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IHTKOPUCTIOH

The advance of organic chemistry within recent

years has been rapid and many apparently insuperable

difficulties have been encountered and surmounted.

In a sens© this swift forward surge has been detri¬

mental to chemistry in general, as with the passing

of the attack many problems have remained very much

where the pioneers left them. In elucidating a

given problem the die- 1st is faced with three

questions that require an answer. ..hat happens?

How does it happen? -hy does it happen? Organic

chemistry supplies many answers to the first, the

replies to the second are by no means so plentiful,

and as regards the third, in the majority of cases

we have no means of solving the question. This

thesis deals with the reactivity of aromatic halogen

derivatives, and in the following pages an account

is given of the more important researches bearing

upon this point.

The enhanced reactivity conferred on a halogen

atom in the bensene ring by the presence of nitro

groups in the nucleus was first noticed by Pisani in

1854, while working with picry1 chloride. The

problems accruing from inquiries into the cause of

this and the wide study of reactivity have since

attracted a large number of chemical workers. Much

confusion/
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confusion has resulted owing to the conflicting

results obtained by the use of various reagents and

conditions, and additional quantitative work from a

kinetic point of view is therefore most desirable.

In 1891, Schdpff {Ber., 1891, 24, 3784) Bade the

declaration that if in the benzene ring in which the

halogen atom is contained there are also two negative

groups, like or unlike, in the ortho- and para-

position relative to this atom, then other groups

such as -Ml, -SUE, and -OH can easily be substituted

for the halogen atom. But if only one negative

group is present no such replacement occurs except

when this group is -B0o. The negative groups

examined were -M)g, -COOH, -GO.R and -CO.H.
I ethyl groups had no effect.

Although in general, only ra-dlreetive groups

such as the above render o- substituents reactive,

Laubenheimer (Ber., 1876, 9, 1826} and Tiemann

(Ber., 1891, 34, 709) have shown that, on occasion,

o- and p- directive substituents may increase the

mobility of substituents situated in the meta-

position to them. An example of this kind is 5-

chloro -1:2- dinitrobenzene, which is completely

converted into 5- chloro -1- amino -2- nitrobenzene

on heating for five days with alcholic ammonia,

although o- dinitrobencene itself is only changed

into o- nitraniline after ten weeks of similar

treatment./
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treatment.

HO H02 2JH,2

ho2 ho2o ■H02

weeks• C

After further evidence hearing upon the power

of the nitro group to enhance the reactivity of

nucleur halogen atoms had been gained, attempts were

next made to explain the phenomena.

Certain aromatic nitro compounds on treatment

with sodium ethylate give rise to coloured substances.

This was first observed by Calkowski (Ann., 1872,

165, 49, 52, 56} and later investigated by Victor

Meyer (Ber., 1894, 27. 3153). Shortly afterwards

Jackson and Ittner (Am. Che®.J., 1897, 19. 199)
isolated a strongly coloured substance by cooling

concentrated solutions of 4 - bx%omo - 3:5 -

dinitrobenuoic acid with sodium athylate. On

heating this substance ethyl alcohol was obtained,

while treatment with acid or water caused ready

decomposition without loss of colour, yielding

sodium bromide and the 4 - ethoasy derivative. An

attempt was made to explain this by assuming a

sodium atom to replace a nucleur hydrogen atom

between the -KOg and -CooH groups in the bensene
ring.

They/
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They supposed that such a

compound, would be strongly COONa

or water treatment would

eoloured and either acid

£

Na + CgHgOH
no2

regenerate the mother gr

substance.

The mere fact that sodium does not act on

syxa-trinitrobenzene at the boiling point of xylol

would however almost preclude the existence of such

a compound.

The first worker to advance the theory of

additive compound formation as an explanation for

the reactivity of nitro compounds was Bamberger

(Ber., 19CC, 35. 102} who offered this suggestion

after he had isolated a molecular compound of ptcryl

chloride and <C- n&phihylaralno, from which picry1

naphthylamine, was easily obtained. t?o theory

as to mechanism was given.

More recently a close relationship has been

suggested between the properties of certain

substituent groupings, their orientation in the

nucleus, and problems concerning activity. An

explanation for reactions on such a basis has been

offered by Fl&rseheia {J.pr.dies., 19C2,{11}, 66.

321; 1905, 71, 497; 1907, 76, 165, 185; J.C.S.,

1909, ££* 1910, £7, 84). Finding that

Vdrlander's rule, according to which benzene

derivatives/



derivatives having an unsaturated atom directly

attached to the nucleus should substitute in the

m- position (Ann., 1902, 320. 122), was contradicted

by the behaviour of such substances as benzylidene

chloride and phenylarainoacetic acid, Flhrscheim

evolved a hypothesis of the cause of substitution in

m-, o-, and p- positions. Adopting A. Werner1s

conception of valence, Pltirscheim developed his

theory on the follov/ing basis. firstly, there are

no such things as directed affinities, secondly, the

total valency of the atom is constant for each

element, and lastly, that there is a difference

between firm and loose bonds between atoms.

For instance if we have a nitro group in the o-

or p- position in (1) and a chlorine atom in the re¬

position in (2 ), then each weaken a substituent X

in its attachment to the nucleus* The heavy lines

represent large drafts of affinity and fine lines

indicate slight affinity - demands.

X X
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The effect Is supposed to be cumulative, as may

be illustrated In the foregoing diagram by intro-

:ducing in formula (1) a second nitro group in the

para- position to X.

In this connection Werner'a explanation of the

activity and inertia of the halogen atoms in

triphenyl methyl bromide and in tribensoyl brono-

:methane respectively (dor., 1906, 39. 1232), as

symbolised by the formulae

<C6*%>3 = C - Br, (C6H5 - C0}3 = C - Br,

supported contempory work by Me isenile tmer and dchwars

(Ber. 1906, 3£, 2344)* The latter suggested the

folloi/ing formula for broxao - trinitromethane, which

represents the bromine atom as inert*

(B02)3 = G - Br.

The views held by Fllirschein were mainly

applied by Ma to Uintah a reason for the replacement

of a hydrogen atom when in the meta - position to a

nitro group in the bens ene ring. Borne years later

Xenner extended this theory to include ortlio and

para- substitution. Barly in 1880, S. Fischer

(Ber., 1880, 1£, 681; 1901, 34, 795} had found

that 9- hydrazine benzoic acid, when heated to

220 - 230° with boiling phosphoryl chloride, passed

into, 3- keta - 1:3 - dihydroindasole.
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NHNH,

-h2o
(Heat 220°-230^)

How Tenner (J.0 .81914, 105. 2717) noted that on

the interaction of methyl 2 - chloro - 3:5 dinitro-

benzoate & hydrazine hydrate, 5:7 - dinitro - 3 -

Ice to -1:3 dihydroindar:o1e is formed immediately

without the isolation of methyl - 3:5 dinitro - 2 -

hydrasino bensoate as an intermediate product.

OOCH,

HH-N
/

;
\

H

H

*0CH„

V
0 vo

This was held to point to two facts, firstly,

that nitro groups may exert activating influence

through a chain of atoms which do not all form part

of an aromatic nucleus, and secondly, replacements

of suhstituents take place in the ortho- or para-

positions to the nitro groups. The processes of

raeta- and ortho- para- substitution must also be

entirely different in character. This supposition

gains/
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gains some support from the fact that the steric

hindrance of the negative group in the ortho »

position is largely overcome, and that the nitro

group generally considered to he the most effective

in hindrance, is moat effective in promoting

condensations of the above type, Jlenner is also of

the opinion that the activating group appears to play

a vital part itself in the reaction as depicted in

the above instance.

The early work of Bamberger on addition com-

ipounds has gained much general support although the

reaction mechanism has still to be suitably explained.

A wealth of addition compounds have been isolated, as

may be illustrated by the following examples.

1. Addition compounds of 4;6 » dichloro -

-1:3 dinitrobensene and of 2:4 ~ dichloro -

1:3:5 - trinitrobensene, each with one molecu

proportion of oO or p- naphthylanine have been

583), who advanced the following scheme for the

mechanism of the reaction (Compare, Richter, Ber.,

1875, 1419).

isolated by Sudborough and Picton (J.C.S., 1906, 89.

CI HH.C10H7
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2. 3"or the condensation of 4- ehloro - 1;3~

dinitro benzene and ethyl sodium malonate, Borache

(Ann., 1911, 386. 356; 1913, 402, 81) suggests

the following mechanism.
™ CI CH(C00C2H5)2 CH(C00C2H5)2

N s 0
ONa -Nagl >

-NO,

2 i,v2

3. In 1898, Lapworth and Kills (J.C.S. 1898#

22, 445) observed that ortho- and para- chloro-

nitro benzenes on interaction with alkalis form

the corresponding nitrophenols. beta-chlaronitrQi-

;benzene under similar conditions remains

unaffected. In later years Lapworth (P., 1903,

19. 23) proposed this reactivity of the halogen

atom as being due to the formation of an addition

compound, the elements of water or another agent

adding on to the nitro group. The change is

represented as taking place in the following way.

0:N(0H)

It must be noted that the inteimmediate product

results from the passage of the substituting

radicle from antf-to a V- position, and reaction

apparently/
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apparently does not occur with a halogen atom in the

raeta position to the nitro group.

A marked similarity is noticeable in the type

of intermediate addition compounds suggested by

Borsche and tapworth • fhe crux of the problem seems

to be the constitution of the molecular compounds

first formed.

Werner (Ber., 1909, 42. 4328) who showed that

tetranitronethane and other aliphatic nitro deriva¬

tives also formed ouch compounds is decidedly against

the suggestions of Sudborough and Borsche. further

in the mechanism of horse.he the chlorine atoia in the

compound under discussion would be expected to be

firmly rather than loosely held. This is difficult to

account for in view of the fact that Ullm&nn'a

synthesis of diphenyl derivatives, by heating the

haloid bensenes with copper powder is only applicable

to chioro compounds when nitro groups are present

ortho- or para- to the halogen atom. No explanation

of the intense colour change that occurs is found in

Lap-worth's formula.

Nevertheless, that the remarkable influence of

the nitro group in some way connected with its

property of forming addition compounds seams doubtless

to be the case. Another indication that the aeti-

5vating group itself plays an active role, is the fact

that it is possible to have steric hindrance not only

at the atom or group displaced but actually at the

nitro/
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nitro group whieh activates it. Steric hindrance of

course is naturally expected when a group of large

molecular volume is adjacent to the substituent being

activated. &or example, Borsche and Rantscheff

(Ann., 1911, 379. 152} showed that 2- chloro - 1:3-

dinitrobenzene is such slower to react than 4-chIoro-

1:3- dinitrobenzene. Steric hindrance by influence
"

on the primary "additive" compound was supposed to

have been encountered by Lindemann and Fabst (Ann.,

2-^28, 462, 24) when examining the manner in which the

speed of reaction between 1-chXoro - 2:4 - dinitro-

:benzene and aniline was affected by the introduction

of methyl groups in various positions in the former

molecule.

Table of Relative Activity:-

Parent Compound 5 Me- 6 Me- 3 Me-

0.18 0.05 0.01 0.00

The complete inertness of the 3- methyl deriva¬

tive containing -CHg ortho- to -HOg is possibly due
to steric hindrance offered to the formation of an

addition compound. 'The exact nature and function of

such an addition compound has recently been discussed

by Brewin and Turner (J.C.S. 1928, 334). The

suggestion is advanced that the reagent such as

sodium ethoxide or an amine first forms an addition

compound at the nitro group,(Compare Bennett and

Willis J.C.8., 1929, 259) having the structure (l)

or/
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or ( 2 )i in which the altered nitro group may "be

assumed to have an enhanced activating power.

A second raolecule of amino or an ethoxide ion

then attacks this complex at the carbon atom carrying

the chlorine, and the reaction proceeds to completion*

Alternately, it is supposed that there may be a

migration of the radicle or -ilRg to the C—
carbon atom by a purely Intramolecular change.

Clarke and Hall (Trans. Hoy. See. Canada, 1927,

III, 21, 311) have demonstrated the replacement of

chlorine by a nethoxy group using nitrohalogen

compounds in the presence of concentrated sodium

methoxide solution in a sealed tube at high tempera-

:ture. They explained their results with some

measure of success by the electronic theory of*Ingold

(Rec. trav. chera., 1929, 48, 808) which in this case

is more or less a restatement of the views of Lapworth

and Robinson and to a lesser extent those of

Flttrscheim.

On thia view the effective reagents arc not the

positive ions of ordinary substitution which seek

negative/

0

(1.) (2.)
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negative centres, 'but positive centre seeking groups

such as •Mg, -OH, -OH, -SR, and. -3CH. A -Cftg
group which repels electrons (-f~ Inductive and -f-Bireet

effectsj will iMive a deactivating influence, whereas

an -®Dg group by attracting electrons will activate
the change (- Inductive and - -Direct Effects) In

addition, the group will have a powerful conjun¬

ctive or tautomeric (-T) effect which will operate

by causing a local positive charge to increase at the

demand of the reagent. The distribution of these

charges will appear in the o- and p- positions but

not in the ineta.

The direct effect representing the influence of

a diminishing field in space will vary in the order

o-?" m-;*- pr? • At the moment of reaction, the halogen

atom is considered to assist in the capture of the

attacking negative ion through the influence of its

attraction for the electrons of the carbon atom to

which it is attached.

Ultimately the process ends on the transfer of

the negative charge of the reagent across the atom in

question to the chlorine , which as an ion is ejected.

Thus, o- and p- chloronitro-benzenes are much more

readily hydro lysed than a - chloronitrobensene.

Moreover/
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Moreover, positive poles, being highly ra~ directive

in nonaal substitution, should also activate halogens

in the o- and p- position and many cases in the

literature are satisfactorily explained in this

manner•

The more important general conclusions with

reference to the polychlorobenzenes and the corres-

jponding mono and dinitrobensenes, (A.P. Ho Human,

Ree.trav. chera. 1921, 40, 67} are that the chlorine

atoms themselves exert an activating influence which

is most effective from the neta- position, but is

slight in comparison with the strong effect of each

nitre group in the o- and p- position to it. Para-

ehloronitrobenscne, as might be expected is more

reactive towards sodium mathoxide than its orthe-

isonieride (7.2:1.9) On Irsgold's view the chlorine

atom is supposed to differ from the nitro group in

having a conjugative effect (+T) which hinders the

reaction under discussion and leaves the greater

effect In the m- position. In such reactions it is

usual for an iodine atom to react less readily than

similarly situated bromine or chlorine atoms and the

lower inductive effect and smaller tendency to pass

into the anionic form ere consistent with this

difference.

Passing to more direct comparative work as

regards activating groups the contribution by Wood

and Bavie& (J.C.S.,1928, 1122) is of considerable

interest./



15.

interest. On treatment of mono-, di--, and tri-

subatituted ehlorobensenea with aqueous alcoholic

potassium hydroxide, they found the nitro group to

be by far the most effective substltuent in enhancing

the reactivity of the halogen atom. This superiority

of the nitro group was particularly emphasised in

compounds of the 1-chloro -2:4 disubstituted type, the

chlorine atom in the dinitro compound being more than

70,000 times as reactive as that in the disulphonie

acid and more than 200,000 times that of the dicarb-

:oxylic acid. the order of activation of the chlorine

atom produced by the subatituent X in compounds of

the following tyoes
CI CI CI CI

is also ~U02. > -S03H > -CGOH.
The authors point out that this is the reverse of

the order obtained by Kartinsen (2.physiol. chem.,

1907, 59. 605), on examining the speed of nitration

of nitrobenzene, benzene sulphonic acid and benzoic

acid, namely,

-COOH (K » 100) > - S03H (K = 26) > -UOg (K - 1.5).
The introduction of a - SO-.H or - COOK group

into c- chloronitrobenzene in the para- .position to

the halogen atom raised the reactivity of the

compound 16 and 4.4 times respectively. Wood and

Do/vies/



16.

Davies considered this as due to the reactive state of

the molecule produced by the presence of the nitro

group prior to the substitution of the -SO^H or
-COOH group. Consequently they supposed the -SO3H
and. -COOH groups to exert a greater activating influ-

:ence on the halogen atom than they would normally do

in the absence of such a -HOg group. The reactivities
of the p- chlorobenzoic and p» chlorosulplionic acids

v/ere so sir-all that they could not be detected. It

is suggested that the unique eixaracter of the -HOg
group depends on, or is closely connected with the

fact that aromatic nitro compounds readily form

addition compounds, whereas the sulphonic and

carboxylic acids have this tendency very slightly,

if at all, developed. It is however a well

established fact that a halogen atom ortho- to a

carboxy group has its reactivity enhanced to a

tremendous degree by the presence of copper bronze

(Haturkupfer C), the latter acting as a catalyst

in facilitating replacement of the halogen atom by

other substituent groups.

The suspicion that this effect is far in excess

of that observed where a nitro group occupies the

ortho- position to the halogen atom in the catalysed

reaction gave rise to the -work set out in this

thesis, wherein an endeavour is made to show that

for reactions catalysed by copper bronze the -COOK

group is a more powerful substituent than the -HO,-,

group/
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group for enhancing the reactivity of a halogen atom.

A study of the influence of catalyst where both

-COOH and - HO,, groups are present in the nucleus,

and a comparative examination of the reactivities of

the halogen atoms in analogous chlorine, bromine, and

iodine compounds in the presence and absence of

catalyst was also aimed at.

Before discussing the influence of catalysts

upon reactions of the foregoing type it is not out of

place to indicate briefly what is nowadays understood

by the terra catalyst.

A catalyst is any substance which increases the

speed of a chemical reaction, an increase which may

be brought about in a variety of ways, vis:-

1. By lengthening reaction chains or initiating

new and faster ones.

2. By increasing the concentration of molecules

of one reactant in the locality of a

molecule of the other.

3. By lowering the energy of activation.

Of the three mechanisms the last is by far the

most common. Arrhenlus, noting the similarity

between the equation derived by himself and the

isochore of Varffc Hoff, suggested by analogy the

existence of an equilibrium between "passive" moles

of the reacting species and 'active" moles formed

from the " passive" or normal moles by absorption of

energy. Arrhenius then asserted that only the

small/
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small fraction of the total masher of molecules

which is active at any instant, is in a condition to

undergo reaction. The number of molecules in an

appropriately activated condition will be proportional

to the rate at which they undergo chemical change,

and this number is an exponential function of the

energy of activation and temperature as expressed in

the equation

K(val. const.) * Ze f
where Z and E are specific for each reaction. These

two last named quantities may be determined by

plotting log K against the reciprocal of the temper-

:ature. rJhere velocity constants have been deter¬

mined at two temperatures B may be obtained from

the integrated expression -

E 5 RT2Tn log
Tg-Tj. %

"

idler© 1 is the activation energy of the reaction

given in calories per gm. molecule. Two questions

which immediately suggest themselves are why and to

what extent does a catalyst lower the value of S?

The second point is easily determined experimentally,

but the first remain® shrouded In mystery. The

term catalysis is in fact more or less synonymous

with unsolved mechanism. The fall in E for any

reaction is characteristic of the catalyst but

independent of the amount of catalyst present.

Successful/''

%
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Successful dohnlogcnaticm by catalytic reduction

has been brought about by the use of finely divided

metals such as platinum, palladium, nickel, etc. in

the presence of hydrogen gas.

In 1892 Meyer and VTachter {Ber.1392, £5, 2633)

reported that on dissolving iodosobensoic acid in

arraaoniacal solution and warning with sine dust, it

readily yields benzoic acid. Similarily o-ioclo-

:benzoic acid under the mm conditions yields

benzoic acid. This work was followed up by Hosen-

:mund and hetzsehe {Ber., 1918, 51. 578) who

investigated the replacement of halogen in orthe-

substituted benzoic acid® in the presence of certain

catalysts. In this case collddal dispersions of

platinum or palladium on indifferent material such

as barium, sulphate were used. In other cases a

catalyst prepared by reduction of a solution of

palladium chloride in gum arable was quite efficient,

and a solution of o-broiaobenzoic acid in aqueous

sodium hydroxide on being shaken with tills catalyst

under pressure of hydrogen was quantitatively con-

:verted into benzoic acid.

The chlorine atom in X- chioro - 2:4:6 -

trinitrobensene has been found to be removed on

vigorous boiling in a neutral aqueous solvent in

presence of finely divided copper, the product being

pure 2:4:6 trinitrobenzene.

(j./
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(*. Meyer, D.R.P., 234, 726 j Abs., 1911, (I),

848). lore reeent investigations by Rosenmund and

Barms (3er., 1920, 53. 2226) resulted in copper as

ITaturbupfer C. being found to be an active catalyst

in promoting the conversion of aromatic halogen

compounds into phenols by means of neutral salts of

weak acids, and in the replacement of halogen by

sulphur and selenium by means of thioeyanates and

selenocyanides. &or example the halogen compound

when heated with the salt of a vreak acid forms the

phenol ester which on hydrolysis yields the acid.

Provided that an alkali is present to neutralise the

liberated acid, the process continues to the end.
CI OH

COOK ^^V^COOH
Cu .

Sod. Acet.
140°- 150°

(85#)

On replacing the sodium acetate by borax the yield

of salicylic acid falls to 53;-' .

