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Abstract:
Platinum(1I) olefins decompose diazoalkanes under a variety of conditions to give important and varied
products.

In the presence of pyridine, the diazoalkanes were stochiometrically decomposed to form platinum(II)
ylides. In one case, when the diazoalkane was ethyl diazoacetate, a low temperature NMR study was
conducted. A trigonal bipyramidal ylide species, in which the olefin was still attached to the metal, was
observed. It was also found with ethyl diazoacetate, that the square planar ylide product rearranged,
with time, to form a platinum(II) alkane in which a chlorine had been transferred to the ylide carbon.

One exception to the synthetic scheme outlined above was noted in the case of diazofluorene, which
formed a platinacyclobutane, instead of an ylide under identical conditions. This platinacyclobutane
incorporated the olefin moeity into the final product. Low temperature NMR experiments enabled
observation of a unique "extended" ylide product in which the olefin had already inserted between the
metal and the ylide center. The platinacyclobutane product was further shown to decompose on
addition of DMSO to form a cyclopropane. When the olefin of the original metal complex was ethyl
vinyl ether rather than ethylene, no intermediate platinacyclobutane was observed, and cyclopropane
was formed directly. This reaction was later found to be catalytic.

The platinum(II) olefin induced decomposition of ethyl diazoacetate in the presence of excess olefin
also resulted in catalytic cyclopropane formation. This reaction was investigated with a variety of
olefins and yields and stereochemical or regiochemical preferences reported.

Finally, it was observed that the platinum(II) olefins decomposed ethyl diazoacetate in the presence of
alcohols, secondary amines and thiols to give products resulting from the insertion into the
heteroatom-hydrogen bond.
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ABSTRACT

Platinum(II) olefins decompose diazoalkanes under a
variety of conditions to give important and varied pro-
ducts. ' .

In the presence of pyridine, the diazoalkanes were
stochiometrically decomposed to form platinum(II) ylides. In
one case, when the diazoalkane was ethyl diazoacetate, a low.
temperature NMR study was conducted. A trigonal bipyramidal
vlide species, in which the olefin was still attached to the
metal, was observed. It was also found with ethyl diazo-
acetate, that the square planar ylide product rearranged,
with time, to form a platinum(II) alkane in which a chlorine
had been transferred to the ylide carbon.

One exception ¢to the synthetic scheme outlined above
was noted in the case of diazofluorene, which formed a-
platinacyclobutane, instead” of an ylide wunder identical
conditions. This platinacyclobutane incorporated the olefin
moeity into the final ©product. Low temperature NMR experi-
ments enabled observation of a unique "“extended" ylide
product in which the olefin had already inserted between the
metal and the ylide center. The platinacyclobutane product
was further shown to decompose on addition of DMSO to form a
cyclopropane. When the olefin of the original metal complex
was ethyl vinyl ether rather than ethylene, no intermediate
prlatinacyclobutane was observed, and cyclopropane was formed
directly. This reaction was later found to be catalytic. _

The platinum(II) olefin induced decomposition of ethyl
diazoacetate in the presence of excess olefin also resulted
in catalytic cyclopropane formation. This reaction was
investigated with a variety of olefins and yields and
stereochemical or regiochemical preferences reported.

~ -Finally, it was observed that the platinum(II) olefins
decomposed ethyl diazoacetate in the presence of alcohols,
secondary amines and thiols to give products resultlng from

the insertion into the heteroatom-hydrogen bond.




INTRODUCTION

The Role of Metals in Chemistry

~Science and society are sléwly erlving a better undgr-
sfanding of the place of thé various elements in our
biosphere.‘We are developing vast new sources of energy, but‘
at the same time we are 1learning how to achieve our ends
with less energy. One important application of ¢this is in
theiscience of materials developmgnt; He héve found, for.
example,: that inexpensive hydrodarbons can replace metals in
structural and electrical applications. The result is better
performance wifh " less ehvironméntal impact.,We are even
beginning to appreciate our hydrocarbon sources as building
blbcks for industry rather than fuél for aﬁtomobiles(

The réle.of the precious metals is also becoming'under—
stood. In the past, these materials were used almést
exclusively as symbols of wealth, or as particularly useiésé'
forms of wealth. In the>1ast two decades.however, their true
value has become apparent. There are two areas in which
transition-metais, including the. rare second and third row
metals, are unique. The first is the formation of compounds
with wunusual aétivity. Good éxamples of these are the

platinum anti-cancer drugs and the gold anti-arthritic
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agents. A seconq; and perhaps even more significant area is
that of catalysts for hydrocarbon transformations.

Mapy of the'recent'advanqes made in the construction of.
new or less ‘expensive ‘materials are due to transition metal
catalysts. The transition metals are uniquely suited to this
role for several reasons. ' They can coordinate certain
ligands, such as cyclopentadiene, in more than one mode.
They can make and break -Very strong bonds at reasonable
energies and finally, small amountes of catalyst can effect
the transformation of large amounts of a substrate. Fre-
quently, even this can be recovefed.

The reason for this important and . unique activity is
the easy revgrsibilitx of tﬁe reactions. The metal is ablé
to coordinate multiple substrates ip close proximity, change
their reactivity, and then release. the product. The metal
then, is a template on which reactions may occur. The fact
that reactions take place within the coordination sphere of
the metal also offers the opporfunity to induce stereo- or
enantiospecificity.

As with most chemical reactions, there are generally
. several ways of éccomplishing a desifed transformation.
Finding the catalyst and cbnditions that provide the best
seléctivities and yields has often been a matter'pf luck. Of
course, neither the trial'and error method nor a reliance dn
serendipity is the best "way to optimize a system. A theor-

etical understdanding of the reactions and the catalygts is
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essential for the advancement of the science. The develop-
ment of new catalysts an& new descriptions of their éctions
is one of the most -important and exciting areas of'chemistry

today.

Diazoalkanes

The highiy reacéive family of compounds kﬁown as
."diazoalkanes" were discovered more than a century ago by
Curtius and von Pechmann!. These complexes have the generic
structure N2CRR', _where,R and R' can be nearly any organic
moiety. During the past‘ 100 years, 1itéra11y hundreds ofl
these cémpounds- have been syhthesizedz'a. They range in
stability‘fromnthoée'ﬁiéhiy explosivé undép normal céndi—
tibns, to those thermally stabie to 60 °C or more.

Some of £he more important diazoalkanes ‘are shown in
Table 1 on the following page. The most commoniy used
compounds of those 1listed are the diazoesférs and diazo-
methane. In the very early' work in this area, Curtius and
later Buchner, used ‘ethyl diazoacetate in reaction with -
QariousA substrates®*. Efﬁyl diazoacetate is a reasonably
stable 1liquid, éasily handled and relatively non-toxic.
‘Today it can be"purchaéed as is from several vendors, and_ig
a favorite émong researchers*' 3,

Diazomethane is also a very éommonly used reaggnt. Un- .
like ethyl diézopcetate, diazomethane is a highly toxic,

explosive gas. ‘It is however, easily generated from Diazald
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Table 1. Examplés of Diazoalkanes.

N,CH, N,CHCOOEt N,C(CN),

N,CHCH, N,C(COOEL), N,CHPh

N,CHCF, N,CBrCOOEt N,C(CH,)Ph

N,C(CF;), ‘N,CHCN N,CPh,
Ph

| N2_<:,

- ClI

. Cl

N2 ‘
' Cl

Cl




.
(N-methyl-N-nitrOSOfp-toluenesulfonamide) and base. This
latter compouhd (Diazald) may be purchased directly along
with special generating kits. Diazoethane is very similar to
diagzomethane and may be generated from 1-ethyl-3-nitro-
1-nitrosoguanidine. |

The préparation of other diazoalkanes varies, depending
on the compound. The most common method‘ of synthesis 1is by
reducing the hydrazone made from the corréspon&ing ketoﬁe‘or
aldehyde®. This transformation pgrmits the ﬁse of diazo-
alkane chemistry during the synthesis of complex molecules.
The Structure of Diazoalkanes

Electronically, .diazoalkanes are unusual in that
energetically favorable resonance structures involve charge
separation. The bonding in diazomethane, for example is

usually represented as in equation 1.

-y _H + . H _ :
N=N=C_ N=N-C N=N-C_ (1)
H H. H
1.
Albright and Ffeemén emphasigze the importance of

structure 1 in a paper comparing *'°C and !*N NMR chemical
shifts with INDO calculat}dns’. More recent MNDO calcula-
tions corraborate the 'idea of a net excess of electron
density on the carbon®. A more important result however, is

the observation that the HOMO (Highest Occupied Molecular .
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Table 2. HOMO®" s and LUMO®" s for some Diazoalkanes as Predict-
ed by MNDO.
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" Orbital) is located primarily on the carbon and terminal

nitrogen, whilé the LUMO_A (Lowest Unoccupied Molecular
Orbital) is centered on the N-N linkage. Table 2 depicts the

HOMO and LUMO's of some diagoalkanes as predicted by

‘MNDO. More sophisticated ab Initio treatments agree with

this general description’.

By FMO ~(Frontiér Molecular Orbital)“ theory, diazo-
alkanes should attack electrophiles from either the terminal
nitrogen or the carbon. Conversely, interactions with
electron rich species .should occur _at _the N-N linkage.

An importaht application of ¢this is the interaction of

diazoalkanes with meﬁals. The 5 realistic structures which

~may be drawn for this interaction are listed below.

. ]
- - . +
M—N=N—C’ MZ—C—N=N
H I
2 H .3
)
N4,0H2 C—H - AN
/ ° . . M/“ /C\
M| NN M7 N
\ : N N7
N \.. . N
N 6

a 5

Strucfures 2 and 3 are expected to be viable when the
metal is behaving as.‘an electrqphile; Structure 3 wodlq be
expeéted to easil& iose N2 . while stfucfure 2 would not. Ex-
perimentally, examples of gtructure typé é havé been found

and characterized by X-ray __crystallography’, while no
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examples of structure 3 are known. Compounds such as 2 40
not lose,Nz.gasily gnd metals with the ability to foﬁm this
type of structure show decreased ability to decompose
diazocomﬁoundé. Complexes similar to stfucture 3 are
frequently proposed as intermediates in the metal catalyzed
decomposgition of diazoalkanes. The facile 1loss of N2 from
this species would be expected to yield a "metal carbene"”.
These "carbenoids" are of great current interest to organo-
metallic chemists.

Strﬁcture t&pev4 is expected from intepaction of diazo;
alkanes with elebtpon rich metais. Several of these struc-
tures‘ are known. and have been characterized crystallo-
graphically, especially'by Ibers;°”’f‘2. An example Qf this
structural tyﬁe is shown in the platinum(0) compound 7. As
would be expected from this discussion,‘ all known examples
of ‘this structural type are with metals in low oxidation

states. These compounds also display a reduced ability to

decompose to liberate Nz.

Molecules of structural type 5 would not be considered

viable by the scheme presented here, and none are known!®.
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Compounds of structural type 6 might be possible for
electrophilic metals, but no examples have yet been_ob;

served.

The Decomposition of Diazoalkanes

Diazoalkanes ﬁisplay a variety' of interesting activi-
tiés. The two most impﬁrtant types are shown ﬁelow in
equations 2 and 3. Equati;n 2'is.representativé of'a general
class of reactions in which the N2 moiety is retained. These

reactions have been extensively reéiewed” and will not be

discussed here.

R R
o N o
N.CR, ” — N : (2)
N,CR, AV = "CR," - G

or [catalyst]

A more impprtant mode of reactivity 1is shown 1in
équation 3. Diazocompounds can lbse N2 tﬁérmally, photo-
chemically or chemically. The result is ; ':carbene or -
carbenoid species. These highly reactive intermediates are
resﬁonsible fbr ~the tremendous variety of précesses for
which diazoalk;nes are best known. The exact reaction (or
reactions) which wiil occur wifh a‘given substrate is highly

dependent on- the method of generation. This thesis is

primarily concerned "with the metal catalyzed decomposition
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of diazoalkanes. This kopic will beAdiscusséd-in detail in
later sections,'while phbtochemical and thermal decémpbsi—.
tion afe considered briefly here.

The ground state of the carbepé spegies generated from
the diazoalkane may be either a singlet‘or a triplét. Which
is the lowest energy sﬁecies of a givén 6arbene depends on
the substituents on the carbene center. Frequently howévér,
there is 1little difference between the two states and both
may be presenf. The carbenes are so very reactive that
'several processes may occur with a.single substrate, no
matter how it is generated or wﬁich spin state it is
in. This étqte of affairs 1led Doering to declare that
methylene was "the-most indiscriminate reagent in organic

chemistry. "4

Figure 1. Carbene Ground State Spin States.

Free carbenes have been_ observed to undergo‘ the
following reactions: addition to'ﬂ: systems, insertion into
bonds (éspecially X-H bonds), carbene promotedvbearrange—
ments and 1,2—dipolarbycloédditions. Several comprehensive‘

reviews concerning the chemistry of free carbenes exist,
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~demonstrating the great interest this area holds®'3'*'?® The

ability to perform unique reactions . however, ig often of

little wuse because of the indiscriminate nature of the

reactant. Since the 1950's there has been an exﬁlosion of

interest in the metal -catalyzed decomposition of diazo- -

alkanes to form "metal carbenoid" species. Not only are

these complexes more selective than the free carbenes, but

they offer the potential for stereo-, regid— and enantio-

selectivity as well.‘

Metal Carbenes

It was first observed, in the early part of this
century, that metals cou}d decompose diazoalkanes to form
intermediates with vastly differeht reactivities than those
generated by other méthods”; The nature of thesé species
was not known and théy were termed "carbepoids". The early
metal catalysts were éenerally insoluble copper bronze oQ
cuﬁric sulfate amalgamé. On occasion, other metals were
found to cause similar reactions: Palladium" an& nic-
kel?'7'*® ywere shown to catalyze the cyclﬁpropanation of
.olefins, and nickel was shown ¢to participate in some
interesting stoichiometric reactions as well. Platinum also
was.shown 'to decompose diazométhane to polyméthyleng
Inéerestingly, platinum was the firsﬁ of the nickel triadAin
which the decomposition of diazoalkanes was observed'?, yet

its possible ~utility as a catalyst has begn almost

19,20

[




12L
completely ignored tb date. Indeed, until the 1970's no .
catalysts were known which offered ahy advantages over the
inexpensive copper catalysts. These had ¢to ﬁaiﬁ until a
better theoretical understanding of ghe reaction developed.
In 1952, Yates suggested that metals decompose diazo-
alkanes to form electrophilic "metal-carbenes" (eq. 4). The
metal-carbon w-bond was thought to be polarized, permitting
nucieophilic attack- on the carbene carbon?!. This idea
sparked considerable interest in the field ~after decades of

relatively little attentién.

"M“ N » _ +
N,CR, - M==CR, =——= M—CR, . (4)
-N, , : :

Twe;ve years after‘ Yates proposed' this‘ structure,
Fisher and Maasbol isolated and characterized the first
metal—carbehezz. This synthesis éFigure 2) defied the
conventional wisdom of the time which suggested that
metal-carhenés were'too unstable to ever be iéolate&.

Fisher‘s original synﬁhesis did involve diazomethane
( path Q),' but not the metal catalyzed reaction wunder
discussion. He also _found‘routeé to these complexes which
did not iﬁvolve‘diazoalkahés at all (ﬁath b). In later work,
he was able to‘ﬁemonstrate that metal carbenes could stoich-
iometrically add. to alkenes to form cyclopropanes?®?®,

Thié supported the idea that metal-carbenes were involved in




all metal catalyzed decompositions of diazoalkanes. until
1974 it was assumed that Fisher®s work was the best evidence
likely to be obtained 1in this matter. The only metal
carbenes known were stabilized by heteroatoms « to the
carbene carbon. Unfortunately, di azoalkanes with @« hetero-
atom substituients are extremely unstable and cannot be

isolated.

Figure 2. Synthesis of the First Isolated Metal Carbene.

OLi
(CO)6W + LR (CO)sW = ~
R
MeOSO2F
OH  N2cH2 OCHS3
copw: &L (o) p—

In a landmark paper, Herrmann was able to decompose a
diazocompound and isolate the first non-hetero atom stabil-
ized metal carbene24. Equation 5 shows this reaction. A
second interesting feature of this scheme 1iIs the stability
of carbene 8 toward the Wolff rearrangement. In the free
carbene there is a very facile migration of a phenyl group
to form a ketene. The analogous reaction in the metal
carbene (8 to 9 is only effected on irradiation with UV

light. The isolation of 8 conclusively shows that this
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i
R C\\ ] R ﬁ
No— G Ph
G\ Ph G\ c” Ph
Mn—THF — M=
o \ A Ph
ocC (o]0 \A'
fole) co (5)

R Th
ﬂ ) C—Ph
7z
C;\\.Mn——-C/
oY N\
ocC: 0
CcO

reaction is a metal catalyzed loss of N2, and not the attack

of a free carbene on the manganese complex.
nThe formation of Fishef-type carbenes was soon extended

to other transition metals, and ‘hundreds are now known.

Several platinum carbenes have also been reported??,

including a very intriguing tetra-carbene complex (10). This
molecule was originally reported by Miller and Balch?‘® and

later characterized crystallographically?”’.

CINH(CHg)l
[(CH3)oNH]pC——= F:‘t: CINH(CHa)zlo -

10 CINH(CHa)z]2

A new family of nucleophilic metal carbenes was

introduced aboﬁt this time-by Schrock2®. These complexes are
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called "Schrock-type" ‘carbenes or metal alkylidingg t6
distinguish them from thé eieptropﬁilic speciés found by
Fisher. Schrock carbenés display a quite different react-
ivity than ¢the Fisher "carbenes. Instead of undergoing
cyclopropanation and ylide formation, they participaée in
reactions such as Witfig—type' alkylations, Lewis adduct
formation, olefin metathesis an& Ziegler-Natta polymer-
ization. Some examples of these metal alkylidines are shown"

below?®,

CH,C(CHg)s o (9\ CH,
| ; /
(CH3)3CCHy —— Ta=CHC(CH3), Ta

| L\
CH,C(CHg)s . CH,

Interest in metal-carbenes continues unabated. Current
research includes investigations'inéo their gas phaseé chem-
istry?®*3°%, the formation-of new types of carbenes such as
chiral carheness"az, carbenes. possessing x—hydrogené3f and
new types of non-heteroatém\ stabilized carbenes®*. Much of
the eﬁphasis of this work is on the search for models for
catalytic Eeactions.

In addition to the stoichiometric work, Fisher's
discovery spurred advances on the catalytic fr'ont.-Nozaki35
ahd Moser3° introduced solub;e copper catalysts. These were
shown to dive better yields in many cases, Salmon and Kochi

demonstrated that diazocompounds reduced copper(II) cata-
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lysts to copper(I) and that i£ was copper(I) that actually
catalyzed the.decomposition of the substrate®?. Finally,
chiral copper catalysts were introduced, and it was proven
that @hey could induce enantiospecificity®®. This was
particulériy significan;, because it showed that ¢the
catalytic reaétions must be taking place in the coordina-
tion spﬁere of the metal.

In the early '70's, Teyssie and co-workers demonstrated
that other metals were viable alternatives to copper. Palla-
dium®*® and rhodium®® were shown fo give excelient yields in
the cyclopropanﬁtion of Qlefins. Rhodium, in particuiar has
proven to Se an outstanding catalyst for a variety of
reactions involviné diazoalkanes.

The Electronic Structure of Metal Carbenes

Interest in metél-carbeneé by theoretical chemists has
been increasing since the mid-1970's, yet the total ﬁumber
;f studies completed to date is small. Most Hworkers have
foﬁnd it convenient t; describe metél carbenes as the
interactiop of a. metal compiex gnd a carbene. An example of
this is the interaction of Cr(CO)s with : CHz, as shoﬁn
below. This method of considering the orbitals makes clear

co
| .co - R
oc—cCr - iC

o’ |
: . ol




the relationship between the carbene and the rest of the
complex.

Goddard has shown that Fisher-type carbenes are Tformed
when a singlet carbene combines with a low-spin metal41"42.
The metal normally has closed-shell ligands such as CO or
PRs, which encourage the pairing of the d electrons. This
pairing enables the complex to adopt the familiar donor/ac-

ceptor type bonding mode.

Singlet carbene formation is encouraged by the presence
of a heteroatom « to the carbene center. The C-heteroatom
bond is mostly p in character and the lone pair is able to
donate electron density into the carbon p ir-orbital42.

