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COMPUTERISED
PREFACE

The importance of conjugat ion and hyperconjugation
in unsaturated systems like witadiene and propylene, for
which snly one unexcited resonance structure can be written,
ig now a controversial matter, This thesis describes
investigations that have been made in an effort to obtain
rurther evidence which might help resolve this controversy.
The development of the concepts of conjugation and hyper-
conjugation and the evideace in favour of and against the
latter are briefly reviewed to furnish the necessary
background for the work described. The technique of em-
ploying proton chemical shifts in a speclal type of
sterically hindered system for the study of resonance
interactions between donor and acceptor groups aeross the
benzene ring is described and the significance of the
results obtained for a series of derivatives is discussed.
The effort that has been made to evaluate the substituent
eonstants of the ;l“z{a and ;"4‘3 groups which can help
evaluation of steric effects in this study is deseribed
next. In a parallel study of the derivatives employed in
the investigation mentioned and other related derivatives,
the IR vibrational band intensities have been measured to
get supporting evideace although the title of the thesis
mentions only NMR methods. The methyl band width data are



considered next and their usefulness for the study of
changes in r-electron distribution in donor-acceptor
gsystems. The NMR spectra of a number of boron fluoride
adducts of some substituted benzaldehydes are described
and the information that can be obtained from these on

subgtituent effects is evaluated.
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CHAPTER | ~

CONJUGATION AND HYPERCONJUGATION - A REVIEW



CONJUGATION AND HYPERCONJUGATION

The concept of conjugation in unsaturated
organiec compounds was introduced many years ago to account
for the speclal properties shown by systems like buta-
diene, hexatriene, acrylonitrile or vinyl acetylene in
which multiple bonds alternate with single bonds. Although
this concept can be truced back to the work of Michaell,
Thielea, Flurscheims’4 and others, it was clearly for-
milated in electronic terms for the first time by ﬂobinsons,
Ingnlds’7 and their co-workers. Later, with the advent
of quantum chemistry, this notioan was laid on a firm
theoretical foundatlon., It became appareat that the
special properties of conjugated systems were attributable
to the presence of "delocalized" 7 -electrons in "Molecular
orbitals"; or speaking in terms of valence bond des-
cription of molecules, these were traceable to resonance

between various canonical structures, that may be

written fof thesge system98-

The accepted position in the nineteen thirties
rezarding the concept of conjuga‘ion and effectsof polar

groups in conjugated systems may be stated as follows:

‘hen the principal classical structure contains

sinzle bonds, each interposed between two multiple bonds,



or one side having a »-electron, a T-electron pair

or quartet or at least a "-electron vacancy and a

multiple bond on the other, the species is sald to be
conjugated’. This can be illustrated with the help of
the following species which are stabilized by resonaace
between various structures as shown in I, II, III and IV.
i CHz=CH-CH=CH, «> .CH§—CH=CH—CH2

(o) I (b)

@ ©
7 CH2— CH=CH-—CH2

g d)

H%H CH=CH %H
g " s

C C

(o) (b)

S}
MM CH=CH—CH H%Hz—CH=CH

2 2 2
(o) (b
w ¢ 2
IV CHy—CH=CH, <—» CHj=CH—CH,
(o) (b

The difficulties that conjugated systems always

presented when their properties were considered from the



view point of the classical valence theory, dis-

appeared in the light of this formulation. These
properties could not be uniquely represeated by a con-
ventionsl valency structure, in which each carboa atom
forms two singzle bonds and one double bond. But when

all the valence structures were taken ianto account, the
physical and chemical behaviocurs of these systems could

be readily rationalized. 1In the ordinary double bond,

the overlap between the orbitals of the r=electrons on

the adjacent carbon atoms provides both the extra strength
of the double bond and also its resistance to {ree rota-
tione In a conjugated system, since the smearing out or
"delocallization" of mTe-electrons would result in boads

of intermediate character, barriers to rotation about
bonds, which are single in the classical formulation could

be explained readilys.

In the flush of the success of the resonance
theory, its application was grossly oversimplified. The
mumber of resonance structures that one could write for
a system was often used without any clear reference to
their contributions as a measure of resonance energy.
\etually resonance theory requires that, in order for
resonance stabilization to be appreciable, the contributing

structures should not differ very much from one another in



energy. Also, it was often difficult to guess

eorrectly the relative magnitudes of the energlcs of
the contributing structures, so that inferences on
resonance stabilization did not have proper foundations.
For example, in the case of butadiene, the shortening

of the C,=C, bonl was attributed to resonance between
structures like (Va to Vd).

CH2-CH—-CH=CH2<—-> CHZ—CH=CH—C H2

I Vo, Vb

g =CH % **%H-*CH—CH %H
C|42 CH=C H2 5 o 5

VC. Vd

It was not until the end of nineteen forties
that doubts were raised on the validity of such naive
interpretations. The work of Hans &nhnlo and othersll
on the absorption spectra of polyenes during the period
showed the necessity for the alternation of single and
double bonds in polyenes. The importance of conjugation
thus seemed to be less than that assumed from empirical

considerations.

In the nineteen thirties some important observations



were made on the igfluence of alkyl groups in conjugated
systens. Herzbarglz, Badger * and their collaborators
found that the (=C bond leagth in methylacetylene is 1.46 Q
only, which 1is shorter than the normal C=C bond leagth

of 1.54 ® in ethane. Pauling and co-workersl4 suggested
that the decrease from tne normal value of 1.54 R for a
single bond in methylacetylene and methylcyanide (1.42 % )
is partly due to change in the single bond radius and
mainly due to the partial double bond character of the

single bond, arising from resonance oif' the type indicated

helow:

® S}
Ha-:-:C.‘—CEGH <~ H3——-——C=——C=CH

Via, Vle

Jut in the case of propylene, no significant
shortening was apparent for the CHg=C bond. The shortening
being only 0,03 %, was considered to be well within the
experimental orrorls- In this connection ‘.-.-’alshl6 pointed
out the fact that shortening is marked aand abrupt in
passing {rom HC= to Hd=C = in the series methane, ethylene
and acetylene, in which there is no conjugation. It could
be mar-ked even in the passage {rom CHE—C = to Cua—c =

for similar reasons.



The iantroduction of alkyl substituents in place
of hydrogen normally affects the rates and equilibria
of chemical reactions and in a number of cases the rela-
tive effects of different alkyl groups follow the induc-
tive order (Clg < Czﬂs < CH(CHa)a < C(CHg)g)e In 1925,

Baker and Jathanl

7 found that in the reaction of pealkyl-
benzylbromides with pyridine in dry acetone, the relative
effects of alkyl groups :I:’; almost in the opposite order.
't appeared that an alternative mode of electron release
was operating in thils reaction, the donor action decreasing
in the order Me > I't > 1-Pr > t-%u. The mechanism of
electron release in this case was later recognized to be
electromeric in nature and the reactivity order ment ioned
1s called the Baker-iathan order. 'ullikenl® studied the
absorption spectra of cyclopentudiene and a number of
related compounds and found that there is a displacement

of the absorption towar.is longer wavelengths in the case

of cyclopentadiene as compared to the open-chain conjugated
dienes. IHe found that the abnormal behaviour can be satise
factorily accounted for, if the methylene group can be
treated as a system having one o bond and one quasi

7e=bond in t'e molecular orbital description of these systems.

In the context of his own obsgervations and those of the

others mentioned above, Mulliken designated such interactions



of methyl and methylene groups as "hyperconjugation®

following a suggestion from Brown (WeGe).

dyperconjugatina can be defined in a rather
simple way as the power of alkyl groups to conjugate
with multiple bonds. Considering the Bakere=ilathan order
in the 1light of this definition, the methyl group attached
to an unsaturated system, permits electron release by

what is essentially & type of electromeric effect.

2

VII
3uch electron release will facilitate or retard a reaction

depending on whether it is electron accession to or

electron recession from the reaction centre that facilitates
the reaction. It was considered that although the inductive
effect of the t-butyl group is more than that of the methyl
group, the new mode of electron release would not be
possible in the former because the tertiary carbon atom
would prevent the aiditional methyl groups from being part
of the conjugated systemlg. The assumption here is that

"=C bonds would not be effective in hypercoajugation. If

the Baker-Vathan order predominates over the inductive



effect, the relative stabilities of p-alkyl benzaldehydes
in relation to their eyanohydrins would be expected to
diminish in the order Me > Ft > 1i-Pr > t-Bu, because in
the free aldehydes, conjugation extends to the sidechain
ecarbonyl group so that the new effect stabilizes the free

2
aldehyde to a greater exteat than it would the cyanohydrin 0.

The application of the notion of hyperconjugation
to a variety of chemical problems was discussed by Mulliken,
Relke and Rrown21. Nrdinary conjugation causes shortening
of single bonds and hyperconjugation should also change the
length of C=C bonds that attach the alkyl groups to the
unsaturated system. But since hyperconjugation is weaker
than ordinary conjugation, appreciable changes are not
likely to be produced. Benzene is the simplest case of
bond shortening due to conjugation, in which all bonds are
identical in length (1,39 %). The shortening of bonds due
to hyperconjugation may be well within the limits of experi-
mental error, because electron delocalization occurs to a
small extent oaly. 3ince conjugation as well as hyper-
conjugation alter the electron distribution in a molecule
it would also affect its dipole momeat. Whether the moment
is increased or decreased depends on whether the conjugation
or resonance moment is in the same or opposite direction

to the normal moment. In t-butyl benzene the observed dipole



moment has been regarded as arising largely from the
inductive effect of the t-butyl group, which has been
assumed to exhibit no hypcrconjugationza. Hyperconjuga~-
tion is probably less in olefins than in aldehydes, because
of the smaller polarization of the ethylenic bonds.

Alkyl groups on unsaturated carbon atoms reduce
the heat of hydrogenation of an olefin. Delocalization,
vhenever it occurs, stabilizes the system and hence less
heat will be evolved in the hydrogenation process than in
the corresponding system which is not stabilized by conju~
gation., The obgerved progressive diminution of the heat of
hydrogenation would, therefore, be consistent with the
notion of hyperconjugation. X s may be expected, the heat
of hydrogenation of cyclopentadiene was found to be lower
than that of butadienela. Similarly small variations were

noticed in the heats of hydrogenation of alkylbenzenes.

Ordinaly conjugation is expected to result in dise-
Placement of absorption bands in electronic spectra towards
longer wavelengths and so also hypereonjugation, Effects
of hyperconjugation, though small in the ground state may
be expected to be muich more pronounced in the excited state
of a molecule or in the transition state of a reactionlg’aa.
Malliken suggested that about 0.14 ev of the total of 0.8 ev
decrease in the ionization potential in passing from ethylene



to propylene is attributable to hyperconjugation.

The concept of hyperconjugation was found to be
useful in discussing a large number of physical and
chemical properties of alkyl substituted aromatlic and

unsaturated systems.

In toluene, the length of the C«~i bonds of methyl
group 1s increased by 0,001 %, while the length of the
CeMe bond 1s decreased appreciably (1.51 % compared to
the normal C=C bond length of 1.54 . 1t was considered
that at least half of the bond shortenings in toluene,
methyl acetylene and acetonitrile were due to hyperconju-

gation34.

The dipole moment of toluene is 0.4 D and the
methyl group is pogsitive with respect to the benzene ringzs.
30, it was assumed that the electrons released by the
alkyl groups are delocalized and that resonance between

structures like VIIIa and VIIIb gstabilizes the moleculezs.

L@ L@
H—C—H HjeCoe H
©:
<>
®
(Q’) (b)

Vil
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Mayrot g;_gL.zs assumed the larger value for the

dipole moment of methyl ehloroform, compared to chloroform
is due to hyperconjugation. In the case of trans-
croton-aldehyde, there is an increase in the dipole

moment (0.6 D), compared to acrolein (2.88 0)27’28.

5

Craurord2 cited the case of methyl butadiene as further

evidence of the polarity resulting from hyperconjugation,

The lonization potential of ethylene was reduced
by the introduction of methyl substituents and the same
effect was seen in other29 unsaturated and aromatic com-
pounds. This was taken as evidence for hyperconjugat ion
in the positive ion formed by loss of an electron from
a hydrocarbon., The argumenngasad on the idea that hyper=-
conjugation should be more important in the positive ion
than in the neutral molecule from which it is derived;
hyperconjugation would then reduce the energy of the
positive ion more than that of the parent molecule so that
the energy difference between the two (i.e. the ionization
potential) would be decreased. The data show that the
lonization potentials of radicals are consistent with the
resonance interactions of hyperconjugative type. Ioni-

zation poteantials, absorption spectra and chemical reactivity

deal both with the ground and excited states of molecules.
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A modification of the simple molecular orbital theory

has been successfully applied to the treatment of ioni-
zation potentials of methyl substituted unsaturated
molecules by Streitweiser and 1a1rao. The calculations
employed the hetero-atom model for the methyl group and

it was found that the best agreement between calculated and
experimental values were obtained when both inductive and
hyperconjugative effects were allowed for. These calcula~-
tions were indeed of a very approximate type and their
shorteomings have been pointed out by Dewar. However, more
sophisticated and recent all valence electron molecular
orbital calculations indicate that hyperconjugation is

significant in such systems.

Conjuzated molecules such as butadiene absorb at
much lower frequencies than simple olefins. With increasing
conjugation the first = -t transition shifts progressively
to lower frequencles so that long polyenes may absorb in
the visible reglon and be coloured (e.g. the carotenoid
pigments). This striking phenomena has been taken as an
evidence31 for resonance interaction in conjugated polyenes,
resonance being more importunt in the excited state than
in the ground state.

The near ultraviolet absorption spectra of a series
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of benzocyclo-alkenés were studied. A minimum frequency
for the absorption bands in the series was observed at

270 me for benzocycloheptene. It appears significant that
this same inflexion occurs in the solvolysis rates for the
related benzhydryl halides. The data indicate that hyper-

crmjugation32

plays an important role and an explanation has
been offered in terms of Iranck-Condon prineiple. 3imilarly,
methyl substitution in benzene causes a shift of its absorption
band towards longer wavelengths and an enhancement of its
intensity. Molecular orbital calculations have led to the
conclusion that the bathochromic shift of the 0,0 band results
from hyperconjugationas. The idtensification of the transi-
tion by alkyl groups is assoclated with a transition moment
produced by a migration of charge into the benzenoid ringe4’55.
Aceording to Mulliken36 "the migration of unsaturation-
electron charge implies hypereconjugation®. Furthermore,

the wavelengths as well as intensities of this band in alkyl
benzenes decrease in the following order: toluene, ethyl-
benzene, isopropylbenzene, and temutyl-benzene. This order
can be explained by a decrease in the contribution by hyper-
conjngation37. although an slternative explanation has been
proposodas. ubstituents capable of donating electrons to

a conjugated system by resonance interaction shift the
39,40.

new transition to shorter wavelengths In aliphatic
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carbonyl compoundg of the type RCOR', Rao g;_g1.41

found a large decrease in the wavelenzth in going fronm
R'=H to R':Cﬂa. But a progressive increase in the wuve-
length was observed in the series Me, Et, 1-Pr, t-3u,
suzzesting electron release in the Baker-¥athan order
and by implication hyperconjugation.

McCaulay and Lein studied 2

the protonation of
1,3,5«trialkylbenzenes in BF,=AF solution and concluded
that C-H hypereonjugation is an important mode of eleetron
release in the cation produced.

The Baker-Nathan order was found in a number of
reactlonslg. Among the explanations offered for this,
hyperconjugation was generally preferred to the others.
8er11n¢r43 discussed the present states of the Baker-iathan
order in terms of curreat interpretations and suggested
that hypereonjugation of C-H boads provides the most con-
sistent and satisfactory explanation for the behaviour
of alkyl groups on benzene ring. Brown M.“ point out
the importance of CeC hypercoajugation in the solvolysis
of p-t-butylbenzylhalides. The relative importance of
C«C and C~d hyperconjugation in the aliphatic and aromatic

series was studled by Tart gt gl.37146,

The method of comparing secondary deuteriunm isotope
of

effeets on the rate of a munber/different reactionsg was
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applied by 3h1ner47 for studying hyperconjugation with
congiderable success. Lcwis'348 observation on the
igotope effect in the decomposition of 2-pentyl-chloro-
sulfite led to the suggestion that the isotope effect
measured the increase in hyperconjugation acecompanying

activation.

The evidence for the validity of conjugation and
hyperconjugation from IR comes from the fact that the
Ii frequencies characteristic of stretching vibrations of
C=0 and C=C bonds are lowered by conjugation with pheayl
or vinyl groups. This would be expected if resonance
interactions should weaken double bonds. One would, on
this basis, expect hyperconjugation to leadi to a similar
lowering of vibration frequeancies in compounds with alkyl
groups adjacent to a multiple bond. The evidence in this
regard has been reviewed by oewareg who has pointed out
that it is not favourable. e has also pointed out that
consideration of the evidence from IR is complicated by
factors other than resonance. Vibration frequencies are
sensitive to the inductive effects of substituents. The
{requencies of IR bands correspond to frequencies of
vibration of the whole molecule, not of individual bonds
in it. Even i1f a given vibration is largely centered on

& given bond, its frequency may still depend on the size,
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shape and mass of adjacent groups.

One of the clearest pieces of evidence for
hyperconjugation came from the hyperfine splittings
obgserved in the electron spin resocnance spectra of
radicals49. For the ethyl radical, for example, the
hyperfine ecoupling constant for the r-protons were found
to be of the same magnitude as for the «eprotons. A
similar effect was seen in other more complex radicals
wvhenever methyl groups are attached at points where
the odd electron deansity is approciableso'54. This
result is consistent with the "no bond" type of resonance
as postulated by Whelandss. Symon-sks receatly reviewed
the L3R evidence for hyperconjugation and expressed the
opinion that hyperconjugation involving bonds other than
Cel 1s also important. But, as will be seen later it
will be unwise to generalize the importance of hyper-
conjugation on the strength of evidence pertaining to

radicals alone.

L related plece of evidence is the observation of
long range spinespin coupling between viaylic (or aromatic)
protons and protons of vinylic (or aromatie) methyl zroups.
In 1988, ‘rofrmans7 reported that the methyl groups of
mexylene and mesitylene are coupled to the ring protons

with J = 0,45 and 0.62 cps respectively and suggested that
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this long range spin-spin coupling is due to hyper-
conjugation between the v -orbitals of the benzene ring

and the C~i bond orbitals of the methyl group. However,

he could not satisfactorily acecount for the relatively

large coupling constant for pexylene. uronowitz studied

the longe-range spinespin coupling in methylthiophenes

and thiophene thiolsss. He has argued that hyperconjugation
is more in methylthiophenes than in the benzene analogues.
This statement 1s apparently made on the basis of the
magaitudes of the longerange coupling constants and is
misleading. It is not clear at all why hyperconjugation
energy - the stabilization resulting from hyperconjugation -
is greater for methylthlopheae than f{or toluene. Long

range coupling of the 3« group of thiophene thiols with

the ring protons was found to vary as expected {rom a
conjugative mechanismss. Xowalewski and Kovalewskisg’ao
proposed that a significant part of the long range coupling
(0e4 to 0.9 cps) in N-methyl®® and ¥,N-dimethyl formamides™®
involves hyperconjugation since the long range spine-spin
coupling in the Nemethyl and N,N-dimethyl acetamides is

not much smaller, having a value of 0.4 cps. In view of

the approximate equality of the hyperfine coupling constants
for the fragments CeH and C—Cﬂa and also the molecular

cn'bita.lﬁ“-"68 deseription of the coupling in systems such as

SS9 L3.L32.628. /LR

R & |
T



those studied by these workers, this result is only

to be expected. Hyperconjugation for Ne-methyl groups

was also studied by McLachlan®2. Whipple QI.AL-GS studied
the longe-range couplings in haloallenes and found that
both the non~equivalence of the protons and non-planar
structure of the molecules should favour hyperconjugation
in these systems., Pritchard and 3ummer34 considered that

hyperconjugation is quite appreciable in allene.

Nuclear ‘uadrupole lesonance spectroscopic studies
in benzylchlorides seem to indicate the existence of halide

hyperconjugation in ground states of molecules.

Until about a decade ago the concept of hyper-
conjugation was rather well accepted. However, even during
the period of its greatest popularity, it was not univer-
sally acceptodsg. With the passage of time it became
inereasingly apparent that the phenomena that were explained
earlier on the basis of hyperconjugation ecould be rationa-
lized equally well by alternative postulates. Ve may
consider a few of such alternative theories put forward.

In methyl acetylene7o

and derivatives of aceto-
aitrile’t?”2 the C-C single bonds show a length of 1.46 %,
which is not dependent on the substituents on the sp8 carbon
atom, evea though simple electronegativity considerations

would predict a variation of the bond lengths with the
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substitueat. In malononitrile - the C-C bond length
is 1.46 i and if the w-~bonding caused by hyperconjugation
were important, each C-C single bond should possess con=-
siderably less double bond character than in acetonitrile.
Jo, the observed shortening of carbon sp-sp3 bond may not
be the result of any kind of conjugation. Coulson74’75
suggested that ahout half of the shorteaing in bond
lengths can be ascribed to changes in bond lengths with
hybridization. Molecular orbital calculations76 support
the conclusions of Coulson. In cyclo-octa-tetraene, the
non-planarity of any two double bonds largely preveats
an extended conjugation and thus the resonance contribu-
tion77 in the ground state 1s negligible. The lengths
of the double bonds (1,287 %) are in fact identical with
the length of the C~C bond in ethylene, while the lengths
of the single bonds (1.460 %) are actually less than the
length of the central bond in butadiene (1,483 %). This
evidence would appear to indicate that the central bond
in tutadiene is essentially a pure single bond without
being conjugated to the rest of the molecule.

In a recent reconsideration of the importance of
conjugation and hyperconjugation, Dewar and 3chmeising78
came to the coneclusion that they are insignificant in the

ground sgates of molecules, for which only one classiecal
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(unexcited) resonance structure can be written. They
showed that the C~C bond lengths in these systems are
determined by the state of hybridization of the carbon
atoms. The observed stabilization of such molecules is
attributable to changes in bond energy associated with
hybridization changes rather than to resonance. They
also found that resonance stabilization plays a less
important role than is generally believed even in beazene.
If the 7-electron resonance is unimportant in ordinary
conjugation (as in butadiene) it should be much more so
in hyperconjugation.

qartell”® has considered the effects of non-bonded
interactions (repulsions) in systems for which hyper-
conjugation has been generally invoked for interpretation
of properties.

Dewar point edbg »80

out that the arguments in favour
of conjugation and hyperconjugation from dipole moments
study rests on the very dubious assumption that the dipole
moments of C-C and C~i bonds are unaffected by changes in
the hybridization of carbon, In fact \~.’alnh81 has put
forward the argument that single bonds between carbon atoms
of different hybridization ghould be polar. The polarity

of C<l bonds also should vary with the hybridization of



=l

carbon. The hydr&gen atoms should become more positive

when the se-character in the carbon orbital used to form

the bond is larger. This is indicated by the large increase
in aecidity of the C-i groups ian the series ethane < ethylene
< acetylene. The dipole moment of toluene can arise

on the basis of this view, from the electronegativity
differences between the methyl and aromatic arbons. Petr e
showed that hyperconjugated structures do not explain the

non-zero dipole moment of toluene.

Jewar and Schmeising®® have polated out that the
curreat interpretations of the thermochemical data in
organic chemistry have rested on the assumption that bond
energies are constant and independent of environment. This
cannot be correct in view of the variation of bond lengths
with the changes in hybridization of ecarbon. Bond energies
mist vary likewise, increasing with decreasing bond length.
Jewar and Bchmoisingsg have shown that the energy changes
involved are very large indeed. Turner84 has reviewed the
thermochemical evidence pertinent to the question of hyper-

conjugat ion,

It was mentioned earlier that the electronic
b
adsorption spectra of alkyl benzenes seemed to indicate
that the electron donor aetion of alkyl groups decreases in
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the order Me > Et » i-Pr > t-Bu. The tread was the
same for p~alkylnitrobenzenes and acetophenones, the
spectra in these cases being obtained in basic solvents.
dowever, when the solvent employed was changed to carbon
tetrachloride or when the spectra were obtained in the
vapour phase, the electron release was no longer in the
Jaker-Nathan order and an inductive order was seen instead.
Thus, for pealkylnitrobenzenes it was shown by Schubert
and a\reenyss’se that there was a progressive increase in
the bathochromic shift for the series of substituents
Me, Et, 1-Pr and t-Bu. The reversal of inductive order
in basic solvents was explained by Schubert and Sweeny
in terms of steric hindrance to solvation in the excited
state which i3 a charge traasfer state described by the

canonical structures IXa, I[Xb, IXe.
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3imilarly in electronic transitions of the
type in which a substituent is called upon strongly to
accept negative charge (e.g. the "prineipal" transition
of p-substituted phen01386 in the gas phase) it has been
found that alkyl groups are appareantly better electron
acceptors than hydrogen and order is t-3u > 1-Pr > Ft > Me.

