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Previous work on cyclodefoydratlon reactions leading to
the formation of an aromatic ring la reviewed ¢ further inves**
tlgations are reported on the cylodehjdration of anlla of
acctylacetone in aqueous sulphuric acid and perchloric acid to
give 2 %h”dmmethylgquinolines.

It has now been shown that in the range of media where
cyclisation occurs” the anils are probably completely
protonated and stable. Prom the relationship found between
rate coefficient and the acidity function Ho it la concluded
that cyclisation 1s an internal eleetxophilio substitution
reaction which proceeds through a diprotonated anil formed in
relatively small amount and not through the monoprotonated form
as previously assumed*

In more aqueous acids$ where the acid is not strong enough
to bring about cyclisationi hylrolysis of the anil to acetyl-
acetone and the aromatic amine occurs# A correlation has been
found between the rate coefficient of* hydrolysis, the acidity
function Bo and the activity of the water present”and a satis-
factory mechanism has been put forward to Interpret this result i

Tim rate0 of cyclisation of anils with both one and two
substituents in the bensene nucleus have been measured and the
results examined by means of the Hammett equation log k/k*«yo6*
The additivity of substituent effects which is observed in the
Kgt values of the parent aailjps is only found to be operative

in a limited number of the cyclisation reactions.



The 32-halogt?no anils are all found to eyelise faster than
the unsubstituted anil, i.e., a halogen atom is activating in
this electrophilic substitution of the bengsene ring. There is
a elefin-ite parallelism between these rates and the partial rate
factors for p-nitration and p“*halogenatlon of the eorrespondln”
halogonobensenes, Indicating that the sa”e eXectroalo effects
occur in all three reactions*

. The constants of the Arrhenius equation have been evaluated
for the cyolodehydration of aniline anil and p-toluidlne mil

]
K .
in different media and thd resulta”l&e discussed*
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In 1888 Combes studied the action of amines with acetyl-
acetone and showed that aniline reacted with this diketone

eliminating water to give Eas anil y6-AKIimOPROI$mrwmTarL

(O,

he then dissolved the anil in a small quantity of concentrated

Sulphuric acid, warmed the mixture on a water bath for a few
minutes and poured it into a large excess of cold water* On
saturating* with amaonium hydroxide, an oil separated which

he identified as 2%4-dlmethyl quinoline.

— m — . ’
2. Aromatic Oyclodehydratlon:

Reaction (1) consists of an intramolecular condensation
in the presence of an acid catalyst in which the new ring
formed is aromatic in character, This type of cyclisation
has been termed ™aromatic cyclodeiaydration and is almost
unique in its ability to form a new and fully aromatic ring
without resort to dehydrogenation*

Bradsher represents this type of intromoleculnr conden-

sation by the folxowin ; general equationj-

OH



H = alkyl, aryl or H.

A =*~C»0"" 5~0 — 5*-5 — 5 % - 3—N- 00— 3jJG—H —
The aromatic characters of the new ring arises when the
component A 1s capable of stabilising the newly created double
bond e.g. A» - CH=GH - making the compound resistant to

further attack.
Known examples of cyclodehydration have been classified
as follows:~

1. Naphthalene series:

O-CA" 4
R » H, alkyl or aryl.

Cyclisation of “"styrylmethyl ketone to yield naphthalanes
Severe limitations are put on this cyclisation by the presence
of a double bond as well as a reactive methylene group, both
of which may be affected under conditions employed in the
cyclisation.

General acid-catalysis of this type of cyclisation was
demonstrated by boiling the aldehyde I with hydrobromic and

acetic acids, when a 25% yield of naphthalene was obtined.

2. Benzofuran series:



The absence of a double bond in the aldehyde or katon®,
renders it more stable than its counter, part in the naphthalene
aeries and there ia no problem ariaing from geometric isomerism*
The presence of a strong ortho - para - directing ether link
.results ia a markedly greater ease of cyclisation, an import.mt
factor because the stability of the beazofuran nucleus in
acidic media is considerably less than shown by naphthalene
derivatives.

Media used in the cyclisation were concentrated sulphuric

acid, acetic acid solutions of sine chloride and anhydrous

—(O)

Many attempts to synthesise thianaphthene derivatives by

oxalic acid~*

'S'hlacapMbTOt s.yatea!

this method failed* K* Fries and his co-workers showed that
concentrated sulphuric acid converted phenacyl-5*"hydroxy-

sulphide to 5-phenyl-6-bydro%$ythiansphthene in 45% yield*

N Op«

A better yield was obtained using the methyl ether*

4*  Indole System

a% .\

kyc*rocklot- rcle

@f oC**arylaminoketon0S to yield Indoleo* 'this

reaction may be explained by the general aromatic cyclodehy-



dratlon reaction, but In many Inatanoea the reaction must be
more complicated m it involves a rearrangement*

A

5. OMlnolipe $#em: n
' A ey
vV - CC 0Cl1
o
Quinolines may be prepared by the acid-catalysed cyclodehy-
dration ofy9-liketone anils,. Goneontrated sulphuric acid
is the medium usually employed.
6. Isoquinoline system?

Limited application to the cyclisation of derivatives of

benzaldimino-acetaldehyde in concentrated sulphuric acid.

7. -Hienanthrene evatem :
concentrated sib-phuric acid
or
IJydrobrorlc and acetic acids*
8. Anthracene system

.= ¢09

Hea”ioiSsnre mostly carried out in mixtures of hydrobromic
and acetic acids.

9. Acridlne system;

ar .

R « H, alkyl or aryl, R
Cyclisation may be brougfefc about in sulphuric acid, either

concentrated or diluted with acetic acid,
— h Wy



5e riffect of substituents on Quinoline synthesis :
A
(O-.7 AX
E. Roberts and E E. Turner” investigated the factors
influencing Combes* synthesis and came to the following
conclusions I-
i) Methoxy group 1in position 4 or 6 i.e. meta - to
point of ring closure completely inhibits cyclisation
11) Chlorine group 1in position 4 or 6 likewise prevents
cyclisation. Their explanation was that replacement
of hydrogen by chlorine, but not by methyl, liminishe:

the basicity of the aniline molecule, so it diminishes

the ortho-para directive influence, already small, of

the nitrogen atom in the acetyl-acetone anils.

iii) Introduction of a second methoxy group into the
molecule, ortho - or para - to Lhe position at which
cyclisation 1s expected, will overcome the leactivation
due to a meta methoxy group (COH"g in 5 and 6 or 5 and G.)
In only one experiment was a similar type of action
observed with a dichiorocompound, hen the anil of 4:5"
dieillloro—aniline was converted into 6:7-dlchloro-
quinoline.

iv) A single ortho-para directing group, ortho or para to
the point at which cyclisation is expccte : to occur,

increases the ease of cyclisation.



Table i sets out the results obtained on vai*r/-ing the

substituents R, =se and

faeg "

Roberts Wd Turner sugg”at that the non-formation of
quinolines in the cases referred to above can hardly be due
to an initial condexnation to the extent or a few units £,
the water forned then hydrolysing the unchanged anil of a

WBBK base, for if this were so, condensation would have been

observed where absoluteor slightly fuming% acid was used,

TABLE 1
"ummary of substituent effects

Failed to cycliae:

0
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Anils of ben&oyl mcmtono behave in

tQ thoseof mce”laoetone,

A

”

oCB”

OocCa.

OCB;

Br

10-
11

12.

1~

14
14.
1",
15
14.
4.

4.

a mumer very similar

It his been observed" that tm ireseuoe of a metboxy group

met# to the point #t vhlch eyollsatlon ia eapectW (Ré « OOB?,j

causea a complete inhibition of oyeiisation.
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G. Beyer16 in his original paper on the cyclisation of
the anil of dibenzojlmethane to 2 :4-diphenylgquinollne by the
action of concentrated sulphuric acid, found that it took
place with great difficulty, A, methoxy -group para to the
position of expected ring closure, facilitates the reaction
which is accomplished In very good yield under very mild
conditions.zJ;

4. LllecwroPhilic subslllution:

Bradsher—ijproposed th <¢ the general mech-ujlsrr, for cyclisa-
tion probably Involved the uptake of civertoe on liio carbonyl
oxygen, fo:il lowed by m electropl 1lic atuack upon the benzenoid
ring by the positively charged carbon* The bcnzenoid oharaCver

of the ring is restored by loss of a proton -mi the cerbinol

is dehydrated with the Croatian of a new double bond.

O



In 1942 Berliner21 proposed a general mechanim: tor
cycXieation of the type developed by 0. K* in
which 9"Sub9%tlt-at@©d anthracenes were prepared from the

corresponding ketones.

a o B & alkyl or phenyl
o
He proposed th addition of a proton to the carbonyloxygen

followed by an electrophilic substitution rootion.
The work of Hantzsch and Hammett # has shown that the
solubility of carbonyl compounds in eulphitrio acid depends

on salt formation as illustrated by acetophenone:-
0 - V ' . -.s.. A O—i;©—* & HoG,

The positively charged conjugate acid of the ketone is formed
and is a hybrid of two resonance forms where the positive
charge ia distributed between the carbon and oxygen atoms.

Uyclisation 1is founed to proceed more readily in the
acridine series because the 1mino group 1s “ore strongly ortho
directing 'tha*\ the methylene group | one of the resonance
structures of the imino compound has a full negative charge
in the ortho positign.

‘(]’0

Kinetic studies of the acid-catalysed reaction ia which

some ortho acyl substituted 1;Idiphenyletnanea cyclised to

OH
alkyl aathracenes were carried out by Berliner. *

am * am



" 4W"0
CvA/'VsA HYIHC - cH,
ft ft’
in thl@ series R* » H,
The rate of reaction was fomd to depend on acid concentration

and to be first order with respect to the eyeUsing; ccmpoimd.

R Me, Et. n-B?. n”But. n-pent. n-he%yl. phenyl, henzjh
k mln”® 4'G 1*8 0*99 0-5> 0-36 0-36 0-16 0*91

An increased order of electron release (inductive effect) with
increase in sigje of alkyl groups up to butyl, results in an
increase in electron density on the positive central carbon atom»
thus making the substitution reaction more difficult. Equally
plausible explanations are possible from purely stereochemical
considerations. The slow reaction of the phenyl ketone 1is
ascribed to steric effects as well as to an Increase in the
resonance conjugation of the conjugate acid with the benzene
ring, which distributes the charge over two nuclei making it
leas available for the attack on the point of ring closure.

0. K. Bradaher and F. A. Vinglello"~-* investigated idnet—»
leally the cyclisation of o - bensylphenones in a mi/cture of

hydrobromic and acetic acids.

&
i cf:o K X 10 R - K % 15°
E H $40 H 4-2
H 70  T-Gl H 4*1
H )0 PP % H 2'8
E 2) NP H 14*%4

W10



K/IO" A n' Kx/o"
p-vH-iOj-a H 4*2 v B V H% 1
Jt.LH$ CbR_$ 1)

.Factors which determine the rate of cyclisation are:-
1. 'teric nature of groups R and

Effective positive character of central carbonatiom.of

conjugate acid.

). Electron density at ortho position of the benzene ring
into which cyclisation will take place.
4. dumber of such positions available,

An imt)ort int factor will be the position of equilibrium
between the baae and its conjugate acid. An increase in
electron density at the carbonyl groups of the ketone would
increase the proportion of conjugate acid present and so
hasten theoverall reaction; this conclusion is in opposition
to that drawn by Berliner.

The hypereonjugation effect of alkyl groups, R, would
also tend to Increase the electron density at carbonyl
group but as the size of the alkyl group increases up to
butyl, the hyperconjugation effect decreases and ao the pro-
portion of conjugate acid present at equilibriur.- would decrease
cmd Lhe observed decrease in rate would be expected.

rhe significance or the lower rate of cyclisation of
fli&o-phenyl ketone is not clear for the decreasing order of

electron release of the various substituents groups as indicated

- 11 -



by the ionisation of the 7 substituted benzoic acids appears
to be . However, no definate coBCIuslon can be
drawn until more Information is available to indicate how the
proportion of conjugate acid varies at equilibrium with the
allcyl groups as to the relative ixx“ortanoe of the hypeiconjug-
ative and inductive effects,

5. .Osidrstsl».tai

Aromatic cyolodeteydration waerepreuenteii by BradadiOr as

an acid catalysed ring closure followed by dehydration. Hammett
and Peyrup*"” developed an acidity scale to obtain an estimate
of the relative strengthG of strong acids. The HQ scale is

defined in terms of ionisation equilibria of a particular class
of indicators which function as uncharged bases:-
B + HY¥
The acidity function % 1is defined by the equation:-
= - log
where 0"+ / Og is themtlo of the conoentratlona of the con-
jugate acid and base of the indicator, md is directly measurable
speotrophotoffietrically or colox/imctrically; and la the
thermodynamlo ionisation constant of the conjugate acid
This definition is equivalent to:-
Mo a - log all™ where al|{+ represents
the hydrogen ion activity, while fg and are molar concen-

tration activity coefficients which become unity In ideal dilute
aqueous solution* In this extreme case HQ « - log agt which

w 12 -



is identical with the conventional hydrogen - ion concentra-
tion or pH of the solution*

The fundamental assumtiou of Hammett*a work is that the
relative strength of two bases of the same charge type 1is
independent of tna medium. Available data seemed to Jjustify

¢ compiled the acidity

. . 2
this assumption* Hammett and Deyrup
scale by means of stepwise colorimetric measurements of the
ionisation ratios of many basic indicators. For two indicators,

Band C, ionising to a measurable extent in the same solution:-

B a
pta - pKa “ - log ag+ + log ac/"OH*

Since the indicators are px'ssent in sufficiently low concentra-
tion as not to appreciably effect the oxonium ion concentration
of the medium, the hyd.?ogen ion activity will be the same in

solutions containing indicator B as in similar solutions

B C
containing indicator 0. , *Kg® - pK" « - log + log
» log OcOsif + log fo fBH+
Cg Ocif fB fCrrt+
If the fuxwiamental asauaptloa that is the same for all

bases is correct, then log fC f£BHV £fB fH"*' » 0
0

and p*@® - p k ¢ log Cc

Ixperimentally Hammett chose a series of indicators ion-
ising over the range of 0-100% sulphuric acid and for each
indicator log was plotted against % sulphuric acid* If
the assumtion that fB/fBH” 1is tho aame for all indicators, then
for two indicators, B and 0, two exactly parallel straight

- 15 -



(x

lines should be obtained when log GB/G foreach indicator)

is plotted against % §24# fithia/l%gitc of experiment )!

error Hammett's data confirmed this assumption, although all
his data was not entirely consistent, étudiea of have been
extended to 107 % and in other media of high dielectric
constant. Brand, James and Rutherfordzsobtained a value of

110 for the dielectric constant of anhydrous sulphuric acid

at 2000. In a solution of high dielectric constants Interionic
forcoia In dilute solution of substances soluble in pure sulphuric
acid, even for ionised solutes, are expected to be very small
and such dilute solutions are considered to be ideaf?’soln
media of low dielectric constant there ia evidence of greater

WA

speclfity on the part of the indicators and the interpret-
ation of such indicatfor measurements is complicated by ion -
pair formation.

Water behaves 1in sulphuric acid aa strongl:1 electrolyte

Deno and Taft54 estimated that this reaction had an equilibrium
constant of $0 at so that in sulphuric acid contailning
less than 10# water, the reaction is more than 97# complete.

As 1n dilute aqueous solutions, the acidity of the solution is

determined by the self ionisation of the solvent :-

Where K is a thermodynamic equilibrium constant. Brand showed

that for concentrations between 87 and 99-8 $ ~o0 satisflei

-14 -



@)

an ideal solution of form % « const* + log where
~IxBO”® and "“HgSOg. were computed on the simple assumption that
the water Ionisation reaction goes to completion and that the
activity coefficients of the i1onic and molecular species present

stay constant over this range.

55
Hammett and Paul showed that the rate of hydrolysis of

sucrose increased more rapidly than the pH of the solution, and

it was observed that the log of the first order rate constant k,

f-

vE - .
unit slope.

i.e. log k, varied linearly with - to give a lin&
log k, £ o » constant.

AN

Hammett expected this correlation 1f the hydrolysis
mechanism involved a fir-at-order rate letermlnin:” réaction of

the conjugate acid of the sucrose.

8 + H~ hquilibrlu\
= X rate determining ) A 1.
X+ ~ products t past.)

Applying Bronsteds equation for the ef eots of changes in the
medium to the rate determining step:-

Rate - - L.i-/dt = k'"SH+£SHViV - ic'Ofag+x3/%g+f"
k*-rate coefficient for the rate determining step.

i1f —activity coefficient for the transition state.

