S ELBR AR



REEGRRPEREHH

e 25 B AL

Medicinal Coordination Chemistry

F o E &
MR%Z X W

@ REREBEHEAS



....................................................................

HABEESE (CIP) 4
ERRALY / FEIM. —XR. XRNE8ERE

M2 R, 20069 '
ISBN 7-5433-2081-9

I.E... D0.7. N ERHFBEHLE—
¥ W V.R33 - '

o [ A B R CIPRR B (2006) 3B095807 &

R EPLH BIEN R F

: ¥ OH

KT X HIRE 244 5

300192

(022 ) 87894896,

: (022)87895650

: www. stipe. com

s RETTHREKBE @R

2 EHEHE

. 880x1230 32 JF& 35019 80 FF
2006 £ 9 HEE AR 2006 48 9 H 38 1 WE
EHY.15. 00 7T

B
4 &

FRDBRBEREE
TEERKAE>F

H
]
W

(mRAGPEEM, THHBRERE)



LTS

EAb e R IIEN— 038, ESE
2. HERXAET, ENFEGRLLBIEMILS
REYAR . RIMNBREAREENZ IR, EHK
&, RYTRUAZESEHENHXNE, MET
XXEHAFRR, BE TXF (EHEHILE)
{ Medicinal Coordination Chemistry ) W3 TUE 4
EEHAERASFE, BOH%, SAESERS
Tl AR ERERGREREEER, Bl
AEENACERENE2AZ R,



T E AR FEA AN A EZER R S EA
REFRH, FIA—RHRLVEEMAR, RISHIESE
IR CRECH PR, WE TRA (EHRAFE)
( Medicinal Coordination Chemistry ) YR TUESH

FEA L T AT S AR | B
e EPNERER, FNFETRINEREE
NN E BB ST SCRIAH R A . F5HROZE 3L
FEEsrEE, AU LT RREER T AR, TERTTL
FELUIEERIL, BT VFENEKT,

REME T I, BREE, &, BEg, Bk
SB4, NORZERE ., THABEER,

MY EER, #EEKFER, B#EEEMFE
1Eo

HEE
2006 4E 7 A



Contents
H 2

Chapter 1  The Structures of Complexes
FEAIAL B ML+ /1
Chapter 2  Chelates
a6
Chapter 3 Isomerism
g /12
Chapter 4  Color and Magnetism
BB FRE A /18
Chapter 3  Crystal-Field Theory

AaiAZ R 21
Chapter 6  Metals and Chelates in Living Systems

LR RPRERITEMESY /29
Chapter 7  Coordination Chemistry and Life

BLfifbar 544y /35

Chapter 8  The Introduction of New Complexes
MBI FHIE A /40

Chapter 9  English Readings
S 3C S 3R L 149

SEF L /69
B30k /107



Chapter 1
The Structures of Complexes
BLIiL S EEH

Abstract

Compounds that contain complexes—a central metal ion bonded
to surrounding molecules or ions—are called coordination compounds.
The terms ligand, coordination sphere, and coordination number are in-
troduced in this section. The geometries associated with various coordi-
nation numbers are shown. You will learn how to write formulas for
metal complexes and how to determine the charge on the central metal

ion. <

A metal complex, or simply a complex, is a metal ion
bound to a group of surrounding ions or molecules. When a
complex is charged, it is called a complex ion. Coordination
compounds are compounds that contain complexes.

[CrCld™  [Ag(NHD,J*  K.Fe(CN)el

Note that the complexes are enclosed by square brackets.
The molecules or ions that surround a metal ion in a com-
plex are called ligands. Ligands may be anions or polar



molecules. Some common ligands are water, ammonia, hy-
droxide, cyanide, and chloride. Each of these has at least one
unshared pair of electrons that can be used to coordinate (form
a coordinate covalent bond to the metal ion). Metal ions can
act as Lewis acids, accepting electrons from ligands, which act
as Lewis bases. The atom that is bound directly to the metal
ion is called the domor atom, It’ s the atom that donates a
lone pair of electrons to the metal ion.

