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ABSTRACT |

The )nlf—wuve potentials of six scries of Schiff h:mes, each A

of nincteeh tompounds, ‘of the types AcCU-NAX and ArN-GAe!, vhere Ar

Tepresents an unsubstituted aryl group and Ar' rcprcscnts a phenyl -

tions, have been meisured in

group substituted in the meta or para |
't‘livmethylformnmid.'c. using)a Saey pourl\cfcrcnco electrode. The
effects on the half-wave potentials of changing the substituent in Ar'
- va‘r_xing tieaEr RIS EAE HAVS Wee investigated. Sibstituent,
effects e been ‘exaninkd in torms of theammet u-o‘v relationship and
also i terms of a substituent constant, ogys generated from the data-
of the Schiff bases (Series B) having the g’cncml formula C, “5°“‘“°e“z.x'

Structural variatipns in Ar h.we 'been studied by 1dop[ing Series u as

the standard Schl(f base series ‘al\d by get substituent

e

for ecach structure. A

The values of the reaction constant, p,.obtained iin the present -
study range from 10.06 to 23,23 and are much larger than p values usudlly

obtained in solution. These values are similar in maghitude to p values

obtained in gas phase reactions. This suggests, ifi'the polarographic

reduction of Schiff bases in dimethylformamide, that solvent effects are

virtually absent. ) .

Variations in the’ half—wave poc&ncials with structuxe of Ar for
" the unsuhsn[uted aldehyde (ragmedt ot molecules have been corrclated
with quantities derived from, [‘he perturbed molecular orbital version of

the Huckel molecular orbital ;heary. Ca!‘relatlons between series-of




Schiff bases of S type Arcuamr (Apcs = Z-naphthyl, Q—phenanthryl

9-an|:hry1) and a' currelazinn between- tuo: series of the eype, A:Nncem'
o B B 2
g (Ar=c6n5, 2-naphthyl). have ‘also been uh:zined as ptad;lcted previously.
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. S CHAPTERL - o

INTRODUGTION -

buring the 1920

and 1930"s L‘l)“Sld‘L‘l’ll]!lU interest was displayed

I the possibility of deriving relatlonships between reactfon ‘rates and
cquilibria.” While there were no theoretical rea

ons to account Tor the

observat Lons, relatlonships between rate and equilibrlum constants were
Lobserved In some groups of closely related reactions. Bronsted proposed

the first quantitatlve relationship of this kind, between the rates of

rtain acld-bas

alysed reactions and the fonisaticn constants of

the acids concerned:! This was written:

logk, = .x log K + log G

[88]
. 5 L
wlhicre k ls the rate constant for the remction, K thé fonisation

constant .of the acid and x and. G are constants.

-« The best known and most widely used linear free dnergy rélatioh-

ship is that proposed by llammett in 1937.

* This relationship quanti-
atively relates the effect of BihaETEUenES: 15 ﬁosxcxon;: meta or para
to  side chain in a benzenc ring, to a rate or v;glfxuhnum constant, of
B RRGEE OREEE A side WAt AL a8 normally qxércsscd n v
the form: o : !

log K

log K® + ap x R
c - TN . W ' P - ¥

where. K and- K® are rate or equilibrium constants for the substituted

and unsubstituted reactants respectively, o {is the substituent constant
'



and p the reaction constant.

1.1 The Substituent ‘Canstant

The general failure of Hammett'd equation in the case of

reactipns at positions in the benzenme ring, for substituents in the
" SEENS PoALEIGE Tl £6% GRawples L wiien Wiisce coxliugatinn uca.ré
between the substityent and ‘reaction centre indicates.that the.
variable correlated includes neither steric effects nor direct
resonance effects, but that it is a function of the polar effects of
substituents on the reacting group. This may réflect both inductive
(electrostatic) and resonance (electronic) interactions of the ,

substituent with the carbon atom of the benzene ring’which carries the

RN

side chain reaction centre. %
Hanmett defined the..substituent constants in terms of the

relative acidities of the benzoic acids. For the reaction:

i coow Lt R

; — +
+HO = + 1,0 (31

Hamett assigned -an arbitrary value of unity to p . Consequently;

. \
the substituent constant, o , was defined as log K - log K° , where
K was.the equilibrium constant for the unsubstituted acid. (X = 1)
and K that of the acid substituted in the meta of para position.
" Electron. withdrawing Sibetitueits strengthen the acids and these
subbtituents have positive o values; conversely, e-lectrun-repeumg S

substituents have negative o values. Substituent constants can
; .



therefyre be considefed as a measure of the ability of grm;ps to supply
HLEEEVANE U BEMLE RIS LECE R Tt Nanasas e, e VaYiee
deterninied by lammete vere rmmd to be unsat isfactory in “reactions
where pvwer(ul ) ERE SO ISR ELVE HRERFaRELBS oceurred between the
substituent and the 'reac:iou centre, Enhanced ‘o values were found to
be ey for the T Blectron-attracting p-NO, and B
bub%[i[ucn[s in the ionisation of nnilincs and phenols. other slmllar
electron-attracting para substitucnts which require cnhanced o values
when they are in direct resonance with electron-rich reaction centres '
are listed by Jaffé.} These enhanced substituent constant values are
denoted by 0" . At the other extreme, strongly El\:ctrun—rnpelling
substituents, which are in dlrec\esnnancc ulth electron-deficient

. reaction centres, or real:ti‘on centres at which a posifive charge is
genumeﬁ; Ry gavevdlverw. Okamato and_Brown" suggested

a redefined” o 1in these cases, designated o', based on the solvolysis

< of cumyl chlorides in 90% aqueous acetont at 25°C. L
c1
| = =
l!3C— —CH H C— —CH ¥
~ .
Y 90% agueous i 4]
: T % : acetcne,

y f .
Both o' and o 'values successfully correlate reactions in which a

substituent directly conjugates with the reaction site in either the
reactant or’ product, but not in both.® Meta substituents cannot be
' \/>involved in direct conjugation with the reaction site and therefore

-the meta substituent constant valn;é{:io not differ significantly in




e

-
as "the value which best fits the:entire body of experimental data

trie tiias sralesy hnwever, differences’ {n the values of o (pam),
F (agad wnd o (pava) WETOULEE LatEs. .
Thus the Hammett substituent constant was not universally

applicable. Becayse of this, Jaffé® proposed that o be redefined

McDaniel and Brown® disagreed with Jaffé and suggested that it is
more desirable to have unambiguous values of the substituént comstant, .
together with their estimated i)rec,ision. Jaffé's approach is more’
Gsetuliforiths stuple corteiation of fath, butiit makes tha-data Tess
useful for other purposes. If the data are to be used for theoretical
SRy, SN S EHEIAUPAEAEIOH GE ENEl LHUNChINE WU FERgRaNEETEaNpaRENLH
.uf Hame:t- substituent constants, the analysis of factors which i.nf]:uence
the observed effects of substituents or for discussions concerning
deviations from the Hammett equation, unamb“iguuus values of signa are
necessary. For these reasons, a’ retur;\_ to Hammett's.original definition
for the substituent constant was cacomendnss ) i
The three-scale system has been shown to'be inadequate shien
applied to substituents capable of resonance, with. o values varying
widely between® Fie limiting vaxues as represented on the & and o
scales. TO overcome this, attemp:s were made to obtain substituent

inductive constants, in uhich the resonance factor would bé altogether

determined valu\s for the rdaction ~
EAEEE ) , HAEEely I e constants which\ilearlj did not
involve resonance interactions; meta substituents and somé para sub~
stituents, tn vhich resonance GSfeceaare) conatured LorieabeRat,



A

were used “for this purpose. Other substituents were then placed on the
| P i
correlation line and their rescnanca-free o values determined.
Norman® argued that this treatment neglected the polar effect of. the
substlv_ucn[ on tl\c resonance interaction of the reaction centre with
the aromatic nucleus and overcame this problem by lnsul.‘mzin[', the’

functional’ centre from, the benzene ring by.an intervening methylene

group. A scale of oy values was proposed, based upon [the alkaline

hydrolyses of substituted and unsubstituted ethyl phenylacctates in

|

which the reactive acetate group is separated from the bénzene ring by a

) "‘"z' group. Taﬂ;" employed a similar approach. He zl[r:empted to
separate inductive and resonance effects by employing reactants in which
the reacting centre was separited from the benzene ring by means of a
methylene group, and assumed that the resonance component of the sub-

stituent effect would be essentially constant for the reaction series.

The inductiye constants thus obtained were designated o° . The three

scales, o", o, and 0°, are very similar to each other and to the
Hammett scale for meta substituents; however, for para substituteats,
espectally Those El!vir_:h'ﬂcan supply electrons by resonance interactions,
differences occur even between the %, «G' and o° scales themselves
Gee Table 1, Ref. 5).

Others have attempted to take inté account the variations in
cénjuga:we effects, rather than exclude them, by introducing a fattor,
+r; which is a measure of a degree of resonapCe relative to the' limiting
casEs gentemg B ox 6. Fasee v dbonsrany b v siven
reaction series but may vary from series to series.. Two equations have

_been proposed which apply to positive and negative reaction sites

o




i ’ et

/

respectively: ® Ty W
log k/k, = plo + 1 (0F - )10 : b 8]
and  log Kk, = olo+ T (0 - )]V [6]

The former equation, using r = 0.5, has been used by Dessy and

coworkers to correlate the rates of some diaryl mercury conpounds. 12
A different -approach to the problem of variable resonarice

contributions of the substituents has been described by Hine.}3+1%

The assum/p:itin\thar. p (meta) -and p (para) .neéd not necessaruy be

equal led to the development of an expression which showed that G
and p are dot ihdependent of one another. In the reaction

o 3
Arx; ¥ ArX,, in which the o values of substituent groups™'X; " and '

(, can be fitted to the Hammett equation, p, was shown to be

proportional to the differences between the "o constants of .X; ‘and

@

Xt

2
5\ ' .
< - i ) ‘
The proportionality constant, 71, is indepé}ndant of the nature of the

‘reaction but is dependent_upon reaction conditions and is sdtdinn be a

_ meadure of thé efficiency of the transmission of the influence of the
eEsiEuent Toitheprendtitnycontreumie specific experimenta}
conditions. As with the Hammett equation, however, the unmudifi,'ed'

. equation was not able to satisfactorily corrélate data of para sub-

“ stituents in which the resonance interaction between the reaction

watEe et the ying changes ; 11y during the It was
E 8

R
found to be necessary to introduce a resonénce tern, o, into the




5 ° ' #

equation for the free energy of polar interaction of para substituted

compounds. Thus:

Lo (c/k) = '»‘,‘p 5+ (0, E [

where * uxR and uy‘R- are -resonance substituent- cofistants for the

substituent and for the reaction sites FeapaeE ety OF B vasty oF
tRis SfprodeH; REAALY fasievaluater &P waldes for a number of meta
and para Sibstitaerta, : )

Substituent effects in aliphatié¢ systems, excluding hyper—

. conjugation, cjnnot involve resonance interactions ang/Hammett's o

* of 4-substituted bicyclo [2.2.2] Thoxylic acids were found to
2 . - v

“be of compargble magnitude to those of meta and para substituted benzene
derivatives.16 faft15717 defined a set of polar substituent constants,
o®, for use in aliphatic systems, on the basis of ‘the agid and base

v

catalysed hydrolyses of ethyl esters of substituted acetic acids:
= 0

[91

where k' is the rate constant for the hydrolysis am

Raving the fornula RCOOC,Hg and k' that of thé'standard ester, '

R = Me. These values were used in an equation analogous to the Hammett
equation: | |

. log Kk = P v . ¢ _[10]

Even though the Taft equation was proposed for a series of-




"aliphatic it has, on occassion, been applied to aromatic
series;-cunérsely, the Hamnett eguaton has, on occasion, been }ppl_ied 2

to aliphdtic gics. Tiws the: equations averiap'in Hiels application:
(Some examples of»)thi/s are to be found in Ritchie and Sager's revie;l -
article).5 Tun. % '

Taft1® proposed that the Hamett o be quantitatively separated

factors. That ds:

‘into independei¥] inductive, o, » and resonance, Gy ,

6 = opta, ’ [11]
" 3 . @
- The new scale of substituent'constants, 10y, was assumed to be
a measure of the inductive contribution of substituents to’ the Hammett

o ‘constants for both meta and para substituents (excluding charged

. *
substituents). ‘0. was related to o by the equation:

2

. * . - . .
o, = 0.450 o . ¥ i [12]

" where 0.45 1is a normalization constant. & :

., Thus a mumber of substituent constant scales are available, ‘some

of which do not differ significantly from one another. These scales

s

were compared by Ritchie and Sager.® The authors recommended that only

the o, o, o, and ot symbolism be retained, except for those

5 . . “ . .

substituents which either bear a formal electronic charge or which are,

at the same time, strongly electron-pithdrawing and resonating. With
!u , ‘0 and o scales are

1 . . ’ i
identical within the limits. of experimental error and the o scale is

these few exceptions, the o, o°,

simply related to op . ' v




1.2 The:Reaction Constant & . Y

The Hammett equation yieldéd the reaetion congtanl{ .9 ,,as

“of a >

proportfonaliby-c onsta upon the

e X z 3 .
series to changes- fn the substituent, relative to a standard reaction.’

The inter of

o, as me L of the
polar effects of substituents leads to the identification of réaction
TP e m;sureﬁ of the suscep;ihluty of the reagting'group to
electrostatic and ele;:(ronic effects. VThE ‘overall susceptlbflily is

a function of (a) the trnnsmission of electr(cul e((ects to the
reaction site, (b) the respunse of the reaction to changem xn electrnn
denslty at the reaction site®ard . (c) the uttec: of reaction tondi[iol\s. .
Reactions with positive p values' are facultar_ed by low electt\m

densfty and those with nefative p values by high electron density at

the reaction site.3. Two basic assumptions, chncerning the nature Sf
reaction constants have been accepted by most authors:' (i) reactfon
and substituent constants arc independent of .one a}'mélm_and.(;ur

are a tic of a pa‘;‘lh;nfar raaction ser.

_under -specific conditfins of tampera e solvent and

+to'bath meta and.para auhs:nueucs alike. - Hinel quesgioned the

~
vaudity of the practice of applying chg “same p values to supstituents

* in ‘both meta and para positions, and assumed that ‘p -values for metg

and para substituents necd not necessnr.lly ‘be cqual. A statistical’

examination of more than 300 feaction sezxes” supported. Hiinc" s con=

lusi but it also that only a few systuns requi:e sepnuu

o values for ‘the meta and para positions. “In 85% of the series 1m:luded g

in the slud)’, [hu’g was no significant difference between D(Igtﬂ) and




- @he application of Rine's treatmént is also limited to

" of the redction-and a .is the proportionality constant.

p (para). Only a few series showed serious. differences vhich, 1in part,

nay have heénvclusxon of data of many plrn-subsl:ltuted
cmpounds having enhanced o 'values.?® e =

equilibrium systems of the type:

. Arky

2 oA, - : - 3]
where Ehe s vaxu'es of ¥ and of ‘X, are kiown. .The reactisn ¢

constant . fnr the systen {3 propurtional to the difference between the

& Eonstasch for X, and X, » It isinot_possible to apply the

treatment té reaction rates, since Xy would then correspond to a

transition. state, the structure of which would be largely speculative
~ o g
and-for which o values would be unknown.
X Ritchie and SagezN also derived a relationshl’p between the

‘reaction o , and the s i . of the groups

involved in reactions which are not complicated by variable resonance

or by steric interactions: =
- ot % . %
p o= a¥(0) =0/t [14]

where rl and r2 refer to the substituents exchanged in'the course
Applications of the Hammett. Equation v T : Py
The Hamnétt cquation in its original form -ppned to derivatives
of benzene in whlch substituent groups vere. siluated meta or para to a
reacting sidg-chain,» and in which there was no direct mnjug,nion

_between the substituent and the reacting group. Within these limitations
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. the equation was used to correlate satisfactorily both equilibrium and,

mtpr data, even r.hough :he former is 1ndepcndent and the latter i
completely dependent upcn the reaction path bitween reactants and )
products. However, rate data is only successfully accommodated if
there fs no change in the mechanism of the reaction within the series;
should sych mechanistic changes occur abrupt ch.’.mg\aifn o values
often result. A different p will apply tol each mechanism. Conversely’
a Hammett plot which demonstrates 2 sudden break in the correlation line

is ofteén interpreted as being the result of a change in mechanism,

within the series under study, Thus, sudden changes in p-values

within a series of Schiff bases have been interpreted in terms of
. ki

" mechanistic changes due to a change in the structure of the reacting

molecule frpm a plamar . to a non-planar configuration38’73 or due:to

solvent-solute interactions.”?

in gegeral, uncFr:ainty concerning the
Structure of transition states make WPEOLA PG AV LY R
léss satisfactory than those involving data from equilibria only
because, in Lhe‘la:tnr, the reactants and products are generiu.y well
defined.

. The Hammett équation was unsatisfactory for the correlation of
the rate or equilibiiin Hlata of icompounds in which powerBiri-electyon=
donating and electron-withdrawing substituents were in divect cunjugatio’n
uith the reacting centre, and the equation v was extended to inclide, thesa
srotps by detatulningepactal oF and o walues espectivelyy Shich
would apply to.these compounds. Thus o". values are used to correlate
data fron electrophilic reactions wia & @ applied to Aucleophilic

reactions~ In-many ARSEAGEE, LANEI0RIaNS el EOPERESHAETERAE tranaition




- LA

- & - . 8
‘states have been based on whether the data cbtained'correlates best -
with o, o or o, though Ritchie and Sager® warn that such_ ’
detacttons way. e iveliable. -THeBasre wquaton abould alsg be
valid for-aromatic and heteroaromatic systems which:have substituent
and reacting group in meta and para positions relative to one another
since ghese, like benzene, are planar and rigid. szn. considering a
substituted benzene ring in a.fused ring system, hovever; the situation
is complicated in thatthe adjacent ring is attached to the ring

bearing the’substituent in two positions. A modified Form of the

Hammett equation has been applied to such situations:???1

- log k/ko = 0

10y +00, ) < [15]-.

where °1P1 and 9Py

alternative approach selects the parent (unsubstituted) .compound of a-

refer to the two points of attachment. An

N P n'; values are reported for the
naphmalme_sys:'e-.f‘ The use of the Hammett equation was further
.extended in its application to saturated ring systems, Such as the
rlg‘id 4-substituted biclo[2,2,2]Joctane-1-carboxylic acid system.'S In
this system the carbonyl group and the 4-substituent are approximately
the same disténce apart as'in the para substituted benzoic’acid series

and, ‘because of the absence of electronic effects, the system was used

to-estimate i for the  sub The

o' is followed in thi:ya:em.‘ g

A variety of other data has also been

equation log k/k, =0
ccessfully correlated
by means of the Hammett equation.22(8)s24526 It has been widely

applied to polarographic reduction potentials??»2%»5" and this 1s not
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_unexpected because réduc;jon potentials are essentially measures of
equilibrium constants. (This i3 discussed in more detail in Chapter

3). The correlation of substituent.constants with spectroscopic data,
including.nuclear magnetic resonance (n.m.r) and ultraviolet and  °

“infrared spectra and mass spectroscopy, 6 have been summarised by
)

Wells.26 . '
Streitveiser applied free energy relationships to electrophilic

“ substitution in polynuclear hydrocarbons?2(3) and found that for a -

particular substitution reaction,.the relative reactivities of reaction -

. sites correlated with their basicities. In this treatment the nature

of the attacking reagent was neglected since it was the-same for all

the hydrocarbons considered. The variations in the reactivities of

the various positions in the aromatic nucleus were considered in terms @

of the localisation energies at these positions. An equation, analagous

to that of Hammett, was proposed for electrophilic substitution reactions

_ in polynuclear hydrocarbons: .

