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Abstract

The synthesis of 2 - ethyl -, 2 - isopropyl - and
2 - tert - butyl - 8 - quinolinols has been successfully
accomplished with reasonable yields., Physicochemical methods,
such as, ultraviolet, infrared and mass spectroscopy, proton
magnetic resonance, x-ray powder diffraction, electron
spectroscopy for chemical analysis, "ESCA", and cyclic volt-
armetry have been employed to investigate various properties

of the reagents,

© =~ Dichlorobenzene, a non-volatile and highly water-
imniscible solvent has been used in the phase equilibrium
work. The extractability and the solubility ratio of the
reagents and corresponding metal chelates have been evaluated
using the equilibria relationships derived in this work. De-
tailed and comparative data obtained experimentally were further
analyzed statistically, The best results so cbtained were
used to evaluate the stability constants of some metal chelates.
Simple aqueous and water-dioxan media have been employed to
deternine the protonation and dissociation constants of the

reagents.

The method of continuous variations has been employed to
solve the problem of predominant species of the metal chelates
extracted into the organic phase, ‘Statistical treatment
showed that stoichiometric relationship was established between

the metal ion and the ligand molecules.,

2 - Tert = butyl - € - quinolinol which has been
synthesised for the first time did not form insoluble metal
chelates with the trivalent metal ions but allowed their normal
solvent extraction. It also reacted with few divalent metal

ions to give insolubla metal chelates in quantitative yield,



(ii)

In peneral, a gradation in most of the properties of
these reagents was observed., Alsc an alternating mode of some
physical properties such as melting points and solubility
ratio was noted. The detailed and comparative physicochemical
data have been used to interpret the steric and inductive

effects operating in the 2 = alkyl homologues,

These potentially useful 2 - alkyl - & — quinolimols
could be valuable addition to those already employed in chelate

and analytical chemistry.



(1ii)

To my Mother



(iv)

Acknowledgement

The author wishes to express his heartfelt gratitude
to his supervisor, Dr. D.A. Pantony, for his valusble advice
and guidance throughout the course of this work, and to his
colleagues at the Imperisl College for valuable discussionss
The author is also indebted to University of Sind, for

nomination under Central Overseas Training Scheme.



Chapter 1

Chapter

Chapter

1.1.
1l.2.
1.3

1.3.2
1.3.2
1.3.3
1.3.h

2.1.

2.2

2.3

2.h.

w

3.1
3.1.1

3.2
3.2.1
3.2.2.

3.3

Table of Contents

Part I Theoretical

Introduction
Abbreviations and symbols

General concepts and definitions
of the parameters.

Metsal ions.
Hydrolysis of the metal ions
Distribution law

Competing ionic chelate formation

Quantitative relationships
in the phase equilibrium
studies of 8-quinolinols and
their metal chelates.

Discussion.

Mathematical approach to phase
equilibrium studies.

Influence of pH on extractability
and evaluation of Q values.

The validity of neglecting
the activity coefficients in the
formulae.

Discussion of the methods of

synthesis of 2-alkyl-substituted ~

8-guinolinols.

General

Direct alkylation of 8-methoxy-
or 8-hydroxyquinoline by
alkyllithiums.

Preparation of 8-methoxyquinoline

Skraup condensation

Direct alkylation of 8-quinolinol

Preparation of organolithium
compounds,

(v}

bage

\

~ 9 o W

10

10

11

15

17

21

21

22

29
29
29
31



Chapter

Chapter

Chapter

3.3.1.
3.3.2

h

h.a
h.1.1
4.1.2

k.2,

2.1

b

h...2
4.2.3
h.2.4
L

.3,

6.1

Methods of preparation.
Choice of conditions for the

reaction between lithium
alkyls and 8-quinolinol.

Part II - Experimental

Preparation of 8-methoxyaquinoline.

Skraup condensation.

Direct methylation of 8-quinolinol.

Condensation of lithium alkyls with
8-quinolinol.

Preparation of lithium sand.

Preparation of 2-ethyl-8-quinolinol.

(vi)

Preparation of 2-isopropyl-8-quinolinol.

Preparation of 2-tert-butyl-8-quinolinol.

Materials used.

Physical properties of 8-quinolinol
and 2-alkyl homologues.

Melting points and microanalyses.

Determination of U.V. ebsorption
maxima..

Infrared spectroscopic interpretation.

Interpretation of mass spectra.

Interpretation of proton magnetic
resonance spectra,

X-ray powder diffraction.

Determination of the solubility ratio.

Chemical properties of 8-quinelinol,
2-31kyl homologues and their metal
chelates.

Chelation properties of the reagents.

Page
31
35

38
38
38
L1

41

b3
L3

Ll

L6

k6
L8

51
54
56

59
65

69



(vii)

Page
6.2 Dissociation and protonation constants. 71
6.3 Flectron spectroscopy for chemical T
enalysis "ESCA".
6.4 Cyeclic voltammetry of 8-quinolinol 78
and 2-alkyl homologues.
6.5 Metho? of continuous variationms. 8o
6.6 Solvent extraction. 82
6.6.1 Effect of T, on pH. 8k
6.6.2 Interpretation of the slope value. 8L
6.6.3 Calculation of the stability constants. 106
6.6.4 Influence of the steric and inductive 115
effects.
. . 121
6.6.5 Separation of the mixtures.
Chapter T Conclusions 102

References 129



1.1

Introduction

Solvent extraction (liquid-liquid extraction) offers
simplicity, convenience and scope a5 a technique in
separation of mesro and microquantitics of ion mixtures.
The required results are obtained by varying properties of
the system such as pH, concentration of the reagents and
retio of volumes. The method is based on the distribution
of a solute between two essentially immiscible solvents,
one of which is usually an aqueous solution and the other

an organic liquid.

The solvent extraction data of 8-quinolinol
and 2-methyl-8-quinolinol chelates of wide selection
of metels has alrcady been reported]."2 The introduction
of the methyl group on the 2-positicn of 8-quinolinol
prohibits its reaction with eluminium ions. This has
bean considered largely due to a stercochemical effect.
In view of the sbove fact the work was started in these
1aboratorieg in 1963 vith an object in mind of synthesising
higher alkyl homologues of 8-quinolinol such as, 2-ethyl-,
2-isopropyl-, and 2-gert-butyl-8~quinolinol and studying
the effect of such compounds in the metal extraction
equilibria. The early work consisted essentislly in
prepering 2-ethyl-, and 2-isopropyl—-8-quinolinols by
unequivocal syntheses. The procedures werc successful
but the yields were low. Obviously, more economical methods
of synthesis, other than the classical ring closure, were

needed. In the second phase of the work, described in this

thesis, the condensation of 8-quinolinol with ethyl-;. isopropyl-,

and tert-butyl lithium reagents in ethereal solutions

proved highly successful. The corresponding 2-alkyl-
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8-quinolinols have been obteined in satisfactory yield. The
identity of the 2-ethyl-, and 2-isopropyl- homologues wes

- esteblished by comparison of properties with that produced by the
unequivoecal method of synthesis used by Haba.3 Also the trend

in properties recorded for 2-allkyl-homologues of 8-quinolinol
helpad to establish the experimentel conditions for the

successful synthesis and identification of 2~tert~butyl—-8-quinolinol.

Some of the physicochemical work carried out has been
compered with that of Haba, the only reference work available
for these compounds. It has also been extended further to
calculate additional physicochemical constants; the more detailed
and comparetive results obtained for 8~quinolinol and 2-alkyl
homologues and the corresponding metal chelate systems are given

in this thesis.



Abbreviations and symbols.

Metal ion.
Coordination nurber.

Oxidation state.

Neutral molecule of chelating agent.
Protonated form of the chelating egent.
Dissociated form of the chelating agent.
Dissocigtion constant of thé reagent RI.
Dissociation constant of the reagent Iﬁg;
protonation cogztant of the reagent RI.
Dissociation constant of the monoligand
chelatel&éxrl}+

Dissociastion consbtant of the.chclate

. . . - -1 )+".
containing i ligends “MR(m i)
1

Dissociation constant of the fully chelated species

3 MR
Ry} /.{ ),

{RH}O/{RH}A

Molar solubility in g—~dichlorcbenzene.
Molar solubility in water.
8o ISA for metal chelate "MR ".

N rorasll
So/ SA for reagent "RH".

Total number of roles of the metal in the whole
two-phase systen.

Total number of moles of the reagent in the
whole two-phase syster.

Volume of the organic phase in litres.
Volume of the agqueous phase in litres.
Cherical potential of a solute.

Activity of a solute.



b,

C =  Molal concentration of a solute.

v# =  Molal activity coefficient of a solute.

D = Distribution ratio or extraction coefficient.

B =  Extractability.

Z = Nuwber of metal stoms in a molecule of hydrolysis product.
% = Complex activity coefficient.

YHn = Secondary complexing agent.

CY = Total concentration of the reagent YH,.

D
H

c /e {Y"7},
Y/f {¥y*1}

Ky, KY T Stepwise dissociation constant of YH .
1 "2 n

€ = Molar extinction coefficicnt.
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1.3 Genersl concepts and definitions of the paramcters.

The definitions of most of the terms used in this
thesis are those describcd earlier3 except that some of
them have been considered in a meore generslized way such as the

following.

1.3.1 Metel ions: Metal ions in agueous solutions in absence
of other complexing ions are in solvated form and are

bound to water molecules to form weak complexes of the type

m+
[ OHgi)n] .

The geometrical disposition of the water molecules
around the metal ion will depend upon the clectronic
configuration of the metal ion in such complexecs e.g.
octahedral (Sp3d2), tetrahedral (5‘03) or planar (dspe)
and so on. The number of water molecules removed from
the agueometal system during the complex formation will
depend upon the properties of the donor Lewils base and its
replacable hydrogen atoms e.g.

n+ K \
. C . (m=-1Y+
[(0Hy), ] sr- —— & {MR(0H, Ya-1) }

Tl

(m-2)+
{ MR, (0H, )(n~2) }
X
[l
(MR}

The velue of m and n normally varies between zero and

six and stepwise equilibrium is given by
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= “ 1+ - * -~
KC]_ = 5% G} (R} g(m-l) 1wl (1)
= (m=1M ey /o m (120
Ko, = fif( ) BT R }/I(m-Q) iR, e
: v
SR R RSy S
C 2 "m-2) R M{(n‘rl)
(m-1) n -m
r oM +} {R ¥/
Kq =Bl
(MR}
l.3.2 Hydrolysis of the metal ions.

Duc to the clcetropositive character of the metal ions the

oxygen etoms in the water molecules surrounding therm occupy
o greater share of the electron palr from one of their two
covalent bonds with hydrogen atoms. This shift in electron
belance allows the water molecules to dissociate lecaving
behind hydroxyl groups to associate more firmly with the
metal ions, or, in other words, metal ions of more
electropositive nature react vigorously with water. The
hydroxo forms of the metal ions may be considered as

simple type of complexes e.g.

s
M 4 O e (ut(om) ()Y

% 9
] B

- o w e -
- e o a2

(m-n+l s (m-n)+
{M(OH)(n_l) }oror 2o {M(om) )
. (m-1)+
vhere 8; = £, £ {1} {oH }/f(m._l){M(OH) } (2)
S

= f £ (M ;m_n+1)+x : mn)+
n (m-n + 1) f1 {B(Oth_l) v {OHY -f(m—n){M(OH% }
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For a polynuclear hydrolysis product, the reaction can be
written as follovws:

* (m=-2+2/2)~

M 4 o(m-1 + 1/2) OF eo s 10 0
T 1-1/2 “(m-2+2/2)

+{(m-1+1/2) 1,0

where
e -+ -
. fmfi(m LHL/2) (%) 0P (w11 /2); (3)
g =

m-242 /7.)~
T(m-242/2Y 011 /20 (o042/2)

1.3.3 Distribution Law.

The phase equilibrium is governed by Gibb's
. Wy,
equation 1.e.

P+F=C+2 (4)

In solvent extraction work one solute is distributed
vetween two immiscible solvents, hence P = 2 and C = 1,
therefore, at constant temperature and pressure F = 1.
According to Nernst, at equilibrium the chemiéal potentials

of the solute in each phase are equal i.e. ¢l = ¢2

. 0 % 3 o # %
.. + Yy o= Tl T
¢l + RTlnCl RTln{l ¢2 + RTln G + RTlny,

Therefore the distribution coefficient ”KD" of the metal

and in turn of the chelate is given by

® #
o
o Grp 8 _ {gp-9,)/ BT (5)
KD-- -————TC* = j;—-n"" e
1 Yl 1
1.3.h Coﬁppting,ionic chelate formation.

The equilibrium between a metal ion and reagent

YHn is written as:

K
Mm+ + Yn— ‘_lu_:f.___x MY(m“n).!.



£,z 0FF) (077} )
where KMY = § frab Ty E ) (6)
(m-n)

and the quantity © is given by

(H Ko {H+}( n—l)+ e L
C }_l ~Y2
X =t (mn
oy Ky Ky eeenees K,



CHAPTER

TWO

9.



2.1

10,

Quantitative relationships in the phase equilibrium

studies of 8-quinolinols and their metal chelates.

Discussion,

The basic principles of phase equilibrium reletionships
are simple. However, most of their theoreticel treatments?
have rarely been used to correlate the experimental data

and predict or evaluate additional constants. Most of the
results presented in this thesis have been based on the
extraction equilibria described by Haba3. This was necessery

in absence of any experimental data such as protonation,
dissociation or stability constants and solubility ratio

of these new reagents and their metal chelates. The treatment
given by Heba was unique but was capable of extension. The
preliminary work done by Heba was not sufficient to check
fully the validity of nis derived relationships. Therefore,
more comprehensive experimental work was carried out and
equilibrium equations employed to evaluate more

physicochemical constants separately for 8-quinolinol,
2-alkyl-8-quinolinols and corresponding metal chelate

systems and to confirm Haba's first findings.

Although the final form of equations used in
such evaluations was similar to that given by Haba, the

activity coefficients and the activities of the species
involved in the system have been taken into consideration

and other refinements have been made. The improved forms
of equations should be of great advantage in their possible

extension to the present and other systems. The validity
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of approximations as applied in evaluation of final

results is discussed under subheading in this chapter.

