl,. The crystal structure determination has
shown that it is the cis isomer. DMSO has a large trans effect,
and the formation of a cis isomer might seem at first surprising.
But it is well-known that the disubstituted compound Pt-
(DMSOQ),Cl,, which is produced in aqueous solution, is the cis
isomer.'® trans-Pt(DMSO),Cl, is first produced, and there is rapid
isomerization to the cis isomer.22 It has been suggested that the
formation of the cis isomer was caused by the enhanced (d—d)r
bonding, which is more effective in the cis configuration.? But
this explanation is not adequate for aqua ligands, which cannot
form = bonds. K[Pt(DMSO)Cl,] is partly hydrolyzed in water,
as shown by the low pH of its solution. There are probably several
aqueous species in equilibrium, and cis-Pt(DMSO)(H,0)Cl, might
be slightly more insoluble, leading to its crystallization on standing.

The coordination around the Pt atom is square-planar, with
deviations (A) from the best weighted plane as follows: Pt,
-0.0001 (6); S, 0.000 (4); CI(1), 0.000 (2); CI(2), 0.004 (6); O(2),
0.040 (18). Deviations (A) from the same plane for the other
atoms: O(1), -0.15 (1); C(1), 1.51 (3); C(2), -1.25 (2). The
molecule is close to containing a mirror plane with the O atom
of DMSO almost in the Pt coordination plane. The DMSO ligand
is bonded through its S atom as expected. The Pt—Cl(1) bond
distance (2.337 (5) A) trans to the DMSO ligand seems signif-
icantly longer than the Pt—Cl(2) bond distance trans to H,0 (2.292

(22) Melanson, R.; Rochon, F. D. Acta Crystallogr. 1988, C44, 1893.
(23) Price, J. H.; Williamson, A. N.; Schramm, R. F.; Wayland, B. B. Inorg.
Chem. 1972, 11, 1280.

Rochon et al.

Table II. Positional Parameters with Their Esd’s and Temperature
Factors (X10%)

atom x y z Uk’ Al
cis-PyDMSO)(H,0)Cl, (1)
Pt 11376 (5) 51189 (6)  6252.8 (6) 248
Cl(1) 3548 (5) 5744 (6) 6953 (5) 507
Ci(2)  939(6) 3295 (6) 7764 (5) 556
S S1117 (4) 4590 (4) 5549 (4) 296
O(1) -~1686 (14) 5628 (14) 4555 (13) 448
0(2) 1318 (20) 6737 (17) 4855 (16) 851
C(l)y -1079 (27) 2782(20) 4924 (27) 695
C(2) -2476 (20) 4414 (27) 6859 (21) 510
P{DMSO)CICNOCly) (1)
Pt 3652 (2) 59339 (2)  25412(2) 327
CI(l)  1002(2) 4947 (2) 4051 (1) 587
Cl(2) 4205 (2) 4214 (2) 2273 (2) 687
CI(3)  3187(2) 4523 (2) 134 (1) 684
Cl(4) 4502 (2) 6383 (2) 1371 (2) 650
Cl(5) -1453(2) 8156 (2) ~495 (2) 617
CI(6) 95(2) 6844 (2) 1414 (1) 800
CKT) 1090 (2) 8805 (2) -148 (2) 577
S -1414 (1) 6458 (2) 2807 (1) 407
o(l) 1949 (5) 5436 (5) 2275 (4) 585
0(2) -126 (4) 6755 (4) 1253 (4) 590
0(3) -2226(4) 7168 (5) 1987 (4) 575
N 1625 (5) 6341 (5) 652 (4) 401
C(l)y  2242(6) 5701 (5) 1430 (5) 367
C(2) 3475 (6) 5231 (6) 1315 (5) 419
C(3) 538 (6) 6831 (6) 594 (5) 369
C(4) 66 (6) 7609 (6) -330 (5) 411
C(5) -1141 (7) 7202 (7) 3984 (5) 558
C(6) -2268 (7) 5206 (7) 2995 (6) 597

