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ABSTRACT

The structures of some of the products obtained

from the aghation of cis-PtCl, (NH were determined. They

302
help clarify the complex nature of what was considered to
be a simple chemical reaction.

The products of the reactions bhetween KZPtCl4 and
various alicyclic amines were also studied by X~-ray cryst;l-
lography and vibratidnal spectroscopy. The variety of
products obtained was considerably greater than was expected
and indicates the need for better control of the purity of
compounds used in animal tests. The structures of some of

these compounds' also suggest a possible reason for their

low toxicity.
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CHAPTER 1

GENERAL INTRCOUCTION

A number of excellant general reviews on the use of
platinum compounds in cancer chemotherapy have been published

1.
during the last ten years.” 1L

Condensation of all the
material in these reviews would be beyond the scops of this
introduction. The general background and the chemistry

relevant to the thesis will, however, be discussed.

1.1 Historical Background

While investigating the effects of an electric current
on E. coli, Résenberg and co-workers observed that cell
division was inhibited while cell growth com:J'.m_md.1;2 A series
of control experiments showed that during electrolysis, the
supposedly inert platinum electrodes were beéing attacked by
the acidified chloride solution present in the culture medium.

The complex, (H [PtCl6], was thus formed and was thought

12

4)2
to be the species responsible for the filamentous growth.
Subsequent experiments showed that fresh solutions of this
ionic salt were actually bacteriostatic,13 but when the
bacteria were treated with solutions of (NH4)7LPtC16] which
had been aged in the presence of UV light, inhibition of
13,14

cell division but not of cell growth was again observed.

The active specices was found to be Sii—PtClq(Nnj)z. Tests



«*

with c;s—PtClZ(:JZX3)7 gave similar results, but the trans
v 3
analdgues of the two compounds had little effect on bactoria.”
Filamantcus growth occurs in response tc a varioty
4 -
of agents, among thoem X~irradiation and alkylating agents

T

which have been used in the treatment of cancar. A numbor

of diamine complaxes of platinum were therefore tested against

.16 .
cancerous tumors in nice Table 1). Unfortunately, while

.

s a
thare was effective iahibiticn of tumor growth, some toxicity

that could be ascribed to the platinum complexes themsclves
1 . .
was observed. 6 Later animal tests showed that these cis

compounds caused severe xidney toxicity as well as anorexia,

. . . . . 17 .
abdominal pain and some bOnNe marrow toxicity, while trans

a - . - -
The effectiveness, or selectivity, of the drug can

be measured using a number of diffecrent paramcters such as %

cures, % I.L.S., T/C and T.I. Percent I.L.S. refers to the

~

"

ercent increas2 in life span when comparcd to a control group,
o

and T/C to the ratio between the welght of the treated tumog

and that of the untrecated or control turor. The latter ratlo,

1

expressed as a percentage, is considered si

U2
o
'—4
Fn
’J
Q
o
3
(r
}J
e}
rr
jos
o

valua is less than fifty. The tiherapesutie index, T.I., is

the ratio of L.D. the dose lethal to fifty percent of the

S50
test sample, &t I'D‘go' the dose that inhibits tumor growth
in ninety percent of the test sample. Clearly, a large

value of T.I. is beneficial.
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plexas A2

»

compounds were necither peneficial nor wvery +toxic.

these urawpa,“;, the cure rat
\

the most effective compound

whica n3s bzen assignec

Hloroclammlneolut;numa--)

the genzric namec crsglatin, was doenzd
3 z 5

¥ . om v
acceptable for testing on terminally 111 patients. ilere,
\

some anorexia, high- £

R 1lc

the white blcad cell count.

to ke taz major injury and se

-

the new druag.
A

+

Procezdings

the use of -platinum complexes 1n can

0=
published

¥

toxicity studies on these drugs.

hoas renal functicn impaaro

and inglude th

hearing loss and depression of
dephrotoxicity was considered

vaerely limited the usefalness of

fron a numper of conferences on

.

r

c2r researcnh have Lbeen
e results of,clinical tests and

Both topics have been re-

. .24,2 . . . . .
cently reviewed™ and will rot be discussed i1n detail in
this thesis.

e “ "

1.2 Structure-Activity Relatidnships

to a large family c¢f antxi-ca

show enhanced activity,

witn reduced toxicity, many complexes of the form Pta “ﬁ

were tested against various tumors.
*

i

cr two monodantate amine ligands.

[

elther one bidsntate leaving group or two aonodentate

»

-

can represent either

cer drugs, some of which mighs

or at least saimilar activity coupled

- “
©4,26-28 .
re In thesc ,com-

‘one bidenhtate diamine ligand
. e

can, represent

Similarly, XZ!

-

leaving



groups.f\A small sampling of these initial results, shown in

{/

Tables 2 and 3, compares the effectiveness of the compounds
b .

PS

chosen. Even this limited amount of data shows that a number

of trends need to be considered.

l1.2.1 Variation in X:

In substitution reactions on Pt(NHB)ClZ, the chloride

. . 29- . L .
ions are replaced. 31 Because of this, variation in X was

expected to have a primary effect on the activity of the

complexes. The order of leaving ability for the reaction

=4

[Pt (dien)x])* + py - [Pt(dien)py]®’ + x

v
4

30

has been established and the following order of decreasing .

rate constants was observed:

X

NO3 > H,0 > C1” > Br > I > SCN_ > NO,

The test results seemzad to reflect this order

)
(Table 2). Ligands such as SCN and NOS which are strongly

bonded to platinum and thus not easily displaced,‘?ive
compounds which showed no anti-tumor effect. Those complexes
with ligands of intermediate leaving ability (Cl , Br )

showed high activity. Finally, compounds with readily replace-

able ligands, such as H,O and NO~, showed a high and imﬁediatg

2
toxicity which led to convulsions and death.
Studies have been carried out in our laboratory and

others on the reaction of cisplatin with silver nitrate and

R



Table 2. Change in activity on varying X in

cis-Pt(NH;) X,

X Solvent T/C (3)2
NOE\ Water 54P
uo; Saline Solution 8
HZO Water -—b
c1 Saline Solution 1
Br Sodium Bromide/H,0 30
1 Water Slurry llq
scN” Saline Solution 70
NOE Saline Slurry 99

a Data from reference 4. Sarcoma 180 tumor.

Highly toxic.



the subseqgueznt aguation of the products obtained from the

. . 32-33
nitration. Results fram, these studies cast doubts on
tne accuracy of the screening tests which used 3 and li U
<

as Yeaving groups. Scome of the data will be presented as

=

ki . N
part of this thesis and consideration of the agucous svstem

s

is left until tha Discuassion.

1.2.2 Variation in A:

The relative inertness of tne ammine 1n PE(NH_ ) ,CLl,
- Y S

. . 39 . .
to substitution led to the prediction that varzation of

complexes in a secondary marn,;.4’6 From Zable 2, 1t can

be seen that variation in A actually has a very large effect
—

on-the anZi-tumor broperties of tne compounds tasted. Com-

plexes with primary amines (RHHZ, R = alkyl) showed acti-rity

similar to, or slightly reduced from, that of cisplatin.

With secondary amines (R,NH, R = alkyl) reduction in activaity
-

1]

was significant. Complexes with the hetcrocyclic amine

ethyleneimine, (C2H4AH), And pyrrolidine, (C 4“8NH)’ did, how-

ever, show enhanced selectivity. When tertiary aminces were

coordinated to platinum, no activity was obscrved, a fact

\
oy

(91

which suggests the importance of hydrogen bonding.
The most interesting series 1n this group scemned to

be complexes with alicyclic amines (cyclopropylamine to cyclo-

hexylamine) attached tc platinum. The increase 1n ring sice

brought about a corresponaing increase in therapeutic index,



7-/\\

Table 3.

A
NH
CH NH2

(CH3) 2NH

0 NH

\./

Z:
49

CH,CN

(98]

<

QV B

~8

Change in activity on varying A in .cis-PtAZCl2
1 - b
L.D.gq(mg/kg)  I.D.g,(mg/kg) T.I.a_ T/C (%)
13.0 1.6 - 8.1 1.0
18.5 18.5 ‘ 1.0 14
25
18.0 > 18.0 < 1.0
56.5 - 2.6 21.7 )
ﬁj
240 17.5 13.7
T l/
27.0 > 27.0 < 1.0
94
56.6 2.3 24.6
90 2.9 31.0 N
565.6 2.4 235.7
(480)¢ (200)€¢
> 3200 12.0 > 267



a

b

C

»
-~
[y
e
o
(6,
(&)Y
<

Data from reference

Data from referonce

Data from rzfzrence

1.

27.

ADS/2C

Sarc=na

ADJ,2C

~J
.
~J

S tumor.

1389 tumor.

5 tumor.

Lo ]

[
Lo
(e

i

[



mainly through a significant decrease in toxicity rather
3 Y

than any drastic improvement in activity. Unfortunately,

, . .10 .
similar results were not obtained when a different tumor

svstem was studied (Table 4). levertheless, the dramatic
decrease in toinicity makes this series interesting to the
chemist and a nurber of rzasons for the observed trend have

il

been suggested:; they include the labilizing cffect oif the

o

amine, lability of the amine, solubility of the complex and

structural variations.

1L.2.2a Kinetic Studies:

Since Cl was assumed to be the leaving group, the
rate of replacement of chioride in Eii-Pt(am)ZClz by dimethyl
sulfoxide, (DMSO), where (am) is an alicyclic amine, was
studied.4l The rate constants were shown to be not very

sensitive to the nature of the amine ligand.

Alternatively, replacement of the chloride ion in vivo

by a strong trans labilizing ligand could in turn cause the

replacement of the amine trans to the new ligand. Complexes

41,42

of tha form cis=[Pt(am)  (D:180)C1l])" were studied and did

show sensitivity of the rate of amine replacement to the
basicity of (am). The sulphur dcnors expected in biological

systams, however, were much less effective as trans labili-

S1ng ligands,43 a fact which leads to the view that straight-
F;

forward displacement of the amine is not involved in the

anti-tumor activity of these systems.



a

b

12

Table 4, Effect of cis—,PtAZCl2 on PC6 tumor and

L1210 Leukaemia

Data from reference 26.

Data from reference 40.

31.0

235.7

> 267

Tumor System
L1210 (% I.L,S.)b
95
70

52

41
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1.2.2b Solubility:

The relatively low aqueous solubility of many of the
complexes studiad has complicated the analysis of the screening
tests. Many of the compoun@s must be administered inter-
peritonally as an oil suspension, a practice which introduces
a new variable - the rate of absorption of the material from
the peritonal cavity. 1In an effort to study this rate, which
crucially controls the concentration of platinum in the blood
stream, chloroform was chos;n as a model for the lipid phase
and the ratio of chloroform solubility to agueous solubility

was determined41

for a number of complexes, EEEfPtA2C12°

As can be seen in Table 5, the distribution coefficients
of these complexes vary dramatically with minor changes in the
amine substituents,'but these variations do not parallel the
change in therapeutic index. While solubility is bound to

play an important role in activity of a species, solubility-

activity relationships cannot explain the activity trends.

1.2.2¢ Structural Changes:

The series of alicyclic amines is characterized by
the steady increase in size of a bulky substituent close to
platinum. Since kinetic and solubility effects were of
limited importance, Tobe et §£;41 suggested that activity
might be related to some structural effect. Thus, the need
for structural studies becomes evident. The major part of

this thesis comprises structural studies of complexes in
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this serias. These structurns will De considerzd in Chapter 4,

and compared in the Discussion.

1.2 Interaction with 2UA

Shortly after confirmation of the anci-tumor activity
of cisplatin, attompts were made Lo discovoer the attacl sitke

of the drug. Hyuroxjyurea, ancther anti-cancoer drug which

o .4 s
also causes filamentous growth in E. cnli causas inhibition
P ; coodd, 45 . e ,
of DA synthesis. Stadies on the distribution ef cis-

,
Pt (Ni,)..Cl, using ~~"Pt showed that platinum was associataed
with protein and nuclelic acids i1in bacteria. These data

led to many attempts to clarify the binding of cisplatin to

72}

P
.

bioclogical molecule

L T .. 47,48
Simultanecus studies &ﬂ vivo and in vitro

observed the action of cisplatin on DNA, RNA and protein.
DIA synthesis can be monitored by measuring tha uptake and

incorporation of one of its component nolecules waich has

. . . . . 3. 11,
been laoelled with a radioactive isotope such as 7il or C

Siailarly, protein and RNA syntheses can be followad by

measuring the urtake of radiocactive compoanents unique to

., 3. C . 3, 47,48 . 3,, a8
them. Thymidine-"iI, uridine-"u, '’ and L-lecucine-"H

. 12,47
(L-leucine-""C)
tneses of JJA, RUA and protein, respectively.
. 18 . . .
liarder and Resenberg, = using tissue cells in a

culture medium, found selective inhibition of DIA synthesis

at low cisplatin concentration. At high concentration of
p
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cisplatin, DNA synthesis was morce raoidly inhib:rtad than that

of RNA or protexrn, although in time, all three were virtually

totally iahibited. The analogous trans complox had no affactk.

. . 7 Lo -

Howle and Gale obsaerved the sane effosct on tunor
cell suspensions in vitro. They then studied tumor cells
which had been removed froim rats a sacrt time after a cis-
platin injection. Initially, incorporation of all three
precursors was inhibited; subsequently, RiA and protein
synthesis rates returned te the control level, while suppres-

B

s

sion of the rate of thymidin® incorporaticn persisted. llo

H

recent studies have cenfirmed reaction with DIA as tne basis
f»r interaction of cisplatin and other platinum chemotherapy
o . . 49-57
agents with biological systcms.
Moleculas which react with DIA can do so at the
phosphate groups, the sugar residues or the purine and pyri-
midine bases. In an effort to spocify which of thase areas
is involved in interaction with cisplatin, the ultraviolet
and circular dichroism spectra of DIA treated with cisplatin
. 58 ., . : . e
were studied. The results, which indicated that platinum
was bondaed to the purine and pyrimidine bases rather taan
sugar or phoasphate, have since keen supported by other re-
o
52,59
searchers.

Subseguent studies using DA of varying guanine-

f platinum

cytosine (G-C) content showed that the amount o
59-68

. : : . L
uptake increased with increasing 'G-C content, a fact

which led to the hypothésis that platinunm bonds.preferentially
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to guanosine or cytidine. This has since been narrowed down

. L . 52,69-71
to preferential bernding to guanosine.
e
1.4 itlodels for Platinum-DJA Binding

The studies on PtA2X2 ccmplexes which were coapared
in Scection 1.2 all showad a lack of activity of the trans
isomers similar to that obsarved in . the inlti%i tests. This

™~ -~

fact led to a great deal of thcorizingvﬁboué the md&a\of
action of cisplatin.

Although trans-dichlorodiammineplatinum(II) does
not inhibit DNA synthesis at low platinum concentration,4
Pascoe and Roberts55 showed that at the concentration where
only the cis isomer killed cells, more trans isomer than cis
was actually bound to DNA. This implies that the type of \
binding to DiA is different for cis and trans complexss, a
suggestion which leads to consideration of the structures of
the two isomers (Figure 1).

The X-ray structures of cis and trans-dichlorod®amnine-
platinum (II) showed75 that the labile ligands in cisplatin
are 3.35 R arvart while the chlorine atoms in the trans isomer
are 4.064 R apart. This led to the suggestion thac the mafor
factor in the difference between the reactions of the cis
and trans isomers with DMNA is likely to be their diffzrent
stereochaemical requirements and the ability of the cis com- .