Figure 3 shows a qualitative molecular orbital diagram
of the important orbitals for the formation of
(CO)3CrCHa43. It can easily be seen that the electron
density for the metal-carbon < bond [lies mainly on the
carbene carbon, while the r backbond is centered mainly on

the metal. Also significant is the fact that the HOMO is

centered on the metal while the LUMO is on the carbene

carbon.
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Electron density calculations reveal that the carbene
carbon often carries.an overall negative charge®*?®. This is
contrary to the M~ C* polarizaéion scheme usually drawn for
these species. The localizatioh bf the LUMO on this carbon
however, 'implies that this shpuld be the site of nucleo-
philic attack. This is, of course, precisely what occurs.

The extent of polarization of the w-backbond detérmines
the reactivity of the metal-carbene complex. Thié is
.influenced by the metal, the metal 1ligands and the carbene
substituentg. The closer the metal es and the carbon b:
orbitals ;re in energy, thg pettér they overlap, and the
higher the energy of Ehe LﬁMO. A high energy LUMO is leés
susceptible to nucleophilic attéck, and is necessgarily less
centered on the carbene moiety.

The lone ©pair electrons on the heteroatom compete witﬁ
the métal e:s electrons for the carbene bz orbital. This
‘results in a lengthening of the metal-capbene bond and a
ého}tening of the me@al‘ heteroatom bond. The LUMO is
concentrated even 1less on ;he metal'and more on the carbene
fragment. There it is dispersed onto the hetercatom as well
as the carbene carbon. Overall,_the presehce of the hetero-
atom considerably stabilizes the complex.

Schrock type carbenes are formed from "high-valent"
metal complexes and triplet carbenes‘z; Ioniec 1ligand
(halides, alkyl groups, etc.) prefer to bond to metal s

electrons and tend to force the metal into a high-spin




Figure 3. A Qualitative MO Diagram of (CO)s CrCHz

(CO)5Cr (CO)5CrCH2 CH2
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configuration. The metal is then set up to bond to other

orbitals occupied with a single electron.

A triplet carbene ground state 1is favored when the
carbene substituents are not heteroatoms, but alkyl groups
or hydrogen. A triplet ground state enables the carbene to
form a 'covalent"™ carbon-metal double bond. The electronic
configuration of the resultant alkylidine complex will not
be discussed  here, save to say that the carbene moiety
behaves as a nucleophile rather than an electrophile.

Goddard has suggested that, all other things being
equal, the early transition metals should form alkylidine
complexes while the late should form Fisher carbenes. The
situation becomes more complex though, with second and third
row transition metals. Goddard says that other factors can
easily determine which species is formed. Owing to the
difference in reactivity between the two species, this
becomes very significant in catalyst design with the

heavier transition metals.
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Catalysis

Metal-carbenes underéo a .variety of‘reactions, both
catalytic and stoichfometric. These are of great curreht
interest,. as recent reviews éttests;z"“?'4§'“;'“°. The
sections that follow will focus on several catalytic and one
stoichiomefric reaction.

One of the most important reactions of metal-carbene
chemistry is the interaction with n éyqtems. Thefe are three
reactions which are thought to broceed along similar paths
and through Qommon'~intefmediates. These are olefin meta-
thesis, Ziegieb-Natta pol&merigafion and cyclopropanation
‘(metathesis of alkynes may be similar to these as well, bﬁt
this will not be disédssed); Examples of these regctions are
shown beloﬁ in equétions 6 tﬁrough 8 respectively.

Olefin metathesis is the exchange of 6ne " half of an
alkene with one half of another*?. This is an important
industrial process and thought to involve Schrock~type
alkylidine intermediates. The Ziegler-Natta polymerization
reaction is also important  industrially and involves
catalysts very similar _t; that of olefin mefathesis’°"’.
Catalyfic cyclopropanation of olgfins is the -only one of
these processes that involvés diazocompound;. It is not used
on an industriai scale; but 'is véry 'commOn in organic

synthesis in the 1laboratory. This reaction is thought to

involve Fisher-type carbenes®?.
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CH2 /H
* + M= C ®)
CRo N

CHCR2

Starting from a metal carbene, each of these reactions
has been proposed to associate an olefin (A1) and then
cyclize to form a metallacyclobutane (12). The metallacyclo-
butane can then decompose by three different routes to form
the various products (Figure 4). Route a iIs essentially
the reverse of the formation of the metallacycle and
involves cleavage of two carbon-carbon bonds. The cleavage
splits the metallacycle in the opposite direction however
and a new metal-carbene and olefin result. The loss of an
olefin here results in formation of a new metal-carbene,
which can continue the reaction.

The Ziegler-Hatta polymerization reaction (path b)
involves the abstraction of an « hydrogen Tfollowed by
reductive elimination of the hydride and the second platina-
cyclobutane carbon. This forms a new metal-carbene which

can coordinate another olefin.
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Figure 4. Proposed Mechanisms for Three Catalytic Reactions.

Cyclopropanation results from reductive elimination of
the hydrocarbon moiety from the metallacycle and the
formation of a new carbon-carbon bond. For catalysis to
occur, a second equivalent of diazoalkane must be decomposed
followed by coordination of a second equivalent of alkene.

Critical to this scheme 1is the metallacyclobutane,
structure 12. Originally, these species were inferred to
explain stereospecificity observed 1in the various reac-
tions. Until recently however, the only known metallacyclo-
butanes were those of platinum. Even though platinum had not
been reported to catalyze any of these reactions, the
proposed role of metallacyclic intermediates promoted

extensive study of platinacyclobutane chemistry53.
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Platinaci&lobutanes

Platinacyclobyéanes were first synthesized in 1955 by
Tipper?*. In 1960, Chatt proposed a metallac&clobutane
structure for Tipper's compounds based on specfroscopic data
and reactivities®®. Examples of both platinum(II) and
rlatinum(IV) plétinacyclobutanes can now be found in the
literature. Péior to this'wo;k, .only four synthetic roptes
to‘platinacyc;obutanes were known (Table 3). By far the most
common is Tipper's original mefhod, which is the insertion
of the metal into a cyclqpropaﬁe, This method is effective
with both platinum(0) and platinum(II). The other syntheses_-

are relegated to one example. It should alsoc be noted that

. none of these.methodologies: involve a metal-carbene and an

olefin, even though piatinum carbenes ﬁave béen_known:for
some years. %%

Platinacyclobutanes wundergo a variety of reactions,
including the three modes described in the preceding figure
33+¢39+,840  The most common reaction is the reverse of
Tipper's' synthesis, ie reductive elimination to form
cyclopropane. This can be induced thermally, photochemically
or by reaction with strongly coordinating 1i§ands such as
phoSphinés. '

Examples in which fa‘ metathesis-like Acleavage of the
ring occurs are 1less common, and the data less clear.

Puddephatt has found that under certain conditions, un-

substituted <platinacyclobutane eliminates large amounts of




Table 3. Synthetic Routes

lIPtll

Pt(PPh3)4 +

MeOOCCH2COCH2COOMe

PR3P~ CH2CMe3  p
Pt —
/ \
Ph3p CH2CMe3
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to Platinacyclobutanes.

Ph3P

Ph3p

COOEt

[pyH]+

Reference

53, 54

56

57

58
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ethylenes1-62. This product presumably results from the
mechanism shown in equation 9. Product 13 could not actually
be 1isolated from the reaction mixture due to the large
excess of phosphine used. This "ylide" species may be
considered a ‘'trapped"™ metal carbene. Other platinum ylides
of the general structure IPtX(CHz2L)L2]* have been isolated
and characterized as welle3. The relationship between ylides
and metal-carbenes 1is discussed 1in more detail in a later

sect!on.

A titanacyclobutane was also reported to produce
ethylene on decomposition. A mechanism similar to that shown
above was proposed in this case as well64.

Platinacyclobutanes have not been reported to form
polymers on exposure to olefins nor have platinum carbenes
been isolated from a Ziegler-Natta type ring opening (Figure

4, path b). Platinacyclobutanes will however, undergo a
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ring opening to form platinum ylides on benzene reflux or
exposure to bulky Jligands. A proposed mechanism for this
reaction is shown in equation 1065. The first step is a
reversible rearrangement known as the '"PuddephatV rear-
rangemente*. Formation of the more sterically hindered
platinacyclobutane appears to be necessary before e-hydride
abstraction <can occur. The transfer of the e-hydrogen,
as opposed to some other process, has been confirmed by
deuterium labeling. Once the hypothetical platinum carbene
is formed, it is trapped to form the platinum ylide complex
15. This demonstrates that the crucial decomposition step

for Ziegler-Hatta polymerization is possible with platina-

cyclobutanes.

py— Pt— CHCHgCHgQ py Pt—CHCHgCHgQ

Metals and Olefins

The platinacyclobutane results show that metallacyclo-
butane can undergo the various decompositions necessary for

the three catalytic cycles shown in Figure 4. Yet, the lack
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of physical evidence for metallacyclobutanes in these
catalytic reactions (with one notable exception), requires
discussion on whether they are formed in the first place.
Eisenstein and Hoffmann have addressed this question
theoretically in several papers since 1980.

The complexation of olefins by metals results in
greatly increased susceptibility to nucleophilic attack on
the olefin moietys7-68. According to Extended Huckel calc-
ulations however, this interaction should result in de-
activation towards nucleophiles6”"70. Figure 5 shows how
interaction of the olefin i orbital with the metal b2

orbital results in an increase in the energy of the LUMO for

Figure 5. The Effect of Metal Coordination On Olefins.

LUMO
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the olefin. This increase in energy decreases the orbital
overlép with the incohing nucleophile, and thus the reaction

is less favorable.

These results, of course, are not consistent wifh the -
observed facts. Eisensﬁein and = Hoffmann explain this
discrepancy by proposing that the olefin “slips™ across the
metal as shown in equgtion'11; Calculations show'that this
displacement increases the overlap with the incoming
nucleophile until, at a certaiq point, it surpasses that
found in the fréé olefin. The extent of activation is

dependeht on the meta;, the coordination number and thg

oxidation state.

?"—" ﬁ_—" ——| ' (11)

There is considerable difference between external
attack by a nucleophile and thé cyclization of a metal-
carbene/olefin complex. This la@er reaction was also
investigated by Eisenstein and Hoffmann’?. They found that
certain geometrical features were required for the reaction
‘to take place. Structure 17 should be able to c&élize,‘while
16, 18 and 19 - should be. prohibited from doing so. The

factors determining the relative orientation of the carbene
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and alkene moieties have also been discussed’?. Once again

these were fodnd to.be highly metal and ‘ligand dependeht.

? “\\.' //\// | //I/ o
N

1

M=C/u M=c.' M=C
N\ ~

16. 17 18 19

Eisénstein and Hoffmann's results also suggest that for
some electron counts, specifically d®-d* species from the
metal-carbene/olefin side, neither  the carbene/olefin nor

the metallacyclobutane are gtable geometfies. Instead,:a_
non-classical structure spch gsl 20 is predicted. For these
gspecies, Ehe' reductive elimination of a c¢yclopropane is a
forbidden process. For e;ecfroﬁ coupts greater th?n d¢® (from
the metal-carbene/olefin side),> metallacyclobutanes are
pfedicted to be stable. Most of these fésultg'correlafe Qéll
with experiment, alﬁhough titanacyclobuténes are known‘Which‘

are quite stable. The results desc¢ribed here would prédict a

non-classical structure for such compounds.

3
- ‘\\
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Recent experiméntéi evidence has made'the carbene to
carbene/olefin to metallacyclobutane mechanism seem Qery
probable for the three catalytic reactions shown in Figure
4. Casey hgs shown that compound 21 Ean stoichiometrically
form both éyclopropanes and' metathesis pfoducts in the

presence of olefins’3.

o | | ‘
<c0>5W—-< + | _— + |l
01 9 (5
| | N 9

Grubbs?? has synthesized a titanacyclobutane which is a

metathesis catalyst (éompound 22). Later, he found that
pomplex 23 also catalyzed metathesis?®, the first step being
the formation _of thg,titanaeyclobutane 24, Compound 23 is
éimply a stabilized titanium ‘earBene. Al{ Me)sCl is presum-
ably lost from the complex,'foliowed by coordination of the
olefin and 'cyelization to the metallac&clobutane. This
system 1is wespecially interesting becaﬁse it is a iiving
polymer. ;n the ﬁresence qf olefin the“mefathesis pProceeds
as normal, put when £his is exhausted,‘the chain terminates
in a stable titanium-carbene. The~chain‘begihs to grow aggin
on addition of more olefin. Because of.reéults like these,
the mechanism under discussion has received wide acceptance

for the metathesis reaction”®'77+78,
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H CH2 v R CH2
+ Il Cp2T|" +

CXCHSB CHR CHCXCHSB
22

Ziegler-Natta polymerization is less well understood.
The suggestions that it proceeds via a mechanism similar to
metathesis were based, originally, on the similarity between
the catalysts. Many of the alternative mechanisms proposed
for this reaction have been disproven, but at least one is
still considered viable. Schrock has found a tantalum-
carbene/hydride complex (25) which catalyzes Ziegler-Natta
polymerization79. Figure 6 shows the two most probable
mechanisms by which the reaction may take place. Path a is
the mechanism similar to that of the metathesis reac-
tion, while path b 1is the Cosse-Arlman mechanism®0’81.

Schrock favors path a, but has not been able to disprove



Figure 6. Possible Mechanisms for Ziegler-Natta Polymer-
ization.
Tarz= CHCMe3
b
TaCH2CMe3
TaCH2CH2CH2CMe3 TaCH2CH2CH2CMe3
H 1
I I
Ta= CHCH2CH2CMe3 Ta=CHCH2CH2CMe3
etc. etc.

b. The resolution of this question must await further

investi gation.
The mechanism

eyelopropanation was

under

recently come

treated in detail

and the catalysts currently

originally
very
serious

after a little background on
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suggested in Figure 4 for

popular at one time, but has

attack. The question will be

the reaction

in use.
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Catalytic Cxclogropanation

Catalytiec cyc;opropanation of olefins is an extremely
important synthetic methodology®'*7'48 4 variety of metals
have been ‘shown to catalyze the reaction ipcluding Cu, Ag,
. Pd, Fe, Rh, Ru, Re, Co and Mo. The use of platinum in this
role has ﬁqt been reported to date. The catalyst pro?iding
the best activity for a given system is dependent on the
substrate olefin and the diazoalkane émployed, though.the
reasons for thié are not well'understAOd. |

Insoluble copper catalysts were the first to be used,
and still retain some popularity“z. Several Workers have
reported increased yields thh soluble catalysts, and these
have 1largely replaced the insoluble species?®?®, Sbécialty
cataiysts, such as compound 26, have been intrﬁduced which
are capable 6f special selecti&ity. Compound 26 was used to

generate 27 with a high degree of regio-, stereo- and

COOH

27

X= CH3 or Ci
* = Chiral




35
enantioselectivity. This is highly significant? as 25 is an
important intermediate in the 'synthesig of certain insect-
icides®%+83, h

Laidler gnd Milner have studied other copper(II) Schiff
complexes similar to 26 with a variety_ of oléfiné. The
degree of opticallinduction was found to be highly olefin
dependent in this system®4. Other chiral copper catalysts
have been develop;d"as well. Marlin and co-workers have
described copper complexes of 3-trifloroacety1-(+)—cahphor
and derivatives which exhibit enantibmeric excess of up to
100:1%7 with certain substrates. The construction of chiral
catalysts for optical induction is an important stepfin the.
development of this area.

Copper catalysts afe subject to 1§w ~yields and limited
scope®®. This has promptedkthe éeafchlfor new catalysts with
unique activity. Palladium, particularly as palladium(II)
acetate 'has found widespread use. It islthe catalyst of
choice for the cyclopropanation of terminal olefins®? and
«, B-unsaturated olefins??°. Diazomethane has been fouhd to
" work very well with palladium, perhaps better than with gny
qther catalysé. Palladium's wuse with ethyl diazoacetate has
been much less succéssful. Hith this diaZoalkane and
unstrained olefins such as cyclohexene, only polymer is
produced??!.

Another important metal in this reaction is rhpdium.

There are a nﬁmber of different rhodium catalysts, the most
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common being. rhodium(I) acetate dimer. This species is the
.most versatile of the kndwn catalysté, giving exéellent
‘results with a variety of substrates®*®'®2, Another rhodium
catalyst of interest is a rhodium-pofphyrin cdmplé# intro-
duced by, Callot. This complex shows excellent stereo-

selectivity, though at the expense of yields®?,

Other important catalysts have recently been intro-

duced. Molybdenum hexacarbonyl has been shown to cytclo-
propanate «, B~unsaturated esters and nitriles in good
yields?*. Nakamura and Otsuka have developed a chiral

cobalt catalyét'which will7cyclopropanate certain olefins_in
géod yields and in high ee?®. These workers have also
reported on some-mechénistic studies.

There is considerable effort being made to find 
catalysts which ‘ape stefeoselective..The current ggneréfion'
of catalysts rarely provide selgctivitiés greater than
4:1. The highly hindered catalysés such' as the rhodium-
pophyrin cqmpound, which do offer' special selectivities,
suffer from 1limited écope and ééor yields witﬁ all but
a few substratés.' Doyle has shown that stereoselectivities
are highly‘ dependent on the metal and to a much lesser
degrée on-the ligands??®. He found that ‘selédtivities'were

linearly related by equation 12.

(isomer ratio)cata!ryst 1. g % (jsomer ratio)catalryst 2  (q2)
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S, in equation 12, is the relative index of selectiv-
ity. It is equal to_1,7 for copper, 1.0 for rhodium and .59
for palladium. | Copper complexes are the most selective
catalysts, but also the 1least subject to 1ligand effects.
Rhodium showé less selectivity, but yields are much superior
and selectivity can be 'altered greatly by ligand substitu-
tion. Palladium displays ﬁ very different reactivity, even
being selectively opposi£e the others on o6ccasion. Doyle has
suggestéd that stereoselectivity is directly relgted to the
degree of polarization of the metal-carbene bopd.‘The more
highly polarized the carbene, £he more reactive and the less
selective it will be,

Regioselectivities are also quite poor and highly meta;
dependent. Explanations for this vary. Doyle‘agaih suggests
that metal-carbene bond polarization is the cause with more
highly polarized species going through "earlier" transition
states®?. Other Qorkers have .suggested that two mechanisms
may be operating, with the ability of the metal to coord-
inate olefins determining seléctivity’“.

All cyclopropanation catalysts suffer from compéting
reactions to a greater.or lesger degree. The most common of
these reactipns is dimerization of Ehe carbene fragment.
This can be minimized by keeping the diazoalkane concen-
tration low as compared to the substrate®®, but it is still

a problem, particularly with copper.
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Insertion into carbon—hydrogen bonds is another
potential problem!®®, although there is some question as to
whether this can compete with cyclopropanation. Some early
reports_of C-H insertion may have been due to rearrangements

of originally formed cyclopropanes®?®,

Other reactions which may cause difficulties are

polymer formation, insertion into X-H bonds (X= 0,S8,N),
reabbangements or reaction with substrates which deactivate

the catalyst. Many of these difficulties, including poor

regio- and stereoselectivities are. metal dependent. As a

greater understanding of this reaction grows, a hpst- of new
catalysts will be developed. These will be both .ligand gnd
metal specific for’ ' the problem at hand..Central to the
construction of these speciés is the elucidation of the
mechanism( s) inyblved. | |

The Mechanism of Catalytic Cxc;opropanation

Metal-carbenes have not been obseryed to catalyze the

cyclopropanation of olefins, nor have they been isolated

from a catal&tic system. Nevertheleés, there 1is very
little quéstion .that the& are the priméry intermgdiates in
the process. Fisher‘ discovered that metal-carbenes would
stoichiometrically cyclopropanate olgfins shortly after he
isolated thé carbenes themselves'®!*!°2  Currently there are

several sdch .species that are known to undergo this reac-

ti°n103-104|105,106
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More convincing evidence for the fntermediacy of metal-
carbenes in the cataiytiq reaction comes from the transfer
of optical activity from a‘éatalyétvto a cyclqpropéne. This
requires that the réaction take place within the coordina-
tion sphere . of the metal?®. Doyle has demonétrated a linear
correlation between the stereoéélectivities of the stoichio-
metric cyclopropanation react;on of a tungsteh—carhene gnd
the catalytic reaction of rhodium acetate!®?. This strongly
suggests a common mechanism betwéen the two.

