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Platinum Derivatives of Pyridoindole

Clemens Wet}\/ ' o,

The use of‘chemotherap& in cancer treatment réquires the

. further development of its selectivity. Pt-derivatives are’

P
LA

'proposed which have a structnralmsinglarity to the known al- -

R

kaloid harmine. This thesis describes some attempts to synr
. ’

thesis these compounds. ¢

A reacttion of potassiwn tetrachldroplatinate with pyri-

"d01ndole resulted in a complex reaction syste and the ana}-.

' ysls of compounds lead to the tentaGive identification of

three complexes. The thin layer chromatography indicated the
presence of four complexes in the initial reaction mixture.
Durlng the work np ‘with organic solvents, one complex disap-
peared and two other compounds were formed, suggesting vari-
ous ligand exchange reactions. This reactivity was monitor-n
ed using Iaespecfra: the positions of‘the Pt-Gl and }t-o

1,

bands in the region 200-450cm™ ™ allow a fairly conclusive

determination of structure and stability of complexes. It

was found that [Pt(pyin),C1(OH,)]™ is a relatively stable

product. Other tocnniques like Mass-spectra, NMR-spectra,

UV-spectra and elemental analysis support the interpretation

of the Ii-spectra. The solubility of the stable complex in
water and acetic acid (5%) or alcchol makes its use ag pos--
sible anti-tumor agent likely. only for oral ‘administration

- -~ / >

in case of mallgnant tumors in the stomach and intestines.

o
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o Igtrodu# n o “ S
- ) 'f‘he discovery of the cell growth inhibition propert:leii o /
| of metallic platinum. in the form of an electrodel. lead to T
intensive 1nvest1gations of thi’”"}ienomenon in the seventies. '
Today, as a result a number of effective anti-tumor drugs are
L ava.i.lable, -ghe present use of chemotherapy in combinition ¢ 0

with radiation therapy has lead to a decrease in the death ‘

rate :t{rom _c¢ancer.

Admittedly}(the con;pounds used"/are still primitive and -
' 1mpro°vement in their properties is an urgent concern.
Ab ve’ all, the toxic s:.de effect on organs and muscle coor-
‘ are a distdrbing feature of the medical treatment.
o 7 Because of the uncontro’llebd mutagenic properties of the cy- |
s "tostatica, .'all cells are affected i’.n'stead of a..selective
anti-tunor activity. . |

The present work aims tow"ards combining fcrther develop-

o *  -ment. in: Phytochemistry with observations in pha,maceutical h

‘expemments about effects of Pt complexes on dif&’erent sorts

of tumor and cell cultures, and to open new directions for

an 1mprovement of today's medicines. o T - ’ -

(L | .. To outline the. considerations involved in the ch.‘oice'-_of L -
the ligand. results in relevant-areas have been c’lected in
- part A of “the thes:cs. R IR ‘—' : S Ny

>
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A1l B;ochemigt;x of Platinum compounds:

A {.1. Bonding of Pt to DNA _ ! . :

The anti-tumor actiV1ty of platlnum complexes is a re-x
sult of its abillty to form stable bonds w1th nltrogen and
oxygenz. The possibilities for interaction w1th_compounds
‘in{g cell are very,large: DNA, DNA‘bagéé. nuéleqsides. nu-

cleotides, and the RNA's are the ones which are the most im-

" portant for cell growth. Other ligands might include amino-

acids, proteins, enzymes, whiie a reaction with cytochroﬁés
could change the Pt oxidation state. In essence evér& mole—
cule with nltrogen, oxygen and p0881b1y sulphur could be con-

sidered as a potential reageﬁ%. o e

One is forced to fecognise. that a precise definition of
the anti;tuﬁpr mechanism in«vivo is not available. The be-
haviour of a compound i; different'in humans, in animals,
and in cell ;ultures; the medium must be considered in the
evaluation. An important aspect is the difference of the
G-C relation‘to A-T in humané: 60-40%, and mice with a higher

A-T content. This has its special relevance in experi@ents

with cell growth inhibitors, when they are tested in rodents.

The first discovery of cell growth inhibition by platin-
um took place in 192&1; when an Escheria coli cell culture

had been brought into contact with a plétinum electrode. In

--—1965, this observation was connected with the search for an-

ti-tumor agentsB’u. During the last decade, there have been .

. many studies on this subject in all domains, from nuclear

e A <\,A - T L - . ,
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chemlstny through biology to medicine, and recently. psycho-

i

e , log:.cal aspects Tof chemotherapy a{i under investi,gations

~
L]

: The reactions with nucleotides, dinugleotides, and DNA
& show that platlnum has spe01al ablllty to react thh the ni-
) . trogen of the DNA basesé. The ratio of Pt-complexati;h to .
. DNA, RNA and protein has been inves;;gated in experiments\\_7
W1th Pt(NH )2012 and the pure cellular conjfituents both in \
. a solut;on, and simujlated biological conditions in a test

tube’. The results are;

—~ . oy — . '
, . . ‘ . ' // . l’o
\.. Table . . N ’ . “"’ . ’ i “ ;
[ ' . R . . N '
‘ cellular ‘Mol. weight Number of cis- Number of trans-’
constituent ‘ Pt/basqﬁmol Pt/base mol {J
T ) ~ 3 ]
DNA . 109 22/1 125/1
m-RNA  -4.106 ~  1/8 S 2.5/
.2 . .
r~RNA | 1.5-1.106  1/30 . t1/2
t-aNA . - < . -7 1/1500° V4 I
protein o - 1/1500 _
Complexation of tfans-?t(NHB)ZCIZ with DNA is highest
followed by gis-Pt(NHg),Cl, with DNA.
.. | ° o ! \"ml-\ Y
K . ., Surprisingly, the trans compound has no cytostatic ef-
) fecé; despite the high complexation ratio with DNA. Differ-
—— -+ ent membrane interactions of cis and trans isomers were pro-
posed as an éxplanationzi .
-

Experiments in cell cultures of Ehrlich éscltes tgmdp.

7

PA—

,human.amnioh and lymphocytes showed that RNA and protein
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]

L S . 7. : - - v —
. 4 > ) .

'sym:hesisw were barely affected by {atment with low dos'es of

anti-tumor pl@}anum compoun&s. whereas-DNA synthesis was
{he

‘ significantly inhibi#eés - R A )

+

A remarkable~f1nd1ng was that Pt(II) derivatives—~eghance
’ the level of DNA polymerase amnion AV3 cells in spite of the
fact that thgmsame complexes inhibited the enzyme activity

in vitro. On the other hand only millimolar concentrations
~ 4f Pt(en)Br, were required,ig inhibit leucine géinopeptidase

\\/‘\ .
& ,

in vitro.

It should be noted that over 2000 enzymes have Been dis—
covered and thelr interaction Wlth Pt drugs is completely

- unknown. Despite the confus;gn. onercan suggest in general.

13

that inhibition of DNA synthes;s,/and=consequently. the

anti-tumor activity results fromf/a direct reaction of Pt-

complexeé with DNA. For the paesible interactions of plé- ’
‘tinum.with DNA&\;:?ny nitrogen and oxygen atom ha! .to. be

5 ééhsidereds th sé&ble sites are shown in the. follow1ng

[N

. .
- — -

figure (flgure %} : ) , S

L

L] 3

y ' "N .o R I
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Bonding to a nitrogea or oxygeh of oue‘of the basee
would-inhibit‘DNA replication by interference with hydrogen
bonds. Qoqding te the okygen of the sugar or phoephate mo-
‘1ecule would inhibit the polyherisation, '

The most frequentlyllnvoked expla;atlongls the crosslln;
king of DNA by Pt(II) The two replaceable Cl-atoms are J-4
A apart. and for crossllnking. the binding sites need to be
3- 4 A apart9 ‘ ~ .. -
, ' ' _
© A related experlment was perf;rmed with dlnucleotldes in
v1tro9. Dihucleotides take up one of two posslble conforma-
‘tions: a stacked form, with botp baseslparallel, and verti-
" cally abovJ one. aﬂother-with an’interplanar separation ofl3-u

,A.nor an unstacked form w1th dinucleotldes stretched out

and the bases deparated by a\large distance.

The -stacked form is favb'red' at low"tethpe(gaﬂt" re and the
circular dichroism spectrum (CD) is highly biphasic; while
‘the unstacked form has a negligible contrfbution to the CD.

If the platinum  is able to llnk ‘together two bases of the N
. same dinucleotlde and if the resulting complex is stable
,over a temperature range between 5- 45 C, the temperature de-
’jpendance of the equlllbrlum stacked ______> .unstacked w1ll
be. reduced or eliﬁ;nated. The results of these experlments ;_
. show that "Cisplatin" (PtCl (NH3)2) ‘and c¢is- Pt(enxm) Cl2
.. form a link between A3 p5 A, or A3'p5°'C. 'No.such.spe01es
| has been unambigously identified in the réaction with"A'2p5'A

_”and A2'p5°'C. - Trahs—diéhlorodiamiﬁoplatinwn reacts with all

—— rd

¢ . - ~ . .
B . . N
. " . .t
\. @
' . ' . .
\ 4
‘.
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‘four dinucleotides with no temperature indepeﬁdant biphasic
sigﬂal. which means no crosslink is established. However by
megshring the teq?eratune dependance over an extendea;range.t
beyond biological condit}ons. evidence is obtained for the
presence of a‘temperetunekindependant epecies of a transg-

r L}

Pt(NH3)2(A)2’ Expefiments at difﬂ€rent acidities have de-

: monstrated the pH dependance of platinum reactionsg.
. / °

1

1 Theiinteraction of platinum(Ii)'with uridine or thymine
does not appear to produce Pt-base complexeSx The only ef-
fect is.a tonformational change of the dinucleotidea from
stacked to unstacked. However, a source of error 1n.th;s

'experiment.could be a crosslink between'adjacent dinucleo-

* 7

tides.

The conclusions from these experiments are that:

. o //f—‘"\f~\3 : : -
a) - cis Pt(II) bonds to the -amin éfoup of adenine at (1)

- -

and N(?) of the ring. The crosslink is estably hed by
[PtL (1)N(6)NHé] or by [PtL (?)N(6)NH2] complexat on of the‘
- \\\\\ two adenlnes.r, T o
» or (7)N.
‘-Pt (»1)»1/:

Y

b) trans complexes are bound to ring nltrogen (1)
. c) further positions of Pt-N bonds are: (6)NH (5
(3'), (6)H,-Pt-(6)NHp, oF (PIN(5")-Bt-(6)1H, (391 A-A

\ crossllnks.

\\\‘d)‘ in A-C poe51ble crossllnks are: (3)h(5 )- Pt-(h)Jh 3 ).
j and ()] (5/\11 €.
| M&Q S N <=

\\5~Jﬁrn the a le9, the authors propose as the reason for

y

f

\

the anti tumor activity of the cis-Pt, in contrast to the

L
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ary

“e

“t

(figure 2)

8
3

inactivity of the gggégrisomer. its pecuiiar‘apility to

crosslink 3'Ap-dinucleotides..

‘ETHSF'possibilities for the platinum complexes to. 1nter-
vene during the DNA replication, before: or after the cell

division. have been shown.in various expeniméhts and their,

evaluationalo 11

‘Thus, the ra%é of platinum-DNA reaction'inereases with
increaaing G+C - content,’ which seems to contradict the state- ’

ment that the Pt-A3p crosslink is the only reason for the

- anti-tumor effects .of platinum compounds‘ TNy

1 lﬁf The number of different complexes. whicxkare poss;ble ‘

: batween Pt(II). and guanosine-monophoshate (GMP) 1llustrates

the difficulty of this aspect 1n platinum ohemotherapy )
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Furthermore, bonding betWeen the metal and oxygen of
phosphate or ribose during DNA synthesis would brevent the
polymerisation. Besides interstrand or inter DNA crosslinks.
also shortening, breakage or conformational “and conflgura-
~tional changes 1A the DNA may be the reason for anti-tumor
activity?*12. In addition,” disturbance of the DNA base se-
Quence“yia-RNA modification. interaction witﬁ DNA’polyderase'
vaﬁd other enzymes of importance for the replication of Dﬁa

gives interruptions in the normal cell growth.

The superhelical conformation of DNA can be changed with
Pt(II) as detected by viscometric¢ analysis.and quantitative
'wdensiometric analysis on gel electrophoresis of Pt(II)- com-
plexes. The same technlques were used to prove DNA .shorten-
ing by Pt(II) whereas Pt(IV) induces a single strand break
or double strand break and local microloops§.

