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Abstrnt1 

Cis-Pt(NH3hCI2 is now weIl established as an antitumor drug. There are still 

difficulties in its widespread administration, however, because of its numerous side 

effects and toxicity. Replacement of the NH3 groups by amines more compatible to the 

human system might po~sibly be a way of surmounting these problems. One such amine 

is l-adamantanamine which has been demonstrated to exibit both anthiral and anticancer 

activity. 

New platinum(II) complexes of the type [Pt(A')C13]-, Pt(A)(A')Ch and 

Pt(A)(A')I2, where A = methylamine, ethylamine. cyclobutylamine and cydopentylamine 

and A' = l-adamantanamine, 2-adamantanamine and I-methyladamantanamme have been 

synthesized. The structure of f2-adalnH][Pt(EtNH2)C131 complex has beel\\,deterrnined 

by X-ray diffraction. 

The synthesis of platinum(II) complexes containing the dimethylfonnamide 

ligand (DMF) was undertaken to study the reactivity of DMF with chloro-bridged dimers 

and trimers. When platinum complexes of the type (Pt(A)C13]- were stirred in perchloric 

acid. oligomeric species were formed which can be cleaved by a-donor ligands such as 

DMF, water or acetone. A series of complexes of the type [Pt(A)CI2ln and 

[Pt(A)(DMF)CI2], where A = methylamine, ethylamine, cyclobutylamine, 

cyclopentylamine, dimethylamine and DMF has been synthesized. The crystal structure 

of a cyclic trimer, cyclo-tri-Il-chloro-tri-[chloro(dimethylamine)platinum(II)] was 

determined. Ail the compounds have been characterized by infrared and Raman 

spectroscopy, by 195Pt_ and IH-NMR spectroscopy (when soluble) and occasionally by 

X-ray diffraction when suitable crystals could be obtained. 
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Résumé 

Cis-Pt(NH3hCI2 est actuellement le médicament te plus lItilil-c en 

chimiothérapie. Cependant. s.:>n administration à grande échelle est limitée par ~e~ 

nombreux effets secondaires et par sa toxicité. Le remplacement des groupeme:lIS Nil ~ 

par des amines plus compatibles avec le corps humain pourrait être un moyen de 

surmonter ces problèmes. Une de ces .. mines est l'adamantanamine-l, qui possède lIll 

activité antivirale en plus d'une activité antitumorrue. 

De nouveaux complexes de platine du type ~Pt(A')CI31-, Pt(A)(A')Cl~ ct 

Pt(A)(A')h, où A = méthylamine, éthylamine, cyc10butylamine et cyclopentylaminc l't A' 

= l-adamantanamine, 2-adamantanamine et I-méthyladamantanamine ont été synthétisé'i. 

La majorité de ces complexes n'a pas encore été rapportée dans la littérature. La stnlcturc 

du complexe 2-adarnH{Pt(EtNH2)CI31 a été déterminée par diffraction des rayons-X. 

La synthèse de complexes de platine avec le ligand diméthylfollllamidc (DMF) a 

été entreprise en vue d'étudier la réaction du diméthylformamide avec les dimères DlI 

trimères à ponts chlorés. Lorsque les complexes de platine du type (Pt(A)Ci3I- sont Illb 

en présence d'acide perchlorique, ils forment des oligomères qui peuvent s'ouvrir en 

présence d'un ligand oxygéné, telle DMF, l'eau ou l'acétone. Une série de complexes du 

type {Pt(A)CI2]n et [Pt(A)(DMF)CI21. où A = méthylaminc, éthylamine. 

cyclobutylamine, cyclopentylamine et diméthylamine a été synthétisée. La diffraction des 

rayons-X a mis en évidence une espèce trimère à ponts chlorés avec la diméthylaminc. 

Tous les produits ont été caractérisés par spectroscopie infrarouge et Raman, par 

résonance magnétique nucléaire du 195Pt et IH (lorsque soluhle:s) et de temps en temps 

par diffraction des rayons-X lorsque des cristaux adéquats ont pu être obtenus. 
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I,l PJatiouID Chcmistry 

Platinum is a noble metai which exists naturally in association with small tracc~ 

of iridium, osmium, palladium, rhodium and ruthenium. This mctal has numCl'OlIS 

applications, e.g., in catalysis, jewellery and cancer chemotherapy. Its ground statc 

electronic structure is [Xe]4f145d96s1. Although platinum exibits oxidation states rangll\g 

from 0 to 6, the clivaIent state is the most common in aqueous systems. Platinum(ll) lias 

the electronic configuration [Xe]4f145d8. The most common type of complex involving li 

d8 configuration has coordination number 4 with square-planar geometry resulting in low­

spin diamagnetic complexes. In terrn of crystal field theory, the d8 clectrons occllpy the 

low-energy dyz, dxz, dz2 and dxy orbitais white the high-energy d ... )-y2 orbital relllains 

unoccupied (1, 2). The crystal field stabilization energy is thus normally high, as shown 

by examination of the relative energies of the d orbitaIs in different coordination 

environments given in Figure 1 (2). 

Square-planar platinum(II) complexes are relatively kinetically inert and they 

form stable compounds with both (J- and 1t-electron donating ligands. The ligands arc 

generally anionic or neutrai and the relative affinity of ligands for Pt(lI) follows the trend 

CN- > NH3:::: RNH2:; OH- > 1- > SCN- > Br~ >CI- » F- :; H20 ::;: MeOI!. 

Platinum(II) shows a preference for nitrogen (in amines and N02-), halides. cyan ide and 

heavy donor atolIls (e.g., P, As, S, Se) and relatively low affïnity for fluoride and 

oxygen donating ligands unless it is deprotonated as in the carboxylate aniun. 

Ammonium or alkali metal (Na or K) salts of the halide anions (PtX4J2- are common 

starting materials for the synthesis of Pt(lI) complexes. The red IPtCI4J2- ion is made by 

reduction of [PtCI6]4- with oxalic acid (J). 

.., 
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Fi&llfe 1. Relative energies of the d orbitaIs in differer t coordination environments 

(adapted from ref. 2). 
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1,2 Antitumor Properties ofPlatinum Complexes 

The antitumor activity of platinum(II) complexes was ùiscovcrcd al'cidcntally hy 

Rosenberg and his collaborators over 20 years ago (3,4). Since that time, efforts arc 

being made by many research groups to understand the inorganic and biologieal 

properties of platinum complexes that exibit antitumor properties. 

Antitumor activity usually requires neutral square-pl anar platinum complexes 

with two leaving groups in a cis configuration, PtA2X2, where A is NB3 or an aminc 

ligand. Even though both cis and trans isomers inhibit replication, very few casc of 

activity in a trans compound has been reported (5, 6). The leaving ability of the X ligands 

is important and two main classes have been found successful: monodentate anionic 

ligands, mainly CI- , also Br- to a Iesser extent and bidentate carboxylate ligands (c.g., 

oxalate, malonate). As an example, the l, l-cyclobutanedicarboxylato analogue, 

Pt(CBDCA)(NH3h shows a similar activity to "cisplatin" (% TIC = 205 ) but has li better 

solubility (17 mg/ml compared to 1 mg/ml for cisp/atin) and a lower toxicity (LOso = 130 

mg/kg compared to 13 mg/kg for cisplatin) (7, 8). The % TIC is the mean survival lime 

of treated mice over the mean survival time of untreated mice (significant when ~ 150 %) 

(9, 10). The ll.!thal dose, LOso , is the dose requircd to kil! 50% of the animal population. 

The geometry of the amine ligands (A) is also important in the antÎtumor 

property. Lower alkyl substitution of the H atoms in NH3 seems to diminish activity 

against the tumour, while heterocyclic and alicyclic amines show an increase in the 

activity, mostly due to Iowered toxicities. The toxicity of the ammine complexes is 

thought to be due to an increase in hydrogen bonding with the ONA (10· 12). 

The complex actually used in chemotherapy is cisplatin, cis-Pt(NH3hCJ2. It is 

active against two major types of malignant tumors: solid tumors (e.g., solid Sarcoma 



(~ 

( 

180) and disseminated tumors (e.g., leukemia L1210). Comparison \Vith other 

cstabIishcd and clinically-used drugs shows that cisplatin has a wider spectrum of activity 

than adriamicin or 5-fluorouracil (10). When these molecules are used in combination 

with cisp/atin, a marked synergy is shown. 

Platinum complexes of the type cis-Pt(AhC12 can react with other ligands 

according to a bimolecular SN2 substitution mechanism that follows a two-path 

mechanism in aqueous solution (11). The upper-half pathway involves the replacement 

of the X group by a solvent f.lOlecule (water) generating a solvated intennediate with 

trigonal bipyramidal geometry. The solvent molecule is then replaced by the incoming 

group Y. This process is entirely stereospecific: cis and trans staning materials le ad, 

respectively, to cis and trans products. 

A A A 
1 1 X 1 

A- M-X ~A-M-::::' ~ A- I\1 -S 
1 ~ 1 s +X J 

X X X 

-Y II + Y(fast) 

A 
1 .",-S 

A- Pt 
1 .............. Y 
X 

-y 
-s JI +s 

A A 
1 .--X 1 

A-M -X :la A-M-Y 
l "'y < +X 1 

X X 

where S = solvent. Y = entering ligand and X = leaving group 
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An alternative route, the lower-half pathway, involves the direct replacement of the 

leaving group by the nucleophile Y without participation of the solvent. 

The most important factors that can influence the substitution reaclÎons in 

platinum(II) complexes are the type of entering and leaving groups, the solvent cffcrts 

and the trans and cis effects. The kinetic trans or cis effeet differs from the 

thennodynarnic trans and cis influence (1) which is the tendency of il ligand to weakcn the 

bond trans or cis to itself in the metal complex. It reflects the ground state of a complcx. 

The trans and cis effects involve a reaction transition state or intermediate, assumed to 

have a trigonal bipyrarnidal structure. The trans influence detennines which ligand is less 

strongly bonded while the trans effect determines how quickly the designated ligand will 

depart. The order of trans Iabilizing ability is H20, OH-, NH3, amine, py < Cl-, Br- < 

SCN-, 1-, N02-, C6HS- < SC(NH2h, CH3- < H-, PR3 < C2H4, CN-, CO (1). 

ln aqueous solution, Pt(NH3hCI2 complexes undergo hydrolysis to form a 

variety of hydrolyzed species. Both cis and trans isomers, in aqueous solution, exchange 

only two of their ligands, the chloride ions, for incoming groups such as B20, 011-, 

RNH2, RS- or RSCH3, which are abundant in a biological milieu (13). Aside from the 

fonnation of these hydrolyzed species, hydroxo-bridged oligomers are also formcd at 

neutral pH when the chloride concentration is low and contributes to increase the toxicity 

of these species. 

Patients are treated with intravenous injection of cisplatin. In the plasma, the 

neutraI, dichloro form is maintained because the concentration of the chloride ions Î" 

sufficiently high enough (:::: 104 mM). After passive diffusion across the lipid membrane, 

the concentration of the chloride ion decreases sharply (to :::: 4 mM) and promotes the 

hydrolysis of the labile chloride ligands (l3). In aqueous solution, the following two 

equilibria are set up: 



( 

( 

( 

[Pt(NH3hCI(H20 ) ]+ 

[Pt(NH3h(H20 h]2+ 

Aqua species, such as [Pt(NH3h(H20h]2+ , can undergo 10ss of protons to fonn the 

monoaquamonohydroxo and dihydroxo species. 

~
NH3 /",OHj2+ 

" Pt 
/'" ......... 

NH3 OH 

Ka! ~ ~~ Pt /' OH~+ 
-H+ ~3 'OHJ 

NH3 OH 
K '-pi ___ ~a"",2~) /"' ........ 

-H+ NH3 OH 

pKal= 5,51 pKa2 = 7,37 

Thus, at physiologie pH, the active species is the monoaquamonohydroxo compound. 

These aquated species can subsequently react with a variety of intracellular components, 

including DNA. At this pH, hydroxo-bridged oligomers are also formed rapidly and 

these have been shown to be toxie. 

The possible modes of binding by common drugs and metal complexes to DNA 

are intercalation, outer-sphere binding, inner-sphere binding and strand breakage (10). 

Platinum(II) complexes prefer inner-sphere binding and Figure 2 shows three possible 

models of the interaction between DNA and platinum complexes. 

Cisp/atin might inhibit DNA replication by chelation at N7-06 site of guanine 

(Figure 2a), by formation of interstrand crosslink between adenine units (Figure 2b) or by 

formation of intrastrand crosslinks with two adjacent guanine bases (Figure 2c). Models 

a and b are not good models. It is beheved now that the activity of cisplatin is due to the 

adducts fonned by intrastrand crosslink with two guanosine nucleosides on the same 

strand (model c) which cannot be fonned by the trans isomer due to stereochemical 

reasons (15, 16). This kind of binding seems to explain the difference between the 
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activity of the cis and trans isomers of Pt(NH3hCh. The local disruption causc:d by 

cisplatin îs lethal for the ceU because it inhibits replication and eludes the rcpair C\17.ynK'S 

especially in cancer ceUs where the repaîr mechanism is repressed. The tralls iSOll1l'r. 

binding to purines (guanine and adenine) separated by one or two other bases, docs Ilnt 

cause DNA to bend by 30-40° as does cisplatin. The înaetivity of the trans isomef is 

explained by the faet that the lesions eaused by the trans complex are more readily 

repaired than those caused by cisplatin (17). 

(a) (b) 

Fi~ure 2. Possible models for the interaction of cisplatin with DNA (adapte.d from refs. 

13, 14). 



Platinum complexes are not selective. They react with normal cells as well as 

tumor cells, but the DNA repair mechanism is different in the two cases. In normal ceUs, 

the DNA repair mechanism is rapid enough and cisplatin lesions are repaired before 

replication, while in cancer ceUs, where there is a deficiency in this repair process, the 

lesions are not repaired before replication and this leads to the death of the cells. But, 

becHuse platinum complexes are not selective, the y cause seriC'us side-effeets. 

The most severe side-effect is due to damage to the kidney function, in particular 

to the proximal convoluted tubules. This damage causes a decrease in the filtering 

capacity of the kidney, thus an elevation of the blood-urea nitrogen and a decrease in the 

creatinine clearance. To limit the toxie effects of the metal in ~he kidney, the patients are 

treated at weekly intervals and/or with low doses in combination with other drugs more 

compatible with the body system. Other agents, aIl sulfur nueleophiles, such as sulfiram 

or thiourea, are also used in spite of the fact that they often reduce the activity of cisplatin. 

These compounds inhibit cisplatin nephrotoxicity probably because they react as 

competitive agents with the renal SH groups (0). Another way is to force or induce 

diuresis; the anticancer activity of platinum compounds does not decrease but the kidney 

toxicity is decreased. White doses around 50 mg/m-2 (dosage given as milligram per 

square meter surface area) are significantly toxic in normal conditions, with these 

techniques, doses around 120 mg/m-2 can he given. 

Since the action of Clsplarin is due to inhibition of DNA synthesis, tissues with a 

high rate of cellular proliferation like hair follicules ar~ also affected (10). Nausea and 

vomiting are also severe, thus antiemetic drugs are used in treatment (11). 
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}.3 Complexes "jtb Adamantan3mine Derirutiyes 

The studies with aminoadamantane den vat ives are interesting for severa1 

reasons. The first reason is that adamantane itself and its denvatlves have attracted sorne 

attention due to their globular structure and the possibility for them to fonn plastic 

crystalline phases (18-20). The second is the faet that homoconjugated [NHN]+ cations 

in salts of 2: 1 ratio, present an interesting type of strong hydrogen bonding (21, 22). The 

third one, which we are interested in, is their biological acrivlty. 

l-Adamantanamine is a stable, colorless, crystalline amine with a symmetrical 

cage structure. 2-Adamantanamine is a simllar amme which is commereially available as 

its hydrochloride salt. I-Methyladamantanamine IS a colorless hquid. 

l-adamantanamine 2-adamantanamine l-methyladamantanamine 

The direct inactivation of virus is not a major factor in the activity of the 

adamantane compounds in tissue culture (23). l-Adamantanamine and 2-adaman­

tanamine have been reponed to inhibit the multiplication of cenain strains of influenza 

virus by slowing or blocking the penetration of virus into the ho st cells (24). Studies by 

electron microscopy show that intact influenza particles are taken into the cells by 

phagocytosis. This engulfment process is prevented by Nli4Cl and various amines. The 

fact that this effect can he elirninated by a simple washing of the cells suggests that the 

compounds may interfere with the penetration process by causing ionie changes at the ceU 

surface. In the presence of one of the: compounds, the viruses do not penetrate the cell 

and thus remain susceptible to inactivation by antibodies (23). The failure of the agents to 
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block a virus of influenza type B, indicates that viruses of type A and B rnay penetrate the 

cells at different sites or differ in their tolerance of changes in ionic conditions (24). It 

seems that the pKa of the nitrogen atorn rather than its lipophilicity, is the rnajor factor in 

the antiviral activity of this class of cornpounds. 

Metal ions are irnportant in rnany biological processes and, depending on their 

concentration, rnay either con tri bute towards the heaIth of the organism or cause toxicity 

(25). Many research groups (25-28) have investigated the effects ofmetaI complexes of 

several amines structurally related to l-adamantanamine on virus replication. They found 

a considerable increase in antiviral activity when the metaI complexes, rather than the 

uncomplexed ligands, were used. This situation may he due to enhanced lipid solubility 

of the metal cornplexes. 

In addition of virucidal profJerties, the a'1titumor activities of adamantanamine 

derivatives have been determined by Ho, Hakala and Zakrsewski (29). Since 1-

adamantanamine is also reported to have antitumor activity by itself against 

angiocarcinoma and pancreatic carcinoma (30), il would he interesung to examine the 

addition of adamantanamino ligands, which are polycyclic molecules, to platinum(II) to 

see if the antitumoral activity could be enhanced. 

Platinum(II) cornplexes containing 1,2-diaminoadamantane (lf the general 

formula R2Pt(1 ,2-diamin030amanrane) where R= halides, N03-, OH-, S042- have been 

synthesized by Shionogi and Co. i..td (31). These compounds exibit antitumor activity, 

but have no antiviral properties. The complex 1,2-diarninoadamantane(dichloro)­

platinum(II), is actually used in Japan for treatment of human cancers as is cisplatin (31). 
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Other complexes Pt( l-udam)2Cl2 und Pt(2-adamhCI2 have becn synthcsizcd by 

Braddock et al. (32) and they show no untitumor l\l;tivily. According to thesc al1thors. the 

lack of anticancer properties is probubly due ta their low solubility but. as will be 

discussed later, we have sorne doubt abolit theL" method of synthesis. 

J.4 Geometrjcallsomerism in Platinum CODlple'Sl'S 

Neutral square-planar complexes of the general fom1Ula MA2X2 whcre A is an 

amine and X is a halide, exhibit cis-crans isomerism and these isomcrs C'\Il be 

differentiated by the presence of a dipole moment (J.1D) in the cis isomer but none in the 

trans isomer (33). 

J!D = () 

Another way ta distinguish cis and trans isomer in platinum complexes PtA2X2 

is the Kumakov test (33). The addition of thiourea (tu) ta the cis complex results in 

complete replacement of the X ligands according ta the following rt:uction: 

tu 
cis-Pt(A)2X2 ----> 

whereas for the trans isomer, the replacement stops after the two halide ions have been 

replaced since the trans amine ligands does not labilize eaeh other: 

tu 

trans-Pt(AhX2 ----> [Pt(Ah(tuhI2+ 

12 
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l,S Objectives orthe Thesis Project 

The main objective of the thesis was the synthesis of new platinum(II) 

complexes with adamantanamine derivatives. The characterization of these complexes 

was achieved by infrared and Raman spectroscopy, multinuclear NMR spectroscopy and 

X-Ray diffraction when suitable crystals were obtained. The different experimental 

methods are discussed in Chapter II. 

Chapter III deals with the synthesis and characterization of the starting materials 

[Pt(A)C13]" and [Pt(udam)CI3]". 

Chapter IV presents the synthesis of the mixed-amine compounds of the type 

Pt(A)(adam)X2 (X = Cl, 1). In this chapter, a comparison is made with data for 

complexes already published in the literature. A few compounds screened for antitumor 

properties by the group of Braddock (32) lead us to the conclusion that there are sorne 

ambiguities in their published results. 

Chapter V concerns the synthesis of complexes of the type Pt(A)(DMF)CI2 and 

Pt(A)C12]n, and cleavage of the choro-bridged oligomers [Pt(A)CI2]n. 

13 
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CHAPfER2 

Experimental and Instrumentation 
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2.1 Exrx:rimental 

The platinum salt, K2[PtCI4J, was purchased from Johnson Matthcy and Co. 

and was recrystallized frorn water before use. Methyluminc (MeNH2, 40% in wat\!r), 

ethylamine (EtNH2, 70% in water), cyclobutylamine (CBA), cyclopentylaminc (CPA). 

dimethylamine (DMNH, 40% in water), l-adamantanamine (l-adam), 2-adamantanaminc 

(2-adam), I-methyladamantanamine (l-Madam) and N,N-dimethylfonllarntde (DM!') 

were obtained from Aldrich and Eastman and were used without furthcr puriflcmion. Ali 

the complexes were dried in a drying pistol under P20S. 

The microanalyses were done by Galbraith Laboratories, Illc. The mclting points 

were measured on a Fisher-Johns instrument. The IR spectra werc recorded on a Perkin­

Elmer 783 or Digilab Ff50 spt'ctrometer (Cs! beamsplitter wlth a resolution of 1 cnr I , 

256 scans). The Raman spectra were measured on a U-I000 Ramanor spectromctcr 

equipped with a microscope, with the argon-ion green line (514.5 OIn), with a slit width 

of 300 Jlm and a power of 200 mW, 20 scans were accumulated (40 for bcst rcsolution) 

and 9-point smoothing was done. The 19Spt nuclear magne tic resonancc spcctra were 

taken on a Bruker WH-400 FT NMR spectrometer at 85.832 MIlz, spectral wmdow 

1000 ppm, in DMF, aeetone or CH2Cl2 (cone: 30-60 mg /3 ml) with a D20 external tuhe 

for lock purposes and K2[PtC41 as an external reference adjusted at -1628 pprn relative to 

Na2[PtC16] or on a Varian XL-300 Fr NMR spectrorneter at 64.374 MHz, spectral 

window 1500 ppm, in OMF, acetone, 020 or CH2C12. The spectrorncter was locked on 

020 and K2[PtC14] was used as an external standard adjusted at -1628 ppm. Proton 

nuclear magnetie resonance spectra were taken on a Varian XL- or Gcmini-200 or on a 

XL- or Gemini-3oo FT NMR spectrometer, in DMF-d7, aeetone-d6, C02Cl2 or 020. 

lX 
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2.2 Instrumentation 

2.2.1 X-Ray Diffraction 

X-ray crystallography is one of the best methods to determine the precise 

composition and atomic arrangement in a molecule. The packing of the molecules into the 

crystal defines the symmetry of the electron density distribution and the size of the unit ceIl. 

The parameters of a unit celI are defined by the axes a, b, c and the angles are ex, ~, 

"(. The volume, V, may be used to calculate the density, De. of the crystal according to the 

following formula: 

De=ZMw 
VJr 

where Z is the number of fonnula weights in the unit cell, Mw is the molecular weight and 

Jr is Avogadro's number. The selection role for X-ray diffraction is given by Bragg's law 

defined as: 

2dsin 9 = nÂ. 

One of the methods used to obtain infonnation on a single crystal is the precession 

method (1). The unit cell parameters and space group can be determined by this method. 

The data collection then can be made by a diffractometer. The observed intensity (Ihk)) of the 

measured reflections, is defined by the equation: 

Ihkl = [Iint - (BI -Br)] v 
R't 

where Iint = integrated intensity 

BI = contribution of the left background 
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Br = contribution of the right background 

v = scan rate 

R = ratio of total background mensurement rime over scan lime (0.5 III 
ourmodel) 

't = transmission coefficient 

The standard deviation 0(1) is obtained by: 

where C is the instability factor of the measurement system (0.02 in our model). 

After the data collection on the diffractometer, a data reduction program transfonllS 

the intensity data into Fobs values, making corrections for the Lorentz and polarization tcnns 

of the observed intensity (lhk}) of the hkl reflections as follows: 

The Lorentz correction depends on the measurement technique. It can be defincd for a 

diffractometer by the equation: L = 1/sin20. The polarization correction is a simple function 

of 20 (p = (1 + cos220)/2) and is independent of the method used for the data collection. 

The K paramete:r is a constant depending upon the propenies of the data collection system, 

such as crystal size, beam intensity and a number of fundamental constants. The K term is 

taken care of by a sc ale factor which is varied in the least-squares refinement program (2). 

The resulting Fhkl value is called the observed structure factor amplitude. This 1'> the 

absolute value of the structure factor, Fobs, and in solving a crystal structure, the Fobs values 

are compared with the Feale values that are calculated from an assumed arrangement of atoms 

in the unit ceU. 
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When a system contains a heavy atom, the structure solution can he obtained by the 

heavy atom (or Patterson) method. The metal atom is the frrst atom localized in the unit ceIl 

model. In this method, it is assumed that the unit eeU contains only the heavy atoms. After 

refinement of the coordinates and isotropie themlal factors of the se atoms by a least-squares 

program, an e]ectron density map of the residual atoms can be obtained from difference 

Fourier map ealeulations. The program used is a Fourier pro gram that can be used ta 

ealculate the Patterson function, Fobs eleetron density maps, or IFobsl - IFealel density maps. 

Sinee each peak in the electron density map corresponds to an atomic position, it is simple to 

pick out the locations of the atoms from the Fourier and Fourier differenee maps. The least­

squares refinement program varies the parameters of aIl atoms and the seale factor to obtain 

the best agreement between the Fobs and Feale values. This program is also responsable for 

calculating structure factors for use in the Fourier program. The goodness of the model is 

judged by the R factor, which can be written as R = I:IIFol - IFeli 1 I:wlFol and a weighted 

residual wR = [I:w(IFol - IFcI)2 / I:(lFol)2J1I2 (w = l/a2(Ihkl). In general, the values of R or 

wR should be nearly the same at the end of refinement, and as low as possible for a good 

mode!. 

Several problems may occur during refinement of a structure. The problem arising 

from the existence of two different onentations of a lattice in what is often apparently one 

crystal is called twinmng and causes aU reflections to be doubled. Absorption is another 

problem. Corrections are usually made based on the equation of the crystal faces. When the 

faces can be weIl described, the absorption correctioli ~an be made with fairly good 

precision; for irregular shapes, the correction is less precise. No correction is needed if the 

absorption coefficient is very small. Disorder, wh en it is found, is often a very difficult 
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problem. The difficulty arises when some atoms in the unit eeU or in different ceUs can be 

placed in two (or more) positions (3). 

2.2.2 Infrared and Raman Spectroscopy 

In recent years, dispersive, Le. prism and grating, infrared spectrophotometers have 

been replaced by Michelson interferometers equipped with minicomputers for performing 

fast Fourier transforms of the resulting interferograms. The latter development has addcd 

high spectral resolution (0.06-1.0 em-1) and good time resolution (4). The advantages of 

Fourier transform spectroscopy over prism and grating techniques can be summarized as 

following: 

1) Felgett's advantage: the infomlation is recorded throughout the IR spectrum 

simultaneously at all frequencies; thus a single interferogram covering 4000 to 200 cm- t can 

he recorded in a few seconds. 

2) Jacquinot's advantage concems the improvement of the optieal throughput. ln a 

dispersive spectrometer, radiation reaching the detector is attenuated by the entrance and exit 

slits of the monochromator (which must be very narrow for high-resolution spectral, whilc 

with an interferometer, there is no sueh limitation, exeept the size of the mirrors. 

3) Connes' advantage eoncems the aeeuracy of the frequency determination. This is 

possible by using a He-Ne laser interferometer to reference the position of the moving 

mirror. 

In addition to these optiea! advantages, the Fourier transform speetrometers have 

very important data processing advantages. The minicomputer used to do the Fourier 

transfom1 is also used in manipulating and displaying the spectra (4). Both IR and Raman 
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spectroscopy provide infonnation about molecular vibrations, but the selecùon mIes are quite 

different. For IR activity, there must be a change in the di pole moment derivative, 

(dJ..lfc}Q)o:;é 0, where Il is the dipole moment and Q is the normal coordinate thnt describes the 

relative motions of the atoms in the molecule during the vibration. For Raman activity, on 

the other hand, there must be a change in the molecular polariz!lbility derivatives, (dalàQ)o:;é 

0, during the vibration. An important consequence of these selection mIes in the case of 

centrosymmetric systems is the rule of mutual exclusion, which states that molecular 

vibrations that are Raman active are IR inactive and vice versa. The non-coincidence of IR 

and Raman peaks in the spectra of a compound is thus good evidence for the presence of a 

center of symmetry. This could be applied to platinum(II) complexes to determine the 

isomerism of the synthesized compounds. Cis and trans platinum(II) complexes can usually 

be detennined by this method (5). The patterns of the v(Pt-Cl) vibrations are quite 

characteristic for a molecule containing three chloride bonds (as in [Pt(A)CI3]- complexes), 

two chloride bonds in cis or tralls position (as in cis- and trans-PtA2X2, X = Cl, 1) or 

Pt(A)(DMF)C12 or bridging and terminal chloride (as in oligomers species, [Pt(A)CI2]n). An 

example of each of these patterns is presented in Figure 3 and the group theory (6) is given 

in Appendix 1. 