Jeuarag has dlsagreed with McCaulay and Lein's42

view that hyperconjugation is an important factor in
determining the stability of positive lons obtained by
protonation of 1,3,5-trialkylbenzenes. The Baker~Jiathan
order shown by the uncorrected equilibrium constants for
the protonation reaction disappears when proper allowance
is made for the differences in the activity of the neutral
hydrocarbons in the hydrogen fluoride and heptane solutions
lavolved in the study.

Dewar has pointed out that even the strongest piece
of evidence 3o far produced for hyperconjugation, namely,
hyperfine coupling in E3R spectra, does not have any signi-
ficance for "even" systensag. Radiculs are systems for which
the equivalent orbital representation does not hold and
hyperconjugation is expected to be significant in such
species. Dewar also expressed doubts about the admissibility

of longerange spin-spin coupling between protons, as evidence



for hyperconjugatfon since the coupling arises by
interaction of molecules with the applied magnetic field.
We may state here the nature of this objection a little
more explicitly. The coupling with which we are concerned,
proceeds through v-electrons and is dependent on the
mixing of triplet configurations into the ground state
electronic configuration as a result of the interaction
with the magnetic field. In other words the coupling is
due to the fadlical character induced. The manifestation
of long range coupling would therefore prove only induced
radical character and it caanot be taken as evidence for

hypereconjugation in the normal molecule.

Eabor and Taylor87 from the investigation of
tritium exchange concluded that the variable influences
of the alkyl groups cannot be reconciled with interpreta-
tions for Baker-Nathan effect that stress either hyper-
conjugation or steric hindrance to solvation and they
suggested that both factors are significant.

If all the properties f{or which hyperconjugation
is invoked can be understood entirely in terms of hybridi-
zation changes one would expect that it should have general
validity. However, it 1s hard to explain some observations

entirely on the basis of hybridization changes. lor example,
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the leagths of Ce31 bonds in methylsilane (1.867 i),
vinyl silane (1.853 ?) and sllylcyanide (1.850 ?) are
very similar. Here there is appareantly no large change
in the effective covalent radlus of carbon with unsatura-

tion. This data on C-31i bond lengthssa-al

could support
3artell's interpretation in terms of non-bonded inter-
actions. Brovnga and Jutton93 have pointed out that

available evidence i1s consistent with this theory.

In view of the present controversy over the
concept of conjugation and hyperconjugation, Hulliken9
and Muller and Mulliken®? nave suggested that it would be
desirable to classify them iato three types: isovaleant,
sacrificial (ordinary) and pluvalent. Isovalent conjugation
and hyperconjugation can be divided further into three
sub-types: dative, non-dative, and homodative in order of
increasing conjugative stabilization. 3acrificial conju-
gation has been suggested to be more important than ordinary
(sacrifieial) hypereonjugation and the Baker~Nathan order
nas been described as differential hyperconjugation.
Jrdinary conjugation and hyperconjugation are sacrificial
in the sense that m-electron stabilization is effected
only by structures in which one vebond is lost, as
compared with eclassical valence bond structures. When the

secondary structure involved in resonance has one more bond
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than the main valengce bond structure, the conjugation

we have is of the pluvalent type. Pluvaleat conjugation
and hyperconjugation are of course, always dative. However,
electron release is not an essential or important feature
of the delocalization theory of ordinary hyperconjugation
and so it (ordinary hyperconjugation) is quite different
from dative conjugation and hyperconjugation where electron

release is essential.

Even though most of the effects attributed to
hyperconjugation can be explained in alternative terms,
"most of the effects claimed for hyperconjugation seem
to exist"os for carbonium ions and carbanions. Coulson95
has pointed out that part of the confusion regarding hyper-
conjugation is probably semantic in nature. The steric
repulsion theory has been ruled out by Rright wtlsongs.
because it cannot account for the barriers to rotation well
known for unsaturated systems like hutadien097. The
hybridization theory cannot be ruled out, but it is not
possible to find any testable predictions from it as far as
rotational barriers are concerned. These may have their
origin in dispersion and other van der Waal's forces or

in conjugation,

Mu].liker:f’8 has expressed the opinion that an important
reason why it is difficult to deecide experimentally between



hybridization and electron delocalization as causes

of bond shortening is the fact that the two effects
largely operate in parallel (wherever there is double
bond conjugation there is change in hybridization).

Under these circumstances it becomes rather necessary,

and proper to place considerable reliance on theory,
provided it is reliable theory. In any event it is the
same delocalization theory that seems clearly necessary

to explain the observed bond shortenings in dative iso-
valent conjugation which is used in estimating the effects
of electron delocalization in conjugation and hyper-
conjugation in general. He also expressed his opinion
that the Bakerelathan effect in harmony with other
evidence, does seem to support the idea that C-{ hyper-
conjugation is a stron:er effect than C-C hyperconjugation.
owever, it appears also that the evidence is not very
conclusive because of the possibility of other small
masking and (or) simulating effects. Mullikan99 concedes
that Dewar's challenge has in any event made clear the
importance of a careful re-pxamination of the theoretical

basls of conjugation, hyperconjugation and related phenomena .

After the conference on Hyperconjugation in 1959
and the "epistologue" of 1962 on Carbon-Carbon bonds, only

a few investigations have been made in connection with the



problem of conjugation and hyperconjugation. Some
of them are mentioned below:

The relative rates of nitrationloo (in aq. acetic

acid) and mercuration1°1

(both in acetic acid and tri-
fluoroacetic acid) have been found to follow the inductive
and Baker-iathan orders respectively despite the fact that
both are electrophilic substitution reactions.

Sorenscnl

02 has reported an elegant study of
isomerization equilibria for several series of tri- and
tetra-alkyl cyclo-pentadienylecations in conc. H2304. He
found that when placed in open competition for stabilizing
allyliec carbonium ions of this type, a methyl group is more
favoured thermodynamically over a t-butyl group by about
1.8 Kecal/mole in terms of free energy and by about the
same amount in enthalpy. The effect of ethyl and isopropyl
groups fell in between these limits in the proper Bakere

dathan order.

Recently schubertl%®

and Gurka studied the behaviour
of the relative rates of bromination of monoalkyl benzenes
1a aqueous-trifluoroacetic acid and found that it is in
contradiction to the Haker-Nathan hypothesis and serves to
illustrate once again the important role of solvation

(solvent effects) in governing the relative kinetic parameters



of alkyl substituted compounds. The role of solveats
in the interpretation of the Baker-iathan order of
reactivity has also been stressed receantly by Stock and

i-limoc]'o4

from their study of the relative rates of
chlorination of mono alkylbenzenes in carboxylie acid

solveats,

Very recently the heats of formation for a number
of alkyl and polyalkyl benzenonium ions with Me, 1-Pr and
t-% substituents have been computed by Arnett and I.awsnenlo5
from calorimetric measuremeats of the heats of protonation
of the corresponding hydrocarbon in the solveant system Jbig-
f:IJOSI' which 18 a "super acid". Large heats of formation
have been found which increase in size as a function of the
number of groups in the benzene ring. wWithin experimental
error all results in a Zgivon series fell in the Baker-iathan
order, the effect being many-fold larger than those observed
previously for series of this type. It remains ‘to be seen
however, if free energy differences in this system really
correspond to enthalpy differences.

It 1s also of interest here to note that some
recent all valence electron molecular orbital calculat 1orns]'96"]“‘f7
for systems like propylene, methyl acetylene, acetaldehyde,

acetone and acetonitrile indicate that hyperconjugation is
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not negligible. 'lowever, it must be admitted that
these calculations, although they are considerably more
sophisticated than those made earlier, still involve
approximations.

It can be seen from the foregoing review that
hyperconjugation and to a smaller exteat conjugation
have remained controversial despite the tremendous effort
that has been made over the past three decades. In most
of the attempts made to dem-nstrate the existence or
evaluate the importance of conjugation and hyperconjugation,
it is found that other masking effects often complicate
the analysis of the data obtained. In view of the
unsettled nature of the problem it 1s desirable to make
further efforts to resolve it and the work reported in
this thesis was uandertaken in this context.
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CHAPTER 11

PROTON CHEMICAL SHIFTS IN SOME
SUBSTITUTED PHTHALIC ESTERS
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PROTON "HEMICAL SHIFT3 IN 30ME
FIBST ITUTED PATHALIC ESTERS

It was noted earlier that the main HMR
spectroscopic evidence f{or hyperconjugution is the
observation of long range spin-spin coypling between
protons in alkyl substituted unsaturated systems'®. A
related piece of evidence 13 the enhancement of geminal
coupling in the preseace of adjacent multiple bonds.
"his has been interpreted in terms of hypcrconjugationlb’c'd'
As noted earlier, Dewar has taken exception to this
type of evidence and maintained that it does not truly
prove anything for unperturbed even systems, since the
coupling concerned arises entirely as a consequence of
the mixing of excited triplet configurations with the
ground state (singlet) configurationz. The same
difficulty would, of course, be preseat in the considera-
tion of chemical shift evidence, although there is the
difference that both diamagnetic and paramagnetic terms
are involved. Nevertheless, in the case of chemical
shift evidence the magnitudes involved are usually larger
and the possibility that observed trends may be correlated

with other data, unrelated to singlet-triplet configuration



interaction, are Hetter. Although there has been
no serious effort to study hyperconjugation with the
ald of chemical shifts, a few observations have indeed

been made in this regard.

Corio ani hoinbcrgs, who studied the methyl
resonances of some substituted thiophenes, found that
the signals of 2~ and G-methylthiophenes are at lower
field than that of 2,3-dimethylthiophene. They suggested
that if hyperconjugation is important in these systems,
one might expect the methyl groups to be shifted to
lower fields, as the electron release per methyl group
would be smaller in the dimethyl derivative than in the
monomethyl derivatives. But this low field shift may
not be genuine, since the data have not been corrected
for ulk susceptibility. Fven if it turns out to be
genuine, it can readily be accounted for on the basis of
the inductive effect of the methyl group and the aniso-
tropy of the Ce-Me bond.

Reddy and Goldstein4 studied the effect of
methyl substitution on the chemical shift of substituted
ethylenes. The effect of methyl substitution is aseribed
to hyperconjugation, alnée the a-proton shift is a long
range effect and also since it is roughly independent

of the variations in the polarity of other substitueant.



[SXe)

This interpretation 1s quite uncertain, since the

inductive effect of the methyl group has been ignored.

In the present study, which will be discussed
shortly an attempt has been made to correlate the proton
chemical shifts in a specially chosen series of substi-
tuted benzenes, with the Hemmett o, parameter and com-
pare the effects of the methyl and t-butyl groups in
order to estimate the importance of hyperconjugation.
in order to put the preseat study in perspective it is
useful to revievw briefly the attenpts made by earlier
workers to relate chenical shiftg and coupling constants
of protons and other nuclel to chemical reactivity
parameters which are measures of changes in electron

distribution in aromatic systems.

In a couple of early investigations proton chemical
shifts of grtho, meta and parg monosubstituted benzenes
were studied by Corin and Dailqys and Bothner-By and
Glicks- It was found that pgrg proton shifts at infinite
dilution could be correlated with the Hammett o- values®.
The measurements of Splesecke and 3chneidcr7 further
confirmed this correlation. They also measured 130
chemical shifts which will be dealt with later.

Jome workerls’g have established a linear relationship



between amino grodp proton chemical shifts and

Hammett substituent constant (o) for metg- and
para-substituted anilines. 3chaefer u.g found

that amino proton shifts of grtho-substituted anilines
were linearly related to Taft's 9o values, but the
intercept differs from that observed for the gegtg ana
para compounds, and they concluded that the amino

proton shifts are primarily dependent upon the w-electron
density at the amino nitrogen atom. <ecent studies

on similar lines by Mcdonald and co—vorkcrslo have shown
an excellent linear correlation between appropriate
Hammett substituent constants and chemical shifts of
amino protons in a number of substituted anilines, other
carbocyclic aromatic amines and heteroaromatic amines

in DM30 solveat. fHuckel molecular orbital (iM0) cal-
culations of the reelectron densities at the exocyclic
atom have been made [or a series of carbocyclic aromatic
amines and heteroaromatic amines. The electron densities
are linearly related to the chemical shifts observed for
each series, although the slopes differ for the carbo-
cyclic and heteroaromatic amines. They have suggested
that it is possible to relate lammett substituent con-
stunts linearly with HMO electron densities although

the parameters of such relationships will be a function
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of the assumptions' made in the HMO calculations.

Recently Yoder M.n have studied the methyl
chemical shifts in a series of substituted toluenes,
t-butylbenzenes, N,N-dimethylanilines and anisoles.

Methyl chemical shifts have been found to exhidbit a
linear eorrespondence to the Hdammett o constants with

an order of relative slopes toluenes > anisoles > dimethyl
anilines > te-butylbenzeanes. I!owever, the total range of
variation of methyl shifts i3 only 13.2 Hz and 6.7 iz

for substituted N,Nedimethylanilines and t-butylbenzenes
respectively at 60 Mec.

Besides studies on proton chemical shifts con-
slderable amount of effort has been made to correl:ute
lgF chemical shifts and eoupling constants in aromatic

gystems with Hammett constants.

The effect of substitution on the fluorine
resonaace of fluorobenzenes was first studied by Gutowsky
M,lg The plot of the &values against o constants
yielded separate straight lines for the getg and para
substituted compounds and the lines are fitted by the
following equations.

6m = =Be92 o

ép = «17.9 rp + 4,84
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The different slopes for the lines may be interpreted

as a manifestation of the differences in the characters

of the electronic effects arising from the mgta and parg
substitution. The 19; chemical shifts in a number of
polysubstituted fluorobenzenes were found to demonstrate
an approximate validity of the additivity prineciple.

‘eyer and (.‘,utt>1'lslqr1:3 suggested the use of f{luorine Svalues

of substituted benzenes for predicting Hammett o constants.

Tartl? has directly related the two fluorine i#MR
shielding parameters for gesubstituted fluorobeazenes
and p-substituted fluorobenzenes to "1 and rg parameters
respectively. A linear relationship between these two
shlelding parameters has also been reported.

15 1

Lawrenson 9}‘ chemical

has determined the
shifts and coupling constants in pentafluorophenyl deri-
vatives. The chemical shifts of the fluorine muclei
ueta and para to the substituent 'X' have been related to
the reactivity parameters of the substitueats. The
chemleal shifts of fluorines mety and para to the sub-
stituent have shown a eonsiderable resemblance to the
fluorine chemiecal shifts in Rarg and metg-substituted
16,24

monofluorobenzenes An empirical relationghip has

been developed relating Rara and geta fluorine chemical
shifts with both ©7 and o7, parameters.
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More recently iogben 31_31.17 have re-examined
the lgF NMR spectra of peatafluorophenyl derivatives
along with pentafluorophenyl phosphine derivatives and
their complexes. They have established a linear rela-
tionship between the chemical shifts of the p-fluorine (Sp)
and the ecoupling between Qrtho and pgra fluorines (J2,4).
3ince J2'4 is found to be linearly related to Sp, they
have argued that this coupling constant 1s also a measure
of reinteractions. Two lines of opposite slopes have
been obtained for electrone-donating and electron-withdrawing
substituents. In the case of phosphines coupling between
the phosphorus and p=fluorine (J1’4) parallels J2’4.
They have suggested that the coupling coanstants J2’4 and
J1,4 might have the advantage of being less sensitive

to inductive effects than sp.

Very recently -Hdogben and cownrkersl8 have examined
the fluorine chemical shifts and coupling constants of
pentafluorophenyl derivatives with widely varied sub-
stituents. It has been found that two of the pgetg
coupling consgants (J2’4 and J2,6) form good straight
line relationghips with the chemical shifts of p-fluorine
and it 1s argued that these relationships are mainly
dependent upon the m-electron donor or acceptor character

of the substituent., They have also examined the
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7 -interactions within molecules using the 32,4 - Sp
relationship in pentafluorophenyl derivatives, penta-
fluorophenyl phosphine derivatives and compounds of
the type Can-X-Hns. They have given the estimates of
(p - d) =~ bonding between group IV elements and oxygen,
gulfur and nitrogen. The influence of 9 -bond polarity
upon backedonation by halogen has also been considered.

13; chemical shifts and coupling

jtudies on
ennstantsg in aromatic systems have also received the
atteation of many workers because they are also indirectly
related to the changes in electron densities in these
systens. OSplesecke and 3chneider7 measured 13C chemical
ghifts along with 1y resonance shifts in a variety of
aryleX compounds. They observed a very close correspondence
between 1% and 1y resonances at para position, where
the primary contribution to the relative shifts arises
from resonance effects of '.'. They considered that
the proton resonance responds to the m-electron deasity
on the carbon atom to which it is bonded, and under

lH and 13C resonance shifts

favourable conditions both
might be employed to obtain information about the m-electron
deasity distritution in aromatic systems. An approximate

correlation of these shifts with Hammett o -values was seen.
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't the meta position they found that the 13¢ resonance
shifts were surprisingly small and uniform, indicating
small or negligible inductive effects due to &, and there
was no evident correlation with the geta proton shifts.

For geta=-carbon or getg-hydrogen shifts no correlation

with o evalues could be found. This observation 1s

rather odd and it would tend to cast doubts on the validity
of relating aromatic proton chemical shifts to v-electron
densities. It might be recalled that in Taft's correla-

tion g-proton shifts are attrituted eantirely to o3

effects,.
19 13. , .
Lauterbur™” studied the "*C MK spectra of a
variety of compounds and concluded that the range of 130

chemical shifts in non-alternant hydrocarbons are much
larger than those observed in alternants, suggesting that
variations in me-electron deasities are primarily responsible

for such shifts in aromatic rings.

The additivity relations of 130 chemical shifts
in polysubstituted benzenes established by Lautu-burzo
for two electron releasing groups (Ciia, OCHa) were also
found21 to hold for three other mesomerically electron
releasing groups (Cl, 3r, F) and one electron-withdrawing
group (coczia) in a series of pgra-disubstituted benzenes
of the type 9-'6634"‘2' 't was concluded that additivity



relations should be helpful in the assignment of laC

NMR spectra of polysubstituted benzenes. However,
.iavttslgyz'has recently expressed the opinion that it

i3 doubtful that the interpretation of small deviations
from the additivity relation can be used as a tool for
the study of we-electron density distribution in the
henzene ring before solveat effects are better understood
and techniques of higher precision for measuring 13(:
chemical shifts are developed.

Vaclel and Natterstad“ have determined the
15 chemical shifts of several monosubstituted benzenes
and parg-substituted fluorobenzenes. The saifts of the
parg carbons in monosubstituted benzenes have been Iound
to correlate with Taft's resonance parameters, especially
when the shifts have been corrected by the amount of

the metg shift. A much less precise correlation has

been found between the 19? chemical shifts in the para-

substituted fluorobenzenes and the loc-l" chemical shifts

in the same set of compounds than between these 19;

shifts and the para 1% snifts in monosubstituted beazenes.
The relationship between the 13c and 19F snifts has been

congsidered in terms of the available theories. They

13

have enncluded that both C ghifts in monosubstituted

1

benzenes and % shifts in parg-substituted fluorobenzenes
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would be useful indices of the m-electron deasities in

para-positions.

Mention may be made in this conneetion about the

importance of Jhami and Stothers's>e

work on carbonyl

13¢ chemical shifts in substituted acetophenones. o
correlation with o parameter was evident. In contrast

to the chemical shifts of the aromatic parag carbon nuclei,
carbonyl shielding in substituted acetophenones are re-
latively insensitive to polar effects of the substitueat.
They suggested the possibility of correlating the carboayl
13(: chemical shifts with the interplanar angle between

the groups in grtho-disubstituted acetophenones.

Very recently Voder and his collaboratorsu have
measured the methyl 130—!{ coupling constants for series
of substituted toluenes, t-butylbenzenes, i,V~dimethyl-
anilines and anisoles. Although the total variation of the
eonstants 1s small, a linear relationship between coupling
constants and Hammett o constants of substitueats has
been found, and the relative slopes of these lines (tolueaes
> dimethylanilines > anigoles > t-butylbenzenes) have
been interpreted in terms of the mode of transmission of
substituent effects to the methyl site. The relative
magnitudes of the slopes for the second and third series

have been rationalized in terms of the overlap of lone pair
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orbitals of nitrogbn and oxygen with the v -orbitals

of the pheayl group. The chemical shifts follow
slizhtly different order of relative slopes (toluenes >
anisoles > N,i-dimethylanilines > t-butylbenzenes) as
ment ioned earlier. The greater transmission of sub-
stituent effects in the series of toluenes has been
easily rationalized by the inductive or field effects;
the methyl group in toluenes is one atom closer to the
benzene ring than it is in the other series. The total
range of varistion is, however, quite small.

15N-H and lsﬂ-lac coupling constants have also

been correlated with substituent effects. 3insch et al.>>

have shown that 15N

-1 eoupling is proportional to the
g=character of the V- bond and Azearod 31_51,26 have
used this relation to study the effect of substituents

on the benzene ring. They have reported a linear correla-
tion between the magnitude of the directly bonded lsN-H
eoupling constants and the appropriate Hammett o-constants
in a series of aniline-lsN derivatives. They have found
that the observed lsﬂ-ﬂ coupling econstant in aniline is
intermediate between those observed for typical systems

8 and sp2 hybridized nitrogen. They have

containing sp
pointed out that this mizht be attributed to delocaliza-

tion of the nitrogen lone pair by orbital overlap with
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the v=3ystem of the aromatic ring resulting in enhanced
"s" character in the N~ bond compared to a normal spa
hybridized ammonium ion. It has been observed that the
15.‘(-?1 eoupling is inereased by the introduction of electron-
withdrawing substituents, whereas electron-donating sub-

stituents can be gseen to have the reverse effect.

The {oregoing review of NMR studies of substituent
effects thus shows that no observable pafameter or
property has so far been directly correlated solely
with mesomeric effects (o, values). In all the studies
mentioned above the substituent effects have been corre-
lated with Hammett o constant which is composed of L
and oz terms. What has been possible is a demoastra-

tion of linear correlations between (Sp - 6,) and R

The precision of these correlations is apparently not

good ennugh for it to be used profitably in the evaluation
of the strength of hyperconjugative intefaction, because
no such gttempt seems to have been made so far. It is

of interest here to note that while Taft and coworkers
have reported that g-fluorine chemical shifts are

related to “1 only, in Lawrenson's work the same shifts
are related to both °—I and o, Parameters. e might

also recall here Dewar's objections to Taft's analytical
procedure. Perhaps the difficulty here arises from the
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neglect of inducta-mesomeric effects.

