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Abstract:

There is a great deal of interest in the synthesis of materials which possess special physical and
chemical properties. One such area of interest is concerned with the formation and chemistry of
platinum-platinum bonds. The structures of platinum-platinum bonded species which exhibit the
platinum(III) oxidation state have only recently been elucidated. The chemical pathways leading to the
platinum(III) oxidation state are not well understood. Presented here is structural evidence for what is
considered to be one of the initial steps in the pathway leading to platinum-platinum bonds. Two single
crystal x-ray crystal structures exhibiting a bent nitrosyl ligand upon a monomeric platinum center are
presented. To our knowledge, no other examples of bent nitrosyl ligands on platinum monomeric
species exist in current literature. The single crystal x-ray crystallographic structures of three closely
related complexes are also presented. ESCA studies, visible spectral and infrared spectral studies are
also presented in support of the structural data. Additionally, the results of NMR and ESCA studies of a
group of structurally related platinum(III) dimeric complexes are presented. The NMR data include
complete sets of 195pt, 13C, and 1H spectral information. Generally, the solid state structure was found
to remain intact in solution. Unusually large platinum-platinum coupling constants were observed
during the course of the investigations. The ESCA studies of the same platinum-platinum bonded
species lend support to the platinum(IIl) oxidation state. Finally, the synthesis, analysis, and chemical
characterization of a group of tetrameric platinum-platinum bonded complexes is presented.

A newly developed synthetic scheme for the tetrameric complexes, along with an efficient method of
chromatographic purification of the complexes is presented. Single crystal x-ray crystallographic
information is presented about a new structural derivative of the octakisacetato platinum complex. The
complex exhibits a pair of bridging carbonyl ligands on opposite sides of the tetrameric rectangle, and a
pair of asymmetric bridging acetate ions trans to the carbonyl ligands. The short sides of the tetrameric
rectangle are bridged by symmetric acetate ions. Infrared, visible, ESCA and elemental analytic studies
are presented as evidence for the complexes. A novel application of NMR determining the total number
of acetate ligands per cluster is also presented. Eighteen other derivatives of the octakisacetato
tetrameric complex were made using different ligands. The reaction conditions under which the
complexes were found to react appear unique for this set of complexes. Infrared, visible, ESCA and
elemental analytic data are presented in support of the proposed structures for the complexes.

The possible oxidation states of each of the complexes is considered. It is hoped that this work will aid
in future systematic synthetic efforts for exploratory studies of platinum-platinum bonded compounds.
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ABSTRACT

There is a great deal of interest in the synthesis of materials
which possess special physical and chemical properties. One such
area of interest is concerned with the formation and chemistry of
platinum-platinum bonds. The structures of platinum-platinum bonded
species which exhibit the platinum(III) oxidation state have only
recently been elucidated. The chemical pathways leading to the
platinum(III) oxidation state are not well understood. Presented
here is structural evidence for what is considered to be oné of the
initial steps in the pathway leading to platinum-platinum bonds. Two
single crystal x-ray crystal structures exhibiting a bent nitrosyl
ligand upon a monomeric platinum center are presented. To our
knowledge, no other examples of bent nitrosyl ligands on platinum
monomeric species exist in current literature. The single crystal
x-ray crystallographic structures of three closely related complexes
are also presented. ESCA studies, visible spectral and infrared
spectral studies are also presented in support of the structural
data. Additionally, the results of NMR and ESCA studies of a group
of structurally related platinum(III) dimeric compisges afg
presented. The NMR data include.complete sets of ¢, and lu
spectral information. Generally, the solid state structure was found
to remain intact in solution. Unusually large platinum-platinum
coupling constants were observed during the course of: the
1nvestlgat10ns. The ESCA studies of the same platinum-platinum
bonded species lend support to the platinum(III) oxidation state.’
Finally, the synthesis, analy51s, and chemical characterization of a
group of tetrameric platinum-platinum bonded complexes is presented.
A newly developed synthetic scheme for the tetrameric complexes,
along with an efficient method of chromatographic purification of the
complexes is presented. Single crystal. x-ray crystallographic
information is presented about a new structural derivative of the
octakisacetato platinum complex. The complex exhibits a pair of
bridging carbonyl ligands on opposite sides of the tetrameric
rectangle, .and a pair of asymmetric bridging acetate ions trans to
the carbonyl ligands. The short sides of the tetrameric rectangle
are bridged by symmetric acetate ions. Infrared, visible, ESCA and
elemental analytic studies are presinted as evidence for the
complexes. A novel application of “H NMR determining the total
number of acetate ligands per cluster is also presented. Eighteen
other derivatives of the octakisacetato tetrameric complex were made
using different ligands. The reaction conditions under which the’
complexes were found to react appear unique for this set of
complexes. Infrared, visible, ESCA and elemental analytic data are
presented in support of the proposed structures for the complexes.
The possible oxidation states of each of the complexes is considered.
It is hoped that this work will aid in future systematic synthetic
efforts for exploratory studies of platinum-platinum bonded
compounds. :




INTRODUCTION

For 3000 years platinum has fascinated man (1). This interest
stems from his recognition that platinum is a relatively rare |
element, océurring only in specific mineral deposits.- These deposits.
are scattered in a mere handful of locations throﬁghout our world,
including the U.S.S.R.; Soutﬁ Africa, South Amefica, and Montana (2).
A number of theories abound concerning the origins of ;he minerals
which bear the platinum metals. One of the most highly publicized .
theories suggesfs these deposits ofiginated with meteorite impaéts on
the garth's surface (3). Whatever the origins of such minerals,
modern man has certainly been able to enjoy the resultiné chemical
characteristics which the platinum metals offer. The foilowing
discussion examines one of these characteristics of platinum
chemistry: platinum-platinum bond formation.

Before proceeding with the discussion, a brief review of man’s
fascination with the platinum metals is in order.  This fascination
has existed for some 30 centuries; an Egyptian casket found at |
Thebes, dating from the seventh century‘B;C., contained an alloy of
platinum, iridium and gold (4). fhere was, however, no evidence
suggesting that the -alloy of platinum was fo the‘Egyptians anything
more than a wprkable precioué metal. Eighf hundred years later,
during thé first century A.D., Piiny diséussed plétinum, known then

as cassiteros or plumbum candidum.. Pliny suggested the following:
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It is now known that cassiteros is a product of Lucitania,

and Gallaecia. It is a sand. found on the surface of the

earth, and of a black color, can be detected only by its

we1ght.... It is also found in the gold mines that are

known-as Alutice or Talutice, the stream of water which is
passed through then detaches certain black pebbles,

mottled with small white spots and of the same weight

(den51ty) as gold Hence it is that they remain with gold

~ in the baskets in which it is.collected; and being

separated in the furnace, are then melted, and become

converted into album plumbum (5).

Other than this scanty knowledge, very little was really learned
about the platinum family for centuries; however, there are a number
of accounts of the mysterious "platina" metal found throughout some
of the early literature (6). During the sixteenth century, J. C.
Scaliger noted that there was a non-fusible metallic substance in the
mines of Mexico and Darian (Panama) which did not melt in the Spanish .
gold smelting furnaces. Current thought is that the descrlbed
substance was probably platinum, 51mply because platlnum is known to
occur in these very areas. 'During‘the middle of the eighteenth
century, A. deUlloa accompanied the expedition sent froﬁ France to
measure the arc of the ﬁeridian of the equator, and in his account of
the voyage he mentioned that in the mines of El Chaco’, Columbia,
South America, there was ah unworkable metallic stone which the
Spanish called "platina" and which made gold ores useless if it were
associated in large quantities (7). The Spanish considered the
platina useless and commonly threw the platina.into the rivers of
South America.

The study of platinum began in earnest in 1741 when W. Brownigg

received a specimen of native platina from C. Wpod} a metallurgist in
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Jamaica, who claimed that he had obtained the sample from Carthogina, .

New Grenada. A number of other platina samples began to find their
way to Europe at about the same time and were examined by several
different investigators (8). A nﬁmber of theories sprouted,
concerning both what the metal was and what its specific properties
were. These were published in thé mefallurgical/ chemical literature
of the period (9). |
Some decades later, during Aéril 1803, R. Chenevix received an
anonymous circular to the effect that a new metal called paliadiﬁm
could be purchased at Forster’s of Gerrard Stréet, Soho, London (10).
The "new" metal had some very‘speqifiC‘propertieé which Qere
previously unknown for virtually any other element. Chenevix
believed this to be a fraud; he bqﬁght up the entire stock and, after
investigating the question, concluded that the substance was not a
‘new elemgnt but rather a platinum amalgam of peculiar properties
(11). Following Chenevix’s publication at the Royal Society May 3,
1803, there appeared an advertisement offering a reward to anyone who
.could prepare a grain of the new substance, either by Chenevix’s
method or any other (12). Though no one succeeded in securing the
reward, in 1804 W. H. Wallaston announced the discovery of ‘a new
element in platinum ore. Between 1804 and 1828 the éther members bf
the platinum metal family were isolatedAand purified (1804——
palladium, rhodium, iridium, osmium; 1828--ruthenium) (13).
The chemical exploratioq.of the blatinum‘metals beéan almost

simultaneously and has, in the opinion of this author, proven to be
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quite a significant segment of the transition metal chemical
literature. Much of the earliest'literature concerning the chémical
properties of the platinum metals resulted from simply questidning
what would be the resultant compounds (and their chemical properties)
upon cbmbination with a plethora of metals and ligands. Descriptions
of alloys of platinum with éopper, mercury, uranium, iron, and other
platinum metals began to appear in the litefature as early as the
1840’'s (14). Additionally, reports of some of the earliest. |

coordination/blﬁster complexes began to appear at roughly the same

time. These early efforts were made using both simple ligands, éuch .

as C1-, Br—, I~, OH, SO42‘, P042‘,,and a number of much more

" complicated ligands (14). The only analytic method emplbyed by many
of the chemists was elemental analysis and generally a subsfantial
amount of reaction chemistry. Of course, the chemist’s eyes were
also a very valuable analytic tool and provided a significant amount
of the information which one observes in the literatpre, even to this
day. )

Studying the literature both old and relatively recent yields
discovery of a number of cémplexeé which ;ep&rtédly contain
polynuélear metal centers. These complexes are iﬁvestigated for a
number of reasons; a few. of the major areas of interest follow:

1) biological activiéy of clusters; |

2) electronic applications of.clusters;

3) catalytic activity;
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4) structure bonding relationships; and

5) systematic chemical properties;

Each of the above areas has a significaﬁt amount of literature
associated with it; howeVer, a review of such a broad spectrum of
chemistry is inappropriate at this time. Nonetheless, the question
of just what a platinﬁm cluster is needs clarification. For thé
purposes of this dissertation, a platinum cluster will be defined as
being two or more platinum atoms which are'brought together either by
the "bite" size of a ligand or by the formation of a platinum-
platinum bond. Of course, the more interesting cases occﬁr when a
metal-metal bond is formed or broken due to the chemical intéractions
involved in such processes. Examples vary:from relatively simple
dimeric species which exhibit plétinum—platinum bonds, throughrgroués
of trimeric, tetrémeric, and one—dimensiqnal bolymeric species. Such
examples only begin to touch upon the complexity wifh which the
coordination chemist must attempt to cope.

Our interest in the platinhm metal clusters has centered on
developing the type of systematic chemistry that can be performed
upon the clusters either in the formation or destruction of the
platinum metal clusters themselves. ATo initiate this, we have‘set
about investigating the chemistry of platinum-platinum b@ndgd .
species. Our approach has been guided by.sevefgl areas'éf specific _
interest wﬁich follow: |

1) synthesis;

2) disproportionation reactions;




3) substitution reactions;

4) cluster redox chemistry; and

5) mechaniétic conside;ations;

Reading the following pages will reveal that each of the five areas
above will bé addressed, either as a route to compounds, or as a
method for the analysis of such complexes.

The initiai portion of this work was undertaken to investigate
the reaction chemistry bf a grbup of binuclgar platinum(III)
complexes. Such binuclear d’-d’ metal compiexes possess a net single
bond between the metal atoms and exhibit an eleétronic configuration
of o?nds2s#2nxd (15). Generally the systems have two or four ligands
 bridging the metal centers and possess axial positions which caﬁ be
occupied by appropriate monodentate ligands. Such é style of bonding
and eléctronic configuratioﬁ is obéerved in Rhy +4 systems.(16—18)f
for which several examples have been structurélly qhéracteriéed. By
comparison, however, the Pt; +6 systems have only feqently been

studied in any detail, and few structural examples are known.

Sulfate and Phosphate Bridged Species

In 1905 Blondel prepared a complex which he suggested was a
platinum(IiI) complex. This complex was the first example of such an
oxidation state and still elicits questions about the electronic
configuration of the metal atoms (19). 1In a complex reaction
between platinum(IV) and an aqueous sulfufic acid solutioﬁ which was

reduced with oxalic acid, Blondel formed the bihuélea; platinum(III)
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complex [HZ(PtZ(SO4)4(H20)2]-9.5H29. Additionally, Blondel reported
the sodium and potassium salts 6f the complex (20). Blondél's work
was confirmed seQeral years later by Wohler and Frey (21), who also
synthesized sevefal closely related species. The potassium salt
which Blondel reported proved to be significant:in that it was the
first structurally characterized platinum(III) complex (22)
exhibiting platinum-platinum bonds (23-27).

The reaction conditions under which the complexes are prepared
appear quite simple. Essentially all that is required is heatiﬁg a
given plétinum(II) complex with an aqueous solution of either
sulfuric‘or phosphoric acid. During the course of the reaction, at
least four color changes -are observed, as is exhibited in Figure 1.
The reaction begins as a colorless solution, changing seduentiaily to
blue, green, yellow; then the dimeric red-orange product precipitates
from solution. Our efforts to perform nuclear magnetic resonancé‘
(NMR)  spectroscopic studies upon .the prbduct proved exceptionally
difficult due, as we found, to the low solubility of the produét in
a}l solvents. Additionally, a group of Australians were at the same
time completing the nuclear magnetic resonance studies of the
complexes (29). Since our.interests were focuséd both upon_the study
'of platinum-platinum bonds and upon the processes which muét‘take
place to form the bqnds,_we décided to investigate the events which
precede platinumrplatinum'boﬁd'fofmation. Given the idea (in
inorganic chemistry) that one color‘of a soluﬁion can indicate a

single compound, there is in the above system the potehtial-for
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describing at least two or three complexes. In theory, describing
such a series of events could give a "snapshot" view -of the sequence
of events which lead to the formation of platinum—platinum bonds and
perhaps present some insights into the mechanism of platinum-platinum
bond formation. Therefore, this line of research was pursued and is
described herein. We were able to obtain a group of blue crystals
which were formed in theﬂearly part of the reaction sequence
described previously. These crystals proved to be highly air and
moisture sensitive. For platinum there seem to be thrée-general
classes of blue compounds. The best known class consists of linear
tetramerié complexes of mixed valence (30). A second class; lesser
known but well-characterized, is mbnonucléar, mbst probably with a
charge transfer band in the long wavelength part of the visible
spectrum (31-32). The third class has but a single Qellé ‘
characterized example-—a mononuclear, blue, paramagnetic platinum
species with rather bulky electron donéfing ligands which possibly .
function to prevent the dimerization of the platinum centers (33). A
number of studies have been reported upon the blue solution which
forms when platinum(II) nitrites react with phosphoric and/or |
sulfuric acids (23,28,34-36). The blue solutions owe their color to
an absorption band near 630‘nm. Some investigators have suggested
that the blue compounds are nitrosyl complexes, but no structural
information has been available due to the difficulties encountered
with handling the Eomplexes. The two_compléxes which are described

in the. following discussion (blue and green) each exhibit a bent
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nitrosyl ligand upon the platinum atom. Only one other example of a

bent nitrosyl on a platinum center was previously structurally
characterized (37). Both compléxes were shown to be highly unstable
to air, moisture, and elevated temperatures. Additionally, unless

the crystals of each compound were kept in their mother.liquor and

stored at -20°C under airless conditions, the reaction was observed

to proceed toward the red dimeric platinum(III) product. The blue
species is believed to be one of two species present in solution
during the initial steps of the platinum-platinum bond formation
reéction seqﬁence. The other species is probably a piatinum(II)
species which results from the well-characterized hydrolysis reaction
of KoPt(NOy)4°2H50 in aqgueous acid sqlutions (38). Since these two
complexes are the second and third structural examples of the bent
nitrosyl ligand on a platinum center, they ha?é given some
interesting insight into the initial steps of platinum-platinum bond
formatioﬁ. The structural details of bent nitrosyls'on.platinum have
also been of interest. During efforts to make analogués to the th
new complexes, several closely reléted species were crystallized and
théir structures elucidated. Such compounds will also be discussed
in light of their relationshié to the formation of plafiﬁum—platinum

bonds.
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o—Oxopyridonate Bridged Platinum(III) Complexes

There have been a number of synthetic approaches for the
preparation of complexes.with the platinum ions in the formal +3
oxidation state; however, most approaches yield products which ére
insoluble, give poor chemical yields, or are not reproducible (as we
observed in the formation of the binuclear sulfate and phosphate
species). A synthetic appréaéh for the prepafation of binuclear
platinum(III) complexes with'properties including high yield;
stability, and solubility has been suggested by Vrieze (39-40).
Vrieze’s method employs platinum(II) precursors which (by oxidative
addition reactions) yield binuclear platinum(III) products. The
method involves the use of silver(I)‘cérboxylate salts, which have
been shown tb give the binuclear platinum(III) speqies.< Such speéies
possess many of the "desifable" properties described éarlier. F. A.
Cotton's research group has employéd a variation of Vrieze’s method
to obtain a group of new and interesting platinum(III) complexes.

