Metal Ions In Medicine

Periodic Table of Elements
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For elements with no stable isotopes, the mass number of the isolope with the longest hatf-ife is in parentheses.
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Bioinorganic chemistry mvolves the
understanding of all aspects of the role of
metal 1ons 1n biology.

For example: their processing, incorporation
into protemn and the nature and function of
metalloproteins.

Medicinal chemistry requires detailed
knowledge of metabolism, stability and
target interactions of the drug.



...define Medicine...

ars medicina = the art of healing

The science of healing...and preventing...
3 main objectives...
1) Maintain health

2) Restore health
3) Prevent illness

Modern Medicine
Health Science...nutrition
Biomedical Research...chemistry, biology, physics

Medical Technology...diagnostic and therapeutic science



Metals 1n Medicine

1. The use of chelating agents

2. Modulation of cellular responses by metal
containing drugs

3. Metal based chemotherapeutic drugs

4. Metal complexes as diagnostic agents



...chelating agents...

Many metals are essential for the human organism...however, uncontrolled
mobilization may lead to the presence of excess free metal ion, with subsequent

health problems...

Old time classics: Fe and Cu overload.
Cu: Wilson’s disease... autosomal disorder of Cu accumulation, untreated 1s fatal
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Structures of some clinically used chelating agents for treaiment of copper and
iron overload



...modulation of cellular
responses by metal
containing drugs...

Inorganic drugs may be recognized as acting through a pharmacodynamic
mechanism — modulating cellular responses ...e.g. Li,CO,

PD: “what the drug does to the body”: the drug action must be rapid and essentially
reversible...e.g a patient who submats to an anesthetic does not expect to be deprived of

feeling for ever.

In addition: a graded response 1s required to balance effects...e.g. a drug to reverse a
stroke must be aware of the severity of that stroke and concentrations adjusted accordingly.

Chemotherapeutic agents on the other hand involve cell killing, an irreversible
process.



... Chemotherapeutic agents ...

Chemotherapy is the use of drugs to injure an invading organism without injury to
the host...involves cell killing, an irreversible process.

[t covers: antibacterial, antiviral and anticancer agents. In the first two, the invading
organism 1s clearly distinct from the host! In the case of cancer, a family of diseases
characterized by uncontrolled cellular proliteration, the organism is strictly not
different but the treatment has a common aim; the elimination of unwanted cells.
Thus, chemotherapeutic drugs, in contrast to pharmacodynamic drugs must
induce an irreversible cytotoxic effect.



Metal complexes as

..... L:A

Diagnostic Agents...

..no pharmacodynamic or chemotherapeutic and is desired: imaging of tissue is
achieved. The two principal sets are: technetium-based imaging agents and
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paramagnetic MRI contrast agents....

Stability and water solubility are paramount. ..
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Structures of Gd-based MRI contrast agents



Diagnosis Treatment

Magnetic Resonance Metal-based drugs
Imaging (MRI)

Anti-cancer drugs
Anti-inflammatory drugs
Anti-virus drugs
Alzheimer's drugs
Lanthanide-based drugs
Li-based drugs

V-based insulin
regulators
Radiopharmacology




Essential elements
Mineral supplemeants
(e.g. Fe, Cu, Zn, Se)

Diagnostic agenis
MRI (e.g. Gd, Mn)
X-ray (e.g. Ba, I)

Chelation
therapy

Medicinal

Inorganic Chemistry:

- targeting of the elements
- control of toxicity

Enzyme
inhibitors

Genomics
Metallomics
Froteomics

N

Therapeutic agents
(e.g. Li, Ft, Au, Bi)

Radiopharmaceuticals
Diagnostic (e.g. *"Tc)
Therapeutic (e.q. EEFEE}




Metal-Based Drugs

CuS0O,5H,0: Ancient Egypt as potion, sterilizing effect
Au: Arabia and China (2500 BC)
Hg: Europe (15™ century) to treat syphilis

1890s: Koch’s observation for bactericidal action of Au compounds
1909: Erlich used As(III) cmps. to treat syphilis

1921: Bi(IIT) cmps to treat syphilis

1930s: Au drugs against rheumatoid arthritis

1953: Korngold and Pressman showed that radioactive 1odine can target tumours in
rats
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“magic bullet” P. Erlich: a dye carrying a toxic heavy metal which would target
disease causing agents, while leaving healthy cells unharmed...in 2002 FDA
approved a radioactive Y compd. for radioimmunotherapy.



Today...
Gold drugs to treat rheumatoid arthritis. ..

Lithium tor depression...

Platinum to treat certain cancer types...
Bismuth for stomach ulcers...
Vanadium for diabetes...
[ron for anaemia...
[ron to control blood pressure...

Cobalt in Vitamin B, to treat pernicious anaemia...
Radioactive metals for cancer...



Calcium 0.31 [ron h
Phosphorus  0.22 Copper I;E;Etl;;i
Potassium  0.06 Cobalt

Sulphur 0.05 Manganese > <0.01
Sodium 0.03 Zinc

Chlorine 0.03 Chromium
Magnesium 0.01 Vanadium

Nitrogen 1.4

Approximate elemental composition as percentages of
the total number of atoms.