.
log k _/k, o [16] -
08 K /Ky naphth. = %P 4

where the standard ‘substitution reaction is the protonation equilibrium
and o =1 for this reaction; o then gives a direct measure of the
selative GASTEATY GF LS PHSTEIoN, 7, 10 ARy EOHEEIS Ry UEOSaEha,

d"hg 1-naphthalene position was.chosen as the referemce position for
reasons of convenience and accuracy. These o_ values have been
convabaal withs o nunbee o propdesien of ehc hyrocarbon motesdiss;
including spectral pxop_er:ies, palarcgr&;phlc ‘half-wave potentials,

electron ionisation potentials,-and theoretical energies of the lowest
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*

'u:incmpied and highest olccupled' molecular orbitals.22s24

Maccol1?5 showed that the polarographic half-wave reduction
pun:ntinqls of mevard]l avosstia hydrocarbons are linearly careslited
with the energies, of the lowest vacant MO's of the hydrocarbons and
others have confirmed and interpreted these observations.?’»29 However,
it uas‘\;oted Hhiae, compounds Fiat mrs noweplansms euss 9,9\'—d1nnthry§ (in
which the two groups are at approximate right angles to one another),
do not fit the correlation.??(®)+28” Scott and JuraS" extended this
treatment to Schiff bases of the type ArCH = NAr' and correlated
the half-wave potentials of these compounds with the, encrgies of the
highest occupied and lowest unoccupied orbitals, The energies were
caleulatedsy the linear combination of molecular orbital Q.com.o.)
VAELEEGE ‘the HUckA1 WBISRNIAE YBIEAT ERedEy. 'SERLEEbAs vere
g 1A CEAT O e HTATORGHE hydrovarbon because of the relative
case of preparation of the former. However, while making .l;hé_syn';hetic
problem casier, some theoreticil problems ‘were intioduced which vere
neglected by (a) assuming that the Schiff bases were planar and-in
the trans-configuration and (b) applying the l.c.m.0. pérturbation

3 3

method without specific consideration of the heteroatom present. Tt

« ~
was also assumed that both the mechanism of the reduction process and

solvation terms were invariant with.structure.:
The structure". of Schiff bases has been the subject of much |

discussion (this s discussed i more detail in Chapter 2) ‘and it has

been shown that Schiff bases are almost certainly not plun;r, but th;:

the molecules are twisted about the N-Ar bond, due to the interaction

BF elBSAER pair of e_leccr‘nns on the nitrogen atom with. the
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T-electrons of the aromatic system. Despite the fact that the non-=
planar 9-9'-dianthryl does not. fit the correlation described above,
Scott and Jura®“ obtained some impressive correlations with the non—

lanar Schiff'bases.
3 %

Deu./ar“'f"* has described the effects of substituent‘sr in terms
of two factors, one’h;éa the electron denmsity at the point of .
attachment of the substituent (which, for odd alternant hydrocarbons,
can be determined by nonbonding molecular orbital (n.b.m?o.) calculations)
and the other.being some measure of the activity of the substitutent.
He has empliasized, however, that the quantitative e
necessary to test this approach are not available and that it is
" necseary e have marensive and reliable measurements of substituent

“effects in aromatic systems other than benzene. The present project.

provides an extensive sy ic series of of substituent. |

effects in large conjugated systems. ;
The present project further extends the investigation of the

polarographic reduction of aromati¢ Schiff bases and the correlation
of their half-wave potentials by means of linear Tree energy relation-
ships: Six series of Schiff bases, each containing 19 compounds,.have’
been prepared and their half-wave potentials measured in dime:hyl—l
formamide. The electro-reduction process corresponding to the first

b . polarographic wave involves a very simple chemical reaction, namely the
addition of one electron to the m-system of the Schiff base. Complications
of this essentially simple process have been reduced to.a minimun by
vaingscarebuliy deisd and purified dinethylformanide, which avoids ‘the

_ possibility. of the rapid protonation of the reduction product. The use. ¢
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of large reactant (Schiff base) molecules also reduces solvation
effect variations to a miniimum (solvent ‘effects are discussed in . ;
greater detdil in:Chapter 3). 2 S T
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CHAPTER 2 8 )
THE STRUCTURE OF SCHIFF BASES ' o

The planar configurations of trans—stilbene (Fig. 2.1) and
trans-azobenzene (Fig. 2.2) have long been established on the basis
of their crystal structures.36:37 More recently, absorption bands in |
trans-stilbene (A 2950 )39:%2 and in trans-azobenzene (A 3150 A)“2

max e Opax 2 :

have been attributed to the overall conjugation occurring in these
molecules. A similar band appears-in the spectrum of the isoeletranic
g 2306, 42%; i
Benzalaniline Oy, 3150 )20:42%qc the incensity of the band in the

Schiff base (E,  8000) is much less than that in the spectra of trans-
stilbene (E . 28,000) and azoéenzene (B é:,oon). This 18 but one

of a number of properties of Schiff bases which differs from those of
their isoelectronic analogues;*? in addition Schiff bases of the type
ArCH=NAr' are less basic and are non-luminescent, and their cis-isomers
have not been isolated,®? "

Ismailgki and Smirnov3! .recognised ;ha: conjugation in
benzalaniline was less ‘than in stilbene and postulatéd that the unshared
pair of electrons on the nitrogen atom 'in benzalaniline are conjugated
with che Foeledtron systen of the N-pHenyl/ciig. Sueh /s model Implies
an acoplanar structure because) to permit such sn interaction, it is
WetesaEy P08 N8 AGLSCT1S B\ bE/EFLAES AToRgthe NepHERY1IHoY, thiE
bringing the orbital of the nitrogen lone pair electrons into the plane

of the © system of the ring. This restricts the overall m-conjugation '

. in the molecule and accesnts for the observed reduction in the intensity

of the band at *)_ = 3100 A. In Schiff bases prepared from aniline’



.

!

Fig. 2.2 Trans-azobefizene

“’C
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¢ and aliphatic-aidenydeny, this same sbeorpeion band! (et Aax = 1‘100 2)
-is absent altogether." Ebara,"3 on the basis of ultravioleg ;\ecn—al
_e‘vidence, also concluded- that the benzylidene-aniline molecule was
non-planar, and suggusgd that the ring of the aniline portion vas
"almost perpendicular to the rest of the !nolE;:ule. ” ’

Localization of the nitrogen lone pair electrons by nitrone

formation, 30 by N-methylation*“ and by protonation3®:4 effectively

removed the p‘iassibility of conjugation betueen the orbital of the
Akcrog'an lone pair and the N-phenyl ring. Products were ‘obtained '
in which the l‘intenslty of the band at A= 3100 & was considerably
I
30~ - B =
increased, 3 ;amx(nitrone) 20,0003 E . (protonated species) 19,5‘00].
] " In addition, compounds in which' the -N = C- linkage was fixed as part

of a S-membered ring, for example, 2-phenyl benzothiazole (Fig. 2.3),

i|n which the benzalaniline skeleton was made to assume a planar
configuration, all gave spectra comparable to that of trans-stilbene.3?
These conclusions were substantiated by W. F. Smith,%5 who studied the
ultraviolet absorption spectra of a series of 1ncr;asingl; hindered
Schiff bases and showed that as hindrance to planarity was o o HREED

the extinction coefficient of the peak at . = 3100 R decreased.

(At the ‘same time there was an increase in the extinction coefficfent

Of the peak at A __ = 2630 &).
max .

The weakening of the ovérall m-conjugation in the molecule due
to acoplanarity would be expected to lead to some measure of independence

of the aldehyde and amine portions of the molecules and to the appearance

of bands cor ing to these hts in the 43 Indeed, a

shorter wavelength band does occur in benzalaniline “y\mx = 2560 3;
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'nax = 16:200) in approximately the same positicn 4s a similar band in
benzaldehyde methylimide (A = 2460 A; E__ = 19,400) and it was

max ‘max
proposed that these hands have a common origin in the benzal portion g
of the respective molecules.’ (Thé displacement of Mpax by 100 R'in
benzalaniline was attributed to the Inductive effect of -the terminal
phenyl ring). Anils of acetophenone have two absorption maxima, at
Yax = 2900 R and ac A= 3100 - 3200 Rs uhtch have heen assigned to
‘the contributions of the ketone and amine components respectively. The .
introduction of substituents into the ketone ring led to distinct
shifts of the ketone band (A = 2500 k) and to much smaller shifts of

‘ the amine band while substituents in the amine ring had a much greater

influence on the wavelength of the amine band at A = 3100 - 3200 k

than on that of the ketone band, which remained virtually unchanged.3?

" Similar results veré obtained by Ebard."" . -

_The acoplanar model was supported on theoretical grounds by
Minkin et al.,?? who showed that variations in the dihedral angle (0)
between the. plane of the amine nucleus and that of the remainder of the
molecule had 1fttle effect upon the calculated delocallzation energles
5 Eha MiioHs EeTiNTe, (bataisa CERILEAT VRO between the
R A G URERSAEE i TS ThiR e TAYRERLE Tt
were thought 'to be critical in determining the stable conformation of
6 6 TSE01S ST, HORTENS GETERNIE: CHAUES 5. B booY €N FERMISTON
energy between the hydrogen atom of the azonELnE EEous Tl the et
hydrogen of the anine ring wei‘eidetemined. The combined delocalization
s EEpUTaton Ssstes igissared thmrathe s srable configuration vas

that in which, 0 was:between 40° and 60°. This result was substantiated




flowever, Houlden and Csizmadia’® assuied, a planar model of

Zniline in which bofh the ¢ H_-N = C and C N -C = N angles were
6''s ()
kept a® 120° and caleulated that a 5° rotation of the phenyl ring

of the aniline portion of the molecule would lower the energy of the-

molecule by only 0.3 kead/mole. This was nol consldered to be large
enough to justify an acoplanar model. The authors therefore assumed
h . K

planar geometry throughout and ascribed the anomalies to the opening

of the CH,=N = C angle.. Optimum’ values for the Ccli-N = C and

Cglis=C = N angles vere calculated to he 156° and 128° respectively,

and that of the Cill-C-ll angle was shown to’be 116°.%%  The transition

energies. of Livé benzal-p-X-anilinés, predicted by an extended Hick®h

treatment, were used as a guide for least squares resolution of the
observed ultraviolet spectra of these compounds. The comparison” of the
~resplvad and pradicred)epestry perntetal 8 mue-tdonsansigment 1t the
bands. This technique indicated the presence of a band under the tail
of the Eime, o o [bunds 'corresponiiing o the:Elmat v o Bl
The presence of this band favours the planar model since, in the
acoplanar conf iguration, the nitrogen atomic orbital éonjugates with
the riMg electrons, and the band would disappear. Good correlations

of the Wtk Tind WHICES OF thi-subtleutel CoupoHIs FElMEIVR.
benzalaniline, with-other substituent properties were claimed to be an

indication of the réliability of this method.3¥ No orrelations were



found with Hammett's LS svalues in this thdy, in agreement with the
failure of half-wave potentials of benzal-p-X-aniline compounds to
correlate with o 3!
Evidencey concerning the structure of Schiff bases has also been
P 5 3

forthcoming from basiclty measurements. Korolev et al.,?":39 plotted
 PK, values, measured im acetonitrile, agalnst Hammett's o constants
for a serics of substituted compounds of feneral formula:

[ N N .
“Two lines were obtained, iptersecting at X = H. For nucleophilic

substituents the p, value was 2.26, while for electrophilic sub- -
stituents a p, value of 3.91 was obtained, which is,very close to the

value for-anilines (p = 3.81). A similar plof with compounds of general

formula:- T : .

in which the molecule is constrained in a planar configuration,resulted’
in a straight line plot with p = 2.11, which is very similar to L

N 2
Oni the basis of these results it was proposed that those Schiff bases:

with an electrophilic group (p = 3.9)'were mon-planar, (c:f. anilines,
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T p ='3.81) while those with nucleophilic group (p = 2.26) were planar,

1ike’ the o—hydmxybcnzilidlne compounds (p = 2..115.'

= g More mcennly, nuclear magpetic resonance studies of Schiff »

hases"o "1 have suppuzted the nnn-planarﬂodel. Tabedi anﬂ\saitun .

conpared R& effects of para substituents ln eac ring on the signal
. - z

- of the""xznmethine proton and on the C = N stretehing frequency. They

showed ‘that suhs:nuenzs “in the para posil.lon of the aniline ring have .

litele clfucl: upon the azomnhiwqﬁ whereas:para.s st Bl TR

' _the benzaldehyde ¥ing have a.much larger effect. This suggests that .

. the para position of the aniline ring is not conjugated to the
. s .

azomethine group. This s in agreement with the non-planir model of

these molecules.” Gif and Saraiva“! observed that the chemical shifts -
) _ of the two ortho protons of the aldehyde ring (adjacent to the ’
" argRaEnlie SUREELGH) FER HE adetTan 50 were P — ‘cormpcndxn'g i
protons of crhé amine ring; thus both phenyl rings appear to be rotating - ' [ :

rapidly about the bonds”by which they are attached to the azomethine ¥
group. The authors"! thus, talked in terms of 'average' or 'weighted'

dihedral angles and showed this was a maximm of 45° for the aniline

ring. s A




CHAPTER 3
" THE POLAROGRAPHY OF SCﬂXFF BASES

3.1 Solvent Effects : N

the half—

have been'shoun to be important in this regam

(1) Schiff bases are readily hydrolysed, even by water, ‘to the

Early investigators of the polarographic behaviour of Schiff

" af the results thus obtained would likely: be of doubtful value, since

bases used, aqdeous—alnohol solutiors but any theéoretical interpretation
>

ve pntentials ghise nessured e unreliable.5! Three factors

parent amine and 'aldehyde”,“ and, uhd‘erlaqueous or partially

aqueous l:cuditions, an equilxbrlum mixture of Schiff base,

-aldebyde and amine is often present. 7,

(if) The presence-of proton donors would likely influence the nature
of thé electrode reaction, making it much more likely that ’

rapid protonation would occur. The presence of'proton donor

Species has been shown to have an effect upon the mechanism of

the electro-reduction of aromatic -hydrocarbons.“6=5! Significant

0
made in the concentrations of elec:ro-iner: preton donors

B present. Measuremen:s of the variation of E‘s fot the. reduction

oo . of lp . methylene—phenanthrene (Fig. 3:1): in dimethylfomamxde

showed that-the change in E'.;ﬁ with AtOH is greatest in the lw .

with increasing ‘oncentration of jded proten dosiE (phenol)

changes were observed in the values obtained for the ha]&-uave. .

* ‘potentialg (E,) and for the limiting current when changes were
%

an



" evidence of this has been reported.’®

concentration range of the proton donor; thus even small

concentrations of proton donors were shown to cause significant

errors in the measurement of tfue , values of aromatic hydro-
carbons:5! It is .to-be expected that Schiff bases would react
to the presence of proton donors in a similar fashion, and

e

Fig. 3.1 Methylencphenanthrene ~ -

(111) Solvation might play an-impértant part when aqueous alcohol is:

- used as the reactfon medium. Bezuglyi et al.,”?® l:nllpated z,i

“values of substituted N-beénzylideneanilines measured 1n aqueous

aleshol, sulfurie acid and: dimethylfornanide respectively and
correlated the yalues obtained with Hammett o . values.
Straight lide corrélaticns resulted when half-wave potentials
deternined in dinethylformanide or in sulfuric acid vere used,
but a broken curve was ohtained when the half—wave pntenthls
deterutned {n aqueous alcohol.vere correlated with o . It'vas
proposed that the ‘Schiff base molecules were hydrogén-bonded to
both water and alcohol, in the aqusous aléohol medium through
thelnil:rogen lone pair cléctrois; thils ability to hydiopsn bod

-




is even more marked when electron-donating substituents are
present in the molecule. The authors’? suggest that, in
pro:on-donating solven:s (alcohox ua:er). the gmup reduced

at he electrode in the hydrogen-bonded species, -CH = N-,°

. F
differs significantly from that reduced ir the non-bonded

species, ~CH = The solvent therefore contiibutes to a
change in the pature of the reaction-centre, though this 1s
also influenced by the substituent present. Fox’:ue‘cu/:—

relation of the F values measured in aqueous ethanol the two

p values obtained from the broken curve reflect this change’ =

'in the reaction centre. In aprotic-solvents, however, such a
: & o,
+ .change in the electroactive group is not possible and Btraight

line correlations are obtained.”®

. Hoveber, in a reaction series in which neither [he'reacti@‘
site nor the reaction mechanism is subject to such solvent-induced
variations, other solvent effects can be neglected. !

The influence of solvation energies is apparent from the

following thermodynamic cycle:

i Ar-CH = N-Ar' + e Ar-CH-N-Ar' (intgas phase)
e O “/ . 85 Cpa “ )
L3 | « "
, o, ! _
A ;
Ar-CH = N-Ar' + @

—=*  Ar-CH-N-Ar' §in solutién)

; . Low .
where 6 Gy is the free energy of the Eransfer of a neutral molecule
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from. solution to the gas phase, E; is the eléctr‘m\_aff{nitvy of the
neutral molecule in the gas phase. 8gCp, 18 the free emergy of
solvation of the gaseous radical anion and G, the trecienszsy OB
addition of an electron to the neutral molecule in solution. l\

further set of terms appropriate’ to taking the reference electrode-

eleccrnn'sysxem around the cycle is not 1nc1uded because these are

ntially constant tl any reaction series and ig represented
in equation [17] by the constant term C:
AG, = 8.Gy+Ec+8 G +C . i [17]

The half-wave potential,

, for a reversible one-electron

3 5 ;
reduction is given by the equation:

s

o D, 5
e > [18)
: RA :

where F -is the Faraday and DN, are the diffusion-coefficients

. DRA
of the neutral moletule and radical anion respectively.?? (027 Agsuming
that. Dy = D, ,22(b) equation [18] becomes:

= K6 JF o ’ . [19]

-The half-wave potentigl is thus.proportional to AG. Substituting

the value for AG, 1into equation [17] we havé:

FE = 86y +E + %‘ﬁu_* c E .+ [20]
If we assume that solvation terms are invariant with, structure, ile.

GeGN and ﬂsGRA remain constant throughout a series »and are n?t

‘subject to substituent effects. Thus:
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B = [21]

Variations in E, for a\repction series are thus proportional
to vn;iauons‘n( the electron affinity of the wilceuies Tnithe gas “
fhase, and are not influcnced by solvation energies. This equation is
the starting point for relating the half-wave potential for the first
polamgraphfa vanin Eomoralied q‘uanv_ities obtained from qum_.;umff

 mechanical’calculations. Correlgtions of the energiés of the lowest

ied ‘and highest fed molecular arbitals with polarographic
reduction potentials and fonisation potentials have been frequently
reported.?2(b) 24,55

3.2 Relation between Half-wave Potentials
v and Substituent Effects

“The electrical-work performed during an electrolytic ‘reduction
is accompanied by an increase in the ffee energy of the system equal

to ‘the net clectrical work performed: ,
AG = nFE ¢ T [22]

where AG is the increase in free energy and n 'the number of electfeons
inyolved in the'reduction process at potential E and F is the Faraday.

