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Abstract:
It has long been known that Zeise’s Dimer inserts into cyclopropanes to form platinacyclobutanes.
However, not all platinacyclobutanes are stable, and several have been shown to form novel organic
products. It has also been shown that pi electron donors on the cyclopropane will stabilize the incipient
carboncation formed by the platinacyclobutane. Various tactics can then be used to further direct the
chemistry.
The first thrust of this research utilized strained ring systems to affect the chemistry about the
platinacyclobutane. In the first example, 2,7,7-trimethyltircyclo[4.1.1.0^2,4]octane forms a
platinacyclobutane in the presence of Zeise’s Dimer which subsequently undergoes a carbocation
mediated bond migration to form l,7,7-trimethyl-2-methylideyl-endo-6-chlorobicyclo[2.2.1]heptane. In
the second case, cis tricyclo[5.1.0.0^2,4]octane undergoes a novel transformation upon treatment with
Zeise’s Dimer and triphenyl phospine to form 3-(chloromethyl)-6-methylidenyl-1 -cyclohexene. This is
thought to be due to the proximity of the second cyclopropane to the first cyclopropane.
A second method utilized in the stabilization of the incipient carbocation generated by a
platinacyclobutane is the use of an olefin alpha to the cyclopropane. Platinacyclobutanes from these
systems undergo a rearrangement to form methylene tethered pi allylic complexes which have the
unique ability to undergo a variety of regio and stereo-selective nucleophilic additions without
decomposition of the complex. These complexes can then be decomposed utilizing a variety of
methods yielding a plethora of interesting organic products based on the original diene that the
cyclopropane was generated from.
A third method used to direct the chemistry resulting from platinacyclobutanes is the use of the lone
pair of electrons on a heteroatom, in this case sulfur and nitrogen.
Both demonstrate the ability of a hetero atom to direct the chemistry of platinacyclobutanes. However
in the case of amino cyclopropane, the nitrogen complexes to one platinum atom before a second
inserts and thereby prevents chemistry alpha to the amine. In the case of phenyl cyclopropyl sulfide,
the addition of Zeise’s Dimer yields a rearrangement of the cyclopropane to a propenyl moiety.
In all cases, it was shown that the nature of the platinum carbon bond polarization in a
platina(IV)cyclobutane is platinum minus carbon plus. Also, this thesis helps define how pi donating
substituents on cyclopropanes direct the subsequent chemistry of platinacyclobutanes formed from
these cyclopropanes.
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ABSTRACT
It has long been known that Zeise’s Dimer inserts into cyclopropanes to form
platinacyclobutanes. However, not all platinacyclobutanes are stable, and several have
been shown to form novel organic products. It has also been shown that pi electron
donors on the cyclopropane will stabilize the incipient carboncation formed by the
platinacyclobutane. Various tactics can then be used to further direct the chemistry.
The first thrust o f this research utilized strained ring systems to affect the
chemistry about the platinacyclobutane. In the first example, 2,7,7trimethyltircyclo [4 .1.1.02,4]octane forms a platinacyclobutane in the presence o f Zeise’s
Dimer which subsequently undergoes a carbocation mediated bond migration to form
l,7,7-trimethyl-2-methylideyl-e/?tifo-6-chlorobicyclo[2.2.1]heptane. In the second case, cis
tricyclo[5.1.0.02,4]octane undergoes a novel transformation upon treatment with Zeise’s
Dimer and triphenyl phospine to form 3-(chloromethyl)-6-methylidenyl-1-cyclohexene.
This is thought to be due to the proximity o f the second cyclopropane to the first
cyclopropane.
A second method utilized in the stabilization o f the incipient carbocation generated
by a platinacyclobutane is the use o f an olefin alpha to the cyclopropane.
Platinacyclobutanes from these systems undergo a rearrangement to form methylene
tethered pi allylic complexes which have the unique ability to undergo a variety o f regio
and stereo-selective nucleophilic additions without decomposition o f the complex. These
complexes can then be decomposed utilizing a variety o f methods yielding a plethora o f
interesting organic products based on the original diene that the cyclopropane was
generated from.
A third method used to direct the chemistry resulting from platinacyclobutanes is
the use o f the lone pair o f electrons on a heteroatom, in this case sulfur and nitrogen.
Both demonstrate the ability o f a hetero atom to direct the chemistry o f
platinacyclobutanes. However in the case o f amino cyclopropane, the nitrogen complexes
to one platinum atom before a second inserts and thereby prevents chemistry alpha to the
amine. In the case o f phenyl cyclopropyl sulfide, the addition o f Zeise’s Dimer yields a
rearrangement o f the cyclopropane to a propenyl moiety.
In all cases, it was shown that the nature o f the platinum carbon bond polarization
in a platina(IV)cyclobutane is platinum minus carbon plus. Also, this thesis helps define
how pi donating substituents on cyclopropanes direct the subsequent chemistry o f
platinacyclobutanes formed from these cyclopropanes.

I

INTRODUCTION

Historical Preface

The histoiy o f organometallic chemistry is quite rich and older than might be
expected originating in 1827 with a compound discovered by a Danish pharmacist Zeise,
commonly known as Zeise’s salt, I .1 The true nature o f this salt was not understood
unambiguously until Wunderlich and Mellor reported the first X-ray crystal structure in
1954 (See Figure I ) / Zeise’s salt I launched a branch o f chemistry, and even though this
branch is nearly two centuries old, the chemistry has not seen its utility exhausted.
Indeed this thesis relies entirely on the novel chemistry that a closely related
complex, Zeise’s dimer, 2, ( see Figure 10) exhibits when it is allowed to interact with
cyclopropanes to form platinacyclobutanes. Platinacyclobutanes were initially discovered
in the fifties and received a good deal o f attention at the time. However, by the late sixties
it appeared that interest had waned. In the early eighties, interest in this area was
revitalized by Jennings for its mechanistic and synthetic potential. His work with
platinacyclobutanes took a general course. First, an olefin is cyclopropanated using
standard organic methods. Second, Zeise’s dimer 2 is reacted with the cyclopropane to
form a platinacyclobutane. Third, the platinacyclobutane is treated with a series o f
reagents to effect the release o f the organic substrate, yielding an organic product. When
one examines the overall effect o f this method, a ubiquitous olefin undergoes a novel
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organic transformation while yielding mechanistic insights into all o f organometallic
chemistry. This thesis further examines the chemistry o f platinacyclobutanes which have
an electron donor in the a position. Before launching into a discussion o f that chemistry,
it would be useful to the reader to present an overview o f bonding, common mechanistic
pathways, and structure elucidation in the organometallic/organoplatinum arena.

Bonding

TCBonding in Organoplatinum Complexes
In the preface to this thesis, it was mentioned that Zeise’s salt I was the first
organometallic complex to be described. In addition, it was the first complex known to
exhibit transition metal Tt bonding to an olefin. In this case, the Tt bonding is between
platinum and ethylene (Figure I).
Carbon monoxide and other related ligands such as nitrosyl and the isocyanides are
probably the most common n bonding ligands. However, since n bound olefins are
important to the chemistry discussed in this thesis, the discussion will center on this ligand.

H

H Cl

H....Cl
I

Figure I. Zeise s Salt I.
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The first thing that should be noted in the bonding o f ethylene or any other olefin
to a transition metal is that the carbon-carbon bond o f the olefin is most often
perpendicular to the plane o f square planar complexes. The predominate factor
influencing the orientation o f the olefin is the steric effect from the other ligands.3
However, one rare example where the olefin (styrene) is coplanar to the other ligands is a
compound described by Miki et al .4 Before engaging in further discussion o f the k
backbonding, an overview o f the general orbital interactions o f Tt bonding to metals would
be useful.
The orbital picture for organometallic Tt bonds goes back to the Chatt, Duncanson,
and Dewar model.5’6 This involves two interactions, the first o f which is a a type
interaction where the electrons in the Tt bond o f the olefin are donated into the empty dap2
hybrid orbital on the metal as shown in Figure 2.

HH

Figure 2. The Olefin Orbital Electron Donation to an Unfilled dsp2 hybrid Orbital.

The second interaction is the back donation o f the filled dyz, d%z or d%y orbital on the metal
to the T t * orbital on the olefin as shown in Figure 3.

4
HH
C

C
HH
Figure 3. D onation o f d Electrons Into 7t* Orbital.

In Figure 4, we see the combined interaction o f this type o f bonding to give a complete
picture o f a typical Tt bond to a metal.

Figure 4. Com bined B onding Interaction.

In Figure 5, w e see a depiction o f both extremes o f the Chatt, Duncanson, and
Dewar model. In the first case, no back bonding occurs and the olefin is free to adopt any
orientation that would be least sterically hindered. This extreme would also be
theoretically marked by a completely planar ethylene ligand, as it is the backbonding that
adds sp3 character to the olefinic carbons. In the other extreme case, the backbonding is
complete and formal bonds exist between the metal and the two carbons o f the olefin
forming a metallacyclopropane. This would give rise to hybridization approaching sp3 at
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both carbons and hence the protons would be bent away from the metal. Additionally, the
carbon-carbon bond is lengthened as back bonding increases. The neutron diffraction
structure o f Zeise’s salt I exhibits an intermediate case on the continuum between these
two extremes.7

T T l T

Figure 5. Bonding Extremes.

Bonding o f n Allylic Metal Systems
Closely related to olefins are T i allylic ligands. Formally, the n allylic moiety is a
singly charged, r|3, four electron donor to the metal. Two representations o f allylic ligands
have been presented, one as two resonance structures, the other as a truly delocalized Tt
system (Figure 6).

M
Figure 6. tc AIlyl Resonance Structures.

The suggestion from the two resonance structures is that there are a bound and n
bound ligands to the metal. This view is illustrative for accounting purposes. However, in
x-ray structures, the carbon-carbon bonds o f the r|3 form are the same length.8
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Additionally, the reactivity o f the terminal carbons is the same, but considerably different
from the central carbon. This is in stark contrast to what would be predicted using the
resonance structures.
Another good example o f the differentiation between these two models is
nucleophilic attack o f a 7t allyl complex. Nucleophilic attack o f n allyls occurs at the
terminal carbons as opposed to the central carbon, with a few notable exceptions. If the
frontier molecular orbitals o f this type o f system are examined, the three molecular orbitals
o f the allyl moiety, as well as the two molecular orbitals on the metal that interact with it
first must be taken into account. In Figure 7, the five molecular orbitals o f the allyl moiety
and the metal that interact with it are illustrated. tF j is the bonding orbital for the allyl and
can interact with the dc orbital on the metal. tF2 is a nonbonding orbital and interacts with
the d ^ metal orbital and vFs is the allylic antibonding orbital.

Figure 7. n Allyl Orbital Interactions.
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Ti Allvlic Complexes

Reaction o f Metal n Allvlic Systems
Examination o f the frontier molecular orbitals (FMO) leads to the important
observation that vF2 is the lowest unoccupied molecular orbital (LUMO) when the metal is
electron deficient, therefore when complexes o f this type are attacked by the electrons o f a
nucleophilic reagent, the attack occurs on T 2, i.e. the terminal carbons. Also, this attack
occurs most often from the face opposite the metal. The electron deficiency o f the
complex which makes it susceptible to nucleophilic attack generally occurs for one o f two
reasons: either it has a high oxidation state or the metal has other electron deficient
ligands. In either case, the end product o f such an attack is typically a n bound olefin as
shown in Figure 8.9 This type o f nucleophilic attack is by far and away the most useful
and exploited chemistry o f metal n allylic systems. In cases where the metal is electron
rich, T 3 is the LUMO. Therefore, when nucleophilic attack occurs it happens at the
central carbon.

Nu: --------- ►

Nu
^XJ
M

Figure 8. Nucleophilic A ttack o f a Tt Allylic Complex.
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Formation o f T i Allvlic Complexes
Pi allylic complexes can be generated by a number o f methods. Three o f the most
common are illustrated in the following list.10
I . From alkenes by hydride elimination.11

M -H
2. From allylic compounds by nucleophilic attack on the metal.12

+

MX

-►

A

+

XSnMe3

M
3. From an allyl compounds by electrophilic attack o f the metal by the ligand.13

/Z N /

+ MLx'

»

+ LX
MLx .]

Oxidative Addition and Reductive Elimination

It would be well beyond the scope o f this introduction to have a comprehensive
and detailed discussion o f the oxidative addition or reductive elimination topics since
major chapters o f organometallic textbooks are dedicated to these subjects.14,15 Rather,
this introduction will concentrate on the most important one o f the four mechanisms o f
oxidative addition. As it is the chemistry o f this pathway that is germane to this thesis.
The mechanism that will be discussed is referred to as the three-center addition and is
illustrated in Figure 9. Interestingly, when the concept o f microscopic reversibility is
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applied, it is this mechanism that is invoked for reductive eliminations which yield organic
products.16

M + R -R

<

m

R
;; I
R

>

R—M —R1

Figure 9. Three C enter Oxidative Addition.

While Figure 9 is a cartoon example o f a three center addition, it illustrates the
salient features o f all oxidative additions. The metal has undergone a formal oxidation in
which the oxidation state, electron count and coordination number have all increased by
two. In general, three center additions are the type o f oxidative addition which require a
nonpolar bond (most commonly hydrogen gas or hydrogen silicon) in which to insert. Less
commonly, the metal may insert into carbon hydrogen or strained carbon-bonds. Among
the important aspects o f a three centered addition are that the initial addition is cis, and
that the polarity o f the solvent is generally unimportant.

Formation o f Platinacvclobutanes via Oxidative Addition
A good example o f this type o f addition is McQuillin's modification o f Tipper’s
method in which platinum (II) (Zeise’s dimer 2) inserts into a cyclopropane to yield a
platinacyclobutane as shown Figure IO.17'18
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Figure 10. Exam ple o f O xidative Addition.

This reaction demonstrates all o f the aforementioned features o f a three center oxidative
addition. The platinum has gone from a platinum(II) to a platinum (IV), from 16 to 18
electron complex, and the coordination number has gone from four to six. Although only
the four charged ligands are shown in the platinacyclobutane, note that it is a tetramer and
the remaining coordination sites are filled as a result o f the chlorides bridging. The
strained carbon ring has added cis to the metal and, unlike other additions which could
rearrange, in this case must remain cis due to the methylene tether. While the oxidative
addition o f cyclopropanes is not the only case o f a metal inserting into a strained ring19, it
is quite uncommon for metals to insert into other sized rings.20 The other common
example o f this type o f reaction is the oxidative addition o f epoxides. However these
reactions proceed via a different reaction mechanism and therefore should not be
considered in the same light as the oxidative addition o f cyclopropanes.21

/
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Platinacyclobutane Complexes

Discovery and Structure Elucidation o f
Platinacvclobutanes
The first platinacyclobutane was prepared by Tipper in 1955 using cyclopropane
gas 3 and hexachloroplatinic acid in acetic anhydride. Tipper did not realize however,
what he had produced.22 The structure that he proposed for the product was a neutral
interaction like a Tt bound olefin, based on the Walsh type orbitals o f cyclopropane. This
assumption is not entirely unreasonable given the data that Tipper had collected.
Cyclopropanes were known to behave and react in a manner similar to olefins. This led
Walsh to propose the Sp2 hybridized orbital set shown in Figure 11. 23’24,25
As can be seen in Figure IT, the combination o f Ttl and TtS orbitals or ti2 and TtS
orbitals appear as if they would be able to form a Tt type bond with metals as ethylene
does. This may in fact be the reason that an edge bound metal complex was suggested as
the first step in the platinum insertion into a cyclopropane.26
It had been suggested by Chatt and coworkers that the solid product that falls out
o f the ethereal solution, the initially precipitated complex (IPC), was either an oligomer or
a polymer. Subsequently Fast Atom Bombardment (FAB) analysis by Gillard et al.
indicated that the IPC is actually a tetramer as shown in Figure 12 27 It was not until 1960
that Chatt and coworkers demonstrated by infrared and nuclear magnetic resonance
(NMR) spectroscopy that the cyclopropane had oxidatively added to yield a
platinacyclobutane 28,29 One o f the key discoveries that allowed the NM R work to be
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performed was the observation that upon the addition o f a strong ligand, such as an amine
to the IPC, a monomeric species was formed and increased the solubility to a point that
NMR analysis was possible (Figure 13). This observation was later confirmed by Gillard
et al. in their 1966 x-ray structure o f the pyridine monomer.30

n

Energy
Nonbonding
Level

13

Cl

4
Figure 12. Suggested Tetram eric Structure (IPC) for PIatinacyclobutanes.

McOuillin’s Method o f Platinacvclobutane
Formation
While Tipper’s methodology o f adding cyclopropane to hexachloroplatinic acid in
acetic anhydride yielded the first example o f a platinacyclobutane, it could not be
generalized to substituted cyclopropanes.3132 However, McQuillin et al. demonstrated
that Zei se ’s dimer 2 would react with a variety o f cyclopropanes to form
platinacyclobutanes.33,34,35,36 Given that the tetrameric nature o f these solids makes them
extremely difficult to characterize, the teteramers are typically treated with two
equivalents o f a suitable neutral ligand, such as pyridine, acetonitrile, or tetrahydrofuran
(THF) to form the monomers as shown in Figure 13. It is these monomeric species that
have received nearly all o f the efforts o f characterization by nearly all techniques, including
NMR work which will be discussed later in this introduction.
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Figure 13. O xidative Addition and M onom er Formation.

Puddephatt Rearrangement
In a 1976 paper, Puddephatt et al. demonstrated a rearrangement o f
platinacyclobutanes that now bears his name and is paramount to understanding all further
chemistry o f these complexes.37 When a platinum (II) source (Zeise’s dimer 2) interacts
with an unsymmetrically substituted cyclopropane, the platinum may insert into a specific
bond. However, it can then undergo a rearrangement from this bond to either o f the other
two carbon-carbon bonds that make up the cyclopropane to form the other possible
platinacyclobutanes. This is illustrated in the initial rearrangement that Puddephatt
discovered. When phenyl cyclopropane 5 was allowed to react with Zeise’s dimer 2, only
one platinacyclobutane 6 was initially observed by NMR, utilizing the addition o f pyridine
as a ligand. However, when this mixture was allowed to sit in chloroform, within 45
minutes at 50 0C the product isomerized into the mixture o f products shown in Figure 14.
It is o f note that the mixture was roughly a 2 to I ratio in which the initial
platinacyclobutane 6 observed was now the minor isomer.
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Figure 14. Puddephatt Rearrangement.

Further studies o f the Puddephatt rearrangement have shown that the rearrangement was
not due to alkyl shifts and that all stereo- and regio-chemistry about the cyclopropane was
preserved.38,39,40 An additional observation is that any further chemistry from a
platinacyclobutane need not come from the isomer o f the platinacyclobutane that was
observed. Perhaps one o f the best examples o f this comes from Williams’ formation o f
phenalene 10 as shown in Figure 15.41 In this case, the exclusive product o f the
platinacyclobutane 9 after reflux in benzene was the olefmic product phenalene 10. This
product was proposed to arise from the platinacyclobutane in which the platinum had
inserted into the central bond, but interestingly enough this platinacyclobutane was never
directly observed.