The elemental composition of a typical human



Table 1 Trace metals in humans

Metal

Mass”
(e )

Daily intake”

(mg day ')

Examples of some biological
roles

[ron

Zinc

Copper

Nickel
Chromium

Manganese

Molybdenum
Cobalt

Vanadium

4200

IJ.

0.11

12 (male)
15 (female)

fam—
IJ.

[

0.05-0.2

|

0.075-0.25

3(as vitamin
Bi2)

Dioxygen storage and
transport, cytchromes
enzymes — oxidases,
reductases, hydrogenases

Structural control in proteins,
enzymes involved in the
chemical addition of water.
alcohol dehydrogenase

Dioxygen storage and
transport, electron transfer
proteins

Enzymes — urease,
hydrogenases

May be essential in mammalian
glucose metabolism

Enzymes — phosphatase,
mitochondrial superoxide
dismutase

Enzymes — reductases,
hydroxylascs, nitrogenascs

Enzymes — as vitamin B,
coenzyme

Enzymes — nitrogenases,
haloperoxidases

“ Approximate amount in 70 kg average adult human
# Recommended adult daily intake requirement.



Intake of some metals and theiwr effects.

Toxic effects

Metal Recommended Result of Toxic level
daily dose (US) deficiency
Ca lg Bone = 2.5 g/ day Magnesium
deterioration deticiency
Cr 5-200 ng May regulate =70 mg Irregular
insulin levels (Cr(III)) heartbeat
Fe 10-15 mg Anaemia > 60mg/kg Anorexia
Cu ca. 2 mg Brain disease, 7.5 g (death) Haemolytic
anaemia, heart anaenia
disease
Zn 15 mg Growth =500 mg/day | Heavy vomiting
retardation,

skin changes




Metallopharmaceuticals. ..

Metals are in general toxic and unstable...in the old days
treatment with metals was as dangerous as the disease!!!

1) Maximum effect with minimum dose and minimal toxic
side-effects.

Therapeutic Index= LD,,/ED,, Small or big????anything
“strange”??
Increasing the dose of the drug does not mean increasing its

beneficial effect! We have to consider the “therapeutic window”

...e.g. carrots and Vitamin A



Therapeutically

- elctve

-l P < >
Beneficial
effect
Therapeutic window
G TOXIC
B THERAPY "\ OVERDOSE
Increasing
Concentration/dosage _
""""""""""""""""" toxicrry  \
Detrimental
effect

The effect of increasing pharmaceutical dosage, or concentration in viva, on
benefit to the patient. Initially the beneficial effect increases with increasing
concentration but at high doses, toxic effects predominate. Dosage regimes need
to be adjusted to keep concentrations within the therapeutic window




Physiological
Effect

The Bertrand Diagram.



2) Bioavailability and biodistribution

Absorption, distribution, metabolism, elimination: pharmokinetics

DRUG DELIVERY and EXCRETION
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A diagram summarising the intake, distribution and excretion routes of a
pharmaceutical




3) In vivo stability

“Prodrugs” convert to drugs in the body

Have to consider:
1)  The drug has to be soluble in the blood...
11) The interactions with the proteins have to be taken
seriously...!!!...especially for metal-containg drugs!
111) Natural metabolic processes may cause the release of the
metal...toxicity rises then!!



. Acute toxicity — acute dose that is lethal in 50% of animals; usually two species,

usually two routes of administration

Subacute toxicity — physiology, histology, autopsy studies; two species, sometimes
with dosings over a 6 month time period

. Chronic toxicity — detailed organ evaluation; two species, sometimes studied
for 1-2 years

Mutagenic potential — effects on genetic stability of bacteria (Ames test) of mammalian
cells in culture

Carcinogenic potential — required if drug is to be administered for prolonged periods
of time

Reproductive performance effects — effects on animal progeny, production of birth
defects



Phase I: Small group of healthy people take the drug to test its absorption,
biodistribution, pharmokinetics, accumulation, side-effects and dosage. (Volunteers!!!)

Phase II: Small group of patients receive the drug to test its activity. Optimum dosage
and adverse reactions are assessed.

Phase III: Large groups of patients are evaluated. Double trials, blinds, placebo.