4,5,51,76

'pounds to form chelates. The diffgrence of ap-

o
proximately 3.4 A between the cis chlorines has led to a -
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CL
NH3 |

N,

7
\

CL W3

cis-dichlorodiammineplatinum(II)

A Y

| |
L \ / NH o
Pr
Ha / \

CL

trans-dichlorodiammineplatinum(II)
L}

Figure 1
Structures of cis- an&‘trans-PtClz(NH3)2
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.fiunber of chelate models (Tigure 2) wﬁicg maize use of the
S . M kY - s €
possible bifunctional binding of cisplaci® to DNA. Mono-
\ :
) A

functional bonci“g to .the bases has, hoyever, also been pro-

., . | .
posed, and some discussion of both :iypes of model will b2

I3 N Y

B

4
presented here. -«

-G

1.4.1 Bifunctional Bonding: . ' g

& , " . . . ‘

Yaricus authors have suggested the importance of

chelates between .cisplatin and DNA.simply on the basis of

' . . 1-5,38,77«73 v .
stereochemistry.” 7'7° ¢ Some proof that crosslinxs

-

ogeur was obtained, however, during studies of intercalators.

e - . M -

[\

/ e i n C iy
It was ‘suggested” that because or‘tae difference in dipole

moment between cis and trans isomers, their binding to DNA .

ot .

may differ by ehe apitfty of the Ccis complexes to intercalate

.

into DHA. It was subseguently discovered that not.only do

“the drugs not intercalaﬁe,sg’so’a% but ehey also lnhlblu
. . . 64,81-83, ) .
the action of known i?tercalators. 4 Intercalation

7 .
. .
. ° o

changes the interplanar bage separation 'from 3.4 A to 6~7 A
‘ 84

‘at the intercalation site. . Interbase chelates'(cross-

- N .

links) as shown in zigure 2 could’ ‘hold, the interolanar

‘ separation constant; or poss1bly decrease it. . :

. .
. 4 .o .

. . . .
. J Ce s A »-
¥ * ~

[RS ’

l.4.1la Interstrand Crosslinks: o . .

[} g . A .

i 85" Do : :
' Roberts and .Rdsgoe = showea that Cisplaxrnwcan cross-
. ’ .Y

LR Y [ '

* link DNA.strands in vitro! This typ“ of blndlng was initiall y

o . . .

con51aered\§o be Significant,‘althoug the abiiity of cis

P
and gfans isomers to form 1nterstrana crosskFinks ;E_Vltro’

. . . d\
] . 2 . .
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Interbase Chelates

- e - - — - -

""" N
Pt . ;‘;
N -
Interstrand crosslink Intrastrand crosslink

Intrabase chelate with guanosine

. Pt
VA a

Figure 2

. Postulated bifunctional binding of platinum complexes to DNA
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L4 gl o
. . 51,335 . . .
1s similexr,” ' cls complexcs were ten times as efficient

. . . 55 X .
at crosslinking as trens, in vivo. The freguency c¢f inter-
strand crosslink formaticn'was, however, found to be extremely

rare at pharmecologically realistic platinum concentra- L

I [ y
tion,Jl,’35,60,6,3,86

thus other types ©of binding have received
% M '
. . . 87 .
more recent studies. Work by Zwelling et al. using DRA
alkaline elution technigues has shown crosslinking at low

rlatinum concentration, but it is not clear whether it is

interstrand or intrastrand.

1.4.1b Intrastrand Crosslinks:

With the previcusly mentiocned:rarity of integstrand
crosslinks established, a number of researchers have favoured
a model incorporating intrastrand‘crosslinks..51’55’56'63'68’71'81'82’88
This was initially postulated because the interplanar base
separation of 3.4 g is similar to the cis chlorine distancess.’89
of 3.35 ; ir cisplatin. Should, however, the platinam bond
to nitrogen or oxygen atoms on the DNA bases, the shorter
Pt-N/Pt-C distances would reduce ﬁhe ligand separation to
léss than 3 R. This would cause the planes of the bases to

tilt from their former parallel arrangement. Such an effect

has been observed in X~ray structures of compounds containing

272
90-94"

the PtA.,B, unit where A is the amine ligand and B, the DNA
base. The strain on the DIA helix caused by such a
distortion .would be quite large. “Because of the importance

of platinum-guenosine bonding (Section 1l.3), the X-ray



to
o

-

with GpG would be sigynificant, especially since the presence
£ , W w71 . . .
of the GzG sequonce Lias boen shown to increasa the biudiag

of platinum *to polyiiucleotides.

l.4.)c 1Intrapasc CThalaticn:

-

.

The model which has stirrcd up the greatest amount
of controvearsy during the lasz feow ve2rs is the iatrakase

chelate shown in F1
ls accepted to b2 the site mcst favoureu for nraimary attach.

.

Because the strain tnat Intrastrand crosslaniiznT would causc

1s expected to be guite large, the.replacement ol the sccond

labile ligand by 0O(5) of the same guanssin2 rath

an atom on an adijacent base has been suggested.

- : 97
Tarly nmr experiments”’ and more recently, Raman

88,35 . s . oot
i have failed to show evidence

difference spcctroscopy,
for any L (7)-0(6) chelate. Despite this, X-ray photoelectign

99 . 100,101

spectroscopy and infrared spectroscopy have been
interpreted to show the .existence of U (7)-0(%) chelation.

These interpretations have been disputaed by otisr woriers in
s . 98,102
this field.””’"

One main problem with the medel 1s that it explains

(43
Hh

an

(9]

o

nelther the inpor e
0-3

Gps sagquences T nor the inhibitaon

o
o

63,

.0f intercalation. 7! To coverconeg Lhis, there have been

attempts to combine the two theocics of H(7)-0(6) chelation

90 ~

and intrastrand crosslinking. Goodgume et al. who saw



.tion has been repeated by a number of other researchers.

23

‘no evidence of an N(7)-0(6) chelate in their X-ray studies,

suggested that the chelate is forﬁed, but that the Pt;O bond

is weak and is easily broken when the strands separate. This
strand separation wéuld cause the helix to become more flexible *
and an intrastrand crosslink could be formed. Thi; sugges-
62,101,103

Although the postulate of N(7)-0(6) chelation is

attractive because it shows a clear difference between pos-

sible modes of cis and trans binding to DNA, sufficient hard

chemical evidence for such a chelate does not yet exist.

1.4.2 Monofunctional Bonding:

The ability of both cis and trans platinum complexes

* to boad monofunctionally to DNA bases has caused most of the

theories to concentrate on bifunctional coordination. Two

cases of monofunctional coordination will be discussed here.

‘1.4.2a Co-stacking:

[+]
The 3.4 A distance between the stacked bases has
been suggested to be of importance for bonding other than
chelation.65 Some cis-‘PtAzcl2 complexes have been shown

to stack in the solid state so that metal-metal interactions

* ]
exist between platinum atoms at a distance of about 3.4 A;75’104’105

there is,no short platinum-platinum distance in trans-
75
2°

when cis' complexes of platinum are bound to DNA, they could

Pt(NH3)2Cl "Eichhorn and co~wo;:kers65 suggested that

o
co-stack with the bases, preserving this 3.4 A metal-metal

L3



24

distance. Further consideraticn of tnis theory will :

e la2ft
to the Discussion, since a nunpber of X-ray structure deter-
minations of cis-PtA Cl1, complexes wersz carried out as part
of this thesis.
1.4.2b Basé Mispairing:

Th o . R T o006 .
e recently published straciure of the complex

s

of +he gig—[?t(NH3)2]2+ unit attached to 9-ethyl-guanine
(9-EtG) and l-methylcytosine showed that coordination of
platinum at N(7) of 9-EtG shifted the pX of the (1) posi-~
tion sufficiently to preoduce significant am@unis of both
protonated and deprotonated guanine. This allowéd G-G base
pairine to occur, rather than the Watson—CricklO7 G-C pairiﬁﬂ.
Investigation of ‘similar structures with trans complexes to

see whether the same effect can be induced would be of

interest.

1.5 Summary :

The amount of research that is being carried out on
platinum complexes has mushroomed since 1970. As new informa-
tion is discovered, theories about the basic chemistry of
platinum ccmpounds as well as their reaction with DIA are
either strengthened or discarded.

The structures examined in this thesis help clarify

the aquation of cisplatin and lead to some theories about

reduction in toxicity for the alicyclic aminc complexes. - The
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varlety of proaucts cobhtained from the reactions used to make
¥ .
these fompounds lealds one to suggest that moere care 1s neces-

sary to verify that the ccomplexes used in screening tests

are pure,.

LS



CHAPTER 2

EXPERIMENTS

2.1 Preparation and Analysis:

Details of the preparation of compounds studied in
this thesis are given in the appropriate chapters.

Crystals of cis-dinitratodiammineplatinum(II) and
di-p~hydroxy-bis[diammineplatinum(II) Jcarbonate dihydrate
were prepared by =

Dr. B. Lippgrt, Department of Biophysics,

Michigan State University, East Lansing,

Michigén.

B. Lippert was also responsible for obtaining vib-
rational spectra and elemental analyseé of these compounds.
Elemental analyses were carried out by

Galbraith Laboratories, Knoxville, Tennessee.

Densities of ghese complexes were measured in this
laboratory by displacement in light paraffin.

Crystals of cis-dichlorodi (cyclohexylamine-N)-
platinum(il) bis(hexamethylphosphoram{ae) were prepared by

R.A, Sper;nzini, this laboratory.

The density of this compound was not measure@ because
it powdered when placed in solvent other than hexamethyl-

phosphoramide, Densities of the other compounds, all of.

- 26 -~



which were synthesized in this laboratory, were measured by
flotation in aqueous éinc bromide solution with the exception
of cyclohexylammonium trichloro(cyclohexylamine~N)platinate(II).
Density of this compound was measured by flotation in a
bromoform/chloroform mixture.

Analyses of the compounds synthesized in this labora-
tory were carried out by

Microanaiyses Laboratory, Toronto,.Ontario,

Guelph Chemical Laboratories Ltd., Guelph, Ontario,

and CanadianfMicroanalytical Service Ltd., Vancouver,

B.C.

2.2 X-ray Crystallography:

2.2.1 Single Crystals:

Small crystals with well developed faces were examined
under a polarizing microscope for homogeneity, and the best
of these chosen for data collection. Where possible, the
crystal which was chosen was ground into a sphere ([(NH3)2Pt~
' (oa)zpt(NH3)2](§o3)-2320) or cylinder (transaptBrz(c6HllNH2)2

and [csn NH3][PtC13(CGHllNH2)]).

11
The crystals were then mounted on thin glass fibres
and precession photographs of zero and first layers were

taken using MoKa'radiation. On the basis of the symmetry
obtained, space‘groﬁps were assigned and unit cells calculated.

Thg crystals wexe then transferred’ to a-Syntex.PZl automatic

diffractometer (cis-Pt(NH§)21N03)2 and cis—PtClz(C3H NBZ)2

- P
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to a Syntex PI diffractpmeter) and an orientation matrix
was obtained using Polaroid film. Unit cell parameters

-

were then obtained by least squares refinement from fifteen

F
-

well-centered medium angle. reflections. Intensity data were
collected and the crystals were placed on a two circle micro-
scope to find the faces. The relatibnship between the micro-
scope circles and the Syntex circles is known ané the crystal
faces could thus be indexed using the ¢ and x angles from the
Syntex output. The distance of each crystal face to the
centre of the crystal was measured using the microscope.

’ Intensity data were measured using graphite mono-
chromatized MoKa radiatién (A = 0,.71069 g) for the appropriate
hemisphere or quadrant to a maximum 26 = 55°; Data were col-

108

lected using a coupled 6 (crystal) =~ 26 (counter) scan from

1° in 26 below K, to 1° in 28 above Kaz. Scan rates Fanged
from 2.0 deg min~ ! for weak reflections (1.0 deg min~t for
very small crystals) to 29.3 deg min'l for strong reflections. -
(4.0 to 24.0 deg min~! when the PT was used) and were selected

by the program supplied with the instrument.b The stability

b For this program a reflection is counted for 2s, and

the point at which the count falls between the chosen maximum
and minimum count limits determines the scan rate for that re-
flection. The high intensity limit is set at 1500 counts/2s

and higher values’are’collected at the fastest scan rate; the
low intensity limit is set at 150 counts/2s and lower values

are collected at the slowest scan rate.: Intermediate values
cause collection at intermediate rates. Below 500 counts/s no
coincidence correction is made. Between 500 and 50000 counts/s
a coincidence correction is made. Above 50000 counts/s the
coincidence correction is considered invalid and such reflec-

tions are rejected. .
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of each system was monitored by measuriné one, two or}three
standard reflections after every forty-nine, forty-eight or
forty-seven reflections. 1In the case of di-u~hydroxo-bis-
[(diammineplatinum(II) Jcarbonate dihydrate three standard
reflections after every thirteen reflections were measured.
Only for cis-dichlorodi (cyclohexylamine-N)platinum(II) bis-
(hexamethylphosphoramide) was a decrease in intensity of
the standard reflections observed, even at -30°C (all other
data sets were collected at room teﬁperature). Corrections
were applied to the intensity of each reflection to allow
for this decomposition. Stationary counts at the limits of
each scan were made for half the scan time to establish the

background. The intensity of a reflection was taken as

I = NT - NBGl - NBGZ' where NT is the total peak count and
N and N are the background counts. o¢(I)'s were taken
BGl BG2 .

X
as (NT + NBGl + NBGZ) .

109

2.2.la Data Processing:
Of the total symmetry-independent reflections mea-
sured, reflections with I > 3.00(I) were labelled observed

and those with 3.00(I) > I > 0 ware labelled unobserved.

‘The latter were given no weight in the refinement unless

F. > F. Absorption corrections were applied to the inten-

(o]

sity using the measured dimensions of each crystal. Un-

and their standard devia-

scaled structure amplitudes, Fo'

tions, o(F), were calculated from the expressions
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»
I
- ’ Fo = (L—E)
2 4
o(F) = 3 — (&
(Lp)

Lp, the Lorentz-polari:qﬁion factor was (1 + c05226)/(2 sin 29).
Corrections were made for secondary extinction using the method
of Larson.llo

Unscaled structure amplitudes, Fc, were calculated
using the equation |

n .

F_(hk2) = jngjfjexp[Zﬁlfhxj + kyj + ezj)]
where fj is the scattering factor of the jth atom in ;he
unit cell andxxj, yj and zj arg the fractional coqrdinﬁtes
of the jth atom along the three crystallographic axis a,
E and s, respectively. The temperature factor, Tj' describes _
the magnitude of vibration of the atoms about their mean
positions as

, Tj = exp[-ZnZUj(ai;:)z]

where Uj is the isotropic thermal parameter expressed in

" -}
terms of mean square amplitudes in A2 for the jth atom in

*

the unit cell and 1
dhke |
spacing for the set of planes defined by the Miller indices

is the reciprocal of the interplanar

h,k,2. The general temperature factor expression is

2 2, .2

2 .2
*
f 022k b + U

z 12042 & 20, kaspe

= P *
T = exp[-2r (u,,h% 33

) Xk
\+ 2u, jhia*c* + 20U, k2b*c )] )

A
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where Uij are the anisotropic thermal parameters expressed
. o
in terms of mean square amplitudes of vibration in A2 and

a*, b* and c* are the reciprocal cell axes. Uij are obtained
.2 ' ‘ . .

from Bij = 2% bibjuij where bi are the reciprocal lattice

vectors.

The programs used for initial data treatment (DATCO3/DATCOS,

ABSORB, DATRN, FOURR) were from the X-RAY 71/X-RAY 76 package.ll3a’112b

Structure solution and most least squares refinement used SHELX.lllc

>

Final refinements and differences used the full matrix least
squares program CUDLS and the Fourier program SYMFOU, written
internally by J.S. Stephens and J.S. Rutherford, respectively.
Least squares planes and torsional angles were calculated by

either the local program PALS (P.G. Ashmore) or the program

111d

NRC-22. Diagrams were prepared using the program ORTEP II.'llle

All calculations were carried out on CDC-6400 and CYBER 170/730

ll2a

computers. Scattering curves and. anomalous dispersion

112b were taken from the "International Tables for

corrections
X-ray Crystallography". Anomalous dispersion corrections

were applied to the curves for Pt, Cl, Br and P atoms only.

2.2.1p Structure Solution ,

All structures weré}solved by the heavy atom riethod,
i.e., the coordinates of the platinum atoms were found f;om
three-dimensional Patterson syntheses. ieast équares refine-
ment’ofAthe platinum positions followed hy three—dimensiohal

electron difference maps revealed the non-hydrogen atoms.