The complexes contain hydroxypyridine (e—pyridone) derivatives which
are known to give some interesting coordination geometries,.
especially as bridging ligands. The ésymmetric ligands (Figure 2),
typically stabilize ﬁetai—metal'bonds by bridging the'fwo metal
centers (41-42). Examples of such ligands playing an important role’
in the chemistry of metal-metal bonds are found in a number of cases
ranging from quadruple bonds (Cr, Mo, W) to single bonds (Rh, Pt)

(15).
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The resulting hydroxypyridinoate complexes have coordination

geometries that are dependent upon the steric bulk of the substituted

_pyridine ring. If the substituent is large (e.g., Cl~ or CH3), the

complexes take the head-to-head bridging ligand arrangement, with one

~of the axial sites vacant due to the steric interference of the ring

substituent (Figure 3). If, on Ehe other hand, the substituen; is
relatively small (e.g., H or F), head-to-tail or head—to—ﬁead ligand .
arrangements can result. More interestingly, the complexes with the
small substituents can inter-convert by the addition of an excess or
the removal of the axial donor ligand (42). The preparation'éf the.

complexes follows the general scheme shown below:
[Pty(CH3)4(RpS8)2] + 2Ag(xhp) —> [Pty(CH3)4(xhp)5(RyS)] + 2Ag°
[Pty(CH3) 4(xhp)(RyS) ] + xs pyridine -> [Pt,(CH3)4(xhp)o(py),] + nRZS

where R = CyHg; x = H, F Cl, Br, or CHy; and n = 1 or 2.

Using the above reaction sequehées, Cotton’s group has to date
prepared ten new platinum(III) cqmplexes, and theyAhavé structurally
characterized the compounds by single crystal x-ray diffraction
methods. Eight of the ten new complexes have been investigated by
this author using nuélear magnetic resonance and x—fay photoelectron
spectroscopic methods. In-solution structural details, NMR chemical
shifts, and oxidation state information are reported ﬁere.

The platinum(III) complexes which were synthesized by Cotton’s
group are very stable in most organic solvents and can generally be

isolated in high yield (70-90%). The NMR studies which appear here
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suggest that the head-to-head complexes are stable in.solution for
relatively long periods of ﬁime, while the head-to-tail complexes
tend to ;evert to equilibrium mixtures of head-to-head and head-to-
tail forms over the course of a few hours to days. Evidence for
interconversion is found in the platinum-195 NMR speqtral'data.
Nonetheless, there is no evidence for the dissociation of the
complexes in either case. Additional studies of tﬁe reaction
chemistry of these complexes continues both hgre at'Montana State

University and in Cotton’s group at Texas A and M University.

Platinum Carboxylate Bridged Compounds

Vreize’s and Cotton’s success with the formation of platinum-
platinum bonds through-oxidative additions of various carboxylato
species to metal centers led us to investigate a tetrameric
" carboxylato species which had been characterized as being
platinum(II). The complex exhibits an interesting structure (Figure
4). The structure is composed of a nearly planar square.of four
platinum ions, with each platinum ion being 2.5 A from each of its
nearest neighbors. There are bridging acetate ions between each of
the metal centers, such that each metal center exhibits pseudo-
octahedral coordination. The acetate ligands are alternately axial
and equatorial on each side of the square; the resulting symmetry of
the complex gives it quite an aesthetic.appeal. Besides the
aesthetic aspects of the complex, one notes that the 2.5 A distance

between the metal centers suggests platinum-platinum bonds. Such an
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.complexes in question. The synthesis began with sodium
hexahydroxyﬁlatinate(IV) being dissolved in concentrated nitric acid
:and heated until a brown syrup containing crystals of sodium nitrate
resulted. Glacial acetic acid was then added to the
syrup and the mixture boiled until the nitrate crystals became |
white. After cooling, filtration, and washing, thg solution was
boiled over an open flaﬁe until a red orange syrup resulted. Most of
the nitric acid was then thought to have been expelled. The addition
of a 20% formic acid:80%lacetic acid solution followed by heaping
gave a bright green solution. Further addition of formic acid along
with boiling reportedly gave an aqua-marine blue solution, whiﬁh
became deep purple upon standing. Crystals of complex were then
reported to precipitate along with a small amount of platinum nmetal.
After washing with acetic acid and chloroform, the purple crystals
were reportedly recrystallized from chloroform:acetic acid (1:1). A
few years later the above synthesis was reported to give an explosion
(45), and a safer synthetic approach appeared in the British patent
literature (46). The color of the complex warranted a pétent for
1.C.I., Ltd., apparently due to the strong interest in thg "platinum
blues" which were thought to be very effective therapeutic agents in
cancer patients (30), though another possibility stems from the way
in which the compléxes stack in the crystalline lattiée,'which could
have prompted interest as a one-dimensional conducting polymer such

as has been investigated recently (47).
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" The newer, safer synthesis employs tetrachloroplatinate(1V) '
with the addition of the appropriate carboxylato silver(I) salt.
Reduction with a very slight éxcess of-formic‘acid follows, and the
resulting blue complex wés claimed to be pure (Figu;e 5). Structural
evidence for the blue tetrameric .octakis-acetatotetraplatinate(II)
complex was obtained (Figure 4) (48-50). Oné problem was_noted in-
both syntheses——for both cases some platinum metal always resﬁlted.
Furthermore, yields were not at all consistent (they ranged from 0%
to 75%). These two factors suégested to this author that the
resulting blue solution.even in the "new" synthesis contained at
least one product and possibly more. In this investigation the blue
solution was, in fact, found to contain éevera; constituents which
have been characterized. The major product, the-blue fraction, was
isolated and has been found to have only slight qontamination-from
silver (Figure 6). The synthesis, isolatibn, purification,-analysis,
and characterization of each of'the products has shown that theﬁe are
at least two tetrameric specieé produced in the reaction. Some
systematic reaction.chemistry has also been performed~upon the
complex which has previously been characterized as "not being very
reactive under normal conditions" .(51).. The systematic chemistry and
some of the implications for this type of plafinﬁm clusters will be

discussed in the third portion of the Discussion (Chapter 5).
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PtCls + Hp0

AgOAc, diethyl ether
2-4 Hrs.

Yellow Powder (dried & filtered)
5 mi/100mg PtCl,

HOAc: HFORm, 110°C,
100 mi 0.02 mi

Deep Blue Solution

13. 5 min.

Figure 5. The newer, somewhat safer synthesis of the

octakisacetatoplatinum(II) complex.
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PURPOSE OF THE PRESENT INVESTIGATION

The general purpose of this investiga£ion has been threefold.
We have tried fo 1) gain furthervinsight into how platinum-platinum
bonds are formed, 2) characterize fhe platinumhplatinum bonds, aﬁd
3) understand some of the sygtematic chemistry which they will
undergo. To achieve these goals several physical methods have been
employed. These include: nuclear magnetic resonance spectroséopy,
vigible spectroscopy, electron spectroscopy for chemical'analysig,_
single crystal x-ray crystallography, infrared spectroscopy,
commercial elemental analyses, in-house heavy metal analysés, and
chemical logic.

The thematic statemenf above, concerhing the reason for interest
in the complexes involved, is a rather broad statement. More
specifically stated, there ié a great deai'of interest in makiné
materials which possess certain physical and chemical properties.
One such area concerns the formatioﬂ and chemistry of platinum-
platinum bonds. The,work presented in this thesis addresses such
chemistry. |

Thig thesis is organized into six chapters,‘ Chapter three
examines the experimental methods.qsed for the preparation and
analysis of the comélexes. Chapter four is divided into three parts
and presents the results of each portion of £his investigation. The

three parts are each concerned with the following: complexes which
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are on the pathway to platinum—platinﬁm bond formation, NMR and ESCA
studies of eight.complexes which are known to posses a platinum-
platinum bond in the solid state, and, finally, the reaciivity bf a
platinum-platinum bonded species in the third portion_of chaptef'
four. Chapter five discusses fhe resulfs énd their interpretafions

for this investigation. Any implications for structural details and

platinum-platinum bonding are discussed in chapter five. Chapter six

contains a summary of the work performed in. this ihvestigation and

gives the significant advances achieved by this inVestigation.




22

EXPERIMENTAL

Preparation of Compounds

Preparation of K,Pt(NO,),4°H»0

KyPt(NOy) 4 was prepared as described elsewhere (55). ‘However
~for the purpose of this investigapion it was found that
recrystallizing the compound a minimum of three times, with a slight
excess of KNO, present during each crystallization; was £equired to
assure exclusion of all chloride ion. The.resulfing overall yield

was approximately 50%.

Preparation of K,Pt(NO,),(NO)(H,0), 1

KoPt(NOy)4 was prepared as described above. A solution of
phosphoric acid in water was prepared as a 3:1 mixture of 65%
phosphoric acid and water by volume. The solution was dégassed and
stored under argon. To 1.5 ml of the solution was added 50 mg (1.08

x 1074 moles) of K,Pt(NOy)4. A very faint blue solution resulted.
The solution was heated to 80°C for two to three minutes under argon
during which time it became an intense dark blue. The solution was
placed in a freezer at -20°C in the dark. Over a period of 53 days
dark blue crystals suitable for x-ray diffraction where observed to
form. Attempts to remove the mother liquor invariably resulted in

color changes which indicated decomposition. The crystals retained
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their b}uercolor.only when handled under argon at reduced temperature

and without the complete removal of the mother liquor (Figure 7).

Method II For the Preparation of
K[Pt(NOZlANO'OHyl'OHQ, 1, with NOBF,4

K Pt(NOy )4 was prepared as described for 1. 0.050 g Kzft(N02)4
(1.08 x 104 moles) were dissolved in a minimum amount of H50., To
the solution were then added ten equivalents NOBf4 (0.0125 g) under
argon. Immediately the solution became a dark‘blﬁe color. No '

crystals were obtained (Figure 7).

Preparation of K,[Pt(Cly)(NO,)5NO], 2

The deep blue solution containing 1 was prepared as described
earlier. Three equivalents of KCl (0.023 g, 3.24 x 103 moles) were
added to the solution and the resulting green solution refrigerated
" at -20°C. Dark green crystalé of the potassium salt of 2 forﬁed in
three to five days. Approximately 0.010 g of product was obtained by
filtration qnder argon. The mother liquor could not bé completely
removed without decomposition of the product, and so elemental

analysis was not attempted (Figure 7).

Preparation of Ky[Pt(NOy)yClyl, 3

0.050 g of KyPt(NOy)y (1.08 x 1074 moles) were dissolved in a
minimal amount of distilled water, phosphoric gcid (3:1) sélution.
The solution was heated at 80°C under argon until a bright yellow
solution resulted. four equivalents Kci were added from a stock

solution in glass distilled HyO0. The solution was -allowed to stand
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in a cold room at -20°C for 10-12 days when bright yellow air stable
crystals suitable for x-ray crystallographic studies resulted (Figure

7).

Method II for Preparation of K,[Pt(NO,)>Cly], 3

The - deep blue solution coniéihing 1 was'preparéd as described
above. Four equivalents of KCl (0.008 g, 3.12 x 104 moles) were
added to the solution. The resulting yellow solution was -
refrigerated at -20°C. Bright yellow crystals of the potassium salt
of 5 formed in eight to nine days. Approximately 0.015 g (61%) 6f
product was obtained by filtration ﬁnder argon (Figure 7). The

crystals were found to be air stable and air dried.

Preparation of K5[Pt(NO,)4Bry], 4

The deep blue solution containing 1 was prepared as described
above. Two equivalents of KBr (1.27 x lO"zg) were added to this
solution and the resulting red solution refrigerated at -20°C. Dark
red crystals of the potassium salt of 4 formed in five to seven days.
Approximately 0.023 g k34%) qf product was obtained by filtration
under argon. The crystals were dried with 95% ethanol and diethyl
ether, then found to be air-stable (Figure 7). Since this was a

known compound no elemental analyses were attempted.

Preparation of Ko[Pt(PO3)5Cl>], 5

The deep blue solution containing 1 was prepared as described

above. The solution was heated at 80°C under argon until a bright

yellow solution resulted. Two equivalents of (1.56 x 10~4 moles) KCl




26
were ‘added. The solution was allowed to stand in a cold room at
-20°C for four days when small, bright yellow, air stable crystals
suitable for x-ray crystallographic studies resulted. No yields were

measured (Figure 7).

Preparation of Pt,{(0OAc)q Blue from Platinum(IV)

This preparation is a modified method of Davidson énd Triggs
(45). (See Figure 6.) |

Silver(I) acetate was prepared as described earlier. To
approximately 2.5 ml of diethyl ether was added 0.200 g (6 x 10~4
moles) Ptc;4.(platinic chloride). One or two drops of-watér then
followed to give a bright red solution over a period of 15 to 30
minutes. 0.408 g (2.4 x 10-3 moles) of silver(I) acetate was added
to the solution. The solution was stirred for two to three hours or
until the solvent was colorless. The resulting yellow pgwder was
dried under a stream of ary nitrogen gas and placed upon a vacﬁum
line for one to three hours. The dry powder was suspended in 5 ml of
acetic acid:formic acid which was freshly prepared. The
concentration of formic acid in acetic acid was 2.52 x 1075
moles/m%. The reduction reaction was then run at 110°C in an qil
bath. Reaction times variea, but generally for a freshly-prepared
sample 13.5 minutes were required to obtain a deep blue solution.
The deep blue solutionlwas then cooled with cold tap water, filtered
twice through a medium or fine glass frit (to remove AgCl) and the

solvent acetic acid-formic acid stripped away on a Buchi "R" rotary
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evaporator. The resuiting blue solid was placed on a vacuum line at
room temperature for 12 to 18 hours. The dried, micro—crystailine,
deeply-colored solid, was chromotagraphed as described above. - ‘Four
fractions resulted from the procedure, a blﬁe fraction 7, a purple
fraction 6, a green fraction 8, and a yellow fraction 9 Each of the
fractions was stripped of solvent and dried over KOH unde;.ﬁacuum for
12 to 23 hours. Yield of the blue component was found to Qgry from

40% to 70% total yield.