K@i+t - acid ionisation constant of SE™.

total | . _ .
Hammett assumed that Cg 1s small 1n comparison with the
total catalysing acid present. R is such a weak base that it

is almost entirely in the uncharged basic form over the range

of media considered so that C3 is practi®*"*"*" same as the

- 15 —



total
overall concentration Gg , then the first order rate

constant k, satisfies the equation:-

k w k * fs/Kggi'f"

Substituting for
k, = k*ho fBB+ f@/Kss+ if C og”
Ho « - log ho
.% log k, = - Hu + 1loG t constant.
*The observed linear correlation between log k* and HoQ follows
if the activity coefficient ratio in -the equation “tays constant
with changing meium i.e. 1if £S/iy * The assumption
would be plausible if it could be assumed th% £/ varied in the
same way as fsH™» the activity coefficient of the conjugate
acidof 0. Since the traoallion state will only differ from the
conjugate acid in displacement along the reaction co-ordinate
this assumption is reasonable.
An alternate mechanism to A - I is the following j-
S + H* fd Sil . Equilibrium )
B™ + Y Products 1 Rate Determlning ; Al
where I 1s substrate
The rate determining step is essentially bimolecular. A similar
argument to that given above Icadu to im general rate equation#
iogki « logGg+ +iogfgfH4”Hgo/f/ + constant e.g. lodinatioa

of acetophenone in aqueous perchloric acids exhibits a linear

57
relationship between log k, ana log

_ 16 -



Those results have heon suxamararised by Sucker and Ummé&tt
1.A11 A-1 reactions for uncharged reactants will follow Ho,

i.e. log k,vS Ho will he linear with unit slope.
2.A11 A-2 solvolytic reactions for uncharged reactants will stiQl

lijiefirity betv/een log k, and log with unit slope,

ach mechanism presupposes a rapid initial equilibrium between
the reactant, 8, and its conjugate acid, B'*.
In their original papea? Hamiaett and Dryrup discussed
several correlations of rate with Hg e.g. decomposition of
formic and malic acide in 95 - 100% HgSOj”. Fox* citric and

oxalic acids plots of log k, against -Sq gave slopes of 2 for

the refpion 98 - 100% The formation of a diprotonated
species was proposed to account for this value. The rate of

decomposition of citric acid was found to reach a m"-mimum value
and then drop for higher acidities, a phenomenon supposed to
be due to thexnactant being converted into am unreactive form.
Tripheaylacetic acid sulphuric acid decomposes to
carbon monoxide, and the slope oi the logk, V8 Hq plot was
found to be 2*6. This result was thought to indicate that the
re' cting species was the diaeldium ion. & slope oi 2*1 was
obtained when logk, was plotted against Hq for the deciirboxylac-
tion. of benzoylformio acid”” In 94 - 98% sulphuric acid* The
investigators conclude that the reactant Is the dlacidium ion
C*H”00 If two protons were added in the preliminary

equilibrium the appropriate acidity function 1is Indicator

17



40

measurements 1in sulphuric acid hy Bonner and Lockhart have
demonstrated the parelielisw-of the and H%acidity scales41
The acidity function 0" governs the ionisation of indicators
ionising in the following manner :— HOH -+ R + HgO and since
Co 1s approximately equal to the above data seems to
indicate that dehydration precedes tiie decarboxylation.

26 36 . .
Hammet%’ reported an approximate# correlation of rate and

I
Ho for the condensation of o-benzoyll benzoic acid to anthra-
s 4P 43-45
quingne . Deane and Huffman extended the kinetic studies

into Ifuming sulphuric acid but found poor correlation with Ho.
At the highest acidities the rate becomes almost independent
of acidity, possibly due to the fact that the reactant 1is
extensively converted into the conjugate acid when the linear
relationship will no longer hold.

Although first order rate - constants were obtained by
Schubert and Zable%Gin the acid catalysed decarbonylation
reaction of aromatic aldehydes and by Schubert, Donohue and
Gardner”'”in the decarboxylation of aromatic acids, the authors
conclude that the Haimaett unimolecular mechanism did nob apply
to these reactions. In both reactions studied, extensive
conversion of the aromatic compound B to its conjugate acid
BH” occurs 1in relatively aqueous acids (60-80% H"SO") and a
modified formof Hammett equation was used:-

log k +Ho * log B/B stoich = constant
where B 1s concentration of the unionised base

B stoich is total concentration of the base.

The results obtained did not fit this equation and alternative

- 18 -



biisoleculor and termoiecnlar mechanisms were suggested. In

the decarboxylation reaction, evidence was obtained for a
bimolecular reaction between the aromatic compound and the
molecular sulphuric acid. A similar blmolecular reaction was
proposed by Sommer, Barle and Gouid for the formation of
methane from ~ -trimethylsllyl-proplonic acid in milphuric acid
solution; the ratio of the first order rate constant for the
evolution of methane to the concentration of molecular sulphuric
acid was shown to be constant over the range 89 -~ 97# sulphuric
acid and Deno and Taft34later established that the constancy
of this ratio was maintained down to 85% sulphuric acid.

Bonner, Thome md Wilkins4gstudied the rate of cyclisation
of the acetyl acetone anils of aniline and p-i-oloid \ne to the
corresp”ding 2 ad«ifidimethylquinolinea over the range 84 - 98%
sulphuric acid* Constant values of 1logk, were obtained
for each cos”ound. The authors proposed that the first order
cyclisation reaction proceeded by the reacting species taking
up a proton from the medium without further modification of
the resulting cation, then, provided only a x'elatlvely small

fraction of the compound is present in the cationic form, the

rate constant k, and the acidity function Ho would be related

by the equation logk, * constant which was found experi-
mentally.
6. Iffoot of structure or Reactivity:

The work of Turner and Roberts4 indicated the Importance

of substituents in the benzene ring on the ease of cyclisation

- 19



of acetylacetone anils but no quantitative survey had been
made by these workers.

One of the most useful means of obtaining a quantitative
analysis of sustituent effects is to use Hammett * empirocal

relationship
log “/ko — 8 . KK oo (T)

where k is the rate or equilibrium constant of the substituted

compound

ko is the rate or equilibrium constant of the unsubstit-
uted compound.

¥ is a reaction constant characteristic of the reaction

or equilibrium considered, the medium and temperature
being constant. It is put equal to unity for ionisa-

tion of benzoic acids in aqueous solution at 25®0 .

6" 1s the substituent constant characteristic of the

substituent considered.

Hammett found that a linear relationship existed between
the rate constants for the hydrolysis of meta - and para -
substituted benzoic esters with the ionisation constants of
similarly substituted benzoic acids. Similar relationships were
found to hold for other side chain reactions to rate and equil-
ibrium constants. Therefore, two series of constants that are
linearly related to a third, are related in the same way to
each other. It is possible to relate the various series to one
standard of reference which was chosen as the ionisation of
benzoic acids. A large amount of accurate data on ionisation
constants of benzoic acids was availlable from the work of Dippy

and Co-Workers.
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Referring to equation (1) Hammett defined the reaction conetant
equal to Unity? for the ionisation of benzoic aclde. Hence the
substituent constant o was defined as Xogki/Kf

where kl la the Ionisation constant of the substituted benzoic
acid

kf la the ionisation constant of bensoic acid
end Is Independent of the reaction studied*

The above equation doe# not hold for o substituents In
benzene derivatives or aliphatic compounds. Meta-ahd para-
substituents affect the electrostatic energy, while the main
effect of ortho - substituents la to alter the non-electrostatic
energy of the reacting molecule*

The Hammett equation relates the change Im free energy of a
molecule on subatitution to the ionisation constant or rate
constant for the compound considered* The free enerigy change
summarises changes in*-

(1) i“tropy.

(11) Potential Baergy»

(i11) Kinetic Mergy,
Intropy change# sire assumed constant for the Hammett equation to
be obeyed, Tntropy is not usually affected by meta - or para -
substituents, since presumably the mat of reaction Is sufficiently
far removed fro» the substituent* Constaucy of entropy terms
implies constancy of .kinetic e#f{ergy which means that free energy

changes are controlled safely by cbanges in potential energy¥*
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ata OB aotivat.i<m energies la aromatic aubatltatioa reactiona
are limited mA subatitutio». effects are usually discussed in

Lerma of changes 1iix electron density at the point of reaction*

Ity effect of s U b stituerts 11ty — 11 para - in It benscne
ring on the filt or equilibrium of i reaction In t bith 1 |
react .021lag group or side-e: i1l ¥ tllithedt 1 11+ ring has beenj
represented b baww etb v 0t & v p e fere o 0 HY |

1«K %$/Kg « />« . - A B/J/L. * $"ya%2
pbere Ol the disterte fn1 substituent to bt vt lin g gruny

O the ddelewtoie vowphant of e netiv

bLTg ¢ oo BBt HD B IOl deypendy 0l ontht substituent ma
A A o N N N N A R N A A RN

By I8 & tenstirt which iy Gefedin jloet by the vl tre s ta i
bttt tier el ter bt reacting bttty derivative t1 |
bt wedivn

R O R R A A R A A A A A A N I e N A R I R I I A R
e rlerdrer ter ity at tZeent!bating site.

AT , If, ere constants independsat \;f the temperature
aiid solvent* The |/[{' termwas i1{i1i1ttf to1tlilt the effec-
vt rei s of transfer o f vt ettt i effects ibreet by (¢
bbb stife et te e seed oo b rea et

JaffaAFhas calculated 1t It tivt 1iit co.”-tasts by solecular !

i
orbital theory from ilt1 -atom pol%rls%billties* Calcul EEitions

were carried out on the effect of introducing a group 5" between
t'he side chain T and the substituted ring Ar* The reaction



constant should he greatly reduced and may change sign if the
group Z 1s conjugated with Ar and Y and involves an odd number
of atoms between Ar and Y. This was confirmed for the acid
dissociation constants in water for benzylidene pyvuric acids.

The reaction constant p indicates the susceptibility of
the reation to changes in electron density at the site of
reaction i.e. a positive value for p indicates a reaction facil-
itated by low electron density at the reaction site, and a
negative value for p indicates a reaction facilitated by high
electron density at the site of reaction.

Hammett”"’""predicted that p would vary inversely with
temperature. This relationship has been tested for several
reactions, and in some cases this has been found to be correct.
8. Substitent constants of the Hammett equation:

A substituent produces different changes in electron den-
sity on the different carbon atoms of the ring through internal
electron displacements i.e. inductive effects which depend on
electrostatic forces and electromeric shifts which can be
visualised 1in terms of the resonance concept. Positive values
of <rindicate a decrease 1in electron density at the point of
reaction and negative value of ¢ indicates an increase in elec-
tron density at the site of reaction. Electromeric shifts are
relayed directly to the ortho- and para - positions, and affect
the meta - position indirectly and must be much smaller in that

position. Similarly the inductive forces influence the ortho -
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ani para-positions more strongly unan the meta-position.
IT'he sign of the ¢ value assesses the résultant of the cuanges
in electron density where iadactive and electromeric shift ;

are operating.

Hammett's original values v?ere based on data on the
i '.nisation constants of meta - and para-substituted benzoic
acids. It h s been found necessary to introduce modified

values designated o" which are used when considering the
substituent effects of para-groups in tne reactions of anilines,
phenols, phenolic esters, dimethylaniles and aniliues. E"hralues
also have to be used for reactions in which the polarizability
effects of electron attracting substituents in the p-ra-positioz
areoreatly reduced by the presence of other competing groups

in the molecule.

'ome groups e.g. MU2 which are electron attracting are

assigned more than one o’value. Several resonant structures
e.g. and ® 0 I. can be written for the
substituted compound. Different o values arise depending on

the importance of structuzes of type I.

Polarizability effects are believed to arise 1if they £
favour a reaction. They were invoked to account for the fact
that results i.e. 1logk,”ko for the rate reaction of benzyl-
chlorides with trimethylamine in benzene when plotted against

O'fell on two curves, one for p-substituents and the other for
the meta-substituents””; electromeric shifts can only operate

with the para-substituent8. Hammett suggested an equation of
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the formm, logk/ko + o* £ where 6% expressing the
polariaability effects should be used.

Jaffer'” has correlated c¢ values with electron densities
in mono-substituted benzenes in the molecular- orbital method.
Absplute » wvalues were impossible to calculate as they are
very sensitive to GoulombJ'ic and resonance integral values. The
calculations considered resonance and inductive effects, neither
effect alone lead to satisfactory results and were substantiated
by the fact that these parameters allowed for the calculation
of the absorption frequencies, mesomeric moments and directing
pov.er of the substituents which were consistent with the experi-
mental data.

In order to derive numerical values for yo for various
reactions the experimental data was interpreted by the method
of least squares, Jaffes4 has m de a comprehensive review cf
the data on substituent and reaction constants.

Pri&358 and Galhqjﬁget@al have calculated values from
electrostatic considerations only it is not surprising that when
electromeric forces are of considerable importance, that devia-

tions from the Hammett equation do occur.

Ryirolysis of £7ilsT
49
Bonner, Thorne “nd wil./j,,a found the byi.rolyels of
the anils proceeds very rapidly in g m sulp./uric ~cid, but

the hyirolysis %as not investigated klnatical.iy, All tic
studies on the hydrol.vsia of slmllar cam. oundu i\g. ;iwa in the
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/itcr/iture to have been made la aqucouz alccuoi oolutluns.
"
Lillx v xobertson"l'ﬂ studied tx'. iumrolyBls of a uoz'iea of 4*4 I—
subdtltutei benzaiaoillnes GH 9=I\-G,. H*-R'in "G/"Car'/w
waier-metbamoi aoetaUe buffered aolutlons of constant Ionic
stre.ag.tb the reaction waa first order with respect to the ben%ai-
aniline. They showed that addition or 10"‘*—E M eodium hydroxide
';ae a rate eonotaiit less Lrum 10 ' at roon temperature aad

cojLoiuded that catalysis %)y T,ases or water la uogligible* At

conX tant ‘vl they iouni that, too ra”e of iX/lrolyslo varied with

tn: conoe,,tratIon of buffer at coaotanL ionic utran'th. 'Itb
. 'Cetate buffers their Ki.o =xlc data fitted rate cotation
- k A A BP_! Q/HI_'J*

indicating a typical result for benaylideneaniline at

T *

e Gl Bac K K Korey
U'x0oU 0-CXO <2-i.3si;a 0-333 3-g9%1 (X 4-3-9
snej;e C'3 represent initial conoentrationa.
N opo.ceciobly acid solutiunu « if ~"10 "#, the rate

of b.joiolysls beco”aca immeasurably feat; mn exoextion to this
lo p—<Ii-.ethylai2lnoben2-alanilinebut the relatively slow rate of
hy.leolyaio here ie readily interpreted a = takin—' pi ce through
itr lesr reactive conjugate acid. bile e large proportion of
their results obeyed the ocur-.tion above, the equation was not
vaili for all of them and in unbuffered solutions the corres-
pending cquation k « was not obeyed at all. No correl-

ation of magnitude of substituent effects on t e reaction with
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the Hammett substituent constarjts w—— observed.

ihaatening, Hoileek aiid MeIkonlan bl in a study of tho rate
of hydrolysis of benzalarxiiine over I'-e rancc * concluded
th t below -pH 11 catalysis by OH © was negligible oni used the
kinetic equation

k & + kgt

They postulate tht formation oi an intermediate d- (K-oxyben%yl)
aniline G"Hc™OH((H)fiOD"H"for which they claini there is evidence
from ultra-violet and infra-red absorption specura#

Grae iXlile Block-Olaudé™” followed kinoticaily both the
hydrolysis and the formation of the condensation product from
p-toluidine and aromatic substituents were investigated on the

hydrolysis reaction

ly.d it was found that all H subetiuents except m-methoxy
red oed the rate of hydrolysis relative to benzai-p«toluidim.
The investigation of Hydrolysis of compoun s containing
tho a C("group in strongly acid aqueous media does not
appear to have been undertaken.
ulgject of present reaearchu
“n investigation of the kinetics of cyclisation of B -
substituted anils of acetyl:-icetone in acid media, %ith the
possibility of the ring closure occurring through a diproton-

ated species.



The kinetics of hydrolysis of anils in strongly acid
media were etudled to establish the mechanism of hydrolysis
under these conditions*

A review of substituent effects on the ratera of cyclis-
ation and hydrolysis of the "mils was made and the effects
compalW with data available on 'S of the corresponding

amines*

—-0000000—
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Exnerimental Section*

1. Inorganic »Saltas

All inorganic solids used were either of analar or other
appropriate purity* Where necessary, solids -ere dried for

2 - 3 hours at 1100 before use.

2. Solutions i
ulphuric acid. Analar 96# w/w
i* Sulphuric acid. B.D.h. Volumetric standard.
N/10. Sulphuric acid. A." . concentrated acid was diluted.

t
with distilled water. ,

B. Hydrocnloric acid. U.D.u. volumetrie atandard.
B/10 Hydrochloric ocurate dilution of B.9.H.
Volumetric standard. f

;2iv. Sodium hydroxide.l Analar sodium hydroxide was used.

odium hydroxide. 7~ .'D.”. volumetric standard.

b ‘1J sodium hydroxide. Volumetric standard was diluted.
Perchloric acid. Analar 72# w/w.
Acetic acid. Analar glacial acetic acid.