Kindred observations have been made by Hurtley

(J.C.S., 1929, 1870) who came to the following

conclusions;-

1. In the presence of copper bronze, the bromine

atom in o- bromobenzoic acid is activated to such

an extent that the reactions between sodium

o— bromobensoate and the hodiurn derivatives of

ethyl raalonate, ethyl acetoacetate, acetone

dicarboxylate,/
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d icarboxy late» acetyl acetone and benzoyl acetone

takes place in toiling alcol&ol with' teexpoeted

ease, the halogen atota being replaced by the

corresponding organic residue* %e presence of

copper bronze or copper acetate is necessary*

the latter being the best catalyst, but the

former being preferable a© it gives purer

products*

2. The ethyl ester of o- hrortobonsoic acid is

non reactive under similar conditions as is also

p~ broraobenzole acid*

3* o- Brcaonitrobonzene does not enter into the

above reactions Mien treated in a similar manner

to the ©«• bropsobensoic acid (litis is of theor-

Jetical significance end Is referred to later

in this work}*

lore recently, totalis and Turner {3',0,8*, 1932*

281) in attempting to prepare uneysLimetrically

substituted diphenyl derivatives, by the action of

copper bronze on mixtures of two dissimilar reactive

halogens compounds, found, that on treating a mixture

of ethyl 2- chloro » 3:5-dinitrobensonie and. 1-

iodotetrahydr^onaphthalene with copper bronze at
2f)0° - 230° G* the product of the reaction was ethyl

3:&toinltrobenz<mte* Ethyl 4- chloro - 3:5 »

dlnitrobenzoate also gave up Its halogen on treatment

with copper "bronze in boiling tetralin* these
results wore explained by castrating that the iodo-

tetrehydro naphthalene and tetralin acted as

hydrogen/
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hydrogen donors, and this was confirmed by heating

tetralin and pieryl chloride with copper bronze,

leading to the subsequent isolation of the double

compound of naththalene and s - trlnitrobenzene.

Curiously enough however, ethyl 2 - chloro - 3:5 -

dinitrobenzoate is unaffected when heated with copper

bronze in decahydronaphthalene or cycle-hexanol under

similar conditions. Rule and 3arnett(J.C.3., 1932,

2728) comment on the reactivity of the halogen in

o- iodobenzoic acid and 8 - brorao - 1 - naphthoic

acid, under the influence of copper bronse, and

illustrate the usefulness of the above compounds in

synthesis.

This work is more or less extended by Pursell

(Thesis, Edinburgh,1933} who further investigated the

displacement of halogen in ortho - and peri »

substituted acids. With reference to the ortho acids

it was found that the ortho- iodo, bromo, and chloro

benzoic acids could be reduced to benzoic acid by

boiling in dekalin solution in the presence of copper

bronze, and advanced a theory of the mechanism

involved.

Br Br

Cu
■>

Cu(catalyst)
H

GuBr C(Halogen
remover)
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The copper is supposed to play the triple role of

catalyst, agent for generation of hydrogen, and

removal of bromine. His conclusions are based on

the facts that -

1. Methyl o- bromobenzoate 3hows no reductio:

after being treated for three hours in boiling

toluene in presence of copper bronze. There is

no available hydrogen in this case.

2. o- "Bromobensoic acid when treated in

boiling toluene \?ith a mere trace of copper bronze

shows practically no reduction. The copper is

apparently required in quantitative amount.

3. On boiling copper o- bromobensoate in

toluene, a certain amount of diphenic acid was

isolated but no benzoic acid.

4. Ortho - bromobenzoic acid was treated

with (IH) sodium hydroxide to give the sodium salt
;

and boiled for 8i hours -with copper bronze.

Salicylic acid was obtained and the remaining

copper bronze gave a positive test for halogen.

Meta- and para- bromobenzoic acids did not lose

halogen when heated in toluene solution with

copper bronze.
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The first part of this thesis deals with a

quantitative examination of the reactivity of the

halogen atom in aromatic earboxylic acids and their

methyl esters towards sodium methoxide in the

presence and absence of catalysts.
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B3CPEHIIISHTAL

The velocity of reaction of the halogeno-

nitrobenzenes with alkoxid.es and aromatic amines

has been measured by a method first introduced by

Lulofs {Rec. trav. chem.; 1901, 20, 292} and later

worked out and improved by several pupils of Hollenan

and Blanks®® (Rec. trav. chem., 1922, 41, 24 and 103).
The method consisted in treating the halogeno-nitro

benzene compound with an equimolecular portion of

sodium methoxide in methyl alcoholic solution and

the decreasing alkalinity was estimated by titrating

drawn off titres against decinonaal hydrochloric

acid solution.

the velocity constant of the reaction (K) was

calculated from the following equation -

U - P) P
K * ab SI

Where a = original volume in ccs.of O.ISTIcl required,

b = ccs. 0.I1J Hcl required after time T (mins).

H = Normality of acid .

p • Volume in ccs. withdrawn per titre.

K was quoted in terms of 0.11T Hcl.

While investigating the rate of removal of the

halogen atom from a substituted benzene nucleus on

treatment with caustic potash, Wood and Davies

(J.C.S., 1928, 1122} utilised Volhard's method of

estimating halogen as silver halide. This method

consists/'



consists of adding excess of standard silver nitrate

solution and 5 ccs. of ferric alum indicator; the

excess silver nitrate solution is then titrated with

standard ammonium thiocyanate. In certain cases the

colour of the organic solution masked that of the

indicator and the authors had to adopt gravimetric

analysis in order to estimate the amount of liberated

halogen.

Volhardfs method was made use of throughout this

work with very satisfactory results. In this manner

the difficulty of estimating alkalinity when working

with complex carboxy derivatives was avoided.

Analysis by gravimetric means was discarded as being

too laborious and also uncertain in cases concerning

the solubility of the silver salts of complex organic

acids.

All the reactions in this work were carried out

with absolute methyl alcohol as solvent, prepared by

the method of Bjerrum and Zechmeister. (Ber., 1923,

56. 897). One litre of alcohol was mixed with about

ten gms. of clean magnesium turnings (previously
washed with ether and thoroughly dried) and allowed

to stand In an all-glass distillation apparatus.

The reaction was vigorous and when all the metal had

disappeared the liquid was refluxed for several hours

and then distilled in a current of dry air, the first

fraction being rejected. A middle fraction b.p. 65°,
was collected in a receiver fitted with a drying tube

containing/
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containing calcium chloride. The sodium methoxide

(approx. 0.2 H) used was made by adding the

calculated amount of weighed sodium to the dry methyl

alcohol, and the exact normality then determined by

titrating against 0.I1T sulphuric acid. The sodium

methoxide solution was made up fresh for each

experiment. The compounds investigated were all

recrystallised until they melted sharply and further

crystallisation did not raise the melting point.

All reactions were carried out in longnecked

round bottomed jena flasks of 500 cc. capacity,

fitted vrith solid wired-in rubber stoppers. During

an experiment the flasks were immersed up to the neck

in a water thermostat at the desired temperature.

The thermostats at 50°C. were fitted with toluene

filled thermo- regulators, while chloroform was used

for those at 25° C. In this manner the temperature

was kept to within 0.05 - 0.1° C. for months at a

time.

For catalysed reactions, agitation of the

flasks was necessary and this was satisfactorily

achieved by clamping the neck of the flask to a rod

attached to a large wooden wheel, which was rotated

by a hot air engine.
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r
PLAN

SIDE ELEVATION

A quick to and fro movement was thus conferred on the

flask with complete dispersion of the catalyst

throughout the reacting medium, night and day, so long
as the experiment was in progress. Procedure was as

1
follows; the part of the gramme molecular weight

of the halogen compound (containing 0.6346 gras.

iodine, 0.3996 gins, bromine, or 0.1773 gins, chlorine)
was accurately weighed out, introduced into the jena

flask and dissolved in a known volume of dry methyl

alcohol. On gaining the temperature of the thermo-

:stat the requisite amount of sodium methoxide

solution/
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solution was run in to give equicioleeular quantities

of the aleoholate and halogen compound, the total

volume of the reacting solution being made up exactly

to 100 ecs. The tixae of mixing wan noted and after a

definite time T{mins.) a 10 cc. titre was withdrawn

and the liberated halogen estimated by titration.

The velocity constant (K) of the reaction was

calculated from the following equation -

X
s * T (a - xj""a

Where X = gm. moles of halogen compound converted in
time T.

a s initial amount of halogen compound present
in gm. moles.

The value of the velocity constant (K) was thus

obtained in terms of l./g - raol./min.

It is obvious that the velocity constants

calculated in this manner are more fundamental than

those determined by Lulofs and his co-workers.

Further, the results of the latter will be ten times

smaller than those calculated from the above formula.

For this reason all results quoted in this thesis

relating to the work of Lulofs have been raised ten

times to give exact comparison.

With a catalyst present the same procedure was

adopted except that one tenth of the atomic equivalent

(referred to amount of halogen) of the catalyst was

added. This corresponded to 0.3184 gms. for

TIaturfmpfer/
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Baturlcupfer C. Immediately after withdrawal, the

tltre was filtered through coarse grained filter

paper, and the paper washed with distilled water.

The ferric indicator and silver nitrate solution

were added at once and the titration completed. In

such cases the catalysed reaction is not truly

blaolecular because it is heterogeneous in phase, but

the aim of these experiments was to obtain compara¬

tive results for different compounds under similar

conditions.
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Conversion of o-Iodobensoic Acid to Benzoic Acid.

The work of Rule, Pursell and Brown (J.C.S.,

11934, — , 168} has sbo'vTn that the halogen atom in

o-halogensted benzoic acids can be replaced by

hydrogen on boiling the acid in toluene solution with

copper bronze. It wri3 considered of interest to

deterraine qualitatively whether other metals were

capable of bringing about this change in an appreciable

degree. The following results were obtained by

adding 2 gins, of o-iodobenzoic acid (a.p. 162°) to

20 ccs. benzene, together with one equivalent of

catalyst (referred to 2 gins* of halogen compound).

The mixture was heated for the noted time, acidified

and extracted with ether. The melting point of the

acid after one recrystallization from water viae taken.
TABLE I

Catalyst Time
Hours Temp.

Yield
Crude
Acid.

&.p. after
1 Recryot.
from H.jjO .

2nd
Recryst.

0.5126 gra.Gu 3 80° 0.912 gras 105° - 121° 118° « 121°

0.4504 gm.Pe 3 80° 1.783 n 152° - 158° -

0.5271 gta.Zn 3 80° 1.259 " 130° - 158° mm

ft 163 20° 1.146 * 155° - 158°

0.1962 gm.Hg 3 ©oGO 1.35 140° - 150°
If 168 20° 1.32 148° - 152°

0.4195 gm.Cr 4 80° 1.668 " 155° - 158° -

0.4736 gJS.Hi 3 80® 1.552 « 155° • 158°

(Bensoic acid a.p. 122°)
Thus/



Thus copper is apparently the "best catalyst for

the removal of the halogen atom adjacent to a carboxy

group in the benzene ring. The copper bronze used was

a sample from British Drug Houses Ltd. (later referred

to as sample 33) and possessed a pale orange colour.
!

Otherwise, zinc and magnesium alone show any definite

signs of catalytic influence, but the change appears

to be very small in comparison with that brought

about by copper. All the other saetals tabulated

effected little change in the o-lodobenzoic acid, as ia

seen from the melting point of the recovered acid.

Influence of Various Catalysts on the Conversion

of o-Iodobenzoic Acid into 2-hethoxybensoic Acid.

The foregoing experiment emphasised the great

catalytic effect produced by copper bronze in

mobilising the halogen atom in o-iodobensoic acid.

It was thought fitting that tills problem be examined

in greater detail, not only as regards the influence

of different metals, but also that of the various types

of copper bronze in their application as catalysts.

The following results were obtained by treating

o-iodobenzoic acid with an equimoleeular amount of

methyl alcoholic sodiuia xnefchoxicle and estimating the

amount of halogen liberated under the influence of

various catalysts. On three occasions potassium

methoxide was used, and except in one case (25°) the

reactions/
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reactions were carried through at a temperature of

50°. £he above change at 25° was carried out by

using the standard sample of copper bronze E, in

order to determine approximately the activation

energy and the temperature coefficient of the

reaction.

In each experiment 1.2398 gms. o-io&obenzoic

acid was used and the volume of the reacting Eiedium

was 100 ccs.

Gattoman*s Copper Catalyst (0.3184 gas.) Sample A.

CHjjOHa. ihis sample was made according to Houben
Weyl (Bie Kethoden der org. chem., 1922, II, 56?) by

precipitating copper from a saturated copper sulphate

solution with metallic zinc. It was filtered off,

and washed with distilled water, alcohol and ether.

The copper obtained wae of a very fine nature

possessing a darlc red colour.

T
(nins.) X x 103

%
Conversion x 10 "'1

5 2.29 45.8 3.38

10 2.98 59.6 2.95

14 3.48 69.7 3.27

18 3.715 74.3 3.22

70 4.625 92.5 3.54

Mean value of * 32.7

The/
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The titres on withdrawal were royal blue in colour and

milky, but became clear on addition of indicator.

The end-point was very sharp and the copper retained

Its original dark colour.

Couuer ironse (0.3184 mas.) Sample B. CH^OHa.
This catalyst was supplied by Imperial Chemical

Industries Ltd. (Sample HD/G/731). It was fresh and

had a deep coppery red tint.

T
(Kins.} X x 103

%
Conversion So x 10"X

5

10

17

24

50

2.005
\

2.995

3.44

3.895

4.437

40.5

59.5

68.8

77.7

88.8

2.68

3.0

2.60

2.94

3.1

Mean Value of - 28.6

Titres as for Sample A.

Conner Bronze (0.3184 ms). Sample C. CH*Ofe

This was a sample from British Drug Houses Ltd.

(Sample 159191). It was entirely fresh and of a

light golden colour, with no trace of red tint.

T
(Kins.) X x 103

%
Conversion *50 Xl°"1

5

15

30

50

1.31

2.125

3.24

3.965

26.2

42.1

64.8

79.4

1.42

1.24

1.23

1.53
Mean value of IC5Q = 13.5
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The titres were only slightly blue at the start but

later became royal blue and milky. ^he end-point was

very definite and the copper remained untarnished•

Conner Bronze (0*3184 £ms.) Sample BX CH30K.
A British Brug houses Ltd. sample and similar in

appearance to B, but which had been exposed to the air

at ordinary temperature for one year. The specimen

had a decidejd red tint.

T
(Mins.) X x 103

€J*
Conversion %0

15 1.083 21.7 3.7

30 2.443 48.9 Rises

45 3.339 66.8

75 4.336 86.8 17.4

The titres were royal blue and milky and the end-point

excellent.

Copper Bronze (0.3184 gms.} Sample D. CH3OK
A completely fresh British Drug Houses, Ltd.

sample, with a decided red tint, although not so

deep as sample BX.

T
{Bins.) X x 103

A
Conversion *50

5 0.2408 4 *8 2

15 0.7321 14.65 2.3

30 1.316 26.3 2.3

60 2.811 56.3 4.2}
95 3.946 78.9 7.9}

Rises

Lean Value of %o r 2,2
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The titres were neither blue nor nilhy until after

thirty minutes from start of reaction.,

Conner 3ronae(0.3184 gas*.) Sample E*. CIL^OHa
This was another British Drug Houses, Ltd*,

sample with the aaiae appearance as Cample C. &n old

specimen with no trace of a red tint.

T
(Mine.) X x 103

%
Conversion *%0

5

45

60

90

0,3219

1.832

2.334

3.083

6*4

36.6

46.7

61.7

2.75

2.57

2*92

2.84

Mean Value of s 2,7?

The titres were uncoloured until after thirty minutes

from start of reaction,

at 25°

T
(Mins.} X x 103

%
Conversion %5

120

510

1360

0.21

0.7926

1.54

4 .2

15.8

30.8

7.3

7.4

6.5

Mean Value of IC05 - ' x

Sow Kg s A(T 1 - Tg )
Ki h 12

where/
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sphere A is the tenpei-ature coefficient of the

reaction#- The quotient 10° is given by the

expression - -

10«-10 *1 + 10
* 10 A

1%

Therefore In this case, A a 0.06370.
* *

Kp +- 10

%

a 4.335

The activation energy of the reaction is given in

calories per ga. aole. by substituting in the

equation

E . R 10 T
*2 « \

leg

%

from which E « 28,050 calories per g*&. mole.

Conner Bronze (0.3184 grns.) Sample E H. CH^oSa

This was Sample E heated for two hours at 100° C

in an air oven •

T
(Kins.) X x 103

%
Conversion %o

10 0.5759 11.5 2.6

20 0.9747 19.6 2.4

90 2.920 58.4 2.4

Mean value of X s 2 .46

litres same as for Sample E.

;9q;?,per/
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Conner Bronze (0.3184 gas. ) Sample B» CH*■OX

T
(MinB.)

. _3
X x 10

%
Conversion *50

6 0.1272 2.5 1.05

15 0.3142 6.5 0.978

36 0.8343 16.7 1.11

83 1.449 29 0.997

120 1.919 38.4 1.04

148 2.304 46.1 1.15

Mean Value of a 1.-05

The titres were nil1<y but without any blue coloration.

The end-point was good*

Conner +■ Copper Oxide. (f .3985 gjas.-) CH„ 0*a

This specimen of catalyst was made by finely

powdering copper wire coated with copper oxide (as
used in the Dumas combustion tube).- £he colour of

the sample was ahi n to that of Gatt erroan1 s copper

catalyst .

T
(Mine.) X x 103

el7°
Conversion

X
50

20 0.3764 7.5 0.93

80 1.372 27.3 0,94

100 1.575 31.5 0.92

165 2.193 44 0.94

Mean Value of J%0 z 0.93

The titres were brieh red but clear on filtration.

The end-point was good.

Cower/
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Copper Acetate (0.9101 gas.) CHgOHa

A British Drug Houses Ltd. sample of copper

acetate was employed, dried in vacuo before use.

T
(Mins.) X x 103

&>
Conversion So

15 0.3575 7.15 ! 1.028

45 0.6284 12.5 0.64

105 0.7947 15.9 0.36

150 0.9517 19 0.31

240 1.174 23.5 0.26

330 1.274 25.5 0.21

The ti tares were blue on withdrawal changing to green

with excess of silver nitrate solution present, but

the colour cleared on addition of the indicator. The

end-point was very good.- The rate of reaction

decreased steadily with time.

Cine not {0.35 gas.) CH^OUa
This catalyst was the ordinary type of laboratory

agent, that is, a very fine mixture of sine and sine

oxide.
— —~~

T
(Mina.) X x 103

46
r>

Conversion ^0 - 102
1385 0.765 15.3 2,61

1580 0.965 19 3.03

1775 1.175 23.5 3.18

2790 2.180 43.23 5.49

R: aes Rapidly

Titres clear and end-point good.

iiagnesium.
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Ja^nesium. (0.1218 gras.) CH^OHa
This was a sample supplied by the British Drug

Houses Ltd. and was of a very fine nature correspond-
"

:ing to the copper bronne samples -

T
(Mins*) X x 103

%
Conversion *50 x 10

120 0.5005 10 1.8

240 0.6592 13*2 1.3

360 0.7842 15.7 1

Falls

The titres could not be filtered rapidly and filtration

Was therefore omitted. #ith excess silver nitrate

solution present, the colour of the liquid became

green changing to black. With addition of the acid

indicator and a drop of ammonium thiocyanate solution

the liquid cleared and the end point was quite definite.

fioonep Oxide (0.3985 gas*} CHgOIfe.

fhis sample was obtained as a fine black powder

by means of precipitation.

T
(Mine.) X x 103

%
Conversion

K
50

60 0.1986 4 1.4 x 10*"1
180 0.3747 7.5 Falls

420 0.6071 12.1

1440 1.095 22 3.7 x 10~2

The titres were black but clear on filtering. The

end -point was very good..

Kickel/
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Kickel (0.2939 gas.) CHgOUa

•Chis specimen of catalyst was obtained as a fine

black powder by reducing the precipitated metallic

oxide in a current of hydrogen.

T
(Mins.) X x 103 %

Conversion Kg0 x 103
2695 0.1562 3.1 2.4

9885 0.4337 8.7 2

14,275 0.5900 11.2 2.36

40,470 1.50 30 2.1

Mean Value of Xg^ 3 2.2 x 10~3
The titres were clear on filtration but darkened with

addition of excess silver nitrate solution which made

the end-point difficult to observe.

^lumlniun (0.1351 ©as.) CHgOUa

Tl'tis sample was from the British Drug Bouses Ltd.]
land was in a very fine state of division .

T
(Kins.) X x 103

%
Conversion *50 * 104

16,675 0.199 4 4.9

49,310 0.44 8.8 3.9

77,885 0.82 16.4 4

109,235 1.0 20 4.5

The titres were clear, darkening with addition of

excess/
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excess silver nitrate solution, which made the end

point somewhat difficult.

In absence of Catalyst. CH^OHa

T
(Mine.) X x 103

%
Conversion

K x 104
50

18,835 0.20 4 4.4

30.075 0.303 6 4.35

58,915 0.44 8.8 3.27

181,440
(106 day3)

1.80 16.2 2.9

Mean Value of K 8 3.73 x 10"4
The titres were clear and the end point quite

distinct.
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DISCU3SI0H

Of the raetals dealt with, the most efficient

catalyst for the replacement of the halogen atom in

o-iodobensoic acid by a methoxy group was copper or

copper bronze (Ilaturkupfer C). The catalytic power

varied greatly with the different types of copper

bronse used* As may be seen by reference to

Table 2 , the reaction at 50°

I OCH,

300H

+2NaOCH3 0~+■ Hal +- CH3OH

was stimulated from a minimum of 7,000 (Sample B) to

a maximum of 77,000 {Sample B) times by the presence

of copper bronze. Copper prepared by Gatterraan's

method was even more active than the best copper

bronse giving a factor of 88,000 as compared i?ith

the uncatalysed reaction.

The velocity constants obtained for the above

catalysed reaction are given in the following Table

and are contrasted -with the value found for the

uncatalysed reaction .

TABLE 2.

A

Sample
{Gatt eraan's)

B
Sample

(I.C.I.)

C
Sanrole
(B.D.H.)

E
-.ample
(B.D.H.)

Ho-.**
Catalyst
Present

Vel.
Gonst.

«K)
Ratio

32.7

87.660

28.6

76.680

13.5

36.190

2.77

7.428

3,73 x 10"4

1



Graph Illustrating the Influence of Copper

Bronse and of other Catalysts upoji_ the
Reaction between o-Iodobenzoic Acid and

'Odium or Potassimn Methoxide.

0.05 Molar Solutions at 50°
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In general, the efficiency of the copper bronze

as a catalyst appeared to increase with the freah-

:nesa and possession of a deep coppery-red tint in

the sample. hong exposure to the air, or being

heated at a high temperature lowered the catalytic

effect of the copper bronze. As is seen from the

graph {page 43a), the iodine was only quantitatively

replaced in these instances featuring copper bronze

as catalyst.

