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The influence which an atom or group of atoms
exerts on the other atoms in the same organic moleculs
has long been recognissd. The rules propounded by
'Hubner (Ber., 1875, 8, 875.), Noelting (Ber., 1878, gé
1797 ) and Crum Brown and Gibson (J.C.S., 1892, 61,
367 ) with respect to the manner in which various atoms
and groups present in a benzene nucleus direct the
entrance of other substituents into the nucleus, and
the well known rule of Markownikoff (Annalen, 1870,
153, 258) concerning the addition of halogen acids
to ethenoid compounds were the earliest attempts to
gyastematise the accumulated date on the subject.

' The rules proved to be of inestimable value but were

| limited in their application until extended with a
view to diacovering the true nature and hence the

. cause of the observed differences of reactivity, and
'Holleman (Die direkte Einflihrung von Substituenten
|40 den Benzolisrn 1910, pp. 468-70) Michael (J. prakt.
Chem., 1892, 46, 205) Vorlander (Annalen, 1902, 320,

' 99. Ber., 1919, 52, 263) Flurscheim (J. prakt. Chem.,
| 1902, 66, 321; 1905, 71, 597, J.C.S. 1909, 95, 718;
1910, 97, 84 and onwards), and many others have been
?in a large measure successful in extending the above

érulea/
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' rules with such an object in view.
Some chemists are of the opinion that the differ-
:encas are due to influences essentially steric or

gpatial in origin,but it is now generally recognised

that an explansation is to be sought in the influence

' which one atom exerts on another atom in the same
‘molecul®, not merely in virtue of the influencing
'atom's position in the molecule but also in virtue of
‘an intrinsic property of the influencing atom itself.
;This property may broadly be postulated as due in some
'measure to the electro~-chemical nature of the in-
 fluencing atom or group.

However wide in its postulates a theory may be,
1t is in general discovered that some of the important
 observations made both previous to and after the
iappearanoe of the theory are incapable of being ex-
:plained by its aid and the present researches werse
iundsrtaken with a view to discovering any regularities
gwhich might exist in the reactivity of the halogen
" atoms present in various types of aromatic halogen
. compounds. The whole research was guggested by the
éviews enunciated by Lapworth (Mem. Manchester Phil.

' Soc. 1920, 64, No.3) and which are grouped together
!as the Principle of Induced Alternate Polarities.
| This principle was recognised mainly as a result

' of meny observations on the manner in which the atoms

éin/



in the molsculs of an organic compound are affected by

the presence of an atom such as oxXygen. The direct

freault of the influence exerted by this atom is the

' alternate enhancing and repressing of the reactivity

of the hydrogen atoms attached to alternate carbon
atoms in a hydrocarbon chain attached to a divalent
oxygen atom. Hydrogen which is so gituated in the
molecule that i1ts activity is increased possessges 1n-.

duced positive polar characteristics since its re-

Iaotivity approaches that of a hydrogen ion, whilst

' hydrogen, the activity of which is decreased, pos-

. gesses induced negative polar characteristics since the

ordinary electro-positive nature of the atom is

~diminished. The prinicple does not assume the appear-

'ance of a posltive or negative change in the molecule.

‘It is at once important to note that the alternating in-

fluence is most readily transmitted along a carbon
chain in which the carbon atoms are connected to-
goether by alternate double and single linkages.

The preparation of compounds which contain
halogen atoms attached to carbon atoms connected to-
gother in the above manner is a matter of great dif-
ficulty, hence investigations of the reactivity of

the halogen atom in such compounds have not been

carried out.

Suitable compounds are readily obtainable in the

aromatic/
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:aromatic séries, since the alternmation of the pro-
perties of the carbon atom in & substituted benzene
'nucleus,demonstrated so clearly in the similarity of
- the behaviour of the hydrogen in ortho and para
' positions, suggests that the benzene nucleus should
'be & very efficient transmitter of the induced effects
outlined above, provided that the similarity is not
merely spatial or structural in origin.

If now the three isomeric methoxybenzyl bromides
'be considered and the alternation of the influence
(which is transmitted through the carbon atoms) be
irapresentad by alternate 4 and -~ signs on alternate
atoms, commencing with the negative oxygen atom (the
"key-atom" denoted by =) then the bromine atom should
possesé induced negative polar characteristice in
the o and p isomerides and induced positive polar

characteristicse in the m-lsomeride

s = = +
H,C Br HC Br- HGC B
OCH,4 L
OCH4

Hence /
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Hence the o and p isomerides should lose their

'bromide as bromidion more rapidly than ths meta com-

' pound, whilst when subjected to the attack of & re-

agent which would remove the bromine as a result of
i1ts combining with the negative lon of the reagent,
these isomerides should be the most stable,

In order to prove that this is actually the case

 two reactions were employed, namely, hydrolysis and

| reduction.

- -

(1) X - Hal 4 HOH — X~OH 4 HHal
+ .

(II) X - Hal ¢ HI —» X-H 4 Hal-T

Reaction (1) should take place most readily with

' the o and p isomerides and reaction (11)should take

place most readily with the m-~isomeride.

The order in which these compounds lost their

 bromine as bromidion when emulsified with dilutse
 aqueous sodium hydroxide was found to fulfil this
:expaotation and was p;o)m. In order to eliminate
éany effects which may be considered to be duse to

' differences in solubility of the isomerides in the
;alkali, the hydrolyses were repeated in solution in

aqueous alcohol and also in aqueous alcoholic sodium

;hydroxide. The order remained unchanged and in
iaolution the hydrolysis of the para isomeride was
. found to be instantaneous at any temperaturs, and

| whilst/
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iwhilst the orfho was also almost completely hydrolysed
‘under the same conditions, the meta isomeride was
Ecomparatively stable.

The lsomerides were then subjected to the.action

of dry hydrogen iodide in glacial acetic acid. This

. | reagent was chosen because the ortho and para hydroxy-

ibenZyl alcohols readily resinify in presence of
aqueous acid, and preliminary experiments showed that
after a time resgin actually appearsed in a reduction
mixture consisting of acetic acid as solvent and
;aqueoua hydriodic acid as reducing agent. The
Eanhydrous reagent proved to be very useful and fsndered
'possible a long series of reductions at a temperaturs
of 250. Under the conditions given in the experi~-
mental porfion of the thesis the order in which the
iiaomerides were reduced was m)O)P. Figure I illus-
trates the remarkable difference in the reactivities
f(see algo publication I, pp. 1395).

The course of the reduction of the meta isomeride
‘however may be open to doubt since it may not be as

‘has been assumed, namely:-

3 .
|1£:E5P C“*a

(1) scnt b +1Br
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CaH';LB"’J ,CHQ.BP
| gl
0 och- Bl OOH+ o

GHItHE=—— CH, & 1,

That the reaction does take.place in the normal
manner was proved by the isolation of m~tolylmethyl
ether from the reduction mixture. Demethylation also

Ita.kea place during this reduction but the methyl
;iodide produced does not liberate iodine from hydro-
' gen iodide and the reactions taking place are therefors

IIT and V

GH.

W) ( j

| i
ocH? Ml Sl

(see publication II).

This reversal of the order of the reactivity of
fthe bromine atom in the threeé isomerides when the
 reagent 1s changed from a hydrolysing to a reducing
' agent provides a striking exaemple of the usefulness
!of the principle of induced alternate polarities and
' also of the truth of the views contained therein.

In/
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In addition to purely induced polar effects
demonstrated in the methoxybenzyl bromides,the effect

of the methoxyl group on the molecule as a whole must

' pe considered, since it is well known that some groups

| guch as the nitro and carboxyl groups stabilise the

' hydrogen atoms of a benzene nucleus although further

 substitution products show that these groups exert a

directive influence which results in the production of
meta disubstituted derivatives. This "general" in-

fluence may be large or small or may be masked by

' thé strong inducing influence of the "key-atom" of

the group. To discover the potency of this influence

which of coursé is purely a matter for experimental

proof, hydrolysis and reduction of benzyl bromide

' were carried out. The hydrolyses at 80° are illus-

 trated in figure IT in which it is seen that the com-

plete order of hydrolysis reads pyo ) unsubs ) m.

' Benzyl bromide is converted into benzyl iodide at 25°

' by the reducing agent used, and the complete order of

reduction therefore reads m)o ) unsubs and p.

From this it maf be concluded that the directing
influence of the methoxyl group is great compared with
the general influence exerted by this group.

The inducing influence would be expected to
decrease with the increasing of the number of carbon
atoms between the inducing atom and the reacting
halogen and therefore the ortho isomeride would be

expected /



expocted to be more reactive than the para towards
ihydrolyaing agents. This however is not the case.
The proximity of the methoxyl group to the

!
_CazBr group may be thought to be responsible for

the slower rate of hydrolysis of the ortho isomeride
ag compared with that of the para isomeride and mee

gteric effects of this nature should not be dis-

regarded. On the other hand the ortho isomeride also
approximates to the meta in the mamner in which it is
reduced, and hence purely steric effects cannot be

respongible for this abnormality which is discussed

| further on pp. 82,

A long series of investigations were then under-
taken in order to show how the oxygen atom influences
' the reactivity of halogen atoms in various halogenated

' benzenoid derivatives’and to see to what extent it

' is possible to trace effects due to the three in-

 fluences already enumerated, namely, induced polar

influences, general polar influences and sterlc in-

l
‘fluencea.
|

' Reduction of the halogenated phenols.