32

The hydrogen atoms attached to nitrogen in trans-dichlorobis-
(cyclobutylamine-N)platinum{(II) were found from a further
differenée map. In the initial stages, isdtrobic tehpefa-
turé.factors were used for all atoms. As the refinement
progressed, the temperature factors for Pt, Cl, Br and P

were made anisotropic. When warranted by significance ﬁésts,ll3
the temperatﬁré factors of thé\light atoms (0,N,C) were made
sequéntially anisotropic. Further refinement using full

matrix least-squares minimizing Zw(iFol - IFcl)z, where w is

the weighting term, was terminated when the maximum shift/error

was 0.2 for non-hydrogen atoms. The residuals used in CUDLS are

AR
1 L[F_]
2 1
zelle | - 17 D)
and R2 = 5
ZwFo

The moduli of Fo and F for the structures reported

in the results section are listed in reference 180.

2.3 Infrared Spectra:

Infrared spectra were recorded on a Perkin-Elmer
model 283 spectrometer. Solid samples were ground into a
mull with nujol or hexachlorobutadiene and mounted between

potassium bromide plates. Nujol mulls between polythene

=T 7 ann -1

discs were used to obtaln spectra betWeen sﬁﬁ“éh and 200 cm .
The spectrawgere callbrated w1th polyethylene. ?iquid.samples

were dissolved in carbon tetrachloride and run aga{nst a CCl4



A
g

-t

.. reference between KBr plates. \

2.4 Raman Spedtraa*. . .

Y .
¥

“ Raman Spéctra were recorded on a SPEX 14018 double

LN

spectrometer. »Raﬁiat;on was obtained from a Spectra-Physics

model 164 Argon ion laser. Spectra were recorded-.using the
-] . s < - ¢ )
5145 A (green) exciting line. Powder samples were con-

tained in glass melting point’tubes-and liquid samples in

s

nmr tubes. .. ’ '

. \ e
L]
» .

2.5 ) éowder Diffraction: . ;

éamples were ground to & fine powder and sealed in
]
quartz capillary tubes. X-ray diffraction pattgrn phdto-

graphs were ‘then recorded on a Debye-S$Scherrer camera using

CuKa radiation,” ‘Line inténsifies were measured from the

films with a Joyce-Loebl microdensitometer.



CHAPTER 3

STRUCTURES OF COMPOUNDS OBTAINED FROM THE REACTION OF

CISPLATIN WITH SILVER NITRATE

In their initial studies on the reaction of cisplatin
with biological macromolecules, both Howle and Gale47 and
Harder and Rosenberg48 concluded that there must be an inter-
mediate involved in the action of cisplatin on DNA. Because
the chloride ion concentration in the cell is much lower
than in human bloqd plasma, it seemed logical to suggest
that hydrolysis of .cisplatin gave the active species.3’52’58’78
Other workers. found that cisplatin had more effect on DNA if
the sélution was aged and that presence of X  in the so}ution

60,114-116 ¢.0ts that also suggest the

retarded reaction,
importance of aquation.

Unfortunately, this\led to the paradoxical situation
that the complex which was supposedly directly involved in
bonding to DNA was, when tested against tumors, highly toxic.4
This sparked an interest in the hydgolysis of cisplatin, the
resulfs of which will be summarized in the piscussion. The

structures presented in this chapter are two of the many in-

volved in these studies.
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3.1 The Crystal and Molecular Structure of cig-dinitrato-

diammineplatinum(II)34 i

3.1.1 Preparation (by B. Lippert)

gig-Dichlorodiammineplatinuﬁ(II) (3 g) (Engelhard
Industries) was stirred with silver nitrate (?.38 g) in water
(25 mL) in a stoppered, foil wrapped flask at room temperature
for 20 h. The sgilver chloride which had formed was filtered
and washed with water (5 mL). The pale yellow filtrate (pH 2)
was kept in a stoppered flask in the refrigerator (5°C) for
3 days. The colourless needles which formed were filtered
off ana are being investigated elsewhere. The*filtrate was
concentrated (rotary evaporator, 30°C water bath) to a volume
of 10 mL and allowed to evaporate slowly to half of its volume
(5°C, 20 days). Pale yellow rhombic crystals were filtered, -
washed with 10 mL of water and ether and dried on a rotary
pump vacuum,

The deuterated analogue was prepared by reacting
cisplatin with 2 mol of AgNO3 in DZO solution (slightly warmed)
and allowing the filtrate (¢ = 0.5 M) to stand in a stoppered

flask (0°C, 8 weeks). Crystals of the deuterated compound
ool
)

were used for the X~ray studies. ;

Crystal data and other numbers related to data collec-
tion and ' structure refinement are summarized in Table 6.

The atom parameters from the final refinement are listed in

Table 7, and selected bond lengths and angles are listed in



36

-+ -paNUTIUOD

AU ! ,66
LY Th-TT°91
L°02Z
(Zyt-¢

£€S°¢€

8

(6)9°82¢€T

f

(s)S6v €T
(L)180°0T
(¥)o9L 6

!

Fo)
q
e

(19 *ON) eoqd
uz # y
uz # %
uz # ¥

oMy
04
T30

3xede ww 0FZ°0 (YTII)}
3xede ww $61°0 {100}
:sadey U3zTM uwoxpayltod

TC°6G¢E

mﬁmozvmﬁmazvumumwo

9 aTqey

‘p*s*a t1kaIBAO
uoT3ID3[I2I pIepuels

- ,auexpenb fgz xeW

S3ITWIT JUaTIOTIIS00 uorzdaosqe

AH Eovu:mﬂoﬂwmmoo:oﬂumqunmummcﬁa

sqo,

{_ uabh)

m.l

wob) “T®9g

hm
A

(.¥) suntoa
o ) )

(¥) saxsjzswexed [T2D 3Tun
(o]

dnoxb oaoeds
saoussqe OT3ewad]3SAS
921S Te3sAI0

3ybram ernuxog

punoduo)

T e v e B A b e g



37

*punodwod pajerajznap-uou aYy3 Ioy ST stsiTeuy
N . - ¥

60°GS ‘pZT°GS 3d y
ggLe ‘0z*Ltz o
99°G6T ‘98°GT N

€4°T ‘0L°T H (8) °"sqo ‘‘-otreEd umﬁmhamcd
800°T ’ aybras 3TUN JO UOTIBAIISOO UR UT IOXIH

(o] (o] m .

(4 S0°0 + |"aftsetiT - TIVCEB) = F - swoyss HuUTIYLTIAM
0T"0 ‘2T1°0 ‘vT°O um«\mm.m; uor3enor {AarTeA 3ISOMOT
80°0 ‘$0°0 ‘0T'0 ‘. ¥/3L°T ‘ S

-]
0T"0 ‘80°0 ‘L0°0 !_¥/30°C : ) uor3jesor !syeed 3saybyH
o :dew aouaIdIITP Teutrd
mnoa X 0€Z°¢€ . (uot3ourixa Axepuooas) b
) 10T ¥ e9°p ) =Y
, 0T X €478 © *Xey ‘p°s*® uTr 3IJTYS [EUTJ
(€6¥0°0) 8Z¥0°0 (1Te) °sqo ‘%y Teurs
(LESO°0) S9¥0°D (1Te) °sqo 'Yy Teurs
08 o po3asalax ‘1 < (I)o
902 - °1 < %z
. (o]
8ET 2<%3 (1)° <1 < (D)o€
sL6 - (1)0€ < I
f
66€T suoT3oar3iax juspuadspuy Jo °ou

(penuT3uOD) 9 SrJel



38

‘e epaNUTIUOD

(6)8
(9)¢ -
(Lyoz-
(8) 12~
€9) 11~
(s)s8
(9t -
(e)t°o
€T,

AL TT-
(L1
(L6 -
(9)8
($)2
(9)8 -
(9)¢

(€)9°¢ -
.MND

uAMOH X)

(T)es -
(1) vs -
(T)901-
(6)9-r -
(1)812
(1)o08¢
(1)981
(6)S°T6T
(6)v°68T1
(T)e1 -
(v)6T1°88

z

(o1 x) S(tony % (E
*» £

(9) ¥ (L) 8y
(L)L (8)s¢
(8) b (L) EY
(L) o (8) s
(9)8 - (L)ov
(9T - (9) 12
(9)z - (L)Z¢g
(€)6°T -  (g£)s°o¢
NAD mmD

1
(¥) " 'n sxojoey
Z o

(z)L
(1)16 -
(z)ot
(T)z1t
(z)vs -
(1)8ZT~
(1)8b1-
(T)6€ -
(T)1vT
(1)66T
(s)ss vrT

£

(L)sv
(6)vs
(6)S9
(L)yzv
(9)o0¢
(0T) TS
(g)se
(€)L°8z
(X

.

(s)ve
m (L) ve
(ot)oL
--(6)29
(L)9v
~ o (9)ee
(L)oy
(e)e 1z

‘ T,

axnjexadual otrdoxjzostuy

(z)6Z¢€
(1)9sz
(T)ocy
(1) €0€
(2) Lve
(z)ocg
(z)2sT
(1) ¥92
tvyy -
(nyoe
(S)PL*THT

X

HN) 3d-STD 03 sxs3surexed woly

.

(F)N
(990
(s)o
(v)o
(€)N
(£)o
(z)o
(1)o
(2)N
(I)N

3d

wojy

*L ®1qel

(¥)0
(€)N
(¢)o
(2)o
(1)0
(Z)N
(1)N

3d

wo3lvy



39

‘soyhue pue s20UR3ISTP OTWojzeRI33UT ‘sxsjzsuexed
Teuxay3 pue jeuoTliisod jo sayqe3 TTe uy sasayjuaxed ur usaTh aixe aanbry

juestyTubrs 3sSBT BY3 JO SWIDY UT (S, P°S°S) SUOTIBTADP pPILPUR]IS PIJBWTIISH

(LYs - (9)1 - (L)s (L)s¢g (8)9v (6)ev (V)N
(9)8 - (2)o (9)e - (8) ¥9 (9) 62 (8)sy  (9)0
(6)Tz~ *  (9)¥T (8)61 (0T) ¥s (€T)60T (L)ot  (s)o
€2, €1, 2T, €€ Tz, T, wosy

(pRUT3UOD) [ o19%d



- AP I i, b

40

Table 8. The molecule, gingt(NHB)z(NOB)Z is Qhown in Figure 3.
The ammonia nitroéen atoms and an oxygen atom from
eééh nitrate group form a rough square-planar arrangement
about the platinum atom. The distortion of the plane can
be seen clearly in Figure 3A; the platinum lies 0.1 ; out
of the best square plane formed by the four ligand Atoms.
The molecule is also twisted so that the dihedral angle be-
tween N(l)PtN(2) and O(1)PtO(4) is 8.6°. The dihedral angles
between the nitrate planes and the ligand plane are 73.3° (N(3)
nitrate) and 87.2° (N(4) nitrate) and the angle bgtween the two
nitrate planes themselves is 80.6°.' Inp other words, the '
nitrate groups are nearly perpendicular to the ligand plane
and to each other as shown in Figure 3B. The nitrate‘gtoups
lie on the game side of the ligand plane, and there is no
evidence of any bonding interaction between the\platinum atom
and either 0(2) or 0(6); thus, the nitrate group is monoden-
tate. |
The Pt-N distances (2.00(1), 1.99(1) R) do not differ
significantly from vélnes-seen in other gingt(NH3)2x2 com- :
plexes.32¢33/35-38,75 1o pe_0 bond lengths (1.99(1), 2.03(1) A)
imply reasonably strong bonds and are comparable to those o
;ound for stable bridging hydroxo compounds of platinqm.32'33'35-38
Coordination seems to cause some distortion of the
nitrate group. The N-O (coordinated) bond distances
(N(3)~0(L), 1.30(2) A; N(4)-0(4), 1.28(2) A) appear to be
larger than the otyer N-O distances (range 1,19(2)~1.24(2) R)
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and the equivalent angles O{4)N(4)0(5) (117(1)°) and Oﬂl)N(B)O(B)
(116(1)°) appear to be less than the other ONO angles (range
120(l)°—12%(1)°). Becausé of the size of the errors, no
definite conclusions can be drawn; however, the fact that

the distortions are similar for the two nitrate groups and

117 makes the hypo-

are similar to those observed previously
thesis believable. The oxygen atoms also show differences
in their probable hydrogen bonding (Table 8). The coordinatéd
oxygen atoms are less than 3.4 R from one ammonia nitrogen
each whereas the other oxygen atoms are each within 3.4 ;
of two or three ammonia nitrogen atoms.

The packing within the unit cell is shown in Figﬁre 4.
Clearly hydrogen bonding is very important in determining the
packing. The plane of the four atoms coordinated to platinum
is roughly parallel to the ac plane with the bisector of
N(1)PtN(2) (or O(1)PtO(4)) roughly parallel to é. The ligand\
plane is twisted relative to the ac plane such that the
ammonia groups on one molecule are brought close to nitrate
oxygen atoms in molecules related by the 3 glide and by the
a glide followed by the E glide. 1In the c direction, the
prime contact is between the nitrate gréups, with those on
. one molecule lying parallel to those on m9lecules above and
below. 1In the a direction, the prime contacts are between
ammonia gfoﬁps on one molecule and nitrate groups on the

next. In the E direction, packing is again governed by ammonia-
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The unit cell contents of cis-Pt(NHB)z(NOB)Z.
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nitrate contacts. The nitrate groups are arranged so that '
9(2) lies over the vacant axial position on platinum, oppo-
site to the direction in which the nitrate groups are pointing.
There\is, however, no indication of Pt...0(2) bonding. All
contaét distances mentioned here are equal to or greater than
the van égr Waals contact distances.

. b - .
3.2 The Crystal and Molecular Structure of di-u-hydroxo-

bis{diammineplatinum(II) Jcarbonate dihydraté38

3.2.1 "Preparation (by B. Lippert):

Si-u-hydroxorbis[diammineplatinuﬁ(II)]niérate3s

(0.308 g)
was suspendgd in freshly prepared 0.05 N NaOH (10 mL) and

kept in an open flask at room temperature, After about 2.5 h

a few deeé yellow crystals had formed. At that time, anoﬁher
equivalent of base (0.5 mL of 1 N NaOH) was added td the open
flask (pH 10.65), The solution was kept in an open flask in a
refrigerator (06°C) for three days.’ The yellow solution was

then decanted and the residue washed with water (5 times,

20 mL portions) and ethanol. The deep yellow crystals that

‘remained were dried on a rotary pump vacuum for fifteen

minutes.

3.2,2 X-ray Studies:

nysfaL data and other numbers related to data collec-
tion and structure reginemenf are summarized in Table 9.. The
atom parameters from the final refinement are listed in Table

10. selected bend lengths and angles are given in Table 11

Ed
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and a pair of molecular cations is illustrated in Figure 5.
This pair 6& cations represents one dimeric unit

and its centrosymmetrically related unit with a relatively

short Pt...Pt distance (3.164 A) between the two. Platinum-

platinum distances in the range 3.,1-3.4 A are well known,

not only as the previously mentioned c13-PtA2C12 stacking

75, 104 105

distances, but also in compounds analogous to the

" 118 120 121

platinum "blues Magnus' green salt and u-pyro-

phosphato-bis[diammingplatinum(II)].122 Whereas many of
these compounds show evidence of metal-metal interactions,123
in the title compound, the Pt...Pt distance is not short enough
to be considered a covalent bond or a strong metal-metal
‘interaciion.'