The difference of cis and Egggg igomers in their phy31o—
logical behaviour has been explained by their different ab-
ility to build up chelate complexes, see figure 2: Chelates

~are only possible with cis dichloroplatinum compounds.

" The existence of trans Pt(II) and Pt(IV) anti-tumor a-
gents with organlc amines as ligands 1nstead of ammonia can-
not be explained with the chelate- theorY\\ The lability of

a Pt Cl bond as necessity for a DNA 1nterac)10n is disproved

“/
>

by -the activity of dicarboxyl chelates, which are inert a-
gainst ligand exchange reactions?'13 1p copper chelates,

EPe antitumor effect(mas found to be based on the inhibition



’
/

of an enzyme responsible for protein synthesis, without 1n-
//volvement of DNA

/

.11

lb

///” A 1.2, The anti-tumor activity ef particular platinum com-

pounds:

ki

The procedure for testing activity is usually to implant

tumor‘pells in mice and administer fhe complexes intraperi-

2 . ’ . -

tonally beginning the following day“. Other'procedures have

been used with different tumor targets and -a modifieg evalu-

ation system, but most‘WOrk on this area adopts the following

methods To reduce the subjectivity, four different doses of

eﬁch.complex are given to four,éroups of several mice. 1In

ad&ition there are two control groups, one without treat~.

ment, one with "Cisplatin" treatment. The potency of the‘

o

anki tumor effect: 1s evaluated by comparlng the wexghts of

treated(T) and untreated(C)' tumors, the result is expressed

.as percentage of T/C, x 100. The values of the T/C's are

classified as significan% when less than 45%, the effects

are considered marginal when the value is around 45-55%.

-

A 1.2.1. Classification of platinum complexes:.

a),

the correspondlng trans complexes

b)

c)

d).

e)
f)

’
4

cis-dlamlnodlchloroplatlnum compounds thh NRB. NR and

-

©

compounds with replaced chlorlde
chelate complexes of platinum\~,
compounds with heterocycles:as ligands.,
‘compounds with am1n0a01ds as ligands

compounds with DNA bases bound to platinum

|




12
g) dimer pyrophosphato complexes

»

e h) complexes with non nitrogen donor atoms i e

1) .ionic complexes ’
a) _L_-diaminodichloroplatlnum compounds with NRB' NR, and
Jthe correspondlng Xtrans complexes:
- The geometric arrangments of the chlorioe ligénds har-
acterise this group of compounds. They are highly Five.
, and apparently fhe two adjacent reactive chloro ligands are

¢

of importance. Where a corresponding~1;g§§ isomer has peen’ .
- .tested."it has been found to be inactive in compérison to an
active cis isomer. - 'A comparison of cis- aﬁahzgggngtLZClz
complexes also shows that the active cis isomer has appre;
.ciably‘lowef toxic levels. A notable feature of the compar-
,‘ X ‘otive chemlatry'o}_these compounds 15 that trans isomers are:
considerably more reactlve than their cis analogs. For ex-
ample trans- dlchlorodlamlnoplatlnate aquates four times fas-
ter than the‘gig analogue,and undergoes ammoniation approxi-
mately 30 times faster. This means that trans isom;rs are
likelx to react?faster and with a‘wi&er variety of body con-
stitpents. anq will be less specific than’their’corréspon-
. .' | ding cis compounds. Preliminary distribotion and excretion

195m

studies involving Pt enriched dlchlorodlamlnoplatlnate"

isomers indicated the.cis isomer is 1n1t1ally excreted fas;
ter than the trans, but the whole body reteofions of both,
after five days were comparable at app:oxiﬁately'zoﬁ. The
‘relative levels of thosé isomers in the blooo indicated a

1

higher initial concentration for trans (three times) coupled

8. {

. ‘-V- .
A
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- rated ammonia. -~ . -

< —— 13
with a higher retention-after five days. The compounds' that
were tested in this study‘were g;g/iggggPtLZClz with L:
ammonia, me thylamine, ethyl.am';ne. dimeth}flamin’é. diethyla-:

mine, ethanolamine.,isopropylamine. phenjlamine. and deute-

The;amino groups determine the activity only in a sec-
ondary manner, the main influence is the dlchloro moiety.
The replacement of H by D as in the ND3 complex 1eads vir- »
tually to no chapge.ln the activity. The rate of H-D exchi-
ange for-ﬁgls systdm is expected to be relatively slow at tf B

h3>QQ{\_SE substitutingH wifh alkyl groups in ammohia. the -
. ( ;

resbonse‘(T/b) becbmqs less favorable, with the primary a- ,E\%h"
mine complexes exhibiting better activity than the ‘corres-

ponding segondary amines. Moreover, the relatlve dose level

required to obtain the optimal effect is in the order: NH3'

-MHéR ‘ NHRZ. A‘remarkgply higher dose is required for e-
thanolamine, the most séluble"neutral amine analog qptaineq'
so- far, compared to etﬁ§1hmine. This reflects, bresumably{,
the gfeater efficienéy, witb,which the animalrsystem elimin-’
ates highlylwater soluble drugs. Amines, in which the alkyl
moiety exceeds two cafboﬁ atoms, gibé rise’to highly insol-
uble compounds (llke 1sopropylmn1ne. dlethylamlne and n-bu-
bylamine) whlch necess1tate a slurry-injection. A%terna-
tively a 104% DMSO-saline mixture can be used as a soivenf.

(the so calldd "salt in" effect).

°
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b) Compounds with replaced chloride: °

P : ' "

If the chloride is replaced by bromide or icdide one by one,
the tests indicate ‘that the activity is not enhanced. Al-
‘though cis-[Pt(NHB)z(Cl)(Br)] is,perhaps more active than

the" dibromo Jpecles. it showed a hlgher and more varlable
toxicity. i.e.._it,caused death over a wider dose’ range. .
This could be related to the reconversion in vivo of the |

mixed complex to .the. dichloro specles. : o , .
: S o - _ -l

[

Substitution of halogens by nitrates. nitrites, azides,
cyenides. sulphﬁrcyanides and water decreased the activi%y

‘ CJ .
and enhanced the toxicity considerably. . -

c) Chelate complexes of platinums:

j_ . N . . . .
Remarkable anti- tumor activity is™ observed fqr complexes

!

of the type [Pt(NH ) X] where X is a chelated dlcarboxylate
anion such oxalate, malonate and its methylene H substitu-
tioned derivatives (with ethyl, cyclobuténe‘efc.).

!

A epecial property of these compounds is "thelr inert-

<,

ness to ligand exchange"z. and it is extremely difficult to |
rationalise the aggzwtumor act1v1ty in terms of the leaving

‘ ability of the chelatlng ligand. These can only be replaced
by stnongly bonding ligands (soft bases like sulphur), and
the rate of this replacement is expected to Dbe relatlvely

* slow.céven if the entering group is again a chelate. The

. /
large difference in react1v1ty between these compounds and
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erating. Biological activation, especially enzymatic remo-

'Val.of.fhe chelated groups seems to‘be'anfintereéting possi-

-bility, especially as sevefal~#ellular'eniymegdggeZCapable ,

of binding: for exa@ple. the free malonate ion. Nonspecific

oxidative*'sttack {fs-vivg may also be possible, and/or a cha-

) . R e - 1 .
.nge of.square-planggzinto square-pyramidal op octahedral -

configuartion.

’ o

Malonic acid is a strong skin irritant, and most of the

malonate complexes when int;aperi%onally ldﬁected‘gave rise

to severe peritonitis. A localised irritation was.also ob- 3
. served when diaminomalonato platinum was injected subcutan-.

eously. “phis problem_should be readily,solved,by'intraVeh- ,

=

eous administration.
. - o 1 ,
~ On the other hand, platinum-malénate complexes with dia-

‘mmino or enamine have been tested agains% 8 ‘day Sarcoma 18Q

tumors and have been found to be quite ,effective ln causing

15.16

long term regression The complex EPt(l 2- dlamminocy-

clohexane)mai] has a hlgh ant1 tumor activity, and hlgher

"values of therapeutlc indices than "Clsplatln". besides.an

excellent synergism when admlnlstered in combxnatlok with

cyclophosphamlde.

Another class of chelate complexes retains-an intact
cis-dichloro structure: thAClé] with A=amines. Hhereas\the

nature of the halogen groups lergely determines the reactiv-

ity of the amine complex, the hature of the :amine group-will

- mqdify this reactivity, in at'leaat a secondary manner, by
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virtue of the differences in sterﬁg. electronic, and basiﬁitx__
effects. At present, relatively feW kinetic data are ava-
Llahla for these systems.' Consequently, studies are in pro- .

. gress to evaluate hOW‘extensiVely amine ligands influence a-

quation and direct reactron k#petlcs. Preliminary results
[ 3

. ‘ indicate that, in general, the ratea of aquation vary only

-by a factor of five for the entire series of amine comple-

‘(‘ LY
- : . ) - |

L

xes.

. wneA,Aéenamine.in [PtAClz]. the response (?/C) is good |

but noﬁ quite as favorable as with two amino _Eroups. The o //
S

more soluble en analogs, A=N-Me-enamine, N, N-Mez{iZifi9g+‘\b//,, :

Bhow a somawhat better response than the-less soluble ana- - ‘

hlogs including 1,2 and 1,3 propanolamine compounds, which
requiré slurry injectipnf As was noted for the monodéntate
~31Eg}ﬁmin;s. the more e;fenéive/the substitution of aikyl
<\~ . .\\ ) groups on en, *the higher the dosage requlred to obtain the
LI optimal effect.

Some of the biQentate complexes are as aétive cis~
,plgtih or even more 80, f;n,example Pt(ox)Clz. lﬁ?:;ineby—
- clohexane defivatives (dach) are especially ac?ivé. Their
activity againsf leukemia L 1210 or P388 is inlthe order
. PtCl,(trans-1-dach) - PtCl,(trans-d-dach) PtCl,(cis-dach).
"Substitution of the dibhloro.leqving group Qiﬁh oxalate led

to an extremely high anti-tumor activity. The most promi-

e sing platinum complex is Pt(ox)(cls dach) because of its
) ' -
"high therapeutlc index and 1ts good solublllty in water. -~
" The cyclohexane ring in the c;s analqgue progects in the i

s




.“ An example for this type is the activity of17s .

17 | o -
direction of the z exis (chelate ring in the f;y-planQQ:
The difference to. thé trans isomer may afféct the fitting of

‘these complexes into the DNA. The steric difference allows o

the separation of the -two geometrlcal isomers.

o

The substltutlon ‘of the chloride in these complexes has

-
b
-~

the sage effect as discugsed in a).

. : 0\
d) Compounds with heterocycles "as ligands:'

—t ey —a—r

Only a few hetarocyclic platinum derivatives were inve&tiga-
+ted for anti-tumor effects.. The following complex ligands ’
show anvactivify: morpholine, piperazine, pyridine, and ni-
cot;nié acid. A reﬁgrkable discovery is the fact'that cis-
dichloro- ~-dipyridineplatinate hésqan é}fect against Ehrlich -
ascites tumor- but no effect againdt Sarcoma 180,. 1llustra- ¢

ting the . very 1mportant possxblllty of select1vity of anti-

tumor agents. —_— . ' S -

~ ¢ i

e)" Compouh 8 with.amino acids as ligands: . . j *

ALY
)

0 - .
1 ” ' ' v.l ‘ o 2 . 3 v
€1 - NH-CH-R!-C Mp-CH-RY-cO cH-CH-R®cooR’ . .
N / ’ ' N . ‘m . ‘
p} o
cl $NH-CH731-‘C| N§-CH-R'-CO _CH-CH-RZC00R’

o AO - .
having-Rl.Rz= H, cnh2n+1' R7= Cillsneg Alkylgtoups and n=1<4,

. /' .
m=1-3 - : . r . : " \I

‘These compouﬁds show an inhibition of DNA synthesis*in '
; ;
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Walker 256 carcin?/g/gt L, 5x10 -7 mol/l. They are models qQf
metalloproteins éhd,veny specific enzyme- like affects could

arise. 1!

cig-PtClz(gly)? shows a T/C of 79%2.

f) Compdﬁnds with DNA bases bound to platinum: el

{
“ - // :

One example of PtClaga enosine), which has a higher toxic

level than the requi eq‘dose level for the anti-tumer ef-

fecta: ‘
. complex o - dose.rahge_ toxic‘level(LDSO)
“éisplatin" ~ : 8(0.5-20)mg/kg = 9meg/kg
.‘c;e-Pt(hH3)éox 15(5—20)mg2kg ;o 16-20mg/kg
'cis-PtClz(adenosineb -160(20-220)mg/kg;' '220mg/kg

A dif erence from other ligands 1s that the coordinated
DNA base itself can bind to the DNA Thus the platlnum does
‘not gécessarily undergo a ligand exchange 1f a base which is
already bound to Pt_is polymerised into ‘the growing BNA str-
R y

'TQQ\DAA replidation can be inhibited .by several méchan-'

ism in this particular class of compounds.
. g : L ,

YA ,
&) Dimer pyrophosphate complexes:

re:believed fo-contain a bridging pyrophosphafe 1i- |

-These complexes have not been extensively ihvestiga-

Qihmine} The potential for in Qiyo formation of monophos-

/ . . . , .
. »
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phate complexes might have some important biologicai‘imuli-‘
cations, since a polymerisation with the rivosephosphate of
the DNA is possible, S '

h) Complexes with noh-nitrgéen donor atoms:

Examples are-PPhB. DMSO, and Etle The sulphur and phospho "1«“

e T s e

rus donor atoms are strong trans Iabllizrrkkﬁbutral groups
and w1ll be" more. reactlve than comparable amine based sys- .
tems. They show practlcally no anti- tumor activity. ‘The‘j
same observatlon could be made with DMSO as llganq, and for

the ‘parent tetrachloroplatlnate.