The_ next. step in the carbene to carbehe/olefin to

metaliacyclobutane mechanism presented in Figure 4 is the

coordination of an olefin to the metal-carbene/olefin"

species. Very good evideqée for this'type of complex .in the
stdichiometric réaction has been found recentiy by éasey. he
has been able to observe the tungsfen—carbene/olefin compléx
éB by NMR. Thié compoﬁnd then égllapses to forh a cyciopro-
pane'®®. A similar structure (29) has been characterized by
X-ray crystailography‘dvg The complex.existé as two struc-
tures, 29a and 29b. At foom tempér;ture "these rapidly

interconvert. By the arguments of Eisenstein and Hoffmann,

(CO)W —— (CO) W=

CH; - 28
CH,
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CH - CH, .
[ . N-CHy ____ /\ N— CHj
(COW= (CO), W==
29a CH; 29b ~ ~CHs

compound 28 would be expected to adopt the 2%9a configuration
in order to form cyclopropanes. Casey concurred with this
hypothesis on the basis of NMR spectral date‘°5.

While this evidence is eompelling, there are problems
with -extending the conclusions ¢to ¢the cetalytic reaction.
There are several catalysts which do not coordinate‘ole-
fins. A good example of ¢this is rhodium acetate (30). The
catalyst does not form olefin coﬁplexes in solution, and
forms them only .- to a slight degree in fhe"gas phaseﬂ’°. This

effectively prohibits a metal-carbene/olefin species from

: CH3 \,(:H3
/\\\,'/
07 0’0 ‘O

Rhi----a-- Rh
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participating in reactions with this catalyst, yet it is
perhaps the most effective eyelopropanating agent known.

Hubert, Noels and co-workers have suggested that two
mechanisms may be operating’l. The Tfirst being the metal-
carbene/olefin mechanism for palladium and other strongly
olefin coordinating catalysts. Non-coordinating catalysts
such as rhodium were proposed to follow a second mechanism.
Copper catalysts were postulated to be iIntermediate, as some
are known to coordinate olefins while others apparently do
not. These workers also suggested that differences in regio-
selectivity could be attributed to the ability to coordinate
olefins’8.

Doyle has disputed the idea that a metal-carbene/olefin
intermediate is present in the palladium reactionlll. His
investigation began with the observation that coordinated
olefins are activated towards nucleophilic attack, while the
metal-carbenes implicated as eyelopropanation catalysts are
electrophiles. He has also demonstrated that olefins 31 and
32 form stable adducts with palladium(ll). These adducts
do not form cyclopropanes on addition of ethyl diazoacetate,
nor does the addition of additional catalyst (PdClz 2PhCN or

Rhz(0OAc)*) cause a reaction. |If additional olefin is added
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to the palladium adducts however, eyelopropanation rapidly

occurs.

These results are 1inconsistent with the collapse
of a metal-carbene/olefin complex or with electrophilic
attack of a coordinated olefin on the diazoalkane. They are,
however consistent with intermolecular attack of an uncoord-
inated olefin on an electrophilic metal-carbene. Additional
evidence for this idea comes from the products formed from
the eyelopropanation. Palladium prefers to attack the
endocyclic double bond of compound 31. If the cyclopropana-
tion were the vresult of the collapse of the metal-car-
bene/ olefin species 33, only the endo cyclopropane, isomer
34 (formed via syn attack) , should be formed. Doyle has
found that the exo isomer, 35 (formed from anti attack), was
preferentially formed in a 54:46 ratio with ethyl diazo-

acetate. When diphenyl diazomethane was used this ratio

became an even greater SO0:1111.

Cl COOEt
33 34 35

IT these results are interpreted in light of Eisenstein

and Hoffmann-®s results, it is clear that other factors not
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cqnsidered,by Doyle, might _be at play here7"7é. It may be
recalled that they showed that a geometry similar to‘17 was
required for the: collﬁpse of a metai-carbene/olefin to a
metallacyclobutane. It is not known if the bidentate olefins
31 and 32 coordinate in a geohetry similar to this or if
they might be locked into a configuration moré like that of
19. Therg are several ﬁetal-carbene/olefips known which
have geometries similar to 19, or intermeﬁiate between that
of 17 aﬁd 19. These compounds are not able to form cyclo-
propanes. _Doyle's conclusions, therefore, may only'be valid

for the particular system studied.

There are other challengeé to the carbeﬁe/olefin to
metallacycle mechanism. Casey "and Polichnowski designed a
sgries of éxperiments in which they hoped to e;abora;e on
the idea thatifhe stereoselectivities of the cyclopropana-
tion reaction were determined at the metallacyclobutane
stage!'?. According tg this hypofhesis, a metal-carbene
should react with cis olefiné to form metallacyclobutanes as
in structures 36 ;nd 37. The puckering of the metallacyclo-
butane (in analogy ﬁith platinacyclobutanes) should make

structure 36 more stable than 37. As the lgrge group
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L increases in size, the difference iIn energy should also
increase. Since 36 yields syn cyclopropanes and 37 yields
anti, the validity of this argument and the extent of ring

puckering should be demonstrable.

Casey and Polichnowski did find a preference for the
cis isomer, but this preference smoothly decreased with
increasing size of L In several related reactions, a
preference for the less thermodynamically stable isomer was
repeatedly observed. Brookhart proposed a new mechanism to
account for these results33. In this mechanism, the transi-
tion state 38 is the result of an association between
the electrophilic metal-carbene and one carbon of the
olefin. The carbon labeled B is the center best able to
support the developing positive charge. The stereoselectiv-
ity results from the partitioning between the metallacyclo-

butane 39 and structure 40. As R becomes more bulky,
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H
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formation of 39 becomes energeticail& more favorable, and
the amount of anti isomer increases.

Brookhart's mechanism ,expiained Casey's_ results; but
failed to account for the strong preference . for .anti
products with diazocarbonyl éompounds. Doyle has proposed a
modification of this mechanism as shown in Figure 7%%7. In
this scheme, the metal-carbene forms al w—complex'ﬁith the
olefin. Theﬂforhatioh of 41a- is always preferred over 41b,
but as the steric bulk of R increases, K becomes slower as
compared to £K:. . The result is a decrease in the syn to anti
ratio with increasing gize of R.

With ethyl diazoacetate, K¢ is always preferrea'because'
the carbonyl stabilizes the. deQeloping.plus charge'(struc—
ture 42). Doyle predicts that increasing the nucleophilic-
ify'of the carbonyl will increase the stereo—p;eference fof
the anti iéomer. The méénitude of this effect wiil depend .on
the ability of the group R to stabilizé the'developiné

charge. Ethyl wvinyl ether, for examp;e, should show little
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Figure 7. Doyle"s Mechanism for Catalytic Cyclopropanati on.

H
Kt

H R
41b

Figure 8. Catalytic Cyclopropanation with Ethyl Diazo-

acetate.
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prefergnce for ﬁhe anti {somer, sipce the oxygen lone pair
eleetrons are easily availab;é for stabilization.

This latest mechaniém»is a far cry from that introduced
in Figure 4. It "includes neither a meta1~carbene/olefin:
.complex nor a metallacyclobutane.'lt does howgver,'appear to
be consistent with all published stereoghemical and regio-
chemical data ahd offers a unified mechanism for all
catalysts. Doyle has offered some tesﬁable'ideas for the
construction of‘ new catalysts withlhigh stereosélectivity{
Additional work will determine the validity agd.applicaf

N

bility of this mechanism.

Ylides

The tgrm "yiide" refers to gpecies which contain a.
o-bond between -two'atoms which bear opposite charges, Poop
overlap between the concerned orbitals meané ‘that there is
very 1little 7w 6h§ractér to the bond. Traditionally, these
complexes have béen of the type _Rn-x*~C'-Rz, where X is
phosphorus, sulfur or 1less commoniy, argenic or nitrogen.
These sbecies have been known for some"time and several
reviews concerning their preparation andA reactivity are
available!!3+11#:1134116 ) papticularly interesting use of
theée compo;nds has come to light récently. They are very
unique 1ligands for trans;tion metals. Reviews discussfng

this aspect of ylide chemistry have also appeared!!7'!18,
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In their role as ligands for transition metals, metal
ylides may also be considered stabilized or "trapped" metal
carbenes. Equation 12 is more than just a way of visualizing
ylides, it also represents two common methods of synthesiz-
ing them. Equations 13119 and 14120 are examples of these

synthetic methodologies.

+ M +
0$P mimmCHg 03P— _CHg—-M 12)
+
2 RgPCHIY) Me CHg PR
Me2Pt(Cod) . (13)
-cod Pt '2
/I \ +
Me CHg PR;
(14)
PPh3

Equation 14 is very exciting in light of the previous
mechanistic discussions because it implies the ability to
trap the metal carbene species suggested for so many pro-
cesses. The presence of a trapping agent, such as triphenyl

phosphine or pyridine, could be used to stop a catalytic
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reaction by forming a stable ylide, and thus démoﬁgtrate the
exisfénee of a.metal-carbene iﬁtermédiate in a given system.

In one case (eq. 15), a mgtal-carbene can be reversibly
convérted to an ylide. The ease of removal of the phosphine
is directly related to the electrophilicity of the carbene
carbon center. For the examples given in equation .15,
typical enthalphies of reaction 1lie 1in thé =15 té =20

Kcal mol~*! rangett®-t21

PPh, | R,
(CO)sM=CR, = (CO)sM— C— PPhj (15)
-PPh, -
R

M=Cr, W and rarely Mo

Platinum ylides have been prepared as well. Table 4
llists examples of the .known synthetic routes ¢to these’
complexes. The nucleophilie atéack of an amine on a coord-
inated olefin, as shown 1in the third example in Table
4, forms a product which may stretch the definition of the
term "ylide®. A better description might be "extended"
yvylide. The forth exampie was discussed earlief as a model
for the metallacyclobutahe decomposition in the Ziegler-
Natta polymerizatién reaction. The reaction was originall&

discovered by Gillard and has been found to be a fairly

general reaction for platinacyclobutanes. The last entry in
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Table 4.
Exp.
2 R3PCH2
1 M e 2Pt(COd)
-cod
2 (PPh3)4Pt + CHJCI
3 Me”r ( OV  Cl-mm
O- vy
cl
/Db
Rz R
| N2CH2

H— Pt— Pt— PPhc

||
P., P

Vv

Synthetic Routes to Platinum Ylides.

Me CH2PR3
vV -2 +
[\ +

Me CH2PR3

+
CH2PR3

Pt
/ \
Ph3P Cl

Ph3P

s |/
Me
- < Zpt/\

Cl CH(Py)CH2CH2CH3

» X PtZ-

/ \
py ci

PzAP
ly\ I- +
-P{  Pt-CH2PPh3

Ref.

119

122

123

124
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Table 4 is of particular interest because it involves the
multiple decomposition of diazoalkanes to form
metal-carbenes. These species then undergo several reactions
within the same molecule. These are Pt-H bond insertion,
bridged carbene formation and ylide formation.

Transition metal ylides are interesting from several
stand points, particularly as reagents for organic synthe-
sisll7*“le. They are, for example, involved in the metal
catalyzed insertion of diazoalkanes into X-H bonds. Their
most iIimportant use however, is the catalytic formation of
non-metal ylides.

Several catalysts have been shown to decompose diazo-
alkanes in the presence of an appropriate nucleophile to
form ylides. Rhodium is particularly effective and has been
shown to catalytically form sulfonium, ammonium and halonium

Figure 9. Scheme for the Metal Catalyzed Formation of
Ylides.
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ylides!?¢, The method shown schematically in éigure_Q has
proven to be a highly satisfactéry'royte to these speciés.
The ability for a catalyst to form ylides has bgén
shown to correlate 1linearly with its ability‘to cyclo-
bropanaterlefins‘27lhThis supports the idea that metél-
carbenes are formed in each reaction and that thé deéree of -

polarization of these intermediates is <critical to the-

reactivity.

Catalytic Insertions into X-H andé
Free carbenes have long been kﬁown‘to_ipsert into bonds
between heterocatoms and h&@rogen“. These-.réactions suffer
from poor .selectivity, often‘insertihg into C-H or even C-C
bonds competitively. The copper catalyzed decomposition of
diazocombounds can also léad to X~H insertion products. This

was first observed by Yates with alcohols in the early

1950°' gt 28,
ﬁ 0
C ol
C , e o C
/\ 'ROH /\
© CH-N N, @ CH,OR

Other workers 1étep found that coppér also permitted
insertion into S-H bonds®2®. Interest in this area grew
rapidly in the early 1970's when Teyssie reported that

rhodium could —catalyze the insertion of carbenes into the"

i




53
0-H bond of alcohols, acids and even water‘3°.'This'1ed the
use of the reaction in the synthesig of some naturél
products*®*+*'32  Later, insertions into N-H bonds 'were
observed. A key step in Ehe Merck synthesis of carbapenams.
isl shown 1in equation 16 and inyolves the intramolecular

insertion of a metal carbene into the N-H bond!3®3.

O - (16)

\I
Z
&

Rhodium is ﬁrobably the best catalyst for this reaction
in terms’of selectivity. The major 1imitat%on‘of the rhodium
catalyzed’reaction is with ‘allylic speéies, or with other,
more complex substrates which contain olefins!3®*, Cyclo-
prépanation sfrongly‘competes und?r these conditions and ma&
even become the major reaction pathway.

Mechanistically, this reaction is théught to be related

to ylide formation. The nucleophilic substrate is thought to

R
o + \“ R i | . "Mu
| ( R +)|(. © R-X-CHR,
: X—R ' / \ ’
| H R
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attack -the electropositive metal-carbene, followed by

rearrangement and elimination®?3?%,

Summary

. The ipteraction of diazoalkanes and metals'representé a
very important area of éhemistry. Several important re%c—
tions, including cyclopropanation of olefins, ylide forma-=
tion and insertion into X-H bonds are known. These reactions
are important ‘in both 1laboratory éyntheSes and industrial-~-
ly. |

The factors influencing catalyst activity and selecfi?—
ity are only now becoming understood. More work reméins to
bé done before catalysts can be ‘designed for specific
applications. The areas of " stgreo;, régio¥ gnd enantio-
selectivities are particularly important ‘at ﬁhis_stage.
Current catalysts are. severly 1limited 1in boﬁh scope and
selectivity. New modes.of influencing sélebﬁivity must be
founq while retaining 'good_‘ yields.‘Perhaps~-ev§n’ more
important is the development of better .degcriptfons-of the

known modes of influencing selectivity. These descriptions

will arise from both improved computational methods and

innovative expgriments with new catalysts.
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PLATINUM YLIDES

Introduction

Shortly before this work began, Ekeland discovered that
platinum(1V) cyclobutanes of the norbornyl series would
decompose diazomethanel36. The volatile products from this
reaction were the cyclopropane from reductive elimination
(43), and a di-olefin which results from the incorporation
of CHz into the hydrocarbon (44). The non-volatile products
found were bis(pyridine) platinum dichloride (45) and a
piatinum(ll) ylide species (46). This latter product was
characterized by NMR spectroscopy, X-ray photoelectron

spectroscopy (XPS) and finally, by X-ray crystallographyl34.

cl Cl
py — Pt—CHg PtCIZPy ¥

45
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The Formation of an Ylide from a Platinacyclobutane

Aﬁ investigation of another ©platinacyclobutane was
undertaken to help in understanding the nature of this
'reaction. The platinacyclobutane from phenylcyciopropane
(compound 14) |was prepared by standard techniques®® and
exposed to diazométhane under the same conditions as those
used by Ekeland. The non—volatile' products from ¢this
reaction were found to be the same as those observed
previously. The volatile prodgcgs were tﬁe cyclopropane'and
styrene. This_latter product is the reéult of a net loss of
CHz from the origiqal hydrocarbon.

The effect of tehpenature on the reaction.was investi-
gated. It was found that the fatio of styrene to -phenyl
cycloprépane increased as the témperature was lowered from
20 °C to 0 °C (see Table 5). At very low temperatures, an
unexpected preference for phenyl cyclopropane was observed.

Table 5. Ratio of Styrene to Phenylcyclopropane from the
: Decomposition of a Platinacyclobutane at Various

Temperatures.
Temperature: 20 °C g °C -70 °C

Figure 10 shows a proposed mechanism for the reac-

tion which is a modification of a scheme originally proposed

by Ekeland. The first step is the reversible lbss 'of
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Figure 10. A Proposed Mechanism for the Reaction of Diazo-
methane with Platinacyclobutanes.

A 49
P& CH2yy

. CH

a + W+(]

py— P& CH2P/ PV\— Pt CH2PV

w6 A 46 Cl
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pyridine, a reaétion known Fo be very facile in this system.
It is thought éhat the first step 1in ﬁost reactions of
octahedral platinum(IV) is such a loss of a iigand to oﬁen
up a coordination site. The second step is the decomposition
of the diazoalkane to form an electfophilic metal carbéne
(47). This reaction also has considerable precedence as
discussed in the previous chapter. The highly reactive metal
carﬁene is then proposed to wundergo one of two competing
reactions. The first, route a, is attack b& a pyridiﬁe
(either intra- or intermolecular) to form the plétinum(IV)
y1;de,48._0ther studies have found that thevylide moiety in
these spécies is rather unreactive. Therefﬁre, loss of the
second pyridine from the "metal, followed by reductive

elimination is postulated. This results in formafion‘ of the
observed ylide 46 and the cyclopropane product.

The second route ()b) from platinacyclobutane/carbene
complex 47 is the migration of one of the platinum-carbon
mefallacycle bonds to férm plaéinacyclopentane species
49. Waddington has shown tﬁat platinacyclopentanes readily
undergo~a double reductive elimination reaction (path bi) to
férm olefins'?®?, This process would lead to the formation of
bis(pyridine) platinum dichloride and the dioiefin 44 when
the norbornyl systeﬁ is Fbeing considered. The decomposition

in the Phenyl platinacyclobutane case leads to production of

styfene and ethylene.
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%) o ‘e, (I)I;‘~ Py | N.ZCH2 | W, CI>I ” |
X Ny @jgplt—py — | J
cl Cl | o

The partitioning between these pathways is expected fo
be dependent on the ﬁlatinacyclobutane and temperature. This
has indeed been foﬁnd to be.~thé case. It 1is reasonable to
assume that ﬁigration of a metal-carbon bond 1is lgss
temperatﬁre sensitive than the intermolecular attack of a
pyridine. It is not at all clear what causes the inversion
of the produgt ratio between'o °C and -70 °C.'bne possibil-
ity is that thé diazomethane is reactipg-in a different mode
at this temperature. For example, it has previously been
observed that diazoalkanes can reduce metals under certain
conditions®?. Evidence will Dbe presented 1later which
indicates that platinum can. form adducts with diazoalkanes
at low femperature in ethér in which the N2 moiety is
retained. A mechanism in which 'the Adiézoalkane remains
intact while forcing elimination of phenyl c¢yclopropane is
possible, and perhaps explains the produét.Selectibn at low
temperature. |

If the platinacyclopentane 49 is:particularly stable,

another decomposition route (b2) might occur. A second
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equivalent of diazomethane may be decomposed followed by

metallacycle decomposition and ylide formation. This step is

necessary to explain tﬁe .observation by Ekeland that the

yYlide production exceeded that of-cyclopropane formation in .

one case,

A Direct Synthesis of Platinum(II) Ylides

Ekeland's reaction wag the - first observation of
“platinum(IV) causing the decomposition of digzomethane. The
isolation of an ylide wés very good evidence . for the
intermediacy . of platinum carbenes in the reaction. Platinum
(I ylides'.had been previougly observed by other workers,
but these contained only limited's@ructural ‘VAriation, and
. only rarely due to the decomposition of diazoaikanesf

Compound 46 was ihte}esting both by virtue of its mode
of>formation, énd for its potential réact;vity as a "trap-
ped” platinum carbene. It was desirable'to investigate boéh
aspects of this compound. Formation. of thig' cémpound by
the Ekelaqd method however, was a slow process éhat suffered
from poor yields. Therefore, a new synthetic straﬁegy was
proposéd in which the ylide could be fdrmed directly.
Synthesis. of 46 | |

An ether solution of 200 mgs of Zeise's dimer (compound
50) was placed in an ether solution containing 2‘equiva1—
ents of pyridine. Two equivalenté of diazomethane were

generated and added to the solution with stirringf.Analysis
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of the reactién mixture revealed little- or no _formationfof
the desired product andv almost exclusive forhation of
bis(pyridine) platinum dichloride. This létter "species is
known to be formed from the decomﬁosition'of Zeise's dimer
ih pyridine. The ﬁaté of this second rgaction is deﬁendent
on the coqcentration of pyridine, but does occur on tﬁe time
scale described here. It was also foupd that. 45, unlike

Zeise's dimer, did not decompose diazomethane.

o PtCl
)\ , N,CH, 2(PY)2
Pt ‘ - -+ 45

"-(CH2)-n—

///

A revised reaction scheme was then attémpted'in order
to minimize thé formﬁtionrof bis(pyridine) platinum dichlor-
ide. A single equivalent of pyridine was added to 200 més of
Zeigse's dimer in ether to form the 'pyridine monomer.51.
This speéies is soiublé in ether and catalyzes tﬁe décomp-
osition of diazoalkanes at rateé compar&ble to Zgise's
dimer. A éecond ether solution‘ was prepéred "containing
roughly three equivalents of diazpmethane and one equiva-
lent of pyridine. The two solutions were then mixed with
stirring to gi?e the desired ©product. It was found that
gentle heating resuited in shorter beaction times and betéer
yields. Under optimized conditions, yields of greater than

90% of the ylide 46 were obtained.
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The product of this reaction was found to give spectral
data 1i1dentical to an authentic sample of 46 prepared
independently. Spectroscopic details may be found in
Appendix B.