The halogen atoms in the halogenated phenols
Eare to be regarded as one place nearer the "key-atom",
' that is the oxygen atom, than is the bromine in the
methoxybenzyl bromides. Thus the halogen atoms which
have acquired an induced positive polar character

should be those present in the o and p isomerides.



| H&l Hal Ha

OH

The order of ease of reduction should therefore

'be o and p> m. Invegtigation proved that this is so.
' The substituted phenols investigated were iodo, bromo
jand chlorophenols and 4-iodo-resorcinol. The order
' in which the halogen atoms are removed from these
compounds 1s, p=iodo)» o=-iodo ) p~-bromo™ o~bromo >
p=chloro. The meta isomerides show no tendency to

be reduced. 4-~Iodoresorcinol looses its halogen with
 extraordinary ease. It is of interest to note that
Franzen and Stauble (J. prakt. Chem. 1921, (11), 103,

3-chloro-L-naphthol

362-390) prepared, by the reduction of 2 : & : 4-tri-
chloro~p{ ~naphthol with hydriodic acid. The resulting
‘monochloro compound is quite stable to the reducing

 agent.
|

Ol
Sl
O
e

In this connection Nicholet (J. Amer. Chem. Soc.,

1921. 43, 2081) has shown that halogen atoms in ortho
:and/
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11.

and para substituted iodoanilines and bromoanilines
and also in 3-iodo~4-hydroxybenzoic acid are removed
by boiling the compounde with hydrochloric acid and

attributes this to the presence of "pogitive" halogeh;

EHe does not state that compounds in which the halogen

iis in meta position to hydroxyl lgi not removed by

' the reducing agent and it is just as important to show
' that halogen atoms in this position are non reactive
to hydrogen iodide, as to prove that those in ortho

' and para positions are readily replaced by hydrogen.
It is important to note that para halogenated phenols

are more readily reduced than their ortho isomerides. |

The results are illustrated in figure III, the great
-lability of the iodine in p-iodo-phenol is very

striking.
The halogenated phenols were subjected to the
action of various hydrolysing agents but apparently
' no hydrolysis took place.

The isoméric w =bromotoluic acids.

: An application of the principle of induced

;alternate polarities to the isomeric w-bromotoluic
iacias shows that the bromine atoms are induced in sa
mamner which may be regarded as the reverse of that
already described in the case of the methoxy-benzyl

bromides.,
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| 12,
H,C By H,CBr HC BF
¢,00H
. &ooH
‘€6 0H

Here the bromine atom which has acquired an
| induoed negative character is present in the meta
isomeride. Thue the order of ease of hydrolyeis of
;these compounds should be m)p and o , the reverse of
ithe.order which was found in the methoxybenzyl bromides.
iExperiment proved this to be the case. The ortho
fisomericle behaved in an abnormél manner. The rate of
hydrolysis of this compound appeared to rise to a
'maximum and then fall to a constant value which
factually represents an equilibrium as regards the

goveral reactions which are taking place during the

' hydrolysis of W-bromo-o-toluic acid. This effect

is illustrated in Figure IV and is due to spatisal

influences.

Whilst the order of ease of hydrolysis should be

‘m>»0 and p the order of ease of reduction of these
. ¢compounds should be p and o) m. The para isomeride
' was found to be reduced more rapidly than the meta
 1someride, but the ortho compound only liberated
' lodine in the gquantities representing about one half

' of that expected. This is due to the tendency of

CH

CpH =0

824\ to form CgH + HBr with
> ooom S N0h
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13.

withconcomitent loss of reducing power. Reduction of
- the carboxyl group in such media as were used in these
Iinvestigations takes place to a very small extent and
may be lgnored for such comparisons. |
As is apparent from figure IV, all the ilsomeric
‘W ~bromotoluic acids are more difficult to hydrolyse
ithan benzyl bromide. The general polar 1ﬁfluence of
the carboxyl group therefore is quite marked, and has
' resulted in the stabilising of the molécule of the

. substituted benzyl bromide towards hydrolysing agents.

The influence of the nitro group.

The nitro group would be expected to influence

2Br group in a mammer similar to that exerted

:by the carboxyl group. This is so, and of the iso-

the ~CH

meéric nitrobenzyl bromides the meta 1s the most
readily hydrolysed isomeride. The difference of ease
%of hydrolyeis is not very great but it is that which
;wnuld have been antlcipated

HC Br HC Br

+
NO,

A1l the bromides however are far more difficult to
;hidr01yse than the unsubstituted bromide as shown in
 figure V, |

oy

|

|
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The stabilising influence of the nitro group is
further illustrated by the manner in which the re-
activity of p-methoxybenzyl bromide is diminished on

' the introduction of a nitro group into the meta
;position to the -GH2 Br group. The nitro group was
introduced into the molecule in this position in
'order to eliminate any spatial or steric effects
iwhioh might influence the reactivity of the moleculse
when the nitro group is in ortho position to the
' reacting group. 3=Nitro-4~-methoxybenzyl bromide is
 hydrolyesed by aqueous alcohol at approximately the
 same rate as benzyl bromide is hydrolysed. Thus it
is not pOssible to predict differences of reactivity
‘unless the compounds considered are isomeric with
' one enother. If this fact were overlocoked then 3-
nitro-4-methoxybenzyl btromide would be expected to be
more reactive than the very reactive p-methoxybenzyl
| bromide, in virtue of the enhanced negative character
' of the bromine atom, induded by the nitro group, an

effect more than balanced by the strong general in-

| hibiting influence of the nitro group,

HGBr HERr

N
JdcHa ‘O6H,
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As a result of this observation signs such as + +
o+
snd - - which are often met with in the literature

-

' lose one of the interpretations commonly assigned to
them.

! The inhibiting influence of the nitro group has
!mada possible a comparigon of the hydrolysis of a
ip-hydroxybenzyl bromide and a.p-methoxybenzyl bromide.
‘5—Nitro-4Ahydroxybenzy1 bromide is more readily

' hydrolysed by aqueous alcohol than 5—n1tro—4-methoxy—_
|benzy1 bromide (see figure V).

Hydriodic acid was found to reduce the nitro

' group. Hence the investigation of the change of the
order of reactivity with change of reagent was not

| possible,

| Thisconcluded the investigations on the influence
- exerted by the oxygen atom.

i Atoms other than oxygen may influence the re-
‘activity of other atoms in the samé molecule and in
this respect nitrogen behaves analogously to oxygen.
' Additional data on this point could not be obtained
:in these investigations since aminobenzyl bromides
cannot be prepared.

Hydrogen acting as a posgitive "key-atom" in
 groups such as the methyl group may induce differences
' in reectivity. An example of the inducing influence
' of hydrogen has recently been quoted by Lapworth
| (Mem., /
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i(Mem., Manchester Phil. Soc., 1920, 64, III 10.) who

' showed how differences in the acidity of the three

iisomeric cregols are in perfect agreement with those
Ewhich would be expected from a consideration of
ipolarities induced on the hydrogen atoms of the
;hydroxyl groups by the hydrogen of the methyl group.
EAn attempt was therefore made to extend our knowledge
@on the role played by hydrogen in inducing differences

| :
of reactivity in substituted benzyl bromides and iodo

itoluanes.

The isomeric w-~bromoxylenes.

The W ~-bromoxylenes should behave in a manner
abgolutely analogous to that already discovered in

the case of the isomeric methoxybenzyl bromides since

the hydrogen atoms of the methyl group act as positive
+ -
"key-atoms" denoted by - H and hence the induced

|
' polar character of the bromine atom in.the ortho and
‘para isomerides is negative and that of the bromine

iatom in the meta isomeride is positive.
|

CB HCBr HG Br
GH,

CH,

(!
Lt
(PN}
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Thus the order of ease of hydrolysis should be

o end p)m and of reduction m>o and p.

fThis was exactly what was discovered by expeéeriment and
‘it was possible to show that under conditions by which
!Uo-bromo-m—xylene is almost quantitatively reduced by
hydrogen iodide to m-xXylene the isoméric W-bromo-p-

' xylene is converted to w-iodo-p~-xylene. Thus one
:isomeride exchanges its bromine atom for the positive
ion of the hydrogen iodide whilst the other exchanges
it for the negative ion. The action of hydrogen

' iodide on the two isomerides is therefore represented

 as follows:=~

AL
/,GHQ Br 1) +~

CH, + 2HI — CgH,y(CHg)y + I, + HBr
| CHg 3)
CH, Br 1) 4+ ~ CH.I 1)
] 2R
C H e BT oy GZR + HBr.
6 4\~GH3 2) 6 4N\GH5 4)

The manner in which the ortho isomeride reacts
;both to hydrolysing end reducing agent is exactly
analogous to that observed in the case of o-methoxy-
- benzyl bromide and the complete order of hydrolysis
'is pdo>m and of reduction mD>oHp (see Fig. VI).
The general influence exerted by the methyl group
' is quite marked and all the w ~bromoxylenes are more
| eagily hydrolysed than the unsubstituted benzyl
| bromide and this series differs from the nitrobenzyl

| bromides and the @ -bromotoluic acids all of which

are/
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' are more difficult to hydrolyse than benzyl bromide
| itself,
A comparison of the reduction of benzyl bromide

and these isomerides showed that under conditions by

which the o and m compounds are reduced the un-
substituted compound is merely converted to the corres-
Eponding iodide.,

| Jodine is a more electro positive element than

' bromine and hence a benzyl iodide should be more

|
glowly hydrolysed than the corresponding benzyl

' bromide. In accordance with this expectation it was
found that (U ~-iodo-p~xyleéene is more slowly hydrolysed

than the corresponding (W -bromo-p-xylene.

The isomeric iodotoluenes.

In the three isomeric iodotoluenes the iodine
' atoms which have acquired an induced positive polarity
are those present in the o and p isomerides

(ef. the iodophenols).
..l..
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Hence a comparison of the orders of the differences
'of the reactivity of the halogen atoms in the
W=bromoxylenes and iodotoluenes should 1ead to results

anslogous to those obtained in the comparison of the

'methoxybenzyl bromides and the iodophenols. This was
 found to be the case excepting that o-iodotoluene is
more rapidly reduced to toluene than is p-~iodotoluens,
.and in addition the meta isomeride is slowly but
definitely reduced by hydrogen iodide at 2B° (see

| figure VII). This latter observation shows that

the reactivity of the iodine in m~iodotoluene approx-
gimatsa more nearly to that of the iodine in the other
igomerides, than was found to be the case in the
 corresponding iodophenols.

The halogenated benzyl bromides.

‘ The directive influence exerted by halogen atoms
| is spparent from the manner in which substituents
'enter into o and p positions in monohalogenated
benzene derivatives, and also from the various

additive reactions summarised in the Markownikoff rule.