The bostulate,that‘the relative lability of these com-

plex systems is a dominant factor in:determining‘whether an

“anti-tumor ‘effect uiil‘be present, is reihforced.

. » - '
. A} i o d
> . R - A vy N

¢ .
i) Ionic complexes.

Y | L |
Although the rdate. of Pt(II) substltutlon reactions are Iar~‘
gely lndependant of chargeﬂ charge type appears to play a2

-~

role in the ant1 tumor. propertles. So far,pnly neutral spe- .

. cies haye shown appreciable’ actlvity'with the exception of"

EPt(NHB)OlBT: margiﬂal.effectS‘were observed*in'pdtasEium .

»

'tetrabromoplatihate‘ahd potassium dimalcnateﬁlatihum}' oy

. be blophyélcal in nature and is probably related tbvtranea———

3

\ : . . . -~ o
. - - - ’ . b ~ a
Pty f . P
A

[Pt(dlen)Ci}Cl is an exampie of a catlonlc structure w1th l
\

low efrectlveness.' The - explanatlon for thls would appear to ‘,;

A
/.
port phencm?na and to the greater efflciency w1th which. \,: “’d

Ve
charged molecules. Whlch are generally water so}uﬁle. are

.

I
t A



'el-in;inated from the bodx‘. S L " R

‘tetion. especially in Pt(II), is the m.ai'n"“"rees'on for.a cyto--

o ‘ L 20

It is not surprislng that tetranu.ne complexes such as

[Pt(NH )u,] Cl are inactive and non tox:Lc, as l‘t is known X

that the four Pt- N bonds are strong and 1nert tq nucleophl- .

-
2 ‘ -

lic attack. . \ L .

A 1.2.2. General rules for platinum complexes:

1) . The cis configuration appears ‘to be a necessary. parame-

ter, but trans complekes alsb react with DNA. Irteraction .|

‘with other cell constituents mekes the 'alnti*-tumqr activity .

impossible in the case of the most trans complexes.

C2) "Bidentate cstrueturés';' such"as [Pt(dach)mal], are assumed-
" to have an alternat:.ve mode of DNA inhibition, a'nd‘a d‘iffer-~‘
ent cell metabohsm. Leaving groups like Cl.or water are

. Ij -
" not present in the str‘uctures and chelate llgands are: prac-

L

tically 1nert ot llgand exchange.~ T 2

_‘3)’- A.m:r.no llgands determlne the chemical propertles of. the o

LS

N

complexes. S o N

L) ’The plat';num metaf.‘ ,its- eléc,trom}c.andge'ometric cor'ieti;,'-

t

4

static capacity.

O ——

A 2 Select';xity of Pt-pyridine comple¥es: .

. 'Re,’sﬁlts of exi)erihnents with cancer,,q‘ellslor cell m,ateria,i‘:- |

[ -

e) The effect of cis Pt(py)zCl2 in a‘dose range of 5- 200mg/. ).

\

kg on Sarcoma 180 implanted in mice shows a treated tumor to

" control tumor ratio of 917b/éld is consldered as mactlvity .

- v . »
. n ot q v . R
B . . B ¢ . - \ N .
- . TN '
. . . . R
U, ,
v . . .
h v g . . LR
N - . S ’ * B a N

7 -



. bearing the Ehrlich ascites_tumor

21

b) Esherichia co i ria were sensxtive to .the actlon of

cis- dichlorodlpyrldlnepla inate (I1) and virtually. total ini\\\

‘hlbltlon of growth. without kllling*the culture. was achie-

ved at a concentratlon of 8x10 -5 M/L in the medlum. Photo-
., et

: mlcrographs showed that cell growth in medla contalning )

' 5x10° -5 M/I were extreme;y elongatedla.

o]

c) Using a dose range/of 25mg/kg and” 1 day treatment. an

increase pf’ mean surv1val times of 1&7% was observed in rats
19 o°

a) ﬁf%stogeneeis of hpman‘I&mphocytes was sensitive to'the'

~ ) .

action of the pyrfdine complex. The concentration that con-
AN P

- ferred 50% blti 'was almost an order of magnitude lower
than tha d en the tumor cells were used in a protein

free,medium. In the paper_the author’ concluded a moderate

selectivit& against the’DNAfsynthesis in.vivo, 'where “Cis-

'platin” has no distinct activityl’. ) ':f

¢ The DNA of different telis consESts of four DNA bdses.,

only with a dlfferent sequence and length, and Pt- complexes

' cannot dlstlngulsh between different. sequences gf DNA bades.

K

(«

It is known that the immune system. the pH-value, en~

ﬂzymes, protelns and membranes distlng\nsh dlfferent kind of

]

cells. - The interaction of Pt with cell const1§uents.berore’

DA complexation~mgst be the reason for a .selective effect.

Chemically fhe'pyridine complexes are different‘in\the%r‘

ability to have mesomericistructures (see figure 3). Before
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a reactlon takes place with DNA, metabolism could change the

\

x_structure of the ‘platinum complex»‘

Thete are some interesting inferences possible from the
: S 5 o

information about several platinum structures:

a) If Pt(II) is oxidised -to its eqﬁivalent Pt(iV) it’loses3'
its anti-tumor act1v1ty. thus, perhaps planarity 18 required

for activity ‘
b) If the.c1s’prodgct is isomeriSed to a tgaﬁs form, chela-

L ‘ ‘
“tion with DNA 'is probably excluded, and inactivity. results.-

Thé metabolism of the hrug:ié differept in various éeiis}
and tﬁg nitrogen ligand modifies the properfies 6f Fhe me?al
complex{ "If this modificgtioh (by mesomerism of py for ex-
ample) -makes the compound éenéitive to ée}l conditions, se-
'léc%ivity may be the result. Pyridines are easy to oxidise
and support electron transfer,"The electronic structure of
pyridine increases thé number éf optiéns for a reaétipn and

mgkes thé complex more sensitive to. cell differences.

~
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A3 Toxicity of platinum com lexes .and their 1i and82'

.

‘A 3.1. ?dxicity-of aquo forms:

_ The compounds of the form [P%Az(aq)élzf with A = amines
and a dose range of 3mg/kg to 4Omg/kg are highly toxic. An

’ apﬁarent\side effect is a nedromuscular problem. thus on

close observation, some anlmals went into convu181ons as

early as five minutes after 1n3ect10n. They convulsed per-

"iodically when forced fé move, but lay dormant between ‘'spa-

smg, which is sinilar to strychnine ppisonidg. ' Perhaps, - the

use of antideotes could be included in chemotherapy.
The ‘order of toxicity for the amine ligands is:

MeNH2 . NH3 «+ en N'N"Mezen f MezNH' '

The lowering of toxicity may be partially due to steric
hindrance effects, this presumably refleqts the'reectivity

°

of the various aquo species.

A 3.2. Toxicity of chelates:

The effect of [Pt(en)ox] goes into the opposite direc-
tioﬁ: in vitro studies suggestea curarifo}m ectivity; which
is 'supported by the synergistic effeet of atropine.

Other chelate cempounds show similar effects, but to a
much lower extent. This ten&s to support the ‘suggesgtion,
made on the ba31s of chemical evzdence. that chelates act

via a different sequence of ‘reactions in comparison to diaquo

complexes, although the physical symptoms are identical. It
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is likely that the final site' of activity ie the same,

»

A 3.3. ;Nepﬁrotoxic potentiallof pletinum;anti~fumor eéents:;

The nephrotox1c1ty of "Clsplatln" is the doee ln.mitlnb

factor 1n its- cllnical use. Therefore ‘the search for de-

-~

creased nephrotoxxc derzvatives is a main aspect in the de-;
ﬁve10pment of new anti-cancer drugs. The indices of nephro-
toxlcity 1ncluded blood levels of urea nltrogen and serum
'creatlnlne. kldney weight and mlcroscopic alteratlons. Re-’

cently. in order to compare the 11gand effects. the following
20

\

4

:-vcompounds were tested and. compared (figure 4)

AN
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The resulys obtained indicated that:

. oy . : : P

“Cisplatln" elevated the biochemical 1ndices of renal
\ function 31gn1f1cantly. The blood levels of" urea nitrogen

:and creatinine peaked dt day 6 of admlnlstratlon.
_‘The results- are:' o o T -

14

s ¢

Amount and bompouni ' urea nitrogen level
' .‘ ' . o ' : ) . < ‘
8mg/kg -"Cisplatin” 176mg/100m1l; » - v 7
‘Mimg/kg of T 7 . " 17.4hg/100ml; . -
4bme/kg OfII .. - 17,4 ng/100ml; ’
"25mg/kg of I1I B . 17.2 mg/lOOml;
| 10.9 mefkg of IV 139 mg/100ml. L
' AN ' ' ’ . , ) ' 1y
P

" The values of serum creatinine are paraliele

Amount and compound . ‘_ sefum creatining level .
)'Bmg/kg "Cls-platln" v 2?83mg/100mli: ‘

6hng/kg of I S ‘ O;Smé/IOOml; ’ k -

f?mg/kg of IT. . | '? rO.uémg/;OOmlté e T
'<’)23ing/k“g of III . . .0.8mg/100ml; . o . .

10.2mg/kg of IV - O.7mg/iooml, =

The order of‘{oxici:z/}h fonns of,ligands'iq, (Ii)dia;
~'n‘1inedica.rbosylate‘K/—(\I_Tlcar

. minechelate - (Ivj diaminechelatebis(sulphonato) dichloro.

boxylate - (III)dihydroxydia-

‘The kidney weight.increased with the .same order of toxs
ficity as the biochemical indgoes. . Changes in histopatho-
logy.:which are characterised by'hydroﬁic‘degeneration, ne-

crosis, tubuiar‘atrgphy. regenerative processes with enlar-



‘linhibition of cell growth without selectivity.

“read

28
ged tubular cells and. mitotic figures. had been observed -for

all complexes except I. the diaminedicarboxylate structure.

)

In a mild degree renal le81ons are marufested for complex II °

with a lack of regeneratzve processes.

:The order of severity in biological changes is:- Bis(sulpho-

nato) ° dichloroé + dihydroxy * chelates.

Summary ” . - .

There are three toxic side effects\observed with plati-

..hum treatment: neuromuscular activity, nephrotoxicity and

I

The neuromuscular activity can be reqaced by*avoiding -
agquo and oxalato as ligands, and by increased steric hin-

drance in the aminogroup. Use of antidotes would be'help-

-

ful. ‘ ' . ‘

The nephrotoncity tests have suggested the desn'ablllty

of replacing the chloro ligands. - In clinical chemother_apy

~diuretics are used to -dimifish the kidney .damage.