Mathematical approach to phase equilibrium studies.
In the equilibrium between organic and aqueous phases

the totsl quantity, TR’ of reagent will be given by5

-+
Tp = ROR} V) + mlBdy ¥y + (a1) By 373 v,

(m-2) * (m-1) +}AVA

+ 2{1\332 VA + {MR

A
+ {RH}O v+ {RH}A v, * {P."}A Vy

+.
+ {RHQ}A VA (8)

and according to equilibrium equations as described

by Ha‘aé this is simplified to

XK
“C
TR = {MRm}A vV, PC + VA (m+E(m-x) - N » )
KK, ... R )
(iCe Kc(m_x) (m-x*§
+ +.2 )
(V,+v, P.) {H} Vy{H'} '
+£2R) |v, » A28 LA} 9
1 A Ke "KR KR 4
1 7 -2
or Ty = (R} o+ {R},P (10)
Similarly, the total gram molecules of the metal,
Typs is
+ (m-1)+,
= b I 4 v +{MR , V

+{Mm+}A v, * {Iﬂ(m_n)"'}A Vb e il e,
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- (m-n)+
+{M(OH)<m 1)1'}A VA + ...+ {M(OH)n }AVA +

(m-242/2)~ v

{1031 /) o(m~2 . 2/2)}A A (11)

. . 3 .
using the eguilibrium equations, this becomes

K
VA c

T, = (MR}, | VPo + V, + 2
M A To°C A - -1x o~ ¥
Rfgeee | VLT e

K 12 m—x
VA lC v &{ ) .
+ + A C
~-.m_ 1
{R} fl fm OKE,IY{R"}mfmf*
| a1
LY
Va %o %y

%

LY —.m L Ym
{m} s AR} £

2(-1) + 2/Z
vK, K
AC W

(12)
+ - > [T -~ -
{n }Z(m 1)+ 2/2 S*fl3m 2+2/7 (K™
Say Ty = {MR} v (13)
corbining equations (10) and (13) gives
T, T. -8 {R"}
' - g R o .
{a-dBm}A b .{ = - o t’u")
«¢ T
T - — (15)
efig {R7} = BT '
B
considering aly,"ls mand since experimentally ‘I‘R >> Ty,
— TR '
{R} = —g" (16)
(7. -nT, )
or, at its minimum, = R h (17}

B



13.

If hydrolysis, competing complexes and intermediste chelated
species are ignored the former becomes an exact solution.

Since extractability, E, is defined es

Total quantity of metel in the organic phase

E= Sotar quantity of metal in both phases (18)
URple Vo Ry}, P Yy PV
i.e.BE = = =0 0O .
Ty OR ) Y
' IRm AT

This is expended using equation (12) and (8) considering

PC Vb >>VA so that, E, becomes

. X Bm
E=31/1+ AV[X 2 = z +
K e ? m n
Po¥s e K X TRfmxnf o
12 (m-x) R 1m
Y
m m K
+ il £ Tt L0}
o B R +Y Y+m
OKyyTp Ty £ {1} sYTg e
> (m1 + 1/2) (19)
_ BmKw
hyPlarl + /8 gy g 1 g Su2e2/2

From practical point of view & quantity Q given by equation

Q= B/VA is used

P_V :
(1+ 22y @wh a2 (20)
Vv
vhere @ = 1 + — A + < %
% R,

The paramcters such as partition coefficient and
dissociation constants of the reagents, the hydrogen ion

concentration snd ratio of volumes of two phsses can be.
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evaluaeted by separate experiments as done in this thesis.

Therefore Q, is of general nature containing a ratio of volumes

and actuel volumes of the immiscible pheses are not needed.
Accordingly the paremeter, 8, on replacement with the term Q,
involves the ratio Té' /Vfi. Hence the total (original) concentration
of reagent, CR’ in the equeous phase can be used instead of

totel quantity of the reagent Therefore the equation for, E,

will be
V.K & Q"
E= 1/1+ A% | - = *
PV, KoKa-o L CF ()1 RE T
1 2 (wx)
Q0 i
b o 4 T
m P 2 4 Y+m
0%, R £t G 8y 0ke)

2(m-1 + 1/2)
" x,

(el ¥ 1/2) oF I-2+2/2 (21)
(5:40 s c’g £,
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Influence of pH on extractability and evaluation of Q values.,

The Q velues chenge es the pH changes: in the pH range
0 —3 1.5, Qu {H+}? and b —310, Qe (7). In the
experimentelly important ranges 1.5 —3 4 and above 10
there is a gradual change of power dependence. Therefore
the resulting extractebility versus pH curves are not expected
to be symmetrical. Hence plots of E versus log Q are more
useful. Since allowance for the change of power dependence
ecan be anticipated. If the extraction occurs in the pH
ranges of 1—> 2.5 in the absence of masking ogents,
invoving no hydrolysis, the equation (21) mey be simplified
to

| // VAKC [’ Qm . (mrl)
T LT E s, e,

¢’o 1 {c

(m-'a) Q ‘ (22)
+
f(m—z) c(m.‘?) KX C.E, T K.X K
R & ( l) C C )
' clbe 12 c:(m-l)

In case of predominance of one species of chelates

the eguivalent distribution or extraction ratio, D, is

equivelent to E/1-E and given by:

log D = log ——2 (arx)’ 0 ~2e-x)- x log Q (23)
VAKC

Similarly in the significant extraction region of

pH;viz 3+ 8, in the absence of masking agents:
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VA KC Qx . Qm
o+
x-" x T (Y-Pm)
VOPC CR 'Ll Tg z&, e KC SYfl
12
(m-x)

+ n
{1} Cq

Finally, the extractability reaches unity over the pH range
8~12 in absence of masking agents but hydrolysis becomes of paramount

importance. Hence, E, is given by the equation

y Y
SRA 4 (25)

E=1[1+ ——
m m
R Py VE] 8,FY {1}

and if one species predominates the equivalent distribution, D,

is described by:

m (m+Y) m
i Cn PNV E S Q
log D = log 11; ¢ol L log . .Y (26)
Ky VK {5}

The relationships described ebove illustrate that the graphs
of log D versus log Q or log Q/ {H+}Y will be straight lines
if one species of chelafie predominate, However, this will be
true only if ionic strength is kept constant for all experiments.
The velue of slope will allow the value of x to be evalueted
and from the intercepts (at oo, 50F 108 Q}ko‘setc.) or
directly from the values of E, certain dissociation constants can
be calculated and the values can be compared with those obtained
in independant experimentation; using techniques other than

solvent extraction.
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The validity of neglecting the activity coefficients

in the formulae.

In phase equilibruim studies the partition of
neutrsl metal chelates between an aqueous and organic phase
fulfils the requirements of a thermodynamically ideal system.
It does not involve transfer of charged species from one
phase into another. Therefore, the electrolytes used to
maintain ionic strength constant do not pass into organic
phase and the ratio of ionic strength of two phases is

. eas 3
constant. According to the extractsbility formula:

1
E s
Ke VarFr Yo why % +ym
A {17}
1+ .
PV TK X K T
c ol R R R R
1 12

value of "E" is dependent on values of Ko PC’ PR’ Kﬁland

Kﬁ .

2
Under the experimental conditions used in this work, the
concentration may replace activity values in parameters
such as PRAand Po. For example, in'the measurement of Pas
the solute is a neutral chelate. Therefore in aqueous phase
Y, = constant. The organic phase contains less than 0.1
mole fraction of the solute, therefore, Yy constant and
relationship Y> =Yy is valid and the values of PC or
Py will not be affected by small changes in ionic strength

or concentration. However, the values of KR s KR and KC
1 2

are subject to change with change of charge and therefore,

of ionic strength.
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In the case of dilute solutions, as employed in phase equilibrium

work, these values follow the Debye-Huckel equation7l, viz
A A22u1/2
log K = log /
1/2
l+a.°Bu

where A is a constant dependent on the dielectric properties of

the medium.

B is an empirical c¢onstant® 3.3x107

2 2
AZ” = Zz(products) ~ 7 (reactants)

p = ionic strength.

K is the dissociation constant of the extractable Species or

the reagent.
k° is the value of this constent at zero ionic strength.

A = 0.509 for water at 25°C.

& = ion size parameter. hen u =0.,1, 1 + aoBullzc: 1.4
o 21/2 o
& log K = log K_ AAZ M = log K + 0.34

l.h
The 8bove relationship has been used t0 calculatethe error

in the stability'constants and the following results are obtained

for copper-chelates.

Chelating agent K (0.1M ionic strength) £° (Zero ionic
strength)

o2k -2l
8-quinolinol 3.98 x 10 1.8 x 10
2-methyl~ T.94 x 10722 3.6 X 1072
8-quinolinol

- -4
2-ethy. 1.12 x 10 23 5.1 x 10
8-quinolinol

-21 5
2-isopropyl- 5,01 x 10 2.3 x 10721
8-quinolinol
2-tert-butyl- 1.25 x 10723 8.8 x 102"

8-quinolinol
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The effect, however, is arithretically small and is probeably
within limits of experimental error. Therefore, activities
have been replaced by concentrations end activity coefficients
omitted, end considered as unity or approaching unity at constant

ionie strength of 0.1M used in this work.

In practice idesl solutions or solutions of zero ionic
strength are never encountered in analytical gystems. It is
rational, therefore, to use conditional dissociation constants
pertaining to systems of reasoﬁable ionic strengths. In most
of this work O0.1M or 1M inert salts such as sodium perchlorate
were introduced to maintain such a concentration constantly
throughout a series of experiments. 1In this way salt effects
were reproducible and, as shown agbove, small and the

complexing effects were minimised.
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Discussion of the methods of symthesis of 2-alkyl-

substituted 8-quinolinols.

General.

A comprehensive literature survey of the possible
methods of synthesis of quinoline compounds was carried
out. The noteworthy reactions which may be used with
slight variations to obtain 8-quinolinol md 2-alkyl -
homologues are syntheses due to;

13
V. Neimentowski%o Combes}l Baye%%Conrad - pimpach,

Knor%% Friedlanderj,'5 Pftizinge%? Kulischl,7 Skraup{‘8

Doebner-Von Mille%g and replacement of a-hydrogen of
2-alkyl-quinolines using potassium .e,mj.tflegﬂ—z3
halogens in presence of glscial acetic acid, sulphuric

25,26 . .
acid, >< and alkalil fu,suon?T

Perhaps the most versatile method is the Skraup,

or its modification, the Doebner Von-Miller condensation

reaction between en aromatic amine and an a:f-

unsaturated carbonyl compound. It has been successfully
3

applied in the preparation of 2-ethyl- end 2-iscpropyl -

8-quinolinols but not the 2-tert-butyl-homologue:

(\! {o}/HCL
\\lmﬂ + R-CH=C-CHO — > N-R

2
OH . OH

(where R = ethyl, isovropyl, or in principle, tert-butyl

group) .
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The complete synthesis, including the preparation of
the unsaturated aldehydes is exﬁremely lengthy and the
cumulative yields after several steps may be as low as
1%. The fact that condensation proved partially successful

_to produce the ethyl and isopropyl derivatives, although
in poor yield, indicated that the approach in principle
was correct but not practicable. Especially when it wes
a total failure in produciﬁg the tert-butyl derivative.
It will be fair to comment that this scheme proved unsuccessful
in case of the tert-butyl homologue because of unfavourable
conditions, viz temperature of the reaction and susceptibility
of the side chain in the pyridine ring of the quinoline
nucleus towards elimination. The rearrangement, bulkiness
and steric arrangement of the tert-butyl group may be
considered to have enhanced it. Polymerization and
copolymerization of o:B-unsaturated carbonyl cormpounds
with o-aminophenol elso limits the efficiency of the
condensation. Finally doubted purity of the reported
intermediatg and competitive decomposition reactions
involved in purification mey have been the main inhibiting
factors in synthesising the product. The smell quentities
of the synthesised ethyl and isopropyl derivatives
obtained by Habe were of great value in identification of
the Products obtained later. However, his tedious
synthetic route made the use of these reagents impracticable
from an analytical point of view, and more direct and

efficient methods of synthesis were investigated as follows:

3.1.1 Direct alkylation of 8-methoxy—-or 8-hydroxy.quinoline by

allyllithiums.

27-30
The reaction mey be accomplished by the method
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deseribed by Sorm and Sicher?1 However, a considerably

modified scheme (ii) proved highly successful. The reaction

1s as follows:

(i) Rx + 2Li —— ., RLi
-LiX

(where R = ethyl, isopropyl, or tert-butyl group and

X = chloride, bromide, or iodide).

Scheme (ii) Scheme (iii)
(0):
On
J/zRLi ' l(cn3)esoh/maor1.
H
~GI
' fjl \R CO )
°L113+ Hy lRLl
H SH
I R
N *
OH l g HiCO | Li
+
R
O I ‘ iR
- H_CO H
3
Cel5HO,
B €O lb8% HBr
W R
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The experimental evidence substantiated a hypothesis that

the treatment with nitrobenzene32’33

could be omitted taking
into account the elimipation of lithium hydride during the
condensation. Also, the use of 8-quinolincl as starting material
was preferred on sccount of the faect that demethoxylation of
the product obtained from the condensation of 8-methoxyquinoline

was sluggish and involved competitive decompositions in getting

a pure product. Thus the whole scheme was reduced to two steps

only i.e.

(i) Preperation of alkyllithium.

(ii) Condensation of alkyllithium with 8-quinolinol.

The condensation has been mainly based on the reactions
involving the azomethine group in the quinoline nucleus; due
to this the carbon etom in the 2-position undergoes a variety

of addition reactions, e.g.

+ RLi ———>

H

L1

(=)
|
Na

R .
+ KOH ——— .
N N
H+
oH
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The fact that >C = N- group is related to ammonia as -CHO
is related to watergl, it follows that the heteroeyclic pitrogen
compounds such as pyridine and quinoline are aldehydeacetals
of an ammonia system, but the aldehydic properties of these

coupounds are not pronounced because of the stability of the

six membered ring in which they are contained. Nevertheless
the quinolines reaet with Grignard reagents in ether and it is

also known thet lithium alkyls and aryls add to the >C=N-
group in ethereal solution at ordinary temperature. Therefore
in the quinoline nucleus the azomethine position is likely to
undergo substitution with the alkyl group when alkyllithium

is used as a reagent.

34

According to Longuet-Higgins™ the presence of & hetero atom

should sactivate other positions towards nucleophilic substitution.’ﬁ
For example, the replacement of 2- or 4- carbon atoms in
naphthalene by nitrogen results in activation of l-position
strongly towards nucleophilic substitution and deactivetes

towards clectrophilic substitution. This is found true in case

of compounds like lY-chloroquinoline and l-chloroisoquinoline.