This synthetic methodology has obvious advantages over
the Ekeland method and the more commonly wused Gillard
reaction described in the first chapterl24. Both of these
methods require the formation of a platinacyclobutane prior
to the ylide forming step. The latter reaction is also
limited to chains of three carbons containing only substitu-
ents which permit platinacyclobutane formation. Indeed, not
all platinacyclobutanes will undergo the Gillard ring
opening. The author has found, for example, that platina-
cyclobutanes from the norbornyl series will not form ylides

by this method.



63.

The Synthesis of Other Ylides

While the synthetic route described previously abpears
to have cpnsiderable ﬁotentiél,' it was necessary to demon-
strate this by reaction with qther diazoalkanes. The next
substrate used was diazoethane. The generation of _this
compound was somewhat more difficult than diazomethane and
it was less soluble in'ether, makigg it more difficult to
manipulate the diazoalkane that was generated. These
.difficulties limited production of the desired ylide to a

maximum yield of 80%.

cl
py — Lt'— CHCH,4
b
52-

Critical NMR data for ylide 52 inclﬁde a quartet in
the proton spectrum at 5.99 ppm . which displays platinum
coupling of 116 Hz. This is assigned to the proton 8 to the

platinum. The « carbon is located at 38.6 ppm in the '3cC

spectrum and is ﬁlatinum coupled by 862 Hz. Completé

spectral data for this compound can be found in Appendix B.
Two other ylides were brepéred in a 'similar manner,
except that' chloroform was found to be a more suitable

solvent. These were the ylides from the p-methyl- and
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3 Q
py- P& CH—~ py- P& a1
~chh~ G >
ci + py a

Py
Cl

15

Table 6. Critical NMR Data for Compounds 46, 52, 53, 54 and

15.
Compound Number: 46 2. 53 54 UL
e-Carbon (ppm) : 30. 1 38. 6 49. 5 48. 9 43. 9
“JFt-c  (H2): 751 862 690 714 790
B-Hydrogen (ppm) : 5. 45 5. 99 7. 00 7. 25 5. 83
2Jpt-H (Hz): 100 116 90 110 109
Platinum (ppm) : 1852 1839 1878 1886

Ref. 135 65
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p—chlorophenyldiazémethanes, 53 and 54 'respectivelyn
Unlike the diazoethane aﬁd methane reactions, fhese did not
require heaf. The diazocompounds were found to‘»ﬁgact
almost explosively . at room temperature. Thé‘ p-ch;oro

derivative ©proved to be the easier to prepare, forming
the desired ylide- in 75% yield by NMR spectroscopy. The
p-methyl derivative wés only formed in 25% yield. These
reactions were not optimized and, given their exfreme
reactivity at room temperature, . it seems probable that
better yields could be obtaingd at lower tgmﬁeratures. Crit-
‘ical spectral data for all these ylides ahd another ylide
15) prepared by Gillard's mgthod, are shown in Table 6.

The ppotons B to the platinum could not - be cleanly
observed for compounds 53 and 54 by 'H NMR spectroscopy due
to fhe fact that they are shifted iﬁto the aromatic regién.
The shift for ¢this ppoton in coﬁpound 53 'is reasonably
certain, but the.ﬁlatinum coupling is obscured. The opposite
is true for coépound 54, where the small peaks due to
platinum cpupling can be resolved} but the main ﬁeak
cannot. The « carbons for these compounds are normal for
vlides and are doublets in the *3(C spéctra; leaving no doubt
as to the structures at this center.

To help determine tﬁe scope of the.reaétion, three
other diazocompounds.iwe;e reacted under. the same condi-

tions. These were ethyl diazoacetate, diazofluorene and

diphenyl diazomethane. The first ¢two compounds result in
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unusual producté and are discussed later in detail;‘biphenyi
diazomethané did not yieldi stable ylides .under thesg
conditiohs; only tetraphenyi ethylene and bis(pyridine)

platinum dichloride could be isolated 'from, the reaction.

This was not entirely unexpected due to the éevere steric
problems which should occur in the .hypothetical ylide
product. It ﬁas hoped .that the aromatic rings might haye
stabilized the inﬁermédiate carbene species however, if such
a stabilization did occur, it.was not sufficient to form an

isolatable product.

T ' o . POLeY, 45
py—Pt—| + Mool  ——

| %

a |

51 ‘ o %] 1]

Ethyl Diazocacetate and Zeise's Pyridine Monomer

Under ﬁhe .conditions described lpreviously, ethyi
di@zoacetaﬁe reacted within one minuté to form ﬁ mixture of
three products. The prqfon NMR ‘spectrum showed ©peaks at
.6.59, 5.62 and 4. 90 ,ppﬁ, each of whiéh displayed platindm
coupling of more than 100 Hz. The chemical shift and
coupling of these peaks was similar to thét of the platinum
vylides previously described, suggesting that, all of these

products had an ylide type structure.
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There were several structural possibilities for these
products. For example, Puddephatt had reported that platinum
(1) ylides could be oxidized to form platinum(1V) vylides
in refluxing chloroform and carbon tetrachloride58. It is
also possible that a platinum(lV) ylide could be formed
from the oxidative addition of HCI (a common impurity in
chloroform) across the platinum of the ylide. Examples of
these two reactions are shown 1in equations 17 and 18

respectively.

d

CHC i&CCl14
py— Pt— 17

d

py— 18

Under the conditions of the reaction, it is feasible
that one or both of these processes might have been occur-
ring. If the expected ylide product did have some unknown
susceptibility towards oxidation to platinum( 1V) species,

this could be eliminated by running the reaction in benzene,
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since this solvent should not contain HC1 or be ablé
to oxidatively add Cl-.

The decomposition of the diazocompound in benzene
proceeded at a rate similar to that in thoroform, to
produce the same products (though in slightly different
ratios). The ovérall yield of- "ylide type" ©products in
benzene was between 60 and 80% as opposed ¢to optimiéed'
yields of bettef'than 90% in chloroform. The side products
from this reaction were the same as before, bis(pyridine)
platinum dichloride and the maleate and fuma;ate esters from
the dimepization of the carbene—MOiety.

This expefimént effectively demonstrated that addition
of Cl2 or HCl to the ylide was not the cause of the extra
products: Attempts were made to separate the three cém-
pounds by column chromatography with éilica gel. These
efforts resulted in changes in the ratios of products, but
no real purification. It was observed that the product witb
a proton at 5.62 was converted to the other two products on
silica gel or with time. These latter two products were
always observed in a 3:1 ratio, with the product having a
proton resohance at 6.59 ppm always in greater yields. The
three products wiil be referred to as specfeé A, B and C
respectiveiy.

Further investigation showed that species A was the

kinetic product and could be formed exclusively when the

reaction was run at 0 °C. Refluxing A in benzene converted
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Cl A,
| I " N,CHCOOEY T'llr'ne o |
-silica ge
Pt 2 A
by I py

B+ C

it to B and C in the famfliar 3:1 ratio in good yields,
-though some decompositiqn to bis(pyridine) 'platinu$ di-
chloride was noted. Elemental analysis of a sample contain-
ing nearly.puré A and a‘sample Qontaining a mixture of B and
C demonstrated that all of the proddcfs had empiricai

formulas equivalent to that of the expected ylide product

"(Table 7).

Table 7 Elemental Analysis for Products A,B and C.

Sample % C % H % C1

Theoretical _ 32.94 3.14 13.92
Mostly A . 32. 64 . 3.27 14.13
Mix of B and C - 32.99 3. 24 , 13.59

Structural Assignments of Products A,B and C

The results shown 1in Iable 7 confirm thaé oxidation
products were not responsible for the additional peaks. It

appeared instead that a structural isomerization was
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occurringﬂ Figure 11.shows the four most ‘reasonable struc-
tural possibilities for prédugts A, B ;nd C;_ Structure
55 is the expecfed ylidé and'56 is its cis isomer..CompOUndé
57 and 58 are not ylides at all, but rather platinum alkanes

resulting from transfer of'a chlorine from the metal to the

« carbon.

Figure 11. Possible Structures for Products A, B and C.

Cl | Cl

oy — Pt— C\HCOOEt Cl— Tt'— C\HCOOEt .
c TRy | py TPy
-+ 535 - 56
<|3' - oy
oy — Pt— C\HCOOE‘t Cl— IIDt-.— C\HCOOEt
oy © o oy C
57 58

In order to distinguish between the possible struc-
tures, additional NMR spectral data was acquired. Table 8
contains the data criticél to this d;scussion,, while

Appendix B givés‘complete data for the compounds.
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Table 8. Critical NMR Data for Products A, B,” C and Compound

46,
ompouns: e s e s
x-Carbon (ppm : 26.9 42.2 32'2,. 30. 1
'Jpe-c (Hz): _ ‘796 734 921 751
B-Hydrogen.(ppm): 5.62 6.59 - 4,90 5.45
2Jpe-w (Hz): o %18 119 123 - 100
Platinum (ppm): " 1817 1984 1966 1852
ortho | pys (ppmd: 8.86 '8.86 8.86 8.92
Protons! py2 (ppm): 8.52 9.05 8. 86 9.05“

The assignmenﬁs for A, B and C are _not obvious frpm

Table 8, but they do follow from 1logic. Compound A, the
kinetic product, is expected to have the étructure 55 in
analogy with .the reactivities' 6f other diazéalkaneg. Thefe
is no reason to sﬁppose that insertioﬂ into a Pt-Cl bond-is
preferred with this diazéalkane ﬁhen it has not beén
observed in- any other system, nor is thgbe reason to assume

a cis configurétion as 1in structure 56. The chemical éhift
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and coupling. data for this species ape‘all consistent with
other plétinum(II) vlides.

Tﬁe most striking difference between the NMR spectra of
compounds B and C and the previoﬁsly observed ylides are the
'73PT chemical shifts. These shifts are at 1least §6 PPM
further downfield than any other ylide shift reported. This
difference is greater than the entire known '?®Pt NMR shift
range for ylides. It 1is aléo important to note that the
thermodynamic products differ from each other "in platinum
chemical shift Dby less than 20 pbm, while "they differ from
the kinetic product by at least seven times that. Plgtinum
chemical shifts are highly sensitive to-ligand effects'?®®
and a shift of this magnitude suggesté a difference in‘the
ligand environment of the metal. It is reasonabié.‘to
cohclude from this that products B and C. are the chloro-
alkanes 57 and 58.

Compound.C can be assigned structure 55 on the basig
of two pieces of data. The first is the observation that the
protons in the ortho position on the pyridines are equiva-
lent. This observation holds true for the ortho '3C shifts
as well (see Appendix B). In all of the ylide products
reported in' this thesis, there are two non-equivalent
pyridine ortho protons. One of these resoﬂances is always
very close to 8.86 ppm Whilé the other is offset by varying
amounts._The resonances near 8.86 ppm frequently (but not

always) show =small platinum coupling, demonstrating_that_
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thié 'resbnance is for the ©pyridine on the ﬁlatihum. In
?produc§ C, both resonances are loéaﬁéd at 8.86. It was not
possible ¢to distinguish. rlatinum coupling ¢to this peak,
siﬁce one of thé reépnances fo; compound B is also located
at that_pésition.

Another piece of supporting data is thg large platinum-
carbon (and to a lésser degree - platinum-hydrogen) spin-spin
coupling.. This' increase in coupling is 1likely due to é
difference in the trans influence being seen by the «
carbon. Platinum carbon coupling constants are known to be
related to bond strength'®® and bonds trans to a chlorine
are knoﬁh‘ to be.'shorter'than .bonds frans to a pyridine in
platinum(IIf systems. Together, "these observations sfrongly

support the assignment of structure 58 to compound C. Com-

pound B is then assigned sérqcture 57 by process of elimina-

tion.
ICI
py — Pt— C\HCbOEt
+
cl c M py
55 = A |
py — Pt— C\HCOOEt | Cl— Tt— C\HCOOEt

Cl Cl

Py | Py

57 = B 58 = C.°
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In order ¢to help substantiate these assignments, a
model of cémpound 57 (B) was prepared. One equivaleﬁt of
2,2'—bipyrédine was.added to a benzene solutioh containing a
mixture of the thfge products from the previous reaction;‘
The: mixture was refluxed for féur hours, the solvent
rotoevaporated and thé' prdduct purified by dissolution
;n chloroférm and precipitation from pentane. Isolateq yield
of the product was 74%.

There was only one préduct isolated from this reac-
tion. It 1is required to adopt structure 59 due.to the
“bite size of the nitrogen 1ligand. A similér compound,
structure 60, was prepared by reacting the methylidine
vlide under the same -'conditions. Tahle' 9 1lists critical
spectral data for 57, 59 and 60.

It can be seen from this data.that tﬁe platinum'and
proton shifts of compbunds 57 and .59 are essentially
-idenﬁical. The platinum shift is gratifying support of tﬁe
idea thét the chlofine transferred prodqcté are found

significantly downfield from the platinum(II) ylides.

o Cl

A
N— I;’t—— C\HCOOEt
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Table 9. Critical NMR Data for 57, 59 and 60.

Compound: _ . '§Z. §g 60
«<~Carbon ( ppm): 42. 2 _ 28. 4 -———-
1th}c ( Hz) : g3 | 866 ———-
B-Hydrogen (ppm): 6.59 6.58 | 5.?2
2Jpe-u (H2): 119 : 114< | 97

Platinum ( ppm): 1984 . 1983. _—

The '3*C shifts and 'Jse-c¢ couplings are very different
for the two complexes. The author' does not ﬁave a good
"explanation for this observation other than the fact that
steric intergctions in 57 must lead fo a geométry dif-
ferent than that of 59. The pyridine ligands in 57 wdﬁld
be expected to twist out of the plane of thg molecule, wﬁile
the'bipyridal iigand requires the aromatic rings to reﬁain
in thé plane. The result of fhis may be that somewhat
different ‘orbital interactions are in effect in the two
‘ compoun@s. Similar lafge and unexpected changes in the '3C

shifts of these «-carbons were later observed with other
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ylide systems.'These are discussed‘in subéequent sections.

The difficulty in purific;tiqn of these ~compbunds and
the resultanf . inability to obtain crystals for X-ray
analysis was unfortunate. A logical interpretation of NMR
data and the synthesis of a model compbund however, enable
satisfactbry gstructural asgignments. The "scheme pfesented
here is cohsistent both with the availgble data and .with the
reactivity of related systems. The propeﬁsity‘for compound
55 ¢to rearrange tg 57 gnd 58 is quife interesting and
'unique. Other»ylide species were' not observed to undérgd
this rearrangemént, even on proionged bgﬁzene réflﬁx. This
suggests' that 55 should be particularly susceptible to
nucleophilic attack and may display unique reactivity.

This idea is,addfessed in a later séction.

Variable Temperature Analysis of the Formation of 55

It had.been observed that when the reaction of ethyl
diazoacetate and‘Zeiée's pyridine monomer was'carrieq out in
ether at low temperature, a solid was quickly formed with no
evolution of ggé. Hhen the ether solution was warmed from‘
-25 o°¢C to’ 0 °C, the solid e?olved a gas and darkened
slightly. The resulting solid s;owly,décomposed with time at
room temperature unde; ethef, andA decomposed Within 15
minutes in air. Attempts to dissolve this species in any

suitable solvent (chlorofofm; methylene chloride, benzene,

THF etc.) resulted .in rapid loss of ‘a second gas and
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darkening of thé solution. The regulting solution contained

the product mikture descfibed above.

cl oy |

py_é} t—” N,CHCOOEt  yeliow _0°C - light
l ether T solid T N, . Jrown
ol 55 °C SOhlld
51 ' time or

55, 57 and 58 solvents

The ooiginal solid proved to be too unstable to analyze
by available teehnigues. The second solid was also difficult
to analyzé, but IR data of father dubious qualit§ was
obtained. This data ©provided no evidence of an N-N sfretch,
suggesting that the first oas to be given off was N2 and.the
sécond waé ethylene. This supposition Qas confirmed by
bubbling the gas produced at each step through Br:. The
first -gas was unreactive while the second formed dibromo-
ethane.

These intermediates were of interest, since they could
potentially reveal tho.mode of initial diazoalkane coordina-
tion and mechanistic insights into its decomposition. The
reaction was run in chloroform at depressed températures'in
the hopes of observing one of both of these species.

The pyridine monomer of Zeise's dimer was dissolved in

d!-chloroform in a 10 mm NMR tube. The tube was lowered into

——
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:a multinuclear, variable temperature probe and cooled to 440
°C. The sample was perm;tted to equilibrate ‘end the probe
tuned. A .secqnd d‘—chlepoform' solution containing one
equivalent of pyridine and one equivalent of ethyl diazo-
acetate was prepared and cooled in-a dry ice/ehloroferm
bath. The priginal solution was quickly removed. from the
spectrometer, the two solutions mixed- and the resulting
mixture again 10Wered‘into the instrument. The NMR spectro-
meter was re-tuned .and a proton spectra acquired..Average
etime from mixing to acquisition of the first pfoton spectra

was two minutes.

The 'proton. spectra reveaied that no decomposition of
the diazoaikane had occurred undee the reaction conditions.
The pyridine resonances were equivalent anﬁ Shifted from
either the platinuﬁ monomer or the free pyridine. This rapid
exchahge of pyridine, even at low temperature, was consis-
tent with eaelier observations. When _H>-Zeise's pyridine
monomer was reacted with ethyl diazoacetate and d®-pyridine,

the pyridines were found to be scrambled in the products.

Cl , Cl
o N N,CHCOOEt ]
py — Pt | = > py— Pt— CHCOOEt
] |‘ Py’ | +\
Cl : cr Py

50% D, 50% H
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Tﬁe diazoalkane is indefinitely stablq ﬁt this tempéra-
ture. It is possible that thé diazocémpound associﬁtes with
the platinuﬁ.in competition >with the ©pyridines under these

conditions. If this is the case, the amount of the associat—

ed proddct was too small to Dbe observed. There was also no

loss of ethylene from the platinum complex ¢to form

bis{ pyridine) platinum dichloride.

On warming the mixture to 0°C, two intermédiate species

were formed. One of the products was in much higher concen- -

tration than the other throughouf the ' course of the reac-
tion. ‘The data obtained for the minor isomer is soméwhét
questionable due to this low abundance. As time Qent oﬁ,'the
v¥lide 55 was formed. At maximum concentration, the two
intermediates represented approximatély 70% of the reaction
mixture. When this boint was rgached? the mixture was again
cooled to -60 °C and '3C and '"Pt data accumulated..It was
found fhat the intermediate concentration remained constant
over the several hours needed for adquisitioh of this data._

The major intermediate in this reaction mixture was
assigned structure 61 based on the critical NMR dafa
presented in Table 10. Complete data for this compound is
found in Appendix B along with the available data for the
minor intermediate. " | | |

From the data presentéd in Tabie id, it‘ is obvioué
that §1 is an ylide-type compound. The data also shows

that the ethylene moiety is still coordinated to the
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N5 Cl

,
N
’.Pt—— C-COOEt
4
7
ﬁf%% \ ;\q 6
2 H ==
61

Table 10. Critical NMR Data for 61.

'H Spectrum

1) x—yli&é protén, 5.39 ppm, 1 proton, platinum
éoupling cannot be resolved from the background.

2) ethylene protons, 4.65 ppm, 4 protons, 2Jp¢-4-36 Hz.

3¢ Spectrum |

3) «-ylide carbon, 43.9 ppm, doublet, in¢~c-796 Hz.

4) ethylene 6arbons; 91.0 . PPM, triplet, platinum
coupling cannot be résolved.

5) ortho pyridine éarbon, B to platiﬁum, 153 ppm, 2
carﬂoﬁs,'doublet. -

‘6) ortho-pyridipe carbons u .to platinum, 149 ppm, 2
.Qarbons, doublet.

193pt Spectrum

7) 1792 ppm.
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metal. This fact is clear, both because of the olefin
chemical shifts and'because of the platinum-carbon coupling
to the olefin. This ob;ervation is consistent with the
ethgr reaction, which indiéaéed that N2 " was lost from the
molecule prior to the loss of ethylene.