' There is much more to “say about platinum drugs, but in
this conrtext only the more rele'vant‘irifohna,t’ion with a dir-.

ect correlation to the practical work can be given. For a -

" dee treatment of the topic, references 20 and 21 may be

o

The number of p0831ble anti- tumor ‘agents is qulte large:

: The following are the main classes:
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" a) -alkylatihg agents, like sﬁlphur mustards. chléroethylh-.

mines and’ epoxides w:Lth severe side effects;

b) hdrmones. like glucocorticoides and androgenes;

~

! c)- antimetabolites. based on synthetic demvatives of ammo. °(

t
14

‘acids, DNA bases etc.; . S
d) peptide antibiotics. for example adriamycim
e) anti.bioti.c drugs like, bleomycin; |

’f,) g]:kaloids. , o s

o -In the context -of platinum-pyridmndole complexes only the

‘ information about alkalo:l.ds of rele\fance like harmine and
'derwatiyes azje,of‘immedlapg J.mpoxrtance.‘ Further literature
is éiven in Fef"eréhce 22-espéciaily. vbuf see also references .

|23-26. - N g

\ . - . ’ -
- e

The selectivz.ty of the platinum derivatives 13 most dis- h

o

-4

*

@ tinct in pyridine derivatives. Ry

PO . . . . . D - -
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///: A 4  Harmine - co €
Introdgcgion ' o LN ™
The compound harmine has been isolated from peganum har- -

mala. which was used for centurles hgalnst a variety of de-
seases. Its mutagenicvproperty made it interesting for
more. research, and development of dérivatives with more spe-

3

cific modes of action is under way.

' Consideretien of stfucture .elements and functional gro-
. , ups in correlatlon W1th p0831ble pharmaceutlcal effects is
-y the classical way to develop new chemotherapeutica. Addl-
tional infbrmatlon is offered (among other methods) by the
use of Wminimum eqergy conformation ealculatlons gf molecpleg.
{ These methods permit some'redhctiog in the ratio of new ge-
"rivativee to be tested to clinically ﬁéefgl drugs. {About -
10 000:1) This section of tﬁe thesis describes the struc~
tural features of harmlne and suggests sihllarltles with |
~ . other naturally %ccurlng derivatlves. and W1th certaln com- .
plexes which: might be prepared by actually 1ncorporat1ng |
platinum as well into a hammlne-llke drug. A generallsatlon
was proposed by Manfred Hessez? refering to structural con- C —
tents of pieﬁtSz There are ﬁore than - 500 000 different

kinds of plants sc1ent1flcally descrxbed and distinguished

Y
today. They .contain diffe ent klnds of plant products, in-

.cluding the nitrogen-heterocyclic compounds. This class of
compounds can be subdivided into 18 ‘structure types. One is’

. . ’ “-
\ ind?le with about 1100 known derivatives, another important



’

31

) grouﬁ are quinolines with 900 known derivatxves, The indoles

are classed in 8 blogenetlcally related famllies. of whieh
one is yhe famlly of pyridoindoles. Among these, there are

hundreds of different structure827.

[

A 4.1. Structure

-

Structure elements play a crﬁcial role in pharmacody-
~namics. The chemistry of ‘two reagenés is related by the
gsimilarity in their structure. Diffeiehtiation setween the
skdleton}and functional grbubs allows modification with spe-
cific resdltsi If the effects'of-a molecule ean be Opti;a
mised bfﬁsodifying the fungtional- groups (in terms of ther-
apeutical.improvement and reduction of. toxic Shge effects),
the changes in éhemistry snduiﬂysiological actidﬁ\gre small
'and mostly predictable. The medificatibﬁ of the sieleton
has two sossible relets:=The removal of gp;msS;;;Zt struc-
t;re’elements by rlng»openlng or closur ’ om1881on of inef-
fectlve groups and\:eplacement of toxic subunits, or the
destrucflon of the medical value ef the drug. The‘blochem?

cial value ‘0of the new derivative is dependent on the effec-

tiveness-of the* structural modifications. An important as-

pect is the’ strucinral 51mllar1ty13§ a framework in relatlon :

to body constltuents. .Because eve drug undergoes meta-
bolism, it is easy to understand that an 1nc§ease of this

partlcular 31m11ar1ty may decrease ‘the toxic side effects.

The skeleton of haxmlne (Ix) 1s a condensed pyridoindole and_

12 derivatives are 1nterest1ng to consider. Their szmllar-

/

* ’ ; :
ity to well known body constituents of -medicaments separates

w
o

¢ .

gh
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them into three categomes which are shown in flgu;e 5 , »

v

- Struéjures I, II, III IV ére essentlal biochemz.cals in the .
ot »
‘ . a9 fu'nctiom. of lzvin@organismes. the structures V. VI VII.

VIII. and IX: are sllght modlﬂcatlons of these. Compounds

- C which are sim:LIar to -molécules X, XI, XII could cause pro- . )
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' figure 5 and 6.

£

A 4.3, Derivatives

{

Some alka101ds with ant1 tumor activity and a certain struc-
ture sxmllarlty to pyr1d01ndoles are llsted in the follow-
lng pages. Their different and 31m11ar effects should 11-

lustrate the not always qbvious relation to the compounds ::k

-

4 )

' Y
i) V1ncrlst1ne and y-formyl leuosin (figure 6, 1) are ex-

amples of selectivity in anti-tumor drugs produced by a | ) |

. change in the skeleton apd dimerisation. The difference to - .

harmine lies in an QXtehéTBh-éf the pyridine ring ﬁith in-

sertion of an izidine structure element.  The drugs were ad- -
. mihisteqed)td patients for treatment of leukemia and multiple
'myelomaze. : . ‘ ‘

ii) h-Methyl-9H—pyrido[3.4—&]indolg-Zramﬁne. a‘meﬁhyl ami -

no derivative of carboline (figure 6, 4) is a very strong

anti~tuﬁor\agent.. The author claims that the dosages need- .

ed.for cytostatic effects are the lowest by comparison to -
other "chémotherapeuticé"zgc Its activity is proposed to ‘be
: »

felated to interaction with RNA.

iii) Methyl-9H-pyrido[3,4-6]indole‘(Tigure 5, IX) shows mu-
tagenic effects and should be~inveétigated for cytostatic

30

use

iv) Ghormelionine, which was found in Strychros mgainoniané.

.is an example of a quaternary p&ridoindolez the difference . ,

- from 9H-pyrid6[h.3-ﬁ]ihdole,is a”methyl group on @he pyri-

]
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- ' ° ' ' ' o
dinevnitrogen. It was found to have cytotoxic propertles. "
,and the mode of activ1ty is to form 1ntercalat10n bonds to

the DA, Very close structures like alstonine, serpentlne,

. sempervirine and 9- hydroxy-z-methylelllptlclnum seem- to be

attractive .candidates as potentlal antltumpr agents and the

latter is already undergoing clinical tnals13

v):  Desoxyharringtonine (figure 6.'7) is a Cephélctaxus al-
kaloid with antileucemia activity, and it has the indolizi-
dine structure element (XI), significantly also found in vin-

cristine. although it is classed among the Erythrlna group,

1nterferes with enzymes giving cytostatlc effects22 27

'
-

Cong¢lusions .
‘f . ¢ ' . x

From the structure derivatives of harmine, compounds
structurally pelateq to VI-IX and XI show an anti-tumor ac-

4

tivity. The structure element XI has been classed with the

" toxic group of agents-.

'A cis;Pt(9H-pyrid6[3 b-b]indole) structure would have

the structure elements of I- XI, while X-XII are absent and

\vw?ould be expected to have selectlve cytostatlc and less toxic
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dogbane and strychnos family.
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rStructure similarity of alkaloids and Pt-pyridoindole:

" Mono alka101ds can dlmerlse like catharantine (figure 6,
2) with its derivatlve cleavamlne (figure 6, 3) to vincris-
tln;.,whlch 1s‘b10genetlcally and structurally related to
villamine (figur; 6,’6)._ Villamine is a bis-pyin structure.

The dimerisation is an .essential skeletal change with signi-

. ficant pharmaceutical consequences. Thé;compounds'l-é have

Ltnyptamine as their biologiéal origin. For the synthesis of

platlnum complexes. functlonal groups with oxygen must be o=~

-mitted in the first steps of synthesxs because they are lik-

' ely  to be.an active ligand site for‘the.complexiation with

| . . . ,
the metal and would make any identification of structures

! *

virtually impossible. The structure of pyridoindole tan be

“

found in harmine }ike anti-tumor agenfs and might be recog-

‘nised more or less in the monomeres of the alkaloids of the -

4

As quaternary bases like hormelionine”provide.a cyto-

, toxic'éffect. complexaiion to a metadl, instead of the methyl*

group on the py-N would not lnterfere with the ability to
1ntercalate with the DNA. Compari'son of reactlons of a cop-'
per phenanthroline,compiex with DNA, which géye the same in-
tercalation (with DNA), suggests a mechanism5whichyinv010es
oxygen radicals, bonded ;nd activated by the transition me-
tal, which are short Tived but candsegrade the :;ll nucleus
because of the geometrlcal vicinity to the DiiA. The same
mechanism 1s possxble with a platlnum pyr1d01ndole comﬁ%ex.

whereby the norharman 1ntercalates t6- the DNA and the redox-
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potential of Pt(II)/Pt(IV) center makes the action of oxy-
gen radicals with the DNA possible, which would otherwise be
transformed by Super-oxiddismutase or catalase32,'
The synthesis of Pt-complexes with 9H-pyridb[3,4-b]issjif/
dole (pyin) as ligand seems tp be promising in terms of re-
duced toxic 81de effects in the treatment of cancer. The

A3

bulky structure of three condensed rings prov1des the steric
hindrance of the amine group which is helpful in redu;;hg
neuromuscular activity. The select1v1ty of these deriva-
tives is expected because of the relation to ci%—dipyridine—
dlchloroplatlnate. The dlffereng%_ln the pydldlne complex

lies in the slmllarlty to body constltuents and drugs with

‘practically no toxicity. Newest results indicate that the

amine ligand is labile in vitr033; thus a further source of

poisoning can be eliminated by pyridoiﬁaolé.- The solubil-

ity of the complexes should be in the window of polarity:

"too high a solubility in water removes them from the body

before a DNA interaction, too low a solpbilit& reduces the,

\poésibility of reaching the cell centers at all. If the

L

- 80lubility of a compound is determined in neutral 'solution

at 20°C, the solubility in blood might be quite different

because of the higher temperature of 37°C. different buffer -

.capacity. and additional compounds in soldtion with possible

"salt in/out"™ effects. The calculation of Hansch pi values

are not of concern in the beginning'of a synthesis work, lte-
%

cause the determination of the platinum;nitrogen complexes

requires omission of functional groups, which might be nece-

~— ' . <~
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3

- gsary for solubility effects and/or biochemical functions.
. . . o

A comparative phénnacology of the harmala alkaloidé found.

\
'that om1351on of the methoxy group aballshes the tremormgen-
ic potency along with the cardlovaScular actionsr "These

dlfferentlal actlvitles are not readlly explalned in terms

w3 Clearly another

of partitlon‘cqefflc, nts or pka values
reasoﬁ fo} the largefi}EferenceS‘in thg”behav;ourlof harmipe
~derivétivesﬁmust exist, a likel&ﬁposéibility being the man- '
-ner with which the functlonal groups llke methaxy,. phenoxy

or. hydroxy 1ntefact w1th the proteln blndlng 31te538

i

e
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- Introduction
. This part of the thesis‘describes the attempts to syn-
thesize species containing/the Pt(py;idoindole)eimoiety with-

a view to eventual: testing as an anti-tumor agent.

[
)

B 1 Difficulties in platinum heterocyclic chemistry:

Examples of'previous work: The folowing cases‘iilustrate '
'/some qf the pitfalls in the synthesis of characterisable Pt

. ‘ DN B}
complexes: ’ © .

1 Normal sy:nthesis of _qig—?tciz'Lz with L= pyridine, m{j.
NEt,, NMe,, en, etc. oceurs by mixing equimolar amounts of
ﬁetrachlbroplatinate(II)‘with the amine ligand in water at. -
room xegperafure and pH.7. The“reaction.product is forméd
within 15 min. to -3 hrs. in high yield. Isolation ié usual-
1y possible by evaporation of water and recrystaliisation in
organic solvents. In the case(watex insoluble amines), addi-
' tion of HCl provides a water.soluble salt, but fhe'feaction
time is increased:by a factor'of 10, The reaction of tetra-
éhlérdplatinate with amiries'normally leads to cis-diamine-
- dichloro complexes. In the case of‘more complicated heter-
ocyclic bases, diffﬁculfies can arise in isolating products;
2 lIh the case of a reaction from [Et(LHBiCIB]Cl to géégg
dichlorodiaminoplatinate, two produéts gre'formed:,thelggggg
product was identified by IR, but the second complex is:not\

35

cis equivalent and had’an unxndwn composition””.
s 3 For the isolation of bipy complexes, careful fractional"

\

L4
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teccystaliisation and column chromatography waé:found fo be
neceasary to obtaln clean elemental analy31s values, even

“

. though only one compound was detectable by thin layer chroma-

tography37

L gig—[?f(NHB)ZCl(MeCyt)]Cl could be syhthesised in a 30% &
yieldﬁmixed together with cis-[Pt(NH;)zﬂﬂeCyt)z]012 in a 7-.