Synthesis of Pt (0OAc)g from Platinum(II), 10

0.250 g (6.05 x 1074 moles) K,PtCly was suspended in diethyl
ether. 0.480 g (2.9 x 103 moles) silver acetate, prepafed as
described above, was added to the platinous chloride-diethyl ether
suspension. The pink slurry was stirred forlabout 24 héu;s; A
salmon pink colored powder resulted. The salmon colored powder was
dried under vacuum and then suspended in three to five ml of acétic
acid. The resulting pink solution was then heated to 110°CAfor 8 to
15 minutes when a deep blue solution resulted. The solution waé
cooled with cold tap water, filtered twice throﬁgh a medium or fine
glass frit (to remove AgCl), and the acetic acid solvent stripped
away on a Buchi "R" rotary evaporator. The resultiﬁg blue solid was
then dried on a vacuum line at room temperature for 12 to 18 hours.
The dried blue solid was then chromatographed as described above.
Two fractions resulted from the procedure, a blue fraction 10, and a

pink fraction 11. Each of the fractions was stripped of solvent and
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‘dried over KOH under- vacuum for 12 to 14 hours; yield of the blue -

'component was 38%.

Preparation of [Pt (0Ac)g(CO)5])-2HOAC, 6

The purple fraction, which resulted from the chromatographic
separation of the crude Pt4(OAc)g complex, was observed to have the
above formula. Yield of the purple complex was O%Vto 20% by the
chromatographic method (Figures 6 and 8).

Direct Preparation of [PtA(OAc)g(CO)Q]-ZHOAc,
6, from Pt (0OAc)q Blue

Two methods for the direct preparation of the above complex were

found. The first employs formic acid, while the second employs the

direct addition of CO gas to the .octakis-acetate complex (Figure 8).

Direct Method I for the Preparation
of 6 Using Formic Acid

0.050 g Pty(OAc)g Blue (3.9 x 1075 moles) was dissolved in 2.00

ml acetic acid. The solution was allowed to stir under argon until
all of the powdered micro crystalline compound was dissolved. To the
above solution was added 10 equivalents (3.9 x 104 moles) formic
acid. The deep blue solution was then heated to 110°C. Within lQ.
minutes the solution was observed to become a dark purple color. Thé
solution was cooled under tap water, and the solvent acetic acid
stripped away on a Buchi "R" Rotary evaporator with a cool water
bath. A deep purple micro-crystalline solid was obtained. Crysfals

were grown from acetic acid:chloroform (1:10) (Figure 8). .
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Direct .Method II for the Preparation of
6 Using CO Gas

0.050 g Pty(OAc)g (3.9 x 10~> moles) Blue was dissolved in 2.0
ml Acetic acid. The solution was allowed to stir under argon until
all of the powdered micro crystalline compound was dissolved. To the
above solution was added a smallzﬁortion of CO gas; then tﬁe
reaction vessel was resealed. Stirring was continued at room
temperature. Over the course of several minutes the solufion
gradually became a deep purple color. The color had to be watched
most closely; if one allowed the reaction to go too long, the complex
would be destroyed and platinum(O) metal would precipitate. The
resulting purple solution was purged with dry nitrogen or dry argon
and the solvent acetic acid removed with a Buchi "R" rotary
evaporator in a cool water bath, Figures 6 and 8. Crystals were

grown from acetic acid: chloroform 1:10 yield was 20%.

Direct Preparations of [Pt,(OAc)g(NO),]+2HOAc, 12

Two direct preparation methods were found for the preparation of
the above complex. The first employs the addition of a:
stoichiometric amount of nitric acid, while the second employs the
addition of a limited amount of nitric oxide gas, Figure 8. Both
methods yield purple solids which give épprbpriate elemeﬁtal

analyses.
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Direct Method I for the Preparation of
12 Using Nitric Acid

0.050 g Pt4(0Ac)8 Blue'(3.9 x 107> moles) was dissolved in 2.0
ml acetic acid. The solution was allowed to stir under argon until
all of the powdered, micro-crystalline octakis-acetatoplatinate(II)
complex was dissolved. To the above solution was added two A. |
equivalents (7.8 x 10~3 moles) nitric acid. Thg deep blué solution

was allowed to stir for several hours. Invariébly[ the solution

color darkened to a nearly black color, then gradually became a very -

dark red/purple. The solution was allowed to stir for 12 to 24
hours. Work up of the reaction consisted of a filtration to remove
any precipitated platinum metal, then removal of solvent acetic acid

by rotary evaporation. A dark purple micro-crystalline solid

resulted, Figure 8. Crystals were grown from acetic acid:Dzo (1:20).

Direct Method II for the Preparation
of 12 Using NO Gas

0.050 g (3.9 x 10-5 moles) Pt,(OAc)g Blue was dissolved in 2.0

ml acetic acid. The solution was allowed to stir under argon until

all of the powdered micro-crystalline cbmpound was dissolved. To the

above solution was added a small amount of NO gas; then the reaction
vessel was recloséd. Stirring was continued at room temperature.
Over the course of several minutes the solufion gradually became a
deep purple color. The color had to be watched most closely; if one
allowed the reaction to go too long the complex was destroyed; and
platinum(0) metal would precipitate. The purple solution was purged

with dry argon or dry nitrogen,'and the solvent acetic acid removed
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with a Buchi "R" rotary evaporator'in a cool water bath. The
resulting micro—crystalline purple solid exhibited all of the same
physical characteristics as the compound in direct method I, Figure

8. However, no crystals were obtalned

Preparation of [Pt,(POP),-H50]
from Pt,(OAc)q Blue, f_—

The green luminescent dimeric species Pt,(POP),4°2H,0 was
initially reported by Roundhill et. al., (56). 0.050 g-Pt,(OAc)g
Blue (3.9 x 10~> moles). was dissolved in 2.0 ml acetic acid. - The
solution was placed in a small glass petri dish cover. To the above
solution was added 0.100 g of crystalline‘phosphoroﬁs_acid which
dissolved immediately. The solution was then heated to dryness at
110°C. Upon reaching dryness a green residue remained.- The green
residue was shown to be-luminescent with U.V. irradiation at 254 nm
Figure 8.

Preparation of Pt;(POP)4;§70 from PtA(OAc)B_
Blue with Ammonlum Diphosphite, 13

0.050 g Pty(OAc)g Blue (3.9 x 10~5 moles) was dissolved in 2.0
ml acetic acid. To the solution was added 0.100 g NH4(POP). The

solution was allowed to stir at 110°C. Over a period of two hours,

the solution color changed from dark blue to a very deep green color.

Upon cooling, the solution was shown to contain the complex 13 by

monitoring its fluorescence upon irradiation at 254 nm (Figure 8).
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Reaction of Pt,(OAc)g with KOCN

Several reactions between KOCN and Pt4(0OAc)g Blue were carried
_out. Using varying céncentrationé of KOCN, varying results were
observed. Due to their extreme physical hardness and chemical
inertness very few solution data were available for evaluation; what
was obtained will be déscribed. |

Reaction of Pt,(OAc)gq Blue with
20 Equivalents KOCN, 14

0.050 g (3.9 x 10~5 moles) Pt (OAc)g Blue was dissolved in
acetic acid. To the deeply colored blue solution was added 6.4 x
10-3 g KOCN (7.8 x 1074 moles). The solution immediately darkened to
a negrly black color. Over a time of two minutes the color bécame a
red/brown. From the above solution a dark brown soiid was deposited
upon the removal of the solvent acetic acid; The dark brown solid
was then washed with water. No brown color was transferred to the
water; however upon lyophilization of the water, a small amount of
light tan colored solid resulted (five to eight pércent); each
fraction was appropriately designated water soluble or waté;
insoluble, Figure 8.

Reaction of Pt,(OAc)g Blue with
20 Equivalents KSCN, 15

0.0250 g Pty(OAc)g Blue (1.8 x 10> moles) was dissolved fully
in 1.5 ml acetic acid. 0.0380 g (3.7 x 10~4 moles) of solid KSCN was
added to the solution. Over the course of thirty to forty minutes

the solution gradually became an orange-red color. The solution was
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filtered (to remove excess KSCN). The solvent was then strippéd away
from the product on a Buchi "R" rotary evaporator. The product was
placed under. vacuum for 24 hours and fihallf washed with ethyl
alcohol, Figure 8. Bright red crystals of the complex were grown
from ethyl alcohol and recrystallized twice. Yield was 35%.

Reaction of Pt,(OAc)g Blue with
Eight Equivalents KSCN, 16

0.050 g (3.9 x 107 moles) Pt,(OAc)g Blue was dissolved in’
acetic acid. To the deep blue solution was added eight equivalents
of solid KSCN (0.030 g.KSCN). The solutioh grédually became a dark
red color, and finally a brown solid precipitated. The mother liquor
remained a bright yellow to nearly tan colpr. The solvent acetic
acid was removed using the Buchi "R" rotary évaporator. The solid
was then placed under vacuum for 48 hours. To the dried solid was
added approximatelf 2.0 ml of deionized glass distiiled water. .An
orange or tan solution resulted, with an insoluble brown solid
remaining; Four more successivé 2-ml water Qashes followed;'with'the
liquid being decanted each time. The final water wash was colorless.
All five washings were combined, shell-frozen, and lyophilized. An
extremely hydroscopic, red solid resulted, 16S. The water insoluble
fraction, 161, was also shel; frozen and lyophilized. A light brown
to tan solid resulted, Figure 8L Yields water insoluble fraction:

0.028 g (56%); water soluble fraction: .0.013 g (26%).
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Reaction of Pt,(QAc)g with
Four Equivalents KSCN, 17

0.050 g (3.9 x 1075 moles) Pty (OAc)g Blue was dissolved in 2.0
ml acetic acid. To the deep blue solution was added féur equivalents
of solid KSCN (0.0152.g KSCN). The solution gradually darkened td a
deep green color over several hours. The reaction was allowed to
stir an additional 12 hours with no further color changes observed.
The acetic acid solvent Qas'removed using the Buchi "R"‘rbtary
evaporator. The solid was then placed under vacuum for 48 hours. To
the dried solid approximately 2 ml of deionized glass distilled
wéter was added. Water-soluble and water-insoluble fractions
resulted. The insoluble fraction was washed as previously described
with all washings combined. The water soluble fraction, 178, was a
moderafely colored green solﬁtion, wﬁile the water insoluble |
fraction, 17I, was a dark green powdery solid, Figure 8. Both
fractions were shell frézen and lyophilized. Y;elds water soluble:
0.004 g (13%); water insoluble: 0.026 g (87%).

Reaction of Pt,(OAc)g Blue with
Two Equivalents KSCN, 18

0.050 g (3.9 x 1075 moles) Pty (OAc)g Blue was dissolved in 2.0
ml acetic acid. To the deep blue solufion.was added two equivalents
of solid KSCN (0.0076 g KSCN). The solution gradually became a blue
green color, and was stirred for 24 houré. The acetic acid solvent
was rémoved using the Buchi "R"'rotary evaporator. The blue-green

solid was then placed under vacuum for 48 hours. To the dried solid

2.0 ml of glass distilled water wasradded. Water soluble, 185, and
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water insoluble, 181, fractions resulted, Figure 8. The washings
were combined previously'desc:ibed.. Yields were not measured but

were approximately equal in mass.

Reaction of Pt,(OAc)g Blue with Acetylene Gas, 19

0.050 g (3.9 x 107> g) Pt,(OAc)g Blue was dissolved in
approximately -2 ml-of acetic écid. The solution was vacuum filte;ed
and placed in a glass desiccator which confained three other
containers. The containers each contained 25 ml of water, 5.06 g.
potassium hydroxide, and approximately 2 g.of calcium carbide. The
cover of the desiccator was replac;d and the solution coiqr observed.
Within two hours the solution color was observed to become green. If
one allowed the solution to sit in the presence of the ;cetylene gas
for more than two hours, platinum metal was invariably precipifated.
The green solution was then removed from the acetylene éas—containipg
environment and placed in a fresh, clean, dry desiccator. The cover
of the new desiccator was removed once each twelve hours in an
attempt to grow crystals of the complex, Figure 10. No crystals
suitable for single crystal x-ray diffractioh resulted. Yield of the

purple micro-crystalline solid was’ approximately 70%.

Reaction of Pt,(OAc)g Blue with Phenylacetylene, 20

0.050 g Pty(OAc)g Blue (3.9 x 107> moles) was dissolved in 2.0
ml acetic acid. The solution was filtered through a fine glass frit,
no solid was noted to be present. To the solution, 1.0 wl (9.95 X

104 g) phenylacetylene was added. The solution was vigorously
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stirred and the color changes observed quite carefully. Initially
the color of the solution bécame green (15 minutes). After 30
minutes, a green solid precipitated. The green solid rédissolVed
over the next hour, and the solution color faded to a brownish color.
Visible spectra.wére taken, and the solution was then allowed.to stir
for 24 hours to assure complete reaction. Neither the color changed
nor did the visible spectrum, so the reaction was considéred
complete. The solvent acetic acid was. removed on the Buchi "R"
rotary evaporator. The yellow-green solid was then dissolved in
acetic anhydride, and.crystal growth was attémpted, Figure 9. The

solution precipitated a green solid. No crystals were obtained.

Reaction of Pt,(OAc)gq Blue with Diphenylacetylene, 21

0.0050 g Pty(OAc)g Blue (3.9 x 108 moles) was dissolved in 2.0
ml acetic acid. The solution was filtered through a fihe giass frit,
and no solid was noted to be present. To the solution was added
1.75 mg of diphenylacetylene. The solution remained a véry deep
blue color and was allowed to stir over 24 houré. The color ﬁas
still blue at the end of 24 hours. The solvent acetic acid was
removed using the Buchi "R" rotary evaporator."fhe blue sélid was
placed under vacuum for 25 hours:. The blue solid was found to be
freely soluble in acetic anhydride only, Figufe 9. The acetic
anhydride solution was placed in a cold room (4°¢) in the dérk. A
dark blue solid was precipitated from fhe solution( and the.
supernatant qolor Eecamé brown. No crystals were obtained,_gpd no

yields were measured.




39

Reaction of Pt (OAc)g Blue with One
Equivalent Triphenylphosphine, 22

0.050 g (3.9 x 107 moles) Pt,(OAc)g Blue was dissolved in 5.0
ml acetic acid. The deep blue solution was filtered with no solid
being removed. To the deep blue solution was added 10.2 mg (one
equivalent) from a stock solution of triphenylphoéphine in acetic
acid which had been previéusly prepared (concentration of .
triphenylphosphine was 51.0 mg/ml). The solution was allowed to stir A
while color changes were observed. Initially the solution darkened
(30 minutes), and within two hours an evenly—green—éolored solution
had resulted. After 24 hours of stirring, the solution reﬁaihed
green. 'fhe solvent acetic acid was removed using a Buchi ."R" rotary
evaporator. The resulting green solid was put under.vacuum for 24
hours. The green solid was found to be soluble in dichioromethaqe.
Crystal growth was aftempted; however, a black solid was found to
precipitate leaving a verj faintly yellow solution, Figure 9.

Reaction of Pt,(OAc)q Blue with Two
Equivalents Triphenylphosphine, 23

0.050 g (3.9 x 10~ moles) Pt,(OAc)g Blue was dissolved in 5.0
ml acetic acid. The deep blue solution was.fil;ered with no solid
being removed. To the deep blue solution was added 20.4 mg
triphenylphosphine (two équivalents) from the gtock soiutioﬁ
described above. The solution was allowed to stir while the color
changes were observed. Initially the sélution darkened'(30 minutes),
and within two hours anq evenly red colored solution had resultéd.

The solution remained red after 24 hours of stirring. The solvent
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acetic acid was removed using a Buchi "R" rotary evaporator. The
resulting dark red solid was found to be'soiuble in dichléromeéhane.
and chloroform, Figure 9. Crystal growth was attempted; howevef, 6 
black solid ﬁas found to precipitate, leaving a‘very faintly yellow
solution. | o |

Reaction of Pt (OAc)gq Blue with Four
Equivalents Triphenylphosphine, 24

0.050 g (3.9 x 103 moles) Pty(CAc)g Blue wés dissoived-in 5.0
ml acetic acid. The deep blue solution was filtered with noisolid
being removed. To the deep blue solution was added 40.4 mg (four
equivalents) of solid triphenylphosphine. The solution was allowed
to stir while color changes were observed. Initiall& the solution
darkened §15 minutes), and within 15 minutes an evenly yellow colored
solution had resulted. After 24 hours of stirring, the solution
remained bright yellow. The solvent acetic acid was removed using a
Buchi "R" rotary evaporator. The resulting bright yellow'solid was
found to be soluble in dichloromethane and chloroform, Figure 9.
Crystal growth was attempted; however, no crystals resulted.