They undergo nucleophilie replacement of chlorine much more

readily than does a-chloranaphtalene. In presence of a

hetroaton the inductive effect plays an important role to orienmtate
an incoming group. For example, the electron densities in

guinoline at various positions as referred to uniform distribution
in benzene as 1 are as follows:
0.958 0.772
0.989 0.978

1.003 1.633
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Therefore, a nucleophile should attack 4~ and 2~ positions
in order of preference. 1- and 8- positions should be attacked
0y a2 electreophile respectively. However, according to Branch
and Calvin® gne inducéive,effect at the 2-position due to
adjacent nitrogen atom is nearly thirty three times greater
compared with the b-position. This.reverses the order of
nucleophilic substitution at the b-position in favour of the
2-position. The 2-alkylation of 8-quinolinol is also favoured
when alkyl lithium reagents are used while metallation will
dominate in the case of alkyl potassium or sodium reagents.

This is based on the fact that lithium is an electron deficient

atom and therefore the alkyl lithium reagents are less ionic

in character as compared to highly ionic alkyl potassium or

sodium reagents. Therefore, the polarization and ultimate break

of lithium atom bound to an alkyl group depends on the

availability of an electrophilic position for lithium stronger

than the alkyl group. Correspondingly the alkyl group set free

will attack a nucleophilic position. The reaction may be illustrated

es follows:

= QLY

\XR

?R
Li

This hypothesis also excludes the possibility of a free
radical mechanism, in which case the possibility of 4-alkylation

4

is enhanced. Therefore, in principle the greater the residual
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negetive charge . present on an alkyl group, the more
effective will be the substitution at the 2-position, In

the case of branched alkyl chains the a-carbon atom bound

to lithium should be more negetive than in straight chains, viz,

H

H
-5 +6 N
H -25 +
H«l‘c—m .H—}:——é—‘h‘a
5 ili |
H
Hy¢ -4 + 6
’ \536 142 E:)'(:;\clL Li
p——_ e l
> i30~
HSC ’ H3C

Therefore the tert-butyl group should attack the 2-position

of 8 —quin-linol easily as compared with other alkyl groups.
However, the st sric requirements necessitated the dispersion

of charge over the molecule which results in less electron
density on the tertiary carbon. Therefore in the whole series
secondary carbon has the maximum negetive charge. This increases
the anionic behaviour of isopropyllithium.  In practice it

hes been found truesince the yield of 2-isopropyl -8-quinolinol

obtained was the best of the series of synthesis.

However, in presence of excess of organolithuim reagent as
used in this work, the possibility of M~alkylated or 2:k
dialkylated 8—qﬁinolinol cannot be exciuded even if of low
probability. Even if a ﬁixl:.ure of such products was produced,
the contamination by the h-alkylated product wes
automatically eliminated in a purification procedure designed to
remove compounds which do not contain 2-ajkyl substitutioﬁ; the
procedure involved addition of aluminium ions during

purificatior tages. Aluminium does not form complexes with
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2—a1£y1—8—quinolinol. Reliance of the foregoing theory

and purification procedure was justified when it was found
that, the physical methods of identification epplied in this
work excluded the presence of b-alkyl and 2:4 - dialkyl

substituted products.

The remaining methods of syntheses were not extensively
investigated. A preliminary investigation of reaction

2k ,26 and its possible 2-alkylation

of 2-quinolyl anion
by genergtion of tertiary carbonium ion in presence of
sulvhuric, formic, or phosphoric acid proved unsuweccessful.

It was not considered worthwhile continuing this investigation

further, since the desired products were obtained by easily

accessible route described above and in satisfactory yield.
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3.2 Preparation of 8-methoxygquinoline.

3.2.1 Skraup Condensation.

The synthesis of 8-methoxygquinoline was

attempted according to skra.u%8 condensation as

follovws.
CH,
+ f o-nitrcanisole
NH = >
2 ke i
HCL
HBCO CHO H3CO
o—ansidine Acrolien 8-methoxyquinoline.

The yield of ¢ methoxyquinoline obtained after lengthy
and tedious synthesis and rigorous purification steps was
very poor i.e. ~ five percent and of no advantage over
the earlier methods used. The experimental conditions
such as temperature, catalyst, medium, ratio of react&nts,
and length of the reaction were also varied -bubt the yield
could not be improved. The experimental observations
indicated that due to exothermic nature of the reaction
and tendancy of lower aldehydes towards polymerization
under such streneous conditions, the condensation remained‘

ineffective. This necessitated search for an alternstive

method such as follows.

.3,2.2 Direct slkylation of 8-guinolinol.

A large variety of alkylating agents such as

diazomethane36—36, methyliodidesg-ha, or dimethyl

h1,k3 are mentioned in the literature for this

sulphate
purpose but great contrasts -in the yield and nature of the
products obtained have been reported. Examples of possible

reactions are:



Nw N 300

y H

i
on 0
Hoe
|
H
g
i
0
A%
o-
CH3
+ CH3I —— 1;'/ I
i §
OH H3CO CH3

S0,

+ (CHg)g0, ——> 0

CH
+

o Hco  CHy
It may be owing to the spatial relationship of the nitrogen atom
with the hydroxyl group that different alkylating agents react
with 8-quinolinol to give anomslous products. However, it was
decided t0 use aqueous alkeline dimethyl sulphateS for
o-methylation end a yield ~ 707 of 8-methoxyquionoline was obtained

by the method, slightly modified as described in "Experimentall,
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3.3. Preparation of Orgenolithium Compounds
3.3.1 Methods of preparation.
. . L 45
The discovery of zinc alkyls ', mercury alkyls 7,
Grignard reagentshs end lithium d.erivaa:b."ures247 are
the four noteble chronological developments in the field
of orgesnometallic chemistry. The lithium derivatives
are preferred as synthetic intermedistes for the
simpliecity with which they can be prepa.redhs'hg end
used in subsequent reactions. The organolithium derivatives
mey be prepared by direct, indirect, exchange or addition
reactions as described below.
R -
i) R>Hg + 2Ii —= 2Rl +1Hg
ii) =®x + 2L —> RLi + LiX
iii) =Rx + R'Li —> RLi + R'X
iv) ® + R'Ii —2>  RLi + R'H
v) RM + R'Li —> R +RM
vi) >C = C< + 2Li —> >([3 -—(l:<
i id
Vii) >C = C< + RLi —-> >-0<

b ]

RIi

viii) »>C=N- +Rli —2> ,c-i-

L]

R Li

{where R = alkyl, alkenyl, alkynyl, aryl or heteryl group.

R' = n - butyl or phenyl group,

X = chloride, bromide or iodide).
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The preparation of ethyl-, isopropyl-, and tert-butyl
lithium reagents in the present work was based on the reaction
(ii), i.e. direct reaction between en alkyl halide and
lithium metal. This reaction provides an important and
fairly general route to orgenometallic compounds. The
nature of metal, halogen stom, the branchiung of alkyl
group, solvent and temperature are important factors to
be considered in getting satisfactory yields of these
intermediates. For example, the reaction between a metal
atorm and an organic halogen compound is mainly influenced
by their thermochemistry. The heats of reaction rather
than free energies of reaction have to he tasken into account
since published data on the standard entropies of
orgenometallic compounds are negligible. ‘For example the
reaction between a metal and methylchloride to produce
methyl-metal and chloride is exothermic and therefore might
be expected to provide an important synthetic route.

The mechenism of reactions and conditions under which they
occur, however, vary greatly with different metals.
Therefore kinetic as well as thermodynamic factors are
important in controlling the reactions. E.g, the

" carbon-halogen bond energies decrease from C-F (1439),

€-Cc1 (330), C-Br (276) 20-1(238 K Joule/mole) in methyl
cormpounds. '

Whereas the relative reactivities (rates of reaction) of
organic halides towards metals usually rise:

RF<< KC1 < RBr < RI.

Therefore, the efficiency of reaction of lithium
with an alkyl group depends on the best selection of an

alkyl halide. TFor example, ethyl lithium was prepared
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using ethyl bromide. The condensation required high temperature
4(5500), inert solvent such as benzene, and slow addition of

very dilute solution of ethyl bromide to the reaction mixture.

This was necessary to increase the ion-forming tendancy of

ethyl bromide, to retard the hydrogen sbstraction, to resist
olifine elimination (Wurtz reaction), and to prevent metal-helogen
exchange and lithium alkyl-lithium helide complex formation
reactions. iso-Propyl lithium was prepared at room temperature

and in presence of 1 + 1 ether + benzene mixture.

The synthesis of tert-butyl lithium was carried out at
temperatures as lcw‘as ~55°C in ether using the corresponding
chloride. These conditions were chosen becsuse of the high
volatility of tert-butyl chloride, the ease of elimination
reactions of other halides and the increased carbanion character
of tert-butyl group.

Theoretically, chlorides are preferred to bromides and iodides.
Since the ionic fluorine associated with lithium is. able to
undergo further exchange resctions with at least the o-hydrogen

atom of the lithium alkyl, fluorides are not used.

The choice of an alkyl halide also depends on the nature
of alkyl group involved which will determine the polarization
of halide ion. For example methyl lithium is best prepared
using corresponding iodide. It seems fair to comment at
this stege that some of the literature repqrting yields as
high as 70% in preparations of alkyl lithium reagents in
hydrocarbon media and at temperatures from 0° to SSOC are
quite misleading and inaccurate. Many painsteking attempts
to reproduce some of this work resulted in continued and

almost total failure. Yields never exceeded 15% and these
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observations are not surprising in view of the foregoing
discussion. Perhaps some of the literature claims msy be
described as ambitious, or some essential feature had been
oritted in the experimental deseriptions. As a consequence
methods were evolved, as described in the "Experimental”
section, based on the use of ether solutions with the
preperation and synthetic reactions moderated by eddition of

benzene and by extending the working temperature range to

"'550 .
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Choice of conditions for the reaction.betweén Lithium

alkyls and S-quinolinocl.

Most of the potassium and sodium alkyls are regarded
as salts and cannot be used for 2-alkylation of 8~quinolinol.
The small size (ionic radius 0.6°A) and high polerizing
power (0.08 in arbitrary units F = 1,00) of the lithium
ion results in lithium alkyls' having characteristics of
covalent compounds and it seems unreasonable to associate
them with a simple salt-like constitution. This argument
is further substantiated by the electron deficient

structure50

and polymeric state of various alkyl lithium
derivatives, e.g. ethyl lithium is either a tetTamer or
hexamer and tert-butyl lithium a tetramer in hydrocarbon
solutions. This may be considered in the light of
dimeric,tetrameric and hexameric uggregates held together
by electron deficient bonds. The actual degree of
agsociation depends on the alkyl group involved and the
solvent or solvents used. e.g. in €ther medium the order
of increasing stability51 of the lithium alkyls

is tert-butyl < sec-butyl * isopropyl = cyclohexyl
<isobutyl < n-propyl < methyl. Use of the

ether lowers the dissociation energy of the polymeric species
and speeds up the exchange process shown below. The

reaction consists mainly of nucleophilic attack on the

a~carbon atom followed by olefine elimination e.g.

n-Buli + CH3 CH2O CEH __~€>CH3 CHL1002H5 + Chﬁlo

5

CEHh +02H50L1
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Similarly (CH3)3 cLi +Cylls o (:211S - (CH3)3 CH + Cp HY 1i
+CH2 = CH2

(crzs)sct,i + CH, = CH, —> (CH3) CCH, CH, Li

2 2
3

(CH3?3C Li

(CH) C CH, CH, (?C(CH

)
3 3’3

This exchange processsa 25k

between alkyl lithium and lithium
helide (by product) in condensation of lithium with an alkyl
halide is also rapid at room temperature but it is stopped at low
temperature with the formation of alkyl lithium lithium helide
molecular complexes. This interaction of alkyl lithium, ether
(a Lewis base) and lithium helide at low temperature has been

successfully used in promoting a~alkylation of 8-quinolimol

to obtain 2-tert-butyl-8 quinolinol.

Thus each 2-alkyl substituted B-quinolinol required its own
exact conditions for optimum yield, as could be predicted

from the theory outlined sbove,
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CHAPTER FOUR
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4.1, Preparation of §-methoxyguinoline:

Apparatus: A one litre three necked reaction flask fitted
with stirrer, condenser and a dropping funnel was used for all

experimentsl veriations as shown in Fig. 1, (page 39).

k1.1  Skraup condensation.la’55

The condensation of o-ansidine with acrolien in presence
of C-anisole was found unsatisfactory. The experimental
conditions were varied as described by Haba3. Acrolien
was double distilled to avoid polymerized materiel., The
temperature was varied from 60° to 140°C. Acrolien was elso
replaced by glycerol asnd Q-anisole by arsenic oxide to establish
milder conditions for condensation. Sulphuric acid was used
in place.of hydrochloric acid to minimize dilution effect.

The condensation time was veried from few minutes (after
addition of aldehyde) to 48 hours. However, in most cases the
resulting products were either resinous matter or fhe unreacted
materials. The yield of the desired product did not exceed

5%. Therefore the method was abandoned.

h1.2 Direct methylation of 8-quinolinol.

The method described by Vargolici and Rothlinh3 was

sucecessfully uséd to get the desired product. The methylation
of agqueous alkaline 8-quinolinol using dimethyl sulphate is
highly exothermic. Therefore the temperature was controlled
at 60-70°C while dimethyl sulphate was being added. After
the addition was complete, the reaction mixture required

8-10 hours additional stirring at 70°C for completion of the
reaction. The separation of the product could not be
affected by stesm disbillation as it was expected, and found,

to be non-volatile. The product vecuum distilled at ~ lmm






4o,

and 100°C, was identified as S8-methoxyquinoline m.p, 45%.

The yield calculated on the basis of 8-quinolinocl used was ~T0%.
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k.2 Condensation of lithium alkvls with 8-quinolinol

Apraratus: The agsembly of spparatus used in the
preparation of lithium sand and subsequent condensations
with alkyl halide and S-~quinolinol was similar to that used

56

by Perrine,” slightly modified for experimental requirements

of this work as shown in Fig. I.

h.2.1 Preparation of lithium sand.

The lithium san_dsé or ribbon’' suspended in the
appropzriate solvent under a stream of dry argon i‘las
been used successfully for the preparation of lithium
alkyls. The presence of any metal oxide or traces of
moisture decreased the efficiency of condensation drastically.
However, the sodium content of the commercial lithium used
(mexdmum limit 2%) was found advantegeous in initiating
the reaction between lithium and alkyl halides, especially
at low tempersture., If sodium content of lithium was increased
by deliberate addition during the sand or ribbon meking process
so that the total sodium content was sbove 2%, then the
titration results indicated a poor yield of lithium alkyl.
At the same time the insoluble residue normally found at
the end of preparations was considerebly increased in bulk
and consisted mainly of lithium halide. Higher proportions
of sodium were therefore disadvantegeous and the fortuitous
2% content of the commercisl lithium appeared to be a suitable

compromise for optimum yield.