A characteristic feature of the reaction under

examination was the development of a blue colour in

the flask containing the iodobenzoic acid, sodium

raethoxide and copper bronze. Copper o-iodobensoate

however possesses a blue colour and the colour

and milkiness of the titres were possibly due to

the formation of this salt. The copper o-lodo-

:bensoate is then possibly subjected to attack by

the sodium methoxide resulting in the forraation of

sodium iodide and sodium o- raethoxy benzoate. This

would imply the occurrence of partial homogenous

catalysis. Nevertheless it is certain that even

if this mechanism is correct, only a small portion

of the copper functions in this way, since the

bulk of the catalyst appears to be unchanged at

the end of the reaction.

It is more likely however that the catalysis

effected by the copper bronze is mainly of a

heterogeneous nature. By this means the copper

would/
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would presumably bring the reactive parts of each

molecule into juxtaposition by some suitable artifice

of molecular orientation.

A notable point was the low catalytic effect
.

produced by copper acetate (Graph; Page 43a), whereas

Hurtley (loc.clt.) states copper acetate to be a

better catalyst than copper bronze in enhancing the
|
mobility of halogen atoms in aromatic nuclei. This

can possibly be accounted for by considering the

conditions under which Eurtley worked. He used

sodium o-bromobensoate (3 gras.), sodium acetate

(6 gms.), and copper acetate (0.5 gras.) in 60 ccs. of

water at 100°. tinder these conditions the copper

acetate would be entirely in solution and largely

ionised. In the above experiments in alcoholic

medium, only a small portion of the copper acetate

passed into solution at 50°.
With the least effective of the copper bronses

(Sample E) as catalyst the reaction illustrated above

had an activation energy of 28,050 calories per gm.

molecule. This gives the energy required to trans¬

form one gramme molecule from the inactive to the

activate state. The calculated value is quite

reasonable in magnitude and compares favourably with

other cases quoted in the literature. where a

reaction does not take place with measurable velocity

in the absence of catalyst, the energy of activation

is/
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is higher than that possessed even "by the molecules

of highest energy content present. The introduction

of a catalyst apparently reduces this energy require¬

ment to a value within the rang© normally possessed.

Thus hydrogenation and dehydrogenation of bensen©

cannot be realised in the absence of catalyst.

The temperature coefficient of the reaction

catalysed by the copper bronse {Sample 1), that Is

the ratio of the velocity constants expressed for a

rise of 10° was deduced to be 4.335. ><*ith non-

:catalytic reactions the value of the temperature

coefficient is usually in the neighbourhood of two,

but with catalysed reactions, a wider divergence is

to be found, and the value of 4.335 may be accepted

as being quite probable. This value of the temper—

:ature coefficient indicates that with rise of

temperature, the reaction is speeded up very rapidly.

The halogen atom in o-iodobensoic acid was

replaced slightly faster by a raethoxy group with

sodium methoxide as reagent than when potassium

methoxide was used. 'while investigating the

halogeno nitrobensenes L0bry de Bruyn (Hoc. trav.

chim., 1890, 9, 2C6) reported that "With the

alcoholates of potassium substitution of the halogen

atom took place almost as well as where the

alcoholates of sodium were employed".
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Reactivities of Halogen in the Isomeric Iodo-,

Bromo - .and fihloro "benzoic Acids and their Kethyl

Esters.

After the foregoing observations liad been xaacle, en

the powerful influence of Haturkupfer C in activating

the halogen atom in c-iodobenzoic acid, attention was

turned to the possibility of replacing the halogen

atom in the ortho-, seta, and para- mono halogeno

benzoic acids. This work was expanded in order to

include the methyl esters of the above acids. In

each experiment the catalyst employed was copper

bronze (Sample E) and the procedure was as described

in the previous pages. All of the reactions were

carried out at 50° C with alcoholic sodium raethoxide.

m - lodobensQlc Acid

.. m Catalyst 'present»
The rate of reaction fell off steadily and

after 126 days only 3.8/' conversion was recorded.

This final value may be represented by a velocity
—5

constant of the order 4 x 10 • The experiment was

repeated and the same result obtained. The titres

were clear and the end-point was very good. The

copper bronze remained untarnished.

p- Iodobenzolc Acid

■Vlth Catalyst present.

Here again the rate of reaction fell away.

Great/
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Great care was taken that no solid separated out on

the sides of the reaction vessel during agitation.

This tendency to deposit solid was a result of the

insolubility of the sodium p-iodobensoate in methyl

alcohol. A percentage conversion of 9 was noted

after 180 days, which may be represented by a velocity
«*5

constant of the order 7.5 x 10 . On repeating the

experiment an identical result was obtained. The

end point v/as excellent and the copper retained its

lustre.

The replacement of the halogen atom in ortho-,

raeta-, and para- iodobensoic acids under the influ¬

ence of copper bronze, may thus be summarised as

follows:~

TABLE 3.

K «

Ratio
Compared wi

meta

T

(Mino.) X x 103 %
Conversion K X 103

1,560 0-. 1645 3.2 4.3

2,880 0.2742 5.5 4.0

5,730 0.5468 10.9 4.2

11,060 1.080 21.5 4.38

Mean Value of K * 4.2 x 10""^
The/

frtho

2.77

Para rleta

7.5 x 10~5 4 x 10rr

t|i 70,000 1.8

o- Bronobenzoic Acid

.1th Catalyst present
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The titres were clear and the end point good,

while the copper did not lose its lustre.

o— Chlorobensolc Acid

with Catalyst present.

T
(Hrs.) X x 103

%
Conversion K X 105

574 0.05 1 5.8

1,219 0.07 1.4 3.9

2,036 0.09 1.8 3

The time, in this instance, is given in hours to

avoid unwieldy numbers, but minutes used when calculat¬

ing K. The reaction was very slow and after approx¬

imately three months had only attained 1.8/2 conversion.

This experiment was repeated three times and identical

results were obtained. The copper was untarnished and

end-point good*

The rate of replacement of the halogen atom by a

nethoxy group in the ortho- halogenobensoic acids

under the influence of copper bronze is depicted in

the following table -

TABLE 4.

K

Ratio corn-

spared with
Chloro Acid

X

j^^JCOOH
BR

r^^ptOoH toon

2.77

92, 340

4.2 x 1C-3

140

*3 x 10*5

1

if Only very approximate-
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Methyl o-iodobensocte.

with Catalyst present.

T
(Hins) X X 103

%
Conversion

KL x 102
50

1370 0*52 10.5 1.7

1675 0.65 13 1.78

2710 1.06 21 1.98

4170 1.601 32 2.2
Hises

Mean value of • 1.9 x 10"*2
The titres were clear and the end-point good. There

was no change in the original appearance of the

copper bronae.

Methyl o - bronobensoate

mh Catalyst present.

T
(mins.} X x 103

%
Conversion *50 1104

20,150 0.1960 3.9 4

41,845 0.7160 14.3 8

61,845 1.538 30.75 14

66,540 2.15 43 22

Rises Rapidly

Mote the prolonged time compared with free acid. The

titre was colourless at the start but later became

pale green. There was a purple coloration with

addition of excess 3ilver nitrate solution. Coagulation

of/
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of the precipitate took place on the indicator being
t

added and end-point was taken with the clear super-

jnatant liquid. A side reaction appeared to have

set in judging from the results listed above.

Methyl o - chlorobensoate

-ith Catalyst present.

T
(llrs.) X x 103 fo

Conversion
x 103

1, 222 0.055 1.1 3.1

2,039 0.07 1.4 2.9

.The time is again given in hours.

The titres were clear and the end point good, while

the copper retained its lustre.

'Che rate at which the halogen atom in the methyl

o - halogenobensoates was replaced by a otethoxy group,

while under the influence of copper bronze, is shown

in the following table -

tvmis 5.

x 6" O
Ct.

0-
-ccch 2.77 4.2 x 10*"3 3 x 10"b

! -cooch,3 1.9x!0~2 H X

1
{Ratio

-cook
^cooch 145.5 II If

n The figures are very approximate, "but obviously
in all three cases tSfoe ©©fb&r ma slower to
react than the corresponding acid.
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sijcuissioar

Of the isomeric mono-iodobenzoic acids, the

ortho - iodobensoie acid was by far the quichest to

react with alcoholic sodium nethoxide in the presence

of copper bronze, resulting in the halogen atom being

replaced in the nucleus by a methoxy group. Indeed,

the extraordinary reactivity of o - iodobenzoic acid

is comparable with that of the alkyl halides. The

order of reactivity of the iodo acids towards sodium

raethoxide in presence of copper bronze was ortho- >

para- > meta- . (Table 3, Page 48). This

was not entirely unexpected as Pule and Barnett

(loc. cit.} had found that para-iodobenzoic acid was

not converted to the corresponding aethoxy acid on

treatment with boiling alcoholic 3odium methoxide

in the presence of copper bronze, whereas under

similar conditions the ortho-iodobenzoic gave a

quantitative yield of the 2 - methoxy benzoic aeid.

The non-reacting of the para- and meta- bramo- and

chloro- benzoic acids was demonstrated first by

Hartley (loc. cit.). The former found that no react-

iion resulted when p-bromobenzoic acid replaced

o-bromobenzoic acid in various condensation reactions

carried out in the presence of copper bronze. The latter

showed that although o-bromobensoic acid was reduced

quantitatively when boiled in toluene with copper bronze

for three hours, the meta- and para- broxao-benzoic acids

when treated/
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treated slmilarily gave no reduction.

As shown in Table 4 9 the ortho- iodobensoie

was very much more responsion to the catalytic influ-

:ence of copper bronze than either of the analogous

brorao- or chloro- acids. In a like fashion Rule and

Barnett (loe. cit.) had arrived at this conclusion

after comparing the speeds at which o-iodo and o-brorao

benzoic acids reacted with sodium alkoxides {semi¬

quantitative experiments). fixe fact that Clarke and

Hall (loc.cit.) only reported 14.4;- conversion after

treating o-bromobensoic acid with excess sodium

methoxide (1.5 H) in a sealed tube at 155° for 50 - 60

hours also illustrates the slowness of the reaction in

absence of copper bronze. fhese authors found that

under similar conditions para- and meta- bromobenzolc

acids showed 14$ conversion and nil respectively. It

is worthy of note that in the absence of copper bronze

the reactivity of the p-broraobenzoie acid is of the

same order as that of the ortho-1someride, although

both are relatively slow. The reaction between

o-chlorobenzoic acid and alcoholic sodium methoxi&e

in presence of copper bronze at 50° was very sluggish

indeed, only 1.8)) conversion being reached after

three months. A kindred result was obtained

qualitatively by Rule and Barnett (loc.cit.) who

found that o-chlorobensoic acid had none of the

reactivity of o-bromoben2oic acid towards the reagents

used by Hurtley. In addition they observed that even

with/
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with 8 » chloro - 1 - naphthoic acid no reactivity

was shown by the chlorine atom towards sodium

alkoxicle in the presence of copper bronze. This case

is all the sore striking because the - derivatives

Of naphthalene are even more reactive than benzene

derivatives, and a carboxyl .group in the peri position

to a bromine atom activated the latter to a greater

extent than in o-broraobenzoic acid.

As regards the methyl eaters of the halogen©benzoic

acids, a definite velocity constant was only attained

in the case of the iodo compound (fable 5 )»

Even so it was quite apparent that the methyl esters

reacted very much slower with alcoholic sodium

methoxide in the presence of copper bronze, than did

the corresponding halogenobenzoic acids. For

instance under identical conditions methyl o-iodo

bensoate reacted 145.5 times slower than o-iodobenzoic

acid. this lowering of the reactivity of a halogen

atom by replacing a -COOH group adjacent to the

former by a -COGCSL group is not an uncommon occurr¬

ence.

In 1929, Hurtley remarked on the non-reaetivity

Of ethyl o-bromobensoate towards the Sodium derivatives

©f diethyl nalonate, ethyl acetoacetate, ethyl acetone

dlcarboxylate, acetyl acetone, and benzoyl acetone in

boiling alcohol. In comparison, o-bromobenzoic acid

reacted quite readily with the above reagents. Three

years later Rule and Barnett prepared methyl o-methoxy

benzoat©/
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bensoate in good yield (62^) by refloating methyl

o-iodobensoate with alcoholic sodium methoxide in

the presence of copper bronze. The methyl o-

halogenobenzoates were found in this present work to

retain the same order of reactivity of the halogen

atoms as found in the o-halogenobensoic acids,

namely I > Br > CI

The lability or stability of a group or atom

attached to a disubstituted aromatic nucleus is

generally assumed to be due to one or both of the

following factors*-.

1. An effect transmitted through the bonds,

depending in its nature on the second group.

2. An effect transmitted through space from one

group or atom to the other depending in

its intensity on the nature and relative

positions of the two substituents.

If an atom in position 1- be activated by a

group in position 2- then this activity may be due

not only to greater bond influence but also to

greatly increased spatial effect. The effect of

the latter may be offset by steric hindrance in

certain instances.

Consider now that the group activating the atom

in position 1- be in position 4~, then the steric

hindrance effect will be largely removed. On the

other hand, the space effect which falls off rapidly

with increasing distance between the activated atom

and/
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and the activating group will be very much lessened.

The bond influence however will still be transmitted,
j

although not without some loss in intensity, through

the pair of conjugated bonds from the para-position.

From such considerations It may also be deduced that

compounds in which these substituents are closer than

in the ortho- position may possess the properties of
ortho- compounds in an enhanced degree. Indeed, this

was found actually to be the case by Rule and co-workers

when contrasting the properties of ortho- compounds in

the benzene series with peri- compounds in the

naphthalene series.
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PKEPARAXI Q3ffl> .

,pT |odQbwoi<? A<4d,

(Cohen & Paper, J.C.S., 1904,1272).

16 gms. anthranilic acid.

10 gms. sodium nitrite in 20 ccs. water.

30 gras. potassium iodide.

The anthrariilic acid was dissolved in dilute

sulphuric acid (25ccs. of concentrated in 125 ccs.

water) and diazotised in the usual manner. The

diaso solution was then cautiously added to the

potassium iodide dissolved in 50 ccs. water. The

precipitate was washed with lukewarm sodium thiosulph-

:ate solution (20JQ and finally with water. when dry

it was recrystalli3ed from acetic acid.

Yield, 22 gms., 75$ theory. M.p. 160°
Ho matter the number of recrystall i3at ions, the acid

remains buff coloured. Pure, colorless acid, however,

is obtained by hydrolysis of the ester.

The methyl ester was therefore hydrolysed with

the calculated amount of methyl alcoholic potash and

the product recrystallised from benzene.

Yield, 95/5 theory. M.p. 162°.
Methyl o-iodobensoate.

(Cohen & Haper y loc.cit.)
50 gins, o-iodobenzoic acid.

200 gms. methyl alcohol.

20 gins, concent rated sulphuric acid.



58.

The foregoing components were boiled together for

15 hours under reflux, and excess methyl alcohol

distilled off. The product was poured into water and

neutralised with solid sodium carbonate. The ethereal

extract of the ester was shaken with dilute alkali

followed by water. After drying over calcium chloride

the pure methyl ester was obtained on distilling the

crude product under reduced pressure.

Yield, 45 gms., 80/ theory. B.p. 142^/13 rams.

o~ Chlorohengoic Acid.

(Graebe, Ann., 1893, 276. 54).

137 gras. anthranilic acid.

300 ccs. concentrated hydrochloric acid in
750 ccs. water.

40 - 50 gms. copper turnings.

70 gms. sodium nitrite in 250 ccs. water.

70 gras. cupric chloride#

The anthranilie acid was diasotised in the usual

way and the diaso solution was slowly added with

stirring to an ice cold solution of cuprous chloride.

The latter was made by boiling cupric chloride {70 gms.)

in concentrated hydrochloric acid (500 ccs. concentrated

in 150 ccs. water) with addition of copper filings.

The product was filtered, washed and dried.

Yield, 145 gms. M.p. 132 - 134°.
The pure acid was obtained as colorless needles on

recrystallising the crude product from hot water

containing/
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containing a little alcohol and animal charcoal.

Yield, 113 gras., 72$ theory. M.p. 138°.
Methvl o-chlorobennoafce.

10 gins• o-chlorobenzoic acid.

40 gms. methyl alcohol.

5 gats* concentrated sulphuric acid.

The procedure was the same as for the analogous

iodo compound.

Yield, 10 gms., 92;5 theory. B.p. 109 - 110°/20 lasas.

.JL".

(HoHerman <% Be Bruyn., Hec.trav.
chira., 1901, M* 210).

50 gms. anthranilic acid.

115 ccs. hydrobroraic acid (S»0.1.49).
'

31.25 gas. copper sulphate (CuSo^.5 HgO).
25.75 gins, sodium bromide.

if
|147.5 gas* hydrobroaic acid (S.0.1.49).

| 16.45 gms. copoer filings.
I

50 gms. sodium nitrite in 250 ccs. water.
,

The anthranilic acid was dissolved in the

diluted toydrobromic acid (115 ccs. in 900 ccs. water)

heated to boiling point, and a eupjg2$Lsolution, made

by boiling copper sulphate, sodium bromide, hydrobromic

acid (147.5 gas.) and copper filings together until

decolorised, was added. To the warm mixture was

slowly added the sodium nitrite solution and on

cooling cx*ude broso acid (71 gms.) was obtained.

*h*/
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The pure acid was obtained on reerystall!sing from

boiling water with a little animal charcoal present.

Yield, 65 gas., 88.5/ theory. M«p. 149°.
Methyl Q-bromobenzoate»

10 gms. o-bromobensoic acid.

40 gas. methyl alcohol#

5 gas. concentrated sulphuric acid.

Method as for previous analogous iodo and chloro

compounds•
3

^

Yield, 10 gss., 9,8/ theory. B.p. 129-131 /IS ms.

m-Iodobensoic Acid.

(Cohen & Raper, J.C.S., 1904,
85. 1273)

30 gras. rneta- aminobensoic acid.

50 ecs. concentrated sulphuric acid in
250 ccs• water.

50 guts, potassium iodide in 90 ccs. water.

20 gms. sodium nitrite.

The aeta- arainobenzoic acid was dissolved in the

moderately dilute sulphuric acid and tiiazotiaed.

the solution of potassium iodide was then added and

thereafter the procedure was identical with that for

o-iodobensoic acid.

Yield 41 gas., 74$ theory. M.p. 182°.
To obtain pure colorless acid it was necessary

to hydrolyse the ester with the calculated amount of

methyl/
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methyl alcoholic potash*

Yield, 90$ theory. if.p. 186°.
After reeryat&lllsing twice from acetone a sharp

melting point was obtained at 187-187.5°.
Methyl m- iodobenzoate.

(Cohen & Raper. loc.cit).

40 gms. meta- iodobertsoic acid.
'

15 gas. concentrated sulphuric acid.

160 gras. methyl alcohol.

the method was as outlined in the preyiouo pages.

Yield, 36 gms., 85, theory. 3.p. 150°/18 rams.
_

c_, Ac id,.
■

(Cohen & flaper, loc.cit).

16 gms. p* iodotoluene .

80 ccs. dilute nitric acid.

Para- iodobenzoic acid vms prepared by oxidising

p- iodotoluene in sealed tubes (8 gms. of p- iodo-

:toluene per tube) with dilute nitric acid at 135°
for three hours. The product was filtered and then

washed with sodium thiosulphate solution and dissolved

in sodium carbonate. After filtering from any

unchanged p~ iodotolucre the para- iodobenzoic acid
'

was reprecipitated on acidifying. the pure colorless

acid was obtained after reeryatallising (twice) from

alcohol.

Yield, 11 f~n.s., 61^ theory. M.j|. 865°.
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Activating Influence of Nitro Groups in the
Halogeno- benzenes.

In the general introduction (page 1) the activat¬

ing influence of the nitro group, the possible fcrraa-

:ticn of addition compounds and some theories of the

mechanisms involved hove been discussed. This leads

us to the more direct comparisons which heve been made

of the influence of the nitro group on the activation

of chlorine, bromine and iodine atoms respectively and

the relative positions in the ring leading to maximum

reactivity of the halogen. All the work discussed

below deals with uncatalysed reactions, as few quanti¬

tative measurements appear to have been made on the

influence of catalysts in this connection.

The reaction between monohalogens- benzenes and sodium

araylate in arayl alcohol was examined by Lbv/enhertz

(2. f , Ph. Chens., 1899, 29, 401). He found that iodo-

:benzene gave 18-19% conversion in 10 days, leading to

k - 4*8, while brcmobenzene was much slower with
*• 0 r

k » 5.4 x 10 • Chlcrobenzene was immeasurably slow

in the reaction.

With the mononltro halogeno- compounds this order

of reactivity of the halogen atoms appeared to be re-

:versed. This was first noted by Lobry de Bruyn

(Rec. trav. chim., 1890, 9, 206) who without determin-

:ing actual velocity constants declared that in the o-

and /
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and p- nitro halcgeno- benzenes iodine is more diffi¬

cult to replace by an cxyalkyl group than is bromine

or chlorine. This has been confirmed by succeeding

workers, perhaps the most notable being Lulcfs (Hee,

trav. chirn,, 1901, 20, 324) who has carried out extens-

:ive work in this field.

In the reaction between mcnchslcgeno- dinitro-

:benzenes and alcoholatos the halogen is quantitatively

replaced by an oxyalkyl group. Replacement of

halogen by an oxyethyl group takes place more easily

than by an cxymethyl group. Of the three halogen

atoms the chlorine is the most rapidly substituted,
*

followed by bromine, and lastly iodine. For instance

at 15° with dinitro-halogenc-benzenes and sodium

ethoxide

Kcl * 3,26J Kyft. s l«S9j K j * 0* 455.
With l-bromo-2:4~ dinitrobenzene and sodium ethoxide

in alcoholic solution, the velocity constant of the

reaction was found to be decreased either by increas-

:ing the concentration, or by adding sodium bromide or

sodium acetate. It was supposed that increase of

concentration lowered the number of reacting ions, the

addition of sodium salts also producing a similar

change according to the theory of electrolytic dis¬

sociation (compare Segaller J.C.d., 1913, ICO, 1154).