3. Organio Gomroimds t
i) cet.vlacetone. B.D.H. acetylacetone was dried over
potassium carbonate and distilled 1in an all lass apparatus
The first runnings were rejected and the bulk of the distil-

late was collected as a colourless liquid Bpt 1397G,

i1l iVniline. B.O.H. aniline %as dried over "“odium hydroxide
and distilled two or three times in an all glasa apparatus,
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wben it was collected m a ooiourlele liquid rpt

111T O0-toXuildine* h.d.H* 0-toluidin®© waa dried over lodlus
hydroxide and distilled in an all dlag,.., apparatus at reduced
preaaure, when it was collected as a colourless liquid

Bpt 12177/80»».

iv) *m—toluidlne. B.D.1U m—toluigine st drieg over sodium
hydroxide and distilled in am all glass apparatus at reduced
pressure, when it was collected as a colourless liquid Bpt
123~/80 mmi#

v) p-toluidine analar B.D.h. 'p-toluidinc was crushed and xe-
crjatallisod from aqueous alcohol (50/5G v/v ). The crystals
were dried in a vacuum desiccator over Z™pt. after 3
crystallisationa 42 0.

vi) m-Ghlorooniline * 1.D.H. Ircmloroanlline was distilled in
an all glass apparatus under reducodpressure, when it was
collected as a colourless liquid Bpt 119°/22mm.

vli) I- Mloreaniline. B.D.tu p-cnloroaniline was recrystallised

from aqueous alcohol. The crystals were dried in EFvacuum
desiccator over Mpt 70-7 1
viii) m-fluoro-aniline light & Gu.m-flurocaniline was redis-

tilled in an all glaso apparatus at reducedpressure, when it
was collected as a colourless liquid Bpt o04"/20*%m.

ix) —-fluro-anillne light G Oo. p-fluoro (miline was redistil-
led in an all glass apparatus,at reduced r“ess”re, en it was

collected as a colourless liguid Dbpt B6"/20mm.



xX)-y 'MWoanillne. aniline ( igfet & uv.) ?fca dlatil len.
in :m all glass gf.~uraius under re I«kccd presaure, it was
collected Jjs a colourless liquid Bpt 140/"2tesa.

xi) wmZyilline. B.p.H. p—xylluiac was :iistilled la an all.
lass upparatuG and collected an a oolourlec i liquid. Ipt Z2'i..:
x11) 1:87'dlmotbyl-1Rmlno Bengcne. U-ight & Go. ) was 1i%atllled
in m all *'glaao apparatus—, at re.duced pressure and collected
30 a colourless liquid bpt

x11i) 1:2T'di#ethyl~4'RIrlinre Wuzei e, r*ii"ht & Go.) was 1iIstllred
il1 an all glnso spporsLus .at reduced pressure, when it was
collected as a colourless, liquid Bpt 15—"/"Qsra.

xiv) 1 :?2~djy&ethvl-4'"'amlno bengone. (B.D.M.) was recrystalliaed
from i1igrolu. Crystals were dried in a vacuum desiccator over
~2 (5" 5C-51()C.

XV) 4-cbloro-2iiiglnotoluc?ne« (Mght e Go.) was distilled 1in an
all glass apparatus atmluced pressure, when it woe collected
as a colourless liquid Bpt 1407/40mm.

yvi) 5-GHloro-2amino toluene. (Light & Oo.) was rocryst ?llised
from ye.thyl alcohol. The cryetals were dried 1n a vacuum
desiccator over PgO”™. rgot $S0-170.

zvll) 6- ;hloro-?arIne toluene. (Light & Co.) was distilled in
an all glass apparatus at reduced pressure, v?Itn it was cola,-

.ected as a colourless liquid Bpt 160°/30% :.

xviil ) m—iodo-milline 40 gas - (etu—nitro-aniline were

on wartning: in a solution of .350 idu water and 140 gms oozicen-

trated sulphuric acid and then tie solution was quickly cooled

- 31 &



to when the amine sulphate crystalUsed out. 40' ma of
sodium nitrate v/ere diaooXvcci in a small voluw of water ,a

the aoiutioa cooled to and then added slowly to the amine
solution to diazotlse the amino. Afuer the diazotiaation was
complete a solution of 80gms potassium Iodide in 8Ugmo water
wao, ladded slowly to the diazonium solution. .hen the offer-
vesoenoe ceased, the solution was wa,rred on a ,aterbatb for some-
time to drive off any remaining nitrogen. The excess iodine v/m
removed by adding sodium bisulphite to the solution. After
cooling the solution the crystals of ;i-iodonitrobensene which
had formed were filtered off* These crystals Mbré, ad fed slowly
to a mixture of 170Ogms ataimous cnloride in a solution of 1757»a
alcohol and 175 gms concentrated hydrochloric acid aad the
temperature,of .tho mixture was not- allowed to rise above 3 5

The solution was left to stand overnight to allow for complete
separation of the salt which was then filtered off. The alcohol
waa removed by distillation under reduced pressure. )odiild
hydroxide was added to the rermining solution until it was
alkaline and the crude mete-iodc-aniline was extr/acted from

this alkaline solution by steam distillation# ihe aqueous
fiatillate extracted several times vith ether and the eihe -
eal solution was dried over sodium sulphate, filtered and ether
Ulotilled off under reduced preaaure. The crude product
diatll :0si under reduce t pressure and t e frcoticn Bpt 1gl”""/2C%m
was collected as a pale yellow oil.

o , Approximatoly 4CB yield of
pure m-xodoaniline was obtailned.
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) rW was prepared from 2-a iae -
itrotoluene.
Preparation of cupreous onloridc. - 10”gme cop, er sulphate and

30'5s="0 sodium chloride were dissolved in 400 ml/S1”ir, An

alkaline solution of sodium sulphite (26*5g* NahSO" upb5 17*5b in

200ml water) was added to the resulting hot solution during 5

minutes 1ith constant shaking. The solution was then cooled to

room temperature and the nearly colourless supematent liqui * vbs

decanted from the precipitate which was then filtered and %ashe B

with water containing a little sulphurous acid to prevent
0x1 Aation#

The cuprous chloride was dissolved in 170ml concentrated
hydrochloric acid, the flask was loosely stop” ered and cooled
in ice. 51 gm# of 2Smine-4-nitro-toluene were dissolved in
85ml concentrated hydrochloric acid and. 85 ml water. The
mixture was cooled in an ice salt freezing mixture, when the
feydrochlo.xd.de separated out. 25gms sodium nitrite rere dis-
solved in 5G ml water and added to the cooled solution during
15-20 %imitea with stirxdn,:. fhc hydrochloride dissolved as
the very soluble dlasoniuii salt was formed. The coll diazonium
solution was poured into the cold cuprous chloride solution
with shaking, k thick precipitate formed of tne addition
product of the diazonium,sail and tne cuprous chloride. The
solution miB allowed to attain room te%pce.rature and then heated
on a water bath for 1 hour to complete the bt*e«kdown of the

addition complex. The. mixture wvras ateam distilled aml- the

i



crude 2-Gl-4'mitro-toluene filtered oft from the distillate,
44iT(.s 1i.e. 84% yield of product "“pt 637" were obtained.
49g2s of the nitro compound and 75gm® of graaualfced tin were
treated under influx with 1?0 ml concentrated hydrochloric
acid added in small portions and then heated for 2 hours on a
water bath. The mixture was cooled and then made alkaline with
125sms sodium hydroxide in 200 mis water, and the mixture was
Steam distilled* The distillate was s%jurated with 100gms
sodium chloride and ether extracted. TW ether was distilled
off and the x*61ldual liquid was distilled under reduced pressure
the fraction Bpt 146-7(70/40mm was collected. 2Sgms were obtah:”
i.e. 63% yield of 2-chloro-4 amine toluene.
XX) 30hloro-5«-amine -tol%;eh#""* Ireehly distilled m-toluidine
was treated with a mixture of equal volumes of glacial acetic
acid and acetic anhydride. Much heat was evolved and after the
solution had cooled it was j;cured into water when aceto-m-
toiuidine crystallised out. The acetyl derivative was recrys-—
tallised from an acetic acid water mixture (1*3 by volume) .
Mpt 66*0 .

18gm.S of aceto-m-toiuidide were dissolved in 60ml glacial
acetic acid. 17ml concentrated hydrochloric acid were then
added to this cold solution followed by a solution of 5.2gms oo«
lum chlorate in 20mls water. The jr*lsb. mixture was kept at rooz
temperature for a day and then poured into 150ml water when a
brown o1l separated out and was I'einoved. The aqueous solution

was extracted several times with ether and the ether was



distilled off* 40ml ooneentrated Hydrochloric acid were added
to the brown solution and the mixtuz'e as refluxed on a water
bath for an hour, when a solid appeared in the flask* The solu-
tion gas made alkaline and the free base was liberated as a
brown oil which was removed by steam distillation* T#e amine
was filtered off from the distillate and obtained as a white
crystalline solid Mpt 5970» After reorystallisation from 1li“ia
%t 80-170* Yield of pure amine was approx. 38% theoretical *
$x1) Preparation of Amine Hydrochlorides* The hydrochlorides
were prepared by the action of cold concentrated hydi teb..ioric
acid on the fzee base* The hydrochlorides were recryatalliSed

2 or 3 times from ethylelcohol and dried in a vacuum desiccator

over
Hydrochloride Mpt
fmiline 197-80G
O-toluidine 214-500
m-toluidine 227-8°0
p-toluidinc 242-5°C
m-chloro aniline 220-a°0
p-chloro aniline Decomposed
p-xylidine 227-8"S
1 '12dimethyl 9iminoben#«ne 253-40C
1 Iyllmethyl Aamlnobensene 235-6®0
1I2dlmethyl-4%minebenzene 255-6~0
2-Gl-4aminotoluene 230-1°C
Decomposed

5-01-2aminotoluene



xx11) Préparation of tmlXs, Anils were prepared by the method
described by Turner and Roberts” The amine and acetyl acetone
were taken in the ratio Igm -mol amine to 1*i:gm—-mol acetylacetone
and boiléd gontly under reflux for 1-2 hours. The cooled
product was thoroughly shaken with water, benzene added and the
two layers separated. The bom&ene layer woe washed two or three
times with vmter, dried over an-hydrous sodium sulphate mia tke
benzene was distilled off. The anils occasionally solidified

on cooling and were then reciystalllaed* Crude liquid mills
were distilled under reduced pressure and the resulting solid
anils were reciystallised. anils were obtained in 60-70%

yield by this method.

JAine doivent spt Hef.
Ligroin 1 50-2°C (1,2,6.)
40-6ti°Petroieuw Bther 53—-47i 0.2.)

aailiae
0-toluldiae

m-torniaime ~olrivazx
Bo-loluidine 40-6CPFetrolevm 1llher C (1,2.)
n-ohloroa-ailiBe 40-6CPPetroleum Ether 3V-8°C (4.)
Jj)-oaloi'Qaniltne 40-60) Petroleum Ether 060-170 M
a-Pluoro aniline 40-6CPPetroleum Itwer 35-70

)—1lluoro aniline @%bc o

%

-Bro idaniline 40-6CP Petroleum rther 37" C 196 /X"omm

m-Iodo-aniline Ether
'J>-xylidine 40-60'“*Petrileu”

1 ;2dimsthyl-3“mlnobenzene 60-80“petroleum Jlther 6 3 - 4 '
1l r3aimetbyl-3~aminobenzene 4&-60“Petroleum Ether 36-400

1:231methyl-45inlnoben#ene
2-Cnlf) ro-4-.amiao-toluene 40-60"Pei;roleum Ether 67-68 *570
4-Jhloro-2~amino-toluene 40-60"Pétroleim Ether 67-370

6—-Ohloro-9-@minotoluene 40-60<>Petroleum Ether
6 “Chioro-2~aaiino—toluene g~“gg-'Petroleuiri.-.itber B1—2 0
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Analyaoca * Anils

\O

2-JhlorA-"i-mminotoluene, Gale* % 064*42 1iild*1li Mb*262 Cl 15*85

EouM % m"526 01 1o6*11

o\

S-OMox'"o-G-asiiBotoluene Oale. 0e4*42 Bl4 *11 No6*362 Cl 15*85

Found % M6*506 C1l 15*55
m-Chl0Oro-ar.iline Gnlc# % 062*99 H 5*705 m*668 011690
Pound % m*945 C1 17*00

Media and Solutions.
:ulpburic Acid

1%edia were prepared by diluting Analar sulphuric acid
with distilled water.

Media were standardised using potassium iodate as primary
standard, and N hydroehlorle acid as Intemiedlato standard.*
Approximately N/IO potassium lodate solutions were made up
accurately and used to standardise approxima.tely H/10 sodium
thiosulphate solutions using starch solutions as indicator.
Approximately H./IO hydrochloric acid wae then standardised a-cgtist
the sodium thiosulphate, -and kept as a subsidiary standard*

Values for a typical standardisation of hydrochloric acid

are given belosMS-
Wt* of potassium lodate « 5*5542gma.
Volume of solution » 1000 mis.
Normality of KIO” solution « 0«09963N.

«W i



of oQdiwta JiM.%ul3afra.feaj
Volume of standard (0*099638) KIO, aoiutioa taken » 2CW..
20ml 10% solution of iodato free potassium Iodide and apuroxlm-
ately 10ml 2N sulpﬁuric acid were added# The mixture v/as
titrated with the sodium thiocaulphate solution, using starch
solution near the end point* Four titrations were carried out,
the values obtained bolag 20*00, 20700, 20*00ml1*
normality of the solution » 0 09965H

Standardj(satlcm of hvdaygohloafjic ecld*

25 'CKW. B.D.M* R .hydrochloric add were diluted to 250ml with
distilled water*

Volume of this approximately M/10 hydrochloric acid
taken « 20ml«
20ml 10% solution of Idé&te free potasdum Iodide, and 30ml S/10
potassium iodate solution were added.*. The mixture was standard-
ised against the standard so”um tbioaulphate solution, using
starch indicator as before* Four titrations were carried out,

the volumes taken being 19%92, 19*92, 19*90, 19*91ml*
normality of the hydrochloric acid solution » G*09919N*

JxH liydrochloric acid was 0*0992H* H
8tandardi.satignm of sulnhuric acid media:

Sulphuric acid media were then standardised against the
hydrochloric acid subsidiary standard through sodium hydroxide
solutions*
g¥andardlaatione of sodium hydroxide %

Sodium hydroxide solutions were standardised afalnst

standard hydrochloric acid by the usual acid base titrations,
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soreeneA methyl orange was used as the indicator.

Typical titration readings for 20ml samples of H hydrochloric
acid are 19*82, 19%82, 19*81, 19*82ml. NaOH.

StanAarA-isations of aulphurlc acid:

Approximately Igm samples of the medium to he- standardli”ed
were accurately weighed out by means of a weight pipette,
diluted with Sgmln water and titrated with tne recently stand-
ardised sodium hydroxide solution, using screened methyl orange
as the indicator. A typical analysis is given below:

I'00l N sodium hydroxide was used* 1lml MaOM S 0*04904gms

W+ H28%nedlum mis NaOS % %5804%*
1.2880 19*%63 74.82
1:2%$02 18*75 74*84 A « 74.8
1.1071 16.87 74.64
1.2079 18.41 74.82

The second column in the above table gives results >?hich
can only be correct f 1 in 2000, therefore, the percentage
sulphuric acid can only be g”ven to the nearest 0 .05%.

Bearing in mind the cumulative errors in standardisation
and manipulation it is probably moat reasonable 1lo quote $
strength of sulphuric acid to nearest 0»15%.

Perchloric acidt

Media were prepared by diluting analar Perchloric acid

with distilled water*



Media were standardised using potassium 1odate as primary
stiandard and N hydroohlorio acid as intermediate standard* The
method of analysis was identical with that used to estimate
sulphuric acid. A typical analysis 1is given below:

1*001 N sodim hydroxide was used* 1lml HaOH solution $ 0.1006gms

acio”™*
wt aoio” mis NaOH % HCIO®
2*0030 14*22 71%42
2*0544 | A 14*58 71*%41
1*9645 S 13*~5 71*41

Mean % 8010~ « 714

Again % acid is given to the nearest 0*1% for the same
reason asthat given for sulphuric acid.
H/10 Sulphuric Acid:

The N/10 sulphuric acid was standardised by titration
against standard N/10 sodium hydroxide (prepared by dilution of
the standard W sodium hydroxide solution) using screened methyl
orange as indicator*

Ferric AmmonluA:$ipilnhate;

A 6 *5% solution was prepared by dissolving 65g* ferric
ammonium sulphate in decinormal sulphuric acid, filtering into
a 1000ml volumifric flask and making up to the mark with deci-
riOi*mai sulphuric acid.