The minor. isomer in this reaction displays resonﬁnces
only subtly diffepent_frbm that of 61. It is not ‘at a;l
clear what th;s species. is, but some of the possibilitigs
are explored a little later in this thesis.

A mechanigm consistent with the observed data and With
the current tﬁeofies preéented in the literature is shown in
Figure 12 (fol;owing page). The first step in this mechanism
is the rapid exchange of ©pyridines via an associative
mechanism. This is the classic attack of a nucleophile on

the unoccupied .pz—t&pe platinum orbital to form a trigonal

bipyramidal species, This then 1loses pyridine ¢to reform’

51. This‘triéonal bipyramidal‘iﬁtermediate is also a source
of bis(pyridine) platinum &ichloride in this reaction vié a
loss of ethyléne.

The diazoalkane:  can ‘will compete with the pyridines
for the fifth coordination site -on the platinum. As wgs
discusseéd in the introduction,A the mpst probable site of
coordination for a ©profitable interactioﬁ is" via .the
carbon. Compound 62 can .lose ﬁz, either diréctly to form
the platinum carbene 63, or by an Si:2 type process involv-

ing 'pypidine.'Either of these two routes rgsults in the




82

Figure 12. A Proposed Mechanistic Scheme for the Formation
of 55 via 6l.

PtCI2(Py)2
45

CHCOOEt

CHCOOET
\

+py

61 55
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formation of the observed product 61. The next step is

loss of ethylene to form viide 55,'3a reaction which has
precedence in the formation of bis(pyridine)’ platinum
dichloride. |

What then is the minor isomer? It'certginly is’  not the
platinum carbene 63. The '3C shifts for this'compouﬁd are
ﬂexpected to be very far do%ﬁfield (300-350 ppm). If the
carbene is formed at all it is probably only aé a fleetiné
transition state.

Another possibility-is that 61 is in-equilibpium with
a Qimilar species which has lost pyridine (64). Theilarge
number of diéferent pyridine resonances in the reaction
mixture makes it difficult to wuse this information in a
meaningful way; The initial" equiiibriuh however, shows
that this' type of an equilibrium is'a reasonable mode of
action. If this is what is occurring, the fact that two

distinct intermediate species are seen requires the exchange

of pyridine to be slow on the NMR time scale, even at
room temperature. This is in marked contrast with the

initial equilibripm which is very rapid, even at -40 °C. It
séems more 1likely that- the major intermediate’observed in
this reaction is actually‘ éhe result of a rapid equili-
bration between 65 and -64, .and thaf the miﬁor isomer is
something else entirely.y

There are two other poséibilities for the identity of

the minor isomer. The first is that some structural isomer
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cl | . Cl

py"'IID-' CHCOO LA, '
‘ Pt— Et ”—- Pt— CHCOOEt
LN, T D
Cl Py ol py
61 ' 64

of 61 is formed and is in equilibriuﬁ‘with that compound.
This argumeﬁt reédires the same aséumptions about the rate
of isomerizatioﬁ aé the pyridine exchange reaction. Thére is
also no real réason to suppose such'an equilibrium exists or
is important if it does éxist.

The final possibility, and the'oné preferféd by the
author is that the minor intermediate is structurg 62.
This woulq be consistent ?ith the ether reaction in %hich a’
solid product is formed at.low temp?rature which coﬁtéins
both the ethyleng and pyridine moieties. Strucfures similar
to 62 are frequently proposed as intermediates in the
metal catglﬁzed decomposition of diazoalkanes, but they have
never been observed. The NMR data for the minor ihtefmediate
is also "consistent with a structure such as 62. It is an
ylide very much 1like 61, but with the.>po§itive charge
being étabilized.by the N2 moiety rather than the pyridine;
The Relafionship between 61 _and other Proposed Intermediates
‘ One particalarly,interesting featu?e of this investiga-

tion was the observation of at least one product (61) in
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which the olefin and a "carbenoid"” moiety (in the stabilized
form of an ylide) were present oh the metal simulfﬁneously.
These kinds of molecules arevpostulated as intermediates in

various catalytic reactions such as olefin metathesis,

Ziegler-Natta polymerization of olefins and cyclopropanation
of olefins (see discussion in Chapter 1, pp 21-33). It seeMg
rather unusual thgt thege compounds do not‘cyclize to form
metallacyclobutanes, especially' since platinacyclobuténes
are known and are often quite stable®3. It is possible
that the pyridine competeé with the olefin for the electro-
philic center. It must "be recalled however, that neither
rlatinacyclobutanes or products which. épuld be ascribed to
the decomposition of ©platinacyclobutanes are observed in
these systems, even when the reaction is run in the absence
of the pyridine. - |

According to Eisenstien and Hoffﬁann”"z, the relative
geometries of the oléfih and carbene moieties are critical

to ‘the " cyclization reaction. .That is, structure 65 should

be able to cyclize, while 66 should not.

o] ’ cl
py., | ., H py. | . .H
- ‘Pt—C ‘Pt—C.
- —=Z| cooet . \7| , cook
~ | cl ~

65 66
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In a discussion with Eisenstgin’3°, she predicted that
geometry 65 would be the more stable geometr&, presuming
that’the carbene (or ylidef and the élefin were eqﬁatorial.
She also _prédicted that. 65 should ﬂeasily ‘qyclize to a
platinacyclobutane. She did point out however, that othér
géometries, in which one or both of‘ these moieties were
equatorial, were easily accéssible. In these gedmetries, the
olefin and carbene moieties could very wéil be wunable to
cyclize. Thus, it is not clear éheoretically why these
reactions do not result in platinacyclobutane formation.

The Effect oflofher COOrdinated Olefins

Attempts were‘m;de to forcé cyclization by_modificétidn
of the olefin. Zeise's dimer was dissolved in an excess of
the new o}efih. In some cases, heat was appliéd to drive off
ethylene-aﬁd force repiaceﬁent'with the new olefin. Pyridine
was added to the solution and the excess olefin removed by

rotoevaporation or column chromatography in the cases of

less volatile olefins. The alkenes wused in this experiment

were ethyl vinyl ether, 1-octene, cyclohexene, styrene and.

cis-stilbene. In all cases, results identical to that of the
platinum—gthylené comﬁound were.‘obtained.,No evidence of
platinacyclobutanes or products due to the decomposition of
platinacyclobutanes could be identified; In most caéés, good
uyields of . the ylide-type ﬁroﬁuﬁtg 55, 57 and 58'were

obtained.
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Reactions of Platinum Ylides
The. synthesis of several new ylides provided impetus to
search for: new reactivity for these compounds. Recogniziﬁg
that these species are simply stabilized or "protected"”
metal carbenes, attempts were made to force, the ylides into
reacting as a Fisher-type carbeﬁes. The firgt attempted

. reaction was the formation of cyclopropanes.

Attempts to Form Cyclopropanes

The ylides prove@ to be unreactive towards olefins at
room temperature. Platihum(II) ylides have been reported to
be quite stable thermally and this proved to Se the case
here as well. No evidence of c¢yclopropanation was found
after refluxing yiides with alkenes under various condi-
tions.

Next, photﬁchemical generation .of a reactive species
was‘triedp The four différent attempts wﬁich‘ were made at
this reaction are 1listed iﬁ Figure 13. The ylides wére

.dissolved in ether or chloroform, placed in a quaftz'
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Figure 13. Photochemical Reactions with Platinum Ylides.

a
I
No Cyclopropanes

py — Pt'—GHg
a +py
46
@ |
py— Pt—CHg
hv
A oy
46

py— PE-CH-CHg-GHg-O 0
a ‘"py

15

a
o PeOLOgago X

15



R 5 R N AVl Y N | R | i

89
reaction vessel with a 10 fold excess of olefin and exposed

to intense UV radiation.

‘ In only one case wére produéts'formed in which coup;ing
of the ylide and the olefin could K be demonstrated. The
reaction .of the 'méthylidene ‘ylidé 13 with norbornadiene
gave 3 products by GC mass spectrosqopiclanaiysis; Two of
tkese had masses which correspondgd to addition of CHz and
one which corresponded to addition of Csz..Yields of the
first two 'produqts were veryllow'and, vields of the third,
were at the limits of detectabflity. These products could
not be isoiated, nor was addiﬁional data concerning fheir.
structure obtained. The other products: arisiﬁg from the
reactions with the methylidene ylide were bisfpyridine)
platinum dichloride and an intfactabl; prown residue;

Tée’phot;—decomposition of ylide 15 did 1lead ¢to a
cyclopropgne, bu£ this did_not include the‘incorpofation of
the olefin, Instead, it appears that the ylide cyclized to
form a platinacyclobutane, which decomppsed by reductivg
elimination to form -ﬁis(pyridine) platinum 'dicﬁlofide and
Phenyl cyclopropane.

This recyclizatioh to form tﬁe platinacyclobutane from
which it wés Qenerated, followed by decomposition, seemed to
be a common reaction path for ylide 15, Attempts"to displace
the pyridine by reaction with base, or even éthanol resu;tﬁ

ed, once again, in the formation of phenyl cyclopropane.




90

a
CHCHZXCH2-0 F*"

or
Xy t-BuO'Na+

15

Attempts to Form Alkenes

Another reaction which appeared to have potential was
the formation of "mixed" alkenes from the reaction of ylides
with diazoalkanes. Support Tfor this scheme, outlined 1in
equation 19, comes from the ready formation of dimers of
the carbene moiety on reaction of platinum and diazo-
alkanes. The major competing side reaction in the formation
of platinum(ll) vylides is the formation of these dimers

Cequation 20).

a
N2CR2 CR2
oy p— PeCrR2 "°TF a9
by . CR2
a 9%

@ |
N2CR2 CR2
py CR2 + (@40))

a py +py CR2
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The results of this investigation are shown iIn Figure
14. In general, this reaction was highly unsuccessful. It
once again appeared that the pyridine could not -easily be
removed Ffrom the vylide. In only one case was a product

observed which could have been due to the formation of a

mixed alkene (67). In this case, the reaction of diazo-
fluorene and vylide 55, the product was formed only in
small amounts and 1identified only by mass spectral data.
The product had a parent peak of 250 mass units and losses
of 28 (-CH2CH3), 45 (-0CH2CH3) and 73 (-COOCH2CH3). The

product could not be isolated for further characterization.

Figure 14. Attempts at '"Crossed Alkene"™ Formation.

Cl
oy -FI>tTCH2 + N2CHCOOEt EtOOCCH = CHCOOEt
a W
Cl
py -F!tTCHCH3 + N2CHCOOEt EtOOCCH = CHCOOEt
. x>

Cl
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Other Reactions

Other reactions attempted with these ylides include
exposure to aldehydes,'ketones and thiols. No products of
interest were found with any of these substrates. Once again
it was concluﬁed that thé pyridine 1ligands were bound too
tightly ¢to the Earbon to afford reactivity at that site.
This observation is consistent with a highly electrophilic
species in which the metal;olefin 7 bond is highly polar-
ized.

The best Qay to bounteract‘the great.électrophilicity_
of the ylide seeﬁed to be'by reducing thé nucleéphiiicity of
ghe "trapping" moiety. This was done by wusing THF and -
2,6-lutidine instead of byridine. Unfortunately, vlides
could not be isolated from these reactions. Once again only

PtClz(p&)z and the qarbene dimers were observed.

Cl
THF F|>t—|| O EtOOGGH== CHCOOE
| THF T
Cl |
Cl
= | N,CHCOOEt
\ NP &~ EtOOCCH==CHCOOE!
4 l 2,6-lutidene
Cl |

The previous attempts at developing new reactions for

the platinum ylides were largely unsuccessful. Oxidative
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addition reactions of the metal to form platinum(lV) ylides
could be made to occur however (see eq. 21-23). These
reactions had been previously reported by Puddephatt with

ylides generated by the Gillard method58.

a a

| CHCI3ZCCi4 I-,C 1
Py— Fit_ CH2 A Pyr A~ | t-C \H2 @D

s O +py 4 hrs S ¥

* 8
a
py— P t- CHCOOEt ..9HCI2C(\ No Reaction (22)
I \ A
55 ci + py 4 hrs

Cl a

I .
P t- CHCOOEt CHCOOEt (23)

py-
\
55 +py

It can be seen that ylide 52 reacts as was previously
reported in CHCI3 and CCla to form the platinum(l1V) vylide
68. Ylide 55 would not react under these conditions however.
This compound did react with methyl iodide to form a
compound which was assigned the structure 69 based on
previous work58. As might be expected from previous discus-

sions, other ylide type isomers were observed, presumably
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from isomerization of 69. These compounds were not
characterized. Available data for all characterized com-

pounds can be found in Appendix B.

Summary

A new and facile synthesis of platinum(II) ylides has
been discovered. This reacfion has been used to produce
several unique ylides, ‘including one, 55 which undergoes
an isomerization to‘ two other platinum(II) alkyl species.
Low temperature NMR studigs of the formation of 55 show
that the decompositfbn of ethyl diazoaqetate involves the
intermediédy of two species, each of which contains both the
vlide moiety and the coordinated alkene. These compounds dp
not cyclize to form 'platinacyclobutanesﬂ under_ any of the
‘_conditions explored, in spite of’:prédictions that they
could.

Platinum carbenes have not been observed in these
reactions and aftempts to geﬁerate such species resulted in
failure, as did attempts to form more reactive vlides. The
heart of this difficulty seemed to be the great electro-
philicity of the hypothetical platinuﬁ carbene species. Good
electron donors become too tightly bond to permit réaction,
while poor donors do not stabilize the'cémpounq sufficiently
to permit isolatibn.

These ylides were observed to react to give new

products under conditions that had previously been reported .
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by other 'wprkers.'Platinum(iV) ylides were _shown to be-
formed via oxidative addition, similar ¢to other such
speciés. These reactions were not explored in detail, nor

were the products well characterized.
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PLATINUM(ITI) AND DIAZOFLUORENE

A Unique Synthesis of a Platinacyclobutane

The 1last chapter described the formation of.sevefal
Platinum(II) vlides. It was opserved that phenyl digzo-
met hane &eriv;fives cduld undergo this reaction, but that
diphenyl diazomethane reacted to 'form oﬁly PtCl2(py)2 and
tetfaphenyl ethylene under the same conditions. This result
was'attributedlﬁo steric‘effects.

A diazoalkane simiiar to diphen&l diazomethane 1is
diazofluorene (70); Though the molecular weight is neérly
the same, it is less bulky than diphényi diazomethane
becausg the aromatic rings are constrained to 5 pPlane. ihis
feature might also be éxﬁectéd.to permit stabilization of a

charge on the carbene carbon in a platinum-carbene @ype

product.
Np
70
As with other diazoalkanes, reaction of diazofluorene

with Zeise's pyridine monomer in chloroform resulted in the
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dimer of the —carbene ﬁortion of Ehg molecule.‘Nothing
resemﬁling a platinum carbene was . observed, ﬁob was a
product seen which suggested incorporation of eth&lene. ﬁﬁen
a second equivalent of pyridipe was added under the standard
ylide forming conditions . descriﬁed in 'the‘ last chapter
however, a bright .red .platinum containing product was
formed. As with diazomethane and ethane, it was-necessary fo
gently 'heat the reaction mixture to “achieve reasonable
rates. A summary of critical NMR data for this compound.can
be found ip Table 11 and completé data féund in Abpendix B.

Table 11, Critical NMR Data for the Product from the
Reaction of 70 with 51 and Pyridine.

'!H Spectrum

1) 3.17 ppm, singlet, 4 protons, platinum coupling of
88 Hz.
2) aromatic protons.from 7 to 9 ppm, 18 protons.

130 Spectrum

3) -4.65 'ppm, triplet, 2 carbons, piatinum coupling of
376 Hz. | |

4) 60.8 ppm, singlet, 1 carbon, platinum coupling of 95
Hz. -

5) nine aromatic .carbon resonances corresbondiqg to 22
carbons, pyridine ligands are equivglent.

1935p¢ Spectrum

6) 3350 ppm.
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Characterization of 71

Thése data are clearly inconsistent with an .ylide

-structure. In particular, there are 4 aliphatic ©protons and

2 aliphatic carbons and the platinum resonance is 1500 ppm
downfiéld of a typical Platinuﬁ(II) vlide resonance..This
shift is so dramatic, in fact, as to suggest a platinum(IV)
species instead of a platinum(iI). Based on thesé results,

structure .71 was assigned to the product.

71

The.aliphatic'resonaﬁces c;early iqdicate incorporation
of ethylene into the pro&ucf. Furthermoré, the equivalency
of the - two carbons and four protons indicates a symmetrical
molecule. The platinum shift is 'within the 3200-3400 ppm
range fouhd in our laboratories!*? for pPlatinacyclobutanes.
The plétinum-carbon and platinﬁm—hydrogen couplings are algo
consistént, Qith a platinum—carbdn sigma bond as in the
proposéd platinacyclobutane structgre{3b"37'i“°. .

Crystals of the product were obtained by diffusion of

heptane into a chloroform solution of the platinapycie.
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X-ray crystallographic analysis confirmed the postulated
stfucture, but.Qhe .bond angles and distances found for this
structure are not published heré due to the poor refinement
obtained‘for the structure. The problems in refinement arose
from the fact that there were four molecules Per unit cell,
giving a "total of 120 unique, non-hydrogen atoms. This was
very near the limit of the 'computer's ability to refine. A

second difficulty was that the unit cell was nearl&, but‘not

. quite symmetrical. It appeared the a slight disordering of

the crystal ©prevented a two molecule unit cell from being
formed.\Attempts to freeze out this pfobleﬁ by acqﬁiring a
new data set a low temperature failed when the crystal
shattered on cooling. A diagram of the structure can be
found in Figure 15.

The formation lof complex 71 was rather surbrising in
view of_the last chapger. It would appear that the metal
carbenoid species formed from the decomposition of the
diagoalkane is able to cyclize, unlike previous reactions.
A mechanism based on the previous results and discussion is
proposed in Figure 16.

Intermediate 72 is drawn as a platinum carbene ratﬁer
than as an vlide to emphasize the steric proble@s of having
é pyridine aséociated too closely with " the carbenéid
_center. The formation of 73.is the result of cyclization of
72; the uniqﬁe step in the diazofluofene reaction. Finally,

73 undergoes -a Puddephatt-type®® rearréngement to_form 74
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Figure 15. A Diagram of 71.

CWwW
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Figure 16. A Proposed Mechanism for the Formation of 71.

74

and then onto the observed product by coordination of the
second pyridine. All of these steps are reasonable and have
precedence (see Chapter 1). In order to support this

mechanism, an NMR study was conducted.

Variable Temperature NMR Studies
A dl-chloroform solution of Zeise’s pyridine monomer
was placed 1iIn a 10 mm NMR tube and lowered into a hetero-
nuclear, variable temperature probe. This solution was

cooled to -40 °C, allowed to stabilize and the instrument
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tuned. A second d'-chloroform solution containing a second
equivalent of p&ri&ine and an equivalent gmount of the
diazofluorene was prepared. This solution_wgs placed fn a
dry ice/chloroform bath Aand allowed Eo equilibrate. Tﬁe
original solution was quickly withdrawn from ‘the NMR
spéctrometer, mixed with the second solution and repiaced in
the instrument. Prbton spéctra, taken within two minutes of
mixiné, showed that the pyriqines were equivalenf and that
the diagoalkane Had. not deeomposed. As with the ethyl
diazoacetate studies, there was no evidence of coordination
of the diazoalkane to the platinum at this temperature.

Tﬁe mixture was carefully..warmed to 30:-°C while Befﬁg
monitored by proton NMR_ spéctroécopy._An intermediate was
observed to "grow in" followed by appearance of the product

71. When the intermediate had ‘reached maximum concentration

(about 60% of the reaction mixture), the solution was cooled -

to -40 °C to permit !'3C and '°*Pt NMR data to be collected.

Table 12 shows the critical NMR data for this ihtermediate,

while complete data can be found in Appendix B. Based on

this data, structure 75 was assigned to this compound.

This data is clearly inconsistent with any of the

struétures proposed in Figure 16. The platinum ehemic&l
shift is that of a platinum(II) ylide;'but.the rlatinum-
cérbon coupling indicates that the central cafbdn. of the
fluorene moiety 1is ﬁot directly piatinum bound._It is alsb

obvious that there are two sp? carbons indicating that the
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'H Spectrum

1) 2.2 ppm, 2 protons, coupling to platindm cannot be
ﬁesol&ed.

2) 2.8 ppm, 2'pr6§on§, coupling ¢to plgtinum cannot ﬁe
resolved.