.-
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K[Pt(A)ClJl 

C2v 
3\(Pt-CI) 

trans- [Pt(A)Chb 

cis C2v 

2v(pt-CI) 

cis C2\' 

6v(Pt-CI) 

trans C2h 
3~Pt-CI) 

trans D2h 

Iv (Pt-CI) 

trans-Pt(AhCb 

neure 3. Infrared spectra in the v(Pt-Cl) region for different platinum(ll) complexes. 
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lJ..,l Nuclear Maenetjc Resonance SOectroscopy 

Nuclei havmg spin = 0 cannot experience magnetic resonance, while nuc1ei having 

spin differem from 0 can produce a NMR spectrum. Spin states are not of equivalent energy 

in an applied magnetic field (Bo) and any charged particule generates a magnetic field of its 

own. Thus a nucleus has a rnagnetic moment (Jl) generated by its spin. In an applied 

magnetic field, aIl nudei will have their Il (magnetic moment) aIigned or opposed to it (7). 

- 1/2 higher state Et opposed with the field 

+ 1/2 lower state E+ aligned with the field 

When nuclei aligned with an applied field are induced to absorb energy and change their spin 

orientation with respect to the applied field, NMR occurs . The energy absorption is a 

quantized process and is equaI to the energy difference between the two states involved. 

- 1/2 ---t---

--- hv -----> ... Bo 

+ 1/2 ---1---

Spin 1/2 nudei have an angular momentum (1) which is quantized in units of 

h (Planck constant)!21t: 

where 1 refers to the nuc1ear spin quantum number 

of nuclear spin 

195Pt is an isotope with a naturai abundanr.e of 33.7%, with a nuclear spin 1 = 1/2 

and can be smdied by nucIear magnetic resonance spectroscopy. This is a powerful method 

of identifying different platinum complexes. The studies in the past fifteen years have 
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produced an accumulation of 195Pt-NMR measurements, so that some qualitative 

generalizations (8) have been made. The chemical shift (bPt) of the platinum complexes are 

influenced by the presence of aH the ligands in the coordination sphere of the mctal and 

resonances move to high field in the order P > As > S > N > Cl- > O. Thus the anions 

[Pt(H20)C13]-, [Pt(NMe3)CI31- and [Pt(PMe3)CI3]- are observed at -1180, -1715 Hnd 

-3500 ppm, respectively. The resonances of Pt(lI) complexes appear at higher field than 

those of Pt(IV) compounds. By convention, the platinum chemical shifts are defined relative 

to Na2[PtCI6]which is fixed at 0 ppm. The higher field resonances have negative signs. As 

an example K2[PtC41 appears at -1628 ppm relative to Na2[PtCI6] fixed alO ppm. There is 

a dependence of 8195pt on complex geometry. J:" vr PtX2L2 types, where X is a relatively 

hard ligand such as Cl-, and L= PR3 or AsR3, the cis complex is upfield of the mms analog 

by 400-500 ppm. Where X and Lare not so markedly different (X = Cl- and L = 1-120) , the 

difference is smaller, about 10-20 ppm. Substitution of a group by another one (on the 

same donor atom) or simply lengthening an alkyl chain produces small variation~ in the 

5195Pt. Interestingly, if the ligand becomes sterically larger, there is a rnarked downfield 

shift of the platinum signal. This has been explained by solvent effects. If steric hindrance 

around the platinum atom is large, solvent molecules cannot "bind" to platinum atom and 

there is no net change in the chemical shift. If there is no steric hindrance, the solvent 

molecule can approach the plarinum and rhere is a shift towards higher field, becuuse the 

electronic density around the nucleus increases. Therefore, the solvent is very important for 

comparison purposes. Roth solvent and temperature affect the è)195Pt signal. Even in the 

octahedral dianion complex [PtCl6J2-, a spread of 400 ppm has been observed on going [rom 

H20 to DMSO with the latter appearing at higher field. A change in temperature of 100° C 

could result in a 40-50 ppm effcct. 
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Fold ovcr 

To represent the frequency of a signal correctly, the sampling rate must be greater 

than or equal to twice the signal frequency (Nyquist theorer.'). If a signal lies outside the 

selected range, it can appear in the spectrum but at a wrong frequency and it will be distorted 

in phase compared to the rest of the spectrum. Depending upon the implementation of the 

Fourier transform algoùhm used, the aliased signal will appear on the same side of the 

spectrum or be f1ipped across and appear on the other side (9-12). Quadrature data may be 

collected in two different ways. In the first method, two data points are collected 

simultaneously at each sampling interval (Varian); in the second, the two quad:rature signaIs 

are sampled sequentially (Bruker). Aliasing is caused by sampling the data too slowly, i.e .• 

at a rate which violates the Nyquist theorem. Thus, aliased peaks arise from regions which 

lie olltside the chosen spectral width, SW. When simultaneous acquisition is used (Varian), 

the aliased signaIs are zoned or wrapped around the SW to appear ::l-t the opposite end of the 

spectral width from their real position; but when alternate acquisition (Bruker) is used the 

aliased signal are folded about the nearest end of SW. 

The best method to distinguish between aHased and real signaIs is to change the 

SW. Movement of TO (transmitter offset position) will only distinguish between a real 

signal and an aliased one if alternate acquisition is used (Bruker). If simultaneous 

acquisition is used (Varian), distinguishing aHased peaks needs a change of SW. The phase 

properties of aliased lines aiso change wlth the sampling scheme. Thug, an aliased line may 

appear out of phase with the Test of the spectrum. A peak whose real position is !l. W beyond 

the edge of the SW will appear aliased as a peak at !l. W inside (but at the opposite end) the 

spectral width when simultaneous acquisition is used (Varian). If alternate acquisition is 

used, an aliased peak will appear folded about the nearest end of SW (Bruker). 

, 
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As an example, if we define SW from -1000 10 -1500 ppm on a Brukcr 

spectrometer, the aliased peak whose real position is at -1700 ppm will appenr at -1300 ppm. 

If we move the window from -900 to -1400 ppm, the aliased peak will now appear at -1100 

ppm indicating that it is not a real peak. Thus, moving the window (change TO) is enough 

to detect a fold over (Flgure 4). 

Now, if we define the same spectral window on a Varian spectrometer, the uliased 

peak (who se reai position is also at -1700 ppm) will appear at -1200 ppm. If we move the 

SW from -900 to -1400 ppm, the aliased peak will again appear at -1200 ppm. Thus, 

moving the window (change TO) is not enough to detect a roid over on a Varian 

spectrometer, changing the window is a better procedure (change SW). If we change SW 

from -1000 to -1400 ppm, the aliased peak will now appear at -1300 ppm, indicating thut it 

is not a real peak. 
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Bruker 
-1300 -1700 

1 1 1 1 
-'10--00------ -1500 

't--200~ 1~200~1 

-1100 
1,--------_1,---------------, 

-900 -1400 

-1700 

, ~( --300 --4) ,~, -- 300 +1 

Varian 
-1200 -1700 

1 1 1 1 
-1000 -1500 
I~ 200~1 lE 200~1 

-1200 -1700 , 
1 1 1 

- 900 -1400 
I~ 300 )1 1 1< 300~ 1 

-1300 - ,t700 1 1 1 
-1000 -1400 ,,, 300 ) 1 1~-300 >, 

Figure 4. Comparison between a Bruker and a Varian spectrometer for the detection of 

aHased peaks (values in ppm). 
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CHAPTER 3 

Synthesis of [Pt(amine)CI3]" Complexes 

and 

Crystal Structure of2-Adamantylammooium Trichloro(ethylamine)platinate(ll) 

, 
3 l 



3. t Introduction 

The classic, square-planar, platinum(ll) complex, K[Pt(NH3)CI31, WL\S fir~t 

discovered in 1890 by Cossa (1). It is best prepared nowadays by rcfluxing a mixturt' of 

ciS-Pt(NH3hC12 and KCI in N,N-dimethylformamide (2). Related complexes of the typ~ 

K[Pt(Py)CI3] have since been synthesized by reacting K2[PtCi41 with pyridine or pyridinc 

derivatives (py) in DMF solution (3-4). These methods are not appropriate, howevcr, for 

the preparation of monoamine platinum(II) complexes. In 1988, Rochon and Fleurent (5) 

reported a synthetic route to such compounds involving the reaction of K21PtCl41 with a 

monoamine and an excess of KCI in aqueous solution. Although this method is uscful 

for bulky amine ligands such as tert-butylamine and isopropylamine, it is totully unsuitcd 
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for smaller amines, owing to the rapid fonnation of unwanted disubst:tuted complexes. A 

successful synthe sis of small monoamine platinum(lI) complexes hJS becn achievcd 

recently that involves cleavage of iodo-bridged amine dimers with aqueous AgN03 and 

subsequent reaction with KCI (6). These specifie reactions will he discussed in more 

detail in section 3.3.1. 

Monoamine platinum(II) complexes are important because they are convcnicnt 

precursors to mixed-ligand complexes Pt(A)(L)CI2 (A = amine and L = monodentatc 

ligand). Many of the currently known, active anti-tumor agents are square-planar 

platinum(II) complexes with cis stereochemistry containing two identical primary amine 

liganùs. Platinum(II) complexes with secondary amines and pyridine dcrivatives are lcss 

active. Cyclic primary amines complexes seem to he more active as the ring size incrca~cs 

(7), although complexes with two adamantanamine derivatives showed no activity 

presumably because of their low solubility in biological media (8). If complexes 

containing two different amine ligands could be systematically synthesized, the screening 
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range of platinum complexes cOllld be greatly extended and the antitllmor activity, toxicity 

and solubility could be significantly modified. Rochon and Kong have already 

synthesized complexes of the type Pt(A)(A')CI2, but not with adamantanamine derivatives 

(9). The cage molecule l-adamantanamine (ClOHlSNH2) has been the subject of sorne 

attention lately, chiefly because of its own antiviral (10-12) and antitumor activity (13). 

Platinum(II) complexes containing the related 1,2-diaminoadamantane ligand 

(14) apparently possess antitumor activity comparable to that of the commercially-licensed 

drug, cisplatin, cis-Pt(NH3hCh (15). The development of a new method for the 

synthesis of K[Pt(A)CI3] complexes (6) has led to a convenient synthetic route to mixed­

ligand platinum(II) complexes of the type cis-Pt(A)(L)C12. Compounds with L = alkene 

or acetylenic glycol have been recently reported (16) and it was felt that it would be 

worthwhile attempting to synthesize similar complexes with various adamantanamine 

ligands. The ultimate hope is that such synthe tic combinations might result in compounds 

with enhanced antitumor activity and reduced toxicity. 
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3.2 Experimental 

[AdamHh[PtCI4] One equivalent of K2[PtCI4] was dissolved in wnter and the 

filtered solution was treatedwith two equivalents of aminoadamantane hydrochloride in 

water. The insoluble pale pink chloroplatinite of the protonated amine was filtered off, 

washed with water and dried. 

K[Pt(A)CI31 The K[Pt(A)C131 complexes (A = methylamine (MeNH2). 

ethylamine (EtNH2) cyclobutylamine (CBA), cyclopentylamine (CP A) and dimethylmninc 

(DMNH) were synthesized by the literature procedure (6). This method did not prave 

sui table for adamantanamine ligands. 

K[Pt(adam)CI31 Sincc adamantanamine derivatives are bulkier than the amines 

mentioned above, the compounds were synthesized as reported for lutidine ligands (4). 

The same method was used for l-adamantanamine (l-adam), 2-adamantanamine (2-admn) 

and I-methyladamantanamine (l-Madam). Only K[Pt(1-adam)CI3J was sliccessflllly 

isolated; the other complexes decomposed on contact with water. 

K[Pt(1-adam)C13J Yield: 12 %; dec. pt: 195-21O°C; Anal. Caled: C, 24.4; H, 3.5; Cl, 

21.6; N, 2.9. Found: C, 24.4; H, 4.0; Cl, 20.7; N, 3.1. 

[NMe4][Pt(adam)CI3] An exchange resin (Dow ex 50W-X8. H+, 20-50 mesh) 

was used to change one mmole of potassium tetrachloroplatinate(II) to the H+ form 

(H2PtC4). which was neutralized with tetrarnethylammonium hydroxide. The resulting 

salt, tetramethylammonium tetrachloroplatinate(II), was then isolated and dried. The 

reactions of [NMe412[PtC14] with the adamantanamine ligands were performed as 

described above for the synthe sis of K[Pt(adam)CI31, s(arting with one mmole of 

[NMe412[PtC41. They were identified by the similarity of their spectroscopic properties 

with the K[Pt(l-adam)CI31 complex. 
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(NMe4l[Pt(2-adam)C131 Yield: 26%; dec. pt: 163-266°C 

(NMe4][Pt(1-Madam)C131 Yield: 72%; dec. pt: 212-265°C 

[2-ClOH lSNH3][Pt(EtNHÛCI3] One mmole (0.385 g) of K[Pt(EtNH2)C13], 

synthesized by the method already reported (6), and 1.1 mmole (0.168 g) of 

2-adamantanamine (2-ClOHlSNH2) were stirred in a minimum quantity of water (10 ml) 

for 90 min. Then, 10 ml of 0.1 N HCI was added to the solution and the mixture was 

stirred for a further 10 min. The resulting yellow precipitate was filtered off and the 

filtrate was evaporated to dryness. The yellow residue was dissolved in acetone and 

filtered to remove KCl and Pt(EtNH2)(2-ClOHlSNH2)CI2. The filtrate was again 

evaporated to dryness and the residue was washed in ether, filtered and dried over P20S. 

The crystals used for the crystallographic work were recrystallized by slow evaporation of 

an acetone solution. Yield: 65%; dec. pt. 140-160 oC 

3.3 Results and Discussion 

3.3.) Synthesis of [pt(amine)CbI- complexes 

The syntheses of the starting materials K[Pt(A)C13] were done according to a 

method recently developed in our laboratories (6). The different steps of the synthe sis are 

as follows: 

2 cis-Pt(AhI2 

+ 4KCI 

--~'> cis-Pt(AhI2 + 2 KI 

HCI04 
) 
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AgN03 KCI 
[Pt(A)hh ') hydrolysed --~> 2 KlPt(A)C131 

-AgI species -KN03 

Complexes with A = methylamine, ethylamine, cyclobutylaminc. 

cyclopentylamine and dimethylamine were synthesized. They have already been studied 

by infrared spectroscopy, X-ray diffraction and proton-NMR spectroscopy (6) but not by 

195Pt-NMR spectroscopy. The 195Pt-NMR spectra were measured as part of lhis lhesis 

and the results will be discussed in Section 3.3.2. The method used to synthesizc the 

K[Pt(A)CI31 complexes could not be applied to the preparation of the adamantanaminc 
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derivatives, because the dimerization does not occur, probably due to the low aqucous 

solubility of the Pt(adamhI2 complexes. 

New complexes of the type K[Pt(adam)CI31 were synthesized by a method 

previously reported for lutidine ligands (4), according to the following reaction: 

DMF 
+ 1 adam ) K[Pt(adam)CI31 + KCl 

One equivalent of adamantanamine derivative is added to one equivalent of potassium 

tetrachloroplatinate(II) in 100 ml of DMF and stirred for 3 h at 80°C. The 

2-adamantanamine, commercially available as the hydrochloride salt was neutralized with 

one equivalent of sodium hydroxide before the reaction. If an excess of ligand is added, 

the disubstituted complexes Pt(adamhCh are rapidly formed. If the ligand is added too 

slowly, there is formation of impurities due to decomposition of DMF (17). Complexes 

with adam = l-adamantanamine, 2-adamantanamine and 1-methyladamantanamine wcrc 

prepared. The complex K[Pt(l-adam)CI31 is stable, but was isolated only in a very low 

yield (12%); the results of its elemental analysis are excellent. This compound was 
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characterized by its 195Pt-NMR and infrared spectra, which will he discussed in Section 

3.3.2 and 3.3.3. The complexes K[Pt(2-adam)CI31 and K[pt(1-Madam)C131 were not 

isolated because they decomposed readily on contact with water. Therefore, the DMF 

solutions were concentrated as much as possible, cooled to -QoC, and the KCI was 

filtered off. The 195Pt-NMR spectra 01 these solutions were measured at roorn 

temperature. 

In an attempt to isolate the [Pt(adam)CI3]- complexes with 2-adam and 

I-Madam, the larger cation, [NMe4]+ was employed. The [NMe4h[PtC41 complex was 

prepared according to the following reaction: 

rcsinH+ 2 [NMe4]OH 

K2[PtC141 :> --~> [NMe4h[PtC41 

A Dowex 50W-X8,H+, 20-50 Mesh resin, was used to change the potassium ions to H+ 

ions, which in the presence of tetramethylammonium hydroxide, NMe40H, gave 

tetramethylammonium tetrachloroplatinate(II), [NMe4h[PtC4J, which was isolated and 

dried. The adam ligand was then added to [NMC4h[PtC41 dissolved in DMF: 

DMF 
[NMc4h[PtC41 + adam ---:)-) [NMe4][Pt(adam)CI31 + NMe4C1 

The experimental conditions were the same as those used for K[Pt(adam)C13], 

starting with one mmole of [NMe4h[PtC41 and one mmole of 2-adamantanamine or 1-

methyladamantanamine. The complexes fonned were appreciably more stable and could 

he isolated. The cOlIlplex with 2-adam is water soluble, but the one with I-Madam is 

much less soluble. These compounds have been characterized by NMR and IR 

spectroscopy and these data will he discussed in Section 3.3.2 and 3.3.3, respectively. 
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~195Pt. and 1H. NMR Spectra 

Natural platinum contains three main isotopes: 194, 195 and 196. The only one 

with non-zero nuclear spin is 195pt. It has 1 = 1/2 and reasonable abundance (33.7%) and 

sensitivity (9.94 x 10-3) for an equal number of nuclei at constant field (18), and is 

amen able to study by nuclear magnetic resonance spectroscopy. The 19Spt rcsonanœs for 

the complexes [Pt(A)CI31- and [Pt(adam)CI31- are glven in Table J, together \Vith the 

chemical shifts of some [PtCI412- complexes with different counterions. The refercnce 

was an external standard, K2[PtCI4] in D20, which has a resonance of -1628 ppm, 

relative to Na2[PtCI6]. From Table J, the chemical shifts are solvent dependent, sinec the 

resonance of K2[PtCI4] appears at 202 ppm lower field in DMF than in D20, while the 

[Pt(L)C13]- resonances appear only 19-35 ppm higher in acetone than in DMF. The large 

diffcrence observed between DMF and D20 for [PtC1412- and the small differcncc 

between DMF and acetone for [Pt(A)CI3J- might be explained by the degree of iOlllzation 

of the se compounds in the different solvents. In general, protic sol vents can ~olvatc an 

anion by hydrogen bonding to it while aprotic solvents ç.\nnot stablIize any amon by 

hydrogen bonding. Since these compounds are ionic complexes, they are totally 

dissociated in 020, whereas in organic solvents, the dissociation is much less and might 

he similar for OMF and acetone. Studies by Pesek and Mason (19) have shown ~imilar 

features for «(n.-C4H9)4Nh[PtC14]. An important downfield ~hift has been observed 

from water (-1624 ppm) to orga~ic solvents, while very little difference wa ... obs~rved 

between the chemical shift of this specles in acetone (-1388), acetonitnlt (-1384) or 

DMSO (-1372 ppm). This difference was explained by the mcrea~ing posslbihty of ion 

pairing in organic sol vents for the tetra-n-butylammonium cation. There IS also a smalI 

dependence on the counterion. In water, the difference is relarively smaH, but ln DMF 
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there is a 39 ppm downfield shift when the potassium ions in K2[PtC41 (-1426 ppm) are 

replaced by tetramethylammonium ions (-1387 ppm). This observation is in agreement 

with a similt'r study reported by Freeman et al. (18) who observed a comparable 

differcnce in the positIOn of o(Pt) for the [Ph4P12[PtCI4] (-1461) compared to 

1 B U4N]z[ PtCl41 (-1437 ppm) in CH2CI2. They explained this difference by a less 

efficient pairing of the ions in [Ph4Ph[PtCI4], due to a more diffuse positive charge 

locn~ed on the P atoms, whlch are larger than the nitrogens in [BU4N12[PtCI4]. No 

difference was observed between the chemical shift of Na2[PtC14] (-1618 ppm) and 

K2[PtCI4] (-1618) in water (18), even though there is a significant size difference 

between Na and K. The cations are so strongly solvated in water that the anion is 

completely independent of the cation and the resonance of [PtC4]2- is unchanged. In 

Table 1, there is a 29 ppm upfield shift in DMF when K is replaced by hydrogen, and a 

46-62 ppm upfield shift when it is replaced by an adamantylanunonium derivative. In the 

potassium and tetraalkylammonium salts, there is no possibility of hydrogen bonding 

between the cations and the solvent, or between the different ions. In H2[PtCI4] or 

[adamNH3)hIPtCI41, the presence of hydrogen bonds between the solve nt and the 

cations might result in a less efficient pahing of the ions, thus a better solvation of the 

anions, which results in a upfield shift. The sa me trend is observed in the [Pt(L)CI3]­

complexes but the range is smaller, the ionicity being smaller due to the smaller fonnal 

negati'le charge on the complexes. When K is replaced by [NMe4], there is a 8-9 ppm 

downfield shift, white the replacement of K by an adamantylammonium group leads to a 

5 ppm upfield shift. 
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Table 1. 19SPt resonances for [PtCi412-, [Pt(A)CI3]- nnd [l't(adam)CI31- complexes and 

pKa of some of the amine ligands in wnter. 

ô19SPt(±5ppm) 
Compounds D20 acetone DMF pKaof A 

K2[PtC14] -1628 -1426 

H2[PtCI4] -1455 

[NMe4)z[PtC41 -1614 -1387 

[ l-adamH12[PtCi41 -1486 

[2-adamH] 2 [PtCi4] -1482 

[ I-MadarnHh(PtC4] -1472 

K[Pt(D20)C13] -1194 

-1180(18) 

K[Pt(MeNH2)CI3] -1842 10.66(20) 

K[Pt(EtNH2)CI3] -1850 10.81(20) 

K[Pt(CBA)CI3] -1875 -1852 

K[Pt(CPA)CI3] -1866 -1847 

K[Pt(1-adam)C131 -1822 9.92(21) 

K[Pt(2-adam)Cl31 -1859 

K[Pt(l-Madam)C13J -1865 

[NMe4J[Pt(2-adam)CI3J -1851 

[NM~](Pt(1-Madam)C131 -1856 

[2-adarnHj[Pt(EtNH2)C13J -1855 

K[Pt(DMNH)C13) -1860 -1825 10.73(20) 

There is aiso a dependence on the concentration of the species in solution. The 

chemical shift for K[Pt(020)CI31 in 020 is located at -1194 ppm in our reference 

spectrum. Freeman et al. (18) have observed that the resonance of this solvolysis species 

lies between 1180 and -1194 ppm depending on the concentration of the aqua or 
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tetrachloro ion in solution, and moves to higher field with increasing concentration. In 

concentrated solution, the resonance appears at -1194 ppm, while the peak at -1180 pprn 

is obtained for a dilute solution of K2[PtC14]. 

The platinum resonances are therefore dependent on several factors such as 

solvent effects, the presence of different counterions and concentrations of species in 

solution. Nevertheless, when they are rneasured under similar conditions, sorne valid 

comparisons can be made. AIl the chemical shifts of the [Pt(A)C131-, [Pt(adarn)C13]- and 

lPtCl4]2- complexes have been measured in OMF, and a few have been measured in 020 

or acetone. The resonances appear between -1822 and -1875 pprn for [Pt(A)CI3]- and 

(Pt(adam)Cl31-, in good agreement with the chemical shifts observed at -1826 ppm for 

K[Pt(NH3)C131 in water and at -1863 ppm for [NPf4][Pt(OMNH)C131 in CH2Ch (22). 

AU the [Pt(A)C13]- and [Pt(adam)C131- anions show only one resonance except 

K[Pt(2-adam)C131 and K[Pt(1-Madam)C131 and [NMe4][Pt(1-Madam)C13]. The spectra 

of the complexes K[Pt(2-adam)C131 and K[Pt(1-Madarn)C131, which have not been 

isolated, showed other peaks around -2200 pprn, which were attributed to the 

disubstituted species Pt(adarnhCI2. The spectrurn of [NMe4)[Pt(1-Madarn)CI31 also 

showed another peak at -2242 pprn, which was assigned to the disubstituted species 

pte 1-MadamhCl2. 

Besides solvent effects, the platinurn chemical shift is highly sensitive to the kind 

of ligands coordinated to the platinurn atom. According to a rule suggested fIfst by Kift et 

al. (23), an increase in the electron density on the platinum atom upon coordination (thus 

an increase in basicity of the ligand) should le ad to a chemical shift towards higher 

frequency. In a study on trans-Pt(Py)(C2H2)C12 (PY = pyridine or substituted pyridine), 

Motchi et al. (24) noted the opposite trend: an increase in basicity of the ligand led to a 
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downfieid shift (max. ~S >= 116 ppm). This effeet has aiso been observed in a study on 

cis and trans-Pt(py)(DMSO)Ch (25). The uuthors found a shght linear dependencc of 

chemical shift on pKa for pyridine or 4-substituted pyridines ranging in pKa from 1.9 to 

9.7. For the trans series, increasing basicity of the ligand led to a downfield shift (max. 

~ô = l35 ppm) as observed for rrans-Pt(py)(C2H2)Clz. while in the cis series, upficld 

shifts were observed with increasing basicity of the ligands (max . .10 = 261 ppm). 
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We tried to see if in our study some correlations eould be made between the pK" 

of the ligands and the o(Pt) chemical shifts of the platinum complexes. As seen in Figure 

5a, for EtNH2 (pKa = 10.81), MeNH2 (pKa = 10.66) and l-adamantanamine (pK .. = 

9.92), the chemical shifts of the platinum complexes respectively at -1850, -IR42 and 

-1822 ppm, apparently showed a linear relationship. When a secondary amine, 

dimethylamine, (pKa = 10.73) is considered in the data (Figure Sb), the chemical shift of 

the platinum complex (-1825 ppm) is very similar to the chemlcal shift of the eomplex 

containing the l-adamantanamine ligand. The only pK .. values in water available in the 

literature are for methylamme, ethylamine, dimethylamine and l-adamantanaminc (20-

21). These data are sufficient to show that besides the basieity of the amllle, other factors 

like sterie hindrance or solvent etfects could affect the chemieal shifts of the platinum 

complexes. A study by Pregosin (26) showed that sterie hindrance also played a role in 

ô(Pt) and a downfield shift was observed when the ligand beeame sterieally Jargcr. 

When one methyl group of the dimethylamme ligand In Pt(DMNH)(C2H4)Ch (-3074 

ppm) was replaced by an isopropyl group, a 44 ppm downfield !-.hift was observed. 

Replacement of one hydrogen on the nitrogen of the methylamine lIgand by one methyJ 

group lead to more sterie hindrance around the platinum atom. This could explain why the 

chemical shift of the dimethylamine platinum complex is in the same region as that for the 
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l-adamantanamine platinum complex, even though the basicity of the ligand is mueh 

highcr. 

It would be interesting to plot the B(Pt) values of the complexes against the 

proton affinity of the ligands detennined in the gas phase, which are intrinsic measures of 

the basicity of the ligands (27). This could bring a better understanding of how sterie 

hindrance and solvent effects are related to the chemical shüts. Unfortunately, the proton 

affinit.es of the ligands used in this work, except for MeNH2 (L\Go25°C = -1l.0 kcal/mole) 

and EtNH2 (~Go25°C = -9.8 kcal/mo]e) (27), are not available in the literature. 
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Figure 5. The pKa of the ligands as a function of the 195Pt chemical shifts (in 

ppm): (a) methylamine, ethylamine and l-adamantanamine (b) including dimethylamine. 
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The proton-NMR spectrum of K[Pt(1-adam)C131 has been measured in CDC13 

on a Varian XL 200-MHz spectrometer and the resonances of the protons were detected 

at lower fields wh en coordinated (Table II). The protons of the amine group were not 

observed and no coupling constant with platinum cou Id he obtained, but this is probably 

due to the very low solubility of the cl'mplex. The proton-NMR spectra of the other 

complexes were not measured because of their low solubiIities in the available deuterated 

organic solvcnts. 

Table II. IH-NMR resonances for K[Pt(1-adam)C131 complex. 

Compounds Hl H2 H3 

l-adam 2.057 1.590 1.529 

K[Pt( l-adam)C131 2.179 1.688 1.591 

3 
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3.3.3 Infrared Soectra 

The infrared spectra of the free adamantanamine ligands are typical of prinmry 

aliphatic amines with a rich structure of bands due to the vibrations of the adamuntane 

cage. We have observed the stretching v(NH) bands of l-adamantanamine al 3342 (v 

asym) and 3265 (v sym) with an additional band at 3172 cnr1 attributable to Fermi 

resonance. The ô(NH2) bending mode is located l\t 1608 cm· l . The observcd values 

are comparable to those found by Gretch et al. (28) for l-adamantanamine where the 

corresponding vibrations appear at 3340, 3270, 3170 and 1605 cnl" 1. The very low 

intensity of the v(NH) vibration has to be emphasized and has been linked by Grech et al. 