L4.2.2 Preparation of 2~ethyl~ 8~ guinolinol.

Scheme (ii):~ 1.5 mole of lithium sand was suspended in 200 ml
of dry benzene under a stream of dry argon. 0.2 mole of

8-quinolinol dissolved in 200 ml of ether and 0.5 mole of
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ethyl bromide diluted to 200 ml with benzene were added
elternatively to the lithium with vigorous stirring in

5 ml increments. The temperature of the flask was maintained
at 55-6000. The addition of reactants was completed in 3 hr.

The reaction mixture was left stirring overnight (12 hr).

The reddish-~brown solution was filtered through a plug
of glasswool and extracted into warm agueous acidic phase.
After neutralizgtion with sodium carbonate, it was re—extracted
in 500 ml ether and dried over anhydrous sodium sulphate.
The product was concentrated by distilling off the ether and vas
then subjected to steanm distillationS. The distillate was
cooled in an ice box for 12 hours and the solidified product
was filtered end collected. After several recrystallizastions
coupled with activated charcoal treatment and n-pentane, pure
product was obtained; melted at 50-1% and was identified
by mized melting point identity with that produced by HabaS.

A 30% yield was obtained, calculated on the basis of 8-guinolinol

used.

Scheme (iii). 'The experimental details were similer to those
described for scheme (ii), except that, 8-methoxyquinoline

was used in place of 8-quinolinol. The crude product after
reﬁoval of ether obtained was refluxed with 487 hydrobromic acid
for 48 hours. After neutralization, repeated steam distilletions
and then rigorous recrystallizetions and charcoal treatment

in n-pentene, a very small amount of the desired product was

obtained.
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Prevaration of 2-isopropyl-8-quinolinol.

‘he procedure followed was essentially similar to
that used for preparation of 2-ethyl homolbgue.
But the addition of the reagents was carried out at
room temperature and the reaction mixture was left
stirring for ~ 15 hours. After neutralization
of the aqueous acidic extract, the solid product
wes obtained. Therefore, the finslether extraction
ves omitted. The purified product melted at 90-1°¢
end wos identical with that reported by Hgba3-
A yield of 50% was obtained calculated on the basis of

8~-quinolinol used.

Preparation of 2-tert-butyl-8-quinolinol.

The condensation was carried out in two stages.
First tert-butglithium was p%epared as described
by Bartlett and Leffertg8. However, the experimental
details were chosen as described here i.e. 2. mole
of lithium sand suspended in 200 ml ether were cooled
to -35 to -40°C. 1.0 Mole of tert-butyl chloride
diluted with an equal volume of ether was
added dropwise with vigorous stirring over a period
of three hours followed by 100 ml of solvent. The
stirring was continued for ar additional two hours.

A 5 ml aliquot of the reaction mixture was pipetted
out in duplicate and titrated?T’sg The titration was
repeated thrice at 30 minutes intervals. The
consistancy in titration for a period of 2 hours
indicated 1little change in concentration of tert-butyl

lithium formed which esmounted to ~ 50% yield.
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Second 0.25 mole of 8-guinolinol in 200 ml of

ether was added to this analysed solution drop by drop and
the tempersture maintained at -35°C. After the addition
of 8-quinolinol the temperature was allowed to rise to

room temperature while stirring wes continued (~ 12 hr).

The rest of the procedure was identical to that applied

~:E'or purification of 2-ethyl homologue. The product

obtained melted at T0-1°C (mixed with 8-quinolinol,
m.p 55°C). A yield of 20% was obtained calculated on

the besis of 8~quinolinol used.

Materials used.

All the chemicals vere A.R. grade supplied by B.D.H,
Griffin and George, Hopkin and Williams, end Koch-light
laborstories. They were further purified by recrystallization
and double distillation etec. as necessary immediately
before use. Tert-butyl chloride was prepareéo freshly .
flvents such as ether, benzene and g_-ﬁentane were

dried over sodium wire.
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Physical properties of 8-quinolinol. and 2-alkyl

homologues.

The physical properties, related to structure,
identification and analytical tests of 8-guinolinol
and 2-alkyl homologues have been studied cxbensively.
A remarkable feature of alternation of some properties
such as melting point and solubility elong the series
was noted. This has been employed to predict
physicochemical paremeters such as Ko/Pg ratio and
stability constants of metal chelates in solvent
extrection work. Emphasis has also been placed on
comparison of the properties of 2-alkyl-8-quinélinols

between themselves and with 8-quinolinol.

Melting points and microsanalyses.

The melting points and elemental analysis
recorded table ( T ) identified presence of new
products, which were substantiated by other methods

of identification.



Table I

An
Compound Empirical Molecular g-P alyses
formula weight C C : H N
found Pealculated HFfound %ealculated Ffound Zealculated
8-quinolinol  Cyft 0N 145 75 —_ TS — h.9 — 9.6
- - A l 9 "l' —— . we——— 5 L] 7 — 8 . 8
o-methyl Cy gH O 5 7 75.5
8~guinolinol
-~ and 4 - 6 . 6 . 6 . 6 . h 8 [ 2 8 . l
2-ethyl CllnllON 173 50-1 T6.1 T6.3 3
8-quinolinol
2-isoprepyl~ C, JH, JOf 187 9c-1 76.8 770 6.9 7.0 7.0 T.5
8-quinolinol -
2-tert-butyl- C13H150N 201 TO0-1 TT7.5 7.6 T.5 T.5 T.0 7.0

" 8~quinolinol

.Ln
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Determination of U.V. gbsorption maxima.

The ultra viclet abserptien spectra of 8-quinolinols
and metal chelates were recorded in the range of 220-500
nm using llilger Uvispeck model 402 spectrophotometer, for
aqueous and o~ cichlorobenzene solutions. The results
were reproducible to : lpym. The molar ebsorptivities of
8-quinolinsls in water st 240-260 nm were of the order of
15,000~70,000 - remarkebly high figures approaching the

6l

"theoretical maxima" . Therefore reasonable absorbances

were obtained even on 15h - laéM aqueous solutions.

The overall pattern of the spectra was similar to that
reported by Habg. However, the use of O-dichlorobenzene

in place of cyclohexane has shifted the absorption maxima

by 10 nm in either direction. The Anay 8nd molar sbsorptivity

values of 8-quinoclinols and metal chelates are summarized in

table IT and IIT

wvhere HR = Neutral species of the 8-quinolinol at pH=T.

H.R = Protonated form of the resgent at pH<2

4
2

=y
L}

Dissociated form of the reagent at pH>13



Table II

U.V. absorption maximas of 8~quinol.imvls{molar absorptivities in parentheses)

Compound Absorption maxima

o-dichlorobenzene

8-quinolinol 297

2-methyl- 298
8-quinolinol
2-ethyl- 316
8~quinolinol
2-isopropyl- 298
8-quinolinol
2-tert-butyl - 318

8-quinolinol

in
(nm)

(k100)

(L4500)

(1900}

(4100)

{1900)

Absorption maxima in aqueous solution

pH ~ 7 "HR" PH<2 HH»2R+"

I I T IT JIIT
260 306 260 361 317
— (2600) — (1350) (1300)
25k 321 255 321 310

(1900) (1800) (42000) (1600) (1k00)

2kl _ 253 320 _
(38000) . (62400) (4400)
256 321 256 321 -

(Lkoo0)  (6000) (69000) {5709)

pH>13

260

256
(35000)

25)
(50000)

255
(67200)

IT

334
(2050)

336
(1700)

330

(6000)

32h
(11400)

061.(



Table III

U.V. wosorption mexima of metal- 8-quinolinol chelates in o-dichlorcbenzene (Molar gbsorptivities in parentheses)

Chelating agent
&-quinolinol
2-meiayl-

£--3rinolinol

2-ethyl-
8-quinolinol

2-isopropyl-
O~gquinolinol

C-bert-tutyl-
8-guinolinol

Cu2+

ho2
(L4600)

Lon
(4500)

HTole)
{3900)

Loo
(4300)

ko2
(10,000)

o

39k
(5000)

307
(5900)

392
(4200)

394
(4600)

Zn2+

392
(1900)
390
392
(2ho0)

392
(2500)

2%
I-IJ,2

385
(5200)

378
(4500)

390
(3050)

375
(4500)

-4

(3530

Ga3+

nye
(8000)

Loo
(3900)

400
(9300)

hoo
(6900)

3t

400
(8200)

ho2 -
(7500)

W

hoo
(12,000)

(9600)

Fe3+

L2
(8000)

460

Lo6
(6000)

Lo6
(5300)

h71

°0S
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Infrared spectroscopic interpretgtion.

Solutions of 8~quinolinol and its 2-alkyl
homologues in carbon tetrachloride or cerbon
disulphide were exemined at concentrations of 10 mg/ml
in 0.5 mm potassium bromide cells on a Perkin Elmer
model 621 instrument. The 8-quinolinol and 2-alkyl
homologues have no significant absorption at the
regions where total sbsorption of cartontetrachloride
(820-725 cm™) snd carbon disulphide (2,220-2,120 cm>),

~1
(1,630~1,420 em ) oceurs.

The few characteristic Pesks are assigned as

follows:

(i) At 3,400 Y10 it s strong sbsorption band is
obtained in all spectra which is probably due to the -

O-H bond stretching. It is found absent in the

8-methoxyquinoline.

(ii) At 3050 ¥ 10 ci; the bend gbserved in 8-guinolinol
is probably due to C-H stretching. In the 2-methyl
homologue an additionel bend at 2220 cm.'-l is

observed but in 2-ethyl, 2-isopropyl snd 2-tert-butyl
homologues three more bands at 2,970, 2,930 and

+ -
2870 - 10 em 1 are probably due to replacement of

H-atoms of the 2~methyl group with alkyl groups incressing

the intensity of bands duc to C-H stretching.

(iii) At 1600-1570 ¥ 10 em™ the bands observed in
all 8-quinolinols are probably due to C== ( vibrations

mixed with C = O stretching frequency.
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(iv) The deformation and broadening of the bands

in the region 14701300 * 10 em *

of the spectra may
probably be assigned to the stretching vibrations of the

substituent alkyl groups at the 2-position of 8-quinolinol.

(v) The identicel bands observed in the region 1300-650
emL of the spectra of 8-guinolinol and its 2-alkyl homologues
may probably be due to‘hetrocyclic ring system and

overtomnes.

It appears from the development of the spectra along
the series -H ~+ —CH3 > —C2H5 > --03H7 -+ —ChHQ
1

that the bands in the 2900-3100 cms 1

end 1400-1600 em
regions are most useful for characterization purposes.
Other fectures remain remarkebly constant throughout the

series. The spectra are given on page 53,
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Interpretation of msss spectrsa.

The mass spectra of 8-quinolinols were recorded on
AEI ~ MS12 doublefocussing spectrometer. The compounds
show considerasble stability as the parent molecule 'p"
continues to be present in abundance. The possidle
fragmentation is considered to have produced ions of
mass numbers (p+l), (p-1), (p-15), (p-27), (p-29), (p-43)
and (p~57) as stable ions. The nunbers subtracted
from "p" in these brackets correspond to mass numbers
of H-, ~CH,, HCN, —CH,~CH,-, ~CH( CI-13)2 and C (CH3)3__
respectively. Some lines observed in spectra have also
been considered to have emerged from the (p+l) ion.
For example {p-27) may be written as (p + H - 28).
Similar argument may be extended for (p-56) and (p-58)

ions.

The wvalues are also recorded for the small mass numbers

considered to have been ejected from the parent molecule
during fragmentation. They are not in accordance with
the corresponding residual large fraguments. This jig
quite possible since these ions rearrange dUring the
process and give rise to mumerous metastable traensitions.
In cese of 2-methyl homologue the low sbundance of "'p"
may be attributed to different setting of instrument.

In general, mass spectrs are in accordence with the
pettern of fragmentation observed for quinoline
compounds and verify the inéividual structural

features of each homologue. The results are presented

in table 1V,



Table IV

Relative abundance of selected ions in the spectra of 8~quinolinols

8~guinolinol

Cenmpound Molecular Mass number.

weight p P+l P-1 P-15 P-27 P-28 P-29 P-43 P-56 P-57 P-58 128 129
" 8~quinolinol 1k5 100 16 16 - 96 ol - - 50 L L 8 8
2-methyl- 159 L 36 L - 100 56 - - 28 20 - - -
8-quinolinol
2-ethyl- 173 100 2b 96 12 k4 - 96 4 96 99 99 Lo 8
8-gquinolinol
2-isopropyl~ 187 100 12 52 99 36 - - 20 8 L - 8 L
8~quinolinol
2-tert-butyl- 201 80 12 L 100 8 56 L 4 32 8 ) 8 8

27

Lo

52

16

28

20

ko

S8
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Interpretation of proton magnetic resonance spectra.

Proton magnétic resonance spectra of 8-quinolinol
and 2-elkyl homologues were taken on a Verien HA - 100 -

instrument. The positionsof the proton resonance were

measured relative to single line due to resonance position

of the twelve equivalent protons of tetramethylsilane

"TMS" by arbitrarily essigning 0. The chemical

Vius
shifts "1"'of the protons were calculated eccording to
the relstion;

T =10 - & (ppm)

vhere § = Vg = vas/loo

The chemical shifts are completely in keeping with the
change of proton environment along the series, and with
the substitution in the 2-position in all cases; the
arecas under the various regions of the spectre are also
in correct ratio with the nurber of protons in the
corresponding various chemieal environments. Results

arc summarized in bableV



Table V

N.M.R. Spectra assignment.

Compound "+" values Multiplicity of Assignment
the peak. Phenolic  Hetrocyclic Aliphatic side chain protons
protons ring protons methyl methylene methine tertiary butyl
~CH ~CH,- >CH- -
3 2
8-quinolinol 2,02 doublet v
2.92 complex superimposed v
2-methyl~ 2.12 doubiet Y
§~quinolinol 2.82 complex v/
7.38 singlet v
2-ethyl~ 2.15 doublet Y
8-quinolinol
2.88 comlex v/
7.12 .guadraplet Y
8.68 tripXst 4
2-isopropyl-  2.1h doublet 4
8-quinolinol 2.88 complex v -
6.90 heptet J
8.6k doubl:.t v/
2-tert-butyl- 2.1k doublet vV
8-quinolinol 2.86 complex v

2.64 singlet A w

4

et
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P.M.R. Spectra of 8-quinolinols.
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59.