Uy = 1/3ZijUljat'”j'ar”j-

(5) A), but the difference might not be significant. All the
structures reported in the literature up to now have not shown
any systematic lengthening of Pt—Cl bonds trans to DMSQO.2* The
trans influence of DMSO is not believed to be very large. For
example, the Pt—Cl bonds in cis-Pt(DMSO0),Cl, are normal (2.306
(3) and 2.312 (2) A).!7 The Pt-S bond length is 2.191 (4) A.
The S atom in the DMSO ligand is tetrahedral with the Pt-S-O
angle (117.0 (3)°) slightly larger than the two Pt-S—C angles
(107.2 (3) and 112.0 (3)°), as observed in other Pt-DMSO
complexes.?* The S-O and S—C bond lengths are normal (1.470
(7), 1.794 (10), and 1.798 (10) A).

The Pt-O(2) bond is 2.077 (17) A. This value is similar to
those observed in other Pt-aqua complexes reported in the lit-
erature (2.052 (8),2 2.078 (6),2® and 2.099 (5)?" A). The aqua
ligand (O(2)) forms two hydrogen bonds, as observed in other
Pt-aqua complexes. It is hydrogen-bonded to a chloro ligand and
to O(1) of DMSO with distances O(2)--Cl(2) = 3.28 (2) A and
0(2)~0(1) = 3.03 (2) A and with favorable angles Pt~O(2)-
Cl(2) = 121.6 (7)° and Pt-O(2)-~O(1) = 116.9 (7)°. The packing
of the molecules in the crystal is shown in Figure 3. It consists
of layers of molecules parallel to the ac plane, held together by
hydrogen bonding.

Pt{DMSO)CI{C,NO,Cl;). The compound (crystal II), formed
at pH = 7, is a monomeric chelate complex of Pt(II) containing
a deprotonated imide ligand formed from the dimerization of
trichloroacetonitrile. Several reaction mechanisms could account
for such a dimerization. Two such mechanisms are shown in
Figure 4. Trichloroacetonitrile can hydrolyze into two tautomeric

(24) (a) Elding, L. I.; Oskarsson, A. Inorg. Chim. Acta 1987, 130, 209. (b)
Melanson, R.; Hubert, J.; Rochon, F. D. Acta Crystallogr. 1976, B32,
1914. (c) Rochon, F. D.; Kong, P. C.; Melanson, R. Acta Crystallogr.
1985, C41, 1602. (d) Melanson, R.; Rochon, F. D. Inorg. Chem. 1978,
17, 679. (e) Melanson, R.; Rochon, F. D. Acta Crystallogr. 1977, B33,
3571; 1978, B34, 1125; 1978, B34, 941; 1984, C40, 793.

(25) Britten, J. F.; Lippert, B.; Lock, C. J. L.; Pilon, P. Inorg. Chem. 1982,
21, 1936.

(26) Rochon, F. D.; Melanson, R. Inorg. Chem. 1987, 26, 989.

(27) Meinema, H. A.; Verbeek, F.; Marsman, J. W.; Bulten, E. J.; Da-
browiak, J. C.; Krishnan, B. S.; Spek, A. L. Inorg. Chim. Acta 1986,
114,127,
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Figure 3. Stereoscopic view of the unit cell in the crystal cis-Pt(DMSO)(H,0)Cl, (a axis vertical, b axis horizontal).
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Figure 4. Proposed mechanisms for the dimerization of trichloroaceto-
nitrile,

forms, an imine Cl;CC(OH)=NH and an amide C1;CCONH,.
It is difficult to predict which form is predominant. In the first
mechanism, the imine is assumed to react with an amide molecule
to form the imide. In the second mechanism, the amide is assumed
predominant and reacts with a molecule of trichloroacetonitrile
to form the same deprotonated imide.

The IR spectrum of the compound showed no »(C=N) band
around 2300 cm™!, but a »(C==0) band at 1585 cm™! was observed.
One »(Pt—Cl) band was also observed at 347 cm™.. The com-
pound is diamagnetic.