!If therefore the principle of induced alternate
polarities be applied in this case the o and p isomerides
aré seen to contain in the side chain a bromine atom
which has acquired an induced negative polarity, and

hence should be more readily removed by hydrolysing
agentg,/
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!agents, but less readily removed by a reducing agent
ithan that in the meta isomeride which has acquired an

' induced positive polerity.

! H,C Br HGCBr Hzé Br
| Hal

Ha\

The chlorobenzyl bromides and bromobenzyl bromides

'were first investigated, and whilst the order of ease

of hydrolysis was found to be as expected (see figure
| VIII) the order of ease of reduction was the reverse
of that anticipated, and was o and p>m (see figure

\IX). This surprising result could possibly have an

explenation in the rapidity with which the benzyl

| iodides would be reduced. If the reduction was a
|reduction of the iodide and hence summarised by the
reaction

(L) - R. CH, Br + H- I —— R. CHEI + H-Br

(g) R. GHB I 4 H-T ——> R. CHy & 12

then the more rapid formation of the para halogenated
benzyl iodides owing to the negative nature of the
bromine atoms in these compounds would be responsible
for this abnormality. In order to see whether this
is the reason, the isomeric bromobenzyl lodides were

prepared and their reduction proved to take place

iat/
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1
iat exactly the sameé rate as the corresponding bromides.

;Thus it appears as if the majority of the reduction
'curves at first considered to be those of substituted |
ibenZyl bromides are in reaiity those of substituted
:benzyl iodides, & fact which rather adds to than

' detracts from the remarkable nature of the previous
!obaervations. Reaction I is therefore rapid since
it is a purely mass action effect whilst II depends

on induced polarity effects.
|

The last series of substituted benzyl bromides

.| to be examined were the fluorobenzyl bromides and in

{
' this case the order of ease of hydrolysis was found

to be p>m and that of reduction m>p (see figure

X). The differehce in the ease of reduction was

very slight but the order was quite definite. This
' observation, namely that fluoriné is a more strongly
| directing atom than chlorine or bromine is important
:in that the suggestion put forward by Robinson and
Kermack (J. 1922., 121, 428.) as to the cause of
induced alternating polarity effects receives a
certain amount of confirmation. This point is dis-
cussed in detail on pp.|08sfey

Since o and p iodotoluenes lose their nuclear

' 1odine in presence of hydrogen iodide the isomeric
 lodobenzyl bromides were not investigated. It is
' perhaps noteworthy that a little of the nuclear

 halogen of the o and p chloro and bromobenzyl

' 'bromidea/
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bromides is removed by the prolonged action of hydrogen
jodide but not in sufficient quantity to affect the
order of easé of reduction.

All the chloro and bromobenzyl bromides were more
difficult to hydrolyse than the unsubstituted benzyl
bromide but were more readily reduced. The order of
ease of hydrolysis of the fluoro compounds compared

with the unsubstituted compound was p > unsu'bst.>

! m whilst the order of reduction was m > P amdl

‘ unsubsh

A complete summary of the results obtained in
these investigations reads as follows, the fulfilment

or nonfulfilment of the expectation refers only to

the order of reactivity of the meta and para isomerides.

Methoxybenzyl bromides.

Hydrolysis p)o > unsubsd® m (as expected)
Reduction myo > unsubs¥p ( * oy

Halogenated phenols.

Reduction p-I >0-I $p-Br»>0-Br>p-Cl>m isomerides -

(as expected). No hydrolysis detected.

W=Bromotoluic acids.

iHYdrolyais m}p >0 L unsubs (as expected)
‘Reduction p> unsubsdmd>o ( * )
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Nitrobenzyl bromides.

Hydrolysis m)p and o <unsubs. (as expected)

W-Bromoxylenes,

Hydrolysis p >0 >m > unsubs (as expected).

Reduction m>o> p>unsubs.( " " )

| Todotoluenes.,

rReduction o >p> m >unsubs. (as expected)
1

 Fluorobenzyl bromides.

Hydrolysis p)> unsubsd>m (as expected)
Reduction m) p%unsubs. " i

Chlorobenzyl bromides.

Hydrolysis p >0 >m < unsubs. (a.s~ expected)

'Reduction p and o) m Junsubs. (not expected).
|

'. Bromobenzyl bromides.

Hydrolyeis p >o»m £ unsubs. (as expected)
1 Réduction p and o> m)unsubs. (not expected).

 Bromobenzyl iodides.

Reduction p)» m)unsubs. (not expected).

e - T S T T
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b : EXPERIMENTA L.

| PREPARATIVE.

The Isomeric Methoxybenzyl Bromides.

The isomeric methoxybenzyl bromides were pre-
'pared by Sphth (Monatsch., 1913, 34, 1995) through
|

the series of reactions summarised by the following:- |

| _OH M¢,80, ~0CH,

| CHS o kom 2 WeHO

I 959| KOH

_OGH, H

| (: F+ }1I3P G <;C3(: 3
GHOH 6 4 Ne HOH

Modifications in the preparation of the inter-

Imediate compounds in these reactions were introduced
}and details of these have been publighed (see publicaé
tibns I and II)s 1In general it may be said that the
' above series of reactions was found to be the best

possible for the preparation of the meta and para

' 1somerides, whilst the ortho compound was obtained

'most conveniently by the series of reactions
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CHQOH GH,OR  CH,Bn
OH MJ OGH% OCHa
I(Oki

General remerks on the improved methods.
|

o=-Methoxybenzyl Bromide. o-Hydroxybenzyl

alcohol (saligenin) was obtained by shaking re-

'distilled salicylaldehyde in aqueous emulsion with

' sodium amalgem. Small quantities of sodium bi-

carbonate were added to the reduction mixture from
time to time, When the reduction was finished the
' saligenin was extracted from the solution at once,
iand purified by means of animal charcoal. Before the
introduction of this method many attempts to prepare

‘saligenin were a complete fallure owing to the tendency

of saligenin to form saliretin resin in presence of
even a trace of any acid used to neutralise the
ialkali before extraction with ether (of. Publ. I.
ipp- 1398, Publ. II, pp. 2701.).

The methylation of this alcohol to o-methoxy
' benzyl alcohol must be carried out with methyl iodide

(Pschorr, Wolfe and Buckow, Ber., 1900, 33, 165))
!methyl sulphate proved to be unsuiteble for this
' purpose. Moleoular quantities of methyl iodide and

saligenin were dissolved in alcoholic potash (10%)
‘and/ '
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Iaﬁd left to stand for three days. The alcohol and un-
%changed methyl iodide were distilled away, the residue
Idiluted with water, the product extracted away with
iather, purified by washing with dilute alkali and
'distilled. It had b.p. 246°.

‘ o-Methoxybenzyl bromide was then prepared by

| saturating a benzene solution of o-methoxybenzyl
alcohol with hydrogen bromide. The bromide distilled
at 118° at 18 mm. pressure and solifidied almost

' immediately at ordinary temperatures. It crystallised

from light petroleum in colourless six-sided plates

; MePe 4600
m=-Methoxybenzyl bromide. No essential modifica=-

tionsg were introduced into this preparation except in
 the preparation of m-hydroxybenzaldehyde (which how-

ever can now be obtained in quantity from several well

kmown firms) and also the preparation of m-methoxy-
benzaldehyde in which it was found that boiling the
methylation mixture of m-hydroxybenzaldehyde, methyl

Isulphate and aqueous sodium hydroxide results in a
!better yleld of the methylated aldehyde than that

' Obtained when the reaction mixture is meintained at
‘a lower temperature. After a long series of experi-
 ments,reduction of this aldehyde by means of 25 per

' ¢ent alcoholic potassium hydroxide was found to be

!
itha best method for obtaining m-methoxybenzyl alcoohol.

!m-Methoxybenzaldehyde has Db.p. 231° and m-methoxy—benzyl/



27 .

'm-methoxybenzyl alcohol has b.De. 2500. It is very
~essential to note that the ethereal extracts containing
ithesa compounds must be extracted several times with
‘alkeli before drying for the final distillation.

' m-Methoxybenzyl bromlde was prepared by satur-

Eating a benzene solution of m-methoxybenzyl alcohol
' with dry hydrogen bromide. The pure bromide has

|

‘b.p. 127° at 16 mm.

p~Methoxybenzyl bromide. The preparation of

ithis compound was troublesome since the tendency of
ithe bromide to resinify is very marked unless the

' following conditions are observed. The reductlon of
Ianisaldahyde (prepared from anethole by the method
Igiven in detail in publication II, pp. 2702) to
anisalcohol must be repeated twice. Contrary to the
'statement of Splth (loc. cit.) the presence of alde-
ihyde increases the risk of tarring in the final dis-
tillation. The bromide must be dried very carefully
‘and distilled below a pressure of 16 mm., that is, a
temperature of 120°.

| Anisalcohol was prepared from anisaldehyde by

' 8dding the aldehyde to three times 1ts bulk of 28 per

cént alcoholic potassium hydroxide and allowing the
reaction mixture to stand for 24 hours. The alcohol

‘Was distilled away from this mixture in steam, the

anisaloohol /
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‘anisalcohol extiracted from the residue with ether and
ith,en-a.fter this ethereal solution had in turn been
Iextracted with alkali and dried, the alcohol distilled.
It had b.pe. 255—70 and was again subjected to the
:action of 25 per cent alcoholic potassium hydroxide
iand the whole process repeated. The anisalcohol had
!then bepe oB6-8° and solidified at ordinary temperat-
ures.

i p-Methoxybenzyl Bromide was obtained from the
|

|16 mm. Long fine white needles appeared in the

alcohol in the ususl manner and had b.p. 128-9° at
'1liquid but when these came into contact with the moist

air they at once melted probably owing to the slight
'hydrolysis which took place.

The Isomeric gy~Bromotoluic Acids.