X-ray powder diffraction

The x-rey powder diffraction studies were made on
8-guinolinol, 2-alkyl homologues and corresponding
chromium chelates using & Phillips PW 1310 diffractometer,

The "a" values were calculated according to Bragg equation

The data obiainediere not enough to draw definite
conclusions. However, the d-values reported by Merrit65,
Habg, ASTH were compared with those obtained in present
work. Mincr differences in the numericsl values recorded by
each worker mey be attributed to experimental
conditions used. In the present work, no definite trends
are observed in the intensity order of the d-space
calculations as attempted by previous workers§5 »3
But the.comparison of "d" wvalues of 8-quinolinols emong
themselves and with corresponding chromium chelates indicsated
that it mey be possible to identify components of a
mixture, e.g. & mixture of 8-quinolinol + 2-alkyl
homologue or 8-quinolinol + chromium— 8~gquinolinol
chelate. This is possible because the . equivaient
d~values of metal chelates are higher than for
8-quinolinol. This indicates that chelation results in
Prmation of new unit cells quite diffcrent from those
present in free resgents. Also, the comparison of
first eight "d" values for chelates of 2-ethyl-
and 2-isopropyl - &~ quinolinols indicated that
clectron density for M-0 and M-N bonds in case of
2~ethyl - 8-quinclinol mey be lower than in 2-isopropyl

homologue. This could be explained by arguing that
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M-0 =nd M-N bonds are lengthened in case of chelastion of
27iégpropyl homologue to accommodate the influence of steric
effect of brenched isopropyl group. However, the increased
electron density of such bonds may be attributed to operation
of the imuetive effect due to the shift of lone pair of
electrons on nitrogen in coordination process. This explanation
may &lso be extended to chromium chelates of highly branched
tert-butyl homologue. In such case it may be predicted that
the steric effect will inecrease the bond length. More useful
conclusions can be drawn from the present work only if indexing
and space group determinations were possible. Indexing powder
patierns is simple only for cubic space groups. In this series
of corpounds or chelates, a single crystal work is necessary for
spaece group determinations andestablishing of a unit cell and

crystol structures.



Table VI

¥-ray powder diffraction lines of 8-quinolinol:and 2-alkyl homologues.

Compound 'qd' values in order of decreasing intensity

8-quinolinol 6.28 9.49 3.82 3.19 7.23 5.78 3.49 4.73  3.15 L4.50 3.30 2.37 3.62 3.55 3.13 2.88
2-methyl- 3.93 3.69 T7.91 5.k2 3.16 5.93 5.53 h.03 8.70 3.09 5.98 5.02 kil 576 L.96 3.73
8-quinolinol

2-ethyl- 7.03 L4.89 4,17 3.19 6.30 4,53 3.890 3.51 3.14% 5,26 5.22 3.81 5.5k 3,31 2.92 2.41
8-quinolinol

2-isopropyl 3.2 L.00 5.03 T.24 L.G67 hooh 3.60 5.38 3.25 6.46 5.69 5.4 3.42 3.29 3.92 3.53
8-quinolinel '

2-tert-butyl .58 k.56 5.47 3.69 5.17 3.28 5.78 6.76 415 T7.37  4.03 2.7% 3.8% 3.82 k.29 2.93
8-quinolinol

o-[9



Table VII
X-roy powder diffraction lines of chromium chelates.

Chelating agent ' "@" values in order of decrcasing intensity.

8-quinolinol 11.29 '3.85 5.82 12,11 1T7.00 5.71 5.58 7.90 13.96 L.,96 3.76 5.21 3.60 3,65 5.63
Z-pethyl- 7.92  9.95 11.19 3.47 5.59 12.38 kL.97 3.28 3.2 3.51 5.09 6.8 6.20 5.87 3.09

8-quinolinol

2-ethyl- 8.78 T.15 8.06 516 k03  3.62 k.27 k7T 3.82 T.52 3.92 T7.58 T7.82 L.57 5.37
8-guinolinol

2-isopropyl 10.8 8.12 8.30 9 &9 7.97 .39 T7.61 5.3 .88  3.79 3.61 k.15 3.53 :5.21 6.99
8~quinolinol

(o)
o
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65.

Determinction of solubility ratio.

Saturated aqueous and o-dichlorobenzene solutions

of the reagents or metal chelates were obtalned by

shaking excess of the solid with water and o-dichlorobenzene

separately in & thermostet at 25 O.lOC, using an
afmosphere of pure nitrogen and then filtering. Tae
aqueous solutions were back-extracted in smell known
volumes of o-dichlorobenzene and the o-dichlorobenzene
solutions were eppropriately diluted. Absorbance of the
filtrate was measured at the Apax of the respective
compovnd in & high precisicn spectrophotometer
(Hilger Uvispec H TO0). The solubility ratio "SR"

or “SC“ was calculated according to relation.

Molear solubility in o~dichlorobenzene

Solubility ratio =
Moler solubility in water
This solubility ratic has heen taken to be the same
as the partition coefficient, as similarity has been

established with PR values esleulated from extractability

formulg
1
E =
vV KR L
1+A o 2, WY
+
PpVs {1} KRz

?
[=9

. . +
using experimental values of B, H . KR . KR Va and VO.
1

The experimental volues of "SR" or "SC" are also
. . . 3 .
in close agreement with previous work, It 1is also

interesting to note that a plot of log PR versus nurber

of metliyl groups substituted in 2-position of
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8~quinolinol gives e good linear reletionship for the reagents.
Similar relationship could not be found for "Sc" for copper
cheletes due to alternation of results. The alternation of
"SC" values may be attributed to "KC", K.Rl, and KRQ values.

In absence of cxperimental "SC" value for copper—-2-tert-butyl -
8-quinolinol chelate, it was predicted and then used in
subsequent calculations for evaluetion of stability constants.
The results obtained were found to be in close agreement with
stobility constents of other copper chelates. This confirmed

N

the validity of experimentel epproach in evaluating "SR

and "SC" values.

Table  VIII

Solubility ratio data. (Figures in parentheses indicsate

3
P, values celculated from extractebility formula)

Cormpound Solubhility ratio of Solubility ratio
the reagents "SR" of copper chelatcs "SC"
8~quinolinol 3.6 x 10° (2.5 x 102) 1.5 x 102
2-ethyl- 1.2 x 10° (9.5 x 102) 1.0 x 10h
8-quinolinol
2~ethyl- hh x 105 (4.0 x 103) 4.7 x 103
8-quinoiinol
o_i _ L A3 5
isopropyl 1.5 x 200 (4.1 x 107) 1.1 x10
8-quinolinol
. L L by s
2~tert-butyl 7.1 x10 (6.9 x10°) (7.9 x107)

8-quinolinol

#Predicted value.
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69.

Chelation properties of the reagents.

Attempts have been made to prepare chelates of a
wide selection of metals with 8-quinolinol and
2-alkyl homologues. 10.0 ml of 0.1M solutions of the
metal ion were diluted to 50 ml with water, 10 ml of
2N acetic acid and a slight excess of tartaric
acid were added, followed by 10-15% excess of the
reagent in either dilute acetic acid or methanol.
Precipitation was affected at -60°% by careful
addition of 1 + 1 aqueous ammonia solution until the
precipitation appeared to be complete, and the
suspension was digested on the steambath for 20-30
minutes. Where precipitation wes obviously inefficient
or e%en absent, tartaric acid was emitted and the
solution was basified cautiously with dilute sodium
hydroxide solution. The pH was meesured with the
narrow range pl papers with an accuracy of ¥o.3
units. In general, yields decreased with increasing
size of alkyl group and, in the case of the 2-tert-
butyl—é-quinolinol, were clearly affected by ionic radius
of the cation. At the same time, the pH required for
initiating precipitation, and for making it reasonsbly
effective, increased along the series

“H——s = Oy — - CHy 5 - CH(CH3)2 — C(CH3)3.

For the isopropyl and tert-butyl homologues,
extensive digestion times and use of aqueous methanol as
solvent were often found necessary for even partiel
recovery of the chelates. This indicated that the higher

homologues were unsuitable for gravimetry of most metals.



70,
Teble IX
Results of precipitation of metal-8-quinolinol chelates.

(Figures in parentheses indicate pH range used for effective
precipitation).

Metal Iomic 2-gubstitwent >

ion radii ~H ~CH, ~Cpll; -CH(CHg), -C(CHz)3

a3% 0.50 ++ - - - -
(3.0+5.5)

ga3t 0.62 ++ + ++ ++
(3.05.5) (5.5+8.0) (5.5+8.0) (5.5+8.0)

ce3*  0.63 ++ + + + -
(h.0+5.5) (k.0+5.5) (4.5+6.0) (5.5+10.5)

we3* 0.6k + ++ + +
(k.3+5.0) (3.0+5.5) (3.0+5.5) (L.5+7.0)

3+

Cr 0.69 ++ ++ -

(L.5+8.0) (L4.5+8.0) (h 58.5) (5 5 =+ 10.0)
In3+ 0.81 + +4 -

(2.5+4.5) (5.5+8.5) (5 5+9.0) (5 5+ 9.0)
m3*  g5.95 — ++

(4.0+8.0) (k4.0+8.0) (u 0+8.0) (5 0 -+ 8.0) (5 0280}
Cul+ 0.60 4 ++ &

(3.5+5.5) (3.5+5.3) (h 0+7.0) (h 5 + 7.0) (5.5+10.0)
2t 0.65 ++ ++

(5.5+8.5) (5.5+8.0) (5 5+8.0) (5 5+ 8.5) (5 5+11.0)
mH7Y o2 + 4 +

(4.5+9.0) (5.5+10.0) (5.5%. o)(s 5 -+ 10.0) (5 5+10.0)
Zn2+ 0.7h4 =+ RS + + +

(3.5+5.5)"  (4.5+5.5) (5.046.5) (5.5+10.0)  (8.5+12.0)
wm?" 0.80  ++ ++ A ®

(L.0+5.5) (5.0+7.0) (5.5+8:0) (5.5+9.0) (5.5+10.5)
He2T  1.10 o

(3.007.0)
Pb2+ 1.20 ++ +4 + + +

(3.5+8.0) (3.5+8.0) (3.5+9.0) (5.5+10.0) (5.0+12.0)
Key: ++ cuentitative or almost quentitative precipitaxiOn.

+ »>504 preeipitation
& incomplete (& 50%) or product of doubtful composition.

- does not react.
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Dissociation and protonation constants.

The dissociation and profonaﬁion constants
of 8-quinolinol and 2-alkyl homologues were
determined spectrophotometrically at constent ionic
strength of 0.1M in sodium perchlorate. Absorbances
were measured at preselected wavelengths, as a function
of pH. The dissociation and protonation constants
.were calculated according to relation.

{dissociated form = R~
pH = pK + log h ’

{undissociated form = HR}

when: i
Aun = minimum sbsorbance by the reagent at
one extreme value of pH = sHRbc
Amax = maximum absorbance by the reagent ai
opposite extreme values of pH = e, be
and A; o= absorbance by the reagent at eny pi
ther A; = epp b{HR} + eq b {R}
.y, (AimAniy)
{#RY =
(Améx.Ai)

and pH = pK + log (Ai—AMin)

(Amafoi)

This expression has been applied in the

(A;-Amin)
(Agex~24)

excellently linear plots of pH vs log

Some of the results were detetrmined for solvents of
dioxan-water mix%ures, since it was originally

intended to use such media for the relatively insoluil=z

higher 2-slkyl homologues and then obtain pK

values in water by extrapolation to zero dioxon counbens.
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This method appeared to be satisfactory, but unnecessary, es
reassonable absorbances were obtained at very low concentrations
of the reasgents in adueous solutions, especially whilé-
operating at the little used 240-260 nm range of absorption

maxima. The results are summarized in tslle X and XI,

Teble X

Protonetion and dissociation constants of 8-quinolinol and

2-alkyl homologues (literature values in parentheses).

Reagent Waevelength D P
used (nm) KRl KRE

61,62 . .

8-quinolinol 306 9.18-0.02 4, 74-0.06
(9.81) (4.91)

2-methyl- <. - (10.31) (5.54)
8~quinolinol ~.
2-ethyl- 251, 9.97 ¥ 0.16 5.38% 0.05
8-quinolinol .
2-isopropyl- ol 9.20 £ 0.06 5.12 ¥ 0.03
8-quinolinol
o-tert-butyl- 256 10.05 ¥ 0.07 .72 2 0.04

8-quinolinol
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Table XI

Protonation and dissociation constants of 8~quinolinecl in

Dioxan - water solution (wavelength used = 306 nm)

% Dioxan (v/v) PK; PRy

1 2

5 9.12 ¥ .01 4,72 ¥ 01

10 9.24 ¥ 01 4.69 ¥ .02

15 9,79 ¥ .03 4.56 > .01

20 9.98 ¥ .03 4.21 < .07

25 10.07 ¥ .02 4.31 = .04

« + +

07 intercept 8.85 - 0,14 4,89 - 0.12
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Th,

Electron Spectroscopy for chemical analysis "ESCA".

T2
This new technique was pioneered by K. Siegbshn et-al.

The main purpose of the work described here was to study
the chemical environments of various atoms present in

free reagents and corresponding metal qhelates, for example,
calculate electronegativity of nitrogen in these

compounds or the part played by inductive effect due to
2-gubstitution of 8-quiﬁolinol with different alkyl

groups. The technique is based on the fact that the

wave function of the outer electrons (valence electrons)

of different atoms overlap each other when they are
combined. This overlapping involves a displacement and
redistribution of electric charge over the atoms in
combined state. The redistribution affects the core
electrons (inner electrons . such as " I8 " electrons).
The effect is of the same order of magnitude as energy of
a chemical bond i.e. = 418.6 Kjoule/mole or kev.

In fact, the core electrons of different atoms are

not involved in direct interaction when atoms form a
molecule and should not be mistaken to have taken part
in bond formation or any other phenomenon as outer
electrons do. However, a high precision spectrometer
such as the "ES 100" is quite useful to monitor

the different energy states of core electrons.

The difference of energy between standard
and combined states is taken as a measure of binding
energy of an atom, also termed as chemical shift.

This chemical shift is based on the following relationships.
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AE = g, K, o+ §¢EB /

BAB
where Kyo = Average interaction between core electron and valence
glectron on an atom A.

9 = Charge difference on that atom between the molecule

and the reference system (provided the two centre

electron interasction is assumed as between two

point charges = 1/Ryy

it may be rewritten as-

BE, =kq, +V+1

where k and 1 may be determined by least square
fit to experimental data.