The Dutch school of chemists calculated that the intrc-

:ductlon of a second nitro group into a mcnonitro

halogen/
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halogen derivative raised the activity of the halogen

atom some 2,000 times, and the tremendous effect of

this second nitro group is now well established. As

regards the relative positions of the nitro group and

halogen atom, Kbrner in 1894 stated that halogen atoms

ortho- or para- to a nitro group in the benzene nucleus

could be displaced by other groups, while nitro groups

in the meta- position had no such loosening effect.

The question now was in which of the positions o- or

p- does the nitro group exert the greatest activating

influence on the halogen atom? The first contribution

towards this problem came frcm Borsche, Stackmann and

Makaroff~3emljansky (Ber., 1916, 49, 2222) who examined

the reactivity of halogen in the three pairs of com¬

pounds, 4- bromo- 3- nitrcbenzonitrile and 5- bromo-j
2-nitro- p- toluonitrile; 4- bromo- 3- nitroaceto-

iphenone and 2- chloro- 5- nitro- 4- methyl- aceto-

jphenonej and 4- bromo- 3- nitro & 2- bromo- 5-

nitrobenzenephenones, towards sodio-acetoacetic

sodio-maIonic esters. They found that the nitro

group confers greatest mobility on the halogen atom

when adjacent to it; also that one nitro group is not

sufficient to render a halogen atom active towards

ethyl sodium malonate, c- brcmonltrobenzene for in¬

stance being unaffected by this reagent.

The idea that a nitro group exerted its maximum

effect/
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effect on a halogen atom when in the ortho- position

to it was refuted by Baudet (ftec. trav. ehim., 1924,

43, 707) who regarded the p- position as the cost

strongly activated. He obtained the following

velocity constants with sodium methoxide at 25°.

Kjg r 15 2.6 0.14 0.000347

On substituting the nitro group in the crtho- position

in l-chloro~2:4- dinitrobensene by a cyano group there

is a strong decrease in the value of K, but a greater

decrease occurs if the nitro group in the para-

position be substituted. The value fcr p-

chloronitrcbenzene was obtained by extrapolation

(De Mocy, Ree. trav. chim., 1915, 35. 26) and it can|

be seen that the influence of the cjrsno group cannot

be neglected.

In 1920, Lulofs and his school found their work

in the field of comparative replaceabilities of

halogens in the halogeno- nitrobenzenes supported by

Franzen and Bockhacker (Ber., 1920, 53, 1174).

lith dietbylarnine, plperidlne or sodium ethoxide as

reagent, iodine is less readily replaced than bromine

or/
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or chlorine in ortho- or para- nitrohalogenc-benzenes.

With ammonia, piperidine, aniline, or sodium ethoxide,

iodine is also least easily replaced in compounds of

the type 1- halogen-2:4- dinitrobenzenes. Further

quantitative work on this subject followed in 1923 by

Rheinlander (J.C.3., 1923, 3099) who upheld the order

of reactivity chlorine > bromine > iodine in mono and

dinitrohalogeno- benzenes towards aromatic bases and

alkyloxides. With sodium ethoxide at 50°, para-

bromo- nitrobenzene reacted twice as rapidly as its o-

analogue, while the meta- derivative was practically

inactive. On the other hand, at 100°, Franzen and

Qockhacker found o- bromonitrobenzene quicker to react

with sodium ethoxide than p- brornoni trobenzene. An

interesting temperature effect seems to operate in this

case. For this reason determinations have been record-

ted in this thesis for two temperatures, -wherever

possible, and used to evaluate the energies of acti-

tvation and the temperature coefficient of reaction.
|

The work of Lulofs was further supported by Rheinlander

who stated that increase of concentration of the halide

or base lowered the velocity of the reaction, the change

being the greater in the case cf the base.
I

On the whole it is thus seen that the investiga¬

tions discussed above are in general agreement with

one another. Brewin and Turner (J.C.S., 1928, 332)

however, using pyridine in boiling benzene found a

surprising/
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surprising difference in the reactivity of o- and p-

mononitrchalogenc- benzenes, and what was more inter¬

esting, that the introduction of a second nitro

group did not very greatly increase the reactivity.

They determined the ratio of the reactivities of the

nitrochloro- compounds to be

para : ortho :-2:4- dinitro * 1:36*3:56*9.

For the corresponding bromo compounds the ratio is

2*33: 43-5: 56*4, and for the iodo compounds

2*24: 17*9: 34*4.

Some support to the Butch school was rendered by

Sprung (J.A.C.S., 1930, 52, 1650) by his examination

of reactions of the type

OgH.Ar.cl + HapSOg * Qg!I.Ar»8(^H "HUaCl.
He came to the conclusion that with analogous bromine

and chlorine compounds the reactivities are very

similar, sometimes one and sometimes the ether being

greater.

Sprung also found raeta- compounds to have the same

order of reactivity as ortho- and para- compounds

'whereas previously rrets- compounds had been considered

relatively unreactive. The fact that a trinitro

halogeno- compound reacts about 25 times as fast as

the dinitro derivative and the latter about 2,OCX) times

as fast as the mono- nitro compound is in complete

agreement with the findings of the Butch chemists.

Summarising/
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Summarising briefly, it may be said that although

one nitro group has a relatively large activating

influence, the introduction of a second nitro group

brings about an abnormally large increase especially

in the 1* halogeno- 2:4- dinitrobenzenes. Kenner

(loc* cit) and Wood and Davies (loc. cit) attributed

this pronounced activition of the halogen to the

fdrmation of addition compounds, and supported their

contention by isolating such compounds. This con-

:clusion however is in opposition to the quantitative

work performed by Lulcfs (loc. cit) Segaller (J.C.3.,

1913, 103, 1154) Senter and Wood (J.C.3., 1915, 107.

1070) which clearly points to typical blmclecular

reactions, and would appear to preclude the existence

of additive compounds, at least in large proportions.

Brewin and Turner (loc. cit) regard the activating

influence of the nitro group as being centred in the

cavalent nitroso grouping. It is not a property of

m~ directing groups in general, since the aulphone,

sulphox yl and carboxyl groups only produce a feeble

activation. In support of their theory they point out

that p- nitroso-dimetl^rlaniline is readily converted

by boiling alkali into p- nitrosophenol, although

p-nitro-dimethylaniline does not undergo this change.

The activating influence of the nitro group was con¬

sidered by Sprung (loc.cit) as due to its specific

polar influence and not to alternating effects within

the ring.
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The work described in the following pages deals

with reononitro, mononitro-esrboxy, dinitro and

dicarboxy-halcgeno-benzenes, Reactions were ex¬

amined with and without catalyst (copper bronze) in

an endeavour to determine the effect of the catalyst

and the comparative reactivities of the halogen atoms

concerned. The main difficulty lies in obtaining

methods of depicting clearly the comparative effects

of introducing groups into already substituted benzene

rings. For this reason tables have been drawn up

analysing the experimental data from various points

of view, and in many cases the results for a given

compound will be found comon to two or more tables.

The experimental me thods adopted were identical with

those outlined in Pert I (p, 25),

All the reactions were carried out using sodium

rseihoxide.

?
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SXPSR1MSNTAL

lodobenzene

ll&Lcetalyg t-.jjt ..§,Q£
The titres were slightly dark and the bulk of the

copper bronze retained its lustre, but a number of

black specks (copper oxide) were also present.

After 96 days only 3*9% conversion had taken

place.

o- Iodo-aniline

With catalyst at 50°

The titres were clear and the end-point quite

definite. Very occasional black specks were ob-

*served in the copper bronze which largely retained its

coppery tint. After 41 days 5»9£ conversion was

recorded.

o-Iodo-nitrobenzene

a) In absence of catalyst at 50°

The titres were bright yellow but colourless

after addition of the acid indicator. The end-point
t

was very good.

T ! XxlO3 % Conversion Kgo x

18,585

37,100

62,750

90,925

0*295

0*680

0*890

1-201

5*9

11-6

17-8

24

6*75

7*07

6*90

6-96

Mean value of * 6-92 x 10"^
50
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b) With catalyst at 50°

The copper retrained unchanged in appearance

throughout the experiment.

T (rains) X X 103 % Conversion Kso x 1C2
1670 0.4422 8*85 1*1

2690 0« 6852 13*7 1*1

4120 I* 047 21
!

1*2
i

5570 1*327 26*6 1*3

Mean value of Kso • 1*17 x 10

c) In oresertee of catalyst at 25°

T (rains) X X 103 % Conversion
4

Kgg x 10
8775 0*145 2*9 6*8

40p50 0*6120 12*25 6.9

84730 1*105 22 6»7

116070 1*40 28 6.7

Mean value of Kg* • 6*77 x 10*"^
Ey the method illustrated on page 36 the activa-

rtion energy of the catalysed reaction was found to

be 21,820 cals per gnu mole and the temperature

coefficient K.Trt" 1.?_ • 3* 14,
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p~ Iodonltrobenzene

s) ^'ith catalyst present at 50°
The total volume in this ease was 125 cc. in

order to obtain complete solution of the iodo-

compound.

The end- point was excellent.

T (mins) X x 103 % Conversion Kg© ^ 10^
6,250 0*4187 8*4 2.8

10,430 0.6187 12* 4 2.7

14,745 0*8375 16*8
■

2*7

23,390 1*181 23*6 2*65

39,220 1* 668 33*4
- ' :

2.55

Mean value of
50

» 2.68 x 10"3

b) In absence of catalyst at 50°

T (mins) X x 103 % Conversion Kg0 * 10
8,450 0.3250 6*5 1.64

14,100 0*5187 11#75 1*64

24,245 0.8279 16*6 1*64

40,135 1*237 24*6 1.64
——— s**

Mean value of Kg0 * 1*64 x 10

Owing to the insolubility of the p* iodo» nitrobenzene

it was impossible to repeat the above experiments at

25°.
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a- Iodonitrobenzene

In presence of catalyst at 50°

The titres were golden in shade and the end-

point was very good.

Only 2*6% conversion was recorded after 99 days

from the start of the reaction, and this may be
«*5

represented as being of the order K^q « 4*7 x 10

o- Chloro-nltrobenzene

a) /ith catalyst present at 50°
Titres were clear and the end-point very good.

The copper showed no change in appearance*

T (mins) X x ICp % Conversion
«"""

Kso x 103
8,575 0*27 5*4 1*32

19,150 0*59 11*8 1*39

32,300 0*895 17*9 1*35

57,415 1*42 28*4 1*38

Mean value of Kg0 s 1*36 x 10"3

b) In absence of catalyst at 50°

T (mine) X x 103 % Conversion %0 x 10,3
8,580 0*235 4*7 1*15

18,760 0*48 9*6 1*13

28,755 0*70 13*4 1*33

45,900 1.05 21 1*16

77,620 1*545 30*9 1*15

Mean value of * 1*14 x 10"3
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o~ Brorao-nitrobenzene

a) /ith catalyst present at 5QC

The titres were canary yellow in colour and the

<end«point was good. Ho change was visible in the

nature of the copper bronze.

T (mins) X x 103 % Conversion K5Q X 10^
8,550 0.27 5.4 1.34

18,665 0.53 10.6 1.27

28,905 0.765 15.3 1.25

39,025 0.96 19.2 1.25

56,540 1,325 26.5 1.27

Mean value of Kg0 * 1.27 x 10*^ :

In absence of catalyst at 500

T (mins) X x 103 % Conversion Kso x 10-3
8,570 0.25 5 1.23

18,680 0.51 10.2 1.22

28,725 0.745 14.9 1.22

38,845 0.93 18.6 1.18

48,900 1.12 22.4 1.18
— r J - «

Mean value of Kg0 * 1.2 x 10

2*Iodo~3-nitrobenzoic Acid

a) v»ith catalyst present at 50c

Under these conditions the reaction was im¬

measurably fast.
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b) In absence of catalyst at 50°

The titres were golden and the end-point very

good*

T rains) XxlO3 % Conversion K50 X 10
4,220 0.40 8 4.1

7,200 0.66 13.2 4.2

14,290 1.155 23 4.2

18,775 1.39 27 .8 4.1

21,610 1.56 31.2 4.2

Mean value of K^q * 4.16 x 10"^
e) With catalyst -present at 25°

The titres were pale green, but cleared with

addition of the indicator solution. The end-point

was very good..

T (rains) X x 1G3 % Conversion *50
5 0.645 12.9 5.92

10 1.18 23.6 6.18

15 1.50 30.1 5.7

30 2.39 47.8 6.97

40 2.705 54.2 5.9

Mean value of Kg_ * 5.93
d) In absence of catalyst at 25°

After 106 days only 8% conversion was observed
mA

representing a velocity constant of the order 1 x 10 . -
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Methyl 2* iodo* 3- nitrcbenaoate

a) In presence of catalyst at 50°

The titres were green but the end-point was very

good. A steep rise in the velocity constant occurred*

the copper retaining its lustre.

T (mins) X x 103 % Conversion k50 X i0*
240 0.295 5.9 5.2

1400 1.820 36.42 8.2

1620 3.065 61.34 19.5

b) In presence of catalyst at S5°C
The titres were clear at first but gradually

became pale green. This colour change corresponded

with a rise in velocity, although the rise was not so

steep as in the same experiment at 50°. The end-

point was very good.

T (rains) X x 10*

orig~~

0.705

1.045

1.21

% Conversion

14

20,9

24.2

Kgo x "iff5""

2,8

3,29

3,4

1,660

11,470

16,045

18,720
;«7TMean value of K.25 3.17 x 10

2* Iocio- 4-ni trobenaoic Acid

With catalyst -resent at 5QQ

After 4 days 3.7/ conversion was recorded cnrres-

:ponding to a velocity constant of the order 6,8 x ICT^
Following this the end-point was completely obscured

by/

i
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by a brc.m coloration after addition of the acid in-

idieator solution. The reaction however appears tc

be of the same order as that for o-iodobenzoic acid

under similar conditions.

4* lode* 3-nitrobenzoic Acid

In presence of catalyst at 50°

A percentage conversion of 1*7 was recorded

after 4 days, representing a velocity constant of the

order of 5*8 x ItT4* Again the end-point was com¬

pletely obscured as the reaction proceeded, but from

the first reading the reaction apparently is of the

same order of magnitude as that for p-iodobenzoic acid.

3- lodo- 5- nitrobenzoic Acid

v/ith or without catalyst present at 50°

After 99 days only 2*2% conversion was recorded

whether catalyst was present or not* This corres-
-5

tponds to a velocity constant of the order 3.16 x 10

The end-point in this case was very distinct.

The rate of reaction is similar to that* of

m- iodobenzoie acid.
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3:5-*">i ni tro-4- i c 6otu lue ne

a) In presence of catalyst at 50°

The titres were dark orange but cleared on ad¬

dition of acid indicator solution. The end-point

was very good. A rapid rise in the rate of reaction

occurred after about nine hours.

T (mins) x x icP % Conversion %0 x
276 6.5^5 11.1 0.92

410 0.825 16.5 0.96

475 1.095 21.9 1.18

505 1.165 23.3 1.2

(1345 4.345 87 9.9)

Mean value of K^q • 1.05 x 10

b) With catalyst absent at 50°

T (mins) X X 103 % Conversion K50 x 10
435 0.915 38*3 1.03

1345 1.985 39.7 0.98

1580 2.31 46.1 0.9?

1945 2.66 53.2 1.1?
— - —-■ ll»i «J
Mean value of » 1*04 x 10

2-Iouc-3:5-dini trobe nnolc Acid

a) In presence of catal.vst at 50°

The titres were dark orange in colour but cleared!

with addition of the acid indicator. As in the

previous experiment a rapid rise in the velocity

constant/
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constant was again noticed.
T

T (mills) X x 10" % Conversion

O.W

1.035

1.629

2.465

3.260

TOT

20.9

29.1

39*2

65.2

K50

3.9)
)

7.5)
'

)
11*37)

10

IS

(22
(
(27
C
(33

leetTvalue of tr^Q * 2^1"

b) In presence of catalyst at 25°

Titres as in reaction at 50°. The end-point

was very good and the copper bronze untarnished. Again
I

a sudden rise in the velocity was shown but only after

a greater time interval.

T (mins) X x 10* % Conversion

—30~

90

110

(180

ir.ii -

0.395

0.535

3.430

T,T"

6*3

10,7

69*65

K5G x 10
~~1,9

1*9

2,2

25.5 )

"10s1*Sean value of Kgg » 2 x

Taking the average value of K prior to the sudden

rise in value at the two tsnperatures 50° and 25c, the

activation energy of the catalysed reaction was cal-

tculeted to he 19,860 cals. per gra. mole and the

temperature coefficient (Kf ~f~1Q) to be 2,8.
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c) In absence of catalyst at 50°

Titres as for the catalysed reaction. Ho sad;.en

alteration in the velocity constant was observed in

this case.

T (mins) X x 103 % Conversion

36 0,385 7.7

93 0.855 17.1

148 1.275 25.5

203 1.595 31,85

%0 x 10
4,6

4,4

4.6

4.6
•!"

Mean value of K a 4.65 x to
60

d) In absence of catalyst at 250

T, (mins) X x 1G3
320 0,145

1400 0.55

2845 1.01

4265 X %385

5745 1*695

% Conversion k50 x id2
2.9

11

20.2

27.7

33.9

1.8

1.8

1.78

1*8

1.78
myrnm

Mean value of Kg^ * 1.79 x 10
For the above uncatalysed reaction at 50° and 26° the

activation energy was calculated to be 24,670 calories

per gm. mole, and the temperature coefficient

{^.1 1.Q-) to be 3.65 .

kt
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Me-fchyl 2-iodo-3:5 - dlnitrobenzoate.

./ith catalyst absent at 25°

The titres were dark orange and the end-point

very good.

T (rains) X x 103 % Conversion K50
5 1.245 24#9 13

10 1.695 33.9 10.2

15 2.170 43.4 10.2

Mean value of Kg0 » 11.2

2 - Brorao »3?5 * dinitrobenzoic Acid

a) In presence of catalyst st 50°

Titres dark orange and end-point very good. The

copper bronze did not lose its lustre.

T (rains) X x 1G3 % Conversion K50
20 1.579 31.55 4.5

25 1.770 35.3 4.4

30 1.947 40 4.3

40 2.264 45.2 4.3

K thereafter diminishes

Mean Value of Kg0 - 4.4
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b) In presence of catalyst at 25"

T (mins)

80

120

ISO

X x 1G3

0,625

0.80

0.9499

% Conversion

12.5

16

19

3.6

3.2

3.1

•1

K thereafter diminishes

Mean value of Kg5 « 3.3 x 10

For the catalysed reaction at 50° and 25° the aetiva-

:tion energy was calculated to be 19,540 cals. per gm.
Km +-10

aole and the temperature coefficient ( -—) to be

2.8 ••

c) In absence of catalyst st S0C

T (mins) X 10" % Conversion v50

10

30

40

60

80

0.3870

1-. 001

1.275

1.707

2.028

7.7

20

25.5

34

40.6

1.68

1.67

1.71

1.72

1,71

Mean value of Kgc * 1.70
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d) In absence of catalyst at 25°

T (ains) X x 103 % Conversion K50 x 10 ]
180 0.515 10.3 1.27

300 0.76 15.2 1.19

450 1.06 21 1.18

600 1.225 24.5 1.10
——

rx
Mean value of - 1.18 x 10

The activation enefcgy of the uncatalysed reaction was

calculated to be 20,330 calories per g, mole ana the

temperature coefficient to be 2.91.

Methyl 2 ~ bromo - 3:5 ■» cinitrobenzoato

./1th or without catalyst present at 25°

The titres were dark orange in colour and a good

end-point was obtained. The reaction was unexpectedly

fast, a percentage conversion of 61 being registered

five minutes frets the start of the reaction.

4- Chloro -isoobthallo Acid

ffith catalyst present at 50°

The titres were clear and the end-point very good.
Several black specks were observed amongst the copper|
bronge but on the whole the latter retained its lustre.

The reaction was very slow and only 2.6% conversion was
recorded after 106 days from start of the reaction,
which may be represented by a velocity constant of the
order 3.5 x 10*® .
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2 - Chlorc * 5 - nitrcbenxoic Acid

a) vVlth catalyst present at 50°

The titres were pale yellow and the end-point

excellent. The titration was performed as rapidly

as possible because the mixture became purple if allow*

red to stand for a few minutes after addition of excess

silver nitrate and indicator solution®.

T (sins) X x 103 % Conversion K60 x 103
34,755 1.375 27.5 2.2

45,810 1.73 34.6 2.3

60,270 1.935 39.9 2.2

75,030 2.330 46.6 2.3
jg

Mean value of |L_ » 2,25 x 10
50

b) In absence of catalyst at 50°

T (nlns) X x 103 % Conversion KgQ x 103
9,200 0.345 6.9 1.6

18,730 0.685 13.77 1.69

28,735 0.99 19.8 1.72

38,865 1.27 25.4 1.75

48,920 1.52 30.4 1.78

Mean value of » 1.7 x 10~3
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Methyl 2-chlor-c -5- nlt.robenzoc.te

a) Pith catalyst present at 50°
The tilres were clear end the end-point good

though slightly fleeting. The ester was very soluble

in the alcoholic solution and eare had tc be taken to

prevent "creeping" up the walls of the reaction vessel.

T (rains) X x 103 % Conversion Ho X 10

30 0.635 12.7 9.7

40 0. 84 16.8 510. i

52 1.01 20.2 9.74

7t 1.395 27.9 9.81

Mean value of K^q » 0.934

b) In absence of catalyst at 50°
•

T (mins) X x 103 % Conversion j Kso x 10

30 0.595 11.9 9.01

45 0.83 16.6 8.85

55 1.0 20 9.09
■

77 1.26 25.2 8.76

Mean value of Kc„ - 0.893
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1- Chloro - 2:4 - di.nitrobenzene

■ 31h catalyst absent or present at 85°

The litres were a clear dark orange and the end-

point was very good. The reaction proceeded at

exactly the same rate whether catalyst was present or

not.

T Crains) "X X' l'o3 # % Conversion K5Q

10 2.165 43.3 15

20 3.00 60 15

25 8.260 65 15

40 3.751
I

75 15

Mean value of K^ • 15.