In the present investigation it 1s intended to
study resonance interactions, including hyperconjugation,
between donor and acceptor groups in substituted benzenes.
ne might, in principle, expect that conjugative inter-
action between substituents in p-disubstituted benzenes
would be detectable in aromatic proton chemical shifts
themselves. However, evea in strongly interacting systems
like p~nitroaniline, it has been shown that the rule of
additivity of substitueant effects holds to a good approxi-
mation. A special effort27 has been made to see if
there 1s any trend in the small departures of observed
shifts from the additivity rule. In this connection a
fairly large number of pgra- and getg-disubstituted
benzene derivatives have been studied in addition to
those of Smithas. The results were negative. Thus it
was quite clear that aromatic proton chemical shifts
in derivatives of this type are of no use at all for the
study of conjugative interaction between groups across
the benzene ring. In order to circumvent the difficulty
an aa ingenious method has been suggested by Hair and
Fairwellzg. They have pointed out that systems like
methyl o-nitro benzoate, dimethylphthalate or g-dinitro-

benzene in which the substituent groups are rotated out
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of the plane of the benzene ring due to steric inter-
action may be employed with advantage for the study

of donor-acceptor interaction. In these systems the
protons at positioas (Cg and Cg/ 2rtho to the substituent
groups do not show the normal downfield shift observed
for similar protons of carboxyl and nitro ddrivatives of
benzene. The upfield shift is ascribed partly to the
rediction of conjugative interaction and partly to the
changes in the anisotropic contribution to shielding
accompanying the rotation of the acceptor groups from
the preferred conformation coplanar with the aromatic
ring. They suggested that if a donor group is put para
to one of the acceptor groups in this system, the
acceptor group would tead to interact mesomerically with
the donor and come closer to the aromatic plane. This
rotation was expected in turn to affect the conformation
of the second acceptor group and push it more out of

the plane of the ring. According to theory, therefore,
interaction between donor and acceptor groups in this
system should be reflected in the chemical shifts of the
protons grtho to the acceptor groups. They examined

4= and 5e-methyl as well as 4« and 5~ febutyl derivatives
of g-nitro benzolc ester and found that the methyl group

appeared to be a stronger donor than the t-butyl group in
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this system. If the postulate regarding the behaviour
of the systen is correct, the reported results would
indeed imply that hyperconjugative interaction is quite
significant and the data seemed to be consistent with
the notion that carbonecarbon hyperconjugation is weaker
than C«i hyperconjugation. The present study has been
undertaken in order to put these qualitative ideas re-
garding the effects of donor-acceptor interaction on steri-
cally hindred systems of the type suggested on firm
experimentzl basis. The system chosen 1s a series of
4-gubstituted dimethyl phthalates, including amino,
methoxy, hydroxy, f{luoro, chloro, bromo, iodo, methyl,
t-butyl and nitro derivatives.

RESULT3 AND DISCUS3ION

Jimethyl 4e-aminophthalate was prepared ylg the
nitro derivative starting from phthalie anhydride which
was nitrated to yleld a mixture of 3~ and 4-nitrophthalic
acids. Jn esterificatioa with dry hydrogen chloride in
methanol the latter gave the dlester which could be easily

separated from the mono-ester.

The 4-methyl derivative was prepared by Diels-
Alder addition of isoprene and maleie anhydride to give
4e-methyl 1,2,5,6-tetranydro phthalic anhydride. The
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tetrahydrophthalic' anhydride was then dehydrogenated
with bromine to get 4-methylphthalic anhydride, which
was later esterified with methanol to give dimethyl
4=-methylphthalate.

The t-butyl compound was prepared starting from
naphthalene. Naphthalene was alkylated with t-butyl-
chloride to give 2,6=di-t-butyl naphthalene which was
oxidized to the corresponding l,4-quinone with chromic
anhydride. The 2,8~di~t-butyl l,4-naphthaquinone was
then oxidized successively with K0, and 3202 to yield
4~ t-butylphthalie acid which was esterified to obtain
the required dimethyl 4- t-butylphthalate.

11 the spectra except the one for the fluoro
derivative were recorded on a Varian 2«30 NMR gpectrometer.
The aromatic proton region wus recorded oa an expanded
scale with sweep width of 100 Hg and employing a sweep
rate of 0.2 Hz/sec. The reading accuracy was therefore
easily better than 0.1 Hz. The spectrum of the fluoro
derivative {or which resolution was not very good at 80 Me
was obtained at 220 Me through the courtesy of Varian
Associates, Palo Alto,California, U3A. The samples were
all scanned wherever possible in carbon tetrachloride
solution after cheexing ror any dilution effect since some

of the derivatives (e.z. t-butyl compound) showed some



change with dilution. Tetramethylsilane (T¥3) was used
as internal reference, unless otherwise stated. Chemical
shifts (5) are expressed in cps downfield from TM3.

Most of the spectra were analyzed wherever possible, first
in the ABX approximatison and later refined by the itera-
tive procedure of LAOCH 3 using a CDC 3600 computer. The
matching that was obtained between calculated and experi-
mental spectra was eilther good or excellent. The rms
errors were about 0.1 for two derivatives, 0.055 for one,
0.05 for two, 0.04 for three, 0.0l for another two and
0.000 for the last. All possible combinations of signs
of the meta and pgra coupling constants have been tried.
Good frequency matching could be obtained in a number of
cases for more than one combinatisn of signs. In these
instances the values chosen are those that gzave bhoth
intensity and frequency matching. Wherever both signs

for a spinecoupling constant gave equally good fits the
ambiguity 1s indicated. However, this did not cause any

difficulty in the choice of parameter sets for discussion,

“We are indebted to Dr.A.A. Bothner-dy and the
Quantum Chemistry Lxchange Programme, Indiana University
for a copy of LAOCNe3. The programme was used with minor
modifications.
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since one sign could be eliminated by comparison with
another set where no ambiguity exists. The consideration
in making this choice is that coupling between protons

at specified positions will have the same sign in analogous
derivatives. In the analysis of the spectrum of the

methyl derivative, the aromatic protons were first re-
garded as an isolated three-spin system i,e. ignoring

their weak coupling with the methyl protons. The signals

of the 2~ and Seprotons showed some fine structure arising
from the coupling to the methyl protons and an attempt

was made to analyze the spectrum as a six;spin system.

The resolution obtained is not good enough to claim
significant success in this attempt. 'lowever, the analysis
is at least a partial success since it was able to

produce the groups of absorptions actually recorded. The
programme could adjust the benzylic coupling constants

of the Cy= and Cg-protons to -0.495 Hz and -0.583 iz

with probable errors of 0,022 Hz. and 0,027 Hz. Since

the spectrum of the bromo derivative (dimethyl 4-bromo-
phthalate) consisted of two groups of unresolved rmltiplets,
no refinement could be attempted and only chemical shifts
could be obtained. The best spectral parameters obtained
by LAOCNe3 for the various cases are shown in Table 1.
Preliminary analysis of methyl and fluoro derivatives were
made also by the method of moments described by Anderson
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and Ma.(‘,ormell:'o. The relative intensities were esti-

mated by measurement of the areas of the absorption
signals using a planimeter. The ceantres of the absorption
peaks were read on a frequency scale relative to an
arbitrary origin. The first momeat gzives the mean fre-
quency or centre of gravity of the multiplet signals.

The second and third moments were calculated in the usual
way with the mean f{requency as the origin. For the
analysis of spectrum coataining one basic multiplet with
three non-equivalent groups of nuclel (i, Ny ;ia), the
relations between chemical shifts (Av;) and the moments

are as follows:
N‘ A\)l + N'L sz + N3 Av3 s 0 o 1
2 2 2 2
NG (89 + Ny (89,0 &+ Ny (8D = NS (av) > +o 2

3 3 > 3 o
No(aw )+ Ny (87,0 & Ny (893,) = NS (80D &

It has been ghown that if a reduced moment is defined as

-¥.
in equation (4) R = ((Av)g> (Ca-\nl) = 4
and reduced chemical shift () as in equation (5)
-4
;= T <(A’\L)'L> = .. 5

the set of equations (1), (2) and (3) can be solved
graphically. The plot of 'n' against 'i' gives an 's'
shaped curve and for any value of 'ii', three values of '-n'

can be read off from it. The latter correspond to the
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chemical shifts of the three sets of muclei. Tor the
present analysis the plot was made on an expanded scale
(Xeaxig: % = 0,1 = 3 cmsj Y-axis: 2 = 0.1 = 10 cms).
The spectrum of dimethyl 4e-methylphthalate was analysed
by this method and the chemical shifts obtained are

given below:

Ca-proton = 444,570 Ha

435,286 Haz
455,140 Hz

Cs-proton

06~proton

The spectrum of the fluorine derivative was also analysed
by a modification of the same method. Wwhen there is more
than one basic multiplet (arising from two nuclear specles
or wellegeparated signals), an extended version of the
above theory can be applied to the moments of each multi-
plet separately. If the nuclei giving rise to the basic
multiplet under consideration are also coupled to other

sroups, t'e formlae for the first three moments become

{(av))y = N L A~y =0 S
<

vy = W T A ek T Y T (Taad 30 ]
) 1 - e
7

3 «
((A,{’)) = N [Z{ (a~v) + Z,_ Z s S (Im+l)Av£ji:
8
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where Z" indicates summation over all nuclei which
give rise to other basic multiplets. 'Im' is the spin
of nuelei 'm'. The summation over 'i' is still over
the muclei belonging to the basic group under consideration.
These formulae show that the second and third moments
are not only determined by chemical shifts within the
basic group, ut also have contributions from the spin
eoupling constants with other basic groups. It can be
seen that i1f equations (7) and (8) are rewritten in the
form of (2) and (8), Z N, (A )2 is no longer equal to
N { (A")z> and Y N (A )’ 1s no longer equal to
N ¢ (Av)a) . The seecond and third moment terms
have to be appropriately corrected and the 'effective!’
moments used. 3ince the correction for the third moment
involves the chemical shifts which are anot known, one has
to resort to a method of successive approximations to
get the correct solution. Reasonable values for Jy, are
assumed from those established for other fluorine deri-
vatives and the second moment was corrected accordingly.
In the first calculation the reduced moment was computed
ignoring the correction for the third moment., 4 set of
-n and A7V values obtained from this was used for
computation of the correction for third moment and a new

reduced moment was caleculated. The correspoading . and av,
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were calculated and, the process repeated until con-
vergence was obtained. The &V values obtalned after

each refinement are given below:

av, av, Av,
initial values 18.650 ~3.990 ~14.640
First refinement 18,910 -4,.888 ~14.040
Second refinement 18.920 =4.,908 ~14.030
Third refinement 18,920 =44203 ~14.030

The final chemical shifts obtained for dimethyl 4-fluoro-

phthalate are given below:

Cg=proton oo 463.920 Haz
Cg=proton .o 430.970 Hz
Co=proton oo 440,007 g

It was gratifying to find that the diiferences between
the chemical shifts obtained by moment method and by the

iterative procedure were only slight.

A P

The aromatic region of the NMK spectrum of
dimethylphthalate is shown in Fig.l. The C; and Cgz-protons
which are ortho to the carbomethoxy groups do not show
the usual downfield shifts observed for similar protons
of carboxyl derivatives. 3teric hindrance and electrical
interaction between the COle groups would make it impossible
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454-3
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FIG-1. AROMATIC REGION OF THE NMR SPECTRUM OF DIMETHYL-

PHTHALATE



b1

for them to be coplanar with the aromatic ring. The
absence of the normal paramagnetic shift clearly arises
from the rotation of the COOMe groups in this system
from the normally more favourable conformation coplanar
with the aromatic ring. As noted earlier, in this type
of system, if an electron donating substituent that can
enter into resonance interaction with the carboxyl group
is introduced, we may expect the latter to rotate and
come nearer to the coplanar con!‘omtion‘- A downfield
shift may therefore be expected for the corresponding
ortho proton. This expectation is realized in the NMR
spectrum (Fig.2) of 4-methoxy dimethylphthalate (I).

(470-9)

462.5
vt COOMe

MeO 420.6 COOMe
(4417.6)

I

It is not suggested here or in parent ester itself
that the COOMe groups are remaining fixed in a definite
conformation. They are presumably oscillating around
minimum energy conformations which are different in the
various derivatives.
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since the substituent effects of the methoxyl group

are diamagnetic at all positions of the benzene ring,

it is very remarkable that the Cg proton is showing a

shift downfield (opposite in direction to the expected
shift on the basis of the normal substituent effect) as
compared with similarly placed proton of dimethylphthalate.
In order to estimate the magnitude of this downfield

shift as well as other associated shifts we may make
allowance {or the "normal” substituent effect of the
methoxyl group and write down a set of "corrected" chemical

shifts as follows:

cor obs
6 8 m OMe

b
8°°' 8° i So  OMe = 420.659 +27.000 = 447,669 iz.

cor obs
8H5 = 6H5 ~ 350, OMe

and 3, are substituent constants for the grtho and mgta

462.489 + 8.400 = 470,889 Hz.

415,353 +27.000 = 442,852 iz.

.30
positions respectively; the values used being those of

smith®l. According to the additivity rule these corrected

shiftg should coincide with the obgerved shifts for the
ungubstit est if th f tions of bometho

rou r in ter the bst itu nd.

fact the conformations are altered and the deviations of

th "ecorrected" g from tho Q9 for

the pareant phthalic ester may be taken as a measure of the
regonance interaction between the )Jde and COMe group Rarg




to_each other. We find that the Csz=proton is shifted

downfield by about 1l.4 Hz from the expected position,
i.e. relative to the Cg (or Cg) proton of dimethyl-
phthalate. The associated shifts for the Ca- and Cg-
protons are 11.84 Hz and 6.00 Hz upfield. This is
consistent with expectations. As the COOMe group at Cp
tends to come into the plane of the aromatic ring, the
COOMe group at C2 goes away from it and the expected
chemical shift changes for the ortho (C;) and para (Cg)
protons are upfield. The upfield shift for the gprtho
proton should be larger than for the cther since there
would be an appreciable contribution from the anisotropic
effects of the CO0OMe group at the former in addition to
the effect of a decrease in mesomeric electron withdrawl.
It is thus clear that the abnormal chemical shifts
obgserved in the system may be traced to the interaction
between donor and acceptor groups in this system and that
the actual physical changes visualized for the system
are substantially correct. vhen the substitueant is an
amino group instead of a methoxy group, the effects are
larger (Csx 16.45 Hz downfield; 03: 14,42 1z, Cg* 7.61 Haz
upfield). There is no necessity at this stage to consider
the dispositions of the C=0 and C~0OMe bonds about the
Cy-C4 axis, since both these components of COOMe group



have paramagnetic ogrects on the griho proton in a
planar conformation. The effect of the C-0Me group
may be i1llustrated with the help af the spectrum of
methylsalicylate (II) whose Cy-proton absorbs at 28 Hz.

464 (PMe
410 @i‘\o
44! H

410 O/

I
downfield from the absorption of benzene. Hydrogen
bonding between the 0i and C=0 groups holds the COOMe

groups in this compound in the required configuratlon.

The observed and computed spectra for the other
derivatives are shown in figures 7 -~ 14 (towards the end
of this Chapter). The observed and corrected shifts for
the entire series are shown in Table 2. The behaviour
just described is found in varying extents in the other
derivatives studied. For instance, in the fluoro deriva-
tive paramagnetic and diamagnetic shifts are observed
for the Cg- and Ca-protonl respectively, although 3, and 3
values for fluorine are both diamagnetic. Again, with
the methyl derivative the observed diamagnetic shift for
the Ce-proton is not as mach as would be expected on the

basis of the 5y value for the methyl group. Similarly the
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observed diamagnetid shift for the Cs-proton is much
larger than expected. The observed trend of deviations
from the additivity rule is thus coasistent although

the magnitude involved is different. It would appear
from this that the mesomeric interaction is the one that
is important in deternining deviations from the rule of
additivity of chemical shifts in this system. If it

were the inductive effect alone or a combination of
induective and mesomeric effects that are responsible

for the deviations, the pattern of shifts should have been
different. In this connection it is useful to compare
the effects of substitution of fluoro and methyl groups.
The Hammett o~ constant of fluorine as calculated from
reactivity and MR data is 0,062, which represents the

sum of a fairly large inductive electron withdrawing effect
( o3 = +0.502) and a comparable mesomeric electron

donor effect ( o = =0.44). Similarly the Hammett

o~ constant for methyl group is -0.17, the 3 and o
terms being ~0.05 and ~0.12 respectively. Thus it 1is
clear that the effects of fluoro and methyl groups to be
expected on the basis of Hammett o~ constants should be
opposite in direction., However, the observed paramagnetic
and diamagnetic deviations (for the Cg- and Cg-protons

respectively) in 4-fluorc and 4-methyl derivatives are



in the same direction, more pronounced in the former.

In other words, the Cg-protons of both compounds show
paramagnetic deviations and the Cg-protons diamagnetic
deviations. This behaviour would suggest - in agreemeat
with theoretical expectatinons = that the mesomeric

effect 1is the most important and, perhaps, the only factor
that we have to take into account in order to ratinnalize
the data. The deviations from the additivity rule might

therefore show good correlation with o parameters.

The "corrected” chemical shifts of C; and C 4
protons are plotted against Taft's oy barameters. A
good correlation is obtained (Fig.3). A small scatter
of some of the points from the straight line graph might
perhaps be due to uncertainties associated with the subd-
stituent constants used. vwhen allowance i3 made for the
uncertainties in the additivity constants, the scatter
that is seen cannot be regarded as significant. Thus
the correlation is probably better than what is apparent
from the present plot waich is made on the basis of
available estimates of (NMR) substituent constants (3, and
Sp)+ The increasing paramagnetic shift seen for the
Cg=proton with increasing mesomeric donor action of the
4-gubstituent is in agreement with theoretical considera-

tions already put forward. When Cj=carbomethoxy group
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rotates and comes closer to the coplanar conformation

it would push the 02°carbomothoxy group more out of the
plane of the aromatic ring. As a consequeance of this
steriec interaction and the accompanying change in con-
formation of the C,-carbomethoxy group a digmagnetic

shift was expected for the Cg proton. It is of considerable
interest that deviation observed for the Cg-proton is

not only in the expected direction, i.e. diamagnetic,

hut also that its magnitude is roughly the same as that

of the paramagnetic deviation for the Cg-proton. This
indicates that the rotations of the carbomethoxy groups

of the system are tightly linked. It would appear that
the angles through which the COOMe groups are rotated in
opposite directions are equal. This means that in the
absence of complicating features we might take the
difference between the corrected Cg and Cg-proton chemical
shifts, i.e. the sum of the paramagnetic and dliamagnetic
deviations, as a measure of donor-acceptor interaction.
These would do Just as well as the Cg-proton paramagnetic
shifts.

It is of interest to note that the "corrected"
chemical shifts of Cy and Cg protons in dimethyl 4-nitro-
phthalate (459.042 Iz and 459,252 Hz) are approximately
equal to the Cg4 (or Cg) proton chemical shift (459.658 Haz)



in the parent phthalic ester. The "corrected" Cg=-proton
chemical shift (447.421 Hz) in the nitro derivative
‘dimethyl 4-nitrophthalate) is also close to the corres-
ponding protoa shift ia the unsubstituted phthalic

ester (448.947 Hz). This is consistent with the expecta-
tion hecanse nitro is not a donor group. In the absence
of mesomeric interaction between donor and acceptor groups
the average conformations of the carboxyls would be very
mich the same as in phthalic ester and the chemical shifts
follow the additivity rule as in other systems.

Thus the deviations from the additivity rule in
this system are systematic and a correlation between
"corrected” Cg= and Cg-proton chemical shifts with o
parameter indicates that in this selected system the

mesomeric interactions can be studied separately unhampered

by admixture with inductive effects.

The nature of the interaction of the alkyl groups
in the methyl and t-butyl derivatives may be of either the
hyperconjugzative (III) or inducto-mesomeric type (IV).

In the latter type of interuction, the resonance of the
carbomethoxy group with the aromatic ring is enhanced

by the inductive electroa donor action by the alkyl group
whi-h by definition takes place alonz the CMe'CAr bond.
If the interaction is of this type one should expect the



H3 H3
C (SN
MeO” “O- MeO~ O-
{yperconjugative inducto-mesomeric
III Iv

observed effect to be enhanced when the methyl group is
replaced by t-butyl group, since the inductive effect of

the latter is much larger.

The spectra of the dimethyl 4-tebutylphthalate and
the methyl analogue are shown in Figs.5 and 4. It may
be recalled that the analysis for these are excelleant as
seen from the perfect match between theoretical and ex~-
perimental spectra. The corrected Cg proton chemical
shift for the t-butyl derivative (Table 2) is hardly
different from the Cg (or Cp) proton chemical shift of
parent dimethylphthalate. In the background of the varia-
tion observed in the paramagnetic shift of Cg=protons with

change in the electron-donating streangth of different donor
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FIG-5 OBSERVED AND CALCULATED SPECTRA OF DIMETHYL
4-tert-BUTYL PHTHALATE



groups, the conclusion that may be drawn is that the
mesomeric interaction betweea the t-butyl and Cj=carbo-
methnxy group as well as inductomesomeric interaction
between them is weak in this system. In this situation
one would expect that the diamagnetic shift experienced

by the Ca-proton would also be negligible since the
paramagnetic effect for Cg- and diamagnetic effect for
ca-ﬂ are roughly equivaleat for most other derivatives.
The corrected chemical shift of cs~proton shows an upfield
devistion of about 6.5 Hz from additivity rule. This
indicates that there might be steric interaction between
the tebutyl group and the carvomethoxy group at position-2
communicated through the intervening proton., If there

1s an appreciable steric effect one might ian turn wonder
whether the conclusion drawn from the Cg-proton chemical
shift 1s correct. Consideration of the details of the
steric interaction shows that the conclusion is not only
not vitiated but is in fact reinforced. In ge-t-butyl-
benzoic ester there is no chemical shift evidence for
sterie interaction between the substituent groups. The
van der vaals radii for t-butyl group and hydrogen indicate
that there should be very appreciable interaction between
the 33-3 and the C,y~t-butyl groups. An in-plane deformation
of the C-H bond will be communicated to the S00Me group



»U)

at the geta-position which likes normsally to retain

its mesomeric interaction with beazene ring. In get-
butyl benzoic ester, therefore, any steric pressure felt
by the COOMe group would be accommodated preferably

by an ineplane deformation of the C“r-COJHe bond.

lowever, in 4-tebutyl phthalic ester there i3 a buttressing
group (Cy-CO0Me) behind, and in-plane delormation is no
longer possible. 3teric pressure felt by Ca-COOMo

group of dimethyl 4-tebutylphthalate would therefore

tead to rotate it out of the plane and would make it more
easy for the Cl-COOMe group to move closer to the aromatic
plane. 1In other words, for a givea mesomeric donor
strength of 4-substituent the rotation of the COOMe

sroup para to it towards the conformation coplanar with
the benzene ring 1is made more facile by the steric effect.
Thus the paramagnetic shift experienced by the C6-proton
will be enhanced by the stefic interaction and the
conclusion that the mesomeric donor action of the t-butyl
group 1s very weak and definitely less than that of the
methyl group is reinforced. The diamagnetic shift felt

by the Ca-proton is also exaggerated due to the steric
effect of the t-butyl grouv. The difference between the
"corrected" Cg and Cg=-proton chemical shifts is thus really
enhanced by the sterlic interaction and it is not a true

measure of donoregcceptor interaction. Jowever, a comparison
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of these differences for the methyl and t-butyl

derivatives is useful. The differences are as follows:

o
o
(=]
=
|
o
o
o
=
I

9.155 Hz (Methyl)

8:“:— 8;°3' 6.957 Hz (tetutyl)

It can be seen that the difference between the "corrected”
Ca- and cs-proton chemical shifts in methyl derivative

is slightly larger (by about 2.2 Hz) than the corresponding
difference in the t-butyl derivative inspite of the

fact that the effects of steric interaction areincluded
for the latter. This again reinforces the conelusion
drawa from Cg=i shifts namely that the methyl group is a
stronger donor than the te-butyl group in the interaction
studied. In other words, hyperconjugation is significant
and C~i hyperconjugation is appareantly stronger than

C«C hyperconjugation.

/1lthough the effect of sterie interaction invoked
to explain the abnormal diamagnetic shift for the C;=proton
is theoretically convincing, it would be desirable to
demonstrate the effect separately in other derivatives in
which the substituent group is nearly as tulky as t-butyl
group but does not interact with the acceptor group

(Cy=C0OMe) mesomerically. In this connection, the derivatives



(8,4=-dicarbomethoxyphenyl) trimetnyl ammonium sulpha te
(v) and (2,4-dicarbomethoxyphenyl) ammonium sulphate (VI)
have been examined and their spectra and chemical shifts

are presented along with other derivatives of the series.

COOMe COOMe
@ X
Meﬁ COOMe HzN COOMe
v vI

Unfortunately no reliable substituent constants for

ﬁﬂoa and l+r:i3 groups are available. /An attempt to
determine these ran into difficulties. The efforts
made in this connection to estimute the substituent con-
stants and the relevant data are discussed separately

in the next Chapter.