Phase IV: Patients are still monitored...approval follows...fine-tuning of procedures

cts-platin took 14 yeaI‘S to hit the shelves since it was first discovered in 1964.
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Table 3.2 Drugs Producing Adverse Effects on the Fetus

Drug

Effect

ACE inhibitors
Amphetamines
Androgens
Busulfan
Carbamazepine

Cocaine

Cyclophosphamide

Cytarabine
Diethylstilbestrol
Ethanol
Etretinate

lodine
[sotretinoin
Methotrexate
Methylthiouracil

Metronidazole

Penicillamine
Phenytoin
Propylthiouracil
Streptomycin
Tamoxifen

Tetracycline

Thalidomide
Trimethadione

Valproic acid

Kidney damage

Abnormal developmental patterns
Masculinization of female

Congenital malformations

Neural tube defects affecting brain formation
Stroke in fetus

Congenital malformations

Congenital malformations

Vaginal adenocarcinoma in child

Risk of fetal alcohol syndrome

High risk of multiple congenital malformations
Congenital goiter, hypothyroidism

High risk of face, ear, and other malformations
Multiple congenital abnormalities
Hypothyroidism in child

May be mutagenic (animal studies show no evidence for

mutagenic or teratogenic effects in humans)
Congenital skin malformations
Fetal hydantoin syndrome
Congenital goiter

Eighth nerve toxicity (deafness) in child

Increased risk of spontaneous abortion or fetal damage

Discoloration and defects of teeth and altered
bone growth

Phocomelia (shortened bones of the limbs)
Multiple congenital abnormalities
Neural tube defects of the brain




Table 3.3 Approved Drugs Withdrawn Because of Toxicity

Drug Year Adverse reaction

Astemizole 1998 Interactions (e.g., with grapefruit juice)
Benoxaprofen 1982 Liver damage

Centoxin 1993 Increased mortality

Cerivastatin 2001 Muscle breakdown

Cisapride 2000 Cardiac arrhythmias

Choquinol 1975 Optic neuropathy (eye problem)
Dexfenfluramine 1997 Cardiac valve abnormalities
Fenfluamine 1997 Cardiac valve abnormalities
Flosequinan 1993 Increased mortality

Indoprofen 1984 Gastrointestinal bleeding/perforation
Metipranolol 0.6% evedrops 1990 Anterior uveitis (eve problem)
Mibefradil 1998 Many drug interactions
Nomifensine 1986 Hemolytic anemia

Noscapine 199] Gene toxicity

Remoxiprnide 1994 Aplastic anemia

Sertindole 1998 Cardiac arrhythmias

Suprofen 1987 Renal impairment
Temafloxacin 1992 Various serious adverse effects
Terodiline 1991 Cardiac arrhythmias

Tolcapone 1998 Hepatobiliary disorders
Triazolam 1991 Psychiatric disorders
Troglitazone 1997 Hepatic disorders

Zimeldine 1983 Hypersensitivity

Zomepirac 1983 Anaphyvlaxis




Lack of
efficacy
(30%)

Absorption

Distribution
Metabolism
Excretion

Toxicity
problems
(20%)

Misc
(10%)



PHARMACEUTICAL PROCESS

Is the drug getting into the patient?

Crug in selid dosage form

Farmulations

Routes of administration
(compliance)

Disintagration, etc

Drug in parficulate form
Dizsolution
A
Drug in solution

FHARMACOKINETIC PROCESS
'Is tha drug getting to its site of action?’

Metabolism in gut lumen and gut wall

Absarption

Distribution
Plazma proteins

Elimination

Hepatic metabolizm
Renal excration
Other

PHARMODYMAMIC PROCESS
‘Is the drug producing the required
pharmacclogical effect?

THERAPEUTIC PROCESS
Is the pharmacclogical effect being
translated into a therapeutic effect?’

‘First pass’

L
Tissuas

Hepatic matabolsm

Eiliary
excretion

Fectal or Parenteral
sublingual administration
administration

Frotain=
bound

H

Extracelular fluids

-
Unbound — o

Tiszues (site of aclion)

| —

Elimination

Pharmacological
effects

Therapaulictox
alfacts

c

Molecular pharmacology

Cell and tissue pharmacology

|

Cell and tizsue physiology

Cirgan physiclogy

|

Chnical effects




Table 1.1 pH Values for Tissue Fluids

Fluid pH
Aqueous humor (eye) 712
Blood. arterial 7.4
Blood, venous 7.4
Blood. maternal umbilical 1.3
Cerebrospinal fluid 14
Duodenum 45-7.8
Intestine 6.0-8.3
Lacrimal fluid (tears) T4
Milk. breast 7.0
Nasal secretions 6.0
Prostatic fluid 6.5
Saliva 6.4
Semen 1.2
Stomach 1.8
Sweat 54
Urine 5.6-7.0
Vaginal secretions, premenopause 4.5

Vaginal secretions, postmenopause 7.0




10.