2- Chlcro -3:5 * dinitrobenzoic Acid

a) With catalyst present at 50°

The titres were dark orange and the end-point

excellent. No change was shewn in the general

appearance of the copper bronze.

T (mins) X x 103 % Conversion K50

10 0.8379 16.75 4

30 1.986 39.7 4.39

40 2.361 47.2 4.47

50 2.640 52.8 4.47

Mean value of Kc~ »50

.

4.33
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b) catalyst, present at 25°

T (rains) X x 103 % Conversion KS0

60 0.6340 12.7 4.8

80 0.81 16.2 4.8

ICO 0.9499 19 4.7

160 | 1.325 26.5 4.5

Mean ■value of Kgs • 4.7 xTo^
The activation energy was calculated to be 16,870

calories per gm. mole, and the temperature coeffic-

■ iient (KT + 10) to be 2.4 .

KT '

c) In. absence of catalyst at 50°

T (rains) X x 103 % Conversion KS0

10 0.5830 11.66 2.64

20 1.068 21.4 2.72

30 1.461 29.2 2.75

50 2.035 40.7 2.75

70 2.444 48.85 2.73

Mean value of « 2.72
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d) In absence of catalyst et 25°

T (mins) X x 10s % Conversion ^25

120 0.53 10.6 1.97

240 0.925 18.5 1*89

300 1.11 22.2 1.90

450 1.495 29.9 1.90
! i
II unniMij

Mean value of - 1*92 x 10~

F cr the uncatalysed reaction the activation energy

was calculated to be 20,280 calories per gm. mole and

the "temperature coefficient C'"? ~*~10) to be 2.90 .

K...
HP

Methyl 2»chloro«3;5'»dinitrobengoate

.71 th or without catalyst present at 25°

The titres were dark orange in colour but cleared

with addition of the acid indicator. As with the

analogous brosjo- and icdo* compounds the reaction was

unexpectedly fast. A percentage conversion of 68 was

reached 5 mlas. .from the start of reaction.
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DISCUSSIOff.

In the foregoing pages are recorded determinat¬

ions of the velocity constants for the reaction

between various substituted halogen©-benzenes and

alcoholic sodium methoxide, in the presence and

absence of copper bronze catalyst. Sodium methoxide

was employed in this work in preference to sodium

ethoxide because the latter appears more prone to

reduce the nitro group in halogeno- nitrobenzenes

?/hen these are used in the reaction (Lobry de Bruyn,

Dec. trav. chim. 1890, 197).
For the purpose of illustrating the times

involved in carrying out these determinations four

typical cases are given in the following table. It

will be seen that at 50°, a percentage conversion of

6.4 w&s attained with o-iodobensoic acid in five

minutes. At the other end of the scale iodobensene

under similar conditions underwent 3.9. conversion in

96 days. These figures emphasise the wide variations

which were observed in the speed of the reactions

examined•

TABLE 6.

Condition at
50° with soditm
methoxide.

I

0 6-
X

I^^^^Vcooh

U 0"
Catalysed

Uneatalysed

3.9^
change
in 96
days.

Extreme-

:ly slow,

5.9/j
change
In 41
days.

ilxtrene-

:ly slow.

6.4^
change
in 5
minutes.

fiHr
days .

8.85>5
change
in 28
hours.
'x.SSi
cha'nge in
12f Says.
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Velocity constants for the two raore reactive compounds

are given in later tables, but the foregoing figures

show that for the uncat&lysed reactions the activating

influences of the ortho- substituents are represented

by -SOg > -C00H > -HHg. The presence of

copper bronze however, enormously stimulates (7,500

times) the influence of the c&rboxy group, its effect

upon the nitro derivative being less marked (16.9

times). Thus for the catalysed reactions we have

the order -COOH > -STOg > -KHg.
A similar observation has been noted qualitat-

:ively by Hurtley (loc.cit.) who found that o-brorao-

:bensoic acid condensed more readily with divers

reagents in the presence of copper bronze than did

o-broao-nitrobenzene.

Tlie next table (7) summarises the velocity

constants obtained for the three isomeric iodo-

nitrobenzenes in reaction with sodium methoxide at 50°.

TABLE 7.

lodo- nitro-
benzenes

K
(Catalysed)

K
(Uncafcalysed)

-2
16.9Ortho- 1.17 x 10 6.92 x 10

.Para- 2.68 X 10~3 1.64 x 10""3 1.6

Meta- 4.7 x 10"5 - mm

The greater reactivity of the para- iodo-

nitrobenzene compared with the ortho- isomer in the

uncatalysed reaction was quite in accordance with

the/
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the general conceptions. In this connection a

similar conclusion was arrived at by Holleraan and

co-workers (loe.cit.) whan dealing with the chloro-

nitrobenzenes (p-, 7v2; o-# 1.9} and also by

Rheinlander (loc.cit.*} in a study of the three bromo-

nitrobenzenes (Ex 10 « <5.3, o.O & 12.2 for o-, m-#

& p-) • The order p- > o~ > m- observed under

these conditions becomes o- > p- > m- in the

presence of copper bronze, otdng to the relatively

great catalytic influence exerted upon the olrtho-

isoiaerid©.' This point is more clearly illustrated

by the ratio Kcat J^tmcat.* *s 3U® for the p-
corapound and 16.9 for the o~ compound.

As was to be expected, a nitro group situated in

the raeta- position to the halogen atom exercises

little influence, the reactivity of m- nitro- iodo-

:benzene and a- carbcxy- iodobenzene being of the

same order of magnitude as that of iodobenzene itself

(8©e B * 48 } ♦

TABEE 8.

Velocity
Constan*

(K)
U

X

j^^jCOOH O"1
X

Iodine
X

Bromine
X

Chlorine
X

Iodine
X

Bromine
X

Chlorine

%0 Cat
%n Un-cat

iCr>g Cat

if

.

•

2.77

3 . 7x1(T

7 X ID2

•j.iaac"3

VeHow

3.0x10~5
+» !

1.17x102
6.92X104
6.77x1c4

.. - - .

1.27X1C3
-3

1.2 xlO

m

1.36x1c"5
1.14x10"3

«*»
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This table illustrates the comparative reactivities

of chloro-, bromo- and iodo- benzenes when activated

by an o~ substituted carboxy1 or nitro group. The

uncatalysed reactions at 50® are slav* and the nitro

derivatives react more rapidly than the carboxylic

compounds. Among the halogens we find Br > CI > I

for the nitro derivatives; the data are incomplete

for the still less reactive lialogonated acids*

In the presence of copper bronze it is found that

the catalyst exerts a considerable influence on the

iodo- compounds, but scarcely affects the correspond-

:ing chloro- and brorao- compounds (except in the

case of o-bronobensoic acid}. This catalytic

influence is particularly strong in the carboxy

series, o- iodobenzoic acid in the presence of

copper reacting 7,800 times as fast as in the

absence of catalyst and 287 times as fast as

catalysed o-iodonitrobenzene•

o-Chlorobenzoic acid, however, even in the

catalysed condition, i3 le©3 reactive than o- chloro

nitrobenzene, while o- broracbensoic acid, is between

two and three times as reactive as o- bromo- nitro

:benzene. From the comparative standpoint, the

introduction of the catalyst thus reverses the

normal order -NGg ) -CODE observed for the uncatal-
:ysed change.

In reactions of this type it is usual for

iodine to be displaced less readily than bromine ot

chlorine/
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chlorine in similar positions (ef. Franzen &

Boekhacker; Brewin & Turner, loc.cit•}, and this

feature is repeated in the rate of dissolution of

magnesium in aryl bromides and iodides under Grignard

conditions (Hudd & Turner, J.G.S., 1928, 686). As

has already been remarked, the lower inductive effect

and smaller tendency to pass into the anionic state

characteristic of iodine as compared with bromine are

consistent with this difference.

The comparison of c lorine and bromine however,
Of

is a more complicated problem. Among the o»

halogenobensoic acids, the bromine atom is found to

be much more reactive (140 times} than the chlorine

atom for the catalysed reactions, whereas among the

o- halogeno-nitrobenzenes, the reactivities are very

similar.

In this connection, it nay be noted that Sprung

(loc.cit.) also points out that in the halogeno-

nitrobenzenes, the reactivities of analogous bromine

and chlorine derivatives in absence of catalyst are

very close together and that there is no general rule

as to which is the more reactive.

From the above tables however, it appears

possible to draw two definite conclusions:-

1. Of the three atoms, chlorine, bromine, and

iodine, attached to a benzene ring, the

last is by far the most strongly activated

by/
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by copper bronze. Chlorine, on the other

hand, only shows a very small increase in

reactivity*

2# Among the catalysed reactions, a carhoxyl

group ortho- to iodine produces a much

greater activation than a nitro group in

the same position.

TABLE 9*

Jonditions

x

COOH^\j Cr COOH^^JNOi
I

COOHOr
NO,.

<oocHJ-j^^J Noi
NO,.

IC 50°
c

K 50
u

K 25

k as
u

:.?7

«4
3.7x10

-2
7 x 10

Ira, eas.

SloW.

l.lTxld2

-4
6.92x10

6.77x1c4

Very
ilow.

Inmeas.
fast.

««3
4.16x10

Bapid
rise.

5.93 3.17 x

, 10 V

(Rises)

-4
1 x 10

2.8
Irameae
fast after
IS rains.

4 .55x10

-1
2.07x10
Imswm •

fast
after 2
hours.

-2
1.79x10

Xmmeas.
fast.

Inneas.
fast.

11.2

TAHLE 10,/
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TABLE 10.

Compound

50

K
Catalysed

K
Uneatalysod

K

25

K
Catalysed

K
Uncatalysed

K
c

ir

i

CH.

COOH

COOH iTr°>

COOCVV >Ncv

CooH NO.

No,

COOC-HCr
NO,

1.17X10
"2

2.68x10
-3

1.05x10
(Imraeas.
fast
after 8
hours).

2.77

{IcEieas.
fast)

Rapid
rise In
rate.

2.8
Iismeas.
fast
after 18
nins.

Very
fast

6.92x10 16.9 6.77x10'

1.64x10
**3

1.6

1.04x10

3.7X10
*4

7y487 7 x 10
-2

4.6x10
-3

5 . 93

4.55x10-1 6
•"1

2 x 10
Irameas.
fast
after 2
hours.

"Very
fast

Imraeas.
slow.

1 X 10
-4

59,000

3.17x10
(Rises)

-3

1.79x10 11.1

11.2
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Tables 9 and 10 contain data referring to

substituted iodobenzenes in which the substituent

groups are -BOg, - COOH and -COOCHg. To facilitate
comparisons in the discussion, the halogen atom is

supposed to occupy position one in the benzene ring,

as depicted in the graphic formulae contained in

the tables#

Among uncatalysed reactions, a nitro group in

the para- position exerts a greater influence than in the

ortixo position, and two nitro groups in the ortho-

positions produce a greater effect than one nitro

aided by one caxboxyl.

In the presence of copper bronze, however, the

extraordinary stimulation characteristic of

o- iodocarboxylie acids renders 2- nitro -6- carboxy-1-

iodobenzene more reactive than the closely related

2:6 - dinitro - 4 - methyl-1-iodobensene. fhe

great influence of the catalyst is seen in values for

the reaction at 25°, from which X^/K^ is calculated
to be 59,000. As has been noted in Table 10, the

ratio V*u for the somewhat less reactive
o-iodobenzoic acid is ?,500.

With the introduction of another nitro group

into the para- position to iodine, a curious effect

appears. The second nitro group in 2:4 - dinitro -

6 - carboxy-1-iodobenzene increases the speed of the

uncatalysed reaction about ISO times, approximately

the/
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the same ratio holding for both temperatures, 25° and

50°, at which the determinations were made. But in

the presence of copper brans©, the reverse change

holds at first, the second nitro group slowing up the

reaction, in comparison with 2- nitro - 6 - carboxy-l-

iodobenzene. The i>erlod of retardation is followed

by one during which the speed of reaction rises

rapidly.

A peculiar and entirely unexpected effect was

observed on esterifying the nitro-carboxy and.

dinitro-carboxy derivatives. In both cases the

conversion of -COOK into -CCCCHg led to a considerable
increase in the velocity constant, the value of

■^ester^^cid ^ being 31.7 for the 2- nitro - 6 -

carboxy compound and 625.5 for the 2:4 - dinitro - 6 U
carboxy compound• Both these values refer to the

uncatalysed reactions. At the higher temperature

or in the presence of copper bronze the change './as

too rapid to be capable of measurement by the methods

employed. This effect is discussed later in

connection with the corresponding broao- and chloro-

derivatives.

TABLE 11./



98.

TABUS 11.

Conditions
>
O"" £r CooH-^^jHo^

NO^

J*
C°OCHip>N0l

E , - . 50°
catalysed

V" r,flO
rmcatalysed

K 25°*

Catalysed

vr 25°
"Uncatalysed

1.27xlO~"3

1.2* 10~3 M
31.5

11.17*

4.3

1.7

3. 3x10 "*1

1.18x10

iKEieas.
f£31.

Imraeas.
fast.

62/ cliange
in 5 mins.

61;.' change
in 5 rains.

m Results obtained by Baudot (Rec» tr&v.chlm., 1924, 43. 707).

",'rcrffc the data in Table 11 relating to derivatives

of bromobensene, it is evident thai the copper bronze

lias little catalytic effect in any of the reactions.

Any enhancement in the reactivity of the bromine atom

that may be gained by having a carboxyl group in the

ertho- position to the halogen appears to be offset

by the presence of two nitro groups in the nucleus.

Under similar conditions at 50° in the absence of

catalyst, the bromine atom in 1- brono- 2:4 - clinitro

benzene is 26,240 times more reactive than that in

o- brorao-nitrobenzene, a result entirely in heaping

with the work of the Dutch School and of Sprung

(loe.cit.).

The/
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The introduction of a carboxy1 group adjacent

to the bromine atom in 1- bromo- 2:4. - dinitrobenzene

lowers the reactivity of the latter some 13.5 times.

Some ouch effect was anticipated on the assumption of

steric hindrance coming into operation. diailarily

the introduction of an ~OCH^ group into position 5—
in 1- chloro- 2:4 - dinitrobenzene was found by

Lorang (P.ec. trav. chiru, 1927, 46. 091} to lower

the reactivity by 3.2 times.

This effect in the chloro compound may possibly

be due to steric hindrance at the activating group

(compare, Lindemann and Pabst, loc.cit.) retarding

the formation of an addition compound. With the

above brorao- compound however the lowering of

reactivity is more likely to result from steric

hindrance offered to the atom being activated.

For this reason it was thought that with 2:4 -

dlnitro - 6 - carbornethoxy - 1 - bromobenzene the

lowering in reactivity of the halogen atom would b®

greater still, but as with the corresponding

iodo- compound, the reaction was unexpectedly

increased in speed.

TABLE 12./
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TABLE 12*

50° C * 35° C.

Compound K
"C ^0 &

r lisexio"3 l*14xl0~3 1*19 j
*

8.7&10-5
<x

cooh

3 x 10*"5

! rt d.Sxio""3
X

3.3x10~4

! ^^rcooh 3,5x1c""5

ZOOW ■

cooh

rt 2.25X1S3 1.Txlo"3 1*32

cooch^.

noi
cu

Q
cc

0,984 0*893 1*10

c r 120 r 1201" 1 15 15 1

cooh •

v
hox

£r 4.3 2.7 1.6 j 4•TxlO1
1

1.9X10"1 2.37

COOtH^.

1

*

0" Izmseas.
fast.

Icjmeas.
fas\

■

<

f
!

- |
f

1

68/>
change
in 5
xnins.

68;,
change
in 5
rains.

1

x Calculated by extrapolation froa the values obtained
at 85° and 110° by Be hooy. (Eec. trav. chinu,
1915, ^5, 26).

t Calculated by extrapolation from results by
Palen (loc.clt.)-.
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The first notable point in the above results is

that p- chloro-nitrobenzene reacts approximately 5

times nore rapidly with sodium neDioxide at 50° than

does its ortho- isomer. Moreover, the introduction

of a second nitro group into the nucleus para- to

the halogen atom in o-chloro-nitrobensene raises the

reactivity of the latter by some 10,500 times. In

striking comparison with this, the reactivities of

the chlorine atoms in o-chlorobenaoic acid and

2:4-dicarboxy-l-chlorobenzene are practically identical

even with catalyst present.

The halogen in the above dicarboxy compound is

343,000 tines less reactive than that in the

corresponding dlnitro compound. Hone of the

chlorine compounds examined appeared to be appreciably

influenced by the presence of the copper bronze. In

this respect the behaviour of the chloro- derivatives

is entirely different from that of the iodo-

eoapounds discussed under table 10.

On comparing the reactivities of the chlorine

atoms in 4- nitro-6-carboxy-l-clilorobenzene and

2:4-dinitro-6-carboxy-l-chlorobenzeno, it is seen

that the former is slower by some 1,900 times. The

tremendous increase in the reactivity on substituting

a second nltro group into the nucleus para- to the

halogen atom is thus again emphasised.

It/
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It will be observed that the introduction of a

carboxyl group in position 6- into l-chlora~2:4»

dinitrobenzene results in a powerful diminution in

reactivity, both in the presence and, absence of

copper bronze. A similar retardation is found with

the corresponding brorao- compounds.

Another resemblance with the bromine and iodine

derivatives previously discussed is the very great

increase in activity produced by converting 4-nitro-

2-carboxy- and 2:4-dinitro-6-carhoxy-1-chlorobenzene s

into their methyl eaters. In the former case

esterifieation raises the velocity constant by 437

t lines-.

TAHLS 13.

Conditions 0" 0"
NO^

I-
COOK i^\|.

NCV

COOCH^Xj-no^
NOt

jr
catalysed 50° l.aexio"3 120 4.3 Icaaeaa ♦

fast.

W

uncatalysed
ooIf} 1.14x10"3 120 2.7 Iiaaeas.

fast.

K catalysed.
26° ** 15 4#7x10 68/- change

in 5
minutes.

K"
uncatalyaed

25° a.Txio"5 15 1.9x1c"1 6S>i change
in 5
minutes.
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This table reproduces in a somewhat different

form the data relating to four of the most interesting

compounds listed in the previous table. Kmphasis is

here laid on the great increase in reactivity on

passing from 2-nitro-ehlorober,zene to the 2:4-

dinitre-compoundj on the diminution in activity on

introducing a carboxyl group into position 6- in the

latter substances, and on the remarkable activation

when the acid is converted into the ester. The small

influence exerted by the catalyst is also clearly

evident•

^A-oLE 14.

50c* C. 25° c.

Compound
*0

{Catalysed, (Uncat.) V
*0

(Cat•} {Encat.}

:

2.6
lEsneas.
fast after
16 mine.

-1
4.5x10

■

6 2X10*"1
Imeas •

fast
after 2
hours.

1.79xlo"2 11.1

COOH y 4.3 1.7 2.5

f

3.3x10 I.ISxKT1 2 ««

<

COoM-j^
s

4.3 2.72 1.58 4.7X151 1.9X10"1 2.5

so.

.

:

f
i
I 1
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TABUS 15*

Condition Substiiuent
(*)

NO, N«K NO,

Cat. or Uncut. 25

Catalysed 50°

Uncatalysed 50°

-COGCH^
-COOH

Catalysed

Uncatalysed

25 -COOH

2.72

X « 56

6

2»35

10.6

2.4
1.56

3.7

1•65

6.6

+

m

1

I

II

1

x A raoidly rising value of K is given leading to
I > Br. > CI.

In table 15, the velocity constants are

compared with these obtained for the iodo- compounds

which are the least reactive members of the group.

Before leaving the nitro- carboxy derivatives

of the benzene series it is of interest to examine

more closely the corresponding chloro-, bromo- and.

iodo- compounds as given in the two tables above.

Graph/



Graph Illustrating the Influence of Copper Bronze

upon the Reaction between 2;4 - Binltro - 6 -

earboxy - 1 - halogeno- benzenes and Sodium

I ethoxi&e.

0.05 Molar Solutions at 50°.
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With reference to table 15, and the graph

(P.104a), it can be seen that for the uncatalysed

reaction the order of reactivity of the halogen atoms
.

in the 2:4 - dinitro-6-earboxy~l-halogeno-bensenes is

chlorine > bromine > iodine which is precisely

that recorded in literature for the halogene-

nononitrobensenes and l-halogeno~2:4-dinitrobenzenes.

This order also extends to the 2:4~dinit ro-6-carbo-

: mo'thoxy-l -halogeno-bcnzenea.

With the 2:4-clinitro-6-carboxy~l-iialogeno~benseneG

in the catalysed reaction as illustrated in the graph,

the order becomes iodine > bromine >» chlorine.

"This change is apparently caused by the very great

catalytic influence exerted by copper branse on

iodobenzene with one artho- position occupied by

carboxyl and the other a nitro group (compare,

2-nitro-6-earboxy-1-1 odobenzene, table 10).

With regard to the high reactivity of the

halogen in the 2:4-dinitro-6-carboaethoxy-l-halogeno-
I

_ I
benzenes, Ifenner, (loc.cit.) has previously made a

statement in which he supposed the nitro group to be

able to exert an influence through a chain of atoms,

not all in the benzene nucleus, upon some other a tea

in the nucleus. It will be remembered that Baudet

(loc.cit.) found that the introduction of a cyano

group in position 2- in l-chloro-4-nitrobenzene

raised the reactivity of the halogen atom a proximately

7,500/
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7,500 times. Proa the work in this thesis it was

found that on introducing a earboiaethoky group into

position 2- in the l-c!iloro~4- nitrobenzene the

reactivity of the chlorine atom was increased by

some 2,570 times. The effect of the -CH and

-COOCH^ groups would therefore appear to be somewhat
related in this particular compound.
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T/u&S IS.

Compound Catalyst »A« B.
£

(Cals. per
ga.mole*)

Sf +

%
r

j^^jcoort Present- 6,151 19.482 28,050 4.33

I

COOH NOt

<*°1

Absent 5,409 17.08 24,670 3.65

•

0- Absent 5,061 13.707 23,090 3.35

* 0
NOa

Absent 5,023 14.17 22,940 3.34

6"*
COOH -j srNox

NO,.