V=1 qB/R
“AB
B#a

= interatomic effective potential i.e. molecular
potential

or AEA =k Q-

Experimentally following simplified relationship was used

Es= EO—Eb

n

where ES = energy at which the line occurs.
E_. = energy of X-ray source

binding energy of element under investigation.

ol,’ﬁ

instrumental factor

=
L}

150

This gives a direct measure of shsolute charge on an

atom in its various states of combination and can easily
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be correlated with different properties of an element, such

as electroneg.bivity, and partial ionie character.

Although, correlation between measured chemical shifts
and the above mentioned parameters have been established for
& number of ‘gaseous and solid diatomic and polyatomic

molecules73

s lack of sufficient experimental data and limitations
imposed by the use of protofype ES 100 do not permit the author
to interpret the exploratory findings (table XII) of the "ESCA"
work carried out on 8-quinolinul and metal complexes on

quantitative basis. Therefore the results given for this work

have been interpreted qualitatively with caution as under.

The chemical shifts indicated more electronegative
character for carbon atom; less for nitrogen, oxygen and

magnesium atoms as compared with their reference state.

The observation is in line with the theoretical predictions
that 2-alkyl substituted-8-quinolinols will form less stable
complexes with metal ions due to steric hindrance exerted by
an alkyl group in 2-position and operation of en inductive
effect. The steric effect will be pronounced in case of more
branched alkyl groups such as isopropyl or tert-butyl which in
turn increased M—O and M—N bond length to allow disposition
of reagent molecules octshedrally around a trivelent metal ion

in chelate formstion.

Acknowledgenient. The author thanks the management and staff of

the consultant lsboratories of GEC-AEI (Electroniecs) Ltd.
Menchester, for their cooperation to use prototype electrospec

ES 100 and MS 12 spectrometers.



Table XII

Electron Spectroscopy for Chemiénl Analysis data.

' ' : . Elements
Compound . .
No. us eg Carbon Oxygen:.. ) Nitrogen Magnesium
A B A B . A B A B
1 Apizon grease® 80-3.8ev 2.3ev - - - - - -
"2 Magnesium oxide* .- - - - : 78.6-7.0ev 3.3ev -
3 Paraformaldelyde® - - 63.b-4.8ev 2.7ev - - - -
L Silicon nitride® - - - - 72.5-5.8ev 2.6ev - -
5 Magnesium- 80-3.€ev 2.9ev 63.5~2.5ev 2.6ev T2.5-5.5ev 2.2ev 78.7-k.Tev 3.lev
8~quinolinol
6 Magnesium-2-isopropyl- 80'—i;.9ev 3.0ev 63.5-3.Tev 2.Tev no signal - 78.7-6.02v 3.3ev
8-quinolinol
T 1+1 mixture of No. 5 80~L4.1lev 3.lev 63.5-2.9ev 2.8ev no signal - 78:7-5.Tev 3.0ev
and 6 complexes
Key =*;i_’-ﬁefe'rence compounds used for correspondilg element,
A = peck height
._q
= 3

peek half width
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Cyclic voltammetry of 8-quinolincl and 2-alkyl homolegues

The cyeclic voltammetric investigations of the reagents
were attempted with and without the presence of aluminium

in DMF solution, using the hanging mercury drop electrode.

The drawn out form of the cyclic voltammogram in
all cases indicated an irreversible reduction of the reagents,
possibly the formation of 1:2:3:4 tetrshydro-8-quinolinols.
However, according to stock66, the electroh capture
followed by ébstraction of a proton from the solvent and
dimerization of the free radical, instead of further
reduction mey be assumed to have prevented the full
development of the drawn out wave. The voltammbgrams
obtained for 8-quinolinol and 2-alkyl homologues in
presence of aluminium (111) shewed that the potentials of

reduction of eluminium (11. ) and the reegents can be

measured except for 2-tert-butyl 8~quinolinol.

However, in case of 2-tert-butyl-8-quinolinol + aluminium
the overlapping of the potentials éf reduction msy be used
advaentageously as reported by Galova67. Therefofe, it
may be concluded that, these reagents, especially,
2-tert-butyl-8-guinolinol can be spplied successfully in
the study of metals in exceptionally small quantities by

cyclic voltammetry. The peak maxime values have been

summarised in table XIII.
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Table XIIT

Cyeclic voltammetric results. (Figures for reagent + aluminium (111)

are given in parentheses),

Reagent Peak maxima (wolts)

Reagent Aluminium

I IT 11X
8-quinolinol ~-2.0 -2.62

(~2.08) (-2.70) (-2.30)
2-methyl- . =2.06 -2.63
8-quinolinol (-2.14) (~2.72) (-2.30)
2-ethyl- -2.05 ~2.70
8-quinolinol (-2.12) (=2.72) (-2.28)
2-isopropyl- -2,09 ~2.75
8-quinolinol (-2.11)* (-2.75) (-2.25)*
2-tert-butyl~
e ] -2.04 -2.81 .

8-quinolinol (-2.17)* (-2.79) (-2.27)"

¥Pegks overlapping.
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Method of Continuous variastions.

To establish the exact composition and nature of
the extractable chelate species taken into o-dichlorobenzene
and which ebsorb in the wavelength region used for
experimental purposes, the method of continuous variations
was used. The solutions of cupric asnd ferric chelates of
8-quinolinol and 2-alkyl homologues were studied. The
results (table XTIV indicated that mixed delates of the
type MRC1O), MR, C10) end MR(C1 0,), -etec. were not
extracted into the organic phase. However, it was foumd
in case of 2-tert-butyl-8-quinolinol chelate that the
meximum sbsorbance occurred at a compositioﬁ which dia
not conform to the expected stoichiometric composition
of the chelate. The number of molecules of the resgent
associated ﬁith an atom of metal were in the ratio of
approximately 9:1. Such a remarkably high ratio may be
considered due to loose association of the excess reagent
with the stoichiometric chelate to give extractable
species of the type MRm XHR. Due to this physicél
interference of the reagent with the complex of the proper
composition (MR ), the ectual meximum corresponding to
MRm could not be located and a steadily increasing sbsorbance

was noted even for cM/cM + C, values lower than 0.33.

zZ
If secondary complexing agents such as Na,. E.D.T.A.
were used and pH raised to 12, the excess of the reagent
remsined dissociated(R )and was not extracted with metal
chelsate MRm. This was confirmed by the shift of the
maximum at Cy/C*C; values from 0.1 to ~ 0.3 i.e.

the number of reagent molecules associated with an atom of .
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metal obeyed the stoichiometric relationship.

However, the possibility of formation of mixed chelates
cannot be excluded completely. The maximum absorption
corresponding to the reagent:metal mole ratio of 2:1 or
3:1 could also be extended to cover extraction of mixed
chelates of the type MRClOa

existence of such extractable gspecies is possible. However,

XHR, Therefore in principle the

under experimental conditions used in this work i.e. extended
time given for extraction and equilibriation, excess reagent,
working at ?\max approximately optimum pH values of ex~
traction of the respective copper or iron - 8 ~ quinolinol
and 2-alkyl homologue chelates it can be assumed that 0104—
is displaced by R to give neutral chelate species MRm or
MRmXHR. The reaction may be written as follows.

MR C10, XHR + HR—> MR,XHR + KClO,
This could not be confirmed in absence of dissociation data

of complexes such as [%ukﬂ 0104~ and [?esz] (9104)
2

However, the log k values of 3,50 and 17.94 reported in
literature +

68,69 for Igiu(bipy)2 (:104 and Cu(bipy)22+]
respectively indicated that chelate species of the type

MRCIO4 could not be extracted into organic phase in presence
of excess reagent as stable neutral chelates. In presence

of excess reagent the effect may be compared with that
described by Stary7o and Morgerum74 i.e, competitive dis-
placement of one ligand by another from a molecule of achelate

as follows: ,

/ / n ,
MR, + R—3 MRRE —— > MR,

ox

M(C104)~2 » /] mzcml‘__&{_]% MR,

The absence of mixed chelates as mentioned above was
substantiated further by comparison of UV absorption spectra
of solution obtained by dissolving solid chelate in

o~dichlorobenzene with that obtained by extraction of metal
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chelate in o-dichlorcbenzene from aqueous solutions of metal

ion and organic ligand. Similarity of. extrinisic properties

of two solutions such as molar exttinction coefficient "e'
and ?hax values indicated presence of only one type of

chelate species MRm° Therefore, it may be concluded that
the observed low values of Céﬂ?m + Cz)for copper -~ 2 -
tert- butyl - 8 - quinolinol chelate could only be due to

MRmxﬂR species and no mixed chelates of the type MRClO4

were formed and extracted in o-dichlorobenzene.



Continuous varigtions results.

Reagent

8-quinolinol
8-quinolinol

2-isopropyl-
8-quinolinol

2-tert-butyl
8-quinolinol

2-tert-butyl
© 8~quinolinol

2-tert-butyl-
8~quinolinol

2~-tert-butyl-
8-quinolinol.

Metal ions

Copper
Iron

Copper

Copper

Copper

Copper

Copper

pH

3'0
2.0

3.5

3.5

5.6

10.0

12.0

Table XIV

Maximum ebsorbance
at CM/ CM+CZ

0.33
0.28

0.32
0.10
0.25+0.10
0.28

0.30

Approximate metal
to ligand ratio

1:2
1:3

1:2

1:9

~1:7

1:3

1:2

Additional remarks

I11 defined maximum

NaQE.D.T.A is used as
Secondary complexing agent.

'TB
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Solvent extractiorn

Most of the physicochemical parareters used in this

work were evaluated by separate and independent experiments.
The impurtent observation was the alternation of the some
physicel and chemical properties of 8—§uinolinol, 2-alkyl
homologues and metal cheletes such as, m.p., solubility

ratio, protonation and dissociation constants.

Therefore, the results of solvent extraction work for
one or two members of the series could not be generalized
for whole series as attempted by Habas. For exemple,
using the extractability equation, he calculated the pK’Rl
and pKR2 values of the higher 2-alkyl homologues.

However, the values obtained in this work from direct

experiments were gquite different as exemplified below.

Reagent p b
® R
2-ethyl-8-quinolinol 1o.6g* 6.3oi
9.97-0.16 5.38-0.05
2=isopropyl-8~quinolinol ll.l3i 6.9§+
9.20~0.06 5.12-C.03
3

¥ Hgbas thesis.

Obviously, this was contrary to theoretical assumptions
used by Habg to correlete various solvent extraction properties.
Also, in turn, the physicochemical dete obtained for 8-quinolinol
and 2-alkyl homologues affected the corresponding metal

chelate equilibria results.
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This necessitated evaluation of most of the parameters
by independent experimentation. The comprehensive data obteined
in this way was used in subsequent calculations. Therefore,
some of the extrapolated or predicted values used in this
work for 2-tert-butyl-8-quinoclinol or corresponding metal
chelates may be considered reasonable and valid in absence of
independently eveluated parameters due to experimental limitations.
For example, the ¢ @per-2-tert-butyl-8-quinclinol could not be
obtained as insoluble compound by gravimetric method of
precipitation. This prevented independent evaluation of "Sc"

1
.

value of the chelate and in turn of "KC
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6.6.1 Effect of Tp on pH.

6.8 x IO“h'and 3.4 x 1073M solutions of the reagent
were used, for extraction of copper chelates under identical

experimental conditions. pH valueg -decreased by 0.2
E=0.5

units in the latter case. This was in line with the argumen%
that the higher the total reagent, T., higher the yield of

chelating anion and higher the extractability.

4 + . .
Therefore, more H fons would be present in solution

and pH would decrease according to reaction:

M2+ + 2HR > MR2 + 2H+

6.6.2 Interpretation of the slope value.

The slope of the plot of log extraction ratio versus
log Q has been considered to denote the degree of dissociation of the

fully chelated metal chelates in aqueous phase. For. example,

a value of unity showed that MR+(m~1) species were predominant

in agueous phase, according to dissociation reaction:

K
G + -
) it y +R
M&n . Iﬁ% 1) .
—_— m
K + -
g M, 3 5 M * R
K
C -
2 wr* + R

or MR2 ———————

In the case of the trivalent metal ion if the
predominant species in aqueous phase are considered to be MRZ+9
the value of slope obtained would be equal to two, The

significance of the value of the slope has been shown by the
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following relationships which are an extension of the extraction

equilibris relationships derived by Habas.

Considering the dissociation of MR3 as under:

KC +

MR3 3 > M32 + R
the totsl reagent, TR‘ is given by
- + : < -
Ty = 3{I«m3}ovo+.2{1~m2 b Vot {RH}OVO + {RH}AVA+ {RHE FUNEL }AvA

substituting values of different species as described in

chapter II we get,

?--'KCB (MR3}, vy

T ¥ 3{MR3'}A VoPy * + {R}g
{8}
v -
= (m}, VP, + 2 Koy Ta + {R 18
{R7}
= 0Rg} o+ (R )8
(1R}, = EI_'R_—{R—}B (1)

o

Similarly, Ty = (MRS} vV, + {MR;}AVA
MR35}y Va Kog

= URghy VP -
{r}
VK
A*c
= {m3}A VOPC L 3
{R}
= {MR3}AY
I (ii)

n.o {MR3}A =



equating (1) and (ii) we get.

?__I_@ - TR"{R }B e
Y @
ono Xomr
- T -
or {R 1} = R y M
g
. 'fR >> TM
- T
1= -2
B
{MR3}° Vo

Now E =

—-
Oms} v+ OmyYY,

{MRS }ovo

-

= omgY Vo + Koa(MR3IaVy

{R"}

su‘bstituting value of {R } from ('

), we get

E = VO PC TR
vopc TR‘ + VA Ko 8
a.o E - D o= vo PC TR
1-E v KC3'B

substituting 8 = Q V, and Tp = C

. V. P, C
De - (o) CTR
K, @V,
V_P~C ‘
or log D =log .S CR. - log Q
R
AKc3
K
butK'.=-"<c -
6’3_ .
K, K
¢ %
. V. .PrCrKr. K
» « log D= 1log o CRC17Ce
V. K

A'C

(1i1)

86.
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Arranging in the form ¥ = mX + C, a plot of log D versus
log Q gives a slope of unity. This signifies the degree of
dissociation of the chelate in agueous phase.

Similarly, a general form of eguation is derived as follows:

x
log D = log Po VoCg Koy Xop --- Kb(m-x)
VakKe

- X log Q

where x = degree of dissociation of the fully chelated species
MR in agueous phase,

Thus, for a monoligand species of the trivalent ion mg=

the equation takes the form .of

2
dog D =1log Pc Vo O Ko, _ 21050
VaKe

and for a mcRoligand species of the divalent ion "MR?"
it simplifies %o
PCVOCRKCI _ log Q.