Reaction of Pt (QAc)g Blue
with Excess HCN, 25

0.050 g (3.9 x 10-5 moles) Pty(OAc)g Blue was dissolved in 5.0
ml acetic acid. The deep blue solution was placed in half of a small
petri dish. The container was placed into a closed desiccator with
solid KCN (5.08 g) in a small petri dish, and the base well area of

the desiccator was filled with approximately 50 ml of acetic acid.
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Thus HCN was generated. The blue solution was observed to become a
purple-red color within 15 minutes, and within 30 minutes the
solution had become faintly yellow or nearly colorless. No solids
ﬁere present in the solution. The solution was allowed to air dry.
A very light yellow solid resulted. AA yield of 0.011 g (22%) was
obtained after pumping on the solid for 24 hours. The yellow solid
was washed with hexane and chloroform to remove excess acetic acid,
Figure 9. Final yield was 0.0105 g (17.5%).

Reaction of Pt,(OAc)g Blue
with HCN Controlled Reaction, 26

0.050 g (3.9 x 10> moles) Pt (OAc)g Blue was dissolved and
prepared as described above. The solution was exposed to HCN as
described above. The solution was removed from the deéiccator within
15 minutes when the color changed to purple-red. fhe solvent acetic
acid was removed using a Buchi "R" rotary evaporator. The éufpleered
solution commonlj reverted to a blue color at this point in.tﬁg::
reaction sequence; thus it was extremely difficult to isolate the
purple-red solid. Generally, reduction of the volume of the purple-
red solution on the rotary evaporater with a cool water béth‘gave a
dark purple solid. The dark purple solid couid then be dried but
only with great care because, again, the color commonly reverted to
blue. Therefore, it was not possible to expose the solid to reduced
pressure (as on a vacuum line), Figure 9. Yie;ds.wete,nét measured,
and because of the difficultigs in handling the coﬁpounas further

reactions were not pursued.
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Reaction of Pt(QAc)g Blue with One and Two
Equivalents of Cyanamide, 27

~.0.0050 g (3.9 x 10-6 moles) Pt4(0Acfé Blue was dissolved in 2.0
ml of_acetic ecid. The deep blue solution was stirred until all
solid was observed to have dissolved. To'the blue solutlon.was added
one or two equivalents (1.6 x 10™3. g or 3.2 x 107 5g) of cyanamlde |
The solution was stirred and observed for 24 hours, no s1gn1f1cant
color changes were apparant. The solvent acetic acid was removed
using a Buchi "R" rotary evaporator.. A reddish-brown solid |
resulted, Figure 9. The solid was found to be insoluble in most
common solvents from polar water to honpolar ethers. Due to the
extreme "hardness" of the solid and its insolubility, this series of
compouhds was not further pursued. .

Reaction of Pt,(OAc)gq Blue with |
Eight Equivalents of Acetamide, 28

0.010 g Pty(OAc)g Blue (7;8 x 1078 moles) was dissolved.in 2.0
ml acetic acid. The solution was filtered through a fine glass frit,
and no solid resulted. To the deep blue solution was added two |
equivalents of acetamide (9.3 x 10‘4'g). The solutionlvaS'stirred
for 24 hours. No obvious color changes were observed} however a dark
blue, hearly black precipitate was observed to form after 48 hours
without any further stirring. Deep blue crystals were obtained,
Figure 9. Yield of blue solid plus crystals was 0.0053 g (53%). The
blue mother liquor was allowed to stand several days longer° however

observation revealed no further crystal formatlon.
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Reaction of Pt (0OAc)g Blue with
Trifluoroacetic Acid, 29

0.050 g Pty(OAc)g Blue (3.9 x 10~5 moles) was dissolved in 2.5
ml of trifluoroacetic acid. The solution was originally prepared for
nuclear magnetic resonance studies. Nonétheless, foilowing the
nuclear magnetic resonance experiments, the solution was observed to
have taken on an unusual purple color. The color.continued to
deepen over the next few days at which time the excess solvent

trifluorocacetic acid was removed by blowing dry nitrogen over the

solution, Figure 9. The dark blue, nearly-black solid was exposed to

vacuum for 48 hours. Yield of the solid was 0.040 g (80%).

Reaction of Pt,(OAc)g Blue
with Sulfuric Acid, 30

0.015 g Pty(OAc)g Blue (1.17 x 10-3 moles) was dissolved in
15.0 molar concentrated sulfuric acid under argon. The solution was
initially dark blue. However, over a period of three days at room
temperature the solution gradually became a dark réd color; Heating
the solution to 110°C did not appreciably decrease the time needed
for reaction. A small amount of'yellow, powdery precipitate formed
and was isolated by decanting the red mother liquor. The yellow
powder was washed with 2 to 3.0 ml portions of water and dried with
3 to 5.0 ml portions of ethyl alcohol and diethyl ether, Figure 9.

Yield of the bright yellow, insoluble powder was 0.004 g (26%).
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Reaction of Pt,(OAc)g Blue with K,504, 31:

0.0200 g Pt (OAc)g Blue (1.54 x 103 moles) was dissolved in 5
to 7 ml of acetic acid. The solution was filtered through a fine
glass frit; no residual solid was observed. To the dark blue
solution 50 equivalents (0.126 g) K;SO,4 were added. The solution Qas
then heated to 110°C for 12 hours. The color of the solutidn
gradually changed from dark blue through a dark green color, to én
extremely deep red or brown. The solution was once again filtered
through a fine glass frit, and a dark gray solid resulted. The
solvent acetic acid was removed from the dark red filtrate using a
Buchi "R" rotary evaporator. The red solid was then put under vacuum
for 48 hours, Figure 9. VYield of the red, powdery éolid was 0;0150 g
(26%). |

Reaction of Pt,(OAc)gq Blue with Eight Equivalents
Hydroxypyridine, 32

0.025 g (1.95 x 1073 moles) Pt4(QAc)g ﬁlue was dissolved in
acetic acid. The deep blue solution was filtered throﬁgh é fine or
medium glass frit. To the deep blue solution was added eight
equivalents (0.0152 g) of hydroxypyridine (a~pyridone). The solution
was heated to 110°C until a da;k purple solution was obtained (2-2.5
hours). The solution was filtered through a fine glass frit with no

solid resulting. The solvent acetic acid was removed using a Buchi

"R" rotary evaporator. Thin layer chromatography gave a single spot

which moved with pure acetic acid (Rg = 0.4). Column'chromatography

on a 2 cm column gave one pufple band. The solvent acetic acid was
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removed using the Buchi "R" rotary evaporator. The complex was found
to be soluble in most common organic solvents, Figure 9. Efforts to

grow crystals failed.

Materials and Methods

The 1H, 13C, 195p¢t nMR spectra were obtained on a Bruker WM-250
NMR spectrometer. Infrared spectra for compounds 1 and 2 were
obtained upon a Nicolet Mx-1 spectrometer in I.R. tran cglls.A'All
other spectra were obtained on a Nicolet 5 DX B spectrqﬁeter.

Visible spectra were obtained upon a Cary 14A spectrophotomeﬁer.
Electron Spectra for Chemical Analysis (ESCA) were obtained upon a
L-H EAII (Leybold-Heraeus) spectrometer. éing;e'crystai eray .
crystallographic data were obtained at bbth'rodm tempefatﬁre and at
liquid nitrogen-cooled temperature on a Nicolet R3m/E A
diffraétpmete£; Structure solution and refinement:wés<perforﬁed as
described for each compound. . | B

Elemental analyses for C-H, N, S, and Ag were performed by
Galbraith Labs, Knoxville, Tennessee. Platinum analyses wefe‘
performed in-house using the method 6f Browning (52).

The platinum used in éll compounds was loaned by Johnson
"Matthey, Inc. All reagents were analytical grade and not further
purified. | | |

Magnetic moments for compounds 1 and 2 were measured by the
Evans method (53) using tris(ethylenediamine)chromium(III) éhloride

as a calibrant. The ratios of the number of ligands per cluster were
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determined using 1 R spectroscopy. Destruction of the platinum
complexes was effected by hydrolysis in D;0, or by the addition of.
5.8 M DC1:Dy0 solutions purchased from Aldrich. The peak
intensities were measured by integration, and fhe concentrations of
H* and OAc™ were determined using methyl alcohol as an internal

standard.

Chromatographic Procedures

The acetate complexes were normally purified using the following
procedure. Chromatograbhy'columns were prepared by suspending‘
silica éel (Baker 50-200 mesh) first in methyl alcdhol, acetic acid
(3:1), and drying the éilica at 110°C for 24 hours. The silica was
then suspended in a methylene chloride, methyl alcohol, acetic acid
(4:4:1) mixture. Wét'packed columns of about one meter height were
prepared by pouring the slurry into'a 1.25 meter glass column; a
small ball of glass of wool and a stopcock were used to control the
flow rate. Approximately 1 cm of glass wool was also placed at the
top of the silica gel bed té inhibit disruption of the silica upon
introduction of the sample. The siliéa gel bed was normally washed
with three to five bed volumes of,sélvent pribr to application of
samples. Samples were dissolved‘inva slight excesé‘of the methylene

‘chloride, methanol, acetic acid (4:4:1) and introduced to the column
by careful layering onto the layer of glass wool. Upon introduction
of the sample to the column bed, elution wés made ﬁsing the same

methylene chloride, methanol, acetic acid (4:4:1) solvent. The
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eluents were then collected and treated as described in the ,

preparative procedures.

Preparation of Ag Salts

Silver acetate and silver benzoate were prepared as described by
Fales and Kenny (54). Silver trifluoroacetate was purchased from
Aldrich Chemical Company. All of the silver séits were generally an

off white color and somewhat light sensitive.

NMR_Spectroscopy of Pt(III) Dimeric Species

Platinum-195, carbon-13, and proton NMR spectra were recorded in
CDCl3 solutions. The spectra were measured on a Bruker WM 250 MHz
multinuclear spectrometer. The platinum-195 spectra were recofded at
53.518 MHz and were referenced to HyPtClg (1.0 M5 (59).> The
carbon-13 spectra were recorded at 62.898 MHz and referenced to
external tetramethylsilane; broad band proton decoﬁpling was employed
in recording ail carbon-13 spectra. Proton NMR spectra weré
referenced to internal tetramethylsilane. For all spectral
observations, shifts to greater shielding were taken as positive.

The referencing of platinum-195 chemical shifts has been a
contrbversial problem (57-58). We have followed the cdnvéntion of
Sadler, et. al., (59), in which 1.0 molar HyPtClg was used as an
external reference, and the chemical shifts for the plétinum

resonances were then calculated from the absolute fréquency at which

they occured. The major reason for their method being employed étems'
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from the size of the platinum-195 NMR chemical shift range (up to
1.5 MHz). The absolute frequency of HyPtClg was calculated as

follows (Equation 1 is taken from the Bruker WM-250 Operating

Manual ) :

250.132 + [01] - x ‘ ' :
SY = Eq. 1
2

where x is the absolute rescnance frequency of the spectrum, 01 is
the observation window of the NMR spectrometer, and 250.132 MHz is
the base synthesizer frequency for the WM 250 NMR spectrometer at
Montana ‘State University. All multinuclear frequencies are
generated by beating an appropriate frequency agalnst the 250.132
synthesizer frequency to obtain the desired frequency

SY is the frequency at which the synthesizer is set.

Rearranging to obtain the absolute frequency which one is observing:

= 250.132 + [01] - 2sY Eq. 2

Since the result shown in equation 2 is an algebraic expression in
one variable, calculationtof absolute frequencies for any resonénce
are possible. To further simplify matters even more, the
spectrometer reference (SR command) can be set equal to the
observation window (01), and all frequencies are then given fn terms
of Hertz from the base frequency of the instument within the
observation window relative‘to the detector settinq. For example,_

the case of H2PtC16 would fcllow as below:
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01 = 898.44 Hz
SR = 01

SY = 98.180 MHz
SF = 250.1320 MHz

Cursor on Screen Value = -217.75 Hz

X = 250.132 + 01 - 2SY (equation 2)
Substituting:

'vHZPtCls = 250,132,000 Hz + 898.44 Hz = (f217.75 Hz) - 2(98,180;000)

= 53,772,680 Hz Eq. 3

One can vary SY (eynehesizer position) or 01 and, provided that ‘the
spectrum is not "folded-over" (both obeervation and syntﬁesizer.
frequencies are correct), can determine the absolute frequency for
HyPtClg or any other platinum species.

Once the absolute frequencies for each of the observed
platinum-195 species have been determined, the value is simply
substracted from the value for HyPtClg, and the chemical shift for
‘the resonance in question is obtained (in Hz). Conversioe to the
more standard parts-per-million chemical shift scale'requiree
division by 53.518 MHz (the frequency at which the sbectra were
taken). Therefore, one more example should be given here and is-
shown below in equations 2.4 through 2.9. For this example the
species Ptz(MHP)(CH3)4(Pyr)1 has been selected. Two sets of triplets
were observed at substantially different SY values, indicating a
significant amount of difference in the chemical environment for each

of the platinum atoms. Remembering:
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Vpp = 250.132 MHz = 01 - 2SY

where 01 = SR,

Downfield Pt-195 Spectra Upfield Pt-195 Spectra
01 = -6825 Hz ' 01 = 4149.9 Hz

SY = 98.220 MHz SY = 98.260 MHz

Cursor = -49.73 Hz . Cursor = 170.66 Hz

VDN = [250,132000 Hz + (-6825 Hz + (-49.7.Hz))-2(98220 Hz)]
VDN = 53795125 Hz

Chemical Shift for Pt-195 Down Field shift relative to HyPtClg:

53772680 - 53685125 = 87555 - (Eq.
87,555 |
d = -1635.9 ppm (Eq.

535,188,000

VUP = 250132000 Hz + (4115 + 170) - 2(98.260 Hz)
© VUP = 53616285 Hz

Chemical shifts for Pt-195 Up Field Shift relative to H,PtCly:

53772680 Hz - 53616285 Hz = 156395 Hz . (Eq.
156395 H -
272 T2 2922.2 ppm (Eq.
53518000

(Eg..

(Eq.

5)

6)

8)

%)

From the above method the chemical shift of any platinum-195 épecies
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in solution can be determined. The spin-spin coupling constants are

then measured in hertz.

X-Ray Crystallography

Crystals of the platinum compounds which were suitable for X-ray
diffraction studies were prepared for such studies in a vériety of |
ways. For room temperature data collection many of the crystals were
either coated with a thin film of epoxy cement, or Paratone?"N"'(GO)
after being mounted on glass fibers. Some crystals were mounted in
Lindemann glass capillaries under argon. The "mounting" of such
crystals consiéted of wedging the crystal into the capiilary. The
Lindemen capillaries were then flame sealed, taking care not to heat
the crygtalé. For extremely air—sénsitive, moisturé—sensitive, or
solvent-losing crystals, low temperature data collection methods were
employed. In most cases the crystals for IOW%tempefature data
collection were immersed in Paratone "N" which had beeh diluted (3:1)
with mineral oil. The crystals were transferred under dry argon.v
Once the crystals we;e'in tﬁe Paratone "N", they were examined under
a microscope and the best choices mounted onto a glass fiber} The
glass fiber with a crystal encased in a small droplet of Paratone nN"
was then placed in the liquid nitrogen-cooled stream of nitrogen gas
where it was immediately frozen in place. X-ray intensity data were
collected on a Nicolet R3m/E four circle diffréctometer.equipped

with graphite monochromated Mo Ka radiation (X = 0.71073 A). Further




52
details of structure solution and refinements follow for each

complex.