(28) to a considerable freedom of reorientational motion. These vibrations are also Hl 

lower frequencies than for the other primary amine ligands used in this work, but this is 

nannal ûnce the spectra of the latter arc usually measured in lhe gus phase or as nent 

liquids. For example, for free gaseous methylamine, the v(NH) frequencies appear 

between 3470 and 3360 cm-1 (29), which is a much higher range than for the 

adamantanamine derivatives measured ln the solid state. The values for l-adam arc 

similar ta thase found for the secondary amine DMNH, which displays only a single 

band at 3335 cm-l. 

Table III lists the stretching vibrations v(N-H) and v(Pt-Cl), as well as the 

deformation vibrations ô(NH2) observed for the [Pt(adam)CI31- complexes. In the 

infrared spectra of the [pt(adam)C13J- complexes, the presence of the amine is confirmed 

by three v(N-H) vibrations between 3120 and 3282 cm- I and by the o(NH2) vibrations 

between 1560 and 1586 cnri. Only one deformation band is present in the spectrum of 

K[Pt(1-adam)C131, while two bands are observed for [NMe4J1Pt(2-adam)CI3J. The 

spectrum of K[Pt(MeNH2)C13].xH20 published by Kharitivov et al. displayed two bands 
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in this region, attributed to the O(NH2) vibration (30), while in our spectrum for the same 

complex, only one band appears in this region at 1581 cm- l (6). For the 

[NMe4HPt(l-Madam)C131 cornplex, the presence of two bands in the same region is 

probably due to the presence of Pt(l-Madam)ZCh, since the 195Pt-NMR spectrum 

sh'Jwed two resonances. These sharp bands, characteristic of stretching and deforrnation 

vibrations for primary amines, are shifted to lower frequencies by about 26 to 177 cm-l, 

indicating that coordination with platinum takes place via the nitrogen atom. Upon 

coordination to platinum, the N-H bond is weakened and so the force constant of the 

bond is reduced. In addition, the amine groups are often involved in hydrogen bonding 

with the chloride ligands which weakens the bonds and this also contributes in lowering 

the energy of the v(NH) vibrations (5). These results are in good agreement with OUf 

earlier work on [Pt(A)C13]- complexes (6). The spectra of aIl these complexes, except 

K[Pt(DMNH)C131, showed at least three peaks between 3120 and 3280 cm-l, 

characteristic of v(NH) vibrations for primary amines, which are slighltly higher in 

energy than for the adamantanamine complexes. The complex K[Pt(DMNH)C131 showed 

only one v(NH) vibration at 3208 cm-l, in the same region as for the adamantanamine 

complexes. This is in good agreement with a study on trans-Pt(L)(RR'NH)CI2 

complexes (L = C2H4, PEt3) where a decrease in the frequency of the NH stretching 

vibrations was observed with increasing bulkiness of the R group, R' being a hydrogen 

or an alkyl group (31-32). For the K[Pt(A)CI3J complexes (6), there was also one 

vibration between 1568 and 1581 cm-1 for the N-H deformation mode. In addition to 

the~e bands, there are two sharp bands for each cornplex between 3522 and 3600 cm-l 

and another band between 1590 and 1597 cm- l (6). Similar values were found in the 

spectrum of K[Pt(MeNH2)CI3J .XH20 published by Kharitivov et al. (30). These bands 

have been assigned to stretching and deformation vibrations of water of hydration in the 
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complexes. The crystal structure of two of these complexes, K[Pt(isoPr)CI31·1/21120 

and K[Pt(CPA)C13]·1/2H20 (6,33) have confinned the presence of one half molcculc of 

water per platinum atom. It seems that the complexes with adamantanamine derivativcs 

do not crystallize with water of hydration since these bands are absent in the IR spectra of 

the [Pt(adam)C13]- complexes. 

Table III. Main infrared bands of the ligands and [Pt(adam)C13]- complexes in the solid 

state (cm- I ). 

Compounds v(NH) ô(Nlh) v(Pt-Cl) 

l-adam 3342(m), 3265(m) 1608 (m) 

3172(w) 

2-adam 3350(m), 3285(w) 1608 (m) 

3184 (w) 

1-Madam 3389 (m) 1612 (m) 

3278(m) 

K[Pt(l-adam)C131 3230(w), 3200(m) 1570(m) 330(m) 

3125 (w) 

[NMe4] [Pt(2-adam)CI31 3282(m),3190(w) 1582(m) 332(s) 

3132(w) 1560(w) 312(m) 

[NM~][Pt(1-Madam)CI31* 3212(w), 3198(m) 1586(m) 328(s) 

3120(w) 1572(sh) 

m: medium; w: weak; sh: shoulder; s: strong 
* contains 50% of Pt(1-MadarnhCh 

If L is considered as a point mass in space, the skeleton symmetry for a complcx 

of the type [Pt(L)C13]- (25) is C2v and the group theory (Appendix 1) predicts thrce 

infrared-active v(Pt-Cl) stretching vibrations (2Al + B2 modes). Sometimes, the 
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vibrations are very close in energy and fewer bands are obseIved. From Table III, two 

bands are observed for [NMe4][Pt(2-adam)C131 at 312 and 332 cm-l, while only one 

large band was observed for the two other complexes. The infrared spectrum of 

[NMe4][Pt(1-Madam)C131 represents the superposition of this complex with the 

disubstituted amine compound Pt(1-MadamhCI2, sin ce the 195Pt-NMR spectrum 

showed the presence of the two compounds in approximately equal amounts. Group 

theory also predicts one infrared-active v(Pt-N) vibration (Al) in the spectra of the 

(Pt(A)CI3]- complexes. In a study on methylamine complexes by Kharitinov et al. (30), 

the v(Pt-N) vibration has been located at 523 cm- I for K[Pt(MeNH2)CI3]·xH20. In the 

spectra of K[Pt(l-adam)CI31 and [NMe4][Pt(2-adam)CI3], there is one band for each 

complex in this region, at 555 and 508 cm-l, respectively, but they are very low in 

intensity and it is difficult to assign them definitely to v(Pt-N) vibrations. The spectrum 

of [NMC4][Pt(2-adam)C131 shows no band in this region. 
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3.3,4 Crystal Structure of [2-adarnHlfPtŒtNlb)CI31 

This crystal has been obtained from the filtrate of the reaction of 

K[Pt(EtNH2)CI3] with 2-adam, which contained HCI from the washing of 

Pt(EtNH2)(2-adam)Ch. It was apparently synthesized according to the following 

reactions: 

H20 
K[Pt(EtNH2)CI3] + 2-adam -~) Pt(EtNH2)(2-adam)CI2 

Pt(EtNH2)(2-adam)CI2 + HCI -~> [2-adamH][Pt(EtNI-h)C131 

50 

Reaction of K[Pt(EtNH2)C13] with 2-adamantanamine (2-adam) yield the mixed­

amine complex Pt(EtNH2)(2-adam)C12 but, upon treatment with dilute HCI during the 

work-up of the product, yellow crystals of the (2-adamH)+[Pt(EtNH2)CI3l" salt are also 

produced. This complex is probably the resu!t of displacement of the coordinated 

adamantanamine ligand by CI- and subsequent quaternization of the amine group. This 

compound was characterized by X-ray diffraction and the results have been publishcd 

recently (34). 

The structure of a crystal of [2-CloHlSNH3][Pt(EtNH2)C13] was first detem1incd 

in the space group P21/C by X-ray diffraction with MoKa (Â.= 0.71069 Â) radiation. 

From the 4698 reflections measured, only 1558 (1)2.50(1)) reflections were observcd 

and used for the structure detennination. The intensities were corrected for Lorentz and 

polarization factors, but no correction for absorption was applied. Usually, correction for 

absorption gives better results but, in our case, the results were worse after applying this 

correction. The crystal data in this space group are presented in Table IV. 
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The X-ray diffraction study revealed significant distortion of the adamantane ring 

us seen by the high thermal factors resulting in high e.s.d.'s in the bond distances and 

angles. The C~C dl~tances for the adamantanamine varied between 1.32(8) and 1.73(3)Â 

for an uverage C-C of 1.55(l2)À. The C-C-C angles varied between 88(6)° and 128(6)° 

with a mean value of 108°. It was not possible to refine the stnlCture lower than R = 

0.099, which was unacceptable. 

Table IV. Crystallographic data for the lClOHlSNH3][Pt(EtNH2)CI3] complex. 

Space group 

Formula 

Molecular weight 

Crystalline ~yslem 

CeU parameters 

Volume 

Z 

Calculated density 

F(OOO) 

Wavclenght Â(MoKa) 

R 

wR 

First crystal 

P2t!c 

PtCl3N2C12H2S 

498.80 g/mol 

monoclinic 

a = 12.411(15)À 

b = 6.845(7)À 

c = 25.545(30)À 

J3 = 129.07(6)° 

1685(3) A3 
4 

1.973 Mg/m3 

960 

0.71069 A 
0.099 

0.100 

Second crystal 

P2I /n 

PtCl3N2C 12H25 

498.80 g/mol 

monoclinic 

a = 12.401 (lO)À 

b = 6.859(15)À 

c = 20. 199(15)À 

P = 100.72(6)° 

1688(2) A3 

4 

1.962 Mg/m3 

960 

0.71069 Â 

0.060 

0.049 

A second crystal of superior quality was then studied. It was hoped that better 

dut .. would be obtained and that the thennal factors of the atoms would be reduced. In 

order to reduce the correlation factors, the non-standard P21/n space group was chosen. 

5 1 
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The crystal data of2-adarnantylammonium trichloro(ethylamine)platinate(ll) in this spaœ 

group are presented in Table IV. 

The difference between the two unit ceUs is that the glide plane is aIong the 

diagonal of the unit celI (which was the c axis of the unit ceU dcfincd by the spilce group 

P2t!c) ( Figure 6.) In Figure 6, the celI parameters for the space group P2tk are dcfincd 

by a, b, c and J3 = 129° while the corresponding values for the space group P2I1n an: 

a',b', c' and P' = 101°. 

P21/C 

P21/n 

Figure 6. Differences between the ceUs defined by the space group P21/C and 

P21/n. 
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The faces und dimensions (mm) of the yellow crystal are: IOT-ÏOI (0.120), 103-

1 en (0.100), 10 1- Toi (0.192), 1 T 1-ï 1 T (0.366) and 111-ïïi (0.366). The intensity data 

werc measurcd on a Syntcx pT diffractometer with graphue-monochromatized MoKa. 

radiation. The space group was determined from a set of precessIOn photographs and the 

cell parameters were detemlllled from the refined angles of 15 centered reflections (2e = 

7.28-23.91°). From the 4236 IIldependent reflections measured up to 29 < 55° by a 29-9 

scan Lechnique (range of hkl: h = 0 -1 16, k = 0 ~ 8, 1 = -26 ~ 25), 1801 unique 

observed reflecuons (lnet > 2.5 0(1» were used to solve the structure. The scan rate and 

the 0(1) were calculatcd as in Melan~on et al. (35). The standard reflecnons used were 5, 

1, -1; l, 3, 1 and 0, 0, 6, with vanatIons less than 2.0%. Absorption correction 

(J.l(MoKa.) = 8.86 mm- I ) was based on the equations of the crystal faces (transmission 

factors from 0.242 to 0.465) and the data were corrected for Lorentz and polarization 

effects. 

The position of Pt was detemlined from the three-dimensional Patterson map and 

the other non-hydrogen atoms were located by structure-factor and Fourier·map 

calculations. The H atoms were fixed at the calculated positions (C-H := 0.95À and N-H 

:= 0.85Â) with isotropie Ueq = 0.076, except for -CH3 (H cou Id not be located). One H 

atom in the NH3+ group was located and the other two H were calculated. The refinement 

was done by full matrix leasH,quares calculations minimizing L,w(f"oI-IFcD2 and the ratio 

of maximum least-squares shlft to e.s d. in the final refinement cycle was <0.9 for C(2) 

and <0.5 for the other atoms. The isotropie secondary extinction corrections were done 

according to Coppens and Hamilton (36). The scattering curves useà were those from 

Cromer and Waber (37) for Pt, CI, N, C and of ~tewart, Davidson and Simpson (38), for 

H. The anomalous dispersion terms of Pt and Cl from Cromer (39) were included in the 
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calculations. which were done on a Cyber 830 with programs t\lready dcscribcd (,'5). 

The individual weights were calculated according to w = 1/a2(F). The nmximum 

residual peak was close to the platinum alom in its final Fourier synthesis with L\Pmax = 

1.0 eA-3, The goodness of fit was 1.36; the residual index, R = 0.060 and the weightcd 

residual index, wR = 0.049. 

The refined atomic parameters are given in Table V. A labeled diagram of tht: 

complex [2-ClOH lSNH3HPt(EtNH2)CI3] is shown in Figure 7, As expected, the 

platinum complexed ion has a square-planar geometry and the angles around the Pt atom 

are close to 90 and 180°, The weighted best coordination plane was ca1cuhltcd through 

the five atoms and the deviations are: Pt, -0.0005(5); CI(l), 0.018(4); CI(2),O.02l(4); 

Cl(3), -0.005(4) and N(2), -0.05(l)À. 

The bond lengths and angles are listed in Table VI. The Pt-Cl bonds an.: 

2.281(4),2.278(4) for the cis bonds and 2.301(4) À for the trans bond. The two Pt-Cl 

bonds cis to the amine ligand seem slightly shorter than the trans bond. The valucs found 

in [Pt(NH3}CI31- are 2.288 (27),2.280 (l4)À for the Gis bonds and 2.317(7) À for the 

trans bond (40). In IPt(isopropylamine)CI3]', the corresponding values are 2.296(4), and 

2.299(3) for the cis bonds and 2.320(3)À for the trans bond (6), while ln 

[Pt(cyclopentylamine)CI3}' they are 2.311(4), 2.302(4) and 2.315(rl) (33). In 

K[Pt(t-butylamine)C131, the cis bonds are 2.299(2) and 2.314(2) wh!le the Iran.\' bond J'i 

2.317(2)À (41). In lPt(NH3)4I1Pt(isopropylamme)Chl2, the eorre~ponding valll~~ arc 

2.301(3),2.300(4) and 2.321(4) Â (41). ln most of these compounds, the Iran.\' hond 

seems slightly longer but the difference 1111ght not be sigmticant. The <,hght IengthenJng 

may be due to a higher trans influence of ammes or ta the faet that ln these compounds the 

trans chloride ligand is usually more involved in the hydrogen bondmg system than are 

• 
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the other chloridc lignnd~. The Pt-N bond is 2.03(1)Â and agrees weIl with the 

published values for aminechloroplatinum(lI) complexes (6, 33, 42-44) The organic 

ligand is nonnal with bond diswnces N(2) - C(ll) = 1.47(2) and C(1l) - C(2) = 1.49(2) 

Â and angl~s Pt - N(2) - C(ll) = 116.9(9) and N(2) - C(lI) - C(l2) = 117(1)°. 

Table V. Atomic coordinates (x 1()4 for Pt, Cl and x 103 for C, N) with their e.s.d.'s. 
and thermal parameters Ueq (x 104 for Pt, Cl, N and 103 for C). 

Ucq = 1/3IiIjUij ai*aj*aj.aj 

x y z Ueq 

Pt 1103.9(4) 2265.4(8) 1753.5(3) 440 

CI(l) 1847(3) -362(5) 1311(2) 678 

CI(2) 417(3) 4878(6) 2235(2) 708 

CI(3) 354(3) 3385(6) 694(2) 746 

N(l) 551(1) 275(2) 416(1) 824 

N(2) 171(1) 128(2) 270(1) 535 

C(1) 758(2) 322(5) 467(1) 129 

C(2) 673(6) 413(12) 431(2) 503 

C(3) 667(2) 473(5) 357(2) 206 

C(4) 754(3) 624(3) 380(2) 137 

C(5) 867(3) 552(5) 408(3) 219 

C(6) 834(3) 454(8) 479(2) 289 

C(7) 810(6) 211 (6) 433(2) 407 

C(8) 820(2) 234(5) 360(2) 222 

C(9) 717(2) 319(6) 330(1) 184 

C(lO) 903(2) 394(6) 384(1) 141 

C(II) 97(1) 13(2) 303(1) 82 

C(l2) 135(1) -33\3) 376(1) 85 
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Figure 7. Structure of the complex [ClOH lsNH3}(Pt(EtNH2)CI31 with the 

atomic numbering (the H atoms are absent). 

Most of the carbon atoms in the 2-adamantylammonium cage are disordercd as 

evidenced by the high themlal factors especially those of C(2) and C(7), resulting in very 

high e.s.d.'s in the bond distances and angles. It was not pos~lble to resolve the 

disorder. The C - C bond dIstances vary from 1.28(6) to 1.72(6) À with an average value 

of 1..44 Â, while the C - C - C angles range from 89(3) to 127(4)° (average = 108°). 

(( 17 
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Table VI. Bonds distances(Â) und angles(O). 

Atom·atom Distance (À) Atom·atom Distance (A) 

Pt·Cl(l) 2.281 (4) C(4)-C(5) 1.49(5) 

Pt-CI(2) 2.278(4) C(5)-C(6) 1.72(6) 

Pt-CI(3) 2.301 (4) C(5)-C(10) 1.29(5) 

Pt-N(2) 2.03(1 ) C(7)-C(8) 1.51(5) 

C(1)-C(2) 1.32(7) C(8)-C(9) 1.44(4) 

C(1)-C(6) 1.30(5 ) C(8)-C(10) 1.52(4) 

C(l)-C(7) 1.28(6) C(11 )-C(12) 1.49(2) 

C(2)-C(3) 1.54(6) N(1)-C(2) 1.75(8) 

C(3)·C(4) 1.50(4) N(2)-C(11) 1.47(2) 

C(3)-C(9) 1.38(5) 

Alom-atom-atom Angle (0) Atom-atom-atom Angle (0) 

Cl( 1 )-Pt-Cl(2) 177.6(1) C(2)-C( 1 )-C(7) 115(4) 

CI(l )-Pt·N(2) 89.9(3) C(2)-C(3)-C(4) 89(3) 

CI(l )-Pt-Cl(3) 91.3(1 ) C(2)-C(3)-C(9) 104(4) 

Cl(2)-Pt-N(2) 87.9(3) C(3)-C(4)-C(5) 117(3) 

Cl(2)-Pl-CI(3) 90.9(1) C(3)-C(9)-C(8) 124(3) 

CI(3)-Pt-N(2) 178.1(3) C( 4 )-C(3 )-C(9) 108(3) 

Pt-N(2)-C(ll) 116.9(9) C(4)-C(5)-C(6) 95(3) 

N( 1 )-C(2)-C( 1) 114(5) C( 4 )-C(S)-C( 1 0) 120(3) 

N( 1 )-C(2)-C(3) 95(4) C(5)-C( 10)-C(8) 118(3) 

N(2)-C( Il )-C( 12) 117(1 ) C(6)-C( 1 )-C(7) 95(3) 

C(l )-C(2)-C(3) 123(5) C(6)-C(5)-C(1O) 98(3) 

C( 1 )-C( 6 )-C(5) 113(3) C(7)-C(8)-C(9) 104(3) 

C(l )-C(7)-C(8) 127(4) C(7)-C(8)-C( 10) 87(3) 

C(2)-C( 1 )-C(6) 104(4) C(9)-C(8)·C(10) 115(3) 

( 
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From previous work on adumantane denvatives (45-46), disorder of the 

adamantane ring system was expected al room temperaturt!. Our values can he compan:d 

to those obtained for the disordered room-temperature phase of l-adamantanecarboxyhc 

acid. where the C - C bonds range from 1.453(16) to 1.602( 16) Â and the C - C - C 

angles from 103.1(9) to 116.0 (lI )0. The corresponding values for the ordcred low­

temperature phase of the ucid ure 1.527(4) to 1.548(3)Â und 108.4(2) to 111.3(2)° (46). 

Adamanlane (ClOH 16) itself and many of ilS derivatives are weIl known 10 undergo order­

disorder phase transitions (47) over a wide temperature range and with a large variation 

in entropy of ~he transition. With the exception of l-adamantanol, CIOH ISO(( (4R), the 

phase transitions oecur below room temperature and the room-tcmpcrature pha-.cs are 

usually disordered (45-46, 49-50). The calculated torsion angles of the adamantyl­

ammonium cage in [2-ClOH lsNH3 j[Pt(EtNH2)CI31 , listed in Table VII, indicatc 

distortion from the expected perfect chatr conformauon. The overall mcan torsion angle of 

52(5)° is not very close to the expected value of 60° for a perfectly staggercd chair 

conformation WIth tetrahedlal bond angles. Figure 8 shows the packlllg of the mo1e<.:ule!> 

in the unit cell. Il consists of layers of anions and catiom parallclto the diagonal plane 

(lOI). The crystal structure IS stabillzed by hydrogen bondmg and the dl~tances and 

angles between atoms involved 1Il hydrogen bonds are shown in Table VIII. The 

hydrophilic moiety of [2-ClOH lsNH31+ is oriented towards the chloride ligands of the Pt 

complexed anions. All the H atoms of the -NH3+ group are involved in hydrogcn bonch 

with the chloride ligands. Two of these are shown In Figure 8, the third one i!> 

downward along the .b. axis. One of the H atoms of the ethylarnine ligand i~ al~() 

involved in hydrogen bondmg with CI(l). The N •.• Cl distance!o. vary from 3.12(2) to 

3.34(1) Â. Apart from these hydrogen bonds, there arc no other short contacts. In 

contra st to similar complexes (6, 33), this molecule crystalhzes wuhout water of 
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hydration. The hydrogen bond'i formed between the large cation and the chloride ligands 

might he sufficient to stabilize the crystal. This ~lIggestion is supported by the absence of 

water molecules in tht: cry~tal ~tructure of IPt(NH3)4J[Pt(isopropylamine)CI312 (41). The 

anisotropie thermal parameters (Table IX), the equ"tion and deviations from the best 

weighted least-squares plane (Table X) and the calculated H coordinates (Table XI) are 

shown in Appendix 2. 

Table VII. Torsion angles (0) for the adamantylammonium cage in the crystal 

[CIOH15NH3](Pt(EtNH2)C13J. 

Atom-atom-atom-atom Imgle(O) Atom-atom-atom-atom angle(O) 

C l-C2-C3-C4 -70(6) C3-C4-C:>-C 1 0 34(5) 
C2-C3-C4-C5 69(4) C4-C5-C 1 O-C8 -33(5) 

C3-C4-C5-C6 -69(4) C5-ClO-C8-C9 36(4) 

C4-C5-C6-C 1 59(4) CI0-C8-C9-C3 -46(4) 
C5-C6-CI-C2 -59(5) C8-C9-C3-C4 46(4) 

C6-C l-C2-C3 73(6) C9-C3-C4-C5 -35(4) 
CI-C7-C8-CI0 77(5) CI-C2-C3-C9 38(6) 
C7-C8-CIO-C5 -67(4) C2-C3-C9-C8 -48(5) 
C8-C 10-C5-C6 67(4) C3-C9-C8-C7 45(4) 

CI O-C5-C6-C 1 -62(4) C9-C8-C7 -C 1 -33(5) 
C5-C6-C I-C7 58(4) C8-C7 -C l-C2 28(7) 
C6-C I-C7 -C8 -80(5) C7 -C l-C2-C3 -30(7) 
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FiiUTe 8. Stereoscopie view of the packing in the unit eeU (ç, axis horizontal, down 12 

axis; dashed lines correspond to H bonds). 

Table VID. Distances (À) and angles (0) of atoms involved in possible hydrogen bonds 

Atom-atom Distance (À) AU)~-atom-atom Angle (0) 

N(l)-H···Cl(l)a 3.18(1) C(2)-N(l )···Cl(l) 123(2) 

N(1)-H···CI(3)b 3.23(2) C(2)-N(1) .. ·Cl(3) 99(2) 

N(1)-H···CI(3)a 3.12(2) C(2)-N(1)",CH3) 141(2) 

N(2)-H ···CI( l)a 3.34(1) Pt-N(2)"'Cl(l ) 113.5(4) 

C(ll)-N(2) .. ·Cl(l) 114.2(8) 

a) -x + 1(1., Y + 1(1., -z + 1(1. 

b) x + 1(1., -y + 1/2, z + 1(1. 
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CHAPTER4. 

Synthesis 

of 

Pt(adamhX2 and Pt(A)(adam)X2 (X = C!, 1) Complexes 



f , 

~.J Introductjon 

The screening range, antitumor activity, toxicity and solubility of platinum 

complexes would be greatly expanded if cis mixed-ligand square-planar complexes could 

be systematically synthe~lzed. It is already known that platinum amine complexes with 

cyclic amines have better antitumor activity than does cisplaun, CI5-Pt(NH3)C12, or other 

non-cyclic amine cnmplexes (1). The changes in therapeutic index are structure related 

and are caused by a decrea:-.e in toxicity as the ring size illcreases. The low toxicity is 

thought to be due to the greater flexibility of the larger rings, which pem1its orientation of 

these rings so that they protect the axial positions above and below the platinum plane, 

thereby preventing coordination to the sulfur atoms in the kidney tubules (2). Sorne-

mixed-amine platmum(I1) complexes of the type Pt(NH3)(cycIoalkylamine)CI2 have been 

synthesized and their antltumor activities and toxiciues compared to those of cisplatin and 

Pt(cycloalkylaminehCl2 (3, 4). It seems that the toxicities of the mixed-amine 

compounds are much greater than those of the corresponding Pt(cycloalkylaminehCI2. 

The toxicity values for the mixed-amine complexes vary from 6 to 20 mg kg- l compared 

to 57 to 3200 mg kg- 1 for the complexes with two cyclic amines (1-4). The mixed-amine 

compleJ(es have similar toxicities to that of cisplatin (13 mg kg-l). 

The choice of adamantanamine derivatives as ligands for platinum(II) has been 

guided by their biological activity (5-9). Indeed, the aminoadamantane derivatives in 

general (partlcularly I-adamantanamine) show antiVIral activlty against influenza A. This 

antiviral activity is due to an iOJHC change al the cell surface that blacks the penetration of 

the vims into the cell, WhlCh thus remains suscepuble to inactivation by antibodies (10). 

This inhibiting effect lIlcreases when a metal is added to the amine due ta the enhanced 

Iipid solubility of the metal complexes (11). 1-adamantanamine also has antitumor 
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activity by blocking DNA replication. When adamantanamine is bonded to the suhstrall'. 

it increases the lipid solubility of the new molecule formed which can then bind to thl' 

receptor more easily (12, 13). Shionogi and Co. Ltd (14) have synthesized platinutl1(ll) 

complexes with 1,2-diaminoadamantane and these complexes exibit antitllmor actlvity 

similar to that of platinum(II) complexes with two cyclopentylamine ligands. Braddl1C'k t!t 

al. (1) have studied the antitumor activity of Pt(adamhCl2 (adam = l-adamantanallllllC 

and 2-adamantanamine) (Table XII). 

Table XII. Characterization and antitumor activity of platinum(1l) complexes with two 

adamantanamine ligands (from ref. 1). 

Elemental analysis Infmrcd Antttumor activlly 

%C %H %N %CI V(Pt-CI) LDSO lD90 

Pt(1-adarnhCI2 cale 42.2 6.0 4.9 12.5 

exp 42.1 5.9 4.7 328,324 >625 >625 

Pt(2-adarn)2C12 cale 42.2 6.0 4.9 12.5 

exp 42.1 6.0 4.8 331,312 >800 >800 

The compounds are inactive with respect to the PC6, Walker and Ll210 tumor 

systems (1) . The authors claimed that: Il ... with the three fused six-mernbered rings, ... 

the generally inert nature of these complexes may arise from their low sollibility" (1). 

We have repeated the synthesis of the compound with l-adarnantanarnine and we found 

that their synthetic method is inadequate. These results will he discussed later in this 

chapter . 



.. 
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The development of fi new method for the synthesis of monoamine platinum 

complexes, KI Pt(A)CI31 (15), has opened the door for the rational preparation of mixed-

amine complexes. Since l-adamantanamll1e has been reported to have antitumor activity 

ugainst angiocarcinoma and pancreatic carcinoma, it was l'elt that it would be interesting 

to examine the coordination of adamantanamine derivatives, which are polycyclic 

molecules, to platinum(II) to ~ee if the antitumor activity of the resulting complexes 

would be enhanced, and concomitantly increase the screemng range of these potential 

antitumor agents. A ~eries of mixed-amine platinum(II) complexes, Pt(A)(adam)X2 (X = 

Cl, 1 ; A = methylamine, ethylamine, cyclobutylaminc, cyclopentylamine and adam = 

l-adamantanamine, 2-adamantanamll1e and I-methyladamantanamine) has been 

synthesized. Our aim was abo to extend the chemistry of platinum complexes in order to 

have. in the future, some clues to the identification of the structure of new platinum 

complexes. 

.., 
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Pt(A)(adam)CI2 One mmolc of adamantalwmine was add~d w an aqll~oll~ 

solution (5 ml) of one mmole of K[Pt(A)C13) and the mixture WOlS stirred al roOIll 

temperature for !-3 h. The insoluble product wns filtered off and the free nd.ullligalld was 

removed by wnshing with water. Aner drying briefly in air. the residue \Vas washl!d with 

ether and left under vacuum in Li drying pistol containing P20S for 12 h. 