THE PHYSIOLOGICAL SYSTEMS

Cardiovascular system (angina, myocardial infarction, arrhythmias, arterial hyper-
tension. valvular heart disease)

Dermatological system (erythroderma, icthyosis, Stevens—Johnson syndrome,
Behcet’s disease, acute blistering diseases)

Endocrine system (Cushing’s disease, Addison’s disease, carcinoid syndrome,
diabetes, hyperthyroidism, Grave’s disease, hypothyroidism)

Gastrointestinal system (inflammatory bowel disease [ulcerative colitis, Crohn’s
disease]. peptic ulcer, pancreatitis, cholecystitis, hepatitis, choledocholithiasis)
Genitourinary system (nephrologic—glomerulonephritis, chronic renal failure;
urological—benign prostatic hypertrophy, prostatitis)

Hematological system (anemia, polycythemia, thrombocytopenia, leukemia, lym-
phoma, multiple myeloma)

Immune system (allergic rhinitis, polymyositis, autoimmune diseases [systemic
lupus erythmatosus|, graft vs. host disease)

Musculoskeletal system (rheumatoid arthritis, ankylosing spondylitis, Sjogren’s
syndrome, osteoporosis)

Nervous system (dementia, stroke, epilepsy, extrapyramidal diseases [Parkinson’s],
demyelinating diseases [multiple sclerosis], neuropathy, myasthenia gravis, psy-
chosis, schizophrenia)

Respiratory system (chronic obstructive pulmonary disease [COPD: emphysema,
chronic bronchitis], acute obstructive lung disease [asthmal, chronic restrictive
lung disease [connective tissue lung disease])
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Hydrogen
bonds
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Table 3.1 Drug Discoveries, 1842-2000

1842
1857
1867
1869
1876
1882
1891
1899
1903
1906
1912
1921
1922
1927
1929
1932
1934
1938
1940
1942
1945
1947
1952
1953
1959
1959
1960
1962
1962
1967
1975
1985
1995
2000

Long introduces ether as an anesthetic

Locock accidentally discovers bromides as anticonvulsants

Lister pioneers use of phenol as a surgical antiseptic

Liebreich discovers hypnotic effects of chloral hydrate

Stricker uncovers analgesic properties of salicylic acid

Guthzeit and Conrad synthesize a series of barbiturates

Erlich pioneers concepts of “receptor” and “chemotherapy™

Meyer and Overton discover effect of lipid solubility on anesthetic action
Fischer and von Mering identify hypnotic properties of barbiturates (see [882)
Hunt and Taveau synthesize and study acetylcholine

Hauptmann accidentally discovers barbiturates as anticonvulsants (see 1903, 1882)
Loewi demonstrates that acetylcholine is a neurotransmitter

Banting and Best purify insulin as treatment for diabetes

Szent-Gyorgyi 1solates ascorbic acid (Vitamin C)

Fleming serendipitously discovers antibacterial properties of penicillin
Mietzach, Klarer, Domagk introduce first anti-streptococcal drug

Ruzicka first synthesizes progesterone

Merntt and Putnam use screening to identify hydantoins as anticonvulsants
Chain and Florey introduce manufactured penicillin

Ehrhard and Schauman produce synthetic analgesics (meperidine, methadone)
Woodward and Doering synthesize quinine

Lands introduces isoproterenol as a bronchodilator

Charpentier identifies tricyclic phenothiazines as antipsychotics

Watson and Crick deduce structure of DNA

Beecham Laboratories develops semisynthetic penicillins

Searle introduces the birth control pill

Hoffmann-La Roche tests benzodiazepines as anxiolytics (Librium, Valium)
Hansch develops principle of quantitative structure—activity relationships
Pullman introduces quantum mechanics to drug design

Cotzias pioneers the use of L-DOPA for treatment of Parkinson’s disease
Biochemically driven rational drug design begins to flourish as method
Improved computers enable computer-aided drug design to advance
Advances in combinatorial chemistry advance high throughput screening

Widespread use of cholinesterase inhibitors for symptomatic treatment of Alzheimer's
disease



Lewis acids
Can form reactive centers inside the proteins
Redox active

Bind and activate small

Part of a protein W = Water Part of a
~ = metal binding site metalloprotein



Few basics about Transition Metals!

A TIA IMA IVA VA VIA VIIA VIIIA

B IVB VB VIB VIIB -

Iepiodog

~] &n WA B W ba

*AavBavitia
**Axuvidia

. Metapankd otoryeia

Eowtepicd petafand otoryeia
(AavBavitia kar aktividia)



ITINAKAZX 23.1

I616tteg TV petafatikedv
arotyeiny ¢ tétapg nepédov

[Hétra

Eraviiwo

Trravio Bavadio Xpoipuo Mayyavio
Hiextpovikr dopi [Ar]34" 45° [Ar]34* 45 [Ar]3d° 45* [Ar]3d° 45 [Ar]3d° 45
Enpelo tifeng, °C 1541 1660 1890 1857 1244
Enpeto Céoeme, “C 2831 3287 3380 2672 1962
[Tokvénta, gfcm'q’ 3,0 4,5 6,0 7.2 g
Hiextpapvnukétra (kiipaka Pauling) 1,3 1,5 1,6 1.6 1,5
Opotomohikyj aktiva, pm 144 132 122 118 117
lovuki aktiva (yia ¥z pm — 100 93 87 81
TTINAKAZX 23.1
(ouvéyela)
I66tra Zidnpoc Kopditio Nikéito Xahkdc Wevbapyvpog
Haextpoviki} Sopr] [Ar]3d° 45 [Ar]3d7 45 [Ar]3d4® 45° [Ar]3d ' 4s' [Ar]3d %45°
Znueio miéewg, °C 1535 1495 1453 1083 420
Enpeio Gfosmg, °C 2750 2870 2732 2567 907
ITukvéunta, glem® 7 8,9 8,9 8,9 7,1
Hiektpapymukémra (khpaka Pauling) 1,8 1,8 1,8 1.9 1,6
Oupotomohiky aktiva, pm 117 116 115 117 125
Tovun axtiva (yia M*7), pm i 79 83 87 88




shlock
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Ti V Cr Mn Fe Co Ni Cu Zn
Zr Nb Mo Tc Ru Rh Pd Ag Cd
Hf Ta W Re Os Ir Pt Au Hg