Yoreover, a rough correlation between "corrected”
Cg=proton chemical shifts of all the derivatives in the
series and °73, parameter is also observed (Fig.6). with
the increase of °%» the Cg=proton shifts move upfield.
This trend is expected in view of the conformational
change in COOMe group at position 2. With increasing

donoreacceptor interaction (or conjugation of COOMe group
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at position 1 with the ring) the CO)Me group at

position 2 1s expected to be pushed more and more out

aof the plane of the benzene ring, or, in other words,
more out of conjugation with the ring resulting in an
inerease in electron deasity at the para position (Cg)
(relative to that of phthalic ester) which is reflected
in an upfield shift of the proton attached to that
partieular carbon (Cs-proton). Thus all departures
from additivity rule clearly arise from the same source.
It is of consideérable interest to note that t-butyl
group shows significant deviatlon from this correlation
i.e. the upfield shift is larger than may be expected
from donor-acceptor interaction and it again indicates a
larger rotation of the CZ-COOMQ group away from the

aromatie plane because of steric interaction.

5plitting of carbomethoxy adsorptions
In dimethylphthalate the methyl proton resonances

in both the CO0OMe groups occur at the same place showing
that they are magnetically equivaleat. When once the
4-posiiion is substituted by an electron-donating group,
the methyl protons ian CO0Me groups are no longer equivalent
and they absorb at glightly differeat iields. A measure-
ment of this noneequivalence was undertaken since it

appeared that 1t would give results that may be related to
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those found in the study of aromatic protoa chemical
shifts. The results obtained are preseated in Table &

and shown diagramatically in Iig.lS.

‘mong the factors we may coasider ia coanection
with this differeatiation of the methoxyls are the
inductive and mesomeric effects as well as the effects
of the electric field of the substituent and its magnetic
anisotropy. The inductive effect of a substitueat is
generally considered to De roughly equal at the metg and
para positions so that both carbomethoxyl groups of a
4-gubstituted dimethyl phthalate would be egually affected
by the 4-substituent. 3mall differences in the environ-
ments of the methoxyls ean also result from the third and
fourth factors mentioned. Unlike these, the mesomeric
interaction tends to differentiate the methoxyl groups.

We have already obtained evidaence which shows that the
mesomeric effect of the substituent would push the C~l
carbomethoxy more towards the plane of the aromatic ring
and C=2 carbomethoxy group away from the same plane. On
account of the magnetie anisotropy of benzene ring, this
conformational change will result in a shielding of the

Ce2 carbomethoxy group with respect to the Cel carbomethoxy
group. The displacement of electrons to the Celcarbomethoxy
group will, of course, tend to shield the methoxyl and
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the decrease of conjugation of the Ce2 methoxyl

should in prineciple cause a decrease in shielding.

These effects should, however, be minor as compared

to the differentiation caused by the magnetic anisotropy
of the aromatie ring. The results in Table 8 and which
are illustrated diagramatically in I'ig.l5 show that

the data may be qualitatively rationalized in terms

of inductive and mesomeric effects. It is seen that
hoth methoxyl signals move downfleld under the influence
of electron-withdrawing inductive effect, and upfield
with enhanced splitting as a result of electron donating
mesomeric effect, The spectra of the amino and hydroxyl
derivatives have been obtained in chloroform because of
insolubility in ecarbon tetrachloride and they are not
quantitatively comparable with the other spectra. I'lowever,
the expectation that methoxyl splitting would be large
in the presence of a large mesomeric interaction seems
generally valid, the amino derivative giving the largest
splitting. Coming now to the methyl and t-butyl deriva-
tives, the splitting is appareatly larger for the latter.
In the consideration of the aromatic proton chemical
shifts for these derivatives we have obtained indication
of the preseace of a steric factor which would affect the

C=2 earboxyl orientation. It therefore looks reasonable



to attribute the larger splitting for t-butyl derivative
as compared with that fof the methyl derivative to steric
interaction whose nature has already been discussed.

The methoxyls of the nitro derivative are appreciably
deshielded evidently because oif the strong inductive
effect. The small differeance in methoxyl environments

is probably to be traced in this case to the effects of
electric field, the magnetic anisotropy of the nitro group
and the mesomeric effect which may still have an influence
although all three substituents are strong acceptors in

this case.

The small variations observed for the methoxyl
absorption positions are thus consistent with the general
picture of the nature of the 4-substituted phthalie

ester system that has emerged from this study.

Coupling constants
It i3 interesting to see what additional information

can be obtained for the system under study from a con-
sideration of the coupling consgants which are presented

in Table 4. It may be recalled that these have been
obtained from analyses that are very good and ambiguities

of sign have been eliminated by consideration of consistency
in the series of derivatives. The probable errors in

these parameters range from 0.1 to 0.00 7z, when the
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substituent is ehsnged, the vieinal constants, Jg )6
decrease in the order Nwe, >0Me > H >F > Nwa > telu
>CL>I> Me == MHZ. The values for OMe, OH and

Mﬁz derivatives used in this comparison are those
obtained when JE,S is taken to be positive. The spectra
in these cases approach those of true ABX systems and

it becomes difficult to ascertain the true sign of JAB'
Very good fits are obtained with negative values for
JS,S' These analyses are not included in the comparison
above since the negative sign cannot be coansidered for
any of the other derivatives. The observed variation
for JS,G is complex and can be understood only as a

superposition of several effects.

Several attempts have been made in recent years
to correlate variations in vicinal coupling constants
with the changes in hybridization32'34, T =bond order35'37,

charge polarization42

etc. The first of these failled
to account for the variations of Jla ¢4 for vinyl rluoridasae
and monosubstituted beanzenes. Jimilarly the second

failed to account for the C~C bond distances in vinyl

fluoridcag and other monosubstituted4° 41 ethylenes.

In the fragment XHCl-HCZ it has been observed
experimentally that the size of viginal coupling constant
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(Jv) decreases as the electronegativity (hx) of the

atom 'X' increases. This decrease is most marked in
ethylenic Wltﬂ!%’m, less so in cyclopropanes,

epoxides or norbornenes and least in simple acyclic
molecules like ethanes  ?45. his tread is also

expected theoreticallyaz. The dependence of J’ on By

is thought to be largely due to the rehybridization

of carbon atoms with a small coatribution from the
inductive effect2. Now, in the fragmeat KHC)=HC,-HCy=HC4
both these effects fall off monotonically as we go away
from 'X' down the fragment. Therefore, any observable
varfation in the size of J, o' and Jy ;' with Ey (electro-
negativity of X) should parallel that of Jl’a". although,
of course, it would be considerably attemated. 'owever,
it has been shown that in l~substituted propanos46 and
propanes47 Jl,zv decreases and Ja’av increases as the

ux of the substituent increases. The same behaviour

is observed in monosubstituted cyclopropanos‘g.

A number of workers have noted that in some
aromatic systems Qrtho coupling (Jz,av) can be related
to the sum of electronegativities of two groups e.g.
some 2~substituted pyridines‘lg. furanesso and gortho-
disubstituted benzonoss]'. The same behaviour was also

52

noticed by Cox = in aromatic compounds studied by him.
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Recently in monosubstituted benzenes a pronounced
increasing tread of Ja,a with electronegativity has
been obscrvcdsa. 0f the remaining coupling constants,
only the ones connecting the grtho protons to the other
protons in the ring have shown definite trends with
electronegativity. The couplings J2’4(= J4,6)’ 32’5
and Ja,6 have displayed, instead, decreasing trends.

A less definite and more scattered behaviour has been
shown by the plot of JS,S against electronegativity.
The vieinal coupling constants J3'4(= J4’5) have remained
almost stationary, with maximum variation of * 0.2 cps
randomly distributed over the whole range of electro-
negativity.

The reason for the enhancemeat of Jz,é' with
inerease in electronegativity of the substituent at ¢
remains obscure. Cohen and Schaefer47 have suggested
the possibility of "hyperconjugation" having a role in
determining the vieinal coupling in

24
N S .
H

and its effect 1s opposite to that observed for geminal
coupling. The significance of this statement is not clear.
Very recently Castallan055 has suggested that there might



be some connection between the observed pattern of
variation of spin coupling and alternation of charge
dengities indicated by sophisticated all valence electron
molecular orbital cmlt:ul.amt:l.ons56 for compounds with

electronegative substituents.

In the compounds examined in this study, i1f we
consider the halogen and methoxyl derivatives as a group
separately the electronegativity order OMe > F > C1 > I
is indeed found for 35,6 as may be expected. The meta
coupling constant 33’5 also follows the same order. A
close comparison of grtho and gmetg coupling constants in
4-methyl and 4-t-butyl dimethyl phthalic esters, reveals
the fact that the coupling constant is larger in the case
of te~butyl derivative. If this is to be undefstood in
terms of the electronegativity correlation just discussed,
it would imply that t-butyl group is more electronegative
than the methyl group. However, this is contrary to the
well known faet that the tebutyl group is inductively
a stronger donor of electrons than the methyl group, more
particularly when the origin of the inductive effect is
traced to the polarity of the C-i bond (C+» H) and the
non-polarity of C-C bond. The possibility that the
relatively larger J5,6 for tebutyl derivative may be
attributable to a steric effect cannot be ruled out. The
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+ +
relative values for -.‘lMea and oNua derivatives also

suggest the same thing. The value of 7.869 Hz for the
amino derivative which has been obtained under the
assumption that J3’5 is positive, is difficult to
understand. Perhaps the assumption made is not really
Justifiable and a reconsideration of the data may
become necessary when more definite determinations of
the sigas of J’a’s are made.
Gonclugiong

The expectation that proton chemical shifts
in 4-gubstituted phthalic esters would be a convenient
gsystem for the study of mesomeric electron donor strength
of substituents has been neatly demonstrated. The
departures of the aromatic proton chemical shifts from
the additivity rule are related to the conformational
change in COOMe groups that accompanies donor=-acceptor
interaction. The methyl splittings confirm the soundness
of the analysis. Methyl group appears to be a stronger
donor than the t~butyl group in this system. Although
evidence for a steric interaction is indicated for the
t=tutyl derivative, it is shown that this does not
vitiate the conclusion regarding donor streagth, but oaly
reinforces it. The spin coupling constants obtained,
although interesting by themselves, do not furnish any

useful information regarding donor-acceptor interaction,
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FIG-10 OBSERVED AND CALCULATED SPECTRA OF DIMETHYL
4-CHLOROPHTHALATE
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FIG-12.OBSERVED AND CALCULATED SPECTRA OF DIMETHYL 4-

TRIMETHYL AMINOPHTHALATE
(3,4-DICARBOMETHOXYPHENYLTRIMETHYLAMMONIUM SULPHATE)
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FIG-13-OBSERVED AND CALCULATED SPECTRA OF DIMETHYL-4-
AMMONIUM PHTHALATE

(3,4-DICARBOMETHOXYANILINIUM SULPHATE)
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EXPERIMENTAL

Oimethvl 4-aminoohthalate’ :

Commercial phthaliec acid was nitrated to get
a mixture of 3~ and 4-nitrophthalic acids in almost
equal amounts. The Ce-nitro acid, being very less
soluble in water, was separated as far as possible by
recrystallisation from water. F&ven after four recrystal-
lisationsg, the product obtained was found to be impure,
but it contained mainly the 4-nitro acid. This was
then ostorifxgd with methanol saturated with hydrogen
chloride gas. The separation of the isomeric acids
through their esters uses the fact that the 3-nitro
acid forms a monomethyl ester, while the 4-nitro acid
forms a légemethyl ester. The monomethyl ester of
Ce=nitrophthaliec acid was separated by treating with a
strong solution of sodium bicarbonate. The dimethyl
ester of 4e-nitrophthalic acid was obtained as a heavy
liquid, which was allowed to crystallise. The ester
obtained as pale yellow erystals, melted at 111-112°C.

Dimethyl 4e-nitrophthalate (30 g) was taken in
a 3-necked round bottomed flask equipped with a mechanical
stirrer and a dropping funnel. Zinc dqust (20 g) and
water (100 ml) were added to it and 50% acetic acid (150 g)
was added slowly from a dropping funnel, while the mixture
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was kept stirred. 'The temperature was not allowed

to rise above 25°C. After the addition was over, the
mixture was stirred for another hour. The amino ester
was precipitated by neutralizing the acid present with
ammonia, the reaction mixture being kept cold by
addition of excess of crushed ice. The precipitate was
geparated by filtration. The precipitate vas treated
with ethyl acetate for removal of ainc salts which were
insoluble in the solvent. The filtered ethyl acetate
extract was treated with dil. Hy30, (15%) in a separating
funnel, whereby all the amino compound passed into

the aqueous acid, leaving any unreacted nitro compound
in the ethylacetate layer. The free amino ester was
liberated with excess ammonia. On cooling the solution
with erushed ice, dimethyl 4-aminophthalate erystallised
out and was separated by filtration. The colourless
erystals were further purified by recrystallising from
alecohol. The amino ester obtained, melted at 82°C.
Yield 19.2 g (73%).

Dimethyl 4-fluorophthalate™

Dimethyl 4e~aminophthalate (10.5 g) was dissolved
in a mixture of cone. HCl (20 ml) and water (10 ml).
The solution was cooled to 0°C and then diazotized with
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sodium nitrite (3.5 g) dissolved in water (15 ml).

To the cold dlazotized solution was added a saturated
gnlutinon of sodium fluoborate (17 g). The mixture

was stirred rapidly, whereupon, the diazonium fluoro-
borate of dimethylphthalate precipitated in crystalline
form. The latter was filtered and washed with absolute
aleohol and then absolute ether. <+he diazonium compound
was dried in vacuum desiccator over sulfuric acid for

24 hours. The dry diazonium compound (10 g) was placed
in a round bottomed flask (500 ml) connected to a wash
bottle containing a 10% solution of sodium hydroxide
through an empty trap. The flask was heated slowly

to 125°C in an oil-bath. when the evolution of gases
had abated, the temperature of the bath was raised to
140°C and maintained there for one hour. The oily resi-
due was dissolved in carbontetrachloride, the solution
washed with 10 aqueous sodium hydroxide, separated and
dried over anhydrous sodium sulfate. The solvent was
removed and the residue distilled. The product, dimethyl
4-fluorophthalate, was obtained in a yleld of 33 ¢

(3.5 g)»

Dimethyl 4-chlorophthalate™

A solution of 21 g of crystallised copper sulfate
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and 5.4 g of sodium chloride in 65 ml of hot water

was prepared in a 500 ml three necked flask. The flask
was fitted with a mechanical stirrer and an alkaline
solution of sodium sulfite (4.4 g of Nal305 and 3 g of
Ha%1 in 30 ml water) was added during a period of

5 to 10 mimutes. The mixture was allowed to cool to
room temperature and washed by decantation. The cuprous
chloride obtained as a white powder was suspended in a
mixture of 100 ml of water and 25 ml of conc. HCl.
Dimethyl 4-aminophthalate (10.5 g) was dissolved in a
mixture of 20 ml of conec. HC1l and 10 ml of water and
diazotized with 3.5 g of sodium nitrite dissolved in
15 ml of water. The dlazotized solution was introduced
slowly and with rapid stirring below the surface of

the susponsion of cuprous chloride already prepared.
The mixture was then heated on a steam-bath for sometime.
The oily layer was extracted with carboatetrachloride,
the solution washed with dil, HCl, aqueous sodium-
hydroxide and finally washed with water repeatedly.

The CCl4 solution was dried over anhydrous sodium
sulfate. The solvent was removed and the residue dis-

tilled under reduced pressure, m.p. s7°%.

Dimethyl 4=t H!”se
The cuprous bromide was prepared Just as cuprous

ehloride using 10.5 g of copper sulfate, 5.5 g of sodium
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bromide, 2.2 g of sodium sulfite and 1.5 g of

gsodium hydroxide. The cuprous bromide obtained was
suspended in 100 ml of water and 15 ml of 48% hydro-
bromic acid. 10.5 g of 4-amino ester was dissolved
in a mixture of 20 ml of 48% HBpr with 3.5 g of
sodium nitrite in 15 ml of water. The diazotized
solution was introduced slowly below the surface of
the suspeansion of cuprous bromide in water and iBr,
with rapid stirring. The mixture was then heated on
a steam~bath and the oily layer was extracted with
CClyy washed with dil. HCl, aq. NaOH end finally with
water. The CCly solution was dried over anhydrous
sodium sulfate and the solveat removed. The residue
was purified by distilling under reduced pressure,
m.p. 40°C, b.p. 303-206°C.

2imethyl 4-iodophthalate™

10.5 g of the 4-amino ester was dissolved in a
mixture of 4 ml of conec. Hy304 and 30 ml of water and
diazotized with 2.5 g of sodium nitrite dissolved in
15 ml of water. The diazotized solution was treated
with 12 g of potassium iodide in 100 ml of water. The
iodide ester was obtained in the form of a red oil.
The product was purified by distillation under reduced

pressure, b.p. 219°C.
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The 4~amino ester was diazotized as usual in
cone. Hy;504. The clear dlazonium sulfate solution was
poured slowly into a large volume of water with stirring.
The mixture was heated on & steame-bath for severel
hours. The solution was extracted with ether after
it was cooled. The ether solution was dried over
anhydrous sodium sulfate. FEther was removed and the
solid left was purified by recrystallization from
tosluene. The pure dimethyl 4~-hydroxyphthalate melted
at 107-8°C.

The 4<hydroxy ester was converted into its
methyl ether by refluxing the compound with dimethyl
sulfate, anhydrous potassium carbonate in dry acetone.
The 4e-methoxy compound was purified by distillation under
reduced pressure (b.p. 195-7°C/20 mm).

Dimethyl 4-methylphthalate >

In a one litre round bottomed flask fitted with
a reflux condenser were placed maleic anhydride (37.5 g),
freshly distilled isoprene (25 g), picric acid (100 mg)
and benzene (120 ml). The mixture was heated to start
the reaction, which then proceeded with evolution of

heat. When the initial reaction subsided, the mixture was
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heated under geant{le reflux for 20 hours. The benzene
and isoprene were removed by distillation under
reduced pressure. The residue was treated with pet.
ether (80-120°C) and enough benzene to dissolve the
material. The solution was treated with a little
charcoal and allowed to crystallize. The 4-methyl-
1,2,3,6-tetrahydrophthalic anhydride (40 g), which
separated as colourless needle-shaped crystals, was
quite pure and melted at 64°C,

The above anhydride (12 g was dissolved in
glacial acetic acid (40 ml) and a solution of bromine
(50 g) in glaelal acetic acid (44 ml) was added to it
slowly keepinz the temperature of the mixture at 60°C.
The addition of bromine was completed in an hour. The
first third of the bromine solution was decolorized
immediately and some hydrogen bromide evolved. The
mixture was then refluxed for 16 hours and the solution
concentrated under reduced pressure. The residue was
then heated at 210-220°C for 9 hours, during which time
considerable amount of hydrogen bromide evolved and
the material became dark. This residue was distilled
under reduced pressure (20 mm). A colorless liquid
was obtained, which crystallized immediately. The
erude 4-methylphthalic anhydride was further purified
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by recrystallizing it from benzene-pet. ether

mixture. The yield of the pure material melting

at 92°C was 12 g (687). The pure 4-methylphthalic
anhydride (5 g) was refluxed with absolute methanol
(50 ml) and a little sulfuric acid as catalyst, for
one hour. The mixture was poured iato cold water

from which the dimethyl ester was separated by ex-
traction with ether and the uanreacted 4-methylphthalic
acid was removed by washing the ether extract with
dilute sodium carbonate solution. The ether solution
was dried over anhydrous sodium sulfate and ether
removed. The resulting oil was distilled under reduced
pressure., The dimethyl 4-methylphthalate came off

at 120- £°C/2.5 mm,

Dimethyl 4-tert-butylphthalic aeid®®

'n a 2 1itre separatory funnel were placed
296 g (380 mly 4 moles) of t-butyl aleohol and 988 ml
(12 moles) of C.P, cone. HCl (sp. gr. 1.19). After
shaking, the layers were allowed to separate (15-20
mimites) and the upper layer was drawn off and washed
first with a 57 sodium bilcarbonate solution, then with
water until neutral to moist litmus paper. The

t-butyl chloride was treated with 40 g of calcium chloride
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and shaken thoraughly, then distilled while passing
cold water through the condenser. The fraction

boiling at 50-52°C weighed 520 g (80%).

One mole of naphthalene (128 g) was dissolved
in two moles of (185 g) of t-butyl chloride with
warming and mechanical stirring. As soon as the solid
had dissolved the heating was discontinued and anhydrous
A1Cl, (1 g) was added. When the vigorous reaction that
had set in subsided, another lot of AClz (1 g) was
added. The solution soon turned dark and after the
addition of a further amount of AlCls (2 to 4 g) soli-
dified to a cream coloured mass. After about 20 minutes
the evolution of HC1l stopped and the solid was dis-
solved in the minimum amount of hot methanol and the
solvent allowed to cool. The di-tebutyl derivative
separated out in an yield of about 74 g. Distillation
nf methanol solution gave 45 g of 2-tebutylnaphthalene
{Depe 280~290°C) snd 52 g of the disubstituted compound
(b.p. 820-340°C) m.p. 80-82°C. Reerystallization of
this from methanol gave more of the less soluble

2,6=di=t-utylnaphthalene (I).

Half a mole (50 g) of chromium trioxide
dissolved in a mixture of 80 ml of glaclal acetic acild
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and 40 ml of water was added slowly to a hot solution
of 0.1 mole (24 g) of (I) in 200 ml of glaclal

acetic acid and the solution was refluxed for 15 minutes.
The hot solution was poured onto ice and the solid
obtained was erystallized from ethanol. Yield of

the pale yellow 2,6-di-t-tutyl-l,4-naphthaquinone (II)
was 48-57%, m.p. 86-87°C. A mixture of (II) (13.5 g),
XMn0y4 (27 g) and water (500 ml) was refluxed for

3 hours. Cooled and filtered. The manganese dioxide
was extracted with 75 ml of 7% sodium hydroxide solution
and this solution was combined with the original
filtrate. After adding about 100 ml of 3% H,0, the
mixture was allowed to stand overnight. The alkaline
solution was extracted with ether and the ether layer
discarded. Acidification of the alkaline layer, ex-
traction with ether and evaporation of ether gave 4 g
of 4-tebutylphthalic acid. Hecrystallization from
xylene removed the yellow contaminating materlal and
the acld separated in white, odourless crystals which
melted with decomposition at 155-157°C. The acid was
then esterified with methanol and catalytic amounts of

cone. W2504 to give the dimethyl 4-tebutylphthalate.

2imethylpohthalate
Pure g-phthalic acid was esterified with methanol



in the traditional way and the ester isolated.
Y
The pale yellow liquid obtained was further purified
by dlstillation to get a colorless liquid b.p. 161°C/& mm.



10

11

12

13

14

11

R EF EAENCES

a) R.A. Hoffman and 3. Gronowitz, Arkiv, Kemi 16,
471 (1961) and references therein.

b) M., Barfield and J.M. Grant, J. Am., Chem. 30c. 85,
1899 (1963).

¢) E.L. Allred, J.d. Grant and W. Goodlett, jbid. 87,
874 (1965).

d) J.A, Pople and A.A. Bothner-dy, J., Chem, Phys. 42,
12339 (1965).

MeJe3e Dewar, "Hyperconjugation", Ronald Press, 1262.
?eLe. Corio and I. Weinberg, J. Chem., Phys. 31, 569(1359).

Ge3. Reddy and J.H. Goldstein, J. Am. Chem. Soc. 83,
2045 (1961).

PeLe. Corio and 3.P. D&iley, L_m'_m.__m. B,
3043 (1956).

A.A. %thner‘w md fi.E.GlicK, m' m’ 1071 (1350)0

1. 3plesecke and W,.G.3chneider, J, Chem. Phvs. 35,
731 (1961).

T

Le¥. Jyall, /ustral. J. Chem. 17, 419 (1964).

m

T+ Yonemoto, W.F. Reynoldsi HeMs Hutton and T.Schaefer,
9

Canad. J. Chen. 43, 2668 (1985).

3.M. Lynch, B.C. Macdonald, J.G. Webb, Tetrghedron 24,
2955 (19585,

Csiie Yoder, Reie. Tueck and 1.E. Hess, J, Am, Chem. 3oc.
21, 539 (1289).

He3. Cutowsky, D.w. MeCall, 3.R. McGarvey and L.H.
Meyer, ibid. 24, 4809 (1952).

LeHe Mwer and H.3. mtowsw’ L_m‘__c_m. éz,
481 (1953).