Present 4,762 12.808 21,720 3.12

Absent 4,459 14.03 20,330 2.90

£-
COOH N0a

NOr

Absent 4,447 14-.204 20,280 2.90

I

C.OOH no^

6®V
Present 4,355

:

13.927 19,860 2.S3

A*
coot,TT NOr Present 4,292 13.923 19,570 2.79

.

NOi

N0X

Absent 3,701 12.103 16,870 2.42

N0r

(Absent
(Present 3,477 12.839 15,880 2.30

*- C>-

NO,.

Absent 3,181 11.347 14,510 2.14

•

c>
NO,.

Absent 2,904 10.793 13,240 2.00

% + 10
JS V8.XU0S QI *"A, Js, x» &HO. |jr 133 uil©S©

Instances are calculated from velocity constants

obtained from the literature.
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Lastly, in table 16 are given the values of A & B

calculated from the expression

log K m +■ B

along with the activation energies and temperature

coefficients determined in the course of this work.

Values of 12 apparently fall into exactly the same
L f 10

order as those of , A and B with a few
:-Z-i

small inversions in the values of B. It can be

seen that no direct comparison between the activation

energies and speed of reaction can be made as the

term B (a collision factor) is also involved. The

types of collisions must he differentiated, as in

comparison with the ordinary type of collision there

is the very effective activation caused by a collision

in presence of a catalyst.

Reactions which proceed at a rate slower than

that expected from the calculated energy of

activation may possibly be due to the snail transition

probabilities in the encounters. Such reactions are

at present being investigated by Hinshelwood and

co-workers (J.C.S., 1933, 258} who point out that a

great majority of bimolecular reactions in solution

involve collisions between a molecule and an ion, for

example an alkyl halide and an ethoxyl ion. It is

supposed that the enormous perturbation caused by the

ionic field may be of great importance in creating

the/
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the optimum condition for the efficiency of the

collisions. The presence of water in non-aqueous

solvents and the action of polar surfaces was also

regarded as providing electrostatic perturbing fields.

In this connection Roberts and Sopor (Proe. Roy. Soc.,

1933, A, 140. 71} have pointed out that in some of

the •"slow" bixaolecuiar reactions referred to there is

a large difference in polarity between the reactants

and products.

Considering the table again it will be observed

that l-chloro-2:4-dinitrobensene ** 15) has a

greater activation energy than 1-chloro-5-methcasy-2:4-

dinitrobensene (iv>g « 4.7). Again, o-iodobenzoic
acid, a highly reactive substance when catalysed, lias

a high activation energy (E « 28,050} in comparison

with its velocity constant (2.77) at 50°♦ It is

probable however that this will be compensated for by

the relatively large value of B. This highly

catalysed reaction also shows the largest temperature

coefficient of the compounds contained in the table.

Unfortunately it was experimentally impossible under

the conditions employed, to obtain values for the

highly reactive 2-nitro-6-carboxy-iodobenzene in the

presence of the catalyst.

To examine this problem in greater detail, the

molecular diameters of the compounds would require to

be/
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be known end the theoretical activation energy

calculated and compared with that found experimentally.

This would enable many solvent and condition effects

to be studied as outlined above and would provide a

basis for the study of the reactivity of the halogen

atoms in aromatic compounds in relation to the nature of

the reagent and of the solvent.
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RRS^RAi'IOKS.

CICbrner & Render. Qslzz, Ital.
Chem. 1887, 17, 487).

25 gets. o ~iodoni trobensene.

250 gstts. ferrous sulphate.

400 ces. concentrated ammonia in 400 ecs. water.

The above were heated together under reflux for

8-10 hours on a water bath. Instead of extx*acting

with ether as recommended, it was found preferable

to steam distil the contents of the flash. Hie

distillate was then treated with 400 ces. of boiling

dilute sulphuric acid and poured off from any

unchanged nitro compound. The solution was made

alkaline with sodium carbonate and the precipitated
/

iodo-aniline was filtered and washed with water. On

recrystallising from a large volume of boiling water

the iodo-aniline was obtained in the form of beautiful

long colorless needles*

Yield, 18*5 gms., 85ji theory. H.p. 60°,

1

(lliimann, Be?«, 1896, 29, 1880}

30 gms. o-nitraniline .

45 @»s. concentrated sulphuric acid in^2|0 ccs.
15 gms. sodium nitrite.
60 gas. potassium iodide in 190 gras. water.

The/
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The tiiaso solution of the o-nitraniline was

added drop by drop to the warn solution (60°} of

potassium iodide. After cooliug, the crude

iodoniirobensene was obtained as small brown crystals#

The product was extracted with ether, washed with

sodium thiosulphate and water and finally dried over

calcium chloride. Hie o-iodonitrobenzene was

obtained as a pale yellow solid on distilling under

reduced pressure. (3.p. 28" - 289°/?29 mms.)

Yield, 45 gets., 85, theory. K.p. 49.5 - 50° .

(Uhlmann, (loc.cit.).

30 gms. TOta-nitraniline .

90 gns. concentrated sulphuric acid in 500 coo.
water.

15 gras* sodium nitrite.

60 cms. potassium iodide in 190 ecs. water,

The diaso solution of the aeta-nitraniline was

slowly added- to a boiling solution of potassium

iodide. On cooling, the raeta-iodorii trobenzene

separated as an oil which was extracted with ether

and treated as for the ortho-isomer. The crude

product was distilled under reduced pressure,

b.p. 135 - 136°/13 mms. when pure meta~iodcrnitro-

:benzene was obtained as a pale yellow solid.

Yield, 30 gns., 56 #5$ theory. M.p. 34°.

swlodo-nitrobenzenc./
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(Uxilisarm, loc.cit.).

Similar quantities to those employed in the

preparation of o ~i o d on11robennen e were used in this
instance. The potassium iodide solution was mifi-

ftained at a temperature of 40 » 45° during addition

of the diaso solution. ^lie crude product (45 gms.)

was filtered off and washed with potassium iodide

solution and then with water. The p-iodonitrcbenaene

was recryst&llised from alcohol (once) then from

acetone (twice), being obtained as a pale buff coloured

powder.

Yield, 35 gms. 66; theory. M.p. 71.5°.
The following compounds were all products of

British Drug Houses Ltd., and were purified as shown.

fi-Cj^orQ -flii.trafrqMgafta

Reerystall!sed (twice) from dilute alcohol.

M.p. 32.5°.

|- Reerystall!sed (twice) from dilute alcohol.

M.p. 43°.

Ipdpb^zm*

Distilled under reduced pressure.

B.p. 72.5° - 73°/14 mms.

1 - Chloxo- 2r4-dinitrobenzenft.

Recrystall!sed (twice) from ether.

M.p. 50.5°.
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.Ipdp - 3 „- nitrobenzpic Acid.

(a) 3—ifjltroohthalic Acid*

{Lawrence J,A.C.S., 1920,
42. 1872).

50 gcis. phthallc anhydride.

125 gras. fuming nitric acid (S.G.1.5).
125 gms. concentrated sulphuric acid {S.G.I.834).

A cooled mixture of the nitric and sulphuric

acids was added to the phthalic anhydride contained in

a 2 litre bolt head flask fitted with a reflux

condenser. This was gently heated on a water bath

to 75° when a vigorous reaction set In. Thereafter

the temperature was maintained at 100° for three

hours, and the cooled product poured into an equal

volume of water. The 3- and 4- nitro-phthalic acids

were filtered off and the 3-nitrophthalic acid

obtained by recrystal1 isation from 'water.
SO. „

Yield, 20 gms., j&gq theory. M.p. 207-210°.
(with decomposition to the anhydride and water).

(b) 3-H1trouhthalic Anhydride.

(Blark, Organic Synthesis,
Vol. 7, Page 74).

180 gas. 3-nitrophthalic acid.

100 gas. acetic anhydride.

The above components were heated till gently

boiling. The acid readily went into solution and

after a further ten minutes heating, the mixture was

poured/
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poured into a porcelain basin. On cooling, a pale

yellow mass separated as fine needles and after

filtering, the product was twice ground up with 75 ccs.

of dry ether and dried.

Yield,75 sos., 85$ theory. M.p. 163-164°.
(c) 5-lTitrophthaXaaic Acid.

70 gms. 3-nitrophthalic anhydride.

112.5 ccs. concentrated armonia (s.G.0.88).

The anhydride was dissolved in the warm aqueous

ammonia, and on cooling ammonium nitrophthalamate

(60 {pas.} separated as fine white crystals. The

acid was obtained by treating the salt in cold water

(60 ccs.) with concentrated hydrochloric acid (40ccs.)*

The white paste produced was washed free from chloride

and dried.

Yield, 52 gas., 68.5$ theory. M.p. 169-174°•

(d) 3-hitroanthranilic Acid.

A "Standard hypochlorite solution" containing

47 gms. sodium hypochlorite and 50 gms. sodium

hydroxide solution per litre was first prepared by

passing chlorine into a solution of 100.5 gms.

of sodium hydroxide in 400 ccs. water and 400 gms. ice

until the increase in weight was 44.8 gias. The

volume was then made up to 1,000 ccs.

A Bofnann reaction was then carried out using

the following quantities. -

50/
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50 grns. 3-n111*0phthalaniic acid.

375 ccs. "Standard hypochlorite solution".

20 gpss* sodium hydroxide in 50 ccs. water.

150 ccs. concentrated hydrochloric acid.

Hie finely powdered 3~nitrophthalanic acid

was gradually added to the stirred and cooled standard

hypochlorite solution. This was followed by the

addition of the sodium hydroxide to the yellow

solution. ?he mixture was warmed to 80° for about

5 minutes, when a bright red precipitate of sodium

3~nitroanthranllate separated. On cooling,a solid

mass was obtained and this was dissolved in the

minimum amount of water. Treatment with a slight

excess of concentrated hydrochloric acid (150 ccs.)

predicated the 3-nitroanthranilie acid as a bright

yellow powder. The product was recrystall!sed from

water.

Yield, 40 gma., 90fi theory. L.p. 207-209°.
(e) S-Iodo-S-nitrobenzoic acid.

(James, leaner & Stubbing, J.C.S.,
1920, 773).

Witts method for the diasotisation of amines

with strongly electronegative subst.ituent groups in

the ring was used in this reaction. 3y this method

the nitrous acid was formed in the solution by

reducing nitric acid with potassium peta-bisulphite

(&3 Sg 05 ).
20/
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20 gas. 3-nitro-anthranilic acid#

12.5 gas. potassium metabisulphite.

45 ccs. Tuning nitric acid.

17 gms. iodine.

33 gms. potassium iodide in minimus mount of
water.

The 3~nitro-anthrani11c acid and bisulphite

compound were finely ground together in a mortar and

gradually added to the nitric acid at 0° C. After

complete addition, the viscous liquid was poured on

to 220 gnus, of crushed ice and the solution of iodine

in potassium iodide immediately added with stirring.

A violent effervescence occurred and the icdo acid

separated as a brown solid. After filtering and

washing free from iodine, the iodo acid was obtained

as pale yellow needles on"recrystallising (twice)
from about one litre of water containing a little

alcohol.

Yield, 25 cms., theory• A.p. 206

75 -

HN0-*

Hg 4

lO^"^^"00011 (Ac) 20
COOH

H0f
(a)

o
("b)

ML

0-1T0„

COOH
.Diaz .|
Treat

KI. OC00H
COOH

I J-COKH

(e)

H02

(d)
no2
(c)
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Methyl 2-iodo-3-nitrobensoatc.

20 gms. 2~iodo-3-nitrobenaoic acid.

25 gas. thicryl chloride*

50 ccs* dry methyl alcohol*

The iodonltrobensoie acid and thioiayl chloride

were heated together for four hours under reflux

at 100—110 * The excess thlorjyl chloride was then

removed "in vacuo", the remaining acid chloride

treated, with the methyl alcohol and the mixture heated

to 100-110° for one hour. After removing excess

methyl alcohol the ethereal extract was washed with

sodium carbonate solution, then with water, and

finally dried* On evaporation of the ether, 21.5 gms.

of crude product vrere obtained. On recrystallisation

(twice) from alcohol the pure ester was obtained in

the form of pale yellow needles.

Yield, 18*5 grnsu, 88,- theory. M.p. 63-63.5°.

2-Iodo-4-nitroberaoic Acid.

(a) 2-Aznino-4-attrotolueiie.

(Cohen & Dakin, J.C.S. 1902, 8)t.
1333)

. 50 gras. o-toluidin© .

500 gms. concentrated sulphuric acid.

50 gms. potassium nitrate.

10 ccs. fuming nitric acid.

The/
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The o-toluidine dissolved in the sulphuric

was cooled to 0° C. and finely powdered potassium

nitrate gradually added so that the temperature rises

to 10°. Finally the fuming nitric acid was added to

complete the reaction. -'ho mixture was poured on to

a block of ice and the sulphate of the base separated

and drained from excess acid. The aulpliate was then

suspended in water and, decomposed with solid sodium

carbonate. The 2-amino-4-nitrotoluene recrystallised

from alcohol in monoclinic prisms.

Yield, 53 gms., 92/' theory* M.p. 107°.

(b) 2^ toetanino -4-nitro toluene.

(Uoelting & Collin, Ber., 1334,
H> 269}.

50 gas. 2-amino-4-nitrotolueno.

75 pis# acetic anhydride.

The above were refluxed together for 10 minutes,

cooled and poured into water. -he product was

obtained on reerystallisation from dilute alcohol as

light yellow needles.

Yield, theoretical. M.p* 150° - 151°.

(e) 2- Apflnq ^4 > nltrobeazoic

(Wheeler & Johns, Amer.
Cham. J., 1910, 44, 445).

35 gas. 2-acetaiaino-4-nitrotoluene.
90 gas. crystallised magnesium sulphate.
90 gms. potassium permanganate.

The/
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The nitrotoluene was suspended in a litre of hot

water and the magnesium suipliate added. Steam was

row passed in and the permanganate dissolved in two

litres of water added, in portions from time to tine.

Oxidation was complete in 3 hours. The contents of

the flask were filtered hot and the filtrate evapor-

sated to a volume of 500 ccs. The solution was nti&e

alkaline with ammonia and filtered. On acidifying

the filtrate with hydrochloric acid a bulky precipitate

of the acetanino acid separated. This was filtered

off, dissolved in 200 ccs. alcohol containing 15 ccs.

of concentrated sulphuric acid and digested on the

steam bath. The amino acid separated as a bright

orange crystalline precipitate.

Yield, 29 gnus*# 88 ■ theory. K.p. 264°.

(d) 2-1 ouo-4-mtrobenzoic Acid.

(Wheeler dt Johns, Araer .Chem. J.
1920, 44, 445).

24-

34Tgraeu 2-ai.iino-4-nitrobensoic acid.

306 ccs. sulphuric acid (40/).
■

12 gtas* sodium nitrite.

30 ens. potassium, iodide.

The diaso solution of the 2-araino-4-nitrobeRsoic

acid was poured on to ice and treated with the

potassium Iodide. The brown product was filtered

off and trashed free from iodine. On roerystalUsing

from water the pure ioao acid vras obtained as long

slender prisms.

Yield/
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Yield, 52 gma., 95/ theory- M.p. 143°

CH, CH„ CH.

"1TH2 -HHc HHCOCH,

(xs)2o
ho,

(a)' (D)

KMnOy,

GOOH COOH COOH

Diaz.
Treat
XI. Oim2 foso4

NO,

HHCOCIL,

(d) (c)

g"ffitro-4-iodo>eQB9i,c Apid.

(a) 2-IIItrp-4-aminotoluene.

(Eoelting & Collin, Ber. 1884, 17.
263).

100 gas. p-toluldine.

2,000 gas. concentrated sulphuric acid (3.0.1.842).
75 gn3. nitric acid (S.G. 1.48) with 300 gas.

concentrated sulphuric acid (S.G. 1.842).

The p-toluidine dissolved in the sulphuric acid

was nitrated at 0° with the mixture of nitric and

sulphuric acids. Subsequent procedure was identical

with/
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with that for 2-«arnino-4-nitroioluene.

The final product was r©crystallised from dilute

alcohol.

Yield, 110 gms., 77.5;. theory. E.p. 77°.
(b) 2~hfitro-4^acetotoluidide.

(Bojert & ISropff, J.A.C.S., lt09,
^L, 847).

Equal parts, (110 gms.) of nitrotoluidine and

acetic anhydride were boiled together under reflux

for one hour, cooled and poured into water. The

dried product on recrystallisation from dilute

alcohol gave pure 2-nitre-4-acetoluidide in the form

of light yellow crystals.

Yield, 130 gms., 95;. theory. M.p. 148.5°.

(c) 2-ffitro-4-ae»taiaiaobenzole acid.

(Bojert ic KTopff. loc.cit.)

The procedure was identical with that outlined

for 2~acetamino-4-nit robensoic acid, the pure

substance being obtained as small pale yellow needles

on crystallising from alcohol.

Yield, 80$ of theory. H.p. 219°.

(d) 2~!Ii tro -4-aminobenso i c acid.

(Wheeler & Johns, Maer, Chem.J.
1920, 4ft. 448).

20 grns. 2-nitro-4-acetaminobensoic acid.

400 ccs. H/ potassium hydroxide solution.

Hydrolysis was complete in about one hour, and

after cooling, the amino acid was precipitated by

acidifying/ N
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acidifying with hydrochloric acid. The product was

obtained on recrystallisation from dilute acetic

acid in the form of bronze scales.

Yield, 14 gras., 87; theory. M.p. 239.5°.

(e) 2-111 tro-4-iodobenzoic Acid.

('/heeler & Johns, loc.cit.)
10 gnis. 2-nitro-4~aminobenzoic acid.

30 ccs. concentrated sulphuric acid.

4.2 gns. sodium nitrite.

25 gas. potassium iodide in 30 ccs. water.

The amino acid was dissolved in the sulphuric

acid by grinding in a mortar. The cooled mixture

was diazotised as usual and poured on to crushed ice.

The potassium iodide solution iiras then added and a

bulky, spongy black mass was formed which soon hardan¬

ted to a red powder, (13 gas.). Jhen recrystallisod

from dilute alcohol, the acid gave beautiful diamond

shaped prisms.

Yield, 11 gms., 68. theory. M.p. 192°•

3sXodo-5-nit robenaoic Acid.

(a) 3iS-Dinitrobenzoic Acid.

(Ya.nlno. Prep. Chexa. Org. 11,570)

50 gnc. benzoic acid.

500 en®* concentrated sulphuric acid.

93.3 cc. fuming nitric acid.

The nitric acid was added in small quantities to

the cooled solution of the benzoic acid in the

sulphuric/
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sulphuric acid. The mixture was heated for 8-10

hours on a water hath and then for 1-2 hours on a

sand hath. /hen cold, the product was poured into

4-5 litres of iced water. On recrystallisation

from hot water, the pure acid was obtained as thin,

pale yellow plates.

Yield, 45 fpsB«, 52; theory. 11.p. 204 •

(*) itrobepsoig, Ap.id..,

(Hubner, Ann., 1884, 222. 81).
The 3:5-dinitrobensolc acid (45 gas.) was

dissolved in strong aqueous ammonia, heated to the

boiling point and a swift current of sulphuretted

hydrogen passed through the solution. Reduction

was complete when a sample dissolved completely in

hydrochloric acid. The solution was then evaporated

to dryness, and the residue taken up in water. The

crude product was obtained on acidifying with dilute
"

acetic acid. Pure 3-amino-5-nitrobenaoic acid was

obtained as gold prisms on recrystallising frora hot

water.

Yield, 31 grns., 80^ theory. H.p. 208°•
(c) 3-Xfydo-5-nitrobensoic Acid.

(./heeler & Mddle, Amer. chem.J.
1909, 503).

16 gms. 3-amino-5-nitrobensoic acid.
100 gras. concentrated hydrochloric acid in 250 ccs.

wat er•

7.2 gms. sodium nitrite in 35 ccs. water.
55 gms. potassium iodide in 80 ccs. water.

The/
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Hie 3-anino-5-nitrobensoic acid was dissolved

in the hydrochloric acid and diasotised in the usual

way. The diaao solution was then treated with the

potassium iodide and the crude ioda acid (18 gms.)

separated.

The pure acid recrystallioed from hot water in

long slender straw coloured needles.

Yield, 16 gns., 62*' theory. M.p. 167°»

U.Qg.OrP-hl,,t,r9benzolc Acid.,,

(Hubner, Ann*, 1884, 222. 135).

20 gms. o-clilorobenzoic acid.

100 grass. concentrated sulphuric acid.

15 gms. nitric acid in 30 gms. concentrated
sulphuric acid.

The o-ehiorobenzoie acid dissolved in the

sulphuric acid was slowly treated with the nitrating

mixture. After standing overnight, the mixture was

poured on to ice and the product filtered off and

dried. On recrystallising (twice) from alcohol the

pure acid v/as obtained as short, shiny, needles.
* o

Yield, 22 gms., 85> theory. M.p. 165 .

Methyl 2-chIoro~5~nitrobengoate.

{Montague, Bee.trav.chia.,
1300, 13. 46).

Hie acid chloride was prepared in the usual

way by treating the 2-chloro-5-nitrobensoic acid

with thionyl chloride, and subsequently rcfluxed with

methyl alcohol. Hie pure methyl ester was obtained

as/
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as colorless needles on recrystallising from dilute

methyl alcohol.

Yield, 80$ theory. M.p. TO0.

2-Chloro->3:5-dinitrobenzoic Acid.

(Purgotti & Contardi, Gaz.Iial.
Chin., 1902, 527) ♦

20 pa. o-chlorobenzoic acid.

30 ccs. fuming nitric acid in 200 ccs. concentrated
sulphuric acid*

The above mixture vigorously stirred, was heated

to 130-140°. nitration was complete in one hour and

the cooled mixture was poured into water. Crystals

separated in the cold and were filtered off and dried.