2tovyela

ITepiodog 6: La



ITINAKAX 23.3

O&ebwtikéc karaotaoeig
Tov petafatkov ototyeiov
™6 TéTapg nepddov

I11B IVB VIB VIIB VIIIB IB I1B
Sc Ti A% Cr Mn Fe Co Ni Cu Zn
+1] +1
+2 +2 +2 +2 +2 +2 +2 +2 +2
+3 +3 +3 +3 iy +3 +3 a3 g 5]
+4 +4 + 4 +4 +4 + 4 + 4
+5 =5 5 +5
+6 +6 +6

+7




ITINAKAY 23.4

Merafaukd péraika anapaita
o Satpogn) tov avlpodmov

Zrowyeio Mepikéc froynuikéc ovoieg Agrtovpyia
Xpopto [Mapdyovrag avopic yAvkoing Xpnowomnoinon yhukoing
Mayyavio lookrtpuen apudpoyovdon Evepynukr kettapouv
2idnpog Awpoopaipivy kat proogaipivi Metagpopd kat amoblijkevor ofuydvou
Kutdgpopa ¢ Evepynukn ketuapov
Kataidon Avdonaon vnigpoSewiov tou vopoydvou
Kofdhtio Kopaiapivy (frrapivy By,) Avantodn epulipdv apokvrtdpav
Xaikog XaikomAaopivn Zivbeon apoopapivng
Kutoypwpky oetddon Evepynuun kvttdpov
Wevddpyvpog Kappoaveopdon Amndomiaor drogerdiov touv avllpaka

Kappoéunemuddon A (maykpeatkd vypd)
Akkooiky] agudpoyovdon

LTéym mpwteivav
O&eidmon atbavoing




Acg BuunBoupe Ta oxAuaTa Twv 3d TPOXIAKWYV




The Nobel Prize in Chemistry 1913
Alfred Werner (University of Zurich, Switzerland)

"in recognition of his work on the linkage of atoms in

molecules by which he has thrown new light on earlier

investigations and opened up new fields of research especially

in inorganic chemistry”
IIpiv to Werner dev 1jtav yvooto nwg ouvodeovrat ta atopa oto popto PE(NH,),CL,
O1 pexpt tote Bewpieg unootrpilav ypappik ouvoeorn)
[Pt-NH,-NH,-CI]CI 3 CI-NH,-Pt-NH,-CI

O Werner }Jie 1ia 0g1pd MEPAPNATIKGOYV [1EIPT|OE®V MPOTEIVE OUO

01aPOopPETIKOUC TUNMOUG SEOPWOV TNV AVOPYAVES EVROOELS




kaboplopevog apldog, IPOoEPXOUEVOS A0 TNV

e€oubetepworn @optiou

-voec: kabopiletal amno 1o KeViplko petaido, evat |n

1OVIIKO1 KAl EXOUV OUYKEKPIHEVO IIPOCAVATOAIONO OT0 XQPO ApPad HEAETOVIAL

e epappoyn] SOK®V apXevV

Aopeg mou peAetnoe o Werner

ITINAKAZ 23.6

Mepikd ovpmioka tov
Aevkoypioov(IV) mov
ueaetiBnkay amé tov Werner

AprOpog eAetBepay
[Talocg témog Zoyypovog Timog Ap1Bpog vty vy Cl™
PtCl; « 6NH; [Pe(NH3)4]Cly 5 4
PtCly « 4NH, [Pd(NH,)4Cly]Cl, 3 2
PrCl; « 3NH,4 [Pe(NH;),CL]Cl 2 1
PtCly + 2NH; [Pe(NH;),Cl] 0 0




Alfred Werner Kal n Bswpia ToU VIdA TIG EVWOEIG

ouvTa¢ng
MaAaioc TUTTOC M n Tutroc Werner lovTa
PtCl,-6NH, 4 5 Pt(NH,)c]Cl, [Pt(NH,);]** 4 CI-
PtCl,-5NH, 3 4 Pt(NH,);CI]ICl, [Pt(NH,).CI]** 3 CI-
PtCl,-4NH, 2 3 [Pt(NH,),CL,]Cl, [Pt(NH,),Cl,]** 2 CI-
PtCl;-3NH; 1 2 [Pt(NH;);Cl;]Cl  [Pt(NH);Cl;]* 1 CI-
PtCl;-2NH, 0 0 [Pt(NH;),Cl,] Oev divel 16vTa

m = moles AgCI mou kafi{avouv avd mole evwoewg, HETA ATTO
mpoodnkn mepicosiag AgNO,(aq) (aro oTabuikn avaluan)

n = ApPIBUOC IOVTWY avd TUTTIKI MOVAdA EVWOEWC (ATTO METPNOEIC
AYWVYILOTNTAC)