VAKC

log D= log



Table XV

Slopes and intereepts with errors of linear graphs of log extraction ratio versus pH or log Q for 8~quinolinol

and g-a;kyl homclogues.

Reagent

8-quinolincl
2-methy1-8-quinolinol
2-ethyl-8-cuinolinol

'2+isoPropyl%8*quin01inol

2~tert—but; 1-8-quinolinol

vs pH
_g'hgio.lh

-2.31%0.12
-2,06%0.13

-0.40%0.07

Intercept
vs log Q

6.39%0.0L
5.44£0.53
10.14%0.0b
7.10%0.03

7.10%0,37

Slope

vs pH
0.89%0.05

0.80%0.04
0.93%.05

0.69%0.03

0.51%0.03

vs log 9

-0.70%0.05

~0.51%0.05

-0.90%0.0k4

-0.62%0.03

~0,48%0,03

d

H
Pr=0,5
2.71%0.06

2.92%0.05
2.21f0_06

1.83%0.05

0.13%0.13

108 Qg=p, 5
9.10%0.10

10.70%0.15

11.25%0,05

11.431%0.06

1k,72%0,18

g9



Table XVI

(Contad)

Slopea and intercepts, with errors of linear graphs of log extraction ratio yersus pH or log B for metal chelates of

8+quinolinol and 2-alkyl homologues.

Metal ion: Copper (11)

Chelating egent.

8-quinolinol

2-methyl -8-quinolinol
2~ethyl--3-quinolinol
2-isaopror¥l-f -quinolinol

2-tert~butyl- 8-quinolinol

Intercept
vs pH vs log B
<4.03%0.74  15.67# 1.95
4.u6%0 .62 8.97%1.56
-3.33%0.23  9.1t0.57
“3.64%g .01 10.13%.59
-2.74%0.16 8.33%0.83

Slope

vs pH
2,16%0.36

1.37%0.17

1.17%.08

1.11%0.06

0.76%0.05

vs log B

-1,70%0.22

"l . Ooi-o L] 18
-0.98%0.06

-1.13%. 07

-0.83%0.08

PH

E =0.5

1,92%0,04

3.28%0.07

2.83%5.06

3.27%0,05

3.55%0.08

198 Bp = 0.5
9.20%g.05

8.94%0,08

9.62%g,07

8.95%0.05

10.15?0.11

069



Table XVII (Contad)
Slopes and intercepts, with errors of linear graphs of log extraction ratic versus pH or log - for metal chelates of
8~quinolinol and 2-alkyl homologues.

Metal ion: Nickel (11)

Intercept Slope - -
Chelating asgent - : -
vs
P vs log B vs pH vs log B pHE=O.5 log BE=O.S
» 3 + .
8-quinolinol -3.8%0.55  6.79%0.9%  1.m%0.a7  -0.90%0.12  3.07%0.11 7.52%0.12
2-metbyl-8~quinolinol -2.83%0.65 5.64%1.17 0.78%0.19 -0,65%0.13 3.52%0.18 8,69%p,20
2—e‘bﬁyl-8—q_uinolinol - - - - - -
2-isopropyl -8-quinolinol 1.t o012 2.64%0.20 0.33%0.03 46.3h1'o.02  b.26%0.18 7.81%0,1L
2-tert-butyl-8-quinolinol -3.2%0.50 7.88%1.42  0.81%0.15 -0.81%0.14 2.91%0.20 * 9,68%0.16

06



Table XVIIT

(Contd)

Slopes and intercepts with errors of linear graphs of log extraction ratio versus pH or log B for metal chelates of

-8-quinolinol and 2-alkyl holeOgues.

Metal ion: Iron (111)

.Chelating agent

8-quinolinol
2-methyl-8-~guinolinol

: 2-ethyl-8-quinolinol
2-isopropyl-8-quinolinol

2-tert-butyl-8-quinolinol

Intercept
vs pi-  vs log B
-2.90%0.80 11.09%1.72
-6.87%0.95  15.66%2.62
_2.81%0.24 7.61%0.99
-2.74%0,37 10.78%1.31
-5.44%0,52  18.80%1.92

Slope

vs pH

1.83%0.36

2.38%0.33 -

1.06%0.10
1.18%.15

1.79%0.18

vs log B

-1.1%%0.20
~1.65%0.28
-0.78%.10
-1.10%0.13

-1.78%0.18

PR0.5
1.73%.11
2.89%0.05
2.660.05

2.3610.09

3.08%0. 01

—

log 8.
£=0.5

9.51%0.18
9.47%0,09
9.83%0.08
9.85%0.06

10.57%0.0%

°‘T6



Teble XIX (Contd)

Slopes and intefcepta; with errors of linear graphs of log extraction ratio versus pH or log 8 for metal chelatés of

8~quinolinol and 2-slkyl homologues.
Metal ion: Gallium (111) Intercept

Slope - -
Chelating agent vs ©pH vs log B vys ©DpH '
8~-quinc Linol -5.54%0.86  16.29%2.1% 2.88%0.43 -1.77%0.28 1.93%0.05  9.19%0,08
2-methyl-8-quinolinol -4,21%0.70 9.96%0.42 1.40%0.22 -1.07%.05 3.03%0.11 9.29%.05
2—ethyl~8~qrinolinol - - - - - -
2-isopropyl- 8-quinolinol -4.06%0.148 1h.11i2.2h 1,67%0.22 -1.45%0,22 2.%1%0.08 9.79%0.09
2~tert-butyl-8-quinolinol - -l .12%0.99 11.47%3.61 2.41%.30 ~1.08%0.35 2.96%0.18 10.49%0.29

°c6



Table

XX

(Contd)

Slopes and intercepts, with errors of linear graphs of log extraction ratio versus pH or log 8 for metal chelates of

8~quinolinol and 2-alkyl homologues.

"Metal ion:. Indium (31311)

Chelating agent
8-quinolinol
2-methyl—-8- quinclinol

.2-ethyl-8-quinolinol

2-isopropyl-8-quinolinol

2-tert-butyl-8-quinolinol

Intercept
vs pH vs log 8
-2.9270.38 L.1u¥0.37
-3.80 %0.43  7.96%0.98
~4.3570.37 13.60%0.76
-2.39%0.39  7.3571.07

Slope
vs - pH vs 1§g B
0.82%0,12 -0.68%0,05
1.10%.12 -0.90%0.11
14770012 -1.47%0.08
0.72%0.11  -0.72%0.11

Plp=0,5

3.50%0.16

3.44%0.10

2.96%0.05

3.35%0.15

1og Bg=o.5

6.93%0.10

' 8.85%0.1k

9,23%0,04

10.25%0.15

*€6
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Graphs of

(1) 1log Q vs pH of 8~quinolinol and 2-alkyl homologues.

at VO/VA = 1.0, 0.5’ 0.1’ 0005 and 0001

(ii) log extraction ratio vs log B or pH for
8-quinolinol chelates of copper (II), nickel (II) and

iron (III) at Vo/VA = 1.0, 0.5, 0.1 and 0.05
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6.6.3 Calculation of the Stability Constants.

The stability constants of the chelates formed by
copper (11), nickel (11), iron (111) gallium (111) and
indium (111) with 8-quinolinol and its 2-alkyl homologues

have been calculated using the extractability formula:

P VO 3 Bm 8 -1 Bm——2
log D = log - log + - + F o
I n.'m L™, Tm“2
VX, K, 4 Tgl%bl R K
1

where D, Py, Tp, B, V and V, were obtained separately

c* A

from experimental data and using values of m (valency)

= 2 and 3 for divalent and trivalent metal ions respectively.
The value of the slope obteined in practice for most of the
metal chelate systems was unity, indicating that MR and MBZ
species vere predominant in the aqueous phase in the case of

divalent and trivalent metel ions respectively. Therefore,

the equation reduces to

BV 1 8
log D = log ———=— =~ log| - + ———-———1
v 4
AKb I\'C KC T?“
1
B, % 1 Sm—-E
and logD = log —— ~ log|— + —,

VK K K K Ty
AC C 1 2

for divalent and trivalent metal ions respectively. Thus,
= §Q__ for metal chelates of
K

2 C1
: K . .
divalent ions and K. = o for triv@lent ions have

C3 Kk, X

at log D = 0, the value of Kc

been calculated., However, the slope value of two obtained,
particularly in the case of copper—-8-quinolinol chelate, indicated

that . either the chelnte may be considered to be fully dissociated
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in aqueous phase:

MR > Mt 4 oR”

or it may be due to association of the three ligand molecules
with one cupric ion, which dissociated:
K+~ K
Co C3

R, MR®Y 4 2R

The continuous variation experiment using cupric chloride and
8-quinolinol at pH = 4.0, in Sfdichlorobenzene did not
substantiate the latter view, although Haba3 showed that the
slope was 3 at high pH values, Therefore, it has been
considered thaet speringly water soluble Cu(OX)2 dissociated

fully in the aqueous phase and the relationship

s 2
P.V {1
log D = log 2 — 10gf i 4 £
VK, t K, b

has been used to calculate Ky velues of copper-8-quinolinol.
A slope value of unity for the remeining copper-2-alkyl-8-quinolinol

K .
chelates was used, Therefore. KC = - values were calculated.

o K
¢y

The K, data has also been presented table XXI-XXV for the
copper—-2-alkyl homologue chelates assuming the full dissociation
of the chelates in aqueous phase i.e. considering the slope value
equal to oxidation state of the metals. However, the data so
obtained may be considered only an exercise for comparison
purposes. As it happens, the values turn out to be near the
published69 values of K., but little significance should be
attributed to this. Similarly, most of the experimental values

of the slopes for the chelate systems which were either slightly
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less or sbove unity have been employed to calculate

stability data  of the chelates. The Ky or KC/PC values so
obtained, may be considered due to partiasl dissociation,

This explains the presence of complex species predominant in
aqueous phase with a single ligand residue in the chelate

in the cese of the divalent metal ions., But there is possibly a
significant propoftion'of other M species e.g. M2+ or MR2
depending on whether the slope is greater or less than unity.

However, a comparative data of the K, or KC/PC values

(o
celculated on the basis of full dissociation, taking the

slope value of unity as discussed above is given in table XX1-XXV.

The slope value of approximately unity in most of the
cases substantiated the view that the species of the type_MR?m_l)
vere predominant in aqueous phase. Hence, the data based on
the slope value of unity has been considered to be valid and
preferred for further calculations. Nevertheless, the
experimental values of the slope of the log D versus log @
graphs is of interest. A glance at tableXV-XXand at values
given by Haba showed that considerable variation exists.
Eventually this depends on the 8-quinolinol homologue, on
the exsact values of the pH ranges of extraction and on
other conditions of experimentation. With the hindsight
of many experiments it has become clear that experimental
slopes of exactly integral values of one or perhaps two
could be guaranteed by suitable choice of test conditioms,
Under these circumstances better values of stability constanté

of individual specigs could have been obtained, Although
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this is a criticism of the present work and that of Haba,
it should be realised that differences from values given
.in Table XX1-XXV will be smnll sincc it seems that use of
experimental slopes or their nearest integral values leads
to actually the same results in most cases. In any case,

the values are adequate for analytical application,

Also, taking into consideration the identical solvent
extraction properties of the chelates of different metals
with similar oxidation state and other physical properties,

75-80

some empirical relationships have been used to predict

some stability constants or KC/Pc ratios. For example,

( 4 /7 w ’
log K MRa) : log X (M R2) log K (M R,)
7 T B " #
lor K (}R,) log K (M R,) log X (M Ry)
. / (\/ / “os
Similarly  P,(MR,) P.(M R,) P, (4 R,)
7 - VAR 4 - I
P (MR ) P (MR ) P(MR)
c 2 c 2 c =2

where M, M, M" etc, represent different metal ions
and Rg RY .... ete. represent 8-quinolinol and 2-alkyl
homologues along the series ~H == - CH3 _— - CQH5 —

- CH(cCH --3 - c(CH

3)2 3)3'

The calculated K. and KC/PC values have been found to be
in agreement with those reported by HabaB. The method seemed
reasonable to be adopted in the absence of detailed experimental

data of each metal chelate studied, The results have been given

in table YX1-XXV.



Table XXI

Stability constants and KC,’PC date for metal chelates of 8-quinolinol and 2-alkyl homologues. (Figures in parentheses

indicate predicted values)

Chelating agent: 8~quinolinel
. # . . . .
Hetal ion Slope Specles 1in -logk ~logk -logK K_./P
aqueous phase e & €, € C3 o/Fc Kce/PC KCS/PC
I I IIT
Copper (II) 2 - - M2+ 23A.5 2.3x10™26
2 e+ 23,5 2.3x10726
1.7 M2t 19.6 1.7x10722
Nickel (II) 2 Mt (16.8) 6.0x10~20.
+ .
1 MR+ (7.3) 1.7x10™10
0.9 M (6.3) . 1.5x1079
Iron (ITT) 3 M3+ (35.1) 6.4x10"%0
1 MR _* |
2+ 902 SthlO—lh
1.1k MR, 11.2 1.9x10"15
Indium (IIT) 3 M3+ -27 |
. 1.2x10
. o MR2+ 6. 7x10"10
. . MR, 4, 5x10~7
Gallium (III) 3 M3+ ~34
o 2.0x10
2 MR 23
2,730
1077 MR2+ - T ~20
1.0x10
*I = oxidation state of the metal ion
IT = experimental slope value rounded to the nearest whole number

i
I
1
]

experimental slope value.

01t



Table IX{II

Stability constants and.KC/PC data of metal chelates.

Chelating agent:

Metal ion

Copper (II)

Nicke L {11)

Iron (III)

Indium (JII)

Gallium (IIT)

2~methyl-8-quinolinol

Slope
IT IIT

0.65

1.65

0.9

1.07

_Species in

-aqueous phase

g, ?

*logKC --logKC2
21.1
8.7
8.8
(17.3)
(6.7)
(2.9)

—logKC

KC/PC

7.0x10726

2.bx10722

1.6x10°33

7,7x10_35

XK~ /P
C2 c

1.9x10~13
1.9x%10713

1107

'5.9x10™8
6.3x10" 4L

5.1x1026
2,1x10722

{Contd)

T.hxlo_l2

9,0x10"11

2,7x10°12
b ix10713

“TTT



Teble XXIII

Stability constants and K./P; data of metal chelates. (Conta)

-Chelating agent: 2-ethyl-8~quinolinol.