ReWs Taft and J.W. Rakshys, Jr., J, Am., Chem. Soc. 87,
4287 (196S).



15 [.J. Lawrenson, J. Chem, 3Joc. 1117 (1985).

16 ReWe Taft’ A 3 ) ﬂ’ 1045 (1357);
J. Phys. Chem. G4, 1805 (1960).

17 M.G. TTogben, i.3. Jay and W.A.d.uraham, J,An.Cheu.30cC.
88, 2457 (1968).

18 M.G. doghen and W.A.G. Graham, ibid. 21, 283, 291(1363).
1) P.C. Lauterber, ibid. 83, 1838 (1961).

20 P.C, Lauterber, ibid. 83, 1846 (1961).

21 G.3. Savitsky, J. Phys. Chem. §7, 2723 (196%8).

22 Maelel and Natterstad, J, Chem. Phvs. 42, 2427 (1955).

23 %.3. Dhami and J.B. 3tothers, Tetrahedron lLetterg
12, 631 (1964).

24 R,W. Taft, E. Price, I.i. fox, I.C. Lewls, «.x.
Andersen and G.T. Davis, J. Am. Chem. Joc. 85, 709,
23146 (1983).

25 G. Binseh, J.B. Lambert, 7.W. Roberts and J.D.Roberts,

26 T. Axearod, P.3. Pregosin and M.J. Wieder, ibid. 31,
2681 (1989).

27 Tc Fairw.ll, w’ UniVo Of ?o.’)na, Indih, 1-)67.
28 Go".'o hith’ Mo la’ 1“ (1964).
29 P, Madhavan Nair and T. Fairwell, Proceedings of

the International Conference on Spectroscopy, Bombay,

20 We’. Anderson and .M. McConnell, J, Chem, Phvg. 26,
1496 (1957).

31 G.W. Smith, J, Mol. 3pec. 12, 153 (1964).
32 M. Karplus, J. Am. Chem. Joc. 88, 2870 (1383).
33 C., Juan and .. Gutow’lq, Mo az, 2196(1962).



45

47

43

49
50

117

C. Juan and 1.3, Gutowsky, Jigcusslong raraday 3J0Ce
24, 52 (1962)%
de Jonathan, 3. Gordon and 3.P. Dalley, Js Chem, Phvse.

26, 244z (1962).

J.". Jmith’ ‘NOHQ .lt’on &de ;. Chiranjﬁﬂi, w..
Chem, 3Soc. 82, 1488 (1987).

i, Gunther, Tetrahedron Letters 2967 (1367).

ReEBe Mayo and J.H. Goldstein, J, Yol, Jpectryv. l4,
173 (1964).

V.W. Laurie, LM- 34, 291 (1961).
.).R- Lid. Jl‘o, m‘. &’ w74 (1%1).
E. dirota, ibid. 42, 2071 (1985).

7. Rauft, Aan. Phvsik. (7] 8, 322 (1961); (71 2,
124 (1962).

C.M. Banwell and N. Sheppard, Ql. Phvs. o, 351(1260) ;
%. 3« Waugh and 3. Catellano, J. Chem. Phyg. 85, 1300
1-)01)0

Rede Abrm and X.Geila r‘achler, M l
165 (1963)9; 3.Ebersole, 3. Castellano and X.A.Bothner-By
J. Phyg, Chem. 8, 3430 (1954).

P. Laszlo and von 1. 3chleyer P., J. Am. Chem. 3Joc. 85,
2709 (1963).

J.R. Cavanaugh and B.P. Dailey, J. Chem, Phys. 24,
1094, 1099 (1961).

%.D. Cohen and T. 3chaefer, 4ol. Phyg. 10, 209 (1353).

T. 3chaefer, F. Hruska and G. Xotowycz, Canad.J. Chea.
ag, 75 (1965).
W. Srugel, Z. Fleitrochem. §8, 152 (1962).

“eJo Abraham and H.J. Bernstein, Canad. J. Chem. g2,
)05 (1961).

J. Martin and B,P. Dailey, J. Chem. Phys. $7,2524(1962).



P.Fe Cox, Js Am. Chem. Soc. 35, 380 (18%).
3. Castellano and C.3un, ibid. 88, 4741 (1966).
T. Schaefer, Canad. J. Chem. 40, 1 (1962).
3. Castellano, J. Am. Chem. 3oc. 3Q, 141 (1968).

J.A. Pople and M. Gordon, J. Am. Chem. Joc. 82,
4253 (1967).

a) M.T. Bogert and L. Boroschek, J. Am. Chem. 30C. 23,

752 (1901).

b) M, Hayashi gt al. 3

436 (1941). 4
FeFe Rlicke and FeDo &nith, Iw. §L,
1865 (1929).

a) N. Rabjohn ﬁ; . %: 1632 (1356).

b) R.L. Frank 2¢13 (1947).

c) Mo Newman Mo . ﬁ' 1542 (1941).

a) W, Collective Vol.I, p.lo.144.

b) H. jorie Crawford and Mary Carolyn Glesmann,
. _Am. Chem, 3oc. 28, 1108-1109 (1954).



CHAPTER 111

5 PROTON CHEMICAL SH{FTS IN SUBSTITUTED
‘ ARYL AMMONIUM AND ARYL TRIMETHYLAMMONIUM SALTS



11

PROTON CHFMICAL SHIFTS IN SUBSTITUTED
ARYL AMMONTUM AND ARYL TRIMETHYL A/MONIUM SALTS

It may be recalled that in an attempt to
explain the appareat deviation of the C(: )-proton
chemical shift in dimethyl 4-t-butylphthalate from
the correlation observed the effect of steric inter-
action (of the butteressing type) has been invoked.
That is, the dlamagnetic shift for the C:b)-proton which
i3 larger than expected has been rationalized on the
basls of the larger rotation of the (‘(z)-COOH. group
out of the plane of the benzene ring due to the
butteressing action of the C(“—COOHQ group in the
presence of a steric interaction between the 4-t-butyl
group and the C(s)-proton which is communicated to

the C -C0O0Me group. If this rationalization is

(2)
correct, it should be possible to demonstrate the effect
separately by choosing a group which is nearly as

bulky as t-tutyl group ut does not interact with the
aceeptor group (COOMe) at c(l)°position mesomerically.

A pair of substituents that would correspond in size

to methyl and t-butyl groups are ;ma and ;m.a res-
pectively. In order to estimate the effect of steric

interaction, their 'aormal' substituent effects on
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aromatic protons' in a benzene ring should first be
estimated, In nther words, an effective substituent
eonstant should be evaluated. Ior this purpose a
mumber of di-substituted, mostly p-disubstituted,
quaternary anilinium salts and trimethyl anilinium
salts have been prepared and their aromatic proton

chemical shifts determined.

RESJLTS AND DISCUSSION

The relevant data obtained are preseated in
Table 1. If the rule of additivity’ holds good, for
the cations concerned, it ghould be possihlefto evalu?te
the ortho and mets substituent constants (3, °¢ , g ‘Mes
for the §M33 group employing the usual procedure. These

are given by the expressions,

~ NMe., obs b € B
Jo ¢ 9= 60 - %ﬂ -8

+

IMe. _ obs P ¢ B
S Om 8 =6

where 5°°bs and 5m°b’

are observed chemical shifts

+
from TM3 for protons Qptho and getg to the NMoa group.
3 and 3, are the ortho and mets substituent constants

of the group 'X' and 63 is the line position of benzene
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in methanol with TM3 as internal refereance. Ior

spectra obtained in agueous solutions, a theoretical
line position for beanzene in water may be calculated

by obtaining the spectrum of a water soluble p-disubsti-
tuted aromatie compound (pe-cresol) using TM3 as external
refefence. Assuming that the rule of additivity holds
and using the substitueat eonstaats (polar solveat) for
Me and 01 groups, the theoretical benzene line position
(internal refereace) may be calculated which may be
used for obtaining substituent constants from other
water soluble p-disubstituted benzene derivatives. The
position of this 'theoreticual' absorption position is
440 Hz downfield from an external TMS standard. In
methanol solution benzene is 440 iz downfield from TM3
(internal standard). The calculated substitueant con-
stants are presented in Table 1. Unfortunately the
calculated 'ennstants' show large variations. The value
of the grthg constant varies from 18.6 Hz to 42.3 lz
and the meta constant varies from 7.3 Hz to 24 Hz, the
lower and upper limits for the grtho and metg constants
being obtained from 3ecarbomethoxyphenyl ~trimethylammonium
sulphate and 4-carbomethoxypheayl trimethylammonium
sulphtate. In get-butylbenzolc ester, it is seen that
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the rule of additivity holds good despite the

steric interaction that is undoubtedly present in
the molecule?. These discrepancies in the trimethyl
armonium derivatives might be traced to the lonic
character of the molecules. The effects of solvation

are apparently dependeat on structure.

It i3 of interest to note that the spectrum
of g-ﬁMos—Cel{‘i-CHo in 020 shows a single peak (488 Hz)
for all the four ring protons, the aldehydic proton
absorption coming at the expected place (802 Hz). The
signal of -;L“{ea group appears at 224 Hz. But when
the spectrum of the same sample is obtained in methanol
solution, it shows not only this two line spectrum for
the aromatic and aldehyde protons ut also an extra
quartet with another absorption superposed on it. The
singlet absorptions at 606 Hz and 490 iz are in the
intensity ratio 1:4 and this clearly indicates that
these signals are indeed due to the quaternary ammonium
salt of the aldehyde. The quartet appareatly arises
from another species which is generated from the ammonium
salt. When the methanolie solution is warmed the
signals due to the second species (the quartet) became
more and more intense at the expense of those of the

trimethyl ammonium salt. On repeated warming the
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transformation ofv the quateraary compound goes

to completion as indicated by the complete dis-
appearance of the aldehyde absorption and the singlet
aromatic proton absorption at 430 Hz. The final
spectrum is of the new species. The changing pattern
of the spectrum is presented in Fig.l. The possibilities
we might consider for the reaction that 1is apparently
taking place are (i) methyl migration from the
quaternary nitrogen atom to the carbonyl oxygen and
(11) solvolysis of the quaternary ammonium ion and
accompanying conversion of the aldenyde into its acetal
catalyzed by the acid produced in the solvolysis. 1In
the final spectrum the absorption of the benzylic
proton is at 459 Hz. This is at too high a field to

be due to «=methoxy-p=-i,i~dimethylaminobenzyl cation.,
The reactinn that takes place 1s probably the second

of the two possibilities. The final product can, of
course, be obtained through the first path by subsequent
co=ordination of methanol with the carbonium ion. The
transformation and the equilibria involved are shown

in Chart 1.

When conc. H2304 (one or two drops) is added to
a methanolic solution of pe-aminobenzaldehyde and the

spectrum is recorded, it is noted that the aldehyde
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FIG-1 AROMATIC REGION OF THE SPECTRA OF:-

(@) 4-FORMYLPHENYLTRIMETHYLAMMONIUM SULPHATE IN METHANOL
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ON WARMING
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proton in the original aldehyde comes along with

the aromatic protons at 459 Hz (Fig.2). In view of
the foregoing discussion the species that 1is produced
in predominent amount is apparently the acetal of

the aldehyde.

The anilinium salts of some other p-substituted
anilines devoid of basic sites except for the amino
nitrogen are prepared by adding conc. }12304 (one or two
drops) to a methanolic solution of the compound. The
chemical shifts are preseanted in Tgble 2e "_The grtho
NHy sm;ma ) are
evaluated by the same procedure followed in the case

and metg substituent constants (3,

of guaternary ammonium salts. J*Ier: again the NMR
substituent effects measured as So‘."HS " Smma ) are
not constant when the p-substituents are altered.

The reason for failure of the additivity rule is pre-
sumably the same as in the case of the trimethyl

ammonium salts.

In order to answer the question posed with
regard to phthalic esters we might, in this unfortunate
circumstance, consider the use of i, and 3, values
obtained from carbomethoxy derivatives in place of

average values. The derivatives conceraned are
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FIG-2 AROMATIC REGION OF THE SPECTRA OF:-

@ P-AMINOBENZALDEHYDE IN METHANOL
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WITH ONE OR TWO DROPS OF CONC: H,SO,4
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pecarbomethoxy=-trimethyl anilinium and p-carbomethoxy
anilium salts., Unfortunately the deviations observed
are maximum in these derivatives and it does not look
advisable to utilize the substituent constants obtained
from these derivatives to estimate the effect of steric
interaction in 4—?&103 substituted dimethylphthalates
by comparison with the corresponding -§H3 derivative.
The spectrum of pecarbomethoxytrimethylanilinium
sulphate obtained in 020 shows that the ;lHoa group
remains stable in this solution, The difficulty en-
countered in this present attempt at evaluation of the
substituent constants must therefore be attributed to
solvent effects.
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EXPERIMENTAL

p=Aubstituted anilines

p-Anisidine, p-toluidine, and all the four
p~haloanilines were obtained from commercially available
samples which were further purified by either crystal-
lization or distillation depending upon whether they
were solids or liquids. Commercial p-aminobenzoic acid
was converted to its methyl ester with methanol and

catalytiec amounts of cone. H2804 MeDe 112°%,

p-=t~lutylaniline was obtained in the course of
the preparation of p-t-butylbenzoic acid which is
described in Chapter III. Commercial meaminobenzoic
acid was purified by recrystallization and esterified
to get the methyl ester m.p. 237°C.

g-.‘.minobmzaldmjdea

Crystalline sodium sulfide (3 g, 0.125 mole)
nonahydrate, flowers of sulfur (15 g, 0.47 g atom) and
sodium hydroxide pellets (27 g, 0.67 mole) were added
to distilled water (600 ml) in a l-litre beaker. The
mixture was heated on a steam-bath for 15-20 minutes
with occasional stirring and then poured into a 2-litre
round=-bottomed flask containing a hot solution of



p-nitrotoluene (50 g, 0.36 mole) in 959 ethanol

(200 ml). A reflux condenser was attached and the
mixture heated uader reflux for & hours. The re-
sulting clear tut deep red solution was rapidly
steam-distilled until about 1.5 - 2 litres of con-
densate had been collected. The distillate was

clear when the distillation was stopped. The residue
in the flask had a volume of 500-600 ml as required.
This solution was rapidly chilled in an ice-bath

with occasional vigorous shaking and stirring to
induce erystallization. After 2 hours in the ice-bath,
the golden yellow crystals of p-amino benzaldehyde
were collected on a 3uchner fuanel and washed with

500 ml of ice water to remove sodium hydroxide. The
product was immediately placed in a vacuum desiccator
over solid potassium hydroxide pellets for 24 hours.
The yileld of the pure p-aminobenzaldehyde, m.p. 68—70°C,
amounted to 18-22 g (40-50%).

There was no indication of the formation of
oily tar (polymeric condensation products of pe-amino-
benzaldehyde with itself) which can sometimes be
obtained in this preparation.

g—.}imethylaminobcnzalddlydo4

In a 3-necked two litre flask equipped with a
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mercury seal stifrer, a dropping funnel and a

reflux condenser carrying CaCl, guard tube, was

placed dimethyl formamide (44.2 ml, 0.6 mole). The
flask was cooled in an ice-salt mixture and phosphorus
oxychloride (25.3 g, 0.165 mole) was added dropwise

with stirring. A vigorous reaction occurred with the
formation of a i))ﬂ'“.POCI3 complex. After all the
oxychloride was added, dimethylaniline (20 g, 0.185 mole)
was added slowly, with stirring. At the end of the
addition, a greenish yellow precipitate began to form.
The reaction mixture was heated on a water-bath and
stirring contimied for another two hours. The pre-
cipitate redissolved znd the mixture was then cooled

and poured onto crushed ice (500 g). The solution

was made nearly neutral by adding a solution of sodium
hydroxide, while the temperature was kept below 20°C

by adding crushed ice. The solution was finally neutra-
lized to pH 6-8 by adding aqueous sodium acetate solution
(150 ml) with vigorous stirring. pe-Dimethylaminobenzak
dehyde began to separate and the mixture was kept
overnight in a frigeédaire. The precipitate was separated
by filtration and greenish colour was removed by washing
with water. The required aldehyde was obtained as a
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pale yellow solid (20 g) after drying in air.
The pure product, after reerystallization from

aleohol melted at 72°C (11t. 73%C).

Suaternary gmmonium saltg

Cuaternary ammonium salts of the following
anilines were prepared:

1) Aniline

2) p~Toluidine

J) methyl pe-aminobenzoate

4) methyl me-aminobenzoate

5) p-aminobenzaldehyde

G6) dimethyl 4eaminophthalate

As a typical example for this series, the preparation
of the quaternary ammonium salt of methyl R=amino~-

benzoate is deseribed below.

A large excess of dimethyl sulfate (6 g) was
added to methyl p-aminobenzoate (1 g) in small portions
at a time with simultaneous addition of sodium methoxide
solution, Finally the mixture was made alkaline to
phenolphthalein by adding sodium methoxide solution,

The mixture was kept overnight and 30% sodium hydroxide
solution (20-25 ml) was added. The oily layer separated
was allowed to solidify. The solid was separated and



erystallized from.a mixture of acetone and methanol.

The quaternary salts of aniline and p-amino-
benzaldehyde were obtained starting from the dimethyl
amino derivatives instead of the amino compounds. The
procedure followed to get the salt was same as that
described above.
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INFRARED F'MND INTE4dSITIES OF SOME
DI- AND TRI-SUBSTIJUTED BENZENES

In the background of the results obtained
in the previous Chapter, it appeared likely that a
study of IR vibrational band intensities and fre-
quencies in 4-substituted phthalic esters and necessary
allied derivatives would furnish results that may be
related to the interaction between donor and acceptor
groups. The band chosen for this purpose is the
C=C stretching mode ( L)lﬁa and V,. ). When there
is an interaction between the donor and acceptor
groups para to each other on a benzene ring, it would
normally be expected that the exteant of localization
of the double bond in the ring as in structure (III)

varies with the strength of the interaction. TIf the

PP g

I II IIX



acceptor group is fixed and the donor group is varied
along a series, then the degree of localization of the
double bondsg as indicated and the assoclated charge
separation will vary with donor streagth. In a vibra-
tional mode in which nuclear coordinate changes favour
structure (III) there will be strong interaction between
electronic and nuclear motions and the strength of the
mesomeric interaction will be manifested in the inteasity
of this mode since the rate of change of dipole moment
during any vibration determines its intensity. The
vibration parallel to the direction of charge separation
1’16, i3 indicated in IV and V. The compounds studied

D D

A A

v v
are a series of p-substituted benzoiec esters and the
series of 4-substituted phthalic esters covered by the
MR study. The intensities of NO, sym. stretching band

and C=N stretching band have also been studied for a
eclose comparison of the effects of methyl and t-butyl

y
A



groups. In order.to put the present study in
perspective, the applications of measurements of
vibrational band intensities in general and, in
particular, with regard to substituent effects in

henzene derivatives are reviewed briefly below.

The true intensities of both fundamental and
overtone vibration bands have been used in structural
dlagnosis for differentiation and estimatlon of fune-
tional groups. The significance of vibrational band
inteasities has been discussed by Thompsonl. Integrated
band intensities have been determined for the fundamentals
of Cﬂe, Cﬂz and CH group vibrations in aliphatie hydro-
carbons, ketones and esters by Irancidz and the mean
values per group have been estimated. The results
show clearly that if carbonyl groups or oxygen atoms
are adjacent to the alkyl groups, the vibrational
intensities of the latter are much affected, mainly
through electronic effects. I!uch work has been done
on carbonyl groups. AHesults of Warroug, Prancisa and
unpublished work of Thompson show that in aliphatic
groups, the intensity varies markedly with the type-
ketone, ester, amide, etc. and Barrow has tried to
correlate this variation with the molecular resonance

energy. The position of ecarbonyl groups in a steroid
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skeleton or in a dide chain can sometimes be decided”
from intensity values and Burer and Gunthards have

found an interesting variation of inteasity for the
carbonyl group in saturated ring ketones of different
size. The various types of i group in aliphatic or
aromatic secondary aminoss, amides or heterocyclic bases
differ considerably as regards vibrational band intensity,
which can be used for type identification. Rough
intensity data for the olefinic C=C group stretching
vibration may slso discriminate between classes in which
the nature of the attached groups is dirferent7. Hoccias
and Thompson observed that the fundamental OH group
vibration in simple phenols is about three times more

intense than the same vibration in simple aleohols.

Vibrational frequencies aund intensities are,
respectively, controlled essentially by the bond force
eonstants and 9ux/ 9Q; , the variation of molecular
dipole moment with normal co-ordinate. Change of a
substituent group may effect elther, neither, or both
of frequency and intensity for the chromophoric group.
Sometimes the frequency shift is very small but the
change of bhand intensity is large. /long the series
CHXg where X = C1, 3r, I, for exampleg there 13 little
change in the Ce bond stretching frequency, but its
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intensity increases some fourfold. It should be

possible to interpret the experimental data in terms

of inductive, mesomeric or resonance and steric influences
of substituent groups. 3ome attempts have been made to
eorrelate frequencies and band intensities of key groups

10

with electronegativity of attached groups =~ or with the

molecular resonance energy. DUisubstituted benzenes (VI)

e

VI

are a class of compounds for which gseveral attempts

have been made to relate spectral parameters (frequencies
and intensities) to inductive, mesomeric and steric
effects of substituents. Most frequently the practice
has been to study the effects of substituents "X" on a

vibration which is almost localized in group Y. The

11

effect of Hammett o constant™™ upon the vibration

frequency v of the group Y has been measured for a

number of series including phenolslz, anninesld,m'

15,39

benzoic acidsI‘, nitrobenzenes -

and aryl ketones .

Fairly regular trends have been found between V and o .
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Electron donating groups with positive o values

sometimes raise v , tut may aet in the reverse sense,

and the frequeacy shifts are as a rule fairly small.

it was found, however, that the effect of substituents

upon the intensity of the C=J4 group in substituted

benzonitriles is largol7'19. Thompson M.l'?,zo

found that the data on substituted benzonitriles fit

a linear relation between log A and o despite the work

of Brown21 which could not Justify this empirical linear

relation and they found that the slope of this log A

vs. o— plot is ahout the same in different solveats.

3imilar measurements were also made with substituted

anilines and Ne-methylanilines, for the H4-i bond stretching

vibrationszz’za. It was found that the slopes of log A

vs. o plots for antisymmetric and symmetric stretching

vibrations are different. XKrueger found that some grtho

substituted anilines fall into line if Tart®? substituent

eongtants are used and that it may be possible to separate
G_I and °"R factors. The corresponding studies of the

M vibration band in substituted phenols have led to

gsimilar conclusions.

The effect of nuclear substituents on the C=0

group frequency and inteasity in compounds of the type
x@-—coa has also been measuredzs’alo The compounds
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include benzaldehyde benzoic esters, acetophenones

and benzophenones. In these molecules, the substituent
effects the frequency, but the band intensity is hardly
influenced at all. In substituted acetanilides, nuclear
substituents appear to have almost no effeet upon either
the frequency or intensity of the HH groupzs. The
important general conclusion to be drawn from these
results is that the influence of nuclear substituents
can operate in different ways. The faet that with a
pair of series such as the benzonitriles and anilines,
the introduction of electron-~donating substituents
decreases both the CzN and NH, groupg frequencies, does
not imply that the vibrational intensities will be
effected in the same sense, they are in fact chunged

in opposite directions. The interplay of inductive

and resonance effects is evident in such cuses.

Katritzky27 has predicted previously that the
intensities of the ring stretching (skeletal modes) bands
in sixemembered aromatic rings which appear at about
1600 and 1585 en™™ ( V), and Vo) should be a
funetion of the charge distribution in the ring. 2n
approximate relationship between the apparent extinetion
coefficient of these bands for monosubstituted benzenes

and the mesomeric moments of the substituent was shown.
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It was found.28 thdt the square roots of the total
integrated areas of these absorption bands correlate
closely with reported °;° values and the negligible
influence of induetive effect is confirmed by the low
intensity (A < 2) of the vibration for benzotrichloride,
which has a relatively high dipole moment. It has been
shovnzg that the intensities of certain ring vibrations
in the region 1600~1400 o arising from two doubly
degenerate modes (¥, and ”13) are markedly altered
by substitution. Thus, the band at 1600 em © is very
intense in dimethylaniline or phenol tut weak in benzo-
nitrile. A rough correlation was shown between apparent
extinction coefficients and mesomeric moments. It is
to be noted that a summation band arising from CAr-d
vagging vibration occurs-C at about 1600 cm - and will
make a small contribution to the measured intensities,
thus explaining a positivel;letcrcept at :go = 0, when
. Katritzky  has taken

the intercept deliberately at the origin. Other similar

°-R° is plotted against A

ring modes, such as those in the 600 em™' region“? have
been investigated.