Zipepa

Evooeig ouvappoyng : HETaAAKEG EVOOELG TTOU oxTnjpatifovial pe
aAAnAermbpaoeig oeog —Paong Kata Lewis

ZUPnAOKA : EX0OUV £VA KEVIPIKO PETAAAO EVRUIEVO NE eva aplOpo
uroKataotat®v. Ta cUPIMAoKaA 10via PIopPel Evatl QOPTIOIEVA IT.X.
[Ag(NH;),]"

Yniorataoctateg: Paosig kata Lewis

Zgaipa cuvappoye : 10 HEPOS TOU X®POU ITOU IEPIEXEL TO NETAAAO Kat

TOUG UITOKATAOTATES

Tetrahedral Octahedral




ZvpumAoko Ap1Bpdg ovvrasdnge
ITINAKAX 23.5

ITapadetypara copmAdokwv Ag(NH3),"
drag@opwv aplOuov ovvraéne Hgls
PeCl*, Ni(CO),4
Fe(CO)s, Co(CN)s>~
Co(NH;)¢>", W(CO)q
Mo(CN),”~
W(CN)g"~

Co ~1 G W o




Alfred Werner Kal n Oewpia TOU yIA TIC EVWOEIG
ouvTa¢ng

AtTooa@nvion Twv Baogikwyv opwv Tn¢ Bswpiag Tou Werner oT1o
Tapadeiypa Tou cuptrAokou Pt(NH,;):Cl,

X : ECWTEPIKN oQaipa
OUMTTAOKO 10V I SPER
OUMTTAOKOU

4 = ﬂprEﬁOV/\4+ A x
oBevog Pt(NHE,,)a(— £EWTEPIKN TQaipa
OUMTTAOKOU
KEVTPIKG péTaAAO ﬂ (s seuTEpEGOV

UTTOKATOOTATEG o0£vog




Ynioxrataotatng-ligand :

4 LLITOPEL va £1val 10V 1] POP10 1) ATOHO I0U EVEVETAL 1€ TO KEVIPIKO
petadlo

4+ Ewa Baon kata Lewis kat 6ivel nAeKTpovia 0Tto KEVIPIKO PNETAAAO

+ Avaloya e tov aplfpo v PovIjpeVv NAEKIPOVIOV 01 UITOKATACTATEG

JATOpPEL va eival povedovtiroi (cuvdeovial pe 1o petaido pe eva eo0p10),

616ovtixot....1] noAudovrixol




Table 16.1 Some of the Most Common Ligands.

Group Formula Name
Water H,O aqua

Ammonia NH; ammine
Chloride cl- chloro

Cyanide CN™ cyano
Hydroxide OH™ hydroxo
Thiocyanate SCN™ thiocyanato
Carbonate CO,%" carbonato
Nitrite NO, ™~ nitrito

Oxalate G0 oxalato

Carbon monoxide CO carbonyl

Nitric oxide NO nitrosyl
Ethylenediamine H,NCH,CH,NH, ethylenediamine
Acetylacetonate . o7 acetylacetonato

CH;—C—CH=C —CH,

2,2'-Dipyridyl

QO

2,2'-dipyridyl

1,10-Phenanthroline

OO

1,10-phenanthroline
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Youmioko tov Fe?* ne EDTA



Icopepera

Aojikn 100uEpPELA

5"

Opiopeva ligands cuvappodovrat pie Stagopetikoug tportoug 6nAadn to

ligand pmopel va cuvapjiootel e 1o Petaldo e drtagopetika atopia divoviag
IV 1LOONEPELA OUVOEODTG.
[Tapaderypa: NO,~ ouvappodetal Neoe

tou N 1 tou O (m.x.oto ouprthoko [Co(NH;):(NO,)]?* 6uo cuprmhloka eivat

mibava
. ‘Otav eveveral peowm t1ou N ovopaldetal —vitpo (nitro).
= [levtaapivo vitpo koPaltio (III) Kat etvat Kitpivo
# ortav ONO- ouvappoletal peow tou O ovopaletat virpido.