The basic dimer unit containing two hydroxo-bridged
platinum atoms (A) is very sim;lar.to the cation found in
[éNn3)2Pt(0H)2Pt(NH3)2](No3)2 (B).35 The relevant distances
" and anéles show this (PQ-N(A) } 02(2)-2.05(2), (B) 2.01(2),
2.02(2) A, Pt-O(A) 2 02(1)-2. 07(1), (B) 2.03(1) R, Pt-Pt(A)
3.104(1), (B) 3.085(1) A, N-Pt-N(A) 88 0(7), 90.0(7), (B)
89.3(6)°; trans-N-Pt-o(A) 170,5(4)~ 175 9(6), (B) 175.6(6),
176.1(6)°; cis-N-Pt-O (A) 92.6(6)-97.5(6), (B) 94.5(5), 94.9(5)°;
0-Pt-0 (A) 81.9(5), 80.6(5); (B) 81.3(4)°; Pt-0-Pt (A) 98.8(5), -
98.5(5), (B) 98.9(5)°). ‘

.There\are, however, minor d;fferences: In dimer B,
the bonded ligand atoms are very closely coplanar'wiﬁh the

platinum atoms. In dimer A, the environment around Pt(l) is
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closely planar (deviations from the best plane (R): Pt(l),
-0.03; 0O(1), -0.027; O(2), 0.043; N(1), 0.040; N(2), -0.026),

but the environment around Pt(2) is much more distorted
(deviations from the best plane (R): Pt(2), -0.088; 0(1l),

0.047; 0(2), -0.048; N(3), 46?643; N(4), 0.044).° This dis-
tortion appears to be related to the interaction between the

two dimer units. The dimer units are arranged so that tﬁé
Pt(2)...Pt(2)a distance is relatively short, but not because

of an attractive platinum-platinum interaction, since for

the best plane through the atoms around Pt(2), the central

metal is displaced from this plane aw&y from Pt(2)a. Further,
the positive charge on the dimeric units’will cause repul-

sion between the pairs of dimers. The two cations must be

held together by some. other interaction which could con-

ceivably be hydrogen bonding (0(1)-N(4)?, 0(2)-N(3)?, 0(2)%-n(3),
O(I)a-N(4)) and would be responsible for the distortion of h
the plane around Pt(2). It can~be seen in Figure 5 that

the plane forﬁed by the ligand atoms is not at 90° to the
plane formed by the four platinum atoms, but is slightly ()
twisted Felative to it with a dihedral angle of 86.6°. The

reason that this arrangement is observed for the.carbonate

complex buf not the nitrate complex could be related to the

€ 1In the planes mentioned all atoms were included in

the refinement and given unit‘weight. The esd in each atom

-]
position with respect to the plane is 0.015 A.

et
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3

as hydrogen bond acceptors in the nitrate salt as in the

stoichiometry. There are twice as many MO units available
carbonate; thus, intercation hydrogen bonding may not be
necessary.

The crystal can be considered as an assembly of
cations, anions and water molecules with hydrogen bonding\a
major factor in holding the crystal together. The planes
of both the cations and anions lie very roughly parallel
to the Bs plane, as is seen in Figure 6. Pairs of dimeric
cations form two parallel rows along the ¢ direction held
together by hydrogen bonding. Within the rows along S each
pair of dimers is tilted with respect to the next pair (di-
hedral angle 13°). This tilt appears to be caused by the
requirements of hydrogen bonding. Because of the.s trans-
lation, half of a pair of dimeré lies almost exactly over
the opposite half of the next pair.of dimers, but this
platinum~platinum distance is relatively long (3.443(1) R).
This is ciearly caused by the intercalation of the carbonate
anions; hydrogen bonding is now from each dimer to the éar-
bonate ion rather than between the dimers. The water mole-
cules determine the packing in the % direction. They lie
almost in the plane of the dimer and hydroéen bond to the-

dimer, each other, and the carbonate anions.
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Fighre 6
The unit cell contents of.[(NH3y2Pt(OH)2Pt(NH

]co3-2n o]

32 2

with extra ions and water molecules (represented by open

circles). The a and c* axes are parallel to the gide and
4" N

top of the page, respectively. The view is approximately

along E.
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CHAPTER 4

STRUCTURES OF PLATINUM-ALICYCLIC AMINE COMPLEXES

The opposing responses to the PC6 and Leukaemia L1210
cancers obtainéd using complexes cis-Pt(am),Cl, where am
represents an alicyclic amine (Table 4) did not discourage
all interest in these compounds. While they may not all be
active against the L1210 system, there is still the question
of why they show so little toxicity. The results also show
that the cyclopropylamine complex, which is more effective
than cisplatin against the PC6 tumor, is only marginally
less effective against leukaemia L1210. In fact, cis-dichloro-
bis(cyclopropylamine-N)platinum(II) is one of the compounds
selected for testing as a possible second generation drug.124
It is clear that the structures of these compounds should

be of interest not only to the chemist, but also to the

medical researchers in the field.

4.1 The Crystal Structure and Vibrational Spectra of

cég—dichlorobis(cycIoproPylamine-N)platinum(II)125

4.1.1 Preparations:

€ig-PtCL, (C,H NH,) )
The method used is a modification of the method of
Dhara.12§ An _aqueous solution (10 mL) of K,PtCl, (0.472 g)

was mixed wiﬁh potassium iodide .(0.6563 g) -and left at room

- 59 -
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- temperature for a few hours. Cyclopropylamine (0.12 g) was
added dropwise and the yellow powder filtered off after a
half-hour. The product was stirred in 0.1 M silver nitrate
solution (19 mL) for approxiﬁately six hours. After removal
of silver iodide by filtration, potassium chloride (0.15 g)
‘was added to the filtrate. The yellow product separated
over the course of a week and was removed by filtration and
washed with a small amount of ice water, followed by ethanol
and diethyl ether. Crystals suitable for X-ray diffraction

studies were obtained by recrystallization from water at 20°C.

C3HSND,
Cgclopropylamine (2.340 g) was reacted with 1 N HC1
(40 mL) overnight. The water was removed under vacuum on
a rotary evaporator with slight warming (40°C). "The hydro-
chloride Qalt was dissolved in D,0 (50 mL) and allowed to
stand in a stoppered flask at room temperature for two weeks.
The Dzo w&s removed under vacuum on a rotary evaporator:and
the'white powdef redissolved in a minimum of D,0 (v 3 mL).
Sodium bicarbonate (3.431 g)ﬁ;as added and the solution left

overnight. The deuterated amine was distilled from the solu-

tion at reduced pressure with gentle warming (40°C).,

' gig~PtCl, (C H.ND,) -
' Deuterated cyclopropylamine (0.1464 g) was added

dropwise to a solution of kngCl4 (0.5221 g) inr’ﬁ2

N
0 (10 mL)
and left overnight at room temperéturé.' The pale yellaw )

i

’



powder which formed was collected by filtration and washed

; 6l

with>a"smal; amount of D.0 and cold acetone.

2

4.1.1la Discussion:

My first attempts %o prepare cis~dichlorsbis{cyclo-

propylamine-N)platinum(II) were based on the method of

Connors et 314,26
cyclopropylamine hydrochloride with an agueous solution of -
K2PtCl4 in the presence of sodium bicarbonate and subsequent
recrystallization‘of the black powder and yellow crystals
from hot concentrated HCl. .The product I obtained from

this regrystallization was identified by both péwder and -

single crystal X—kay diffraction as ammonium_hexachloro-

platinate.

. , Ve
It appears that under the conditions of recrystalli-

zation, ‘the follo&ing reaction is taking place, together

which involves the direct reaction of

-

" with oxidation by air of platinﬁm(II) to platinum(IV).

CH,~CH,,~C

2

+NH3

~
X

fﬁ. ‘ +
NH, ———> CH,~CH,-CH=NH,

e

H

) :0H,
CHB-cgz-?Hrguz
+
' | ///ofz:é
. " \l .
H ' s
. é——f——f——ca3-§§2-CHz§H3

O

Ch

~
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Discussions with Professor Tobe have revealed that
the broqedure iﬁ thé literature26 is inaccuraée. Instead
of recrystallization from hot concentrated hydrochloric acid
as reported, the product should be‘leached with the acid
to remove the black, HCl soluble impurities. We have con-
fiymed that the direct reaction of K2PtCl4 with cyclopropyl-
amine does give the desired product; in fact, the deuterated

analogue of the cohpleg studied here was preparéd using a

similar procedure.

4.1.2 X-ray Studies:

Crystal data anq other numgers rélated to data collec-
tion and structure refinement are summarized in Table 12.
The atom parameters from tﬁe final refinemént are listed

in Table 13. Selecied bond lengths and angles can be found

in Table 14 and the molecule gingtClz(C3H NHZ)Z is shown

in Pigure 7. " . '

The bonded ligand atoms are in a rough square around
the platinum‘atom in an essentially planar arrangement. The
deviations_ from the best plane (Pt, 0.006(1); Cl(1), -0.003(4);
C1(2), 0.004(4); N(1), -0.04(1); N(2), 0.03(1) A) are not
significané.

The Pt-N distancés (2.05(1), 2.04(1)) are'nérmal,

75,104,105,}27’132 All distances

33

as ére the Pt-Cl distances,
within the cyclobropylamine group a‘z:e_normal.1 The dihedral

angles between tha best plane through the ligand atoms and
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the cyclopropyl rings are relaéively small (3.9° for c(l)c(2)c(3)
and 26.0° for C(4)C(5)C(6)). This is probably caused by .
‘crystal packing since there appear to be no intramoleéular
steric interactions causing the planes to be parallel. The
amine group is in the gauche arrangement with respect to
the cyclopropyl ring. t ’
The packing of the molecules within the cell is
shpwnlin Figure 8. In the E direction, molecules related
by the y translation are packed head-to-tail, and inclined
relativé to the 22 plane so that the sqdafe ligand planes
are stacked roughly like tiles on a roof. The'prime contacts
are between CL(2)...N(1)2 3.35 A.and C1(1)...N(2)2 3.25(1) A,
suggesting hydrogen bondiﬂg between atom éairs. Hydrogen
) bonding is also important to the-packing in the a diréction.
The molecules related by x,y,z and 1l#x,-y,-z have Cl(l)..aN(Z)b
contacts of 3.37(1) i and the other contact in the a direction
is between a chlorine atom on one mﬁlecule.and the cyclopropyl
group on thé next. ;The crystal is thus composed of layers
of molecules centred at roughly z =.0 and z = %. Within the
layérs, rows of molecules are g;f%nged s6 that the dipoles
are ve;f;roughly parallel to'the s dirgction. The dipoles
po%nt in oppos}te direct?oﬁs\}n adjacent rows. -'Contact
between ;6ws in different layers is almost‘entirely bétween
platinum and‘chlorine.atoms of oné molecule and the éyclo-
‘ propyl groups of the adjacent molecule, There is ﬁo:evidencg

. of hydrogen bonding between iayers.

.
P VPN
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4.1.3 Vibrational Spectrgscopy:

The infrared and Raman spectra of cyclopropylamine,

2
the two ligands were recorded and examined.

the d,-deuterated analogue and the platinum complexes with

The cyclopropylamine spectrum was essentially the

same as that recorded by Kalasinsky et al.134

with minor .
variations in wave number for some bands. These variations

are not surprising, since the wave numbers used for his
assignments were taken from‘speqtra of either the solid or

the vapour éhase. His assignments/can be seen in fable.ls
along with the complete spectra and polarf%ation ratios

{from this work) of cyclopropylamine and its deuterated
analogue. The data from this work support Kalasinsky's
assignments with only a.few disagreements. He assigns the

1

strong infrared band centred at 830 cm ~ to # CH., rock.

2
Upon deuteration, the intensity of this extremely broad band
decreases and an equally strong, broad band is seen at 630 pm-l.
This suggests that the band at 826 em™t in the infrared con-
tains compEﬁgnts of both the CH, fock'and an.NH2 rock. |

. Kalasinsky assigns a band at 806 cﬁ‘l to the NHé rock. This
band is seen in the Raman spectrum of the liquid, and does

not shift upon deuteration. It could be hidden undexr thg

very broad bgnd at 833 cm“l in the Raman speptrdm 6f the |

deuterated ligand. The band at 940 cm-l'is seen by Kalasinsky

only in the solid spectrum and assigned as &n NH2 wag. .There

g
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is a shoulder at ~ 680 cm"l on the very broad infrared peak

1 for the deuterated ligand. If this is

centred at 630 gm-
assigned to the ND, wag and the vH/\QD ratios are 1.31 for
both the rock and the wag, then the NH2 wag would have a

1 and would be masked by the.verylbroad

wave number of 890 cm_
(~ 250 cm‘l) group centred at 826 cm‘l. Either assignment
is ‘possible.

The assignments and observed wave numbers for the
complex and its déuterated analogue are shown in Table 16.
The spectra in the ligand region are mﬁch less straight-
forward than those of the freé ligand, firstly because there
is now a pair of symmetric and asymmetric modes for each
ligaﬁd vibration; secondly because some modes shift on com-
plexing and some do not; and finally begause there may be
interactions between the vibrations of the crystallographi-
cally ;geﬁuiV;lent‘cyclopropylamine groupé. g

The NH, stretching vibrations are shifted to lower

2
energies (by about 100 cmf%) in the éemplex as compared to

the ligand as are the NH, deformations.. Similar assign- .

2
ments have been made previously for Pt(en)C12,135

i
)Cl2 complexes.?‘36

and various

cis-Pt(RNH2

The CH. stretching vibrations, deformations and

2

. bends are close to those observed for the ligand with posi-
. ’ . ’ 3
tions typical for the strained three-membered ring 5ystem.l !

The CH stretch in.the free ligand was assigned to

*
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l. 'Thére is no band in the

the infrared .band at 2965 em”
complex 'in this region, but it is possible that, because
of additional strain on complexation, the vibration occurs

-at higher wave number and is lost under.the CH deformations.

2
The CH band (out-of-plane) for cyclopropylamine (solid
‘phase spectra) was assigned as 1026 cm-l,n4 but was not

observed in the solution spectrd. For the complexes, it

1 bands which are broad

o

could be hidden under the 1030 cm
in the infrafed spectrq.

The middle wave number range of the spectra (v 1300
cm'l-700 cm-l) contaiﬁs_many bands with overlaps, inteﬁsity
variat%ons and‘@euterium shifts in sevéral ratios. Reason-
ablée assignments have been made‘for‘the observed Bands, but
'there will, of necessity7 be ahbiguities and some of the
laésiénments must be considered tentative.

The NH, éwisting vibration is assigned to, the .
1 in d

2—complex). Tﬁis

) dibration\is unigue to the complexes. The corresponding

1267,1260 cr * bands (982,975 cm™

~

motion in the ligand is a hindered rotation which was ob-

serve_d134 at low fréﬁuency (254 cm—l) in the infrared spec-:

wags for the complexes are assigned to bands
1 1

trum. The NH2

at 1122 cm- L (887 em™t) and 958 em ™t (785 cm”

1

). The NH,,

(618,593 om~ L

1

rocks are assigned to bands at 757,724 cm ).

. The corresponding ligand bands pécur at 940 or 890 cm ~ and

1

.820 cm —.  The deuterium shift ratios for these modes are
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roughly l.zf‘and are less- than those for the stretching
-vibrations (1.34). This would be expected as a result of
moderately strong coupling with the skeletal motions.

The CH., twists, wags and rocks are ‘assigned to bands

2

that do not shift upon deuteration in accordance with pre-

vious assignments for the three-membered ring systems.l37

The CH. twist at 1170 cm ' is not observed in the dz-complex,

2
but it could be under the band assigned to the NDZ deforma-
tion at 1180 cm™* which is quite strong and broad with weak
1

components at 1179, 1172 and 1167 cm .