The metal ion and the ligands that are covalently bound to
it make up the coordination sphere of the complex. The
number of donor atoms bound to the metal ion is the coordi-
nation number.

Coordination numbers of 2, 4, and 6 are common. The
geometry of a complex is determined in part by its coordina-
tion number.  (Size of the ligands can also impact the geome-

try.)

Coordination Number Geometiry
2 Linear
4 Tetrahedral

or square planar

6 Octahedral

The charge on a central metal ion can be determined in
much the same way that oxidation numbers are determined in
molecular compounds. It is important to recognize common
molecules, to remember that they are neutral, and to know the
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charges on both monoatomic and polyatomic ions. The sum of
charges on the metal ion and the ligands must equal the net
charge on the complex.

B NH, 2+ [ 2+
r H:N

i
e ZI Lt \
H;N i NH, NH,

NH,

(a) (b)

Figurel.1 Structures of (a) [Zn(NH,),]* and (b) [Pt(NH;),J*",
illustrating the tetrahedral and square-planar geometries, te-
spectively. These are the two common geometries for com-
plexes in which the metal ion has a coordination number of
4. The shaded surfaces shown in the figure are not bonds;
there are included merely to assist in visualizing the shape of
the metal complex.

NH;, T3+ B NH, 13+
HN [} HN
HN-=——Co——NH, HN——Ce——NH,
 NH; NH,
;
- NH, = - NH, o
(@) (b)

Figure 1.2 Two representations of an octahedral coordina-
tion sphere, the common geometric arrangement for com-

plexes in which the metal ion has a coordination number of 6.



Point to each metal ion or ligand to see its charge.

[CrCl4]* [Ag(NH) ,]* K,[Fe(CN)l

{ QUESTIONS

@ What is the charge on the nickel ion in the complex ion

[Ni(NHy)g] 2?2
A, +6
B. +2
C. +8
D. 4

@ What is the coordination number of chromium in the com-

plex ion [Cr(H,0),CL]*?
A 2
B. 4
C 5§
D. 6

@ NOTES

* complex ion (complex): An assembly of a metal ion and
the Lewis bases (ligands) bonded to it.

* ligand: An ion or molecule that coordinates to a metal atom
or to a metal ion to form a complex.

* Coordination covalent bond: A covalent bond in which
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one atom involved in the bond donates both of the electrons
to be shared.

* donor atom: The atom of a ligand that bonds to the metal.

¥ coordination sphere: The metal ion and its surroundin
ligands.

* coordination number: The number of adjacent atoms to
which an atom is directly bonded. Ina complex, the coordination
number of the metal ion is the number of donor atoms to which it is
bonded.



Chapter 2
Chelates
EaY

Abstract

In this section you will see ligands that can attach to a metal ion
with more than one bond. Such ligands are called polydentate ligands,
or chelating agents. The rules of nomenclature for coordination com-
pounds are introduced; you will practice deducing the name of a com-
pound given its formula, and vice versa. ¢

Each of the ligands encountered so far has been a mon-
odentate ligand, meaning that they each have only one donor
atom. Polydentate ligands have two or more donor atoms and
are also known as chelating agents. A common polydentate
ligand is the molecule ethylenediamine, abbreviated en.

/GHZ_CHQ\
HN NH,

Each of ethylenediamine’ s nitrogen atoms has an un-
shared pair of electrons that can be donated to a metal ion.
Ethylenediamine is a bidentate ligand. Another common
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Figure 2.1 Figure 2.2

Figure 2.1 [Co (en),]*" ion,showing how each bidentate
ethylenediamine ligand is able to occupy two positions in the
coordination sphere.