For a reversible process, the standard.free enetgy change,” AG°,

j . at the half-wave potential, B, , is given by:
I . B =, WFE o 2 i [23]

Furthermore, for a reaction at.equilibrium, the standard free

‘nergy change is related to the equilibrium constant for the reduction
N o N



process:

@ r
AC° = - RT In K o [24]
Conbining equations [23] and [24], we gots ) e
1/ LA = aFE,. = -RT’an
’ Le. t!ﬁ = '—:% In K _. .[25]

"ihe half-wave pué;ntial'is therefore proportiondl to the logarithm of
the equilibrium constant. Hammett substituent constants are gemerally
correlated vith. rate and equilibrium constants and it is not HEEPELetHE
therefore that correlations between o-valtes and half-wave pn:enfgzls'
are quite success‘ful. Ina siven‘series of comounds the differences
between the half-wave putnntials nf suhsututed, (E%)x,nnd unsubstituted,

(E,) , - compound. are glven by:.
'AE!i MG NE T I ) ; . [26]

Combining equations [25] and [26] we obtain: 5 a

. S .
= g I XY, vfhere in K In X, [27]

The Hammett equation gives log l(x/Kb =0p . - Thus, for a series of

compounds which obey Hammett's empirical relationshipst
s .

a5, = -2l . * (28]

- 3.3 Thé Reaction Mechanism =

The ‘possible reac}innjaths for the electro‘reduction of Schiff
: ¥ ;

»
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bases ‘are assumed to be similar to those proposed for the eldctro-

reduction of aromatic hydrocarbons5?,71,72,53,59 (Fig, 3.2). "

Iy_a R*

|

R LR - R

K
RH + HX —— Ril, + X

2 Flggﬁ 2 Possible, Reaction Paths for the Electro-reduction
- % of Schiff Bases

. The factor governing the reaction path T e -
- Protonation: of 'R’. which, fn turn, depends upon the product 'k, (K]
where BX is a proton donor, In the presence of high concentraticns of
proton donors, Qeacciqn‘psth 1 is favored; the lifetime of R™ would

1ikely be ‘very short and the radical anion would be rapidly protonated.

This reduction mechanism would manifest itself as a single reduction
wave corresponding to a ‘two-electron transfer.5? The value of k
would depend upon the basicity of the imine radical anion, R°

Consequently /‘)guld be expected to vary considerably with' the

. . . structure offhe radical anion produced.

The Schiff bases studied by Fry and Reed®? (Fig. 33) are

. 1y reduced by gsm T (Fig. 3.2) since a single two-electron

~——
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transfer s Involved. This ls so.desplte the fact that these compounds
were reduced In dimethylformamide which had been carefully dried and,
purlfieds The authors suggested that the tetraalkylammonium salt uysed

as the backing electrolyte was [tself acting as a proton donor by under-

« golng a Hofmann eliminat fon reaction:

(o) N o (i) N G, = c, + i [20]

The authors report that this reactlod occurs quité rapldly In

dimethylformamide., ?

NC 1 cH
6

65 3

- @) ' o 5 (o)

Fig. 3.3 Schiff Bases Studied by Fry and Reed“?

Fry and Reed predicted, however, that highly phenylated radical anions
would be more SEnbts than those produced from' (a) - (c)-in Fig. 3.3,
becquse of resonance stabilisation; this vas confirhed by the electro-
reduction of (Cghg),C = N-Cyli, which was reduced to a stable fadieat— =
GntGE by R GE A FevATAINIE wibuaTeseron tranater. 5P Bisckrdn mpte

resonance (e.s.r.) spectra have been used to detect the presence of
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" free ra‘dic.;ls for N-benzylidenesulfanilamide’® and CpoltyN= cu—clon7.5"’
The electro—?cdvuc:i‘on of aromiere hydeoeathions Sod: Rotones 48
dimethylformamide follows pathway Ii (Figy 37295 o, well deFined wayes
are observed, corresponding to’the addition of two electrons in,two
discreter one-electron transfers. Similar waves vere also cbtained in
the reduction of a variety of Schiff bases,®"»7%"% the diffusion current
(1,) values of which were simildr in-magnitude to those obtained in the *
reduction oF dfongEle hydrocarbons.5"»55 This favourable comparison
suggests that aromatic Schiff bases are usually reduced by reaction
path II (Fig. 3.2), though those derived from ortho- and para—
hydroxyaniline show some anomalous behaviour.””
Further evidence has been réported in favour of the :}m-stage
addition of electrons in Schiff bases: (reaction path II in (Fig. 3.2))
(i) Re-oxidation of the first reduction stage was observed using q
cyclic voltametric techniques.5"
(i1) Large scale electro-reduction of N-benzylidenesulfanilamide
and of-N-benzylideneaniline conducted at their half-wave

potentials led to the formation and isolation of producty of
i 7

double molecular weight.”® The dimers, whith were identified

on the basis of infrared spectra and cryoscopic measurements,
were probably formed according to the scheme: . x

2 CGHSCH-N~C6H5

< 7" ; 3
o ‘CGHS—CH—N—CEHE hd ESHS'CH'NH' 6H5

g [30],
a C H.~GH-NH-C H_ .

CEHS—CH—N-CEHE
¢ 3
On the basis of this evidence and following the example of

65 65

" previous workers,5%:7%=8 it is assumed in this project that the aromatic



“Sehiff bases being studied are mluced by mechanism 11 (Fig. 3.2).

. The

firie polaropraphic wive recorded thus corresponds to a reversible one-

ohlLtrun transfer, leading to the furmn[(on of a stable radical .mmn

’/



CHAPTER 4

EXPERIMENTAL.

4.1 Preparation of Sthiff Bases 5 4
Six series of Schiff bases, each of nineteen compounds,.and

having the structures shown in Fig. 4.1 were prej
~ .

pared.

General Procedure =
Equinolar amounts of the parent amine and aldehyde were
dissolved in 95% ethanol (ca. 25 ml.) or dry benzene, the latter being
Gsed. when thve‘scu'rting materials wete insoluble in .ethanol or when the -

product failed to form in ethanol, possibly because of hydrolysis.

When necessary a small quantity of catalyst (p-toluenesulfonic acid)

was also added., The reaction mixture was refluxed for about ome hour,

_with molecular sieves being added when benzene was used as solvent.

The majority of the products were crystalline and these were re-

crystallised from a,suitable solvent, usually aqueous ethanol or

benzene petrbleum ether, until a constant melting point was obtained.
0ily products vere refluxed in-the solvent with decolorising charcoal,

‘then separated and left to stand in a refrigerator. Those products

which crystallised under these conditions were carefully recrystallised
from a suitable solvent, usually petroleum ether with a minimum of
benzene added. Oils were redistilled under vavuum dnd the portion of
the distillate collected at constant-boiling point was retained. Vields
were generally satisfactory.
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Descriptions.of the Schiff bases, their melting or boiling
‘points and ‘their atlyEreal il YhssraE1eat: Golgbateinasiate recorded
in Tables T to VI. Spectral dath are recorded in Tables VII to XII.
| Melfing EAFER. WAPSREREIREY Toi. & AR HRETENY melting point apparatus
and are uncorrected. Uliraviolet spectra were recorded on a Uniedn,

SP. 800D Ultraviolet Spectrophotometer.
: ~
] : . =




“Series

Series B .

. Series C

-
5

Series D

S

s
’

‘Series E

- _Fig. 4.1' Scries. of Schi ff Basds Prepared *




N - W\ ¥
4 . L
° < ! = .
. ¢ . L
5 ‘ |- i " f . % 1
1 0050° N, - sr/ ¢ o
. 110 AoTT9R . st e:_w 99 Rlieisd Ho-n ot
) d o “18)op°101 ¢ mi.:.s. (on). A - -
. HOT194 o1vd Toumnas ass (905 SH | (18°05)2K 08D 16-06 5'98-98 . L, 6
g m.:_un.:. L 4
= sreaskan mot1an 202 20d 05) 15" 052 o $E-5°8 1 8
. sorpadi X (85°S)BT"SN. (o
& #31yn Is0uTY Toupy3s ‘mbe :uo.aﬂaw.umu VL, SLSTIL g se-d L
2 . t . g 9"
5 N 2
(8 o1)s8 011 . (o).
& HOLTaK ar1ed 10133 456 Hpo oL vH tlov” 2: §°19°5°59 -4 s
4 e i ." I Elé. (05°9)§ 1" N g
‘ 170 uoway tlve'y) 09°2L) 23 2D - v
5 425 oATT * t(ss® lovon 5
% poou 03T toweyae ‘abe - (z0°S)t ‘8 48 £
' Co T e 0°LTN #
S193SAI2 AOTTOR a9y3e 3ad (20°9)¢ 9€°8L)8Z°0L) 4-a.
N sorpaou’ = 5 “(£L°L)0L, Tt - .
- nor19k a1ed Towwys 456 *(80°9)84°SH (81°98)£0"98) o528 . e o 2
3 * aonpoxd . woxy pumog  wody Goa) 2, X “oN
Y™ 30 ugpadiadseq * pasyIIPIsAIdaY i “adw uemapisqns  punodioy

¢
W




B @

g * & “oudzuiaq Uy pax

(65" SN 1P SIN

sotpasu _ e 3
" .s:.» Joway .u_zu .& NS t(sernzetw jas E:.s > s 16-596 5T
y ¥ AR Y .;m £1)65°SIN - 3
g 130 MOTTA 39433 :.h: WD H(se :2 PRE(ES T8)ZL Lo 09188t N-®
e E ez (o» " I A
$O[PaaU MOTTIL - TOUBYId 456 :ni.L-u.vS 69116789 £6:26 16°5°06 on-d 1 o
% o . or‘Z1es ZIN o m z
) foueySom  :(zp'p)9v'VH (£0169)58°890 < 597599 5°99-p9 N8 9
S T T (T2 )1 S (' 8 N = g
soderd adpun. | irouwylsm * f(91°9)1Z*BH f(19°6L)6L°6LD $9-5£9 o9 H0-d SR
g s / (49 9oz o ey i .
PRI LIt ) S HCIRDL T f(19°6L)15°6L0 \ JSe8zt HI0-8 5 e
P ol T g . oLt R o - gF
£ 1re morraf * 9 1(81°L)20°LH "t (v1°98) 92°98D - iy Lost-6zt H-d a 51
T . & ) i g .1.:.?:. o, S’ . -
L & § GUON (s) = 10/ - s B
" 5 . He99)6L 9H * (51°98) 567 SED ozr-ort sy fo-d n
+ " aonpoxd ?3-:.:-5 punoy :woiy &01) 9, 2 cadw 7 B
o L E_:n:u:n uoyaysoduoy’ | sadwa 3y s Juen3yasgng. punoduoy
s . ) y . D) TATE
. ” ¢ oy, = *:
4 g 4 3 Y : a
£ 5 ,
. ® & < % b
* - R . “




sozerd U (s9) = 0°1/ € J
. weald oed . aeqe e fz9'9deLt !. (51°98)66°582 RO 62-5°8Z - — ot
o seipasu LS IR)OP LPHE9S 1) L8 " o (o)
meaId afed | . TOWRUI® 456 (92°S)E¥°EH £(18°05)2L°05) 98-58 8 1-d. 6
* sorpoau’ 3 s ozt D)6
ASTI9A f®a1) .. lousyis 456 . ‘(92°S)erEH (18°0M19°05) 3 £ 1= 8
: i eros)eeonan ! (esiv)6nesn on =
L Touryls 456  (S8°£)00°¥H ! (66°§5)S8 65D 99759 99-5°59 _ag-d L
19i3a 30d (2) L 06)19" 0£3 £ (856085 * i L
s :.n 4s6) toweusa (1) G- £)9L°8H *(66°65)00°09) 5'85785 g-a 5e
o5 Lot §9°91)55 91D £ 05" 9)Z8"ON (o¥) N
sorerd weazy touryaa ‘nbe 9°0)00 "¢ £ (0¥ ‘24192 24D 15789789 5'09:09 -4 s
r . °91)82°9110 £ (05°9) €0 ON v *
10 oo 3edHr9'nies It (on"2LITE D §'u8L8 [ee] O
1d s . (5576065 64 ! (50" c: 9N o
weexy ared Touwyae \s6. (20" S)STUSH (8 '8L)SE 94D a-d *
. « (55°6)9L°64 1(S0°L)LT LN L %
‘30 Aort o 4 *(20°5)01"5H, * (85 *8L)82"8LD 3u z
2 . w2 /Th *L)0L* LN (or) "
fe Jempkingg |, Mool “9)86°sH (31 a:E 98 55-25 v~ LW T
= (paau(natea) u_s.: oy (393) 3, 2, X oN
36 r »: avematasans punoduo)
. 0 TR
.o




“suszuaq uy paredord aram yoTym *

pafzvw ssoyy 1deIxs TOWRYID 456 UT pazed:

3

5xd sxom SpUNOdEos. [TV

satpasu e, 2 (65°£ 0L SIN 3 ;
morTak ared  © 39y3d 32d/°HD  USEUHIEETHH L(SS°TE)Tr 18D S'vLovL o - .51,
pi1os : g (68" SIS 'SIN : .
- omeagaated ayie 13d/%%)  f(sere)eLtwi £ (55 180097180 By o-n, it
, pexedexd 308 Zon-d \K
sagpasu . xou33 13d/%% (2) (05" ZD)EH ZIN £ t = e
£ weaxd ored  towew3d 456 (1) "2y #)Es M f(50°69)56°890 é sese C fovm. .o ot
saerd ¥y o (£9°9)s5 0N o . .
213 aTEd fowyas ase 91902 oK £(19°6L)85 600 s st
. ! (59°9)LL°N
o mor1os €91°9)Te"0H H(19°60)25 60" " I
3 » 3 “(02°9)85" LN
110 KOT194 (B1°L)9p"9H (¥1°98)56°58) . 51
- i - (0L°9)8s N : o .
T30 mor1ax ST LB LTI z
©. satpaau’ " (BTN (sm) m 2/ 7 "
wea1d a1ed 9@ 3ad (19°9)7L°9H *(51°98)82°98D sl st fodd 1
33npoad woxy _(poeTnoTe) punog swory - gen 2, .~ oy
3o woradtaseq  pastiiTIskidRy uoratsoduoy | “adw 3 Juenirasqns . punoduoy




- .
=)
aoy3e 304/%%3(2) ML ¥ 5 !
$ Towena.Ase(1)  91°9)ze oM {(ST°98)0T 88D . sees'eL - or
soyie 30d/%%(2)  155°SE)SLISET ¢ (26°5)10° N 7
TouRy32 456(1) {65 °6)SS TH ¢ (91°L5)96°95) Lo 4 6
A55°SE18E 16T ¢ (26°6)L9 SN -
saarrd mortox’ Toueyaa 456 Hes"E)yy SH | (91°L5)60°¢SD " 1w 2L
Bre *(9L°52)26° 526 £ (25°1)6S N A
soaerd mor1ox TOURY13 456 H16°£)S6°SH * (28°59)£L°59D st ag-d '3
= 2 “(9L°52) 05" S (25 1)9p N
soaerd wraxy ToURYIa AS6  (16°£)60"¥H *(28°59)99°590 s'ro1 . 9
PSS T 22D (L2 5)BET SN « g .
. sererd vomsy Toume AS6 - {95 9) V9" M f(v'9L)BLOLD Y 7 1-d s
2oy3e 308/%%0(2) (e SITEID L2 DI SN )
@ 1d wway Toueyda 356(1) . H(95°p)§9' Wi { (v8'9L)0L 9LD z01-5° 101 - v
: 2 “(29°L)s8", 9°5)8p SN hv
0 seuend yupd oreq - oyl 456 (98" $)SE HH 18)12°180 §°001-00T 4 €
L, (297)89°Ld H(z9)ist SN o 3 - »
saivpd weasn Tovey3a ‘abe  (98°y)vR M 1(06°18)EL°18D S've-ve £hd L4
' _4 (90°9)12°9N [ -
s91padu weax) Towey3s A6 H(89°6)05°SH *(L2'98)20°98D °. 101 66 W+ T
v 'aanpoad . woz3 (pparina[e)) pundy iwoly o) 2, 9, dw X ¢ “oN
* 30 wotadyansag PosTIIEISAIIY uo3tsoduo)y _radw 3pg . JuenIyasqng Ppunoduoy




povsem osoy adsoxe Touryas 456 UF pazedasd azen spunoduos 1Ty

“ouszuaq ur pazedaid 919m YITUA ¢ \ TR

T s A - s

. R g, Toson)rz oty N
sarerd sorgag © | 2owi@ 3a¢PHD H69'P)U9'WH ey y8)SzUesD 0p1-5° 65T ro-d .50
s0pnod . 0 (06°01) 989 TN > L
mor194-Tea) 3432 32d/%%) (69" )65 oM (Ly 98)95 18D 06-5768 o BT
- AVT00EE OIN - 2o &

$31pasu mo[1ak daag - ToURY3d 456  (8L°p)9S #H (06°£0)98°5LD 121-5*021 , Con-d i

- 7 (P1°01)8T70IN iz
S3Tpasu mMOTTaL TOUBYIZ §56 (8L PIZS H 1(06°SL)PL7ELD * 26-5°16 ON-u o1

(o5 5)68 SH J . .
- sezerd weaxy touTy3s 356 6L°5)59"SH (5L 28)09° 230 86-5°L6 st
sapasu Touey1a 356 “(95°5) 15 "N
HOTT3K ared Toueyaatu  Y(6,°5)98 SH (s, z8)16°78) 6y-Ly »
; Toy )25 SN N

aspaod meaz) xoy30 394 097901y £}8= 88)7L°L8D §'EL-sL £1
J P : .- paxedoxd 30y Siau z

sapiad Ny s f =
notT1e4k oreq Touey32 356 ™ {91°9)1£°9H * (£1°88) 01880 . STETT Ho-d 11
3anfoxd wozz (paemmaren) punog twoay (393) 2, 2. adim x o)

30 voradraosaq postIIeIskiooy uoraysoduo ) “add aft ausmaTisges  pumoduon




43

sos 39d/%%(2)

1d L SIeesN %
morTaKk-Auear) Toueyaa 4s6(1) f(91°9)62°9H f(£T°88)p0°8ED . §°96-96 or
sorposu  xoae 20d/%(2) +(£5°5£)89°SET *(26°€)90°IN
mortef-usazy towwy3d 456(1) Feg-g)zy eH 1 (91°LS)0E"LSD 91 6
. sarpenu saya0 33d/%%0(2) +(£5°50)99°S6T {26 E)L6"SN . s
AOTTa4 Bted Touryas 456(1) (6275 TS EH 1 (91°28) 28 °L8D st Ien L
2030 30d/%°3(2) . (oL sz)e’szae {(zs MSS IN
saae1d moy 1, toueyas 456(1) £(16°5)50"pil *(28759)96°59D. sun L
sapasu  aoao 2d/°W(2).  -(9u°s2dsoiozag f(zs mes e
mOT1IK a1, Toury3s 4s6(1) ~t(16°£)90°FH *(28°59)86°59D " £Ir-s 2 ag-= 9
soartd  aao 39d/%%0(2) (bSO 'STID (L2 )PP SN :
‘mor1ak areq Touryaa ys6(1) £(95°9)OL pH (¥8°9L)$0°LLD ost 1-d H
satposu mor1ok  aay3e 20d/%%0(2) (s EDIE0ETI L2 S)STUSN
s1vd Aiop Tounyad 456(1) (95 ¥)£9" b 1 (v8°9.)89°9LD o11-5°601 ¥n
Pratpasu | sayie 3ad/%70(2) “(@970sh ed (29°$)L9°SK
notrek oy Touryad 456(1) *(98°%)78"PH 1 (06°18)90°26D " £
aapnod 20439 20d/%4%(2) “(29°L)vbeed ((zerS)eLisN
o1k ared Tourias 4s6(1) (98°9)58"#H *(06°18)20°28D 26 4a
u " sene 204/ %%(2) +(90°9)26° 5N 49 2
1ouey3d 4s6(1) (89°S)SL°SH *(£2°88) 1p 98D WS s'str H N 1
3onpoad woxy (pazernare)) punog @Gea) o, 9, 3w

FLIRasALoay

uoT3TsOduo)