The ring breathing mode for the ligand is observed

134

at ~ 1210 cm_% in agreement with Kalasinsky who assigned

4

_ the band at this wave number to the more stable trans con-

figuration and a vapour phase Raman band at 1220 cm"l to

the géuche conformer. In the complex, the ligand takes on
the gaﬁche configuration  (Figure 7)° and, therefore, an

intense pair of bands (1220 cm~l) which shows no shift on deu-

tezation, 1is assigned to the ring breathing mode, This

band  is intensified in the d_ -complex by the overtone of

618 cm™t

2
. The other ring deformation modes are considerably

more difficult to assign. For the complex, there shouid be
.considerable céupling between ring modes, éN'stretching

and Nﬁz group aeformations. In addition, a numbef/of the
"peaks are extremely broad and could contain more than one

band..
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1

The intense pair of bands at®1215,1204 .cm ~ (1010,

'1ooo'cm‘¥) is assigned to the C-N stretch. The 1215 em™t

region in the h2 complex is complicated by Fermi resonance
* N g «

and the first overtone of tﬁé Pt~N stretch, as well as

3]

coupling with the NH, twisting vibration and particularly
the ring breathing mode. The ligand band (1145 cm™ Y, 965
cm-l) assigned to the C-N stretch also had a deuteration
shift ratio vH/vD of 1.2 making this assignmentiyeasonable.\
The élatinum-nitrogen stretching motions are ex~
clusive to the complex, and occur at the high end of the

frequency range for such vibrations.l35’l36

1

The bands at
601,593 cm - (555,549 cm~l) are assigned to Fhe-symmetric ‘
and asymmetric viprations on the basis of Raman intensities
with a shift on deuteration (vH/vD.= 1.08) which would in-
éicgte moderately weak coupling with an ﬁHz vibration.

o

The platinum-chlorine stretching vibrations are ob-

1 1 (asymmetric)

"gerved at 333 cm™© (symmetric) and 302 cm”
with no shift on deuteratioh. The predicﬁed chlorine isotope
effect is a splitting into three componéntsfof‘rglativg><
intensity-9:6:l. ‘A'sp}itting is observed for thé:totally
symmetric vibration (33;,326,317 cm-l) with a frequency se-
paration of the componeﬁts as pxedibted. The middle component,
however, has the highest intensity. -This increase in in-
tensity can be attributed to coincidence with the first over-

tone of the Pt-Cl deformation at 163_cmfl.

14
+

~



A T A e e

81 : 2 !

A C-N-Pt deformation is assigned to thé band -at
406~cm—l (353 cm_l) and the Pt-N and Pt-Cl deformations are

observed at their usual. frequencies.

4.2 ° The Crystal and Molecular Structures of cis and ggggg:

dichlorobis (cyclobuty.amine~)platiny m(ir)lz?
4.211 Preparationé: . )
cis- PtCl (C H. NHZ)Z
/ The procedure of Connofs et al.26 was used. Cyclo-

-

- butylamine (0.187 g) was added to an aqueous solution of

KZPtCl4 (0.529 g in HZO)aand left at room temperature over-
night; The yellow powdér that precipitated was filtered
and‘waghed,with cold .acetone. Roughly oﬁe-?hird of the

solid wag didsolved id~dimethylformamide (20 mL) at room

temperature and any undissolved solid was removed by filtra-

.tion. HCl (0.1 N) was added dropwise -until the solution was

faintly cloudy. .A few drops of dimethylformamide were added
to remove the cloudiness and the solution was placed in the

refrigerator overnight. Pale yellow. crystals were collected.

trans-PtCl PtCl (C H NHZL; ' :

26

The same procedure” - was used as for the g&g gompodnd
(cyclobdtylamine, 0.2 g, KZPtCl4, 0.58 g, water, 30 mL) .

The solld was recrystallized by dlssolv1ng in boiling acetone
(30 mL) and removing any residual solid by filtration after .

the solid had cooled to room temperature. At this point,

—
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ghree to four drops of acetone were added to the filtrate4
which was placed in an Erlenmeyer £lask and c9vered with™
aluminum foil. A few holes were punched in the top of the
foil to allow slow evaporation of the acetone in 5 refrigera-

(N
por‘(0°c, 7 to 28 days). Pale yellow crystals were collected.

4.2.2 Ssolution of the Structures

gis-PtCl, (C,H,NH,), .

Solution of the Patterson did not give an unambiguous

set of resulti; A valye of y = X was found. Peaks were

expected at 2xk2y,22 and a£ 2x,X%, 8122: Two/beaks were'observed

with approxxmate coordinates 0. 6 0.5, 0 0 and 0.6, 0 5,0.5,

This meant that the z coordinate of the platinum atom could

be either 0.5(0.0) oxr 0.25(0235). '

An initial solution With platinum at 0.299,0.25,0.25
was tried. The refinement seemed to prsgress satisfactorily '
although the weakness Of a;most all the reflections h,k,&:

2 # 2n made phasing difficult. Tﬁe square plane around
latinum was distorted, but the‘positional errors were large
nd the distortion was, therefore, insignificant. On adding

the ato of‘the cyclébut?l groups to the refinement, it be-

came apparent that the C-C and C-N bond lengths showed unac- '

ceptable'differgnces from the expected values (C-C, ¢-N bond .

lengths Yaried from 1.23 ; to iJBS'R) and the refinément was

abaﬁdoned. ‘Tbe ;qlqtion with z = 0.5 for.the plﬁtinum atoms .

was chosen and led to the structure diséussed in this chapter.
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The difference between the two solutions can be seen
in ?igufe 9. If the position x,%,z is considered for both
cases, the diagrams of Figﬁre 9 can be drawn for the space .
group P21/c. Let the molecule be right—handed.(R) (left-
handed = L). 1In the first case, we have R at x,%,%. The
two-fold screw axis parallel to E generates R at.l—x,3/4,l/4.
The inversion at 0,%,% then generates L ‘at x,%,-% (from
1-x,3/4,1/4) and L at l*x,3/4,—1[4 (from x,%,%). Within a
row in the ¢ direction, alFernatinq left-handed and ;ight-
handed molecules will be sééa. In the 2Adi£ection, alternating
rows have either right-handed or left—handéd molecules only.

A similar operation on R at x,%,% will generate L at,
l-x,3/4,1/2‘by inversion tbr;ugh'o,%,% and the 'screw axis
acting on these two positions will generate R at 1l-x,3/4,0
and L at x,%,0. Now there are rows of molecules of alter-
néting handedness in both the 2 and the c directions.

. The fact that the wrong solution almost gavé a satis-
factory refinement can now be explained. The main effect of
bhanginé the. atomic parameﬁgrs by one-quarter in z is to
change the ‘handedness of the molecules with respect to each
other. The effect this haé on the square pl;ne is minimal
and becomes significant ;nly when the ringé are-donside;ed.
For thié‘reason, the refinement with the wrong soiutibn pro-

gressed in a saﬁisfactory manner until the carbon positions

were added. \
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- z:i}‘
\ { A §
DA ~ 7
(%,%,-%) S 9% P23
O 9
(l*X,3/4,—l/‘3 (Jl{-—x,?./%,l/él)
=0 Y
* .
.z = %(0) .
f A A
. o
(x,%,0) ‘ (x,%,%)
9 0
. L
(1-x,3/4,0) (1-x,3/4,1/
r & ~ -
— O —4
c
o .Figure-é ‘ _
c 139

Twoe possible platinum positions in the space group le/

for cis-PtCl, (C,H,NH,),
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- trans-PtCl -Ptclzgg_;,g_gzg_z
Solution of this structure followed the method out-
lined 'in Sectiqn 2.2, except that attempts werg'made to find
the hy@roggn atoms. A difference map showed a number of peaks
with intensity a@out 1 g-/;3. Some were in geometrically
acceptable positions, but others wereé not. In addition, it
was not possible to find hydrogen atoms in all the expocted
positions. Ultimately, only the two hydrogen atoms which
were attached to the nitrogen atom and could be involved in
hydrogen bonding were included in tpg refinement. Onl§ their
positional parameters were refined;}%he temperature factors
were fixed at ‘approximately 50% gréaéer than that of the

nitrogen atom.

4.2,3 X-ray Studies:

C;ystal data and other numbers pertaining to solu-~
tion‘of the structures are presented in Table 17. Thé
positional and thermal parameters are given in Table 18A
for the cis complex and Tab;e 188 for its trans amalogua,
Selected interatpmic distances and angles are compared in
Table 19 and the legSt squares plane, torsional énd'dihedral
angles are given in Table 20.

' Cis-dichlorobis (cyclobutylamine-N)platinum(II) is
sho&n in Figure llA and the corresponding trans compound
in .Figure ilB. In both cases, the ligands form a square

plane about platinum with little or no distortion. Pt-~N

e
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Figure 1llA

The molecule c:.s—PtClz(C4H7NH2)2
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distances are very similar for the two compounds, as are Pt-Cl -

distances, and both sets lie well within the range of dis-

75,104,105,125,128-132 ., o .

tances observed previously.
distances are also insignificantly different and normal for
an N-C single-bond.13Q Distances and angles within the
cyclobutylamine ring agree well with published values.140
The dihedral angles between the C(1)C(2)C(4), [C(5)C(6)C(8)] ara
c(2)c(3)c(4), [cts)c(7)c(8)] planes in the cyclébutylamine rings
are 150° [153°] for the cis and 145° for the trans complex.

The values for the cis compound do not lie far from the

40 but the angle

average for cyclobutane structures (157°),l
for the EEEEE compound is slightly lower than the bottom of
the range (149(2)° - 168.1(2)°). Values from previous struc-~
tures are evenly distributed within the range suggesting
relatively easy folding of the ring and it is assumed that
the angles observed 'here are dstermined primarily by packing
forces,

The packing of the cis and trans molecules is shown’
in Figure 12A and 12B, respectively. In the cis complex,
the molecules lie in chains along the s direction roughly at
y = %. The glide plane causes the square planes of adjacent
molecules to be twisted about 90° with respect to each other.
This arrangement maximizes both dipole-dipole interactions
between the molecules and hyarogen bonding between Cl(lf...N(l)a

€
and Cl(l)...N(l)b. Packing in the a direction is determinead
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primarily by hydrocarbon ring contacts and hydrogen bonds,
C1(2)...N(1) (Table 21).

Molecules in the trans compound lie with the ligand
atom plane almosz in the ES plane, with the Pt-Cl axis roughly
along E and the Pt-N axis roughly along c. Hydrogén bonding
(Cl...H(l)d, Cl...H(Z)b) (Table 21) gives a two-dimensional
network. Contact in the 2 direction is between the hydro-

carbon rings.

4.2.4 Vibrational Spectroscopy:
141

Tobe has suggested that the standard spectroscopic
techhique for distinguishing cis and trans diamine complexes
of platinum (the gumbgr of bands in the infrare& and Raman
spectra ‘should diffe£ for the two isomers) does not give
unambiguous results. Confirmation of this suggestion can be
obtained from the spectra of ¢is and EEE&E-PtClz(C4H7NH2)2.
Vibrational spectra of both isomers were recorded
and are presented in Table 21. They are sufficiently different
to allow identification of the t&o compounds, but, becaﬁse
of coincidences of bands in the Pt-Cl stretch region, they
would not allow one a griorf to distinguish between the two
compounds. The Pt-Cl stretches, both symmetric and asymmetric,
would be expected to cause absorption in the 300-400 em™t
region of the spectrum. Both modes should be active in the

infrared and Raman spectra for the cis complex, while for

the trans complex, only the asymmetric mode should be active
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o

in the infrared and the sympetric mode in the Raman, Only
one band is observed in both the infrared and the Raman for
both compounds. The wave numbers of the bands in the infra-
red and Raman are almost the gsame, although the Eéégg bands
are ~ 20 cm™ ! above those of the cis. Although the symmetric
and agymmetric Pt-Cl s£fetches in PtL.Cl_, usually are well

2772
142

resolved, they may be as little as 8 cm-l apart, and on

a geometric basis should have the same wave number.l43 Also,
the resolution of the bands for the cis complex is not good.

The width at half height for the infrared band is 30 cm™*

and for the Raman bamd is 13 cm_lJ Agssuming a separation of
.the symmetric and asymmetric modes of 5-10 cm-l, it is possible
that 'ne resolution of bands has taken place. Thus, although

band position allowshidentificétion of the compounds, counting

numbers of bands does not, in this case, allow differentiation.

4.3 The Cxystal and Moelecular Structure of «rans-dibromobis~
28

(cyclohexylamine-¥)ylatinum(II)l

4.3.1 pPreparation:

’ In a modification of Dhara's method,lz6 cyclohexylamine

(0.49 g) was added dropwise to the solution obtained from

the reaction of KthCl4‘(0.97 g) and KI (1.6 g) in water (10 mL).
The yellow p:ecipitatf, PtIZ(QGHIINHZ)Z' wag filtered and
‘dried.. Roughly half 6f the powder (0.66 ) .was stirred with
aqueous silver nitrate (0.34 g, 50 mL) in the dark for a week.

* Agl was removed by. filt'ration and KBr solution (0.14 g, 20 mL)

t
1 3 ;

o



F-s
()
(o8]

was added/dropwise to the filtrate. The pale yellow powder
which precipitated was separated by filtration and dissolved
in acetone. Elow evaporation of the solvent yielded the

crystals used in this study.

4.3.2 X-ray siviles:

Crystal data and other numbers pertinent to solution
of the structure are given in Table 22. The positional and
thermal parameters are presented in Table 23. Selected
interatomic distances and angles are given in Tabhle 24 and
the torsional and dihedral angles in Table 25,

The molecule is shown in Figure 13 and is very similar
to that observed for the corresponding chloro-complgx.129
The bonded ligand atoms form a square plane around platinum
with no distortion. The Pt-Br distance (2.388(2) ;) is

144

normal and 0.086 A longer than the corresponding Pt-Cl

distance, whereas the radii (both ionic and covq}ent) of

o
bromine and chlorine differ by about 0.16 A.l45

This implies
that the Pt-Br bond is stronger than the Pt-Cl bond, which

is consistent with the B-metal behaviour of platinum. The
Pt-N distance (2.06(1) ;) does not differ significantly from
that found in the chloro-complex (2.078(5) ;). DPistances

and angles within the hydrocarbon rings do not differ for

the two complexes.

Despite the broad similarities in the two compounds,

there are distinct differences in certain of the intramolecular



104

s+ -pPANUTIUOD

L°T ‘2T

LT .on,

£96°6+966° Y
STTYT

(z)sz*z

XA

4

(€)L°VT18
(Z)6L°96 =
(e)TtrT- st

(e)eezs-8
(T)vs1°9 =

it

g
o)
q
L

(¢T °"ON) O\Hmm

uz # ¥ oy
uz £ Y 0OdO
we gz°0 Uu3lbuag
wmy £0°0 SnIpeX 3O ISpurthd

9T ¢tSsS

NﬁmmzHa:mquumuwlmcmuu

1

ZC 2T9eL

A

() °P°s*3 ’‘Suot3oda[Iax paepuess
. S3TWTT 3IUSTOTIF200 uoridiosqe

(

wo) 3uUaTOTII00 uorizdriosge IeauTy
- {

( *sqo,,

1

wob
¢ )

_udb) ToTED,

Am
Z

Amdv auntoa

(*bop pue y¥) szajaweaed {130 uﬂmﬁ

dnoxb aoseds

sadouasqe OT3ewalsis

321s Te3Isikid
3ybtom MﬁsEuQm

punodwo)

TN



105

Hlﬁm

AOh €0°0) + mou

LST0 “8E£°0 ‘9€£70 f.V/ v -
4]
\HO.O \HOQO !

£0°0

8

M.!

¥/ 9L 1

01

0T X 85§

-

—

b 7id
AVad

[ S8
[a}4
s

(8280°0) 2Z80°0

(9TS0°0) $0S0°0

88¢

90¢€T

S88T

() °sqo ‘-otred ‘stsdteuy

"IA JTUN JO UOTJIVAIISO uUe Ut I011d

swayos butaybrapm

uoT3e00T ‘A3TreA 3ISamoO]

uotr3eo0T ‘X2ad 3saybTH

tdew 20U3a3IITIP

TeuTd

TJUSTOTIFVOD uUoT3DUIZIXa ‘6

* DAY

"XRN ‘°P°S°*3 UT 33ITYS
(11e) *sqo ‘%y

(Tte) *sqo ‘Yy

(1o >
°a < %)
2> %0 (Do <1 <
(1) 0¢ <

TeuTd
Teutyq
TeUTd

I

(1)0g

I

.

SuoT30aT3ex juapuadspur Jo °ON

(penuT3u0D) ¢

31qel .