Acetylacetone ;
The solutions used contained 0*1 - 0*15g* acetylacetone in

5C0rd M/10 sulphuric acid. The acetylacetone was weighed out
— 40 ™



from a dropping tube into a 3V'&X flask and dissolved in N/10
sulphuric acid. This solution was then transferred to a 300ml
standard flask. The 50ml flask was well washed with H/10
sulphuric acid and the washings added to the solution in the
500 ml flask. Finally the volume was made up to 300ml with
M/10 sulphuric acid.
Oalibratlon of apuaratusi

The tiprwas cut off the grade B 2ml pipette used for the
delivery of concentrated sulphuric acid to allow for more rapid
delivery of the liquid. It was calibrated by weighing the
amount of sulphuric acid delivered after draining for a given
time. The following amounts of 9 I1*2% sulphuric acid at 070 were
delivered by draining for 30 secs-

5*51g, 3-528$ 3-52g, 3-50g$ 3*508, 3*5%.

Density of sulphuric acid « 1*643* &** Volume of sulphuric
acid delivered » 1*9W1 to an error of 0*0iml.

Estimation of acetylacetones

o2

o

In order to” follow the rate of cyclisation of the Bohiff's
b ses, to -substituted 2*4"*dlmethyl-quinolines in concentrated
sulphuric acid, the method developed by T. G* Bonner and M* P.
Thorne”” was used* This colorimetric determindtion of acetyl-
acetone 1in aqueoys solution, in which the acetylacetone 1is

f i

converted to its soluble reel ferric salt as chlff's bases are
hydrolysed quantitatively to acetyl acetone and amine in dilute

sulphuric acid, the reaction aiature can be analysed by .eter-

mining the acetyl acetone liberated when an aliquot portion 1is

run into water. - 41 -



ferrie- acet”laeetone compound:

This was studied with a livispek spectrophotometer. To
5mi of the 6 *5%w/v solution of ferric am oniu» sulph te was
added 10ml acetylacetone solution (2404 x 10**"M) and 5#1 N/10
sulphuric acid, A blank solution was prepared by substituting
an equal volume of N/10 sulphuric acid solution for the acetyl-
acetone solution.

The final solution contained the equivalent of 1'202 x
acetylacetone ¢ The maximum absorption occured at 486 in Jj with
an extinction coefficient 646. 5»

Preparation of .gHiBa»yd.017*3... (“ee flgat- 1 and 2),

As the acidity of theyapld solutions of acetylacetone
obtained in the kinetic rbn ;ad to be adjusted by the addition
of sodium hydroxide, the final solutions to be analysed colori-
metrically contained considerable amount of sodium sulphate
(about 0*5g sodium sulphate per 5#1 aliquot of acetylacetone
solution). The standard curve wm prepm”“ed using solutions
containing comparable amounts of sodium sulphate.

To 10ml of the ferric reagent was added a measured volume
(2 - 6*51rRl) of the acetylacetone solution in N/10 sulphuric
acid (D*1219g acetylacetone solution in 300ml H/10 sulphuric
acid). A known volume of a solution of sodium sulphate in H/10
sulphuric acid was added and the total volume made up to 40ml
with H/10 sulphuric acid from a burette. These solutions were
left to stand for 15 mine for the red colour to develop its

full intensity* A blank solution was prepared by substituting
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aii equal volume of decinormal sulphuric acid for the acetyl-
acetone solution and the optical density of the solutions was
compared against this blank solution using 4 Cm cells in a
'Mpekker” photoelectric absorptioglmeter using a filament lamp
(Ho*603) wavelength band 4,700 - 5,000A, The

and a filter i.e.

instrument records directly the value o the logarlthen of the
quotient of the optical densities of the two delations ("o/7j).

-cetyl acetone solut 1 on 121978 acetyl acetone in 500 ml N/10

ulphuric acid. 4 Cm cells used*
—imy "

Volume i Volume H/10 Volui.e
ACetylacetone Meme acetyl- Culpburic Ferric 103 ~o/l
Solution, in ml acetone Acid

Ae§ 0.610 ALl 10 .319%*5X9

3.0 0.731 27.0 10 >392 5 «591

3A75 0.853 26.5 10 .466;.466

4.0 G975 26.0 10 *538;.558

4.5 0.097 25.5 10 .608;.608

5*%0 1.219 25.0 1 .684;.684
iiSa£~aia8UJM2asi I»L.

icetyiacetone
Roln in ml.. Volume Volume N/10  volume

Volume Mfpia HagSOg 301n kerria log X

2%0 0.487 20 3.0 10 .296r296

2'5 c-gio 20 7"5 10 373;'373

3*%0 0*731 20 7'0 10 *444; 443

3%5 0+853 20 6.5 10 .513;.513

4.0 0.975 20 6.0 10 *587;.587

4.5 1.097 20 5.5 10 .653;.653

5.0 1.219 20 5.0 10 °724; .724
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4'05*: Hagsfla Sftg. 50aX..,9ffiXtt¥A0!0..—— —-————-—--

I I | | |

: Volume I I I

SR Al R VRN e o

Bolutlon I Acetone B 'Reagent Acid

12.0 } 0.589 1 4.05 12#5 )9«5 .2528.251
2.5 - 0%488 1 4*05 2°9'0 ©2925.2921
5.0 0*584 1 4.05 12%5 54*5 *349%*54"
3.5 0.682 I 4*o05 12%5 54.0 .404. *404;

j 4.0 0%799 4*05 12.5 )5.5 464; ,464

14.5|, i 0.877 4.05 12.5 57.0 . 5245 .524

I 5,el 10974 4.05 12%5 3.5 ! .582;.5817
5.5'- 1.080 4.05 12*%5 52.0 { .658%.659
6.0 1.178 4.05 12*5 31.5 7189$.718
6.5 1.276 1 4.0% 12*5 51%0 i *7708«769

P '4&;So5kium sylphate /40mItsolution*mg#%#%%@ﬁgggﬁyl acetone /50ml

r

I a*5o0 0.6154 : s5ml 1} 10 i 22.5 I 522}-522

I 5okA 0*7560 ; Sml i : 10 f 22.0 i *4458 «442

. 551 0%859 5ml 1 10 1 215 1 -515%¢515

T 4.0" 0.980 5al ] 10 1 21.0 i-598;. "
4.5 1.105 5 ml| 10 20.5 I .660;.@60
5.0 1#225 b m10 1 20%0 .732;.732
5%5 1*547 5&1 ~ 10 ]_ 19*5§ 1 .812;.812

Kinetic runs were also carried out In concentrated perchloric
acid. The final solutions to he estimated colorimetrlcally would
contain sodium perchlorate. A standard graph was prepared using

solutions containing comparable amounts of aodium perchlorate.

AcetTlacetone solution;- 0*095Sg acetylacetone in 500ml8

Sodiusi perchlorate solution: *L6*6g feolO” in 20 (W.s M/IO

nm 44 ¥
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Volume
Ferric M m ggg%g%e Volume M/IO0 log ~o/i
peagent Solution  SgTution Sulphuric Acid
10 0 U 30
0 5 25 .581;.581
10 10 0 20
.591;.592
20 r
10 2 > .5:1;.590
1 I0 10 .596; .597
> 15 .597; .597
1 10 .602;.602
0 15 > .602; .601
10 20 5 5 .608; .606
.60S;.607
1 0 .607; .607
’ 22 > T .610; .610

;Ithln expérimental erzor. the amount of soFEhm perchlorate
present in the solution for analysis does not affect the
determination of acetyl acetone content.

Preparation of standeM .grmmh.

Volume 1 Volume Xgég?f Vol.M/10 .
Ferric Ra0Ol0Oh acetone Sulphuric  Acetyl | log "Vj
Reagent Solution Solution Acid acetone]
10 ; 5 0 25 0
10 5 3 22 0.5616 £
*551
10 5 1 4 21 0.7488 1 , 469
*469
, 580
10 5 5 20 0.9360 379
I , 579
10 5 6 19 1.1232
10 10 0 20 0
,298
10 10 2.5 17*5 0.4680 ' 208
*456
10 16.5 0.6552
10 3.5 456
10 10 * 0.U424 350
4,5 15*5 '550
10 10 55 14.5 1.0276 “oub
, 646
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Addition of amines and gulnollness

hen the anils are hydrolysed by dilute sulphuric acid,
equimolar amounts of acetylaocetoie and amine are formede It
was neoesaary to iwreatigate the of ect of the aulnes on the
coloured ferric complex* o interference occurs with aniline $

p-toiuidlne, or the corx'esponding quinolines

Typical examples of the investigation of effect cf
other amines end quinolines on the method of determination of
acetyl acetone content are given.

¢g-toluldlne T

final volumes made up to 40ml with M/10 sulphuric acid¥*
Amine solution; 0,078Ig - amine/”O0Qml h/10 suIncurie acid*

Aocetylacetono solution: 0*¥1203g/300ml 1/10 sulphuric acid.

1AM Id. of Vpl T
Vol.Vs 1 "0«
reagent amine €eo u— . am/
o el
10 3 5 ;418 ~ .hlé
412 .410 .418
*53B .338 4560
10 4 3 10 332 *558 360
10 3 3 10 , 686 46906 .693
.686 .695 .693
10 6 5 10 .818 4818 4819
.816 *£?218 43819

2 ;4-ilmetliyl **7"*chlorogulnoline ;

juinollne nolution :-0*1/BOgsris Ouinoline in 101,-al F/10

4 Vol .Acetyl (1) Vol. *~ . J r
x—tamnt sdaismi % m )
10 3 10 .413

.412 .414

10- 4 10 .553 .552

1C 5 5 .is6 .676
0 IS

10 : *ii6 .
46



It was established by similar testa for all the amines and
quinolines studied, that they did mot Interfere in the method
of estimating acetylacetone ¢

wth# used obtimin” kinetlo”rd**” W the
ovclisatlon of anils;

General procedure*

The cyclisations were carried out in a thex"mostat controlled
to 0,02®0, the temperature being read with an calibrated
thermometer#

The I*@action vessel was a 230 ml round bottom flask fitted
with a mercury seal stirrer and a sidé%gg allow for the intro-
duction of the medium and the withdrawal of aliquots from the
reaction mixture. .The anil was ground into a fine powder and
auffieient to give m 1Initial concentration of 0,03 moles/litre
was rms weighed into tue reaction flask#

A 50 ml standard flask was filleg to within 1 ml of the mark
with the medium, placed in the thermostat for the flask and
contents to reach the temperature of the thermostat and then
mié® up to the mark with acid which had been maintained at the
temperature of the thermostat# The flask and contents were then
welghed and replaced in the thermostat to retain the temperature

of the thermostat. At the "“.ero time the acid was poured into

the reastion vesdel «nd allowed to drain for 30 seconds and then
20weighed. Throughout the time of reaction the reaction mixture

was kept stirred.

Eight 2 ml aliquots were removed from tte reaction veaael
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during the course of a lun* kach 2 ml aliquot was run into 20ml
ice-cold water, contained in a 100 ml conical flask* This dilu-
tion stopped the reaction and provided a Sulphuric acid
solution for the hydrolysis of the anil* After the mixture had
been kept for 2 hours at room temperature to ensure complete
hydrolysis of unconverted anil, 2*3s pellet sodium hydroxide
wex'e added to the ice-cold solution to neutralise the bulk of
the acid present * The solution was finally adjusted to neut-
trality by successive titration with N-sodium hydroxide

phuric acid and p.l1M sodium hydroxide (B.'D.H* Universal indieatr
paper) 5 the proximity of the end point 1is indicated by separattcn
of the gquinoline. 3 ml of H-sulphuric acid were added and the
solution was filtered into a 30 ml volumetric flask and made up
to the mark with washing's. The solution, now O.IM with respect
to sulphuric acid, was analysed by adding 3",10-,13-or 20-ml
aliquot portions to 10 ml of the ferric aimonium sulphate
reagent and dilution to a final volume of 40 ml with O.IM sul-
phuric acid* The optical density was measured against a blank
solution prepared In the same way from 2 ml of the pure medium*
—(Cllaction® were followed to 73 - 83% change.

To ensure that the reaction did go to completion, for each
compound studied one experiment was carried out until the
presence of aceylaoetooe was barely detectable,

OalcuiAtign of results;
The velocity constant k was calculated by means of the

unlmolecular equation

kt * - 2.303 giog(a-x) - loga]



share

a

is’the initial conoeatrail...n

of gwluollne compound at time t*

--f vwIl WBHDx la the amount

-1
All ooBoentrationa were expresood In &9%lea litre mxa k

woM expreaeed la minuteeT'

k WA@ obtained grapbleally by plotting log t agmimot time»

of aoetylacOlone equivalent to the 2 ml aliquot removed

from the reaction mixture #®." W differs from log (a-%) by a

ogmatmt amount) .

FvperimeDte were done 1in duplicate and agro”rmeot to within

1# Sae generally obtained.

e.g. Typical duplicate resulta for the oyclla&tion of anils 'iret-

Mm# 1

Time!
in
mln#

5

A" 051% eolutlon.

Aliquot I Final I Spekker
Rfmov/ I Bcln I Reading
50ml.

0.741
C. 741

0.aig
I

40 T 51810
k = O0.bozSminT"

49 -

migma
deéac

1 «W

1.

025

L2285
.47

.0C4

A #J
ngma
AaAc | mom
/30ml M 9
0.971
L9122 i 16.a
8B20 (
3#873 .7690
.7097
.32773
2.510



3.xpt no 44.

Time
'in

mima I 30ml

J23
I 65
1131
236
372
464

370

630

Time

11

13

19

23
27

32

0.052M solution-

| Gpekker T i3%pis I mgms

| Reading

RiE

0.485
o#4ab

I 9:783
0.634

o.

ol

0.
0.6

r. §.5°

!

AcAo I AcAo
'AQOml.

4 9.745

(L840% 8.40

0.7955 7.95
|
1.2951 6.475

1.043j 5.215
1.220j' 4.067
0.931f 3,170
1.0731 2.688

0.913 2.188

1; 2-dimethyl - 3-amlm4-beURem®

A

Spekker

*439
#439

. 366
*366
,.344
37

408
408

476
476

330
330
372
371

237

237

Aliquot ' final
I removf r soln
3 40
3 40
10 40
10 40
13 40
13 40
20 40
20 40
 » 0.00221ain~"
o.,0bcAl...:
Aliquotl Finalj
rem”/ I Sglm
| 40
| 40
10 40
1 10 40
13 40
13
20 40

f
AocRo ! AcAc

9.902

7.28

6.04
0.  4.49"
0.67 3.373
0.7951 2.63
0.57" 1.917
0.611} 1.3I8
0.417 1.043

0.
9243

.9004
8112

7172

.5011

.4294

.3401

r .9937
8621

7810
.6327
3282

4232

2826
1812

0162

Scomi

13*9
18.3
33.3
46.3

38.2

67.3

72.4

77,6

$cori

26#(
39J
34*
63*
A

81
84

89



e # 0.

I o
Tlae Rliquot I Final I Bpek'rer I mgma mgma
11la : remov/ Sola I Hoadiag | AcAc Ec/Zc
mlm;% 30ml. /90TAW
PR O TEtrd ST Fuwh' Y 4
9*792  *9909
a 3*62 *7497 :42.6
11 10 4.733 °6772 ii.31.4
13 10 3*023 3393 I62e$
19 10 2.333 4040 '74.31
.340 . .
24 13 '310 1.867 j .2711 j80.1
30 13 it 1.217 i .0832 187.9
Expérimente vi’re oor ied out to- establish that the aails
v'-ere completely hydrolysed in dilute sulphuric acid. Jj

2 camples (approx#01~) of each anil were dissolved in
30 ml 2H sulphuric acid and loft to stand for a short time. 4|1
solid sodium hydroxide were then added to each solution which|
were then accurately neutralised, 30 ml If-swlphuric acid
added and the volume made up to 300 ml# A 10 ml -aliquot of

these solutions was suilayaed colorimetrloally m previously

described.

W-3 ft of aample analysed % Acetylneetone
pj-tol'aldin® 0.1313 99 3
M-toluidlne %#ﬂ%g oo 1
p-cliloroanlline 8 : 009%%

p-f luoro?mllinc 8#11000#9 %82#%

—_ W



"nil of eemplea for Acet?yIacetone
S . analysis x~covery
ERIIE RN oTIo!
w»
m—-Iodo aniline 0.0663 100.6
0.0649 100.3
p-xyliline J 0.1003 100.4
0.0911 09*7
1i13-dimethyl-34fdino- 0.967 99+*3
benseiio ]f
1
1: 2EiAiethyl-4amimo-. 0.1076 100.8
benzene J 0.1063 101.6
2ohlor0-4-aminotoluene 0.1067 98.2
i 0.0968 99.6
4—x*chloro-2-affiiaotoluene 0.1011 100.1
0.0990 100.0
G-chloro-3-amlaotoluene 0.0868 98.3
0.0673 99,5
P8 oo b oo fe o 0.0957 99.3
0.1007 99.8
1 ;2Elmethyl-4-amino- 0.1033 98.2
benzene 0.1060 100.0
Perchloric Add.
1;2dii!%ethyl-5-amlno 0.0970 99.2
benzene 0.0962 99.9

Frodticta obtain®©” on eyolisatloa;

As the kinetics of the conversion of the anils into the
quinoline compounds were being studied by measuring, the rate
of disappearance of the anil, it was necessary to make certain
that the product of the reaction, throughout its whole course,
was a 2:4-dimethyl quinoline.