Structure Solution for
K[Pt(NO,)4(NO) (H>0)]-H50, 1:

A blue crystal fragment with approximate dimensions of 0.2 x 0.5 -

x 0.8 mm was sealed in a Lindemann glass capillary surrounded by
mother liquor to prevent decomposition or reaction'with‘ai;. ﬁnit
cell dimensions were obtained by least squares refinément‘using'25
centered refections for which 26°<20<34°. Three chéck refléctions,
monitored every 100 reflections, showed no significant loss in
intensity over the course of data collection. Crystal data,,furgher
information on data collection, and structure refinement are given in
Table 1. | |

Data reduction, including corrections for Lorentz and
_polarizafion effects, gave 4069 independént reflections in the rangé
3°¢26¢65° of which 3148 with I>3¢(I) were used for structure
refinement. The volume of .the triclinic unit cell was appropriate
for two formula units, so the centrosymmetric space group was

assumed, and later confirmed, by successful structure solution and

refinement. A Pattefson synthesis gave the platinum position and the

remaining non-hydrogen atoms were located by difference éyﬁtheses.'
These positions were fefined with anisotropic thermal parameters by
blocked cascade least squares, minimizing IWA2 with 101 parameteré

refined in each full métrix block. Absorption correctioqs were

célculated by Gaussian integration using indexed planes to




Table 1. Crystallographic parameters for K[Pt(NOy),4(NO)(H30)]+H0, 1

Formula wt
Crystalline System
Space Group

a,

b, A

c, A

o. degrees

B8. degrees

v degrees

v, A

z

o cal g/cm3

d measured.

Crystal Size

u Mo Ko, cm-1
Radiation (Monochromated
in incident Beam
Orientation Reflections,
Number, range (20)
Temperature, °C

Scan Method

Data Collection Range
No. gnique data2 total
W/Ey4 2 30 (£5°)
Number of parameters
Refined

Ra

RwP

G.0.0.F.C

Largest Shift/esd,
final cycle

Largest Peak, e/A3

474.09

Triclinic

PT-

6.695

8.712

9.829

91.04

100.36

92.11

562.6

2

2.85

2.85

0.15 x 0.25 x 0.35 mm
135.0 , .

Mo Ke (g = 0.71073 A)

25, 19°-32
24 '
Omega
3.0-65.0
4069, 3148

167

' 0.065

0.068
1.03

1.08

E([1Fol=IFcll)

Z(]|Fol=|Fgl )W

E|Fg|wt

(] |Fol-1Fg| | )W?

c. G.O.0.F.

=
I

= (GFZ — ng)—l
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approximate the crystal shape with measured crystal dimensions;
Atqmic scattering factors, including terms for anglomous dispérsion,
were taken from Cromer and Waber (61). The weighfing scheme used
was W = K[2(F,) + 0.0045 £,2]-1. There was no evidence of
significant secondary extinction. Structure refinement led to an
unreasonably short (0.91 A) NO distance for tﬁe nitrosyl ligand
suggestive of rotational disorder of the oxygen position, a
relatively common feature in structures with bent NO groups (62).
- The equivalent isotropic thermal parameter for the nitgosyl oxfgen
was very large (4 = 0.16 cmfz), and differenqe electron density maps
showed a broad peak.with three areas of greater electroh density
spread across an area of about 90°. The model was refined with the
N-O distance constrained to 1.19 A, the nitrosyl bond length'in the
structure of 2. Thé site occupancy parameters for the three oxygen
disorder positions were allowed to vary. Refinement of the ‘

disordered model gave a reasonable nitrosyl oxygen thermal parameter

(v =0.08 cm?), and the refined occupancy parameters for the

" disordered oxygen positions summed to 0.96, indicating that the model

accounts for most of the electron density for the nitrosyl oxygen.
The final difference map was featureless except for the usual
"fipple" near the platinum atom. Hydrogen atom positions could not
be identified with any certéinty, and as such were nqt inclﬁded’in

the structure refinement.
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Structure Solution for
K5[Pt(NO,)»(NO)Cl3], 2

A green plate-shaped crystal with approximate dimensions of
0.04 x 0.12 x 0.12 mm was transfefred under argon to.at3{1 mixture of
Paratone-N and mineral oil. It was then removed from_the.
Paratone-N:Mineral oil on the end of a élass fiber énd immediately
placed into a stream of nitrogen gas at approximately —i20°C; Thusl
isolated from air, the crystal remained stable as long as the low
temperature environment was maintained. All crystallographic
procedures were conducted at -120°C. Unit cell dimensions WQrej
obtained from 24 reflections 19°<é®< 32?. Crystal data, infensity
measurement, and structure refinement parameters are given in Table
2. Procedures were otherwise as described above.

After all atoms'had:been refined anisotropically and
absorption correctians had been applied, a>difference map showed a
rélatively large peak (2.9 e cmf3) at 1.3 A from one of the chlorine
positions, indicating possible disorder. The equivalént isotropic
thermal parameter for the proximate chlorine (Cl(2)) was twice aé
large as for fhe other two'chlorines in the compléx. This suggested
that for a relatively small fraction of sites (the R valué at fhis
point was 0.052), there was an alternative.érientation of the complex
where the positibn of the nitrosyl and C1(2) ligands Qere exchanged.
In the minor drientation the nitrite ligands would also be exchanged,
and Cl(i) énalcl(3) would replace each other. fo model the apparent
disorder, additional positions were introduced for Cl1(2) and the

nitrosyl ligand, usih§ the peak from the diffefepce map for the




Table 2.

Formula Wt
Crystalline System
Space Group

a,

b, A

. C,

o degrees

B degrees

v degrees

c,

z
-d calc g/bm
Crystal Slfe
Mo K, cm

Radiation (Monochromated

in incident beam
. Orientation Reflections
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Crystallographic Parameters for K[Pt(NOy),(NO)(C1)3], 2

395.14
MonoClinic
P21/c

6.%27

11.690

14.525

90.000

99.13

'90.000

1043.4

4

3.19
"0.04 x 0.12 x 0.12 mm-
159.9 '

Mo Ka (g = 0.71073 A)

Number, range (20) 24, 19°—32°
Temperature, °C —120
Scan Method 1
Data Collection Range 3°-65°
No. 3 ique dats total 3032,1783
W/E,°2 30 (gf,
Number of parameters refined 148
R? 0.051
RwP 0.050
G.0.0.F.€ 1.01

' Largest Shift/esd,
final cycle .0.051
Largest Peak, e/A3 0.63

z(llFo'"IFcrl)

a. R =

L|F,|

E(] [Fg|-IFgl | e

£|F w?

E(]1Fgl~1Fel | )W

c. G.O.O.F.

(m-n)*

w = (on = gFZ)'l
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nitrosyl oxygen. Because of a significant,differenée in ‘bond
distance (Results), additional positions for Cl(1) and'Ci(é)"Wéfe
also included in the disorder model. The nitrites were driEnted-such:
that their alternate positions were nearly superimposed; thUS’l.
additional nitrite ligands were not needed. '

The disorder model was refined with some constraints imposed
on parameters for the minor orientation. Bond distances were
constrained to corresponding values from the major orientation}‘as
was the nitrosyl bond angle. Isotropic thermal parémeteré-were':
assigned in like manner except for (Cl 2’), which was‘refined with

\anisotropig thermal parameters. Refinement,of'the disordened model
led to smaller thermal parameters for Cl (2), a slightly shortér
nitrosyl-Pt-N distance (2.06 A vs. 2.12 A), and a longér N-O distance
(1.19 A vs. 1.09 A) compared to values obtained without disorder.
These differences were in agreement with the assumed disorder, and
the nitrosyl distance was closer t6 expected values when the disorder
model was included in the refinement. Other bond distances and
angles were not significantly affected by including disorder in the
model, nor were the refinement statistics. The site occupancy ratio
for the two orientations refines to approximately 84% to 16% and was
fixed in the final least squares cycles to facilitate convergence.
The final difference map was featureless, except for the "ripple"
near the platinum and chlorine positioné. Corrections for éxtinction

were not made.
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Structure Solution for K,[Pt(NO,)4Br,1, 3

A crystal with dimensions of 0.16 x 0.14 x 0.18 mm was mounted
on top of a glass fiber. The crystal was coated with Paratone N,
mineral oil, 3:1 to avoid contact with the air. A Nicolet R3m/E
diffractometer was used to collect 3478 unique reflections, of thqh :
1449 had I>30(I). Lorentz and polarization and absorption
corrections were applied: six sets of faces we?e identified and
indexed. Relevant crystal parameters and data are éivén in Table 3.

Preliminary examination of the crystal showed it to be of
monoclinic symmetry. The épace group was determined to be Pzi/c froﬁ
the systematic abscences and the structure was refined in this sp;qe
group. The platinum position was obtained from the Pattérson
function; the remaining non-hydrogen atoms were revealed by
alternating difference Fourier maps and least;squares cycles.
Blocked cascade least squares refinemenf converged to final
residuals of R = 0.0610, (Rw = 0.0631). All atoms were refined with
anisotropicthermal parameters. The largest peak in the final

difference map was 0.95 e/A3 and was located near the platinum.

Structure Solution for K,[Pt(NO,),Cl,l, 4

A crystal with dimensions of '0.21 x 0.08 x 0.05 mm .was
immersed in Paratone N. The crystal was removed from the Bafatone N
on the top of a glass fiber and froéen into position at ;120°C on: the
Nicolet R3m/E diffractometer, which wés equipped withﬂa low
temperature device. A total of 2816 reflections were collected of

which 1449 had I>3c(I) Lorentz and polarlzatlon and absorptlon
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Table 3. Crystallographic Parameters for Kth(N02)4Br2, §’

Formula

Formula Wt
Crystalline System
Space Group

a,

b, A

c, A

o. degrees

B degrees

v degrees

c, A

b4

d cal c g/cm
Crystal Size

4 Mo Ko, cm™
Radiation (Monochromated
in incident Beam
Orientation Reflection,
Number range (20)
Temperature, °C
Scan Method

Pt(N02)4Br2
67

7.15
. Monoclinic

P Zl/C
7.303
9.413
8.810
90.000
108.230
90.000
575.23
2 .
2.97

0.10 x 0.14 x 0 18 mm

204.21
Mo Ka (g =

24
21°-41°
24

1

Data Collection Range, 20,deg.3.0-75.0

No. gnlque dats total
W/Ey“> 3 o (Fg

Ngmber of parameters refined
R _
RwP

G.0.0.F.C

Largest shift/esd,

final cycle

Largest Peak, e/A3

3166
1766
79
0.0610
0.0631
1.68

.001
2.5

E(||Fol-1Fci])

Z|Fo

Z(]1Fol=]Fe] | W

b. R, =

c. G.O0.0.F.

E|F|w?
I(||Fgl=|Fg) | IW?

£
Il

(m-n)*4

(oF2 = gF2)-1

0.71073 4)
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corrections were applied. Six pairs of faces were identified and
indexéd. Relevant crystal parameters and data are given in Table 4.

Preliminary examination of the crystal showed:it to be of
orthorhombic symmetry. The space group was determined to be Fdddfrom
systematic absences and some trial and error. The structure was
refined in this space group. The platinum position was obtained from
the Patterson function. The remaining non-hydrogen atoms were
revealed by alternating‘diffefence Fourier maps and least squares
cycles. Blocked cascade refinement converged to final residuals‘of
R = 0.0352, (Rw = 0.0385). All atoms were refined with anisotropic
thermal parameters. The largest peak in the final difference map was

0.80 e/A3 and was located 1.9 A from the platinum atom.

Structure Solution for K,5[Pt(Cl),(PO3)5], 5.

A crystal with dimensions of 0.029 x 0.06 x 0.43 mm was
immersed in Paratone N. The crystal was removed from the Paratone N
on the tip of a glasslfiber.and frozen into position'ét -141°C (5°C)
on the Ni¢olet R3m/E diffractometer, which was equipped with a low-
temperature device. A total of 3401 unique reflecti@ns were
collected, of which 2290 had I>3¢(I). Lorentz, polarizgtion, ahd:
absorption corrections were applied. Six pairs of faces were
identified and indexed. Relevant crystal parameters-and data are
given in Table 5. | |

Preliminary examination of the crysfal showed it to be of
triclinic symmetry, and the space group was determined to be Pl.

The structure was refined in this space group. The platinum position




Table 4.

Formula
Formula Wt
Crystalline System
Space Group
a,
b, A
c, A
a. degrees
B. degrees
Y deggees
14
zZ
o cal c g/bm3
d measured
Crystal Size
4 Mo Ko, cm™
Radiation (Monochromated
in incident Beam
Orientation Reflection,
Number range (20)
Temperature, °C
Scan Method
Data Collection Range
8 ique dats total
W/f > 3 o (Fq
Ngmber of parameters refined
R
RwP
G.0.0.F.C -
Largest Shift/esd,
final cycle
Largest Peak, e/A3

61

Crystallographic Paramenters for Ky[Pt(NOy),Cl,l, 4

Pt(NO,)»Cl
5%7 05 27274
Orthorhombic

F ddd

7.365

15.373

18.385

90.000

90.000

90.000 .

2081.70

8

3.24 g/em>3

3.22 g/cm3

0.21 x 0.08 x 0.05 mm
159.70

Mo Ko (g = 0.71073 A)
24, 20.47-29.11

~120° 0°C
Wykoff w and w
3.0-60.0
3605, 2510

32
0.0352
0.0385
0.949

.002
0.97

I(||Fol~IFcl 1)

L|F,|

I(||Fol~|Fol | )WE

E|Fg|w?
Z(]|Fg|=|Fgl])w?

a. R =
b. R, =
c. G.0.0.F. =

w =

(m-n)*

(UFZ = ng)-l
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Table 5. Crystallographic Parameters for Ky[PtCl,(PO3)5], 5

Formula

Formula Wt
Crystalline System
Space Group

a,

b, A

c, A .

o. degrees

B. degrees

v degrees

v, A-3

b4

a cal c g/bm3

d measured

Crystal Size

4 Mo Koy, Ccm™

Radiation (Monochromated
in incident Beam
Orientation Reflections,
Number, range (20)
Temperature, °C

Scan Method

Data Collection Range
No. gnique data, total
W/fo%> 3 o (Fo) -

Number of parameters refined

Ra

RwP

G.0.0.F.C

Largest Shift/esd,
final cycle
Largest Peak, e/A3

a.
b. R,
c. G.O0.0.F.

Ko{Pt(Cl)-(PO3y)
5%2.07 2177302
Triclinic
Pl
8.612 -
13.538
9.367
90.000
105.674
90.000
1051.53
4

0.29 x 0.06 x 0.43 mm

Mo Ka (g = 0.71073 A)

24,.8.31-27.12

=141 £ 5
1 :
3.0-60.0
3401, 2290

- 97
0.0657
0.0694
1.515

.003
2.61.

E(|IFgl=1Fcl|)

L|Fy|

E(||Fol=Fa] | )W?

I|Fg|w?

E(||Fol-Fol | )w?

(m-n)*%
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structure was refined in this space group. The platinum position was
obtained from the Patterson function. The remaining non-hydrogen |
atoms were revealed by alternating difference Fourier maps and least
squares cycles. Blocked cascade least squares refinement converged
fo final residuals of R = 0.0657 (Rw = 0;0694). All atoms were
refined with anisotropic thermal parameters. The largest peak in the
final difference map was located 1.8 A from the platinum aﬁd 0.74 A
from the heavy ligands and was 2.61 e/A3 in size.

Structure Solution for [Pt,(0Ac)g(CO)>]
+2(HOAC), 6

A crystal with dimensions éf 0.037 x 0.17 x 0.10 mm was
mounted on top of a glass fiber with epoxy cement. A Nichalet R3m/E
diffractometer was used to collect 4210 unique reflections of which
1495 had I>30(I). Lorentz and polarization and absorption
corrections were applied. Faces wefé not indexed; an empirical
absorption correction was applied. Relevant crystal parameters and
data are found in Table 6.

