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Abstract:

The chemotherapeutic agent cisplatin is widely used in the treatment of head, neck, ovarian, testicular
and bladder cancers. The major disadvantages in using cisplatin are its low solubility and high toxicity,
in particular nephrotoxicity. These two limitations prevent cisplatin from being administrated at higher
concentrations than 1.0 mg/Kg.

Fifteen platinum IV compounds were synthesized and characterized by NMR. Nine of the 15 were
soluble enough in Fetal Bovine Serum to be evaluated in a tissue culture assay using murine B-16
melanoma and Lewis Lung carcinoma cells. Toxicity and chemotherapeutic activity in tumor bearing
mice was used to evaluate those compounds showing high solubility and chemotherapeutic activity in
tissue culture. Only one of the nine compounds showed high solubility and chemotherapeutic activity
in the assay. The toxicity of . this compound,11, using C57B1 mice was determined to be LD50 >41
mg/Kg, compared to cisplatins' LD50 of 13-14 mg/Kg. The compound was evaluated for its
chemotherapeutic effects in tumor bearing mice and it was found to . give a dose response against the
B-16 melanoma tumor.

Of the other compounds tested in the tissue culture assay one in particular showed significant activity,
20. The LD100 was 29 uM while cisplatin and dichloro-(ethylenediamine)Pt(II) were 15 uM and 75
uM respectively.

It was discovered that dicarboxylates substituents increased the solubility of platina(IV)cylcobutanes
more so than alcohols, ethers and aldehydes. Amine platinum ligands influenced the chemotherapeutic
activity, with ethylenediamine complexes showing more activity than either pyridine or 2,2'-dipyridine
complexes.
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ABSTRACT

The chemotherapeutic agent c1splat1n is widely used in
the treatment of head, neck, ovarian, testicular and

bladder cancers. The major disadvantages 1in using
cisplatin are its low solubility and high toxicity, in
particular - nephrotoxicity. These two limitations prevent

cisplatin from being administrated at higher concentrations
than 1.0 mg/Kg.

Fifteen platinum IV compounds were synthesized and
characterized by NMR. Nine of the 15 were soluble enough
in Fetal Bovine Serum to be evaluated in a tissue culture
assay using murine B-16 melanoma and Lewis Lung carcinoma
cells. Toxicity and chemotherapeutic activity in tumor
bearing mice was used to evaluate those compounds showing
high solubility and chemotherapeutic activity in tissue.
culture. Only one of the nine compounds showed high
solubility and. chemotherapeutic activity in the assay. The
toxicity of . this compound,ll, using C57Bl1 mice was
determined to be LDgy >41 mg/Kg, compared to cisplatins'
LDgg of 13-14 mg/Kg. The compound was evaluated for its
chemotherapeutlc effects in tumor bearing mice and it was
found to.give a dose response against the B-16 melanoma
tumor.

Of the other compounds tested in the tissue culture
assay  one in particular showed significant activity, 20.
The LDjgg Wwas 29 «M while «cisplatin and dichloro-
(ethylenediamine) Pt (II) were 15 M and 75 «M respectively.

It was discovered that dicarboxylates substituents
increased the solubility of platina(IV)cylcobutanes more so
than alcohols, ethers and aldehydes. Amine platinum
ligands influenced the chemotherapeutic activity, with
ethylenediamine complexes showing more act1v1ty than elther
pyridine or 2 2'—d1pyr1d1ne complexes.




INTRODUCTION

Organometallic Chemistry

The growth of'organdmetallic chemistry over the last
three decades has been remarkable. What started out with
several compounds and appliéations has grown into a
multitude of industries. The applications of this chemistry
to synthesis, catalysis, and transformations are well
documented. Synthesis, catalysis, regioselectivity and
stereoselectivity are areas where platinum group metals
(Pt,Pd,Ir,Rh,Os,Ru) have been used with great success.

The first organo-transition metal complex synthesized
was.one containing platinum and ethylene, (K[(é2H4)PtCl3].
This compound was prepared by William c. Zeisé in
'Copenhagen, 1827.1 Since Zeise's discovery, and in
particular iﬁ fhe last three decades the area of
organometallic¢ chemistry involving platinum has had
tremendous growth. Most of the complexes formed are stable
and this lends to easily isolated and characterized
complexes.2

An area of interest in recent years is that of metal-
lacyclobutaneé. Thesé complexes are of interést because of
their catalyzed reactions, such as, olefin metathesis, and

polymerization.3 4 5 Puddephatt®, in 1980 reviewed




2
platinacyclobutanes and their chemistry. Even though these
complexes are stable, they will perhaps help in elucidating

mechanism(s), involving metallacyclobutanes with transition

metals.’ 8 9

Preparation of Pt (IV)
metallacyclobutanes

There are two main synthetic routes used in the

preparation of platinum (IV) metallacyclobutanes. The
original method was developed by Tripper in 1955 and is
shown below in Figure 1.10 The reference to platinum IV
complexes or platinum 1IV's in this thesis will be
restricted to organometallic complexes. The monomer from
Tipper's synthesis is stable after addition of pyridine.