16
PtCl2L2
1) Z D
2) Py

8
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10

Figure 15. Form ation o f Phenalene 10.

Diversity and Limitations o f
Platinacyclobutane Formation
The versatility o f McQuillin’s methodology allows for the formation o f an
extremely wide variety o f platinacyclobutanes. In a review article by Jennings and
Johnson, greater than 70 platinacyclobutanes generated using McQuillin’s method were
summarized. Despite this number, there are still limitations to the methodology.42 First,
Zeise s dimer 2 will not typically insert into a cyclopropane that possesses any electron
withdrawing group. Hoberg was able to overcome this limitation for cyclopropanes with
a ketones.43 The ketone was first transformed to the ketal. Then upon treatment o f
Zeise’s dimer with the cyclopropane the platinacyclobutane formed. Finally deprotection
o f the ketal yielded the ketone substituted platinacyclobutane as shown in Figure 16.44
Second, the more substituted the cyclopropane, the less likely it will be that Zeise’s dimer
2 will insert.

17

15
Figure 16. Form ation o f Acetyl Substituted Platinacyclobutanes.
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Other than the restriction o f no electron withdrawing groups on the cyclopropane,
there seems to be little limitation on the insertion o f Zeise’s dimer into monosubstituted
cyclopropanes as evidenced by the wide variety o f alkyl and aryl monosubstituted
platinacyclobutanes listed in Johnson’s review artjcie 45-46-47'48>49’50.51’52’53-54'55-56.57.58-59'60
Geminally disubstituted alkyl and aryl cyclopropanes also reacted with Zeise’s dimer 2 to
form platinacyclobutanes. While only five o f these cyclopropanes have been demonstrated
to undergo this reaction, this is most likely a reflection o f the lack o f variety o f starting
materials rather than a lack o f generality o f the method .61’62’63’64’65"66,67’68 In a similar
fashion, a small series o f alkyl and aiyl trans-1,2 disubstituted cyclopropanes inserted
platinum (II) to form stable platinacyclobutanes.69,70,71,72,73,74,75,76
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Cis-1.2-Disubstutited Platinacvclobutanes
Given the versatility o f this reaction, it might be assumed that nearly any alkyl or
aryl substituted cyclopropane would react with Zeise5s dimer 2 to yield a
platinacyclobutane. However, initial attempts at formation o f platinacyclobutanes from
cis-1,2 disubstituted cyclopropanes led only to the observation o f starting materials or
decomposition o f the platinacyclobutanes to form olefins.77’78’79,80
In a 1969 communication, Volger et al. reported that the interaction o f Zeise5S
dimer 2 with both exo-tricyclo[3.2.1.02,4]oct-6-ene 17 and exo, exotetracyclo[3.3.1.02’4.06,8]nonane 19 gave edge bound complexes as shown in Figure 17.81

20
Figure 17. Volger's Proposed Structures.

However, in his 1980 review article, Puddephatt called these structures into question.
Puddephatt never suggested that these structures were platinacyclobutanes, perhaps due
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to the initial reports that cis substituted cyclopropanes were not stable! However, he
expressed doubt as to whether these were edge bound complexes.82 Shortly after
Puddephatt' s review, Jennings and Waddington reexamined VoIger's work. Based on
NMR analysis o f the reaction products it was concluded that Vogler's postulates were in
error and that the platinum had indeed undergone an oxidative insertion. The actual
structures were the platinacyclobutanes shown in Figure 18.83

Figure 18. Insertions into Norbornyl Cyclopropanes.

These two norbomyl structures and one reported by Takaya et al. (Figure 19), represent
the first observed cis-1,2 disubstituted platinacyclobutanes.84
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Figure 19. Stable Cis Disubstituted Platinacyclobutane.

After these seminal discoveries, Jennings and coworkers produced a few bicyclic
platinacyclobutanes (Figure 20),85'86’87’88,89 as well as a whole host o f tricylic
platinacyclobutanes to which Wiberg et al. added o n e.90 (Table I)
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Figure 20. Bicyclic Platinacyclobutanes.
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Table I. Tricyclic Platinacyclobutanes
Complex

PtCl2Py2

#

Reference

107

Complex

Reference
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Trisubstituted Platinacvclobutanes
After the success that the Jennings group had synthesizing and exploring the
chemistry o f the cis disubstituted tricyclic platinacyclobutanes, the question arose whether
the trisubstituted cyclopropanes might react with Zeise s dimer 2 if the trisubstituted
cyclopropane incorporated the stabilizing feature o f a norbomyl system. In a wide variety
o f cases, the norbomyl system causes the cyclopropane to be susceptible to electrophillic
attack by the platinum giving stable platinacyclobutanes as illustrated in Table 2. The
success o f this method presumably relied on the fact that the insertion eliminated some
ring strain. This methodology proved so powerful that, even with an electron withdrawing
group such as an ester as one substituent, the insertion will occur if the norbomyl system
has an olefin in the homoallylic position. (See Figure 21)

Figure 21. Insertion of Z.D. 2 into a Cyclopropane with an Electron Withdrawing
Group.

The presence o f the transannular olefin is thought to have two effects which allow
the insertion to occure. First, it adds to the ring strain o f the system. Additionally, it is
presumed that the olefin has the ability to donate some o f its electron density to the
electron deficient cyclopropane, thereby rendering the cyclopropane less electron deficient
and more subject to elecrophilic attack by platinum.108
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Table 2. Trisubstituted Platinacylcobutanes.
#

Complex

Reference

Reference

Complex

HO

109

// X v y / [XCH20H
PtCl2Py2
CH2OMe

56

lICl2Py2

CH3

58

PtCl2Py2

PiCl2Py2

120

PtCl2Py2

ZV

PtCl2Py 2
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NM R Spectroscopy o f Organoplatinum Complexes

While the contributions o f IR spectroscopy and X-ray crystallography have
contributed greatly to the field o f organoplatinum chemistry, NM R spectroscopy has
become the generally preferred tool o f the organometallic chemist as it has become more
powerful and accessible over the last three decades. While X-ray crystallography is still
the definitive elucidation technique in organometallics, it has the drawback o f requiring a
single crystal. For some classes o f unstable compounds, the formation o f suitable crystals
is nearly impossible. Fortunately, over the last decade and a half, the power and ease o f
use o f NM R spectroscopy has increased immeasurably, making the elucidation o f at least
the organic portion o f organometallics generally achievable.
Organoplatinum chemists have a unique advantage when using NM R spectroscopy
over the vast majority o f the organometallic community, due to the fact that 195Pt has a
spin !/2 and has a relatively large magnetogyric ratio o f 5.75y/107 rad T 1 s'1. In addition,
195Pt has short T l and T2 relaxation times, and a natural abundance o f 33.7% .121 While
many elements have some o f these characteristics, few if any metals have the combination
o f these that makes platinum and platinum-containing compounds so easy to observe
directly using NM R spectroscopy. More importantly to the organoplatinum chemist, the
ease o f observation o f platinum coupling in the 1H and 13C NM R spectroscopy facilitates
structure elucidation.122
However, if the complex has a number o f protons with similar chemical shifts and
the protons have a great deal o f coupling to one another, the spectral complexity increases
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to the point that they becomes difficult to interpret. Add 195Pt coupling to these complex
proton spectra and they often become so cumbersome that the spectra are o f diminished
value. Fortunately in many cases, 13C NM R spectroscopy with its wide chemical shift
range, lack o f carbon-carbon coupling, platinum-carbon coupling and platinum induced
shift effects often yield sufficient information to overcome the ambiguities generated by
the proton spectral complexity. More specifically, the presence o f platinum tends to shift
the resonance position for carbons directly bonded to it upfield. Since only 33.7% o f the
platinum is 195Pt, carbon NM R signals tend to look like triplets, with the peaks in a 1:4:1
area ratio. These couplings tend to be quite large for 1JptC. For example, in the case o f n
bound olefins, the platinum induced upfield shift typically brings olefins into the 70 to 85
ppm range with approximately 250 Hz platinum coupling.123 For a bound carbons, the
upfield shift is quite pronounced. In general, platinum bound methylenes tend to resonate
in the range from -20 ppm to 60 ppm, with most resonating in the -15 to 20 ppm range.
The coupling also varies greatly, but the range is generally 300 to 700 Hz. Carbons which
are tw o bonds away from the platinum tend not to have their shifts affected and often have
relatively small 2Jptc couplings. In general, these couplings run from 0 to 50 Hz for
nonplatinacyclobutanes and 30 to 120 Hz for the ring carbons that are 2J disposed in
platinacyclobutanes. The 3Jpt-C bond couplings are often greater than that o f 2J couplings,
ranging from 50 to 100 Hz. Given this type o f shift and coupling information together
with Distortionless Enhancement by Polarization Transfer (DEPT) information, it is then
generally quite easy to elucidate the carbon skeleton o f an organOplatinum complex.
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Reactions o f Organoplatinum Complexes

Addition o f Hydrogen Gas Liberating the
Organic Moietv
The addition o f hydrogen gas has long been considered a mild, yet powerful
method for releasing the organic moiety o f organometallic complexes. In fact, it was in
McQuillin's first paper on platinacyclobutanes in 1968 that he reported on the
hydrogenation o f several organoplatinum com plexes.124 These reactions gave rise to a
number o f alkyl products as shown in Figure 22. In addition, this method is often used to
probe the carbon skeleton which was the case in McQuillin's original paper. Before the
structure o f platinacyclobutanes was well understood, the liberation o f the organic moiety
by the addition o f hydrogen gas added credence to the hypothesis that the complexes
isolated were indeed platinacyclobutanes. This was done by showing that the addition o f
Zeise's dimer 2 to a cyclopropane followed by the addition o f hydrogen gas had broken a .
carbon-carbon bond in the cyclopropane bond.
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Figure 22. Results of Hydrogenation.
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Olefin Products from Platinacvclobutanes
The Unstable Nature o f C is-1.2 disubstituted
Platinacvclobutanes
In the early works o f both Brown and McQuillin, they suggest that cis-1,2disubstituted cyclopropanes when allowed to react with Zeise’s dimer 2 form unstable
platinacyclobutanes which spontaneously rearrange to form n allyls; these tc allyls often
decompose to olefins especially if treated with potassium cyanide.125,126 The classic
(
example o f the decomposition o f an IPC via potassium cyanide is the platinacyclobutane
derived from norcaranei This reaction was discovered by McQuillin who observed olefinic
products upon treatment o f the IPC(derived from norcarane 25) with aqueous potassium
cyanide. This reaction was investigated further by Parsons and Jennings who were able to
isolate and elucidate the structure o f the monomeric platinacyclobutane derived from
norcarane and describe additional olefinic products from the treatment o f the IPC with
aqueous potassium cyanide. (Figure 23).127,128
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Figure 23. Formation of Olefinic Products from Norcarane.

This reaction, while yielding a plethora o f products, illustrates that cyclopropanes
and Zeise’s dimer 2 have the potential to be valuable in organic transformations if these
processes can be directed and controlled.
In a similar fashion, bicyclo[6.1.OJnonane 30 was treated with Zeise’s dimer and
then with aqueous potassium cyanide, again yielding a variety o f olefinic products along
with some starting material as shown in Figure 2 4 .129
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Figure 24. Formation of Olefinic Products from Bicyclo[6.1.0]nonane.

Another interesting example o f this type o f reaction involves a report by Wiberg et
al. in which spirane 90 undergoes a skeletal rearrangement upon treatment with Zeise’s
dimer 2 and then pyridine (Figure 25).130

Figure 25. Wiberg’s Skeletal Rearrangement.

This reaction not only demonstrates that disubstituted cyclopropanes can form
olefins, but also demonstrates that skeletal rearrangement can be a driving force in the
reaction.
Another intriguing example o f a skeletal rearrangement has been demonstrated by
Jennings and coworkers where ezztifo-tricyclo[3.2.1.02,4]oct-6-ene 92 was reacted with
Zeise’s dimer 2, followed by triphenylphosphine, to form complex 94 as shown in Figure
26 .131
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H

Figure 26. Jennings’ Norbornyl Rearrangement.

This reaction demonstrated that the reduction o f ring strain can be a driving force
in the transformations o f cis-disubstituted cyclopropanes. It is also worth noting that this
reaction prior to the addition o f triphenylphosphine gave rise to a platinacyclopentane, 93.
Several interesting and important things occur when the triphenylphosphine is added.
First, a proposed nonclassical carbocation stabilized by platinum complex is attacked by a
chloride, which initially had to be bound to the Zeise’s dimer 2. Second, it is worth noting
that it cannot be determined whether the chloride was free o f the platinum when it acted as
a nucleophile or was still coordinated to a separate platinum; however, it does act as a
nucleophile and is not delivered via reductive elimination. Finally, this reaction
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demonstrates that olefins which are part o f the product make good ligands for the
platinum.

Platinum Complexes Derived from Cvclopropanes with Electron Donors

Cvclopropanes with Oxygen Based Electron
Donors
Hoberg demonstrated that an oxygen substituent can be used to direct the
chemistry o f a platinacyclobutane to form a series o f ketones as shown in Figure 2 7 .132
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Figure 27. Zeise's Dimer 2 Catalyzed Ketone Formation.

It was proposed that in this case the lone pair o f electrons on the oxygen could be used to
stabilize a carbocation intermediate formed when the platinum dissociated from the
oxygen bound carbon, thereby giving rise to the 2-methylcyclohexanone 96 selectively. In
an effort to stabilize and perhaps trap the intermediate, an olefin was placed in the ring to
act as a ligand for the tethered platinum, giving rise to a new complex shown in Figure
28.
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34

0
1) Z.D. Dry EfrO
*» CD3CN
2) CD3CN

97
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Cl

R = M e, H

Figure 28. Stabilization of the Platinum Intermediate Forming 98.

This reaction shed a great deal o f light on the reaction in Figure 27, presuming that they
share a similar reaction mechanism, to the point where the platinum is bound by the olefin
as shown in Figure 29.
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Olefin Stabilized Platinacvclobutanes /
Metallacvclobutanes
The formation o f complex 98 leads to the interesting question o f whether olefins
might be able to redirect the reactions o f other platinacyclobutanes. Stabilization o f
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reaction intermediates is useful for gaining insight into reaction mechanisms, and perhaps
more importantly for a way to control and manipulate the outcome o f organometallic
reactions in general. The use o f vinyl cyclopropanes in organometallic chemistry has had
some investigation outside the arena o f organoplatinum chemistry. The work utilizing
vinyl cyclopropanes was pioneered by Aumann, when he interacted three different vinyl
cyclopropanes with Fez(CO)^ 103 to yield tw o V-complexed dienes. These reactions
presumably proceed via n allyls which are also a bound to the substrate as shown in
Figure 30 .134 Three important aspects o f this work foreshadow the interactions o f Z eise’s
dimer 2 and vinylcyclopropanes. First, the cyclopropane bond that the iron inserts into is
vicinal to the olefin. Second, the proposed metallocyclobutane decomposes to form a tc
allyl in which the metal has a a bound tether. And lastly, the final product is a %bound
olefin.
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Fe(CO))

113

Figure 30. Aumann's Iron Vinylcyclopropane Reactions.
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Vinvlcvclopropane and Zeise’s Dimer
When Hoberg reacted Zeise’s dimer with norcarene he discovered a rearrangement
to a novel organoplatinum complex shown in Figure 3 1.

135, 136,137

Figure 31. Zeise s Dimer 2 Reaction with Norcarene HO.

This complex exhibited several characteristics o f other organometallic reactions. It was
apparent that Zeise’s dimer 2 has inserted into the cyclopropane to form a transient
platinacyclobutane, and that it had rearranged in a fashion reminiscent o f Aumann’s iron
work. It also captured a chloride as a nucleophile on what presumably was the terminus
o f a Tt allyl. The IPC o f this complex could be solvated, as with many other
organoplatinum complexes, with solvents which are nitrogen based ligands, (i.e. pyridine,
acetonitrile...) allowing NM R spectroscopy to be used in structure elucidation. The NMR
data for complex 115 is listed later in this thesis (Table 4). The proposed mechanism for
this reaction is given in Figure 32.
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Figure 32. Proposed Mechanism of Norcarene HO Addition of Zeise s Dimer 2.

As with most mechanisms proposed for any cyclopropane reacting with Zeise’s
dimer 2, the first step proposed is the insertion o f the platinum to form a
platinacyclobutane. Although the initial insertion o f the platinum may not have to occur at
the position depicted in Figure 32, if it does not insert there it will undergo Puddephatt
rearrangement until it reaches this position. After the platinum arrived in the cyclopropane
bond shown, the olefin can stabilize the incipient carbocation to form a n allyl. As with
most n allyls, this one seemed prone to nucleophilic attack o f the terminal carbon on the
face opposite to the metal. However, in this case the platinum was pushed to one side by
the a bound methylene tether. This gave rise to regioselective attack o f the chloride on
the end o f the Tt allyl with the greater incipient carbocation and formation o f di-pchlorobis[r|3-(2-chloro-3-cyclohexen-l-yl)methyl]di-platinum, 114.138
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While all o f these features are relatively common in organometallic reactions,
complex 114 undergoes one truly novel piece o f chemistry. When 114 is stirred in an
alcoholic solvent it undergoes a substitution o f the chloride by alcohol to form an ether

116 with retention o f configuration at the reacting carbon, as shown in Figure 33.139

R = Me, Et, i-Pr

Figure 33. Alkoxide Substitution for Chloride.

This substitution o f the chloride for an alkoxide works well with methanol, ethanol
and isopropanol, however it does not work for /erf-butanol. This limitation is thought to
be due to steric hindrance. It is not only the chloride 114 that is susceptible to
substitution, any o f the subsequent ethers 116 can be substituted for any o f the other
ethers by merely removing the alcoholic solvent under vacuum and adding a different
alcohol. The way that the substitution o f alcohol is proposed to occur is that the chloride
or other leaving group regenerates the Tt ally) in the alcoholic solvent and the solvent then
acts as the nucleophile and attacks, with the same regio and stereo-selectivity displayed in
the initial formation. This gives rise to the new ether as shown in Figure 34.
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Figure 34. Solvolysis of 114.

The logical step following the addition o f nucleophiles is the liberation o f the organic
portion o f the complex. Two methods used by Hoberg to perform this liberation were
hydrogenation o f the organoplatinum complex 114 and the addition o f triphenylphosphine
in the alcoholic solvent o f ch oice.140 (Figure 35)

Figure 35. Methodologies Releasing the Organic Moiety.

These methods give the user the option o f either reducing the olefinic moiety to form 118
or maintaining it to form 117. The methodology was expanded to include five and seven
membered rings, however in the case o f the eight membered rings, Zeise’s dimer 2 failed
to insert into the cyclopropane yielding instead the platinum olefin complex 123 as shown
in Figure 3 6 .141
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Figure 36. Five, Seven and Eight Membered Organoplatinum Complex Rings.

With these examples it is clear that this methodology has the potential to be a powerful
organic transformation where formation o f a vinylcyclopropane with subsequent treatment
Zeise’s dimer 2 and other reagents are utilized to perform a net 1,2 addition o f a methyl
ether to the original diene. This addition is done while selectively retaining or reducing the
second olefin. This concept is summarized in Figure 37.