Compounds Yield Dec. pt (OC) Elemental analy~is 
%C %H % Cl %N 

Pt(MeNH2)( l-adam)CI2 60% 205-217 Calcd: 29.5 4.9 15.g 6,3 

Found: 28.5 4.g 14.2 6.0 

Pt(EtNH2)( l-adam)CI2 47% 195-220 Calcd: 31.2 5.2 15.3 6.1 

Found: 31.3 5.7 14.5 6.2 

Pt(CBA)( l-adam)C12 90% 206-225 Calcd: 34.4 5,4 14.4 5.7 
Found: 34.1 5.7 13.S 5.7 

Pt(CPA)( l-adam)C12 16% 195-217 Calcd 35.9 5.6 14.1 5.6 

Found: 34.1 5.6 13.3 5.3 

Pt(MeNH2) (2-adam)CI2 65% 192-212 Calcd: 29.5 4.9 15.8 6.3 

Found: 29.9 4.9 15.9 6.2 

Pt(EtNH2)(2-adam)CI2 24% 170-192 Calcd: 31.2 5.2 15.3 6.1 

Found: 30.9 5.2 15.1 6.2 

Pt(MeNH2)(I-Madam)Ch 44% 195-209 Calcd: 31.2 5.2 15.3 6.1 

Found: 31.8 4.8 13.5 5.6 

Pt(adamhCl2 One mmole (0.514 g) of K2[PtC141 and 2 mmoles of the 

adamantanamine ligand were heated in DMF solution at 80°C for 3 h. The DMF solutions 

were concentrated as much as possible, cooled to -O°C, and the KCI which had formed 



\ 
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was filtered off. The 19Spt-NMR spectra of the solutions were measured at room 

ternpcrature. The mixtures was then evaporated to dryness and the yellow residues were 

washed sequentially with ether, acetone and water, to remove DMF, K[Pt(adam)C13] and 

KCl, respectively. After drying briefly in air, the residues were washed with ether and 

dned ovcr P20S. 

Compounds 

pte 1-adamhCi2 

Pt(2-adamhCI2 

pte I-MadamhCh 

Yield Dec. pt (OC) 

65% 180-205 

72% 185-215 

68% 195-225 

pt(Ahh, Pt(adarnhI2 and [Pt(A)I2h The compounds with methylarnine, 

ethylamine, cyclobutylamine, cyclopcntylamine, dimethylamine, l-adamantanamine, 2-

adamantanamine and I-methyladamantanamine were synthesized as aIready described in 

the 1iteraturc (3, 16). 

Cornpounds Dcc. pt (oC) Elemental analysis 
%C %H 

pte l-adamhl2 164-279 Calcd: 32.0 4.6 

Found 32.5 4.8 

Pt(2-adamhI2 250-295 Calcd: 32.0 4.6 

Found 33.4 4.5 

pte I-MadamhI2 188-295 Calcd: 33.9 4.9 

Found: 36.S 5.5 
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Pt(A)(adam)l2 The reqmsite adamantanumine ligand (1.5 mmole) was addcd tu 

an aqueous solution of 1 mmole of LPt(A)l212 and the mixture W\\S stirrcd for 2-3 h. The 

insoluble product was filtered off and the free ad am ligand was removed by washing wllh 

water. After drylOg briefly in air, the residue \Vas washed with ether and dricd undel 

P20S. The yields were aImost quantitative. 

Compounds Dec. pteC) Elemental analyses 
%C %H 

Pt(MeNH2)( 1-adam)12 160-175 Calcd: 20.9 3.5 
Found: 24.3 3.7 

Pt(MeNH1)(2-adam)Il 171-195 Calcd: 20.9 3.5 
round: 23.1 3.8 

Pt(EtNH2)(2-adam)h 140-170 Calcd: 22.3 3.8 
Found: 22.8 3.6 

Pt(CBA)(2-adam)h 185-200 nùcd: 25.0 3.9 
round: 26.6 4.2 

Pt(CPA)(2-adam)h 186-212 Calcd: 26.3 4.1 
round: 26.6 4.4 

Pt(EtNH2)( I-Madam)Iz 205-240 Calcd: 23.7 4.0 
Found: 34.8 5.2 

Pt(MeNH1)(1-Madam)I2 130-168 Calcd: 22.3 3.6 
round: 26.5 4.1 
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4.3 Result5 and Discussion 

4.3.1 Smtbesis of PHadam)1.X, and PHA)(adam)X, Complexes 

The Pt(A)(adam)CI2 complexes were synthesized according to the following 

rcaction: 

K[Pt(A)CI31 + adam ) Pt(A)(adam)C12 + KCl 

The complexes with A = MeNH2, EtNH2, CBA, CPA and ad am = l-adam, 2-

adam and 1- Madam were prepared. In water, the cis isomers should be fonned first smce 

the trans effect of chloride is greater than the trans effect of ammes but other factors like 

the bulkiness of the ligands might lead to the formation of the trans isomers. The 

compounds were first washed with dilute HCI to get rid of the free adamantanamine 

ligand. This explains the second peak in 19SPt-NMR spectra in the region of [Pt(A)CI3]­

and will he discuss later in sectIOn 4.3.2. From the moment It was demonstrated that HCI 

rcacts with coordinated adamantanamine, washing with Hel was replaced by washing 

with a large quantity of water. The presence of the second peak in 19SPt-NMR spectra 

was then eliminated. 

Ail the products isolated are insoluble in water, but they are soluble in DMF and 

DMSO. For the complexes Pt(MeNH2)(2-adam)CI2, Pt(EtNH2)(2-adam)C12, 

Pt(EtNH2)( l-adam)CI2 and Pt(CBA)(1-adam)Clz, the elemel~t.11 analyses are very good. 

For the complexes Pt(MeNH2)(I-adam)CI2 , Pt(CPA)(l-adam)Clz and Pt(MeNH2)(1-

Madam)Clz, the results show the presence of impurities. The chloride values are lower 

than expected, probably due tu the presence of free adamantanamine ligand, since there is 

only one species detected by 195Pt-NMR spectroscopy. These new compounds were 
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characterized by their NMR. IR and Raman spectra and the results will be discusscd \Il 

Sections 4.3.2 and 4.3.3. 

The Pt(adamhC12 complexes were synthezised according to the following 

reaction: 
DMF 

+ 2 adam ) Pt(adamhCh + 2KCI 

The compounds were isolated immediately after recording their 195Pt-NMR 

spectra. The DMF solutions were concemrated as much as possible. cooled to -O°C und 

the KCl was filtered off. The J95Pt-NMR spectra of the solutions were mcasurctl at room 

7 2 

temperature (see Section 4.3.2). The DMF solvent was then evaporated off and the 

resulting yellow residues were washed with ether to remove DMF and unreactcd ligands. 

Further washing with acetone and water eliminated the [Pt(L)CI31- complex and KCI. 

The yields varied from 65 to 72 %. The dlfferent compounds were characterized by IR 

and Raman spectroscopy (see Section 4.3.3). 

The disubstituted iodo and the iodo-bridged complexes, Pt(A)z12 , Pt(adam>212 

and [Pt(A)h12, were synthesized as described previously (3, 16). The diffcrent steps 

in the preparation are: 

K2[PtC!4J + 4 KI ) K2[PÙ4] + 4 KCl 

H20 

K2[Ptl4] + 2A ) cis-Pt(AhI2 + 2 KI 

HCI04 A /1, /1 , 
> Pt Pt 

1/ "1/ 'A 
2 cis-Pt(A)zI2 
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According to the earlier work of Elding and Olsson (17), the mechanism of 

dimerization of cis-Pt A212 in acidic media could be: 

+H+ , , 
- H+ 

1 

1 
A- Pt - 1 

tI! -H20 

1 1 +H20 ,. 

1- Pt- A 

1 
1 

H2g.. / 1 
... Pt 

A/ l "1 
1 

I~: ~A 
Pt 

+ AH+ 

1/ ~H20 

A -Pt 
/1 

1 '1 l, 1 /A 
Pt 

I~ 
", , 

, H20 
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The iodo-bridged dimer is a good starting matcrial for the synthcsis of miwd­

ligands complexes (3). It can be cleaved by anothcr amine to give the mixt'd-amine iudo 

complex Pt(A)(adam)12 acwrding to the following equation: 

A, ..... 1" ,/ 1 
Pt Pt + ndam 

1/ '1/ 'A 
2 cis -Pt(A)(adam)12 

The synthesis of iodo complexes is important since they are more soluble in 

organic solvents than are the chloro compounds. The 1 H-NMR spectra could he 

measured because they are soluble in CDCl3 and this solvem does not intcrfere with the 

resonances of the ligands. Far-IR measurements in solution are also possible and thesc 

data can be compared with the resllits obtained for solids. Raman data can a150 he 

recorded in the same way for the solids and in solution. The 195Pt-NMR spectra were 

measured in DMF and compared to the chloro series. DMF was chosen in arder to 

compare the chemical shifts of the iodo complexes with the chlore compounds. The 

same trend wOllId be expected if steric and/or solvent effects are responsible for the 

observed chemical shifts. 

The iodo complexes could aIso be good starting materieIs for man y other 

interesting compounds. The mixed amine iodo complexes Pt(A)(adam)I2 can be treated 

with silver nitrate and KCI to complete the chlore series. The dlsubstituted iodo 

complexes can also be treated with silver nitrate and then with adamantanecarboxylate 

derivative. This might be useful since carboxylate complexes are less toxic than the 

chlora complexes. 



4,3,2 19SPt_ and Ill-NMR Spectra 

The 195Pt-NMR chemical shifts are very sensitive to the nature of the ligands in 

the coordination sphere, and the platinum resonances move to lower field in the ligating 

atom order 1 > P > As > S > N > Cl > 0 (18). These shifts have been related to a decrease 

in covalence in going from iodide to oxygen and this has been interpreted in terms of 

covalency effects in the op contribution to the shielding (19, 20). As an example, in a 

series of [Pt(L)CI3]- complexes where L = NH3, Cl and H20, the chemical shifts in 

water are, respectively, -1826, -1628 and -1180 ppm (18). Changing three chloride 

ligands to iodide Ieads 10 an extremely large upfield shift, e.g., [NR4HPt(DMNH)C13] 

(R = Prn or Bun) at -1863 and [NR4][Pt(DMNH)I31 at -4004 ppm in CH2C12 solution 

(21). Changing one chloride ligand to a nitrogen ligand is also important: K[Pt(NH3)CI3] 

is observed at -1826, Pt(NH3hC12 at -2097, [Pt(NH3bCI]CI at -2354 ppm (18) and 

[Pt(NH3)4]C12 at -2560 ppm (20). 

The 195Pt-NMR spectra of the different complexes studied in this chapter were 

measured in DMF solution (unless otherwise mentioned) and the resuIts are given in 

Table XIII. The compounds were expected to exhibit resonances between those for the 

ammine complex, Pt(NH3hCh (-2048 ppm in DMF; -2097 ppm in DMSO; -2168 in 

1-120) (18, 22) and the ethylenediamine complex Pt(en)CI2 (-2345 ppm in DMSO) (23). 

AlI the spectra of the diaminodichloro complexes displayed resonances between ~ 

2141 and -2242 ppm, in good agreement with the values oùserved in DMF solution by 

O'Halloran (24) for Pt(MeNH2hCI2 at ~2222 ppm and by Dion for cis- wd trans­

Pt(CBAhCI2 at -2235 and ~2225 ppm, respectively (25). 
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Table XIII. 195Pt-NMR for dbubstituted amine complexes. 

Compounds 

Pt(MeNH2hCI2 

cis- Pt(CBAhC12 

trans- Pt(CBAhC12 

cis -Pt(DMNHhCh 

trans -Pt(DMNHhC12 

Pt(iso-PrNH2hC12 

Pt(2,6-CH20HPy hC12 

Pt(1-adamhC12 

Pt(2-adam>2C12 

Pt(1-Madam)zC12 

Pt(MeNH2)( l-adam)Ci2 

Pt(EtNH2)( l-adam)C12 

Pt(CBA)( l-adam)Ch 

Pt(CPA)(l-adam)CI2 (washed with HCI) 

Pt(MeNH2)(2-adam)CI2(washed with HCI) 

Pt(MeNH2)(2-adam)C12 

Pt(EtNH2)(2-adam)C12(washed with HCI) 

Pt(EtNH2)(2-adam)C12 

Pt(EtNH2)(2-adam)C12 (reaction with HCI) 

Pt(MeNH2)(1-Madam)C12 

-2222 (24) 

-2235 (25) 

-2225 (25) 

-2188 

-2181 

-2224 

-2095 

-2141 (lrans, 52%), 

-2184 (cis, 19%) 

-2193 (tralls, 27%) 

-2230 (cis, 13%) 

-2242 (cis, 71~) 

-2213 

-2208 

-2199 

-2188 (56%) 

-2219 (97%) 

-2219 

-2222 (98%) 

-2223 

-2225 (26%) 

-2235 

Other pcaks 

observed 

-1823 (29%) 

-1851(60%) 

-1861(29%) 

-1842 (44%) 

-1828 (3%) 

-1851 (2%) 

-1854 (74 % ) 
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For several of the ad am complexes, two resonances were displayed in the 

Pt(L)zC12 region. The upfield resonance was assigned to the cis isomer. the other to the 

trans isomer. Similar assignments have been reported by other research groups. The 
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values observed (26) for the PtlCI-I3(CH2)SlSNH212CI2 complexes are ~2130 ppm in 

CDC13 for the trans isomer und -2215 in DMSO~d6 for the cis isomer. For similar 

complexes with cyclobutylamine, the observed values are -2225 ppm (trans) and ~2235 

ppm (ds ) in DMF (25). 

For the cis complex with the secondary amine, DMNH, the ô(Pt) resonance 

appears at lower field (-2188 ppm) than do those for the other diamine complexes. The 

same trend is found for the cis complexes with two l-adamantanamine ligands (-2184 

ppm) but not for the complexes with two 2-adamantanamine (-2230 ppm) or two 

I-methyladamantanamine (-2242 ppm) ligands. Pregosin (18) has noticed a downfield 

shift of the platinum signal when the ligand becomes sterically larger. In the case of the 

complex with I-methyladamantanamine, the -CH2- group between the amine and the 

bulky udamuntane ring is sufficient to relieve the steric hindrance and this compound 

resonates in the same region as other less blilky primary amine complexes. The same 

trend is observed for the mixed-ligand complexes of l-adamantanamine. There is a 

downfield shift from MeNH2 to the CPA ligand and the CPA ligand apparently creates a 

similar sterie environ ment as do two DMNH lig.mds. 

In addition to the resonances of the disubstituted complexes, the 19SPt-NMR 

spectra of many of the eompollnds with adamantanamine derivatives showed a low 

intensity peak in the -1850 ppm region (Figure 9a) which we attribute to 

[udarnH][Pt(A)C13J. 
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Figure 9. Typical 195Pt-NMR spectrum of Pt(A)(adam)C12: (a) washed with 

dilute HCI and (b) without washing with dilute Hel. 

The presence of the resonance due to the K[Pt(A)CI3] starting materials in the 

spectra was initially surprising. Since these complexes are very soluble in water, they 

should have been eliminated during the synthetic work up. This dilemma was resolveU by 

detennining the crystal structure of the complex obtained from the washings during the 

treatment of Pt(EtNI'I2)(2-adam)C12 with dilute HCI (27). The washing was done to 



eliminate any free adamantanamine ligand. The 8(P1) resonancc at -1 S5-l ppm IS asslgnl'd 

to the ionic complex [2-adamHIlPt(EtNH2)CI3I, the cry~tal structure of which wa~ 

discussed in Chapter 3. The 195Pt-NMR spectra of the complexes prcparcd withollt 

washing with dilute HCI showed no peak in thls region (Figure 9b). 

After determil1lng the crystal structure of 2-adamantylarnmoniulll 

trichloro(ethylamine)platinate(ll), which was the result of displaccl11cnt of tht.! coordmatcd 

adamantanamine ligand by CI- and subsequent qllaternization of the amine group, wc 

decided to look more closely at the structures of the adamantanaminc platinum(ll) 

complexes, pte l-adam)2C12 and Pt(2-adamhCI2, tcsted by Braddock ct al. sincc thcsc 

authors used concentrated HCI for washing. We had washcd our l'ompounds only with 

dilute HCI and had observed a small quantity of ladamHI[Pt(A)C131. We thercforc 

decided to repeat Braddock et al.'s synthetic work (1) and mea~llrcd the 195Pt-NMR 

spectra of the products in order to verify the authenticity of the compouncb. 
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If we look at the values reported by Braddock et al. (1) for the clemental ana)y~cs 

of the Pt(adamhCl2 (Table XII), the calculated and fOlll1d C. N and H values are in gooe! 

agreement but no Cl analysis is given. For the complexc~ Pt(adalll)z CI2 and 

[adamH][Pt(adam)Ci31, the calculated analyses are C, 42.2; N, 6.0; H, 4 9; Cl, 12.5 and 

C, 39.7; N, 4.6; H, 5.8; CI, 17.6, respectlvely. The differenccs (L\C, 2.5, L\N, 1.4; Ali, 

0.9) between calculated values for C, N and H are small. The greater chfference expected 

for the chloride analysis (.1Cl, 5.1) would have afforded more InformatIOn abOlit the 

empirical formula of the complex. If the proportion of the IOnie eomplex is ~mall, a 

mixture of the two compounds (three if we assume the presence of CI.\- and lran.\­

Pt(adamhCh) wou Id give similar analysis for C, N and H. There is a slmilar problem 
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with the IR data. For the IR-active v(Pt-Cl) vibrations, the results are not conciusive 

since a mixture of complexes would give the sa me results. 

The synthesis of Pt(l-adam)zCi2 was therefore repeated, exactly as published in 

the liter:ltllre by Braddock et al. (1) and the 195Pt-NMR spectrum of th~ product was 

mcasured in DMF. The compollnds Pt(l-adam)zCI2 was prepared as follows. One 

cquivalent of K2IPtCl41 was ùissolved 111 water and the filtered solution was treated with 

two equlvalents of aminoadamantane hydrochloride in water. The insoluble pale pink 

chloroplatinite of the protonated amine was filtered off and washed with water. The 

complex (adamHhlPtCl41 was suspcnded in water with two equivalents of sodium 

hydroxyde and the mixture was stirred ovemight. The pale yellow product was filtered 

off, washed wnh eoncentrated HCI, water, methanol and then ether and finally dried 

under vacuum. The 195Pt-NMR spectrum of the product obtained dissolved in DMF is 

sri,own in Figure IOa. Three peaks were observed, the most mtense peak (-1822 ppm) 

being assigned to 1 l-adamH][Pt[ l-adam)CI31. Although [1-adamHI[Pt(1-adam)CI31 is 

not beheved to be very soluble in water (otherwise it would have been eliminated during 

the workup). it is surely more soluble th an the Pt(l-adamhCi2 complex. The compound 

that was h;sted by Braddoek et al. (1) for antÏtumor activity was more likely a mixture 

containing the ionic eomplex and the cis and trans disubstituted species. It was normal 

that the results of the biologie al tests were negative since only cis cOlllplexes have any 

significant antltumor activity. In order to compare the 195Pt-NMR spectra, complexes of 

the type KIPt(l-adam)CI31 and Pt(l-adam)ZCi2 were also synthesized by another method. 

The speetrum obtained for the latter before isolation also showed three O(Pt) peaks in the 

same reglOn, the most intense being attributed to the trans isomer. The NMR spectra are 

compared in Figure 10. The resonances appear at -2190 (38%), -2155 (11 %) and -1822 

• 
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(51%) for Brad0,)ck's compound compared to -2184 (19%), -2141 t52%) and -1823 

(29%) pprn for our l-adam compound. 

C"I 
C"I M 
00 N - 00 

1 0 ...... 
0'\ 1 

--' '<t N 
1 00 

N , 
10 
10 -M 

1 

(a) (b) 

Fi~ure 10. Comparison of the 195Pt-NMR spectra for the Pt(1-adamhCI2 

complex (a) prepared by the method described by Braddock et al. (1) and (b) by our 

method. 

As we have already S"~h, i,\ëli~I!;.;(2-adam)Ch gives only one resonance, at -

2223 ppm, wh en it is not washed with Hel. To prove that the resonance at -1823 ppm 

belongs to [adamH](Pt(adam)CI31, the Pt(EtNHz)(2-adam)C12 cornplex was stirred in 

HCI and the 195Pt-NMR spectrum of the mixture was recorded (Figure Il), and 

compared to the spectrum of Pt(A)(adam}CI2 (Figure 9a) following washing with dilute 

Hel. 
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Figure Il. 195Pt-NMR spectrum of Pt(EtNH2)(2-adam)C12 after stirring in HCI 

for 10 min. 

The sp<:ctruIP shows a new intense resonance at -1854 ppm which can be 

attributed to [2-adamH][Pt(EtNH2)CI3]. This is in the same reglon as that for the least 

intense peak in Figure 9a, thereby confrrming that when concentrated HCl is used to wash 

the disubstituted ammes complexes, species of the type [adamH][Pt(A)C131 are produced. 

Indeed, when these complexes are ln contact with HCI, the acid reacts with the 

coordinated adamantanarnine and the Cl- replaces the amine in the coordination sphere. It 

is now important to find a new synthetic route to the pure cis complexes in order to 

eventually examine the potential antitumor properties of these complexes . 
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Similar complexes wuh two iodo ligands were synthesl.œd and the !lJ5Pl-NMR 

spectra were mea~ured in DMF. The rcsults are hsteu l/l Table XIV. 

Table XIV. 195Pt resonances for the iodo complr.xes. 

------

Compounds 195Ptt+5ppm) 

---- -------

Pt(en)I2 -3462 (28) 

Pt(NH3hI2 -3264 (28) 

Pt(MeNH2)zI2 -3327 

Pt(EtNH2hI2 -3330 

Pt(CBAhI2 -3346 

Pt(CPAhI2 -3302 

Pt(DMNH)2I2 -3211 

Pt(l-adamhl2 -3331 (trans, 63%) 

-3364 (ds, 37%) 

Pt(2-adam)Z12 -3333 

Pt(l-Madam)zI2 -3354 

Pt(MeNH2)( I-adam)J2 -3336 

Pt(MeNH2)(2-adam)I2 -3328 

Pt(EtNH2)(2-adam)I2 ·3327 

Pt(2-adam)(CPA). 2 -3328 

Pt(2-adam)(CBA)Iz -3358 (trans, 86%) 

-3387 (ds, 14%) 

Pt(MeNH2)( 1-Madam)I2 -3336 (trans, 75%) 

-3389 (ds, 25%) 

Pt(EtNH2)(1-Madam)lz -3388 

A lOOO-ppm upfield shi ft i~ observed going f~om two chloro to two iodo 

ligands. Lippard has already synthesized such complexes with NH3 and ethylenediamine 

ligands (28). The resonances for Pt(NH3hl2 and Pt(en)1z were obscrved at -3264 and 



( 

-3462 ppr~) rc<.,pcçtively, in DMF solutions, Le., 1167 and 1117 ppm to high field 

comparcd to the v.dues for the chlore analogs. It was expected that our compounds 

would dl~play resonanccs between these two values since, in the chloro series, the 

diamino complexes showed resonance!; between the ammine and the ethylenediamine 

complexes, as dlscusscd previoLlsly. Ali the complexes, except Pt(DMNHhh ~,iowed a 

rcsonance bctween -3302 and -3389 ppm. The Pt(DMNHhI2 complex reso.tutes al 

lower field (-3211 ppm) th an does the ammine complex (-3264 ppm) and, in thh; case, 

steric hindrancc nught possibly be the predomin;~l,t factor. 

In the proton-NMR spcctra, there is no solve nt problem for the iodo complc~es 

because they are usually soluble in most common organic solvents. In our case, COU3 

or acetone-d6 were chosen and the results are shown in Table XV. The electronic densÎl)\ 

is drained toward the platll1um atom upon coordin:\tion and there are down[ield shifts for 

the protons of the coordinated lIgands when compared to those of the free ligands. For 

Pt(MeNI h)212. a tnplet is observed at 2.65 ppm (FIgure 12a) for the methyl group due 

to coupling with the amine protons (3J(H-H) = 6 Hz) with the two triplet satellites due to 

couplIng with platInum-195 isotope (3](19SPt_H) = 49 Hz). The resonance of the amIne 

protons appears at 4.50 ppm for Pt(MeNH2hb and no coupling is observed with 

platinum-195. For the dnnethylamine complex, the same trend is observed and the 

resonance of the methyl groups is found ut 2.80 ppm as a doublet plus a doublet of 

doublets wuh coupling constants 3J(H-H) = 6 Hz and 3J(I95Pt-H) ::0 43 Hz. For 

Pt(l-adambI2 (Figure 12b) and Pt(CPAhI2 complexes, in addition to the expected 

peaks for the ligands, the resonances of the amine protons at 3.61 and 4.34 ppm with 

coupling constants 2j(19SPt-NH) = 68 and 70 Hz, respectively, could be detected. 
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Table XV. 1 H resonances (ppm) for th'~ lIgands and the lotln complexes {Ill ('()el \ 

solution). 

----- - -------- -- -- -

Compounds Hl Il:! H3 NIl J(Pt-NIO j~I't-('II) 

III 111 
------- -----

MeNH2 225('\) Ilot ob .. d 

Pt(MeNH2)zI2 a 265(t+dt) 4.50 not (lbsd 49 

E1NH2 0.97(1) 2.59«Ù Ilot obsd 

Pt(EtNH2)zI2 1.21 (t) 2.95(m) 4.45 not ohsd not oh ... t1 

a 1.29 304 3.~4 not oh ... ,1 Ilot oh ... d 

CBA 1.297(m) 1.872(m) 3.053(m) Ilot ol''\d 

Pt(CBAhI2 1.94(m) 2.30(m) 3.73(m) 3.48 not oh~,1 nOl (lINI 

1.64(m) 

CPA 1.064(m) 1.563(m) 3.132(m) Ilot obstl 

Pt(CPAhI2 1.68(m) 2.11(m) 3.61(m) 4.34 70 not oh~d 

l-adam 1.529(s) 1.590(m) 2.057(m) Ilot obsd 

Pt(l-adam)z 1 2 1 59(m) 1.98(m) 2,11(m) 3.61 68 not oh ... d 

DMNH 1.85(d) 

Pt(D MNH)z 1 2 a 280(d+dd) 4.97 not ob .. d 43 

Pt(McNH2>(I-adam)I2 2.61(t) 3.80 not obsd not oh.,d 

1.55(m) 1.99(m) 2.1'2(m) 363 not ohsd not oh.,d 

a In acetone-d6 solution 

-
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Figure 12. 1 H-NMR spectra for (a) Pt(MeNH2hh in acetone-d6 and 

(b) Pt(I-adamhI2 in CDCI3. 
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.. 1.3.3 Infrarcd and Rmmm Spcctl1\ 

The IR (40()()-250 cnr 1) and Ram,11l (SOO-20() ~m·l) !'Ipt:\.'I1.1 01 tht' 

Pt(A)(adam)C12 and Pt(adamhCl2 complexes were recorded in the sailli statt:. Tahk XVI 

lists the v(NH), ô(NH2) and v(Pt-N) vibrations from the IR mcasllremcnt~. The IR- and 

Raman-active v(Pt-CI) bands arc hstcd in Tahle XYlI The compkxcs lIscd 101 Iht' 

vIbration al studies were those synthcslzcd without washl!1g wlth dilllte II( '1 and \\'t' 

assume that the ionic complexes were not formed on the basis of the }I)5Pt-NMR "pCCII.1 

of the Pt(MeNH2)(2-adam)CI2 and Pt(EtNI-I2)(2-adam)Cl2 complcxc.:s '.Sc.:ctioll ·l ~ 1) 

For the complexes with two adamantanamlllc dcrivattves, the IR and Raman "pcL'tra \\'l'Il' 

X 7 

recorded after the work-up to eliminate the K\Pt(adam)CI31 complex. The IR ~1)L·\.·lIa 

were obtained on a FT 50 DIGILAB spcctrometer, 256 scans at 1 em- t re~olllti()n. The 

Raman spectra were measured on a U-lOOO Ramanor spectrometcr and lI~ll1g:ln argon-

IOn laser on the green line (514.5 nm) cqUlppcd WIth a Naehet mieTO!'copc (4X ohjc<:!Iw). 

The assignments given have been made according to the group theory and hy COl11palï\IH' 

with the results pubhshed by oUlcr workcrs on ~mlllar complexes (3, 29-32). 'l'hl.: 1 R 

spectra of the K[Pt(amine)CI3J·I/2H10 complexcs eXlb!t 1\1'0 ~il":-p v(OlI) band" bCIWL'L'1l 

3600 and 3480 cm- l and one ô(OH) between 1597 and 1590 cm- I duc tn walcr ot 

hydration (15). Thest bands ale absent in the mixcd-ligand complexes. 