Yield, 20 gms. M.p. 194-196°.
After three recrystall!sations from 50$ acetic

acid the melting point attained sharpness at 199-200°.
Purgotti and Contardi quote a melting point of 198.5°.

iMhyl ■ ^*r4trff,benzqftte,ri
fiie above compound was prepared by Purgotti and

Contardi (Gaz. Ital. Chin., 1902, , 574) by bubbling

dry hydrochloric acid gas through a cooled methyl

alcoholie solution of 2-chloro-3:5-dinitrobenzoic acid

for two hours. The product they obtained possessed a

sharp odour and had a melting point of 87°.
Etopleyiiig the usual asterification method when

using thionyl chloride the above methyl ester was

prepared in good yield.

Recrystallislng/
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Xiecryot&lliGing stress petrol-ether (b.p.80-100°)
the pure product was obtained as short fine needles,

odourless, and possessing a pale cream colour.

Yield, 75, theory. H.p. 90.5°.

2>s&iMz£ r§z£$M&£93mm2& AsMa

(a) 3-Anino-3:5-dlnitrobongoic Acid.

(Purgotti & Gontardi, loc.cit.)

3 gms. 2-chloro~3:5-dinitrobensoic acid.

8 ccs. concentrated aqueous urnonia (3.G.0.8).

22 ccs. water.

The above were contained in a sealed tube

immersed in a boiling water bath for six hours. After

cooling, the ammonium salt of the amino acid was

filtered off, dissolved in hot water and the solution

made acid with dilute acetic acid. The precipitated

amino acid was recrystallised from hot water.

Yield, 82/ theory. M.p. 265-268°.

(b) 2-1oclo-3:5-dinitrobenaoic Acid.

The above acid has recently been prepared in the

crude state by Goldstein and Graupoloff (Helv.chin.

Acta., 1932, 15, 1104)by diasotising 2-anino-3:5-

dinitrobenzoic acid in sulphuric acid (80h) over a

period of 15 hours and subsequently treating the

diaso solution with potassium iodide. This iodo

acid (yield 0.65 M.p, 219°) could not be

completely freed from the presence of a secondary

product/
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product, halogen free, which had a melting point of

286° and could not "be identified.

Applying Witt's method of diazotisation as

outlined in the preparation of 2-iodo-3-nitro-bensoic

acid (Page 116 } the 2-iodo~3:5-dinitrobensoic acid

was prepared In good yield, and in the pure state.

8 gas. 2-amino -3:5-d initrobensoic acid.

6 gas. potassium meta-bisulphite.

25 ccs. fuming nitric acid.

7.5 gas. iodine.

16 gas« potassium Iodide in minimum amount
of water.

The diaao solution was poured on ice and then

treated with the solution of iodine in potassium

iodide. A violent effervescence occurred and the

iodo acid, which precipitated as a yellow solid was

filtered and washed free from iodine in the usual

manner. (Yield, 8 gms.}. On recrystallising (twice)

from boiling water the iodo acid was obtained in the

form of beautiful long golden needles.

Yield, 6.5 grass., 60 theory. M. p. 226 - 27°.
Analysis:- nitrogen by Micro-Duma Method.

Calculated for 2-Iodo-o:5-dinitrobensoic Acid,

8.30$. Pound 8.20$
m

itetfr/l 2-ipdo-3:5-axpjLtyql?epso^te.

10 gas. 2-iodo-3:5-dinitrobensoic acid.
200 ©as. methyl alcohol.
20 gets, concentrated sulphuric acid.

The/
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The above components were refluxes together for

15 hours ami excess methyl alcohol removed. On

cooling and pouring into water a pale cream solid

settled out and was filtered off and dried. This

product was taken up in ether and washed with sodium

carbonate solution, then water and dried over calcium

chloride. The methyl ester was obtained as small

colorless needles on recrystallising from petrol-ether

(b.p. 80-100°).
Yield, 7.9 goo., 75/* theory. M.p. 116-116.5°.
The ester was soluble in ether, alcohol and

bensene and insoluble in water.

Analysisi- nitrogen by Micro-Dumas Method.

Calculated for Methyl 2-iodo-3:5-dinitrobensoate

8 .0/». Pound, 7 .90b'.

2- Bromo-5:5-dinitrobensoic Acid.

(Melsenheiaer, Simmermnn & ihrnsier,
Ann., 1925, 446. 213).

60 gms. o-bromobensoic acid.

500 ccs. concentrated sulphuric acid.

3C gins, potassium nitrate (powdered).
120 Qms. concentrated aitric acid.

The solution of o-bromobenzoic acid in the

sulphuric acid was warned to 50° and the potassium

nitrate was added at such a rate as to maintain the

temperature at 50°. The temperature was then taken

to 110° and the nitric acid slowly dropped in, the

mixture/
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mixture being well stirred by neelianieal means. The

temperature was maintained at 13C°-140° until the

solution was no longer clear. The mixture was then

cooled and poured on to ice, and the product filtered

and washed.

Yield, 75 gms., 86;J theory. M.p. 211°•
After recryatallising from a large volume of

water the pure acid was obtained as pale yellow

needles. M.p. 213°.

_i -ethyl 2~bromo.r5: b'-dinitrobenzoate._

Equal quantities of 2-bromo-3:5-dinitrobensoic

acid (10 grss.) and thionyl chloride were heated

together and the acid chloride subsequently treated

with methyl alcohol in the usual way. On crystall-

:ising from ligroin the ester was obtained as pale

cream coloured shining leaflets.
o

Yield, 9 gms., &&% theory. M.p. 102 •

The ester was soluble in ether, alcohol and benaen©

and insoluble in water.

Analysis:- ITitrogen by Micro-Dumas Method.

Calculated for Methyl 2-broao-3:5-dinitrobensoate,

9 • 20?s>. Mound, 9.20/1.
4-8. ^qro-isophtlial^

(a) 4-chloro-meta-xylene

(Jacobsen, 13er., 1885, 18. 1761).

Freshly distilled seta xylene (100 gms.b.p.1390)
was chlorinated at 0° C. by passing a steady stream

of/
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Of chlorine through the metaxylene in the presence

of 5$ iodine until the theoretical increase in

weight was obtained. ^lie ethereal extract was washed

with sodium hydroxide dried over calcium chloride and

distilled, the fraction coming over at 181°-185°
being collected.

Yield, 100 gms., 80$ theory.

(b) 4«Chloro~igoohthalic Acid.

(Wood & havies, J.C.S. 1928, 1126)
14 gms. 4-chioro-meta-xylene.

64 gas. potassium permanganate.

25 gms. magnesium sulphate (crystallinej♦
The 4-chloro-meta-xylene was added to a 3 litre

bolt head flask fitted, with a reflux condenser and

treated with a solution of potassium permanganate

and magnesium sulphate in 1^ litres of hot water.

The whole was refluxed for 30 hours, concentrated

and a steady stream of sulphur dioxide passed until

the manganese dioxide disappeared. The dl~earboxyiie

acid settled out and was collected after cooling.

The pure colorless acid was obtained on recrystaliising

(twice) from hot water.

Yield, 15 gms., 70$ theory. M.p. 295°.

-JhLag&=& 5 ~d £ n j t rote luene

W Para-aeetotoluidide.

(Kaufiaann, Ber., 1909, 3480}.

107/
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107 gms. p~toluiaine.

200 ccs. dry benzene.

102 gms. acetic anhydride.

The acetic anhydride was slowly added with

shaking to the benzene solution of the p-toluidine.

After standing overnight the product was filtered at

the pump and an almost quantitative yield of shining

plates were obtained.

M.p. 155°.
(b) 4-Amino-3:5 dlnitrotoluene.

(Jackson. & Ittner, itaer. Chen.J.,
1837,5).

100 gas* p&ra-acetotaluidide.

400 gms. nitric acid (S.G.1.54).
Hie toluidide was added in small quantities to

the well stirred nitric acid at 0° C. On pouring

the mixture on to ice the dinitro-toluidide came

down as a brown copious mass, which was filtered off

and dried.

Yield, 90 gms. M.p. 191°.
The dinitro toluidide was hydrolysed by

boiling with sulphuric acid (600 ecs.:S.G. 1.44) for

15 minutes, then the product \ma cooled, filtered,

dried and recryst&llised from alcohol.

Yield, 65 gms. M.p. 167.5°.
(c) 4-Iodo-3:5-dinitrotoluene.

This compound has previously been prepared by

KBrner/
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XBruwr and Contardi (Atti della Heale Acadenia del

Luncel Eesdicontl, (5), 2£, XX, 4711} by treating

the airline in nitric acid (S.G.1.4J solution at 0° C

with nitrogen trioxide and decomposing the diazoniuxs

nitrate with potassium iodide solution. Crystallise*

from alcohol it melted at 158°* The original paper

was not available and Beilstein does not quote the

yield. By adopting Witt's method of diazotisation

with strongly negative groups present In the nucleus

the 4-iodo-3:5-dinitrotoluene was successfully

prepared is good yield.

Similar quantities to those used in the

preparation of 2~iodo-3~nitro benzoic acid were used.

20 gns. of 4-amino-3:5-d ini tro tolucne gave 28 gms.

of almost pure ioclo compound. On reerystall is ing

from alcohol the pure 4-iodo-3:5-dinitrotoluene was

obtained as yellowish brown rhombic crystals.

• g o
Yield, 23 gms., 49;. theory. M.p. 157.5-158 .
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. Jlalogen derivatives of naphthalene.

Very little work has been done on the reactivity

of halogeno-naphthalene derivatives in comparison

with the more or less exhaustive investigation of

this property in the halogeno-bensene derivatives.

The sole contribution for some time was that of

Ullmarm and Bruck (Ber., 1908, 41. 3932} who in 1908

made the observation that l-chloro-2:4 dinitro-

naphtlialene was only slowly attacked on boiling with

dilute aqueous alkali. So that until 1925 our

knowledge of the replaeeability of the substituents

in the naphthalene molecule very scanty indeed. Since

then however, naphthalene has received much aore

attention, and data connected with this compound

are steadily accumulating.

the siiccessful replacement of the halogen in

naphthalene derivatives by the -KHg group was perform-*
:ed by Van Ber Ubm (Bee. trav. chia., 1926, 45. 566}

on heating the compound with alcoholic ammonia. He

remarked that under the inflicence of one nitro group

the reactivity of the halogen was small, but was

clearly dependent on the position which the nitro

group occupied. the introduction of two nitro groups

into the halogeno-naphthalene compound increases the

reactivity, while with the l:6:8-trinitro-2»halogeno-

compounds, the substitution of the halogen takes

place very readily.

That/
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That copper bronze acts similar!ly as a catalyst

in the naphthalene series as in the benzene series in

stimulating the replacement of halogen atoms, was

demonstrated by LocvaAch and Loeser (Bar., 1927, CO.

320) who on warming -bromo-naphthalene in

nitrobenzene solution with bensarai&e in the px-esence

of copper bronze obtained bens - oc - naphthalide.

(06H..ce.Ki. 0 Replacement of the chlorine
atom in l-chloro-2:4-dinitrobenzene was found by

Talen (3ec.tmr.chim., 1928, 47, 329) to be about 30

times slower than in l-ckloro-2:4-dinitronaphthalene,

the " second half" of the naphtlialene nucleus seeming

to act as a negative group. Borne velocity constants

obtained by Talen (K given in gm.mole/ain.} with

sodium methoxlde at 0° are given below.

£ s 1.1 33.9 22 200 Very rapid.

It is to be noted that introduction of a nitro

group into position 5- in l-chloro-2:4-dinitro-

naphthalene increases the mobility of the chlorine

atom considerably, but the effect is much smaller

than the accelerating effect of a nxtx*o group intro¬

duced into position 6- in 1-chloro-2:4-dinitrobenzene.

'The fact that l-chloro-2:4:5-trinitronaplithalene

did not give a good velocity constant was explained

as/
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as being probably due to the formation of an
,ci

addition compound.
HaOCH, 00HO,

uuir

CO
N0„ N0o

oGH3 W2 W2 OCH3
*°2 NaOCHa , ».

no,
HaOCH„

'2 2

Many analogues of this addition type are Imorm in
ho2 ho2

the benzene series {Jackson & C-azsola, itaer. chea.J.,

1900, 23. 376}. A few years later Rule & Barnett

(y.C.S., 1932, 2728) also pointed out that halogen In

the peri- position in the naphthalene nucleus was

more easily replaced than halogen in crfcho- substituted

benzenes. This they considered to be due in part

to the greater reactivity of substituents linked to

the naphthalene nucleus, and in part to the closer

spatial proximity of peri- as compared to ortho-

subs tituents. In this case the reactions were

catalysed by copper bronze. •

Another more or less detailed study of the

reactivity of the bromine atom in the brent©-

naphthalene derivatives was made by QalMnd {3er.,

1931, 289). Using excess sodium ethylafee in the

presence of 1:4- and 1:5- nitrobromonaphtfcalenes st

100°, the first named compound gave a aonorao lecular

velocity constant of 0.17 vdiile the 1:L>-compound

showed no change. In nitrobenzene solution with

bensaiide and copper bronze present the lid-

compound/
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compound was again more reactive. These results are

Sunsoarised in the table:—

Substance•

K for

EaOCgHg
at

100°.

$ Conv.
with

piperidine
atn

50—60 for
24 hours.

£ Conv.
with

piperidine
at

18° for
72 hours.

! " '■"""
% Conv.
with

Benzanifie.

- Broaonaphthaiene 2To
Reaction

Ho
Reaction

Ho
Reaction > 30.33

1: 4-Hitrobromo-
:naphthalene 0.17 58.87 IT©

Reaction
41.18

1:5- Ho
Reaction

7.79 Ho
Reaction

31.89

l:8-Binitro-4-bromo-
:naphthalene 0.26 96.22 89.07 mm

It is quite evident that the nitro group in

position 1- enhanced the reactivity of the bromine

atom in position 4-, but scarcely affected one in

position 5-. Salkind concluded from this that with

reference to the reactivity of their substituents the

two rings of naphthalene are considerably independent

of each other, and that the influence of the nitro

group only extends to substituents in the same ring.

Salhind explains the reactivity of the bromine atom in

position 4- by the electron valence theory as

propounded by VBrlander (Ber., 1919, 52. 263). v/hen

this theory was applied to the nitrobromonaphthalenes

with the nitrogen of the nitro group considered to be

the/
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the key atom the following arrangements were obtained.,

1:4-ni trobroiiionaphthalene. 1:5-ni trobromonaphthalene •

The carbon atoms in positions 4- and 5- carry a

positive charge, thus the attached bromine atom is

assumed to become more negative. Therefore not only

the brotdne atom in position 4- nay be reactive, but

also that in position 5». nevertheless Salkind

comments that the expected reactivity in the latter

position is not observed.

Hie work described in the following section deals

with 8-broi lonaphthoic acid, its methyl ester and

certain recently discovered nxtro derivatives of the

8-bromonaphthoic acid and their methyl esters. The

effect of catalyst (copper brdnse, Sample S.) in

stimulating the reactivity of the bromine atom has

been noted in order to compare it with that observed

in the bensene series, but more especially in regard

to the statement by Salkind that the effect of the

nitro group was limited to the ring containing it.

All the reactions were carried out using

ecuimolecular portions of the halogen compound with

sodium laathoxide in the methyl alcoholic solution at

50°. The velocity constants are biraolecular and

calculated as already described on page 29.

The amount of catalyst employed in each experiment

was 0.3184 gms.
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X5KPBBXMEHXAL

Catalyst present.

T
(Mlns.) X x 10S

*£'fQ-

Conversion
x 10

90 0 .250 5 1.17

175 0.390 7.8 0.97

280 0.560 11.2 0.91

445 0.860 17.2 0.93

535 1.02 2(3.4 0.96

615 1.205 24 1.03

1,385
■

2.335 46.7 1.26

Mean Value of • 1.01 x lO*"1
The titre was clear and the end-point was very good.

The copper bronze showed no loss in lustre during the

reaction.

With Catalyst absents

T
(Mins*)

3
X x 10

%
Conversion So x l0*

18,695 0.17 3*39 3.77

44,600 0.385 7*7 3.7

•4
Mean Value of K50 * 3.73 x 10

The titre was colourless and the end-point was quite

(good at the outset. After 85 days however, the

end-point was completely obscured by a dark brown
coloration of the liquid on adding excess silver

nitrate solution.
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Methyl 8 -brono -1-nanhthoate ♦ ■

-ZSAfe.gftftalys$ pre aer^t,

T
(Mins.) X x 103 %

Conversion *50 X l°3

5,320 0.13 2.6 1.02

22, 710 0.55 11 1.09

40,540 0.90 18 1.08

51,370 1.24 24.8 1.02
;

-3
Mean value of s 1.05 x 10

the titre was colourless and the end-point excellent.

After 28$> conversion the liquid became purple on

addition of excess silver nitrate and a slight rise

In the value of K toolc place, for example •

T
(llins.) X X 103

%
Conversion So x lo3

70,105

80,200

1.54

2.005

30.8

40.2

1.26

1.67

the rise in the value of K was much less pronounced

than in the case of methyl o-bromobensoate under

similar conditions (Page 50).

dith Catalvat absent.

The reaction was very slow and after one month

only 1., conversion had occurred. ,J-'he velocity

Constant may be represented as being of the order
-5

8.6 x 10 . the end-points at later dates were

unsatisfactory.
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^-brorao-l-naphtho.ic Acid *.

..Tith Catalyst present*.

T
(rains.) | X x 103

a

Conversion
x 10

35 0.455 9.1 5.7

65 0.71 14 .2 5,1

95 0.995 19.5 5.23

110 1.21 24.2 5,8

125 1.325 26.5 5,8

Mean value of « 5,52 x lo"^
Hie titre was coloured canary yellow "but on addition

of the acid indicator the colour was removed and the

end-point was easily discernible. The velocity

constant fell slightly and then rose again* The

experiment was repeated using a sample of the above

acid prepared by Pursell (Thesis, Edinburgh 1933.) and

I identical results were obtained. The copper remained

untarnished throughout these experiments..

■ itxi Catalyst absent.

T
(Mins.) X x 1C5 Conversion ho* 103

18,690 0.6250 12.5 1.53

28,735 0-895 17,9 1.51

38,815 1.145 22.4 1.53

50,430 1-41 28,2 1.55

Mean value of ~ 1.53 x 10""S
Titres as described above.
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Methyl 5-nitro -8-brocio-l-nai>hthoate .

M?ith Catalyst oresent

T
(Mins.) X x 103

%
Conversion

K x 102
50

1,435 0.345 6.9 1.03

2,885 0.655 13.1 1.04

4,265 0.875 17.5 0.99

5,755 1.105 22.1 0.99

7,270 1.335 26.9 1.01

10,140 1.725 34.5 1.04

Mean value of K • 1 .01 x 10~2

The titre was pale yellow coloured and the end-point

excellent. Ho alteration in the appearance of the

copper bronze was observed.

With catalyst absent.

T
(Mine.)

3
X x 10

7°
Conversion

1? x 103
50

2,770 0.54 10.8 8.7

4,220 0.77 15.4 8.65

8,520 1.340 26.8 8.60

14,325 1.905 38.1 8.60

Mean value of K« 8 .64 x 10~3
The titres were similar to those already described.
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4:5-Tinltro-8-brono-l-naphthoic Acid.

».lth catalyst present.

T
(Mins.)

3
X x 10

til

Conversion So

10 0.99 19.8 4.95

15 1.47 29.4 5.55

30 2.22 44 .4 5.3

Mean value of « 5.26

The tltre was dark orange coloured but this colour

disappeared on addition of the acid indicator. The

end-point was very good and the copper bronze

remained unchanged.

V'.'ith catalyst absent.

T
(Hins.) X x 10

<j?
Conversion

Xh x 102
50

720 0.4718 9.8 2 .89

1,415 0.810 16.2 2.7

1,820 1.00 20 2.7

2,835 1.385 27.7 2.7

4,285 1.839 36.7 2.6

Mean value of K^0 « 2.71 x 1C)~2
The titres had the same appearance as those in the

uncatalysed reaction.
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Methyl 4:5^initro^-»broao~l» naohthoate

With catalyst present.

T
(Mins.) X x 103

*
Conversion *so* 10

35

65

125

190

220

0.34

0.54

0.98

1.35

1.515

6.8

10.8

19.6

27

30.3

4.2

3.7

5 .9

3.89

3.95

Mean value of * 3.9 x 10*"3'

Hie titre was of the same colour as in the case of

the corresponding free acid and again the end-point

was excellent. fhe copper feronse retained its

original appearance.

Mitfa catalvHt absent.

T
(Mins.) X x 103 Conversion I%oxl°

38

70

183

289

0.325

0.565

1.25

1.73

6.5

11

25

34.5

3.66

3.63

3.64

3.66

•.1
Mean value of a 3.65 x 10
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Discujaigg.

From the data given in the previous pages, it is

seen that in the presence of copper feronse 8-"broiao~l»

naphthoic acid and its 4-nitro and 4:5-dlnitro

derivatives react readily with sodium methoxide.

The velocity constants obtained in the naphthalene

series were much better than those in the benzene

series and apparently the former are less prone to

disturbing factors. As was anticipated the halogen

atom in the peri- position to a earboxyl group in

the naphthalene nucleus appears to be more easily

replaced than one in an ortho- substituted bensole

acid .

The following table showing the velocity

constants obtained with sodium raethoxide at 50°

illustrates this very well.

sable *7«

Condition
at 50«

X

j-^^pOCM
COOH

60
cat.

"^Uneat»

2.7

3.7X104

4.2x10 1 .OlxlO"1

3.73xlo"4

The bromine atom in the 8-bromo-1-naphthoic

acid is observed to fee 24 tines more reactive than

that in o-feromofeensoic acid. This is in good

agreement/
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agreement with the factor (30) obtained by Talon

{loc.cit.} in comparing the reactivity of the chlorine

■atom in l-chloro-2:4-c.initro-bensene and l-chloro-2:4~

dinitronaphthalenc in the uncatalysed reaction.

Although in the uncatalysed reaction the reactivities

of the lialogen in £—oroiao-l~napi:thoic acid and

o-iodobensoic acid are sinilar with copper bronae

present the iodo-compound becomes approximately 27

times more reactive than the broiao compound.