Figure 37. Vinylcyclopropane Addition Methodology.
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RESULTS AND DISCUSSION

Statement o f Problem

In the last two decades, the chemistry o f platinacyclobutanes has been explored.142
This chemistry is both mechanistically and synthetically intriguing. The general
methodology o f using platinacyclobutane as the intermediate in an organic transformation
follows the scheme depicted in Figure 38. First an olefin is treated with a cyclopropanation
reagent. Then, a platinum (II) source is allowed to insert into the cyclopropane to yield a
platinacyclobutane. Following this insertion, the platinacyclobutane is treated with some
reagent or series o f reagents that takes advantage o f the platinacyclobutane as a template.
These reagents also liberate the organic portion o f the complex giving an overall net
transformation o f the ubiquitous olefinic moiety.

Pt CU)
Organic
Product

I— Pt

Figure 38. Olefin Transformation Via Platinacyclobutanes Methodology.
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However, there seem to be several gaps in this chemistry when it relates to using
unstable platinacyclobutanes and the complexes that can be isolated from them. The use o f
this chemistry to effect skeletal rearrangements has not been fully explored, and there is no
utilization o f heteroatoms, save oxygen, in this type o f chemistry.143 The use o f olefins as a
stabilizing group needs a great deal o f exploration to expand the breadth o f the
methodology.

Zeise’s Dimer Induced Rearrangement o f 2.7.7-Trimethyltricvclo|~4.1.1.02,4~|octane 125

Cvclopropanation o f a Pinene and
Establishment o f Stereochemistry
In the Jennings et al paper. The Platinum(IV)-Carbon <7 Bond: Platinum(II)-

Facilitated Carbon-Carbon Rearrangement o f 2, 7, 7-Trimethyltricyclo[4.1.1.02l4Joctane,
it was shown that a-pinene 124 could be cyclopropanated using Yamamoto’s method o f
trialkylaluminum and methylene iodide to yield 2,7,7-trimethyltricyclo[4.1.1.02,4]octane
125 as shown in Figure 39.144,145 O f the two possible stereoisomers resulting from the
cyclopropanation, only one was observed, and it was assumed by Y e to be the isomer anti
to the dimethyl bridge. His reasoning for the stereochemistry was that the steric hindrance
o f the dimethyl bridge would prevent attack o f the incoming electrophile on that face o f
the olefin.

146

46

I
JL

\

^

Me3Al^
CH2I2
124

/

125

Figure 39. Cyclopropanation of Pinene 124.

The syn relationship o f the methylene bridge o f the bicyclic ring system and the
methylene o f the cyclopropane was conclusively demonstrated by the author using
difference Nuclear Overhauser Effect (NOE). When proton 8b was irradiated, a NOE o f
8.6% was observed to proton 3a and a NOE o f 13.1% was observed to proton 5a (See
Figure 40). The NOE o f 13.1% coupled with the HETero nuclear CORrelation
(HETCOR) and DEPT 135 NMR experiments clearly identified 8b as the proton on the
methylene bridge. Having shown the syn relationship o f the 5a and 8b, the NOE between
8b and 3 a demonstrated that the methylene bridge and the cyclopropane are in a cis
arrangement, thereby establishing the stereochemistry o f the cyclopropanation.
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- 10

125

Figure 40. NOE Data for 2,7,7-Trimethyltricyclo[4.1.1.02’4]octane 125.

Reaction o f Zeise’s Dimer 2 with 2.7.7TrimethvltricvcloK I . I O24Ioctane 125
Having conclusively established the stereochemistry o f the cyclopropane 125,
Zeise’s dimer 2 was allowed to react with 2,7,7-trimethyltricyclo[4.1.1.02’4]octane 125.
Upon work up o f the reaction with pyridine, none o f the expected platinacyclobutanes
were observed as shown in Figure 41. However, upon closer examination o f the reaction,
Y e discovered that 1,7,7-trimethyl-2-methylidenyl-e/ififo-6-chlorobicyclo[2.2.1]heptane

127 and l,7,7-trimethyl-e«d0-2-methyl-e/idb-6-chlorobicyclo[2.2.1]heptane 126 were the
products o f the reaction as shown in Figure 42.
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PtCl2L2

Figure 41. Insertion of Zeise s dimer into 2,7,7-Trimethyltricyclo[4.1.Lo244]octane
125.

•6
Cr < c
C
lb
Figure 42. Formation of l,7,7-trimethyI-2-methylidenyl-e«</o-6chlorobicyclo[2.2.1]heptane 127 and l,7,7-trimethyl-e/n/o-2-methyl-e#t/o6-chlorobicyclo [2.2.1 ] heptane 126.

It was subsequently discovered by the author that the reaction mixture became
acidic as the reaction proceeded. The observation o f the evolution o f hydrochloric acid
led to the control reaction o f treating the starting cyclopropane in chloroform with
gaseous hydrochloric acid which produced the saturated chloride 126 as the major product
(See Figure 42). This suggested that hydrochloric acid or a platinum complexed
equivalent was responsible for this product. With this information in hand, the reaction
was run again, but this time with the addition o f twelve equivalents o f sodium bicarbonate
(See Figure 43). Under the conditions, only the exocyclic methylene l,7,7-trimethyl-2methylidenyl-eAZtifo-6-chlorobicyclo[2.2.1jheptane 127 was observed as the major organic
product. (Four additional but very minor peaks o f less than 2% total intensity relative to
127 were observed by Gas Chromatography-Mass Spectroscopy GCMS)
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Pt.
125
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Cl

127

Figure 43. Formation of l,7,7-trimethyl-2-methylidenyl-e/n/o-6chlorobicyclo[2.2.1] heptane 127.

The Reaction o f 128 and Zeise’s Dimer 2
Sonoda and coworkers reported a reaction with a closely related derivative o f 125
where the methyl group had been replaced with a silyl ether. When 128 and Zeise’s dimer
2 were allowed to react, a surprisingly different transformation occured from when 125
and Zeise’s dimer reacted as shown in Figure 4 4 .147 The reaction o f 128 with Zeise’s
dimer 2 not only gave rise to a different type o f product, but did so in a catalytic fashion.
MetSiO

128

2

5 129

Figure 44. Zeise s Dimer 2 Catalyzed Formation of Allyl Silyl Ethers.

The mechanism proposed by Sonoda et al. for the transformation o f the silyloxy
cyclopropane 128 and mechanism o f the rearrangement proposed by Jennings et al. for the
formation o f 127 are illustrated in Figure 4 5 .148,149 In both cases, the authors propose that
Zeise’s dimer 2 oxidatively added into the cyclopropane. If the initial insertion does not
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proceed into the carbon-carbon bond indicated, it can isomerize via the Puddephatt
rearrangement.150 In their paper, Sonoda et al. proposed that at this point the ethylene
was still attached to the platinum, whereas Jennings et al. suggested that ethylene was
displaced. In this author’s experience, when Zeise’s dimer 2 is added to cyclopropane, the
evolution o f a gas, presumably ethylene, is observed before the formation o f a
platinacyclobutane. The evolution o f a gas was also observed in the case o f addition o f
Zeise’s dimer to 2,7,7-trimethltricyclo[4.1. 1.02,4]octane 125. Sonoda et al. did not report
whether they observed the evolution o f a gas, although since their process is catalytic,
even if it did occur it most probably would not have been observable. Also, in the case o f
the Sonoda reaction, the olefinic product 129 produced would be a suitable olefinic ligand
for the platinum to preserve a catalytic platinum complex. The second step in each o f
these processes is quite similar in that the platinum carbon bond is broken in an ionic
manner, in which the platinum is the anionic species and the carbon is the cationic species.
The significant difference in the tw o reactions is how the incipient carbocation is
stabilized and how that manifests itself in the next step o f the reaction mechanism. The
pinene system undergoes a Wagner-Meerwein rearrangement relieving some o f the ring
strain and giving rise to the norbomyl ring structure. In the silyloxy ether system, the lone
pair on the oxygen is able to stabilize the carbocation until a hydride shift occurs. This
seems to illustrate the significant differences that can occur in an early (the rearrangement)
verses a late (the hydride shift) transition state. It is also o f significant note that these tw o
reactions clearly indicate a platinum (IV)-Carbon bond polarization which is platinum
minus, carbon plus.
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Figure 45. The Proposed M echanism s o f Z eise’s Dimer 2 Rearrangem ent.
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After the P hydride transfer has occurred in the silyloxy ether system, the platinum
has tw o types o f bonds to the organic system, a covalent platinum-carbon bond and a
zwitterionic bond with the P carbon. This bonding arrangement is essentially identical to
having a Tt bound platinum. Sonoda et al. then suggest that the platinum dissociates,
regenerating Zeise’s dimer 2 and liberating the organic product observed 129. In this
author’s opinion, the olefin that is produced (129) is liberated from the platinum only on
the oxidative insertion in the next cycle o f the catalyst. Consequently the true nature o f
the resting state o f the catalytic species o f Sonoda’s reaction is the analog o f Zeise’s dimer
that has the olefinic product as the ligand rather than ethylene.
In the pinene system, following the rearrangement, the new carbocatiqn was
captured by a chloride. There are several interesting features in this regard. The first is
that the chloride was delivered to the endo position, rather than the exo, although the endo
position is the more sterically hindered and less electrophilic based on the carbocation
literature o f the tw o positions. Endo addition suggests the possibility that the chloride
was delivered intramolecularly. Second, the pinene process required one full equivalent o f
Zeise’s dimer 2, which is tw o equivalents o f platinum. For this reason, it was suggested
that the chloride bridged platinum complex and more specifically the platinum distal to the
hydrocarbon substrate was the one that delivers the chloride. Thirdly, the intermediate
where the chloride has been added to the norbomyl substrate proposed in Figure 45 would
therefore be able to undergo P hydride elimination to produce the observed organic
product 127. It would also give a platinum complex that could decompose to produce
hydrochloric acid and a platinum zero species. The evidence for the last hypothesis is the
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hydrochloric acid side-process and the observed product 126. Also, a black precipitate is
observed which is indicative o f a platinum zero species.

Interactions o f Tricvclo[5.1.0.02,4]octane 132 and Z eise’s Dimer

Formation o f Tricvclo|"5.1.0.02,41octane 132
and Establishment o f its Stereochemistry
Given the propensity that strained ring systems have shown to undergo novel
transformations such as the aforementioned pinene system and the spirane o f Wiberg, and
the fact that cyclopropanes and olefins have similar electronic influences151, it was
hypothesized that the tricyclo[5.1.0.02,4]octanes 131 and 132 might undergo interesting
chemistry.152 It was envisioned that the chemistry o f 131 and 132 interacting with Zeise’s
dimer 2 could take one o f two general paths. First, some form o f skeletal rearrangement
could be induced by the incipient carbocation formed from the platinacyclobutane in the
initial reaction. The second possibility would include some interesting or unique chemistry
based upon having a cyclopropane in such close proximity with the platinacyclobutane
formed by insertion o f Zeise’s dimer 2 into the first cyclopropane.
To investigate this chemistry the tricyclo[5.1.0.02,4]octanes, 131 and 132, had to
be synthesized from the logical precursor, 1,3-cyclohexadiene 130. This was achieved
using a modified Simmons Smith reaction as shown in Figure 4 6 .153,154 The cis (132) and
trans (131) isomers o f the tricyclic substrate are formed as a 1:4 mixture where the cis
isomer (132) is the minor substituent. These isomers were identified by comparing the
proton NM R spectrum to the work o f Braun.155
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Figure 46. Formation of Tricyclo [5.1.0.02’4] octanes 131 and 132.

Reaction o f cis-Tricvclor5.1.0.02,41octane
132 and Zeise’s dimer 2
The addition o f one equivalent o f platinum (II), to cis isomer 132, yielded a solid
complex that the exact nature o f can only be speculated due to its insolubility in
nonreactive solvents. The use o f coordinating solvents was investigated; however, they
change the nature o f the complex in a yet uninterpretable manner. However, the treatment
o f this presumed organoplatinum complex with one equivalent o f triphenylphosphine per
original platinum atom gave rise to 3-(chloromethyl)-6-methylidenylcyclohexene 133 as
shown in Figure 47.

Figure 47. Formation of 3-(chloromethyI)-6-methylidenyl-l-cyclohexene 133.
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One intriguing thing about this reaction is that the trans-tricyclo[5.1.0.02,4]octane
131 did not react under the reaction conditions. The reason for this may simply be 131
inserts the platinum only to reductively eliminate to the starting material.
Structure Elucidation o f 133
The evidence for 133 comes from both MS and NM R spectroscopy (see Table 3).
The HRMS gave a molecular formula o f C8HnCl which indicated that a proton has been
substituted for a chloride with respect to the starting material 132. Examination o f the 13C
NM R data revealed an exocyclic methylene in addition to a second olefin. DEPT 135 and
90 experiments confirmed an exocyclic methylene, an olefin and a methylene at 48.4 ppm
in the 13C NM R spectrum. This indicated a CH2 group having an electron withdrawing
group. Since the MS showed that chloride was the only group o f this kind in the molecule,
it was assumed that it was bonded to the methylene moiety. The fact that the exocyclic
methylene carbons resonate at 142.3 and 111.9 ppm, rather than 107 ppm and 149 ppm
for the exocyclic methylene on cyclohexane, and that the ring olefinic carbons come at
131.2 and 130.0 ppm, rather than 127 ppm for cyclohexene, showed that these two olefins
were conjugated. Given that the empirical formula indicated three degrees o f unsaturation
o f which tw o were accounted for by the diene a ring in the structure was indicated. Also
given that the olefinic methylene and the methylene bonded to the chloride cannot be in
the ring indicated a ring o f six carbons or less. A ring o f less than six carbons would not
seem likely when examining the starting material as a cyclohexene is the core o f the
structure. The tw o methylenes are highly coupled in the COSY spectrum, indicating that
they are adjacent. Closer examination o f the 1H NM R spectrum revealed that the methyne
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and one o f the ring methylenes are vinylic. This left only two possibilities as to how to put
the molecule together. The final piece o f evidence came from the fact that the olefinic
protons only have a single fine coupling to any other proton. In cases where there is a
methylene adjacent to an olefin in a six member ring there is one strong (about 8-12 Hz)
and one weak proton coupling (0-2 H z).156 Since there is no observable coupling between
the olefinic and upfield protons, the methine must be adjacent to the methine olefin. This
was somewhat troublesome, as one would still expect some coupling between the olefinic
proton and the methine proton, until an MM2 type calculation was run and the dihedral
angle between protons 3 and 4 ( see Table 3) was found to be 88.0 degrees. When using
the Karplus correlation graph this angle corresponds to a near zero coupling constant.157
Putting all o f these pieces together leaves 133 as a very likely structure.
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Table 3. NMR Data for3-(chloromethyl)-6-methylidenyIcyclohexene 133.
7

133
#
I
2
3

13C ppm
142.3
130.0
131.2

Multiplicity
C
CH
CH

4
5

38.2
26.8

CH
CH2

6
7
8

28.7
111.9
48.4

CH2
CH2
CH2

1H ppm

Integration

Multiplicity

H # to H#

Jan

5.71
6.21

IH
IH

d
dd

2-3
2-3

10.0
10.0
2.5

2.55
1.9
1.52
2.35
4.81
3.46

IH
IH
IH
2H
2H
2H

m
m
m
m
d
dd

8-4

5.6
6.5
1.0

Proposed Mechanisms for the formation o f

133
When thinking about the mechanism for the reaction o f 132 forming 133, at least
four possibilities come to mind as illustrated in Figure 48. All o f the pathways begin with
the insertion o f Zeise’s dimer 2 into the cyclopropane bond to form a platinacyclobutane.
Again, if the platinum does not insert into the cyclopropane bond shown it is presumed
that it rearranges utilizing the Puddephatt rearrangement until it forms the
platinacyclobutane shown. It could well be speculated that the hypothesized
platinacyclobutane is the unidentified solid that is isolated before the addition o f
triphenylphosphine. It is also presumed that the bond polarization o f the platinum-carbon
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bond is platinum minus-carbon plus. Given that a carbocation a to the cyclopropane is
likely to be formed, it is somewhat surprising that no product is observed which could be
attributed to pathway D.
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Cl

Figure 48. Proposed M echanism s for the Formation o f 133
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Several other pathways can be derived from the formation o f a cation a to the
cyclopropane. The first pathway that could be envisioned for the formation o f 133 is
shown as pathway A. In this pathway a chloride ion attacks the cyclopropyl methine,
leading to the first intermediate shown in path A. The chloride intermediate, common to
all pathways, could then undergo a P hydride elimination to form 133. This pathway has
the advantage o f not forming a carbocation a to the cyclopropane. However, it has one
distinct problem, the preferred conformation for type o f nucleophilic substitution is a trans
relationship between the nucleophile and the leaving group. In this case, the formation o f
a platinacyclobutane from the cis starting material 132 would give a cis relationship and
make this an unlikely pathway.
A second possibility for the formation o f 133 is represented as pathway B. In this
case a nonclassical cation is generated from the platinacyclobutane and the cyclopropane.
The difference between pathway A and B is that in pathway B a nonclassical cation is
attacked by a chloride regiospecifically giving rise to the presumed common chloride
precursor to 133.
Pathway C is the final proposed possibility. In this case the platinum dissociates as
in ,all the others forming a carbocation. However in this case, the anionic platinum(II)
inserts into the second cyclopropane to form the tetracyclic intermediate shown. This
zwitterionic species then undergoes bond migration to form the bicyclic
platinacyclooctane. This could then undergo a reductive elimination o f a chloride to form
the proposed common precursor to 133. While this mechanism might seem a little
convoluted it is not inconceivable. Because the simplest explanation is preferred (Occam’s
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razor) path B is the preferred hypothesis for the formation o f 133. However, if any
reasonable doubt is cast on path B, C would have to be considered as the proposed
mechanism.
This overall transformation is a powerful 1,4-addition to the initial conjugated
diene in which the initial diene functionality is parlayed into a new diene which is a
positional isomer o f the starting material. It also represents an interesting initial foyer into
a potentially exciting realm o f organoplatinum chemistry in which a second cyclopropane
interacts with a platinacyclobutane generated from the first cyclopropane.