Compounds containing a primary amino group have

1

a scissoring mode close to 1800 om - which excludes them

from the study of intensity correlation., The other compounds
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having strong absorption in the vieinity, which could
enhance the 7V, band, are those having earboanyl groups.
This enhancemeat would be expected to be greater in
compounds like benzaldehyde and acetophenone than in
phenylacetate where the C=0 absorption occurs at a higher
frequency.

Tt has been shown> by Katritzky that the meso-
meric moment (D) of the substituent is approximately
proportional to the apparent extinction coefficients
(apgay/cy) Of the 1600 em ™ band in some monosubstituted
benzenes. .o precise relationship exists when VA is
plotted against 0.33 Exneraq' has pointed out that the
mesomeric moment divided by the effective charge separa-
tion (d) in such compounds is more meaningful. 'ie
sbtained good correlation between )/d and °R values.
Towever, no better correlation has bfen ropcn-t.eda:3
between 3/d values and either A or A ‘2. Recently
some workers have studied the intensities of other
vibrations in monosubstituted benzenes. The intensity
of the C-H aromatic stretchiang modes is directly related®(d)
to the ©7 values of the substituent. Iowever, the
intensities of the C~i out-of-plane bonding modes for

35(b)

monosubstituted alkyl and halobonzmesss(” show

no simple variatioan with the usual substituent parameters
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although a limited correlation with dipole moments

e

has been reported 5(d), Exner and Bocek">‘®) have
studied a large number of metg and pary substituted
benzonitriles. A reasonable linear correlation between
the frequencies and intensities of the C=d stretching
mode and o has beea reported despite the considerable

experimental errors.

3rownl ee n_g]..as(f) have very receatly studied
the intensities of several monosubstituted benzenes for
the Vg mode. The correlation formulated earlier by
them, i.e. 1
=% = 0.0079 A /2 _ 5,027,
has been further refined to

Apono = 170600 ( =, %)2

+ 100.

A new set of O'RO values have been calculated based on
the ahove correlation and the discrepancies could be
explained. It 1s to be noted that the measured integrated
intensities of alkylbenzenes for this mode are in
agreement (within 57) with those values obtained by
wm"35(b) except for the t-butyl derivative. These
relative intensities cannot be accounted for on the basls

0

of a correlation with oR - The aho values decfease

in te order Me > Et > i-Pr > t-mu while the Vls intensities

apparently increase. In a further extension of this work
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35(&:) v
English gt _al. have measured the V,; intensities
of many p-disubstituted benzenes and correlated them
by the relation

. - o _ 0,2
‘papa = 111800 ( T3y g )+ 170.

For donor-acceptor (U-A) type of combination of substi-
tuents substantial deviations from the correlation are
seen apparently because the interaction between the groups
is no longer a function of o—Ro. An effort has been

made to explain the deviations by introducing a correction
tern (K, X,) for the direct ianteraction between the
substituents which becomes important in this type. The
term K, is set equal to (0‘; - °,) and values of K,

that would be required to get agreement with obsgerved 'A'
values have been computed. This analysis is rather
involved and the interpretation of the correction factor

leaves much to be desired.

It is clear from the foregoing review that
measurements of integrated intensities are of considerable
use in the study of substituent effects in the benzene
ring, although the frequency variations are hard to explain
as they are complicated by a number of factorsaa. It
can be seen that no effort has been made to study hyper-

conjugation with the help of intensity data.
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In most of the earlier studies of substituent effects,
t=butyl derivatives have been omitted. The reported
data for alkyl derivatives are not consistent with the
notion that conjugative interaction of these groups 1s
the chief determinant of intensity. It is necessary,
therefore, to clarify and confirm the behaviour of alkyl
groups in relation to that of others. In the preseant
investigation it was proposed to study the donor-acceptor
interaction across benzene ring with the help of infrared
band intensities and see if{ the data would be helpful
for the evaluation of the importance of hyperconjugation.
The measurements undertaken in this study were already
completed by the time the work of English gt al.°®(8’
appeared and there has been some overlap in the selection
of compounds. The present study was planned as a complete
parallel to the one described in the previous Chapter and
the derivatives chogen were p-substituted benzolc esters
and 4-substituted phthalic esters with various substi-
tuents namely, OMe, ¥, Cl, 3r, I, Me, t-3u and §0,. The
WHy derivative was not included because of its poor
solubility in CClge
Intensity Measurements

In general band intensities can be obtained by
the various methods deseribed below. The absorbance
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(log IQ/I) of & band peak is very sensitive to a

number of possible errors. The conditions under which
this can be used as a safe measure of band intensity
have been discussed by 'rhompsonw. The difficulties
arising from the finite slit width might be removed

by the use of integrated band areas. Wilson and weusas
developed a method to obtain the true integrated band
intensities by extrapolating the plot of apparent

intensity (38), givea by expression (1),
BS é‘?/,'n (To/_r )vdv P (1)

against apparent absorbance log (Tc/T)max to zero
absorbance in accordance with Ramsay's equation

3= A+ A61n (To/T)m. For computation of 'A! Ramlay4
proposed another equation (2) in which "K" has a value

%)
A= K.C_‘l— Im (T°/T) Av‘/g, s (2)

max-
determined by the ratio Seff/ Avtl/z and is usually

about 1.5 (.‘;eﬁ. is the effective spectral slit width

and av tl/a is the true half band width). This method
of getting "'" is suspect because of the difficulties

in getting the values of "X" and av al/z’ the latter
hecause of the unsymmetrical contour of a band. Thompson

and Btcel]'? determined the band area

fl‘" °/-r dv
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by graphical integrhtion and plotted against c.l.

a3

Recently Xatritzky and coworkers obtained

1 cm’z) from the

the integrated intensity (A, 1. mole
formla A= ) %/c.2 where "C" is the concentration
of the ecompound in moles per litre, "1" is the path
length in centimeters and "a" the absorbance value for
each wave number corrected for any base line. Some
worknrs4o have used Caax (extinction coefficient) as a
measure of the true intensity of a vibration band which
assumes that the half band width is invariant. But this

condition is not always obtained.

In the present investigation the true band
inteasities have been obtained by the procedure analogous
to that employed by Thompson and Steel. All the spectra
were recorded on a Perkin-Elmer model 221 IR spectro-
photometer fitted with grating and sodium chloride prism.
Carbontetrachloride (dried over P,05 and distilled) was
used as solveat for recording the spectra. All the
spectra were recorded undef similar set of conditions.
Jeveral solutions of different concentrations were made up
independently for each substance and measurements were
made in two pairs of absorption cells with differeant path
lengths (0,1 and 0.5 mm)., The spectra were recorded at

the maximum possible scale expansion on the ianstrument
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(P.i. 221)s The agbsorbance value "a" at each

wave mumber was corrected for the base line in the
usual way and the a-values thus obtained were re-
plotted against 7 on a linear scale. From the curve
thus obtained the area of the peak was measured by
means of a planimeter. Iollowing the procedure of
Thompson and Steel, the integrated areas obtalned at
different conceatrations and path lengths were plotted
against g.1. In all the compounds studled, good
straight lines passing through the origin were obtained.
Beer's law was quite well obeyed. The slopes of the
curves gave numbers proportional to the absolute inten-

sities.
RESULTS AdD DISCUS3ION

(1) Intensitieg: The relative intensities thus obtained
for the V16 bands of p-substituted benzoic esters and
4-gubstituted phthalic esters are presented in Tables 1
and 2. Mglish et al. > 8) had made "corrections" for
asymmetry effects in the work that has beea referred to

earlier. The procedure for correction involves decompo-

o}

o
sition of R values into R x

.

and °-R°y terms
(x and y components). The physical significance of this
resolution and its justification i1s not clear. The

relative intensities in Tables 1 and 2 are uncorrected.
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L eorrection for the asymmetry of the COOMe group 1is
not, in any case, needed here because this factor
remains constant in the series studied. Among the
nsther substituents the only case where asymmetry comes
in is for the OMe group. Whatever correction is required
for this is apparently smallES(g) and no inconvenience
is encountered by its neglect in the considerations
made below. It is appareat that the general trend of
variations of intensities is the same in both series of
compounds. In both the series the methoxyl derivatives
are found to give maximum intensity as may be expected
from the pronounced resonance interaction that 1s pre-
sent in the molecule. Pt in the halogen derivatives
the intensities are found to decrease in the order
F>I> B >Cl, The inductive effect is one of electron-
withdrawl and is given by the electronegativity order
F>C1l >08r > I. The mesomeric effect is also in the
same order F > C1 > 3r > I, but in opposition to the
inductive effect since it is electron releasing. This
order is substantiated not only by reactivity data

mit also by MR shielding parameters - and half-wave
potentlals42 in polarographic reduction of substituted
benzenes. The calculated43 double bond character of

the 3-X bonds in borontrihalides indicate that the p - 7



1595

44
donor resonance decreases in the order ¥ > Cl1 > nr > I .

The same order is indicated from the force constants45,
<y of the C=X and C = N bonds in the cyanogen halldes
X=C = N. The order of V. band intensities cannot
therefore be understood in terms of inductive and meso-

meric effects.

The ultraviolet absorption behaviour of benzene
derivatives containing donor and acceptor groups para to
each other 1s of special interest here. The {irst tran-
sition for this type of compounds, e.g. aitrobenzenes
and acetophenones, may be expected to be dominated by
the electron withdrawing action of the acceptor group
(nitro or carbonyl group) as represeated by the resonance

between structures like VII, VIII and IX.

o, O - » = =
‘\&, O\+/}3 C{\+}3
[:: :] hv [: :] [: :]

A P
L — L X+

VII VIII IX
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Hlowever, in bhoth series of compounds (p-substituted
nitrobenzenes and acetophenones) the apparent electron
release is in the order I > 3r > Cl > I > H (1.e. the
order of decreasing wavelength for the first transi-
t1on?8(®)), If 1t 1s assumed that the predominant

mode of electron release in these transitions is electro-
meric (i.e. mesomeric), thea the observed order must

be taken as the order of electromeric release! This
conclusion would be strange since we have seen that the
other data do not support it. Jevertheless, this is
the conclusion reached by Forbes and Halph46a, who
suggested that the generally accepted order of electro-
meric release I' > C1 > 3r > I is incorrect. On the
other hand, if it 1s assumed that the generally accepted
order of electromeric release is correct, then it must
be concluded that electromeric release is not the pre-
dominant mode of electron release by the halogens in
the principal electronic transitions of the p~halonitro-
benzenes and acetophenones. The inductive effect need
not be considered since its direct effect is to oppose

the resonance which releases electrons to the nitro group.

Jehubert 51_31.46b studied the vapour spectra of
R-haloanisoles also. They found that the shift to longer



wavelengths of the first electronic transition was

in the order I > Br > C1 > F. In p-haloanisoles the
group para to the halogen is a strong electron donor
while in p-halonitrobenzenes it is a strong acceptor.
The fact that the order of net electron acceptance in
the anisoles corresponds to the order of net electron
release in the nitrobenzenes was rationalized by Burawoy
and ‘1’!'1c.unpson47 in terms of the polarizability of the
substituent. Jaffe and f)x'chi.u‘Ils have agreed with the
view that polarizability 1s the controlling factor in
1ight absorption of these derivatives. Molar refrac-
tion i3 a property which depends on the polarizability
of electrons and an excellent correlation between the
frequency shift and the molar refraction of the halo
compounds was obsmed%b- It may be noted in passing
that de-re-acceptor resonance of Cl, Br and I has been
invoked to explain the trend in acidities of halophenols
(Cl ¢ Br < I) and basicities of g-haloannines49’50-
However, this is a factor that is not relevant in the
consideration of the behaviours of p-halobenzolc esters,
p-halonitrobenzenes or p-haloacetophenones. The data
on dipole moments are of no help, since two different
orders have been reported for the resonance moments for

the halogens by two groups of vorkerssl’&.



Coming now back to the intensity data obtained
in this study 1t is obviously impossible to correlate '
the data with any one of the various possible effects,
namely, inductive, mesomeric and polarizability effects.
Tt is apparent that more than one effect has to be con-
sidered. The results can be rationalized by considering
both polarizability and mesomerism. It 1s very likely
that the inductive effect is also one of the determinants
of intensity; but it is difficult to make out a case for
it on the basis of the present results. The variation of
intensities for the halogen derivatives is diagramatically
shown in Fig.l(a). The figure suggests that two factors
determine the intensities for these compounds. One has
an effect that decreases in the series while the other
has an effect which increases. The high intensity in the
case of fluoro derivative may be ascribed to the mesomeric
electron-releasing capacity of fluorine. The fall in
intensity in the transition from F to Cl can be understood
as arising from a decrease in mesomeric effect. 'However,
in order to understand the inteasity change for the
transition from chlorine to iodine through bromine, it
is necessary to invoke the polarizability effect which
i3 naturally expected to play a more important role in

the heavier substituents. For these derivatives the



INTENSITY

FIG 1(a) SCHEMATIC REPRESENTATION OF Vg BAND INTENSITIES
OF p-HALOBENZOIC ESTERS
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effect of mesomeric interaction is apparently smaller
than that of polarizability. The polarizability effect
would be weak or non-existent in the fluoro derivative.
The plot of "log A" against Taft's resonance parameters
! “R) shows a reasonable correlation except for the
large deviation in the case of iodine derivative (Figs.lb
and 2). It can be seen that the intensities follow

the general trend of variation with the degree of reso-
nance interaction i.e. increasing with the increasing
donor strength of the substituent. The large deviation
of iodine derivative can be understood on the basis of

the polarizability effect as pointed out above.

A comparison of the relative intensities of the

V16 modes of methyl and t-butyl derivatives in both
the series (i.e. p=substituted benzoic esters and 4-sub-
stituted phthalic esters) suggests that electron release
i3 in the order Me > t=%u. According to estimates of
Taftss, the inductive electrone-releasing effect of the
t-butyl group is greater than that of methyl group and
the reverse order occurs fof mesomeric electron release.
The validity of these estimates has, however, been

questioned by Dewar-°. The intensity order (Me > t-fu)
clearly indicates that it i1s the contribution of the

mesomeric electron release that is larger than that of
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either the inductive effect or the polarizability
effect. The latter effects are larger in the t-butyl
derivatives and it is in sgpite of this that methyl
derivatives have the higher intensity. The conclugion

therefore is that hyperconjugation is important and

that C-i hyperconjugation is stronger than C-C hyper-
conjugation.

It was noted earlier that for disubstituted
benzenes intensities of characteristic vibrational bands

of groups like CN and 302 have been studied as a function
of the nature of the second substituent. However, since
t-butyl derivatives have been left out of these studies,
they are not helpful in relation to the problem of
hyperconjugation. Tt was, therefore, decided to include
methyl and tebutyl derivatives of nitrobenzene and
benzonitrile in this study. It has been pointed out"?
that when a nitro group of a nitrobenzene is conjugated
with an electron-releasing group at the Rarg-position,
resonance permits greatly increased charge separation.

In such compounds it would, therefore, be normally
expected that the N0y sym. stretching (vibration parallel
to the direction of charge separation) mode would

become more intense, while the 40, asym. stretching

bands (vibrations perpendicular to the charge separation)



!

need not be affected. The 40, sym. stretching bands

;102 sym. str. ;{02 asym. str.

of both penitrotoluene and p-tebutylnitrobenzene have
been recorded and the relative intensities have been
estimated as described earlier. The relative inteasities
of NO, sym. stretching band (1848.5 en™t) of methyl and
t-butyl derivatives are shown in Table 3. The intensity
of the methyl derivative is found to be more than that

of the corresponding t-butyl derivative even though the
difference is not marked (Me 1.21, t-butyl 1.00).
3imilarly the C=N streteching band (2230 em 1) intensities
of pe-methyl benzonitrile and p-t=butylbenzonitrile have
heen estimated and are presented in Table 4., Here again
the band intensities fall in the order Me > t-Bu (Me 1.42,
t-fa 1.81, H 1.00). In all the systems studied the eifect

of methyl group on the selected vibrational band intensities
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is found to be stronger than that of t-butyl group

which would be suggestive of megomeric type of electron-
from CeH h 0 ion. The

results of IR band intensity measurements are thus
consistent with the results obtained from the PHMi
chemical shift stuly described earlier 1in so far as
the effects of methyl and t-butyl groups are concerned
and the conclusions drawn earlier are indeed reinforced

by this study.

40 F cieg: The frequencies of the 7V, bands
are presented in Table 5. According to theory, with
increasing donor-acceptor interaction localization of
double bonds as in structure I would be favoured.
Although the Vg4 mode involves the simultaneous motion
of several muclei, the increased localization of bonds
may be expected to make the mode more stiff. Tt would
therefore be expected that the frequencies of the V;g.
band would decrease as the donoreacceptor interaction
decreases. In the p-substituted benzolc ester series

the frequency of the methoxyl derivative is the highest

as expected and in the halogen derivatives the frequencies
decrease in the order F > C1 > Br > I which 13 consisteat

with the order of mesomeric electron-release. A plot

of frequencies agalnst °j; values (F1g2.3) of the
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substituents shows' a linear relationship for the
methoxyl and halogen derivatives. The frequencies

of methyl and t-butyl derivatives could not be fitted
into the same line and this clearly indicates that

it is difficult to understand the gradation of fre-
quencies on the basis of a single variable only.

It 13 gratifying to note that the frequencies of
electronegative substituents namely F, Cl, Br, I and
also OMe show a regular varlation with the resonance
parameter., The rrequedcies of methyl and t-butyl
derivatives do not fall on this line presumably because
the inductive effect has also to be considered. In
the electronegative series this effect is not mani-
fested apparently because of the relation between
mesomeric and inductive effects. The stronger mesomeric
donor is also the stronger inductive acceptor in this
case. The mesomeric effect thus would merely appear
uniformly rediced along the series. 0n the other hand
in the methyl and t-butyl derivatives, the situation
is different. The inductive and mesomeric effects are
in the same direction and these form a different set.
The frequencies are 1612.5 and 1607.5 om™L respectively
for the methyl and t-butyl groups. The methyl group
is apparently a stronger donor than the t-butyl. The

164

relative frequencies for the methyl and t-butyl derivatives
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again indicate that the mesomeric interaction has

the pronounced effect on this vibrational mode.

The frequenclies of V; . band in 4-substituted
phthalic esters are shown in Table 6. In thig series
the frequency of methoxyl derivative is found to be
less than that of the fluoro derivative and the order
igs F > OMe > C1 > 3r > I unlike in the case of p-substi-
tuted beazoic esters (OMe > I > C1 > Br > I), However,
in the halogen group of derivatives the variation of
frequencies is consisteat in both series. A linear
relationsghip is obtained when the freguencies are
plotted against the Taft resonance parameters of these
substituents (Fig.4). The departure of the OMe deri-
vative from the correlation may be understood on the
basis of a possible additional interaction of the C‘.a,-o’Me
dipole with the dipole of the C(2) COOMe group. The
methoxyl at position-4 may have a preferred conformation
in this system (away from the C(2) COOMe group) and
the interaction mentioned might complicate the considera-
tion of atomic motion in the normal mode of interest.

Such an interaction would not be preseat with the other
substituents (F, C1, Br, I, Me, t-Bu) since they are

axlally symmetric. ZIhe relative frequencies of the
methvl and t-tutyl (Me 1610 em™ , t-butyl 1606 en™)
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derivatives again indicate that methyl is the stronger
donor.

It is of interest to see whether any correlation
exists between the intensities and frequenclies themselves.
In fact the plot of frequencies against intensities
(Figs.5 and 6) for both the series of compounds (i.e.
p-substituted benzoic esters and 4-substituted phthalic
esters) shows a linear relationship except for the
deviations in the case of OMe and F derivatives in both
the series. This relationship suggests that the factor
(factors) that is (are) responsible for the variations
in the frequencies is (are) also mostly responsible for
the variations in the intensities.



et

(

029l

(V) S3IILISN3LNI 3AILVI3Y "SA (@) S3ION3INO34¥4 40 1077d ¢-9ld

LW (T

oLl 009 066! 08S|
_ T I 0
-1

—z

P

v

s

—9

2

-8

-6

—ot

SN0
1

cl




175

(V) S3ILISNILNI 3AILVI3Y -SA (@) S3ION3ND3Y¥4 40 101d 9-914

SI9l oisl 009! 066! 08¢c}

I | I [ ! ! L [

3NO

3SWO0D X

3N00D

9/LGI

0

Ol




176

EXPERIMENTAL

IR measurements, details of which have already
been presented, were all made on a Perkin-ilmer Model 221
IR Spectrophotometer. The preparation and purification
of materials used is described below.

Methyl 2 -halobenzoat 0354

All the p~halobenzoic acids were prepared from
the corresponding halotoluenes by permanganate oxidation.
The halotoluenes thqsdvu are prepared from p-toluidine
by Sandmeyer's reaction., The esters were obtained by
| subsequent esterification of the acids with methanol and
catalytic amounts of conc. H2304. Methyl p-fluoro=-
benzoate was obtained as a colourless liquid boil/ing at
198°C. The chloro ester was obtained as a solid melting
at 44°C, wnile the bromo and iodo esters were obtained
as crystalline solids waich melted at 80°C and 114°C
respectively.

g-'roluic and Anisic acids

Commercial samples were used for esterification
to get the esters after recrystallising from hot water.
The methyl esters were obtained as colourless liquids
boiling at 160°C/20 mm, and 217°C respectively.

p-tert-butyl benzoic acid

Thiophene free benzene was converted to t~butyl-
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enzene > in 65-70% yield by the Friedel-Cfaft's
alkylation method using anhydrous aluminium chloride
and tebutyl alcohol. The pure t-butylbeazene, which
distilled over at 163-164°C was collected.

Tert-hutylbenzene was then converted to the
4—n1tro-t-mtylbmzon056. Fumic nitric acia (216 g,
d 1.5) was added drop by drop to mechanically stirred
t-butyl benzene (217 g) at ordinary temperature. The
mixture was stirred for one hour more after the addition
was over and then poured into an ice-water mixture. The
. yellow oll, which gseparated was collected and washed
with water several times to remove the excess nitrie
acid. Again it was washed with sodium carbonatg solution
followed by water. The yellow oil obtained was dried
over anhydrous sodium sulfate and fractionated. 4-Nitro-
t-butylbenzene distilled over at 88°%2 mm. yield: 198 g
(66=70%) «

4-itro-t-butylbenzene was reduced to the
corresponding amine with iron and hydrochloric acidsv.
4-Nitro-te-butylbenzene (180 g) and water (200 ml) were
taken in a 3-necked round bottomed flask fitted with a
mechaniecal stirrer, a reflux condenser and a dropping
funnel. The mixture was heated on a waterbath at 100°C
while conec. HC1l (120 ml) was added slowly and the mixture
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stirred vigorously. After the addition was over,

the mixture was stirred for another two hours, while
the temperature was maintained at 100°C. The free
amine was liberated from the hydrochloride with excess
sodium hydroxide solution and separated by steam dis-
tillation, The unreacted nitro compound, being not
steam-volatile remained in the flask. The free amine,
which is slightly soluble in water was separated by
extracting it with ether. The ether solution was dried
with KOH pellets and the solveat removed. The residue
was distilled under reduced pressure and the fraction
distilling at 78-79°C/2 mm as a colourless liquid was
collected.

The amine was converted into its agotyl derivative
by digesting with a mixture of acetic anhydride and
acetic acid. The product was isolated by pouring into
crushed ice and separating the solid material, This
acetyl derivative was recrystallized from ethanol repeatedly
until it was free from other contaminating isomers as

evidenced by the NMR spectrum,

The acetamino-derivative was hydrolyzed back to
the corresponding amine with 70% sulfuric acid by refluxing
for about 2 hours. The solution was cooled and the free

amine was liberated by treating with excess alkali. The
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amine was extracted with ether, dried over anhydrous
sodium sulfate. The amine was purified by distillation.