The isomeric -bromotolulc acids have been
!prepared by Salkind (J. Russ., Phys., Chem., Soc.,
1914, 48, 508) and Salkind and Ssemenow (ibid B512).
In order to obtain the mete and para isomerides these
investigators brominated the corresponding toluic
‘acids in bromoform solution. The ortho compound they
!obtained from phthalide which was heated in a sealed

tube with hydrobromic acid at 100°. For the purposes

of the experiments recorded here they were all pre-
pared by the general method adopted by Perkin and
Davies /
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'ina.vias (T., 1922, 121, 2202) to preparew-bromo-o-andem-
|
'toluic ethyl esters. The reactions are summerised

as follows =

COOH GOCI
~ SOC| &
!. B
‘ _ _~GOOH H.COOHE HQCOHB%
B cH R S

| () ()

 General method of preparation of the isomeric -bromo-

toluic acids.

iw-Bromotoluoyl bromides (II).

| 25 grams (1 mol) of the toluoyl chloride was
imaintained at a temperature of 185°-198° during the
II gradual addition of 25 grams (2 mols) of bromine.
i'I'h’e crude Z:E.Egluo:rl bromides obtained in this way

|
‘were purified by distillation under reduced pressure.

| ¢ ~Bromo-o-toluoyl bromide boils at 188-161°

under a pressure of 13 mm. and has m.p. 33° (of.

iDa.Vies and Perkin loc¢. cit.)

| @ ~Bromo-m-toluoyl bromide has b.p. 160-165°/ 14 mm.
‘8nd m.p, 25-28°,

} @ =Bromo-p-toluoyl bromide has b.p. 168-170°/

12 mm. and m.p. 39-40° (Br found = 54.5 per cent;
i%ﬂeﬁra requires Br = 57.5 per cent, the low analysis

Tlgure is due to hydrolysis by atmospheric moisture).
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w-Bromotoluic acids (I11.

26 grams of the W=-bromotoluoyl bromide and 300
égra.ms of 80 per cent formic acid were maintained at a
gtemperature of 30-38° for one hour. The hydrolysis
;mixture was then poured into a large excess of water
ia.nd the precipitated acid filtered off and dried.
iEach of them was purified by crystallisation from
ibenzane. The m.p. of the ortho compounds was 1460,
I5%. tho msta 150° and of the para 223°. Salkind and
Ssemenow give 147° ’ 151-2° and 223° respectively for
 these constants. An estimation of the bromine hydro-
lysed by alcoholic potash sghowed that the compounds
‘were quite pure. .
I
i'.Ili:m Igomeric Nitrobenzyl Bromides.

‘ o=-Nitrobenzyl bromide. The scheme adopted for

‘the preparation of this compound is summarieed by the
following:-

| /CH3 : /GH el(l\{)
| CH“‘ NOx Gl HLL« N0,

N

GH \c:{-\o COGHh;
50,9, (\/)
2904
G H,0 W
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i o=Nitrobenzyl chloride (IV)’prepa.red by direct
Ichlorination of o-nitrotoluene in presence of gulphur
iat 120-—1500 as recommended by Haeusermann and Beck
E(Ber., 1892, 25, 2445.),was boiled with sodium acetate
in concentrated aqueous solution. The o-nitrobenzy}
 acetate (V) so obtained was then converted into
'o-nitrobenzyl alcohol (VI) by boiling B0 per cent
 sulphuric acid. This alcohol was crystallised from
ihnt water and readily gave o-nitrobenzyl bromide when
:mixed with the calculated quantity of phosphorus

' pentabromide, The new bromide crystallised from light
petroleum in light yellow plates, m.p. 45.5°. (Found
Br = 368.8. OyHgO N Br requires Br = 37.0 per cent ).

| m-Nitrobenzyl bromide m-Nitrobenzaldehyde was

| prepared by the nitration of benzaldehyde by means of

' potassium nitrate and concentrated sulphuric acid

Tiemann and Ludwig, = 1ibid, 1882, 18, 2045) and then

(Friedlander and Henriques Ber., 1881, 14, 2802;

ire&uced to m-nitrobenzyl alcohol by aqueous potassium
 hydroxide (Becher, Ber., 1882, 15, 2090).

' The crude alcohol was then dissolved in twice its
iown volume of dry benzene and the golution saturated
iWiﬂh dry hydrogen bromide. Two layers were formed
'during this operation and continued agitation was
:neoessary to ensure complete conversion to bromide.

‘GTYBtals separated from the lower layer on standing.

w
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A further quantity of these were obtained after the

|

' benzene had been evaporated away from the upper layer.
| The crude bromide was recrystallised from light

‘petroleum when it melted at B7° and was found to be
|
' quite pure.

! p-Nitrobenzyl bromide. This was prepared by

!direot bromination of p-nitrotoluene in a sealed tube
ifor 2 hours at 120° as.recommended by Lyons and Reid
i(J. Amer. Chem. Soc., 1917, 39, 1729). The crude
 bromide so obtalned had to be recrystallised several
ltimea from light petroleum before the estimation of
ithe hydrolysable bromiyne showed that the compound was
' quite free from benzal bromide. It then melted at

‘98.50.

3 =~ Nitro -4~ hydroxybenzyl bromide.

This compound was prepared by the following series

-of reactions

OH

‘ NO2,
IiC}{O
r4el

G H,OH G H, ®

| o-Nitrophenol (g parts), concentrated hydro-

‘chlorio acid (10 parts) and concentrated aqueous
formaldehyde /

|
|
|
1
|
|
!
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formaldehyde solution (5 parts) were boiled together
iunder a reflux condenser for 6 hours, The formalde-
ihyde gsolution was as concentrated as could be obtained
iwithout the separation of polymer. The supply of
formaldehyde was renewed after three hours. At the
‘end of six hours the solution was cooled when & heavy
!brown oil was deposited. This was separated from
the agqueous layer and unchanged o-nitrophenol dis-
itillad away in steam from the oil. The non-volatile
is—nitro-q,-hydroxybenzyl a.].coho{{”%epara.ted from the
cold solution as a crystalline mass and was purified
by crystallisation from hot water. It crystallised
ia.a bright yellow needles, mepe. 07° (cf. Stoermer and
lBehn, Ber., 1901, 34, 2459). These were dissolved in
| the minimum quantity of dry benzene and the solution
fRae then saturated with dry hydrogen bromide from which
‘the new 3-nitro-4-hydroxybenzyl bromidgmzra.s obtained
iaf'ber the benzene had been evaporated away. It crystal-
Ii liged from light petroleum in yellow prismatic needles
‘of m.p. 82°, (Found Br = 34.46; CpHg0z N Br requires

‘Br = 34,44 per cent.)

B-Ni'tro-qc-methpxybanzyl bromide.

3=Nitro~4-methoxybenzyl alcohol was prepared by
‘methylating 3-nitro-4-hydroxybenzyl alcohol by methyl
'lodide and potassium hydroxide in methyl alcoholic

_Bolution in the usual manner, It was recrystalliged

i from/
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' from hot water when it melted at 69° and was then
;oonverf,ed into the corresponding bromide in benzene
|solution by means of dry hydrogen bromide as before.
g B-Nitro-4-methoxybenzyl bromide crystallised
;from light petroleum in pale yellow needles of me.p.
I_ 1080 (Found Br = 32.84; 08 305 N Br requires

Br = 32.49 per cent.).

' The w -Bromoxylenes.

These were all obtained by a general method

summarised in the scheme

e S HST

| “>CHy t Gy

| A S
/G H GH(xD

I HNO2

| _CH,Ba _Ch,0n

C H \Cﬁ A B CBHH-\ CHS
(X1 (X1

|
|
|
}The electrolytic reduction of the toluic acids was
attempted but found to be very unsatisfactory. Hence
 the toluidines (1X)were converted into the corresponding
initriles (X) in the usual manner by means of the action

iof potassium cuprocyanide on the diazonium salt.
' The /
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The nitriles were then purified by distillsation in
_gteam. They had b.p.s. o0~ 202-4°; m- 210-12° and

P= 215-170 respectively.

i The nitriles were reduced to the tolylmethylamines
(XI) by means of sodium and alcohol. (cf. Kr&ber Ber.,
1890, ‘23, 1026 and Sommer. ibid., 1900, 33, 1073.)
Thirty grems of the nitrile were dissolved in one
1itre of perfectly dry alcohol. Sodium (100 grams)

was added to the boiling solution through an upright

Ioondenser. When all the sodium had dissolved the
!reduction mixture was diluted with water, acidified
'with Hydrochloric acid and the alcohol distilled away
Ein a current of steam. The residual acid solution
was made alkaline with sodium hydroxide and the
!liberated tolylmethylamine distilled over in steam.
iIt was extracted from the distillate with ether, drieq
iover sodium sulphate and purified by distillation.

The yields of the o-, m=-, and p- tolylmethylamines
‘bbtainad by this general method were, o- fifty per cent,
im- thirty per cent and p- sixty per cent of the
‘oxpected quantity, They distilled at 200-202°, 198-
i200° and 194-6° respectively.

The corresponding tolylcarbinols (XII) were ob-
'tained from the amines by the addition of twice the
‘necessary quantity of sodium nitrite to a solution of
!the bage in an excess of dilute hydrochloric acid.

‘Nitrogen was evolved at once. The mixture was allowed
|

to/
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ito stand overnight and the reaction then carried to
completion on the watér bath. The carbinol was 6X-
‘tracted from the reaction mixture with ether and
!after the ether had been evaporated away the residue
purified by distillation in steam. From the ethereal
iextraot of the distillate the carbinol was obtainsed
‘pure. The yields of the resgpective isomerides werse

o- fifty per cent, m- seventy per cent and p- forty
per cent of the expected. o-Tolylcarbinol melted
‘a.t. 33° and distilled at 112-1140 at 9 mm., m-tolyl-
carbinol distilled at 108—111 at 10 mm., and p-tolyl;
icarbinol melted at 80°. The poor yields of the ortho
and para isomerides are due to the fact that appreci-
‘@ble resinification took place during steam distilla-
[tion of the tolylcarbinols.

! The lsomeric w -bromoxylenes (XIII) were obtained
ifrom the corresponding tolylcarbinols by the usual
!method of saturating the dry benzene solution of the
ilatter with dry hydrogen bromide. The ortho isomeride
distilled at 102° at 11 mm., and melted at 20°; the
meta isomeride distilled at 97-99° at 8 mm., and the

para igomeride at 100° at 9 mm., and melted at B35.5°.
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Preparation of the Halogenated Benzyl Bromides.