Trans. ft'<ms,-2.4-hexadiene-1-ol 134 Based Transformations

Introduction
Having explored the aforementioned reactions which rely on stabilizing the
carbocation o f platinacyclobutane, the investigation focused on expanding the chemistry to
olefin stabilized systems. These systems had been pioneered by Hoberg in his thesis.158
The goal, in this case, was to first demonstrate that the fundamental chemistry o f the
Zeise’s dimer 2 insertion to the cyclopropane and the subsequent platinum n a bound
intermediate was not limited to starting materials in which the vinylic cyclopropane is
contained in a five, six or seven membered rings(See page 38). Also, this was undertaken
to elaborate the chemistry o f an unsymmetrical system to see if it was possible to affect the
overall regiochemistry o f the transformation relative to the unsymmetrical diene from
which the substrate is derived.
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Syntheses o f tram - 1-fMethoxvmethvO -S-ClE-propenyHcvclopropane 137
To accomplish these goals, a simple system had to be synthesized (See Figure 49)
as no suitable test material was commercially available. Knowing that the Simmons-Smith
reaction may be directed by a proximal hydroxyl group, trcms, /ram-2,4-hexadien-1-ol 134
was cyclopropanated.159,160’161 The regiochemistry o f the incoming electrophile showed
high selectivity for the olefin adjacent to the alcohol. However, the ability to deliver
exactly one equivalent o f the cyclopropanation reagent proved to be problematic. As a
result, the separation o f one o f two mixtures was required. Either the mixture would
contain the desired monocyclopropane 135 and some o f the starting diene or it would
contain the monocyclopropane 135 and some o f the dicyclopropanated product. Given
that dienes and the related cyclopropanes are prone to polymerization under the conditions
o f the Simmons-Smith reaction, the logical choice was to use less than one equivalent o f
methylene iodide to limit the extent o f polymerization as much as possible.
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Figure 49. Synthesis of trfl«s-l-(methoxymethyl) -2-(I-E-propenyl)cyclopropane
137.

Upon producing the mixture o f the monocyclopropane 135 and the diene 134, the
attempt was then made to separate the mixture. However, no suitable conditions could be
found to do this on a preparative scale. Fortunately, it was discovered that by methlyation
o f the alcohol the ethers 136 and 137 could be separated using a spinning band distillation
apparatus. Although methylation o f the alcohol using sodium hydride and iodomethane in
THF was the most common method used, other compounds may be added to the alcohol
with the same result. For instance, the addition o f acetyl chloride in the presence o f
pyridine to give the acetate was equally effective for both allowing the mixture to be
resolved on a spinning band distillation apparatus and being an effective substrate for the
exploration o f this chemistry.
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Reaction o f 137 with Zeise’s Dimer 2 to
form 138
Having the test substrate in hand, the irons- 1-(methoxymethyl) -2 -(lpropenyl)cyclopropane 137 was treated with one half equivalent o f Zeise’s dimer 2
yielding di-p-chlorobis[(l,4,5-Ti)-3-chloro-2-methoxymethyl)-4-hexenyl]di- platinum, 138
which is analogous to the cyclic complexes Hoberg reported.162

Cl
OMe

2

138
Figure 50. Formation of Di-p-chlorobis[(l,4,5-Ti)-3-chloro-2-methoxymethyl)-4hexenyljdi- platinum, 138.

Characterization o f (Acetonitriled-Ochloro[Y 1.4. 5- tiV2-( methoxymethyl)-] chloride-4-hexenvl- platinum. 139

When the relatively insoluble dimer di-p.-chlorobis[(l,4,5-r|)-3-chloro-2methoxymethyl)-4-hexenyl]di-platinum, 138 was treated with ds-acetonitrile, the stable
monomeric (acetonitrile-d3)chloro[ (l,4,5-r|)-2-(methoxymethyl)-3-chloride-4-hexenylplatinum, 139 was observed. This compound was been characterized using 13C NMR
techniques (See Table 4) The o bond to chlorine is evidenced not only by the upheld shift
o f the methylene carbon to 5.8 ppm from 11.1 ppm in 137, but also by the platinum-

65
carbon coupling constant o f 634 Hz. The platinum bound to the olefin is also clearly
evidenced by the upfield shift o f the olefinic carbons to 82.6 and 7 4 .1ppm. Also, the
strong platinum-carbon coupling constants o f 242 and 235 Hz to these carbons clearly
demonstrate the Tt bound platinum. The last modification to the structure that is worthy
o f note has to do with the chloride at carbon 3. The DEPT 90 data demonstrated that the
resonance at 59.9 ppm is consistent with a vinylic methine that has a chloride
substituent.163 Finally, the stereochemistry between the hydrogen on the chloridecontaining methine and the methine bonded to the methylene platinum tether was
determined by the use o f the protonrproton coupling constant. In this case, the constant
was 11.9 Hz. Using the Karplus correlation this clearly indicated a trans relationship
between these protons.164 Also, all o f these resonances correlate quite strongly with the
organoplatinum complex 115 which was derived from the norcarene substrate as
demonstrated in Table 4 . 165
A final note o f comparison between the cyclic complex 115 and this compound
139 comes from the 195Pt NM R spectrum run in deutero acetonitrile. For compound 115,
the 195Pt resonates at -3574 ppm relative to a K2PtCl6 standard and the 195Pt in compound
139 resonates at -3379 ppm relative to the same standard. Given the sensitivity o f the
platinum atom to its electromagnetic environment, the NM R shift similarity suggests that
these two are analogous complexes.
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Table 4. NMR Data for and (Acetonitrile-d3 )chloro[ (l,4,5-r|)-2-(methoxymethyZ)-3chloride-4-hexenyl-platinum, 139, and (Acetonitrile-dg) chloro [ri3-(chloro3-cyclohexen-l-yl)methyl]-platinum, 115.

139
Carbon #
I
2
3
4
5
6
7
8

13C ppm
5.8
41.5
59.9
82.6
74.1
20.7
72.7
59.1

115
Jpt-cHz
634
12.7
57.7
242.0
235.4
34.4
56.6

13C ppm
8.4
36.3
60.5
80.3
79.1
21.6
21.4

Jpt-cHz
636.7
29.3
75.4
240.6
237.0
38.3
10.8

Mechanism o f di-u-chlorobis r(1.4.5-nV3chloro-2-methoxvmethvn-4-hexenvl1diplatinum. 138 Formation
It is o f some interest that complex 139 is the only complex observed when trans-l(methoxymethyl) -2-(l-propenyl)cyclopropane 137 is allowed to react with Zeise’s dimer
2. Theoretically there were three possible platinacyclobutanes which could have arisen as
illustrated in Figure 51. The complex that was initially observed, 138, arises from
platinum insertion into the bond labeled a in Figure 51. It is interesting to note that bond c
could undergo similar chemistry resulting in one o f two organometallic complexes labeled
138C and 138C’ (Figure 51), but neither o f these was observed. There are two possible
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explanations to the regioselective nature o f the insertion. First, that the platinum may
insert into one o f the other two bonds, however it undergoes a Puddephatt rearrangement
either selectively or randomly until it gets into bond a, where it is trapped by an
irreversible rearrangement to the intermediate Z \ The second, and more likely
explanation, is that the platinum selectively inserts into bond a due to the electronic
donation from the olefin into the bond and lack o f steric hindrance relative to bond c.
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Figure 51. Mechanism of Formation of Di-p-chlorobis [ (1,4,5-ri)-3-chloro-2methoxymethyl)-4-hexenyl]di-platinum,138
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Regardless o f the route, once the platinum is in bond a giving the intermediate Z, it
then presumably dissociates from the allylic carbon to form the tc allylic cation Z 9. At this
point, a nucleophile attacks the carbon with the greater charge density giving rise to 138
which is formed regioselectivity. The rationale for the regio-selection is that the tether
pushes the platinum to one side o f the z allylic moiety, thus giving rise to a greater charge
density adjacent to the tether. The subsequent attack by the chloride from the back side is
selective because presumably the tethered platinum and ligand sphere are sterically
hindering attack from the front (or platinum-containing) side. N ote that it is unclear
whether the chloride is a free chloride that was released from the platinum or some kind o f
platinum-complexed chloride delivered intermolecularly. In any case, this gives rise to dip-chlorobis [ (l,4,5-r|)-3-chloro-2-methoxymethyl)-4-hexenyl]di-platinum, 138 as the only
observable product.
Characterization o f the dimer 138
Given that the monomeric complex, 139, is analogous to the norcarene system, it
was postulated that the initially precipitated complex (IPC) 138 resulting from trcms-l(methoxymethyl) -2-(l-propenyl)cyclopropane, 137, and Zeise’s dimer 2 would be a
mixture o f dimers having four possible isomers as was the case shown for di-p-chlorobis
[T]3-(2-cloro-3-cyclohenen-yl)methyl]-platinum, 1 1 6 .166 These four isomers arise as a
result o f tw o possible cis-trans relationships. The first pair is similar to the two possible
isomers o f Zeise’s dimer 2, shown in Figure 52, where the olefin can be either cis-140 or
trans-2 relative to the two platinum atoms. N ote that Zeise’s dimer 2 is generally only
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drawn as the major isomer. To this author’s knowledge, the minor isomer, 140, has never
been demonstrated to have chemistry different from the major, 2. Therefore, the
difference is somewhat unimportant other than that it demonstrates the general preference
for a trans relationship o f olefinic ligands in chloride-bridged platinum dimers.
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Figure 52. Cis and Trans Zeise s Dimer 140, 2.

The other cis- trans relationship in these cases arises because the olefin ligand faces are
unsymmetrical, and thus the tethers to the platinum can be either cis or trans relative to
one another. The four isomers are shown in Figure 53. It is assumed by analogy to
Zeise’s dimer 2 that the major set o f isomers has the olefinic ligands trans to each other.167
Indeed, when the 195Pt NMR spectrum o f di-p-chlorobis [ ( 1,4,5-r|)-3 -chloro-2methoxymethyl)-4-hexenyl]di-platinum, 138 was dissolved in deuterochloroform, the
spectrum showed four resonances: two major resonances at -3472 and -3467ppm and two
poorly resolved minor resonances, at -3440 and -3443ppm.
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Figure 53. The Four Possible Isomers of Di-n-chlorobis [ (1,4,5-ri)-3-chloro-2methoxymethyI)-4-hexenyl]di-platinum, 138.

Addition o f Oxygen Nucleophiles to 138
Addition o f Ethanol to 138 to form
di-u-chlorobis |~ (1.4.5-n)-3-ethoxv2-methoxvmethvlj-4-hexenvl]diplatinum, 145
Having established the similarity o f di-p-chlorobis [ ( 1,4,5-r|)-3 -chloro-2methoxymethyl)-4-hexenyl]di-platinum, 138 to di-p-chlorobis [r|3-(2-chloro-3-cyclohenenl-yl)methyl]- platinum, 116, the important question is, will it undergo analogous
chemistry? The first test o f this was the attempt o f addition o f ethanol. Di-p-chlorobis
[r|3-(2-chloro-3-cyclohenen-l-yl)methyl]-platinum, 116 readily undergoes substitution o f
the chloride to form the anticipated ether.168
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Cl
EtOH

Figure 54. Substitution of Chloride for Ethoxide.

However, the addition o f ethanol to 138 yielded a mixture o f di-g-chlorobis [
(l,4,5-r|)-3-ethoxy-2-methoxymethyl)-4-hexenyl]di-platinum, 145, and the starting
chloride, 138. It was discovered that the addition o f seven equivalents o f sodium
bicarbonate allowed the reaction to proceed to completion and, 145 was the only product
observed (see Figure 54).

Figure 55. Proposed Mechanism for the Formation of Di-p-chlorobis [(l,4,5-r|)-3ethoxide-2-methoxymethyl)-4-hexenyl]di-platinum, 145.

The proposed pathway for this reaction is that the chloride is ionized, thus giving
rise to the same n allylic intermediate which is captured by the solvent yielding the
observed product, 145, as shown in Figure 55. The catch to this reaction is that the
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hydrochloric acid, even at its low concentrations relative to the ethanol, is able to compete
as a nucleophile. To drive this reaction to completion, the addition o f a base is necessary.
The relative stereochemistry about the carbon-carbon bond that joins the
methylene tether and the alkoxy group could not be assumed to be analogous to the
cyclohexane systems that were previously investigated. In the cyclohexane systems, it was
easy to hydrogenate the system and measure the proton coupling constant o f adjacent
protons on the cyclohexane ring to determine the relative stereochemistry.169 In this case,
however, hydrogenation would yield a freely rotating system which would obscure the
relative stereochemistry o f the system. It was therefore useful to do both a HETCOR and
COSY to assign all o f the carbon and proton shifts as well as all o f the proton-proton
coupling constants for at least one o f these compounds so as to be able to unambiguously
determine the proton-proton coupling constant that indicates the stereochemistry about
this bond. The piece o f data obtained from these experiments that is most useful for
determining the relative stereochemistry o f 1 4 6 was the 3Jh,h coupling constant o f the
protons on carbons 2 and 3 (see Table 5). The value o f 10.4 Hz for this coupling constant
clearly indicates trans stereochemistry using the Karplus model.170 The complete carbon
and proton NM R data for complex 1 4 6 are listed in Table 5.
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Table 5. NM R Data for (Acetonitrile-d 3 )chloro [ (1,4,5-r])-2-(m ethoxy met by l)-3chloride-4-hexenyI-platinum, 146.
Io

k

P—
1-Z

OMe
8

V
146
H# to H#

J P t-C
627.2

1H
1.58

(dd)

1,2
1, 1'

37.8

13.7

1.67

(m)

3

80.2

31.4

3.7

(dd)

4

83.4

255.8

4.21

(dd)

5

75.3

234.1

4.48

(dt)

6
7

20.8
74.5

35.9
62.4

1.59
3.29
3.16

(d)
(dd)
(dd)

2,1
2.3
2,7
2,7'
3.2
3.4
4.3
4.5
5.4
5.6
6.5
7,2
7,7’
7 ’,2
TJ

3.22
3.46
3.62

(s)

1.10

(t)

#
I
I"
2

13C ppm
2.7

7’

8
9

10

57.9
64.9

(dt)
(dt)

9,10
9,9'
9 ’,10
9 ’,9

Jtm
8.1
11.4
8.1
10.4
9.1
5.7
10.4
4.3
4.3
12.0
12.0
6.0
6.0
3.0
9.1
5.7
9.1
7.1
9.4
6.9
9.4
7.1
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Addition o f /so-Propanol to 138 to
form Di-u-chlorobis [ n.4.5-t|V3/50propoxide-2-methoxvmethvlV4hexenvl]di-platinum. 147
After the previous investigation with ethanol, the question became whether other
alcohols which were more sterically encumbered would react in a similar fashion. The
next alcohol that was allowed to react with di-p-chlorobis [ ( 1,4,5-r|)-3-chloro-2methoxymethyl)-4-hexenyl]di-platinum, 138 was Aopropanol. The reaction conditions
were the same and a similar result was observed; di-p-chlorobis [ (l,4 ,5 -t|)-3 Aopropoxide-2-methoxymethyl)-4-hexenyl]di-platinum, 147 was formed as shown in
Figure 56.

2
147
Figure 56. Addition of Iso-Propanol to Di-p.-chIorobis [ (l,4,5-r|)-3-chloro-2methoxymethyl)-4-hexenyl]di-platinum, 138.

138

The best evidence for the structure o f 147 is the 13C NM R data o f the
deuteroacetonitrile monomer, 148, shown in Table 6. Again, the trans stereochemistry o f
the incoming nucleophile is demonstrated by the coupling constant between protons 2 and
3. In this case the 3Jh,h constant is 12.2 Hz.
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Table 6. NM R Data for (Acetonitrile-d3)Chloro[(l,4,5-Ti)-2- (m eth o x y m eth y I)-3 -z.sY >
propoxie-4-hexenyl-platinum, 148.
io

#
1
2
3
4
5
6
7
8
9
10
10’

13C ppm
2.7
38.6
78.9
84.9
75.4
21.4
72.1
59.4
74.6
23.3
24.5

148
J ptc
626.6
<15
30.3
253.2
234.5
34.9

Addition o f Potassium /er/-Butoxide
to 138 to form Di-u-chlorobisrn.4.5n V 3 -/ert-butoxide-2methoxymethylV4-hexenvl]diplatinum. 149
The next reaction attempted was the addition o f te/7-butanol. Addition o f tertbutanol using standard conditions o f neat alcohol and seven equivalents o f sodium
bicarbonate yielded only the starting organometallic complex 138. This lack o f reactivity
is similar to that observed for the cyclohexane-based organometallic complex 115. The
most likely reason for the failure with /ert-butanol is steric bulk. This difficulty was
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overcome by using a harder nucleophile, i.e., one equivalent o f potassium /erZ-butoxide,
which yielded di-p-chlorobis [ (l,4,5-r|)-3-/er/-butoxide-2-methoxymethyl)-4-hexenyl]diplatinum, 149 as shown in Figure 57.

Figure 57. Addition of Potassium terf-butoxide to Di-p.-chlorobis[(l,4,5-r|)-3-chloro-

2-methoxymethyl)-4-hexenyl]di-platinum, 138.

The evidence for the structure o f this complex, 149, again is the 13C NMR
spectrum. Resonances for the deuteroacetonitrile monomer, 149, are listed in Table 7.
However, in this case and in subsequent cases where a charged nucleophile is used there is
a good deal o f line broadening in the 1H NMR spectrum obscuring the coupling constant
between protons 2 and 3. This leads to an ambiguity in the stereochemistry about this
bond and as such the wavy line is used to represent this ambiguity. There is only one
distereomer as evidenced by a single set o f resonances in the 13C NM R data.
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Table 7. NM R data for (Acetonitrile-d3)Chloro[(l,4,5-Ti)-2-(methoxymethyl)-3-f6#fox/</e-4-hexenyl-platinum, 150.

#
I
2
3
4
5
6
7
8
9
10

13C ppm
15.5
39.2
75.6
85.5
75.2
20.9
74.6
59.1
68.7
31.4

J pt-c Hz
580.0
16.5
-

255
-

29.9

The hypothesis for why the potassium cation or some other alkali metal cation is
needed to drive the reaction is that the cations break the tight pairing between the chloride
and the n allylic complex by forming a salt with the chloride. Similarly, the alcoholic
nucleophilic substitutions to this acyclic system require a base that has an alkali metal ion
as the counter ion. Again, it is now believed to be the removal o f the chloride from the
tight ion pair, rather than the consumption o f the acid, that facilitates the formation o f the
ether.
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Addition o f Sodium Acetate to 138
to form 152
After the addition o f the aforementioned alcohols to give the corresponding vinyl
ethers, an attempt was made to expand this methodology to other oxygen nucleophiles,
namely carboxylic acids. The first attempts using one to ten equivalents o f acetic acid and
the standard organoplatinum complex in the presence o f sodium bicarbonate yielded only
starting materials. However, when seven equivalents o f anhydrous sodium acetate were
stirred with the chloride, 138, in ether the corresponding ester, 152, was isolated, as
shown in Figure 58.

Figure 58. Sodium acetate addition to Di-p-chlorobis [ (l,4,5-rj)-3-chloro-2methoxymethyl)-4-hexenyl]di-platinum, 138.

One equivalent o f the sodium acetate was not sufficient to effect the addition o f
acetate. It appears that the first equivalent o f the sodium acetate replaces the chloride on
the platinum. Evidence supporting this structure, 152, comes from the 13C NMR data
where three separate methyl resonances corresponding to acetates are observed (see Table
8). The first resonances corresponds to acetate which is platinum-bound, the second
corresponds to the new ester, and the third leftover sodium acetate.
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Addition o f Sodium Benzoate to 138
to form 154
Given the result that sodium acetate was a viable nucleophile, the methodology
was extended to include a more electronically complex nucleophile, anhydrous sodium salt
o f benzoic acid. When seven equivalents o f anhydrous sodium benzoate were added to
the organoplatinum complex 138 in ether, the ester bearing the aromatic residue 154 was
isolated (Figure 59). 13C NMR data listed in Table 8 were used to characterize the
complex. It is o f interest to note that unlike the acetate case sodium benzoate does not
appear to substitute for the chloride as evidenced by only one set o f aromatic carbon
resonances in the 13C NMR spectrum.