Figure 2.2 The [CoEDTA]- ion, showing how the
ethylenediaminetetraacetate ion is able to wrap around a met-
al ion, occupying six positions in the coordination sphere.

chelating agent is the ethylenediaminetetraacetate ion or ED-
TA. EDTA has six potential donor atoms: four oxygens and two nitro-
gens. EDTA is a hexadentate ligand and is able to wrap around a
metal ion, coordinating to it with all six donor atoms.

v .

g :Q_CCHz\ /CH;C el Q: - :'/O
- NCH,CH,N = N—~N
i-CCHy~ \cnzﬁ—_t_i:— o ‘o
:0: :0:
[EDTAJ*

Polydentate ligands tend to coordinate more readily and
7
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Figure 2.3 Structures of other bidentate ligands. The coor-
dinating atoms are shown in blue.

form more stable complexes than monodentate ligands. This
phenomenon is known as the chelate effect.

The system for naming coordination compounds is as fol-
lows:

(1) In naming salts, the name of ‘the cation is given
before the name of the anion. Thus, in [Co(NH,)CI|CL, we
name the [Co(NH,),CIP* and then the Cl-.

(2) Within a complex ion or molecule, the ligands are
named before the metal. Ligands are listed in alphabetical
order, regardless of the charge on the ligand. Prefixes that
give the number of ligands are not considered part of the
ligand name in determining alphabetical order. Thus, in the
[Co(NH,):Cl1]** ion we name the ammonia ligands first, then the
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chloride, then the metal: pentaamminechlorocobalt( Il ). Note,
however, that in writing the formula, the metal is listed first.

(3) The names of the anionic ligands end in the letter
o, whereas neutral ones ordinarily bear the name of the
molecule. Special names are given to H,O (aqua) and NH, (am-
mine). For example, the terms chloro and ammine occur in the
name for [Co(NH;),CI]CL,.

(4) A Greek prefix (for example, di-, tri-, tetra-, penta-,
and hexa-) is used to indicate the number of each kind of
ligand when more than one is present. Therefore, in the
name for [Co(NH,);CII** we have pentaammine, indicating five
ligands. If the name of the ligand itself conigins a Greek
prefix, such as mono- or di~, the name of the ligand is en-
closed in parentheses, and dlternate prefixes (bis-, tris-, te-
trakis-, pentakis-, and hexakis-) are used. For example, the
name for [Co(en);]Cl; is tris(ethylenediamine)cobalt( Il ) chlo-
ride.

(5) If the complex is an anion, its name ends in -ate.
For example, in K,[Fe(CN)] the anion is called the hexacyano-
ferrate( II ) ion. The suffix -aze is often added to the Latin stem,
as in this example. -

(6) The oxidation number of the metal is given in parerthe—
ses in Roman numerals following the numeral T is used to
indicate the +3 oxidation state of cobalt in [Co(NH,),C1]*.



\ QUESTIONS

@ Which name is correct for the coordination compound
[Fe(en),CL]CI?
A. dichlorobisethylenediamineiron( Il ) chloride
B. diethylenediaminechlorineiron(I) chloride
C. iron(Ill) bisethylenediaminedichloro chloride
D. iron(Il) trichloridebisethylenediamine

@ What is the coordination number of iron in [Fe(en),CL]C1?

A 2
B. 4
C. 6

® Name the following coordination compounds.
A. [Co(NH,),CL]ClI
B.  [Pt(NH),CL]
C. KyNi(C,0,),]
D. [Cr(NH,)H,O](NO,),

@ NOTES

* monodentate ligand: A ligand that binds to the metal ion

via a single donor atom. It occupies one position in the co-
ordination sphere.

* polydentate ligand: A ligand in whih two or more donor
atoms can coordinate to the same metal ion.
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* chelating agent: A polydentate ligand that is capable of oc-
cupying two or more sites in the coordination sphere.

* bidentate ligand: A ligand in which two coordinating
atoms are bound to a metal.

* chelate effect; The generally larger formation constants for
polydentate ligands as compared with the corresponding
monodentate ligands.
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