= Ilevtaapwvo vitpiboxkofaAtio (III) kai elval KOKKIVO




Q b '
\
0,--""N

H;N NH
. HC(}--—’— 3
HyN=" TWNH,

9
9
9

HN

_ 22,
(a) [Co(NO,)(NH3)s]**

XAwpidio Tou Trsv"raap MIVO- [Co(NIL,),ONOJ* — [Co(NIL).NO, |2+
viTpoKofaATiou(lll) red. nitrito yellow, nitro

[Co(NH;)5(NO,)ICI,

N—o

(b) [Cn(();l()](NHq) 2+ XAwpidio Tou TTEVTAQUUIVO-
- viTpiTokofBaATiou(lll)

[Co(NH,);(ONO)]CI,



YTTOKATAOTATEG IKAVOI YIO ICOMEPN OUVOEONCG:

NO,- -=NO, (viTpo), —ONO (vITpITO)

CN- -CN (kuavo), —~NC (1coKuavo)

SCN- -SCN (Bsiokuavato), —NCS (1co08gioKuavaTto)



I‘Ec.)].la'[pu{f' Enineda tetpayovika

1oOpEPELA
Cis-trans woopépera

TCeovia 90° - . XpnoIJoTToIEiTal OTN

XNHeloBepaTreia

TF'ovia 180e




Movtéro
o@aipac—papdov

2UVTAKTIKGC
TOTIOG

Xpopa
AraAvtémra

cis

I'Toptokaiokitpvo

0,252 g/100 g H,O

MX,Y,

trans

Cl NH,

Qypokitpivo
0,037 g/100 g H,O



Movtéro
opaipac—papdov

Zuvropoypa@uki
amekévion

HsN — Co”— ¢
/

HaN

cis

NH,
| /m

NH5

Cis (violet)

[Topgupd

Cl
MNH5
HzN — Co™— NH5
-
HsN
Cl
Trans (green)
trans

Cl

A\ I -—"-" NHS
;C\/
H,N

Cl

NH,

Ilpdotvo

MX,Y,



OnNTIKA ICOUEPDN

4
N
N\
\
%Cﬂ.—
N

N

N

T~ Kabpémrmg




Mn noopévo

4

Pog

[ToAwpévo
(pwg

Pwevn Mn nﬁl{ﬂpiw}l

o PG i IToAwpévo Fovi

E wvia
K r " A
L [ToAwpgévo otpogiic

PG I /
£K TIEPLOTPOPIC y
.

4

I'piopa

TIOAWTY

Zomvag Sefypatog
IMpopankée  (wov nepiéyet pia Mplopa
dZovag OTTIIKGIG EVEPYT] ovoia) G o !
I



H 6swpia Tou deopoU 00Evoug oTa CUUTTAOKA

ITpwv amné tov Metd and tov
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3d 4s 4p

T 1T

Crit
LT Tl Tl

d’sp® [Cr(H,0)gl*

3d 4s 4p

TLTLTLTL T

zn2+

TLrdrd 1l

sp® [Zn(NHa)

4d bs 5p

[ R

Ag*
o1y

sp  —— — [Ag(NH3z)z]"






Evépyera —

Evépyewa ané
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ONHEIAKOV POP TV
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Evépyeia
O
@,
",

r_ . T

I
P> A, % P <A, %
High spin Low spin

Crystal field splitting energy compared to the electron pairing energy.

Evépyela

Evépyeia

XapnAo spin
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AeoHOI OTIGC OUUTTAOKEC EVWOEIG:

Otwpia KPUOTAAAIKOU TTEDIOU

H OETYVEL TI GYETIKI IKAVOTNTU TOV
ligands vo 010GTOVV TO EVEPYELNKA EMUTEON TOV d-TPOYLUKMOV.
Field
strength Strong Weak

CN™ > NOE" > en > NH3::> HZO = 0UH > F 2 0 > B = 1
d-Level

splitting, A | Large Small
;:E A
7 L I
: 1
=1 ! t t oy
Fe3* in [Fe(H,0)6]%* Fe3* in [Fe(CN)¢]3-

A high-spin complex A low-spin complex



Metal and similarly
d orbitals dy» dyz

d2y2 d2dyy O Oy

Free Metal lon Isotropic Field [MLg] Crystal Field
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CFSE
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fog
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Spherical field Weak field Strong field
One pair One pair Three pairs
CFSE =-(%/5)Aq CFSE =-("2/)Aq+ 2PE
b
————— e ———— ey ———— g —At — g

Aol -(¥s)A0 + PE -("Us)Ao + 2PE{('%s5)Ao + 2PH-(%/s)A o + PE ) LOYLSPIN
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TETPAEAPIKH AIATAEH

Exoupie apor tou eK@UAICH0U eV d TPOX1aK®V

— — — —

Average energy
of d orbitals in

field of ligands

H A sivai mo pikpr) Kat oAa
Ta terpacdpikda sivat
uWpnlou omv




Eninedn tetpaywviki éiatadn
*Ta teprocotepa d® neTadKd 16vTa GYNUATILOVY ENIMESU TETPUYOVIKA COPNTAOKC...

—H mieroynoia TOV GUNTALOKOV VAL YU Ao Spin.