The platinum atom has the square-planar coordination expected
for Pt(II) complexes. Deviations (A) from the weighted best
planes: Pt,-0.0002 (3); CI(1), 0.000 (2); S, 0.004 (2); O(1), 0.040
(6); O(2), 0.000 (5). The deprotonated bidentate ligand is also
planar (except for the Cl atoms). Deviations (A) from the best
plane calculated through O(1), C(1), N, C(3), and O(2): O(1),
-0.009 (6); O(2), 0.009 (5); N, 0.002 (6), C(1), 0.014 (6); C(3),
-0.017 (6); C(2), 0.038 (7); C(4), —0.149 (7). The latter plane
is almost parallel to the Pt coordination plane with a tilt angle
of 1.7°,

The Pt—Cl bond (2.301 (2) A) and the Pt-S bond (2.217 (2)
A) located trans to the Pt—O(imido) bonds are normal.!'”?* For
a-pyridonate-bridged platinum complexes, it was observed that

¥

Figure 5. Stereoscopic view of the molecules in the crystal Pt{DMSO)CI{(C,NO,Cl¢) (b axis horizontal, a axis vertical).
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Table III. Bond Distances (A) and Angles (deg)

¢is-Pt(DMSO)(H,0)Cl,

P-CI(1)  2337(9) P=Cl(2)  2.292 (5)
Pt-S 2.191 (4) Pt-0(2) 2.076 (16)
S-0(1) 1491 (14)  S-C(1) 176 (2)
S-C(2) 1.84 (2)
CIN-P-CI2)  915(2) CK-Pt-S 1781 (2)
C(1)-P-0(2)  89.0(5)  CI(2)-Pt-S 90.4 (2)
Cl(2)-P-0(2)  178.8(5)  S-Pt-O(2) 89.2 (5)
Pt-S-O(1) 1142 (5)  Pt-S-C(1) 108.1 (8)
Pt-S-C(2) HLT()  O(1)-S-C(1) 109 (1)
0(1)-5-C(2) 11(1)  C(1)-§-C(2)  102(1)
Pt(DMSO)CK(C,NO,Cl¢)

Pt-CI(1) 2301 (2)  Pt-S 2217 (2)
Pt-O(1) 2002 (5)  Pt-0(2) 1950 (5)
$-0(3) 1476 (6)  S-C(5) 1.787 (8)
S-C(6) 1795 (8)  O(1)-C(1) 1340 (8)
0(2)-C(3)  1.340(8)  N-C(1) 1322 (8)
N-C(3) 1323(9)  C(1)-C(2)  1.537(10)
C(3)-C(4)  1.525(9) C(2-Cl2)  1.780(7)
C()-CI3)  1.770(7)  C()-Cl4)  1.747 (1)
C(H-CI(S) 1768 (1)  C(4)-Cl(6)  1.749 (7)
C(4)-CI(7)  1.766 (7)

CI(1)-P1-S 92,15 (7)  CI(1)-Pt-0(1) 88.3 (1)

CI(1)-Pt-0(2)  178.2(1)  S-P1-O(1) 178.7 (1)

S-Pt-0(2) 89.7 (1)  O(1)-Pt-0(2) 89.9 (2)

Pt-S-0(3) 1139 (2)  Pt-8-C(%) 111.3 (3)

Pt-S~C(6) 1104 (3)  Pt=0(1)-C(1) 123.7 (4)

Pt-0(2)-C(3) 1262 (4)  O(3)-5-C(5) 109.5 (3)

0(3)-5-C(6) 108.9 (3)  C(5)-S-C(6) 102.2 (4)

O(1)-C(1)-N 1294 (6)  O(2)-C(3)-N 128.1 (6)

0(1)-C(1)-C(2) 1180 (6) O(2)-C(3)-C(4)  119.0 (6)

C(1)-N-C(3) 1226 (6)  C(1)-C(2)-CI(2) 112.7 (5)