10% yield. Separation of }ggfcompounds was carried out by

' - repeated recrystallisation. At a later stage of‘the crysta-

"IIisation process. mixtures of 1:1 and 1:2 complexes and

\

unreacted startlng mater1al were obta_med33

&

-5 . Formation of trans- [PtClz(I‘IHB)(Mecyt)]xl‘.5H20 was ob-
served“when.a.gcmple of the correspoﬁding_ggg product has |
been recrystallised from water. fThe yield of the cis com-
pound varied between 2 and 5%. During the sygthesis‘of‘hy-
droxy complexes like [?t(NHB)Z(Mecyt)(OHﬂ , three compoundsj

. crystallise out of solution, one could not be identifiedBB.

6 ‘The reaction of 1,2-diaminobenzamide with tetrachloro-

. platinate(II) gave the cis-diaminodichloro complex identi- “

fiéd by IR spectroscopy. In the elemental analysis the val-

ues for Cl vary over W%, C over 2%, Ii over 2% and H over 1.5%

and no values for Pt are avallable39

Y

-7 Aith nicotinamide, a similar result is reported with a

Pt/Cl ratio of always more thad‘lzzuo.

Yz
A
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ia 2 General wgﬁ' of s?nthesis work \
C . T S
The synthesis of the expected cis-dichlorodipyridoindole

éomplex rgqgiggd a reaction time of at.least 12/hours. - In
, . . the crude réacfiqn product’ there were 4 gompl?/es besides
_étarting materials. The work up with inert‘solvents like
benzene of halogenéteg hydrocarbons was n t'succeesful in
separating the complexes and free pyin.//zge of elevated

A containing solvents
-

temperatures gave brown products, oxyg

gave ligand exchange reactions. .

- Phe reaction of tetraphloroﬁlat nate with pyridoindole
was carried out in water and water/chloroform or dichlorome-
fhane solvent mixtures. Water had to be present because the
starting platingm complex islio ‘é. while an organic solvent
waé ﬁelpful because.df lqw sofibility of pyrigoindole'ih wa; .
ter. Oi&gén bontaining so%#é;ts had to‘be évoided. The
conditions of‘the reactioﬁé were vaéied in temperatur§. é-
cicity; éonéentratioﬁsC/étmospﬁere. additiqn\of anions and

/

time.

-
[

The separatjon of products was deveiéped oyef a long

. period of time until the most successful method was estab-
<iished. ékg'efficiéncy of these dperationg was monitored by
lthin/léyer chromatography.'~ Typically, the§orgaﬁic léyer.
‘wgs/;xtracted with different solvents in a dgfiped.sequence,
evaporation ;f solvents on a- watchglass save rings of differ-
nt'fractioné, qistinguishable by colours and the appearence ™
of the solids ("necrysfgllisation"). For coiumn chromato-

\\
i
|
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graphy, the solvent'syetem'used in the thin layer chromato-
graphy proved to be suitable, but with replacement of acetlc

‘acid by chloroform. °

Identification: ; \

Out o} a 'variety of-products three compbunds Ié. ITa, IIb
were isolated and tentatively identified by IR-spectroscopy.

Further experiments were directed towards the . synthesis of

k]

compounds with additional ligands-and counterions, they are

described at the end.

i ' ' ' »
The mass spectra, using -both conventiondl and fast atom
bombardment (FAB) sources were obtained for several samples. .

: LA .
Gomparison of the behaviour of the samples under thermal de-"

' gradation in the spectrometer was revealing. NMR and uv were

alao recorded for selected materials, but were of limited

usefulness. The . results of elemeﬁtal analy81s for certain

compounds,were only[partly useful in the attempt to identify

A

Assignment of compounds Ia, IIa, IIb = .

*

'Ia:. based on reaction time} TLC, IR-, UV-spectra, &lemental

analysis, and following products, the most probable Ft con-

_taining spécles in the compound is: [PtClB(pyihjl_

—

‘IIa: based on reaction time, TLC, IR-, mass-, NMR-, UV-spec-

' tra, elemental analysis and derived: products, the compound

probably contains the Pt complex ion: |PtCl(py1n) (OH )I

IIb: based ‘on reaction?txmef*TLC IR spectra and derived .



)
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\ .

.products, ﬁhe substance contains: PtClz(pyin)zqand'weakly A
associated pyridoindole. ' P : .

. e [

i

Additional compounds:

’a -

1
[} \

Pop—

Seve%al~complexes with oxalate ligands were tentativel& i-,
: dentified.’predominantk§ from their elemental analysis ‘and

3‘IR-speétfa: They were: e 2

" K Pt(pyin)(ox),.2H,0
K2Pt+pyin)(ox)2

v .




. i
LR LY

Q

-4 a5

B 3 _;éét;gal work

‘

General reaction Eﬁchnidups

This section describes the éxperimental work performed to
prepare and isolate identifiable complexes of Pt with 9H-

pyrido[ﬁ.3-b]indole. | - . J ] s

All reactions were carriehaoui in'é“nitrogen~at'osphere'and
w%fﬁ deoxygenated solvents,"eicept as noted. Sl
The reactants*we@e welghted out 1nto a 100ml round bot-
-
tom‘flask with a two-way 1nIéf‘connect10n. The flask was

B

then connected to a hlgh vacuum pump to remove the a1r.

\whigﬁ was subsequently neplaced by nltrogen. The deoxygena—
ted-solvents were added to the flask while flushing the con-
tain?rs with.nitrogen. To remove any reémaining.oxygen, the

reaction mixture was.comnecte¥ again to high vacuum, and
. \ : g - .

A LA ’ g , S
' ¢then held under a slow stream of nitrogen for the entire re-
\- / . -

-

action period with the N, outlet sealed with an oil bubble.

. 2

v . ) 4 ’ ’ . . . .
.The reaction mixtures were stirred with a magnetic stirrer.

The chemlcals used in all of the reactlons wegp obtained

from Aldrich. The solvents uhych were obtalned from stan-
dard univefsipy stocks were distilled udder;nifroéen{

L) . }Y . . ‘
Fd

’
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B 4 Preparation of piatingn:pyr;db{ndol,cOmplexes ( X
? S ? ‘ \\. o
E%Periﬁenf' S - .

B.Sg (8.397mmol) potassium tetrachloropietinate and 0.5

(2 97mmol) 9H- pyr1do[3 L- b]lndole were stirred in a two ph-
age system of ﬁOml'Hzo and 50ml CH2 2; The platlnum com-
bound,disso}ved in water to give a red colour, but, being an

o 3, B
TheicolourleSs pyin was slightly soluble in poth splvents.

»

ionic salt,. it was insoluble in the dicnlotomethanz/iayer.

After 15 minutes a”grey'precipitete was visible, .and wiihiﬁ
12 hours a’yellow colour &%minafggi The removal of the red
water solutlon gave a dlchloromethane suspension Wthh sep-”
arated into a preclplt;te and a clear yellow solution.' T‘va-‘
‘poratlon ‘of the organrc solvent resulted in a yellow powder.
Product 231mg of mixture of the grey and yellow solld ma-

-
L,

terlals. N M" . ‘ .

-

Ao

A number of varlatlons of the~reactlon condltlons were

trled:\

a) solvents__Absence of an organlc solvegf*gave poorer y;{

\ elds. Oxygenated solvents llke methanol and

"ethanol lead to decompos1tlon.
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- . b) tempera‘tur;eu‘ +'Heating to 50°C resulted in decemposition.
A | oL ' ,. o Coolir'xg.to.ooc, gave poor-yields. .
\. c¥. acids "~ Addition of HCl ;oroducedl—& Pt-mirror.

d) differing concentrations: Ho changes were observed. .

"

. . e) atmos‘phe're:’ The presence of oxygen cavsed the forma=
tion of addintiona'l black and" brown -com-

ponents , - / ‘

LY

'f) time: 15m1n gave 1\the grey compound only:; in the ~
'range of 12h-2day=s yellow ‘and g gray pro-
ducts ‘were observed, and after 5 days par-

> , tial decomposition occured giving brown
R . . ' '
o . materials. -
e . ' } . ' . ,

"A reaction of the initial grey material (after isolation)
(50 mg) with pyr1d01ndole (ZOmg) in dlchloromethane gave -

L "( yellow products after 12h- 2days.
’ : ’ ~ , é e
| ! -
B_S_Work up methoéds Coe Co .

A : - -,
-

"After every react'ion.gthe wafer -layer- was sepg’r‘af’tea from
‘z - . \tho organic, layer with a separatory funnel. Solids we_fr,e sé-

| "par“ated by filtration. The organic solvents were removed in

‘'vacuo and the products S-dr:.eci. ‘washed with water severg‘al ti-

. }nes to completely remove potassium tetrachloroplatinate’ and O

ke A
/, potassium chloride, and again, dried on the vacuun lire. Dur-

. g 7
4 : ,f ing attempts to 1solate pure compourds a ra.ther compllcated

/ geparation scheme ¥as developed.
atic \

-
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K2P€Cl11 + pyip ———> mi_ft;ure ‘ o g
. ! . .

C . o E
. N v removal of solvents

. : - o i
- _solid products -

o7 <L - o L
-‘/extr. with aq - ‘ S . . .

\ . ' filtrate ~ . hyellow/gre‘y precip. L o
evapor . [ - nd g P ( \ d t
, - - © . _-extr.with acetic acid (10%) - ‘ .
. Starting material / ' L . \ S
' . \ P .
o yellow filtr'ate . . yellow/grey 'solid ;
" . - /e'vapor. S . extr ‘with CH2012 »
¢ -
'yellew solid S R / \ !
e o . yellow filtrate .
. . y/g solid .
s \ : evaporf.
. VAR 4 . ! ' . )
// . RN . yellew solid
‘// v \ LN
> ¢ L ‘ N '
Cy " extr. with acetone * . N
< M ) M J ’
‘ Y yel low f‘iltrate—-} . y/g solid
o '
w 4 ' i
" i —bprecipitation offIlcy -
1 evapor. , | extract with EtOH o
R 4 S ‘ oy
1 l yellow solid - : grey solid Ia .. yeldow f‘iltrate ‘
' : ] —_— R evaporation -
- "recrystallisation" with acetone
s . yellow solid . .
v : o \ o . i"eér‘ystafli'sation -
yellow solid o S N ) -t o
I J ' . Y yellow solid . o .
- column chrom. . o ' , e
B PR N ; SR _ 7| ‘column chrom. \ »
e Ila; . ¢ Lo . . - ' ~ ~
. /f‘?) S . . ‘ e ,
- L L) - - _
. ; - ) T ' - .
f " ) )
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B 5.1. Elemental ana;isis

Elemental analyses for all but one ef the samples wefe per4
formed by Galbraith laboratories Inc., Knoxville. Tennessee
USA., The elemental analysis for the sample IId were perfor-w
med in the "Science Industrial Research Unit (SIRU) in the

R ‘ §
Department of Chemlstry of the Concordia Unlver81ty.,

Hydro;yeis of IIa (50mg) in’ the presence'of oxalate ions
gave a product without C1l and the fingerprint region of - .
b&in. The elemental analysis suggested the following for-
mula: [Pt(pyin),(OH),].2H,0 |
Found: Pt 32.53% C 43.36% H 2.67% N 9.17%

calc.: 12.43% . 43,81% 3.59% 9.32% K <
diff.s. : o.xe% L 0.45%  .0.92% 0.14%. |

The reérysfallisetion of Ila ianater c0nfaining;excess'mal-
onic‘acid p£oﬁideq a product with the following combositionz
[}f(pyin?201(eué)}01_ | | ‘
Found: Pt 30.27% C 44.10% H 2.48% N 8. 45%
cale.:  31.39%  b2.58% . 2.90%  9.03
-diff.: . 1.12% 1.52% 0.425% 0.58%

A.}eaction of Ila (Sng) witdf acetone over a period'of 5.

_days gave the product IId. o : \
[

Results of the elegental analysis for Ia, IIc, IId canndt- be

assigned to a defirned complex:




(SRR T
T

.fResulth

Eiemental ratios: . N

¢ H N - €l - Pt . R(® .
Ia . 38.98 2.75 7.29. . 14.86 31.30 k19
ITc - 31.01 2.8 7.72 - 8.27. 35.6°  14.56 .

I1d - 0,09/ 22.9., 78.01 .