The IR spectra of the Pt(adamhC12 complexes are very sumlar lO tho~c 01 the 

K[Pt(adam)C13J complexes. The amine bands are shlfteci to lnwer cncrgH':~ hy ahollt (1) 

to 120 cm-l, due to coordination to platinum. For the mixerJ-amme complcxc~, adc\il1onal 

bands due to the presence of the second amine are ob~erved. ThiS is parllcularly trllc III 

the region of the stretching VIbrations of the amll1e group. The spectra of ail the mlxcd­

amine complexes show three-to-five v(NH) vibrations between 3287 and 311 R enr). A" 
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an exampk, Ihe v(NH) Vlblatll>ll\ III KI Pt(\-aclam)CI 31 were 10cHled at 3125, 3200 and 

:n~~o cm,J whde III KIPt(IVleNII2)C111 the (;orre~ponding vibrations were observed a httle 

IlIgher at 3140.3245 and 3270 cnr J. The spectmm of Pt(MeNH2)(1-adam)CI2 shows 

alrno~t a ~llpcrpo~llion of the~c bands. Flve v(NH) bands are observed between 3276 

and 3124 <.:01') The complexes shov' ::me or two IR-active Ô(NH2) vibrations between 

1595 and 1563 cm' J, lowered by abolit 25 to 60 cm- J, compared to absorptivl1 bands of 

tlle frce ligand. The platlllllm-nmogen ~trelchlllg Vibrations are located berween 555 and 

455 cm- I. Fxccpt for Pt(CPA)(1-adam)CI2 and Pt(2-adamhCh wh)(.;h show only one 

band, ail the other ~pectra eXlnll IWO bands 111 this region. These assignnlents for the 

v(Pt-N) vitmltlons .Ire ba~ed on prevlous work (29-31). 

The hbove spectral observallons correlate weil with the published values for 

shnilar cOl11plexe~. An IR study on Pt(en)C12 showed NJO v(Pt-N) vibrations at 545 and 

464 cm- J (31). Khanllnov et al have already reported the IR absorption spectra of 

~everal melhylanllne complexe,> (29). They ob"erved that the general nature of the spectra 

is retallH:c1 even If Ihere 1'> one, two or four methylamine ligands coordll1ated to the 

plalll111111 atom. They dlu not ob~erve any band sp:Ittll1g as the resuIt of solid-state effects 

or UUC 10 the presence of ~everal molecules of methylamine 111 the complex. For all the 

compollnds. the v(Pt-N) modes appear between 526 and 490 em-1; these vibrations are 

sillfted to lower energle~ by about 30 cm-! up0n isotopie substitution at the amino group. 

For eXHmp1e, the v(Pt-N) VIbratIOns of Pt(MeNH2hCh have been assigned to 523 cm-! 

for the trall.\ I~omer and to 517 and 505 cnl' 1 for the cis lsomer. For the latter, the lower 

cnergy band, whlch IS the most 1I1ten~e 111 the IR speetrum, has been assigned to the 

antisymmctnc and the other to the symmetric v(Pt-N) vibratlon, The same authors (29) 

also observed two ù(NH2) at 159S and 1577 cm-! for the cis isomer, whiIe only one band 
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\.Vas ob~ervcd at 1596 cm- 1 for the tra 11\' 1~()IlK'r. Tht:~t' nlmple \t'\ h.1 h' .Il \II "t'l'II 

5.tlldied by Watt, 1I1ltchison and Klett (30) who a~slgned the \,(l't-;'\) \'lhl.lllPIl\ III ') IS 

cm- l (lrans) and 506 and 517 cm- I (cis). Only one ù(NII~) th:forma!lllil \'Ihl.lllllil \\.1" 

observed at 1594 cm- l for the trans compound white Ihrce band ... appC<ll \11 thc "alllc 

region at 1596, 1581 and 1575 cm- l for the cis lsomcr. The samc 1\ tltlC l(ll (1\-,11](1 

trans-Pt(CBAhC12 WhlCh were studicd by LOl:k and Zvaguh ... (.)2). }'Pl Illt' ,1\ 

compound, the û(NH2) vibratIons are located at 1662, 15X6 and 1562 Cln- I .lIld Illi lite 

trans isomcr at 1591 cm-l, In a study on CÎs-mixed ligand COmpk\L'\. Icpmlcd hy 

Rochon and Kong (3), ail the compounds except one ~howcd two or IlHlIC (l(Nlh) 

vibrations between 1642 and 1525 cm- l . In these publicallon<;, thc prC\L'IIl'C III a kWl'r 

Ù(NH2) deformations of the amino group for the trans Isomcr 1<; alway" IllClltllllWd. hut 

never discussed. If there is still D2h "local" symmetry (ignonng the nalUIC Ill' the amlllt'). 

there will be an "in-phase" and "out-of-phase" ù(N1I2) vlhl:ltlnl) SlllLe II 1., 

centrosymmerric, the "in-phase" motion will he Raman active only whlk lhe Pll!l'I 11111IHIII 

will be lR active only (Rule of Mutual Exclusion). For the Cl '\ cOIll[101l11lh (C.) \' 

symmetry), both motions will be IR and Raman-active. 

Cis- and trans-Pt(A)2Ch complexes can often he dl"lll1glll\)1l'l1 hy IR 

spectroscopy, The local skeleton symmetry for the Pt-CI bond ... I~ Clv for Ihe Cl.\ l'>OIllt:r 

and D2h for the trans lsomcr. Group theory predicts two IR-active v(PI-('I) halJ(h 

(al+ln) for a cis isomer and one (b2u) for the tralls i ... omer (~cc Appendlx 1) 
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Llhk X VI \1am IR ba/ld~ for Pt(A)(adam)Ch and PHadamhCl2 complexes m lluJol 

mull" (cl11- 1). 
-------

( ·()mpolllld., v(NI I) ù(NH2) v(Pt-N) 
-- - - -- --- --------

Pt(McNI12Hl-adam)Ch 3276 (w), 3231 (s) 1569 (s) 555 (m), 462(w) 

3196 (s), 3144 (w) 

3124 (w) 

Pt( EtNI12)( l-adam)CI2 3224 (s), 3195 (s) 1577 (s) 555 (w), 462(vw) 

3129(s) 

Pt(CBA)( l-adam)CI2 3260 (w), 3213 (s) 1575 (s) 550(vw),462(vw) 

3122 (s) 

Pt(CPA)( l-adam)CI2 3215 (s), 3188 (s) 1590 (w), 550(w) 

3121 (s) 1563 (s) 

Pt(McNI12)(2-adam)Ch 3273 (m), 3237 (s) 1590 (s), 525(w), 505(w) 

3214 (s), 3145 (s) 1571 (s) 

Pt( EtNI12)(2-adam)CI2 3265 (w), 3197 (s) 1570 (m) 555 (w), 498(m) 

3131 (m) 

Pt( l-.1cNI12)( I-Madam)Ch 3287 (s), 3238 (s) 1586 (s), 545(w),515(w) 

3214 (s), 3141 1576 (s) 

3118 (m) 

Pt( l-adamhCl2 3208(m), 3122(m) 1572(m) 550(w),461(w) 

1595(sh) 

Pt(2-adam)2CI2 3305(m), 3279(w) 1578(s) 503(mw) 

3261(w),3238(m) 

3190(s), 3123(s) 

Pt( I-MadambCl2 3298(m), 3235(s) 1571(w) 545(vw), 455(w) 

3218(s), 3142(s) 1594(m) 
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The v(Pt-CI) stretchll1g vibratIOns, both symmetnc and antl\yllHllt:I!IC. arc c:\pcl'lt'd III 

absorb in the 400-300 cnr 1 region (32). For the cis complex, both mOtk~ ~hOllld hL' 

actIve in th: Raman spectra, while for the trans isomcr, only the "ymll1ctnc mode (ag) will 

be Raman actIve. The symmetric M-CI stretch which gives the ka .. t intense IR pca\.... 

affords the strongest Raman band. The antisymmetnc mode often providl's thL' IlH)\t 

intense M-X stretchlllg band in the IR but is generally weak and often not nbservabk III 

the Raman spectrum. The corresponding mode III trtllls-ML2X2 1" Raman lIWctlW 

Someumes the two vibrations of a cis complex have very clo~c encrglcs and only onL' 

band (slIghtly broader) is observed. In this case, the geornctncal Isnll1crism of tht: 

complexes can sometimes be detemlined by the position of the band. The Cl.\' compkM'\ 

absorb at around 320-315 cm-l, while the trans complex ab~orb at highcr cnel glCS 

(around 340-335 cm-1) (32). For complexes with two different amllles. approximatlon\ 

can be made and, very often, two v(Pt-CI) bands are observed in both the IR and Raman 

spectra of a cis complex whIle only one band is detected for a rrans Isomer. In the study 

on mixed-amine complexes by Rochon and Kong (3), sorne compound" cxihitcd two 

bands between 327-308 cm- I while others showed one large band bctween 320-310 cm- 1 

The cis isomerism was confirmed by x-ray diffraction for t\Vo cOl1lrlcxe~. 

Pt(CBA)(NH3)Ch and Pt(CPA)(NH3)Ch·1/4 1-120, which showed only one hand in the 

IR spectrum (4, 33). 

In our case, on the basis of the IR and Raman data (Table XVII), it seems that 

the complexes Pt(EtNH2)(1-adam)C12 and Pt(EtNH2)(2-adam)CI2 are ci.\' isomers ~InCC 

they have two bands coinciden" in the IR and Raman spectra III the Pt-Cl strctchlng 

region. In the Raman spectra, the peak at higher wavenu nber IS the mo~t intense, 

indicating that thls is the symmetric stretching mode. The other mixed-amine complexes 
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pte MeN Il 2)( l-adam)C12, Pt(CBA)(l-adam)CI2, Pt(CPA)(l-adam)Ci2 and 

Pt(McNII2)(2-adam)C12 show only one band around 325 cm- I which is closer to the 

value for a ClS complex and since these bands are coincident both in IR and Raman, we 

have as~igned them as cis isomers. For the complex Pt(MeNH2)(I-Madam)CI2, there is 

one additional band in Raman and the compound may be a cis isomer with an unresolved 

peak III IR. The compound is not a mixture of isomers since only one peak was observed 

in its 195Pt-NMR ~pcctrum. 

Table XVII. Infrared and Raman v(Pt-CI) bands for Pt(A)(adam)Ci2 and Pt(adarnhCl2 

complexes (cnr1). 

Compounds 

Pt(MeNI12)(l-adam)Cl2 

Pt(EtNH2)( l-adam)Cl2 

Pt(CBA)( l-adam)CI2 

Pt(CPA)( l-adam)CI2 

Pt(MeNH2)(2-adam)Cl2 

Pt(EtNI b)(2-adam)C12 

Pt(MeNH:ü(I-Madam)C12 

pte l-adamhCh 

Pt(2-adamhCh 

pte 1-Madam)zCl2 

IR 
v(Pt-CI) 

325(s) 

329(m), 314(s) 

323(s) 

322(s) 

329(s) 

328(s) , 313 (m) 

326(s) 

329(m) 

335(m) 

341(m),325(m) 

RAMAN 
v(Pt-CI) 

324(s) 

325(s), 311(m) 

322(s) 

322(s) 

328(s) 

327(s), 31 Hi! 1 

338(s), 327(m) 

342(w), 337(mw) 

323(s), 318(m) 

329(s), 322(m) 

334(s), 325(m) 

For the complexes with two adamantanamine derivatives, Pt(l-adam)zC12 and 

Pt(2-adam)zC!? each shows only one band at 329 and 335 cm-], respectively in the IR. 

In the Raman, these bands are split to four and two components, respectively, and are not 
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coincident. The compounds is a mixture of isomers, since the 195Pt-NMR spectr~, display 

two peaks in the Pt(adamhC12 region. The complex with I-Madam als.o cxihits two hand~ 

in IR and Raman. Since there is an addItlonal rcsonance in 195Pt-NMR in the regioll of 

[Pt(adam)CI3]-, these bands are probably due lO a mixture of IPt(l-Madam)CI31- and 

pte 1-MadamhC12. 

Another problem may arise in the IR and Raman spectra of platlnum(lI) 

complexes. In a study by Hendra (34), the Raman spectrum of trans-Pt(NH3hCI2 

showed two v(Pt-CI) vibrations at 335 and 318 cm- 1 and two v(Pt-N) vibrations at 540 

and 528 cm-l, while the infrared spectrum showed only one band for each of the IWO 

vibrations, at 330 and 506 cm-1 respectively. The splitting of the bands in the Raman 

spectrum was attributed to an intermolecular coupling (Factor group sphtung). This 

phenomenon might explain the four bands observed in the Raman spectra of Pt( 1-

adarnhC12. The two lower energy vibrations could be asslgned to the ci.\' isorner. The 

two higher bands could be assigned to the trans isomer, and the vibration, hClIlg split by 
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intermolecular effects, appears as a doublet. 

Because our spectra were recorded in the solid state, splitting of the bands may 

occur and it could be difficult to identify whether or not the two bands obscrved in the 

v(Pt-Cl) region are the bands expected for a cis compound or are due to facror group 

splitting. Thus, it wou Id be important to run the spectra in solution to know if factor 

group splitting has an effect on the IR and the Raman spectra 1Il the ~ohd state S mcc Ihe 

cornpounds arc soluble only in DMF and DMSO, solutIon IR or Raman ~pectro')copy 1" 

not easy. Subtraction of the solvent peaks wou Id he posslble u~lIlg the modern computer 

software. Unfortunately, in certain conditions, both DMF and DMSO can reaet with Pt(ll) 

to fonn DMF and DMSO complexes. An alternative suggestion would be to synthesize 
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the analogous iodo compleyes, which are more soluble in organic solvents, and then to 

study the v(Pt-I) vibrations. For this reason, a series of mixed-amine platinum(II) 

complexes, Pt(A)(adam)I2, were prepared, wh~re A = methylamine, ethylamine, 

cyclobutylamme, cycJopentylamine and adam -= l-adamantanamine, 2-adamantanamine 

and I-methyladamantanamine. The main IR bands for the aminodiiodo complexes 

measurcd in the solid state are listed in Table XVIII and the IR and Raman v(Pt-1) bands 

are comp'lred in Table XIX. AIl IR spectra betwcen 400 and 110 cm- l were recorded on 

a single-beam, cvacuated grating spectrometer using samples as Nujol m'lIls squeezed 

between rigid polyethene sheets. With the exception of Pt(1-adam)2I2, Pt(2-

adam)(CBA)12 and Pt(MeNH2)(I-Madam)l2, aU the other complexes exibited only one 

peak in their 195Pt-NMR spectra. 

The general appearance of the spectra is retained when the 4000-600 cm- l region 

for the chloro and iodo complexes are compared. For the Pt(adamhl2 complexes, the 

spectra are very similar te those of the K[Pt(adam)C13J and Pt(adamhCl2 complexes. As 

for the chlore analogs, aU the amine bands are shifted to lower energies conforming amine 

coordination to platinum. In the mixed-amine complexes, addition al bands due to the 

presence of the second amines are present in the IR spectra. One or two ù(NH2) 

vibrations are observed between 1595 and 1563 cm- l (lowered by about 25 to 60 cm-l, 

compared to the free ligands). There are fewer literature values available for metal-iodide 

and rnetal-nitrogen stretching modes th an for the analogous chloro vibrations (31, 34-35)_ 
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Table XVlll. Mam IR bands fÙl the' diaminodiiodo complexes mca~urcd in the sul III ~I.ltc III 

nujol mu Ils (cm- I ). 

Compounds v(NH) B(NII:!) v(pt-N) 

- ---- - -

Pt(MeNfhhh 3113(m),3169(s) 1591(vw) 4~5(w) 
3212(s), 3251(s) 1565(s) .t95(1I1) 

Pt(EtNH2hI2 3119(w), 3218(s) 1580(s), 1569(sh) .t9R(vw) 
3250(m) 1590(sh) 57Xtw) 

Pt(CBAhI2 3125(s), 3190(s) 1568(s), 1558(sh) 56X(m) 
1579(sh) 

Pt(CPAhh 3118(m),3192«s) 1570(s) 530(vw) 
3240(m) 5R5(w) 

Pt(DMNHhI2 3195(s) 47X(1ll) 
502(w) 

pte l-adamhI2 3112(w),3200(s) 1552(s) 455{vw) 
3262(m) 1565(s) 5XO(vw) 

Pt(2-adamhI2 3118(w), 3202(s) 1572(s) 500(vw) 
3288(s) 

Pt(MeNH2)(1-adam)1z 3120(w),3198(s) 1565(s) 4XO(vw) 
3250(m),3262(vw) Sl)()(vw) 
3290(m) 

Pt(EtNH2)(2-adam)h 3119(w),3201(s) 1575(s) 495(w) 
3262(m) 

Pt(CBA)(2-adam)I2 3125(w),3204(s) 1576(s) SOO(w) 
3246(m), 3279(w) 
3292(m) 

pte CPA)(2-adam)I2 3122(w), 3202(s) 1565(s) 
3272(w), 3295(m) 

Pt(MeNI-I2)(l-Madam)I2 3379(m), 3332(m) 1580(s) t.t8S(vw) 
331O(s) 1561(sh) 528(vw) 

Pt(EtNH2)(1-Madam)h 3235(m), 3295(mw) 1562(s) 460(vw) 
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In the Raman ~pcctrum of trans-Pt(NH3hI2, the v(Pt-I) vibration has been 

reported at 153 cnr i and the v(Pt-N) al 532 cnr i (34), Similarly, in the IR spectrum of 

Pt(en)I2, the v(Pt-I) vIbratIons have been observed at 192 and 181 cm-l, whIle the v(Pt­

N) modes were observed at 524 and 444 cm- I (31). Extensive studies on cis- and trans­

Pt(L)zX2 complexes (L = SMC2, SEt2, AsEt3, PPh3 PMe3, AsMe3 and X = Cl, Br and 1) 

have been perfonned by Duddell, Goggin, Goodfellow, Norton and Smith (35) and Park 

and Hcndra (36). These two groups are not in agreement for the v(Pt-I) assignments 

howcvcr. For cxampk, the symmetnc v(Pt-I) stretching frequency for trans-Pt(PMe3hh 

complexes has been located 111 the Raman at 150 cm-l because it is extremely intense and 

polarized in solutIon. The corrcsponding antisymmetric mode WhiCh should be strong in 

the IR has bcen assigned to a peak at 206 cm- l eventhough it IS very weak. The same 

vibrations for the Pt(PMe3hI2 and Pt(AsMe3hh complexes have been assigned by Park 

and Hendn~ (36) to 189 and 169 cm-l, respectively, in the IR spectra. The argument of 

Duddell et al. (35) against P<lrk and Hendra's (36) assignment is that the frequency 

difference bctween the two classes of compounds (Cl ~ 1) is 100 great slIlce metal-

halog~n frequencies arc relatively insensitive to changes in the accompanying neutral 

ligand. For the only cis-diiodo complex obtained by Duddell et al. (35), Pt(PMe3hI2, the 

symmetric and antisymmetric v(Pt-I) bands were assigned at 148 and 133 cm- l in Raman 

with coincident IR bands at 146 and 137 cm-l, respectively. 

There scerns to be agreement for the platinum-ligand frequencies and these are 

located in the sa me region as those of the chloro complexes. On this basis, the bands 

between 590 and 455 cnr 1 have been assigned lo the platinum-nitrogen stretching 

vibrations. There is no sllch general agreement for the platinum-iodide stretching 

frequencies in the hterature. The following assignments are only tentative (Table XIX) 
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and are made by comparison with published work on similar complexes. Il seems that IR 

spectroscopy does not provide charactenstic band c.itcria for the iodidcs in the sa me way 

that il generally can for the chlorides (35). The only assignment which seems conchl~lve 

is for the symmetnc v(Pt-I) vibration around 150 cm- 1 in the Raman spectra. Since our 

Raman spectra all exibit a strong band in this region. we have assigned it to the symmetric 

v(Pt-I) vibration. In most of the complexes, this band has a coulltcrpan in the IR spcclla. 

which is a good indication of cis complexes. The second band, the antisyml11etric v(Pt-l) 

vibration, is more difficult to locate. 

Table XIX. Infrared and Raman v(Pt-I) bands for diaminodiiodo complexes in the sohel 
state(cm-1 ). 

IR Raman 

Compounds v(Pt-I) v(Pt-I) 

Pt(MeNH2h12 150(m), 140(mw) 149(mw), 137(m) 

Pt(EtNH2hI2 148(w), 142(m) 154(w), 140(m) 
177(s), 164(m) 

Pt(CBAhh 178(s), 142(w) 179(m), 147(s) 

Pt(CPAhI2 180(s), 152(w) 176(ms), 149(s) 

Pt(1-adam)zI2 161(vw), 142(w) 165(w),152(s) 
201 (sh), 195(5) 

Pt(2-adam)zI2 151(ms), 141 (5) 152(m), 149(s) 
203(vs), 179(v~) 

Pt(MeNH2)( l-adam)h 150(m), 142(mw) 150(s), 140(w) 
191(vs), 168(mw) 167(w) 

Pt(EtNH2)(2-adam)I2 163(w), 150 (w) 162(m), 147(w) 
181 (s) 178(s) 

Pt(CBA)(2-adam)12 193(s), 178(s) 149(s) 

Pt(CPA)(2-adam)12 184(s),151(w) 147(s) 
Pt(MeNH2)( 1-Madam)I2 183(s), 151 (w) 181(m),149(5) 
Pt(EtNH2)(1-Madam)h 192(s), 153(w) !50(s) 



On the ba<,\s of the chloro spectra, this mode should be at a lower frequency than 

the ~ymmetnc mode and ~hould be weak in the Raman and strong in the IR. In general, 

there IS a weaker band at lower frequency in the Raman spectra, whlch has also a 

counterpart in the IR spectrum but this band is also very weak. On the other hand, in 

many cases, there IS a strong band around 200-180 cm- l in the IR spectrum which has in 

many compounds no counterpart in the Raman spectra. Since it 15 known that this 

vibration is generally weak In the Raman and often cannot be observerl, we have assigned 

this band to the anusymmetric v(Pt-I) vibration. This IS close to the value of 180 cm- 1 

reported for the [ptI412- ion (37). 

In conclusion, it was difficult to obtain good IR and Raman spectra even in the 

solid state for these complexes and the results presented in Table XIX arr :·mtative. 

Systems containing iodine present greater difficulty since their vibration frequencies are at 

low energy and It is difficult to distinguish between intramolecular and lattice modes. In 

addition, in IR spectroscopy, the absorption of the v(Pt-I) vibration is in a region where 

there are problems with water absorptions. Nevertheless, the appearance of two v(Pt-I) 

and two v(Pt-N) peaks in most cases is strongly suggestive of cis isomers. 
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CH APTER5 

Synthesis of Pt(A)(DMF)CI2 and [Pt(A)CI2]n (A = amine; X = CI, 1) 

and 

Crystal Structure of Cyclo-tri-~-chloro-tri-

[chloro( dimethylamine)platinum(ll)] 

( 

-



1 l) 3 

5.1 Introdul'tinn 

Halo-bridged complexes of platinull1 arc of ~pcl"1al II1tCI c"t "'1111.'l' !lll'Y .11 l' III Il'Il 

excellent starting materials for the synthcsis of nm.cd-ligand Pt(H) l'Ilmpk'c"" 1 1.\l1l 

bridged palladium and platinum compounds have hren knnwil \II1l'C 1 SilS ( 1), hlll thl''''l' 

complexes are not typical and the mcthods of synthe~ls are not gcncI ally applJeabk, ('h.lIt 

and Venanzi have reviewed the different avai!ab1e methods and have (kwlopcd a Ill'W 

more general synthe sis (1), Their method gives chloro-bridgcd dlI11er.., 1 j>1(L)(,I~ 12 wlth 

ligands containing as donor atoms, nitrogen (pyridme denval1ves). pho"phonl'i, ~lIlphur, 

arsenic, selenium, antimony and tellurium (1-2), Further inve~!lga!lolJ\ hy uthcl Will "CI.., 

(3-9) yielded chloro-bridged dimers with similar ligand ... hut not wlth I1llrma! pnmaly 

amine ligands, The crystal and molecular structures of tUllls-c\i-~l-ehl()ro-dlehlllm­

bis(tripropylphosphine)diplatinum(Il) (structure 1) (3), dqt-chloru-dll.:hl(}wbl~( Ir 1-

methylarsine)diplatinum(II) (stmcture II) (4) ancllrafls-dl-~l-chIOI()-hr"(pkny!a/(lphl'nyl-

2)diplatinum(II) (structure Ill) (5) have been dctermllled hy X-Iay dIlfr.lct!on ('Olllpll'XL'\ 

of the type [Pt(L)X(Il-X)h with L = sulphoxide and X = CI, Br and 1 have heen n:po!led 

(6), Chloro-bridged compounds of the type IPt(L)CJ212 (L = pynchnc, pICO!IIlC and 

lutidine) have been prepared in our laboratory, Molecular welght mea ... urements ... howed 

that the se compounds are dimers in chloroform solution al room tcmpcralllrc (7) The 

crystal structure of di-ll-chloro-dichlorobis(2,6-lutidine) dlplatlllllIll( II) dlchiorolllcthanl.: 

solvate (structure IV) has been determined and "howed a trlln,\ configuration (X), 

Courtot, Rumin, Perron and Girault (9 and references therein) have \tudlcd complexe\ ot 

the type [PtCl(L)(Il-C1)12 (L = methylpyridine, tert-butylanllne, plpendinc), 'l'hl.: 

compound with the bulky amine tert-butylamine is the only one reported 111 the htcralllrc 

for a chloro-bridged dimer with an aliphatic primary amine, 



structure 1 

structure m 

C(2) 

Strucrure n 

structure IV 

Structures adapted from refs .. 3,4,5 and 8, respectively. 
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ivlolc recently iodo-britlgetl dll11CIS with ahpha!lc ,llllllll''' h,l\ \..' h\.'L'I1ICPllllL'd {10, 

Il). These dimcls are prcparcd l'rom cis-Pt(amlllc)212 1Il aL'ld "llluilon and ;\lC l',rdkl\l 

starting materials for the synthesis of mixed-ligand compound), (!O. 12) 01 

IPt(amine)CI31- complexed ions (13). Chloro-bridged dimers with alphatlc amine~ rannot 

be preparee! by a similar method. 

105 

Although several chloro- and hydroxo-bridged dllner~ have bccn repOllcd. Ihe 

presence of chloro-bridged trimeric specics have never been conftrJlled eWI1 If the 

existence of oligomers with iodo bndge~ has been suggc~led (11) A kw hydrnxo­

bridged tri mers have been characterized in the literaturc. The cry~ta! .,tnlctlllc (lI 111',­

[cyc!o-tri-~l-hydroxo-tris(cis-diammineplatinum(ll») 1 tri sul fate hcxahydrate (:-,tl"lICtllIC V) 

(14), cyclo-tri-ll-hydroxo-tris[cis-diammineplatinum(II) nitrate (stIlIcture VI) (15), 

bis[ cyclo- tri-~-hydroxo-tris(trans-l ,2-diaminocyclohexane)platll1ul11(lI» 1 tn~lIll ate 

(struc-ture VII) (16) and cyclo-tri-Il-hydroxo-(trinitroargentio)tris[ (ethylenediammine) 

piatinum(II)] nitrate (stmcture VIII) (17) have beel1 detcn11lned by X-ray chffracl!ol1. The 

crystal structures of two cyclic hydroxo-bric\ged tetramers have also bcen repOllcd (1 x-

19). 

The chloro-bridged dimers, discussed ubove, can be cleaved by Illlcieophilc'i 

such as pyridine, ethylene, acetonitrile and DMF. Dimethylfomlamide IS a commonly 

used organic solvent whose interaction with met aIs is not w~ll known. Examination of the 

orbital energy diagram of DMF shows two possible donor orbitais avaIlable for the 

coordination to a metai ion: the nonbonding orbital contail11ng the frcc c1eclron doublet of 

nitrogen and the nonbonding orbital containmg the frec electron doublet of oxygen. 
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SU'Ucture v SU'Ucrure VI 

CIl' 
ClIl 

~VD IInICCIftVDI 

Structures adapted from refs. 14, 15, 16 and 17, respectively. 
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Although platinum usually shows a preference for N-donor ligands. bondlllg 

through nitrogen is unknown in transition rnetal DMF complc:-.es and ail puhlished 

structures have shown that the binding site in DMF complexes 1" the oxygen atolll (7.20-

22). It has been po~tulated that coordination via oxygen is more favored due to stene 

hindrance at the substituted nitrogen atom. In addition, DMF possesses il resonancc 

structure of two mesomeric forrns: 

CH3 0 
'-... •• --7 

N-C 
~ " < ) 

o 
+ ---N=C 

.......... 

CH3 H H 
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Because of its ionic structure, DMF will bind platinurn trough its oxygcn atom 

easier than with its nitrogen atom. Since the ionic forrn is favored when DMF IS 

coordinated to a rnetal, a more pronounced decrease in multipliclty of the C - 0 bond 

along with an increase of rnultiplicity of the C - N bond would he expccted. But it is 

interesting to observe that a brief survey of several DMF crystal structure detcrrnmations 

has shown that DMF has alrnost the sarne structure, whether it is free, coordmalcd 10 li 

metal or uncornplexed as a rnolecule of crystallization (22). The ~tructure of DMF in the 

gas phase was detennined in 1962 by electron diffraction (23). The rnolccuk is planar 

and the C - 0 bond length was fixed at 1.20 A while the N - C distance was found to be 

1.34(4) A. The results of the brief survey (22 and references therein) have shown that in 

the crystal structures where DMF is a solvent rnolecule of cry~talhzatlOn, the C - 0 bond 

distances varied from 1.211 to 1.30 A (in sorne structures, the standard devlutlons were 

very high due to disorder), white the N - C bond distances were frorn 1.30 to 1.41 Â. In 

the metal-bonded DMF structures, the corresponding distances varied from 1.222 to 1.32 

A and frorn 1.28 to 1.35 A, respectively. In a11 the published structures, bonded and 
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J10Jl-IJoJ1ded DMF has li planar geometry. Thesc results seem to inclIcate that the ionic 

form 111 frœ DMF 1" impoJ1ant. 