< ad'w 3y




44

*ouszuaq up'peiedsad oxam (PTYA ¢ payiew ssow 3dadxe [OWNAR 456 UT pazedazd 029 spunodsod Tty IO

sopmod - s . " (os"onsa o1y
w3 - mol1a4 s1ed WD (69" ¥)ER MM (v vB)IE¥RD suI-s1l . ro-d L6t
s +(06°01)SL"0WN i el
sa[pasu weaxd afed 5 3 - (69°9)¥8 W t(Ly eR)ocUved £ No-u, W8t
K %% (2) e ST ong0 0 4 A .
aopuod por1ox Touryas 456(1) Hlasty)seewH fl06'EL)LLELD 981-5°581 ON-d. o
2030 20d/%72(2) *(v1°01)90°01N o - g i z %
aopnod Ameaid  Tougwad 4s6(1) . f(es w)ew v {(06°SL)50 P S yvi-per on-a o
3 “(95°5)05"SN - 5
saavrd mor1ak ared TouTyId 456 “(6L°S)8L SH *(sL zR)6L 28D 2zt-st izt Hoeed st
b (95 °S)ss SN . i Vi
aopnod nor1ak ored 20430 30d (6L°S)18"SH ! (5L'28)29°28D R H0-& »
~ v i
*(0p°S)ppeSN * . .
$91P99U KOLT3K 3T2d Touras 455 £(09°9)92"9M *(00°88) 07882 : Lot Sfad . s
v ; ’ : &
sazerd & *(0p°S)psSN z «
oy 1k a1ed ToUTs 456 £(09°9)99°9H ! (00°88)91°88), . L Sifa-u -
. 4 .
3 satpasn sawne 30d/%%5(2) *(1L°5)s8°SN e ¢
rotak-meazy  Towuas 4s6(1) £(91°9)62°9H * (S1°88)5 188D < cser-ent 0 fwoed 1
20npozd” o1y (porernare)) punog - :mosy. @on 9, 2, adm X il “oN
30 voradr PasIPIshasy ) . adw uana135qng punoduoy
L ” - ¥



45

sarpasu RCARICRT N 5,
mot1ak ated TowRYd 456 £(08°5)59"SH 1(sp°68)5Y 680 s Ho- ot
s posu (91" I)EE 15T (ppo) 65N . ol
mor1eA ared TOUEYI2 456 LvI€)0L7EH 1 (£6719)6L 719 £91-5°991 , 1-d 6
- sarpaau (91" IE)0E "TST ¢ (p°5) BTSN .
moT12K 3red TouR3R 156 {2y £)09°cH *(£6°19)£0° 29D sTseT L
sarpaau “@rzZ)enzesd festE)seN T 3
norTa areq ToueY39 456 26°)20°tH *(10°04)81" 04D < gststzst ag-d L
satpasu “(31°22)L2°2238 *(68°5)96°SN
mor1ak otea ToURY3 456 £(z6°£)0T"vH *(10°0£)20°0L2 ¢ s*oz1-0z1 i »
satpasu “(£2°T1)60°TTID * (ppp)9s s 4
o3k 31ed T0B43 456 £(8v"v)997H £ (98°6L)51°08D - £v1-s°28T 104 s
satpoou ez TDZZT I ¢ (rpep)es on -
“mor1ak ared - TOURYIS 456 “(8y°v)99°vH *(98°6L)EL°6L) §reet 2o V02 v
satpaau “(S£79)81704 £ (89°5)89° WK .
not1eA ared Toueyas 456 ‘t(2£°8)19°4H {(sz°+8)6z V8D s'zz1-s 1zt 4-d £
satpasu . T (ssro)eTiod H(89°H)ES IN !
mor1ak ared Touey3a 456 (e v)Be s f(SZ P8P PR SST-S°¥Sie E z
satposn “(86 R PI*SN - s)
Rot13K ared TowEyIa 156 for)ss s ¢ (19 9)8h 680 £21-021 et H 1
1anpoxd . mosy - (parernarey) pmod cweay Gan) o, radm ¥~~~
30 PISTIT u ratsoduo)y 3dw 3t auanarasans punoduoy
(TATIueuayd-6=1v "X HM02V) 3 $a13a5 UT saseq JFTUAS Jo E3eq T¥a1sAud A etaeL
~ o -
v
AN -




‘sustusq uy paavdesd azem YOTUA *__ paysvm asoys 1dedxe [OUNAS 456 UY PaIederd erem spunod=od TTY IO
. i

“(15°6)52" 68

satpoau not1ex %% (oSN vs I G298 T 98D T61-061 1o-d L6
‘ u 09, “(1S"6)8T°6N .
noty 4 19133 39d/°0) H{es )er M (L2 98)11°98) . £91-5°291 Nno-a LB
: i e estR o | 3 o
sa1pesu motsh owie 30d/%0  t@EmIsy e LOSULD 1z on-d o
safpasu * 5 T c(estRler N ' . z
ot1ak Trems, sone 30d/%%  t(zeewdozeem tlezirdseed s vstorst on-e o1
“(05° )z I Pk i
S3[PadU MO[ 9} TOURIS 456 #05°S)TS"SH *(98°$8)0L"$8), 011-601 Hoo-d I {
satpasu . (05" B)EptoN
mortef Tiwms fouriie 46+ 1(05°5)95"sH (58" #8)zL bED zot-s°101 + Fhoo-w . "
sarpaau . ESEN 2
ROT19K ared Tourys 456 g t(61°9)sz oH '(82°68)91°680 601-801 mz 2-d SST
v [ 3aae 204/ %% (2) (55 F)SETIN p . 2 "
S3TPasU w0 134 Toury3d 456(1) “(61°9)05 " *(82°68)80°680 §'6L-6L Sio- u v
- satpoou “(LoReS I o wr
noL19k o184 1ourae 456 (08°5)SE"SH *(s»68)SE 68D yr-seenr Ho-d o
29npoad woay (pasenareg)punoy  moay * (391), . 0, dw $ ogiS
30 uoradrasag PasTIIPISAII0Y wrarsodacy - “dm I Jusnatasans punofiio
=




~
<

(oL DLS N

S1pasu AOTIOR TounyIs 456 £(08°5)08°SH £ (59°68)E 68D 9616 Sho- _ o
sarpaau (91 18)S0° 1T (yy S)Lp EN T a - - !
mor1ak desg TouRyIL 456 £(2p7£)29°SH £ (£6°19)01°29D st 2 T4 6
satposn  3oy3s 33d/%%(2) “(91°1£)S2 IS {(pb S) TP EN
mor[a4 daag Towey1a 456(1) -ty £)s9'sH (26°19)6°19D PPI-S7ERT - 1w 8
sarpasu : £(o1°22)p2°2230 *(68°5)9L SN
nor1ak desq TowE3D 356 (z6°0)66°EH (10°0L)L1°0L0 585T-851 ag-d . &
satpasu “(81°22)v0°2z3d (68°€)S0° N
~ - moyiak deag TouRyls 456 ,  f(z6°g)eR’tH 1(10°04)£0°0L2 s zzi-zZt ag-u 9
satpasu T(E2 TNZE T *(by )68 PN B
o124 deag Touzy3d §56 S8y p)SYUyH f(98°6L)1L°6LD . S'pST 1-d 5
setpea  zows 30d/%%(2)  t(ezTUZETIIN (G MdEveN -
mor1a4 daag Touryla 356(1) 1(8r p)SS VH f(98°6L)L6°6LD STI-S"pZ1 e v
safpasu 5 (5£:9)92°94 1(89'p)E8 EN , c 3 o
wor1e4 dasq 1R 456 f(2L¥)S9°sH (S e)OT 88D oL1-set a-d 3
setpeau . *(s5°9)15°94 1(89°$)L9" PN .
- mottak doag TowRyId 456 (2L )88 eH (52 ) 1h be) . 901-50T 4w z
satpasu ~(85° 1) T0°SN ) . z
nottak dasa Touma 4sg f(85"S)onsH f(v9"6a)e 68D (OTI-80T  SUI-S'STI B T
2onpoad “woxy (poreinoro pimey cugy (303) 3, adw 2 - x ‘0N
30 wonadyaaseq possTIRaELISoY w03 1s0duT: -ad-w ah _ausnmatasans punoduoy
. IA1qeL

(TAiauesgedy TX"H ON=HDAY) d S3TI3G UL §a5T8 JITUS JO ¥IeQ [e0tshug

T



48

‘auazusq up poxedsxd aiom yatua ¢

poxawu osoy1 3deoxs ouwyas ys6 uy pasndazd sxem spunoduod TV

33N

sepasu 5.9, (15°6)91" 6N '
noprax-sdueip HD (85 P)SS WM £ (L2798) S5 98D 881481 No-d
arpasn “(15°6)22° 6N k
moT 194 1aE 2339 30d/ H(9S ¥ILe o 1 (22798)01 98 §°S51-551 n-e
(85'9)5L° 8N 2,
1d ofuesg 2ama2 10d/%% E..;ﬂ; £(62°LL)68 LD R z61-5"161 on-d alt
sorposu “(85°8) 108N . . z
nor1ek dasg Touryad y56 fles q:m (62 L)L ) L81-5"981 ov-u B ot
3 “(os p)re o + ¢
soaerd odurao TouE1o 456 (05" a:.ﬁ (98°¥8)69" 80 251251 Wo-d st
sazerd morrad “10S* 1) ps oM 5
-ofuvzo Buot Towaa 456 1(05S)6S SH (98" bB)8K 1D seztrzn Ho0-u "
: sa3e1d “(£9°1)2S N i °
o194 Buoy Towyad 456 H(81°9)60°9H * (s mw:_ 683 1 HEo-d st
E s e g =
so1pasu moTtaR Townyao 456 f(81°9)00"9H ¢ (8Z°68)52" 68D 16-5°06 -
N . [CADRITNY 5
10UP§Ia § 56 o8 sc s sy 68)25° 682 201-5" 101 3 1
2onpoad wosz @raerrere) oy oy o) o, 2, dw X “oN
3 4 Tatsos WSS punodao)

sdw I

FINUTIU03) TASIGEL



sst

891 i8 6 €
(s)oog‘sy  (s)oos‘zy 0sL'Ls (s)oao*ss HY}E .oor
65t 24 921
()009“vy ooL'se ()008° 18 Cord B 5
2 zve 61 . 0ST 88 . T
osz'sy  (oor'zy 008‘zs oot'zs 1w gL P
oL 611 £ 602 ur
(3000795 ()000‘ ¥y osa‘or - oozies ag-d - &
oz . L £9T . 18 £
» s oov‘sy (s)oos‘zy 000°8E 0sL'ze . oag-u 9
: 1T st 161 ° zot & 2
.- (Doogtyy  (s)ooz'zy osz'Ls (s)ooo*zs 12-d H
F 3 £61 STT 44 18 -
(s)oos‘sy  (s)oos‘zy osz'se . (s)oo0*ss -8 v
LR - ¢ 98 81 5 98 - o z
(s)008"¢y  (s)o0L‘TH 000°8¢ (s)ooses * 4-d B
ar 66 Sst 68 -
’ - (s)ooz'sy ' ooz‘zy oov‘8g (s)oos ze q-a z
34 6 £9T . 8
. 008‘sy 0sz ey - 050°8¢ 00v°Z€ H 1
_oTx"xen 3 X -on
. m.su “xem Y °  3uen3Tasqng punoduoy
EELTERT IIA -@1qeL:,

TR75=2V "X'H OHO=NZV) V S9T395 UF soseq 3FTHOS 30




vzl 00z [
¢ 00T‘TY 000° 48 L 00z‘1e No-d- ¢
e e o1 > L
. . oot‘sy 000°68 - 0ss* 18 -
: 8T 80T x h
I/ i 00L‘¥E 006z au
5 [ wr o T 3
008z 00988 00528, 91
£91 81 S e
008'v¥ 0SS*vs ST'ze 5T
. [ 811 B A 001 3
0st‘sy (s)oos‘zy e 05T'LE o0L1s, o
st ‘6L LT 50T i
$)00'sy - (s)005‘zy osz'ss (s)0s9‘zs Hio-d £
= CaWVdTd JON Syfou- < -
w1 134 2 LT »OL. c .
(s)009"sy ()oos zy osziLs %) 00528 ‘-4 Ris
. B oYy e w = ox
T xvm ¢ usnafasans punoduoy




‘ y . ‘...... ......... “ . ,
....... . L \‘ . 4 ,.A
.,s., Z., , .,. ‘ ,, : ; . v.
, .,,.. \ ...(,, ._ . ,
, .. ...‘A«N_. Nm_,oﬂ. mh
. . \ ..2.:.38.3 ﬂﬁmn 8«.2 ./...:
‘ 4.) ..‘ .. : nﬂ s.‘ .. f.,., .,
..., , . , .a..emu.ﬂ.,g-.:,.: , a '.f ,.
.. . . N:. :_ A.=. _.
,,..... ,. .,..\oﬁ.un.;.aaum#m 33%2. .n V,_
.v . . ... . ,A. mz‘...N:, . .ﬁ,
’ i . L ‘osLiLs - osLIs »‘ﬂ .,
" 5 S W AT sor ' . ot , ..
: . - = © (s)ooc'oy-  006°LS (s)oos‘zs oA. ,

. v v.p :— a: !: ..
.. og.m'. ns.a..nmn.:
. , : ,,.NE -m— ..E.A
. , Egm;w Bm..:" ,.Eo.em.ﬁ.
4..,... m: v ﬂ_ .nm
. .LeS.EY. 8..5 Su‘:.
. ...,~ 2: »2: .mm ., . .
‘ \.. Sm.m- 8».3. ‘qum.ﬁ. .u.. ~ ‘
w‘ . : a:.: . . .v .,
A.. ,. , .. ae-.,mv o:.Q.

: . .
g-.n.n :. . -

.. ...o_u.#___m

N. g. .oz..
, , ... ,.. ..( J., Tau.‘x.a.‘ ueu_:a_m v....&..nu.:.
v.; A , .w
. 4 mn:r n—.—lh ,
. \ ! ’ S8 i % L E 1ok




v s |2 vEL a0 U e T wl
- s, 050°28 $)000' 8 No-d ©o 6t E
81 . 28 o s - . S
= de i® JojooLces Seom.:\ ;. " 5
- . . QIUV4RYd LON R A -
o ler c €6 ¢ =
‘ . 2 v 0S§°L8, (s)000 2 5 d
£ B3 S 3 A SNPER £ 1 98 RO e . A
e 0 00s‘sy - " 00z‘z¥ 0sLtZg.x - ¢ 002'08 - e
e S o e, , e
: Sl 3 Ao eorss - - pelt
P 3 5 . v : =8 i 22
. p . ()000°25 * * RE
k. iigdr T ot .8 st e TR i
o 008°2y --|0s6*sg 00s'ts . b0 S S M :
: 2 - o 0 o
Y o % B . B b : > . |
5 s % s At - S e . .
0 # $ y . - Lo 5,




- . e . . % L 5

5 o % o . s T 3
e 2, , 5 . - L : ) -
8T i o ‘ % i - o Dl . . .

e g b & s | t o - . 3 5 .
D 1T i ozz s81 BT e IR D - :
% - bov'ey . .o00T'es (s)ooL’ss 00608 ; 'How . o 4 |
i o nd 85 : 562 82 Y- ol S orm o

5 000° vy . ‘ 00595 00s*s¢ - 009°08 1-d -6 ” s A

', R T ‘51z 902 B o e
v © . 008y B oov'ss ¢ |(s)ooL’ss 008‘0s "
v g A 13 - 4 662 S ez - ooet v & O G .
R el L TR LA e 00895 1(5)00s ‘s - ooL'os S
¥ gZY: * ¥ 9¥Z - & v il wor . Ry Qe L *
¢ 00NpE s - 0048 . oos‘os. * agu . 9 % oy
. us-L v 908+ SPZ jias . >
KA . . 009°pp : Lo o00'ss $)oos‘sg - -~ oos‘os .. 19+ 2 4 d
! g8 ., T 66T ozz $91 vos6 . . ) S B E e
e Y "L ooL'ey (s)oos“zy 0085 (s)0oL’se - -00L'0% ! 1 - v . B
Lo e N qee S .65z STt i s e e
006% by 005" L8 .oooortrs 4-d £ A .

'\ o Epee ' j833 " 00t . 3 OIS
s P Qos'ry . 00z'ss . 006°05 4 2 : .
v & oc8 2 91z . " . £ . et

A . o0L vy 00v' L5 $)000'ss  ©° 001‘1s H st W
. TR ¥ e L orxexen g X L wey oy y b N
i % W % . CPwe e auemapasang punoduog .
¢ Xt etEEL ¢ .. -
Sy it # B,
“ ¢




. z - e ®
. = g Y
‘ “» 3 .
. g 5 = % £ B 9 d .
e ¢ 09z T e, B g, 52
- 00898 .Y .- ooz'os No-d * | © .- 81
a 262 ez” = % 26 o [
Seam w 00s 8 . ooL‘ds - wo-m 5 ST -
spe s0T. =7 £72 881 601 - 7 .
(LA 008°8s . 006°ss [ (s)oog‘ys 00082 . -4 Pas
43 gbs. ogg " ze. T 6 G W W Yo
+ . 00psy 0o0z‘1y 00L°8E = W 00608 e oN-8 L. S,
¥ i ufls S . iz 957 991 : |
L ooste, p ootfos o0v“ss *005 08
T ses sz 091 3 T
* - oop'ey - oos‘ss | (s)00s‘ss Coor'ts S g
s £9¢ 05z . iz 50T . 6z
: 005 ‘b - v 000°2§ (s)ooL!ss 00808 He-d s £1
a3wvaTyd Lo VS <
2z 55z 2zt .08 v ¥
. 7 000°L8 (s)ooL'ss ' 006'08 L L
5 : 1 2ot g X 0 S
i voRbs, ‘ flwd xva ¢ JuenaTasqns punodzon
NN ok it g B a0
A o :




55

" & 5 s
' % . - X
X & : o e T, o
o1z ozs @ § 9T et Tow . B T
005‘p¥ (S)oos’tr  J 00z“O¥ 0S2°SE  *OSTvE ooL‘os 5 Lot
‘12 L2 e 652 Y. 1t ¥ST 2
009° ¥ ()oos" 1y <0000y (s)001‘8E 00T‘sg: 0s8's§ . . Oos'os . 6
Cles ! 8rL . 081 261 5Lt N
‘ 006°6¢ (sY00s ‘88 006°pS ooLEs (s)ops‘e’ - | Ay
61z - % 143 L 198 “¥82 LA 9L1 81 0 € 5%
055°p¥ (s)ooe“ty . oS00y 00g'se™ | oor‘ss  Coss'es oot'ts L
G s18 ¥oL - e~ 081 7 15t .
., (s)oos'ss 059°88 008°vs 0s9°sE (s)oos 1 ()
0z 0 - sz 80 ur Lot Lot 5
osLvy . (S)oog“ty 00z°68 050°s§ osL'ss oot‘1s -d o
v .\.l»/ . e e ¢l ser 181" st
" el \ 2 00¢'8€ 0S6°¥5 00L°SE “(s)00s ‘18 v
R 2z ; 508 191 Ut 51! x .
(SYosg'sy - (s)oss‘ty . 08888 050°S§ 05855 08§18 ded {5
LT O 91 e : LLI oy
: (s)oss 1y 058§ 0s6°¥E oaL'ss (s)oos 15, e T
© 66T . . % 193E ssT . g 22 -
i (s)oos 1y, 00685 oot‘ss  -oos‘ser (8)oos‘is H 1
=t
5 P . 2-01% ‘xoui g b N D “on
X : ‘ ] o xuu Y, umpisqns  punoduoy
3 eyl A 2
by s X oTaeL
T x g ,. -




i S o 1 . Ls :
<82 v8Z 156 ) ) €L 81z 8. - °
0sz'sy (S)00s‘ v 00 ‘01 ° 1. ooo‘es (s)oop‘ye 0oL 08 5 61
s 288 . 8y Dosu 21 oL # %
. 3 % 00s°sy 005 Tt~ oov‘oy 005°s€! 005 ¥E 000°1E o-u 81
* ‘998 12z . 821 oz B
- 009‘vr  (5)008°6 » 0084 5 o0sL‘8z o
682 28 g9 61 N
Z 5 00s‘sy  (s)008*6s 00v“8s = 0sS°sE « L)
: . 2L 5 ozs 91 sST 081 B :
- (s)000 1y oszop . ) oor’se 006°ss 00¢ ‘62 Hoo-d -7 eT
d ' 2z . S T o | Cest; L est st o 3
.- 008wy 05668 - - .| ootse s ese'ss 00018 HO0-8 oo
| vIS 828 . sz T 991 651 0s1 bz
e (s)ooo‘ 1y 00tfoy (s)ooz s 0ST'sE 006°sE 00v‘08 HeD-d £ £T
2 9 - S0E 91 ¥o1 61 8z,
B i osT 0¥ (s)oos‘ss | o0T'sE 006°£E 00 1€ So-u 44
. 628 ¢ ss¢ . 5T 151 43 = .
. © o (9oot'ty (s)ostor . - . 00z‘se 00TvE e Ho-d 1T
» . .= o : ; g ———
: ¢® % - w0 xeu Y 3uon3Tasqn: unoduo)
B ‘ . . 1- s P