‘ The isomeric ortho and para chlorobenzyl bromides
' wore prepared by the method summarised in the follow-

' ing scheme.

A Lt'\-e’| v G\
\\@GOOH
N 0
chu;ETQwD
| 25% KOH
_GH,Bn _GH,O0R
Mg e GHRe

(x Vi) Cevi)

Ortho and para chlorotoluens were prepared from

the corresponding toluidinesin the usual manner.

These compounds were then maintained at a temperature
of 160° and chlorine passed into them until an increage
!of welght corresponding to the formation of p-chloro-
ibenzdl chloride (XV) had taken place (PCl, was added to

' the chlorotoluene before chlorination, 5 per cent of

| the weight of the original oil being used.) The
iOthI‘O‘bSnZ&lchdeB were then prepared in the follow-
'ing mamner.

: The chlorinated oil (50 grms) was boiled with
‘100/
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100 ¢c. of 98 per cent formic acid (Sp. gr. 1.20) for
half an hour. At the end of this time the evolution
of HO1 had ceased and the whole was therefore poured
into an excess of cold water, The cooled solution

was neutralised with concentrated sodium hydroxide

golution and the neutralised solution then extracted
with ether. The ether was evaporated away from the
ethereal extract and the residue thoroughly agitated
with freshly prepared sodium bisulphite solution.
The solid sodium bisulphite compound which was formed
in this way was filtered off, thoroughly washed with
alcohol eand ether, dried and decomposed in aqueous
solution by concentrated aqueous sodium carbonate.
The liberated asn.lé.eyhy;w:':lg(V vea.s extracted with ether and
after the ether had been distilled away the aldehyde
remained behind. The ortho compound had b.p. 2100
and the para compound had m.p. 48°. The yield was

approximately 50 per cent of that expected in each

cago,

0=Chlorobenzyl alcohol was prepared from o-

':ohlorobenzaldehyde by the usual Cannizzaro method,
%1-6-, 15 grams of the aldehyds were poured into 45 cc.
of 25 per cent alcoholic caustic potash and the re-
!a.otion completed by allowing the mixture to stand at

' Ordinary temperatures for 48 hours, The ethyl alcohol

Was then distilled away from the reaction mixture in

ieteam and the residue extracted with ether. From this

 8ztract /
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extract o-chlorobenzyl alcohol was obtained as a white

' g01id of m.p. 70°. It was purified by crystallisation
Efrom light petroleum.

| o=-Chlorobenzyl bromide was obtained from the

' white needle-shaped crystals of o~-chlorobenzyl alcohol

which were dissolved in dry benzene. Dry hydrogen

bromide was passed into this solution until it was
|

|
' saturated. The aqueous layer was separated from the
!

2.
' The benzene was evaporated from this under reduced

uppsr benzene layer which was dried over CaCl

' pressure and o-chlorobenzyl bromlde obtained as a
colourless liquid of b.p. 101—20/ 9 mm. (Found Br =
39.05;_07H6_01_Br requires Br = 38.9 per coent.)

p-Chlorobenzyl bromide was prepared from

p~chlorobenzaldehyde in the same way. The aldehyde

15 grams was dissolved in about 10 cc. of hot absoluté

;alcohol and added to a mixture of 12 grams KOH, 8 cc.
\of water and 20 cc. of absolute alcohol. The reaction
imixture was thoroughly agitated for about a quarter
{of an hour in order to ensure complete mixing. After
ithis the mode of procedure was exactly as described
'in the case of the ortho isomeride. p-Chlorobenzyl
}bromide thus obtained is a s0lid m.p. 51°. (Found Br =
!58.7; 07H501' Br requires Br = 38.9 per cent.).

m-Chlorobenzyl bromide was obtained by the

following series of reactions
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| v

| GHO GHO CHO
K NO4
o ()
H250¢ NOp 7 NH,
HNOz
i
GH; B~ == CHLOR - [Gu,Ma
GHO
25 %
HB :
el oL el INOH

Gl
(X1X)

m-Nitrobenzaldshyde prepared by nitration of

(xx1) (x%)

benzeldehyde with potassium nitrate and concentrated

sulphuric acid was carefully recrystallised from light
'petroleum. It then melted at 59-80°. This was under-
taken in order to ensure freedom from o-isomeride.
It was then converted to m~chlorobenzaldehyde by the
method of Ardmenn and Schwechten (Annalen, 1890, 260,
5.) '
m-Nitrobenzaldshyde (100 grams) was slowly added
to a mixture of 450 grams stannous chloride and 600 cG.
of concentrated HCl. External cooling was necessary
during this operation. When the mixture was quite
'¢0ld and reduction complete the flask was immersed in

& freezing mixture. The amino aldehyde was then at

!once diazotised by a solution of 50 grams of sodium
nitrite in 180 cc. of water. The diszotised base was
then added to a solution of cuprous chloride prepared

'by/

|
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by boiling together 30 grams of cupric chloride,

15 grams of copper wire, 130 cc. of concentrated hydro-

chloric acid and 30 cc. of water. The whole was then

carefully heated on the water bath and the m-chloro-

benzaldehyde distilled over in a current of steam.

The aldshyde was extracted from the distillate with

ether and the ethersal extract in turn extracted four

times with small quantities of 10 per cent aqueous

godium hydroxide. The aldehyde was obtained from the
dried ethereal extract by distillation. It had b.p.
' 213-4° and weighed 42 gms.

m-Chlorobenzyl alcohol was then prepared from
the aldehyde in the usual manner and had b.p. 242-50
and not 234° as given by Mettler (Ber., 1908, 38,
11749.)

m~-Chlorobenzyl bromide was prepared by saturating

8 dry benzene solution of the alcohol in the usual

way. It had b.p. 109-10o at 10 mm. (Found Br = 38.64;

GyHg Ol. Br requires Br = 38.9 per cent.).

The Preparation of the Isomeric Bromobenzyl Bromides.

| The bromobenzyl bromides cannot be obtained by

‘& series of reactions corresponding with those already
8éen to be successful in the previous cases.

Chlorination of the bromotoluenes led to the pro-

 duction of very impure products and it was discovered
that/

|
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that chlorine displaces bromine from the nucleus to

an extend representing at least 50 per cent of that

| which is possible, The isomeric bromobenzyl bromides
!however are all solids and can be obtained in a state
| of great purity by recrystallising the crude bromina-

tion products of the bromotoluenes.

Preparation of the bromotoluenes. (Acréé Ber.,

1904, 37, 994.).

The toluidine (50 grams) was dissolved in 250
grams of hydrobromic acid (sp. gr. 1.375).

'The toluidine hydrobromide was diazotised at -10° and

then added to a hot solution of cuprous bromide which |
iwas prepared by boiling together éo grams copper
:aulphate, 60 grams of sulphuric acid and 320 cc. of
water, The bromotoluenes were obtained by steam
distillatlon of the reaction mixture in the usual way.
The yield in each case was about 32 grams. The above

procedure is quite satisfactory for the preparation

of the ortho and meta isomerides but p~toluidine is
‘not completely soluble in the quantity of hydrobromic
acid stated, and 50 cc. of water must therefore be
‘added in order to complste the solution.

The isomeric bromobenzyl bromides were obtained
by direct bromination of the bromotoluenes in the
‘following way. A weighed quantity (1 mol) of the

:bromotoluene/

]
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*
promotoluene was placed in flask A and a quantity of

bromine corresponding to one and & half molscules

placed in B. A current of dry air was passed into
the bromine and this in turn directed into the bromo-

toluene which was placed in an oil bath maintained at

|

O s/

a temperaturs of 180-200°.

When all the bromine had been passed into the bromo-
toluene the brominated oil was distilled under reduced
pressure and in all cases the portion distilling at
120-140° at 17 mm. was collected and cooled to =15
and the crystals at once gpread on a porous tile.

‘These were twice recrystallised from a small quantity
of alcohol when they were found to be excellent samples

Of the bromobenzyl bromides. The ortho compound had

m.p. 31-2° and contained bromine hydrolysed by

alcoholic potassium hydroxide = 32.1%; m- compound
hag/
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' nad m.p. 39-420° found hydrolysable Br = 31.8% and p-
.oompound had m.p. 82~-3° found hydrolysable Br = 31.8%;
| CoHgBry should contain hydrolysable Br = 32.0%.

.(cf. Jackson, Ber. 1878, 9, 932.)

The igoméric bromobenzyl iodides were all pre-

pared from the corresponding benzyl bromides by the
following general method. A solution of 10 grams of
potassium iodide in 7 cc. of water and 30 cc. of
acetone was added to a solution of 5 grams of the
bromide in 20 cc. of acetone. The whole was then
boiled for one hour and then poured into water, The
solid which separated out after this treatment was
collected, pressed on a porous tile and recrystallised
Ifrom light petroleum.

o-Bromobenzyl iodide crystallises in shining
white needles of m.p. 47°, Found I = 42.753
qu H6 Br I requires I = 42.7 per cent.

m-BroﬁobenZyl iodide crystallises in white six
sided prisms of m.p. 42°. Found I = 42.8 peor cent.

p-Bromobenzyl iodide crystallises in shining

wWhite needles of m.p. 750. Found I = 43.0 per cent.

‘o= and p- Fluorotoluenes.

The toluidine (25 gms.) was brought into solution
iin & mixture of 30 cc. of concentrated sulphuric acid

Iand 80 cc. of water. The solution was cooled to -B°
{and/



| and the toluidine diazotised by the gradual addition

of a solution of 20 gms. of sodium nitrite in 50 cc.

of water. The temperature of the solution during

| diazotlisation was not allowed to rise above 52

The diazotlised base was then added to about 400 cc.
of commercial hydrofluoric acid (50~80%) contained in
& 1,600 cc. copper flask. Considerable evolution of

heat took place but the reaction was efficiently con-

' trolled by keeping the copper flask surrounded by ice.