/ ,

~ elements " Ia o j‘IIc ”I:J_ ‘ . IId S
Pt/C1 - ' PtCiz.é' - /PtCll 26 " meCl <
Pt/N | P.tN'B;l .7 PNy - o :
Pt/C PtCz(‘) PtCim o ‘
Pt/H , ,Ptnlé : . PtH, ¢ | , - .

"Pt/byin \\ P‘t:(PYln)1 5 - Pt(pyin)l.S - ' ?t(PYin)3
Pt/c-pyin | PtCy g PtCqo s R '
Pt/M-pyin *  PtH, PtH), ° N
Pt/R 111.8 amu . 135.9 améy R

R= oxygen or potassium’
B'6 Optical appearences: T Lo L
i - . . . ' " ‘ R

)
r

The nature of the prdducts Qas inVestigated.by the use

of a microscope. The colour, grain size of solids, and the .-

form of the soliéé was .clearly dépendent on the. time of ex-

posure and nature of solvent. It was unclear if a modifica-

tion by solvents or a reaction with them is reflected here,

Prgggb{<¥?oth events took place. "o I I .

alghteen d11ferent fractlons could be separated by .col-

'lumn chromatography or "recrystallxsatlon" onia watch glass.-



52
Reletively etable forms are:

a grey powder (Ia), \
a yellow crystallinelsttucture (11a),
a brlght yellow powder (IIb)

and the very pale yellow IIc).

]

Extraction of the reaction mixture ‘with ether provided
»an- 011 or a powdem dependent on evaporatlon tlme, suggesting
that continual modifications were an 1mportant‘§33rce of

. variations in the nature of the products.

Thebpiatinum(II) complexes were precipitated as fine
powders in all the conditions which are usually used to pro-
' duce single crystals. The/methode that did not succeed in-’
cluded: siow evaporation of the solvent in-d "crystallisa-
tion Sridge",‘evaporetion‘py partly exposure to air in the
fridge, fume-hood, etc., Qy'elow‘condehsatidn of a non-sol;
-vent into the solE on. | E e

‘

B 7 Characterisation Attempts

B 7.1. Thin layer cﬁ;omatography:,
The technique of thin layer chromatograghy was found to be
invaluable to monitor reaction conditions and work up me-

thods.

. . ' ' .
The useyof the TLC techrnique was started relatively“late,
! K R .
when it was discovered that instead of }t(pyin)zilz as rria-
cipal product, a complex reactlon systenm was 1ead1nr to ~ul-

tiple produdte. and further compllcatlons were occuriny by
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. . ' ' {
ligand exchange reactions between the primary products and

the solvents used to«isolate them.

. { .
The TLC plates con81sted of Eastman 13181 5111cagel w1th )

~ a fluorescence 1nd1cator(6060) and the spots were. v1ewed

with UV -light." The best sol#ent mlxture was found to be a

mixture of acetic acid, propanol, butanol and ether 1n a 1:

-2x1r1 ratio which was suitable for separation of more,than

five compounds in.one chromatogram. The aromaticity of py-

. . . -~
“ridoindole .gave an additional'flquescence effect in the OV- N

'light and the pure organic compoﬁnd was easily disfinguished

.from~Pt-complexes; PyinH:+ also shows fluorescence, but it

lacks the br&ght blue phosphorescence, after the UV-1light is

'switched off. whlch was. observed for pyr1d01ndole¢

g

-

A selection of the most informative chromatograms is

3
‘

depicted diagrammatically in figure 7.
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B7.1.1. .bgscriptior; of TLC-sheets: v

‘nts:
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L}
»

1s th'e':crude reaction product, applied as.a CH2C12 suspen-

'si(m ‘on the plate.

:2: grey res:.due after washlng w1th mlscellaneous solvents’

31 Ila punfled by extractions,. "recrystalllsa'.tlion", and

column chromatography . Co , . K\‘
4; * IIb separated from ;>ther Pt-éomplexe;s

5, 6, 7: succesive steps in the J.solatlon of Ila -
81 decompostxtion of IIa‘after 3 weeks in ace'tone

Grey matei\:'ial I‘rfu,

This“compolund does not seem to'be stable° to work up with fe-

peated solvent washings. The chromatogram 2 shows a sngmfl-
pyr:.do:.ndole tail suggestmg that Ia has weakly bound

pyrgldoindole which it slowly loses. The llterature contalns ‘

ait lgast one example of Pt-complexés hydrogen bonded to fur-

ther "outer éphere'j~ liga’nds'ul.'

Yellow product IIa:

This reproducibly produces a single spot on th‘e—TLC,- sugges-

ting a single relatively stable product.

Behaviour of product IIb:

-

1

‘:This' material 'appearé to be contaminated with excess pyri-

doindole. Attempts to purify IIb lead to 'conversi;en.

ot

. Behaviour of primary products with oxy‘gén co_ntai_ning s_olve-
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[r'

-

?Durung the 1solation u81ng 0-solvents a compound with the Rf

\\.
value 0.81 dlsappears, but the treatment with these solvents

i

ln.extraction and’ recrystalllsatlon process prov1des tfo '

further éompleXeé with the Rf.VAlues_0.76 ang 0;23.

/ .t

B 7.1.2.° Suitable-solvenfs for Pt-compﬁexes'és‘deducted

from several TIC sheets: U : i |
'solt.\ L good partly inSo;ubLé dgcdmpositionﬂ

. HCl/eonc . . . Ila,b IaIIc ' |
Hy0 e 1Ia ‘.I;b.c;Igtl‘
10% acetic acld | Hrin - IIa IIb,gela ..
MeOH -~ 7 IIb IIa  Ia,lIc

CUEtH Iy | 11a Ia,Ile . C
Prppaébl' S ‘:1 ' ‘IIa,IIb Ia,IIc . PE(IV)
Butanol - - Ile  IIa;IIb Ia.
‘. Et00CMe | r: - © IIa,IIb Ia,IIc’ :

' acetone - ' .'1 ITa iIIb . Ia,Ilc

<" PhCH,0Me . IIa,IIb Ia,If¢

. Ether | SR IIa,IIb Ia,Ilc
CH,CL,/ | . o .
: . pyin  IIa,IIb Ia,lIc L
'.CHCl3 R B o RN . T, '
THF T . - - Ia,IIc . - IIa,IIb
phH . - K " Ia,IIa,b,c :
pHso - L IIa,IIb Ia,ilc -
aqda rggla o o .)’\. ‘_;l§$Lla+h.9
= % 0 IIc C ITa,bIa |

<

~glycerol/crown ether Ft(IV)

KLl
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B 74241 IR-spectroscopy:

: . \ o , _ ,
The small quantities of products guggested KBr pellets as

thé method of-ghbice for sampleipreparatioht The petassium
bromide was dried by storing it in an oven at a 110°C.” The

pellets_were prepared using'a pressure 0£500 atm.

:Infrared spectra were recorded on a Perkln-Elmer double beam

- ®

..

The following flgures 8-11 show the IR-spectra of pydidoin-

" dole andgits platinum complexes Ia, IIa and IIb in the reglon':

1500- 200cm -1, Figures 23.and 13 show the region £rom 200-
600cm -1 fon convenience in making oomparlspnﬁ' The inter-

. pretation is -more successful by consldering other analytical

°‘finformation too, 2 d w111 follow at the end ‘of the chapter.,
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'hydrolysis has been excluded. '

64
3'?.2.2. Ligand exehange reactions of platinum_comﬁdéxes:

. ‘
’ W

As -8 consequence of observatlons during, the synthesis

!

- .and work up procedures. the react1v1ty of compounds w1th ox=-

ygen contalnlng llbands has been tested.,

The Pt-Cl and Pt-0 bands in IR spectra are the main dia-
gnostxc for structural changes. The~Pt-0 band lies in be-
tween two Strong,characterlstlc p&in bands and is absent in

structures where solvétion by oxygen containing solvents or

&

2.

Experlments seeklng to. detect ligand exchange reactlons
were cg;pled out with 20mg of the startlng materlal (Ia, IIa.
IIb, IIc) and 75ml of the solvents. In‘the case of KOH a

10% water solutlon was used. GMP Was'added in ‘excess to

purlfled IIa in a 1:1 acetone/water mxxture. Isolation of.

~ . '

". compounds proceeded by evaporatlon\of solvents until the’ ~g

first precipitate could collected. v

«

ol L ' -
The course of the reactions.was followed by the use of
» \ “ \ . .

IR-spectra: see figures 14-18.
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Discussion of .results:
. . e - . . _1 ‘ [E——
In the following section only bands between 500cm -~ and

1

200cm™ " are discussed: : , ‘

Reactions of Ia wi?h acetic acid:
\Figure 14 shows “the changes in the spectrum of Ta. A Pt-0

band at 451cm'1 appeared after 10min. The Pt-Cl bands were

broadened and shifted. The strong Pt-O‘viBration'and sev-
eral 'small Pt-Cl bands show the presence of a number of re-
action products deriving from a reaction of Ia with acetic

acid after 12 hours. S . : 3

L4

Reaction of Ia with water and hydroxide ion: *

Figure -15 shows the result of these reactions. The chloride -

1. while a weak

band weakened from the region near 320cm”
Pt-0 frequency appeared near u50cm‘1; The ‘reaction with KOH

appeared to, completely remove-tﬁe chloride. . ‘ .
3 . S s, i ‘
Reaction of‘IIé with GMP: Figure 16 shows the complete sub-

stitution of the chloride after 20min.

Reaction.qf IIa with acetone: Figure 17 ;hows soivation
product IIc with no significant changes in the IR spectra,
except a small change in the pyridoindole fingerprint re-
zion. Total removal of all’Cl in the complex IIé'a%ter a 3
weeks reaction with acetone lead -to the.complete disagppear-

.erice of the Pt-Cl bands.

-

Reaction of IIb with methanol: Figure XB shows,” that the

alcohol soluble complex IIb undergoes a change of its cis-

- \

ke . ) \ $ ' -

\




-1

band at 338-370 te Loocm™

PtCl at 460 cm

2
becomes visible supgesting solvatlon w1th mefthanol. It is”

mixture.v . o . ) c
B 7.3, Mass spectroscopy

: 5,7.3.1 Convential mass spectra: ' —

The mass spectra obtained. by Dr. 0. Mamer using a conven-
- .tional iqpisatioh source show ne Pt containiﬁg fragments.’
\ Nevertheless the results are of some use 1n postulating a
_path for ‘the'. thermal degradatlon of the complexes. This

thermal degradatlon beglns,at 37°C~injsolut;on, (the solu-

tions became broﬁp) aﬁ@ at 130°C for the solid IIa.

The figure 19 ehoys’the ion current as a function of
soﬁrce temperature/time for‘iIa and the crude mixture rezf\
,ﬁectivelyf. The mixture releases pyridoindole over a large

»~%emperature range from 50 up to 150 °c 1n vacuo with two sig-
nificant peaks. ?he compound Ila appears to decompose fair-
Ay sharply at 200°C, indicating the possible presence of a
'single major eomponent. i ‘ ‘ )

A —

s
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;Zi/’ 5; s:ij)of the‘interactlon 6f the beam of the sample. The use-‘

’

t

“ “~

¢ \ . .
73 \\
- : : . \ ) ,
~ B 7.3.2 FAB Mass spectroscopy . N ] ot
. ¢ 4 ) . ‘
Introduction A AN | e Y

1)

B A * LS
.Since i§§';ntr0duction,in 1981, fast atom bombardment
_mass 45 spectrometry (FAB) has1become widel& used soft ion-
isatiqn technlque for the investléatlon of large and/or
thermally labile compoundsr ‘The sample is bombarded with a

neutral partlcle beam and sample ions-are produced as a re-

lness of the FAB teanlque had ‘been demonstrated for: the

1onisat19n of compounds llke\peptldes. antlblotlcs etc..

/ ’ .

