Coordination compounds

Biocomplexes



In the crystal lattice, coordination
compounds have stable complex ions
that consist of a metal ion In the center

and molecules or.ions bound to it
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1. Catalysis

Example: cytochromes, carbanhydrase
2.0xygen transport and storage
Example: hemoglobin, myoglobin

3.Changes of structure and chemical
reactivity

Example: zinc binding to insulin



KasFe(CN)s| potassium hexacyanoferrate
Central atom is Fe?*

Ligands are CN-

Coordination number Is 6

Internal sphere is [Fe(CN)g]*
Brackets denote covalent bonding

External sphere is 4K+

Oxidation state of iron Is +2



Central atom iIs ...

Ligands are ...

tetrachloro cuprate (II) ion

Coordination
number Is ...

Oxidation state of
copper is ...




Central atom i1s Cu?*

Ligands are CI-

tetrachloro cuprate (II) ion

Coordination
number iIs 4

Oxidation state of
copper is +2




2 The central atom Is a metal, very often
a d-block element

2 |n acomplex ion, the central atom
forms more bonds than is allowed by
Its valency



2 Ligands can be either molecules or
lons.

2 Ligands have denticity. Denticity Is the
number of bonds between the ligand
and the central atom

a Monodentate ligands — one bond
a Bidentate ligands — two bonc

2 Po

ydentate ligands — severa

often chelate ligands
# Chelate ligands — two or more bonds

S
bonds,



1 Coordination number i1s the number of
bonds between the central atom and
the ligands

i Most often, It Is 4 and




ne mechanism Is donor-acceptor.

ne resulting bond iIs polar covalent.

The formation of a coordinate complex is a Lewis acid-
base reaction

Coordination complex: Lewis

base (electron pair donor)
! coordinated to a Lewis acid
Q (electron pair acceptor)

Lewis base: : NH,

~a
u M

(electron donor) coordinated
to a metal (electron

Lewis acid: Co3* \ acceptor)

éf Coordination complex: Ligand

The number of ligand bonds to the central metal atom is
termed the coordination number
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by the charge of the
complex ion
1. ...

Example: [Zn(NH3)4]SO4
2. ...

Example: Nas[Al(OH)s]
3. ...

Example: Fe(CO)s
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by the charge of the
complex ion
1. Cationic

Example: [Zn(NH3)4]SO4
2. Anionic

Example: Nas[Al(OH)s]
3.Neutral

Example: Fe(CO)s
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by the identity of the
ligands
1. ...

Example: [Ag(NHs)2 ]CI, Co2(CO)s
2. ...

Example: K3[Cr(OH)s], K2 [Hgl4]
3. ...

Example: Pt(NHs)2Br2
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by the identity of the
ligands
1. Molecular

Example: [Ag(NHs)2 ]CI, Co2(CO)s
2. lonic

Example: K3[Cr(OH)s], K2 [Hgl4]
3. Mixed

Example: Pt(NHs)2Br2
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Chelation is formation of several bonds
between an organic molecule and a metal
atom. Example:

Disodium ethylened|am|netetraacetlc acid
(EDTA)




Main property of chelates Is extra
stability, e.g. In the heme:
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- Macrocyc

(e.g. porp

€S

Nyrin, corrin rings)
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- Amino acid residues in proteins

(e.g. cysteine, histidine)




Heme proteins. Myoglobin
Structure: one chain

| ocation: muscle

Role: areservoir for oxygen

and an oxygen carrier in muscle cells

No myoglobin Lots of myoglobin
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Heme proteins. Hemoglobin
Structure: four chains

Location: red blood cells

Role: transport of oxygen in blood
Myoglobin

2 o chains _
R0 >
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Heme proteins. Hemoglobin

Structure of heme:
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Heme proteins. Hemoglobin

Carbon monoxide CO Is poisonous
because




Heme proteins. Catalase

Location: peroxisomes
Role: decomposing of hydrogen peroxide

Structure: four chains

H:02 + Hy0, S2tAlase o, 4 210 Catalatic Activity

(atalase — | Catalase +




Heme proteins. Cytochromes
_ocation: mitochondria

Role: transport of electrons

Mitochondrion

matrix

inner mitochondrial
membrane

intermembrane space

N
complex IV
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Nonheme proteins. Fe-S proteins
_ocation: mitochondria

Role: transport of electrons

Protein

Oys-S S, 80y

Cys:S” 1§ ~ 'S-Cys

Protein

2Fe-2S oe



Nonheme proteins. Lactoferrin
_ocation: secreted fluids

Role: iInnate Immune defense

Lactoferrin - iron binding
protein

Lacto-
ferrin

Bacteria

bacteria require

Lactoferrin binds iron for growth

to iron making it
unavailable for lron

P

bacteria growth Fe3+ ironis then
transported to
blood stream
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Nonheme proteins. Transferrin
_ocation: blood plasma

Role: transport of iron




Nonheme proteins. Ferritin

* Iron storage

- Iron can be stored by ferritin (a protein)
or hemosiderin

» Stored in liver, bone marrow (why here?),
intestinal mucosa, and spleen

* A apoferritin molecule can combine with

4,000 atoms of iron.

Iron
Mineral

Ferritin Ferritin
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Alcohol dehydrogenase

_ocation: liver

Role: oxidation of ethanol to ethanal

Ethanol Acetaldehyde Acetate
[ADH] [ALDHZ2]
Alcohol dehydrogenase Aldehyde dehydrogenase

Normal Alcohol Metabolsm a Accumulation of Acetaldehyde in ALDH2*2 28



Carboxypeptidase

Role: a protease that hydrolyzes a
neptide bond at the C—terminal end of a
orotein.
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Carbonyc anhydrase

_ocation: red blood cells

Role: formation of carbonic acid and
nicarbonate buffer system

CO, from
tissue

COs + HoO —— HCO5;~ + H*

voirace

| dott
b
LE

PES A
Binds

i mes as soluble asi0a ihwgter.'lhus, about 10% of COz is carried in solution.

; O2is carried as HCO3-
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Arginase

. ocation: liver

Role: converts the amino acid arginine to
ornithine and urea H2ZN—-CO-NH?2 in the
final reaction of the urea cycle.

L-arginine
"H,N NH, "
N—C”//
H

CO, |H,0 \NH,
arginase
L-ornithine
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Ceruloplasmin
_ocation: blood plasma

Role: it oxidizes Fe*2to Fet3 to make it
ready for transportation in blood
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