To establish this fact, approx. Ig. samples of the anils
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wexd dissolved in 10mle of 98% sulphuric acid (this corresponds
to 10 times the concentration of organic reactant used in
kinetic experiments) and kept at xbom temperature for several
hours * The solution was poured into ice-cold water (IQOml) and
left for 2 hours to ensure complete hydrolysis. The solution
at 5" was treated with an ice-cold solution of aAlum nitrW:e
10.0pg) in water (bml) to diaaotlse any amine .resuXxing from
the hydrolysis, end then warmed to convert the dia-onium salt
into phenol. After cooling, solum hydroxide (15;y.) was added
to make the solution alkaline. The 2:4-dimethyl-quinoline was
extracted with ether, <adu the ether extracts waslej with water
and dried over sodium sulphate. After filtration and evapora-

tion the crude quinoline was obtained.

 nol] 4 v'.olvont used for

quinoLine recrystallisatldii

2:4:8-trimethyl’ 94.7 41C>C I 1-OB/katei’
quinoline ]

2 :4;7-trimethyl" %
quinoline 98%9
—dimet - J

2 14«=dimet:hyl-7-ohloro 93%] T 44.u~43.1')C  42-60 °ietroieum
quinoline | I I other

O O U B I 1 91*4 l 43'*6 I —dO—
quinoline }

y-vrumn-2:4-dine t.hys 95*2 I 46-7 I — do '
quinoline

7-iodo-2 ;4—d methyl]
g:incline J.2 5°1-5 70 — do -

2143i5irj-tetra" ethyl | 94 .7 44-3 — do -
quinoline | )

2:4:7 ;8-tetramethyllI i 5>-1 °C I — do —
quinoline I 88.3 )

2:4:6;2-tctrametbyl]] 94 .0 86 — do —
quinoline ’



Oouinoline s Held £SBL.MS~4Sif

21416 17-tel, ramethyl 97*3 79-80"0 40-60 Pet-coleui.! etWr
quirioline

7-Ghlor0"214 : 6"4rimetbyl

qulBollm® LRI 80#100 — do —
3-0Oliloro 2't4 1 if..ethyl

quinoline 91*5 40-60 — do —
6-dhloro-2:4:7"'"trimethyl

quinoline 96.0 89#*90+ 80100 — do —
7-Ghioro"2:4;8-trimethyl

quinoline 94,0 u (M8U % do —
Perchloric acids £ L

2:4 ;7 ;6-te trmaethyl no m 28-5040 40-60 — do —

puin e i :

9 '*'3hloro-2f4: 6-trimothylqiinollae Oalo#070.04 B3*403 M6.810

round 038
01 17.29

o\°

2:4 ;718-te tramotbyiquindllne 0 M7.923 H7.584
Found 884.26 isC.gaS H?.655 %
2:4L277—tatrs®eti”lg'ai-nolino Gala U84.51 H7.32'3 1?.554 %
Found G84.59 as.0,34 H7.6?4 %

7-Qhloro-2 i4iS-trl-..;iiithyl B Onlc. C70.G4 II5.405 K&.8X0
qu Bollne \ ex 17.24 %
Found «6.814
Cl 17.95
iffeot !/ variation of W*e initial coaeectration of anil.

74n général* oyelis;tion reactions were c§;ried out if.itb
4

A ~%1ltial Ooncentration of 0*03 soles litre *
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It +il necosaary to make up the solution to ¢ final volume M
0I 100 ml deoinormal with lompoot to auXpliuric acid wben the
initial anil conoentratian was 0.27%
2-p—tolui#i:ne-pomt-2-an—%-ono was used for these aWdlea

*2 - J.020 at 25~ in 95*7% sulphiudo acid and it was found
that, as the Initial ooncmitratlon of anil inercased, so the
rate of cyclisation decreased. A similar result was obtained
by Bonner, Thorne mu AilklnaAC who studied the variation of the
rate of cyclisation with initial concentration of they”*-onilino”*
pent-2—en-4-one in 95*7% sulphuric acid at 257°0%*
Effect of variation of temperature on rate of cyclisation;

The cyclisation of 2-p-toluldine-pent-2-en-4-ohe and

/? —aiiilin.O-pent-2-en-4.-one wb»s carried out at different temp-

eratures with the Initial concentration of anil 0.05#%*

The stability of the anils was Investigated in concentrated
sulphuric acid in the range where cyclisation, if It was
occuring, was known to be too slow to measure. The anil of
1;2&methyl-3-aialno-Benzene was known to c;ycllse at a measurabl<
rate down to 70% *ulphurlo acid. If the anil was stable 1in a
lower acid concentration, by adding a stronger Sulphuric acid
it should have beeh poaalblo to produce m medium suitable to
follow the kinetics of cyclisation of the anil by the procedure
already described, The stability of the anil was investigated
os follows:
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*j.2g of anil were dissolved in 60/ sulphuric acid, and
maintained at 2 3 overnight when 13ml 100% sulphuric acid v"ore
added, at zero time, and the mixture shaken. 2ml aliquots were
removed at known time intervals. The acetjl-aoetone content of
the s#gplea was estimated ae before. A constant value was "oteiaci.
for the acetylacetone content Indicating 71% hydrolyaia of the
anil. The experiment was repeoted# but the solution was
maintained at 2570 .for only 1)é&.onrs before 15 ml 100% sulphuric =~

acid were ad-ied 2 ml aliquots were removed ma analysed ae before

A slight ieoreaae in acetylacetone content waS'S observed with
increasing time# The acetylacetoue analysis indicated only 22%
hydrolyals of the anil. These results were interpreted ae
indication that in the 60% sulphuric acid medium the anil was
hydrolysimg and the addition of the 100# sulphuric acid caused
any remaining anil to cycliae, The heat evolved on addition of
the 100% sulphuric acid would facilitate the cyclisation reaction
It was found possible to folio# kinetically the cyclisation of
this unchanged anil, if the 60% acid solution was Ice-cold before
the Ice-cold 100% sulphuxde acid was ad ed to it, This hydroly-
sis of the anil coul-i then be followed .kinetic 1lly by wltWrawjng
s mples and running them into 100% sulphuric acid where any un-
hydrolyaed anil vmvtXd be converted into quinoline,
Atetyl acetone recovery under the conditions for 'hydrolysis;

It was essential to establish that acetylacetone could be
recovered quantitatively when subjected to the procedure sug-

gested for obtalnl% kinetic data*



A~

A iocaown weight of me# Wewmo wee dissolved in 2$#1 60%
m31lpWrlo aeid md kept at overni ?bt. A 2ml aliquot of
thl$S solution was removed and run into 2W1l iee-eoli water,

neutralised, 5#% # aulphurl® aeld added mta uy— to 30*"1*
a ICml aliquot of this solution wae removed for acetylmeetoa®

amelysia* Typical résulta are ehwm ;-

ULm#%%msESmm fe-isaEpz
sEsea atateiassim
0.3?24 99.4
0.4302 #.6
The effect of mine to the eeetylaowtoae aolutlo.o
ia so0 s ewiphurie teid vl exemimaa sy twe. ..-. techntmtm..
f't acetvlacettme % :reocmre$'
added. R
1*016a 74.2
0.4302 0#5759 74 .V
Thoae r”aaite that an eqmiilbrlum is eatabliaWd

Iffen- the amlae emd aocetyleeeheae are preawit Le/other in 6*'$%

sulphuric acid i*e* they combine to give wge mal i*

A solution oooiaiaiag f£5fT"-9 oBll of 1l:2di%ethyl 3-miino
benzene in 1“ml 80,1$ euiphuric acid was kept at 23'0 for 2d”*a#
It was then pourr-d Into 10Qml lee-eo*l winter fwd the e-lutiom
mmthe alkaline with aodlum h*fdro-“1lde* ibe alkalllLic aolution wae
Ahaken w th ether eevocal timee and tm ether ortract wasLed e

with wmter* mi dried over L.odiam eulphé&te. .After
Uhe oUier'sWas distilied Off end the product, weighed. " 'An
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attempt was to prepare the acetyl derivative on the assump-
tion that the amine ,led been recovered* The above residue was
refluxed with 2ml glacial acetic acid for J hour and then
poured into the Ice-cold water mG the solution made aika-
line* A white crystalline product was formed f.-hico was filtered
off, dried and weighed. A meltin? point deterr?inallon was
carried out on this sample, which was then recrystaliised from
water.
Equivalent of 0*511? gmm mdne originally present in acid.
<;*511'1lgm a”nine recovered from acid, proving that the amine
could be recovered umehanged from the medium and did not sulph-
ate under the conditions used for hydrolysis.

v.pt-of crude acetyl derivative * 155-1M%.

H.pt of recrystallised acetyl derivative * 154-5""'0*
(BelleWin - 13570%*)

[e)

% yield crude pjk%duot «& ?7%

It was necessary to establish that no anil was reformed
When the 2 ml aliquots' from the hydrolysis #em run into the
100% sulphuric acid.

A known weight of acetyl.acetone p/m dissolved in 10ml 60%
sulphuric acid* A 2ml aliquot of this solution was made up to
1Jnl with 100# sulphuric acid wid the acetyl acetone content
datermlnod as before (1. ). O. I;2-dimethyl-3imlno-be
was then adJed to the 60% solution md as soon as the amine

dissolved a aliquot was removed and made up to 10%L with
N



100# ealpbufie acid tmi tb# acetylcoétone camtent eictoimln.ed
after 24 heure (2)* After 24 hoars mother 2ml aliquot wac
removed from the SO# sulphuric”“meld solution ml aade up to

IG&l with 100# uulphiiric acid, mé the aocetyl Aocetcae content

L
&etciwineé& (3) *
log V , Ao «
USHm!aaS - = m m w m
(I) ,S530 .S50 1.395
(a) .831 .331 1.396 10#
{$) 564 .564 0.940 67.3%

ifaes# results &Bisonafcrated that rRo «mil i'owefciea oeours

is 10"~ alM 'but doea ooc:«r in 6()# acid.

Kinetic moaeuremcnte wé.re carried out at 25'% a thermo-

stat ooatrollad to * The reaotiw” vec:)O©! woe a yvzl
quio!cfl?2';.s?;' oonical flack* mil waa into a B24 ao$é&
omp, the amount taken provlOirt” a O.1.M# whea diBOOlvodj

la 25;%! of té&e $#4lw# ThO reaction flush walf wei'“hed A)si, |

giod v %ty op e oo d T the fleisk o F N the fleed owoae v eighed o

enahle one to oaloulate the exact voluSK/ of eediua uaed» The

fly I  'wae placed In the thormoatat {11 the w attain the j

te”perat?*w; of the theneootat. To otm”~t.vhc the

roaetliw flomk €86 removed from the' .tWrmdgtat andthe filled

eoOket amp inserted. . The fHaalusi"and reactant were brought
HEdy

tOf#g.Wr at zero time by vl(gor.?ua ahokin: 3#:* $fter complete. .
A\

I



iissolution the flask returned to the thermostat. 31x to

eight aliquots were removed from the reaction, mixture as™
run into 100% sulphuric acid and made up to 1O0stil/Iroiuaeed
flask. This stopped the hydrolysis and converted any imhydrol"
yvaed mil to quinoline compound, -~ftor 2 .hcai'S, two Zml ali-
quots of each solution were run 1 :to 2Gul ice-cold water and
then neutralised as described for 4,he cyclis tlon and.made up
to 50ml. 1'he acetylacetone content of these solutions was
determined coorlmetrlcally.
'lalcplatlon of results:

The velocity constant k* was calculcted froa the equation

il> = 2.30,5xe log ay.—"»x(n.-Xe)
- tC'1é"x7) mtta (/L

for a first order reaction opposed by one of the second order.
a w initial concentration of anil.

% a concentration of anil at time t.
7« .at equilibrium when « 0.

If thehydrolysis of the anil is fluet order with respect

to the anil, a plot of log axgifrx (a-xe) against t ahould be
9 straight 1line, and from the alope%gf the line k,L?'ﬂumeém“W
could be calculated# fxperimerits were carried out in dupllcat
and agreement to *1lthln Z% was usually obtained.

Typical duplicate results for the hydrolysis of the anil
of 1;2-dimethyl-famine-benssne in 52.8% sulphuric acid at
ere soown;- J.im in#tial concentration.

%$)lcal dilmllo@lte
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acid at 25°0.

&*Dt. ao.X29.

Final

«nil ta 52,8% oulpfauyie

Okie# solution»

Aliquot Spekker mtm mgms
Time t j<remdr/ Solution Reading AeAc. AnAc/50 ml.
: 50 ml.
AAAAAAAAAAAAAA .%L
30 40 6300 .490 .81?
' 1 .300 8
17 20 40 1 -735 1*833
*596
24 20 40 2.488
*597 +999
34 i 15 40 *552 .920 3*067
1 *551
46 i 10 40 #423 .700 3.500
423
59 1 10 40 *5C* .840 4.200
.505
.581
94 10 40 .970 4.850
.581
InfIn 1 5 40 #315 .516 5.160
*315
k » 2* mce ~ % (a—-Xqg)
aix”-51
a » 5.053( YLl ax@ w 50.20
%e* 5.160 2a - XO » 6.346
A log
€ X, x{a-%>  axetxCawgcog, ) * logR6%"%1 . scs—"xfei§
e (@a=xe) "MSSS"*xT
7 .817 .5661 30.7661 4.353 1.4062 1,48.81 .0819
17 1S33 1.271 31.471 3.327 1.2894 1.4%?9 .2085
24 2.468 1.724 31.924 2,672 1:I#2 1.504X
34 3.067 2.125 32.325 a.095 1.0881 1.5095 .4214
46 3.500 2.425* 32.625 1.660 ,.70 4..5136 .5261



T« X 1 % (a=3%). axe*3cfei*Xe)« Xe—«, axg™x (a-
CamxD» "a(xe~3(1;

59 4.200 2.910 53.110 0,960 0.7497 15199 , 1702

94 4.050 3.360 53.560 0.510 0.2580 1,5258 1.2670
ol
2" 1.04 X 2,503 X 5.15 ™ 0.0241 min.

W 78.5 X 6.348
iftp.*130, kaon ao%:uti'{m :

14
Alignat ' Final mgma

flme Soktmoa i“aaing M: . AoAO./5 ("1
10 30 40 fjgg x720 1%283 *
16 25 40 *559 *932 ' 1.864
*559
22 20 40 *557 *930 2.325
*557
#508
28 15 40 208 .848 2.627
*633 !
39 15 40 635 1.057 3%523
.483 |
10 40 *804 4.020
51 483
.570 *951
74 10 40 o0 4.755
*306 N
Infla* 5 1 40 1 *515 5%150
308
A 1°010 MCg ¢ x(a-Xe)
~ax” 1 x)
a » 5%649 8% Ye * *699 * 30%11

« 5*%150 2a- Xe"® 6*548

%$* x(a-%e). axeix)a-xa>*
10 1.283 1*129 31*339 3.867 1.5545 1.4961 .1416
16 1.7'4 1%303 31*%413 3*286 1,2830 1.4970 .2132
22 2.325 1*625 31%735 2*g25 1.2181 11,5017 .2836
28 2,827 1*976 32*086 2%¥323 1.153a 1,5060 .3728
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log *«o»

t* . x(a-xe). logaC3%-xX

aTx”"-x)
39 3.523.2*462 52%572 1*627  *9785 1*5128 *5344
51 4,020 2*809 52*%919 1*150 *8202 1*5175 #6975
74  g4x755 5324 55*454 0*595 .5057 1*5241 1*1604

k &2 1*04 ¢ 2,505 %5*:" » 0*0241 mln
78.5 X 6,548

nM»Sk. .M rate MA. .MteitoaJdUt»

Ammonium sulphate was added to the 60*1% sulphuric acid#

The effect of 1.0M ammonium eulpb:te on the rate of hydrolysis
of the anil of ItSdljaethyl-famine-bensene was investigated# The
medium wm prepared by weighing out sufficient ammonium sulphate
into a weighed 100ml volumetric flask to give a IM solution when
dissolved in 10CW. 60, 1# sulphuric acid.# 60,1# sulphuric acid
wm added and the flask was well shaken to diaeolvo the ammonium
sulphate# The vol%me was made up to 1DC#1 at 2570 and the flask
was rewelghed* "Addition of amniorlum sulphate facilitated the

hydrolysis of the anil#

O#1M anil concentration, 60*1% sulphuric acid 2570
}Spt,Wo* 134 k, # .0053)
135 k# « *00558

iiydrolysis of mils m 5 #

An investigation of the stability of the anils In acetic
aeid was carried out* A spectrophotometrio investigation of
solutions of anils in acetic acid snowed that in glacial acetic
acid rapid decomposition of the sails oocured# In orJer to make
a kinetic Investigation of the decomposition of the anils a 5W
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mixture of acetic acid and benzene wa®© choaen# It was confirmed
that in acetic acld/bencene solutions ,®Hte wavelength of maximum
absorption of the anil, acetylacetone' and the amine® had neglig-
ible absorption* It was possible to measure the rate of .hydro-
lysis of the anils by measuring the absorption at the wavelength
of maximum absorption of the anil#

First order rate constants were obtained for-the i7drolysis of
substituted -mils in 50% v/v acetic acld/bensene at 2570,

at 25 w. See j
figs- 6 for typical dup.nmanj

Compound Piraet ity *7,
Aniline 160 0.00157?
1ol 0.00159
p-toluidine 162 0.00184
163 0.00183
O'-tol'uidine INY! 0.001206
165 0,00126
m-toluidin® 148 0.00184
150 0.00185
1: 31lim#fchyl-4-andnobenzeno t
166 0.00144
167 0,00145

dnatifg. of the pKa*s of amines:

The pK”* was determined by a potentloraetrie titration.