153

154
Figure 59. Addition of Sodium Benzoate to Di-p-chlorobis [ (l,4,5-ri)-3-chloro-2methoxymethyl)-4-hexenyl]di-platinum, 138.
138

It is worthwhile to note that when sodium benzoate is prepared from benzoic acid
and sodium bicarbonate, the reaction does not proceed. Apparently anhydrous sodium
benzoate, prepared from benzoic acid and sodium hydride, is necessary for the reaction to
proceed.
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Table 8. NMR data for (Acetonitrile-d3 )chloro [(1,4,5-ri)-2-(methoxymethyl)-3acetate-4-hexenyl-platinum, 155 and (Acetonitrile-d3)Chloro[ (l,4,5-ri)-2(methoxymethyl)-3-benzoate-4-hexenyl-platinum, 156
I 3

#
I
2
3
4
5
6
7
8
9
10
11
12
13

156
13C ppm Hz J Pl-C
1.4
626.84
36.9
13.1
74.7
43
79.7
254.9
76.5
230.7
21.1
73.8
63.0
58.9
172.8
20.8
unresolved
20.6

156
13C ppm
J pt-c Hz
2.8
627.8
38.0
13.8
80.5
31.1
83.5
258.1
75.3
233.57
20.9
74.7
62.3
59.1
168
130.4
130.7
129.5
134.0
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Addition o f Carbon Nucleophiles to 138
Addition o f 157 to 138 to form Di-uchlorobis [ n.4.5-r|V 3-(2propanoviy2-methoxvmethvD-4hexenvl]di-platinum. 158
Having shown that a variety o f oxygen containing nucleophiles react with the
acyclic system, the emphasis then shifted to the addition o f non-oxygen based
nucleophiles. The first o f these was a carbon nucleophile. It was difficult to find a
suitable carbon nucleophile, i.e., one that was not so basic that it would decompose the
organoplatinum complex 138 before it underwent nucleophilic addition to the Tt allyl. The
eventual solution to this problem was to use the trimethylsilyl enol ether o f acetone, 157,
as prepared by the method o f H House et al.171 When the organoplatinum complex 138
was treated with seven equivalents o f the silyl enol ether 157, the result was the formation
o f a carbon-carbon bond in the complex di-p-chlorobis [ ( 1,4,5-r|)-3 -(2-propanoyl)-2methoxymethyl)-4-hexenyl]di-platinum, 158 which is illustrated in Figure 60.

Figure 60. Addition of the trimethylsilyl enol ether of acetone 157 to Di-p-chlorobis
[ (l,4,5-r|)-3-chloro-2-methoxymethyl)-4-hexenyl]di-platinum, 138
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The new ketone, like the analogous esters and ether, was characterized by 13C
NMR spectroscopy using the monomeric complex 159 (Table 9).

Table 9. NMR data for (Acetonitrile-d3)chloro[(l,4,5-ri)-2-(methoxymethyl)-3-(2propanoyI)-4-hexenyl-platinum, 159.
O

CD3
159

#
I
2
3
4
5
6
7
8
9
10
11

13C ppm
12.5
39.8
43.9
89.2
74.4
20.9
75.7
58.6
48.8
208.3
30.4

J P t-C I
680.5
<10
247.6
241.0
76.5
85.9

This spectrum is consistent with all o f the other organoplatinum complexes o f this
type with the exception o f the large coupling constant from platinum to the methylene
carbon 9. There are at least four possible explanations for this coupling constant. Two
are easily ruled out. First, the silyl enol ether o f acetone 157 could be ligated to the
platinum. However, there is no quartet in the carbon spectrum that could correspond to
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the methyl group o f the silyl enol ether, making this a nonviable explanation. Another
explanation for the observed coupling constant is that the silyl enol ether has undergone an
electrophilic substitution on the platinum to form acetone, which substitutes for the
chloride to yield a methylene bound acetone derivative as an alkyl ligand. In order for this
to be the case, the 1Jpt-C coupling constant would have to be between 300 and 800 Hz and
additional resonances would need to occur at approximately 20 and 210 ppm for the
methyl and carbonyl carbons respectively. 172-173’174 This possibility is not supported by the
13C NM R data and can be disregarded. A third possibility is that 157 has added as a
nucleophile to the % allylic intermediate on the same face as the platinum and the oxygen
on the ketone is ligated to the platinum. The unique coupling constant is, therefore, a 3Jptc

coupling constant through the oxygen. However, it would then be expected that the

methyl group on the opposite side o f the carbonyl would show similar coupling, which it
does not. The last possibility is that this is simply a 3Jpt-C coupling constant is through the
Tc bond o f the olefin. It may seem abnormal not to see a 2JptC coupling constant and to see
a relatively large 3JptC coupling constant, but in reality this is quite common and is often
seen in platinacyclobutane systems.175,176,177 The reason for this is that a coupling constant
is a summation o f each o f the constants between each bond. The sign o f the coupling
constant for a 2J coupling has the problem o f having coupling constants o f opposite signs
between the platinum-carbon bond and the carbon-carbon bond yielding an additive
coupling constant that may be near zero. However, in the case o f a 3J coupling which
adds a third bond and thereby a third coupling constant to the summation, the absolute
coupling constant is normally larger than a 2J pic coupling.178 Although it is unusual to

84
have a carbon 3J disposed through the olefin in the cyclic or acyclic systems, the observed
coupling constant would be reasonable.
Addition o f 160 to 138 to form Di-uchlorobis|Y1.4.5-nV3-f2-ethoxv-l-l(ethoxvcarbonvl V2-oxoethvll-2(methoxvmethvD-4-hexenvHdiplatinum. 161
The addition o f other carbon nucleophiles is possible, as the successful addition o f
sodium ethyl malonate 160 demonstrates. Upon addition o f three equivalents o f the
nucleophile to the organoplatinum complex 138, the formation o f di-p-chlorobis[(l,4,5r|)-3-[2-ethoxy-1- 1(ethoxycarbonyl)-2-oxoethyl]-2-(methoxymethyl)-4-hexenyl]diplatinum, 161 was observed, as shown in Figure 61.

Figure 61. Addition of Sodium ethyl Malanate 160 to Di-p-chlorobis [ (l,4,5-t|)-3chloro-2-methoxymethyl)-4-hexenyl]di-platinum, 138.

It is useful to compare the 13C NMR data from (acetonitrile-ds) chloro[(l,4,5-r|)3-[2-ethoxy-l-(ethoxycarbonyl)-2-oxoethyl]-4-hexenyl-platinum, 162 to (acetonitriled3)chloro[ ( l , 4 ,5-r|)-2-(methoxymethyl)-3-(2-propanoyl)-4-hexenyl-platinum, 159, since
they both have a carbon nucleophile attached to carbon 3. Although in both cases a
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relatively large 3Jpi-C coupling constant is observed at carbon 9, (77.5 and 85.9 Hz
respectively) they are consistent with one another.

Table 10. NMR Data for (Acetonitrile-dj) chloro [ (1,4,5-Ti)-2-(methoxymethyI-3-[2ethoxy-l-(ethoxycarbonyI)-2-oxoethyl]-2-(methoxymethyl)4-hexenyl]platinum, 162.

162
*
1
2
3
4
5
6
7
8
9
10
10’
11
11’
12
12’

13C ppm
10.0
42.4
47.3
84.5
76.0
18.7
75.3
58.9
54.3
169.3
170.1
62.2
66.3
14.4
15.6

J ptc Hz
676.0

250.2
234.1
76.1
77.5
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Addition o f Nitrogen Nucleophiles to 138
Addition o f Tosvlamide 163 to 138
to form Di-u-chlorobis Ffl.4.5-r|V 3[ [(4-methvlphenvD sulfonvll amino]-2methoxvmethvn-4-hexenvl]diplatinum. 164
After the addition o f a carbon nucleophile to form a new carbon-carbon bond, the next
challenge was the addition o f a nitrogen nucleophile. The reason that nitrogen has been
such a daunting nucleophile in the organoplatinum arena is that platinum has a great
affinity for nitrogen base. Nitrogen ligands generally coordinately saturate the platinum
and thereby halt all further chemistry. Consequently, in most organoplatinum chemistry
the use o f only one or two equivalents o f a nitrogen based ligand is used; excess nitrogen
ligand will prevent all further chemistry. In this particular case, the challenge is to find a
nitrogen nucleophile that does not substitute for the olefin ligand, thereby preventing the
formation o f the Tt allylic type intermediate that is presumed necessary for a nucleophilic
substitution. The key appears to be to find a nucleophile with sufficient delocalization o f
the nitrogen’s lone pair o f electrons to render the nitrogen too weak as a base to be an
effective ligand, but can function as a nucleophile. The first successful attempt to add a
nitrogen nucleophile involved the addition o f tosylamide, 163, in the presence o f sodium
bicarbonate to form di-p-chlorobis [ (l,4,5-r|)-3-[[(4-methylphenyl)sulfonyl]amino]-2methoxymethyl)-4-hexenyl]di-platinum, 164 as illustrated in Figure 62. In this reaction
tw o equivalents o f tosylamide 163 were used; the first presumably acts as a ligand to form
the monomeric species and the second acts as the nucleophile.
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Figure 62. Addition of Tosylamide 163 to Di-^-chlorobis [ (l,4,5-ri)-3-chloro-2methoxymethyl)-4-hexenyl]di-platinum, 138.

The new product 164 was characterized by 13C NMR and the data are listed in Table 11.
In this case the 1H NMR spectrum has sharp lines and the coupling constant between
protons 2 and 3 is 12.2 Hz. This coupling constant defines the trans stereochemistry o f
this complex.
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Table 11. NMR Data for (Acetonitrile-(J3) Chloro [ (1,4,5-T|)-2-(methoxyniethyl)-3[[(4-methylphenyl)sulfonyI]amino]-4-hexenyl-platinum, 165.

165
#
I
2
3
4
5
6
7
8
9
10
11
12
13

13C ppm
4.6
38.4
58.4
83.7
74.9
20.9
74.0
58.5
139.5
127.0
130.7
144.5
21.5

I pt-c Hz
645.2
11.7
25.8
255.7
235.0
35.2
66.7

Addition o f Sulfur Nucleophiles to 138
Addition o f Ethvl Mercaptan to 138
Having added one ligating type element as a nucleophile, the addition o f a sulfur
nucleophile was performed. The initial reaction was the addition o f ethyl mercaptan in the
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presence o f sodium bicarbonate. This did yield the expected substitution o f the mercaptan
for the chloride, however, it also resulted in the reductive release o f the organic portion o f
the molecule as illustrated in Figure 63.

Figure 63. Addition of Ethyl Mercaptan to Di-p-chlorobis [ (l,4,5-ri)-3-chloro-2methoxymethyl)-4-hexenyl] di-platinum, 138.

Mechanism o f Formation o f 3Ethvlthio-1-methoxv-2-methvl-4hexene 168
The mechanism is postulated as follows ( see Figure 64). It is presumed that the
di-p-chlorobis [ (l,4,5-ri)-3-chloro-2-methoxymethyl)-4-hexenyl]di-platinum, 138, first
disproportionates in neat ethyl mercaptan to form the monomeric species, which is
followed by formation o f the standard Tt allylic type intermediate allowing attack o f a
second ethyl mercaptan molecule. This gives rise to complex 169 which in the absence o f
additional ethyl mercaptan, might be stable. However, the production o f this product with
stoichiometric amounts o f ethyl mercaptan was never achieved, and therefore this complex
was not isolated. Next, it is presumed that ethyl mercaptan oxidatively adds to the
platinum forming a new platinum (IV) complex which then reductively eliminates the
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organic product (3-ethylthio-1-methoxy-2-methyl-4-hexene, 168). N o attempt was made
to elucidate the fate o f the platinum.

Figure 64. Proposed Mechanism for the formation of 3-ethyIthio-l-methoxy-2methyl-4-hexene, 168.

Liberation o f Organic Substrates in a Tt
bound Platinum ('ID Complexes
Hydrogenation o f 145
Hydrogenation represents one o f the traditional methods o f liberating the organic
moiety from the platinum atom. This method also may hydrogenate any double bonds in
the structure since several platinum species are present and platinum is an efficient
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hydrogenation catalyst. The utility o f this methodology is demonstrated on di-g-chlorobis
[ (l,4,5-Ti)-3-ethoxide-2-methoxymethyl)-4-hexenyl]di-platinum, 145 (Figure 65).

Figure 65. Hydrogenation of Di-|i-chlorobis [ (l,4,5-r|)-3-ethoxy-2-methoxymethyl)4-hexenyl]di-platinum, 145.

Hydrogenation o f 164
Another reason that this method is advantageous is that it is considered a mild
method o f cleavage and therefore can be used to elucidate structure that might be difficult
to observe with the metal on the organic substrate. This was the case with the addition o f
tosylamide 163 to the di-p-chlorobis [ (l,4,5-ri)-3-chloro-2-methoxymethyl)-4-hexenyl]diplatinum, 138. In this addition, the data obtained from the 13C NM R spectrum (normally
the definitive test) did indicate that the tosylamide had acted as a nitrogen nucleophile
bonding to the methine as evidenced by the shift at carbon 3, which went from 59.9 ppm
with 57 Hz 3Jptc for the chloride complex, 138, to 58.4 ppm with 25.8Hz 3JptC. for the
methine with the nitrogen bonded to it (complex 165). This small shift in the carbon
resonance hardly seemed conclusive that the tosylamide had substituted the chloride. The
possibility existed that the nitrogen atom o f tosylamide 163 was acting as a ligand on the
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platinum and the chloride remained bond to carbon 3. (See Table 4 and Table 11 for
complete 13C NM R data.)
However, on the addition o f hydrogen to complex 164, free organic (2-methyl, 3[[(4-methylphenyl)sulfonyl]amino])-l-methoxyhexane) 171 was liberated (see Figure 66).
This was evidenced by both the proton and carbon NM R spectrum as well as the GrCMS
data. The GC trace showed only one product and the high resolution chemical impact
mass spectrum show that the compound had a formula o f C15H26O3SN. The proton NM R
data clearly showed that a para substituted benzene was present. This coupled with the
empirical formula containing a sulfur and three oxygens (two in the tosyl group one in the
methyl ether) gleaned from the MS shows that the tosyl group is present in the molecule.
The upfield portion o f the carbon NM R spectrum has nine resonances, the eight from the
organic starting material with the hydrogenated olefin and the methyl from the tosyl
group. Three o f these resonances show a downfield heterd atom shift, corresponding to
tw o carbons bonded to oxygen from the ether and the methine bonded to the nitrogen. All
o f this taken together shows that the tosylamide added via nucleophilic substitution
yielding 171 after the addition o f hydrogen.
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Figure 66. Hydrogenation of Di-p.-chlorobis [ (1,4,5-ti)-3-[[(4methylphenyl)suIfonyl]amino]-2-methoxymethyI)-4-hexenyI]diplatinum, 164.

Liberation o f the Organic Moietv by
Addition o f Triphenvlphosphine
As mild as the hydrogenation o f these organometallic species is, it may
hydrogenate a potentially synthetically useful olefin. To this end it would be advantageous
to find a method or methods that release the organic moiety while preserving functionality
or even adding more. In the past, triarylphosphines have been used to cause hydride
eliminations and reductive eliminations, thereby freeing the organic ligand. To
demonstrate the utility o f this approach, one equivalent o f triphenylphosphine was added
to di-p-chlorobis [ (l,4,5-r|)-3-ethoxy-2-methoxymethyl)-4-hexenyl]di-platinum, 145 in
ethanol yielding 3 -ethoxy-2-(methoxymethy)-0,4 hexadiene 172 as shown in Figure 67.
This has the advantage o f not only preserving the original olefin but adding a second
olefin.
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Figure 67. Addition of Triphenylphosphine to Di-|i-chlorobis [ (l,4,5-r|)- 3-ethoxy2-methoxymethyl)-4-hexenyl]di-pIatinum, 145 in Ethanol.

Summary
In summary, it is worth reflecting on the chemical diversity that the vinyl
cyclopropane systems have shown. It is now possible to add a variety o f oxygen
containing nucleophiles including alcohols, alkoxides and the carboxylates. Additionally,
many other elements serve well as nucleophiles including sulfur, nitrogen and carbon.
This, coupled with the diverse methodologies for freeing the organic moiety from the
inorganic portion, gives a truly powerful and flexible methodology for transforming
conjugated dienes into a host o f organic products as summarized Figure 68.
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Figure 68. Utility of Vinyl Cyclopropane Methodology.

Platinacvclobutanes with a a Hetero Atom

a Sulfur Substituted Cvclopropanes
Having explored the avenues o f stabilization o f an incipient carbocation occurring
in platinacyclobutanes by either skeletal rearrangement or incorporation o f an olefin
moiety a to the potential incipient carbocation, the focus o f investigation was turned to
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the stabilization o f the incipient cation generated by the platinacyclobutane with an a
heteroatom with a lone pair o f electrons. Hoberg and coworkers explored the use o f
oxygen in the form o f ether groups as a stabilizing agent, giving rise to an interesting
catalytic system discussed in the introduction o f this th esis.179 A divalent sulfur atom was
the next logical choice, for it is in the same period as oxygen; however, unlike oxygen, the
d orbitals are available for interaction. This gives rise to a much softer lone pair than that
o f oxygen and contributes greatly to the ability o f sulfur to act as a strong ligand to
platinum. The ability to act as a strong ligand is often the characteristic that inhibits
organoplatinum chemistry, other than the addition o f the sulfur as a neutral ligand. This
problem is daunting, and in initial attempts all that was observed was the addition o f the
sulfur atom as a ligand to the platinum.
The commercial availability o f cyclopropyl phenyl sulfide, 173, provided a
convenient entry into this chemistry. As alluded to earlier, the addition o f one equivalent
o f platinum in the form o f Zeise’s dimer 2 leads only to a monomeric complex where the
sulfur acted as a neutral ligand. However, the addition o f a second equivalent o f platinum,
again in the form o f Zeise’s dimer 2, and a seven day reflux in benzene under inert
atmosphere leads to an interesting transformation as shown in Figure 69.
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Figure 69. Addition of Zeise's Dimer 2 to Phenyl Cyclopropyl Sulfide 173.

While the exact ligand sphere o f the platinum was not discerned, the
rearrangement o f the cyclopropane to the vinyl moiety is thought to occur in the following
manner (Figure 70). It is presumed that the Zeise’s dimer 2 is broken into the monomeric
form with the sulfide as a ligand. Next, the second equivalent o f platinum in the form o f
Zeise’s dimer 2, oxidatively adds to the cyclopropane to form a platinacyclobutane. The
platinacyclobutane then undergoes P hydride elimination, via an a hydride shift to
platinum and subsequent transfer o f the P hydride to the a position, yielding a zwitterionic
intermediate which collapses to form a platinum (IV) hydride. This hydride then
reductively eliminates to yield the observed platinum n bound olefin 174.
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Figure 70. Proposed Mechanism for the Formation of AIlyl Phenyl Sulfide.