\whldh had .previously been 1ntractable by other forms of mass

5pectrometry. or had produced mq}ecular species of very low
abundance. or fragments only, and from whlch the moleéular

' weight had to be aieduced. - T . ",

Sy
‘

. Conventional source\mass-spectroscopy failed to produce:

Pt contalnlng fragments, thus’ 1t was felt that the Pt- pyrl-
4

d01ndole complexes were obV1ous candldates for the PAB tech—

nlque. The spectra were run u81ng the spectrometer at theL

Al

Uﬁlversity of Ottawa by Dr. Kazakof.
. \ v

} L]

The pr901seaass1gnment of peaks in the “AB mass spectra

1s made somewhat more dlf 1cult by several ractors Tirstly

‘ 4

Y A

¥t has 4 ralrli/éo;;on\fsg;opeo and Cl has 2 (table)s
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Tab. \ 7 ' ' '
) " * Isotope"é&strlbutaonz ; T N
\ . ”““’Isotope ' content (4 ~atomic mass
Pt-194 32 193.9628 B
i \‘/—/\?% 195 . 33.8 194.9648 o
- Pt-196 253 = 195.9650 (T |
: v*i’\f-198 .21 197.9675 . B
AN c\l\-ss s, 3496885 . . -
A . C1337 o 36.948 -
N, C
Secondly, a partic‘ibrxgroup o}(peaks‘may represent more .
than'one fragment t ;} Spec;flcally. Cl has mass numbers"V‘x ‘ ,.5
0 l 35 and 37 whlle a combLnatLon of two of O, . OH, and OH2 .groups
- can give mass numbers from 32 to 36. For this reasoﬁ/no
qg d%stlnctlon.between Cl and OH is made in fhe following pa-

ges. . Ions formed in the FAB source are also subject to add-

/ itional protonation or oxidation: - .o .

a) Pt~ petlp Mo et .

b) AL ——se} FtL,* - H ey P41, 2% - W S "o
. . . .

- . |
z S PtIIfL-Lr—f%vPﬁailLut ;___+?PtIVL42+

A v

. N . /
»A) Compound IIa and IIb (figure 207
3 . ' , “ , . . ’

The table below shows the composition assignment of the ace-

tone Soiuble cémpound Ila basegv%i main isotopes of Ft 195
- 7 . - /
and cl 35, and a mass oftpyr1a01n ole of 148. 'In'tgb Tol-

~

;ywlng table are: ‘g/rﬁﬁgg

--u = Cl = (o:{)2 S

o, P = Cl Q&QOH)Z = (OH)u and

W, ‘\’ ‘ l{ . | : -, \ | . , S - | " ’
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. ~ | S ,
., m/z(obsd) m/z(calcd) diff.amu &%base composition
'866.5 eer . 0.5 2.1 Ptlpyin),
AT mser +1.1 9.6 Ft(pyin)gil
o Z_ T 738 . 401 h :Pt(pyin)3(aq)é
S-oTT621.2 619 2.2 6.3 ~ Ph(pyin),P(aq)
y o 620%. -1.2 L P1:(g‘5_rin)a1\l(aq)3
T 602.0 601 -1.0 . . \4.7 | Pf%pyinlzp
) | ‘, - | <§02 ' +/-0 . ) _ Pt(pyin),N(agq),
567.0 - 566 . ' ;i..o‘ - 11."6‘, Pt(pyin)li |
| s67  +/-0 .7 . _pt(pyin),(aq),
Bus.0 | sk 42,0 . 3.4 Pt(pyin),0
,.”538.9 ' 531 401 31.6 . Pt(pyin) -
8331 433 2.1 . 10.9  Pt(pyin)P
N N 43_4 _‘ -0.9 - Pf:(pyin)h'(aq.)2
411.1 \ L1l -2.9 5.7 CFt(pyin)ii(0) .
| f‘ 413 - -1.9‘ .o Pt(pyfin\)(aq)io2
'399.1 .. 398, s1.1 k5.2 Pt(pyin)ii ' |
. 399 +O.k Pt(pyin) (aq),
. 362.9 363 . . -0.1 12.5 '-Pt(pyiﬁ) o
-357%1 . %2 b9 100 Ft(pyin)-H
7303 300 ~.“: -3.0 :! 35.6 . PthP
|
‘:i ?\f N o
4 | & ', v
- - o, A
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* 8) Compound IIc (figure 21, 22) .

b

The table below shows the tomposition assig@menﬁ of the ace;
tone insoluble compound IIc based‘oh main isdtopes:Pt 195 .
and' Cl 35 and a mass of pyridoindole'of 168.1

In the followiﬁg table are: R = prop-2H = acac-2H = acet;
L = CH2 =;nitrogéq; TEANM =-triéthanolamine; M = Cl{OH) =
'(6H)3;'n = (OH), = €1 § P = 201 = C1(OH), = w(on)

m/ﬁ(obsd) m/z(calcd) diff.amu %base composition

MW7.7 < 750 -2.3 3.48  Pt(pyin)M
732.9 - . 734‘ =141 28.08 Pt(pyin)BN“

712.6 713. =0k 6.04 Pt(Ryin)4L
69§78 699 -2.2 13.54 Pt(p§iﬂ)3
6767 680 - =3.3 27.63 Pt(pyin) ;TEAN
668.8) . 668 +0.8 ' 10.06 Pt(pyin),(TEMM-®)
659.5 = 659 - «+0.5 7.32 _Pt(pyin),RCl, .

©.633.8 635 . [ 1.2 44,73 PH(RYLR)R(Q),L
614.8 617 -2.2 14.09 Pf(pYin)zRLz' | "

- 597.9 601 | -=3.3 11.16 Pt(p&in)zac ‘ ° |
583,9 , 5éu . ' -0.1 6.#0 Pf(pyin}gwy - o
565.8 566 - -0.2 . 8.1k Pt(pyin),N
555.8 557 . =1.2 . . 9.24:’Pt(pyin)éLc
545.8 | 5&%.“ . =1.2 16.53 Pt(pyin)go .

529.8 531if : «T-1.2 . 100 Pt(pyin)2 | e
. R . . N
A\ .
L N
, LN
= . L
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Conclusions: .

\

Given the results from the elemental analy81s. it seems pro-

8N ‘ Y

bable that there are many species, espec1ally Pt(py:.n)3 and

Pt(pyln)u being formed in the source. llevertheless it is

clear that Pt-pyridoindole complexes are present to,jether ' ‘

" seem to be a35001ated with Pt(pyin), and it is probable that

with chloride.  In both complexes the largest peak cluster

this moiety at least'was present in the original compounds.

- & M r
e 0. s . . : P
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"B 7.4 NMR-spectra: .

In addifion to proton and'C13 nmr, compounds of platinum
195

. nmr studies. In actual fact
195

present the possibility of Pt
it is not possible to-obtain use&ble Pt spectra because

the compound were not sufficiently soluble. This same sol-

'ubility problem plagued attempts to obtain better proton nmr .

AY

spectra than those which are pfesented here: _
~ - . - * r

. LY
+ ~ N
? B

Resdlts:

o

1 spectrum of the crude reaction pro-

Figure 23 shows the H
ducts which were soluble in CD2C12. The only recognisable
featubes were: peaks between 1.0 and 2.0 ppm which migh; be
golvent impurities and“a signal at 5.95 ppm which could be
hydroxide bound to Pt: The Rf;95 (33.8%) should give rise
to_alsuperimposed doubiet, but this would be probably Tost

in the background. R - | -

Figure 24 is the yl spectrum of IIa in d6- acetone which
contained water (2. 53ppm) and acetone (1 66ppm)‘ This .sol-

ution was heated to 35 C, which produced a change of coldur

from yellow to brown (IIIa): . .

<

Figure 25 shows the HaﬂspectrUm bf this so;ution.with a add-

1.40ppm, & reduced, shifted and broadened peak at 2.75ppm and

an additional broad peak at 1.82 ppm. SN

A}

_Litional peak at 5.68ppm which could'be‘OH. a shifted peak ‘at

Figure 26 is the H1 spectrum of the solvatlon product of IIa‘

with acetic acld in d6-acetone with a peak at 5. 71ppm. This

3
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B 7.5. UV-spectroscopyx ' \ -
3. \,
‘ ThlS te&hnlque was not llkely to- prov1§e much infor¢a-° '
tion beyond an ;ndlcatlon that reaction had\occured. ' tj

1 ,/ . ¢ M ) -m)
A reactlon of pyln with tertachlorOplatlnate and the hy- -

drolygﬁg of the reaction pxoducts 1s shown in the first three .
spectra (fﬁgure 27-28): ~ _ *
The first shows a solutlon of pyin in acetone/wat%r (1:1).

.The second 1s an acetone/water ¢111) extract -of a reaction -

%

*mlxtupg after 12h. The reactlon mixture was fhen stlrred .

-

Its acetone/water extract is recorded

. Max in nm: . //”\——*'
> ¢ ' . .
3 Iy

Pyin , ‘ - 215, 351,336 . " .

FtC1, %" + pyin. . 208, 316

hydrolysis or solvagion 214,324, 420 - '

The pyln feature is changed after a reactlon with PtClu ,
the hydroly31s or solvatlon resulted 1n,broaden1nr of the’

pyln peak with appearence of an additional peak at 420 nm.
r . ) + 2]
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Figure 29 shows the results of reacting IIa with GMP:
- Ila was mixed with GMP in exces% in an acétone/hater
'I\l

(1:1) mixture and a spectrum was recorded 1mmed1ately. ‘The

second - spectrum was recﬁiged after 20 mln.

’Results c : Ny L *

B} ;_qMP ‘ 216, 267 : )
GMP + IIa, t= 0 min 216, 260 . ¢~
Q@IP -+ II;. te 25 min. \ 218, 264 o

o~ * i \ =
The very strong peak at 216 is reduced conSiderably, sugges- -

ting a reaction with IIa, .which is confirmed alse in an IR-

spectra see (figure 16). , C
, 1 . . .' . ,ﬁ
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"~ _B 7.6-Pt(IV) - Chemistry

92 .

- -

During tihe search for single c;ystalé. sui table for a
crystal structure analysis, Pt(IV) compounds also were ¥n-

cluded in the:synthesis'attempts.

The, .substance (IIc) was dissolved in fresh ,prepared aqua

regia C; addiné HC1 and HNO3 to the flask (3:1 ratio). The -
‘.\ e

" solution turns brown and-hot with NO, gas evolution. After

- . I
12 hours a yellow solution can be filtered from a precipita-

.te. .Slow evaporation of the filtrate by exposure to air in -

the fumehoodffor 3 weeks resglted in triclinic single cry-
stals. Unforfunately.'yhe diffraction of X-rays was to weak

to allow a crystal stfﬁbture analysis.

The mdss spectra, prepared by fast atom bomﬁaredment of

o .a glycerolycrown ether solution, gave the highest mgss'clus-’

ters'at m/z 621 §uggesting Pt(ClIHBNé)C13SN03)(glyc) as a
possible parent ion. The most plausible precursor of this
ion is: Pt(011H8N2)013(N03)L. where L could be Cl, rio;3 etc.
The most likely ligand to be cleaved by the potential li-
gand glycerol is ‘the Cl, suggesting'[Pt(CllﬂaNz)CluNOB]' as

the original ion..

2

[}

The foilowing table shows the assisnment of the mass

p—

' spectrum (Tfigure 30) of tht single crystal based on main i-"

sotopeé of Et 195 and C1 35 and a mass of organic ligand

(org.) of 168. . -

Abbreviations'ﬁsedz nitr = NOB; glyc = glyckrol; aq =

/’

“
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‘B“8 Interpretation of results: _ '

.95 | -

4

The course of the reaction of PtCluzt with pyridoindole

-

and ‘the exéct nature of the products' is rather uncertain.

Nevef¥heless.‘¥hg data that hdve béenhobtaineq are amena- -

'is the leav1ng group of preference

'[PtCl L] —3 PtCl oL(OH, )——) [Pt01L(0H2)2] —)[PtL(OH )3] 2+

ble to some degree of speculative,énaiysis:
B 8.1. Reaction system
o

The follgﬁing scheme shéws a rather complete set of re-

-

action p0831b111t1es. It is assumed t

]

chloride ion

leu ' no\aqﬁat-ionu'5

“L/w‘/ S

PYCL,L, ~—» [PC1L,(0H,)] *— [PtL {oH,), ]

S N

[PtClL ] -ﬂ [PtL,(oH, )] CL

. . .
0, 4 v, [ . F2) .
4 . -
l ) « \ * ’
. -
' L
» .
’ 0

[Ptv ]2+ S
IV
[PtL(c{HZ) ]2+ ________; [PtII(OH ) ]2+ —> Pt o2 210 +
4 H + Pt+/' .
. -
_ N
N ‘ ‘ 1 -
l :" .
r! @
[ 4 B
S | - .