4~/Amino~t-butylbenzene was converted to its
nitrile by the method analogous to that employed for the
preparation of buuonitruosa
nitrile was isolated by steam distillation. It was then
hydrolyzed to the acid with 10%§ sodium hydroxide solution.
The acid was isolated and purified by recrystallizing from
aleohol. Pure 4-t-butylbenzoic acld was obtained as
snow-white glistening ecrystals, which melted at 143°C,

This acid was then coaverted to its methyl ester in the

using cuprous cyanide. The

usial way. Pure methyl 4-t-butylbenzoate was obtained
as a colourless liquid, whieh distilled over at 117°C/2.5 mm,

Beazonitrile™®

Benzonitrile was prepared from aniline by 3Sandmeyer's
reaction using cuprous cyanide. The compound was obtained
as a colourless liquid which boiled at 189-190°C,

g-!‘olunitruo

R-Toluidine was converted to its nitrile by a
method analogous to that employed for the preparation of
benzonitrnosa using cuprous cyanide. p-Tolunitrile was
obtained as a colourless liquid boiling at 90-91°C/11 mm.
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R-t-hutylbenzonitrile

The procedure for the preparation of this nitrile
is given under the preparation of p-t-butylbenzoic acid.

g-.‘l itrotoluene

Commercial penitrotoluene was used after recrystal-
lising it from aleohol. The compound melted at 53°C.

Methyl g—nitrobnmtoz
p=Nitrotoluene was oxidized with alkaline potassium

permanganate and the resulting acid isolated. The p-
nitrobenzolic acid thus obtained was converted into its
méthyl ester by refluxing with methanol and little sulfuric
acid as catalyst. Pure methyl pe-nitrobenzoate was obtained
as fine pale yellow needles, which melted at 95-26°C,

R-Nitro-t-butylbenzene

This compound was obtained during the preparation
of p-t-tutylbeazole acid. It was fractionated several
times using a long column, The compound was quite pure
as showa by the NMR spectrum,
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CHAPTER V

NMR METHYL BAND WIDTHS OF SOME
SUBSTITUTED AROMATIC COMPOUNDS



NMR METHYL BAND WIDTHS OF 30ME SUBSTITUTED
AROMATIC COMPOUNDS

It has been shown receatly that measurements

° penzylic

of long range spinespin coupling between sp
and aromatic protons, which has been called "benzylic"
coupling, can be of considerable help 1n the study of
ve-glectron distribution in aromatic conpoundsl. This
coupling proceeds mostly through 7"eelectrons and it

has been pointed out that it is proportional to the
square of the mobile bond order between aromatic carbon
atoms involved. This was demonstrated qualitatively
for scti of closely related methyl substituted com-
pounds. The methyl group has also been employed as an
elemeat for probing veelectron distribuiion in indane
for a re-examination of the Mills-iixon etfectla. The
present study 1s conceraned with the application of the
same technigue for sensing the changes in w-glectron
distribution caused by strong donoreacceptor inter-
action across the benzene ring. In order to set the
present investigation in the perspective, the literature
on benzylic and allylic coupling is briefly reviewed
below:

Long range spin-spin interactions between methyl
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protons and aromatic or olefinic protons were

first reported by Hoffman~’" in a number of aromatic,
olefinic and heterocyclic compounds. He observed

in mesitylene a distinct gquartet for the methyl protons
and a multiplet for the aromatic ring protoans and
interpreted his data on the basis of hyperconjugation
between the C= boad orbitals of the methyl group

and reelectron orbitals of the unsaturated systems.

In the case of Qrtho substituted toluenes the long
range coupling was found to depend on the nature of
the substituent. The multiplicity of the methyl
signals ;n the NMR spectrum of 2,2'-dimethyldiphenyl
ether, which was explained by 3chimizu and mjiwara4
as arising from the non-equivalence of the methyl
groups, was later shown by Tiers g;__g]..s to be the
result of long range spinespin coupling of the methyl
protons with the aromatic protons. It was found that
this separation between the two signals of the methyl
groups 1s temperature independent and also that the
gross peak halfewidth does not change as the radio
frequency of the spectrometer is varied from 40 to 60 Miz,
From a systematic study of the pgrg substituted alkyl-
benzenes, it was shown by Rotteadorf and 3ternhel16
that in these compounds the beanzylic protons are coupled

to the ring protons in the gortho positions.



The ecoupling constant for this kind of
interaction through four bonds was showan to be
dependent on the type of double bond involved, through
the example of thymolguinone (I) and the monomethyl

ether (II) of the corresponding cpxinol7’8. In (I) the

CQ, c 3
H/C H cf
CH

Ha OCHx
(D) (11)

Cy=0g bond is very mich like an ethyleaic double bond
and there is observable splitting of the metliyl whereas
in (II) the ring is fully aromatic in ‘nature énd there
is no observable interaction between the aromatic
protons and the side chain protons. Considerable amount
of work has been done on benzylic and other types of

long range coupling® and reviews on these have appoarod.g.ll.

Theoretical treatments of long range spine-spin
coupling through m-electrons in aromatic and open chain
unsaturated systems were first made by McConnell and
Karplusla.M' and later by otherst®. In the case of

aromatic compounds, the linear relationship (ay = Ql.)
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observed between the magnitude of hyperfine
splittings (aH) in the paramagnetic resonance spectra
of aromatic free radicals and the spin densities (°)
at the carbon atoms involved was used by McConnell
to formulate an effective spin Hamiltonian for the
coupling between 7-electron spin and proton spin.
Using molecular orbital wave functions the n contri-
mtioi‘utlo the coupling between protons attached to
carbon atoms N and N' was shown to be given by the
expression,

w

Jar = 2P,/ n AE

where Pyy, 1s the mobile bond order between the carbon
atoms, 7 1s the effective isotropic gxyperfino splitting
constant, # 1s the Bohr magneton and AE is aan average
electronic (singlet-triplet) excitation energy. Corres-
ponding valence bond treatments w have been made by
HeConnell himself for aromatic compounds and by Xarplus
for ethylenlic systems which could be applied for cases
involving coupling through four or five bonds. These
treatments are modifications of the generally theory of

electron-coupled nmuclear spine-spin interaction.

It was pointed out that the proportionality of.
hyperfine splitting to spin density would be true for



189

not only aromatic protons hut methyl protons as

wolll6

and that the expression derived by McConnell
could be made applicable to benzyliec eoupling also if
one of the Q's is replaced by the hyperfine splitting
econgtant (Q') for the C-X fragment where X is the
benzyliec carbon atom bearing proton:l"b. Making
allowance for a possible o contribution, benzylic
eoupling may therefore be expected to be linearly
related to the square of the mobile bond order (P).
Adequate evidence has been provided for the p‘3 dependence
of benzyliec coupling from a study of a series of closely
related methyl substituted aromatic compounds for which

A E could be assumed to be roughly constantlc.

3ince substitution of strongly interacting
groups alter the wre=electron distribution of aromatiec
ring quite appreciably, the substitution method for
isolating spin-spin interactions for purposes of their
measurement has serious limitations, particularly
when multiple substitution is involved. In this
connection, we may recall the efforts made by lottendorf
and Sternhell}”® to see if long range coupling in
benzene derivatives could be related to electronic
structure by the substitution technique. They prepared

all the three isomeric tetrachlorotoluenes and measured
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the benzgylic coupling in each. The grtho and para
ecouplings were found to be the same (0.83 % 0.01 Hz)

and Jcﬁa'ﬂ (meta) was 0.36 Hz., The equality of methyl
coupling to the grtho aand parg protons indlcated that

it is difficult to relate these duta to v-electron
distribution in toluene itself which was what was
desired. Any inference regarding relative magnitudes

of bond orders from beazylie coupling constants can be
made, only if one can be sure that the other parameters
that determine J” y more particularly _tho AE values, are
compurablo‘. These factors have clearly conspired to
make any deduction from measurements on the tetrachloro-

toluenes ’nposslblo.

In spite of the limitatlons of the method,
it 1s still of considerable value, since convenient and
reliable methods avallable for the determination of re-
lative magnitudes of +-bond orders, other than X-ray
erystallographic analysis, are very limited. A technigue
that has been employed by Hunsberger M.m’lg estimates

"rho Q's are also affected by changes in v-electron
distribution, Thei"ggvo been shown to be a function of

Teglectron density .
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wond orders from the lowering of carbonyl stretching
frequency that results from hydrogea boading with OH
groups when these groups (C=0 and 0-i) are coanected
through the bonds of interest. The method uses a
standard curve which describes the variation of the
hydrogea bonded carbonyl frequeancy in a set of compounds
for which bond orders are known. Practical applications
of this relationship are, however, often atteaded by
serious difficulties and uncertainties since they are
complicated by storicao and other factors which are
difficult to estimate precisely. The PMR absorption of
the chelated hydroxyl of the same system has also been
used in ; similar way with considerable succeaszl.
Jonathan gt al.>2 have shown that the vi.:cinal {;ouplinz
constant in aromatic systems is linearl; related to

the mobile bond order. ™t vicinal coupling proceeds
:npst].y through o bonds, the recoatribution being very
small.. The margin of uncertainty for the large componeat
is so high when compared to the magnitude of the smaller
part, that it is difficult to use viecinal coupling
constants for comparison of bond ordcrsza whose relative

magnitudes are guite uncertaia.

As pointed out at the outset, benzylic coupling

eonstants can be of considerable importance in the study-' of
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Teglectron distribution in aromatic compounds. It

has been shom‘xa4 recently from the methyl bandwidth

data {or toluic esters that the relative bond order
magnitudes in these are about the same as in benzoie
acid itself. This indicates that the methyl group

may be used as a sensing element to measure qualitatively
the relative bond orders even when the coupling cannot be
measured explicitly provided that the effects of the
interaction of the methyl group with the other substi-

tuents can be igaored.

In the preseat investigation it is intended to
study donor-acceptor interaction between substituent
groups in aromatic compouncis using the techaigue mentioned
above 1.e. using methyl group as a sensing element. The
systems chosen for this study are nitrobenzenes with
donor substituents in the pe-position. The methyl group
is Mtrom;ced into this system either grtho to the donor
group or Qrtho to the acceptor nitro group. If a methyl
group is introduced grtho to the donor group in systems
like p-nitroaniline and i1f the methyl group is assumed
to function merely as a sensing element, then the methyl
bandwidth would be expected to be determined predominantly
by the coupling to the grtho-proton i.e. by p-value



(bond order) for the C,-Cq bond as in the case of

X
¢ _CHx
>

6 2
1

NOz

1
p-substituted toluenes in which the methyl group is

coupled more strongly to the ortho protons than to the
meta or parg protons. Thus in 4-substituted S-methyl
nitrobenzenes, the coupling of the aromatic methyl to
the Cz-proﬁon should contribute most to the bandwidth of
the methyl group and this may be expected to vary with
the extent of conjugation of the 4-subet1e?ent (ﬁ) with
the §0, group across the aromatic ring. Qith inereasing

mesomeriec donor streangth of 'X' the coatribution of

193

structure VI to the resonance of the system (IVeVeVI ete)

®
X x> x®
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should increase and this in turn result in an increase
in methyl bandwidth. It was with this expectation that
the present study on the series mentioned was undertaken.
The substituents chosen were amino, methoxyl, hydroxyl,

fluoro, chloro, bromo and iodo.
RESJLTS AND DISCUSSION

The methyl bandwidth data for 4-substituted
Semethyl nitrobenzenes are preseated in Table 1. The
bandwidths change with substituent in the order OMe > N'dz
"> F > 0H >Cl > Br > I, The methoxyl derivative should
normally be expected to have a smaller bandwidth than the
amino. Tt;e apparent inversion that i1s obtained may be
understood on the basis of steric hindrance of the conju-
gation of the nitrogen lone pair with tho; aromatie ring
and the nitro group by the grtho methyl group (as indicated

in. VII). 'O\*/O'

In the case of the methoxyl derivative, the methoxyl methyl
can orient itself to the less hindered side (VIII) so that
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it may be free from steric interaction with the grtho

NO;
CHy
o
HaC v

methyl group and can interact mesomerically with the para
substituent. The lower band width of the hydroxyl deri-
vative, as compared to that of the methoxyl may be attri-
buted to be an effect of intermolecular hydrogen bonding.
‘When the hydroxyls are involved in hydrogen bonding between
themselves the lone pair electrons on oxygen are less
available for delocalization into the benzeae ring. The
halogen derivatives fall in the expected électroriproloasing
order namely F > C1 > Br > I. The oxpoct;tion bend width
data would reflect the variation of the streagth of
donor-aceceptor interaction is thus realized.

Having established that it is possible to study
donor-acceptor interaction in aromatic ring systems through
methyl group as sensing element, it looked interesting to
see vhether there will be any advantage by shifting the
methyl group from the position grtho to the donor group
to the position grtho to the nitro group. A parallel set

of derivatives with the same donor-substitueats (amino,
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methoxy, fluoro, chloro, bromo and iodo) have been
prepared with methyl group in the alternative position.
The methyl band width data are collected in Table 2.

Tt can be seen that the general trend of variation 1s
consistent with that of the previous system even though
the total variation is rather small indicating that the
system 1s not very seasitive for this type of study.
This lack of seasitivity may be understood on the basis
of two major factors. Firstly, the nitro group under
the influeace of steric interaction by the methyl group
may be rotated through an appreciable angle away from
the plane of the beanzene ring. This would make the
nitro gr&up to be less conjugated with the donor group
across the ring as compared to the previpus sy st em.
3econdly, the methyl group itself being "a donor group
through hyperconjugation may interact with the adjacent
(grtho) nitro group. These two factors decrease the
interaction of the nitro group with the p-substituent
and make the methyl band width relatively less sensitive
to variations of donor strength in the p-substituent.
It is, however, gratifying to note that there are indl-
cations of the same trend as in the previous case even
though the total range of variation is small. The
band widths follow the electron-releasing order for the
amino, methoxyl, fluordsa and chloro derivatives. The
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change from chloro to lodo through bromo does not
produce any measurable decrease in the band widths
apparently because of the small differences in doaor

strength.

3ince two factors have been mentioned in
explanation of the unsuitability of degubstituted 2-methyl-
aitrobenzenes for studying donore-acceptor interaction
by the methyl sensing tecanique, it would be of interest
to econsider the behaviour of some 4-substituted 2-methyl-

4'-nitroeazobenzenes (Ix) which have also been examined.

Me N'—-<<:::>}—'NC)
/ 2

X N

X
In the latter system, unlike in the former, steric inter-
action between the methyl group and the adjoining group
(azo in the latter case) would not be a major factor.
From the point of view of acceptor strength, this system
should be excellent because the group involved is
p-nitropheaylazo. The data in Table 3 show that the methyl
band width is not altered when substituent is changed
from methoxvl to hydroxyl or iodo. The conclusion
apparently 1s that methyl is an interacting group in this
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system, not a mere sensing elemeat which probes

the resultant distribution of electrons arising

from the interaction of the p-nitrophenyl azo group
with the 4-substituent exclusively. The behaviour

of the methyl group is consisteant with the coaclusions

of the earlier studies in this thesis.

It is of interest to look at the aromatic
proton chemical shifts in all the three series of com~
pounds since they have become available in the band-widths
study. It may be recalled that the rule of addiiivity
has been found to hold good not only for di-substituted
benzenes. but also for tri-subatitutadz4 benzenes as well.
The chemical shift data for the first series of this
study namely 4-substituted-3-methylnitrabenzenes, are
presented in Table 4. One would normally expect the
chemical shifts of Cy- and Cg-protons to be nearly the
same because methyl substituent effects at grtho and metg
positions in a benzene ring are roughly the same. It
is apparent that the chemical shifts of C,~- and Cg-protons
are different and in the halogea series the deviations
from the additivity rule decrease in the order I > Br >
Cl > F. However, the data in Table 5 for the second

series of compounds (4-substituted-2-methyl-nitrobenzenes)
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indicate that the Cg= and Cg=proton chemical shifts

are roughly the same as may be expected on the basis

of the additivity rule. In the last series namely

the substituted azobenzenes, the departures of the Cy-
and Cg=proton shifts from the additivity rule are small
(Table 6). The reason for the deviations from the
additivity rule in the case of first series of compounds
is not apparent and a detailed analysis would be required

in order to trace the origin.
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EXPERIMENTAL

All spectra were fecorded on a Varian A~G0
NMR spectrometer operating at 60 Miz. Solutions (10-20%)
were prepared in pure and dry carbon tetrachloride or
deuterochloroform for recording the spectra. Tetramethyl-
silane was used as a standard in all band width measure-
ments 1.e. comparison of band widths were made at identical
spectrometer conditions, which gave the same band width
for TM3 reference signal. Calibration of the chart was
made by using TMS in deuterated chloroform (436 Hz).

. All methyl signals wefe recorded at 100 Hz sweep
width at 500 seconds sweep time, so that '.the sweep rates
were 0.2 Hz/sec, The band widths roport;d are averages
obtained from minimum five independent scanaings of the
methyl signal in each case. rf and filter baand widths
were adjusted 30 as to obtain optimum conditions i.e.

best resolution and sufficiently low noise level.

4-Nitrog-tolu1d1no (a-uino—S-nltrotolumo)zs

g-Toluidine was converted into its acetyl deri-
vative by digesting with a mixture of equal volumes of
acetic anhydride and acetic acid. The product was isolated
by pouring onto crushed ice and separating the solid mat‘&idl.
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The dried, finely powdered g-acetaminotoluene
(22.25 g) was added to the nitration mixture (HiNO, 30.6 ml,
d. 1.82; H,80, 32.4 ml) maintained at 50°C. The addition
was made 0.2 g at a time over a period of one hour, the
contents of the flask being rapidly stirred mechanically.
The substance was exposed to the mixture for another
2 hours at 50°C. The nitration product was precipitated
by pouring the reaction mixture into an ice-brine mixture
(2 1itres) with vigorous stirring. The precipitated nitro
derivatives were filtered very rapidly using a large area
- Muchner fuanel and rapidly washed free from acid with
ice-cold water. After rough drying over porous tiles,
the mater1;1 was spread thinly on clock glasses and
exposed 1n vacuo to P,0g for 7 days.

The dried, finely powdered mixture of acetyl
derivative was dissolved in cone. Hy30, with mechanical
stirring. An equal volume of water was slowly added and
the solution heated on the waterbath for 4 hours to ensure
complete hydrolysis. On cooling to 0°C and diluting with
an equal volume of 1lce=cold water, the greater proportion
of the free bases was precipitated. After filtrétion,
the filtrate was made alkaline at 0°C with agueous
ammonia, when a further small quantity of free base was

collected by ether extraction. 3eparation of the reqguired
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compound from their isomers was accomplished by
fraetional crystallization from carbon tetrachloride.
4-litro-g-toluidine thus obtained was recrystallized
from aleohol, m.p. 129°C.

2=Chlor - -1 -F
-Meth -5
The amino group of 2eamino-Senitrotoluene was
replaced by C1, Br, I, Fy, OH and OMe by Sandmeyer's
reaction as described in Chapter II, All the derivatives
were found to be pure from their NMR speetra and the
“physieal properties reported in literature.

2=iitro=S-gminotoluene
m~Toluidine was converted into its '_acetyl deri-
vative just as described under Qrtoluidiné.

The finely powdered dry acetyl derivative (25 g)
was added to glacial acetic acid (25 ml) contained in a
3-necked round bottomed flask fitted with & mechanical
stirrer and a separatory funnel. Conc. 52304 (50 ml,
92 g) were introduced into the well stirred mixture. The
flask was surrounded with a freezing mixture of 1¢e and
salt. A cold mixture of conc. HiOg (15.5 g, 11 ml) and
conec. Hy30, (12.5 g, 7 ml) was added gradually from the
dropping funnel while the temperature was maintained
below 10°C. After all the acid had been added, the flask
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vas removed from the freezing mixture and allowed
to stand at room temperature for 1 hour. The reaction
mixture was poured onto crushed ice (250 g) whereby
the erude nitro derivative was at once precipitated.
After allowing to stand for 15 minutes the precipitate
was filtered under suction on a Buchner funnel, washed
thoroughly with cold water until free from acids and
drained well. The pale yellow produet was dried well.
The mixture of nitro-acetamino derivatives was hydrolyzed
to the amines using 70% H3304. The mixture of isomers
- of free bases were separated by steam-distillation, until
the required compound in the flask was free from other
ccntaminatlng isomers which are steamevolatile. The
free base was recrystallized from aleohols It was found
to be quite pure from its m.p. (124°C) &na MR spectrum.
5-Ct S - - - : -
2=aitro-toluene

The amino group of 2enitro=-S5eaminotoluene was
replaced by C1, Br, I, F, O and OMe by Sandmeyer's
reaction deseribed in the previous Chapter. The derivatives
were found to be gquite pure from their NMR spectra and
physical properties as reported in literature. |
c " 26

m-Toluidine hydrochloride 3.45 g (0.025 mole) in
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water (30 ml) was added slowly to a sodium acetate~
acetic acid solution (3,34 NaOAc, 0.33N¥ HOAec; 25 ml)
with stirring at 0°C (external ice-cooling).

R-¥itroaniline hydrochloride (4.36 g, 0.025 mole)
dissolved in water (20 ml) and conc, HCl (1.369 g or
3.318 ml, d, 1.18) was diazotized in the usual way with
sodium nitrite (1.725 g) in water (10 ml). The diazonium
solution w thus obtained was added dropwise during 0.5 hour
to the stirred ice-cold solution (or suspension) of
m-toluidine and stirring continued overnight at 0-2°C.
t2:1 3odium hydroxide solution was added to the suspension
until it was alkaline to clayton-yellow (Titan yellow).
The azo compound was filtered off, washed thoroughly with
water and vacuum dried. The recrystallized product from
alcohol was found to be a mixture of ortho- and para-
coupled compounds, the former being the main isomer,

A number of solvents were tried to separate the
components of the mixture by fractional cfystallization;
but all the attempts failed. Finally the separation of
the isomers was achieved by column chromatography using
silica gel as the adsorbant and benzene as the 61uent,
the ratio between the compound and the adsorbant being
1:300. The compound was slightly soluble in benzene in
cold. Hence, a mixture of silica gel and compound in dry
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ether was prepared (or the compound was adsorbed on
silica gel) and the solid was dried in vacuum after
removing the ether carefully. This was spread on the
top of the column after it was packed with the required
amount of silica gel. The compound was separated from
the mixture by eluting with benzene. The more strongly
adsorbed compound was found to be the required one and
the less strongly adsorbed was shown (as expected) to
be the hydrogen bonded grtho- coupled product. The
compound was further purified by recrystallization from

benzene, M.p. 153°C.

2-Methyl-4-hydroxy-4' -nitroazobeazene”
R-Vitroaniline (12.8 g) was dissolved in hot

water‘(150 ml) containing cone. HCl (55ml). The solution
was poured over ice (375 g) and when the temperature had
fallen below 10°C, sodium nitrite (7.2 g) in 15 ml of water
was added slowly with stirring. After fifteen minutes

the remaining ice and a small amount of flocculent yellow
solid were filtered off rapidly, and the filtrate was
added slowly and with stirring to a cooled (ice-salt)
solution of g-cresol (10 g) in 250 ml of watef containing
sodium hydroxide (22.5 g). The dark brown pasty mass

of the sodium salt of the coupling product was allowed to
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stand overaight at room temperature after which

it was acidified with hydrochloric acid. The orange

solid was filtered off, washed thoroughly with water and
dried at 100°C for six hours. The yield of crude product
appeared quantitative (24.5 g). The product was dis-
golved in boiling aleohol (200 ml,) and the hot solution
was filtered. The filtrate when cooled and diluted with
water deposited an orange fibrous mass of the azo compound
which sintered at 157°C and melted at 162-163°C with
decomposition, The product when chromatographed on silica
‘gel as described above gave a deep reddish orange zone.
The middle 2/3 of this zone was collected by elution,
After remov'al of solvent the product was further purified
by recrystallization from benzene in deep fed nee&los
which melted at 162-164°C, :

2-Methyl «4emethoxy~4" t ob

The pure chromatographed sample of 2-Me~4«(0d)e~
4'=N0, azobenzene was converted into its methyl ether by
the usual method described earlier using dimethyl sulphate,
potassium carbonate in dry acetone. The product obtained
melted at 138°C after recrystallization from benzene-pet.

ether mixture.