106

(8) LT~ (8) LT
(€T) pp- (ZT) LT
(6)sz- (8) €T
x\am%«w:uw,.ﬁ (8) %2
(6) LT~ (L)9T
(Nr - (9) 2T
(s)e - (s)T1
(T)e (6)0°8
(¥)9°¢ - (£)8°8
€2, €1,

Amoa X) Ammv
(1) 865
(z) 689
(1)8¢€L
(T)oveL
(1)8¥9
(1)209
(8)0°TIS
(z)Z° 695
006

4

(0T %) T %untly?5) Cagag-suexy xo03 sisjsuered wo3y °

s

()91~ (01) 09 (6)zs (8)S¥Y
(0T)ST- (8T) 90T (v1T) 18 (TT) €S
(6)2 (11) 99 (0T) SS (0T) LS
(0T) 8T~ (6)S¥ (zT) st (0T) 65
(8)ST- (6)6¥ (T €L - (8) 8¢
(91 - (8) 9y (L)ze (8)0v
(gL - (9)ve (LYov (L)sy
(D¢ (1) s (1) 1L (1) 99
(v)e'z - ()T €€ (p)S°S€ (¥)L°9¢€

2T, €€, ze, T,

ﬁﬂa sxo3owvy aanjexadusy o5TdoIjzosIuy

(2) 168 (€) pOv (9)2

(€) 856 (€)TLY (5)0

(Z) €66 (€)ELT (¥)D

(z) 958 (€)szt (€)2

(2)v6L (2) 850 (2)2

(z) ZSL (z)ssz (1)2

(1) 169 (z)eze1 N

CAR-ANA 23 (v)9°z62Z xg

00g 0 3d

A X wo3vy

€ o19®L

(910
()0
(v)2
()2
(2)o
(t)o

xd
3d

wo3y



<

Table 24.

Atoms
Pt-Br
Pt-i
N-C{1)
C(1)-C(2)
C(2)-C(3)
C(3)-c(4)
c(4)-Cc(5)
C(5)-C(s)
Cc(6)-C(1)

*

Br...N

¥

197

o
Interatomic distances (A) and angles (dog)

for tr:ns—PtBrz(C6H

Distance
2.388(2)

2.06(1)

1.51(3)
1.53(2)

3.54(1)2

1188505

iAtQms
Br-Pt-N
Pt-N-C(1l)
N-C(1)-C(2)
N-C{1l)-C(6)
C{X)-C(2)~C(3)
C(2)-C(3)-C(4)
C(3)-C(4)-C(5)
Cc{4)-C(5)-Cl6)
C(5)-C(6)-C(1)

C(8)-C(L)~C(2)

Angle
88.3(3)
117.3(9;
1X2(L)
110()
111 (1)
112 (L,
111(2)
112(2)
112(2)

110(1)

8 N is related to N in Table 23 by the inversion

centre at %,%,%.
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Table 25. Torsional and dihedral angles (deg) in
trans-PtBr, (C H, NH,),
Torsional Angles
Group angle roup Angle
BrPtNC (1) 69.3 c{l)c(2)c(3)Cc(4) 60.2
PENC(1)C(2) -59.3 c(2)C(3)c(4)C(3) ~63.2
PtNC(1)C(6) -178.2 c(3)c(4)c(s)c(s) 72.3
NC(l)C(2)C(3) -173.0 c(4)C(5)C(6)C(1) -53.5
NC(1)C(6)C(5) 179.5 c(s)c(e)c(l)c(zay 55.5
c(6)C(i)c(2)C(3) -64.2
Dihedral Angles
Planes Angle
C(l)CkZ)C(B)—C(4)C(5)C(6) 10.5
C(2)C(3)C(4)-C(5)C(6)C(1) 1.0
C(2)C(l)Cc(6)-C(3)C(4)C(5) 18.3

PENC(1l)-C(2)C(1)C(6) 56.6



109

NammzAHmmuvmumu&:mcmuu aTnoaTow 3ayg
€1 2Inbra



110

non-bonding distances and in torsional angles. This leads
to different packing within the cell and even to a different

129 the torsional

space group. Thus, in the chloro-complex,
angle ClPtNC(l) is 6n1y 10.0°, which means that the C(1l)
atom is only slightly out of the ligand square plane and
close to the Cl atom, while the torsional angle PtNC(1l)C(2)
of 66.5° means that C(2) lies roughly above C(l) (referred
to the ligand square plans as base) and still close to the
same chlorine atom. In the bromo-complex, the BfPtNC(l)
anglé is 69.3°, which means that C{(l) is much more above the
ligand plane and the C(l)-X distance is greater (3.63 g vSs.
3.30 ;). The PtNC(1)C(2) angle of 59.3° means that C(2) is
now rotated away from the bromine atom. The two close con-
tacts of C(l) and C(2) with the same chlorine atom were used
to explain the inequality of the Cl-Pt-N angles (85.4°, 94.6°).
The explanation is clearly reascnable since the Br-Pt-N
angles (88.3°, 91.7°) are more nearly equal. Tﬁe torsional
angles in the ring (107.7° - 126.5°, ave., 118.5°) are generally
smaller than in the chloro-complex (122.0° - 125.6°) giving
a more compact ring and thus shorter C(1l)-C(4) (2.92 - 2.95,
ave. 2.93 g vs., 2.94 - 2,97, ave. 2.95 ;) and C(l)-C(3)
(2.49 - 2.52, ave. 2.51 R vs., 2.51 - 2.57, ave. 2,53 R) dis-
tances.

The crystal packing for the two compounds is clearly

different as can be seen by comparing shortest Pt-Pt distances.
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For the bromo-complex, these are 8.823 ; (E translation),
6.154 ; (s translation) and 8.75 ; (s glide); for the chloro-
complex, they are 4.95 R (%B translation), 6.673 ; (S trans-
lation) and 13.590 ; (ks + %E translation). The principal
difference can be seen by considering the platinum atoms in
the Es plane for the bromo-complex and in the (101) plane
for the chloro-complex (Figure 14). The eclipsed arrangement
along B for the chloro-complex gives a somewhat longer E axis
than the staggered arrangement;in the bromo-complex, whereas
the n glide distance is shorter than the < axis. The packing
efficiency in the two space groups is very similar. The |
difference in molecular volume of 14.4 RB is comparable to
differences in volume of two chlofine and two bromine ions,

°

ranging from 7.3 to 19.1 A" calculated from such diverse

K,ptX

sitructures as KX, NaX, Pt(NH3)4~PtX4, 2 4 and sztx

6
(X = C1,Br).

The packing is illustrated in Figure 15. The molecules
form chainslalong the a direction at y = 0, 2 = 0 and y = X%,
2 = X% with weak hydrogen bonds between N and Br of adjacent
molecules (N...Br, 3.54 A c.f. 3.47-3.51 A in nHBr %),
Contact between these chains in the s direction is primarily
between the hydrocarbon ring on one molecule and bromine
‘atoms in molecules in the chaiﬁ related by the s glide. 1In
the E direction, the hydrocarbon rings are, therefore, inter-

leaved. The other important contact in the b direction is
, o
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between a bromine atom on one molecule and the hydrogen

atoms attached to C(6) of the next.

4.4 The Crystal and Molecular Structure of gis-dichloro-

L3¢

di (cyclohexylamine-N)platinum(II)bis (hexamethylphosphoride)

4.4.1 Preparation:

Cyclohexylamine (0.79 g) was added to KthCl4 (1.6 g)
in water. The yellow precipitate was removed by filtration
and washed sequentially with small amounts {2 x 10 mL) of
water, methanol and diethyl ether and dried i& vacuo. Crystals
suitable for X~-ray diffraction were rgcrystallized from hexa-
methylphosphoramide (HMPA) and stored with a small amount of
HMPA at -5°C. It proved impossible to obtain satisfactory
analysis as decomposition started immediately when the excess
solvent was removed at room temperature. Analytical figures
correspond to ratios of HMPA:Pt complex of 2.7:1 for a sample
removed directly from the solvent to 0.2:1 for a sample allowed
to stand two or three hours at room temperature. The density

could not be determined because of crystal decomposition.

4.4.2 X-ray Studies:

Crystal data and numbers relevant to solution of the
structure are summarized in Table 26.. Positional and thermal
parameters are presented in Table 27 and selected interatomié
distances and angles in Table 28. The least squares plane

and torsional and dihedral angles are given in Table 29.
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Table 29. Least squaras plane, torsional and dihedral angles

in Cls—PtCl2(C6H11NH2)2

]
Plane Distance from.Plans (A)
k.4
Cl(1)Cl(2)N{(L)N(2)Pt clr{i), 0.03; Ci1(2), -0.03;
N(l), 0.04; N(2), -0.04; Pt, -0.01,

Torsicnal Angles (deg)

PEN(1)C{l)C(2) 0.7 PEN(2)C(7)C(8) 8.5
PEN(L1)C(1)C(6) 53-.9 PtN(2)C(7)C(12) 6£8.72
N(L)C(l)C(2)C(3) 176.3 N(2)C{7)C(8)C(I) 130.0
C(l)c(2)C(3)C(4) 125.4 C{7)C(3)C(9)C(10) 120.3
c(2)c(3)c(4)c(s) 121.6 c(g8)c{3)c(ro)c(lily) 121.92
C(3)C(4)C(5)C(s) 120.9 c(9)c(1ac(i1r)c(lz) 123.5
c(4)C{5)C(6)C(L) 122.9 c(®)cil1yc(r2yc(?) 121.5
c{5)C(6)C(1)C(2) 123.4 Cc(l1)yc({12)c{7)Cc(%) 118.8
c(e)c(lryc(2)c(3) 124.1 C(l2)c{7)Cc(8)C(9) 118.9
N{L)C(l)C(6)}C(5) 176.6 N(2)C(7)C{12)C(1ll) 179.9

Dihedral Angle

PtCL{l)Cl(2)~-PtN(1)N(2) 2.8°

*
Pt given no weight in calculating the plane; other

atoms given unit weights.
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, The molecule, which is shown in Figure 16, has a
/ square planar arrangement around platinum with the structural
parameters around platinum similar to those seen in other

75,104,105,125,127,131 Pt-Cl (2.305(5),

cis-PtCl,A, compounds.
2.325(3) ; vs. (range) 2.273(4)-2.333(9) ;) and Pt-N (2.07(1),
2.05(1)?; vs. (range) 1.85(6)-2.08(3) ;) distances are normal
as are the Cl-Pt-Cl (91.8(2)° vs. (range) 90.2(4)-96.4(6)°)
and N-Pt-N (88.3(5)° vs. (range) 73.2(2)-91.4(5)°) angles.
The dihedral angle of 2.8° between PtC12 and PtN2 planes 1is
small and in the range (0-3°) normally observed for these
structures. The rings are oriented so that the carbon atoms
c(l), C(6), C(7) and C(1l2) are close to the square plane.

' The rings exist in the chair form and the‘ring bond lengths
and angles and torsional angles are very similar to those

. . : 129
obtained previously from trans PtClz(CGHllNHZ)2

128

and trans-
PtBrZ(CGHllNH2)2'
The packing of the molecules in the crystal is shown in
"Figure 17. The platinum-containing molecules are affanged

so that they are hydrogen-bonded through N(l)f..Cl(Z) into
pairs related by the inversion centre at 0,%,%. The remaining
hydrogen atoms on the amine grdups are involved in bonding

to the HMPA groups through N(1)...0(l), N(2)...0(1l) and
N{(2)...0(2). Thus, Qe have six-molecule groups (two Pt-
complexes, four HMPA units) bonded together, with the mole-

L2

‘cules so oriented that the hydrogen atoms of the hydrocarbon
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cover the outside of the six-molecule group. The interactions

between these groups are van der Waals.

4.5 The Crystal and Molecular Sé¢ructure of cyclchexylammonium
147

trichloro(cyclohexylamine~N)platinate (I1)

4.5.,1 Preparation:

Cyclohexylamine (0.44 g) was added dropwise to an
aqueocus solution (20 mL) of K2PtC14 (0.90 g). After a week,
a light brown precipitate had formed and was removed by
filtration. The residual yellow solution after one month
yielded crystals of cyclohexylammonium trichloro(cyéiahexyl-
amine-M)platinate(II).

The product obtained was not the expected Eig—PtClzﬁ

\%F HllN

but [C6H NH3][PtC13(C6HllNH2)]. This fact suggests

eH11NHy) ) 11
tkat the reaction conditions which have been used for the

preparation of cis-diamine comﬁlexesvof platinum(II) 148

are too acidic. Potassium salts with similar [PtCl3(amine)]—

149

anions have been produced in dimethyl formamide, but not

salts of the protonated amine.

4.5.2 X-ray Studies:

Crystal data and other numbers pertinent to solution
of the structure are presented in Table 30. The positional
and thermal °parameters are given in Table 3l. Selected
interatomic distances and angles are given in Table 32 and
the least squares plane and torsional angles are given in

Tible 33.
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The anion is illustrated in Figure 18. The con-
figuration around platinum is the expected square plane with
minor deviations from planarity (Table 33). Pt-Cl{2) is
significantly longer than Pt-Cl(3), but not than Pt-Cl(l).

On the basis of the trans influence,lso

there should be
little difference in Pt-Cl distances; if anything, Pt-Cl(2)
should be shorter than Pt-Cl(l) and Pt-Cl(3). The Pt-Cl
distances do, however, correlate with the number of strong
hydrogen bonds to the chlorine atoms. They are also within
the range normally observed . /5/104,105,125,127,129-132,151
Simiiarly, the Pt—-N distances agree with values previously

75,104,105,125,127-132,151

found. The torsional angles

(Table 33) in the ring are very similar to those observed

128-130 but the torsional angles involving platinum

previously,
and distances of C(1l), C(2) and C(6) from.the square plane
show that the.arrangement of the ring is closer to that in

N)3PO.130 In this arrangement,

- cis-PtCl, (C H) NH,) ,+ ((CH),
C(6) is above the sguare plane only 3.38(2) R from the
platinum atom and 3.61(2) ﬁ from Cl(1l).

The packing of the ioans in %he unit cell is shown in
Figure 19. The anions are arranged so that they form-a double
layer with the ligand square planes close to the ES plane
and the cyclohexyl rings on the outside of the double layer.

Double layers related By the a translation are separated by

a zig-zag layer of cations centred at x = %, Within the
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double layer along the E direction, there are spiral chains
of molecules related by the 2l axis and bound to adjacent
molecules by rather weak N(l)?..Cl(l) and N(l)?..Cl(B)
hydrogen bonds (3.44(1), 3.42(1) R). There are no direct
hydrogen bonds bhetween these chains along the S direction,
but hydrogen bonding to the NH, group of the cation holds
adjacent chains together with strong hydrogen bonds N(la)?...
c1(1), N(1a)d...cl(2), N(la)®...c1(2) (3.28(1), 3.26(1),
3.28(1) i). This hydrogen bonding of-the cation to the double
layer means that the cyclohexyl ring of the cation is also
pointing out of the double layer. Thus, any contécts near

H
x = % are H.,.H contacts and the forces are van der Waals.

4.6 The Crystal Structure of an Unknown Platinum Complex

4.6.1 Preparation:

Cyclobutylamine (0.183 g) was added dropwise to

K Ptcl4 (0.535 g) in water (15 mL) and the solution left to

2
stand overnight. The dark yellow crystals which formed

were removed by filtration and washed with acetone.

4.6.2 X-ray Studies:

Crystal data and numbers pertinent to solution of
the structure are listed in Table 34. Positional and thermal
parameters are given in Table 35 and selected interatomic
distances and angles are presented in Table 36.