130 Spectrum

3) -16.5 ppm, 1 carbon, triplet, 'Jee¢-c-655 Hz.

4) 38.8 ppm, 1 carbon, triplet.

5) 82.5 ppm, 1 barbon, éinglef,, coupling to platihum

cannot be resolved.

t93pg Spectrum .

6) 1834 ppm.
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ethylene has already been inserted between the platinum and
the fluorene moiety. |

It is not clear frﬁm the spectral data where the secoﬁd
eduivalent of pyridine is located. The very large number of
aromatie resonanceé in the spectra make assignments of any
particular pyridine difficult. The fact that the—"earbonium"
center (labelled 5 in structure 75) is a£ a moderate shift
of 82.5 ppm in the '*C spectrum suggests that the pyridine
is associated wifh this center, but this cannot be con-
clusivelyAprovgn. _ |
Mechanigtic Implications

There are two. reasonable routes to the formation of
compound 75. The'first possibility is nucleophilic attack
by the diazoalkane on the coordinated olefin (eq; 24). This
scheme, if true,‘3;s unprecedented. In one - case, with

ralladium, it was shown that attack of a diazoalkane on a

coordinated olefin could not occur!!!, The possibility

cl
S cl O |
(_N—Pt—] - ] |
C (|:l - | </:/N _Et/\/ |
| | 75 - T

51
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remains however, that diazofluorene reacts very differently
than other diazoalkanes, and that this 1is the mode of
attack.

Another possibility 1is proposed 1iIn Figure 17. This
scheme is a modification of the mechanism proposed iIn Figure
16. It 1is noted here that compounds 73 and 75 are very
similar structurally, the only difference being the distance
between the platinum and the central fluorene carbon. It
seems possible that 73 is quickly formed at low temperature,
but is unstable for steric reasons and opens to 75. When
sufficient energy becomes available, the small equilibrium

Figure 17. Proposed Mechanism for the Formation of 71 via
75.

71 75
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concentrafion of 73 can undergo the Puddephatf rearrange-
ment to the observed product, 71. - |
Relationship of 75 to Other Intermediates

Compound 75 is intriguinq, not only by virtue of its
intermediacy in the formation of platinabyclébutane 71, but
also because of its resemslance to intermediates proposed by
Brookhart and Doyle. Both workers proposed a structure
gimilar to 76 to ‘explain.the stereo seieetivity found in
catélytic cyclopropanations. In Brookhart's méchanism,
76 can eithep cyclize to form a metallacyclobutane, or
- can cyclopropanate_ directly. Doyle's .-mechanism makeg no
provision for formation of the metallacyclobutane, but has

76 cyclize to form a cyclopropane.

l - R
i -~ M:'_ - -+ —— nMu+'

Compound 75, although formed differently than the
proposed intermediates for catalytic cyclopropanation,

never the less is " a gbod model for them. It shows no
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fendency to form a cyclopropane directly, preferring to

cyclize to the metallacyclobutane exclusively. This is
inconsistent with Doyle's mechanism, but strongly supportive

of Brookhart's, "as he predicted that metallacyclobutane

formation should be - encouraged by steric bulk on 'thé

"carbonium" center of 76.

Other Reactions

The Formation of 77

Additional support for a portion of the mechanism
proposed in Figure 13 wés obtaingd by'refluxingjplatina—
cyclobutane 71 in'benzene. This 1is the Gillard méthod of
forming platinum ylidés, and the product formed was assigned
structure 77 on the . basis of ﬁMR spectral data. Critical

data for this compound is found in Table 13 and complete

data in Appendix B.

77
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Table 13. Critical NMR Data for 77.

'H Spectrum

1) 6.86 ppm, 1 proton, triplet, ?Jrt-u-104 Hz.
2) 8.89 ppm, é protons, doublet.

.3) 8.61 ppm, 2 protons, doublet

13¢c Spectrum

4) 41.4 ppm, 1 carbon, doublet, !'Jpet-c-810 Hgz.

5) 39.7 ppm, 1 carbon, triplet.
6) 46.5 ppm, 1 carbon, doublet, ¥Jp:-c¢-35 Hz.

Structure 77, not surprisingly, has NMR spectra quite -
similar to that of ylide 15. It 1is reasonable to conclude
that both ylides are formed by the same mechanistic pathway,
since they are both formed under identical condiﬁions'frﬁm
platinacyclobutanes. In analogy with the mechanism described
by Puddephqtt‘a, cphpound 77 is formed by equation 251
Once again, stfucture 73 is pequired as an intermediate. In
fhe case of the phenyl platinacyclobutane, both isomers.cén
be observed in solution. The éreater .sﬁerig bulk of the
fluorene piatinacyclobutane undoubtedly fesults in a shift
of the equilibrihm'towards isomer 71. Even so the Eeactive
isomer still seéms tor be the the'mOre hindered 73, as witﬁ

other platinacyclobutanes.
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Reductive Elimination of 71

When compound 71 is treated with DHSO, the spiro-
cyclopropane 78 is formed in good vyield. Spectral data for
this compound can be found in Appendix B. The formation of a
cyclopropane from the decomposition of a platinacyclobutane
is not a new reaction in itself, but the sequence of
reactions from Zeise"s pyridine monomer to the formation of
a cyclopropane is the first report that platinum can perform
this important reaction. It also reinforces the view that
the mechanistic observations made in this work are applic-
able to the mechanism of the catalytic eyelopropanation

react ion.
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DMSO

Other Platinum(ll) Olefins

IT the ethylene on Zeise"s pyridine monomer is replaced
by ethyl vinyl ether, a cyclopropane is formed directly from
the reaction with diazofluorene. With this olefin, no
intermediate platinacyclobutane can be isolated. The spiro
cyclopropane product 79 was identified by the NMR spectro-
scopy and mass spectroscopy, this data is reported in

Appendix B.

The failure to observe a platinacyclobutane from this

reaction was not entirely surprising. There are few reports
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of -tri—substituted ﬁlatinacyclobutanés and no published
reports of platinacyclobutanes containing ether function-
alities. |
AFtempts were made to extend tﬁis reaction to other

olefins, but these were 1largely unsuccessful. Cyclohexene

and cis-stilbene produced small amounts of pfoduqts which -

corresponded to addition products in the mass spectrometer;
but these <could not be not isolétéd. Cyclooctene and
diethylmaleate .did pot react under thése conditions; St&—
"rene produced an unusual product in gOod:yield that appeafed
fo contain bofh the fluorene moiety and two equivalents of

styrene. This product was not identified.

Summary

Diazof}uofene displayed-'ﬁnique reactivity with Zeise's
pyridine mohomer in chloroform. A new spiro platinacyclo-
butane was syntheéized'and characterized. Variable tempera-
ture NMR studies of the.formation of this compound resulted
in observation of an unugual "extgnded" yvlide. This compound
ié remarkably giﬁiiar to infermediatés proposed by Brookhart
and Doyle 1in the catalytic éyclopropanation Qf olefins. The
cyclization of this compound to a platinacyclobutane is
inbonsisﬁent with Doyle's 'mechanism, but consistent with

that proposed by Brookhart. -

Platinacyclobutane 71 was found ¢to undergo reaétidns

common to other platinacyélobutanes including ring opening’
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to an ylide vié the Gillard method and redgctive eliminaeion
of'a cyclopropane. | This last result represents the first
reported cyclopropanation of an olefin by platinum hédiated
decompésiﬁion of a diazoalkane. This is also the first
reported isolation of.a metallacyclobutane during an oléfin
cyclopropahation peaction. This observation 1lends credence
to some of the eérlier-méphanisms of cyélopropanation whicﬁ
have fallen into disfavor'recen£1y33'1°f.

It was found that replacing'the olefiﬁ on the metal had
a great effect on the reaction. Ethyl vinyl ether was fquﬁd
to producé cyclopropanes directly while a sampling of
1,2-disubstituted olefins showed 1itt1e or no propensity
to react wunder these cohditions. .Styrene was found to
produce good ‘yields of a' non-cyclopropaﬁe' contaiqipg

product, which was not identified.
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CATALYTIC CYCLOPROPANATION

Introduction
One of ‘the primary motivations for investigating the
chemistry of organometallic compounds is the search for new

catalysts. Furthermore, platinum complexes have long been

used - as models for intermediates in certain ‘catalytic

reactions, including reactions involving the metal catalyzed

decomposition of diézoalkanes. The validity of these models

became more apparent as metals such as rhodium and palladium

became recognized as important catalysts,in these systems.
As these éatalysts were developed however, the possible
utility of ©platinum to. catalyze reactions such as cyclo-
propanaéion had been almost completely ignored!*!. The
results discussed in the 1last ch;pter however, prompted an
investigation of possible catalytic activity on the part of
platinum(II)'olefihs. The reéu;ts of this investigation are

reported here.

Platinum as a Cyclopropanation Catalyst

It had previously been observed that both Zeise's dimer

and its pyridine monomer . catalyzed the decomposition of

diazoalkaneé (chapter 1). Sin#e pyridine had been previously

shown to be a trapping agent fof the platinum carbene
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intermediate (i.e. ylide formation), it was anticibated that
catalytic c&clopropanatiéns, could Dbe carried out with
Zeise's dimer. | '

"The Reaction with Diazofluorehne

The first reaction. was an extension of the stochio-
metric reaction between ethyl 'Vinyl ether- and diazofluor-
ene. A chloroform solution of diazofluorene was added slowly
with stifring to a chloroform solution containing a cataly-
tic amount (20 mgs) of Zeise's dimer and a 5 fold excess of
ethyl vinyl ether, based on diazofluorene. Evplution of N2
was sloﬁ at room temperature, éo gentle heating (=40 °Cs was
begun. Formation of the‘ expected spifo cyclopropane in a
50% yield based ~on diazoalkane was foﬁnd. Other prodﬁcts
from this reaction included‘the dimer of the carbene and

other unidentified compoundé.

SIS

OFEt
K/\Pt\ ' 7
70 | N . 9

This result demonstrated Ehat platinum could cyclo-
propanate olefins in reasonable yields; It was important to

estéblish that this reaction was .a general one, since
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diazofluorene had previously been shown to react differeﬁtly-
from othér diazoalkanes. A logiéal . choice for further
investigation was ethyl diazoécetate. This compound is very
easy to work with and large Amounts of data exist oﬁ.its:
reaction with olefins iﬁ'the presence of various catalysts.‘
The Reaction with Ethyl Diazoacetate- ' |

It had ©previously beéeen found that ethyl diazoacetate
produce either maleate and fumarate esters or ylide type.
products tin the presence of pyridine) when decomposed by
rlatinum(II) alkenes. If cyclizétion of a metal car-
bene/olefin species was required to form cyclopropanes, as
had been pre?iously postulated?®’?, then this reaction would.
not be possible. If, on the other ﬁand, cyclopropanation was
the result of electrophilic attack of the olefin on a metal
carbene, as has been. more reeently proposed by Doyle
and others’f"°7, then the reaction should be possible in
excess olefin.

This idea was tested first on a stochiometric scale.
Zeise's pyridine monomer was reacted with ethyl diazoacetate
apd pyridine in chloroform- as previbusly described.. The
reaction- was carried out in varying émounts of excess
olefin. It was found that the forﬁation of cyclopropane 80
was proportionally related to ‘olefin concentratidn
(éq. 26). When a five fold excess of.diaZOalkane was added
to the solution, the patio .of‘ ylide .formation to .

cyclopropane formation was ‘about 1:1. Compound 80 was
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characterized by standapd methods and compared:- to an

authentic sample prepared by a literature procedure.

\

. 80 OEt
Cl OEt Cl
| & |
/ N = /- N )
N Pt - N—— Pt — CHCOOEt
= | OEt  \= | . +
Cl SXH Cl /N \
55 _ PtCl,(py),
50% 50%
This expérihent showed - that cyclopropanétion was
péssible with ethyl diazoacetate, as well aslshowing that

nucleophilic attack of uncoordinated olefin on the metal-
cérbene. was a viable 'route to cyclopropapes. #hen the
reaction‘of Zeiée's Qimer,_ ethyl vinyl ether and ethyl
diazoacetaﬁe was carried out under the éatalytic'conditions
described eaflier, 80 was formed catalytically in 30%
yield.
Yield Optimization

At one timg,.yields of 30-50%, based on diazoalkane,
_were considered quite reasonable. Newer catalysts however,
particularly rhodium based species, typically cyclopropanate
olefins iﬁ yields of 90% or more. The formation of 80 ip
30% yield therefore was disappointingly low. To remedy this .

situation,. several attempts at improving yields were made.
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Sloﬁ‘addition of the -&iazoalkane minimized the forma-
tion of the ma1eate and fumarate estérs, bﬁt':this increased
the yield to only 40%. It’was observed that other, unknown
products were being formed and,that. the catalyst was being
deactivated with fime,.Further‘investigation suggested that
the unknown products were oligomeric in nature. These
products not only reduced the-yield, but méde isolation of
the cyclopropane products difficylf. |

Other workers have pfeviously reported similar de-
activation of palladium with ethyl diazoacet;te°°.'This has
severly 1iﬁited the utility of pailadium.catalysts with this
diazoalkane. It seeﬁé"probable that the deactivation of the'
éatélyst and oligomer formation are related. One possibility
is that the catalystibecomes coated with the high moleculaf
weight éompounds and additional diaéoalkane is unable to
reach the active sites. |

Attempts were made to circumvent this possible problem
by running the reaction in other solvents. Benzene and ali-
phaéic hydrocarbon" soivents gave product distributions
essentially identical to éh;oroférm. Ether and THF resulted
in dramatic increases in the‘ oligomer pfoduction'ﬁhile
ethanol éave rige to a different reactionAalfogether. This
latter phenomena is discussed more fully in the next chép*
ter. Finaily, strongly coordiﬁation solvents such as
pyridine and DMSO fesulted in formation of-adduéts which

would not decompose the diazoalkane.
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Other possibilities .for improving yieldé are to modify
the liéands on the plgtinum or by the uée of othér diazo-
alkanes. These ideas where not investigated, although_it was

observed by the author that Zeise's dimer could cyclo-

propanate cyclohexene with diazomethane in modérate vields .

(%50% without optimization of conditions).

Steréoseiectiyity
The cyclopropanatioh reaction was extended to other
'olefins; Since the best results were obtained without the
use of solvent, all of these reactions were run in néat
olefin. Solutions “of 25 més_'of Ze;se's dimer in 2 mi of
olefin weré rapidly stirred as 0.5 ml of ethyl diazoacetate
was added dropwise. Excesa. olefin ._was "remo§ed_ by roto-
evaporation and the products dissélved directly in d!-
cﬁloroform. Ratios of syn and anti products were measured by
integratios of the carbonyln_peak frém an integratable '3*C
NMR spectrum. Standards of all cyclopropane products were
prépared by reaction with Rh2(0Ac)s under idéntical condi -

tions and by comparison to literature values!®?.

The rééults of this study are'presented in Table 14

along with the standard values for the .Rh2(0Ac)s and
literature values for PdCl.'PhCN:z2%%®. Values obtained for the
rhodium catalyst were within experimental error of litera-

ture values in all cases.
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Yields for the piatinum.catalyzed reaction varied from
0 to 40%,-while ralladium gave similar yield% ranging from 5
to 40%. Tﬂe yields for rhodium were uniformly greater than
85%.

Table 14 shows that the stereoselectivity of plafinum

is generally =slightly better than that of palladium, but -

worse than fhat of rhodium. The exceptions to this. are with

styrene and ethyl vinyl ether. With styrene, only polymeric

products were observed. Other olefins such . as methyl

Table 14 Stereoselectivities for 3 Cyclopropanation
Catalysts.

Ratios of Anti to Syn Cyclopropanes from
the Reaction of Ethyl Diazoacetate and
an olefin.

Olefin ' . h20Aca . Zeise's Dimer PdCl2'PhCN-2

Ethyl Vinyl

Ether: 1.7 10 1.5

Styrene: 1.7 .o-=" 1.6
Cyclohexene: 3.6 2.8 2.2
Cyclooctene: 1.6 | 1.4 j‘; -——="®
1-Methyl- | ‘
cyclohexene: 2.7 1.5 2.1

1-octene: 1.4 . 1.3 . ——t

Only trace amounts of cyclopropane formed.
**-Data not available.
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acrylate and éllyl gther. gave similar results under these
conditions. The exact nature of these polymers is unknogn,
but they seemed (by NMR) to be primarily pased on the
olefin.

Ethyl vinyl ether gave very high selectivity for the
anti isoméf. The exact ratio varied from run to run but
averaged at least 10:1. This result is quite spectacular in
light of Doyle's mechanism!?®7?, where he predicted that vinyl

ethers should be relatively inert to the electronic effects

which were posfulated to determine stereoselectivity (see-

Chapter 1). This selectivity is more than twice that of any
other catalyst yet reported, inciuding fhe new rhodium
catalysts beiﬁg developed By .Doyle!*?, Two possibilities
exist for this phenomenon. The firgt is that the plaéinuﬁ i;
Eearranging the qyclopropaﬁes to the anti isomer after the
original reactibh .is complete!®?’. The second is that a
previously unknown interaction between ethyl vinyl ether and
the platinum catalyst is occurring; Details of this effect

must await further investigation.

Regioselectivity

The catalytic reaction of Zeise's dimer and ethyl

diazoacetate with two other substrates was also investigated
in order to explore the regioselectivity of the catalyst

Again; standard reactions with Rhz2(0Ac)as were performed and

found to be consistent with literature reports. These data,




along with literature values Tfor the PdCI2"PhCN2 catalyst,

are reported in Table 15.

Table 15. Regioselectivities for 3 Cyclopropanation

Catalysts.
Ratio of Exocyclic to Endocyclic Cyclo-
propanes from the Reaction of Ethyl Diazo-
acetate and an Olefin.
Olefin Rh20Ac « Zeise"s Dimer PdCI2<PhCN2

Table 15 shows that platinum has a regiochemical
preference virtually identical to the rhodium catalyst and
dramatically different from that of palladium. This suggests
that the reaction with Zeise®"s dimer 1is mechanistically
similar to the non-olefin coordinating rhodium species
rather than the strongly olefin coordinating palladium. Once
again, it appears, at Ileast with ethyl diazoacetate, that
the coordination of the olefin to the metal is unimportant
to the reaction.

Summary
Both Zeise’s dimer and its pyridine monomer have been

found to catalyze the eyelopropanation of olefins. Yields
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are ‘generally poor, primarily due to the formatioﬂ of
oligomers -and catalyst deactivation. Attempts at yieid
enhancement were oﬁly minimally successful, but éther

possibilities'remaiﬁ. These may yep result in the develop-
ment of important platinum based cyclopropanation catalysts.
.Stereoselectiviti;s were found to be intermediate
between those of pallaQium. and rhédiumi One dramatic
excéption to this is with ethyl diazoacetate in which a
strong preference for the anti isomer is observed. The
reason for this . preference may be .a platinum catalyzed
isomerization of the cyclopropane product or " a préviously
unknown interaction between the metal and the ether oxygen.
Regioselectivities were.found to be Qirtually identical
to that of the rhodium catalyst and quite different from the
pallagium species..Thi; ;uggests that olefin coordination

plays little or no role in the cyclopropane formation.
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"INSERTIONS INTO X-H BONDS

Introduction

Unlike catalytic cyclopropanation of olefins, platinum

has been reported to insert into X-H bonds'*!. The Author is-

unaware however, of any systematic study 6£ this reaction
with platinum. This report briefly explores some of the

scope and limitations of thé insertion reaction.

0-H Bonds
The current invegtigaﬁion was extended intq this area
because of some father sgrendipitous results. An attempt was
~ made to "cyclopropanate compound 81 in the'hopesﬂthat Ehg
high Sterebselectivity observed with ethyl vinyl ether woﬁld
be repeated. The substrate  was reacted with ethyl diazo-
acetate and Zeise's dimer under the standard conditions

described in the 1last chapter. The reaction 'proceeded

unusually well, with no apparent losé of activity on the-

part of the catalyst. After addition of the diazoalkane was
complete, the excess olefin was removed hy.rotoevaporaﬁion
and the product analyzed by NMR and mass'spectroscopiesf

NMR data  showed excellent yields (greater than 90%) of

a single product. This species was obviously not a

cyclopropane however, as two olefin peaks were observed in
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HOCH, CH,OH

81

both the 'H and '3C spectra. Complete spectral data for this
compound is listed in 'Appendix B. This data is consistent
with the insertion of the carbene moiety into one of the O-H

bonds of the molecule to form product 82.