Meval ion Slope "Species in ‘—logK - :
g logK ~logK K /P K. /P K. /P
1 T 11l aqueous phase, ¢ Ca | 03 ¢’ C 02 .C '03/ Cc
Copper (11) 2 M2+ 22.9 2. hx10727
+ -
1 a 9.7 3,720
0.98 MR 9.5 6.hx10713
Iron (III) 3 M3+ 7.7x10~41
1 mr * ) =13
5.78 2+ 2.1x10
. m - d
! 2 1.9x10711

*ett



Table XXIV

Stability constants and KC/PC data of metal chelates. (Contd),

Chelating agent: 2-isopropyl—-8-quinolinol.

Metal ion Slope Species in - logK -logk -logK K./P Ko /P Ko /P
I II III  aqueous phase. Y Co € e 2 C 3°¢C

Copper (II) 2 | Vol 20.3 4,5x107°

1 MR 7.8 1.hx10733
1.1 MR 9.4 3. 5x10" L9
Nickel (11) o2 M (1k.6) 9.9x10~ 20
1 MR (4,.8) 7.1x10
0.3k MR 2,3x10™6
Tron (ITI) 3 u3* 5. 6x10~
1 MR, * | 1..9x10" 1%
2
lol MR2+ 8.6}{10_15
Indium (III) 3 M3* 1.6x10-33
1 MR2 70)4}(10-12
1.k7 MR2+ 9, 7x10—18
Gallium (III) 3 M3+ 1.5}(10-36
1 MR, | T.2x10713
o -18
1.5 MR, 3,4x10

6

11

*e1T



Table v

Stability conctants and KC/PC data of metal chelates (Contad).

Chelating agent:  2-tert-~butyl-8-quinolinol.

Metadl ion Slope Species in -logKC —1ogKC2 -1ogKC KC/PC KCQ/PC K /PC

I II 11T aqueous phase
Copper (II) € o (22.9) 4, 5x10~26
1 MRt 8.9 1.8x10 1Y
. 0.83 r* 6.7 2.7x10™12
Nickel (II) 2 uet (18.6) 1. 5510”24
1 MR (7.8) 8.6x10713
0.81 MR (1.6) 1,5x10-10

Iron (IIT) 3 n3t 1.6x10742
2 MR2+ 2.9x10~29

1.78 MR . 2,5x10~26

5.hx10—38

1 MR 2,4x10713
0.72 MR¥ 66x10710

9.2x10~37

1 MR,, 1.3x10713
1.08 MR 1,3x101k

Indium (II1)

La
=

)

=
w
+

Gallium (TII)

"HIT
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6.6.4 Influence of steric and inductive effects

It has been noted that the pKR and pKP values of the
1 2

reagents along the series - H—> - Cﬁj——f> - C2H§————9
—-CH (CH3)2—————> -C (CH3)3 are affected due to the
steric™  and inductive effects operating in the ligand
molecules Fig v This also affects the formation of
the metal chelates. For example, the inductive effect due
to the increased number of methyl groups at the 2-position
increases the electron density of nitrogen atom and in turn
of oxygen by transmission of the effect through the
aromatic ring system, This increases the bonding character
of the oxygen and nitrogen atoms with hydrogen as well as
cations of the metals85’86. Therefore, the release of the
phenolic protons decreases along the series due to 2 -
alkylation. But the co-ordination bond-forming capacity of

the nitrogen with metal ions increases correspondingly.

Similarly, for the same metal ion, the steric hind-
rance along the series is of the order of tert-butyl- ;>>
isopropyl-:)> ethyl-:>> methyl > unsubstituted. But this
decrease is not necessarily regular. Also, the chelates of
trivalent metal ions were obtained with 8 - quinolinol and
the 2-alkyl homologues except 2-tert~butyl homologue. This
could be explained taking into consideration arbitrary values
of the inductive and steric effects Fig III-IV., The former
increased steadily from zero to two in case of unsubstituted

to 2-tert-butyl homologue respectively.

However, it is suggested thét the steric effect
increases sharply in wmoving from zero at 8~quinolinol to
importance at 2=-methyl - ¢ - quinolinol, but then shows
no change sgnificantly untill there is another sharp rise at
the 2-tert-butyl homologue. This is evidenced by non-
formation of aluminium (III) 2-methyl - 8 = quinolinol

chelate and by metal (III) 2-tert-butyl-8-quinolinel chelates,



116.

The increased steric effect in the 2-tert-butyl
homologue, may also be explained by the fact that upto
2-isopropyl -8-quinolinol homologue, the rotation of an alkyl
group along the single bond was possible to allow three
ligand molecules to pack around trivalent cations except
aluminium (III) i.e. only those trivalent cations whose
ionic radii are greater than 0.5°A. But in the case of bulky
tert-butyl group in 2-position of the ligand, the rotation
would be restricted due toBulkiness of the group and steric
repulsion of the protons of the three adjacent methyl groups,
These effects can be elegantly and clearly understood by use
of atomic models. Therefore, in the case of the trivazlent, metel ions
an octahedral chelate may be formed with umnfavourable dis-
position of the ofganic ligands around the metal ion. To
acquire a strain free structure, it may break up into

charged complexes in aqueous solutions.

The results show an abnormal shift in pHE = 1.00
values in the case of the metal chelates of 2-methyl- and 2-tert—
butyl homolcgues. In the tormer case increase of inductive
effect from zero to 0.5 (arhitrary units) due to replacement
of 2-hydrogen atom by a methyl group occurs. Simaltenously
the steric effect due to meth§1 group also comes into operation
in the molecule. The inductive and steric effects operating
in the molecule oppose each other. For example, the inductive
effect increases bond-forming capacity of nitrogen and
oxygen atoms as described above, but the steric effect prevents
octahedral packing of the three ligand residues around a '
trivalent metal ion. The latter effect is predominant. This
is clear from the fact that aluminium (III) with ionic radius
0.5 8 does not react with the 2-methyl homoiogue. Even in the
case of other trivalent metal ions with greater ionic radii,
the tren towards lower stability of the chelates confirmed
the above view. Similarly, in case of 2~tert-butyl Homologue
the increase in inductive effect is equal to 0.5 when 2-isopropyl
group is replaced by 2-tert=-butyl group in the 8-quinolinol.

But the steric effect increases sharply as confirmed from
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non~precipitation of chelates of all the trivalent metal ions
which under similar conditions reacted with the rest of the
2-alkyl homologues. Such increase in magnitude of steric
effect was also expected from stereochemical point of view,
The £igII-IV explain diagrammatically operation of inductive
and steric effects in the ligand molecules. Although an
arbitrary scale has been chosen to correlate the two effects,
it is satisfactory to describe qualitatively the pre-
dominance of the steric effect in case of the 2-tert-butyl
homologue, This explains further that the formation of
chelates depends simaltaneously on the properties of the
ligands and the metal ions used. For example, the free

energy of formation of a chelate between a metal ion and an

organic ligand may be expressed by the relationship81’82:
- AG = m X constant
r

where r = crystal radius of the metal ion
m = valency

Therefore, it may be reasonable to mention that it is
extremely difficult to describe quantitatively the
magnitude to which any individual factor affects the chelate
formation and solvent extraction work. However, a rational
qualitative argument as presented above is likely to explain
the behaviour of the ligands and metal chelates and help to

interpret the physicochemical data obtained experimentally.
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™~ Incuctive effect
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6.6.5

121.

Separation of mixtures.

An investigation of the estimation of aluminium
content of the permanent megnet alloy BCS 233 using the
2-isopropyl—- and 2-tert-butyl-8-quinolinOls was carried

out.

Use of o-dichlorobenzene as solvent and
adaptation of equilibrium conditions as described by Haba3
gave high results. This showed that the interfering
metals, especially, nickel were not removed quantitatively
from the mixture under the analytical conditions used.
o~Dichlorocbenzene was employed in phase equilibrium studies
due to low dielectric constant, low volatility and high
immiscibility with water. This helped extraction of
fully chelated metal chelate from agueous solutions,
eliminated extraction of ion pairs of the type MRxfm_x)(ClGZ)x
in the organic phase and maintained constant ionic
strength in two phases. However, the slow attainment of
equilibrium, for which allowance was made in the physico-—
chemical studies, was the main disadvantege which

prevented adoption . of o-dichlorobenzene in solvent

extraction work for analytical purposes,
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CHAPTER GSEVEN
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Conclusions.

The project as described in this thesis was
consolidation and extension of an earlier novel approach to
chelate solvent extraction3. The principle aim was to
synthesise 2-ethyl-, 2-igsopropyl- , and 2-tert-butyl-
8-quinolinol reagents in efficient yields, to study their

solvent extraction properties and to test the validity of

the extraction equilibria relationships.

These aims have largely been achieved as
sunmarized below:
(1) The synthesis of all the required reagents was
successfully accomplished by direct condensation of
8-quinolinol and appropriate lithium alkyl. The method
used was simple and economical. The yield of the
products ranged from 30 to 50%. The 2-ethyl- and 2-isopropyl
homologues were identified with those prepared by Haba3.
Also, an extensive study of the physical properties,
relative to structure and for identification and analytical
purposes, of all the 8-quinolinols was carried out using
instrumentel techniques. These included ultraviolet,
infrared and mass spectroscopy, proton magnetic resonance,
X-ray powder diffraction and electron spectroscopy for
chemical analysis, "ESCA'. The chelates of a wide selection
of metals with the five quinolinols were prepared.
Additional parameters such as dissociation and protonation
constants and solubility ratio of the quinolinols and their

metal chelates were also determined experimentally.
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The cumulative physicochemical data So obtained
hwe been used to estimate the operation of steric
hindrance and inductive effects due to 2-alkyletion
in the quinolinols. It has been concluded that a
quantitative interpretation of the asbove mentioned

effects is not possible due to significant

contributions by other factors due to metal ion used.

However, the eXperimental data such as dissociation
and protonation of the reegents and pHp_, oo for
extraction of the metal chelates have been

correlated with increased inductive and steric effects
with introduction of bulky alkyl group in the
2-position of the 8-quinolinol, becoming a maximum

in case of 2-tert-butyl homologue. For example,
2-tert-butyl homologue did not react with any tried
trivalent metal ions to give insoluble chelates of
stiochiometric composition. The difficulty of arranging
around a trivalent metal ion of small ionic radius,
three ligand residues with 2-tert-butyl group, to
obtain a strain-free octahedral chelate has been
considered the main factor in this situation,
overriding all other effects whether related to
ligand molecule or metal ion. However, the
precipitation of chelates of similar trivalent metal

ions, using the rest of the 2-alkyl homologues has

been considered due to possible rotation of an
alkyl group along the single bond so as to allow three

ligend molecules to pack around the cation.

A remarkable feature of alternation, instead of

gradation of some physical properties such as, m.p. of
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the reagents and P, values of the corresponding

copper chelates has been noted. Obviously, these

affect the overall equilibrium data. Therefore,
generalization of the experimental results and their
extension to other systems could not be done. However,
some empirical relationships have been used with caution

to calculate KC and PC data of some chelates.

(ii) At the latter stage, the phase equilibrium

3 were extended, introducing

relationships derived by Haba
two new parameters, B and Q both of which are functions of
PH. Also, the equations have been refined by considering
activities and activity coefficients of the ions in

aqueous phase, It has also been shown that in phase
equilibria studies, involving transfer of molecular

species from aqueous into organic phase at constant ionic
strength, the activities could be replaced by concentrations
without significant effect on the treatment of the results.
Hence, simpler equations could be used. To test the validity
of equilibria relationships, a detailed and comparative
solvent extraction work was carried out using the five
quinolinols and copper (11), nickel (11), iron (111),

gallium (111) and indium (111) metal ions. These studies

were carried out at 25 % 0.1°C and in o-dichlorobenzene,

——

a nonvolatile, highly water-immiscible and low dielec¢tric

constant solvent, to resolve fine differences in the

phase equilibrium studies. Also, most of the other

peremeters, used in the equilibrium equations were

determined by separate experimentation. The best values

R LR

of the parametérs were obtained by statistiéal ahaLYSis and
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used in subsequent calculations of stability data of

the metal chelates. The results have been compared with
those obtained by other workers and found in good agreement.
The slope value of approximately unity in most of the
experimental dats indicated that the predominant species

in aqueous phase were of the type MR+(m—l)' Hence, the
equilibria relationships as derived have been found valid.
It has been established that the species extracted

into the organic phase is the fully chelated species and

not & mixed chelate,

(iii) A detailed and comparstive data of K, and

KC/PC values was compiled for the metal chelates, where
the slope value was

(a) equal to oxidation state of the metal iom,
(b) the experimental slope value and

(¢) the latter value rounded to nearest whole number.

However, the slope of unity has been preferred and the

best calculations are based on it, thus considering

predominence of MRZn—l) species in the aqueous phase.
(iv) The K, or KC/PC data showed that the metal

chelates of lower stability were produced with higher

2-alkylated—8-quinolinols. For example, a monoligand

species of iron-2-tert-butyl-8-quinolinol chelate was
predominant in agueous phase. Similarly, in case of
gallium, KC3/PC for 2-isopropyl- and 2-tert-butyl-homologues
wvere 3.4 x 10718 gng 1.3 x lO‘ih respectively, which

confirmed the trend towards lower stability of the chclates
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along the series ~ H —=> =~ CH3— = Cpllg — - CH(CH3)2
—— = C (033)3. However, the differences in the stability

of the chelates of the same metal ions along the series were
smaller in magnitude than expected. In general, from the
solvent extraction and gravimetric work it has been concluded
that the specificity of the reagents has not improved. However,
in gravimetric work, the 2-tert-butyl homologue showed

greater selectivity as it did not react with most of the

trivalent metal ions.

Also, the solvent extraction data predicted that the
desired value of unity for the slope could be obtained by
fixing the extraction parameters like Tp and pH. For
example, by decreasing reagent: metal concentration retio
from 300:1 to 100: 1 and working at low pH ranges, the
slope value was nearly halved. This also proved that a large
excess of the reagent caused physical interference in the
extraction of stiochiometric chelates into organic phase.
Therefore, such undesired effects could easily be minimised
varying the reagent: metal concentration ratio and ideal
equilibrium conditions could be established. The integral

slope value obtained under such conditions could be used to

evaluate accurate stability data.

In view of the amount of experimental work involved
to obtain a detailed and comparative data for all the
8-quinolinols and corresponding metal chelate systems,

the solvent extraction studies were limited to equilibrium

studies carried out at low pH and in absence of masking
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agents. Therefore, the equilibria relationships
derived for the hydrolysis and presence of mesking agents
have not been dealt with in this work. In practice, effects

3

of hydrolysis are expected to be small” at the working

PH values used in this work.

A satisfactory solution has been found

for most of the problems set forth in this project in that,
with refinements predicted it should be possible to

determine with reasonable accuracy stability constants

of chelates and to apply results in analytical processes,
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