The cell employed WIIl a glass eleotrode-calomel electrode
system, the p-H-was measured on a <€i-mbridge pH-meter# The glass
electrode was first standardised against solutions of known p
The amine hydrochlorides were dissolved in. water and titrated
against 0*IB sodium hydroxide.
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g licrai prooegg”ei

0 . solution of iiydrocbioride were brougot to 2 5 in
a thermostat controlled to 10*0270# The pB-mctev ro.e calibrated
with buffer aoiutions e*g. Phosphate buffer pH"b.Bl or pbtnilate
buffer = 4,00. The electrodes were inimorsed in the hydrochloride
solution vI'd the pH of the solution ietermiaed. 0,1H sodiur
hyd coxide was ad ed from a microburetle» Lhc solution was kept
atlrred. The pH was determined for each addition of t?e sodium
hy Iroxide, The titration was continued well p st the equivalent
pointe
Evaluation of pICa; Gee fig:- 9
B By measuring th% hydrogen lo- activity of a knowM concentra-
tioii of an acid and itS/Sﬁﬂi, the dissociation constant, R , can
be calculated from the equations-
K » GH,0+JCAYJ f£>,WfA”
. . ~-mi -
« pB + log * log; fitA Xo>T fA
The caacO#ntion of the anion can bo calculated from the
concentration of hydronium ion, whereas the concentration of the
unionised acid, HA, 1is given by the Initial value of the acid
introduced les« the concentration of hydronium ion. The activity
coefficient of the acid may be taken as unity and that of the
anion may be calculated from hekye-Euckel theory*

\t the half-netrailsation ooi- t, the mtlon cdi CdA)/CA"'J is

A

approximately unity fof weak acid and its highly ionised salt

e#tg. O"HcHBg and ~ G1™ , so that the pK” is equal to the
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pB value plus a correction for the activity ooefflclent of the

A

anion, pK” » pH - log f*~*. The mtlvlty coefficiert term

coaeidered negligible in this Investigation#

Pi .j*see, FE.g5’g JiAaquaom®. .aol gtlgtt!

Amine P <
aniline 4,70
o-toluldine 4,48
m-toluidine 4,81
p-toluidine 5*01
m-chloroaniline 5%59
p-chloroaniline 3*99
p-.xylid4dne 4,50

1;5"'dlmethyl-"-amlnobenzene 4.68
1:3-dimethyl-4—aminobeaé&ene 4.97

1 2-dlmetbyl-4—aminobenmene 5.22

2-chloro-4"-aminotoluene 4.05
4-cblora*"2-mlnotoluene 5.55
5-ohloro-2—amlnotoluene 3.82
<1
—00000—
H



1,

Hisoussion of reauXts»

Mechanism of cyclisat]|.on

Bonner, Thorne and Wilkins”” investigated the cyclisation
of the anils of acetylacetone with aniline and p-toluidine
in a range of acid media from 84,5 - 97*5% sulphuric acid,
The use of strongly acidic media indicated reaction through
a protonated form with the alternative possibilities of a
rate determining ring closure proceeding either before or
after dehydration, which it is possible to decide upon by
correlation of rate constant and the appropriate acidity
function. The rate of cyclisation was found to be first
order with respect to the cyclising compound, The rate
constants increased with increasing acidity of the medium,
the rate of cyclisation becoming immedBixrably fast in
absolute s%huric acid* The authors established that the
first order rate constants for a fixed initial concen-
tration of condensation product were related to the acidity
function by the Emmett relationship log 4 « constant
over the range of media considered. It was concluded that
the cyclisation proceeded through a monoprctonated species,
formed in fractionally small amount, undergoing a rate
determining ring closure followed by rapid dehydrati n to
form the 2 : 4 - dimethyl-qulnoline, and represented the

reaction as siiown -

CH,
H I v ” I J

C JT3\,

—ures

* o/ 1Wf&rkf/



Later consideration and dicsuesian has suggested that the
anil could be completely monoprotonated in the strong acids
used in the cyd.isation reaction, forming a stable monovalent
cation which does not itself undergo cyclodehydration; the
reaction might then proceed through a diprotonated anil
formed in fractionally small amount.

To invest#.te this possibility, an anil which was
knoim to fail to cyclise in concentrated srd*huric acid was
selected as the solute for the determination of lowering of
freezing point data in pure sulphuric acid, The anil used
was the acetylacetone anil of p-chloroaniline, which Roberts
and Turner had failed to cycliee™”, A spectroscopic 1investi-
gation of the stability of the anil in 100% sulphuric acid
showed that the hydrolysis of the anil was slow, and would
be virtually negligible during the time taken to determine
the freezing point of a solution.

The ratio of the actual freezing point depression per
mole to that produced by a non-electrolyte the van'’t Hoff
factor 1”7 1s a relatively accurate measure of the number of
ions produced by the solution of one molecule of solute
e.g. Benzoic acid is known to be fully protonated in 100%
sulphuric acid

CgHcOOOH + HgSO” fi CgHjjCOOHg™ + HSOg
An i factor of 2 has been found for this reaction indicating

complete mcnoprotonation of the benzoic acid, A satisfactory

value of 2.07 for the i factor for this compound, in the



rather approximate detersnlnation made in the present works$
was obtained¥*

A similar determination of lowering of freezing point
with the acetylacctone anJ-1 of p-chloroaniline in 100i
sulphuric acid gave an i- factor of 2.05, indicating t at

the anil was completely monoprotonat d in this medium.

©
If the first step in the cyclodehyirati n reaction is
the formation of a reactive diprotonated species, derivation
of the appropriate equation relating k\ and the aciJdity
function H%fis similar to that outlined in the earlier
treatment of Bonner, Ihorne and. dilkins
Let Y ™ total concentration of anil completely
monoprotonated in media used for cyclisation.
- concentration of diprotonatedspecies.
- concentration ofmonoprotonated anil.
k” - experimental velocity" constant for a given
medium.
- theoretical velocity constant, assumed
constant over the range of media considered.

In any medium 1if ring closure precedes deliydration;-

A 4 -> AH'"* complete.
D™+ f
AEP"'®  —> products
Then [Air [AEg™ Y
where is the experimental rate constant
ko is the theoretical rate constant
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Can P<
log k» - log kg + log (AHg'*""/ {AK'"J

“ -log K -log CiHp''U/ (AHp assuming that the anil can
Toe considex'ad as a Hammett
type base.

log 4 » constant
if fAgE2~" fBH'" / fAH" £ 1 s constant over the range of

media considered.

A proton transfer to a univalent cation base, AH", to form
the conjugate acid, corresponds to an acidity function

H defined by

44 i
= -log fAH" / fAHg™ —*"2 + log [ASU/CAgg”"P
Hammett*© acidity function which measure®© the tendency

of a solution to transfer a proton to anetfcral indicator
base, B, to form the conjugate acid, , 1s defined as;-*

Hg » -log ag4 fB/ = pKg® +log [B] / LBK*J

The difference between 54 and %}

- Hg +log fB fAHg"'* / fAE* ... . (1)
which was calculated by Brand and has the value 0.28
in 100fé sulphuric acid; in this medium is -*10.60, and

since the value of the acidity function changes rapidly with
medium composition in this region, the difference may not

be significant,

Coryell and Jix ' state that all Hammett acidity
functions are parallel functions of medium composition and

refer to the constant difference of 0.3 log unit between



and found in the range 4-

6 M salphuric acid.

Any

two acidity functions will be parallel functions of medium

composition if the activity co-efficient ratio corresponding

to equation

studied#

(1)

Bonner and Lockhart

of and

have demonstrated the parallelism

over the ranges $0 -

acid. Ho complete

it is necessary to use values of

rates with acidity functions,

Bonner,

of Log 4

Thorne and Wilkins

=Y

33% and ?5 -

acidity scale has been measured,

is unity or constant over the range of media

93% sulphuric

thus

in all correlations of

for aniline and p-toluidine anil.

%
4 Ho) was also found to be constant for 1

aminobenzene anil in sulphuric and perchloric acids,

of .@te. P* cyp;]1*j*#Stim pf mil of

amiaobengene
Hg80"

119 80.8
120 80,8
117 78,6
118 78,6
95 74,8
96 74.8
126 70.5
127 70e5

with & H”SGH at 3370,

Initial
eonc.
of anil

0.0500
0.0505

0,0498
0,0506

0,495
0,502

0.508
0,509

71

k*min

0,0692
0,0697

0.0226
0,0225

0.00592
0,00586

0.00155
0.00140

log

-1,16

-1,65

-2,23

—2,86

demonstrated the constancy
Log k%

: 2 —dimethyl-3-

-dimethpivS-*

-7,15

-6,6006

-6.15

-5,55

log
+ Hg 1

-8.31

-8.51

-8.56

-8.39

4



Variation of rate of cyclisation of anil of X ;2"diaethYl

-3-aminobenzene with % HOIQ™ 4l? 2570,

Sacpt. S Initial —1 log lop; k.
Ho. HCIO® conc. min
. 4 H
of anil
110 71.4 0.0507 0.111
0.95 -9.02

111 71.4 0,0509 0.115
112 09.4 00,0503 0,0652

-1.18 -9.03
115 69, 4 0,0509 0.0652
114 66,7 0,0500 0.0109

-1.97 .8,92
115 06.7 0,0503 0,0107
125 63.6 0,0506 0,001064

-2,79 a, 9l
128 63.6 00,0510 0,00104

values were obtained from the work of Bonner and Lockhart.

In the cyclisation reaction the correlation of log
with H i.e. log VS H givesostraight 1line of unit slope,
must indicate that the cyclisation reaction, when it occurs,
proceeds tiirough a dipeotonated species formed in fractionally
small amount.

A similar treatment based on the alternative mechanism
of dehydration preceding ring closure leads to a similar

relationship as that deeived by Bonner, Thorne and Wilkins”™”"

e.qg.
4'4
AOHg
Ain ++ _> A""* + Hgo
A4'4 -> products
which yields the relationship log k. 4 constant.
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Tiie acidity function 0% defines the i1onisation of indicators
which ionise according to the equation HOH + A + H"O
Deno and Co-Workers have studied a series of indicators
ionising over a range 10-98% sulphuric acid, and in a manner
analogous to that used by Harnett when defining his scale,
they have constructed the acidity scale for this type of
ionisation. A linear plot of log TS is not obtained
(see fig, 10) and values of log 4 for three compounds
studied are not constant over the range of media considered.

This mechanism can be rejected.

1 Oompound A 5%804 9 log { Cg 7 log Ic™ +

fniline anil 97.5 -1.068 1 -19.15 -20,83
95.5 -1.92 1 -13.25 -.20.17
91,2 -2.47 1 -17.05 -19.52
83.6 -2.73 -16.40 -19.18

p-toluidin® a iil !

$5.5 -1.07 | -18.25 ~19,52
91.1 ~1.67 ~17.05 ~18,72
87.6 ~2.13 % ~16.11 ~18,24
84.5 ~2.62 3 -15.50 ~17.92

: 2 —=dlmethT .-3-&mini >benseneani |L

80, 8 -1.16 I -14.58 -15,54
78,6 -1,69 -15.77 ~15,42
74.8 -2,23 -12.80 -15.05
70,5 -2.36 1 -11.63 -14,54

15 -



The results on aniline anil and P-toluidlne anil were

taken from the work of Bonner, Thome and Wilkins 49i

Co values were obtained from the wox'k of Penoetal 70
In all cases so far studied log k™ VS gives straight

line plots with slopes approximately unity;- (see fig. 11)

Slope
Compound Acid Hans:e log k.
U8 Ho ~
Aniline anil . aa.e - $7.3%  0.99
p-toluidine anil 84.5 - 95.5% 1.17

1 I 2-dimetIiyl-3-nmino benzene HgSO™ 70.5 — 80.8% 1.05

anil
1 : 2-dimet};iyl-3-amino benzepe HGTIOA 63.6 - 71.4% 0,92
anil
In the derivation of the e:cprcssion log k© 4 « constant,

it i1s assumed that over the range of media considered an
activity coefficient term of type fAH varies 1in

ex culy the same way as the ratio R / of the
Hammett indicator ionising over the range of acid considered.
A precise parallelism of log with will only exist if
this assumption is correct.

McIntyre and long”™” have studied the acid catalysed
hydrolysis of meth/lal and have shown that for the strong
acids hydrochloric, sulphuric and perchloric, that the
first order rate constants increase very rapidly with
increasing acid concentration and a plot of log Vo H

m30. O

gave slopes of approximately unity for each acid.

e. . Acid Catalysed liydrplysiB of methylal

Acid Slope log V8
lyerocEIoHE TTSF
Sulphuric 1.15
perchloric 1.08



Long attributes these differences to variations of the
activity coefficient ratios of the type fAH* / and
fBH*" / Salt effects are known to be specific for
these three acids and changes in activity coefficient ratios
would depend on the specific acid used. Hence exact
parallelism between rate and is not generally to be
expected, even 1f the activated complex does in fact behave
like the conjugate acid of the reacting neutral molecule.
Similar divergences from unit slope of the plot of
log k and H have been observed in the hydrogen isotope

exchange reaction of p-oresol and p-chloroplienol 1in strong

acids
Compound Acid Slope 10K k VS ®
p - cresol HCl 1.42
p —cresol HpS? 1.08
p -—chiorophenol 1,00
p —chlorophenol 0.90

The results on the cyclisation of the anil of
1 ; 2-dimetiiyl-3-amlnobensene in sulphuric and perchloric
acids are seen to be in agreement with the results of
previous workers wviio found differences in the slopes of the
plots of log k VS in different acids. Divergences from
exactly unit slope must be due to specific salt effects.

It might be advantageous to use an indicator similar
in size and constitution to the entity undergoing the acid
catalysed reaction, since then one might expect the salt

effects to be very similar i.e. that the activity coefficients
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would change in the same way with the change of medium.
Data 1s available which seers to indicate the importance of
size of the Indicator molecule from the kinetic data on the
O-nitration of iso-amylalcohol by nitric acid in acid
solution. In sulphuric acid it had been established that
O-nitration was br ught about by the nitronium ion ,
and rates of nitration had been correlated with 0”7. Rates
of O-nitration of iso-amylalcohol were obtained in perchloric
acid, and log k VS 3 perchloric acid was found to have
exactly the sane slope as log / (OTO™) KS % perchlolc
acid. Data on the ionisation of nitrous acid in perchloric

acid had been obtained by Ginger and Vomplew”,

HHOg 4
1yiOg -> HgO 4

This ionisation is of identical type with that of the
conversion of the nitric acid to nitronium ion. The above
correlations indicate that O-nitration is brought about by
the nitronium ion. In sulphuric acid there is a difference
of ca. 10% between the ©lopes of log k VS % BLGCh and
VS % EgGO”. Hence the sl&e of the species chosen for

comparison may be of importance in correlations of zate with
acidity of medium.

If the rate-determining step in the cycledeiiydration
reaction 1s ring-closure of the diprotonated anil, followed

by rapid dehydration the reaction can be represented as foilm
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I t y t \/H.O,

A

Intermediates of type I can be stabilised by resonance
structiiPes in whichiie 4 ve charge resides in the position
para-to the point of ring closure as in structure 1II,
Substitution of hydrogen at this para- position by halogen
or methyl would enhance the effect of the contribution of

structure IX*
Ho /C/H;

-CH,

Bonner and Wilkins”® ccmpared the rates of cyclisati n
of 2- (2 14 I 6 - «+rideuteroanilino) - pent -2-en-4*one
and its protium analogue and found the ratio of the rates
to be 2 55 in 95*5% and 89,2% sulphuric acid/water, They
concluded that fission of the G - H bond could not be the
main rate-determining factor, and that the slight isotope
effect was a feature of the two step mechanism through an
intermediate of type I, in which the formation of this
intermediate was the rate determining step.