Few platinllm(Il) complexes with DMF has been reported in the literature. Chatt 

and Venanzi (1, 2, 24) pubhshed a general method for the synthe sis of PtLL'CI2 

complcxe~, from the cleavage of chloro-bndged dimers of the type [PtLC1212, where L 

and L' = C2H4, pyridine, PR3, AsR'3, SeR2, TeR2. Dependmg on the ligands, the 

authors obtamcd mixtures of Cls-trans isomers or pure tralls-isomers. The authors were 

unable to ~ynthcsize mlxed-complexes with ahphatic amines or DMF ligands. Courtot et 

al. (0) have ~tlldlCd comple>.cs of the type Pt2CI4(Lh (L = mcthylpyridine, tert­

blltylaminc, pipcndlllc) and thelr cleavage by various ligands mcllldlI1g DMF. They have 

observed the formation of trans-Pt(L)(DMF)C12 with L = 4-methylpyndine, 2-

mcthylpyridine and 2,4,6-trimethylpyridlI1e, but not with tert-butylamine. Kong and 

Rochon have also synthesized by a dlfferent method chloro-bridged dimers [Pt(L)C1212 

(L = pyriclme, picoline and lutJclme) and investigated the cleavage of these molecules with 

c1imethylfomlamlde. The llllthors believed that cis and trans-Pt(L)(DMF)Cl2 complexes 

were obtaincd but were unable to prove the existence of cis isomers 0). The crystal 

structure of the complex trans-Pt(2,6-lutJdine)(DMF)Cl2 was detemlined and DMF was 

shown 10 be bonded throllgh ltS oxygen atom as expected (22). Bonding throllSh the 

oxygen atom was confirmed by IR spectroscopy by a lowering of the stretching C=O 

vibration and by 1 H-NMR spectroscopy from the coupling of the aldehydic proton with 

platinllm. No 195pt coupling with the methyl groups ofDMF was observed. 

Primary aliphauc amine complexes of platinllm(II) with DMF are not yet known. 

One objecl1ve of this thesis was to develop a melhod to synthesize Pt(A)(DMF)CI2 (A = 

primary amllle) compounds. ThiS method IS based on the cleavage of halo-bridged 
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oligomers as reported for pyridine complexes (7), \Ve have nnw ~yIllhc\llt'd ,1 'l'I tt'~ ut 

complexes of the type Pt(A)(DMF)CI2 \\'herc A= Illcthylamtnc, l'lhyl,llllIIlt'. 

cyclobutylanllne. cyclopentylamine and dltnethylaminc. Ali the cnmpnlllHI\ "'t'It' 

characterized by proton- and platinum-NMR and IR spectroscopy. 

5,2 Exuerimentnl 

[Pt(A)Chb The compounds were synthesized as already rcpoltcd for pylldinc 

ligands (7). Compounds with methylamine, ethylamine, cyclohlltylaminc. 

cyclopentylamine and dimethylamine were synthesized, The clcmcntal analy..,c~ weil' 

determined for the methylamine, ethylamine and dimethylam!l1e complexe". The 

composition of the other compounds were assumed identical becau ... e of the ~imdanty nI' 

their spectroscopic properties. 

-------- - -- - - -

Compounds Elemelll,t1 anaIY~I'" 
Yield Dec. pt. %C %H lja:1 (!t,N 

----- -

[Pt(MeNH2)C1212 77% 183-191°C cale. 4.04 1.70 23.X6 4.71 
exp. 4.16 1.66 :n 1X 4.95 

[Pt(EtNH2)C12h 84% 175-184°C cale. 7.72 2.67 22.78 4.50 
exp. 7.75 2.19 22.23 4.76 

[Pt(CBA)Ci212 37% 180-187°C 

[Pt(CP A)Ch12 61% 150-165°C 

[Pt(DMNH)Chh 42% 170-178°C caJe. 7.72 2.67 22.7X 4.50 
exp. 7.86 2.26 22.72 4.62 

• 
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[Pt(DMNII)CI2h. One mmole of K[Pt(DMNH)C131. synthesized by the method 

alrcady reported (13), was ~tirred in 10 ml of perchloric acid for 10 min. The solution 

wa~ then concentr:tted under reduced pressure at 30°C until an orange compound 

precipitatcd. The compound was fIltered off and dissolved in dlchloromethane. The 

solution was placed in a beaker and sealed off with wax paper. Crystals \Vere obtained 

by slow evaporation of the solvent with slight warming (40°C). One of these crystals was 

chosen for X-ray diffraction studies. [Pt(DMNH)CIz13 Yield: 48%, dec. pt.: 160-168°C. 

Pt(A)(DMF)CI2. One mmole of the chloro dimer was dissolved in DMF and the 

solutiOn was evaporated to dryness under reduced pres~ure. The resulting product was 

washed with ether and filtered off. The complex Pt(MeNI-h)(DMF)C12 must be isolated 

under nitrogen atmosphere since lt decomposes in air. The products were dried over 

P205. The elemental analyses were determined for the methylamine, ethylamine and 

dimethylamine complexes. The structures of the other compounds were established by 

the ~imilarity of their spectroscopie properties. 

Compound Elemental Analysis 

Yicld Dec.pt.(OC) %C %H %CI %N 

Pt(MeNH2)(DMF)CIz 33% 74-104 calc. 12.98 3.27 19.15 7.57 
exp. 10.73 2.97 19.89 6.91 

Pt(EtNI-h)(DMF)CI2 29% 78-98 cale. 15.63 3.67 18.45 7.29 
exp. 12.69 3.07 19.45 6.27 

Pt(CBA)(DMF)Ch 14% 92-101 

Pt(CPA)(DMF)CI2 17% 98-123 

Pt(DMNH)(DMF)CI2 78% 115-122 cale. 15.63 3.67 18.45 7.29 
exp. 14.79 3.38 19.06 7.13 

110 



.-

S.3 Results and Biscussio!l 

5.3.1 Synthesis of PHA)(DMF)Ch Complexes 

Primary aliphauc runine complexes of platinum(lI) with DMF arc not yL't kl1o\\'l1. 

One objective of this thesis was to devclop a method to synthcsize Pt(A)(DMF)CI2 (A 00 

primary amine) comp Junds. The first attempt involved the simple rraction of DMF wlth 

the monoamine complex K[Pt(A)CI31 in aqucous solution or in DMF ~OI1l110n. 

K[Pt(A)CI31 
DMFor 

1/ :> 
DMF/D20 

Pt(A)(DMF)CI2 

This method, which works very weIl with nitrogen donor ligands to pruducc the llll.xed-

1 1 1 

ligands complex is not adequate for DMF. There was no reaction with DMF undcr the~c 

conditions, as established by 195Pt-NMR spectroscopy. The spectrum of a DMF solullon 

of K[Pt(MeNH2)CI3J. heated at 50°C over a 3-week period, exhibitcd only a reSO'lancc at 

-1847 ppm, at the position of the K[Pt(MeNH2)C131 complex (sec Chapter Ill). 

The second synthetic method that wc tried was more succes~flll. It IS ba~<.:d 011 

the cleavage of halo-bridged oligomers as reported for the pyridine complexes (7). The 

oligomers which wlll be discussed later in this chapter, can be easily c1eaved by DMF. 

DMF 
[Pt(A)ChJn > Tl Pt(A)(DMF)CI2 

A series of complexes of the type Pt(A)(DMF)C12 where A = rncthylarlllllc, 

ethylamine, cyclobutylamine, cyclopentylamine and dimethylamme has bren synthc~ii'cd. 

The results of the elemental analyses have shown that a few compounds, cspecially 

Pt(EtNH2)(DMF)CI2, contains a small quantity of chloro-bridged ollgomers. AlI the 

compounds werc characterized by proton- and platinum-NMR and IR spcctroscopy . 
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5.1.1 1 )<J5Pt_ and_lH NMR spectra 

T!'le 195Pt_ and IH-NMR spectra of the compounds Pt(A)(DMF)C12 have been 

measured In dlfferent sol vents and the results are presented in Tables XX and XXI, 

re:,pectively. There is no solvent difference for the 195Pt-NMR spectra of these 

complexes in acetone and DMF and maybe a slight upfield shift (10 ppm) in CH2CI2. 

Each complex shows only one 195Pt resonance in the different solvents. 

Table XX. 195Pt resonances (Ô ±5ppm) of the Pt(A)(DMF)Cb complexes. 

Solvent DMF Acetone 

Compound 

Pt(MeNH2)(D MF)CI2 -1560 -1559 

Pt(EtNH2)(DMF)CI2 -1571 -1567 -1569 

(alter hcatmg al 35° for 5 mm.) -1569, -1715 
83% 17% 

Pt(CBA)(DMF)CI2 -1578 -1576 -1588 

Pt(CPA)(DMF)Ch -1566 -1565 

Pt(DMNH)(DMF)CI2 -1515 -1514 -1522 

old ~olution (1 month) -1524,-1576,-1700 
55% 10% 35% 

There are severa} possible complexes that cOLlld he formed when the oligomers 

IPt(A)CI2In react with DMF. The most probable are the cis en ar.d 1,"anS (II) mono mers 

with one DMF and one amine ligand, since terminal chloro ligands form stronger bonds 

with Pt than DMF. There are other less likely pot.sibilities like the cis (III) and Trans (IV) 

disubstituted DMF monomers and the trisubstituted DMF moncmer (V). Partially cleaved 

1 1 2 
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species containing a single chloro bridge sllch a& compollnd~ CI.\ (VI) and TIIIIl.\ (VII) 

dimers are also possible. Other partially-cleaved ohgomers (e.g .• trill1cr~) mlght po\-;ihly 

be present, but not very hkely. Such species wou Id produce more than one re~nllalll'l' III 

the 195Pt-NMR spectra. Structure VII (crans isomcr) would abo produœ two dlrrerl'Ilt 

resonances and therefore these structures were clirninated. 

A Cl A Cl A Cl 

'" / " / "- / 
Pt Pt Pt 

/ " / " / "-DMF Cl Cl DMF DMF DMF 

l II III 

A DMF A DMF 

'" ./' "- ./' 
Pt Pt 

/' '" /' "-
DMF Cl DMF DMF 

IV V 

A Cl A A Cl Cl 
"- / "- / "- / ...... / 

Pt Pt Pt Pt 
/ "- / "- / "- / "-Cl DMF DMF Cl Cl DMF DMF A 

VI VII 

The 1 H-NMR spectra, measured on fresh solutions in acetone or 

dich10romethane (Figure 13, 15 and 17), showed only one series of resonanccs for the 

amine and the bonded DMF ligands. Therefore, structures III (two DMF ligands in the cis 

1 1 3 
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pO~1l10ns) and V (three DMF hgand<;) must be ehminated. Only four possIble specles 

rcmalll: I, II IV and V 1. On the ba~ls of the integration measurements, the speCles with 

two DMF lIgands (IV) can be reJected SInce the DMF resonances should he two urnes 

more intense than the amine resonance. The integration measurements glve one DMF 

ligand for one amine ligand. This !caves three possible species: the cis (1) and Trans (II) 

monomers with one DMF and one amine, and the partially-cleaved cis rumers. Since the 

partially-cleaved dimer lS not a strong possibIlity, the most likely products, are either the 

cis and the crans monomers WIth one DMF and one amine ligand. 

The 195Pt chemical shlfts are observed at about -1550 ppm, in an acceptable 

rcgion for a platinum environ ment consisting of one amine, one O-bonded ligand and two 

...-- -chloro ligands. This is very close to the value reported for [Pt(N 0)CI2]- (N 0 = 

glycinate) complex ar -1602 ppm (25). 

The presence of bonded DMF has been confirmed by IH-.l\~1R spectroscopy of 

the Pt(A)(DMF)CI2 complexes. The aldehyde proton was observed around 8.1 ppm as a 

singlet + doublet, with a coupling constant 3J(Pt-H) :::: 23 Hz, in acetone. The presence 

of couphng of this proton with platinum confirmed the coordinatIon through the oxygen 

atom SInce the methyl resonances should have shown a couphng WIth platinum if the 

bonded site was the nitrogen atom. This 3J(195Pt-1H) coupling constant IS close to the 

values found by Counot et al. for complexes of the type trans-Pr(py)(DMF)Clz (py = 4-

methylpyridme, 2-merhylpyridine and 2,4,6-tnmethylpyridine) where the aldehyde 

resonances were found at 8.30 ppm with coupling constants of 27 Hz in chloroform 

solution (9). Similarly, Kong and Rochon reported for complexes Pt(L)(DMF)C12 (L = 

pyridine. 2-picoline, 4-picoline, 2,4-lutidine and 2,6-lutidine) an aldehyde chernical shift 

1 1 4 



between 8.15 and 8.35 ppm in chlorofonn \\'lIh L'oupling nlll~l.Ints nI' ahollt .H) 11/. 0). 

These coupling constants aIC lughcr than our valucs and tho~c repolled hy CUlInot ct al 

with similar ligands (9). 

1 1 .5 

The IH-NMR spectmm of a fresh acetone-cl6 solution of Pt(MeNII2)lDMF)CI2. 

shows only one species and the corresponding IlJ5Pt-NMR ~pectrul11 glves nnly one 

resonance at -1559 ppm (Figure 13a and 13b). The methyl group of the methylHlllinè 

ligand appears as a triplet, centered at 2.36 ppm, resultinit from the couphng of the~c 

hydrogens with the hydrogens of the nitrogen with 3](CI-l-NIl) = 6 Hl. A doublet of 

triplets can be observed on each sicle of Ihls ~Ign:ll rèsultll1g flOm the coupling (lI these 

hydrogens with platinum wllh a coupling constant 3J(Pt-CI l) = 48 IlL The hydrogell'\ of 

the nitrogen atom are observed al 4.49 ppm. The methyl groups of the DMF ligands are 

not equivalent and appear respectively at 3.16 and 2.88 ppm whde the aldchyde proton 

resonance appears as a singlet plus doublet at 8.13 ppm with the coupling constant 3J(Pt­

H) = 23 Hz. 

The results of the NMR study indlcate that the prodllcts of the rl'action of the 

chloro-bridged dimers (or higher oligomers) with DMF are Pt(A)(DMF)C12, but it doc~ 

not give us any information on the isomer produced. IR spectro<,copy is a better method 

to determine the geometry of sllch compollnds and Will be chsclls~ed Inter in thi'\ chapter. 

But since it is important at this stage to know the geometry of the Isoml'rs fonl1ed, wc 

will accept the faet that these eompounds are trans-isomer~. 
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Table XXI. IH-NMR resonances ofDMF and the Pt(A)(DMF)CI2 complexes in acetone-d 6 [8(ppm) and coupling constants J(Hz)l 

amine DMF 

Hl J(H-H) 3J(pt-H}} H2 J(H-H) H2'+H3 NH CH3 H J(Pl-H) 

DMF 2.82(s) 2.98(s) 8.01 (s) 

trans-Pt(MeNH21(DMF)C12 2.36 (t+dt) 48 4.49 2.88(s) 3.16(s) 8. 13 (,,+d) 23 

cis-Pt(MeNH21(DMF)C12 2.32(t+dt) 4.70 2.85(s) 3.13(s) 8.09(s+<1) 

Pt(EtNH2)(DMF)C12(acetone) 2.66(m) 7 1.29(t) 7 2.90(s) 3.18(s) 8.15(s+<l) 23 

(CI>2C12) 2.77(m) 7 1.26(t) 7 3.82 2.93(s) 3.06(s) 8.23(s+d) 22 

Pt(CBA)(DMF)C12 3.51(m) 8 2.30(m) 8 2.06(m) 4.68 2.89(s) 3.17(s) 8. 13(s+<l) 22 

l.66(m) 

Pt(CPA)(DMF)C12 3.4I(m) 8 2.06(m) 8 1.81 (m) 4.48 2.90)s) 3.18(s) 8.15(s+<l) 22 

1.57(m) 

Pt(DMNH)(DMF)C12 (acetone) 2.53(d+<kl) 38 5.20 2.88(s) 3.17(s) 809(s+d) 23 

(CI>2CI2) 2.6O(d+dd) 38 5.05 2.92(s) 3.05(s) 8. 14(s+<1) 24 

--0'1 
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The complex tralls-Pt(CH ,NI12)(Dl\IF)CI2 dèl'nmpO\l'\ III ;Il'I,.'IL1l1l' t'I Illl'thyknl' 

chlonde solutions as shown Ly NMR spcctro~wpy, The pwtlll\ \IK'1..11um lllPlll' 1·1.\) 

of an old solution of the complex in acetonc sho\V~ in the leglon alound ~ ppm thl' 

presence of two Pt-DMF species (8 = 8.13 and 8,09 ppm, wlth satellite..,) and free DMF 

at 8 = 7,96 ppm, The 1055 of DMF sllggests a possible Icarrangcment of (mf/,\'­

Pt(CH3NH2)(DMF)C12 to the chloro-bridged dimers and other oligomcnc ~pecics :\" 

already noted by other workers III non-coordinating solvcnts (1,7, X, 26), A~ an examplt:, 

the complex Pt(2,6-Iutidine)(DMF)CI2 was synthl'~ized and di~\ol\'cd in CI12CI2, SIX 

weeks later, red crystals which proved to be the chloro-bnd~ed dllner 11>1(2,6-

lutidine)C1212, were obtained ut roorn temperature (8), The aldehydlc \Ignal nh'iL'rved rOI 

the oid solution at 8.13 ppm is assigned to trans-Pt(McNH2)(DMF)CI2. In addll1nn to 

oligomerie species, a new aldehyde resonan~e is observed at X.09 ppm wlth 

corresponding resonances for the methyl groups of DMF at 3.13 and 2 X5 ppm, Thè~e 

new signtl.ls are assigned to cis-Pt(MeNH2)(DMF)Cl2 which is l'ormet! l'rom the l'l'action 

of ehloro-bridged oligomers with free DMF, We will see later in tlm ~t'CI1011 that the 

195Pt-NMR speetrum of a fresh solution of chloro-bndgcd (limer', (or oligomer\) 

measlIred in DMF, produeed two resonances eorresponcling to the pre\t'IH.:e of ci.\·- and 

trans-Pt(MeNH2)(DMF)C12, Cis to trans isomerization is common in sol vents like 

acetone, but trans to cis isomerization is not frequcnt for thest! types of ligands, ln this 

panicular case, trans-Pt(MeNH2)(DMF)C12 decomposes to chloro-bridged oligomcrs 

releasing DMF. The oligomers will reaet with free DMF to produce flrst ci,'\­

Pt(MeNH2)(DMF)C12. In the cleavage reaction of ehloro-bndged oligomers which Will 

be discussed later, we suggest that the cis compound is fm,t formed and the lran,\ 

compound is obtained from subsequent isomerisarion of the ci." isomer. Thi~ eqllilibrilllll 
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wIll be secn In solutIon, Slnce In the solid state, we believe that only trans­

Pt(McNH2)(DMF)CI2 was isolated. 

Since the resonance of the aldehydic proton in the cis lsomer appears at higher 

fIeld compared to the trans isomer, wc should expect the 19~Pt resonance for the ris 

spccics al lower fjeld. The 195Pt-NMR of an old sarnple which was measured in DMF, 

CXIbIts three resonances: nt -1560, -1537 and -1012 ppm. It is difficult to compare 

cxactly thIS spectrum to the proton one, since in this case, the acetone solvent was 

evaporated to dryness. DMF was added to the resldue and the 195Pt-NMR spectrum was 

mcaslIIcd. The sig'ml observed at -1560 is trans-Pt(MeNH2)(D~1F)CI2, while the -1537 

ppm rc~onance IS the correspondmg cis isomer, WhlCh is observed at lower field as 

expccted. Ohgornenc speclcs are not observed since they are cleaved in DMF. The 

resonance at -1012 ppm might be assIgned to a species containing three DMF ligands and 

one amIne ligt!'1d. This is a reasonable chemical shift, Slnce substitution of one chloride 

for DMF in KlPt(A)C13J results ln a downfield shift of approxlmately 280 ppm. 

Substitution of a second chloride in the se complexes will result in a resonance at =-1280 

ppm and substitution of a thlrd chloride should lead to a resonance at =-1000 ppm close 

to the -1007 ppm value in our spectrum. Other calculated values have been found clo~e to 

the oh~erved platinum chenucal Shlfts by assuming that the effects of substItutions are 

additive (27). As an example, Appleton et aL, calculated values of -2126 and -1544 ppm 

for the complexes Pt(NH3hC12 and Pt(NH3h(OHh while the observed values were 

-2100 and -1572 ppm. 

The 1 H-NMR spectrurn of Pt(EtNH2)(DMF)CI2 complex has been measured in 

acetone-d6 and dichloromethane. Both spectra were very similar except for the position 

120 



of the different peaks due ta solve nt effects. The 195Pt_ and 1 H-l\~lR ~pel'tr<l of a tn:~h 

solution of this complex in CD2Cl2 show only one speCles (Figure 1 S) WhlCh IS assiglll'd 

to trans-Pt(EtNH2)(DMF)C12. The methyl and methylcne grollp~ of the cthylaminc 

ligand appear, respectively, as a triplet centered at 1.26 ppm and il multiplet at 2.77 ppm 

suggesting possIble coupling of the methylene pIOtons with platlnul11. The methyl groups 

of the DMF ligand are at 3.06 and 2.93 ppm, while the aldehydlc resonance appcars as a 

singlet plus a doublet at 8.23 ppm with a coupling constant of 22 Hz. Some free DMF 

can be observed even after 2 mm. of spectral accumulation indlcating '.hat thesc 

compounds decompose very rapidly in acetone. The corre~ponding 1'/5Pt-NMR 

spectrum shows only one resonance at -1569 ppm. 

1 ~ 1 

The 1 H-NMR spectrum of Pt(EtNH2)(DMF)CI2 complex mcasured aftcr slight 

heating in dichloromethane, shows an intense free DMF peak in the aldehydc reglOl1 

(Figure 16a). No new aldehydic or methyl resonances for the DMF ligand 'lIe detectahle, 

but new resonances for the ethylanune ligand arc apparent sugge'>tl!1g the lean angement 

to chloro-bridged dimers or oligomers. The 195Pt-NMR spectrum atter heatlllg for 5 

min. (==400 ) in CD2C12 (FIgure 16b) shows a new resonance at -1715 ppm in the reglon 

of the chloro-bridged trimer. No cis-Pt(EtNH2)(DMF)CI2 IS ob~crvcd, ~ince the 

oligomers are quite stable in dichloromethane. 
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The NMR spectra of fresh solutions of the compounds Pt(CBA)(DMF)C12 and 

Pt(CPA)(DMF)CI2 show the presence of only one species. The 195Pt resonances are ln 

the same region as the other amine-DMF compound s, suggesting similar structures. The 

coupling constants of the aldehydic proton of DMF with 195Pt is 22 Hz for both 

complexes. No 3J(195Pt- 1H) was observed for the amines, since the signaIs are 

multiplets of weak intensity. 
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The 1 H-NMR spectrum of a fresh CD2Cl2 solution containing trans­

Pt(DMNH)(DMF)CI2, shows only one species and the corresponding 195Pt-NMR 

spectrum gives only one resonance at -1522 ppm (Figure 17). The methyl groups of the 

dimethylaminf! ligand appear as a doublet, centered at 2.60 ppm, showing the coupling of 

these hydrogens with the hydrogens of the nitrogen with 3](CH-NH) = 6 Hz. A doublet 

of doublet can he observed on each side of this signai resulting from th~ coupling of these 

hydrogens with platinum with a coupling constant 3J(Pt-CH) = 38 Hz. The hydrogens of 

the nitrogen are observed at 5.05 ppm. The methyl groups of the DMF ligands are not 

equivalent and appear respectively at 3.05 and 2.92 ppm while the aldehyde proton 

resonance appears as a singlet plus doublet at 8.14 ppm with a coupling constant 3J(Pt-H) 

= 24 Hz. 

The proton spectrum of the oid CH2C12 solution of the same complex, shows 

that the free DMF aldehydic signal is aImost twice as intense as the bonded DMF (Figure 

18). The loss of DMF suggests a rearrangement of trans-Pt(DMNH)(DMF)CI2 to chloro­

bridged oligomeric species [Pt(DMNH)C121n, whose methyl resonances appear as a 

doublet centered at 2.78 ppm with a coupling constant of J(CH-NH) = 6 Hz. These 

resonances are close to those of the trimeric species (2.73 ppm) measured in CD2Cl2 

(Figure 23c , next section). Since this resonance is observed at lower field in the IH-
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NMR spectra, the 195Pt resonance is expected al hlgher field The 195Pt-NMR ot the old 

sample exibits three resonances: at -1514, -1576 anù -l700 ppm cone-.pondlllg to the 

resonances of lrans-, cis-Pt(DMNH)(Di\tF)Cl:; and the chlolO-bndged trimer, 

respectively (see section 5.3.2.2). 
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Figure 17. (a) IH- and (b) 195Pt-NMR spectra of a fresh solution of trans­

Pt(DMNH)(DMF)CI2 in methylene chloride. 
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Fi~ure 18. (a) IH- and (b) 195Pt-NMR spectra of an old solution of 

Pt(DMNH)(DMF)Ch in methylene chloride. 
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5.3.1.2 Infrared Spectra 

A nonnal-coordinate analysis for DMF has indicated that the v(CQ), v(CN) and 

3(CH) modes are coupled significantly and are not really good vihrations for frcqucncy 

shift comparisons (28). Nevertherless, valence bond considerations predlct lhal oxygcll 

coordination should result in a decrease in v(CO) and an increase in v(CN). The SpcctI a 

of the Pt(A)(DMF)Ch complexes have shown v(CQ) Vibrations around 1640 cnr l,IX -

28 cm- I lower than the v(CQ) for the free ligand (1670 cm- I ) indlcating coordination 

through the oxygen atom for the DMF ligand. The O-C-N bending mode found at 660 

cm- I in free DMF is not coupled to other VIbrations and might be a bctter choic.:c for 

frequency shift comparison. An increase in wavenumber is expectcd for thls Vibration If 

the coordination is through the oxygen atom and we observe this VibratIon betwecn 71 X 

and 723 cm- I in our spectra. The presence of the coordinated amine is contlflned hy 

lower v(N-H) vibrations between 3121 and 3305 cm- 1 and Ù(NII2) vibrations arou nd 

1580 cm- I (except for the dimethylamine complex where the latter band is often too wcak 

to be observed). These values are close to those observed for Pt(py)(DMF)Ch wherc py 

is a pyridine derivative (7, 9). 

The approximate skeleton symmetries for cis and trans complexes wlth two 

amine ligands are C2v and D2h respectively. For dichloro compounds, group theory 

predicts two v(Pt-CI) vibrations for the cis isomer and only one for the trans isomer. For 

complexes containing two neutralligands with different donor atoms hke DMF and amine 

ligands, the approxima te symmetry is at best Cs for the two isomcrs and group theory 

(see Appendix 1) predicts two v(Pt-CI) vibrations (2A'), one v(Pt-O) (A ') and one v(Pt-

N) (A') modes for both complexes. 
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Tahk XXII. Malll IR bands (cm- l ) of the Pt(A)(DMF)Cl2 complexes in the solid state (KBr 

pellets). 

Compounds v(NH) v(C=O) 8(NH2) 8(OCN) v(Pt-~) v(Pt-CI) 

v(Pt-O) 

Pt(McNH2)(DMF)Cl:? 3121(m) 1645(s) 1582(ms) 721(m) 442(w) 341(ms) 

3218(ms) 1595(m) 402(mw) 

3259(ms) 

Pt(EtNH2)(DMF)C12 3140(mw) 1650(s) 1570(ms) 723(m) 442(w) 342(ms) 

3198(m) 1592(ms) 397(mw) 

3220(m) 

3245(ms) 

Pt(CI3A)(DMF)C12 3121(mw) 1640(s) 1587(m) 720(m) 444(w) 341(ms) 

3278(m) 400(mw) 

3305(ms) 

Pt(CPA)(DMF)CI2 3130(w) 1642(s) 1570(m) 721(m) 442(w) 338(ms) 

3208(m) 398(mw) 

3240(m) 

Pt(DMNH)(DMF)Ch 3219(m) 1641(s) 718(m) 443(w) 343(m) 

392(mw) 

When the chloro-bridged dimers react with DMF, the v(Pt-CI) modes of the 

prodllct~ are observed at ",,340 cnr 1. The intensity of this band IS strong, when compared 

to tho~e of the dimer. A weak band observed arour.d 280 l:m- 1 for aIl the complexes 

(except Pt(EtNI-l2)DMF)CI2) was assigned to a ligand vibratioll. On the basis of Cs 

symmetry, both the cis and tralls isomers should show two v(Pl-CI) vibrations in the IR. 