5 . ; ' , - i
5 3
. Ca S 6t e 1 T S
N w5 oos‘6s " .| (s)009°ss 08508 ‘HO-u T o
. . . LA T 861 ke f ogs . et g
. 5 7 g 0596 00862 1-d e,
we O & as %a 2 [ O ! ;
5 g - ? 8l6c | (Doos'Ls 00z‘08 1-a .
C s 3 . o5y . v8€ e -
- . & 5 3 E: ooLes (s)oos‘ss 05662 xg-d L
T. . | - 8sh £95 0sT = %l - ¥ B i
" . 058'6¢ (s)000 8 00908 ag-u . . o
T E . 8 > L Ooy o 981 : . o -
. Sy - ®e 008468 (s)000°8¢ oot‘os . [ 10-d " g5 g X VP
o . - 2 5 = Sossy . og . 951 . . ) R L
o : " LR - oss'es ()00 8s oos‘os | . T e g :
= 3 . . - 60% 5 89¢ 61 - 8 F e §
LR N . . 008°6€ (s)oos ‘8g- . 00g‘0s 3-d C . .
¥ : R 0S¥ sog 1 T p
3 @ * /Em.mm (s)oos8s 009" 08 a0 S ¢ -
wy - 0s§ . 9sT 4 G $ SR
R E . 0s8‘eg (s)o01 ss. 0060 H a3 24 §
P i . T ,o1xexeu 3 x oy . 2
) & - : " ©. Fwowewy wmnses punoduioy . - -
: " s T X ROON-HDIV) § 591395 UT Spunodeo) 3o €3eq R X 91981




4 S - o 5 R
vy o6s | fzsz Y HOT 5 i "2
-009'68 006°2s (s)oog‘ss ., (s)000°Ts: o-d 61
sov R 11 - TR
000°0Y - 008 ‘1E 1 REELT %
=18 e s1z -
0sv e poL‘ss 0s¥Lz a3
sy 5 081 & B R 4
008°68 (s)ooz*ss L~y ooz‘os 91 ¢
168 VLS L 891 i " 7
002°68 (s)oos“ss” (s)pos*os 008 ‘82 st 8
95b ves - : g 691 e 3
05L6¢ (s)00s 8¢~ “ 05908 = b .
Ty JE \ 6LT o .
- osefes  I(s)oos‘sE . 00108 S
.oty i€ 891 ® %
osafes  (s)00s‘ss . 00208 z -
O 895 1 LT 4
o0L'ss  (s)oos‘ss > 00t'08 . %]
g g X e T
¥ Juan3Tasqng punodtio)
' : g i 4 s .
X B o .



£9¢ 22 3. o1
e (s)o0s“ 10 5885 00z°sz oF
£08 - usg oL o5t
008 vy (s)o0s 0 04i8e - osvz oL o0 1-d7 6
695 . ves 2L ey JEEE © z
oos'sy . - (s)ooL'oy 0L8E 0SL*vT - - 8.
£z N 8ls v, sti *
0S6“ vy \/T:_S.S SLUss” 008°vT « ag-d ( L
’ 52§ 5L ¢4 i g
g ow ()009‘0r 059188 .o0sLUvz ag-u 9
&z . . oss Mﬁ ozt : -
006°v4 (s)ooc‘or 00L*8E 008°vZ 10-d H
- 108 dzL - 801
(s)oog‘or aE..an 006°vZ To-u o
ovz - uss ,mt & - 501 .
ose‘sy' - (s)00L°Ty,.  ds8'sE 0s2°sz g-d . £, W
svz zLy 17 001 iy
osv'sy  ()o00'ty  0sL'sE 006°%2 | _dw
oz T osy 6L . 901
oov!sy (s)oot 1w o‘cm.mn 0sz‘sz H
LoTXxew 3 %,z oy ”
* Am w3 xew Y Juen1Tasang punoduoy
TIX'ROONSHORY). 4 So¥3e5| UT SPunodm0) 3o ¥3Eq OF “TIX STeEL
. 3 . : O




909 273 s

000°1H .000°68 . T 00S°bT 61 -

szs 99 - SIT .

00z1Y = i 006°8E 00L‘vz 81

stz vsl 0 osL 151 ¢

06" vy (s)oos‘es *|  os1e6E 00¥°ST ox-d s

887 @, s9s.”) . BEL . 214 7

oo'sy . ($)ods*0s. ooz'se T . 059‘vz N ot

162 3 9v6 ot g

ooL'sy o . 006°68 . 009°SZ HD0- o - 4

. 'L « ot P
008°8E .os1isz 'HJ0-u ‘ _wvd 3

8 JLENS .zt =% =

056°py, 00s'ss  ~  00z'sz 0-d L

178 5 o1g sot’ o e e

ods oy 008°8E 0sz*sz WO zr

L £18 1331 .

056°%y A sooses oogsz" £oxd oo

. T Z-0Tx-xeu g X "o~
: L w ey usnaTasqng ‘punoduoy

% s ) 5 .
s ——— Tk




; ‘el -
. , ' s E
4.2 Polarography :
4.21 Selection of the reference electrbde C . o
A mercury pool has been widely used as ‘aszeference dlectrade in
" polarographic studies in organic solvents. However, it 'has been
suggested that this technique be used witlf caution and only after.
careful consideration, because the potential of the pool has been
o vary by as much as tens of millivolts during the recording of
a polarographic wave.5® However, the mercury pool has becn shown to be
a reliable reference in dimethylformanide, with tetraalkylimmonium
salts as backing electrolytes. 'In ‘a ‘study of the polarographic behaviour
of carbonyl compdunds in dimethyl Eormamide, with tetraethylanmonium
1&;11«1'.5 as supporting electrolyte, Given et al.®? mopitored the mercury
pool against a sa[u?tcd‘cnlonicl electrode and showed that the mErcu;y
goel proviiied o WokEesns Baa reproducible reference. The satisfactory
belia‘;iuur of the pool was acccunce:! for by assuming that mercury (II)
complexes which formed maintained a high concentration of mercury (II)
dons, so that further amount’s of mercury (II) fons produced during the
polarograpiiic, reductions find mn Insfediflcant effect upon cheir owerall
concen(mzim:f“ In another study, measurement of the half-wave
potentials of some Schiff bases in dimethylformmide, using a mercury
pool as the reference and with tetrabutylammonium iodide as supporting
electrolyte, wewk found fobe teptpductbie o 01 volts:57 & Yeast
squares correlation.between the values obtained in this study and the
half-wavé potentials of the same ;:Dmpnunds measured against an -aqueous

calomel reference 5% resulted in'the relationship:57



LB -

. (mercury pool) ;= 0.903-+ .01 £, (calomely ~0.468 +.006 v 131)-

k.

This excellent correlation conflrms Given's conclusion with respect to
the satisfactory behavinur of . the mereiity. pool as-a reférence electrode
in dxmethylformamidc.

- silver-silver ion r_%felz'ence electrodes have also been used g
eEEEEIILY 7 SeIGbLLLEY G CHop Lk SRR Lo SVGITes Ta GRganLe

63-68"4n cells in which liquid junction potentials were

solvents,
reduced to a minimum.  This was achieved by using a large cxcess of an
inert electtolyte throughout the cell to provide qonstant ionic stremgth.
T for use

in dimethylformamide: (i) the Na(Hg) |NaClDA(s) couple®? and (ii) the

Cd () [CdCL, () couple.67:70  The (urme:, with sodium ‘perchlorate as
supporting electrolyte, is reportgd to give a stable potential over a
period of months and.to have a temperature coefficient of 2.3 mV/- degree.
The. latter has been shown to be reversible and reproduciblé with a number

of electrolytes. ) + i
3 g
Of the above systems the mercury pool was selected as the

reference electrode for this project betause it has been shown to be

satisfactory in dimethylformamide and is much more convenient.

"4.22 Selection of the backing electrolyte
Fekpasilyiammontinynaltarare Erequently veel b bathing”
electrolytes ‘in orgm\ic solvents because they are sufficiently soluble.’

T EHESE-E3T0cnts: Hireebery; Thay ate zepodted opuifirgere pagil

~ - Hofmann elimination _in dimethylformamide:%2
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(CH,CH,) N7 —+ (CHyCH)) N +,an = cn, it . FF " p2)
and ‘thus _.act as proton donors. . This evidence appears:to be contradicted
in a study of the influence of added proton donor (phenol) on half-wave
potet;tiélls measured in-dimethylformamide, m-h tetrabutylammonium.
perchlorate as backing electrolyte. The sensitivity of the half—qa;:e
potentials ‘to added phenol was shown to be greatest in the low con- -
centgation fange of added phenol.5! This would fot bé so if the :
electrolyte itself weré donating protons, sln‘ce the depolariser would
already be swamped with protons before the adiition of phenol. Under

these conditions, the addition of small amounts of proton donor would

egligible effect upon the half-wave potential. Furthermore .

have
the electro-reduction of aromatic Schiff bases results in two-well-

& 05,27

defined waves,5" similar to those fox
N

and cor to the addition of two single electrons
to the system (Chapter 3.3). Protonation does not appear to be rapid .

1in these molecules and the use of tetraalkylammonium salts seems to be

“sati ory. 1y, iodide was selected as

the backing electrolyte for this project. . -




(i) | Dimethylformamide®®

THi BAKAEAYSEN MoRJERE ok ERENE MELOH BYEE B BAERRAE -
bitelies ar irelliLy Wetia TsTeuLie S1Ves,, then passed o as
30:thets eating BE molecular sieves intg a distillation flask,
fiteed with a nitrogen blead. The golvent was then distilled
under raduced pressure uﬂr a 24-1reh refluxing columh of glass
g flcnsiond! thaveantze oyt 1080 WAV} 5 galf akdy: (45 Titres)
rotained. This was transferred, while still under partial '

vicuum, to a dry box filled with desiceated oxyghn-free nitrogen

which housed the polarograph (sce Plate 1).

“(§1) " Tetrabutylammonium iodide
* Commercial tetrabutylammoniun sl i PRCEyAERTISEY HEvRERL

times from ethyl acetate, until the product was colorless.

(idi) Nitrogen & «

High grade nitrogen was passed over reduced Catalyst BTS , ~

heated to 137° by means of an n-pentanol vapor jacket, to remove

traces of oxygen. The.gas was then thoroughly dried by passing
it through three s ton (250 ml.) of concentrated sulfuric
acid|e then over anhydrous caleium sulfate (Drierite) and finally
over molecular sieves.

The apparatus Psed‘ for purifying the n¥trogen and Fop the

distillation of the dimethylfornamide is shown in Plate 2.
—i

*Produced by Badische Anilin-4-Soda rabrik A.G., Ludwigshafen

* am Rhein (BASF Catalysc R3-11). -
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3 . 3
‘4.4 Experimental Procedure € g
Pol of'all s pere by means of a

Beckman Electroscan TM30. . Some polarograms were alsosobtained using

a Metrohm Polarecord E215R. ALl polaregrams were obtained In
dimethylformamide with tetrabutylammonium iodide as backing electrolyte,
ustng: 'rapid drop’ polarography, , Tn this technique the moreury drop_is

not ‘allowed to form and fall naturally, but is ejeéted at regular

intervals by an electromechanical impulse. All polarographic solutions

were prepared, and all polarographic measurcments made under oxygen-
free nitrogen in a dry box. (Plate 1). Evdcuated sample tubes containing
weighed portions of tetrabutylammonium iodide (1.85 * .05g) or the

Schiff bases were transferred to the dry box. Solutioéns for polaro-

graphy were prepared by placing the tetrabutylammenium{iodide together

with (;X suitable portion of the appropriate ‘Schiff base/and purified

dinethiylformanide (50 #1.) a & themns:a‘u;au'yfcm}uoued cell, "at
25.0 ¢+ .01°C, containing a platinum electrode immersed- il a pool of

mercury. A preliminary polarogram was recorded aver -the voltage 'ange

0 to -2V, followed by a second polarogram, recorded over a narrower

0.5V or 1.0 V range. The latter was used to determine the half-wave
| A

.
oténtials, . Polarograms were recorded for every compound at two drop-
. ; Ty comp
. s

| . 5
timk settings, corresponding to 3.5 drops/second and 4.0 drops/second

respectively: The average value of both half-wave potentials was used

throughout the thesis. - . ;

The majority of the polarograms obtained on the Beckman g

Electroscan TM 30 recording system were analysed by the procedure

recommended by Meites.8? On each polarogram, a lower base line (B-BY)




 anfian woges platesny (PPl were constaicted o represent the mean
- T 9 :

" current preceeding and following the First wave. (see Fig. 4.2). On
the rising part of the/uave, twelve equally spaced regular oscxllanons
were selected and the point midway.hetween e et end the minimun
on the rising part &, each of the selected oscxllatinns was. marked,

The values of i, the cusxents and 1y - 1 (Fig. %4.2) were measured fof
each of these oscillations. A computer program was used to evaluate

a plot of the applied potential, E , against 1ug(1/(1d—1)} and to

d.m.e,

 calculate the value of the halfrvave potential. The half-wave potential

was_the value of Ed e wlul:h corresponded to a value Df zero: for

log{i/(i =i)}.

. For some compaunds 1t vas not possible to separate the first
polarographic wave from sticcessiye waves with sufficient_clarity to

Bive reliable half-vave ‘potentials by the above method. ' In such cases
the Half-wave potentiale were-obtained by meins of a Hetkohm recording
gystem, which recorded the polarograms in a differentiated form. The
relationship betwsen the messurenénts obtained on both recording systems

was Established by measuring the half-wave potentials of a_numher of °

‘compounds on both instruments-and correlating the two sets of values

thus ‘obtained.




CURRENT (MICROAMPERES)
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© Fig.

Egme, (volts)

4.2 ' Diagram of a-typical

polarogram, * = -
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5.1 lntmducttcn\

CHAPTER 5 - €
- RESULTS AND DISCUSSION OF POLAROGRAPHIC DATA

. - ‘
Most E - M.0. ccrrclatimls in the»litentnrezl 53 have used

.pola phic’ data in solvents proton donors (water,

alcuhols) or in non—aqneous solvents of doubtful purity. H, B, Mark, Jx.“
obsérves thal the :heo:eucal significante of the correlations obtained,
especially the value of the resonance integral, § , obtained £ron’thé i
slope of the.line, is extremely doubtful and is only valid for the
tigiomibonE i the series under consideration (see Chapter ERPER
@ Gl (epRLIY EREY e ek taked tireduce and standardise these
ffects by, using only pure, dry solvents and redctants. This’ precautionary
measure was necessitated because it has been shown that even small con-
centrations of proton donor cause significant errors in the measurement
of half-wave potentials.5! g & 3 5
The half-wave potentials 'obmned on the Electroscan TM30 and
Metroha Polarecord _E215% recording systemgwere not directly comparahle
but & least squares analysis of the half-wave potentials of thirty-two

Schiff bases, measuréd with both instruments, gave the following

- correlation: - ) oy v

= (0.9731 ¢ 0.0130)E (1) - (0.0035 + .0155) 93],

& P . i . :
where E(ES) and E (M) are the respective values recorded on the

Electroscan TH30 and Metrohm.Polarecord EZISR:Xﬁstruq%hts;
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In a mimber of cases it was not ossible to determine T, (ES)
directly by employing the method prescribed by Meites.®? In these
cases the half-wave potentials recorded on the Mec;molarecord E215R,
£, (), were converted to £, (5S), by the application-of Equation [33].
Values determined by this procedure are marked vt an asterisk *) in

Tables XITI to XVITL. ~© -

e b Eovave ‘potentials.of the Schiff bases in Series A to F
are’ recorded in Tables XIII to XVIII and the average values, used’
throughout the Temathder of this thesis, are sumsarised in Table JIX.