The flask was then fitted with a copper reflux con-

1denser and carefully and slowly warmed on & water bath

for one hour. The m-fluorotoluene was then distilled
from this copper flask directly into 200 cc. of 30%
caustic soda contained in a copper beaker which was
surrounded by a good freezing mixture. The distilla-
tion was continued until a distinct rise in tempera-
ture was noted in the caustic soda solution and then
stopped. The liquid in the beaker which was still
ma.r];:edly alkaline was extracted thrice with ether,

the combined ethereal extracts rendered free from

émulgion by means of a saturated solution of ammonium

Bulphate and then dried over anhydrous sodium sulphate.
The fluorotoluene was obtained from this in the usual
memmer end had b.p. 116-7°. (The fraction 110-120°

Was collectedsyield about 15 gms.)

. L
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m=- and p=Fluorobenzyl bromides.

‘ The fluorotoluene (100 grems) was brominated in
' the apparatus described on pp. h?i one molecule of
:promine (total weight 150 grams) being used. In order
to avoid nuclear substitution of the halogen the

' brominations were carried out with small quantities
l_(ao grams) of the fluorotoluene. The brominated oil
:was then hydrolysed with approximately twice its
'volume of boiling formic acid (98% Sp. Cr. 1.20) for
two hours. The solution was diluted with water
neutralised with aqueous potassium hydroxide, and the
mizture of aldehyde, bromide, alcohol and unchanged
m=fluorotoluene extracted away with ether. The
aldehyde was precipitated from the ethereal solution
a8 the sodium bisulphite compound. This was then
|filtered off and thoroughly washed with ether. The
combined ethereal extract and washings were dried

over sodium sulphate, the ether then evaporated away,

the residual o0il dissolved in benzene, and the benzene
 Bolution saturated with dry hydrogen bromide. This
solution was allowed to stand over calcium chloride
_for gome time and then fractionated under diminished
pressure by means of the apparatus shown, which it

was later discovered had already been described by




The fraction whic_}i_di"st_ii_led between ‘72-—800 at 12 mm.

wes refractionated at 8 mm. and the sample then dis-

covered to be impure was extracted aga.in with sodium

bisulphite solution and the residual oil saturated in
ibenzene solution with dry hydrogen bromide as beforse.
The bromide was obtained pure from this selution by disnillation.

m-Fluorobenzyl bromide had a be.p. 76~8° /15 mm.
and p-fluorobenzyl bromide had b.p. 82-3°/12 mm.
Found Br = 42.0 (for meta isomeride), 42.0 (for para |
isomeride ). C7HGFBr requires Br = 42.3 per cent.

The preparation of the meta isomeride was a very
_difficult problem on account of (a) the lachrimatory :
nature of the compound, (b) the formation of a constant
boiling point mixture of m-fluorobenzyl bromide,
‘m=fluorobenzyl alcohol and m-fluorobenzaldehyde and
(¢) the difficulty encountered in freeing the bromide

from the last traces of impurity.

‘ Pragaration/
|




Preparation of the halogenated phenols.

The ortho and para halogenated phenols were
prepared from the corresponding amino phenols by the
usual methods.

m-Chlorophenol was most convenlently obtained
from m-hitraniline which was first converted into
n=chloronitrobenzene and then reduced to m-chloro-
aniline by means of iron filings and hydrochloric

acid (cf. Morgan, J., 1900, 77, 1204.) in the apparatus
ghown here:-

m-Chloronitrobenzene (100 grams ), at a temperaturs
‘of B0° was allowed to flow drop by drop from the
funnel B into a mechanically stirred mixture 200 grams
iron filings, 400 cc. of water and 15 cc. of conc.

‘hydrochloric acid in the flask A. After a slight

Préliminary warming the heat of the reduction was
suffioient to maintain the temperature of the reaction/




' reaction at 950. When all the chloronitrobenzene had
been added, an hour's heating at 90° completed the

;reduction. The reaction mixture was then cooled and
!neutralised by the addition of 30 grams of sodium
bicarbonate and the chloroaniline distilled over in
' steam, The distillate was extracted with ether and
the ethereal solution dried over sodium sulphate.
The yield of chloroaniline was 50 per cent of the
|expected.
| m-Chloroaniline was then diazotised as described
|'by Varnhold (J. pr. Chem. 1887, 36, 27.) and the
!solution of the diazotised base heated on the water
‘bath until evolution of nitrogen had ceased. It was
then filtered and the chlorophenol extracted from the
'solution with ether and purified by distillation.
| m-Bromophenol was prepared in a similar manner.
It was found however that bromination of nitrobenzene
(Wheeler and McFarland: Amer. Chem. J., 1897, 19, 366)
‘18 much more satisfactory than chlorination.
m=Bromonl trobenzene was then reduced by iron and
ihydrochloric acid and the m-bromoaniline diazotised
;and converted to m~bromophenol (Diels and Bunzl Ber.,
1905, 38, 1405.) The phenol distilled under 12 mm.
lPreasure at 125-7° and not at 138-40° as stated by
‘Diﬁla and Bunzl.

m-Todophenol was obtained from m-nitraniline

 8ccording /
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|
' (Ber. 1887, 20, 3020.) The intermediate m-~-iodo-

according to the methods of NOlting and Stricker

nitrobenzene was reduced by means of iron and hydro-
chloric acid.

‘ 4-~Todoresorcinol. The method used was that

described by Stenhouse (Annalen, 1874, 171, 311.)

' In order to lodinate 20 grams of resorcinol it is

| necessary to use 220 grams of litharge. This obviously

provents the reduction of the iodoresorcinol by the

hydriodic acid produced in the reaction.

The isoméric iodotoluenes were all prepared from

:the corresponding toluidines by Sandmeyer's reaction.
'The ortho and para isomerides were obtained pure and
had beps. 208° and 211° regpectively. The meta
Eiaomerids had b.p. 2150 {?eilstein and Ruhlberg give
204° ( Annalen, 1871, 188, 34gﬂana in view of the
fact that this compound lost some of its iodine when
Iaubjeoted to the action of hydrogen iodide in glacial
‘acetic acid a sample was prepared from an suthentic
!Bpecimen of m~toluidine specially obtained pure by

' the following series of reactions.

CH-

| GHa,
| GH3COOH, NO3 5
| NO,

NHz NHCOGH, NH.COGH3




B1.

CH,
| HNOz omd FQ. omd
‘ NO Hﬁc
2 .2-
| NH,

p-Toluidine (200 grams) was acetylated by boiling
'with 300 grams of acetic acid and 15 grams of

| anhydrous zinc chloride for 2 hours. At the end of
this period the whole was poured into water and the

' golid acet-p-toluidide filtered off,thoroughly washed

Iwith water and carefully dried.

| Acet~p~toluidide (100 grams) was then added to
;a. mixture of 200 grams of concentrated H280 4 and

iaoo grams of concentrated nitric acid. The temper-
ature of the mixture rose to 38%and the toluidide was
'added in quantities necessary to maintain the tempera-
ture at 35~40° (About 20 mins. only was necessary for
this, If the reaction is allowed to go more slowly
'hydrolysia of the toluidide takes place and the
:rasulting product is very tarry.) The mixture was

'I then almost immediately poured into a large excess of
iwater and the solid which separated filtered off,
Dressed on a porous tile and then dried in a dessicator.
‘The solid was then placed in a flask and melted on

| the water bath. The water which separated was poured
iaway/
|

|
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| away and thus m-nitro-aceto-p-toluidide was obtained
dry.

The nitro compound was then diséolved in about
twice its own volume of alcohol, snd the quantity of
potassium hydroxide necesgary to hydrolyse this to
m-nitro-p~toluidine was added in solution in its own
weight of water. When the odour of ammonia from this
‘mixture was marked, hydrolysis was complete and the

'whole was cooled,

GH?, CH3
| e
| +ROH + NHg
NG, | NO,
NH, o

The solid which separated out at ordinary

temperatures was filtered off and dissolved in three
parts by weight of alcohol and the amino group re-
pleced by hydrogen by diazotising the amine in presence
of 3 parts of concentrated sulphuric acid, and then
heating the reaction mixture on the water bath.

The crude m-nitrotoluene was distilled over in
8team and separated in the usual manner. It was
purified in the following way. (Reissert, Ber., 1897,
50, 1047). '

Sodium (12.5 grms.) was diseolved in %10 cc. of
:abeolute/




B3

‘ab901ute alcohol and to the cold solution of sodium
‘ethoxide so obtalned, 40 gms. of diethyl oxalate
!(prepared by the method recommended by Clarke and
'Davis in Organic Syntheses Pt. II, pp. 23) and

46 gms. of the crude m-nitrotoluene were added. The

Iraaction mixture assumed a deep red colour and was
‘maintained at a temperature of 570 for 3 days.

' The alcohol was then distilled off and the residue
extracted with ether. The ethereal solution was in

' turn extracted with 10 per cent aqueous sodium
:hydroxide, dried over ca012 and the m=nitrotoluene
ithen purified by distillation. It had m.p. 16O and
‘bop. 281° at 76° mm.

i m-Nitrotoluene (40 gms.) was reduced to m-
‘toluldine by mesns of 50 gms. of iron filings, 60 cc.
of water and 4 cc. of glacial acetic acid in the
2apparatus already described, The m-toluidine sc ob-
|teined had b.p. 202.5-3° and was colourless. The
im-iodot.ol‘uene prepared from this in the usual manner
hed b.p. 212°. This proved the reliability of the
‘m=toluidine used in the experiments, since all the

m-iodotoluene prepared had b.p. 213°.
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EXPERIMENTAL, QUANTITATIVE.

Hydrolysis of the isomeric methoxybenzyl bromides.

(a) Hydrolysis when emulsified with Zg' NaOH at B5°C. |

This series of experiments ies not strictly
comparable with other series but is quoted because
it shows quite clearly the similarity of the ortho to
the para isomeride and also the sharp line of de-
marcation between the para and meta isomerides.
Method. Approximately 1 gram of the bromide was g
weighed by difference into 280 cc. of Zg—
NaOH which was vigorously stirred with a Witt stirrer
énd maintained at a temperature of 580. At regular
Iinterva.ls 26 cc. of this mixture were withdrawn
(the stirring was not stopped during this operation) |

and run into 28 cc. of standard H2804. By this means |

hydrolysis was at once stopped and the excess of

32804 was then titrated rapidly. In this way an
approximete measure of the rate of hydrolysis of the
bromides was obtained. The results are summarised in

Table I (see also table I.(1) publication I. pp.1398).
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Table T
In uJbIC";

rre[arvesgnl's: l't'me 1) minu\é:—, Prom commeocemenr
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Compow)cl c.omloouncl corv')’:)OQrpcl |

W = O 882 0-R3) 0 Q3L |

f—’ X T i |

2:5 340 = S L |
10 62:0 [-b o-8
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2345 g@i.g Ee =

(b) Hydrolysis in solution.