C(1)-C(2)-CI(3) 109.6 (5) C(1)-C(2)-Cl(4)  109.1 (5)

C(3)-C(4)-CI(S) 113.6 (5) C(3)-C(4)-CI(6)  109.4 (5)

C(3)-C(4)-CI(7) 1069 (5)  CI(2)-C(2)-CI(3) 107.6 (4)

Cl(2)-C(2)-CI(4) 108.5 (4)
CI(5)-C(4)-CI(6) 109.4 (4)
CI(6)-C(4)-CI(7) 110.0 (4)

CI(3)-C(2)-CI(4) 109.4 (4)
CI(5)-C(4)-CI(7) 107.5 (4)

the Pt—-N(ammine or ethylenediamine) distances trans to pyri-
donate oxygen atoms were also normal.!? In the acetamido-bridged
compound [Pt(DMSO)Cl(u-acetamido)],, the Pt-S bonds (2.185
(2) and 2.198 (2) A) trans to the Pt-O(acetamido) bonds were
slightly shorter than normal.! The S atoms in the DMSO ligands
are in an approximate tetrahedral environment. The Pt—-S-O
angles (117.4 (2) and 116.8 (2)°) are slightly larger than the
Pt-S—C (107.3 (3)-112.0 (3)°) angles, as observed in other Pt-
DMSO complexes.!’#

The Pt-O distances are 2.002 (5) and 1.950 (5) A. We do not
believe that the difference is significant. These bond distances
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are slightly shorter than those observed in [Pt(DMSO)CI(u-
acetamido)], (2.039 (5) and 2.064 (5) A)! and in the pyridonate
and uracilate complexes reported by the group of Lippard
(2.01-2.06 A) cited above.*!* The N-C bond distances in the
bidentate ligand are normal (1.322 (8) and 1.323 (9) A), while
the O—C bond lengths are 1.340 (8) and 1.340 (8) A, slightly
longer than the values observed in the acetamido-bridged dimer
(1.271 (7) and 1.282 (8) A). Values between 1.287 (9) and 1.321
(15) A have been reported in the pyridonate and uracilate com-
plexes mentioned above.!>'* The order of the C-O bonds in our
compound is probably lower due to resonance inside the chelate
ring. The angles O(1)-C(1)-C(2) and O(2)-C(3)-C(4) arec 118.0
(6) and 119.0 (6)°, indicating an sp? hydrid. The internal angles
at O(1), C(1), N, C(3), and O(2) vary from 122.6 (6) to 129.4
(6)°. The angles around C(2) and C(4) are close to the tetrahedral
value ranging from 107.5 (4) to 113.6 (5)°.

The packing of the molecules is shown in Figure 5. No hy-
drogen bonding is expected in this compound. Therefore the
molecules are held together only by van der Waals forces.

The transparent crystals that were isolated from a dark blue
solution were definitely dark blue. They were still colored after
exposure to air for 6 months. But 89 months after they were
removed from the blue solution, the crystals, which were still
crystalline and in perfect shape, were found to be yellow. The
blue color was probably caused by a coating on the surface of the
crystals of some amorphous blue Pt complex, which eventually
evaporated in the air.

In an attempt to determine if we could synthesize an analogue
chelate compound with acetonitrile that would have the formu-
lation Pt{DMSO)CI(C,H¢{NO,), we have studied the reaction of
K[Pt(DMSO)Cl,] with diacetamide, CH;CONHCOCH;, at pH
~ 7 (adjusted with NaOH). We have isolated yellow crystals,
which were analyzed by X-ray diffraction methods. The results
have shown that the compound is the acetamido-bridged dimer
CI(DMSO)Pt(u-C,H,NO),Pt(DMSO)CI, which we have reported
earlier.! Therefore, there was a rearrangement of diacetamide
in the presence of Pt resulting in an acetamido ligand. This is
the reverse process of the reaction observed with trichloroaceto-
nitrile. This study has proven most interesting, and the research
project is being continued.
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