CO-ORDINATION

COMMENTS

NUMEBER GEOMETRY POLYHEDRON

2

Linear —M—

3
Trigonal M/
Plane

4
Square \I'u'l
/

Planea

4
Tetrahadron M--—---

5 |
Trigonal
Bipyramid

5

Square  T-pm-
Pyramid v v

Octahedron H‘T"‘ﬁ

(Qctahedron
=Trigonal .y
Antiprism) |

6
Tetragonal - T\

6
Trigonal HH“M/——

Prismatic { \

Uncommon: found mainly
with d'® metal ions

Rare

Common for d®metal ions
otherwise unusual

Common for d'and
some d®jons

Rare | Examples
are often
sirnilar in
structure and
energ'].f 30

Rare | may easily
intercorveart.

Very common: usually the
most favoured energetically
for g-block metal ions and
gives the lowest ligand-
ligand repulsicns

An alternative view of an
octahadron down a three fold
rotation axis

A distorted octahedron
elongated or flattened
along one axis

. \ Rare not normally favoured
= over octahedral

CO-ORDINATION

COMMENTS
NUMBER GEOMETRY POLYHEDROM
7
Pentagonal = == Uncormman
Bipyramid ~ * ||"'"
7 o
Monocapped M Uncommon
Octahedron >
bod ah dron .Y _— ’:-_':‘_I.?%x:"‘é‘:"y Most sterically efficient
odecanedron gy NVl eometric arrangement
fos AT or 8 equivalent ligands
Y 4IRN V\/ Y q g
8 o I - '-:' - -j;lﬁ;';:- -
5 AL WAL Uncomman
fuare - WA

Antiprism N ON/

Rare found only with

8 \I'u'l’ g the largest metal ions
Cube / \

8 . | i Quite common for 8-
Hexagonal B coordinate complexes
Bipyramid \d | v of metals with frans-

diowo ligands J.e.
{O=M=0}*
LARGER CO-ORDINATION NUMBERS
CN_ 9 10 11 12
Tricapped Bicapped square
trigonal prism antiprism Cctadecahedron lcosahedron

Muost regular co-ordination polyhedra



(a) Square Planar

[ML2Xz]
L
L\M,/ K\MK L
Xf’ \}{ L/ \}{
cis trans

(b) Octahedral
[ML4Xo]

!
L L | -L

M
X

—=—T

cls trans
lsomers

[MLoXY]

lsomers

mer

(c¢) Chiral complexes

MiL-L ohelatln MiL-L
M(L-L)e i LgL M(L-L)2Xe]
L L L L ™
| sl | L Lol ox o % L
M“'\» W M M
L""'| |_/ T | v x” TV
A L~ L L.~

A enantiomers A
Isomers

A enantiomers A

Isomers
Hz
L s H.C™ ™
for L-L = en { or L. ] represent | 2
M ; HQN-._‘_. ‘
M
(d) Chiral carbon centres
S NH s NH&

.H02C: /K

If R=CHs S
NH2 - CDQH s CHS

| H'F')'"‘“COEH}

\ F

R




Substitution Reactions at Metal Centers...

Stability and Dissociation...

Stability: Provides info on the relative proportions of the solvated metal
ion, free ligands and complex present in a solution at equilibrium.. not
always good indicator...especially if “other factors” start affecting the

complex .

Dissociation: Provides info on hAow fast or slow a complex dissociates..

Stability: Stable or Unstable : THERMODYNAMICS
Dissociation: Labile or Inert : KINETICS

Labile: reactions half complete at ~ 30 sec @ 298 K

What is good for the drugs ????



Mechanisms for Substitution at Metal Centers...

L

A Lm“=|'l.|z+""|'
X7 | L

L

L

. LthLH,RL
X” | v

L L
Y L‘- ‘,rL -x L"‘n.__ 'IL‘Z_'__.--'L
U -
Association L L
L
X L v ‘
| 1L e L
— e —— N
Dissociation | L |
L ] ]
. -L L. L
YHH.‘H;“””*F - " - L“‘u.h _.sL
Mz — v.‘MZ* —_— ~MEF
L N L
X X

Interchange



ML, X] + Sol - [ML,(Sol)] - X

[ML,(So)] + Y — [ML,Y] + Sol

[PLL;X] + Sol — [PtLs(Sol)] + X slow

[PtL4(Sol)] = Y — [PtL;Y] - Sol fast

trans-influence for [ML,XT7]...(X: Substitution-labile ligand zrans to a
less subst-labile ligand, T)

The polarisation of a metal ion by a ligand T to increase the lability of a trans-
ligand, X. (a) T does not have a strong trans-influence; (b) T does have a
strong trans-influence increasing the electron density at the metal centre as

perceived by X



H-O<OH <NH;, ammes<py<Cl , Br <SCN ,1 ,NO, < CgH;

Increasing rrans-effect >

C¢Hs; <CH; <H , PRy;<C,H,<NO, CO<CN

2- j -
Cl I NH5 Cl NH
\Pt/c NH \ / NH; \pt/
CI/ \CI / \ CI/ \NHg
cisTPtClo(NH3)5]
Substitution trans to Cl favoured
2+ —‘ -
H4N NH, HaN Cl HsN /:I
>}[/ Cr \Pt/ \
H3N \NH3 H3N/ \NH3 / \
trans[PtCl,(NH),]

An example of the trans effect