The second series of hydrolysis experiments |
'wWhich were carried out in solution in agqueous a.lcca]::u'.)lI

contains results strictly comparable with one another,

la.nd those obtained in other experiments. In this |
}aeries the acid liberated by the hydrolysis of the i
}bmmide was estimated by direct titration with stendand
‘alkali.
Method. Approximately 1 gram of the bromide was
weighed into a graduated 100 cc. flask and
then sufficient aqueous alcohol (containing 80 péer cent
alcohol) added to make the volumeé 100 cc. This was
then placed in a thermostat at 28° and the liberated

acld determined by titrating aliquot portions of this

|

391111:1011. The results of this experiment are summar-
ised/
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summarised by saying that whilst the para isomeride
: is completely hydrolysed after 2.5 mins. and the ortho
isomeride appears to be almost completely hydrolysed
in that time, the meta isomeride was hydrolysed to
the exteﬁt of 10, 20, and 33 per cent after 1, 2, and:
| 3 days respectively. |
The rate of hydrolysis of the meta isomeride was |
compared with that of benzyl bromide at a temperature
of boiling chloroform vapour, i.o. 600.
A weighed quantity of the bromide (either m-
methoxybenzyl bromide or benzyl bromide) was dissolved
in 105 cc. of absolute alcohol, 20 cc. of the solution

' placed in a graduated 25 cc. flask, B cc. of water

added and the volume of the whole made up to 25 cc.
|with absolute alcohol. The contents of the flask
;were well mixed and then the flask placed in the

vepour of boiling chloroform.
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|

|At the end of the intervals stated in the tables

i(an extra 5 mins. was allowed in each case for
;aquilibration of the temperature) the contents of the
| Plask were washed into a large excess of water and the
iliberated acid at once titrated with standard alkali..
iThe results are summarised in Table II in which

it repregents time in minutes from the commencement
éof the experiment, w the weight of bromide taken,

'and x the percentage of bromide changed.

| TABLE II.
| R e v
Benzyl bromide m-méthoxybenzyl bromide.
;
i W = 0.4610 grams w = 0.5430 gram.
t b4 t X
3 22.1 i 14.2
1 38.7 & 28.4
2 59.0 2 49.2
R 4 79 +8 & 71.9
| 8 8 89.0

‘ 87.0

i The rate of hydrolysis of the ortho and para
|
| Compounds under these condlitions is of course

! infinitely rapid.
|

i Regults similar to those in aqueous alcohol at
a6

86" were obtained when the hydrolyses were carried out
in gg agueous alcoholic alkali and also Eg-a.queous

!alcoholic alkall at 28°.
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Reduction of the methoxybenzyl bromides by dry hydro-

'gen lodide in glacial acetic acid.

 Preparation of the reagent.

Hydrogen iodide was prepared according to the
mothod of Norris and Cottrell (Amer. Chem. J., 1898,
18, 97.). Iodine (80 grams) and dry red phosphorus
(8 grams) both in a finely powdered condition were
mized together in a flask which was then gently
warmed and shaken. The whole liquified and when all
‘reaction had finished the flask was cooled and 30 ccC.
‘of water added. A esmall flame was placed under this
and the stream of hydrogen iodide regulated by the
tsize of the flame. The hydrogen iodide was passed
through an empty Woulff's bottle which served as a
trap, and then through a U tube containing glass
Wwool and pumice which had been soaked in & paste of

red phosphorus and water. The gas was dried by

pegsing it through about 8 incheg of P and then

205
‘passed into cold glacial acetic acid until the acid

‘ was saturated.

Reduction of the methoxybenzyl bromides.

Approximately 0.5 cc. of 0.25 cc. of the bromide

under investigation was weighed into a small 5 cc.
stoppered/
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?gtoppered measuring cylinder. Five ccs. of the
nydrogen iodide solution were then added (the reducing
agent contained 0.4464 gram of HI per cc.) and the

o
cylinder placed in a thermostat at 25 . By means of

la small pipette 1 cc. of the solution was withdrawn
‘at definite intervals of time, run into a large excess
ic:uf‘ water and the iodine which had been liberated
titrated with 'i% gsodium thiosulphate solution. A
blank experiment in order to determine the amount of
oxidation which is due to the oxygen of the atmosphere
was carried out at the same time.

- The results are summarised in Table III (see also

fable II of publication I, pp. 1399 and 1400.)

Table M\

TL)E" ‘bijloo's: r W cxnc!x l')ove Hf)e Same '
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55_ I Y Qlo Cib 2 !
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Notes on the reductions. A very slight pre-
¢ipitate was noted in the reduction of the ortho

compound, but this went completely into solution at

8/
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g temperature of 250. The accuracy of the method

wag apparent from the fact that 0.5 ccs. of solution
wes left in the cylinder at the end of the experiment.
When this residual (0.5 cc.) was left in contact with
the atmosphere, resin was formed in the case of the

ortho and para isomerides.

Isolation of reduction products from the action of

hydrogen iodide on m-methoxybenzyl bromide (see

publication III).

m-Methoxybenzyl bromide (8.08 gram) was weighed

finto a graduated flask (capacity 50 cc.) which was

then filled to the mark with glacial acetic acid con- |

taining 0.46 grams of hydrogen iodide per cc. and

then placed in a thermostat which was maintained at a
temperature of 25°. A sample of this withdrawn after
20 minutes indicated that 93.5 per cent of the bromide
had been reduced. Samples withdrawn after the re-
action had proceeded for one hour,and one hour and a
half were identical .,and indicated that reduction was
complete (97.5 per cent) and that the liberation of
lodine had ceased.

Separation of the reaction products.

The corntents of the flask were poured into
200 ccs. of water containing 17 grams of NapS,05 in
Solution. This acid solution was neutralised with

80114 sodium carbonate (during this operation the
Odour /
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odour of methyl iodide was very marked), and then

extracted with ether. The ethereal solution was in turn

extracted thrice with 10 per cent caustic potash solu-

| tion and then dried over anhydrous sodium sulphate.

rM‘tr:w distilling off the ether the residual oil was

fractionated,and boiled mainly between 1800 and 200°.

This fractlon weighed 0.90 grams. On refractionating

0.80 grems boiled between 178° and 185°. This alkali |

ingoluble o0il was m-tolyl-methyl ether (B.Pt.177°C.)

and was further identified by oxidising a small portion

\with alkaline permanganate to m-methoxybenzoic acid, and

also by demethylating it to m-cresol as described below.
From the caustic potash solution,acid precipit-

ated an oil which after extracting with ether drying

(etc. and distilling was found to boil betwseen 1900

and 200° and weighed 0.70 gram. This o0il had the

‘péculiar odour of m-cresol (B. Pt. of pure m-cresol

is 2010), gave a blue violet colour with ferric

chloride solution and a white precipitate with bromine

vater. This compound crystallised from agueous

alcohol in white needles and had m.p. 81-2° and did

:not depress the melting point of an authentic specimen

of tribrom-m-cresol.

Demethylation of m-tolylmethyl ether.

The ether obtained in the first experiment was
dissolved in 5 cc. of the reducing agent and allowed

to stand at 250 for 5 hours. JIodine was not liberated.
The / |
|
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| The mixture was neutralised etc. as before when a

| gmall trace of the ether was detected unchanged and
0.17'gram,of m=-cresol was igolated and identified as
!before.

| No liberation of iodine took place when 0.50 gram
of methyl iodide was allowed to stand in solution in
'p cc. of the reducing agent for 4 hours at o8°.

Hence the reduction of m-methoxybenzyl bromide

' follows the course

| CH:BP : CF@ CH%

| .
| OCH, pEfE e OOH

|
Hydrolysis of the isomeric w-Bromotolulc acids.

i Systematic investigations on the hydrolysis of
the w~chlorotoluic acids have been underteken by

\Olivier (Rec. trav. chim. 1923, 42, B15.) The method

adopted by Olivier includes the extraction of un-
changed material with ether from the hydrolysis
‘mixture. In the present investigation the hydrobromic

|
‘acid and the toluic acid were both estimated by direct
|

titration and the correction to be applied for the
&cldity due to the carboxyl group was determined and
i&ppliad in each experiment.

 Salking/
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salkind and Ssemenow (loc. cit.) have carried out

gystematic hydrolyses of the w ~bromotoluic acids in

aqueous acetone solution at a temperature of 50° .
:Both these series of investigations are comparable,
ibut for purposes of comparison with other investiga-
itions a complete series of hydrolysis was carried out
!in'aqueous alcoholic solution at a temperatufe of
'75%; the boiling point of carbon tetrachloride.

A small quantity of the acid (0.10 gram) was weighed |
‘into a 25 cc. graduated flask and then dissolved in

20 cc. of absolute alcohol, B cc. of distilled water
added and the volume made up to 25 cc. with alcohol.

' The mode of procedure was then exactly as described

béfore. The results are summarised in Table IV

(see also Table I, publication IV, pp. 1315).

—

I| Table |

0
| —

01154 94 01207 90 00075 99
01199 98  0-0998 04 = =

| o-Compound. m-Compound. p-Compound.  Benzyl bromide.
! i w. s . . W [ w, T,
4 0:1068 5:0 0:1019 27 0-1076 13 0-0804 57
0-1158 7-0 0-1010 42 0:1049 30 = 81
01031 4-9 0-1207 70 0:1126 54 - 92
0-1089 4-7 0-1001 87 01110 74 = 96
0-1126 4-8 0-1149 90 0-1032 83 : 97

b9 S 00 W b

It is very important to note the peculiar be-

!haﬁhnu-of the ortho isomeride during this hydro-
|
Elysis,

|
|
\Reduction/
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Reduction of the isomeric w-bromotoluic acids.

