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Abstract:
This thesis describes the preparation, characterization and reactivity of a number of platinacyclobutane
complexes.

The electronic factors influencing platinum insertion into 1,2-cis disubstituted cyclopropanes is
examined. The remarkable inertness of some new complexes is explored.

The reactions of novel strained bicyclic platinacyclobutanes is evaluated for carbon monoxide and also
diazomethane. Carbon monoxide appears to initiate Pt-C bond heterolysis. The use of the norbornyl
hydrocarbon system facilitated the observation of rearrangement mechanims promoted by CO. The
reaction of platinacyclobutanes with diazomethane is clean and results in the production of a CH2
addition product.

X-ray crystallographic studies on 4 different platinum containing compounds were performed. The
Karplus type relationship in 3JPtC couplings was emperically fitted using 13C NMR spectral data and
crystal dihdral angles for 3 bis-pyridine platinacycloalkanes.

The fourth structure was that of a novel platinum methylidene complex generated by the action of
diazomethane on a platinacyclobutane.
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ABSTRACT

This thesis describes the preparation, characterization and
reactivity of a number of platinacyclobutane complexes.

The electronic factors influencing platinﬁm insertion into 1,2-
cis disubstituted cyclopropanes is examined. The remarkable
inertness of some new complexes is explored.

The reactions of novel strained bicyclic platinacyclobutanes is
evaluated for carbon monoxide and also diazomethane. Carbon
monoxide appears to initiate Pt~C bond heterolysis. The use of the
norbornyl hydrocarbon system facilitated the observation of
rearrangement mechanims promoted by CO. The reaction of
platinacyclobutanes with diazomethane is clean and results in the
production of a CH, addition product. '

X-ray crystallographic studies on 4 different platinum
congaining compounds were performed. The Karplui type relationship
in couplings was emperically fitted using C NMR spectral data
and crystal dihdral angles for 3 bis-pyridine platinacycloalkanes. .
The fourth structure was that of a novel platinum methylidene
complex generated by the action of diazomethane on a
platinacyclobutane.




CHAPTER 1
INTRODUCTION
Organometailics

Some of the bénefits maﬁkin& haé réceive& from ;he study of -
chemistry are: The eradication of:some diseases‘through the
implementation of medicine aﬁd the fébric;tion and manipulation of
chemicals to enhance man’s coéfort»and productivity.

Increasingly some of - those be;efits:are coming from thé study of the
intefactions be tween metals ﬁdd organic'moieties. Organometallic
chemistry,. focusing specifically on the chemistry of carbons bonded
to metals has experienced much growth in the last 30 years. As is
with any emerging sclence, there still i{s much to learn. More
specifically, many organometalitc reactions and transformations

have been observed. However, iess is known about such things as
reaction mechanisms, regioséleétivity{ stereocheﬁistry, and possible
synthetic u;ility. Hence a scientist searching for a valid and
justified research project, need not searcﬂ.long:in organometallics
to find that goal.

One such transformation which has received significant interest
is the reaction of cycloprobane containing compounds with transition
metals. These reactions have been shown to be either catalyéic or
stoichiometfic. Vaska®s catalyst, an iridium compound, has been

shown to react catalytically in its reactions with cyclopropane.1
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‘Platinuﬁ (11) COﬁplexes,'cénversely, react stgiqhiometriqally.; Some
general ;éactibnslof cyclop;obane with transitioﬁ metai;uare shown
in Figuré 1. These product complexes; 1, pi-allyl, 2,
metallacyclobutane, and 3, meta;locarbene olefin, illustrate the
wide variety that have been observed. This thesis means to explore
some of thése pathways, examining what‘effects_different.éubstituted'
cyclopropaﬁes have on thé formation of intermediates and proﬁing the
possiblity of their éynthetic utilitf. This 1ntroduc§iop is
intended to provide a brief qverview of plaﬁinum and its reactilons

with cyclopropanes and other olefin-like substrates.

H—M_—> 1
M+ A . .M<>

2
CH,
—M=—=CH
CH, 2 3

Figure 1. Possible Products of Metal Cyclopropane Interactioms,

Platinum

3

Platinum, first used in organometallic chemistry by Zelse~ to

form the salt PtCl3(CyH,), owes much of its popularity to its
ability to form many complexes which are stable under ambient
conditions. Platinum exists in oxidatioﬁ states, 0, +1, 42, +3, +4,
and higher but its organometallic complexes are mainly limited to
the 0, +2, +4 states. These stable E}O, g?, and gé éonfigurations
make the common 2 electron processes of oxidative;additioniand
reductive-elimination favorable. Table 1 lists some of the

properties and representative complexes of Pt.
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Table 1.