The influence of substituents and of changes in the aromatic

_system 3¢ the malecule upon 'the half-vave potential have been

investigated.
. § .. /
v o i .
€ » o el sl
: i
# gl
o= : - i
. v .‘ v : ¥ .
‘4 % .
- N By W =
! 2 n «
. = k3 2 5 *
: ; é ; o ”
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TableXI11 Malfwave Potentials (in Volts) of Schiff Bases in
Series A (ATN=CIIC(H,X; ArsCAl).
X
Conpound  Substi tuent: £(55) E(ES) | 1oy
T oNo. X Drop-time 2 Average
T o “1.3847 -1.3824
24 nF 2808 -1.2763
3 PE Lz L3810 -1.3831
4 nic1 LIRS, e -1.2354
5 Y p-C1 | o -1,2325%
6 n-Br B £ -1.1537*
7 p-br . -1.1080*
8 o1 -1.0611 ° -1.0601 -1.0606
9 ‘p1 ~1.0536 -1.0549 -1.0543
10 n-Cil \ -1.4325 -1.4382 -1.4354
1 peCliy -1.4404 -1.4407 -1.4406
I e
13 peCyllg - -1.408) -1.4007  -1.455
1 B0CH; * -1.3848 -1.3938 . -1.3803
15 (P-0CHy T -1.4947 -1.4948 -1.4948  -1.537.
16 - m-ND, L "-1.4456% -1.482
17 p-NO, ' -0.3761 3 .-0.3764
18 n-CN L1138 -1.1152 -1.1145
19 p-CN -0.9410° 0.9470°, -0.9440
> [ams b
E(ES) - lNalf-wave potgntials determiricd on Elcctroscan
EM) - Half-vave poténtials determired.on Motrohm
Drop-tine. 1 : ~3.5 drops/second .
e Droj-tine 2 : 4.0 drops/secand
*E(ES) calculated fron |
) (ES) ulatee %0
% o
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- _Table XIV  l)f-wave Poteritials (in Volts) of Schiff Wases in
A . = Serics B :gArCII=N(i 1,X; ‘Ar=Cllc) )
Compound ‘Substituent £(ES) - E(S) E(ES) ’ %
No.' X Drop-tine | Drop-time 2- Average  E(M)
Y w7 -L3s01 -1.3847 -1.3824 -
2 m-F T -1.2886 -1.2860 -1.2873 -
3 pF -1.3861 --1.3885 -1,3873
g 4 n-cl - -1.2582 -1.2574 -1.2578
: 5 p-Cl -1.2744 3 B -159755
; .6 n-lir -1.2058 -1.7052 -1.2085  -1.22¢
7 { pebr L Lo -laTp -n203 o
& el 41,0915 -10970 -1.0943. -1.100 .. % g
9 pt 41,0927 .. -1.0920  M1.0924 -1.120
10 " m-cllg _-1.3955 -1.3996 -1.3976 ° w7 {
3 11 p-Cily 11,4255 14303 LAz Loy
- ’ 122 m-C,llg L 713889 -1.3923 -1.3906 - ¥
= 13 p-Cfle o -1.3789 7 -1.3858 -1.3824 ) e
| Y] m-0Cif -1.3862 | - -1.3757 -1.3720
' Is . peBCily -1.4588 - -1.4657 -1.4623
R . <16 < omeNoy . . g : . -0.5669* ' -0.579
- L7 Pt - -
o 18 n-CN s . L1401 51168 s
§ops o, p-CN -0.9882 --0.9895 ° ".0.9888  -1.021 . ]
2 - — 2 .
Y ' E(ES) - Malf-vave potantials detemined on Elg . .
4 ZEOM) - Half-vave potentials deterined on Metrohn g ) v'ﬂ
¢ Dfop-tine 1 :®3.5 drops/second N ) . Sk
Drop-tine 2 :m4.0 drops/sccond - B F
*E(ES) calculated from E(M)' % g
@ S 7 & 5w .
.
f
- .
§ , = -
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Table XV. - Half-wave Potentials (in Volts) of Schiff Bases in

Series C (ArN=CIC I1,X; Ar=2-napthy1)

Compound Substituent |, E(S) j S EWS) o
~No. X Urop-tine 1 - Drop-tisc 2 Average .
¥ 1 -1.2859 -1.2889 -1.2874
2 - 11629 -1.1666 -1.1648
3 p-F SL2559 T -1.2566
4 n-Cl_ -1.1386 - -1.1428 1407 i
$ °op-Cl ) 117126 41,200
6 L meBr Lz -0
7 " pebr L0749+ -1.101
8 n-1 °1.0068* -1.031
9 p-1 ~0.9566 -0.9577
s10 n-Cily 12173 -1.2773
n p-Cily -1.3158
120 L meCyll . ;
13 PGl -1.3040 -1.3062 L-1381
1 m-0Ciy L2544 o153 a
15 L peocily -1.3612 13629
16 N0, - -0.5348* -0.546
17 p-NO, . '-0.3256 =0, 390 -0.3273 7,y
TR -1.0210 L -l.ons 41,0214 =1.049
19 p-ON o 08860 -0.8855 -0.8858  -0.927

E(ES) - flalf-wave potentials determined on Electroscan

 EMM) - Half-waVe potentials deternined on Metrohm

Drop-timo 1 :~ 3.5 drops/sccond
Drop-time 2 :w 4.0 drops/sccond
*E(ES) calculated from E(M) i
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Table XVI ° Half-wave Potentials (in Volts) of Sehiff né:cs in
% Serics D (ArCH=NC 1M X; Ar=2-naphthyl) RS
Compound  Substituent E(ES) E(ES): EES)  pag 3
No.. - Drop-tise 1 Drop-time 2 - Average .
N oo 12755 -1.2730 -1.2743 3
2 . mF .1567 -1.1602 -1.1585
i 7, p-F 21,2445 -1.2498 12472
4 L1535 11531 -
: s sLazer L1781 e
4 6. P -11009% -1.137
3 -L1128%  -1.140
8 10467+ -1.072
9 -1.0213*  -1.046
10 -1:2735 0 -1.2728 =
i -1.2994 -L2981 .,
2 -1.2884 -1.2916
13 . L2975 -1.3075
R U} 3 -1.2337 " -1.2577
s . -1.3562 -1.3516
5 . -16 -0.5976 -0.59%62 d -
¥ ‘i 0.5613 -0.5603 -~ -0.545"
= 18 -1.0681 -1.0687  -1.091 .
- R - -0.9489 -0.9456 - -0.989"
E(ES) - Malf-wave i on . Rl Ly

&

EO) - lialf-wave potentials deterainicd on Netrohm
“Drop-timo 1': ~3.5' drops/sccond Ll
= " f Diop-time 2 : ~4.0 drops/sccond
- *E(ES) calculated from E(M)




a 76
Table XVIT il f-wave Potentinls (in Volts) of Schiff Bases in
Series E_(ArCh=NC_ 11 X; Ar=9-phenanthryl)
¥ . ' ‘
Gomfaindy ettt Drop-tine 1 Dro:;-(tim.c 2 Avtx(-xni: G
1 n . -1.1784 -1.1781 -1.1765
2 nF -1.1010 -1.1009 -1.1010
3.y p-F LR S Wt -1.1717 ~
4 n-C1 -1.0873 -1.0883
s _ . pa -0 -L1072
6 n-Br -1.0021 . -1.0028
* 7 pBr S -1.00630 -1.123
8 Lomel ©-0.9630* -0.986
9 p-1 ) -0.9854¢  -1.009
10 n-Clig BRI -1.2005 -1.1975
1 . opeCily, L2102 - -1.2088 -1.2095 :
12 neCylly 11913 - -1.1097 -1.1955 “ g
13 p.DZHS =1.2095 . =1.2078 »ZﬂB‘7 - -
1 SmOC  GL6ls . -Laes - L6, :
L p-ocily  -1.2350 ~1.2403 -T2377
£ e n-NO, -0.5843 0.5850 -0.5847
17 p-NO, -0.5523* - ~0.564 4
18 n-cy -0.9868 20. 9869 -0.9869  -1.025
19 Pp-CN 3 -0.9046*  -0.926
b v P 5
E(ES) - Half- p ials determined off
EMM) - Ilnlf-wnvd’;pntcntiﬂls determined on Metrohm
Drop-time 1 : ~ 3.5.drops/sccond w3
Drop-time 2 : ~ 4:0 drops/sccond - . -
. “E(ES) calaulated fron EQY) i
b )
% " g :
¥ » N . —_—




[ Table XVIIL lilf-wave Potentiais {in Volts) of Schiff Bases in

2 Seris F_(ATCIRC 11X Ar=0-anthry1)
, Compound  Substituent E(LS) E(15) E(ES) © poyy
. ; No.: X Drop-tine 1 Drop-tihe 2 - Average,
2 0o, - -0.8602 -0.8568 -0.8585, , 4
2 -0.7873 -0.7892. -0.7883
Ay 3 -0.8577 +0.8560 -0.8573 .
4 =0.7771 0. 7800 - =0.7786
s -0.8117 -0.8132 -0.8115 2
& -0.7764 20.7743 07754 .
e ] V.EOIS -0.8029 -0.8021
8% - -0.7804 < 0.7849 -0.7872 . -
9 -0.8058 -0.8010 . -0.8034 | =7
[ [0 -0.8769 -0.8742 -0.8756 . ,
1 -0.8882 +0.8931 -0.8907
12 -0.8715 -0.8749 -0.8732 i
. 13 -0.8884 -0.8879  ° . -0.8882 , T o
4 * . 1a -0.8540 . -0.8521 ° 0.8531 -
15 ~0.9086 ~0.9107 + =0.9097 .
: 16 -0.5633 20.5619 -0.5626
. 17 -0.4920% -.-0.502
N 18 -0.7404 - -0.7432 P -0.7418 . »ﬂ.:l'/ﬂ
* 19 -0.6902: -0.6951 , + -0.692‘7 -0.706 o
E(ES) - Half-wave potentials determincd on Electroscan ( a
EM) - Tlalf-wave potentials determined on Metrohm o
Drop-tine 1 : ~3.5 drops/sccond :

Drop;tinc 2 : 4.0. drops/second
*E(LS) calculated. £rom E(M). . ) . T
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5.2 Substituen

£fects L . © R 5 .

e The half-wave potentials of;’ for example, the meta-fluoro ¢

derivativc of ench serfes of

é\‘hiff Bad i plotted against the half-

wave potennal of the corresponding pamnt or unsubstituted compound.

A straight line correlation was.obtained. Similar plots were made for

of cases. These correlations are shoun in Figures 5:1.to 5.18... Least
Y & ;

squares cu‘rrela:ﬁns were determined and thé results recorded in Tablé .

The behaviour of the.meta- and para— nitro derivatives are

clearly anomalous. The para- nitro“derivatives are all reduced at ©

similar voltages, between =0.30 volts and -0.60 volts. Similarly, with

one ‘exception, the meta- nitro-derivatives are reduced at potentials .
i i ; \

ringing between ~0.55 volts and ~0.60 volts. (The exception is '

. Conpound 16, Seties A'which feduces\ at ~1:446 volEs). These results
nsade Bk THeserere ‘gruup‘is ’heing’teduc-ed in preference to the
T-systen of the'molecule. Tt is also cvident that some compounds shich,
llkE the nltro dmtlvat)vt:s, have substituents thﬂt are themselves

. ‘reducible, give. less’ satisfactory correlations. Tpe meta~ znd para- ¢

brame’ and fodo and the pzin- yano derivatives 11lustrate [I\is. oy

< . ;
. -nm slope of the it ohtained for each sibstituent, Mg, isa - |
ch-uact(existic Sf the sthstiasdey g {s, 1t A8 e sibstiraent: conatant
b S
L7 .. andisindepéndent of the crebbialche molecule.' It might be exected,

A :herefore, that these® slopes“ should favourably correlate fith the

N - appropriate Hammtt.substitudht (o) constants. This wag confdrmed by

+ . plotting o against Mg (Fg. 5.19).
/ : re ?




l'gurcmil 5.18 ° IL’lmmct.f,G V1]uc< 5 :lhd u

Slope’ (1l n.m-c74z ogp
0.925 i.039 -, .005 >‘.u-w 31 L loss
0.992 + Jo39 . -lofd v .o0a8 .06 -.005
0.881 ¢ .04 T "ao028 ¢ .05 .37 - 128
'0.840 L .045 . --.098 ¢ 056 .23 - L107
0.758-1 085 . -.MS 105 30 R ¢,
0.633 * .109 -.285 + .135 25, .« 208
Tosse 047, L3110 088 - .35 . .88
0.490 £.081 - T.584 a0 27 . .29
1.013 ¢ .055 {001 + .068 E t.ois
0.028°t .030  ° -.003 + .037 +-.086
0.933 1014 ~023 ¢ o1z -.008
0.968 *.028 -.0627t .034 0.000
0.992 + .042 -005 1 .052 .010
1.084 ¥ .033 - - 027 t .08 -.080
0.710 + .841 -6 1168 7 . AN
-0.198 £ .277.  -.699 ¢ .335 ok .
0.727.4 .053 | -.121 1..066 68 - L242
0.509 + 1079 LTYeE v 008 £66(1.00)% 394

1. Substituent constaiits have been selected from Zuman (Table 111-1,

P, 46-48)
Np values are t]msc gencmtcd from- tlw Schiff base in Scries B, by
applying the cquuuon ogp = L (x) o L,i(u)

. The o%value (bracketed) has be\en applicd to p-CN derivatives.

e - . W y




¥ - 2 8L
.Good torrelations vere, obtatned except for e sepl, 6T,
p-I, w:N0,, p-NO, and p-Oi. derivatives'which deviated from the correlation
“Line. The slopes obtatried for these substituents are not proportional
to their Hémme:: substituen: constﬂnt. It appears likely, therefore,
that the mcchanisms far the polarographic ‘redueticn of these compounds
are different from -the mechanisi which applies to the majority of the .
Schiff bases. : o
Further. evidence of the unusual behaviour of the above
derivatives at the dropping mercury electrode was obtitned by app‘l‘ying
Equation [28] €o the data obtatned for' the Schiff bases. The

application of this equation to a wide\ uarxuy of r'eac,uun series of

benzene dzrivatives and other reaction series gave gum‘l l:orrelations in

the majority of cases. Mhere devistians of half—wave potentlals from

% B
the straight line ubcained by Sleeeing -E, against o do oceur, ‘it was
genérally asouned that those substances which deviate from the cor-

relation line are reduced at the electrode by,a different mechdhism from

that which applies to the rest of the redctioh series,?3 -

The-cnrkelaticns obtained for the Schiff bases by plotting the

half-wave potentials against:the corresponding Hamhett subatifuent
cofistants for each series of compounds are shown i Figures 5.20 to
5.25 and the least squares dfta is eabulated in Table XXI. (The Hamnnete
substituent constants used in this correlation ate tabulated in Table
X1v).
In some reaction ;eji-e}{he 8 G bromn'a;ad iodo
* derivatives deviate From the correlation line. 'This tends to confirm

that the mechanisn of the. reduction of these compounds at the electrode
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3 % Trg
surface ds not “the saie mechanish by “which the ma_wrny of the. compounds
“ydvthis wuites are’ reduced.

,'Tabxe XXI Data for the Correlations of the Half-wave Potentials *

. = for ih Serfes A, B, C, D, E and ¥ Versus g
T <. theWammere o Values -
%
Serfes - . Slope (p)* ', Intercept
8 P 0.418 + .026 T + .06 Y 5 "

B, 0.355 £ .021" + .008 -
¢ 0.364 + ,014 +.005 5
D 0.307 + .009 - , .. .004 .
E % 0.263 ¢ .010 - 004 .
F 0.181 2007 ' .003

#Values for compounds which deviated from the lime were not
included in.the calculation of the p-values.

3

Ziman23 reports that halogen substituents are among the most

frequent deviants when the Hammett equation is applied to the polaro-
graphic reduction of benzenc derivatives. Halogen atoms are said to be

"deformable" and are thought to act as "electron bridges" in some

0

electrode reactions. Thus, in Zumar®s words, "it is possible that the ' .,

‘orientation of the molecule in :he?}ansiuon stiite, for the ‘halogen

derivative would differ from that of most other members in the reaction

serzes!s 2% 4 different mechanism would therefore apply to the reduction

of the'halogen derivatives. ’

The first step n the mechanism for the normal reduction of
Schiff'bases’at the dropping mercury electrode is considered to bisthe

addition of an electron to the m-systém of the molecule, with the
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subsequent  reduction of the > C = N- bond. However, when a reducible
. . * 5 ; 5

substituent is present in'the ‘molecule, the firsg step in the reduétion
. fiay involve ‘either the 'substituent or the m-system of the molecule,

.depending, which of the two is the fore easily reduced. . *

In Series A B C and D che ‘half—uave potentials’of meta- and

para< bromo and -iodo der;vatxve: fall well below the correlation Linc.

In Series E, only thé meta- and para- iodo derivativns fall below :he
llne while in Series F, all the halogen dcrivurives fall on the cor-

i zelaiion line. (Figs. 5.20 to 5. 25‘) In these compounds which dcvlate

frog- the currelat:\un, 1t appears thatr the halogen atom is being rEduced(‘
in preference to the n-system coF the,molecule. If Zuman23 is correct, .
the bromine and iodine atoms act as Melectron bridges” in the reduction
of these molecules. In Series E and F, the ease’of entry of an electron

into the t-syStem of the molecule (as’ measuted by et Bgava potential

of thc currespnndlng unsubstituted Schiff base) increzses. so (hat in

Series E (Fig. 5.24).the normal mechanism applies to the bromo"

_ derfivatives and the electron enters the n-system of the molecule.' In

Series F (Fig. 5.25) the normdl mechanism applies to all the halogeR ™
0 ~ . . .
derivatives. . o ow ¢ i

The half-wave potentials of the para- cyano derivatives fﬂ;\

- + " below the correlation line in every series of Schiff’ bases 1f the Ham;et

o value 1s used. Hwever, if'o” is used, the half—wave pa[eg:ials of:.

the para— cyanu derlvanves fall on the 1ine in évery case. The

> ¢ = group v in mesomzric interaction with the para- cyano .

‘substituent through the benzene riff and it is not uncammon, in such

. cases, for o (derived from the Yeactions of para- substituted phenols.

v oo 3




:md anmnes) to-give a better Fit :han oL Houever.'zﬁmm&“ also

keports that . change in mechaniém occurs in some para~' dyano derivatives,

20 02"

The mechanisms by which the dcvmung ..ubstituents were reduced

resulting in the reduction of the —cn group tp yield ~Cil,NH

unsistenr_ dn:the Schiff bases by m‘lﬂpting. a

have been shown to he}s:l;/
standard Series of Schiff bases and generm;lng sigma values' for each

substituent from the half—wave putentials of the standard series. The

sigma values were then correfated with the half-wave pbtentialgf the-.-

“other Schiff base series.
“The serte¥ of Sehiff bases derived from benzaldehyde and sub-

stituted anilines (Series B) was taken ds the standard sértes. .'The

signa values ‘(designated oy fo differentiate them from the Hammett ¢

constants) are defined as:
S B ' "
Sgp T By (0 - B [34]

vhere E%B(_x)' and E%B(H) are the respective half-wave' potentials of
the supstitured and unsubstituted derivatives-{n Series B. The og,
values are tabulated in Table XX. - g om gl
" Correlations of the half-wave potentials of the compounds in
Scnes A, C, D, E\and 4 Hith ﬂ Vﬂlues are shown in Figures 5.26 to,
5
5.30 respectively and the' correlation data recorded in Table XXIL; |
’ In- these cokrelations, the meta- ahd para- bromo ‘and fedo’ T
compounds 'do not diverge from the carrela[ia‘n lines in Series A, C,°D -
will BGE, % ENE b6 Eigested, EHGYTIEeTE & Lewn sétxsfgcéor;g .

correlation in Series F. This suggests that the deviating bromo and *

" iodo derivatives are-reduced by a co?,{cent mechanism throughout.
’ M * »




) i . = . ‘- .85
' % o g =3 d g
slmuarly the meta™ nitro derivntlves fall on the correlation line in

: every case, suggesting that the reduction mechanism for these sub-

stituents, r’huugh different frpm l:h::t of the mjority ot: the compounds

« An the series, is also consigtent.’ ' *° - "

T:Able XXI1 Data. from the Correhtions of l:he Half~wave Paten(ials

- - of Ci in Series A, B, C, D, Eand F' ~ 7
S T et oy » L a0k
.. B2 M ;
Slopé, Py E Intercept
sB ,
: . . "1.185 + 036 © 7 -1.390" £ .006
& B o, 1.000 )
e o S weon® o 0.933 -1.268 + .006
" E D e 0.819 -1.271 * .007,
E i E . Co0a2t -1.185 * .006
Y F o ean L -0.862 + ,007
7

A The slopes Sbtained in the above correlations; pgy, ate

" ‘characcerisnc of the reaction series, i.c., they are reac{xon constants
and’ should therefore be proportiongl to the Hammett p values daleulated

earlier (Tahle XXI) 'l‘he cnrrela[ion» of these two .constants is shown

+ in Fig. 5.31. A least squares analysis of the data.provided the

o relationship: . ” 2 .
Q 8 i . \ o8, . -

. B B (Hammett) p = (0:299 * 0.023) P5p * (0.639 * 0.020). - [35]

. . i ) \ K

- s ey » g : !
; i g ~
= » e *
s )
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. Fig. 5. 1 Cnrrcl'nh)n of half—\mvc potcnl)nls of mel’.n fluoro dcnvaglves, .