N,CHCOOET

HOCHZ/_-_\ CH,OH Pt TN

HOCH, CH,OCH,COOET
81 82 - '

The other products from this reaction were thg maleate
and fumarate esters, presen@ in very small aﬁounts, and
another ﬁroduct which was assigned structure 83. Spectral
data for this compound can be found in Appendix B. Compound
82 could be subsequently converted fo 83'@n excellent yield
by addition of additiénal ethyl diazoacetate in the presence
of Zeise's dimér. Once again, there was no evidence of
cycloprbpane ;ontaining products or oligimeric specie;.

Overall yield from 81 to 83 was 85% based on diazoalkane.




125

/_—.’_.\ N2¢HCOOEt o ﬁ

CH; Pty  CHy CH,

| / \

82 OCH;COOEt  OCH,COOET OCH,COOEt
| 83 ‘

HOCH,

chér transition metals, especially rhodium and copper,
are known to catalyze this reaction. Yields with these
catalysts-are often quite good, though much less so when the
substrate also contains an olefin‘34. The excellent yields
observed for the reactions of 81 and 82 with ethyl diazo-
actetate are quite remarkable in lthis regard, however
data for direct comparison between catalysts with this
subsérate was not available.

The reaction was .repeatgd with ethyl, isopropyl and.
t-butyl alcohols (eq. 27-29) with even bette; results.
Yields in all cases were better than 95%. The products from
these reacéions were ideptified on the basis of NMR and mass -
spectroscopies. Spectral Qata ar reported in Apﬁendix B.

One rather interesting observation with this system
is that ihcreasing the steric bulk of the alcoho; from ethyl
to t-ﬁutyl has no adverse effect on yields. This is in
marked contrast from résults obtained with some other

130,134 -

catalysts
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N,CHCOOET '
CHyCH,OH —m@ CHiCH,OCH,COOET  (27)
: ' 84 | '
’ N,CHCOOET : ,
(CHg),CHOH - (CH,),CHOCH,COOET  (28)
85
- N,CHCOOET .
(CHg)sCOH - - 22 777" _ (CH,4),COCH,COOET  (29)
Pt (I} -
| 86

'N-H and S-H Bonds

It was .of ihterest to exéend this reaction to amines,
as several iﬁportant natural products have ‘been,synthesized
using the insertion into an N-H bond!3?3, Primafy amines
rapidly formed unreactive, insoluble adducts wunder the
reaction conditions. Presum;bly these species ére analogous
to bis(pyridiné) prlatinum dichloride. The N-H insérfion
could be effected with 'secéndary amines however, though in
" poorer yields than obtained with‘ alcohols (80-85%). Side
products other than the carbene dimers were observed to be
formed in small yields, 'but were not ideﬁtified. Equations
30 and 31 show 'the two examples of this reaction that were

explored.
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Products were charactgrized by the usual methods and

.data is again reported in Appendix B.

N,CHCOOET . o
(CH4CH,),NH S (CHiCH,),NCH,COOET  (30)
: 87 '
N,CHCOOET
[(CH),CH],NH —— [(CHg),CH;NCH,COOET  (31)
-88

Three other substrates were reacted under the same

conditions. These were ethanethiol, ethanedithiol . and

thiophenol (eq: 32—34). Yield of these reactions were less:

satisfactory thén w;th aminés' and alcohols, 60 and 70%:for
the latter two respectively. Ethanethiol rapidly bréducedrah
unreactivé, insoluble adduct, similar to ¢the primar&
amines. | ,

Thé products frbm thg ethanedithiol and thiophenol
. were characterized as usual.

Significanf amounts of side producté'were observed ffom
the two sqccessful'reactions. In eacﬁ case, it appeared that
H> was lost, resulting in forﬁation of an S-S bond. Products
90 and 92 couid only be clearly se;n by GE/HS, as their

NnR resonances overlapped with the major products. The mode

of formation of these interesting products is unknownﬁ
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: N,CHCOOET ' :
CH,CH,SH . =~ No Reaction (32)
Pt (Il) ‘
HSCH,CH,SCH,COOET .
R N,CHCOOET (33)
HSCHOH,SH  — 89 -

| HSCH,CH,S-SCH,CH,SH
- 90

| ' SCHZCOOET .
N,CHCOOET 91 '
@SH B B
T OO
. 92

The formation of X-H insertion product probabiy
proceeds via the méchanism'discusséﬁ'oﬁ pages 53 and 54 of
this thesis. The hetéro atom donates a lone pair of elec-
trons to. ‘the highly electréphilic metal-carbene. The
platinum can then abstract the acidic proton and reductivel&

eliminate the product.

Summéry

Plafinﬁm(II) in the form of Zeise's dimer has proven

to be an excellent catalyst for the insertion of carbenes,

derived from diazoalkanes, into O0-H bonds. It is aléo'




| - L

129 .
effective at promoting insertions into N-H bonds and to a
-lessor degree into S-H bonds. This brief investigation'has

~opened a very promising area of research.
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EXPERIMENTAL

-Equipment and Chemicals

The 'H, '°C and '"?Pt NMR spectra were obtained on a
Bruker WM-250 NMR spectrometer. Infrared spectra were
obtainéd on a Nicolet 5DX FT-IR spectrometer. Nominal mass
spectra were obtained on a VG/MM16F (Vaéuum,Gaé/Micno Massf
spéctrometer interfaced to a Varian i400 series gas chromat-
ograph. Product mixtures were separated on a 15 meter SE-30
capillary column prior to mass'sp;ptrai analyéis; churate
mass results were obtained on a VG 7070E. mass spectrometer.
Elemental analysis were preformed by Galbraith labor-

atories.

Chemicals

Solvents:

The foilowing reagent grade solvents Wwere purchased
. from' Baker 'and used without fuﬁéher purification: Benzéne,
ethyl acetate, DMSO, p&ridine, CCl., ethanol, pentane,
hexane and heptane. Also froh» Baker were THF and diethyl
ether which weretdistilled 1ffom CaHz before use and CHClga
which was run throuéh ; short column of basic.alumina before

use.
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Pyridine d?, benzene d° and CDClsx were purchased from
either Stohler/KOR -Stable Isotobes or Norell Inc. and uééd
withouf further purification:

Reagents:

The following were purchased from Aldrich and used
without further purificatioﬁ: cyclopropyl benzene, Diazald,
1—ethyl—3-nitro-1-nitrosoguanidine, ethyl diazoacetate,
4-chlorobenzaldehyde, p—tolualdéhyde; benzophenone hydra-
zone, 9-fluorenone, dipyridal, 2,6-1lutidine, ethyl vinyl
ether, cyclqoctene, 1-methy1cyc10hexene{ norbonadiene,
5-methyl norbornene, dipentene, 1-octene, methyl acrylate,
allyl ethyl ether, 2-buteéene-1, 4-diol, diethyl amine,
diisopropyl amine; ethanethiol, ethanedithipl and thio-
Phenol.

Cyclohexene, isopropanol, tjbutyl alcohol and methyi
iodine were purchésed from Baker. Styrene was purchésed from
Eastman and‘ diefhylh maleate was purchaséd f;om'Chem Ser-
vides. All were used without furtheér purification.

Rh2( OAc) s was burchased from Strem Chemicals. Kz2PtCls
was purchased from Strem_ Chemicals or obtained via the

Johnson-Matthey Corporation preciohs metals ioan program.
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Synthesis of Substrates

Preparation of Platinacyclobutane 14

-_Compound 14 was_pnepared.by the method of Al-Essa and .

Puddephatt!*?®. Physical data can be found in the litera-

'tureina.tlb

Preparation of p-Methylphenyl Diazomethane

p-Methylphenyl diazomethane was prepared from ¢the
corresponding aldehyde by the method of Closs and Moss®.
The diazoalkane was storeq in an .amberibottle err dry ice
until used.
Preparation of p—Chlopthenyl Diagzomethane

pP-Chlorophenyl diazomefhane was prebared from the
corresppnding aldehydé by the method of Clbss and Moss‘.
The diazoalkane was stored 1in an amber béttle over dry ice
until used.

Preparafion of diphenyl diazomethane

Diphenyl diazomethane was prepared from benzophenone
hydrazopé _'according to the procedure of Smith and
Howard'**. o
Preparation of Diazofluorene

A solﬁtion of 6 g of 9<f1udpenone'(0.033 mo;e) in 60 ml
of ethanol was prépared. An equivalenf of hydrazipg h&drate

was added slowly and the mixture heated for 20 minutes. The

‘crystaline hydrazone was collected by filtration.




s L LU

133

An ether solution containing 4 g of the hydrazohe,f? g
of mercuric oxide and 2 g anhydrous 'sodium gulfate was.
prepared. To this, b.5 mlL of a saturéted KOH/EtOH soiuti;n
was added and the résulfing mixture stirred for 1 hr. The
sqlution was filterea and the solvent removed by qoto-
evaporation. The bright red product was recrystallizgd from
ethanol/water and the product isolated in 88% yield.

‘H: 7.92(2H,d); .7.52(25,d); 7.36(2H, £); 7.28(2H, t).
t3¢: 132.8(2C,8); 131.3(2C,s8); 126.2(2C,d); 124:4(20,d);

120.8(2C,d); 119.1(2C,d).

Preparation of Ylides

Formation of 46 from 14

To a stirred solution of 14 in 15 ml of CDCls at © ©C,
was bubbled a three fold excesé of diazomethane (Diazald).
The reaction mixture was'stirr;d for an additiopal hour, and
the volital products removed By‘vacuum distillation. Overail‘
yield of products was B83%, with styrene and phenyl cyclo-
.propane formed in a 5:1 ratio. The reaction was run'at room
‘temperature and at -70 °¢C by the"game method. Products were
formed in 80 and 75% yields respectively. The ‘ration of
styreqe to phgnyl cyclopropané was 3:1 and 1:5'reépect—
ively. Formation of 46 waé between 20 and ‘40% under all

conditions.
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Formation of 46 and 52 from Zeise's Dimer

Zeise'é diﬁer (200 mg, 0. 68 mmole) wés dissolved in 2
ml of ether by addition of 1 equivalent (54 1l) of pyri-
dine. This solution was quickly added to a solution contain-
ing a seéond equivalent of pyridine and a three fold excess
of either N2CH:z of N2 CHCHs (2.04 mmole) in 15 ml fo dry
ether. The reaction was stirred for one hour and the solvent
removed by ev;poration. The product was dissolved in
chloroform and purified by chloroform élution on a silica
gel chromatography column. The product isolated in 95% yield
for 46 and 80% yield for 52. A

Formation of 49 and 54

Zeiée'é dimer (200 mg, O0.68 mmole) was dissolved in
"2 ml of CHCls by addition of one equivalent of pyridine
(54 pl1) with stirring. A second solution containing one
équivalent of pyridine and one equivalent of the diazoalkane
(87 and 101 mg for p-methyl .and pP-chlorophenyl diazomethane
respectively) dissolved in 2 ml of CHCls. The two solutions
were mixed and vigorous gas evolution ensued; The reactioﬁ
was complete -in roughly 10 seconds. Products 53 and 54
were ©purified by chlorpform elution on a' siliéa gel
column. Yields were 25fand 75% respectively.
Reaction of Diphenyl Diazomethane and Pt(iI5

Diphenyl diazomethane was feaéted With Zeise's dimer

under the conditions described above. Only PtClz2(py):2 and
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Formation of 61

A solution of 200 - mg of Zeise'é dimer»and 54 ul of
pyridine in 1 ml of CDClz was placed in a 10 mm NMRVtube aﬁﬁ
lowered into a varible temperature, multi—ﬁuciear NMR
probe. The solution was then cooled to -40 ©°C. A secon&
so}ution containing 54 pl of pyridine and 78 yul of ethyl
diagoacetate was dissolve in 300 -ul CDCls and cooled on a
dry ice/CHCls bath ¢to gppfoximatgly -60 ©°C. When botﬁ
solutions had equilibrated, the first was removed from the

probe and the second added to it. The resulting solution was

quickly reinsépted into the probe and a proton spectrﬁm'

acquired. The temperature of the probe was gradually raised

to -10 °C, with constant monitoring of the solution by 'H

NMR. The reactionl was permitted to proceed until the

concentration of 61 reached: a maximum \(after about 30
minutes). The solution-was then cooled to -40 °C and '°C and
19%pt NMR spectra acquired.
Formation of 15 |

Ylide 15 was formed- from platinacyclobutane 14 by the
'hethod of Gillard'?*.
Formation of 68

Ylide ~46 (100 mg, 0.23 mmoles) was dissélved in a
solution of 5 ml CHCls and 5 ml CCls. The mixture was
refluxed for 2 hours, the solvent removed By rotoevaporation
and the mixture énalyzed by NMR spectroscopy. Relative yield

of 68 by NMR was 55%.
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tetraphenyl ethylene could be isolated from the reaction
mixture.

Formation of 55

Ethyl diazoacetate (78 ul, 0.68 mmole) was reacted with -

Zeise's dimer wunder the conditions described above, except
the reaction was run in an ice bath. The reaction was

complete (evidenced by the cessation of gas evolution) in 15

minutes. The product was purified by precipitation from a-

rapidly stirred solution of pentane. Isolated yield was 91%.

Thermal Isomerization of 55 £to 57 and 58

Ylide 55 (200 mgs, 0. 39 mmoles) was dissolved in 5 ml

of benZene and refluxed for 4 hours. The solvent volume was .

reduced to_2 ml b& rotoevapopation and the product precipit-

ated by pouring the solution into 6 ml of rapidly stirred

prentane. Products 57 and 58 were isolated in a 3:1 ratio in
90% yield.

Formation of 59

A benzene solution containing 200 mg of a mixture of
55, 57 and 58 and 95 mg (0.60‘mﬁoles) of 2,2'-bipyridal was
refluxed for 4 hours. The product was purified by ﬁre—
cipitation from pentane and isolated in 74% yield.
'Formation of 60 |

Compound 60 was . formed from a benzehe solution of
46 reacted under the <conditions described above. Isolated

yield was 68%.
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‘'Formation of 69

Ylide 55 (200 mg, 0. 39 mmole) is dissoived‘in 2 ml of
meth&l iodine at room temperature and permitted to stand for
four hours. The methyl ipdine was then removed by vacuum
distillation. The product mixture was separated on silica .
gei by elution with pentane, benzene, CHCljs, CﬁzClz and
methaﬁol. The benzene fraction contained three products
which displayed. only-platinum .coupled methyl groups in the
'H NMR spectrum. The chloroform fraction contained one major
product which was assigned structure 69,'a§ well as several
structural'isomers in lesser yield. Thé méthahol fraction
contained several products of unknown composition as well as
cis—Ptélz(py)z (stereoéhemistry confirmed by X-ray spectro-

scopy’.

Reactions of Ylides

ThermallDecompositiohg General

Attempts' were made to_ decompose various ylides by
refluxing them in benzene, or in Yarious olefins, ke-
tones or aldehydes. No products of interest were found under
these conditions and fhe ylides were recovered in nearly.
quantitative yields. |

Photochemical‘Decomposition; General

B The ylide (200 mg)_ was diséolved' in 20 ml of eithér
cyclohexene or norbornadieng.and placed in a watér jacketed

pyrex reaction - vessel. A mercury vapor lamp was placed near
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the vessel and the sample irradiated for 4 hours. The olefin
was removed by rotoevaporation ang the produéts analyzed by
NMR spectoécopy and/or GC/MS.

Ylide 46 yielded only PtCiz(py)z and an intractable
residue in cyclohexene. The séme reaction in norbornadiene
yielded trace' amounts of three products. B& GC?MS, two of
these products.'showed parent ions of 106 indicating mono
incorporation of CH:, while a third product showed a parent
ion of 120, indicating di-incorporation.of CH2.

Ylide 15 yielded PtCl2(py)2 and cyqloprop&l benzeﬁe in
gooa yields. This latter qompound was identified by GC/MS
-and NMR comparisén with an authentic sample.

Chemical Decomposition of 15

" Ylide 15 vielded cyclopropyl benzeqe on dissolution in
EtOH in nearly quantitative yield.

Ylide 15 (100 mg) was dissolved in 2 ml of CHCls and a

1 molar solution of KOH in water placed over the solution to

form a biphasic mixture. This Qas stirred vigorously for 12

hours at room temperature. The water layer was rémoved, the

chloroform solution dried with sodium sulfate and the

" solvent removed by rotoevaporation. Cyclopropyl benzene was '

again formed in nearly gquantitative yield.

Crossed Alkene Eormation; General

A three fold excess of a diazoalkane was added to a
chloroform solution containing 100 hg of an ylide. When gas

evolution ceased '(typically within 10 minutes), the
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chloroform was removed by rotoevaporation and the product
mixturé analyzed by Gd/MS. Iﬁ general, only dimérs of the
carbenes from the diazoalkane were formed. In the case of‘
vylide 55 in reaction with diazofldurene,'a smallhamount of a

product assigned'fhe structure 67 was observed.

The Formation and Decomposition of 71

Formation of 71

~Diazofluorene was reacted with Zeise;s dimer under the
conditions prepiously described for the formation of ylides
53 and 54, except that the ch;oroform solution was géntly
heated for 15 minutes. Compound 71 was isolated by precip-
itation from pentane in 94% yield. Crystals of 71 were grown
by slow diffusion of heptane into a chloroform solution of
71.

Formation of 75

A CDCls solution containing 200 mg of Zeise's dimer and
54 ul of pyridine was placedhin a 10 mm NMR tube and lowered
into a wvarible temperature,‘ multi-nuclear NMR probe.  The
solution was cooled to -40 °C while a second CDCiz solution
containing 54 ul of pyridine and 131 mg (0.68 mmoles) of
diagofluorene was prepared. The latter solution was coéléd
on a dry ice/acétone bath to roughly -60 °C and permifted to
equilibrate. The original solution was removed fpom the
probe, the two solutions quickly mixed and theﬁ returned to

the probe. A 1H,spectrumwas obtéined within two minutes of
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mixing. The solution was warméd to 30 ¢°C while being
" monitored by *H NMk . spectroscopy. intefmediate 75 was
observed to grow in. When it hadvreached maximum concentra-
tioh-(after about 30 minutes) the samﬁle was cooled to -40
°C and '*C and '"®Pt NMR spectral data obtained. ‘

Formation of 77

!

Platinacycle 71 was converted to ylide 77 in reflux-ﬁ

ing benzene by the method of Gillard!?*,

Formation of 78

Platinacycle 71 (100 g, 0.16 mmoles) was dissolved in
300 pl of DMSO and permitted to stir at room teﬁperature for

6 hours. The resulting mixture wés' dissolved in 5  ml of

chloroform and. repeatedly extracted with water. The chloro-

form solution was dried over sodium sulfate, filtered and

rotoevaporated. Compound 78 was isolated in 43% yield.

Cyclopropane Formation

Formation of 79

Zeise's dimer (200 mg) was dissolved in 500 ul of ethyl -

vinyl ether. After evolution of ethyiene had céased (about 5
minutes), 54 ul of pyridine was dadded to the mixture. The
monomeric platinum olefin species was precipifated from 5.m1
of rapidly stirred pentane, énd redissolved in.chloroform.-
To this solutian, 54 pul of pyridine and 131 mg of diazo-
flourene were added with stirrin§ and gentle heating. After

evolution of N2 had ceased (about 10 minutes), the product
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was obtained by precipitating platinum containing producfs
from penténe. Compound 79 was 1isolated from the penténe
layer in 78% yield. |
Forhation of 80

The reaction was run as for the formation of 79 with
the following mddificationsf A five fold excess of eth&l‘
vinyl ether was added ¢to the mixture, and no heat was
applied. The reaction was completed (based on Nz evolution).
Qithin 2 minutes. Cycloprépane 80 was isoiated' in 45%
yield. If the secénd‘equivaient of pyridine wés'not added,

the product could be isolated in 86% yield.

Catalytic Cyclopropanation

General |

To a stirred solution of the olef;n (3 ml), a catalytic
amount (20 mg) of either Zeise's dimer or Rhz(0Ac)s was
added. Ethyl diazoacetate (500 pl) was added dropw{se,over'Z
hours. The catalyst was removed by add;tion of 10 ml of
"peﬁtane and filtering tﬁe .precipitate. Excess olefin was
removed by rbtogvaporation or vacuum distillafion with the
higher boiling élef&ns. Proddct ratiog were determined by
comparing the carbonyl resonaces of the two isomers from
integratable '3C NﬁR spectra or by measurement of the total
ion current of al GC/MS trace. Regiochemical ra£ios were
assigned by intergration of the §1efin‘peaks from integrat-

able '3C NMR spectra. Isomers were assigned on the bases of
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- literature reports!®’, In all cases, ratios obtained by-the
standard cyclopropanation with the rhodium catalyst were

satisfactorily close to published values.