Properties and.Usual Coordination Numbers
Of Common Oxidation States of Platinum

Pt at. wt. 195.09

at. no. - 78.00
Stable Isotopes % Natural Abundance
‘p194
7gPt 32.9
195
7gET 33,8
196
198
78Pt 702
1955 MR spin 1/2
13, - 1
receptivity /°°C = 19.1
gyromagnetic ratio = 5.7412
chemical shift range (ppm)* oxidation state
0 - 15,000 Pt (1IV)
0 - 5,000 Pt (II)
0 - 2,000 Pt (0)
" "relative to K2PtQN6
Oxidation State Coordination Geometry . Examples
(™) Number
pe(0) 'l 4 Tetr. Pt(PPhy) CO
Pe(II) a8 4 Sq. pl.  [PtCl,(Cyl,)],
pe(Iv) d° 6 oy Pt~CH,CH,CHPhCL Y,

Ref.

31

7




Platinum-Olefin Complexes

) _Asvﬁas'stated earlier, platinum has the abil;ty to form'maﬁy'
stable coﬁpléxes.l Platinum forms stable olefin ;ompiexes in éﬁe 0
and ;2 oxidation states which can be formed from reaction of a salt

with an olefin as in equation 1l.l.

,0

. 20 ‘ '
K,PtCl, + CoH, ===-= > K[Pt(CyH,)C15] + KC1 (1.1) -

Likewise, once a platinum-olefin complex is formed, another olefin

can be substituted for it as shown in equation 1.2,
K{Pt(C2H4)CL3} + PhCH=CH, -===>. K[Pt(PhCH=CH2)C13] + CoH, (1.2)

- Ethylene complexes provide a facile means of promoting
substitutional reactivity in platinum—olefin complexes since it is

easily removed from reaction mixtures eliminating reversibility.

Bonding in Platinum~Q0lefins

Dewar, Chatt, and Duncanson have provided a reasonable picture
of the bonding interactions believed to occur between-a transition
me tal and a coordinated olefiﬁ,é This bonding arrangement arises
from two contributions. The g component of the overall bond is
formed through the interaction of an empty 7} acceptor orbital on the
metal and a filled 7)-bonding orbital on the olefin. The 7/~
backbonding component of the metal olefin bond arises from the
interaction of filled d orbital on the metal and empty 77%-

antibonding orbital of the olefin. These features are shown in
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Figure 2. This model adequately describes most of the physical
characteristics observed in metal olefins. Low or negatively valent

metals are more receptive to pi backbonding.

Oy
J 1G>~ =
7 I D

G

Figure 2. Metal-Olefin Orbital Interactioms.

It is apparent that the two contributions must be compared.
The first can be described as the metals” ability to accept electrons
from the olefin p orbital, and the second the metals” ability to
donate electrons from its dxy orbital. The former may be
approximated from the metals” electron affinity and the latter by
its promotion energy. Table 2 presents the promotion energies and
electron affinities for selected compounds. A high promotion energy
indicates the metal will be a poor electron donor. A large~electron
affinity indicates the metal will be a go;d electron acceptor.
Combination of these two factors allows one to anticipate the olefin

bonding ability of a metal.
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Table 2. Data for Selected Transitiqn Metals®

Metal an Pfoméﬁion._‘Electron
Energy® ©  Affinity
Ni O al® 1.72 1.2
Pd 0 atd - 4.23 1.3
Pt 0 410 3.28 2.4
Pd II a8 .. 3.05 18.56
Pt II a8 3.39 . 19.42
Zn II al0 17.10 17.96
Hg II alo 12.82 18.75

2 0d10-=> 74%(n+1)p; nd8--> nd’(n+1)p.

Pd (1I) and Pt (II) show thé ideal characéeristics for metal olefin
bonding as. high electron affinity and low promotion energy indicate
excellent bonding capabilities. Also, the platinum olefin complex
may range from only a slightly perturbed olefin ta the éther extreme
which 1s iﬂaistinguishable from a metﬁllac&clopropane. These two

cases are shown in Figure 3.
Mi—-“ € - — - > Mj

Figure 3. Metal-Olefin Bonding Extremes,
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The similarities between olefins and cyclopropanes will be
discussed later. However, the excellent ability of Pt (II) to bond
to olefins may be reduced by the characteristics of the olefin
itself. The compound 4 shown in equation 1.3 contains both a
cyclopropane and an olefin. The product of the reaction would be

expected to be simple olefin exchange.

Et,O0
+ (PICHClY, —— m&c‘ (1.3)
4

4 3

In fact, what is observed is an insertion of Pt into the
cyclopropane. The reasons for this unexpected reaction are unknown.
However, the olefin system, which has the greatest electron density
on the exo side, may be sterically hindered by the bridge hydrogen,
precluding bonding orientation of the platinum. Further, this
norbornyl system presents severe steric difficulty for the endo side

as well.

Chemistry of Metal Bound Olefins

There are some important similarities between the reactions of
Pt olefins and those of platinacyclobutanes. To enumerate those
similarities a short discussion of the chemistry of metal olefins
.will be given. The bonding picture described previously suggests
that the electron density of a coordinated olefin may be reduced
which is corraborated by the fact that metal bound olefins undergo

attack by nucleophiles. In most cases, the attack by the
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nucleophile is trans to the complex and occurs without prior
coordination to the metal. As is illustrated in equation 1.4, the

most substituted carbon is captured by the nucleophile(l%6

CL N (]
P Et,NH /\( (1.4)
cr t\PPh3 s c?’f ONHE,
pe
G

5

The mechanism for this type of reaction has been rationalized by
Hoffmann and Eisenstein.7 A slipping motion of the alkene out of
the ML, plane prior to attack on the olefin by the nucleophile is

shown in Figure 4a.