The structure elucidation o f 174 was done using various NM R techniques
including 1H, 13C, DEPT, and COSY, allowing each proton in the propene moiety to be
assigned as shown in Table 12. The shifts were interesting and consistent with other
platinum Tt bound olefins. The olefinic carbons, Tt bonded to platinum, were shifted
upfield by 30 to 40 ppm and have Jpt-C coupling constants o f 217 and 238 Hz. One
interesting note is that the geminal coupling constant o f the two protons on carbon 3 is
17.4 Hz, which is comparable to methylene protons in a fused cyclohexyl ring system,
indicating that there is similar hybridization.180
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Table 12. NMR Data for Allyl Portion of Platinum Complexed Allyl Phenyl Sulfide.

#
la
lb
2

13C ppm *
92.4

Jpt-C**
237.8

63.4

216.92

3a
3b

39.5

1H
3.65
4.12
5.05

(d)
(d)
(m)

3.72
2.72

(dd)
(d)

# to #
la,2
lb,2
2,1a
2,1b
2,3a
3a,2
3a,3b
3b,3a

J hji ’
13.6
7.6
13.6
7.6
5.7
5.7
17.4
17.4

In conclusion, this reaction represents an interesting extension o f the chain
homologation work that Brian Williams demonstrated in his Ph D. thesis, in that it is
highly regioselective.181 The drawback to this reaction is that it requires two equivalents
o f platinum.
Addition o f Zeise’s Dimer 2 to Cvclopropvl
Amine 175

After the use o f sulfur, the prospect o f nitrogen being used as a substituent looked
promising. In the review article by Jennings et al, a reference was made to the use o f
cyclopropyl amine for this purpose.182 The data for this result was never published, and
after review o f preliminary work by Fred Stewart, it was clear that while Zeise’s dimer 2
inserts into the cyclopropane o f cyclopropyl amine at least some o f the time183, the spectral
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morass that resulted was so daunting that he abandoned the project. However, after a
change o f reaction conditions, a more manageable spectrum was obtained. The key was
the addition o f a third equivalent o f platinum in ether. There are four resonances in the
13C NMR spectrum which appear to indicate two symmetrical platinacyclobutanes in
approximately equal concentration. The downfield methines appear at 58.2 ppm and 54.3
ppm with 112.0 and 118.1 Hz Jp1-C respectively and the upheld methylenes resonate at -3.3
and -9.0 ppm with 393.6 and 399.7 Hz Jpt-C respectively (see Figure 71). Both sets o f
these carbon resonances as well as the platinum coupling constants associated with these
resonances are consistent with the symmetricly platinacyclobutane structure 176 in Figure
71. Were these not symmetric platinacyclobutanes, the 13C NMR spectrum would show
both a methine and a methylene with 1Jpt-C coupling and a methylene with 2Jpt-C coupling.
This was not present in the spectrum. The difference in the two symmetrical
platinacyclobutanes would most likely be the result o f a geometry difference o f the ligands
around the platinum or a difference o f neutral ligands, such as the amine from the starting
material versus acetonitrile which is the solvent used to take the spectrum.

+

175

ZD

2

176
Figure 71. Addition of Zeise s Dimer 2 to Cyclopropyl Amine 175.
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The interesting thing o f note here is that the symmetrical platinacyclobutane 176 is
observed and not the non-symmetrical one. Given the chemistiy already illustrated in this
project, and the chemistry generally observed in platinacyclobutane chemistry, the majority
o f cyclopropanes that have electron donating groups form the non-symmetrical
platinacyclobutane. It is therefore o f note and interest that this cyclopropane gives rise to
the symmetrical platinacyclobutanes as the only observable species. The symmetry could
arise for a variety o f reasons but the most probable is that the amine is unable to donate its
lone pair o f electrons in this case because it is ligated to a no platinacyclobutanic platinum
and is therefore unable to donate its lone pair to the platinacyclobutane and also rendering
the nitrogen sterically encumbered.

Conclusions

The examination o f electron donating groups on platinacyclobutanes yielded two
insights. First, it reiterates that the true nature o f the platinum (IV)-Carbon bond is
polarized carbon plus platinum minus, as opposed to other carbon-metal bonds in which
the carbon is the anionic species such as Grignard reagents, alkyl lithium complexes and
organocuprates. This most clearly reveals itself in the pinene systems, but all o f the
chemistry shown is consistent with this.
Second, any a substituent that can donate a pair o f electrons will inevitably direct
the chemistry o f a platinacyclobutane. Olefins can best take advantage o f this stabilization
first by forming a n allyl and subsequently by acting as a ligand on the platinum. In this
case the stability o f the platinum and the chemistry that can be performed renders vinyl
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cyclopropanes a useful tool for what is essentially a 1,2 addition across an olefin.
Heteroatoms which have an available lone pair to contribute also direct the chemistry o f
platinacyclobutanes, but only if they do not complex to the Zeise’s dimer 2 to such an
extent as to prevent the insertion into the cyclopropane.

103

EXPERIMENTAL

General

Chemicals
Deuterated solvents including chloroform, water, acetonitrile, pyridine,
tetrahydrofiiran, methanol were purchased from Cambridge Isotope Laboratories and used
without further purification. Anhydrous grade ether and tetrahydrofiiran were purchased
and then distilled from sodium benzophenone ketyl immediately prior to use. Acetone,
hexane, ethylacetate, methanol, toluene and methylene chloride were purchased from
M SU chemistry stores from bulk sources and distilled prior to use. Pentane, chloroform
and acetonitrile were purchased as ACS grade from Fisher and used without further
purification. K2PtCl4 was obtained on loan from Johnson Matthey and was used in the
preparation o f Zeise’s dimer by the method o f Littlecott.184 All starting Olefins were
purchased from Aldrich or Acros and used without further purification. Cuprous chloride
was purchased from both Aldrich and Lancaster. Zinc dust was purchased from Aldrich.
Diiodomethane was purchased from Acros and used without purification. AU other
reagents were purchased from Aldrich, Fisher, Acros, Lancaster, or Baker and used as
received. Chromatography was performed using Merck silica gel 60 (230-400 mesh
ASTM).
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Instrumentation
NM R data were acquired on Bruker AM500, WM 250, AC300, D RX 250, D PX
300 or D RX 500 spectrometers. Chemical shifts are reported in units o f parts per million
(ppm) (5) relative to tetramethylsilahe. 1H shifts are relative to the residual protonated
solvent resonance (CDCL3 = 7.24, CD3CN = 1.93) which is referenced relative to a
tetramethylsilane standard. All coupling constants are reported in Hz. 13C NM R spectra
were recorded at 75.5 or 125.8 MHz. Chemical shifts are reported relative to the solvent
resonance ( CDCl3 = 77.0 ppm, CD3CN = 1 .3 ppm) which is referenced relative to a
tetramethylsilane standard. Multiplicities were determined by DEPT 135 and DEPT 90
experiments and all Jpt-C coupling constants are listed in Hz. 195Pt NM R spectra were
recorded at 53.66 MHz and shifts are reported with respect to KzPtCL Mass spectral
data were obtained using HP 5970 and VG 7070 mass spectrometers using 30m DB-5
column (0.25mm id, 0.25pm film thickness) with a 30 cm/second flow rate calibrated at
200 °C. All high resolution spectra were taken on the VG 7070. Elemental analysis was
;1

performed by Galbraith Laboratories.

Procedures

Reaction o f a-Pinene 124 with Trimethvaluminum and Diiodomethane to form (2R*,
4IS'*V2.7.7- Trimethvtricvclo^.1.1.O^4Ioctane 125
A 500-mL rounded bottom flask equipped with a magnetic stirring bar and a
rubber septum was charged with a-pinene 124 (50 mmol, 6.8 g), diiodofnethane (10
mmol, 26.8 g) and hexane (150 mL). The reaction vessel was placed in an ice bath and
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stirring was initiated. The reaction mixture was then flushed with a steady stream o f dry
nitrogen for 20 min. Subsequently, a solution o f trimethyaluminum (140 mmol 70 mL o f
a 2 M solution in hexanes) was added over 15 min via syringe. The reaction mixture was
stirred at 0° C for an additional 6 h at which time an additional portion o f methylene
iodide (20 mmol, 5.4 g) was added via syringe. The reaction mixture was allowed to stir
for an additional 20 hours at which time the reaction mixture was exposed to the
atmosphere. A portion o f hexane (200 mL) was added, followed by the addition o f
anhydrous sodium fluoride (570 mmol, 23.9 g) while maintaining vigorous stirring.
Following the addition o f the anhydrous sodium fluoride, water (430 mmol, 7.8 mL) was
added with vigorous stirring while maintaining the reaction mixture at 0 °C. The reaction
mixture was maintained at 0 °C for an additional 30 min. The resulting slurry was vacuum
filtered and the filter cake was washed with and additional portion o f hexane (150 mL).
The organic layer was separated and concentrated in vacuo. The resulting oil was purified
by bulb-to-bulb distillation yielding 6.2 g (83%) o f (IR*,
trimethytricyclo[4.1.1.02^joctane 125 as an oil.185 1H NMR (CDCl3) 2.00 (m, 2H), 1.85
(t, IR) 1.60 (m, 2H), 1.24 (s, 3H), 1.07 (s, 3H), 1.03 (s, 3H), 0.92 (d, 2H), 0.71 (m, 2H),
0.19 (m, 1H); 13C N M r (CDCI3) 45.4, 41.5, 41.0, 27.3, 27.0, 26.9, 25.4, 21.0, 20.3, 18.9,
15.9.
Reaction o f 1.3-cyclohexadiene 130 with Zinc-copper Couple and Diiodomethanpi tn VWd
(13*, 2K* AS*, 77?*)-Tricvclor5.1 O O^loctane 132 and
2S*. 4R*. 7/?*V
Tricvclo[~5.1.0.02’4~loctane 131
A 500-mL three-neck round bottomed flask equipped with a magnetic stirring bar,
rubber septum, glass stopper and water jacketed condenser (which was also fitted with a
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rubber septum) was charged with zinc, (17.0 g, 260 mmol) and Copper(I) chloride (25.8 g,
260 mmol). The reaction vessel was flushed with a steady stream o f dry nitrogen for 20
min. Anhydrous diethyl ether (100 mL) was added to the flask and stirring was initiated.
The reaction mixture was stirred for 2 h at 23 °C whereupon an exothermic reaction
ensued (forming a zinc-copper couple evidenced by a color change from dark gray to a
red/brown). The 1,3-cyclohexadiene 130 (4.75mL, 50 mmol) was added via syringe
followed by the addition o f diiodomethane (10.5 mL, 130 mmol) via syringe, at a rate to
maintain a gentle reflux. Note: The diiodomethane was added with caution as a delayed
exothermic reaction ensued. The reaction mixture was stirred at 23 0C for an additional
96 h. The reaction mixture was exposed to the atmosphere and the unreacted zinc-copper
couple was quenched with saturated aqueous ammonium chloride (100 mL) followed by
slow addition o f solid sodium bicarbonate (150 g). The resulting slurry was vacuum
filtered and the filter cake was washed with an additional 150 mL portion o f ether. The
aqueous and organic layers were placed in a I L separatory funnel. The aqueous layer
was removed from the funnel and the organic layer was washed with a 75 mL portion o f
aqueous sodium hydrogen sulfite (5% w /w ) and two 100 mL portions o f water. The
organic layer was dried over magnesium sulfate and concentrated in vacuo. The resulting
oil was purified by bulb-to-bulb distillation under vacuum [I I mm Hg, 120 °C (oven)]
over 20 min yielding 1.76 g (33%) the mixture o f (IS*, IR*, AS*, 77?*)tricyclo[5.1.0.02,4]octane 132 and (IS*, 25'*, AR*, 77?*)-tricyclo[5.1.0.02,4]octane 131 as
an oil. The mixture was determined to be 20% cis / 80% trans by GCMS and 1H NMR
spectral comparison to literature values for these compounds.186
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Trans 131 GrCMS data: retention time was 8.84 minutes on a 30 m db5 column. MZe 108
0 0

7), 107 (3.3), 93 (59.8), 91 (45.7), 80 (53.2), 79 (100), 67 (58.9), 54 (30.0), exact

mass calculated for CsHn 108.0939, found 108.0932.
Cis 132 retention time: 9.69 minutes 108 (M+, 5.3), 93 (52.8), 91 (42.8), 79 (100), 67
(81.6), 54 (34.8), exact mass calculated for CsHn 108.0939, found 108.0937.
1H NM R data taken as a mixture (CDClg) 1.65 (s), 1.60 (bs) 1.05 (m), 0.75 (m),
0.65 (m), 0.35 (m), 0.30 (m), -0.20 (m); 13C NM RTrans 131 18.0 (CH2), 11.2 (CH), 10.8
(CH), 7.5, Cis 132 20.0 (CH), 7.5 (CH), 6.3 (CH), 6.2 (CH2). Note: The two peaks listed
at 7.5 ppm in the 13C NM R spectrum for both the cis and trans isomer are resolvable at
125.8 MHz and differ by 0.018 ppm with the cis isomer’s methylene being upheld.
Reaction o f OS*. 2R*. 43* 77M -Tncvclor5.1 O.O^loctane 132 with Zeise’s Dimer 2 to
Yield 3-( ChloromethvlV6-methvlidenvl-1-cvclohexene 137
A 30-mL round bottomed flask equipped with a Teflon-coated magnetic stirring
bar was charged with a mixture o f the cis- and irons tricyclo[5.1.0.02,4]octanes 132 and
131 (14.7% cis 85.3% trans, 2.90 mmol, 313 mg) and diethyl ether (15 mL). To the
reaction mixture was added Zeise’s dimer 2 (0.21 mmol, 125 mg, I equivalent o f platinum
per cis isomer 132). The flask was then sealed with a plastic stopper. The reaction
mixture was stirred for 2 d at which time the supernatant diethyl ether was removed. The
resulting solid was washed twice with diethyl ether (10 mL). Note: The washings were
done with great care in order to leave all o f the solid complex. Subsequent to the
washings, diethyl ether (15 mL) was added to the reaction vessel followed by the addition
o f triphenylphosphine (0 .11 mmol 96 mg, one equivalent per platinum). The reaction
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mixture was stirred for 2 d. The ether was removed in vacuo, and the remaining oil was
purified by bulb-to-bulb distillation under vacuum [11 mm Hg, 120 °C (oven)] over 15
min yielding 26 mg (43% yield based on the cis tricyclo[5.1.01O2l4Joctane 132) o f 3(chloromethyl)-6-methylidenyl-1-cyclohexene 133 as an oil. GCMS data: retention time
was 14.7 min on a 30 m db5 column. MZe 144 (11.7), 142 (M+, 17.0), 107 (15.1), 93
(100), 77 (62.4), exact mass calculated for CgHnCl 142.0549, found 142.0549. 1HNMR

(CDCl3) 6.21 (1H, dd, J = 10.0, 2.5 Hz), 5.71 (1H, d, J = 10.0 Hz), 4.81 (2H, d, J = 5.6
Hz), 3.46 (2H, dd, J = 6.5, 1.0 Hz), 2.55 (1H, m), 2.35 (2H, m), 1.9 (1H, m), 1.52 (1H,
m); i3C N M R (C D C I3) 142.3 (Q , 131.2 (CH), 130.0 (CH), 111.9 (CH2), 48.4 (CH2), 38.2
(CH), 28.7 (CH2), 26.8 (CH2).
Reaction o f 2.4-hexadien-l-ol 134 with Zinc-copper Couple and Diiodomethane yielding
(\S*. 2S*)- 1-(Hvdroxvmethvll-2-ZI-E-propenyD cyclopropane 135
A 500-mL three-neck round bottomed flask equipped with a magnetic stirring bar,
rubber septum, glass stopper and water jacketed condenser (which was also fitted with a
rubber septum) was charged with zinc, (17.0 g, 260 mmol) and copper(l) chloride (25.8 g,
260 mmol). The reaction vessel was flushed with a steady stream o f dry nitrogen for 20
min Anhydrous diethyl ether (100 mL) was added to the flask and stirring was initiated.
The reaction mixture was stirred for 2 h a t 23 0C whereupon an exothermic reaction
ensued (forming a zinc-copper couple evidenced by a color change from dark gray to a
red/brown). The 2,4-hexadien-l-ol 134 (11.47 mL 100 mmol) was added via syringe
followed by the addition o f diiodomethane (7.25 mL, 90 mmol) via syringe, at a rate to
maintain a gentle reflux. Note: The diiodomethane was added with caution as a delayed
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exothermic reaction ensues. The reaction mixture was stirred at 23 °C for an additional
96 h. The reaction mixture was exposed to the atmosphere and the unreacted zinc-copper
couple was quenched with saturated aqueous ammonium chloride (100 mL) followed by
slow addition o f solid sodium bicarbonate (150 g). The resulting slurry was vacuum
filtered and the filter cake was washed with an additional 150-mL portion o f ether. The
aqueous and organic layers were placed in a I L separatory funnel. The aqueous layer
was removed from the funnel and the organic layer was washed with a 75 mL portion o f
aqueous sodium hydrogen sulfite (5% w /w ) and two 100-mL portions o f water. The
organic layer was dried over magnesium sulfate and concentrated in vacuo. The resulting
oil was purified by bulb-to-bulb distillation under vacuum [I I mm Hg, 140 °C (oven)]
over 25 min yielding 5.48 g o f a 1:1 mixture (determined by GCMS, an unisolated yield o f
(IS1*, 25'*)-1-(hydroxymethyl)-2-(I-E-propenyl) cyclopropane 135 o f 25.6%) o f 134 and
135. GCMS data: retention time for 135 was 11.8 min on a 30 m db5 column, M/e 112
(M f, 6.4), 94 (6.0), 79 (100), 77 (45.1), 67 (63.7), 53 (55.9); 1H N M R (CDCl3) 5.5 (1H,
dq, J = 15.3, 2.2 Hz), 5.0 (1H, ddd, J = 15.3, 8.4, 1.6 Hz), 3.4 (3H, d, J = 6.2 Hz), 2.4
(1H, br s), 1.6 (3H, dd, J = 6.5, 1.6 Hz), 1.3 (1H, m), 1.1 (1H, m), 0.6 (2H, m); 13C NM R
(CDCl3) 133.1 (CH), 123.2 (CH), 66.2 (CH2), 22.3 (CH3) ,19.3 (CH), 17.6 (CH), 11.1
(CH2).
Synthesis and isolation o f (TS*. 261*V I-(MethoxvmethvlV2-f I -E-propenyl) cyclopropane
137 from 134 and 135
The mixture o f 134 and 135 (5.4 g, 51.9% 135, 48.1% 134) was placed in a 200mT. round bottomed flask equipped with a magnetic stirring bar. To the flask was added

HO
IOO mL anhydrous tetrahydofuran followed by the slow addition neat sodium hydride (1.4
g, 58 mmol, 1.1 equivalents). The reaction vessel was sealed with a rubber septum
equipped and equipped with bubbler. The reaction mixture was stirred for I h which time
iodomethane (4.2 mL, 9.5 g, 68 mmol) was added via syringe. The reaction mixture was
stirred for 10 h. The reaction flask was then exposed to the atmosphere and the excess
sodium hydride was quenched by the addition o f water (50 mL). The mixture placed in a
separatory funnel to which diethyl ether (100 mL) and pentane (100 mL) were added. The
aqueous layer was separated and organic layer was washed with aqueous sodium bisulfite
(50 mL, 5% w /w ) and water (100 mL). The organic layer was dried over magnesium
sulfate and concentrated in vacuo. The resulting oil was bulb-to-bulb distilled under
vacuum [15 mm Hg, 115 °C (oven)] over 15 minutes yielding 3.69 g o f the mixture 136
and 137. Compound 137 was isolated from 136 using a spinning band distillation
apparatus under vacuum (18 mm Hg) yielding 635 mg o f (ISr*, 26"*)-1-(methoxymethyl)2-( I -L-propenyl) cyclopropane 137 in greater than 90% purity (GCMS) as an oil. Giving
an overall yield from 2,4-hexadien-l-ol to tram- 1-(methoxymethyl)-2-( I -E-propenyl)
cyclopropane 137 o f 2%. GCMS data: retention time was 10.87 min on a 30 m db5
column. M /e 126 (M% 4.9), 97 (14.8), 94 (32.6), 79 (85.5), 68 (100), 53, (53.5), exact
mass calculated for CgHwO 126.1044, found 126.1045. 1H NM R (CDClg) 5.49 (1H, dq, J
= 15.3, 6.5 Hz), 5.02 (1H, ddd, J = 15.3, 8.4 ,1.6 Hz), 3.31 (3H, s), 3,23 (2H, d, J = 6.5
Hz), 1.61 (3H, dd, J = 6.5, 1.6 Hz), 1.22 (2H, m), 1.01 (1H, m), 0.57 (2H, t, J = 6.9 Hz);
13C NM R (CDCl3) 132.9 (CH), 123.1 (CH), 75.8 (CH2), 58.0 (CH3), 19.4 (CH), 17.5
(CH), IL l(C H 2).