“E(mF), in Setics A to F-with those of.the cnrrcspond\ng

nnsubsutulcd compounds,” =E (1) .-




Fxg, S. 2 Correlation of half-wzvu yotenuals bf parn~f1uoro denvntxves
-E(pF), in Seri®s A to F with those of the correspondlng
unsubstituted compoynds, -E(u)., .
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Fig.'5.3 Correlation of half-wave potentials of mota- chlorosdorivitives’

in Series A to F with those of the correspbndmg unsubsututcd
- compounds.. . % .
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Fig. S 4 Correlation of "half-wave potentials. of para- chluro dclivatlvcs
A in Series A to F with thnse of the currasponding unsubstxtutcd‘
l:vmpounds\/- o
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Correlation of half-wave potentials of meta-bromo derivatives
in Series A to F with those of the corresponding unsubstituted

compounds .
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“Fig. 5.6 Correlation:of half-wave potentials of para-bromo derivatives
in Series A.to F with those-of the corresponding’ unsubstituted
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pon ccmpounds B

Correlatiods of halfivave potentials of para-ibdo deptvatives
in Series'A to F with those of thc currespondmg unsubstitutcd
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Fig. 5.9. Correlation of half—wave potenunh of. mctn-methyl deriyatives
in Series A to F with thnse of ‘the cotrcspondlng unsubstituted
compounds .
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Fig. 5.10

Corrclntmn of half—wavc potentials of para—methyl derivatives

in Series A'to F vith those of the corresponding unsubsti tuted
compounds.
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Fxg 5.13 Correclation of half wave potentials of neta-1 methuxy
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Currc].lubn of half-wave potentidls of para-cyano derivatives®
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Fig. 5,19 Corrclation of ‘the slopes (M) of the correlations obtained
for substituents.in Figs.5.1toS5.18with Hammctt's o values.
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. SeriesC. mth Hammett substltuent constants.
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.. Flg. 5.25 Correlation of h Wav. ﬁnthls of compcunds in Seri .
: F with Hammett subStituent copstants.. . L
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Fig. 5.27 Correlation of half-wave potentials of compounds in Series'C
T with o v e L A
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Influence of the Aromatic System

Scott and Jura" applied the Hickel molecular orbital (H.m.o.)
theory to the. half-wave potentials of Schiff bases. A number of

assumptions were made:

{2) the first step in the reduction progess was reversible,

(_b') the Schiff bases were in a trans planar configuration, -and
“(c) the Schiff base structure ArCll = NAT' was equivalent to that
of the corresponding hydrocarbon, ArCll = CHAr'. The presence
of the nitrogen atom was neglected in the treatment.
The hydrocarbon At-CH = CH-At", to which’ the Schiff base,
“ AplCH = NoAr’ was onsidered ‘cqufvalent, may boconsifered ‘Eo be Fomed

5 and Ar'CH respectively. These

from two aryl- methyl radicals, ArCH

frie rndiinls combine as follows: :

ArCHy + Ac'CH; — ArCH = CHAr' + 20 . [36]

The non-bonding molecular orbital (n.b.m.o.) coefficients at the

extracyclic carbon atoms of the free radicals (.or for ArCHé and ho-

for Ar'CH) ) were used\to detemine the energies of the highest occupied

and lowest unoccupied molecular orbiBhls of the Schiff bases, which are

givmby:.' ) .
E (iwe;;_u,\océupaea)' - ca b tai]
.
. T (hghestioccupted) = ‘a b B 8] ¢
e o ' :
where £ is the cavbon-carbon resonance integral.
the

o
The half-wave potential of a-Schiff base corresponds to

energy required to place an electron into the. lowest unoccupied molecular

2>
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orbital. Thatsis:

B, = a b B +C, [39]

where €’ is a constant. In spite of the assumptions made above;
particularly the assumed equivalence of the carbon and nitrogen atoms,
Equation [39] accomodated Scott's and ‘Jura's experimental data

satisfactorily,

" Comsidering the data presented in this thesis, tvo kinds of
T P ] aIE’vpossible' betveen the standard series (Series B) and
the other serles ofsSchiff bases. . :
: (a) Series B can be correlated with Series A and C, in which the
substituents are on the aldeyde portion of the wolecule,
(b) Series B can be correlated with Series D, E and F, in which
the substituents are on the amine portion of the mol_en/,ula.
The curz‘ela';ians of Series B with Series A and. q; are not .
R any simple thiesrstical Intarpretati,, HOWSVEE,  COTVMLa Lo,
of Seffes B vith Séries D, Eand F can be'trpaded further in tems of
Equation [39] , as follows. Combining Equation [34] ui:}; Equation [391,

we have: ! * B

Ogp. = 18 Wb (B a (B b (8" <L oleol

i . C g @8 (b ) = b () e <l
& T .

shere u“(s') is the n.b.m.o. coefficient for the excrag;}guc carbon

atom in a benzyl radical and where b _(X) values are the “effective"

n.b.m.o. coefficients for the amine fragments of the SEhiff bases. .
Since b, _(H) and B are constdnts, Equation [40] can belpriften in
. I

' . o



e ®b M BFC . T r [42]

Applying Equation [39] to the correlation betweeir Series D and ogy .-
= 1

we have:. . . 3

R Y =3
B®@ = a @) b, (05 +cC ) [43]
. . T
where a,:(0) is the'n.b.m.o. coefficient for. the extracyclic carbon
“‘of ‘the 2-naphthyl radical. Combining Equations [42] and [43], with -~
the elimination of term by (X)8  gives:

B, - a 0/a, @) ogprem. L[]
which may be written:. . &=
B0 < oM ogy + o™ E kel
- > g _. - . ) .
shere p(0)== a5, M/a (®) . - £ i

The values gf the a__ terms, calculated for the extracyclic’
capbon atoms of the aldehyde fragmeats of the Schiff bases in Series

©B, D,

‘alld F are recorded in Table XXFII. These theoretical p vnluen
shuuld correlate with the expeti.nenmny determined psB values ~,
recorded in néla XXII. 'Since a (n) is'a constant” factor 1n ‘all the
theoretlnal [ values, a plat of the expe:men:ul Psp values xguinst
the values ‘of a . for the correspondfng aldehyde fragments of the '
‘Schiff bases should give a sttaight line. This correhtim s 111\|sr.r’ned

in Fig. 5.32.° A,lens: ﬁquares ansl_ysis of Khe data givu the equation:




" figte = 120 .
Table XXIIT Approximate Values of a__ for the Aldehyde Fragients
K Of the Schiff bases in Series 8, D, Eand F ki
T 1 . | >
Series Aldehyde fragment R sy i
= &7 -
e - K
,
\
i




= : ' . ’ 121

g = (0368 ¢ O.MS)B + (0.404 +,034) . el

. In the Scott apd Dirash treatment; no specific consideration

of the nitrogen atom was made and, on this basis, the following

Telationship between Schiff bases prepared from the same ‘parent aldehyde

and different amines was'established: .

) = A b) +.B - Ry
; @) = E}i() ) . ,[:.]

% =

whigie A and B are constants and Eh(a) and E_(5). are the half-ave
‘potentials of the corresponding Schiff bases derivg from two'different
amines. : .

A further- develupmen; by Benson and Scott87 mnsideted the
‘Presence of the nitfogen atom.. With R and Yorvatiig 1 ALeaThin Hyaro=
carbon radicals, the changes R _+ s +'RS » SB.vere treated by first ofder
perturbation theory to give the following Equat%cn for the energy of
'the lowest unoccupied érbizal Of the Schiff base:
B =-a th+!i(b )2h6> o My @ [48]

B, 2orPosken N R

. where.a , b _ are the n,bim.o. coefficlen:s o( ‘afom r at R and atom's

or

nf S anrl where k and h are parame(ers which refer tu the ﬂlteratluns

uh(ch occur in the resonance and coufombic integrals whengcarbun 1s
replaced “by” nitrog!‘m. e ,

Tvo kinds of correlations appear possible on the basis. ¢t

Equation [47], dependmg on uhether the amiue fragment or the' aldehyde

o fmgment is congtant. The treatment of ﬂenson ang Scott, 87 Equaunn

Iaa], prediets a correlation betwéq\'\ the half-uave potentials of two

sEries of, Schiff bases if the amine fragmem: is constant in :he two
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- series and the aldehyde fragment varies. fl'his was désignated the a/b

relationshi,
*. 9B, @)/9E() = constant ‘ d )]

However, if the aldehyde fragment'is kept constant and the ‘amine

. ] . .
fragmefit varied (the ¢/d relationship), the féllowing.equation was

shown ‘to apply:

o 3% o . .
- _ 4

ALUCYPE, D), = Wgphy =, 3K/ Gogly ~ 3orkay) [0

. where a;_ and agt are the n.b.m.o. coefficients of the fixed (amine)®

‘fragments of the Schiff bases. Bqua:ion'[so] takes the form of

c d
Equation [49] only if B aiga
Correlations were drawn between the seVeh series of Schiff bases

(Figs. 5.33 - 5.47) and the slopes calculated by least squares. The

data is sumarised in Table XXIV. One of the graphs, namely Series A
against Series G- (Fig. 5.34), is a ¢/d relaviondhipy e othersareetl =
a/‘b ;elationships. E{églienc correlations were obtained in every case,
incivitng-that of chie c/d relationsip whish bebisves s prediered by:he
earixér Hiickel treatment (Equation !:1.7]) ther than by Equation [503, '

which indicates: that r.he:p“lot should be Tved. =

In the above correlstionsy if Serias B-is adoptéd as the st’anda‘rd

series, the,slopes of the lies obtained by plotting the half-wave

- potentials of say Series (D) Schiff bases, D) (= suhstit;xem:) .

against the corresponding half-wave po:em:ials of Series B, s!s(a),

X .
provide o, constants (Ar .= CH= N-@ ) which are ,



@

Table XXIV Data from the Corrclations of °lh1f—w‘ﬂvc potentials . |
. 7 botween Serics of Schiff bases . .. -
e TR S e e R T .

. 28
.4 Schiff Basc Series . - . v oot
Correlated Slope . ©". -Relationship :+ - .. ° TR
A against B 0.833+.025, a/b
N SC ... 0s905%.026 c/d : -
A ) 0.692+ .019. a/b . 3 R §
A . 0.606% .027 ~ - coalb o ; &
A B .0.353%,024 . alb & . e
© B [ 0.933+ .023 Toak i
B D 10.823+.020 L a/b = .
B £ = Q.740%.042 - a/b 4
B F ol 0.373% .028 ) a/b ;
L5 D <. 0.875%.019 a/b 5
€ i 0.714% .025 _\ _calb R .
c Floc. 0.395%.022 a/b .
D E 0.883+.022 a/b &
n F 0.483%.024 .. alb
L F 0.547% ,030° . a/b
.
. l'ablc‘)(xv .7 Values of g -, )
Series A 1.200 .
Serics B 1.000 . 5 Hw
. Series € 0.933 d
Series D 0.823 . E v J
' Series E T 0.740 : : )
Serics F, 0.373 E . :
. . \
- *. »
4
‘ %
] 150 v *
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measures of the effect of the change in the structure in the conjugated
Systen of ‘the molecule. These consténts dre fesorded iv’ Tble XXV, ‘Thay
are ‘51\1111:131' in concept to the o proposed by S’cu;t and Jura. 3%
""" fhe correlations of Series A with B and Series C with D permit
a comparison to be made-v-bet,ween‘ the transmission of the effects of a
substituent to the reducible > C = N- bond through the carbon and
nitrogen Atoms respectively. Corresponding S¢hiff bases in Series A

N and B, and in Series C and D differ only in the orientation of the
o =il dofids T Beren hyenidifl e sobeeiiueel Hensanerrine i

attached to the carbon atom (Ar-N = CH-CcH,X) while in Series B and D 2

.the substituted benzene ring is attached to the nitrogen atom
(Ar-CH - N—Céﬁbx).
In SEVIIES A and C the subs[iluent..effect is transmitted 'thl“uugh
carbon while fn. Series B and D it is transmitted through mitrogen. ‘The
. slopes of the correlations between A and'B (0.833 4 .025) and between C
and D (0.875 + .019) indicate that.transmission of ‘the substituent effpct '
" EHCOIEH CATHOH)1H 'EhE wite BEISTERE, IEAEIAING) IRt SERELNE 8 note i
that the ‘slopes are approximately of the same magnitude for each pair.
This observation may be qualitatively accounted for in terms of
the'BtuCtire ‘of the' SCHIEE basa'molecules: Theitvisting of the
molecule about the N-Ar bond reduces the effect of substituents when they,
oceur in the Ar ring. This is to be expected as a P
velineedl pyarfap herwesn dhetr-syatenof the aubsrivared Bensensyring
an;i that of the rest of the ;nnlenule: The simiiaricy of the slopes
obtainied for the Series A - Series B anqiséries C - Series D co- |

?

relations suggests a similarity in the dihedral angles in the two molecules.



5.4_Conclusion

. . Innmost linear free encrgy relationships reported, the Hammece
equation has .be.en applied to réaction series in which the range of .
reactivity between the para- methoxy and para- nitro derivatives,
s s R,
than 5 log units. Tn the present study the Hammett cquation has begn
successfully applied to reaction series in which-the differences in‘r
reactivity arg much greater. Serins‘ of compounds with half—wavc.
potentials varying by as guch as 1.1 volts have been successfully
correlated: This corresponds to a range of equilibriu constants of
appruximat%y 19 log wnits; THiis may aleo be expressed in terms of

the magnitides of the reaction constants, p, The slope of the

SB*
correlation between o5 | (x axis) and p, (Fig. 5. 31) is given by the *

equation:

V " 0299 oy ke ‘ [51],

where o, and pg, are the Teaction comstants obtained from plots of

the half-wave potentials of the compounds in Series A to F against

’ 3 ,
Hammett o values and og values respectively.

In Equation [51] is in log K units while pgy is in volts.

B PH
By converting volts, into log K units (1 volt =.16.9 log K units) the
slope of the correlation is given by 0.299/16.9 = 0.018. The equation

cﬂrrela[ing Py and Pgp» adjusted so that the units are the same on both

axes, thus become

Py 0.018 PgptC

= 55.56 py + C'. 4 [521
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The reaction constant for each series of Schiff bases,”

expressed in log K units, are listed below:

Series Psp (volts) Psp (log K units)
# Ry ST 23.23

B -355] * 19.28

cs 364 s T ia0gg

) .307 i7.06

E .. 263 < The2

F .181 10.06

Fhe very, Tacgs - vatiies (o R uilts) CHEsTnetL caitelnly in
Series A to D, are approximately of the same absolute magnitude as the
reaction (p) cnns:.:;nt estimated for the gas phase lonisation of the
“benzyl haiide; £p+ 5 -20).8%:89 The similarity in the absolute p values
obtained in this thesis with Thornton's value suggests that solvation
effects are vmuauy absent in the formation of radital anions under
the conditions in which the half—wave poten[ials were measured. TKus,
in the thermadynamic cycle discussed in Chapter 3.1 the free emergy of
addition of an electron to the meutral molecule in dimethylformamide,-
#Gg, 1s approximately équal to the electron affinity of the molecule

in the gas phase, E_ . This observation more than justifies the

5 -
assumption made by Scott and JuraS* and also the assumption in this
thesis that Solvent effects on the reduction’ potentials of Schiff bases -
are independent of the structu're‘ of “the Schiff bases, sinte solvent

/REEGETS WPHARETES B b rel&tively and absolutely unimportant.

The abnve conclusions aré in agrecment with conclusions based



. ,V 7 . <L ﬁ _7' i

én other data summarised by Ritchie in his review of interactions in

dipolar aprotic- solvents,?0 namely that:
i (a) Substituent effects bn the acidities of phenols arelreported -
-to be much greater in dimethylformsmide than in methanol.
.. Tn methanol, the smaller effect is attributed to "the change

in the hydrogen-bonding stabilisation of the phenoxide

simultaneously caused by the substituent." This compensating

factor is absent in dimethylformamide agd'.ubsmuen: effects
are, therefore, larger. Hemce, solvent effect’s can modify

- Sthe inflyfence of substituents.’ )

o (h) The reaction of azide ions with several substrates and of

" methyl halides with nucleophiles are faster in .dime‘thyl-‘

- . formamide than in methanol by a factor of 102 to 105. It

is suggested that the work required to break down the initial

< solvation shell is an part of the i energy

for reactions in methanol. Such effects are thought to be
-~ minimal in dimethylformamide and this factor is assumed to
account for part of the increase in the reaction rates

mentioned above.

Further Studles of s i and other stru 1 effects in
dimethylformamide might be of considerable interest, since the data
obtained would appear to b; essentially free of complications due to ,
solvent-solute interactions and the much larger substituent affects'

obtained insures that the effects of smaller structural variations can

be observed more accurately. Finally,Dewar’! has stated that it is not
2,

possible to develop of ty based only on



meta- -nd para- :nbn:uuted henxene derivatives (fo\- whlch copious data
are avauable)- + It is necessary to investigate subsdl:uen: effects in
other dystems which also lend themselves to theoretical calculations.
The Schiff bases. examined in this study satisfy both criteria. The data
may therefore be particularly useful Fo Futusestheoratical ‘investigations
of, suhutiwent effects -nd -ay ;-htribu:z to a better undersnnding eE

" ctha factors fnvolved. - %




. .7 %59 uims soseq y3vuos 4 Pue g-‘q ‘g s9Taes
o3 ..uam. SIUBTOTIFA00 0°W'QUU JO UOTIBTIAI) L' “BTL & -

) & ow k as A




130

Sl

A

*g sorzog U shunoduos Sutpuodsezzos %
30 050W YITH ¥ $91495 U SPiMOdEC) JO SIPTIUSIOA sATH-FIPY FB WOTIRIEIIO) g5°S “BEd
. ’

Ao(y sopiog) /13-

N

Zonw
.

el 2 Il 0l 60 80 20
T T

O-ton-0

Aa(g sauag) /13-

vl



+131 ]

. +9 sets9g up spunodsod Easanﬂhﬁ .
30 950yl ITA V $9TI8S UY —.15_&-_3 30 s(eTaUsl0d PATM-3TEY JO UOTIB[SIIO) pg°S “Br4 ]

A2 (y-soes) ¥'3- : :
Il ol 60 80 20 ‘90 G0 0
T T

OO - | el

Sl vl 19

‘A0(9 Seneg) 213 -



*q sovaas ur spunoduod Fugpuodsezios
30 :oﬁ WA ¥ 5979 U spunoduon Jo srerausiod ssTa-3Iey: o OTaNIe), S5°S Bid

Ao (v uo_;@w\_m -

60 80 L0° 90 S0 ., +0

0(q sopeg) /'3~




133

*3 so3o5 uj spunoduod .53&..:3 .
30 9504y’ YA ¥ saTIRS U spnodios 30 STPT1U9104 ATA-3{BY FO UOFIRIOIO) 958 “BTd

Ao (y sapeg)?/13- . , Yo

(o of m.o m.o - L0 90 S0 ¥0
T T T e T Tt
o - \0.5.2.0 ;i ] [
‘

.

g
s

L

B
2

o
H
m
2
2

!
{
l} ! -
| & /.
@
s . . g -«




. by T .. "d sopa0s uf
no,..u_.u.ﬁ.?(n.vam_:%.aonaﬁ,mn:-,v...«&

ety sepeg)i3-

unodud> Bujpuodsezzos .
36 vorantezI0y 755 8,

60 80 20 . 90 S0

: xJ\ﬁvl:u.z..o .