Insertion Reactions

Formation of 82

Zeises dimer (20 mq) ﬁas dissolved in 3 ml of 2-butene-
1,4-diol. Ethyl diazoacetate (506 nl) was added dropwise
with stirring over 2 hours. Platinum coﬁtainiﬁg spécies were
removed by precipitation with pentane and excess alcohoi by
rotoevatporation. Insertion’product 82 was isolated in 95%
yield. |

Formation of 83 : ’ . -

ZLeises Qimer (20 mgf ‘was dissolved in 450 'u; of
82. Ethyl diazoacetate- (2000 npl) was -added dropwise wiﬁh
stirring over 1 hour. The product was isolated in‘the normai
mannar in 85% yield.

Insertion reactions: General

All additionai insertion reactions were conducted as in
the formation of 82. Products were analyzed- .by GC/MS, 'H-

NMR and sometimes !'3C NMR spectroscopy.
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APPENDIX A

LISTING OF STRUCTURES BY NUMBER
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APPENDIX B

SPECTROSCOPIC DATA FOR SELECT COMPOUNDS




el Ll L

171
COMPOUND 46

'H NMR (CDCl3) .

py-1: o0-8.92(2H,d); m-7.25(2H,t); p-7.75(1H, t)
Py-2: 0-9.05(2H,d); m-7.62(2H, t); p-8.02(1H, t)
CH (ylide): 5.45(2H,s) 2Jpt-u-100 Hz

'3C NMR (CDCls) - . .
py-1: o0-151.7(2C,d); m-126.6(2C,d); p-139.8(1C, d)
Py-2: o0-143.3(2C,d); m-124.6(2C,d); p-137.1(1C, d)
CH (ylide): 30.1(1C,t) 'Jpt-¢-751 Hz

t75pt NMR (CDCls)*
1852

COMPOUND 52

*H NMR (CDCls3)

py-1: o0-8.86(2H,d); m-7.15(2H, t); p-7.7-7.5(m)
pPy-2: 0-8.91(2H,d); m-7.7-7.5(m; p-8.05(1H, t)
CH (ylide): 6.01(1H,q) 2Je¢-4-116 Hz

CHs: 1.80(3H, d) .

13¢c NMR (CDCls)

pPy-1: 0-151.7(2C,d); m-126.0¢(2C,d); p-139.8(1C, d)
PYy-2: 0-141.9(2C,d}); m-124.5(2C,d); p-136.8(1C, d) -
.CH (ylide): 38.5(1C,d) 'Jpt-c-766 Hz

CHs: 23.9(1C, q) .

193pt NMR (CDCl1l3)*
1839

COMPOUND 53

‘H NMR (CDCl3s)

py-1: o0-8.92(2H,d); m-7.12(2H,t); p-7.61(1H, t).
pPy-2: 0-9.01(2H,d); m-7.69¢(2H, t); p-8.02(1H, t)
CH (ylide)*®: 7.00(1H,8) 23Jpt-u-90 Hz

phenyl ring: 7.2(4H, m)

t3¢c NMR (CDCl3a)

py-1: o0-151.8(2C,d); m-125.5(2C,d); p-140.4(1C, &)

pPy-2: o0-143.5(2C,d); m-124.5(2C,d); p-136.6(1C, d)

CH (ylide): 43.9(1C,d) '3Jr¢-¢c-790 Hz : -

phenyl ring**: €1-136.6(1C,d), €C2-130.6¢2C,d), C3-C4-129.3
(3C,d and s)

195pg NMR ¢(CDC1l3)*
1878 .
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COMPOUND - 54

'H NMR (CDCl3)

py-1: o-8.90(2H,d); m-7.20-7.32; p-7.60-7.72
Py-2: ©0-9.05(2H,d); m-7.72-7.60; p-8.05(1H, t)
CH (ylide)**: 7.25(1H,s) 2Jpt-u-110 Hz
phenyl ring: 7.20-7.32

13Cc NMR (CDCls)

Py-1: 0-153.5(2C,d); m-125,8(2C,d); p-140.9(1C, d)

Py-2: o0-143.6(2C,d); m-124.5(2C,d); p-137.0C(1C, d)

CH (ylide): 48.9(1C,d) 'Jept-c-714 Hz .

phenyl ring**: C1-132.8(1C,s); C2-131.5(2C,d),
C3-122.6(2c,d), C4-141.1(1C, 8)

195pt NMR (CDClz)*
1886

COMPOUND 55

'H NMR (CDCls)

py-1: o-8.86(2H,d); m-7.2-7.3; p-7.5-7.7
py-2: o-8.52(2H,d); m-7.2-7.3; p-7.5-7.7
CH (ylide): 5.62(1H,s8) 2Jpet-u-118 Hz

CHz2: 3.89(2H, q)
CHa: 1.20(3H, ©)

15C NMR (CDClsz) oL :
py-1: 0-153,3(2C,d); m-125.9(2C,d); p-137.9(1C,d)
pPy-2: 0-150.5(2C,d); m-125.5(2C,d); p-137.2(1C, d)
CH (ylide): 26.9(1C,d) *Jet-c-796 Hz

CHz: 60.2(1C, t)

CHs: 14.3(1C,q)

C=0: 175.9(1C, 8)

195pt NMR (CDCli3)*®
1817

ELEMENTAL ANALYSIS .

Calculated for CiaHi1i602N2Cl2Pt: C-32.94; H-3.14; C1-13.92

Observed: C-32.64; H-3.27; Cl-14.13 .
COMPOUND 57

'H NMR (CDCls)

py-1: o-8.86(2H,d); m-7.2-7.3; p-7.5-7.7
py-2: ©0-9.05(2H,d); m-7.5-7.7; p-8.04(1H,t)
CH (ylide): 6.59(1H,s) 2Jpt-u-119 Hz -

CH2: 4.18(2H,dq, protons are not equivalent)
CHz: 1.26(3H, t)
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COMPOUND 57 (cont.)

'SC_NMR (CDCl3)
Py-1: o0-153.6¢(2C,d); m-126.1(2C,d); p-138.6(1C, d)
PYy-2: 0-151.9(2C,d); m-125.0(2C,d); p-137.1(1C, d)
. CH (ylide): 42.2(1C,d) 'Jdese-c¢-734 Hz

CHz: 60.9(1C, %)
CHa: 14.5(1C, q)
C=0: 176.6

‘7Pt NMR (CDClas)*
1984 ' '

COMPOUND 58

'H NMR (CDCla)

py-1: o-8.86(2H,d); m-7.2-7.3; p-7.5-7.7
Py-2: o0-8.86(2H,d); m-7.2-7.3; p-7.5-7.7

CH (ylide): 4.90(2H,s) %*Jp¢-u-123 Hz

CHz: 3.91(2H,dq, protons are not equivalent)
CHa: 1.34(3H,¢)

13c NMR (CDC1l3s) o
py-1: 0-153.4¢(2C,d); m-124.6(2C,d); p-137.8(1C, d)
py-2: 0-153.4(2C,d); m-124.6(2C,d); p-137.8(1C,d)
CH (ylide): 32.3(1C,d) *Jpt-¢-921 Hz

CHz2: 60.4(1C,t)

CHs: 14.2(1C, q)

C=0: NA

193p¢g NMR (CDCI3)*
1966

-

ELEMENTAL ANALYSIS (A 3:1 MIXTURE OF 2.14 AND 2.15)
Calculated for Cyi1asHyis02N2C12Pt: C-32.94; H-3.14; Cl1l-13.92
Observed: C-32.99; H-3.24; ‘C1-13.5¢9

COMPOUND 59

'H NMR (CDCls)

py-1: o-8.84(1H,d); m-7.32(2H,m); p-7.7-7.9
PY-2: o0-9.11(1H,d); m-7.7-7.9; p-8.13(1'H,'t)
CH (ylide): 6.58(%1H,s) %Jp¢-u-114 Hz

CHz: 4. 24(2H,dq, protons are not equivalent)
CHz: 1. 34(3H, t)
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COMPOUND 59 (cont.)

'3C NMR (CDCl3)

Py-1: NA

Py-2: NA

CH (ylide): 28.4(1C,d) 'Jre¢-c-866 Hz
CH2: 60.8(1C, t)

CHs: 14.3(1C, q)

C=0"": 173.2

1?3pg NMR (CDC1la3)*
1983

ELEMENTAL ANALYSIS .
Calculated for 014H1402N2012Pt C-33.07; H-2.76;
Observed: C-32.95; H-2.99; Cl-13.83

COMPOUND 60

!H NMR (CDCl3)
bipyrideness: 8.8(2H,d); 8.0-8,3(4H,m); 7.7(2H, m)
CH (ylide): 5.72(2H,s) 2Ju-u-97,Hz

COMPOUND 61

!H NMR (CDCla) '

Py-1 & 2; 0-8.65(4H,b); m-7.3(4H,b); p-7.8(2H, b)
ethylene: 4.65(4H,8) 2Jer¢-u-36 Hz '

CH (ylide): 5.39(1H, s} 2Jre-u—NA

CH2: 4. 2(2H, b) : :

CHz: 1. 2(3H, t)

'3Cc NMR (CDCl3)

py-1: o0-153(2C,d); m-128(2C,d); p-136(1C,d)
Py-2: 0-149(2C,d); m-125(2C,d); p-136(1C,d)
ethylene: 91(2C,t) 'Jept¢-c—-NA :

CH (ylide): 43.9(1C, d) 1Jpe-¢c-796 Hz

CHz2: 61(1C, t)

CHz: 14(1C, q)

C=0: 174

3Pt NMR (CDCl3)*
1792

Cl-13.98




- 175
COMPOUND 62

'!H NMR (CDCls)

py-1: Not resolved, similar t£to 2.18
ethylene: 4.58(4H,s) 2Jet-u-36 Hz
CH (ylide): 5.39(1H,s) 2Jert¢-u—-NA
CHz: 4.2(2H, b)

CHz: 1.3(3H, t)

13c NMR (CDCl3s) .

py-1: 0-151(2C,d); m-128(2C,d); p-139(1C, d)
ethylene: 88(1C,t) 'Jpe-c-NA

CH (ylide): 53.8(1C,d) 'Jert-c-NA

CHz: 63(1C, t)

CHa: 14(1C, q)

C=0: 179

‘7Pt NMR (CDC1la)*
1797

COMPOUND 68

'H NMR (CDCl3)

py-1**: o0-8.92(2H,d); m-7.26(2H,d); p-7.65(1H, t)
py-2**: 0-8.93(2H,d); m-7.28(2H,d); p-7.75(1H, ¢t)
CH: (ylide): 5.45(2H,s) 2Jp¢-#-131 Hz

COMPOUND 69

'H NMR (CDCls)

py-1: o-8.77(2H,d); m-7.25-7.35; p-7.70-7.82
py-2: o0-9.03(2H,d); m-7.25-7.35; p-7.70-7.82
CH (ylide): 5.88(1H,s) 2Jp¢-w-105 Hz

CH2: 4.18(2H, @

CHz: 1.32(3H,t) :

Pt-CHz: 2.02(3H,s) 2Jst-u-697 Hz

COMPOUND 71

'H NMR (CDCls) :
py: o-8.92(4H,d); m-7.2-7.8; p-7.2-7.8
fluorene: 2-8.38(2H,d); all others**-7.2-7.8
CHz: 3.17(4H,s) 2Jrp¢-nu-88 Hz
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py-1: o0-8.94(2H,d); m-7.
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COMPOUND 71 (cont.)

‘3¢ NMR (CDClz) : _

py: o0-149.3(4C,d); m-125.1(4C,d); p-138.1(2C,d)
fluorene: 1-152.3(2C,8); 2-153.4(2C,d); 3-119.7(2C,d);
' 3 4-118.7(2C,d); 5-129.0(2C,d); 6-141.0(2C, s);
spiral juncture: 60.8(1C,s8) ?Jpt-c-95 Hz :
CH2: -4.65(2C,t) 'Jpt-¢-376 Hz

'?3pPt NMR (CDCla)*

3350

ELEMENTAL ANALYSIS

Calculated for CzsHz202N2Cl.Pt: C-48.70; H-3.57; C1-11.53
Observed: C-48.39; H-3.63; C1l-11.71 : _

COMPOUND 75

'H NMR (CDC1l3)

0-8.5 ;
PYy-2: 0-9.20(2H,d); m-7.0-8.5 ;
fluorene**: all 7.0-8.5 '
Pt-CHz: 2.20(2H,d) *Jr¢-nu~NA
Pt~CHz2-CHz2: 2.68(2H, d)

h=I -]
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't3C NMR (CDC13) : ,

py-1: o0-150.4(2C,d); m-133.3(2C,d); p-144.30(1C, d)

Py-2: 0-149.8(2C,d); m-133.3(2C,d); p-142.401C, d) )

fluorene**: 1-144.3(2C,s8); 2-130.1(2C,d); 3-127.202C,d);
. 4-120.7(2¢C,d); 5-129.0(2C,d); 6-139.1(2C, 8)

Pt-CHz: -16.5(1C,t) 'Jrt-c-655 Hz o

Pt-CHz2-CHz2: 38.8(1C, t) '

spiral juncture: 82.5(1C, s}

193%pt NMR (CDCl1ai)*

1834

‘COMPOUND 77

'H NMR (CDCls)

py-1: o-8.61(2H,d); m-7-8 ; p-7-8
py-2:° 0-8.89(2H,d); m-7-8 ; p-7-8
fluorene**: all 7-8 ,
Pt-CH (ylide): 6.86(1H,t) 2Jpe-u-104
Pt-CH-CHz: 2.51(2H, m)

Pt-CH-CH2-CHR2: 4.68(1H, t)

LLL [
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'COMPOUND 77 (cont.)

t3Cc NMR (CDC1l3) o ' :

py-1: 0-153.7(2C,d); m*"*-127.3-124.4; p-139.8(1C, d)

py-2: o0-151.7(2C,d); m**-127.3-124.4; p-136.8(1C, d)

fluorene' 1-148.0(1C,s8); 1'-146.2(1C,s8); 2-142.7(1C, d);
2'-139.8(1C,d); all others®*-124.4-127.3

Pt-CH (ylide): 41.36(1C,d) 'Jet-c-810 Hz

Pt-CH-CH2: 39.7(1C, t) .

Pt-CH-CH2-CHR2: 46.5(1C,d) 3Jert-c-35 Hz

COMPOUND 78

'H NMR (CDCls)

cyclopropane: 0. 08(4H, s) ) :

fluorene: 2-8.40(2H,d); 3-7.35(2H,t); 4-7.22(2H,¢t);
5-7.72(2H, d)

t3c NMR (CDCl3) . :
fluorene: 1-141.1(2C,s8); 2-129.0(2C,d); 3-128.0(2C,d);

4-126.7(2C,d); 5-128.0(2C,d); 6-138.1(2C, s);
spiral junction®®: 78.0 . '
cyclopropane: 2.0(2C, t)

GC/MS
M*-192(100); 165(52)

COMPOUND 79

‘H NMR (CDCl3) o

cyclopropane: 4.13(1H,dd); 2.24(1H,dd); 1.98(1H, dd)

fluorene: 2-8.38(2H,d); 3-7.28(2H,t); 4-7.18(2H, t);
5-7.68(2H, d)

CHz2: 4.36(1H,dq); 4.06(1H,dq)

CHz: 1.09(3H, t)

t3C NMR (CDCls) :

fluorene: 1-144.3(2C,s); 2-134.5(2C,d); 3-124.1(2C,d);
4-120.1(2¢C,d); 5-128,9(2C,d); 6-134.1(2C,s);

spiral junction: 35.4(1C, S)

cyclopropane: 67.2(1C,d); 23.5(1C, %)

CH2: 66.7(1C, ¢t) ' :

CHa: 14.5(1C, q)

GC/MS
M*-236(6.3); 207(20.0); 191(14.0); 179(100Q)

Accurate Mass
Calculated fOP-C{TthOZ 236.]207
Observed Mass: 236.1204
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COMPOUND 82

'H NMR (CDCls)

olefins: 5.66(1H,dt); 5.51C(1H,dt)’
CH20H: 4.02(2H, d)

CH--0OR: 4.04(2H, d)

0-CH--COOEt: 3.93(2H, s8)

O0-CH2-CHs: 4. 05(2H, q)

CHz: 1.15(3H, )

OH: 3.18(1H, b)

13c NMR (CDCl3z) :

olefins: 133.1(1C,d); 126.5(1C,d);
CH:OH: 57.9(1C, t)

CH2-OR: 60.6(1C, t)

0-CH2 -COOEt: 66.4(1C, t)

0-CH2CHa: 67.0(1C, t)

CHs: 13.8(1C, q)

GC/MS
M"-174(0); 156(100); 143(4.5); 128(9.8)

‘COMPOUND 83

'H NMR (CDCl3)

olefins: 5.52(2H, )
CH2-0R: 3.99(4H, d)
0-CH2-COOEt: 3.85(4H, s)
0-CH2-CHs: 4. 00(4H,q)
CHi: 1.15(6H, t)

t3c NMR (CDCla)
olefins: 129.1(2C, d)
CH2-0OR: 60.7(2C, t)
0-CH2-COOEt: 66.5(2C, t)
-0-CH2CHa: 67.1(2C, t)
CHa: 13.8(2C,q)

GC/MS
NA

COMPOUND 84

'!H NMR (CDC1ls)

0-CH2-COOEt: 3. 76(2H,8)

ester: CHz: 3.95(2H,q); CHsz: 1.04(3H, t)
ether: CH2: 3.26(2H, q); CHsa: 1. 04(3H, t)

GC/MS - .
M'-132(3); 103(38); 87(100);
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COMPOUND 85

‘H NMR (CDCls)

O-CH2-COOEt: 3. 89(2H, 8)

ester: CHz2: 4.04(2H,q); CHaz: 1.18(3H, t)
ether: CH: 3.53(1H,m; CHa: 1.10(6H, d)

GC/MS
M*'-146(8); 117(54); 87100);

COMPOUND 86

‘H NMR (CDCla)

O-CH2-COOEt: 3. 79(2H, 8)

ester: CHz: 3.98(2H,q); CHz: 1.06(3H,t)
ether: CHs: 1.02(9H, t)

GC/MS " .
M*-160(0); 145(72); 117(12); 87(44); 57(100)

COMPOUND 87

‘H NMR (CDCls)

N-CHz2-COOEt: 4. 05(2H, 8) L
ester: CH2: 4.05(2H,q); CHa: 1.13(3H, t)
amine: CHz: 4.72(4H,m); CHa: 1.13(6H,d)

GC/MS
M*-159(4); 144(10); 130(21); 115(100); 100(100)

COMPOUND 88

'H NMR (CDClz)

N-CHz2 -COOEt: 4.16(2H,s)

ester: CH2: 4.15(2H,q); CHs: 1.40(3H, ¢t)
amine: CH: 4.72(2H,m); CHa: 1.25(12H,s)

GC/MS . .
M*-187(5); 172(7); 143(3); 127(33); 114(54); 99(100)

COMPOUND 89

‘H NMR (CDCl3)

S-CH2-COOEt: 3. 22(2H, 8)

ester: CHz: 4.19(2H,q); CHs: 1.30(3H, ¢t)
thiol**: CHz: 2.90(2H,dd); CHz2: 2.77(2H,dd)
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COMPOUND 89 (cont.)

GC/MS
M’-180(2)§ 178(12); 152(43); 146(11); 134(8); 105(78);
45(100) \
COMPOUND 90
GC/MS

M*-186(19); 184(100); 158(2); 156(4); 126(54); 124(73);
92(68); 64(69)

COMPOUND 91

'H NMR (CDClsz)

aromatiecs®®: 7.10-7.55

S-CH2-COOEt: 3. 65(2H, s) _
ester: CHz2: 4.19(2H,q); CHa: 1.15(3H, ¢t)

'3SC_NMR (CDCl3)

aromaties®*: 137-125

S-CH2-COOEt: 35.8(1C, t)

ester: C=0: 168.9(1C,s); CHz: 60.8(1C,t); CHa: 13.5(2C, q)

GC/MS .
M -196(100); "168(2); 151(3); 123(100); 109(32); 77¢33)

COMPOUND 92

GC/MS
M*-218(100); 185(18); 154(22); 109(100)

Z193pt data is referenced to a standard solution of 1 molar
K2PtCNs in D20 at 25 °C. This standard is used rather than
the more commonly used Na:2PtCls, because it is less suscep-
table to temperature and it resonates at higher field than
most organometallic compounds. This latter feature permits
chemical shifts to be reported as positive values, as with
other nuclei. The platinum chemical shifts reported in this
thesis may be converted ¢to the platinum hexachloride
standard by subtracting 4736 ppm. '

*~-These values were not rigorously determined.
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