Zeise's dimer is used as the platinum source in the second

method, Figure 2.

Figure 1. Tipper's Reaction Scheme.

& + HPtClg Cl, Pt e Py ChPL
ACzo

n




d

Figure 2. Reaction Scheme Using Zeise’s Dimer.

A + [CLPY(CHyl,

Ch, Pt — Py,Cl;Pt

Using Zeise’s dimer as the platinum source instead of
hexachloroplatinic(IV) acid makes it possible for
substituted derivatives to be synthesized. McQuillin
originally reported the use of Zeise’s dimer in 1976.11
The dimer is an orange solid that is very soluble in tetra-
hydrofuran (THF) and is slightly soluble in diethyl ether.
Upon addition of the cyclopropane starting material, a
yellow precipitate will form, indicating oxidative
addition. This initially precipitated complex (I.P.C.) is
believed to be a tetrameric species, Figure 3. Owing to
the nature of the tetrameric complex’s solubility, full
characterization has not been achieved to date. Table 1
lists data on known tetrameric platinacyclobutanes.

The tetrameric species can be converted to monomers by
adding a good donor ligand, such as pyridine. Monomers are
octahedral in geometry at the metal center and have a

general structure as shown in Figure 4.
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Figure 3. Tetrameric Structure.

bl Zal :
P
e
a///////

Pt

a

The monomeric species is well characterized due to its
enhanced solubility. Once the tetramer dissociates to form
monomers, the donor ligands are cis and the chlorines
trans.12 13 14 Examples of platina(IV)cyclobutane monomers

are listed in Table 2.

Figure 4. Monomer Structure.
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Table 1. Tetrameric Platinacyclobutanes, [PtCl,
(cyclopropane) s].

R , Solvent mp(°) Ref.
[(RC3H5)PtClol4

H CHoCly 148 d 40,41

Me THF : : 42

Et EtyO 43
i Pr EtyO 43

Bu THF 42

" nCgHy3 EtsO : 120 d 29,40,44
- PhCHy : Et;0 123d 20,4044

Ph Eto0 135 d 29,34,40,44
4-MeCgHg Et,0 125d 20,34,40,44
2-MegHy EtxO 34
2-N0206H4 Et20 148 d 29,40,44
4-EtOCgH,4 THF 34
4-EtOCgHy THF 34

R,R'

[(RR'CgH4)PtClo)4

1,1-Mes Et50, THF 42,43
trans-1,2-Meo . Eto0, THF . 42,43
trans-1-Me-2-Bu Et,0 29,40,44
trans-1-Me-2-Ph THF L 40
trans-1,2-Pho EtrO 29,40,44
cis-1.2-Pho - EtyO 37

trans-1,2-(4-MeCgHgy)o EtrO 40




Table 2.
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Structural Data for Monomer
Platinacyclobutanes.

Ry
a ——
| R R
Py L T s \_2/ ey / 2
Py | H
C3
a /, R4
H
Alkyl Groups Bond Distances A
No. R4 Ro Rz Lp Pt-C4 Pt-Co Pt-Cg C1-Co Co-Cg C4-C3
1 H H H Pyo 2.04 2.69 2.19 1.48 1.82 2.55
2 H Ph H Pyo 2.06 2.60 2.11 1.59 1.48 2.39
3 H H H Pyo 2.05 2.62 217 1.59 1.71 2.60
4 H H H bipy 2.07 2.76 2.07 1.63 1.63 -
No. Dihedral Angle 1 2 3 Ref.
1 120 749 101° 990 40,41
2 28° 70° 1020 90° 29,40,44
3 220 76° 104° 91° ' 29,40,44
4 0° 720 96° 96° 45
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It is worth noting that all of the platinacyclo-
butanes in Table 2 show puckering at the cyclobutane ring.
The degree of puckering is measured in the dihedral'angle
between the C;C3C3 plane and the C;PtC; plane. These
dihedral angles can vary between 0 and 30 degrees, Table 2.
Table 3 lists infrared data characteristic of cyclopropane
and platina(IV)cyclobutanes.