The difference between the two vibrations should be smaller for the trans isomer. In the 

literatllre, most trans dichloro compounds with two different ligands display only one 

v(Pt-CI) band, while cis compounds lIsually have two bands or a single broadened one 



(10, 29-31). For these reasons, we can conclu de that the compounds have a fi ailS 

configuration. 

Since platinum-oxygen and platinum-nitrogen stretclung vibrations are of slmllar 

energy and of the same symmetry, coupling of the two vibrations is very likely and l'ould 

lead to mixed character. Thus, in aIl the spectra (FIgure 19) evcn though the v(Pt-N) IS 

expected at slightly higher frequency than the v(Pt-O) band, these two vibrations have not 

been separated and are located between 392 and 444 cm· l with the higher band belongll1g 

chiefly to the v(Pt-N) vibration. 

%T 

800 600 400 200 

Figure 19. Typical IR spectrum for Pt(A)(DMF)Ch complexes in the 800-250 cm-) 

region (A = DMNH). 
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5.3.2 Svnthcsis of [PHAlX21n 

The chloro-bridged compounds were synthesized as already reported for 

pyridine ligands (7). The starting material K[Pt(A)C13J was synthesized by the cleavage 

of the iodo-bridged dimers as described recently (13). The chloro-bridged oligomers are 

fonned from the reaction of the complexes K[Pt(A)CI31 in the presence of perchlonc aeid 

according to the followmg equation: 

nK[Pt(A)CI31 + HCI04 --~) [Pt(A)ChJn + KCI04 + KCI 

The KCI04 salt is removed by filtration after cooling the solution to about DoC. 

The oligomers preeipitate when the solwion is concentrated close to dryness. The method 

is believed to produce trans dimers, since the trans effect ()f chloride is greater than the 

trans effect of an amine. 

(CH3hHN . Cl 

" '1. Pt 
/ "-

Cl Cl 

+ 

Cl Cl " / 'y, Pt" ~ 
Cl NH(CH3h 

(CH3hHN Cl Cl 
\. / " / 

Pt Pt 
/ '\ / "-

Cl Cl NH(CH3h 

trans isomer 

The crystal structure of the chloro-bridged dimer with 2,6-lutidine has shown a trans 

configuration (8). 

Complexes of the type [Pt(A)CI2]n where A = methylamine, ethylamine, 

cyclobutylamine, cyclopentylamine and dimethylamine have been synthesized. AlI these 

complexe~ were characterized by proton- and platinum-NMR and IR spectroscopy. 
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The isolated compou!ld~ arc thought to be mainly chlOlo-bndgcd dllncl~ III the 

solid state. These compounds were lsolatcd as orange tn brownish-red powdcrs. Silght 

heating (::::40°, for a few hours) of a methylene chloncle solution çontaining the ohgoll1er 

(mainly dimers) with dimethylamine, produced on standing red cryswls which were 

suitable for X-ray diffraction methods. The crystal structure of one of thcse crystals was 

detennined and the results have shown that the compound is a chloro-hndged trimer. 

[Pt(DMNH)CI212 > [Pl(DMNH)Ci213 

1 3 1 

The red trimeric crystals were also studied by fR and proton and 195Pt NMR 

spectroscopy and the data compared to those of the dimers. These results will he 

discussed later in this chapter. 

5.3.2.1. Crystal Stnlcture of [pt(DMNH)Ch 13 

Although the crystal structure of several chloro- and hydroxo-bndgcd dirners 

and a few hydroxo-bridged tri mers have been reported in the literaturc, thcrc is no 

example of a chloro-bridged platinum tnmer contaming amine ligancls. Our X-ray 

diffraction study of the structure of the trimer, cyclo-tri-~- chio ro-

tri[chlorodimethylamineplatinum(II)J, provided evidence of such a complex. The results 

of this study are discussed below. 

The crystals were obtained by heating slowly (400) a dicloromethane wluuo!l of 

the orange powder (containing mainly di mers) obtainecl by the methcxJ dc~cribcd atxwc. 
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A rcd crystal was selectcd after exammation under a polanzmg mIcroscope for 

homogcnclty. The Unit cell parameters wcre obtamcd by least-squares refinement of the 

angles 2e, û) and X for 15 well-centered reflectIons on a Syntex Pl diffractometer using 

graphite-monochromatized MoKa. radiation. 1l1e 28 range of the reflections was 10 -

250. From the systematic extmctions, the possIble space groups were R3, R3, R32, R3m 

and R3m. Successful refinement of the stmcture, showed that R3 was the correct space 

group. Crystal data and other information are summarized In Table XXIII. The 

background-to-scan time ratio was 0.5. Scan rates (from 2 to 24o/mm. depending on the 

inten~ity of the reflection) and data trcatment have already been descnbed (32). The a(I) 

was ealculated as descnbed previously (32). The intensity data were eorreeted for 

absorption (based on the equations of the'crystal faces) and Lorentz-polarization effeets. 
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The coordmates of the Pt atom were determined from a three-dimensional 

Patterson synthesis and the positions of aIl the other non-hydrogen atoms were obtained 

by structure factor and Founer-map calculations. One H atom from each methyl group 

was located and the positions of the other H atoms were calculated with C - H = 0.95 Â 

and N - H = 0.85 Â. The posItions of these atoms were fixed \VIth Isotropic U = 0.076. 

The refinement of the structure was done by using full-matrix least-squares ealculations 

minimizing 2:w{IFcHFd)2. Isotropie secondary-extinction corrections (33) were included in 

the caleulations. lndividual weights w = 1/(J2(F) were applied. The seattering eurves of 

Cromer and Waber (34) were used for Pt, Cl, N and C and those of Stewart, Davidson 

and Simpson (35) were used for H. The anomalous dispersion terms of Pt and Cl were 

included in the ca1culations (36). The refinement of the scale factor, coordinates and 

anisotropie temperature factors of aIl non-hydrogen atoms eonverged to R = 0.031 and 

wR = 0.029. The ratio of maximum least-squares shifts to esd In the final refinement 



cycle was <0.1. There were a few residual praks \.<0.4 r A-3) III the close rnvlI onml'nt DI 

the Pt atom. The calculations were performed on a Cybrl' X30 using the plOgrams alrcady 

described (32). A listing oùhe final observed and calclllatrd su uctllrc factors is aV:lllabh: 

from the author. 

Table XXIII. Experimental details of the X-ray diffraction stlldies of 1 Pt(DM NII)CI21 \. 

Compound 
Mw 
Crystalline system 
Space group 
a (À) 
b(À) 
c(Â) 

a (0) 

~ (0) 

y (0) 

Volume (À3) 
Z 
F(OOO) 

Pcalcd (Mg m-3) 

t..{MoKa) (À) 

)l(MoKa) (mm-1) 
Crystal faces and dimensions (mm) 

Transmission factor range 
20 max (0) 
Quadrants measured 
h, k, l 

Scan technique 
Standard reflections (dev.) 
T(O) 
no. of independent reflections 

!l0. of observedd reflections (1 > 2.5a(l) 
R = Lllfol - Ifellf Llfol 

!!:Ja 
wR = [LW(IFol - 1Fcl)2f l:lfoI2]1!2 
S (standard deviation, unit weight) 

C6H21 N3C1fiPt3 
933.24 
tri..gonal (hexagonal l'dl) 
R3 
15.463(6) 
15.463(5) 
13.984(5) 

90.0 

90.0 

120.0 
2895(2) 
6 
2484 

3.211 

0.71069 

22.75 
(lOl)-(Ïoï) (0.172) 
(ill)-(1ÏÏ) (0.134) 
(Oi l)-(OlÏ) (0.192) 
0.049 . 0.122 
52 
h,k,±t 
0-716, 0-~16, -17-117 

28/8 
300, 030,00-6 (2%) 
295 
1627 
1054 
0.031 
<0.1 
0.029 
1.16 
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The rcfincd momic paramcters of the structure are listed in Table XXIV. 

Labellcd diagrams of the molecules are shown in Figure 20. The bond distances and 

angles are reported in Table XXV. The results of the crystal structure determinatlon have 

shown that the compound 1S a 6-memb~red chloro-bridged cyclIc trimeric species with a 

three-fold axis in the center of the ring. 

Table XXIV. Atomic coordinates (xlOS for Pt and xl()4 for Cl, N, C) with their e.s.d.'s 

and thennal parameters Ueq (x104). Ueq = 1/3LiLjUij a*ia*jai.aj. 

x y z Ueq 

Pt 71889(3) 47711(3) 10440(3) 380 

CIO) 8072(2) 4234(2) 1974(2) 550 

CI(2) 6318(2) 5309(2) 153(3) 667 

N 8458(5) 5587(5) 255(6) 408 

C(l) 8301(9) 5463(9) -801(8) 647 

C(2) 8998(8) 6650(8) 518(8) 570 
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C1(2) 

N 

Cl(l) 

0(1) 

Cl(2) 

N 

Fi~ure 20. Structure of the complex [Pt«CH3hNH)CI2h with the atomic numbering. 
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The coordInation urollnd each Pt atom is slluare-planar. The best weighted plane 

wa~ calculatt:d through the [Ive atoms. The deviation~ [rom this plane are: Pt, -0.0006(4); 

CI(l), 0.014(3); CI(2), 0.017(3); CI(l)', 0.001(3) and ~, 0.014(8) Â. The angles 

ilrollnd the Pt atom are close to the expected 90 and 180°. The internaI angles CI(l)-Pt-

CI( 1)' and Pt - CI( 1) - Pt' are 90.5(1) and 93.9(2)° respectively. 

Tahle XXV. Bonds distances(Â) and angles(O). 

Bond Distance (À) 

Pt-CI(l ) 2.319(3) 

Pt-CI(l') 2.332(3) 

Pt-CI(2) 2.274(3) 

Pt-N 2.046(9) 

N-C(l ) 1.494(15) 

N-C(2) 1.470(12) 

Bonds Angle (0) Bonds Angle (0) 

CI(l )-Pt-Cl(2) 179.1 (1) Pt-N-C(l) 114.3(7) 

CI(l )-Pt-N 88.2(3) Pt-N-C(2) 112.9(7) 

CI(1 )-Pt-Cl(l)' 90.5(1) Pt-CI(1)-Pt' 93.9(2) 

CI(2)-Pt-N 92.3(3) C(1)-N-C(2) 110.8(9) 

CI(1)'-Pt-N 178.6(3) Cl(2)Pt-Cl( 1)' 89.1(1) 
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The terminal Pt - CI(2) bond distance is 2.274(3) A. slgllltïcantly shortc:r than 

the bridging Pt - CI(1) bond distances whlch are 2.332(3) and 2.319(3) Â. No chlolO­

bridged trimer has been reporte.i yet in the literature. Our Pt - CI values are slI11llar to 

those observed for the 2,6-lutIdine chloro-bridged dimer where the tcnninal bond \Vas 

2.272(3) À and the bndged bonds 2.321 (3) and 2.320(3) Â.(8). Our values also agree 

\' ith those found in other chloro-bridged dlmers (3-5). The bridgll1g Pt - CI( 1)' (2.332(3) 

À) which is located in trans position ta the amine lIgand IS siIghtly longer that the 

bridging Pt - CI(l) (2.319(3) A) located in lrans posItion to the tcnnlllai chloro lIgand. 

For the chloro-bridged dimer with 2,6-lutldine, the two bndglng bonds are identlcal 

(2.321(3) and 2.320(3) A) (8). For monomers of the type [pt(amme)CI31-. several cry.,tal 

structures have shown a slightly longer Pt - Cl distance for the bond located in trans 

position to the amine ligand (37-40). The trans influence of anunes rmght be ~hghtly 

larger than the one of chlora ligands. But this slight lengthening n11ght also be duc tll 

hydrogen bonding. In these structures. the trans chlora ligand is u~ually l1111ch IllOI!': 

involved in the hydrogen bonding system than are the cis chloro hgand~ (~ee Charter 3) 

The Pt - N bond length is 2.046(9) A, close to the valucs found in other Pl­

amine complexes (53-56). The dimethylamine ligand IS normal wlth N - C( 1) = 1.49( 1 ) 

and N - C(2) = 1.47(1) A. The Pt - N - C angles are shghtly larger [114.3(7) and 

112.9(7)0] than the tetrahedral vaiue as observed in other Pr-amme compounds (37-40). 

The angle C(1) - N - C(2) is normal [110.8(9)°]. 

The conformation of the molecule is similar to that of the hydroxo-bridged 

trimers [(Pt(~-OH)(NH3hh12(S04h·6H20 (14) and [(Pt(Il-0H)(trans-dach)),12 

(S04h·14H20 (16). The average value for the torsion angles (Table XXVI) in the 

Pt3C13 ring of the [Pt(DMNH)C1213 complex is 88.2(1)°, not very far from the values 
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round for the Pt303 rings in the above complexes, 80.6° and 83.6°, respectively. This 

clearly indicates slmilar conformation in the ùuee complexes. The Pt3Cl3 ring assumes a 

"crown" conformation wah C3 symmetry. Ali the bridging chlondes lie on the same side 

of the three platinum plane as seen in Figure 20, with a distance between the two planes 

of 1.300(3)À. This is in contrast to the NH3 hydroxo-bridged tnmer with nitrate anions 

(15). where one oxygen atom of the Pt303 ring is aimost on the plane of the three 

platinum atoms (0.o2A), whlle the two other oxygen atoms lie on each side of this plane, 

at 1.16 and 1.02 A, respectively, leading to a pseudo-twofoid axis symmetry. 

Table XXVI. The torsion angles for the [Pt(DMNH)Cbh complex. 

PtLCILPt-CI - 88.3(1) 

CILPt-CI-Pt(1)Ï1 88.0(1) 

CI(I)-Pt-N-C(1) 131.8(7) 

CI(2)-Pt-N-C(1) -49.0(8) 

CI(1)-Pt-N-C(2) -100.3(7) 

Cl(2)-Pt-N-C(2) 78.9(7) 

i) l-y, x-y, 2-

ii) 1 +y-x, l-x, z 

A stereoscopie view of the packing of the molecules in the unit cell is shown in 

Figure 21. It consists of layers of cyclic trimeric molecules parallel to the ab plane. Each 

layer con tains on one side the chloro-bridged atoms and on the other side the amine and 

terminal chloro ligands. The the Pt atoms are located in the center. There are two such 

layers in each unit cell and the molecules are superimposed on top of each other with a 

60° rotation. Funhermore each layer is reversed to form pairs (with the amine and 
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tenninal ehloro ligands faeing eaeh other) which are bondcd by weak H bonds bctwt'en 

the amine and the terminal chloro ligands, increasing the stability of the crystal. The N ... 

CI(2) = 3.417(9) Â and the angles Pt - N ... CI(2) and C - N ... Cl(2) are reasonablc 

(Table XXVII). 

The anisotropie thenn~ù parameters (Table XXVIII), the caleulated H coordinatc~ 

(Table XXIX), the equation and deviations from the weighted bcst plane (Table XXX) 

are listed in Appendix 3. 

Figure 21. Stereoscopie view of the packing in the npt«CH3hNH)CI213 crystal (h aXIs 

horizontal, view down ç axis). 
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'1 ahlc XXVII. Dl~tanccs (Â) and angles (0) between atOITIS involved in possible hydrogen 

bond~. 

AtOlll'l distance Atoms angles 
--- ----------------------------------

N-II ... CI(2)1 3.417(9) Pt - N ... CI(2) 

C(1) - N ... CI(2) 

C(2) - N ... CI(]) 

93.9(3) 

87.1(6) 

137.6(6) 
------ --------------------------
1) 1 +y-x, l-x, z 
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5.3.2.2 195Pt_ and IH-NMR Spectra 

The chloro-bridged platinum oligomers have beell studled by protoll- and 1'»Pt­

NMR spectroscopy. The chemical shifts b(Pt) obtained 111 differcnt snlvenb art' 

presented in Table XXXI. These reddish orange compounds arc soluhle in sever.lI 

organic solvents such as acetone, DMF and rnethylene chloridc. Soluhllity ln 

coordinating solvents is probably due to the c1eavage of the platinum oligolllcrs !'IlI1ee 

these solvents can be considered as weak donor ligands for platmum. TIns IS III fact the 

best way to obtain mixed-ligand complexes with weak donor atoms as seen in the 

previous section with DMF. 

Table XXXI. 195Pt resonances for [Pt(A)CI2]n complexes in different sol vents. 

Û195Pt(±5ppm) 
A DMF Acetone CII~CI2 /)20 

MeNH2 -1537c, -1560t -1622a 
42% 58% 

EtNH2 -1532c, -1568t -17 I3tr 
47% 53% 

CBA -1531c, -1574t -1601 w, -1630a -171ltr 
35% 65% 53% 47% 

CPA -153Oc, -1563t -1584w, -1623a -1700tr 
18% 82% 66% 34% 

DMNH(powder) -1513t, -1553c -1570w -1703tr, -1570w -1563w 
30% 70% 27% 73% 

DMNH(crystals) -1514t, -1553c -1567w -1700tr, -1565w 
31% 69% RS% 15% 

c: Gis, t: trans, a: acetone complex, w: aqua complex, tr: trimer 
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For the chloro-bndgcd oligomcric complexes, the 195Pt resonances are expccted 

at ~ltghtly lower fIeld th an tho~e of [Pt(A)C131-, whose average value is -1848 ppm In 

DMF (sec chapter III). The spectra of the oligomers dlssolved in DMF showed two 

rcsonanccs between -1530 and -1574 ppm. These values are at lower fields than expected 

for chloro-ondged ~pecles and we suggest than the oligomers are cleaved by DMF to 

proclllCC cOl11pound~ of the type Pt(A)(DMF)Ch as discussed previously. 

AIl the 195Pt-NMR spectra of the [Pt(A)CI2]n complexes with primary amines 

shows a fÏrst re<;onanc~ arollnd -1535 ppm in DMF. After a few minutes of accumulation, 

a second ~ignal appear<; arollnd -1570 ppm which becomes the most lIltense re~onance 

after one hOllr In each case, this last peak corresponds to the monomeric spe~ies trans-

Pt(A)(DMF)CI2 obtamcd from the cleavage of the oligomer with DMF as seen In the 

prevlOlIs section (5.3.1 1). The flrst signal is believed 10 be the cis isomer which is first 

prodllced lIpon cleavage, because of the larger trans effeet of ehloride compared to the 

one of amine~. 

A Cl Cl " / " / 
Dt-.1F DMF 

Pt Pt 
/ " ,/ "-Cl Cl A 

-> 2cis-Pt(A)(DMF)Ch -> 2trans-Pt(A)(DMF)CI2 

The comple;.. with a ~econdary amine, [Pt(DMNH)CI2]n does not reaet in the 

same manner as the primary amme complexes. The 195Pt-NMR spectrum of the 

IPt(DMNH)CI2In complex shows tworesonances at -1513 and -1553 ppm in DMF. The 

first peak ro appear in this ca~e IS the higher frequency one at -1553 ppm, while the lower 

frequency one now corresponds to the peak obtained by reaetion of this oligomer with 

DMF (see section 5.3.1.1). We suggest that the first compound observed at -1553 ppm, 

is cis-Pt(DMNH)(DMF)CI2, whde the ~econd compound is the trans isomer. 
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AU the oligomers are insoluble in aqucous aridle solution smœ th~y art: l',olall'd 

as precipitates from pcrchlonc acid solutton. When a \Vater su~pcnslOn contalllln~ th~ 

oligomeric species [Pt(DMNH)Cl21n is agitatcd for several days. ~olubihty nC~.'lIrs .. ' ~Cl'n 

by its proton and platinum NMR spectra 111 dcuteratec! water (~igllre 22). The othcr 

complexes with primary amine ligands are l11uch less soluble under the same conditions. 

The IH-NMR spectmm of lPt(DMNH)Chln measurcd on a 60-Mlll ~pcctromctcr show~ 

a triplet plus a doublet of triplets centercd at 2.40 ppm WIth a coupting constant l](pt-11) 

= 39 Hz. The central triplet is ln fnet a superposItion of ,1 singlet and a doublet. The 

singlet observed at 2.40 ppm is caused by the rcsonance of the -C~h group, in the 

bonded deuterated anune (DN(CH3h), while the doublct ccntcrcd at 2...+ 1 ppm 1'\ lilr the 

methyl groups of the bonded non-deuterated dimethylammc hgand. The latter proton" arc 

coupll!d wlth the hydrogen of the nitrogen atom with a coupling con!\tant 2J(NII--CII) = () 

Hz. ln deuterated water, the amine proton lS partly exchanged by the dctltcnutn of watcf 

and the signal of the deuterated amine is observed at slightly hlgher field (2.40 ppm) than 

the signal of the non-deuteratcd amll1C (2.41 ppm). In the ~pectrllm 01 the samc ~all1plc 

taken on a 300-MHz spectrometer, the ~lI1glet at 2.40 ppm on the 60-MIII. ~rectrnll1dcr. 

is resolved and appears as two singlets of almost equal intenslty at 2.42 and 2.4J ppm 

with a coupling constant 3J(Pt-H) = 38 Hz. The corre~pondll1g IlJ5Pt-NMR "'pcctrum 

shows only one rewnance at -1583 ppm. Several pos~lbl"tJCS werc exallHned 111 orcier to 

interpret these spectra. The proton spectrul11 couIc! be explall1cd by thc prc'ocnœ of a 

mixture of cis~ and trans-Pt(DMNH)(l-hO)Cb monomers, If the two l'-orners are pre,cnt 

in equal amounts. The presence of a trans dlmer partially cleaved by waler, 

(DMNH)Cl(H20)PtQ.t-Cl)Pt(H20)CHDMNH), would glve a slOldar ~pcctrllll1, ~IJlce the 

methyl groups of the dimethylamine ligand being 111 a different environment, wOlild glve 

two different signaIs of equal intensity. But this la~t posslbllity i" not very probable, "mce 
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thcre would be free chloridc Ions WlllCh are stronger bondmg !Jgands than are aqua 

ligand~. Other partially-cleaved ~reCle~ hke structure 1 would give two very dlfferent Pt 

signaIs and therefore were eliminated. 

DMNH Cl 
"- / 

DMNH OH" "- / ~ 

Pt Pt 
/ "'- / "-

Cl OH2 Cl a 
tran~ cis 

-IISAllllla! 
3 2 

l ' , , i i , , , i J ' , i , , • ...,...... 

!.I 1." 

(1) (b) 

DM~H /CI "- Cl 
/ 

Pt Pt /" / 
Cl OH2 Cl 

1 

"'­
DMNH 

~ 
00 
W'I -1 

--
(c) 

Fi~ure 22. (a) IH-NMR spectrum of [Pt(DMNH)C12]n in D20 (on a 60-MHz 

spectrometer), (b) same sample on a 300-MHz spectrometer, (c) corresponding 

195Pt-NMR spectrum (value in ppm). 
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We suggest that the first compound nhs~rvcd whcn th~ rhloro-hndg~d Ohgl)lllt'r 

wah dimethylamine is cleaved \Vith watel', lS th~ fiS Îsomer SlI\CC the crelllS erfert of 

chloride is larger than the one of amines. The CIS compound ll1ight then lsomcri7c partially 

to the trans isomer. The differcnce between the two isomers would be too small to he 

observed by 195Pt-NMR. The doublet assigned to the cOllpling for the non-delllerated 

compound on the 60-MHz spectrometer appears '1150 as a pair of two smglets on the 300-

MHz instrument, and are seen only on the left side of the two malll singlcts. The other 

part of this signal is hidden under the right part of the two main singlets. 

Although there are some complexes with acctonc as a ligand known III the 

literature (41), the isolation of Pt compolll1ds contall1ing acelone has not yct bcen Icportcd 

and was also unsuccessful in our case. Platinum is a soft metal and does not fonn strong 

bonds with O-donor lIgands, unless they are deprotonated. This does not mcan howcvrr 

that acetone cannot aet as a ligand for platinum when in solution. This ligand will be 

easily 10st by evaporanon of the solvent. 

The 195Pt-NMR spectra of the oligomers mcasured in acelone have ~hown lhal 

the compollods are cleaved to produce complexes of the type Pt(amille)(~0Ivcnt)C12. 

Acetone always contains a small quantity of water which is probably a better ligand for 

platinum than is acetone. The resonance for the ohgomer wlth DMNH 111 acetone was 

observed at -1570 ppm, very close to the value of -1563 ppm ob~ervecl for the compound 

in water. We therefore suggest the presence of the same specics in the two solvent\, 

Pt(DMNH)(H20)CI2. For the CBA and CPA oligomers, which are qlllte In~oluble in 

water, two signaIs were observed in acetone. One signal is thought to belong to a specie~ 

produced [rom the c1eavage of the oligomer with water, Pt(A)(H20)CI2 (-1601 and -) 5X4 

ppm, respectively), and the second IS obtall1ed from the cleavage of the dimer~ WIth 
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acctone, Pt(A)(acetonc)Ch (-1630 and -1623 ppm, rcspectively). The spectrum of the 

McNH2 oligomer in acetone showcd only one resonance P.t -1622 ppm, which was 

a~~igm:d to a cleaved product with acetone, Pt(CH3NH2)(acetone)C12, since this dîmer is 

very insoluble in water and the resonance is close to the values assigned to the acetone 

complex for the other ligands. 

In dichloromethane, the DMNH oligomer showed two signais at -1570 ppm 

corresponding to the cleaved product with H20, discussed above, while the second 

rc~onance at -1700 ppm is assigned to the chloro-bridged trimer. In non-coordinating 

solvents like CH2C12, it IS believed that the oligomeric species are favored, even in the 

presence of a small quantltles of weak nucleophlles as shown by slmllar studles do ne in 

our laboratory (7, 8). Red crystals obtall1ed from a dichloromethane solution of Pt(2,6-

lutidll1e)(DMF)CI2, after standing at room temperature for severai weeks, were shown by 

X-ray dlffractlon to be the chloro-bridged trans dimer [Pt(2,6-luudine)CI2h (8). In the 

same study, measurements of molecular weights have also indicated that the compounds 

were dnners 111 chloroform solution at room temperature. We also believe that at room 

temperature, the chloro-bridged ohgomeric species are mostly dimers while shght heaung 

results in trimer formation. The 1 H- and 195Pt-NMR spectra of the oligomer with 

dimethylamine have bcen measured and are presented in Figure 23. The orange powder 

obtained l'rom the reaction: 

HCI04 
nK[Pt(A)CI31 ---> 

has been dissolved in CH2CI2 and the 195Pt-NMR spectrum is shown in Figure 23a. 

Two signais were observed, the 1110St intense at -1570 and a weaker one at -1703 ppm. 

This solution was heated with hot water for 10 min. and the spectrum measured again 



r 
(Figure 23b). The sume two resonances were observcd. but now the ~ignal al -170(} 1'> 

much more intense. The red crystals Isolated from the n~al:tion: 

[Pt(A)C1212 

have been dissolved in deuterated CH2Cl2 and the 1 Il- and IlJ5Pt-NMR ~pcctra 'IIC shown 

in Figure 23c and 23d respecuvely. The spectra 23b and 23d are almost identlcal. S\I1l'1: 

the crystal isolated for structure analysis and identified as a cyclic chloro-bndgcd trimcr 

was taken from a solution after slight heating, we believe that this spccies is favored 

under such conditions and the most intense peak around -1700 ppm should be assigncd 10 

the cyclic chloro-bridged trimeric ~pecies. Tt was not possIble to isolatc only the trime/~. 

since the two species are soluble in CH2C12. The red crystals have been taken out one by 

one under the microscope, but some powder sticks on them. The 1 I1-NMR ~pcctrulll of 

these crysrals (Figure 23c) shows a doublet for the DMNH ligand centcred at 2.73 ppm 

with its coupling wlth platinum 3J(Pt-H) = 42 Hz. Two other weak re~onanccs at the 

right of the fifst one centered at 2.51 ppm are also ob~erved. The integration i-; HH/l2 for 

the proton spectra, in good agreement with the integration of the corresponding platinum 

resonances for the same solution, i.e., 85/15. From these NMR stlldles, we can ass/gn 

the o(Pt) peak at -1700 ppm to the trimer. AIl the other complexes, exccpt 

[Pt(MeNH2)CI2]n. show only one resonance in the -1700 ppm rcgion and can he 

similarly assigned to the trimeric species. The spectrlllll of [pt(MeNII2)CI2In wa'i Ilot 

measured because this complex is not sufficiently soluble in CH2CI2. The peak al -1570 

ppm was first assigned to the di mer, but after the synthesis of the Pt(A)(DMF)CI2 

complexes whose resonances are observed in the same region, this idea has bccn 

reconsidered. It is not logical ta find the resonance for a dimer with an environ ment 



( 
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coml\ting of three CI and one N donor atoms in the same region as a monomer with one 

N, one 0 and two Cl donor ,ltom~. The proton-NMR speetrum of dichloromethane has 

~hown the presence of a ~mall quantity of water whlch ean eleave the dirneric species to 

proc!UCl' an aqua complex whose resonance appears at -1570 ppm. T~lÏs aqua species 

woulc! bc the saille as thm produced w:len the DMNH oligomers are cleaved by water. 

This "bo coneurs with the fact that when the dimers are rearranged to tnmers, there must 

be sorne cleavagl' of one of the bridged bonds. 