4-Iodo=g-methyl=4'-nitro azobeazene
4eAmind=2emethyl=4'-nitro azobenzene was diazotized
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as usual and the clear diazonium salt was treated with
potassium iodide solution. The iodo derivative was
separated and recrystallized from benzene~pet. ether
mixture. The yleld was very poor apparently because

of very slow dlazotization and accompanying difficulties.
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PROTON CHEMICAL SHIFTS IN BFo-ADIUCTS
OF SOME p-3UBSTITUTED BENZALDEAYDES

In connection with the separation of the
inductive and mesomeric effects of substituent groups
in benzene ring, it was considered that measurements of
barriers to internal rotation would give valuable informa~-
tion, It appeared that oxy=carbonium salts that can con~-
celvably be obtained from a series of parg-substituted
benzaldehydes would furnish a suitable system, for which
"the temperature range for experimental measurements would
be more convenient and more easily accessible than in the
case of aldehydes themselves. By disaolut;on of these
aldehydes in reagents like conc. H2804 we gan, of ‘course,
obtain the corresponding hydroxy carbonium ions. But
these could not be expected to permit the observation of
molecular properties unhampered by interactions with the
solvent. The relevant literature on the subject is briefly
reviewed below.

The barriers to rotation in benzaldehyde and its
p-nethoxy and p-N,Vedimethylamino derivatives {u?pc estimated
from the temperature dependence of theilr NMR spectra by
anet and Ahmad'. The method depends on the non-equival ence
that develops between the two protons grtho to the a].dchyd\i
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group when its rotation with respect to the pheanyl

group is slowed down, and it can in principle be used

for the estimation of the relative strengths of electron
donor groups in the para position. However, the estimated
differences between the barriers for p-methoxy and
pei,Nedimethyl-amino derivatives on the one hand and
parent aldehyde on the other are oaly 1.3 and 2.8 X cals,
respectively. Similarly the barriers to rotation in some
2,4,6-tri-t-butyl benzophenones reported receatly by
Lauer and Stuba do not show much varlation with changes
in sabstitution at the 4'-position., The values measured
for the 3',5'~dimethyl, 2',4',6'strimethyl and 3',4',5'-
trimethoxy duﬁativcs are 17.2, 17.3 and 18.5 X cals
respectivelys The change from -H to -OMe at the 4'-position
results in a change of the barrier by 1.3 !(call only. The
system is thus unsuitable for measurements of small, btut
important, differences in donor strength, e.g. between
the methyl and te-butyl group. In the oxy-phenyl carbonium
salts the barriers to rotation may be expected to be
larger. Wwhile the conjugation in the cation is isovaleat,
that of the neutral aldehyde is only sacrificial. The
w=bond order for the C ~C; bond would therefore be larger
in the former species than it is in the latter.

The literature on oxy=-carbonium ions has been
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reviewed rocmtlya’4. Several stable dialkoxy=- and
trialkoxy carbonium salts were prepared by Momoins a
decade ago. The NMR spectra of a mumber of these have
been studiods. Although Meerwein mentioned the formation
of mono-oxy-phenyl carbonium salts, experimental details
have not been deseribed and the salts do not seem to

have been 1solated. o=Acetoxy-1isopropyl cation7 has been
observed as one of the specles present in a solution of
isopropenyl acetate in sulphuric acid. A number of NMR
spectroscopic studies of mono-oxy carbonium 1.:':x.u8 have
‘appeared more recently. Although the basicities of
aromatic aldehydes were earlier regardodg to be too low
to permit isolation of oxye-carbonium salts derived from
them sueh salts have been obtainodm. Very rccanily the
behaviour of pe-substituted benzaldehydes and bensyl!..dmo
diacetates in pure acetic anhydride in presence of per-
chloric acid has been investigated and «=acetoxy phenyl
carbonium salts have been isolated from these solutionalo-
The appareat order of donor strength of the p-substituent
as indicated by the «=proton absorption positions is

Me > F > I > Br > Cl which i3 practically the same as the
Hammett order Me > F > T > C1 > Br except for thd inversion
with regard to bromine and chlorine which has been considered
a3 not serious in view of the very small differences in

donor strength,
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In the study of «eacetoxy-p-substituted benzyl
perchlorates just referred to, the t-mutyl derivative has
not been covered. In the background of our interest in
the comparison of the properties of methyl and te-butyl
derivatives, attempts were made to obtain «-acetoxy-p-
t-hutylbenzyl perchlorate. All these attempts proved
futile for reasons which are not clear yet. Hence it
was deecided to try a variation of the earlier procedure
and see whether the acetyl cation, that would be liberated
in solution from the reaction of acetyl chloride with
anhydrous silver fluoborate, can be transferred directly
on to the carbonyl oxygen of the pesubstituted aldehyde
(eeBe n-tolﬁalddlydo) to get the corresponding carbonium
fluoborate. The reagents were mixed in molecular propor-
tions using ethylene dichloride as solvent ‘and specles
in solution studied by NMR spectroscopy. A number of experi-
ments of this type seemed to indicate that the species
obtained is something other than the expected X~-acetoxy
carbonium fluoborate. Although the aromatic proton shifts
and «-proton shifts for the species were comparable to
that of «~acetoxy p-xylyl perchlorate there was no indication
of lone acetyl group (i.e. more than one acetyl signal was
obtained in most experiments). The absorptions of aromatic
protons at the 2,6 and 3,5 positions did indicate that
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the conversion of the aldehyde into an oxy=carbonium

salt. It appeared likely that the acetyl cation produced
in solution instead of being transferred on to the carbonyl
oxygen might be pulling fluoriane from the BF4 to give
acetyl fluoride and free BFg. The BFa that is liberated
might co-ordinate with the carboayl group of the aldehyde
to give an adduct. The correctness of the surmise was
demonstrated by a spectrum of the 1‘!{"3 adduct prepared sepa~
rately.

In view of the comparable shifts obtained for ring
protons and Ce< protons in the BFg~adduct of p-tolualdehyde
and «~acetoxy p=-xylyl perchlorate it was thought that the
BFg-adduets of various p-substituted aldenydes themselves
might be a set of compounds that may be employed in place
of the acetoxy carbonium salts for the purpose we had in
mind. The adducts have the advantage that they are very
readily obtained and their spectra do not seem to have been
studied e#ruer. The following study of these adducts was,

therefore, undertaken.

RESULTS AND DISCUSSION
_ The BFg-adducts of pe-methoxy, fluoro, chloro, bromo,
iodo, methyl and t-lutyl benzaldehydes were prcpérod by
adding excess BFg-etherate to the aldehyde and removing

cautiously the excess BF3°¢therate under reduced pressure

0



(12 mm). Molecular weight determination by the
Mechrolab Tnc. model 301A Vapour Pressure Osmometer
showed that these were l:1 adducts. The MR spectra

(80 MHz) of the colourless solids were recorded both

in dry BFg-etherate and ethylene dichloride. The
spectral data‘ for the adducts and the aldehydes are
given in Tables 1,2 and 3. The absorptions of the
«eprotons of these adducts are in the region 565.5 -
587.0 Hz and those of the ring protons show an AgB,
pattern typical of the p-phenylene group. The latter
appear at positions quite different from those of the
corresponding aldenydes. In the case of p~bromobenzalde-
hyde the ring protons come almost together in one group
whereas in the adduct the ring protons shov;a clear AyB,
absorption pattern with a 10 Hz shift bctvo;n the Ay and
3, pairs. In the aldehyde the aldehydic proton absorbs
at 601.5 Hz whereas in the BFg-adduct it moves upfield
by a considerable amount (15,5 Hz). This behaviour is
also consistent with the assumption of delocalization of
charge on «=carbon atom into the benzene ring and g-substi-

tuent. The lower field part of the AyB, pattern is

‘All chemical shifts are expressed as Hz downfield
from TM3 (internal standard).
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apparently produced by the protons in the 2- and
Sepositions which are electron deficient., 1In all the
cases, the lower half of the p-phenylene “z“z type of
absorption 1s assigned to the 2~ and 6-protons and the
correctness of this assignment is further substantiated

by the spectra of other derivatives (e.g. OMe, F, Me etc.).
No cofrelation is seen between the observed 33(5) or H2(6)
chemical shifts and any of the reactivity parameters
namely “p? “m and 3. However, the variations in the
«=proton absorption positions indicate that they are

" determined by the nature of the p~substituent, the absorption
being at ghe highest field in the methoxyl derivative.
Flectron-donor substituents seem to shift the «-proton
signal upfield. This is appareatly due to the reduction
in positive charge at the «-carbon atom ;i a result of
electron release from the substituent. This feature cannot
be explained on the basls of a w-complex or Cel o =complex
structure for these derivatives. The apparent order of
donor strength indicated by the «=proton signals is OMe >
Me > t-Ba = F > I = Bp > Cl, which resembles the Hammett
order (OMe > t-Bu > Me > F > I > C1 > Br). Since the
difference in o— values for Cl and Br is very small, the
inversion of the order with regard to bromine and chlorine
derivatives need not be regarded as a serious discrepancy.

A

A contritution from the polarizability factor can oasily;
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account for the obtained order. However, the inverted
order for methyl and t-butyl derivatives cannot be
ignored and it is consistent with other results reported
in this thesis. The polarizability factor should be
mich larger for the t-butyl groupe. It is inspite of this
that methyl is found to be a stronger donor than the
t-butyl group. Since the inductive effect is also larger
for the t-butyl group, the observed order of donor
strengths for the methyl and tebutyl groups cannot be
understood unless the importance of hyperconjugation is
conceded. Cei hyperconjugation is apparently more important
than the C<C hypercon jugat ion.

As mentioned earlier, no systematic var:latio:! is
detectable in the Cyy Cg and Cyy Cg=proton d?ifts. It
would be of interest to see 1f these absorptions follow
the additivity ruloll’lz. The corrected chemical shifts
obtained by subtracting the effects of the C4-substituents
are shown along side the experimental shifts in Table 3.
The grtho and meta substitueant constants (3, and §,) obtained
by Smithla have been used to get the 'corrected' shifts
for both groups of protons. The difference betweea the
'corrected' shifts and the chemical shift of benzene
protons should represent the substituent constants of

+ _H
the -C<o . B8roup if the rule of additivity holds.

3
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The 'corrected' shiftsg are not coanstant for the species
studied. An attempt has been made to see whether the
deviations from additivity rule follow any regular treand.

Ho such trend 1s obvious.

The NMR spectra of the adducts of the Me and t-Bu
derivatives have been studied below room temperature going
dowa to -40°C. This is not adequate to cause any splitting
of the Cy- and Cg-proton signals. 3ince arrangements for
working at lower temperatures are yet to be made, further
experiments have been postponed. |
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EXPERIMENTA AL

Beagzaldehvde

Commereial benzaldehyde was distilled uander
reduced pressure, after removing the acid present by
treating with a solution of godium bicarbonate, and the
fraction boiling at 49%/1.5 mm was collected.

2-Tolualdehvde
Commercial p~tolualdehyde (Fluka AG grade) was

taken in ether and vigorously shaken up with saturated
sodium bisulfite solution and the solid formed was
filtered off., The filtrate was again shaken with bisulfite
solution and the solid obtained was mixed with the main
bulk. This bisulfite addition product was washed with
ether and dried. The dry solid was decomposed with dil.
Hy504 and the free aldehyde isolated. This was further
purified by distillation,

p-t-butylbenzaldehyde

Because of side reactions involved in the synthesis
of this material from p-t-butylbromobenzene and ethyl
orthoformate, it was decided to obtain it by the Etard's
reaction.

A solution 150 g of chromium (VI) oxide (C.P.) in
100 ml of water was placed in a 1500 ml Se-necked flask



fitted with a mechanical stirrer, a dropping funnel,

a thermometer and a tube to carry away the vapors of
chromyl chloride and hydrogen chloride. 330 ml of conc.
C1 was added and the solution cooled to 0°C by an ice-salt
mixture. While the solution being stirred, 450 ml of coac.
W2304 was added drop by drop from the dropping funnel.

Ice was added to the cooling-bath as needed, and the
temperature maintained such that it did not rise above

15 to 20°C. when all the H,30, was added, the reaction
mixture was transferred to a separatory funnel and the

. lower layer of chromyl chloriddla
glass-stoppered contalaer. Yield 189 g (81f). The dark-

red product was distilled through an 18 inch Vigreux columa

was drawn off into a

using caleium chloride guard tube. The fraction boiling
between 115 and 116°C at 735 mm amounted to 65§ of the

crude product.

Toluene (50 g, 0.543 mole) dried over ea_lciuﬁ
hydride was placed in a dry one litre-flask fitted with
thermometer and t-butyl chloride (50 g, 0.540 mole) was
added. To this mixture was added 0.20 g (0.0019 mole) of
sublimed anhydrous ferric chloride in one portion and a
reflux condenser was attached. Vigorous gas evolution
occurred immediately, the temperature rose from 25°C to
28°C 1n 10 seconds and then dropped to 18°C after one mimute
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at which time the reaction was almost complete. Three
mimutes after the addition of the catalyst, 200 ml of

water was added and the mixture shakea. The product
(p~t-matyl tolncno)“ vas steam~distilled, separated from
the distillate and dried over anhydrous potassium carbonate.
It was then fractionated using a long column and the fraction
distilling over at 192-193°C/760 mz was found to be free

from the other isomers.

A solution of pet-butyl toluene (20 g, 0.135 mole)
in carbon disulphide (150 ml) was added over &0 minutes period
f.o a stirred solution of chromyl chloride (42 g, 0.27 mole)
in the same solvent (100 ml). The whole system was protected
from moisture using a PgOg guard tube. After keeping the
mixture for 48 hours at room temperature, the dark coloured
erystalline intermediate was collected and washed with carbon
diqlphido and drio%aitnervam for 15 minutes. Th§ complex
was decomposed with/(1 litre) and the agueous mixture was
extracted with ether immediately so as to avoid the contact
of the aldehyde for a long time with chromic acid and chromic
chloride which are formed in the hydrolysis. The ether
extract was first washed with NalCOg solution and subsequently
with water. After drying the extract over anhydrous sodium
sulfate, the solvent was removed and the residue distilled
under reduced pressure, Pure p-t-btutylbenzaldehyde distil'l\'iod



over at 126°C/2.5 « 3 mm.
R=Anisaldenvde

Commercial p-anisaldehyde was used after distilling
without any further purification and the compound distilled
at 111-112°C/4 mm,
2-lalobenzaldehvdes

All the p-halobenzaldehydes were prepared from the
corresponding halotoluenes by chromic anhydride oxidation,
in acetic anhydride~acetic acid solution and hydrolysing the
benzylidene diacetate to the aldehyde. The halotoluenes
were prepared from p-toluidine by Sandmeyer's reaction.

2-Chlorobenzaldehyde was obtained in a yield of
867 which melted at 45-46°C. p-Fluorobenzalderyde was
obtained as a eolourless liquid boiling at 57°C/2 mm in a
yield of 28-29%. p-Bromobenzaldehyde was obtained in a yield
of 36f as a fine crystalline solid which melted at '55°C,
while the p-iodobenzalderyde was obtained as needle shaped
erystals melting at 75-76°C in a yield of 22%.
Preparation of the HFo-adducts

The aldehyde was mixed with excess BF g ~etherate and
the excess Hfg-ethorate was removed under reduced pressure
(12 mm) cautiously. The solid obtained was erystalline and’
almost colourless in all the cases. These solids are moisture
sensitive and decompose to the corresponding aldehyde.
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Molecular weights of these adducts were determined
in ethylene dichloride solution using the HMechrolab Inc.,
model 301A Vapour Pressure Osmometer and it was found that
these were l:1 adducts. For instaance, a molecular weight
of 177.78 was found for the adduct of p-tolualdehyde as
against the expected value of 187.8. Considering the
sensitivity of the adduct to moisture, the agreemeat that is
obtained may be considered fair.
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SUMMARY

The development of the concepts of conjugation
and hypereonjugation and the evidence in favour of the latter
have been briefly reviewed. The alternative explanations
that have been offered in place of hyperconjugation have also
been considered. The ambiguity in this regard, which was
first highlighted by Dewar about a decade ago, has remained
unresolved. The studies reported in this thesis have been
made in an attempt to resolve this ambiguity.

In an effort to find a new and sufficiently sensitive
nuclear magnetic resonance method for the study of hyper-
conjuzati&n a aew series of benzene derivatives has been
studied. Quantitative studies of substitueat effects in
henzene derivatives by muclear magnetic r;aomnco have so far
used mostly fluorine caemical shifts although other spectral
parameters have also been investigated. The gquestion of

1 QP\

hyperconjugation has not been studied with the aid of
shifts. Moreover, the validity of the interpretation of

191-‘ shiftg, advanced by Taft and co-workers has been
questioned recently. Aromatic proton chemical shifts in
monosubstituted benzenes are much less sensitive to sub-
stituent effects than - F shifts. The study of disubstituted
benzenes is of little help for detection of conjugation

between substitueant groups across the aromatic ring because
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chemical shifts in these obey the additivity rule. It

has been pointed out receantly that the difficulties in

the ugse of LH chemical shifts for study of resonance
interaction between substituents may be overcome by the
choice of sterically hindred systems of a special type.

As part of a programme for the systematic investigation

of this technigue, the #MR spectra of a series of 4~-substi-
tuted phthalic esters involving a total of eleven deriva~
tives have been studied. The paramagnetic shifts that

are usually associated with the grtho protons of aromatic
carbomethoxy derivatives are not seen in dimethylphthalate
in wvhich the substituent groups are rotated from the plane
of the aromatic ring. The upfield shift is ascribed partly
to the reduction of conjugative interaction and partly to
the changes in the anisotropic contribution to the shielding
accompanying the rotation of the acceptor groups from the
preferred conformation coplanar with the aromatic ring. It
has been suggested that in this system if a donor group

is put papg to one of the acceptor groups, the acceptor
group would tead to interact mesomerically with the donor
and come closer to the aromatiec plane. This conformational
change should be reflected in a downfield shift of the
absorption of the grtho protons (at Cg=position). This
expectation is shown to be correct by the results obtained.
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The rotation of the C;=CO0Me group would normally be
expected to affect the conformatlon of the second acceptor
group (CZ—COOHQ) and push it more out of the plane of the
benzene ring due to the inhereat nature of the system. This
expectation has also been realized in the upfield shift of
the C,-proton grtho to the CZ’COOHO group. In order to
estimate these downfield and upfield shifts allowance has
been made for the effect of substitueant and a set of
'corrected! shifts have been obtained. If the conformations
of the carboxyls remain unaltered on substitution, the
additivity rule may be expected to hold for these derivatives,
and the 'corrected’ shifts (for the Cg- and Cg=protons)
should be expected to be equal to the Ca(or Cg) proton shift
for the pareat compound, i.e. dimethylphthalate. The
deviations of these 'corrected' chemical shifts from the
corresponding value for the parent phthalic ester have been
found -to be a measure of resonance interaction between
donor and acceptor groups para to each other. These
deviations have been shown to be correlated well with Taft's
°-; Parameters of the substitueats. It has also beea shown
that the interaction between the COOMe and methyl group is
predominantly of the “"hyperconjugative®™ type and not of the
“inducto-mesomeric® type. The paramagnetic shift that has
been found for the Cg-proton is larger in the methyl derivative
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than in the t-butyl derivative showing that the methyl

group is a stroager donor than t-butyl in this system. If

the "inducto-mesomeric®” interaction were more important than
direct mesomeric interaction, the order of the relative shifts
would have been reversed (i.e. the paramagnetic shift usooiatod'
with the Cg-proton in the teutyl derivative would have been
mich larger than the correspoading shift ia the methyl analogue).
The larger diamagaetic shift assoclated with Cy-proton in the
t-butyl derivative as compared to the methyl derivative has

been explained by invoking steric interaction between the

- t-butyl group and the Cg=proton which is commnicated to the
Cz-COOMe group and made manifest by the buttressing action

of the Cy-COOMe. It is shown that this steric interactlon
cannot vitiate the conclusion regarding the relafive donor
strengths of the methyl and t-tutyl group‘. It has been
concluded that the mesomeriec interactions can be studied in
isolation in this system {unhampered by admixture with

inductivi effect) and that C-f hyperconjugation 1is stronger

than C-C hyperconjugation,

With a view to demonstrate the effect of steric inter-
action which has been invoked in order to explain the apparent
deviation of the Cg-protoa shift in dimethyl 4-t-butylphthalate,
a number of pesubstituted anilinium and pheayltrimethylammonium
salts have been examined. In order to ascertain the effect of



steric interaction it was proposed to determine the normal
¥R substituent constants of the ?‘Ha and §n.3 groups and
apply these to the gpectra of the corresponding phthalie
esters. However, this attempt was not successful since the
required substituent constants could not be pinned down

with sufficient precision., In the ionic derivatives iavolved
the solvation characteristics themselves changeg with sub-
stitution and they also have appareatly a significant effect
on chemical shifts and it does not seem possible to define
substituent constants that are useful.

In the background of the results obtained from NMR
studies a pargllel study of IR vibrational band intensities
has been undertaken. The band chosen for this purpose was
that of ring mode ( Vma and vlsb)’ The compounds studied
are p-substituted benzoic esters (with substituents OMe, F,
€1, Br, I, Me, t-%u and NO,) and 4-substituted phthalic esters
(with substituents OMe, ¥, 1, Br, I, Me and t-ma). The
maximum intensity in the series was obtained for the OMe
derivative and has been understood on the basis of its strong
electron-donating action whereas the variations of the
intensities among the halogen family have been rationalized
by eonsidering both mesomerigm and the polarizability factor.
The fall of inteasity in the transition from F to Cl has been

understood as arising from a decrease in mesomeric effect.
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However, the inteasity change for the transition from
chlorine to iodine through bromine has been rationalized

on the basis of the polarizability effect whieh 1s naturally
expected to play a more importaant role ia the heavier sub-
stituents, The relative intensities of methyl derivatives
have been found to be more than that of the t-butyl deri-
vatives in both the series indicating that methyl group is a
stronger donor than tebutyl group. The same conclusion has
been reached from a study of the intensities of N0y symmetric
stretching and C=N stretching bands in p-Me nnd’?t-hutyl sub~
stituted nitrobenzenes and benzonitriles respectively.

The technigue of using methyl group as a sensing
element has been extended to study donoreacceptor interaction
across benzene ring. It is to be noted that the changes in
veglectron distribution in donor-acceptor sygtems can be
followed only to the extent they are reflected in the mobile
boad orders. The systems chosen for this purpose were nitro-
benzenes with donor-substituents in the para position. The
methyl group was introduced either grtho to the donor group
or grtho to the acceptor group. In 4-substituted 3-methyl
nitrobenzenes the expectation that PMR methyl band width data
would refleet the variation of the streangth of don@r—aceqtor_
interaction has been realized. In a parallel set of deriva~-
tives namely 4-substituted 2-methyl nitrobenzenes it has bdeen
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found that the general tread of variation of methyl

band width is consistent with that of the previous system
even though the total variation is rather small indicating
that the system is not very sensitive for this type of
study. The factors that are responsible for this lack of
sengitivity may be (a) steric interaction between methyl
and N0y groups in which case the N0y group being rotated
through an appreciable angle away from the plane of the
benzene ring would be less conjugated with the parg donor
group aeross the ring and (b) direct interaction of methyl
group with the adjaceat H0y, group. In order to eircumvent
the former difficulty some 4-substituted 2-methyle4'-nitro-
azobenzenes have been examined. Here again the methyl
band width data revealed that in these type of ”syst-a the
methyl group is an interacting group, nof a mere sensing
element. This may be regarded as evideance in favour of
hyperconjugation.

A mamber of BFg~adducts of p-substituted benzalde-
hydes have been prepared and their NMR spectra discussed.
The variations in the «=proton absorption positions have
indicated that the apparent order of donore-strength re-
senbles Hammett order except for the inversion of the order
with regard to bromine and chlorine. The observed order
with regard to methyl and t-butyl derivatives cannot be
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understood unless the importance of hyperconjugation is
conceded. This again reinforces the notion that CeH
hypefconjugation is important and stronger than C-C hyper~

conjugation,

All the studies on conjugative interaction between
donor and acceptor groups made in this thesis have givea a
congistent answer to the problem of hyperconjugation,
Hypereconjugation appears to be important even in the ground

states of molecules.