Table 3. Infrared Data* for Cyclopropane, a Platina(IV)-
cyclopropane, and the Tetramer.

Bands due to the
C3H6 unit . .
CgHg PY{(C3Hg)CloPyo [Pt(CoH4)Cloln

C-H . 3103 2002 3025
T 2938 ‘ 2954
. 2917 2948
C-Hp deformation 1442 1437 1414
CHo ' 1238 1255
. 1237
CHo twist 1217 1165
ring deformation i 1134 1149
. ’ 1025 1087
CHo rock 1029 1038 1087
' 1022
ring deformation 980 981
CHo rock 869 . 976 948
892 890
) ) : 663
ring deformation 563

(*)=cm?

Novel platinum complexes of ‘the form, PtCly-
(C3H4R'R'')Ly, and PtCl,(C3H3R'R''R''')L, have been
synthesized and charactérizéd by Jennings and coworkgrs,
forming the first cis 2,3-disubstituted!® and 1,2,3-

trisubstitutedl® platinacyclobutanes, Figure 5.
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Figure 5. Cis Substituted Platinacyclobutanes.

Reactions of platina(IV)cyclobutanes in the monomer
form generally proceed by neutral 1ligand dissociation

followed by three possible pathways, Figure 6.

Preparation of
Platina(IV)cyclopentanes

There are three basic methods to synthesize platina-
(IV)cyclopentanes. The first two methods, Figures 7 and 8,
involve synthesis of a platinum(II) species prior to the
platinum(IV) complex.

Figure 6. Three Possible Pathways for
Platinacyclobutanes.

(
|
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This first method, Figure 7, is more synthetically
useful, since it is capable of synthesizing substituted

platina(IV)cyclopentanes.17 18

Figure 7. First Method to Synthesize Platina(IV)cyclo-
pentanes.

Cis[Pt CL(PMe,Ph),]

+ ————= Cis (Me,Ph),Pt Cis(MeaPhP),l,Pt

Li
AN
LI

Figure 8. Second Method to Synthesize Platina(IV)cyclo-

pentanes.
COD)Pt
e (+) PR, L
5 (-)COD e G R
Mger"\\/’N\v’Nmer

The last method was reported by Puddephatt and
Burtonl?® using cyclopropyl and cyclobutylcarbinyl esters in
a solvolysis reaction which will ring expand by one
carbon?? 21  Figure 9. Puddephatt and Burton capitalized

on the chemistry in Figure 9 by having the starting
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material a platina(IV)cyclobutane moiety instead of a
cyclobutane. Substituents on the ring are good 1leaving
groups during subsequent solvolysis reactions to produce
the desired ring expanded product. Figure 10 outlines
these synthetic steps.

Puddephatt and Burton proposed a mechanism, Figure 11,
to explain these results, but also add that the products

could be achieved by alcoholysis and acid catalysis,

Figure 12.22 23 24

Figure 9. Puddaphatt's Method to Synthesize Ring
Expanded Products.

60% Acetone/H,0 ey T
CH,OMs CH,OH + g

53% 44% 3%

HOAc OAc

CH,OMs CH,OAc
1% 99%
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Figure 10. Third Method by Puddaphatt to Synthesize
Platina(IV)cyclopentanes.

DIC i CLPt CH,OMs
CH,OMs Y2 2
D S By By

60% Acetone/ H,0
Py,ChPt CH,OMs Py2Cl2Pt

Figure 11. Puddephatt’s Ring Expansion.

OH

p o 2OMS
y

il

e Pt CDzOMS
Py é)l

- MsO D

p. D 7\ G0’
b
Py~ PI(;Q» P Pt\}l:l — "

/\+ a H+
Pt Pt
\/LD G 2 i
D D
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Figure 12. Alcoholysis and Acid Catalysis Reactions.

e e
OCH
b chowE !
L Aoy
c OH c
LRe
L\Cl o' OH
| Hzo/H+ /P'
Pt el
e c
cl OH
Reactions outlined in Figure 12 were found not to.
provide the ring expanded product. Neilsen?® showed that

acid catalysis could be used to obtain a Pt(IV)cyclo-

pentane, Figure 13.

Figure 13. Neilsen’s Ring Expansion.

CH,OH ; Nu
3 H
I\ < p
o Py Nu: = CH;0H I\
H,0 c Py
HOCH,CH(OH)CH,0H

HOCH,CH,CH




13
Examples of Pt(IV)cyclopentanes synthesized by

Puddephatt and Burton are presented in Table 4 and Figure

Table 4. Examples of Platina(IV)cyclopentanes.