An alternative mechanism which would give the same
correlation of log k with is one 1in which there was a

rate-determining elimination of water from the diprotonated

anil followed by rapid ring closure. There are no theoretical
grounds for assuming that the diprotonated anil would

eliminate water easily. Consideration of the resonance
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stabilisation of the transition states favovira®“he mechanism
already discussed in which a rate-determlning rlns-closure

is followed by rapid elimination of water* If dehydration

preceded rin”“closure, the following carbonium ion would

result*"-
4/\/\

'3
Which cannot have any stabilising resonance structures.

A similar cyclisation occurs in the acridine systeia
when o-"anilinophe3aylketones dehydrate to form ketone in acid
solution* It Is known that p”“-aminoacetophenone is fully
diprotonated in 95% sulphuric acid In the case of the
o—anilinophenylkatones” the phenyl group will reduce the
basicity of the but not mAfficiently to prevent
cample e monoprotonation by strong sulphuric acid. A
fractionally small amount of the diprotonated species would
be present in media.where cyclisation occur®. Th+é&
deljydration may proceed through a diprotonated species
similar to that postulated for an anilr

®
d..O
This eyclisati .n was formerly believed to proceed througl;-
a monoprotonated species.
Jhrdrol.Tgis of anils in acid solution

In the analysis of samples of the reaction soluti n
containing the anil in strong acid, the reaction Is stopped
by running the sample into water so that the acid content

falls to 2 - 3 I sulphuric acid. At this dilution

*e 9B -



isydrolysis of the unchanii:od anil to aromatic amine and
aocetylacetone appears to he instantaneous. Whether hydrolysii
or oyolodehydration of an anil occurs in aqueous solution is
therefore dependent on the acldity of the solution and thera”
fore on the nature and extent of protonation of the anil.

All previous investigations on the hydrolysis of
compounds related to anils appear to have been carried
out In dilute aqueous alcoholic solutions at known pH.

The stability of the anil of 1 ; dimethyl -3-amino
benzene anil was investigated In media where it was
established that cyclisation was too slow to measure
I.e. acid strength <70% sulphuric acid. If the anil had
been stable in these lower strength acids, it should have
been possible to increase the acid strength of the medium
to a point where the cyclisation of the anil would become
measurable kinetically. Results showed that decomposition
of the anil was occurring in these more aqueous media and

that the decomposition was an equilibrium reactioni-

B CH.CX5CH, coce®

The kinetics of hydrolysis were studied over the range
62.4 - 32.8% sulphuric acid. Kinetic data were found to
fit the kinetic equation based on a reversible reaction in
which the forward reaction is a first order hydrolyeis

opposed by a second order recombination of the products.
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et a = initial concentration of anil

X concentration of amine and acetylacetone at
time t.
X concentration of amine and acetjlacetone at
equilibriim.
then a - X concentration of anil at time t.

A

a - x concentration of anil at equilibrium.
The rate ofhydrolysis of the anil 1s given by
dx/dt « (a = x) -kpX® ..., (1)
at equilibrium (a - x ) « k2% " (2)
substituting for kg in equation (1) and integrating
\ ax™ + X (a x")
t (2a - x™) a (Xg - x)
first order rate constants for the hydrolysis of the anil
were obtained in this manner. The rate of hydrolysis
decreased as the midlty of the medium increased; a curve
was obtained when log k* was plotted against and the sum
of log was not a constant; it varied from -7.36 in
62.4% sulphuric acid to -3*1*" in 32.8% sulphuric acid.
Log should be a constant if hydrolysis proceeded
through a monoprotonated foimi which was present in fraction-
ally small amount; or through a diprotonated specie®© present
in fractionally small amount with the remainder beinr present
in the monoprotonated form. The react! n must be in some
wsy dependent on the acidity, because addition oi ammonium
sulphate, which would decrease the acidity of the medium,

increased the rate of hydrolysis of the anil.
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Variation of the rate of hydrolyei©® of anil gf 1 i 2-dimetl\TX-

3-amInbHenzéné acid atT 25"%#
Bxpt. g Initial
Ho. Goncn. min*’"
of anil
132 62*4 0*1007 0*000962
133 62*4 0*1010 0.000973
121 J 60*1 0.0998 0.00223
122 60*1 0*1000 U.00227
131 37.7 0.0997 0.00334
123 34*9 0.1000 0.0127
124 34.9 0.1010 0.0124
129 32*8 0.0999 0.241
130 32.8 0.994 0.241
134 60.1 IM (m")280|q" 0*0997 0.00333
135 60.1 m 0.0993 0.00338

It was assumed that the unprotonated species underwent
hydrolysis. The assumption seemed reasonable because:-
1. Oryoscopio data on the p-chloroaniline anil showed the
stability of monoprotonated anile.
2. 17drolysls was only found to occur In regions of lower
acidity where some uncharged anil would exist.
5. The rapid increase in rate of 'hydrolysis when media
become even less acid, coinciding with the appearance of

what IITB *be a rapidly increasing proportion of uncharged

anil.
The unprotonated species, present in fractionally

email amount, reacted with the free water in the acid to
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form amine and acetjlacetone.
Let A repres nt the anil which, in acid solution Is

present 1in the monoprotonated form
In the appropriate rang® of acid solution we have the
©Quilihrium A * A
Let us assume that nearly allthe anil A is present in the
monoprotonated form only a very small fraction of the
anil is present as the &e@ base*

f.AHY Ci]Y where CaJdj- tctal anil conc;ntration,
i.e. Ca3 « CaH*")

A 4 HgO -p products

we can then write a theoretical rat© = kK(A) (H"O) /

k - theoretical rate constant ) which should be independent

K - equilibrium constant ; of medium over the range
considered.

(A) - activity of anil

(B"0) - activity of water

fA - activity coefficient of anil

- activity coefficient of transition state.
Experimental rate « k [A] v $.... (4)

Equating équations (3) and (4)

since CAjy
= kE fA (HgO) / £/ W 3

11'—! -



los kj » log MC fA / £/ + log [Aj / Civnh + log (HgO)
® ™ + 1log GO/ Wr) (5)
Suba-bitniting for log [A] / CAHU ia equation <5)

log log kK fA / £/ + - pk* + log (HgO)

.*.1log kj* - Hg - log (HgO) = log KE fA / £/ - pK”~ " oonatant

if the activity coefficient ratio fA / f/ is constant with
change of medium over the range considered»
The value of log (HgO) i| 2370 was obtained from the

data of vapour pressure of water/sulphuric acid at 2570*

log P/Pg « log (HgO)H

where p - vapour pressure of water over sulphuric acid at
2370

p. - vapour pressure of I t{t1 1 2370

The values of log kX n HO - log p/po are seen to he
constant ovex* the range 62*4 - 32*8% sulphuric acid,
verifying the assumption that it is the it i/l fraction of
anil willeh remains unprotonated which reacts with tae water

of the medium.

Qydrol.'/al8 of 0.1 M eplutiong,of .1 : g"1lmetWl -3 -mW,
benzene anilin sulphuric acid at

A..
HgéO" ~ log k_ log p/pQ tog k. tog k. - Ry
—99-i4 ' 5 060975  -A%01 — 1.51 p/Po
60.1 0.00226 —2%55 _4*53 —0*76 —6.96 1.70 2.46
57.7 0.00534 -2.27 -4.07 -0.66 -6.54 1.80 2.46
54.9 0,01255 -1*90 -5*74 -0#58 —5*54 1.84 2. 42
52.8 0.024-1 -1*62  -5%32 -0.30 -5*14 1.90 2.40
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equilibrlii::! constants and the rates of bad:

reaction were calcrlated.

33
w O
oY -CH,

o, CH,
a—a”

Wamine) (acet.ylacetone)

K (anal)
1
K - ognilibririfdé constant for hydrolysis caicrlatcd from

experimental renrlIts

U'l - rate of hydrolyBis of anil calculated from experimental
reSI-Itse

- rate of combination of amine and acetylacetone to form.
or.il calculated from K and k*.

/Wrolysis of 0,1 M solnuiens of 1 : 2 dljaetd/'l-d-ami'cio
“~en¥enc”rll"$n slemic"acS"

& B A, ! kg 3 107 min X 10 nin ™
62. 4 0.420 7 4.10 V.
60.1 0.028 0.641 22.6
7.7 0*02p 0.012
P 0,01b 2.05 126
h2.8 0.026 1 6.51 241

fhe above results indie to that the equiXibriv-.m is well
over on the side of hydrolysis of the anil, and so t.he
values of the equilibrium constant K and the rate constant
kg for the formai;'on of the anil cannot be accurate. fhe
equilibrium constant readies a minimiun in abou;; 3>'-
sulohuric acid, while the minimum value of kg occurs about
I>hf sulphuric acid.

'%€ bch&igour of lic-dioethirl-b-aniinobenxeneor.il in



sulphuric acid demonstrates the change in reaction as the
acidity of the medium decreases over the range 50 - 809"
sulphuric acid (see fig. ?)* An attempt was made to

measure the rate of hydrolysis of this anil in 64" sulphuric
acid. The reaction solution was found to be fluorescent
after a few hours indicating the formation cf some

2 4 17 1 iy“ tetramethylquinoliue. Over the range of
media 65.7%As£lphuric acid, cyclisation and hydrolysis were
occurring simultaneously. In this region of acidity, a
small proportion of the anil must exist in the neutral form
A, because it is this form which reacts with the water and
undergoes hydrolysis; also there must be a small fraction

of diprotonated anil which cyclises. The bulk of the
anil In this region undoubtedly exists in the monoprotonated
form AH".

Substituent effects in mono”substitutcd anil™”"

Substituent effects for a similarly instituted series
of compounds need to be considered in terms of the influence
of inductive, electromeric and steric effects of the
substituent on the particular reaction or equilibrium concern-
ed . It is usually accepted that since the relative signi-
ficance of these factors vary with the reaction under
consideration a satisfactory quantitative treatment of
substituent effects is very difficult. Om valuable attempt
to achieve this was made by Hammett, although he limited it <
consideration of side-chain equilibria and reactions of

benzene compounds only i.e. 1t was not derived for reactions
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involving direct clectrophilic substitution of the benzene
nucleus. However, several workers have attempted to apply
Haramevt*s basic equation to electrophilic reactions of
benzene compounds. Jaffe ~ has made a comprehensive
review and analysis of all previous relevant experimental
data on side chain and nuclear reaction®© of benzene compounds.
The empirical equation proposed by Hamnett for a series
of siiuilarly constituted benzene compoimde is the following5-
log k /

where k 1is the rate or equilibrium constant of the substituted
compound.

k is the rate or equilibrium constant of the
unsubstituted compound,

~ 1s a reaction constant characteristic of the reaction
or equilibrium considered,the medium, and
temperature being constant. It is put equal to
unity for ilonisation of benzoic acids in agqueous
solution at 25*C.
(f is the substituent constant characteristic of the
substituent considered.
An attempt was made to analyse the kinetic data on cycli-
sation and hydrolysis of the substituted anils, and the
ionisation data of the substituted amines by mean®© of this
equation.
Be la Mare*”” 1lms compared the etandai’d Hammett 6
constants © with the data available for electrophilic
substitution. He reviewed data established by Ingold,

Hughes and co-worker® on the >artial rate factors for



substitution at the para-

and meta- positions in nitration,

and in the para- position in the halogénation of substituted

benzenee compiled by Robertson, de la Mare and Swedlimd*"**.

Data from J.C.S.

1954 44 50

factors

4
Correlation of Hammett *s ©Ovalues with partial rate/for
nitration and halogénation

Sgb—
stituent é (p -
DMeg -0.600
OH -0.557
OMe -0.268
CMe” -0.197
CH” -0.170
OPD -0.028
M1Ac -0.015
PL 0.009
P 0.062
0.078
CH"C1 0.184
01 0.227
Br 0.252
1 0.276
Cc (CHM) "
1 COgCgHc

X)
j

.88

.76

.10

.02

.85
.96

.54

A O

eio”p ~

nitratioz halogén- m =3 Litration
ation
19.5
11.8
9.8
2.8
5.5 -0.669 0.491
7.9
9.1
5.4
0.8 !
9.1
0.5
—0.4 0.575 -2.975
—0.6 0.591 -2.767
0.552 -2.154
-0.12 0.602
0.554 -2.098

De la Mare*”” plotted the log of partial rate factors

for nitration and halogénation against Hammetts 6 values.

A reasonable linear correlation v/as obtained for meta nitration

87 YW



i.e. plot of VS A less precise correlation

of logxofp for nitration and hal genation VS C was obtained
(see fig. 12 and 14). A wider scatter was observed for
halogénation, particularly for groups with a high conjugative
or hyperoonjugative capacity e.g. (011® . Roberts etal”™”

found that the Hammett equation applied rather less accurate-
ly to nitration than to other equilibrium and rate data for
meta- and para- substituted benezen®© derivatives, wider
discrepancies occi”rring when nitration was para- to the
substituent. Resonance forms of type # X -/jy/ %KQ T

will be of considerable importance in the para- substitution
of substituted benzenes. Ho such resonance structures can
be envisaged by nitration meta- to the substituent.

Resonance structures of type I may be more important than

A

expected from their values. Jaffe in his calculations
of # by molecular orbital method, demonstrated the importance
of considering resonance .as well as inductive effects. If

the eiiltaaced reactivities are interpreted in terms of the
magnitude <f the resonance interaction in the transition

state in the cyclisation reaction, it 1is important to

consider structures sinilar to type I in the cyclisation

reaction. Structures of the above type are possible as

/CH.



intermediates in the cyclisation reaction when ring closure
occurs para- to the substituent. Ho similar structures are
possible when ring closure ocure meta- t the substituent.

It would appear that the Hammett equation is not very

useful to assess kinetic data quantitatively in reactions

in which the transition state is stabilised by resonance
structTuires of type I. De la Mare prefers to discuss reactions
in terms of the separated inductive and mesomeric effects
with their time vaiiable analogues because the Hammett <
constants introduce inductive and mesomeric influences
combined in amounts which cannot be quantitatively determined
and vary with the substituent.

Swain and Langsdorf”” studied the effects of meta- and
para- substituents on the reaction of benzylchlorides with
trimethylamine in benzene and benzyl bi'omides with pyridine
in acetone. They plotted l1lo” /k” for each reaction against
Hammett é values and in each eaee they obtained two curves
which were concave upwards. They suggested the curvature
was probably due to resonance in the transition state;
lower rates should then be obtained with substituents which
cannot interact effectively by resonance with the reacting
centre in the transition state e.g. meta substituents. Their
observation was confirmed for nitration and cyclisation.

When the results for para- nitration end for cyclisation
para- to the substituent were plotted against Ham ett ¥
values, curves were obtained which were concave upwards,

while the corresponding plots for meta nitration and



cyclisation gave straight lines (see figs. 12 and 15).

An interesting fact arises v/hen one considere the
relationship between the rates of cyclisation of substituted
anils and the partial rate factors for para- nitra i?n and
para- halogénation. A linear relationship exists between
the log ratio of the rates of cyclisati»n of log k /
with the log of the partial rate factors for para- halogéna-
tion and para- nitration ( lcﬁ%)p) (see fig. 1b)

CoyeXatigH of Pmmmett *s” wvalues with partial rate fecbors

for pta- mtS'eS'lon' and'K"Bl'ogen&tK and 1 % ratio''f
rates ofciCTisaiie6n""

Compound é log k/k*1 losiof~ I~ (~10%p
nitration halogéna-
tion
-0.170 2.86 1.76 5.5
-0.069 0.85 0.491
0.227 0.55 -0.85 —0.4
0.252 0.27 -0.96 0.6
0.276 0.71 -0.34

0.062 1.05 -0.10 0.8



OOTrelation of TIkmifieto*s © velu B (oont *ok«

AN

icfi
nitrotIon| naloGona
I tion

CH

NH

0.20

This correlation of rates of cjclisr-tion of none
substituted benzenes para- to the substiti ent witl .the rates
of para- nitrabion and halogénation oonfirms tliat cyclisation
is a typical electrophilic substitution veaction and
substituents affect tliemte of cyclisation in the same way
as for nitration.