The 195Pt-NMR spectra of the oligomeric species eontaining EtNH2, CBA and 

CP A ~howed onl y one resonanœ around -1710 pprn correspondmg to the presence of the 

chloro-bridged tri mers Addl!lonaI evidence for the oligomerie nature of these speeies is 

affordcd by the 195Pt-NMR spcctra of the [Pt(CBA)C12]n cornplex in CIJ.~Cl2 (Figure 

24). This ~pèctrum exhihas only one resonance at -1711 ppm. When one drop of DMF 

is added, thls peak disappears and a new resonance appears around at -1587 ppm, which 

is aS~lgned 10 Pt(CBA)(DMF)CI2. taking into account a 10 ppm highfield shift for the 

effect of solvent on going from DMF (-1574 ppm) to CH2C12. 
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Figure 23. Cornparison of the NMR spectra of the tnmer and <.limer wlth dlmethylamme 

(a) 195Pt-NMR ~pectrum of powder In methylene chloride bcforc hcatmg (h) 

195Pt-NMR ~pectrum powder ln methylene chlonde after heatlng (c) IH-NMR 

spectrum of crystals In CD2Cl2 and (d) 195Pt-NMR "'pectrurn ot cry ... tah m 
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Figure 24. (a) 195Pt-NMR spectrum of the [Pt(CBA)CI2h complex ln CD2Cl2 (b) one 

drop of DMF IS added in the solution . 
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The 195Pt-NJ\lR ~pCCt[,1 uf ~ome indo dllne[~. 1P1{:\)J~ 1::" or 111I~1l1lll'h h,l\l' 

bcen mca~ured In Di\lF and 111 CII2CI2 and the n::-'lIlt~ ,1IC ple~cntcd III Tahk XXX II The 

ob~erved chemical ~hifts valy from -3901 to ---lOS4 ppm. SlllCC the fllllf-nwmhl'[t'd nng 

is less strained than 10 the chloro compounds due to the lnngl.'r Pl-l bonds, lhe rc~nnanl'C\ 

of these species arc ex pectcd to be clo~cr to thn~e for 1Pt( A)[, 1- cOlllpk\c\ 'l'hl.' value 

found by Kidd and Goodfellow for NR-lIPt(DJ\lNII)1 ,1tR :::: PII\ or Bun) 1:-' .. HlO·l 1'1'111111 

CH2Cl2 (42), very close to our values. 

1:; 1 

\Vith DMF \Vas not sllcce~"ful but agal/1 thl'> doc:-. not mean that the~e wea\.. donor 

molecules cannot aet as ligands when 111 ~ollltron. A D~lF ~olLltlon contallllng IPI(A)I:12 

\Vas heated during 3h and then the DMF was evapf)rated. The IR ~rectra nt the l\olated 

compollnd~ were l11easlirecl and lhe ~pcclra \Val' ldentleal to thn,>c of the drIller le '>perle,> 

No C=O band was de tee table 111 the IR ~pectra IIKhcating the ah~ellCe 01 hOl1lkd DMI'. 

When the solutions were hcated overl11ghl, decompo,>IlIUn occllIlcd 

Table XXXII. 195Pt resonanccs for 1 Pt(A)12In complexe" III thtkrent "o!vt:lll'> 

A 

MeNH2 

EtNH2 

CBA 

CPA 

DMNH(powder) 

l-adam 

2-adam 

DMF 

-3984, -3999 

-3996 

AO 14, -4030 

-3992, -4006 

-3905, -3<)34 

-3901, -3929 (acetone) 

-4068, -40H4 

-4030 

Ilot rm:a"lIn:d 

-4032 

-4046 

-4022 

-3924, -YJ..t() 

-3lJ20, -:W·12 (BnlJ.-el) 

Ilot Illc:l\l\!cd 

Ilot Illca "lIn:d 



5 3.2.~ fnfn.rcd "pectra 

The IR ~pectra of the [Pt(A)CI2Jn oligomers have been measured and the most 

Important vibratlons arc hsted in Table XXXIII. These spectra are the most simple spectra 

actually pre"entcd In thl" work and suggest a hlgh symmetry. For the chloro dimers, the 

synthesl~ u~lIally glvc~ the tram Isomers, SInce the (rans effect of the chloride IS greater 

than the tralls effeet of the a111111C. The ~keleton symmetry for a complex trans-Pt2A2Cl4 

IS C2h (C2v for a Cl.\' I,>omer) ancl group theory predict~ three v(Pt-Cl) (3Bu modes) 

Vibrations 111 the 1 R Table XXX III presents the resuIts for these complexes. Thcre is one 

v(Pt-Cl)l (t = tcrmlllul) and two v(Pt-Cl)b (b = bridged bond~). From the latter two, there 

is one v(Pt-Cl)b trans to the ch!onde, at a hlgher frequency, and one v(Pt-Cl)b trans to 

the amine group at a lower frequency (43). The spectra of the complexes have shown one 

v(Pt-Cl)t VibratIon between 340-350 cm-l, one v(Pt-Cl)b vibration frans to the chloride 

ligand between 308-325 cm-l, and one v(Pt-Cl)b vibration trans to the amine lIgand 

betwecn 2~ 1-305 enr l, An example of a typlcal spectrUIl1 IS presented in Figure 3 

(Expenmental part, Chapter 2). The IR spectra of the [Pt(A)CI212 complexes give the 

pattern expected for a trat/.\' isomer but becau~e the bands are large enough and show 

sorne shoulders, the pmslbIlIty of havmg a CIS Isorner cannot be rejected. The presence 

of the amine lIgand IS conflm1ed by the v(NH) VIbrations between 3105-3276 cm- l and 

the ù(NH2) Vibration bctween 1560-1571 cm-l, 
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Table XXXIII. Main IR Band ... (cm- I ) for 1 Pt(A )C1212 compk\e .... 
-- - -- -

Compounds v(l'H) ù(NI 12) vWt-Cl)\ v(1)\-('1)h V(Pt-C\)h 
li all.\ tn CI t lill/.\ to :\ 

-~ ---- - --- --- - -- --

IPt(MeNH2)C12h 3222(m) 1560(m) 340(s) 30X(m) 293(111) 

3270(m) 

IPt(EtNH2)CI2h 3220(sh) 1561(5) 33gts) 30t)(m) 291 (Ill) 

3245(:;) 

IPt(CBA)C12h 3105(111) 1569(111) 33X(s) 30S( m) 29S(m) 

3126(111) 

3276(5) 

IPt(CPA)CI2h 3119(m) 1571(s) 3.H)(~) 32S( Ill) 30'i( Ill) 

3190(s) 

3239(s) 

[Pt(DMNH)Clzh 321O(s) 350( Ill) 320( m) 303(111) 

[ Pt(DMNH)Clz13 3198(s) 3-1 1 (~) 312(w) 2<)'\(111) 

------ ---

For the cyclic trimer, there are minor differencc<, compared tD the chloro dllller 

For the trimeric species, [Pt(DMNll)C1213, wc ob..,crvcd the Y(N-II) Vibration .It \l1ghtly 

lower wavenumber than for the corre~pondil1g dimer. The v(N-1 /) vlbratloll at 3210 1'I11- 1 

is shifted to 3198 cm- 1 ln the tnmeL The v(Pt-CI) vlhration" are "hitted ID lower 

frequencies and the band shapes are not the ~ame. The v(Pt-Clh I~ ~rrol1ger 111 thl' !lImer 

spectmm while the v(Pt-Cl)b Vibration trans to the chloride ligand 1'1 "trongcr III the dllllcr 

spectrurn. Sorne additional band~ are also obscrved in the "pcctrum of thc trimcl, 

indicatmg a change 111 molecular structure. Thcse weak-to-mcdillIl11111l'I1!'1lty hamh an; at 

525,1037,1392,1417, 1430,1441,1451,2999 and 3022 cm- I and are ùe~ignaled hy il 

"x" on the IR spectrllm of the complex ~hown In rlgurc 25_ 
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CHAPTER6. 

Contributions to knowledge 



-

The variolls ~teps for the dlfrerent ~ ynthe~es can be ~lllllm,u lfed hy 10 Ihl' lollt)\\ mg 
scheme: 

2 adam/DMF 

NMe4[Pt(adam)CI31 

11 adam/ DMF 

(NMc4bIPtCLtl 

TNMc40H 

H2PtC14 

IresinH+ 

KIPt(,ldam)CI,1 

ladam / \)~ \ F 

L--________ K2PtCI4 -----__ --.J 

14 KI 

K2Ptl4 

L 2A 

Pt(Ahlz 

lHCLO< 

IPt(A)I212 

/AgN~'llll 
Hydrolysed species Pt(A)(adam)l? 

/KCl 

K[Pt(A)C131 
HCI07/' ~m 

[Pt(A)C121n Pt(A)(adam)Ch ~ 2-adamIIIPt(EtNI12)CJ11 

IDMF~ 
Pt(A)(DMF)Ch [Pt(DMNH)Cl213 

• 
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New complexes of the type K[Pt(A')CI31 (A' = l-adamantanamine, 2-

adamantanamine and I-methyladamantanamine) haye been synthesized. These complexes 

with 2-adam and I-Madam were not stable enough and needed the presence of a larger 

catlOn, NMe4, in order to be Isolated. The 195pt resonances for the [Pt(A)CI3]-

complexes where A = methylanune, ethylamine, cydobutylamine, cyclopentylamine, 

dllnethylanune and the [Pt(A')CI31- complexes appear between -1822 and -1865 ppm. 

With the exception of [NMe4][Pt(1-Madam)CI3L all the complexes showed only one 

re~onance, whlch lS il good indIcation of the punty of the compounds. The second 

re~onance ob~crved for lNMqHPt(1-Madam)CI3J at -2242 ppm was assigned to the 

di~ubstituted ~pcCles Pt(1-Madam)2CI2. The pluunum resonances were found to be 

dependent on solvent effects, the presence of different counterions and the concentrations 

of the spccies In solution. No direct correlation between the pKa of the amine ligands and 

the 195pt chemical shifts was found. 

The stmctllre of [2-ClOH lSNH3][Pt(EtNH2)C13] has been detennined by X-ray 

diffraction. Contrary to similar complexes of the type K[Pt(A)CI31.1/2H20, tbs 

molecule does not crystalhze wlth water of hydrauon. In the case of the K[Pt(A)CI31 

l:o.pecies, water moiecliles play an Important role in stablllZlng the complexes. In the l2-

CIOH15NH311Pt(EtNH2)Cl3] complex, the larger cation in able to fonn hydrogen bonds 

with the chlonde ligands and thls is sufficlent ta stablhze the crystal. This is in agreement 

wlth the crystal structure of lPt(NH3)4][Pt(isopropylamine)CI3h which crystallizes 

without water of hydration. 

Mlxed-ligand complexes of the type Pt(A)(A')C12 have been synthesized from 

the reactlon of KlPt(A)C131 with the appropriate adamantananùne ligands in water. 195Pt_ 

NMR measurements on these species obtained after washing with dilute HCI showed the 
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presence of a peak in the region expected for [Pt(A)CI31- complexes. This reson:tnl'l' ha, 

been attributed to species of the type ladamH J[Pt(A)C131 which are formet! hy 

displacement of the coordinated adamantanaminc ligand by Cl- and subsequent 

quaternization of the amine group This result lead to some doubt about the real nature nf 

Pt(1-adamhC12 and Pt(2-adamhCI2 tested for antitumor activity by Braddock et al.. sinec 

the authors washed their compounds with concentrated HCL 19SPt-NMR measlIrement., 

confirm the presence of three species wh en this method is used and so the compollnds 

tested might be a mixture of the three species, [adamHJ[Pt(adam)C13, CIS and tram­

Pt(adamhCI2· 

1 he IR and Raman spectra of the mixed-ligand complexes, Pt(A)(atlam)C12. 

showed that most of the species were cis isomers while the disubstitutcd compollnd~, 

Pt(adam):?,CI2. were found to be a mixture of isomers. 

For the corresponding IOdide complexes, it was difficult to obtain good far-IR 

and Raman spectra and the results presented are only tentative, even for the ~olid ~tate. 

Systems contuining iodides present greater difficulty since their vibrational freqllenclcs ale 

at low energy and it is difficult to distinguish intramolecular and lattIc:e modes. In 

addition, in IR spectroscopy, the absorption of the v(Pt-l) vibration is 111 a region WhCIl' 

there are problems with water absorptions. Nevertheless, the appcarance of two v(Pt-1) 

and two v(Pt-N) peaks in most cases is strongly suggestive of ClS homer'i. The 

symmetric v(Pt-!) vibration was easier to locate and has bcen aS!ligncd at ISO cm- I . The 

antisymmetric mode, more difficult to locate, was assigned to a band ::trollnd 200-1 HO 

cm-l, close to the value of 180 cm-) reported for this vibration in the [PtI412- ion 
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III Chaptt:r 5, wc have ~hown that the reacHon of oligomeric specles of the type 

1 Pt( A)CI2In wuh DMI' produces Pt(A)(DMF)CI2, WhlCh from the IR results probably 

have a lrallS confIguration in the ~olId ~tate. When Pt(A)(DMF)CI2 IS dissolved In a 

... olvent hkc DMf, acetone or dichloromethane, the structure is ret.uned and only one 

~peclC~ was observed by 195Pt_ and 1 H-NMR spectroscopy. But on standing, these 

cOI11pounds are partlally rearranged to chloro-bndged oligomers, probdbly mainly dimers 

and trimers. In DMF, the oiigomers are rapidly cleaved to produce first the cis-isomer 

which isorncnl.cd to the lrans compound. In dichloromethane, the chloro-bndged 

... pecies are more ~table and the presence of trirners was detected by 195Pt-NMR 

... pectrosc:opy. The decomposition of tran~-Pt(C2H5NH2)(DMF)C12 was [aster than the 

corresponding methylamme and dimethylamine DMF complexes. 
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APPENDIX 1 



The numbcr of actIve vibrations in the IR and Raman spectra can be 

calculated from the followmg equatlon: 

a. =1.. L XCR) Xl R 
h R 

whcre a. = nllmocr of times the i-th irredllcible representation appears 
h = order of the point group 
XCR) = character of the R-th operation in the reducible representation 

Xi = character of the R-operation in the i-th irreducible 
representatlon. 
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_ x 
.... , , 

'Cl " /CI C2v 

rpt-CI Pt 

CI/ ""'N rpt-N 
, , , , - , 

C2v 
, 1. 

rpt-CI 
nAl = 1[(3)(1)(1)+(1)(1)(1)+(3)(1)(1)+(1)(1)(1») = 2 

4 

nA2 = 1[(3)(1)(1)+(1)(1)(1)+(3)(1)(-1)+(1)(1)(-1)] -= 0 
4 

nB l = 1[(3)(1)(1)+(1)(1)(-1)+(3)(1)(1)+(1)(1)(-1)] = 1 
4 

nB2 = 1[(3)(1)(1)+(1)(1)(-1)+(3)(1)(-1)+(1)(1)(1)] = 0 
4 

rpt-CI = 2Al + 1Bl 
IRIR IRIR 

nA} = 1[(1)(1)(1)+(1)(1)(1)+(1)(1)(1)+(1)(1)(1)] = 1 
4 

nA2 = 1[(1)(1)(1)+(1)(1)(1)+(1)( 1)( -1)+(1)(1)( -1)] = 0 
4 

nB} = 1[(1)(1)(1)+(1)(1)(-1)+(1)(1)(1)+(1)(1)(-1)] = 0 
4 

nB2 = 1[(1)(1)(1)+(1)(1)(-1)+(1)(1)(-1)+(1)(1 )(1)] = 0 
4 
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y 

CI 1\ 
~I/ 

- - - - - - - Pt - - - - - - 1 

CI/ : "',,- N 

Cl,\ 

For the t'l\ bomer 

rpt-CI 

rpt-N 2 

o 

o 

o 
o 

n Al = Il (2)(1)(1) + 0 + 0 + (2)(1)(1)] = 1 
4 

n A2 = 1 [(2)(1)(1) + 0 + 0 + (2)(1)(-1)] = 0 
4 

n BI = 11 (2)(1)(1) + 0 + 0 + (2)(1)(-1)] = 0 
4 

n B2 = 1[(2)(1)(1) + 0 + 0 + (2)(1)(1)] = 1 
4 

rpt-Cl = Al + B2 (IRjR) 

rpt-N = Al + B2 (IRIR) 
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x 

CI ~' 

~ ,/"" 
Pt 

N/ ~Cl 
tram )' 

D2h 

For the tram isomer. 

D2h Cjz) C2(Y) C2(X) ov(xy) (),(xz) O,(Y7) 

1Pt-CI 2 0 2 () 0 2 () ') 

1Pt-N Î 0 0 2 0 2 ') () 

rpt-CI: 

n Ag =1 [(2)(1)(1) + 0 + (2)(1)(1) + 0 + 0 + (2)(1)(1) + 0 + (2)(1)(1») = 1 
8 

n BIg =1 [ (2)(1)(1) + 0 + (2)(1)(-1) .Ir 0 + 0 + (2)(1)(1) + 0 + (2)(1 )(-1)1 = () 
8 

n B2g:;1 [(2)(1)(1) + 0 + (2)(1)(1) + 0 + 0 + (2)(1)(-1) + 0 + (2)(1)(-1)) = 0 
8 

n B3g =1 [ (2)(1)(1) + 0 + (2)(1)(-1) + 0 + 0 + (2)(1)(-1) + 0 + (2)(1)(1)] = 0 
8 

n Au = 1 [(2)(1)(1) + 0 + (2)(1)(1) + 0 + 0 + (2)(1)(-1) + 0 + (2)(1)(-I)J = 0 
8 

n Blu =1 [(2)(1)(1) + 0 + (2)(1)(-1) + 0 + 0 + (2)(1)(-1) + 0 + (2)(1)(1)] -= 0 
8 

n B2u =1 [(2)(1)(1) + 0 + (2)(1)(1) + 0 + 0 + (2)(1)(1) + 0 + (2)(1)(1)1= 1 
8 

n B3u =1 [(2)(1)(1) + 0 + (2)(1)(-1) + 0 + 0 + (2)(1)(-1) + 0 + (2)(1)(1)J = 0 
8 

rpt-CI = Ag + B2u 

R IR (because of rule of mutual exclusion) 

, 
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( 

f"'Pt-N: 
nAg =1[ (2)(l)()+O+0+(2)(l)(l) +0+ (2)(1)(1)+ (2)(1)(l)+OJ=IAg 

X 

nBlg=l[ (2)(1)(1)+0+0+(2)(1)(-1)+0+ (2)(1)(1)+ (2)(1)(-1)+0]=0 
X 

n 32g =1 [ (2)(1)(1) + 0 + 0 + (2)(1)(-1) + 0 + (2)(1)(-1) + (2)(1)(1) + 01 = 0 
8 

Il B3g =1 [ (2)(1)(1) + 0 + 0 + (2)(1)(1) + 0 + (2)(1)(-1) + (2)(1)(-1) + 0] = 0 
8 

a Au = 11 (2)(1)(1) + 0 + 0 + (2)(1)(1) + 0 + (2)(1)(-1) + (2)(1)(-1) + 01 = 0 
8 

a Blu =1 [ (2)(1)(1) + 0 + 0 + (2)(1)(-1) + 0 + (2)(1)(-1) + (2)(1)(1) + OJ = 0 
8 

a 32u =1 r (2)(1 )(1) + 0 + 0 + (2)(1)(-1) + 0 + (2)(1)(1) + (2)(1)(-1) + 0]= 0 
8 

a B3u =1 [ (2)(1)(1) + 0 + 0 + (2)(1)(1) + 0 + (2)(1)(1) + (2)(1)(1) + 0] = 1 
8 

rpt-N = Ag + B3u 

R IR (becau~e of rule of mutuai exclusion) 
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Cl~ /N 
Pt 

/ "'" Cl 0 

cis 

Cs 

For the cis or trans isomer: 

Cs 
~ 

1 Pt-Cl 

rpt-O 

rpt-N 

rpt-CI: 

1 

2 2 

1 

1 

nA' = 1[(2)(1)(1)+(2)(1)(1)J = 2 
2 

nA" = 1[(2)(1)(1 )+(2)(1)( -1) 1 = 0 
2 

Cl :\ 
~ / 

Pt 
/ ~ 

0 CI 

( Illl/.\ 

(\ 

nA' = 11 (1)( 1 )( 1 )+( 1)( 1)( 1) 1 = 1 
Î 

nA" = llil)(1)(1 )+(1)(1)( -) 1 =-: () 

2 

rpt-O = lA' (lR/R) 

rpt-N = 1 A' (IH/R) 
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ft 

hl! tht: ('/ \ titiller 
z 

L~ /~'-... /L 
- - - - - - - Pt - - - - ..: - - - - -Pt- - - - - - - y 

X/ ~X/ "--X 

C2v 

rpt-XI 

rpt-Xh 

a A} = 

aA2 = 

aB}= 

a B2 = 

rpt-X t 

t 
t 
t 
t 

ci.\ 

Cl\' 

2 

4 

C2(Z) O"v(XZ) 

0 0 

0 0 

Il (2)(1)(1)+ 0 + 0 + (2)(1)(1)] = 1 

4 

l [(2)(1)(1) + 0 + (, +(2)(1)(-1)] = 0 

4 

1[(2)(1)(1)+ 0 + 0 +(2)(1)(-1)] = 0 

4 

1[(2)(1)(1)+ 0 + 0 + (2)(1)(1)] = 1 

4 

fpt-X t = lA} + lB} 

!R/R IRIR 
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(jv(YZ) 

2 

4 

rpt-Xb 

aAI = 1[(4)(1)(1)+ 0 + 0 + (4)(1)(1)] = 2 

4 

aA2= l [(4)(1)(1)+ 0 + 0 + (4)(1)(-1)] = 0 

4 

aBl= 1[(4)(1)(1)+ 0 + 0 + (4)(1)(-1)] = 0 

4 

aB2= 1[(4)(1)(1)+ 0 + 0 + (4)(1)(1)] = 1 

4 

rpt-Xb = 2AI + 2 B2 

IRIR IRIR 



For tilt' trall.' thmer: 
l{ 

C2h 

rPt-Xt 

rpt-Xb 

aAg = 

aBg = 

aAu = 

aBu = 

x 
~:~ 

Pt - - - - • - - - --
'----~/"" 

1 

4 

rpt-Xt 

x 
~ 

Pt------- y 

~L 

. 
C2(Z) 

0 0 

0 0 

1[(2)(1)(1)+ 0 + 0 + (2)(1)(1)] = 1 

4 

1[(2)(1)(1)+ 0 + 0 + (2)(1)(-1)] = 0 

4 

1[(2)(1)(1)+ 0 + 0 + (2)(1)(-1)] = 0 

4 

1[(2)(1)(1)+ 0 + 0 + (2)(1)(1)] = 1 

4 

rpt-X l ;:;:; lAg + IBu 

R IR 

171 

(J1\(xy) 

2 

4 

rpt-Xb 

a Ag = 1[(4)(1)(1) + 0 + () + (4)(J)(I)J = 2 

4 

aBg = 1[(4)(1)(1)+ 0 + () + (4)(1)(-1)1 = () 

4 

aAu = 1[(4)(1)(1)+ 0 + 0 + (4)(1)(-1)] = 0 

4 

aBu= l [(4)(1)(1) + 0 + 0 + (4)(1)(1)) = 2 

4 

rpt-Xb = 2Ag + 2Bu 

R IR 
(because of rule of mu tu al exclusion) 



( 

( 

For the tnmer 

Cl "-. ~ N 
Pt 

Cl./'" ~ Cl 

N"-.I I ........... Cl 
Pt Pt 

l 'cl/I 
Cl N 

Cl 1 C3 

rpt-C'lt 3 0 

lPt-Clb 6 0 

rpt-Clb 

aA = 1 [(6)(1)(1) + 0 + 0] = 2 

3 

aE = 1 [(6)(1)(1) + 0 + 0] = 2 

3 

rpt-Clb = 2A + 2E 

lR1R lRIR 

C32 

0 

0 

172 

aA= 1[(3)(1)(1)+0+0]=1 

3 

aE= 1[(3)(1)(1)+0+0]=1 

3 

rpt-Cll = lA + lE 

lR1R lRIR 
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APPENDIX 2 
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ï ahk IX. Âni..,otropH': thermal parameters (xl~ for Pt, Cl; x103 for N, C except C(2) and 

C(7): x 1(2) of atorm 111 2-adamIl[ Pt(EtNI-I2)C131. 

Âtom Ull U22 U33 UI2 Un U23 

- -- ---------

Pl 417(3) 509(4) 424(3) -25(4) 28(2) 56(4) 

('[(1 ) 825(27) 684(26) 538(22) 172(23) 44(19) -6(21) 

0(2) 812(27) 764(28) 627 (2.t) 272(23) 138(21) 73(22) 

CIO) 907(28) 904(32) 488(21) 189(24) 24(20) 136(21) 

NO) 57(7) 104(11) 94(11 ) -2(9) 20(7) 1(10) 

N(2) 41(6) 65(8) 57(7) 1(6) 1(5) 3(6) 

C(l) 70(12) 289(36) 45(9) -41(19) 1(9) 47(17) 

C(2) 51(9) 106(16) 17(4) 51(11) 26(5) 34(6) 

C(3) 111(21) 161(27) 270(38) 73(21) -111(24) -96(27 

C(4) 168(26) 68(15) 207(30) -8(17) 67(23) 18(17) 

C(5) 84(21 ) 112(25) 474(74) -48(19) 34(32) -3(32) 

C(6) 102(22) 550(75) 179(31) -163(37) 37(21) -133(40) 

C(7) 91(15) 28(5) 22(4) 33(7) 37(7) 12(4) 

CCX) 63(13) 224(31) 314(41) 40(20) 6(19) -180(34) 

C(9) 122(21) 284(41) 112(17) -77(26) 18(15) -108(23) 

C(10) 67(14) 261(36) 100(16) 20(21) 35(12) -18(21) 

C( Il) 83( 12) 83(12) 89(13) -17(11) 16(10) 8(11) 

C(12) 99(13) 129(15) 47(9) 18(12) 9(9) 46(10 

----



1 75 

Table X. Equation and deviations from the be~t wClghtcd \east-squares pla 1t' pa~'lllg 

through Pt, CI(l), CI(2), CI(3) and N(2) for crystal 2-adamll[Pt(EtNI12)CI \1. 

Equation: 0.8552x + 0.5177y - 0.0247z == 1.3263 

Atom-to-plane distance (À) 

Pt -0.0005(5) C(1l) -1.3R(2) 

CI(l) 0.018(4) C(12) -1.40(2) 

CI(2) 0.021(4) 

Cl(3) -0.005(4) 

N(:") -0.05(1) 

- ---- - - -

• 
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Table XI. Calculated H coordinates lx 103) for crystal 2-adamHlPt(EtNII~)Cl-,I. 
----

Atom x y z 
------------- -

HIC! 729 266 50-l 

HIC2 653 487 459 

HIC3 604 520 327 

HIC4 760 704 342 

H2C4 731 701 413 

HIC5 919 653 405 

HlC6 807 553 505 

H2C6 896 394 505 

HIC7 866 229 457 

H2C7 788 87 439 

HIC8 834 129 333 

HIC9 666 217 323 

H2C9 729 364 287 

HIClO 934 428 346 

H2ClO 957 338 418 

HICII 30 83 299 

HICll 84 -108 280 

HIN2 227 58 267 

H2N2 191 227 294 

HINl (located) 480 280 400 

H2N1 563 204 384 

H3N1 540 195 448 

-
'. J> 
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APPENDTX3 



17~ 

Table XXVIII. Anisotropie them1ul parameters(x l(~) for crystal !Pt(DMNl-OCl2h. 
---- -- -----

Atom Ull U')~ _ ... U33 U12 Uu U23 

Pt 464(2) 415(2) 515(2) 254(2) -55(2) -131(2) 

CI(1) 720(18) 675(17) 611(15) 357(14) -278(14) -113(13) 

CI(2) 553(15) 582(16) 1232(26) 366(13) -46(16) 149(16) 

N(1) 484(44) 437(42) 555(50) 252(36) -109(38) -190(37) 

C(1) 867(82) 1041(92) 608(79) 574(76) 9(64) -230(68) 

C(2) 552(61) 531(61) 909(85) 284(52) -14(56) -169(56) 

Table XXIX. Atomic H coordinates (x 1 ()4)for crystl'1(Pt(DMNH)C1213. 

Atom x y z 

H(1)C(1) 8080 5980 -920 

H(2)C(1) 8020 4870 -980 

H(3)C(1) 8960 5770 -1080 

H(1)C(2) 9220 6810 1140 

H(2)C(2) 8420 6850 340 

H(3)C(2) 9670 7070 180 

H(1)N(l)(calc) 8458 5587 255 



r 

179 

Table XXX. Equation and deviations from the best weighted least-squares plane passing 

through Pt, CI(l), CIO r, CI(2) and N in [Pt(DMNH)Ch13. 

Equation: O.I234x - O.7811y - 0.6120z = 4.9684 

Atom-to-planc di~tance (À) 

Pt 

CI(1) 

CI(1 )' 

CI(2) 

N 

0.0006(4) 

-0.014(3) 

-0.001(3) 

-0.017(3) 

-0.014(8) 

C(1) 

C(2) 

H(1)N 

1.00(1) 

-1.35(1) 

0.2098 



Calculated Structure Factor Amplitudes 

for 

[2-adamH] [PtCEtNHÛC 13] 
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