Ill

Reaction o f 137 with Zeise’s Dimer 2 to form -Di-u-chlorobis F ('1.4.5-r|V3-chloro-2methoxvmethvlV4-hexenvl]di-platinum. 138
A 20-mL cone cap scintillation vial equipped with a Teflon-coated magnetic
stirring bar was charged with (IS1*, 2S*)- 1-(methoxymethyl)-2-(I -Epropenyl)cyclopropane 137 (0.230 mmol, 29mg) and anhydrous diethyl ether (10 mL)
followed by the addition o f Zeise’s dimer (0.115 mmol, 67 mg, one equivalent o f platinum
per cyclopropane). The vial was capped and stirring was initiated. The reaction mixture
was stirred at 23 °C for 12 h at which time ether was evaporated under a stream o f
nitrogen gas to yield 89 mg (99% crude yield) o f di-p-chlorobis [ ( 1,4 ,5-ri)-3-chloro-2methoxymethyl)-4-hexenyl]di-platinum, 138 as an amorphous solid. Elemental analysis
calculated: 3.60% H, 24.50% C. Found 3.84% H, 24.88% C. NM R data for the
corresponding deuteroacetonitrile complex 139 1H NM R (CDsCiN) 4.57 (dq, Jr= 11.9, 6.0
Hz), 4.40 (dd, J = 10.5, 4.4 Hz), 4.20 (dd, J = 11.9, 4.4 Hz), 3.35 (m), 3.26 (s), 1.75 (m),
1.60 (d, J = 6.0 Hz); 13C NM R (CD3CN) 82.7 (CH, J pt-C = 241.5 Hz), 74.1 (CH, J pt-C
232.4 Hz), 72.9 (CH2,
c

J pt-C

57.0 Hz), 60.1

( C H , J pt-C

12.7 Hz), 20.8 (CH3, J pt-C 34.4 Hz), 5.9 (CH2, J

pt-C

57.7 Hz), 59,2 (CH3), 41.5 (CH, J pt.
634.3 Hz)

Formation o f 138 with Subsequent Treatment with Ethanol to form Di-p-chlorobis
[ri.4.5-'qV3-ethoxv-2-methoxvmethvlV4-hexenvlldi-platinum-145
A 20-mL cone cap scintillation vial equipped with a Teflon-coated magnetic
stirring bar was charged with (IS1*, 25'*)-1-(methoxymethyl)-2-(I -Epropenyl)cyclopropane 137 added (0.34 mmol, 43 mg) and anhydrous diethyl ether (10
mL) followed by the addition o f Zeise’s dimer (0.17 mmol, 98 mg, one equivalent o f
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platinum per cyclopropane). The vial was capped and stirring was initiated. The reaction
mixture was stirred at 23 °C for 12 h at which time the ether was evaporated under a
stream o f nitrogen gas. To the vial was then added sodium bicarbonate (0.68 mmol, 57
mg, 2 equivalents) and absolute ethanol (7 mL). The cap was replaced and the reaction
mixture was stirred for an additional 30 min at which time the solution was concentrated
in vacuo to yield 183 mg o f the mixture o f di-|>chlorobis [ ( 1,4,5-r|)-3 -ethoxy-2methoxymethyl)-4-hexenyl]di-platinum, 145 and the remaining salts. Attempts to effect
separation o f the complex 145 from the remaining sodium chloride and sodium
bicarbonate resulted in decomposition o f the complex. Therefore, percent yields are not
reportable. However, in the NM R spectrum there appears to be evidence for primarily
one organic compound. From examination o f the NM R spectrum o f the corresponding
deuteroacetonitrile complex 146, (see Figure 74 and Figure 75 ) it is apparent that less
than 5% o f the precursor complex 138 is present (see Figure 72 and 73 for 13C NMR and
1H NM R data for the corresponding deuteroacetonitrile complex 139). Also, in this case,
hydrogenation o f 145 yielded 39% o f 170 based on 137. So in no case can the yield o f
146 be below 39%. NM R data for the corresponding deuteroacetonitrile complex 1 4 6 ,1H
NM R (CD3CN) 4.48 (dq, J = 12.0, 6.0 Hz), 4.21 (dd, J = 12.0, 4.3 Hz), 3.72 (dd, J =
10.4, 4.3 Hz), 3.62 (dt, J = 9.4, 7.1 Hz), 3.46 (dq, J = 9.4, 7.1 Hz), 3.29 (dd, J = 9.1, 3.1
Hz), 3.22 (s), 3.16 (dd, J = 9.1, 5.7 Hz), 1.67 (m), 1.59 (d, J = 6.0 Hz), 1.58 (dd, J =
11.4, 8.1 Hz), 1.10 (t, J = 7.1 Hz); 13C NM R (CD3CN) 83.4 (CH, Jpt-C = 255.8 Hz), 80.2
(CH, Jptc = 31.4 Hz), 75.3 (CH, Jpt-C = 2 3 4 .1 Hz), 74.5 (CH2, Jpt-C = 62.4 Hz), 64.9
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(CH2), 57.9 (CH3), 37.8 (CH2, Jpt-c = 13.7 Hz), 20.8 (CH3, Jn-c = 35.9 Hz), 16.1 (CH3),
2.7 (CH2, Jn-C= 627.2 Hz)
Formation o f 138 with Subsequent Treatment with /50-Propanol to form Di-jichlorobis[ ( 1.4.5-r|>3 -/50propoxv-2-methoxymethvlV4-hexenvll di-platinum, 147
A 20-mL cone cap scintillation vial equipped with a Teflon-coated magnetic
stirring bar was charged with (15*, 2 5*)-1-(methoxymethyl)-2-(I -Epropenyl)cyclopropane 137 added (0.29 mmol, 37 mg) and anhydrous diethyl ether (10
mL) followed by the addition o fZ eise’s dimer (0.14 mmol, 87 mg, one equivalent o f
platinum per cyclopropane). The vial was capped and stirring was initiated. The reaction
mixture was stirred at 23 0C for 12 h at which time the ether was evaporated under a
stream o f nitrogen gas. To the vial was then added sodium bicarbonate (2.0 mmol, 172
mg, 7 equivalents) and HPLC grade /so-propanol (7 mL). The cap was replaced and the
reaction mixture was stirred for an additional 2 h at which time the solution was
concentrated in vacuo to 287 mg o f the mixture o f di-p-chlorobis[( 1,4 ,5-r|)-3-/5,o propoxy2-methoxymethyl)-4-hexenyl]di-platinum, 147 and the remaining salts. Attempts to effect
separation o f the complex 147 from the remaining sodium chloride and sodium
bicarbonate were unsuccessful without decomposition o f the complex. Therefore, percent
yields are not reportable. However, in the NM R spectrum there appears to be evidence
for primarily one organic compound derived from starting material 138. From examination
o f the NM R spectrum o f the corresponding deuteroacetonitrile complex 148 (see Figure
76 and Figure 77) it is apparent that less than 5% o f the precursor complex 138 is present
(see Figure 72 and 73 for 13C NM R and 1H NM R data for the corresponding
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deuteroacetonitrile complex 139). NM R data for the corresponding deuteroacetonitrile
complex 1 4 8 ,1H NM R (CD3CN) 4.44 (dq, J = 12.0, 6.0 Hz), 4.17 (dd, J = 12.0, 6.0 Hz),
3.84 (hept., J = 6.1 Hz), 3.73 (dd, J = 12.2, 6.0 Hz), 3.22 (m), 3.2 (s), 1.58 (m), 1.57 (d, J

= 6.0 Hz), 1.47 (m), 1.07 (d, J = 6.1 Hz); 13C NM R (CD3CN) 84.9 (CH, Jpt-C 253.2 Hz),
78.9 (CH, J pt-C 30.3 Hz), 75.4 (CH,

J pt-C

234.5 Hz), 74.6 (CH), 72.1 (CH2), 59.4(CH3),

38.7 (CH2), 24.5 (CH3), 23.3 (CH3), 21.4 (CH3, J pt-C 34.9 Hz), 2.7 (CH2, J pt-C 626.6 Hz).

Formation o f 138 with Subsequent Treatment with Potassium fert-Butoxide to form Di-Uchlorobis Tn.4.5-TiV3-fer/-butoxv-2-m ethoxvm ethvlV4-hexenvlldi-platinum . 149

A 20-mL cone cap scintillation vial equipped with a Teflon-coated magnetic
stirring bar was charged with (IS*, 25'*)-1-(methoxymethyl)-2-(I -Epropenyl)cyclopropane 137 added (0.21 mmol, 27 mg) and anhydrous diethyl ether (10
ml .) followed by the addition o f Zeise’s dimer (0 .11 mmol, 54 mg, one equivalent o f
platinum per cyclopropane). The vial was capped and stirring was initiated. The reaction
mixture was stirred at 23 °C for 12 h at which time potassium tert-butoxide (0.64 mmol,
54 mg, 3 equivalents) was added. The cap was replaced and the reaction mixture was
stirred for an additional 12 h at which time the ether was evaporated under a stream o f
nitrogen gas to yield 101 mg o f di-p-chlorobis [ ( 1,4, 5-t|)-3 -tert-butoxy-2methoxymethyl)-4-hexenyl]di-platinum, 149 and salts. Attempts to effect separation o f
the complex 149 from the remaining potassium chloride and potassium ferf-butoxide
failed. Therefore, percent yields are not reportable. However, in the N M R spectrum
there appears to be evidence for primarily one organic compound. From examination o f
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the NM R spectrum o f the corresponding deuteroacetonitrile complex 150 (see Figure 78)
it is apparent that less than 10% o f the precursor complex 138 is present (see Figure 72
and 73 for 13C NM R and 1H NM R data for the corresponding deuteroacetonitrile complex
139). NM R data for the corresponding deuteroacetonitrile complex 150, 13C NMR
(CD3CN) 85.5 (CE, Jpt-C = 255 Hz), 75.6 (CE), 75.2 (CE), 74.6 (CH2, Jpt-C = 29.9 Hz),
68.7 (O , 59.1 (CH3), 39.2 (CH2, J p t-C = 16.5 Hz), 31.4 (CH3), 20.9 (CH3), 15.5 (CH2, Jpt.
c = 580.0 Hz).
Formation o f 138 with Subsequent Treatment with Sodium Acetate to form 152
A 20-mL cone cap scintillation vial equipped with a Teflon-coated magnetic
stirring bar was charged with (IS1*, 25'*)-1-(methoxymethyl)-2-(I -Epropenyl)cyclopropane 137 (0.24 mmol, 30 mg) and anhydrous diethyl ether (10 mL)
followed by the addition o f Zeise’s dimer (0.12 mmol, 60 mg, one equivalent o f platinum
per cyclopropane). The vial was capped and stirring was initiated. The reaction mixture
was stirred at 23 °C for 12 h at which time sodium acetate (1.7 mmol, 129 mg, 7
equivalents) was added. The cap was replaced and the reaction mixture was stirred for an
additional 12 h at which time the ether was evaporated under a stream o f nitrogen gas to
yield 209 mg o f the solid mixture o f 152 and sodium acetate. Attempts to effect
separation o f the complex 152 from the remaining sodium acetate were unsuccessful
without decomposition o f the complex. Therefore, percent yields are not reportable.
However, in the NM R spectrum there appears to be evidence for only primarily organic
compound. From examination o f the NM R spectrum o f the corresponding
deuteroacetonitrile complex 155 (see Figure 79) it is apparent that less than 10% o f the
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precursor complex 1 3 8 is present (see Figure 72 and 73 for 13C NM R and 1H NM R data
for the corresponding deuteroacetonitrile complex 1 3 9 ) . NM R data for the corresponding
deuteroacetonitrile complex 1 5 5 , 13C NMR (CD 3 CN) 172.8 (C), 79.7 (CH, Jpt-C -■ 254.9
Hz), 76.5 (CH, J pt-C = 230.7 Hz), 74.7 (CH, J pt-C = 43 Hz), 73.8 (CH2, J pt-C = 63.0 Hz),
58.9 (CH3), 36.9 (CH2, J pt-C = 36.9 Hz), 21.1 (CH3), 20.8 (CH3), 1.4 (CH2, J pt-C = 626.8
Hz).
F n r m a tin n

o f 1 3 8 with Subsequent Treatment with Sodium Benzoate to form 1 5 4

A 20-mL cone cap scintillation vial equipped with a Teflon-coated magnetic
stirring bar was charged with (IS*, 2S*)-1-(methoxymethyl)-2-(I -Epropenyl)cyclopropane 1 3 7 (0.25mmol, 31 mg) and anhydrous diethyl ether (10 mL)
followed by the addition o fZ eise’s dimer (0.12 mmol, 62 mg, one equivalent o f platinum
per cyclopropane). The vial was capped and stirring was initiated. The reaction mixture
was stirred at 23 °C for 12 h at which time sodium benzoate (1.7 mmol, 234 mg, 7
equivalents) was added. The cap was replaced and the reaction mixture was stirred for an
additional 14 h a t which time the ether was evaporated under a stream o f nitrogen gas to
yield 318 mg o f 1 5 4 and salts. Attempts to effect separation o f the complex 1 5 4 from the
remaining sodium chloride and sodium benzoate were unsuccessful without decomposition
o f the complex. Therefore, percent yields are not reportable. However, in the NMR
spectrum there appears to be evidence for primarily one organic compound. From
examination o f the NM R spectrum o f the corresponding deuteroacetonitrile complex 1 5 6
(see Figure 80) it is apparent that less than 10% o f the precursor complex 1 3 8 is present
(see Figure 72 and 73 for 13C NM R and 1H NM R data for the corresponding
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deuteroacetonitrile complex 139). NM R data for the corresponding deuteroacetonitrile
complex 156, 13C N M R (C D 3CN) 168 (Q , 134.0 (CH), 130.7 (CH)3 130.4 ( Q 3 129
(CH)3 83.5 (CH3.Zpt-C = 258.1 Hz), 80.5 (CH3J p t-C = 31.1 Hz), 75.3 (CH3J p t-C = 233.6
Hz), 74.7 (CH2, J p t-C = 62.3 Hz), 5 9 .1 (CH3)3 38.0 (CH2, J p i-C = 13.8 Hz), 20.9 (CH3)3 2.8
(CH2, J pt-C " 627.8 Hz).
Formation o f 138 with Subsequent Treatment with the Trimethylsilvl enol ether o f
Acetone 157 to form Di-u-chlorobis I 0 .4.5-rfV3-t2-propanovlV2-methoxvmethvlV4hexenvll di-platinum. 158
A 20-mL cone cap scintillation vial equipped with a Teflon-coated magnetic
stirring bar was charged with (IS*, 2S*)~I-(methoxymethyl)-2-(I -Epropenyl)cyclopropane 137 (0.16 mmol, 20 mg) and anhydrous diethyl ether (10 mL)
followed by the addition o f Zeise’s (0.079 mmol, 40 mg, one equivalent o f platinum per
cyclopropane). The vial was capped and stirring was initiated. The reaction mixture was
stirred at 23 °C for 12 h at which time the trimethylsilyl enol ether o f acetone 157 (1.1
mmol, 219 mg, 7 equivalents) was added. The cap was replaced and the reaction mixture
was stirred for an additional 12 h at which time the ether was evaporated under a stream
o f nitrogen gas. The excess silylenol ether was removed in vacuo yielding 62 mg (94% for
the two step process) o f di-p-chlorobis[(l,4,5-'n)-3-(2-propanoyl)-2-methoxymethyl)-4hexenyl]di-platinum, 158. NM R data for the corresponding deuteroacetonitrile complex
159,13C NM R (CD3CN) 208.3 (Q , 89.2 (CH, J p t-C = 247.6 Hz), 75.7 (CH2, J p t-C = 76.5
Hz), 74.4 (CH, J p t-C = 241.0 Hz), 58.6 (CH3), 48.8 (CH2, J p t-C = 85.9 Hz), 43.9 (CH),
3 9 .8

(CH),

3 0 .4

(CH3),

2 0 .9

(CH3),

1 2 .5

(CH2, J pt-C = 680.5 Hz).
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Formation o f 138 with Subsequent Treatment with the Sodium Salt o f Ethvlmalonate 160
to form Di-[j.-chlorobis [ n.4.5-r)V3-f2-ethoxv-l-l-tethoxvcarbonvlt-2-oxoethvl]-2(methoxymethvD-4-hexenvlldi-platinum. 161
A 20-mL cone cap scintillation vial equipped with a Teflon-coated magnetic
stirring bar was charged with (15*, 2 5 * )-1-(methoxymethyl)-2-(I -Epropenyl)cyclopropane 137 (0.21 mmol, 26 mg) and anhydrous diethyl ether (JO mL)
followed by the addition o f Zeise’s dimer (0.10 mmol, 61 mg, one equivalent o f platinum
per cyclopropane). The vial was capped and stirring was initiated. The reaction mixture
was stirred at 23 °C for 11 h at which time a separate 20 mL round bottomed flask
equipped with a magnetic stirring bar was charged with ethyl malonate (0.45 mmol, 72
mg, 2.2 equivalents) and anhydrous diethyl ether (10 mL). To the second reaction mixture
was added sodium hydride (0.45 mmol, 11 mg). The second reaction mixture was stirred
for I h at which the mixture was concentrated in vacuo The resulting solid was added to
the scintillation vial containing complex 138 and the mixture was stirred for an additional
16 h. Subsequently, the diethyl ether was evaporated under a stream o f nitrogen gas to
yield 158 mg o f the solid mixture containing di-p-chlorobis [ (l,4,5-rj)-3-[2-eth q xy-l-l(ethoxycarbonyl)-2-oxoethyl]-2-(methoxymethyl)-4-hexenyl]di-platinum, 161 and salts.
Attempts to effect separation o f the complex 161 from the remaining sodium chloride and
sodium salt o f ethylmalonate 160 were unsuccessful without decomposition o f the
complex. Therefore, percent yields are not reportable. However, in the NM R spectrum
there appears to be evidence for primarily one organic compound. From examination o f
the NM R spectrum o f the corresponding deuteroacetonitrile complex 162 (see Figure 81)
it is apparent that less than 15% o f the precursor complex 138 is see Figure 72 and 73 for
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13C NM R and 1H NM R data for the corresponding deuteroacetonitrile complex 139).
NM R data for the corresponding deuteroacetonitrile complex 162, 13C NM R (CDgCN)
170.1 (Q , 169.3 (Q , 84.5 (CE, Jpt^ = 250.2 Hz), 76.0 (CH, Jpt-C = 234.1 Hz), 75.3
(CH2, Jpt-c =
4 7 .3

(CH),

Hz),

6 6 .3

(CH2),

6 2 .2

(CH2),

5 8 .9

(CH3),

5 4 .3

(CH,

(CH),

1 8 .7

(CH3),

1 5 .6

(CH3),

1 4 .4

(CH3),

1 0 .0

(CH2, J pt-C =

7 6 .1

4 2 .4

J pt-C = 7 7 . 5

Hz),

6 7 6 .0

Hz).