R, | OH OH OH OH
R, ([ H Me Pn H

Ry, | H Hel YW e
L Py o Py Bipy i\ Py
Bipy

14 shows an example of a platina(IV)cyclopentane

synthesized by Waddington and Jennings. 26

Figure 14. Pt(IV)cyclopentane Synthesized
by Waddington and Jennings.

Lo Ck, Pt

Characterization of
Platinum Compounds

Characterization of platinum-carbon complexes is

enhanced by platinum being NMR active. Platinum-195 has a
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spin of 1/2 for its NMR active isotope, in 33.7% natural
abundance. Coupling of commonly used nuclei (1H, 13¢, 15y,
31p) to platinum can be readily observed. The combination
of spin 1/2 and the 33.7% natural abundance creates é well

recognized triplet in the 13¢c or 1H NMR spectra of sig-

nificant proportion. Intensity of the central resonance is

66.3% and the satellites resonances are each 16.8%. The
frequency difference between the two satellites represents
the platinum~-coupling constant. Platinum coupling
constants are used as a measure of distance between a
particular carbon and the platinum, along with the ring
size.

When lH NMR is used for characterization of platina-
cyclobutanes or pentanes the platinum-hydrogen couplings
can provide conclusive evidence that platinum is present.
It also provides information about the location of the
proton relative to the platinum. Platinum-hydrogen
satellites can be overlapping with other resonances and
therefore obscured. The coupling'constants for 2J range
from 70-100 Hz, 3J range from 0-50 Hz, while 4J range from
0-10 Hz.

Carbon-13 NMR is generally more useful in determining
platinum=-carbon structures. 2’ Typical 199pt-Cc coupling
constants for platinacyclobutanes ére between 335-460 ﬁz

for 1J and 80-130 Hz for 2J. Coupling constants for
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platinacyclopentanes are between 450-550 Hz for lJ, 50~-100
Hz for 2J and 20-40 Hz for 3J.

Platinum-195 NMR can be used to distinguish between
Pt(IV) and Pt(II). The platinum resonances are found over a
wide range, encompassing 13000 ppm.28 Platinum II
resonances will be observed at higher fields than Pt(IV)

resonances.

Model for Platinum Interacting
with Cyclopropanes

The interaction between the platinum II and
cyclopropane was first proposed using overlapping Walsh
orbitals.292 30 McQuillin's model has the .vacant p—'
orbitals of the platinum being filled by the cyclopropane
orbitals. The anti-bonding molecular orbitals of the
cyclopropane are filled from the filled d-orbitals on the
platinum, in a backbdnding fashion. Figure 15 shows these
orbital interactions. This model can account for the
formation of either a platinacyclobutane or a Pt~cyclo-
propane complex. If . the backbonding orbitals from the
platinum to the cyclopropane dominate, a platinacyclobutane
results, and if the cyclopropane orbitals f£filling the p--
orbitals on platinum dominate, then a Pt-cyclopropane

complex will result.
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Figure 15. Walsh Molecular Orbital Interactions.

Mechanism of Platinum
Insertion

The mechanism of platinum II insertion into a
cyclopropane ring is postulated to proceed by edge attack
of the platinum into the cyclopropane. An intermediate in
this mechanism is an edge-bound complex, which has yet to
be observed, Figure 16 .31 Substituents on the
cyclopropane can either enhance or retard insertion:
electron-donating groups will enhance while electron-
withdrawing groups will retard.32 Formation of the
platinacyclobutane species results in retention of the

stereochemistry on the cyclopropane ring.33 This would

then presumably eliminate any ionic or freely tethered

intermediate species.
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Figure 16. Formation of an Edge-Bound Platinum Complex.
e

G\P‘/ \ /\\\\ Z = Gty L//\/
\\/ e Mot AR : "‘é I’\
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Puddephatt Rearrangement

The observation that platinum will insert into the
most substituted carbon-carbon bond and then rapidly
rearrange 1is shown in Figure 17. This has lead to four
possible rearrangement mechanisms. Puddephatt first
observed this rearrangement upon reacting Zeise’s dimer
with phenylcyclopropane.34 35 peuterium 1labeling
experiments ruled out any possibility of phenyl migration.
External chlorine 1is not exchanged for the chlorines
originally on platinum and it is not a reductive elimina-
tion step followed by reinsertion to produce the beta-
phenyl isomer. Another observation was that excess
pyridine inhibits the isomerization, while a bidentate
ligand completely suppresses the process. A criterion that
is associated with all four proposed mechanisms is that the
platinum has to be coordinatively unsaturated, resulting

from loss of a single pyridine ligand.












































































































































































































































































































































































































































































































































