Preliminary examination of the crystal showed it to be of
monéclinic C symmetry. The space'group was found to be C 2/c from
the systematic absences, and the structure was refined in this space
group.. The platinum positions were obtained from the Patterson '
function. The remaining non-hydrogen atoms were revealed by
alternating difference Fourier maps and least squares cycles. Full
matrix least squares'refiqement converged to final residuals of

R = 0.00473, (Rw = 0.0426). All atoms were refined with anisotropic




Table 6.
-2(HOOCCH,), 6

Formula- :
[Pt4(OOCCH3)6(CO)2]'Z(HOOCCH3)
Formula Wt

Crystalline System
Space Group

a,

b, A

c, A

o. degrees

B. degrees

v degrees

v, A3

-

o cal c g/’cm3

d measured

Crystal Size

M Mo Ko, cm™

Radiation (Monochromated
in incident Beam
Orientation Reflection,
Number range (20)

" Temperature, °C

Scan Method

Data Collection Range
No. gnique datg, total
W/fo%> 3 o (Fo2)
Ngmber of parameters refined
R

RwP

G.0.0.F.C

Largest Shift/esd,
final cycle

Largest Peak, e/A3

64

Crystallographic Parameters for [Pt4(00CCH3)g(CO) 5]

1254.36
Monoclinic
C 2/c
23.710
8.682
14.206
90.000
92.940
90.000
2916.34
4
2.87
. 2.867
0.037 x 0.17 x 0.10 mm
201.56 -
Mo Ka (g = 0.71069 A)

25, 22.03~-29.94

25

1

3.0-60.0
4210, 1495

182
0.0473
0.0426
1.002

0.008
1.39

Z(IIFOl—IFCII)

Z|Fol

E(]| |Fgl-|Fgl ] )w"

L|Fy|wH

E(||Fol~|Fgl | )W?

a. R =
b R, =
c. G.0.0.F. =

w =

(an)%

- (GFZ = ng)_l !
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RESULTS

X-Ray Crystallographic Results

The structural results of the various complexes for which
crystals of sufficient quality were obtained are described in the
following section; supporting results follow the x-ray

crystallographic structures.

Structure of K[Pt(NO,),(NO)(OH,5)1, 1

An ORTEP view of the mononuclear, blue, benf nitrosyl éomplex is
shown in Figure 10. Tables 7—16 contain the final positiqhal,
equivalent isothermal temperature parameters, bond distances, and
angles. Values for F, and'fc are found in Table 66 (Appendix).

The structure consists of a mononuclear platinum(IV) molecule
exhibiting a bent nitrosy; ligand. The platinum atom exhibits
octahedral coordination with a water molecule.trans to the bent
nitrosyl ligand. The reliability of the bond angle and disténce for
light atoms in the structures can be géuged by the ranges. in their
values for the nitrite ions in thé complexes. The nitrite N-O
distances range from 1.17 to 1.26 A (average="1.21 A), while the
angles around the nitrite nitrogen atoms range from 118° to-124°.
For the structure, the aécufacy determihing factor is probably the

absorption correction.
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Table 8. Bond lengths (A) for K[Pt(NO;)4(NO)OH;]°(OHy).

Pt-N(1) 2.057(10)
Pt-N(2) 2.039(11)
Pt-N(3) 2.044(12)
Pt-N(4) 2.059(11)
Pt-N(5) 2.095(17)
Pt-0(6) 2,372(13)
N(1)-0(11) 1.211(18)
N(1)-0(12) 1.219(18)
N(2)-0(21) 1.262(18)
" N(2)-0(22) 1.170(19)
N(3)-0(31) 1.218(21)
N(3)-0(32) 1.205(20)
N(4)-0(41) 1.211(16)
N(4)-0(42) 1.204(15)
N(5)-0(5a) 1.192(30)
N(5)-0(5B) 1.192(29)
N(5)-0(5C) 1.192(20)




68

Table 9. Bond angles (°) for K[Pt(NO;),(NO)OH,y]-(OH,).

N(1)-Pt-N(2) 87.4(4)
N(1)-Pt-N(3) . 178.2(5)
N(2)-Pt-N(3) 93.0(5)
N(1)-Pt-N(4) 92.5(5)
N(2)-Pt-N(4) 180.0(6)
N(3)-Pt-N(4) 87.1(5)
N(1)-Pt-N(5) 91.9(5)
N(2)-Pt-N(5) © 86.5(6)
N(3)-Pt-N(5) 89.9(6)
N(4)-Pt-N(5) 93.5(6)
N(1)-Pt-0(6) 89.0(4)
N(2)-Pt-0(6) 87.7(5)
N(3)-Pt-0(6) 89.3(5) )
N(4)-Pt-0(6) 92.3(5)
N(5)-Pt-0(6) 174.1(5)
Pt-N(1)-0(11) 118.1(10)
Pt-N(1)-0(12) 117.7(9)
0(11)-N(1)-0(12) 124.2(12)
Pt-N(2)-0(21) 118.4(11)
Pt-N(2)-0(22) 1122.4(10)
0(21)-N(2)-0(22) 118.9(13)
Pt-N(3)-0(31) 120.0(12)
Pt-N(3)-0(32) 118.7(11)
0(31)-N(3)-0(32) 121.2(15)
Pt-N(4)-0(41) 117.8(9)
Pt-N(4)-0(42) - 118.7(10)
0(41)-N(4)-0(42) 123.4(12)
Pt-N(5)-O(54) 120.3(16)
Pt-N(5)-0(5B) 128.5(18)

Pt-N(5)-0(5C) 125.6(21)
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Table 10. Anisotropic thermal parameters (A2x103) for
K[Pt(N02)4(NO)OH2] (OH2) .

U11 Uz2 Uz3 Uz3 U13 U12
Pt ‘ 27(1) 27(1) 28(1) 1(1) .~ 3(1) -2(1)
K 36(1) 49(1) 43(1) 10(1) 1(1)  -1(1)
N(1) 47(3) 39(3) 30(3) 7(3) -1(3) 2(3)
o(11) 118(4) 65(4) 43(4) -13(3) -18(4) 32(4)
0(12) 61(4) 106(4) 49(4) 12(4) -11(3) 37(4)
N(2) 49(3) 36(3)  49(4) 12(3) -3(3) .-11(3
0(21) 94(4) 31(3)  146(4) 8(4) 40(4) 5(3)
0(22) 53(4) 57(4) 114(4) 20(4) 14(4) -14(3
N(3) 54(4) 43(3) 43(3) 3(3) 5(3) -0(3)
0(31) 106(4) 95(4) 98(4) -21(4) -29(4) 39(4)
0(32) 84(4) 99(4) 58(4) -21(4) -10(4) 11(4)
N(4) 43(3) 34(3) 64(4) 5(3) 16(3) -=7(3)
0(41) 42(3) - 47(3)  124(4) 0(4) 21(4) -12(3
0(42) 54(3) 32(3) 136(4) 9(3) 36(4) 4(3)
N(5) 79(4) 75(4) 87(4) -16(4) 39(4) 9(4)
0(6) 61(4) 58(3) 52(3) 12(3) 21(3) 19(3)
o(7) 78(4) 71(4) 50(3) 13(3) 20(3) 12(4)

The anlsotroplg Smpsrature factor exponent takes the form:
(h *°Upy + ... + tha*b*Ulz)- .

Structure of K,[Pt(NO5),(NO)(Cl)3], 2

An ORTEP view of the mononﬁclear, green, bent nitrosyl
complex is shown in Figure 11. Tables 11-14 contain the final"
positibnal, equivalént isothermal temperature parameters, bond
distances, and angles. ‘Valués for F, and £, values are found iﬁ
Table 67 (Appendix). |

The structuré consists of a mononuclear platinum(IV) mpiecule
exhibiting a bent nitrosyl ligand; The platinum atom exhibits
octahedral coordination.witﬁ a chloride ion trans to the bent

nitrosyl ligand. The reliability of the bond angles and distances
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Table 11. Smlc coordlnates (x104) and isotropic thermal parameters .
xlO ) for K2[Pt(NOz)2(NO)Cl3]
X Yy z U
Pt . 1145(1) 2704(1) 1261¢(1) - 14(1)*
K(1) 4432(7) 8946(3) 6538(3) ©32(1)*
K(2) -1778(7) 9512(3) 969(3) 31(1)*
Cl(1) 3928(9) 3389(5) 2361(4) 18(1)*
CL(2) - -1722(8) 2089(4) - 149(3) 28(1)*
Cl(3) - 2972(10) 740(4) 1259(4) 19(1)*
N(1) -564(19) 2192(11) 2289(8) 21(3)*
0(11) -741(18) 2843(10) 2940(8) 29(3)*
0(12) -1375(18) 1207(10) 2260(8) 28(3)*
N(2) 2733(20) 3279(10) 231(8) 19(3)*
0(21) 3487(23) 4236(10) 260(8) 40(3)*
0(22) 12924(19) 2664(10) -457(7) 28(3)*
N(3) -88(37) 4340(19) 1227(17) 40(4)*
0(3) -1757(24) 4510(14) 1507(12) 44(4)*
Cl(1r) 2915(53) 968(15) 1367(28) 18
Cl(27) -451(54) 4488(15) 1333(29) 46(5)*
CL(37) 4308(41) 3317(33) 2519(20) 19 -
N(3") -1243(71) 2402(36) 133(29) 40
S 0(37) - -2337(59) = 3184(47) ~205(26) 44
Table 12. Bond lengths (A) for Ky [Pt(NOg),(NO)C13].
Pt-C1(1) 2.303(5)
- Pt-C1(2) 2.320(5)
Pt-C1(3) 2,562(5)
Pt-N(1) 2.058(13)
Pt-N(2) 2.037(13)
Pt-N(3) 2.058(22)
N(1)-0(11) 1.232(17)
N(1)-0(12) 1.255(17)
N(2)-0(21) 1.211(17)
N(2)-0(22) 1.252(17)
N(3)-0(3) 1.192(30)
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Table 13. Bond angles (°) for Ky[Pt(NO,),(NO)Cl3].

Cl(1)-Pt-Cl(2) 177.6(2)
CL(1)-Pt-Cl1(3) 91.6(2)
Cl(2)-Pt-Cl1(3) 90.8(2)
Cl(1)-Pt-N(1) 91.0(3)
Cl(2)-Pt-N(1) 89.2(3)
Cl(3)-Pt-N(1) 91.3(4)
Cl(1)-Pt-N(2) 89.7(3)
Cl(2)-Pt-N(2) 90.0(3)
Cl(3)-Pt-N(2) 91.5(4)
N(1)-Pt-N(2) 177.1(5)
Cl(1)-Pt-N(3) 86.0(6)
Cl(2)-Pt-N(3) 91.7(6)
Cl(3)-Pt-N(3) 175.1(7)
N(1)-Pt-N(3) 93.1(8)
N(2)-Pt-N(3) 84.2(8)
Pt-N(1)-0(11) 119.8(10)
‘Pt-N(1)-0(12) . 119.6(10)
0(11)-N(1)-0(12) 120.5(13)
Pt-N(2)-0(21) ©120.7(10)
Pt-N(2)-0(22) 121.1(9)

. 0(21)-N(2)-0(22)  118.2(13)
Pt-N(3)-0(3) 119.3(17)
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Table 14. Anisotropic thermal parameters (A2x103) for

.K2[Pt(N02)2(NO)C13] .

Uil U22 U33 Uz3 Uiz - Uy
Pt 13(1) 118(1) 12(1) 1(1) 1(1) -1(1)
K(1) 36(2) 30(2) 33(2) 8(1) 18(2) 10(2)
K(2) 43(2) 24(2) 23(2) 0(1) 3(2) -9(2)
Cl(1) 12(2) 26(2) 12(2) 2(2) -5(1) -0(2)
cl(2) 23(2) 44(3) S 17(2) 7(2) -1(2) -3(2)
cl(3) 22(2) 15(2) 19(2) —5(2) 2(2) 3(2)
N(1) 14(5) 33(6) 17(5) ~1(5) 2(4) -3(5)
o(11) 23(5) . 42(6) 24(5)  -1(4) 8(4) 6(4)
0(12)  21(5) 33(5) 33(5) ~2(4) 11(4) -11(4)
N(2) 19(5) 20(5) 17(5) 4(4) 0(4) -4(4)
0(21)  74(6) ~28(5) 25(5) -5(4) 26(5) -29(5)
0(22) 30(5) 37(5) 19(4) -5(4) 7(4) ~2(5)
N(3) 50(7) 39(7) ~37(7) -21(6) 25(6) 10(6)
0(3) 17(6) 50(6) 64(7) 2(6) 1(6) 21(5)

Cl(27)  44(8) 47(8) 37(8) 6(8) -23(8) 16(8)

The anisoérbpig tgmp%réture factoi exponent takes thé form:
-2n“(h“a*“Uyy + .., + 2hka*b*U;,)

can be gauged by the range in their values for the nitrite ions in
the,complex.' The nitrite N-O distances range from 1.21 Atol.26 A
(average = 1.24 A), and the bond angles range from 118° to 121°. As
fof the structure of 1, the accurécy“of the absofption correction is
probably the limiting factor determining'the quality of the
crystallographic data. For both 1 and 2 the positional coordinates
and their derived values were probabiy affected to some degree By the
modeis chosen to treat the disorder effects; however, both models
exhibited well-behaved structure refiﬁements under the limited

constraints described previously.
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Table 15. Atomic coordinateg (x104) and isotropic thermal
parameters (A%x103) for Ky[Pt(NOy),Cly).

X y 'z U
Pt 1250 1250 6250 18(1)*
K 6250 2696(2) . 6250 40(1)*
Ccl -1011(4) 1233(2) 5369(1) 33(1)*
N 1250 2587(7) 6250 26(4)*
o] -174(10) 2994(5) 6162(6) 36(3)*
Table 16. Bond lengths (A) for Ky[Pt(NO5),Cl,].
Pt-Cl 2.323(3)
Pt-N 2.056(11)
Pt—Cl(a) 2.323(3) .
Pt-Cl(B) 2.323(3)
Pt-C1(C) 2.323(3)
Pt-N’ 2.056(11)
N-O 1.232(9)
N-O(A) 1.232(9)

Table 17. Bond

angles (°) for Kz[Pt(N02)2C14]°

Cl-Pt-N

90

L7(1)
Cl-Pt-Cl(A) 88.4(1)
N-Pt-Cl(A) 89.4(1)
Cl-pPt-Cl(B) 178.7(2)
N-Pt-C1(B) 90.7(1)
Cl{a)-Pt-Cl(B) 91.6(1)
Cl-Pt-Cl(C) 91.6(1)
N-Pt-C1(C) 89.4(1)
Cl(A)-Pt—-Cl(C) 178.7(2)
Cl(B)-Pt-C1l(C) 88.4(1)
Cl-Pt-N/ 89.3(1)
N-Pt-N’ 180.0(1)
Cl(A)-Pt-N’ 90.6(1)
Cl(B)-Pt—N’ 89.3(1)
C1(C)-Pt—N’ 90.7(1)
Pt-N-O 120.5(6)
Pt-N-O(A) 120.5(6)
O-N-O(A) 119.0(11)
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Table 19. Atomic coordinateg (x104) and isotropic thermal

parameters (A2x103) for K5 [Pt(NOy) 4Bry].

"X y z U,

K 1712(5) 4620(4) 8491(4) 32(1)*
Pt 5000 5000 . 5000 ©17(1)*
Br 2053(3) 6260(2) 5056(2) 41(1)*
N(1) 6323(19). 5335(13) 7447(14) 24(4)*
0(11) 5357(19) 5155(16) 8372(14) 48(5)*
0(12) 7959(16) 5736(14) 7920(13) 33(4)*
N(2) 6204(19) 6966(12) 4641(13) 25(4)*
0(21) 6020(19) 7921(12). . 5494(13) 35(4)*
0(22) 7002(25) 7054(17) 3674(18) 61(7)*
Table 20. Bond lengths (A) for K,[Pt(NO,)4Bryl.
Pt-Br 2.471(2)
Pt-N(1) 2.092(11)
Pt-N(2) 2,115(12)
Pt-Br’ 2.471(2)
Pt-N(1') 2,092(11)
Pt-N(2') 2.115(12)
N(1)-0(11) 1.245(21)
N(1)-0(12) 1.198(17)
N(2)-0(21) 1.205(17)
N(2)-0(22)° 1.176(24)




Table 21.