“The molecule is illustrated in Figure 20, and ,the

packing of the molecules in the unit cell is shown in Figure 21.
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Figure 20

CSH7NC)

\
2\(

The molecule PtCl
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Figure 21
The unit cell contents of PtCl, (CH4NC). S and a are parallel
\ ~N

to the bottom and side of the page, respectively. The view is

down b.
N
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The ring of the ligand is a cyclopentene ring with the platinum
bonding to the double bond between C(3) and C(4). Bond
lengths and bond angles for this part of the system are nox-

138 The acyclic group presents definite difficulties.

mal,
This group seems to be an isonitrile which is bonded to
platinum through the » system. All other platinum-isonitrile
structures show the isonitrile group bonded either end-on

152

thréugh the carbon with a carbon-nitrogen bond length

of 1.12(1) to 1.22(5) ; and a carbon-nitrogen-carbon' angle
of 170(2) to 179(2)° or bridging between two metal atomslsz

with a carbon-nitrogen bond length of 1,21(3) g[and a carbon-
nitrogen-carbon' angle of 133(2)°. The angle C-N-C(l) in

this structure (132(1)°) is cldze to that in the bridging
isonitrile, but the carbon-~nitrogen bord length of 1.00(1) ;

is extremely short. As can be seen from the packing (Figure 231)
there are no close contacts other than those from C to Cl(2)

of the same molecule (2.41(1) A) and from C to Cl(l) of the

(]
molecule at x,y-1,z (2.86(1) Aa).

4.6.3 Discussion:

The compound which is discussed in this Chapter is
not a product which was expected to form from the reactants
that were used. Anomalies in the bond length and angie around
nitrogen in the isonitrile group have been noted in the

section on X-ray structure. Despite the low R-factor, this

%
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compound must be further characterized before its structure
can be considered to be solved. It has not been posgsible to
repeat the reaction to yield this product and experiments
are being performed at present to make the compound from

K,PtCl, and 4-isocyanocyclopentene.

2 4
The data presented in this chapter have been compiled

for reference in case the same compound is accidentally or
deliberately made and are not an integral part of this thesis,

except that an unexpected product was formed.



CHAPTER 5
DISCUSSION
o S

5.1 Aquation of Cisplatin:

Aquation of cisplatin is assumed to procede via the

following mechanism153

o v i + Cor 2+
cis-[Pt (NH;),Cl,] ¥ cis [Pt (NH;),(OH,)CL]" * cis _Pt(NH3)2(OH2)2]
with the final diaquo species in equilibrium with the two
hydrolysis products shown.

HyN HoN OH HoN OH
\ / \Pt/ \Pt/
/ \ H3N/ \onz EI3N/ \05

- ] L . _

At roughly nsutral pH, such as is observed in the intracellular

14
++

fluid, the monoaquo-monchydroxo species is expected to pre-~

dominate.154'
Because of the large difference between chloride ion

concentration in blood plasma (103 mM) and igrin;racellular

fluid (~ 4 mM), Lim and Martin155 investigated the hydrolysis

of [enPtClz] under conditions of ambient chloride concentrations.

Their results suggested that the predominant species present

in the cell were the dichloro complex and the moncaquo-mono-

hydroxo complex. They did, however, also postulate that the
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latter compound formed a stable dihydroxo bridged dimer at
physiological pH.

The actual existence of oligomeric forms of the platinum
complexes was confirme@ by a number of crystallographic studies

by our group in collaboration with Rosenberg and Lippert,35-38

and by Stanko and Hollis.>2
The first compound isolated from reaction of cisplatin '
with silver nitrate at pH 6.55 was found to be the dihydroxo

3 shown in

bridged dimer, [ (NH,),Pt(OH) Pt (NH,),]1(N0OS),,>
Figure 22A. With carbonate as a counterion at pH 10.65,

another dimer, the structure of which is discussed in Section
3.2, was obtaineé (Figure 22B). This compound contains two
dimeric cations which are held together by hydrogen bonding

in the solid state, but wh@ch separate to discrete dimeric
cations in solution.38 During preparation of di-u~-hydroxo-
bis{diammineplatinum(II) Jnitrate, trimeric species were also
observed and later shown to contain similar hydroxo bridges.36'37
The trimer cations can exist in two different forms (Figure 23),
one of roughly 02 symmetry, the other, C3v. These two forms
interconvert in solution, as shown by the presence of only

one lgsPt nmx signal.ls6

In an attempt to form [Pt(NB3)2(H20)2]2+,
the pH was lowered and the solution concentrated. This pro-
cedure yielded crystAIS of cis-dinitratodiammineplatinum(II)
rather than any monomeric agquo or aquochydroxo complex. The

gstructure of cis-dinitratodiammineplatinum(II) is discussed

in Section 3.1l.

N
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Figure 22A
: 2+
The molecular cation [(NH3)2Pt(OH)2Pt(NH3)2] from [(NH3)2-

Pt(OH)th(NH3)2](N03)2.3S

7 N(I) 0

‘s Pi2) NG)
%;,._—«;;zz;::;{ o “
“NR) 1 0) @)

Figure 22B
The molecular cation [(NHB)ZPt(OH)ZPt(NH3)2]2+ and its centro-
symmetrically related neighbour from [(NH3)2Pt(OH)2Pt(NH3)2]-

CO4+2H,0 (Section 3.2).



o T - l‘\l{’)
¢ “NE) A
- P %)
NeL \~ B Y \‘ ) N
A VA » Ny IS— e

N
::‘*7‘
N
0 0
Oz \~\
/_____.--—pf /OfO Dt
Pt= - III ~-—— Pt‘\— I e e — Pt
~ \Pf - - \Pt,/ - Pt\\\\oz\
N \ /\Pf\o

Figure 23

The two trimeric forms of the cation [(NH3)3Pt(OH)]g+ and

their probable rearrangement in solution.
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Clearly, the aquation of cisplatin is far more complex
than had been expected. Not only can a number of different
dimeric and trimeric cations exist in solution, Sut they are
the only species which have been isolated in the solid state.
No monomeric aquo or hydroxo complexes have been crystallized,
despite the fact that cis-Pt(iH;),(N0,), rapidly releases NOS

C . 34 . .
in aqueous solution to form a species which can be con-

verted to the oligomers.

5.1.1. Bond Valence Approach:

An explanation for the inability to crystallize
monomer aquo or hydroxo species is based on Brown's acid-base
mode1157 which is an extension of Pauling's valence concepts.
It is possible to use bond oxrder (bond strength)-bond length
relationships to give an order to any chemical bond. Brown

158 tried to find a functional relationship which

and Shannon
would relate bond strength to bond length for M-0O bonds,
regardless of structural type. The only constraint is that
the sum of the bond strengths around an atom should equal the
valence as defined by Pauling. This valence should always
be integral (e.q., for oxygen, 1 for .hydrogen) and should
encompass interactions of the atom under consideration with
all neighbouring atoms. These interactions would include,
for example, hydrogen kanding and van der ﬁaals interactions.
1587

In an extension of the bond valence model, Brown

considered individual ions and ligands, and defined their
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residual bond valence as a measure of acid or base strength,
depending upon whether the group is an electron acceptor or
donor. As examples, consider nitrate ion, hydroxide ion and

water as ligands around platinum(II).

5.1.la Free Ligands:

The bond valence around nitrog2sn must add up to five
for the free nitrate ion since the sum of bond valences at
each atom must be equal to the atomic valence.157 Since the
ion is symmetric, the bond valence o; bond order of each
nitrogen~oxygen boné must be 1.67, The valence around

oxygen must add up to 2, leaving a residual valence of 0.33

at each oxygen. 0.33
O —————
0.23 1.67 //////////1.57
—————— C N
1.67
0.33
0= -=——-

Since the nitrate ion is considered an electron donor, ‘the
residual valence is defined as the base strength of the oxygen
atoms.

For the hydroxide ion, the absence of a central atom
means that the value for bond valence between oxygen and
hydrogen must be obtained from bond valence-bond length re-
lationships. The hydroxide ion is a strong base, and the
oxygen atom should thus have a large residual base strength.

A value of 0.95 for the bond valence o7 the 0~H bond leaves
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oxygen with a residual base strength of 1.05 and hydrogen
with a residual acid strength of 0.05.
1,05 0.95 0.05
_____ Q- H—r = -
Similar calculations for water lead to an oxygen-
hydrogen bond valence of 0.85., This leaves a base strength
of 0.30 for the oxygen atom and an acid strength of 0.15 for

each hydrogen.

5.1.1b Platinum Complexes:

As previously mentioned, attempts to crystallize
monomer agquo or hydroxo complexes starting with cisplatin
have been unsuccessful. To eliminate the possibility of
formation of oligomeric species which contain double hydroxide
bridges, the aquation|of platinum(Ii) complexes which have
diethylenetriamine (dien) as a ligand was investigated.ls9
No aguo or hydroxo species were isolated, but only [Pt(dien)NOB]N03.
Comparison of‘the platinum-nitrate part of this complex to
the equivalént sections og the dinitrato compound of Chapter
3.1 shows that the bond lengths between equivalent atoms are
not significantly different for the two compounds (Table 37).

Because these two molecular fragments are so similar, it is

possible to extend the calculations for each of the three
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ligands considered previously to a system with the ligand
bonded to the [Pt(dien)]2+ moiety.

If Pt-O0 and Pt-N bond strangths are assumed to be
equal, the bond order of each bond in square planar platinum(II)
is 0.5. This means that the residual bond valence or acid
strength of [Pt(dien)]2+ is 0.5. The‘most stable structures
will be formed when the acid strength of the cation most nearly

157 since in all real

matches the base strength of the anion,
structures the actual valence of a bond formed by the cation

is necessarily the valence of the same bond at the anion.

The base strengths of the ligands under consideration cleérly
do not match the acid strength of [Pt(dien)]2+. Some arith-
metic rearrangement is indicated.

For the nitrate group, this rearrangement is relatively
straightforward. The residual valence at one oxygen which
would bond to platinum can be raised from 0.33 to 0.5 with a
drop in the corresponding 0O-N bond valence from 1.67 to 1.5.

A valence of 3.5 remains and can be split between the other
O-N bonds. The bond ordexr of each of these bonds thus is
increased to 1.75 and each terminal oxygen now has 'a residual
bond valence or base strength of 0.25.

0.25
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The bond lengths calculated for these bond orders (1.5 and
1.75) are l.é9 R and 1,24 ;, respectively, and agree quite
well with the observed O-N distances (Table 37).

When a similar operation is performed on the water

molecule, the following results are obtained.
0.25

Here the acid strength of the protons increases from 0.15
to 0.25. This residual acid strength can be taken up by
hydrogen bonding. The fact that aquo species do not crystal-
lize suggests that in the crystal, nitrate as a counterion
is not a sufficiently good hydrogen bond acceptor to stabilize
the aquo complex and is itself coordinated instead. 1In
agqueous solution, the solvent, water, is an excezllent hydrogen
bond acceptor and water can thus coordinate in preference to
nitrate.

When the hydroxide ion is considered, certain dif-
ficulties.are immediately obvious. Reduction of the residual
valence on oxygen from 1.05 to 0.5 leads tc\the values shown

below.

0.5 1.5 -0.5

—_—— e, ) —e M - —

A negative residual bond valence at hydrogen is impossible.

Consideration of the observed hydroxo structures suggests an
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Table 37. Comparison of Pt-ON02 bond lengths for

c1s—Pt(NH3)2(NO3)2 and [Pt(dlen)N03]N03

cis-Pt (NH3) 2 (N03) 2 {rt (dlen)l‘103]NO3

-]
Bond Bond Lengths (A}

[}
NO3 NO3 Ccord. NO3

Pt-01 1.99(1) ' 2.02(1) 2.02(1)
0l-N - 1.30(2) 1.28(2) 1.34(2)
N-02  .1.22{(2)  ~ 1.19(2)  1.25(1)
N-03 .24 (2) 1.22(2) 1.22¢(2)
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acceptable alternative. The residual base strength at oxygen
is 1.05. If the base strength is divided into two parts,
each with a value of 0.53, the residual valence of 0.5 for
Pt(II) is almost matched with no extreme effecé on the bond
valence at hydrogen.
0.53"~ 0.91 0.06
O‘El,’
This arrangement allows the hydroxide iog to form bridges
between two platinum(II) species quite readily.

This approach explains why aquo complexes of platinum(II),
although present in solution, have not been observaed as solids,
since their isolation would depend on the presence cf a strong
hydrogen bond acceptor as counterion. The lack of stability
of monomeric hydroxy species and their tendency to oligo-

merize, even in solution, is also explained.

5.1.2 Reactions with Bases:

Chikuma et al.156 studied the kinetics of the oligo-

195

merization using Pt nmr and found that the reaction.was
fastest in the neutral pH region where‘the monoagquo-mono-
hydroxo species is present., They concluded that the hydroxo-
bridged dimers and trimers were extremely important in des-

cribing products of reactions of platinum complexes with the

DNA bases, particularly for reactions done in vitro with
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the pH adjusted to physiological levels.

' The direct reaction of cisplatin with various bases
seems fairly straightforward in that monomeric Eii‘tpt(NH3)2"
(base)2]2+ species - some of thch have now been characterizead

90-94

by X-ray crystallography - are formed. There is also

evidence for this type of product in the reaction between the

116,160,161 This

bases and the complex aguation mixture.
bis-base compound would arise from reaction of monomeric
aquo\complexes, present in the aquation mixture, with the
bases.

The reactions of pure hydroxo-bridged dimer with

bases give quite different compounds., The first crystals of

a product between a dimer and a DNA base were obtained when

[(NH3)2Pt(OH)2Pt(NH3)2](NO3)2 was reacted with l-methylthymine.
The cation which was formed is shown in Figure 24. It con-

[+]

sists of a dimeric unit with the two platinum atoms 2.974 A
apart and bridged by two l-methylthyminato ligands arranged
in a head-to-tail fashion.h\Similar compounds have baén

5
1205 4na l—methylcytosinels‘ as

formed with l-methyluracil
the bridgihg ligand. Both show the same features of a short
platinum-platinum distance and two bases, arrangad head-to-
tail bridging the distance between them:

Dimeric complexes with bases bridging in a head-to-
head-fashioﬂ rather‘than head-to—tail have also been isolated

120a 163

. . v . o
with l-methylthyminate and l-methyluracil as bridging

119

~
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Figure 24

. ) 2+
The molecular cation [(NH3)2Pt(CGH7N20)2Pt(NH3{2] from

reference 119.
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ligands. The complex with l-methyluracil is unstable and

readily converts to a platinum blue when dissolved in water.
Such a conversion is not surprising considering the

similarity of the above compounds to "Lippard's blue", the

‘'only crystallographically characterized118b

blue platinum
compound (Figure 25) which was obtained from the reaction
og aquated cisplatin with a-pyridone. This structure con-
sists of a four platinum atom chain composed of two dimeric

-

units. Each unit is held together by a'platinum-platinum
bond (2.779 ;) and two a-pyridonate bridges bonded inla head-
to-head manner. The two dimers are associated'by a platinum-
‘platinum bond (2.885 R) and hydroéen éonding betweén the
ammine groups‘of one dimeric unit and the a-pyridonate oxygen

atoms of the other. The platinum formal oxidation state is

2.25,

5.1.3 Present Status:

*

When the complex nature of the aquation of cisplatin
was confirmed, some of the animal tests were repeated with
pure compounds. The monomeric complex obtained from the
pure nitrate was found to be active while the oligomers were

164

highly toxic. This fact led to the suggestion that the

toxicity of cisplatin is caused by formation, in the cell,
of the toxic dimer from the active monomer.
An alternate explanation which has been set forth by

165

Speranzini involves binding of both monomer and dimer to
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Figure 25
/ .
The molecule_[(NH3)2Pt(C5H40N)2Pt(NH3)2]2(N03)5 from

reference 118.
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DNA with the type of bonding caused by the dimer (bis-base
binding) responsible for the active lesion. Since only cis
compounds can form such a dimer, this would effectively dif-
ferentiate between the reaction of c¢is and trans with DNA.

A similar theory was proposed by Barton et gl;166
(Figure 26) after the solution of the a-pyridone blue struc-
ture, but was abandoned because EXAFS results showed that
there was no platinum-platinum distance of less than 3.0 Z
when cisplatin was reacted with DNA.167 It has, however,
been shown very clearly that cisplatin ané the dihydroxo
bridged dimer react differently with DNA bases, and would
be expecﬁed to react differently with DNA itself. The de-
finitive experiment would be(reaction of the dimer with DNA
and an EXAFS study of the product.