Halogen effect

In electropliilic substitution reactions, halogens
usually deactivate the nucleus to substitution. In the
cyclisation reaction they are seen to increase the rate of

cyclisation ( para- to Che substituent) relative to aniline

anil in the order ? > I > Cl> Br



Hateg g, cycllsatl n of halogen substituted anils in 93-Sh-

atlsSTT—-—————-————— ——— _
Bubs tituent X 10""%iin"""

H-F 4.16

m - I 1.90

B-ca 0.832

m = 0.696

H 0.371

In the transition s ;ate the halogens are capabl e of
sharing their electrons with '-he rin;; and assuming a
positive charge i.e. transition states of type I envisaged

in nitration would be imoortant

Ingolu 80 has suggested that the electromeric polarizability
of the halogens would decrease in Jiie order I> Br> Oly F
Baddeley etal8l reason that the resonance effect for halogons
decreases in the reverse order and thail the similarity in the
effects ascribed to resonance and mesomerism sug*;E€sts that
these influences have a common origin. Biectromeric
polarizabllity should increase in the order 1i<Bp< OK P.
Simultaneous operation of an inductive effect with the

order I >Br >01> F was postulated to account for experimental
orders in the reverse direction. If one alio.'8 that the
conjugating effectiveness of halogens is If Br CIl< F in

interaction symbolised by resonance structures of tyoe I,



then the extra rate enhancing inflIrencea of the halogens
must be i”szrlbed to their electrosba”lc polarisability under
the influence of the strong elec rical field in the
cyclisation transiti >n state.

Halogen effects were studied by Bradsfcer and Vingiell»
in their investigation of the kinetics of cyclisation of

O-bensyl-phenones in a mixture of hydrobromic and acetic

acids*

The formation of the transition state for the reaction can

be represented as R«
j:;'i

which closely resembles that for the cyclisation reactions

of the anils of acetylaoetone* It was found possible to
correlate the rates of cyclisation of halogen substituents in
this series with those of the halogens substituted anils

of acetylacetone.

Hates of cyclisation of halogens © substituted compounds.

(>,b”*zylphenon” A"Is of acetylace™”*
IT k % 10"min~" lor;kI Substituent log ka
P-F-OgH”™ - 2*8 -1,58 m-F —1*58.
4%1 -1.59 m-Br -2.16
4.2 -1*58 m-Cl -2.08

O1)



A linear relationship was found to exist between the los

of the rates of cyclisation of the two classes of compounds

(see fig* 17)

Additivity of substituent effects

Before analysing the additivity effects of substituents
in the cyclodehydration reaction in disubstituted anils, it
is convenient to consider the simpler case of the additivities
of the acid dissociation constants, expressed as pKeLvalues,
of the corresponding disubstituted aromatic amines* Some
accurate and extensive work has been reported on these
compounds by Bealeftp and Gillois and Humpf One usual
method of judging whether the substituent effects are additive
or not is to consider whether the increment A y 1s
equal to the sum of the increments A and a pKg”® where

the increments are given bys-

- PK/
ZiPK/ - PK/
UpKa™" &« pK/ - pr/
aad representing respectively

the negative logarithm of the acid dissociation constant of
the disubstituted anilinium ion, the two mono«-substituted
anilinium ions and the anilinium ion itself* Comparison with
the Hamnett equation

- (T/~ = 'pK/ - pPk/



shows that the increment in bhe latter tm equations can be
replaced by £ and - respectively and the test
in effect becomes one of seeing whether 6 values are
additive 1in disubstituted compounds* Another formal way
of testing additivity i1s to see whether the following
equation is obeyed or not

pKa + pKg,” = pEg® + PK/ ......... (1)
The data of Beale, as well as some results obtained during
this work, were used to test the additivity of substituent

effects of disubstituted anilines using equation (1).

To test additivity of subetituent effects for disubstituted

pK/iy + PE/ . pPKy +pE/
4-.70 +4.58 = ~"7"2 E.5-73 A
9.23 9.15 +0.13
4.89 +4.58 4 .427.08
9.47 9.49 -0.02
4,53 +4.58 4.42 + 4.73
9.15 -0.04
I L
8.84 -0.51
5.177,3.58 5.0874.73
9.75 9.81 -0.06
ai 4"05_"' >58 5.087+359
8.63 8.67 -0.04
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A craph of pK VS “was plotted and a value of 2.68 was

obtained for (Bee fig. 1IB)

Correlation of Hammett *a & values with pK of substituted

amines
[
Compound s
If.Cg
|
. -0.CJe9 4. 73,
W NH, !
-0.170 5.08
lNH’
+0.006 4.70
-0.095 4.59
+0.006 4.55
¥ 0.150 3.95
NH -0.259 . 5.17

5 values for the disubstituted amines were taken as the .sum
of the ” values fpr the coa::reCponding mono substituents
assxuaing substituent effects to be additive.

llie effect of substitxients 1n the ring may be cmsiaered
either as prod; cing cl;anges in the electron density in the
lone-pair orbital of the H atom which projects in a direction
approximately perpendicular to the plane of the ring but
slightly away from it, or in its immediate vicinity, 1in some
cases distorting the symmetry of the orbital. Any effect

which moves negative charge towar®is the nitrogen atom will



increase the basicity of the amine, while any effect which

distorts the orbital iTill reduce the strength of the base.
3?he largest deviation from additivity occurs with

2 t b-Xylidine where the discrepancy is 0*31e¢ A model indi-

cate® lack of steric Iiindrance in this molecule. It must

b© timt, as a r suit of the symmetry of the election cloud
about the K - 0 atis each methyl group is able to interact
more strongly with the lone-pair orbital because of the
presence of the other* 1Ibis Indicates some sort of
electrostatic interaction* When the met yl groups are ortho
to each other as in 3 * 4 - xylidine there is a slight
deviation from additivity. The base 1s somewhat weaker

than expected, indicating that thex'e Is some sort of mutual
restriction of electron flow from the methyl groups into the
benzene ring, an effect which is even more marked in

2 t 3-xylidlne where the base is markedly stronger than
eroected. One would expect the ortho"methyl group in

2 t 3-"3cylldine to cause a decrease in base strei”™”"th due to
distortion of the electron cloud and by causing steric hin-

drance to solvation of the anilinium ion$S since the base

strength i1s increased, the dominant factor must be the

hyperconjugation of the methyl group with the ring. It 1is

not possible to decide whether this is due to a distortion

of the Cme - Oerbond or to restrictive orientation of the

methyl groups or both.
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The marked difference in behaviour between 273- and -2"3-

methyl derivatives of benzene compounds of type IhH baa been

noted by van Helden et al”"#hOn B«IIO" and by Dippy et

when In both cases an ortho-methyl group to it causes
hindrance to seeomeriam with the except when and
introduction of a 5-methyl group hvn the apparent effect of
increasing the sisse of the 2-aubstltuent Interaction between

H and the ring* Van Qeiden et al also Indicate thRt a further
complication may be a hindrance to rotational freedom of the
iethyl groups.

In an analogous menner an attempt was made to analyse the
kinetic data on the cyclodehydration of the substituted anils.
In order to make a Jjust comparison it was necesa ;?ry to compare
rates of cyclisation at the same temperature and in the same
medium so that H values were the same for all compounds. The
Hrmrnett equation cam apply only to the true/SMitaat of the
reaction which is related to the experimental rate constant Kk,

by the equation;
log k, + Hg = log kg + PSH2
With all anils completely monoprotonated one can assume
that will be much the same for all anils, since P%12
is conceiitxacted with a second proton upta e a. a side chain

already carrying a positive charge, so that log k, parallels

log ka for different anils provided the same media are used

Sy
i.e. (fvalues (aee table page ©9

for disubstituted anils were the sum of the ©"values for the

monosubstituted anils.



Wo exact linear relationship was found between log k/ko end "
for the cyclisation reaction. The results for the meta substi-
tuted compounds were seen to lie on a curve, a result very
similar to that obtained when the partial rate factors for
nitration para to the substituent are plotted against 6 (see
fig.13)» Data for the disubstituted anils show a wide scatter.
It was not possible to calculate the reaction constant because
of the lack of linearity in the plot of log k vs 5.

The additivity relationship for the cyclisation of Individ-
ual disubstituted anils can be tested as indicated previously
for the pCa wvalues of the corre®ponding anilines. For the

three anils represented below

let theexperimental rate constants be k,” .k$*. k,".

True “ate constant i Y Xy.
Substituent constant 6" ~acy .
The Hammett equations for these compoundsare:-
log kg - log » Y063
log ko” -log kg>p<Sy
log k vy -log kg% " ("& *0y)
.** log k" *log kg »log k%if substituent effects

110" iIo %re additive.
In practice log k, values were used for this comparison. All

data used was obtined at 2570 in 95*S% sulphuric acid*



To test aarlltlvity effeetes of ai&obstltuted. amila;

—lexy/ u P v?2yv N
log k, ~ 4 log k$ w log k, + lowk,% lor"'
1*14 - 2.43 A-1.58 - 1.99 0.00
-) .57
n * A% 45 =~ 1*58 ¢ #41
-1.79 -1.17 0.0)2
+ .20 - 2.43 - 1.99 + .41
% -2%23 -1.36 0.65
-1%27 - 2743 -1.36 - 2.08
O -3.70 -3.66 0.04
. -2.00 - 2.43 -1.99 - 2.08 0.36
« 0 g “=
—4 *45 —4-«07

Large deviations from additivity occur in theease of the
anils of 2;3-%ylldlne, 3:4-xylidine and 6-ohloro -2- toluidin®.
The discrepancy must arise from restricted flow of electrons
Into the ring since the rate of cyclisation of the disubstituted
compounds in each case is slower than that corresponding to the
additivity of substituent effects. This effect will be much
more predominant in the case of the anils than for the corres-
ponding amines because of the greater importance of mejjB'ierlc
effects which give rise to transition states bearing apositive

charge In the position para to ring closure, e .3.

£ECL.
-tH,

T J

The pro3d.mlty of large groups e.g. GH” oirtho to these charge
bearingzgroups may cause steric Inhibition to resonance. In

order that a methyl group might hypsrconjugate wltc the rest
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of trie molecule it must aosime a planifie* conflgur”llon with
INt- ring.

4 further test on the ao.divivj.tj oi oubatltueakeffects
was ffi-idd on the hydroljule o ';nlla of substituted and
acetylacetone in 60.i>v sulphuric acid at

Correlation of d values with lo®. ratio ox rares of
bydrol:yBit?, of i1 il .

All rates of hydrolysis wore in 60.1% 2570.
Compound log k/k”
*0.392 -0.35
o - . '065 -0.23
-0.170 -0.40
L. -0.562 -1.23
r I -b.461 -1.51
, 1 ~0.239 ~0.56

A linear correlation of log k/ko vs 6 wwPa obtained and a
V-lo of / « 1.91 was found for tae reaction (see £17.15). A
positive value of indicates a rchction facilitated by a low ,
electron density at the reaction site, a factor oveming the
protonation of the imi.I] in acid solution? a low oioctron
lv3icity o the will decrease the pSa of t e aikil and so
more of t anil ill remain unprotonated in the %edlum consld-
ered. 'ac-oonauoe Interaction of the vmbstituenta vrith the ring
will be unimporta”it oa the Important factor/ in t e h,/drol. sis
Is the electron density at tho ?(':'.tam) in the Tiic chain. In

this reipcot the hydrolysis reaction i oi*lo-0)? to the ion-

i.;ation of the anilinium ions and S/bstltueul elfeotjmlght be
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expected to be more nearly additive.

Additivity of substituent affects in hyIrolyels
of disubstituted amila;

A siicilar treatment to that used in the ionisation of

the anilinium ions give”the equation:-

log + log k = lo.i fcr + log K?
® log k*ko
kx* ky
*2.65 - 1.34 -2*17 - 1.56 + 0*26
& ~5%99 T ~5%73
aB
*1.34 - 2.57 -2*17 - 1*74 0*00
0 -3.91 -3.91
'"I'i -1.90 - 1.54 -1.74 - 1.5'6 0.04
-3.24 -3.20

These results are analogous with the additivity effects found
in the amines and it can be assumed that the some effects are
operating i.e. the large deviation in the case of the anil 1:2-
xylidlnc la due to restrictive orientation of the methyl groups

or distortion of the G - bond.

Consideration of the cyclisation and hydrolysis of anils
and the ionisation of the anilinium ions in aqueous solution i

indicates that the Hammett equation log k/ko » yo 6 can be used

most usefully in the quantitative analysis of substituent effech

in reactions of substituted ben”zene derivatives when resonance
d"

considérations are not vei” important e*g* pKa of amines and

hydrolysis of anils in concentrated sulphuric acid,
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Effect of variation of initial concentration on rate of

cyollaation:

. .86 . . :

1lkins found that the cyclisation reaction was not a
true first order reaction, because for a”iiiine anil in 95*7"%
sulphuric acid, the rate of cyclisation degﬁfssed'slightly
with 1ncreased concentration of anil. The”rate of cyclisation
of p-toluldine anil was' studied in 93*7% sulphuric acid at

I

25 0 when the molarity was varied from 0.20M - 0.02M. Over

this range of concentration the rate of cyclisation decreased

until a constant rate was observed below O0.CiIaV.,~.

Biil, an gate of oyoUaMUm to 93.7i;& Bulphwrio acid at 25°Q.

Expt Bo initial cone

of anil -Molarity k, min*",

0.20 0.0462
0.20 0.0462
0.10 0.0529
0.10 0.0525
0,08 ., o.#ii

4 0,08 0.0511
0.06 0.0537

6 0.06 0,0537

| 0.04 0.0537

8 0i0h 0i053'/

11 0. (" 0.0538

12 0,02 0.0538 reacuxonsi

A similar effect was observed in nitration An media more
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ppuoend thor the aoptinan (b how OO0 NN AT B I
). that an. increase ci initial -oncantr*tio.x o.r t:.e reao-
tant causes aa 1ncrease of anion comce<:.tretian due to proton-
ation of the reactant (or decrease in acidity; m doca the
ad-dittos of water, mad, therefore, the rata is droreaaed,
Pareste ob Tengperatory

Ratea of cycllaaclon for ailllae mrl p-toiul, E1,"© anils xero
measured over the temperature %$\mge u-50"0 in different media

and the conston,ts of the Arrhenius equation were calculated.

kI « j*~-EA/AT

Activation energieg, .and arrheiilus n-u/mmetere t

Compound FE E88n F.cé18 YoG1 0 A
p-toluidine
anil 94.9 15,900 10. 35
91%*2 16,500 1C. 41
86.8 17,300 10. 45
aniline anil 94*9 17,40v 10. 99
91.2 15,600 9.06
86.8 25-3570 18,400 10.50
35-5070 15,300 - »32
The value of the activation energy are based on the experl'

mental rate constant k, and it la necessary to consider the
relation of this contant to the true rate constant k . The

equation connecting the ®wo rate constants is as shown:-

tg ki = log - it A e, (1)
Variations of H and pkAm2 ter*P«>rature will be reflects
in the expérimental k, on which the values are calculated.
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from equation (I) we can differnetiate w.r.t.

Klogk ,) * d (logkg) - d(Bo) - d (log K*ggtt) ., (2)
d (%) * d(i7i) m/ T)
d (logkt ) 1s in fact what is used to calculate %,
i'iquation (2). d(logki) » - d(Ho) f o H
d(1/T) d(VT) R
d (ao)

s~ d($/T)
lemkin et al™'" have studied the variation of Ho with
temperature over the whole range of sulphuric acid# The varia-
tion of E wBjs Studied over the range 30-80"C« For each medium
miB plotted agoiuBt VT andthe slope of the line was detexmin*

ed i.e. d(Ho)/d(l/E%. Typical results were as follows; -

4 (ifa)/aa/i) esJd*,

550

r o 750

02 I 650
96 -¥[ 930

The activation energy f . for the cyclisation reaction is
the order of 16,000 eals* The variation d(Ho)/d(1l/f) is
negligible compared elth this and falls within the limits of
experimental error for the determination of activation energy.
Temkin also states that the pKa's of his indicators did not
vary with temperature. In the above equation dn will,therefor”
be zero*

The activation gnhrgy obtained experimentally is, within
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the limits of o>;perizaCntal erxor the true activation energy
for the reaction, /aniline and p-tol#idine anils give value®©
in a range of 27000 oals.

In the cyclisation reaction it is reasonable to assume that
the anil and activated complex will be solvated. If both the
reactant®© and activated complex are solvated, there may be 1littl
change 1in the activation energy with change of meium, and the
influence on the reaction velocity will be small* This seem®©
to be the case for p-toluidine anil which exhibits a small
decrease 1in activation energy as the acidity of the medium
increases*

The A factor for the reaction depends on the following
consIdaration i-

loggk, . log®dfg - Mg f

“ loSe* ' ®/RT - Hg +

« 2*303 log""A - oa*27

If 4+ , then the value obtained for A is reason-
ably correct# Consider relationship - & 1o; MR
A zn?T

if (Agg+t+) (AH+)

then log @ilg¥W@® / ((AH*") * - 2 which means the A factor will be
Oori”~ct to about - 1#

The experimental data indicate a constant A factor over the
range of media considered* Mo substantial entropy changes with
change in medium occur in the cyclisation of substituted anils

This might be expected since the
in sulxjhuric acid*
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realisation, by the aide chain of the parbicuXax* confii'”uRation
for rln” closure is not likely to be affected by medium,

AN

composition. ,
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