.78

Bond angles (°) for K,[Pt(NOy)yBryl.
Br-Pt-N(1) 91.8(4)
Br-pPt-N(2) 89.3(4)
N(1)-Pt-N(2) 86.7(5)
Br-Pt-Br’ 180.0(1)
N(1)-Pt-Br’ - 88.2(4)
N(2)-Pt-Br’ 90.7(4)
Br—-Pt-N(1') 88.2(4)
N(1)-Pt—N(1') 180.0(1)
N(2)-Pt-N(1') 93.3(5)
Br’—Pt-N(1") 91.8(4)
Br-Pt-N(2') ' 90.7(4)
N(1)-Pt—N(2') 93.3(5)
N(2)-Pt-N(2') 180.0(1)
Br’-Pt-N(2') 89.3(4)
N(1’)-Pt—N(27) 86.7(5)
Pt-N(1)-0(11) 118.7(9)
Pt-N(1)-0(12) 119.7(11)
O(11)-N(1)-0(12) 121.5(12)
Pt-N(2)-0(21) 115.2(11)
Pt-N(2)-0(22) 119.5(11)
0(21)-N(2)-0(22) 125,2(15)

Anisotropic thermal parameters (A2x103) for

il

Table 22.
' K2[Pt(N02)4Br2]
U1 Upa = Usz Us3 Up3 Uip

K 32(2) 35(2) - 32(2) 1(1) 13(1) 1(1)

Pt 19(1) 17(1) 17(1) ~0(1) - 6(1) _1(1)

Br 40(1) 40(1) 45(1) —2(1) 15(1) 2(1)

N(1) 27(6) 26(6) 18(5) 3(4) 5(5) -2(5)
“o(11) 37(6) 90(12)  21(5) 2(6) 15(5)°  -6(7)

0(12) 23(5) 45(7) © 30(5) ~1(5) 4(4) ~6(5)

N(2) 38(7) 14(5) 20(5) —2(4) 3(5) ~5(5)

0(21) 50(8) 26(6) 34(6) ~0(5) 20(6) 1(5)

0(22) 87(12) 52(9) 62(9) -5(8) ’50(9)

~-23(9)

The anisotropic_temperature factor exponent takes the form
+ 2hka*b*U12)

2n2(h2a*2U11 + ...
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- The structure consists of a mononuclear platinum(IV) molecule

exhibiting four nitrite ions in a square plane about the platinum and -

two bromide ions trans to‘eaqh other. The platinum atom therefore
exhibits octahedral coordination. The nitrite N-O distances range
from 1.176 A to 1.234 A (average = 1.189 A),. and their bond aﬁglés
range from 121.4° to 125.2P (averége = 123.25°). As:with the
previous structures, thé limiting factor for determihiné the Quality
of the crystallographic data was most likely the absorptioﬁ
correction. No evidence for disorder in the system was notéd.
Despite this being a known compound, the quality of the data and
structure solution has shown a significant improvement ovér the
original structure solution (78), which therefore warrants the

inclusion of this structure in this investigation.

Structure of Ko[Pt(Cl)5(PO3)5], 5

An ORTEf view of the mononuclear, yellow comblex is shown in
Figure 14. Tables 23-26 contain the final positional, equivalent
isothermal temperature parameters, bond distances, and angles. F,
and f, values are found in Table 7Q (Appendix).

The structure cohsists of a mononuclear square planar
platinum(II) molecule with two chloriae ions cis to each other and
one f03 group trans to each chloride. The P-O distancés range from
1.47 A to 1.459 A for double—bonded oxygens (average = 1.465 A).
Single-bonded P-O distances'range from 1.752 A to 1.778 A (average -

1.766 A). Bond angles for the PO3 groups are approximately 109°(
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Table 24. Bond lengths (A) for Ky[Pt(PO3),Cl,].

Pt-Cl(1) 2.318(3)
Pt-Cl1(2) 2.319(4)
Pt~P(1) 2.234(3)
Pt-P(2) - 2.259(3)
P(1)-0(1) 1.470(11)
P(1)-0(2) 1.778(21)
P(1)-0(3) 1.752(14)
P(2)-0(4) 1.459(10)
P(2)-0(5) 1.761(18)
P(2)-0(6) 1.772(16)

Table 25. Bond angles (°) for KZ[Pt(PO3)2C12].

Cl(1)-Pt-Cl(2) 87.6(1)
Cl(1)-Pt-P(1) 176.2(1)
Cl(2)-Pt-P(1) 88.7(1)
Cl(1)-Pt-P(2) 92.6(1)
Cl(2)~Pt-P(2) 175.0(1)
P(1)-Pt-P(2) 91.1(1)
CPt-P(1)-0(1) 117.5(5)
Pt-P(1)-0(2) 107.6(5)
0(1)-P(1)-0(2) 110.0(7)
Pt-P(1)-0(3) 112.1(5)
0(1)~P(1)~0(3) 106.1(7)
0(2)-P(1)~0(3) 102.6(8)
Pt-P(2)-0(4) 112.1(5)
Pt-P(2)-0(5) 112.9(5)
0(4)-P(2)-0(5) 109.3(7)
Pt-P(2)-0(6) 112.0(5)
0(4)-P(2)-0(6) 109.2(7)
0(5)-P(2)-0(6) 100.7(8)




82

Table 26. Anisotropic thermal parameters (A2x103) for -

K2[Pt(?03?2C121.
U Uy U3z Up3 U3 Uy
Pt 14(1)  9(1)  14(1)  o(1) 9(1)  1(1)
cl(1) 22(2) 14(1)  26(2)  4(1) 11(1)  1(1)
cl(2) 14(1) 22(2)  25(2)  4(1) 9(1)  2(1)
P(1) 17(2) 8(1) 14(1) . 1(1) 10(1) -2(1)
p(2)  12(1) 8(1) 10(1) 0 0 0

0(1) 21(4) 16(4) 29(5) 6(4) 6(4) -1(4)
0(2) 101(7) 49(6) 53(6) -7(5) 43(6) -20(6)
0(3) 50(6) 58(6) 45(6) -18(5) 14(5) -19(5)
0(4) 25(4) 27(4) 18(4) 10(4) 14(4) 2(4)
0(5) 77(7) 39(6) 78(7)  11(5) 53(6) 13(6)
- 0(6) 51(6) 38(6) 57(6) -3(5) 26(5) -15(5)

The anisotropig tsmpsrature factor exponent takes the form:
-2n¢(h<ax* U + oo + tha*b*Ulz) -

Structuré of [Pt (0Ac)g(COy) ]
*2(HOAC), 6

- An ORTEP viéw of the rectangular, tetrameric, purple complex is
shown in Figure 15. Tables 27730 contain the final poéitional,
equivalent isothermal temperature pérameters, bond distancés, and
angles.' F, and f, values are found in Table 71.(Appendix).

The structure consists of a»nearly planar, rectangular tetramer
of four platinum ions in which each of £he platinum ions is located
at a corner of the rectangle. The short ends of the rectangle are
bridged by a pair of syﬁmetric aéetate ions, and the long sides.of
~ the rectangle are bridged by a single'aéymmetriq écetate ion and a
single symmetric carbonyl ligand. The C-O distances in the symmetric
acetate ligands are 1.23(3) A. 1In the asymmefric ligands‘the c-0
distances are 1.26(3) A and 1.48(3) A. 1In the carbgﬁyl ligands the

Pt-C distances are 1.88(2) A and 1.92(2) A. The Pt-O-C angles for
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Table 27. Atomic coordlnateg (xlO4 and isotropic thermal
parameters A x10°) for [Pt4(OAc)6(CO)2] 2(HOAc)

X y - z ' 4]
Pt(l) 963(1) 936(1) . 2412(1) "33(1)*
Pt(2) 200(1) 617(1) 3966(1) 33(1)*
Cc(1) 467(8) 1690(18) 1407(12) 16(6)*
0(1) 576(7) ~ 2906(16) 1020(10) - 47(6)*
0(21) 998(7) -1208(16) 1883(10) . 43(6)*
0(22) -125(6) -1513(15) 3689(9) 34(5)*
C(21) 584(10) -1987(22) 1553(13) 29(7)*
C(22) 654(11) ~-3665(24) 1491(17) - 51(10)*
0(31) 1525(6) 134(17) 3458(10) 44(6)*
0(32) 911(8) -572(18) 4498(11) 63(7)*
C(31) 1389(11) - =b41(23) 197(16) 49(9)*
C(32) 1850(11) - =1320(27) 4770(16) 60(10)*
0(41) 584(7) 2640(16) 4315(10) 46(6)*
0(42) 1030(7) 3104(18) 2976(11) 54(7)*
C(41) 861(10) 3432(24) 3785(17) - 39(8)*
C(42) 1016(13) . 5082(28) 4122(19) 74(12)*
C(51) = 2434(17) - 7336(43) 1342(23) 98(17)*
C(52) 2404(15) 7322(44) 2340(26) 119(19)*
o(51) 2703(9) 8440(24) 992(14) 94(10)*
0(52) 2152(10) 6429(27) 792(18) 97(10)*
H(22a) 1031 -3938 1707 105(31)
H(22B) 589 -3988 848 105(31)
H(22C) 389 -4165. 1877 105(31)
H(32A) 2199 -1220 - 4461 105(31)
H(32B) 1760 -~2392 4835 105(31)
H(32C) 1887 -851 ‘ 5382 105(31)
H(42A) 1230 5584 . 3656 105(31)
H(42B) 1237 5032 4707 105(31)
H(42C) 676 5654 4211 105(31)
H(5237) 2181 ' 6462 2524 105(31)
H(52B) 2234 - 8261 . 2540 105(31)
H(52C) 2778 7236 2629 105(31)

* Equivalent isotropic U defined as one third of the trace of the
orthogonalized ;4 tensor




" Table 28. Bond lengths (A)
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for [Pt(0AC)g(C0),] 2(HOAC).

Pt(1)-Pt(2)
Pt(1)-C(1)
Pt(1)-0(1)
Pt(1)-0(21)
Pt(1)-0(31)
Pt(1)-0(42)
Pt(1)-Pt(2B)
Pt(2)~-0(22)
Pt(2)-0(32)
Pt(2)-0(41)
Pt(2)-Pt(1A)
Pt(2)~Pt(2A)
Pt(2)~C(1A)
Pt(2)-0(1A)
C(1)-0(1)
C(1)-Pt(2B)
0(1)-Pt(2B)
0(21)-C(21)
0(22)-C(21A)
C(21)~C(22)
C(21)-0(22A)
0(31)-C(31)
0(32)-C(31)
C(31)~C(32)
0(41)-C(41)
0(42)-C(41)
C(41)-C(42)
C(51)-C(52)
C(51)-0(51)
C(51)-0(52)

RENNRPRDEERWWNDNDDDWDDNDNDEDND

.940(1)
.919(17)
.738(14)
.011(14)
.063(14)
.049(15)
.312(1)
.033(13)
.086(17)
.029(14)
.312(1)
.309(2)
.887(18)
.709(15)
.224(22)
.887(18)
.709(15)
.264(26)
.198(27)
1,469(28)
1.198(27)
1.259(27)
1.232(33)
1.491(35)
1.233(27)
1.269(29)
1,548(33)
1.423(50)
1.267(44)
1.275(43)
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Table 29. Bond angles (°) for [Ptd(OAc)s(CO)ZJ.Z(HOAc).°

Pt(2)-Pt(1)-C(1) 102.3(6)
Pt(2)-Pt(1)-0(1) 0 113.9(3)
C(1)-Pt(1)~0(1) 22.9(6)
Pt(2)-Pt(1)-0(21) 103.4(4)
C(1)-Pt(1)-0(21) 94.2(6)
0(1)-Pt(1)-0(21) 109.1(5)
Pt(2)-Pt(1)-0(31) 80.1(4)
C(1)-Pt(1)-0(31) 177.6(7)
O(1)-Pt(1)-0(31) 155.6(5)
0(21)-Pt(1)-0(31) 85.4(6)
Pt(2)-Pt(1)-0(42) 80.3(5)
C(1)-Pt(1)-0(42) - 90.6(7)
0(1)-Pt(1)-0(42) 74.0(5)
0(21)-Pt(1)-0(42) 173.2(6)
0(31)-Pt(1)-0(42) 89.7(6)
Pt(2)-Pt(1)-Pt(2B) 84.8(1)
C(1)-Pt(1l)-Pt(2B) 29.3(5)
O(1)-Pt(1)-Pt(2B) 52.2(3)
0(21)-Pt(1)-Pt(2B) 75.6(4)
0(31)-Pt(1)~Pt(2B) 152.2(4)
0(42)-Pt(1)-Pt(2B) ©110.7(5)
Pt(1)-Pt(2)-0(22) . 100.4(4)
Pt(1)-Pt(2)-0(32) 78.5(5)
0(22)-Pt(2)-0(32) 84.9(6)
Pt(1)-Pt(2)-0(41) 79.3(4)
0(22)-Pt(2)-0(41) 174.5(6)
0(32)-Pt(2)-0(41) 89.7(6)
Pt(1)-Pt(2)~Pt(1A) 94.3(1)
0(22)—Pt(2)-P;(lA) 70.5(4)
0(32)-Pt(2)-Pt(1n) 152.8(4)
0(41)-Pt(2)-Pt(1A) 115.0(4)
Pt(1)-Pt(2)-Pt(2a) 155.8(1)
0(22)-Pt(2)-Pt(2A) .75.8(4)
0(32)-Pt(2)-Pt(2a) 77.4(5)
0(41)-Pt(2)-Pt(2a) 102.1(4)
Pt(1A)-Pt(2)-Pt(2Aa) 106.5(1) -
Pt(1)-Pt(2)-C(1lAa) 106.4(5)
0(22)-Pt(2)-C(1a) 95.3(7)
0(32)-Pt(2)-C(1lA) 175.0(7)
0(41)-Pt(2)-C(1A) 90.1(7)
Pt(1A)-Pt(2)-C(1lA) 29.8(5)
Pt(2A)-Pt(2)-C(1a) 97.8(5) -
Pt(1)-Pt(2)-0(1A) 112.4(3)
0(22)-Pt(2)-0(1A) 114.7(5)
0(32)-Pt(2)-0(1A) 153.8(5)

0(41)-pPt(2)-0(1a) 70.1(6)




Table 29. (continued)
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Pt(1A)-Pt(2)-0(1a)
Pt(2A)—Pt (2)-0(1A)
C(1a)-Pt(2)-0(1a)
Pt(1)-C(1)-0(1)
Pt(1)-C(1)-Pt(2B)
0(1)-C(1)-Pt(2B)
Pt(1)-0(1)-C(1)
Pt(1)-0(1)-Pt(2B)
C(1)-0(1)-Pt(2B)
Pt(1)-0(21)-C(21)
Pt(2)-0(22)-C(21A)
0(21)-c(21)-C(22)
0(21)-C(21)-0(22a)
C(22)-C(21)-0(22a)
Pt(1)-0(31)-C(31)
Pt(2)-0(32)-C(31)
0(31)-C(31)-0(32)
0(31)-C(31)-C(32)
0(32)-C(31)-C(32)
Pt(2)-0(41)-C(41)
Pt(1)-0(42)-C(41)
0(41)-C(41)~0(42)
0(41)-C(41)~-C(42)
0(42)-C(41)-C(42)
€(52)-C(51)-0(51)
c(52)-C(51)-0(52)
0(51)-C(51)~0(52)

53
90
23

~119.
120
~119.
37.

74

37.
.0(14)
.2(13)

126
134

117.
127.
115.
125,
127.
125.

117

117.
125.
122,
. 129,
116.
114,

116
123

119.

.0(3)
«3(3)
.1(6)
5(14)
.9(9)
5(14) .
6(10)
.9(4)
3(10)

6(20)
0(18)
4(19)
1(15)
2(15)
4(22)
.1(23)
5(20)
5(14)
6(14)
0(20)
9(21)
0(20)
.7(32)
.6(34)
0(30)
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Table 30. Anisotropic thermal parameters (A2x103) for
[Pt4(OAc)6(C0)2] 2(HOAC).