Whether a short platinum-platinum distance would be
found in this study or not, many of the studies in the litera-
ture should be reinterpreted. It has become fairly common
practice to attempt to mimic in vivo systems by reacting
aquated cisplatin, rather than cisplatin itself, with DNA,
While care has been taken by some researchers to minimize>

2 it has not been unusual to react DNA-

88,168

oligomer formation,
witb aquation products that have been recrystallized
and are, therefore, almost certainly dimers or trimers. Most
résearch falls in thé\a:ea"btheen these two extremeslsg-”4
and probably involves a mixture of monomers and oligomers.

All the results, however, have been interpretad on the basis

s
3
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Figure 26

Postulated Iigand’bridged dimer formed by guanosine and

platinum complexes.

]
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of pure monoaquo-monohydroxo platinum(II) reacting with DNA

or base homopolymers.

The existence of hydroxo bridged polymers has been
proven both in the solid state and in solution.>%/33:35-38,155
There are enough spectral data to make it possible to examine
the solution used before reacting it with the bases and be
reasonably sure whigh species are present. Most of the work

done using aquated- cisplatin or cisplatin should be critically

reexamined and, if necessary, repeated using pure compounds.

5.2 klipyclic Amine Complexes:

The need for structural studies of the platinum ali-

-cyclic amine complexes was suggested after the original

and emphasized

by the inconclusive kinetic and solubility results.41 A

structure variation studies were made?6¢27
partial solution of a-structure of cigdichlorobis(cyclohexyl-
amine-N)piatinum(II) with ether of crystallization present

in the lattice showed a distorted square plane aroung pla-
tinum,l75 but distortion caused by the presence of solvent
could‘not be ruled out because the structure of cis-dichloro-
bis (cyclopropylamine~N)platinum(II) (Section 4.1) with no
solvent of_crystalliégfion showed no unusual features. At-
tempts to recrystallize gigfdichlorobis(cyclobutylaming—n)-
platinum(II) repedted}y gave the analogous trans complex,

which also showed no distortion around platinum.  The situa-

tion seemed ambiguous until the structure of cis-dichlorobis=-
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(cyclohexflamine-N)platinum(II) with no solvent of crystalli-

zation showed a marked distortion of the square plane.176

{

5.2.1 Distortion of the Square Plane:

The compound with the highest therapeutic index is
g£§~dichlorobis(cyclohexylamine-u)platinum(II). If some dis-
tortion exists, it is likely that it would be greatest for

this complex.

3 obtained an initial solution of

_Faggiani et al.'’
the st";uc_:ture”'of cis-[PtCl, (C H, NH,) ,]* (C,H 0), in Pl; the
platinuﬁicontaining molecule appeared to be half square-~
planar (Cl-Pt-Cl, 88.2{(5)°) and half tetrahedral (N-Pt-N,
108(2)°) with‘a PtCl,~PtN, dihedral angle of 35°., A Delaunay
test showed that the true cell was C-centred and monoclinic,
but attempts at refinement were unsatisfactory. The stxructure
has not yet been solved and it is quite possible that the dis~
tortion is an artifact of a space group error.

The structure of cis-[PtCl,(C.H,,NH,),] did, however,

seem to solve the problem. The distortion here is even
176

greater than that in.the above complex. Both- C1~Pt-Cl

a;h N-Pt-N angles are 151° and the PtClz-Pth dihedral angle
is 97° (Figure 27). -
| A new problem'arose. Cryétals of cis-dichlorobis-
(cyclohexylamine-u)plgtinum(II)'wexe obtained from HMPA and |

the structure of this compound, which does include solvent

of crystallization, does not show any distortion of the
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C(S)
CM)

Figure 27

The publlshed structure of cis-PtCl (C6 11NH2)2 from

reference 176.
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square ,plane. A reexaminatién of the bond angles around
platinum (cis, 151°; trans, 97°) suggested that the published
structure’’® was closer ‘to that of a distorted trans com-
plex than a distorted cis complex: 'Thé formation of the
trans analogues during attempts t6 crystallize cig-dichloro-
bis(cyclobutylamine~N)platinum(II) and cis-dibromobis (cyclo-
hexylémine-N)platinum(II) should have been a clue to the
actual solution. A detailed comparison of the structures of
gi§176 and gggggfdichlorobis(cyclohexylamine-N)platinum(II)129
shows that the space group (Phcn) and the cell parameters
are the same and that the atomic positions of the cig form
can be converted roughly into those of the trans form by the
operatioﬂ X,Y:2 * X,~Y,%+2 with ;§9 carbon atoms ;enumbered

(C(6) + C(1), c(5) + C(2),.c(4) + C(3), C(2) + C(5), C(3) ~ C(6)).
Thus, the réported structure of the distorted "cis" complex

is an incorrect solution ;f the trans structuré caused by

an incorrect choiée of the plétinum position based on the
presumed syﬁmetry of the molecule. In the space group Pbcn

with 2 = 4, the platinum atom must be placed on a épecial
position, either on a fwo-fold axis (0,y,%) or an inversion
cen;re (0,0,0 or 0,%,0). Because;the compound was presumed

to have cis con iguration around ghb.platinum, the two-fold

axis was chosénﬁizkﬁér than the inversion centre which would
automatically require the complex to,be_géggg.

The low toxicity of these compounds is not, therefore,

caused by a distortion of the square plane around platinum.
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A different explanation has been suggested by Rosenbergl77

and will be discussed in Section 5.2.3.

5.2.2 Cis-trans Isomerization:

Crystals had been obtained in our laboratory of a

compound which was supposedly cis-dichlorobis (cycloheptyl-
amine-N)platinum(II), but attempts to refine the structure
gave Gnsatisfactory results., Following the discovery that
the correct solution of the reported cig-dichlorobis (cyclo-
hexylamine-N)platinum(II) structure showed it to be the trans
analogue, the platinum atom of the complex formed with cyclo-
‘heptylamine was placed on an inversion centre rather than a
two-fold axi;. The structure then refined satisfactorily as

a trans complex.l31

Crystals of cis-dichlorobis (cyclobutyl-
amine-N)platinum(II) were éventually obtained (Chapter 4.i),
but not before repeated aétempts at recrystallization had
yielded the'ggggg analogue. Attempts to obtain crystals of
complexes with cyclohexylamine in the cis configuration
around platinum with no solvent of crystallization also led
to trans compounds in our laboratory (Section 4.3) and in

others.129

The preparation of trans complexes f;om a pro-
cedure which is expected to yield cis compounds gives rise
to some interesting problems. The procedure is that which
has been use& to prepare samples of cig-amine platinum com-
plexes used in animal tests which showed that cis complexes

were active against tumors and trans were not. Three obvious
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possibilities exist:

1) The cis preparaﬁion procedure -actually gives the trans
complex;

2) The cis preparation procedure gives a mixture of c¢is and
trans complexes, but in the recrystallization procedure, the
trans complex is less soluble and crystallizes first, or both
crystallize, but the trans crystals are better formed and
are. thus automatically selected for study;

3) The procedure gives the correct cis isomex, but in the
process of recrystallization, the cis complex is converted
to the trans.

Explanation (1) seems unlikely. Trans complexes pre-
pared by conventional procedures were physiologically inactive,
whereas the compounds from the cis preparations showed good
activity.26 This could only occur if the conventional ggggg
preparation géve a product other than the trans complex.
Explanation (2) is possible. If this were the case, the cis
complexes used in animal tests would have been diluted with
thé\inactive trans complexes and would thus have a greater
physiological activity than reported. Explanation (3) is
also possible, but less likely considering the mild conditions
of recrystallization. It will, however, be shown to be the
correct explanation.

The single crystal X-ray structure characterization
of both the cis and trans isomers of dichlorobis(cyclobutyl-

amine-N)platinum(XX) allowed the calculation of powder patterns
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for each compound. The product at various stages of the pre-
parative procedure was then examined by X-fay powder diffrac-
tion and the observed powder patterns compared to the two sets
of calculated d-spacings. Diffraction patterns were taken for
1) the product isolated using the literature procedure before

recrystallization;
2) the product from stage (1), recrystallized from DMF/0.1 N

HCl;
3) the product from stage (1), recrystallized from acetone.
The diffraction patterns from compounds (1) and (2) were
identical and matched the pattern calculated using the cell
parameters of the gig\complex. The powder pattern of com-
pound (3) corresponded to that calculated from the cell para-
meters of the trans complex. The results from the crude
product (labelled cis) and the sample recrystallized from
acetone (labelled trans) afe.prgéented in Table 38. The
resuits are unambiguous in showing that the cis complex is
the product of the preparative procedure but the process of
recrystallization from acetone has converted the cis to the
trans isomer. Such an interconversion in DMSO has been sug-

gested befor? on the basis of infrared spectral results.l78

5.2.3 Blocking, of Axjal Sites around ‘Platinum:
The. postulated mechanism for renal toxicity involves

coordination of the platinum to the sulphur atoms in the kidney
179 177

"tubules. Rosenberg suggested that the flexibility of
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the*rings - especially the larger ones - would allow orienta-
tion of carbon atoms so that the hydrogen atqms attached to
them could protect the axial positions above and below the
square plane, thus preventing coordination of the sulphur atoms.

All the structures with alicyclic aminzs bonded to
platinum (Chapter 4) have platinum-carbon distances of less
than 4.0 ; (Table 39) and thus there exists a definite pos-
sibility that the hydrogen atoms bonded to these carbon atoms
are close enough to platinum to block the axial positions.

The fact that suéh an arrangament is seen in the solid
state does not prove that similar arrangements exist in solu-
tion, but it is clearly possible and provides a reasonable
explanation for the reduction in toxicity on coordination of
alicyclic amines. Solution studies could be carried out with
the use of the Nuclear Overhauser Effect ih nmr to determins

the internuclear distances between platinum and various protons.

-

5.2.4 Platinum-DNA Binding:

The oﬁly postulated mechanism for platinum-DiA binding
about which. the studies on alicyclic amine complexes of pla-
tinum could give igformation is Eichhorn's co-stacking pos-
tulate65 (Section 1.4.2a). Eichhorn suggested monofunctional
‘coordination of each of a pair of platinum-containing mole-
cules to adjacent bases on a DNA strand so that the platinum

complexes and bases are "co-stacked", but he did not suggest

a reason for this contact.



Table 39. Clcsest platinum-carbon distances for complexes with

alicyclic amines

Complex Pt-C Distance

S 4 1 -—
cis PtClz\CB:{SNHZ)2 Pt-C{l) 2.97
Pt-C(2) 3.387
’ Pt-C(4) 2.93
Pt~C{5) 3.76
ClS-PtClZ(C4H7NH2)2 Pt-C (1) 3.086
Pt-C(2) 3.66
Pe~C(S) 2,94
Pt=-C{8) 3.48
trans-PtClz(C4H7NH2)2 y Pt-C{1l) 2.96
L Pt-C(4) 3.59
trans-PtBrz(C6HllNH2)2 pPt~C (1) 3.03
Pr-C(2) 3.42

- . a _
t“anS-PtC12(°6H;lJH2)2 Pt-C(1l) 3.11
’ - Pr-C{2) 3.54
et - - ‘
LP-CA3\C6H11NH2)] Pt-C{1l) 3.05
Pt-C(6) 3.38
Cis'?tClz(CsullNah)z Pt-C (1) 3.13
’ Pt~C(6) 3.47
Pt-C(7) 3.03
Pt-C(1l2) 3.43

Data from referance 123. >
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It can ‘be shown why 'stacking of this type could occur
for cis complexes, but not trans complexes. As shown iy
Figure 28, amine-Cl hydrogen bonding c;n occur easily fér
the cis compiex,‘but not the trans. It is interesting to
note that cis complexes do not show activity unless there is
at least oné hydrogen atom on the amine group {(Section 1.2.2).

In all the cis complexes studied in Chapter 4, there
were no platinum-platinum distances less than &.0 R. The
squarg planes, however, were always arranged to give possible
hydrogen-bonding contacts. If ve consider the fact that thz
backbone of DNA is a spiral, Figure 287 could »be rcarrangad
to give Figure 28. where there is still one hydrogen bond
holding the pair of molescules together in tha cis compiex,
but no hydrogen bonds in the trans. Thé structur=s studied
in this thesis do not support this model completely, nor do
they disprove it, but the existence of these close contacts,

at least in the solid state, suggest that the model should

be conszider=d.

¥

5.2.5 Present Status:

All the compounds studiad in Chaptar 4 were obtained
from attempts to make Eii”[Pt(am)zxzj complexes with alicyclic
amines. With cyclobutylamine as the amine, the trans complex
clearly resulted from the method of recryétallization, but
the trichloro ccmplex (Sa;tion 4.5) and the "isocyanide®

(Section 4.6) were obtained from the crude reaction product.

~
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The presence of such impurities in the compounds used for

animal tests might lead to ambiguous results. Both spactral

and powder data are needed for pure compounds to show that

no cis-trans isomerization is taking place. Better purifi-

~cation methods should also be developed since the purity of

the test material is vital.

X-ray and spectroscopic studies of pure cis-[PtC12~
(C5H9NH2)2} and 015~[PtC12(06H11NH%)2] should be undertaken
to provide accurate cell parameters and vibrational spectra
for comparison. These would also serve to confirm whether

any distortion of the square plane around platinum does exist

or whether the ligands of all the complexes form a regular

< ~

square plane as the studies here indicate.



s

CHAPTER 6

CONCLUSIONS

The major point made in this thesis is that the
chemistry of platinum is not as simple as had been assuméd
previously. The aquation of cisplatin gave rise to hydroxo-

ka

bridged dimers; aquation at a pH fbw enough for formation of
a monomer dihydroxo c;mpohnd gave cig-dinitratodiamminepla-
tinum(II). - Studies of platinum complexes with alicyclic
amines showed that a variety of products can be obtained from
the crude reaction mixture, while recrystallization under
fairly mild conditions can cause cis-trans isomerization.
These‘results can be directed at both the biochemist
and thé chemist., Most of the animal tests are performed by
¢linicians or Bioéhemists., The compounds which are tested
as drugs must be checked to dete&mine unambiguously'that
thé& are pure compounds,'i.e., not mixtures as in the first
aquated cisplatin tests. They must also be £he correct pure
compounds (hot pure trans whep‘pqre cis is needed). In order °
to check that their results are not inaccurate because of
the starting compounds, the people doing the tests should
interact with the chemigts, who can determihe the purity of

the complex being tested.

The chemists themselves must also be careful. The

" -~ 178 -
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danger of preconceived ideas is very real. The existence

of the dihydrogo-bridgéd dimer has caused reevaluation of

the original animal test result; and should cause reevalua-
tion of the results obtained from reactions of aquated cis-
{;latin with DNA and homopolymers of DNA bases. The so-called
distortion of the cis-cyclohexylamine is another example of
this danger. The compound was believed to be a cis isomer
and, therefore, solved as a cis isomer. Once ;t was decided
that platinum should be placed on a special position of the
chosen space group, both possibilities, the two-fold axis
(necessary for a cis complex) aﬁd the inversion centre
(necessary for a trans complex)’should have been tried. Con-
sideration of both élterngtives wbuld have led to the correct
solution.

The need for structural studies is also obvious. Once
compounds have been purified énd recrystallized} accurate ceil
parameters for powaer data and good spectraaof isomerically
pure comp}exes can be stored for future reference. .

N
Above all, the need for interdisciplinary cooperation

stands out. The field éf Qlatinum anti—cancer‘drugsgis wide
and encompasses many areas of scienﬁe. We canhot work uni-
laterally, but must cooperate. There is too much information,
and as technology advances the method of gathering this infor-
mation becomes more sophisticatgd until the person who under-

stands mcre than is present in his own area is exceedingly’

rare. The only way to stay abreast of current knowledge
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is to work, talk and argue with people whese area of exper-

.

tise is different from our own, and\\h s6 doing, come to a .

better understanding. s
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