L
L /M\ ﬁ1 1 ----- L )w\cﬁ

Figure 4. Metal-Olefin Orientations Promoting Nucleophilic Attack,

X-ray crystal data on substituted metal-alkenes show that the
distance between the metal and Cy 1s shorter than the M-Cz distance.
The extreme case of slipping in a metal bound olefin is depicted in

Figure 4b. This is a zwitterion or metal stabilized carbonium

ion. In the absence of overriding steric effects this illustration
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accounts for the observed prédhéts. Other nucleophiles such as OH ™,
CH3C00™, CH307, C17, amines, and aﬁides react similarly with Pt
olefins. |

Another significant synthetic reaction of metal,bouﬁd olefins
is that of hydrogenation. The" proposed hechanisms are important but
simply beyond the scope of this discussion. Aﬁother'impér;ant
reaction of metal bound olefins is olefin dimerization.™ The cases
studied by Schrock using Ta complexes provide the most interes;ing
chemistry. of this t:ype.8 Other insertion, polymerization, and
addition types of reactions with metal-olefins have received some

attention.

Olefin Heta:hésis

Olefin metathesis is another type of metal bound‘olefin
chemistry whiéh deserves special note. On page 2 in Figure 1.,
some of the products of metal cyclopropane interactions were
énumerated. Olefin metathesis has been thought to involve the
second and third intermediates. One of the significant driving
forces in platinacyclobutane chemistry has been its possible role in
the understanding of the olefin metathesis reaction. Although
metathesis has only been observed in early transition series metals,
its stable reaction products have been examined as possible models.

Olefin metathesis, simply described, equilibrates alkylidene

‘units of olefins as illustrated inm equation l.5.
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A\___/B £l Fuom A SR E i,

The metathesis mechanism is illustrated in Figure 5. It is
basically that which was proposed by Herison and Chauvin.in 1970.9
The important intermediates in relation to platinacyclobutane
chemistry are the metallocarbene-olefin, {g), and also the
metallacyclobutane itself (2). Hence, if a recoverable metal-
carbene complex could catalyze metathesis and a metallacyclobutane
intermediate could be proven, the mechanism would be credible.
Recently some of the pertinent features of this reaction have been
elucidated and are summarized below.

Schrock reported that both the initial (10) and metathesis
exchanged metallocarbenes (l11) had been isolated and characterized
for the reaction shown in equation 1.6.” This data supports the

first argument in favor of the mechanism.

~ L AlClL, . .~ i
_W= C-C(CHg)3 + H,C=CHPh —3 W=C~Ph + CH,=CH
H C(CH3)4 (1.6)

10 11

Grubbs has prepared metallocyclobutanes from a metal
carbene olefin reaction and characterized the products by X-ray.lo
Part of this reaction is illustrated in equation l1.7. Thus, the

mechanism proposed in 1970 has been strengthened by the recent

literature.




el

CH CHg AI(CH,),CI
(CHg)y=C-CH=CH,+ CpTi{ 2af ° ———— cpzTi&C-(CH:,)s (1.7)
CH2 CHg PY

INITIATION

M + R-CH=CH=R’  —> M=CHR (M=CHR")

PROPAGATIOR
. [ RI[-C—___C-R/II el
M=CHR + R“-CH CH~R” = ' =
1
CHR
8
R
|
< Rt > M=CHR” + R”CH=CHR
L%
R 7
9

Figure 5. The Mechanism of Olefin Metathesis,
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Bonding and Reactions of Platinum and Cyclopropanes
In 1949 Walsh published his theory on the electronic structure

11 15 1t he

of cyclopropane, ethylene oxide and related molecules.
suggested that the unusual properties of cyclopropane could be
rationalized by looking at cyclopropane as being closely related to
ethylene. Since then there have been a steady stream of reports by
theorists and experimentalists basically supporting those initial

512 to react

tenets. This similarity prompted Tipper in 195
cyclopropane with chloroplatinic acid (HthCI6). The resulting
complex was postulated to be an edge bound analog of Zeise”s dimer
[(PtCZH4C12)2]. This was further supported by both IR spectroscopic
evidence and the fact that cyclopropane was produced when the
complex was reacted with aqueous KCN.

Chatt reinvestigated Tipper”s early work and on the basis of IR

and NMR spectroscopy, suggested that the structure was a

platinacyclobutane (equation 1.8).1'3
(CH;COK0 |
HPtClg + e /pt (1.8)

This structure was expected to be a six coordinate chlorine bridged
polymer analogous to the alkyl platinum (IV) Halides. These
initially precipitated complexes of platinacyclobutanes have been
further investigated. A peak in the electron ionizatiom MS, due to
the tetrameric formula [(PtCl,CqHg),] at m/e 1232, was noted by
Gillard and co-wotkers.14 This formula led to the proposed

structure in Figure 6.

















































































































































































































































































































































































































