U11 . U22 Uz -~ " Uys Uiz©  Up2
Pt(1) 38(1) - 28(1) 33(1) -2(1) 3(1)  -3(1)
Pt(2) 39(1) 30(1) 29(1). - 0(1) 2(1)  -6(1)
Cc(1) 20(12) 9(8) 19(9) -=~8(7) 13(9)  3(8)
o(1) 63(12) 33(9) 44(9) - -0(7) 7(9) ~3(8)
0(21) 43(11) 38(9) 49(9) -6(7) ~5(8) 7(8)
0(22) 38(11) 25(7) 37(9) - 5(6) -9(8) -=2(7)
c(21) 45(16) 24(11) 15(10) 1(8) -13(10)  1(11)
c(22) 48(18) 50(15) 59(17) 7(13) 26(14)  2(13)
0(31) 37(10) 41(9) '54(10) -12(8) ~5(8) 3(8)-
0(32) 65(13) 63(11) 61(11) 28(9) -7(10) -5(10)
C(31) 71(19) 30(12) 47(14) 22(11) 5(13) —21(12)
c(32) 76(22) 56(16) 47(15) -1(13) -19(15) -4(15)
0(41) 57(11) 39(9) 43(9) " -8(7)" 10(8) -18(8)
0(42) 65(13) 46(10) 53(11) -2(8) '18(10) -11(9)
C(41) 28(15) 39(13) 51(15) -2(11) 13(12) -9(11)
c(42) 105(28) 47(16)  69(19) 5(15) -11(19) -14(18)
C(51) 118(35) . 107(28) 66(22) -3(22) -33(22) 50(27)
c(52) 77(29)  134(33)  152(38) -25(30) 63(28)  7(25)
0(51) 96(19)  90(15) 93(16) 13(13) -16(14) 5(14)
0(52) .  62(15) '110(18) 119(19) -19(16) -4(14)  7(14)

The anisotropjc Eemgeraturevfactor'exponent takes the form:
-2n4(h“a Ull + ... + -th.a*b*Ulz)

Physical Measurements

Electron Spectroscopy for Chemical Analysis (ESCA)

ESCA has been developed as a very powerful method for chemical
bond studies because it addresses the electons involved in bond
formation, along With the atomic-like non—bdndiﬁg eléctrons, which

~act as local probes of the molecular and éolid state structures. In
this investigation we analyzed thg,eléctronic properties of Pt-x*
transition metal ions (X = 0,“1{5, 2, 3, 4) under the iﬁfluence Qf

various chemical environments. From these studies it was quite
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‘evident that the ligands have a significant effect upon the chemical
shift (E, eV) of the electrons on platinum. Surface charging effepts
in the solid sample are a significant problem in the applicétibns of
ESCA to chemical systems. Such a problem may be compensated by
monitoring the chemical shift offthe é(lé) binding energy. Should a
significant change in cbemical shift be detected, charging effects |
can be empirically corrected for by normalizing to a-constant figure
as was suggested by Riégs in his original ﬁork on complexes of
platinum (76). The normalization probably is not completely
correct.

In this investigation, the samples were mounted by physically
rolling individual "pies" from bulk Indium metal._'fhe samples were
then adhered to the metallic surface by simply rolling them into Fhe
soft metal "pie". -Excess ;oose‘powders were removed by a sgfies éf
gentle bursts of dry nitrogen gas applied to the pie. The samples
were then secured on the sample rod and int:oducea'to-the'vacuum
chamber immediately. |

To correct for surface.charging effects, the Indium (3d 3/2,
5/2) and aiiphétic C(ls) signals ﬁere monitored, with the aliphatic
C(ls) being corrected to a chemical shift of 285.0 eV. Data from

this investigation are presented in Table 31.
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Table 31. ESCA data for platinum complexes.

‘Complex Formal E , E E '
ox. Pt(4? 1/2) C(?s) Otﬁer

State Elements
KyPtClg : 4+ 75.9 - 199.4 Cl(2p)
KoPt(CN)4 2+ 74.0 285.0
KoPt(Cl)y 2+ 73.4 199.4 Cl(2p)
PtCl, 2+ 75.9 199.6 Cl(2p)
KPt(NO; ) 4-H50 4+ 75.2 285.0 (Major Species)
KPt(NO,) 3-Hy0 2+ 72.9 © 285.0 (Minor Species)
Pt(metal 0 70.1 284.6
Pty (HP),(Et,S) +3 74.7 285.0
Ptz(FHP)z(ETzs 1 +3 74.6 285.0
Pty (MHP),(Et,S) +3 74.7 285.0
Pty(FPH),(Pyr)q +3 74.5 285.0
Ptz(MHP)%PYr) +3 74.2 285.0
Ptz(CHP)z(Pyr}l +3 74.5 285.0
Pty (HP)H(Pyr) +3 . 74.3 285.0
Pt (FHP Z(Pyr%z +3 74.2 285.0
Ptz(MHP)z(Pyr)z ' +3 73.8 _285.0
Ptz(PO3)4'2H20 +3 - 75.2 285._0
Pty (POP)Cl, +3 75.1 285.0
Pt4(OAc)g Blue +2 74.3 285.0
Pt;(OAc)gGreen +2 74.7 285.0
Pt (OAc)g(CO)y2HOAC 1.5 74.4 285.0
Pt4(00CCF3)8 Blue +2 . 285.0
Pt,4(POP),, Red ' -
Lumin. Complex +2 72.6 131.6(P)
Pt(en)(ox) +2 74.3 285.0
Pt4(0Ac)8 Blue +
Excess Trifluoro- . :
Acetic Acid +4 75.3 285.0 562.4(F)
"German Yellow
Complex" +4 75.8 285.5
"German Red +4 75.3 - 285.0

Complex", "Vzez's
Salt"
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NMR Spectra and Spectral Assignments for a
Series of Pt(III) .Complexes

The compounds which are described below were synthesized by Dr.
D. P. Bancroft while working with Professor F. A. Cotton at Texas
A & M University, College Station, Texas.. The molecular structures
were elucidated by Dr. Bancroft usiqg.singie crysfal X-ray .
crystallograpﬁic methods. The proton, carbon—13; aﬁd platinum-195
NMR spectra and chemical shift assignments were performed at Montana
State Univeréity as part of.a collabqrative effort to explore'the
éhemistry of the coﬁplexesq Studies oﬁ the complexeé' reaction
chemistry continue both here and at Texas A & M University. The
structures of the complexes are shown in Figure 3. There are two
structures known for the complexes. One is described as a head-to-
head or polar form, and the other is the head-to-tail or nonpolar
form. Some of the complexes have'been shown by Cotton’s group to
undergo conversion from one form tb the other under specific |
conditions. For each of the following compounds the chemical shifts
and their assignments are shown. The molecular numbering scheme
which will be employed for this purpose is shqwn in Figure 16. The
NMR spectral data and assignments are shown in. Tables 32 to 39. The

lH, 13C, and 195pt NMR spectra are shown in Figures 18 to 45. The

methods used to make the assignments are described in the Discussion.
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Table 32. Pty(mhp),(CH3)4pyr] (head—to—héad dimer).

Resonance (Mult.) Assignment ‘Coupling C@hstants

Proton Assignments

1.03 MeI 2JCH3—Pt 69.84Hz
1.50 MeIl 23CH3-Pt 79.34Hz
2.36 Me(X) (Ring Substituent)

6.23 (d) 5H :

6.25 :

6.48 3H

6.52 (d) '

7.15(t) 4H

7.24

7.39 ﬁ—Pyrlglne

7.91 y=-Pyridine

8.49 : o~Pyridine

Carbon-13 Assignments

-8.95(t) MeI lacus-Pt 705.72 Hz
- _ 23cu3 37.3 Hz
-1.39(t) . MeIl 2JCH3-Pt 705.7Hz

: 23CH3-Pt 37.3Hz

26.27 : Me(Ring Substltuent)

111.21 Cg .

113.5 - C3 ,

125.3 p~Pyridine

137.14 Cy

138.6 y-Pyridine

150.04 ' o—Pyridine

153.5 Cy

Platinum-195 Spectra

~2922.2 Pt; 12,060.5Hz
~1635.9 Pt, .
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Table 33. Pt,(CH3)4(hp),(EtyS), (head-to-head dimer).

Resonance (Mult.) Assignment

' Coupling Conistants

Proton Assignments

.03
.21
.35

.26
.42
.24
.69

NN =

. Carbon-13 Assignments

.72(Broad Meth)

(t)
(d)
(Mult)
(d)

~-12.8
-2.51

11.40.

28.54
110.74
116.16
138.07
144.18

'168.00

(t)
(t)

'Platinum-195 Spectra

2607
2436

" Mel

MelI
S—CH3
S—-CH
5H 2
3H
4H
6H

Ptl
Pt2

23CH;-Pt 5.85Hz
23CH3~Pt 10.23Hz

23cH5-Pt 31.5Hz
23CH3-Pt 23.63Hz

10,599.8Hz
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Table 34. Pty(CH3)4(mhp)y(EtyS); (head-to-head dimer).

Resonance (Mult.) Assignment Coupling Constants
Proton Assignments
1.03 (t) Mel 23CH3-Pt 10.83Hz
1.15 (t) MeII ' 2JCH3-Pt 14.85Hz
1.38 (t) S-CH3
2.10 (t)
2.32 Me(X)(Ring Subst.)
2.75 S-CH, '
6.21 (d) 5H
6.24
6.40 (d) 3
6.44
7.14 (t) 4H
Carbon-13 Assignments
~12.34 (t) MeI LycHs-pt 618.23Hz
.~ 23CH3-Pt 25.60Hz
-2.40 (t) MeIIl - 1ycHz-Pt 730.45Hz
| | 23cH3~Pt 23.63Hz
11.39 S~CH3
24.00 S-CH)
28.30 Me—-(Ring Subst.)
111.08 Cg
113.32 C3 .
137 - C
' 153 cg
168 Gy
Platinum-195 Spectra
-2672. Pty 11,311.0Hz
-2367 Pty
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Table 35. Pt,(CHs),(FHP),(Pyr), (head-to-tail dimer).

Resonance (Mult.) Assignment Coupling Constants

Proton Assignments .

1.13 (3) Mel 23CH3-Pt 80.57Hz
33cH3-Pt 3.05Hz

1.61 (3) MeIl 23CH3-Pt 72.63Hz
. 33cH3Pt 7.32Hz

5.69(d) 5H o

5.73

6.3 |

6.3 (4 3H

7.3 (Broad Mult) 4H

7.45 g-Pyridine

7.74 (3) v-Pyridine

8.52 (4) «-Pyridine

Carbon-13 Assignments

-14 MeI lycn;-pt 661.54H2
o S - 23CH3-Pt
~7.32 MeIl licH3-Pt 744.24H2
| 23CH3-Pt 27.56Hz
91.34 Cg |
91.85 ‘
112.63 C3 5-CHy
124,03 g-Pyridine
138.8 y-Pyridine
140.49 Ca
148.82 o~Pyridine
164.67 Ce
170.05 | c;

Platinum-195 Spectra

-2323 One Equal Chemical Environment
Resonance : :
Only
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Table 36. Pty(CHz)g(chp)y(pyr); (head-to-head dimer).

Resonance (Mult.) Assignment Coupling Constants

Proton Assignments

1.15 (t) MeI 23CH3-Pt 70.2Hz
33pt-CH3 6.10Hz

1.46 (t) MeIl - 23CH3-Pt 79.65Hz

6.40 (d) 5H - ‘ "

6.45 (d) 3H

7.14 (t) 4H

7.24 CHC13

7.36 p-Pyridine

7.88 v-Pyridine

8.40 o-Pyridine

Carbon—13,Assignments

-8.78  (t) MeI 13pt-cHy 667.0Hz
- © 23pt-CH; 34.88Hz

-2.05.  (t) MeII Lcu;-pt 736.8Hz

23CH3-Pt 28.3Hz

110.62 | Cs

114.05 3 -

125.31 B-Pyridine

137.65 v-Pyridine

138.65 Cy

150.02 Cg + o~Pyridine

168.91 Cy

Platinum-195 Spectra

-3016.7 Pty 12,353.5Hz
-1785.6 Pt




+$

=5

$%") N

3F

) AA;

=@F#G 3F G}

)



+$

=5

I=FIG

$%") N

3F

=@F#G 3F Gb

el



+$ =35

) (& +" ") /4

$%") N

3F +GAF#G 3F Gb

1l



+$

==5

)@+

$%")

fOK

N F 4GF#G F &

el



115

Table 37. Ptz(CH3[4(fhp)2(Etzs)1 (head-to-head dimer).

| Resonance (Mult.) Assignment Coupling Constants

Proton Assignments

1.25 (t) . MeI - 23CH3-Pt 10.96Hz
1.36 (t) MeIl 23CH3-Pt 15.35Hz
2.13 . S-CH3 : :

2.76 ’ S-CHy |

6.00(S) 5H-

6.34 3H

7.27(q) 4H

Carbon-13 Assignments

-12.02  (t) MelI. 23cH3-Pt 28.4Hz
-1.83  (t) . MelI 23CH3~Pt 24.41Hz
11.37  (t) S—CH3 .
28.45 - S-CHy

92.44 (g cs

92.92 - .

111.23 . C3

140.22 C4

159.40 c

163.25 (@) °

167.13 Cy

Platinum-195 Spectra

-829 Pty 11230.7Hz
-640 Pt
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" Table 38. Pty(CH3)g(fhp)y(pyr)y
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(head-to-head dimer).

Resonance (Mult.) Assignment

Coupling Constants

Proton Assignments

23CH3-Pt 69.84Hz

1.11 (t) MeI

1.77. (t) MeIl 23CH3-Pt 79.34Hz
6.07 (t) 5H

6.43 (d) 38

7.26 (t) ' 4H

7.3 B-Pyridine

7.8 v-Pyridine

8.46

Carbon-13 Assignments

-8.91 (t) Mel
23CH3-Pt 34.59Hz
-0.78  (t)’ . Mell 13cH3-Pt '738.5Hz
- 23CH3-Pt 24.41Hz .
+92.26 Cs
93.07
111.37 C3
125.41 B-Pyridine
138.89 y-Pyridine
140.55 Cq
149.96 «~Pyridine
163.19 - Cg
167.17 Ccy

Platinum—195 Spectra

-3123.0 Pty - -

-1740.1 Pt,

o-Pyridine

lycu;-Pt 661.8Hz

11690. 3Hz
11919.8Hz
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Table 39. Pty(CH3)4(hp),(pyr)y (head-to-tail dimer) and
Pty(CH3) 4(hp),(pyr); (head-to-head dimer).

Resonance (Mult.) Assignment

Coupling Constants- -

HEAD-TO-TAIL DIMER

Proton Assignments

0.64 MeI

1.16 Mell

5.72 . (d) 5H

7.22 (t) 4H

7.40 (t) B-Pyridine
7.85 (Mult.) y-Pyridine
8.70 (Mult.) oa~Pyridine

Carbon-13 Assignments

-9.88 (t) MeI

-4.15 (t) MeIT
110.28 Cg

116.57 _ C3

124.12 B~Pyridine
136.58 . Cy

138.14 y-Pyridine
144.31 Cg

149.6 (d) o—Pyridine
169.17 Cy

Platinum-195 Spectra

2894 Pty

23CH3-Pt 69.97Hz
23CH3-Pt 78.7Hz
33cH3-Pt 4.88Hz

Jpt-CH3 610.3Hz
23CH3PE 29.59Hz
LyptCH; 739.8Hz
23CH3PE 24.0Hz

10,823.6Hz
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Table 39. (continued)

\

Resonance (Mult.) Assignment Coupling Constants

HEAD-TO-HEAD DIMER

Proton Assignments

1.0 ‘ Mel

1.56 MeIl

6.34 5H

6.55 3H

7.25 4H

7.35 6H (OH pyr) (Ring Subs.)
7.40 p-Pyridine . e
7.80 v-Pyridine

8.50 a-Pyridine

Carbdn—13 Assignments

T 8.5 (t) MeT

~4.08 . (t) MeIl
110.33 cg

117.82 e

igg (d) B-Pyridine
140 Cy

izg ‘ y-Pyridine
147 C6

152 -
153 o—Pyridine
172.53 cy

Platinum-195 Spectra

-1894 Pty . lopt-pt 10823
~1792 PtZ g

*Notes: #6 proton was not observed; the spectra shown are
approximately 50:50 equilibrium mixtures of the head-to-head and
head-to-tail complexes. The assignments for both complexes were made
from this set of data. -
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