Formation o f 138 with Subsequent Treatment with p-Toluenesulfonamide 163 to form Dip-chlorobis [ n.4.5-nV3-[T(,4-methvlphenvllsulfonvllaminol-2-methoxvmethvl)-4hexenvll di-platinum. 164
A 20-mL cone cap scintillation vial equipped with a Teflon-coated magnetic
stirring bar was charged with (IS*, 2S*)-1-(methoxymethyl)-2-(I -Epropenyl)cyclopropane 137 (21 mg, 0.17 mmol) and anhydrous diethyl ether (10 mL)
followed by the addition o f Zeise’s dimer (57 mg, 0.083 mmol, one equivalent o f platinum
per cyclopropane). The vial was capped and stirring was initiated. The reaction mixture
was stirred at 23 °C for 12 h at which time sodium bicarbonate (28 mg, 0.33 mmol) and p toluenesulfonamide 163 (57 mg, 0.33 mmol) were added. The cap was replaced and the
reaction mixture was stirred for an additional 12 h at which time the ether was evaporated
under a stream o f nitrogen gas to yield a mixture o f the solid di-p-chlorobis [ (l,4,5-ri)-3[ [(4-ethylphenyl) sulfonyl] amino] -2-methoxymethyl)-4-hexenyl] di-platinum, 164 and the
remaining salts. Attempts to effect separation o f the complex 164 from the remaining
sodium chloride, sodium bicarbonate and /7-toluenesolfonamide were unsuccessful without
decomposition o f the complex. Therefore, percent yields are not reportable. However, in
the NM R spectrum there appears to be evidence for primarily one organic compound.
From examination o f the NM R spectrum o f the corresponding deuteroacetonitrile
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complex 165 (see Figure 82 and Figure 83) it is apparent that less than 5% o f the
precursor complex 138 is present (see Figure 72 and 73 for 13C NM R and 1H NM R data
for the corresponding deuteroacetonitrile complex 139). Also, in this case hydrogenation
o f 164 yields 34% o f 171 based on 137. So in no case can the yield o f 164 be below 34%.
NM R data for the corresponding deuteroacetonitrile complex 1 6 5 ,1H NM R (CD3CN)
7.73 (2H, d, J = 7.8 Hz), 7.38 (2H, d, J = 7.8 Hz), 3.78 (1H, dd, J = 11.8, 5.8 Hz), 3.57
(1H, dq, J = 11.8, 5.9 Hz), 3.26 (1H, dd, J = 12.2, 5.8 Hz), 3.03 (3H, s), 4.97 (2H, d, J =

6.2 Hz), 2.43 (3H, s), 1.65 (2H, m), 1.55 (1H, m), 1.48 (3H, d, J = 5.9 Hz); 13C NMR
(CD3CN) 144.5 (Q , 139.5 (Q , 130.7 (CH), 127.0 (CU), 83.7 (CH, Jpt-C = 255.7 Hz),
74.9 (CH, J p t-C = 235.0 Hz), 74.0 (CH2, J p t - c = 66.7 Hz), 58.5 (CH3), 58.4 (CH, J p t-C =
25.8 Hz), 38.4 (CH, J p t-C = 11.7 Hz), 21.5 (CH3), 20.9 (CH3, J p t-C = 35.2 Hz), 4.6 (CH2,
J p t-C

= 645.2 Hz).

Formation o f 138 with Subsequent Treatment o f Ethanethiol to form 3-Ethylthio-1methoxy-2-methyl-4-hexene 168
A 20-mL cone cap scintillation vial equipped with a Teflon-coated magnetic
stirring bar was charged with (ISr*, 2S*)-1-(methoxymethyl)-2-(l -Cpropenyl)cyclopropane 137 (0.30 mmol, 38 mg) and anhydrous diethyl ether (10 mL)
followed by the addition o f Zeise’s dimer (0.15 mmol, 89 mg, one equivalent o f platinum
per cyclopropane). The vial was capped and stirring was initiated. The reaction mixture
was stirred at 23 °C for 12 h at which time the ether was evaporated under a stream o f
nitrogen gas. Subsequently, sodium bicarbonate (0.90 mmol, 76 mg, 3 equivalents) was
added to the vial and the vial was sealed with a rubber septum. The reaction vessel was
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flushed with a steady stream o f dry nitrogen for 5 min at which time freshly distilled
(distilled under diy nitrogen) ethanethiol (7 mL) was added to the reaction vial via syringe.
The reaction mixture was stirred for 24 h followed by the removal o f the ethanethiol under
a stream o f nitrogen gas. The resulting solid was mixed thoroughly with 4 mL o f

.

deuterated chloroform and a centrifuge was used to pellet the solid. The chloroform was
decanted into a 10 mL round bottomed flask and concentrated in vacuo to yield 53mg o f a
yellow residue. Bulb-to bulb distillation under vacuum [13 mm Hg, 160 °C (oven)] over
15 m in o f the resulting sludge yielded 27 mg (48% yield) o f 3 -ethylthio-1 -methoxy-2methyl-4-hexene 168 as a clear oil. GCMS data: retention time 10.87 min on a 30m db5
column. M /e 188 (M+, 28.6), 159 (9.1), 126 (28.6), 115 (100), 95 (58.5), 55 (65.1), exact
mass calculated for C ioH20OS 188.1234, found 188.1239. 1H N M R (CDCl3) 5.41 (1H,
dq, J = 15.1, 6.3 Hz), 5.23 (1H, ddd, J = 15.1, 9.8, 1.5 Hz), 3.45 (1H, q, J = 7.0 Hz),
3.29 (1H, m), 3.29 (3H, s), 3.21 (1H, dd, J = 9.3, 6.1 Hz), 2.41 (1H, q, J = 7.4 Hz), 1.95
(1H, m), 1.65 (3H, dd, J = 6.3, 1.5 Hz), 1.18 (3H, t, J = 7.4 Hz), 0.90 (3H, d, J = 6.9
Hz); 13C N M r (CDCI3) 129.1 (CH), 127.2 (CH), 75.8 (CH2), 58.6 (CH3), 49.5 (CH),
37.3 (CH), 34.5 (CH2), 17.5 (CH3), 14.5 (CH3), 13.6 (CH3).
Formation o f 145 with Subsequent Treatment o f Hydrogen to form 3-Ethoxy-lmethyoxv-2-methvlhexane 170
A 20-mL cone cap scintillation vial equipped with a Teflon-coated magnetic
stirring bar was charged with (IS*, 2S*)~I-(methoxymethyl)-2-(I -Epropenyl)cyclopropane 137 added (0.263 mmol, 33.2 mg) and anhydrous diethyl ether (10
mL) followed by the addition o fZ eise’s dimer (0.131 mmol, 77.5 mg, one equivalent o f
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platinum per cyclopropane). The vial was capped and stirring was initiated. The reaction
mixture was stirred at 23 °C for 12 h at which time the ether was evaporated under a
stream o f nitrogen gas. To the vial was then added sodium bicarbonate (0.68 mmol, 66
mg, 3 equivalents) and absolute ethanol (7 mL). The cap was replaced and the reaction
mixture was stirred for an additional 30 min at which time the cap was removed from the
vial and the vial and its contents were placed in a Pyrex pressure reaction vessel. The
vessel was charged with 100 psi o f hydrogen for 2 h while stirring the reaction mixture.
The hydrogen was vented and the resulting solution was filtered through a plug o f silica
gel which was eluted with an additional 10 mL o f diethyl ether. The mixture was then
concentrated in vacuo yielding 18 mg (39% based on the starting cyclopropane 137) o f 3ethoxy-1-methyoxy-2-methylhexane 170 as an oil. GCMS data: retention time 12:44 min
on a 30 m db5 column. M /e 174 (M+, 5.5), 145 (2.6), 129 (9.6), 101 (100), 97 (72.0), 55
(77.6), 45 (55.1). }H NM R (CDCl3) 3.28 (5H, m), 3.30 (3H, s), 1.94 (1H, m), 1.37 (4H,
m), 1.15 (3H, t, J = 6.9 Hz), 0.88 (3H, d, J=^ 6.9 Hz), 0.88 (3H, m); 13C NM R (CDCl3)
80.45 (CH), 75.3 (CH2), 65.1 (CH2), 58.8.(CH3), 36.5 (CH), 32.9 (CH2), 18.8 (CH2),
15.6 (CH3), 14.3 (CH3), 13.0 (CH3).

Formation o f 164 with Subsequent Treatment o f Hydrogen to form 2-methvl. 3-[T(4methvlphenvllsulfbnvll amino)! 1-methoxyhexane 171
A 20-mL cone cap scintillation vial equipped with a Teflon-coated magnetic
stirring bar was charged with (IS*, 2S*)-1-(methoxymethyl)-2-(I -Epropenyl)cyclopropane 137 (0,20 mmol, 25 mg) and anhydrous diethyl ether (10 mL)
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followed by the addition o f Zeise’s dimer (0.10 mmol, 58 mg, one equivalent o f platinum
per cyclopropane). The vial was capped and stirring was initiated. The reaction mixture
was stirred at 23 °C for 12 h at which time sodium bicarbonate (0.60 mmol, 50 mg, 3
equivalents) andp-toluenesulfbnamide 163 (0.60 mmol, 101 mg, 3 equivalents) were
added. The cap was replaced and the reaction mixture was stirred for an additional 12 h
at which time the cap was removed and the vial and its contents were placed in a Pyrex
pressure reaction vessel. The vessel was charged with 100 psi o f hydrogen for 2 h while
stirring the reaction mixture. The hydrogen was vented and the resulting solution was
filtered through a plug o f silica and eluted with an additional 10 mL o f diethyl ether. The
mixture was then concentrated in vacuo yielding 20 mg (34%) o f 2-methyl, 3-[[(4methylphenyl)sulfonyl]amino]) 1-methoxyhexane 171. Cl GCMS (methane) data:
retention time 33 min on a 30 m db5 column. MZe 300 (M+I, 43.7), 268 (10.4), 256
(14.7), 226 (38.7), 172 (20.5), 155 (1 1.8), 129 (100), exact mass calculated for
Ci5H26O3SN 300.1633, found 300.1627. 1H N M R (CDCl3) 7.7 (2H, d, J = 7.7 Hz), 7.2
(2H, d, J = 7.7 Hz), 3.3 (1H, dd, J = 8.2, 3.8 Hz), 3.2 (1H, m), 3.2 (3H, s), 3.1 (1H, dd, J

= 10.8, 5.2 Hz), 2.4 (3H, s), 1.7 (1H, m), 1.20 (4H, m), 0.8 (3H, d, J = 6.2 Hz), 0.7 (3H,
t, J = 6.4 Hz); 13C NM R (CDCl3) 142.8 (Q , 138.6 (Q , 129.4 (CH), 126.4 (CH), 75.0
(CH2), 58.9 (CH), 57.2 (CH3), 35.6 (CH2), 3 5 .1 (CH), 21.5 (CH2), 18.6 (CH3), 14.2
(CH3), 13.9 (CH3).
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Formation o f 145 with Subsequent Treatment o f Triphenvlphosphine to form 3-Ethoxv-2tmethoxvmethvV1.4-hexadiene 172
A 20-mL cone cap scintillation vial equipped with a Teflon-coated magnetic
stirring bar was charged with (I-Sr*, 25'*)-1-(methoxymethyl)-2-(I -Epropenyl)cyclopropane 137 added (0.31 mmol, 39 mg) and anhydrous diethyl ether (10
mL) followed by the addition o fZ eise’s dimer (0.155 mmol, 91 mg, one equivalent o f
platinum per cyclopropane). The vial was capped and stirring was initiated. The reaction
mixture was stirred at 23 °C for 12 h at which time the ether was evaporated under a
stream o f nitrogen gas. To the vial was then added sodium bicarbonate (0.62 mmol, 52
mg, 2 equivalents) and absolute ethanol (7 mL). The cap was replaced and the reaction
mixture was stirred for an additional 12 h min at which time triphenylphosphine (0.31
mmol 81 mg one equivalent per platinum) was added. The reaction mixture was then
stirred for 22 h. The entire reaction mixture was then transferred to a 25 mL rounded
bottom flask and concentrated in vacuo. The resulting residue was purified by bulb-tobulb distillation under vacuum [13 mm Hg, 160 °C (oven)] over 25 min yielding 19.4 mg
(37% based on the starting cyclopropane 137) o f 3 -ethoxy-2-(methoxymethy)-1,4hexadiene 172 as an oil. GCMS low EI (18ev) data: retention time 14.8 min on a 30 m db
5 column. M /e 170 (M +, 1.4@ 18ev), 155 (2.3), 138 (15.7), 123 (47.3), 109 (14.1), 99
(17.6), 89 (100), 61 (13.3), exact mass calculated for Ci0H 18O2 170.1306, found
170.1305. 1H N M R (CDCl3) 5.68 (1H, dqd, J = 15.3, 6.4, 0.9 Hz), 5.40 (1H, ddq, J =
15.3, 7.4, 1.6 Hz), 5.17 (2H, dm, J = 7.9 Hz), 4.17 (1H, d, J = 7.4 Hz), 3.90 (1H, s), 3.88
(TH, s), 3.44 (2H, dq, J = 7.0, 3.5 Hz), 3.32 (3H, s), 1.70 (3H, ddd, J = 6.4, 1.6, 0.6 Hz),
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1.16 (3H, t, J = 7.0 Hz); 13C NM R (CDCl3) 145.6 (Q , 130.4 ( O i ) 5 128.4 ( O i ) 5 112.5
( O i 2)5 81.1 ( O i ) 5 72.4 ( O i 2)5 63.6 ( O i 2) 5 58.1 ( O i 3)5 17.7 ( O i 3)5 15.3 ( O i 3).
Reaction o f Cvclopropvl Phenvl Sulfide 173 with Zeise’s Dimer 2 to form 174
A 25-mL round bottomed flask equipped with a magnetic stirring bar, water
jacketed condenser (which was fitted with a rubber septum) was charged with cyclopropyl
phenyl sulfide 173 (0.25 mmol, 38 mg) benzene (12 mL) and Zeise’s dimer 2 (25 mmol,
149 mg, 2 equivalents o f platinum per cyclopropane). Stirring was commenced and the
reaction mixture was placed under an atmosphere o f dry argon. The reaction mixture was
then heated at reflux for 7 d. The cooled reaction mixture was concentrated in vacuo
yielding 183 mg o f a yellow orange solid 174. 1H NM R (CD3CN) 7.1 (m), 5.05 (m), 4.12
(d, J = 4.1 Hz), 3.72 (dd, J = 17.4, 5.7 Hz), 3.65 (d, J = 13.6 Hz), 2.72 (d, J = 17.4 Hz);
13C NM R (CD3CN) 149.9 (C)5 134.0 (CH)5 129.4 (CH)1, 125.1 (CH)5 92,4 (CH5Jpt-C =
237.8 Hz), 63.4 (CH2, Jpt-C = 216.9 Hz), 39.5 (CH2).

Reaction o f Cvclopropvl amine 175 with Zeise’s Dimer 2 to form 176
A 20-mL cone cap scintillation vial equipped with a Teflon-coated magnetic
stirring bar was charge with cyclopropyl amine 175 (0.59 mmol, 33.6 mg), Zeise s dimer 2

1 All o f the aromatic carbons in this compound exhibit three resonances centered around
the resonance listed. It is presumed that this is due to the fact that the sulfur is acting as a
ligand and each is in a somewhat different environment while the alkene portion is similar
enough not to exhibit this splitting.
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(0.883 mmol, 519 mg), and diethyl ether (10 mL). The vial was capped at which time
stirring was commenced and maintained for 18 hours. The diethyl ether was evaporated
under a stream o f nitrogen gas. The resulting solid was extracted with two 3-mL portions
o f deutero chloroform which were combined and concentrated in vacuo to yield a solid.
13C NM R (CD3CN) 77.2 (CH2, Jpt-C = 154.7 Hz), 75.5 (CH2), 75.2 (CH2), 74.7 (CH2),
70.8 (CH2 very broad), 58.2 (CH, Jpt-C = 112.0 Hz), 54.3 (CH, Jpt-C = 118.2 Hz), 43.5
(CH), 41.9 (CH2), 30.4 (CH), 29.0 (CH), 24.1 (CH), 9:5 (CH2), 7.0 (CH2), 6.1 (CH), 3.7
(CH), 3.6 (CH), 1.6 (CH), -3.3 (CH2, J pt^ = 393.6 Hz), -9.0 (CH2, Jpt-C = 399.7 Hz)
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APPENDIX A
NM R FIGURES

Figure 72. 1H N M R Spectrum o f 139.
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Figure 73. 13C N M R Spectrum o f 139.
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Figure 77. 13C N M R Spectrum o f 148.
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Figure 78. 13C N M R Spectrum o f 150.

Figure 79. 13C N M R Spectrum o f 155.
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Figure 80. 13C N M R Spectrum o f 156.

Figure 81. 13C N M R Spectrum o f 162.
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Figure 82. 1H N M R Spectrum o f 165.
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Figure 83. 13C N M R Spectrum o f 165.
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