)

X
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B“323~Complete list of possible.products¥

-~
‘

The followxnb table shows t&e type of monoﬂ/rlc‘com-
plexes which might in prlnc1p1e be obtalned ifsother sol-

vents are’ elso included as potential ligands:

a) Pt(pyin) €l €18  Cls, S, ;
b) Pt(pyin), Cl,  CIS S,
c) Ift'(pyin)3 Ccl S

.d) Pt(Pyin)u

s o

S: OHBﬂ; OH,, OH:K MeoH, EtoH, Prop, But, glycerol,  TEAM,

'NOZ

acetoqe;.CHjaOH. CH 3

3cooT. ox, mal, GMP, NO. ,

[y

In addition it ie'necéésafy to include in the consi-

' ) " deration of reactions or schemes of products the following:

T | N 5 . |

Positive co‘nterlons: x* ) H30 y Hy pylnH ' T

~ r

‘ Negatlve counterions: R = OH .'ohBCOO , n03-. ox, mal
Platlnum IV: PtI L6 with L~ S, Cl, pyin

3 D;. oligo, and polymeric complexes of the formuld™

B 8.§,.Elimination of poséibilities; ,

/ i

All {he analytlcal techn;ques prove- the presena@ oP Ft-pyin -

-

- ‘ K complexes: There are flve different thes poss}b Pt(II)

\

(pylﬁ)1 y, and Ft{IV). The platinum IV complexes are unlikely

[~ ad
[

as. products because reactlon condltlons in the bas Tre

U$)

' ation experlnent .do not support/ox1datlon. (Oxldatlon was

Gbserved in reactlons with aqua regia ‘and Oap ' Therefore

P I . :
~ . : . , J
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" ned.'épproximately L

_Pt(py;n);\aérivétiveSg,see Tigure'Blg

o ’ . ' -J
97

o s

-
2

oxidation steps are excluded from the basic reaction scheme.
The mass spectra give nO'evidencq:for dimeric or olizomerie
species. In all dases where elemerrtal analyses were obtai- .

ligands g}r platinua are present. In
A .
addition, the steric bulk of-pyridoindole .;roups would seem

( N i . 2 .
to discourage condensation of oligomers. ‘'The basic reac~ -~

v ’
-~

&

tion scheme therefore also -excludes such species.

/é

vThe existhn%e.of;a Pt(pyin)u'fraément can be ﬁgtected s
in‘thé*hass spectra of the acetone,so;uﬁle fraction Ila aé'
the ﬁighest peak.itﬁe existance of §/Pt(pyin)3 can be de;

ﬂtected‘in’the mass ;pectra of the a;etone insolﬁbie fraction
where it is the highest peak..'Hdwever. the peaks -are very
émall and and the elemental analysis excludes significant.

: quantijiés of such species, they may be impurifies of formed
in the.sdufée. Therefore substitution beyond PﬁLZAis.conJ'
sidered minimal in the ‘basic reaction scheme. |

e

’

/ The,remai?iqg possibiiitiés are now P%épyin) and



&

4+

Figure 31

<

%
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,ﬁ,,Accordiﬁg to thin layer Ehroﬁh?ography. L complexes are

the result from the reactions between tetrachloroplatinate, *

' pyin and'watérh ﬂk the initial prdﬁﬁét mixture, and three '

. i
different materials can be isolated after work up: Ia, Ila,
& , ®» : .
IIb. Lo . ‘
‘ - { § \; -~ ’

: ' I A .
B 8.4, Characterisation of products: Summary

-

The most useful starting point for the characterisation of
i) \ * .
those reaction products that have been isolated is the IR
. v 1 . *
\ 1

e—

‘.spectra: : , ) L e

»

a) Typiéal known features: ‘
i) PtCluz-x ThlS has a strong narrow band at 319cm 1
Xt
attributed to- the Pt-Cl stretchlng modes (see Tigure 12).

ii) rcis- PtClzL2 with L= amlnes The ‘Ft-C1l stretcﬁga

. !\ -
.modes occur at 345cm?  and 327cm (L), o CL

' iii) trans—PtClzlz. The. Ft-Cl stretchihg modes are as-

SLgned at ‘34Gem? (36) | ' e oo ;

iv)‘ Pt-0: The Pt-O stretchlng mode is a381 ned at 450,
m' @2 ,
b) Compound Ia. 3By comparison with typical known species

the éingle,gtrong narrow band at 310cm'1 is probablj a Pt-,l
st§etching frequency. "Its resenblance to the barnd ’ouwd i

}tciuz', combined with the fact that Ia does cantain pyin

(elemental analysis, IR fingerprint region of pyin), and

s , L
does not show a band for Ft+0, :leads to the cogclus;on trat
most reasonable Pt coordination would be:

[Pt(pyin)cia]‘u



;

. //i

s“-"‘/

]

‘o

Further evidence: '

The compaund IIa: It has a single strong band at 312cm
B * , ' .

" L o r kR o L d PO .
'] ¢ o St A <)
/ P & @

Y& A w0 - o
> R h ‘ .
Further ext:ence:’ , S TN e . R .
v .-
Nitrogen containing compounds easily replace chloPide

"in platinum(II)&&ompounds succe351vely and a Pt(pyLn) lé
wo%}d be the flrst produc} of the'reactxon. Substance Ia is -
indeed the 1n1t1al product. ' ’ A

The elemental analy81s of the complex had a Pt:Cl ratio
of 2.6, but poor analysis results are not uncommon in Ft-
complex chem;stry. Its conyerglon to dichloro and chlgro/
oiygen derivatives was obseryed durfkg ligand xchange re-
actions with pyridoindole‘ano.water,by IR, UV ahd during TLC

runs. '

L)

Compound IIb: By comparlson with typical known spec1es the

’ broad doublet ét 370 and 338cm pfobably corresponds to the
/‘\ ‘ .

4

cis-Pt- 012 stretchlng modes. Its resamblance to the bands

Tound in cis-PtCl (NHB)Z 46
—

since the compound contains pyin (mass-spectra, IR-spectra) -
w-

leads to the conclusion that,

and, had no Pt-0 -bond (IR ev1dence). the most reasonable Pt-

coordination of I gbms to be: b
. ‘J *
. * cig-PtC¥(pyin), -

- S
2

A mass spectrum of the acetone soluble fraction which
J .

contained IIb had peaks which can only be assigned to the

- .
formula above. The compound hydrolyses to complex IIa. '
- ‘ 6o . o < . -

-1
. -
which is probably a Ft-Cl stretching frequency. '3y compar-
' | -1

ison With similar spec}es the single weax band at 460cm. ~ is,

» - / . ’
priobably a Ft-0 stretching Irequency uz.i‘k1the basis of *

-*
a

':' ‘; ' . . ) ‘ EX

-~
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4

\C ‘
the pyin fingerprint region, with the increased intensity in

. L;b by comparison’ to the 1nten51ty in Ia, the Pt(pyin), fea-

tures in the mass spectra and the presence of chlorlde. the

most reasonable Pt-coordination of Ila seems to be:

S [PtC1(pyin) ,(OH,)] *

ﬁ?ﬁrther evidence:

N

\~

The formatlon time of ITa exceeded Zdays. hydrolysid is

also suggested by UV. and NMR. , The mass spectrum shows

. fragments which’ can only be assigned to an [PtCl(pyin)z(Oﬂz)L
' A ‘ . R

A [?fClz(pyin)(OHz)] hydregen Bbpded to a second pyri-
doindole ‘would give the same results. A graph of the total
ion current agalnst temperature. ‘of the’ reaction mixture

'compared to that for isplated IIa excludeséﬁhls possibility.

mh¥ elemental analy81s of IIay recrystallised from hot
wa er/halonlc a01d (during an attempted llgand substltution

actlon) Fave a flnal proof‘for the 6331gned c0pp051tlon.
- ¥ ~

. " N\

\

-,
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B 9 Experiments with additional ligands and countsrioms:‘w"'

nxperiment I

500 mg K PtClu was reacted w1th oxalate and pyr1d01ndole in
a 1:12:2 molar ratio over a perlod of three days in 50 ml XOH
/watér (10%). Addltlonal stlrrlng for 12h at pH 2 produced
several- compounds: a black resxdue. metall;o platinum, -3
water‘soluble and 2 water insoluble yellow compounos. Er-

. traction of the: water imsoluble precipitate with acetone~
provided a residue. whlch was anaiysed by - IR (pyln. no Pt-
Cl) and thin layer chromatography (one” spot). An elemental

analysis suggests: o B ‘
.Hé[Pt(p&im)z-_(ox)z].ZHéO C S

Found: Pt 24,87% C 42.35% H 3.36% N 8.2i% '
'Calc.: 26,03% b1.65% 2,935 7.47%

ATf @ | 1.16%  0.69% . 0.42%  0.76%

-

Zxperiment II.

L

The reaction of . potassium tetrachloroolatinate‘ 1th potas-

’

.sium oxalate provided fotassium dioxalatoplatinate 47. BObmg
K Pt(ox)2 were reacted with 112mg pyln in a i:l molar ratlo
at 100°C for 8h in’50mI water/butanol (1:1 ratis). | After
removal of solvents a bright, yellow product was obtained

’ fand purlfleq with water, aoetome and methanol. The ;? £;2~
tra gare oniy the fingérprinf reéioh*of pyin. 7As elemenfa}-
. analysxs suggests a ¥ Pt(pyln)(ox) l - '
* Found: Ft 31,255 'C 29.28% H 1.56% b8

Cale.i”  31.50%  29.07%  1.29% b5

:,a;rf.:‘ 10.25%  (0:21% .70.27% 0.065%

n S e me e = -
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H

.treatmént'witﬁ acetone, The IR spectra'showsrpyig and no’

103 C Co

Experiment IIT:
The reaction of experiment ii'witp a molar ratio of 1:2 for
. i

. pyin and a reaction period of 7 days resulted.in a pale yel-

low solid with the pyin fingerprint-region inthe IR Spectra.
An elemental analy31s suggests a K Pt(pym’)(ox)2 2ii,0

‘2 ‘

: Foundz Pt 29.96% C 28. 26% H 1. 72 N 4.1k | N
Calc.: 29.814% 27.51% ‘1.53%f L,28%
diff.: ° 0.15% °  0.75% 0.19% ° 0.1bs

Zxperiment IV:

500 mg of potassium te?tachloroplatinate were converted into

" its dlchlorodlnltrlto equlvalenf with KNOZ. Two hundred of

the green complex was reacted with excess pyin: 500 mg (in

20 for 12h at 100 C) 'Besides unreacted starting materlal a

.green 1nsoluble SOlld appeared. which could be separated

from the water solution. In the cold.mother llquor a preci- o a:-
pitat%on of oréapic ligand after 2kh indicated labilify of -~ . ®

pyin, The green insoluble solid was washed by prolonged

Pt-Cl. An elemental analy81s suggests ax T SN
[?t pyln)(Noz)(acetone) ]1\0a | : | ‘
Found: Ft’35.03% C'34.09p .H 3.50%. N 10.795

Cale.i 31557 35725 2.3% . 9.87. - -ngn.i' .

diffir  0.87%  1.63% . 1.270 -0.985



e
R

04 - | - |
Experiment V _ C _ | |
The‘reaction oi: potassium te:t!:rac;lo\rbplatinate ‘with si‘lver'
nitrate pfo‘duced é.,water insolublg Pink precipitate of
Agz.[Pth'}ﬁ’ which was eas’f to purify. 2.8 g/Agz [litClu]

was reacted with .854 g'pyii;r in 50 ml chloroform. A colour

change from pink to yellov;' appeared after twelve hours. ‘I}he_

" separation of AgCl from the product requires the use of

z ‘ : _ &
water. The IR spectra shows:a single Pt-Cl bond and .the

~ 'Pyin fingerf)rint region. An eleméntai analysis sugg,e"s’ts;.az

[Pt‘(pyiln)ZC]TZ].ZHZO .
Found: Pt 30.30% C 40.44% H 2.65% N 8.43%
Cale.s  30.50%  41.30%  3.10%4  8.77%

.diff.:  0.20% 0.85% . 0.45%  0.34%'



10
Summary P ®

The fo}lowingfcomplexes'were identified fairly well during

the synthesis work:

[}t(py1n)2ul(oH Je1 (IIa) - e , n

'th(pyln)ZCIZ (W1th 2H,0 as trans, or w1th pyln as ClS)

Ed

]

H

2[Pt(pyln) (ox),].2H,0 K . o
KZPt(pyln)(ox) (w1th and w1thout water)

/ IPt(pyin)z(OH{ ] 2H20 o .

Only Ila, administered orally in aqueous acetic acid or al-
is likely to'be an anti-tﬁdor drug;' The partiai sol-

ubillty 'n water would prevent the complex or its "degrada-

~tioh" p oducts from enterlng the blood. stream. and a further

sourcé of toxlclty woulq be prohlblted, ‘The other‘complexss

are t e instable-or too insolublsg;

i

.
€ . *
. . . . . -
v v . - . -
N N N 1 . ’
. . : [} > ' ’
’ N . R ’ .
: . N ' .
. A H r . ’ .
. . .
.
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