——
440
"
m.
o
@
8
{e-0 8
5
-2



et e U - ; ;
& s T
. . g N
- T \u \ 5 setzog ur spunodao -_.;.s 2209, i 2o
30 95043 YITK ¢ & 1208 UT %Eowuuu 30 S[eTIU9l0d IAPH-FTRY 3O UOTA ..:gu 8s's ki : ' 5
‘- < w18 . o
gl X" = As(@ uo_.omvu\_ml : e .
g1 b1 g 21 )7 0 e B0 80 40 90 . SO LA
! %
.
]




136

" -a saraes ur spunoduod Butpuodsarios:
30 950W3 YaTA’g 97395 UT spunodmod 3O STRTAUL20d SATM-TPY JO UOTIRTIIIO) 657§ “BTM

. o _na(g seneg)¥'3- )
.. e0 .80 20 90 g0

e

ao(asopeg)¥/'a



G s 5 2
~ i . = 3
5 " . o
A *q sorsg uf spunoduod ...:._&zts A, ¥
- 30 9504 TA § $91495 U §PuN0dE0> Jo S[9TILIIOA GALA-3TRY 3O UOTITTEIIO) Op° m i..._ i
y . - ro(g sopes) '3~ . 4
C el LA ) 2 Il . o_ mo m,o L0 90 S0 - %0
. T T et =) T =T .
@%6 ;
490 3
. ) i L
deod" -
> s |
: 7 g
K
=
Ho1 &
S s
T
< .
S 2 =
> % -
- sl
' 5t . .
. . & -
. . 2 .



is

s . -3 setiog uf spunoduos Butpuodsoios
30 9SOY1 YA g S9TI9S UT SPUNOdEOd JO STETIUIIA IATM-FITY JO UOTIBIALIO) . Tp'S ‘BT

(g seuas)?/13 -

Dm0 .

| o1 60 80 10 90 cgp
: . -

A0(d sopes) ¥/13-:



139

iy

; o ¢
e +q saya0s uy spunoduas Sutpuodsaziod
30 350y YaTe D S9719g UY spunoduod Fo sTETILIIOd OATA-3TEY JO UOTIETRII0) Zp'S-Br4s

Ao (D sepag)?/13-

79(q s005) /'3 -



-Eyp(SeriesElov .

o4l

w/"xcﬂ—g* l_J

il 1 1 ) B 1
03 o4 .05 o6 - o7 o . 09 1o B3
N ~E,/z(Series C)ev
oo Fig. 5.43 Correlation of half-wave potentials of :nnrpounds in Series C-with those of
st “corresponding compounds. in Series E. o

oyt



141

5 o

*4 seTa0§ UT spunoduod Burpuodsexios
30 950Y3 YaTK D sawds uT spunodudd Fo sTeTaUEI0d SARK-FITY JO UOTITIIIOD by°S *
"y . 1

’ A8 (D senag)/!g—

| 60 80 L0 0. SO
: T

314

= e ,_ \@L..?z\@@




142

-3 sotaos uf spunodises Rurpuodsaifes jo

oot it a erying . spumodons 5o 25__3& oATM-3TEY 3O UOTIRIAII0) S5 “BEd

Aa(q salieg) /13- ° 5 ;
01" - 66 §0 20 90 .50 po*
T T T T — T .
\Ouznzu\@.o -
X
-90.
! m
8.4
180 @
o
i 3
- -
m
Jo1r 3/
2 >
e
¥ \



o8t
osf
' ocr“
] L ! sy &g 1 L
04 05 06 " 07 08 09 bo, ke 2. 3
) . -E(/Z(Sarla§ D)ev,
Fig. 5.4 Correlation of half-wave potentials of compounds 3n Serics D with
those of corsespanding compounés in Series F. ’
g i =, 5 -




“144

.m-:u-m.:n!:_umsauu:::.um:u»ouuooz_ﬁ:::mmu«uum,

+up. spunoduod Fo sTeTIUL30d 9ATM-FIEY 3O UOTIBTRIIO) Lp°§ ‘Byy

Ao (3 sepeg)?/'3-
25 Ol 6:0. 80
T

N,

80

Ao(d snu‘esv)‘z"}l-




12,
13.
14.
15.

16.°

17.

/ ] REFERENCES

Brénsted, J. N. and Pedersom, K. J. Z. Phys. Chem., 108, 185,

(1924). (After Wells, Ref. 26). -

Hammett, L. P. J. Am. Chem. Soc.; 59, 96, (1937).

Jaggé, 1. H. Chem. Rev., 53, 191, (1953).
Brown, H. C. and Okamota, Y. J. Am. Chem..Soc., 80, 4979, (1958).
Ritchie, C. D. and Sager, W. F. Prog. Phys. Org. Chem., 2, 323,
- (1966) - ) ;
HcDaniel, D. H. and. Brown, H. C. J, Org. Chem., 23, 420, (1958).
Van Bekkum, H., Verkade, P. E.. and Wepster, B. M. Rec. Trav.
Chin., 78, 815, (1959). o
Yorman, R. 0. C., Radda, G. K., Brimcombe, D. A}, Ralph; P. D.
" and Smith; E. M. J. Chem. Soc., 342'7,‘}(1961); '
Taft, Jr., R. W., Ehrenson, S., Lewis, I. C. and Glick, R. E.
J. Am. Chem. Soc., 81, 5352, (1959).

Yukan

» Y. and Tsuno, Y. Bull. Chem. Soc. Japan,‘ 32, 971, (1959).
Yoshioka, M., H.lmamoto, K. and Kubota, T. Bull. Chem. SDC; Japan,
o3, o). . 3

Dessy, R. E. and Kim, J-Y. J. Am. Chem. Soc., B2, 686, (1960).
Mine, J. J. Am. Chem. Soc., 81, 1126, (1959). i "
Wine, J. J. An.'Chem. Soc., 82, 4877, (1960). ’

Taft, Jr., R. W. J. Am. Chem. Soc., 74, 3120, (1952).

Roberts, J. D. and Hq;eland, W. T. J: Am. Chem. Soc., 75, 2167, '

(1953).

‘Taft, Jr., R. W. .J. An. Chenm. Soc., 5, 4231, (1953).



18. Taft, Jr., R. W. J. ‘An. Chem. Soc., 79, 1045; (1957).

19, Jafsé, W . I An. Chen. Soc., 81, 3020, (1959).

20.° Sager, W. F. and Ritchie, C. D. J. Am. Chem. Soc., 83, 3498,
(1961). ) 5

) &

2. Jaffé, M. M. J.Aw Chen. Soc., 76, (261, (1954). »

2. ‘Streitweiser, Jr., A. Molecular Orbital Theory for Organic
Chemists. (. Viley and Soms, Inc., New York). (a) Ch. 11,

. ® ch 7. - ’ L

23.  Zuman,’P. t-Effects in Organic Pol « ( Plenum

e
Press, N.Y., (1967).

2. . Krygowski, T. M. Bull. Acad..Polon. Sci., Ser. Sci. Chim., 19,

49, (1971).
25. Maccoll, A. Nature, 163, 17‘8, (1949) %
2. Wells, P. R, Chen, Rev., 63, 171, 7(19'53)'.
27. Hoijtink, G. J. and van ;nhour_m\, 3. ‘Rec. Trav. Chim., 71, 1089;
(1952). ) ve o4 o
28. Hoijtink, G. J. Rec. Trav. Chim., 74, 1525, (1955).
2. Lyons, E. E. Nature, 166, 193, (1950).
30. Brocklehurst, P. Tetrahedron, 18, 299, (1962).

31, XIzmailsky, V. A. and Smirnov, E. A, J. Cen. Chem. U.SS.R., 26,

3389, (1956). 2 s . E g 2
32. Moszew, J. and Kiapyta, Z. Zeszyty Naukowe U. Jagiellon-
T dktego, 13, 67, (1968).
33, Minkin, V. L., Zhdanov, Yu. A., Medyantzeva, E. A. and
Ostrounov, Yu. A. - Tetishedron, 23, 351, (1967). 8
3. Braude, E. A and Sondheimer; F. J. Chem. Soc., 3754, (1955).



% 5 ) N 147

35, Houlden, S, and Csizma;ﬂa, I. 6.7 Tetrahedron, 25, 1137, (1969).
36. * Robertson, J. M. and Woodvard, I. Proc. Roy. Soc. A, Q, 568,
1937). L Z . = ’
37. delange, J. J., Robertson, J.. M. and Woodward, I. Proc. Roy. Soc.,
A, 171, 398, (1939). N .
38. Korolev, B, A., Rozanel'skaya, NJ\) and Stepanov, B.-I, J. Gen.
Chem:, U.S.5.R., 39, 1128, (1969). :
. 39. Stepanov, B, I., Korolev, B. A. and Rozanel!skaya, Na A. 3. Gen.
- Chem.. U.§.S.R., 39, 2059, (1969).
40, Tabel)K. and Saitou, E. Bull. Chem. Sec. Japan, 42, 1440,-.(1969). - ;
4, GUL/U. N, S. and Sataiva, M. E. L.. Tetrahedron, 27, 1309, '
i (1971). ' > e @
'49,, von Haselbach, E. and Heilbronner, E. Relv. Chim, Acta, 51, 16,

ca9e8). ' o

43.. Ebara, N. Bull. Chem. Soc. Japan, 33, 53, (1960).
44, Ebara, N. Bull. Chem. Soé. Japan, 34, 1151, (1961)..

45. Smith, W. F. Tetrahedron, 19, 4453 (1963).

46. Janata, J. and Mark, Jr., H. B. J. Phys: Chem., 72, 3616, (1968).

Hoijtink, G. J., van Schooten, J., de Boer, E. and Aalbersberg, W.
Rec. Trav.' Chim., 73, 355, (1954). - 3
48, Hoijtink, G. J. Rec. Trav. Chim., 73, 895, (1954), _

49." Giveg, P. H. and Peover, M. E.

Chen. Soc., 385, (1960).

-50. Given, P. H.and Peover, M. E. Coll. Czech. Chem. Commun., 25,

3195, (1960). .
51. Mark, Jr., H.B. Rec. Chenm. Prog.s 29, 217, (1968).

52, Fry, Ai J. and Reedy R. G. J. Am. Chem. Soc., 91, ‘6448, (1969).



3

53:; Peover, M. E. Electroanal. Chem., 2, 1-51, (1967). y

5. Scott, J. M. W. and Jura, W. H. Can. J. Chem., 45, 2375, (1967).

55. Hoijtink, G. J. Ad in Electroc and E1 1
Engineéring, p, 221, 7, Ed. ®: Delahay. Interscience, 970).
$6.. Heyrovsiky, J. wod zisan, P. Practical Polarography, p. 12, |
i Acadeiic. Press, (1968). ) -
. .5Y. Benson, W, G.° Privne Communication. —,
" 58, Ricchie, € D. and tegerle, & M. T AmeChem. Soc., 89, 1447,
(1967). . . N
"59. xatz, ’1. J:y Retamuth, W. . ‘and, Snfeh, D.'E. 12 Am. Cpem. Soc.,
T, 84,802, 1962),
60. ,éiven, P. H., Peuver, M. E.,and Schnen, J, J. Chem.’ Soc., 2674,
sy - - '
61. ~Given, P. H. and Peover,, M. E, Nature, 187, 1226, (1958).
62." Butler, J. N. 'Referénce Electrades in Aprotic Solvents', Advances
Et Electrochmniszry e Electrochenical Engincering, Vol. 7,
P 98, (. Wiley & Sons), (1970).

3. mupfer, I N.. e, mmn.. 3, 1799, (1967).

64. Butler, J: N. J. Phys. Chem., 72, zzas, (1968). ’ * ¢

65.  Luhers, D.’C., Iwamota, R and luembeyg, 3. ! Inorgan’

_Chenmistry; 5, 201. (1966). * " ¥

66 Alin, B:, Evegﬁ, L. and sulen, L. G. ' Acta Chem. Sgand., 6, 759,
(1953)." . E
. . u e .
670 Mhln, B., Wahlin, E. and Sillen,’L. G. Acta Chem.Scand., 3,
321, (1949); .

68. Synnott, J. C. and Butler, J.'N. J, Phys. Chem., 73, 1470, (1969).




"9

69. McMasters) D. L., Dinlap, R. B., Keumpel, J. R:, Kreiden; L. W

. and Shedrer, T. R. Anal. Chem., 39, (1), 103, (1967).
g .

70. Marple, L. W.. Anal, Chiem., 39(7), 845, (1967).

71, Laitneu, H. A..and Wawzonek S. J. Am. Chem. Soc., 64, 1765, - |

sz, . = '

‘. -72. (Janata, J., Gendell, J., Lawton, R. G. and Mark, Jr.;

3., Am, Chem. Soc., 90, 5226, (1968)., . *

.fg.v Duitrieva, V..N., Kononenko, L. V. and Bezuglyi; V. D. Tekh _1{" s
 use, (19655 4 I ) T
Pt < 74 ‘Levchenko, N. F., Afanasiadi, L. Sh. and Bezuglyi, V. D. J. aai il
¥ ) ey W.5.5.R), 37, 624, (1967). e

pe M Ty Beiugly), i am‘l Krasovitskii

., Mal'tse

+Dmitrieva,
’ »

i . B.M. J. Gen. Chem. (U.S.S.R), 37, 372, (1967).
. 76. Dmitrieva, V..N., Nazarenko, A L., Krasovitskii, B. M. and

*. Bezuglyi, V. D. J. Gen. Chem. (U.S.S.R), 37,1967, (1967). (
77. Rozonel'skaya, N. A:, Duitreiva, V. N3y Stepanov, B. 1. and

Beauglyl, V. D.' J. Gen. Ghem. (U.S.S.R), 38, 2342, (1968):

78, Konomenko, L, V., Bezuglyji, V. D. and Dmitriéva, V. N. 1. Gen.

Chem. '(U. s\s ®), 38, 2087, (1968). .

79. Bezugiyx, Ve D,, Kononenko, L. V., Korunova, A. x-‘., Dmltreiva, V. N.

and Timan, By L. -Ji Gen: Ghem. (U.S.S.R), 39, 1647, (1959)

. 80. Heinert, D, and Marr.ell E. A. J Am. Chem. .. Sm:., 85, 183, (1963) 3

) ~ax. Chatcerjee, \N K. Farrier, X and bouglas, 3. E. e CGhem. Soc.,
3 g, L. 83, 2119, (1963). " ' . &
823 Meites, L. Polarographic Techniques, - (2 Ed.), p. 21‘9,.'Im:ets'civence, =
Lo asen. - g T LA



C s

86.

87.

88.

_Dewar, M. J. S. .The Molecular ‘Orbital Theoty' of Organic Chemistry,

pi 418, McCraw-Hill, (1969).

on; p. 163, in Selénee = .,

Dewar, M. J: S.°
a

sE;-xes, Ronald Press Co., N-¥ S (1962). o . .

A\
Taft, Jr., R, W, Deno, N.'C. and Skell, P.°S." Amn, Rev. Phys.

Chem., 9, 287, (1958)-

Bursey, M. M. Organic Mass Speetmscapy, 1, 31-46, (1968),

&5 B, b b #
Benson, H. G. and Scott, Ji M. W. §. Can. J. Chem., 46, 2895, .
(1968):" - S8 GO L
“Thorntop, E. K. Solvolysis Mechanisms, p. 155, The Ronald Bress Co.,

N. v., (1964). ) £ ¢ .

" 89.

.90,

911

Harrisun, A, Gy Kebarle, P, and Lossing, P. P. J.. Am. Chem. Soc.,

83,777, ‘asen). 5 ¥

Rit:hie, C. D. Solute-folvent Interactions. Ch.-4., Ed., Coctzée,
3. P and Riechie, C. D., Marcel Dekker, N.Y. and London, .’
a9 A

Savar, Wod% 8. Vmiscreeteal ASgeies: ofUI RE, .Correla[inns".,
Sympns#xm"ﬂf Linear Free Energy cor_r_e{a:iuns’, Durham, North

- Carofina, 19-21 October, 1964.. -
















	001_Cover.jpg
	002_Inside Cover.jpg
	003_Blank Page.jpg
	004_Blank Page.jpg
	005_Title Page.jpg
	006_Abstract.jpg
	007_Abstract iii.jpg
	008_Acknowledgements.jpg
	009_Table of Contents.jpg
	010_Table of Contents vi.jpg
	011_List of Tables.jpg
	012_List of Tables viii.jpg
	013_List of Tables ix.jpg
	014_List of Figures.jpg
	015_List of Figures xi.jpg
	016_List of Figures xii.jpg
	017_List of Figures xiii.jpg
	018_List of Figures xiv.jpg
	019_List of Figures xv.jpg
	020_List of Plates.jpg
	021_Chapter 1 - Page 1.jpg
	022_Page 2.jpg
	023_Page 3.jpg
	024_Page 4.jpg
	025_Page 5.jpg
	026_Page 6.jpg
	027_Page 7.jpg
	028_Page 8.jpg
	029_Page 9.jpg
	030_Page 10.jpg
	031_Page 11.jpg
	032_Page 12.jpg
	033_Page 13.jpg
	034_Page 14.jpg
	035_Page 15.jpg
	036_Page 16.jpg
	037_Chapter 2 - Page 17.jpg
	038_Page 18.jpg
	039_Page 19.jpg
	040_Page 20.jpg
	041_Page 21.jpg
	042_Page 22.jpg
	043_Page 23.jpg
	044_Chapter 3 - Page 24.jpg
	045_Page 25.jpg
	046_Page 26.jpg
	047_Page 27.jpg
	048_Page 28.jpg
	049_Page 29.jpg
	050_Page 30.jpg
	051_Page 31.jpg
	052_Page 32.jpg
	053_Page 33.jpg
	054_Chapter 4 - Page 34.jpg
	055_Page 35.jpg
	056_Page 36.jpg
	057_Page 37.jpg
	058_Page 38.jpg
	059_Page 39.jpg
	060_Page 40.jpg
	061_Page 41.jpg
	062_Page 42.jpg
	063_Page 43.jpg
	064_Page 44.jpg
	065_Page 45.jpg
	066_Page 46.jpg
	067_Page 47.jpg
	068_Page 48.jpg
	069_Page 49.jpg
	070_Page 50.jpg
	071_Page 51.jpg
	072_Page 52.jpg
	073_Page 53.jpg
	074_Page 54.jpg
	075_Page 55.jpg
	076_Page 56.jpg
	077_Page 57.jpg
	078_Page 58.jpg
	079_Page 59.jpg
	080_Page 60.jpg
	081_Page 61.jpg
	082_Page 62.jpg
	083_Page 63.jpg
	084_Page 64.jpg
	085_Page 65.jpg
	086_Page 66.jpg
	087_Page 67.jpg
	088_Page 68.jpg
	089_Page 69.jpg
	090_Chapter 5 - Page 70.jpg
	091_Page 71.jpg
	092_Page 72.jpg
	093_Page 73.jpg
	094_Page 74.jpg
	095_Page 75.jpg
	096_Page 76.jpg
	097_Page 77.jpg
	098_Page 78.jpg
	099_Page 79.jpg
	100_Page 80.jpg
	101_Page 81.jpg
	102_Page 82.jpg
	103_Page 83.jpg
	104_Page 84.jpg
	105_Page 85.jpg
	106_Page 86.jpg
	107_Page 87.jpg
	108_Page 88.jpg
	109_Page 89.jpg
	110_Page 90.jpg
	111_Page 91.jpg
	112_Page 92.jpg
	113_Page 93.jpg
	114_Page 94.jpg
	115_Page 95.jpg
	116_Page 96.jpg
	117_Page 97.jpg
	118_Page 98.jpg
	119_Page 99.jpg
	120_Page 100.jpg
	121_Page 101.jpg
	122_Page 102.jpg
	123_Page 103.jpg
	124_Page 104.jpg
	125_Page 105.jpg
	126_Page 106.jpg
	127_Page 107.jpg
	128_Page 108.jpg
	129_Page 109.jpg
	130_Page 110.jpg
	131_Page 111.jpg
	132_Page 112.jpg
	133_Page 113.jpg
	134_Page 114.jpg
	135_Page 115.jpg
	136_Page 116.jpg
	137_Page 117.jpg
	138_Page 118.jpg
	139_Page 119.jpg
	140_Page 120.jpg
	141_Page 121.jpg
	142_Page 122.jpg
	143_Page 123.jpg
	144_Page 124.jpg
	145_Page 125.jpg
	146_Page 126.jpg
	147_Page 127.jpg
	148_Page 128.jpg
	149_Page 129.jpg
	150_Page 130.jpg
	151_Page 131.jpg
	152_Page 132.jpg
	153_Page 133.jpg
	154_Page 134.jpg
	155_Page 135.jpg
	156_Page 136.jpg
	157_Page 137.jpg
	158_Page 138.jpg
	159_Page 139.jpg
	160_Page 140.jpg
	161_Page 141.jpg
	162_Page 142.jpg
	163_Page 143.jpg
	164_Page 144.jpg
	165_References.jpg
	166_Page 146.jpg
	167_Page 147.jpg
	168_Page 148.jpg
	169_Page 149.jpg
	170_Page 150.jpg
	171_Blank Page.jpg
	172_Blank Page.jpg
	173_Inside Back Cover.jpg
	174_Back Cover.jpg