TABLE 18.

Kmcatalysed
K

%
Kg Acid

2^ hater

K Acid

Ester

M ""4
3.73 x 10 270.8

96.2 -

1.53 x 10~5 360

*

54.6 0.177

8.64 x 10 1.17

2.7 x lo"2 195

13.5 0.074

3.65 x 10"1 1.07

Compound K
catalysed

eR COOH

1.01x10

Br cooch

BR coqh

Br. Cooch

no,
Br Cooh

no, NO,

Br cooch

1.05x10

5.52x10

•3

1.01x10

5.26

•2

3.9x10
-1

* Only very approximate.
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Tt10 above table depicts fully the velocity

constants obtained with the various halogeno-naphthal¬

enes investigated in this work and several interesting

comparisons are made. It will be noticed that the

best response to the catalytic influence of copper

bronze coincides with the presence of a free carboxyl

group in the naphthalene nucleus,, whereas in the caters

the halogen is little stimulated by the catalyst.

In the catalysed reaction the order of activating

influence of eufcettfuente P.ri- to tt. i. |
-COOH > -COGCH^, but this order is reversed in the
absence of catalyst. The reactivity of the bromine

atom in the 8-bromo-naphfchoic acids decreases in the

order 4;5-dinitro- > 5-nitro- > unsuostituted, the

ratio being 52.1;-5.45:1 for the catalysed reaction and

72.4:4.12:1 for the uncatalysed. It appears there-.

:fore that the introduction of a nitro group into

position 5- in the naphthalene nucleus increases the

reactivity of the bromine atom but a much greater

effect is produced if both the 4- and 5- positions

are occupied by nitre groups. Such findings are on

the whole in general agreement with those of Salkind

{loc.cit.), who found that 1 -broru>-4:5-dini tro

naphthalene was ranch more reactive than either

1 -brexno-4 -n i tronap! ithaiene or 1-broao -5-nitronaplithalene.

Further, in view of the work outlined in this thesis and

of that of Talen (loc.cit.) it is evident that

Sallcind»s/
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Salhind* s statement that the activating influence of

a nifcro group only extends to the ring containing it,

requires modification. -or instance, l-brono~4:5~

ci 1ni tronaphthoic acid with sodium nethoxide and

copper bronse at 50°, is 17.65 times more reactive

than 1 -bromo-5~nitronaphthoic acid. Similarity,

Talen demonstrated that at 0° with sodium methoxide

in the absence of catalyst, l-chloro-2:4:5-trinitro

naphthalene reacted 6 times more rapidly than

l-ehloro-2:4-dinitronaphthalene•

In general then, the activating influence of a

nitro group on a halogen atom is greatest when "both

these substituenta are contained in the sane ring

(except perl- positions}. In the naphthalene as

with the bensene series, the halogen atom is more

reactive In dinitro than in mono-nitro compounds,

the enhancing effect of a earboxyl group with

catalyst present diminish©® with increase of nitro

groups in the nucleus, while esters are slower to

react than the free acids in catalysed reactions.
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PRirpAKATIOIftg.

.JhggSBaff -l-naphthqlc^Acid^

(a) Rnhydro^-hvdroxy-rnercuri-naohtho1c Acid.

(Leuck, Pertcin, & WMtraor®, J.A.C.S.,
1929, 1831).

50.5 £3:33. naphthalic acid.

31 gins. 3odium hydroxide in 1,200 ecs. water.

55 gets. yellow mercuric oKide.

The naphthalic acid was dissolved in the sodium

hydroxide solution with heating in a 2 litre flask

fitted with reflux condenser. Hie yellow mercuric

oxide was dissolved in a mixture of glacial acetic

acid (40 cc.) with water (150 cc.) by warning, and

added to the flask. Hie contents were then made

distinctly acid with acetic acid and r©fluxed for 96

hours. The product was cooled, filtered and washed

with water and dried in an air oven.

Yield, 83 gas., 91% theory. 0

HOOC C00H Hg - 0

(Rule, Purse 11 & Brown., J.C.S., 1934, 168)

80 gets, anhydro-8-hydroxy-iaercuri-naphthoic acid.

34 gris. bromine.

The nercury-organo compound was directly suspended

in glacial acetic acid (300 cc.) and water (50 cc.)

added,/
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added, and the containing vessel was surrounded by a

freezing mixture. The bromine was dissolved in 150 cc.

of concentrated sodium bromide solution and slor/ly

dropped into the vigorously stirred suspension

during 2-3 hours. The mixture was then slowly raised

to a temperature of 90-100° C with occasional stirring

and maintained at this temperature for a few minutes.

The clear brown solution was then poured into two

litres of cold water. .After standing overnight the

product was fUteres and extracted with 4-5 litres of

boiling water. Yield, 22.5 gas. This crude product

was crystallised twice from the minimum amount of

benzene.

Yield, 17 gms., 31/ theory. M.p. 178°.
I ethyl 8-broiao-1 -naphthoate.

(Rule & co-workez*s, loc.cit.}

15 @as. 8-bromc-l-naphthoic acid.

30 cc. thionyl chloride.

50 cc. dry methyl alcohol•

The acid chloride preparation and. its subsequent

treatment with methyl alcohol was carried out in the

usual manner. fhe ester was taken up in ether and

washed with sodium carbonate solution and water, the

ethereal solution then being dried over calcium

chloride. After removal of the ether the remaining

oil was vrarraed for a few rainutes with 5 cc. of

alcohol and a cream coloured solid was obtained.

Yield/



Yield, 15 gxas., 95$ theory. M.p. 28-31°.
On reerystallising from petrol ether (b.p. 40-60°}

the pure ester was obtained as colourless plates.

M.p • 34 •

^-14trplT9irl3yp^rl-ffapIithpip Acid.

(Rule & co-workers, loc.cit.)

10 0as. 8-brorno-l-naphthoi c acid.

15 cc. concentrated nitric acid.

The two acids were stirred to a cream in a wide

necked flask (R.B. 250 cc.) and placed in a water

bath at 65° and shaken occasionally. nitration was

complete in 3-4 hours and the mixture was then poured

into 50 cc. water and allowed to settle overnight.

The light yellow product was filtered off, washed with,

cold water and dried. Yield, 10 gms. The crude

acid was recrystallised from a 1:1 mixture of

alcohol and water to give a yellow crystalline powder.

M.p. 245°.
MctfryJL, 8

(Rule & co-workers, loc.cit.}
10 gms. 5-nitro-8-bromo-l-naphthoic acid.

40 goo. thionyl chloride.

60 cc. dry methyl alcohol.

Esterif ieation was carried out in the usual

manner. A light yellow solid (7 gms.) melting

fairly sharply at 95° were obtained.

On/
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On crystallising from petrol ether (b.p.80-100°)
a^gJMlgafces of rod shaped crystals were deposited.

Yield, 70$ theory. H.p. 97°.

4:5 -1)1 nitro-Q-brorao-l-nanhtho ic Acid.

{Rule & co-workers, Xoc.elt.)

7.5 eras. 5-nitro-8-bromo-1 -naphthoic acid.

10 ce. nitration mixture.

the nitration mixture was prepared by addition

of concentrated sulphuric acid (3 cc.) to a mixture

of fuming nitric acid (4 cc.) and concentrated nitric

acid (4 cc). fhe halogen acid was treated with the

nitration mixture in a flask (250 cc.) Immersed in a

boiling water bath for 6 hours. %e mixture was

cooled, poured into water and allowed to settle.

Yield, 5 gras. I'M a product was boiled out twice

with bensene (100 cc.), the purified insoluble acid

having a melting point 250-252° (with decomposition) •

The pure acid was obtained on crystallising from

concentrated nitric acid (50 cc.).

Yield, 3 ges. M.p. 252° (decomp.).

-P.-bromp-^-^a.phthoate^

5 gms. 4:5-dinitro-8-bremo-l-naphthoic acid.

10 cc. thionyl chloride.

10 cc. dry methyl alcohol.

Rsterifieation was carried out as for the raono

nitro/
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nltro compound. %e ester was obtained as a brown

oil on evaporating the ethereal solution. CM

adding ethyl alcohol (15 ee.Jand warning the mixture

on the steam bath for a few minutes the ester was

obtained in the solid form.

Yield, 4.1 {pas., 79$ theory. M.p. 153-155°.

The pure ester crystallised from hot ethyl alcohol
• o

in short colourless plates. M.p. 155 ♦



154.

SU'j&iARY A COBCLuSIOB.

The work described in this thesis comprises a

comparative examination of the reactivity of the

halogen atoms in various halogeno-benaene and halogeno-

naphthalene derivatives under catalytic influence and

in the absence of catalyst.

The compound under investigation was treated

with an equiaolecular portion of sodium methoxide in

methyl alcoholic solution and the liberated halogen

estimated as sodium halide by Volhard*s method. In

a catalysed reaction one-tenth of the atomic equival-

:ent of catalyst (referred to amount of halogen) was

present. Velocity constants (K) were obtained in

terms of l.g/- mole./rain. by substituting in the

following equation for blnolecular reactions.

x

K « — .

T (a - x) a

wherever experimentally possible velocity

constants for each compound were determined at two

temperatures (50° & 25°) and the activation energy
Jv, +- 10

and temperature coefficient ——— determined.
%

In the early part of the work research was

confined to an Investigation of the reactivity of

the halogen atom in o-iodobensolc acid when in the

presence of catalyst. In the conversion of

o-iodobensoic acid into benzoic acid the follox^ing

catalysts were employed in as fine a state of
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division as possible:

Copper {Baturkupfer C), iron, sine, magnesium,

chromium and nickel. quantitative conversion to

benzoic acid was achieved only when copper bronze

was used (Page 31).

Following this, different samples of copper

bronse, copper powder prepared by Gatteman's method,

powdered copper oxide wire, copper acetate, sine

dust, magnesium, copper oxide, nickel, and aluminium

were used as catalysts in the formation of

o-methoxybensoic acid. Again copper was found to

be much the best catalyst for the above change. A

wide variation in catalytic power was encountered

with different samples of copper bronse. For

example the reaction at 50° was stimulated form a

minimum of 7,000 (sample 1} to a maximum of 77,000

(sample B), as compared with the uncatalysed

reaction. i'he sample of copper prepared by Gatter-

:man's method (sample A) headed the list with a

factor of 88,000 for the corresponding reaction

(Page 43, and graph Page 43a}. In general the

efficiency of the copper bronze as a catalyst

appeared to increase with freshness, fine state of

division and possession of a deep coppery-red tint

in the sample. Thereafter, copper bronse (sample E)

was used throughout for comparative tests.

The reactivities pf halogen in the isomeric,

iodo-, brono-, and chlorobenzoic acids and their

methyl/
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methyl esters were next examined. The order of

reactivity of the analogous iodobenzoic acids in the

catalysed reaction was found to be ortho- >

para- > seta- (Page 48), and that of the

o-substituted halogeno-bensoic acids to be of the

order iodine > bromine > chlorine (Page 49).

Tfephasis must be laid on the remarkable superiority

of o-iodobensoie acid over the other compounds.

The evidence from literature on the inertness of the

bromine and chlorine atoms in o-bromo and o-chloro-
%

:benzoic acids would point to an enhanced reactivity

of the bromine atom in the presence of copper bronze

although to a somewhat less degree than that of the

iodine atom in o-ioclobenzoic acid. ~?he chlorine

atom on the other hand would appear to be little

affected by catalyst, which is in accordance with

the findings of the present work after an examination

of various chloro derivatives. The esters, appar¬

ently little influenced by catalyst, were all slower

to react than the corresponding acids (Page 51).

This notable enhancement of the reactivity of

halogen in o-iodobensoic acid by copper bronze

naturally led to a study of the nitre-halogeno-

benzenes, with a view to determining the effect of

the catalyst. With the analogous iodo-nitrobensenes

the order of reactivity was found to be para- >

ortho- > neta- in the uneatalyaed reaction, but

tiiis/

x In all cases the acids under examination were~
Wftaent in tb«.. form of their sodium salts.
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this "became ortho- > para- > pacta- with copper

bronze present (Page 90). Once again the catalytic

effect is thus more pronounced in the ortho- isomeride
■

*IW/Suncat., °~* 16*"> 1,6J' A nitro group
meta- to the halogen exercised little influence*

A comparison of the relative reactivities of

chloro-, brono- and iodo- benzenes when activated

by an ortho- substituted earboxyl or nitro group

was next made (Table 8, Page 91). In the case of

iodine and bromine the normal order 118,, > GOGH is

found to be reversed when copper bronze is present

(iodine, C00H:3?0o * 237:1; bromine, COOHilTOg « 2-3:1).
On tlie other hand, ortho- chlorobensoic acid shox/ed

little response to the presence of catalyst and in

thi3 case the normal order of the activating groups

remains unchanged.

Hie great increase in the reactivity of the

halogen atom brought about by introducing a second

nitro group into the benzene nucleus (Tables 10# 11

& 12) was also examined, thin effect having been

frequently recorded in the literature* A strong

contrast was observed between the feeble reactivity

of the chlorine atom in 4-chloro- isophthaiic acid

as compared with the active halogen in l-chloro-2:4-

dinitrobonsene. The order of reactivity chlorine >

bromine > iodine observed in the mono nitro compounds

was retained in the dinitro compounds investigated,

when in the absence of catalyst. This order however

was/
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was reversed in both the mono and dinltro derivatives

with copper bronze present. fhe iodo- dinitro

compounds in particular, reacted with a velocity

which rapidly increased with time so that no definite

velocity constant could be deduced (Pages 94 and 95

Graph, Page 104a).
Introduction of a earboxyl group in position 6-

into l-brono-2:4-dinitrobenzene reduced the reactivity

of the bromine atom some 18.5 times in absence of

catalyst. A similar change occurred with the

corresponding chloro compound. liven with catalyst

present in the above cases the reactivity of the

halogen atom was greater in the dinitro-halogeno-

bensene than in the earboxy-dinitro-halogeno-benzene•

Although velocity constants were not determined for

1-iodo~2:4-dinitrobenzene it is probable that in the

uncatalysed reaction the iodine atom will be more

reactive in this compound than when position 6- is

occupied by a carboxyl group. v/ith copper bronze

present however, and considering the high stimulation

exercised by the catalyst upon iodine ortho- to a

carboxyl group (Graph; Page104a), it is most likely

that the effect of introducing a carboxyl group in

this instance will be to raise the velocity of

reaction.

Esters are little influenced by the addition

of catalyst and the halogen atoms are in general

more reactive in the free acids than in the

corresponding/
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corresponding esters. It was therefore altogether

unexpected that the halogen atoms in 2:4-dinitro-6-

carbomethoxy-l-halogeno-bensenes should prove pore

reactive than those in the 2:4~d ini tro-6~carboxy-1-

halogeno-benzenes whether catalyst was present or

not {Table 15, Page 104). The reactions were so

exceedingly rapid even in absence of copper bronze

that presence of catalyst produced little change in

the velocity. The order of reactivity in compounds

of this type was again chlorine > bromine > iodine.

A similar change due to esterification was

observed for the chlorine atom in the mono nitro

derivative 4-nitro-6-carbonethoxy-l-chlorobenzene,

which was 437 times more reactive than that in

4-nitro-6~carboxy-l-ciilorobencone in the catalysed

reaction and 525 times in the absence of catalyst.

It vrould appear therefore that this effect emanates

from a nitro group para- to a halogen atom, when a

carbonethoxy group is adjacent to the latter.

Unfortunately 2-nitro-6-earboxy-l-chlorobenzene

was found most difficult to prepare in the pure state,

an isomer, difficult to separate, also being formed.

However the following points indicate that the para-

nitro group is probably responsible for the above

effect.

(a) The simple o-halogeno-benzoic acids in general

react more rapidly than the corresponding

esters in the presence of catalyst.

<*)/
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(b) In presence of catalyst, 2-nitro-G-carboxy-l-

iodobensene is more reactive than its methyl

ester. Hence a nitro group in the position

ortho- to the halogen atom does not affect

the usual order COOH )> COOCH„.

(c) The introduction of the para- nitro group in

4-nilro-6-earboxy~ and in 2:4-dinitro-6-

carboxy- halogenobensenes leads to the acid

reacting less rapidly than the corresponding

ester in the catalysed reaction. For this

effect to appear it would therefore seem that

it is necessary to have a nitro and a carboxy

(or carbonethoxy) group respectively in the

4- and 6- positions with reference to the

halogen atom.

In connection with the above it is interesting

to note that the chlorine atom in 4- nitro-6-carbo-

:Kethoxy-l-chloroben3ene is found to be some 34,000

times more reactive than that in methyl 2-.elilorobensoate.

The absence of catalyst makes little difference to

this factor as unlike the iodine compounds, the chloro

derivatives examined showed little response to the

presence of catalyst {Compare Tables 10 & 12, Pages

95 & 100). In contrast with the above factor is

"Van her Kara* s statement that under the influence of

one nitro group the reactivity of a halogen atom is

slight. In consequence it would then appear that

I the/
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the enhancing effect of a nitro group is dependent

not only on the position it occupies in the nucleus

relative to the halogen atom, hut also on the nature

and positions of other suhstituent groups present*

v/henever experimentally possible the activation
% + 10

energies and temperature coefficients —*
sr

were determined. These are listed and compared in

Table 16 (Page 107) and provide interesting, if only

approximate, data. The real, value of tables such

as this will be emphasised when more inforration

is available relating to the activation energies as

calculated from the molecular diameters of the

reacting molecules. Hinshelwood and co-workers have

already made these calculations in certain instances

and point out the slowness" of several bimoleeular

reactions where the value of the experimental

activation energy exceeds the calculated value* In

such cases other factors such as solvent and ionisation

effects require investigation, in addition to other

disturbing causes. In some reactions the primary

collision of the reacting molecules with a molecule

of solvent is necessary* On such a basis, it can

be seen that the nuclear reactivity of halogens

under different conditions of temperature, reagent,

and solvent, cannot be compared by direct reference

to velocity constant determinations. There is a

growing belief that dipolar .moments of molecules may

influence/



162.

Influence the velocity of reaction but so far

little definite evidence has been produced. It is

well known that the electrical asymmetry of reacting

molecules is related to their reactivity but no

comparisons have yet been made between the velocity of

reaction and the extent of polarisation. fhe problem

of the comparative reactivity of nuclear halogens on a

fundamental basis appears therefore to lie in the

hands of the physicist.

Lastly, several newly discovered halogen deri¬

vatives of naphthalene were investigated, for all of

which copper bronze was found to enhance the

reactivity of the halogen atom, although the catalytic

influence was slight in the case of the esters

(Table 18, Page 146). A halogen in the peri- position

to carboxyl was found to be more reactive than that in

the o-substituted benzoic acids. For example in

presence of copper bronze the bromine atom in 8-broao-

1-naphtlioic acid was some 24 times more reactive than

that in o-bromobenzoic acid. fhe iodine atom,

however, in o-iodobensoic acid was observed to be

about 27 times more reactive than the bromine atom in

8-brono-1-naphthoic acid (Page 145 ) in the catalysed

reaction.

As for the benzene series, in the catalysed

reactions the relative influence of substituents on

the halogen atom was COOH > COOCH3, but this order
was reversed in the absence of catalyst. 'Hie

reactivity/
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reactivity of the bromine atom was found to be

greater in dinitro than in mono nitro bromo-naphthoie

acids, ami in general the results for naphthalene

derivatives supported those obtained by Salkind*

The catalytic effect of copper bronze in enhancing the

reactivity of the halogen aton in 8-brono-l-naphthoic

acid v?as reduced by introduction of nitro groups into

the naphthalene nucleus. This effect was also found

in the benzene series.

In conclusion the more salient points of this

investigation may be summarised as follows

1. Of the various catalysts investigated,

copper (Gattennan* s) and copper bronze

(llaturkupfer C), were found to be the most

active in facilitating the replacement of

halogen by a raethoxy group.

2. This reactivity of the halogens under the

influence of copper bronze wa.3 of the order

iodine > bromine > chlorine, the chlorine

being little affected. The disparity

between the remarkable activation of the

iodine in comparison with the feeble activation

of the chlorine requires stressing.

3. The normal activating order of substituents,

> COOH, in uncatalysed reactions was

found/
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found to be reversed in the case of

iodobenzene and bromobensene derivatives

with catalyst present. An optimum effect

was noted when the carboxy group occupied the

ortho- position to the halogen atom in the

halogen©- benzenes.

The order of reactivity of the different

halogen atoms in dinltro-earbonethoxy- and

dinitro-carboxy-halogeno-benaenes was similar

to that in mono and dinitro-halogeno-benzenes,

namely, chlorine > bromine > iodine.

With copper bronze present this order became

iodine > bromine > chlorine for the

dinitro-earboxy compounds. The tremendous

increase in reactivity of the halogen on

converting a mono to a dinitro-halogeno-

benzene derivative was also observed. For

this latter change the catalytic influence

of the copper bronze diminished.

In catalysed reactions, the halogen in

halogeno-benzoic derivatives was generally

more reactive than in the corresponding

esters. This effect however was unexpectedly

reversed in the 2:4-dinitro-6-carbonethoxy-l«»

halogeno-benzenes and also in 4-nitro-6-

carbomethoxy-l-clilorobensenQ, for -which the

esters are more reactive.
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6. On arranging the compounds Investigated

in descending order of activation energies

(E) it was found that except for a few

inversions of B, the values -A, B, and
Km -f 10

fall into a similar order.
%

7. The results obtained for the influence

of nitro groups on the 8-halogeno-l-carboxy-

naphthalenes are in general agreement with

those found by Salhind for the halogeno-nitro-

naphthalenes. In addition, a close

parallelism was observed between the beliaviour

of o-lxalogenated benzoic acids and peri-

halogenated naphthoic acids. For example,

for the catalysed reactions of 8-bromo-l-

naphthoic acid derivatives the following

relationships hold: dinitro y mono nitro;
COOH y C0CCH3; and the catalytic influence
decreases with Increase in the number of

nitro groups in the naphthalene nucleus.

For uncatalysed reactions the influence

exerted by carboxylic substituents is

COOCI^ > COOH.
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