The solubilitylof the w~bromotoluic acids in

cold glacial acetic acid is not high enough to permit
' the use of the reducing agent used in the previous
iexperiments. For the reduction of the w-bromotoluic
}aoide therefore the following method was employed.

A constant boiling mixture of hydrogen iodide and
iwater was prepared in the usual way. Great care was
|exercigsed in the preparation of fhis reagent, all
 samples being distilled twice before use.
Approximately 0.10 gram of the acid was dissolved in
!15 cc. of glacial acetic acid, the whole being slightly
]warmed if necegsary. Ten cc. of the congtant

!boiling mixture of hydriodic acid and water were added
'and the flask placed in the vapour of boiling toluene.
At the end of stated intervals the solution was wadhad
out and the liberated iodine egtimated by titration
EW1th sodium thioaulphate golution. A blank experi-

|
|

mént to ascertain the amount of air oxidation was

- carried out on each occasion. The results are
‘summarised in Table V (see also Table II, publication
i

IV, pp. 1316).

' _TableI

[ o-Compound. m-Compound. p-Compound.  Benzyl bromide.
L w, x. w, . w, . w. .
‘ 1+ 0:1026 11 0-1010 24 01044 49 01518 34
3 01223 24 0:1003 43 0-1033 73 0:1549 55

6 01161 42 0:1001 68 0-1001 01 0-0900 78
12 0-0031 bl 0:1066 806 0:0901 99 0-1103 92
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Reduction of the isomeric toluic acids under

these conditions takes place to a negligible extent.

Hydrolysis of the isomeric nitrobenzyl bromides,

| 3-nitro-4-hydroxybenzyl bromide and 3-nitro-4-methoxy-

benzyl bromide.

Preliminary experiments showed that when these
compounds are hydrolysed by aqueous alcoholic alkali, :
a change takes place in the case of p-nitrobenzyl
!bro:nide and 3-nitro-4-methoxybenzyl bromide, which
,can only be attributed in the former case to a comple;{:

reaction of the type

. NOCO.H,C HBr — N0 0gH,CHOH ——)

HOOC..CSH4 N\-/N. CgHy. COOH.

! 0

| (o-nitrobenzyl alcohol with alkali gives azoxybenzene |
' 2¢2'- dicarboxylic acid -~ see Beilstein, Vol IV.

Pp. 1843).

land in the latter case to a reaction

| CH,OH H,OH

o NOLOH—'—‘} +CH3OH
Ol : Noa
OéHs OH

Hence /
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Hence these bromides were hydrolysed under the
game conditions as were the w-bromo-toluic acids.
The hydrobromic acid liberated was estimated by

titration with Y aqueous sodium hydroxide as before,

gave in the casgoof 3-nitro~-4~-hydroxybenzyl bromide.
Here ..2% ammonium hydroxide solution was used and
hydrolysis of unchanged bromide during the titration
was avoided.

The results are summarised in Teble VI (see also

' Table III, publication IV, pp. 1317).

Table VI

Nitrobenzyl bromides

3-Nitro-4-methoxy-

Ortho. Meta. Para. benzyl bromide.
£, w, x W, &. 0. o w. o,
i 0:1267 10-8 0:1226 12:0 0-1168 11-0  0:1067 732
1 01190 19:2 0-1037 23-0  0-1045 19:5 0-1008 90:2
2 0:1022 324 0:1083 384 0:1147 32:8  0-1023 955
4 0-:1010 54-7 0-1171 59:3 0:1015 546 0-1116 97-1
8 0-1081 78:9 0:1196 85-1 0:1146 78:9 0:1037 98-7
16  0-1040 93-9 0-1194 96-2 0-1068 95-3 0-1038 99-3
32 0-0998 99-1 0-1176 09-8 0-1041 99-5 0-1039 99-8
3-Nitro-4-hydroxybenzyl bromide.
T R e 1 1 1 2
S T Q-IOOS 0-1024 0-1031 0-1028

T 85 96 99 100

Hydrolysis of the isomeric (W =bromoxylenes.

Preliminary experiments showed that in order to
obtain a geries of results the compounds had to be _
hydrolysed at the temperature of the vapour of boiling
Chloroform. At 760 the para isomeride was almost
completely hydrolysed in half an hour. Except in
this particular the mode of procedure was as in the
brevious cases. The results are summarised in

Table ViI/
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' able VII (see also Table I, publication V, pp. 2281).

1S
' In this table the hydrolysis of w-iodo-p~xXylene &=s

' included.
Table VI
| Ortho- Meta- Para- Benzyl w-Todo-
compound. compound. compound.  bromide. p-xylene.
£ w. x. w. . w. x. w. x. w. x.
3 0:1060 55 0:0980 25 0-0983 66 0-1093 22 0:1335 388
1 0-1064 77 0-0996 42 0-1074 87 0-10566 37 0-1146 63-1
‘ 2 ‘0-1030 89 0-1037 64 0-1019 96 0-1100 59 0-1280 788
3 0-1022 94 0-1011 77 0-0997 100 0-1078 71 "0-1201 84-7

Reduction of the isomeric (W~bromoxylenes.

For the reduction of the gy-bromoxylenes at 25°
Ea golution of hydrogen iodide in glacial acetic acid
\wag used, which contained 0.70 gram of H I per cc.
Approximately 0.5 gram of the bromoxylene was dis-
's0lved in sufficient glacial acetic acid to make the
|volume 1 60. in a B cc. grouﬁd glass stoppered
;measuring cylinder. The reducing agent (4 cc.) was
I't,hen added and the experiment continued as in the
:Gase of the methoxybenzyl bromides. The results of
these experiments are summarised in Table VIII (see
‘also Table II,publication V, pp. 2282). Benzyl

‘bromide was subjected to the same treatment.
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Table VIIL

Ortho- Meta-
compound. compound.
w=0-5862 gm. w=0-5537 gm.

2. @, @ : [
3 - 17-9 The para-isomeride did not reduce i
13 2:5 25:6 under these conditions, and iodine |
34 4.2 36-5 corresponding to 2 per cent. reduc-

7 8:2 50-8 tion was liberated from benzyl

0 12-1 83-9 bromide.

|

Identification of the products of the action of

hydrogen iodide on the isomeric w-bromoxylenes and

benzyl bromide.

For this purpose approximately 8 grams of the

()~bromoxylene and 45 cc. of the reducing agent were
!usad. The mixture was maintained at a temperature
of o8B0 for forty hours and then poured into water.
The solids which separated in the experiments with
the ortho and para isomerides and also with benzyl
bromide were filtered off, dried and recrystallised
from 1ight petroleum. They proved to be the corres- |
ponding iodo derivative. w-Iodo-o-xylene melted at
38-4°, () -iodo-p-xylene at 46-7° (c.g. Pavlovekii,
Ju Rugs. Phys. Chem. Soc., 1911, 43, 214-8.) and
benzyl iodide at 24°. Estimations of the hydro-
lysable iodine confirmed this.

In addition to the solid, which was obtained

from the reduction product of the ortho compound,

& small drop of oil was observed but it was not pos-
8ible/
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poggible to identify it owing to the very small
quantity which separated out.

m-Xylene was isolated from the reduced meta
igomeride in the foilowing way. The reduction mixture

was poured into excess of water decolaorised by the

' addition of sodium thiosulphate and the acid neutral-

ised with sodium hydroxide. The whole was extracted
with ether and from the ethereal extract an oil

(1.5 gram) was obtained which distilled between 138°
and 180°. When redistilled 1t boiled at 136-43°.
It was identified by its density (0.857 at 18°) and
its trinitro derivative of m.p. 181~-2° which did not
depress the melting point of an authentic specimen

of trinitro-m-xylene.

Hydrolysis of the isomeric chlorobenzyl

bromides at 78.8 (b.p. of GCL,).

Approximately 0.5 grams of the bromide was
weighed into a 105 cc. flask, and alcohol added to
the graduation mark. The hydrolysis of the bromide
was then carried out as was that of m-methoxybenzyl
bromide, excepting that in this case the temperature

Was 76.5° (bep. Of 0014). The results are summarised

'in Table IX in which t represents the time in hours

from commencement of experiment, w is the weight

used in each titration, and x is the percentage

 Changed.,
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TABLE IX.
Ortho Meta Para Benzyl
Compound. Compound. Compound Bromide.
w= 01067 gm 0.1038 gm 0.1029 gmn 0.0804 Igm.
t x X X x
2 274 208 48.4 BB.5
1 45.8 38.1 68.8 71.3
2 875 B8.2 88.2 92.4
4 88.0 79.8 96.58 95.8
8 96.1 9R2.0 97 « 4 97 .4

Reduction of the chlorobenzyl bromides.

. These compounds were subjected to the action
;of hydrogen iodide in glacial acetic acid but at

_250 the reduction which took place was very slight.
From the para isomeride p-chlorobenzyl iodide m.p.
68° (van Raalte, Rec. trav. Chim., 1899, 18, 391)
was isolated in the usual manner. The Bromides were
then reduced at 110° in the acetic acid hydriodic
'a.cid reagent and the results are summarised in table

X in which ¢, w and x have the usual significance.

TABLE X./
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TABLE X.
Ortho Meta Para
compound compound. compound.
% w p:4 w X w X
1 0.1160 gm. B2 0.1192 gm 37 0.1168 gm 49
2 0.1208 " 69 0.1026 ¢ 587 0.1036 " 70
4 0.2172 * 91 ©.1164 % 81 . 0.1050 ™ 88 i

8 053080, - 102 0.1108'% 97 0.1048 " 98
Infin. 0.1085 " 106 0.1166 * 101 0.1083 * 100

|

The isomeric bromobenzyl bromides were then hydro-

lysed and reduced under conditions identical with
those quoted in the above experiments save in the
value of w which was altered so as to give approxi-
mately equivelent concentrations in the two series.

The results of the hydrolyses are summarised in

table XI and those of reduction in table XITI.

TABLE XI.

Ortho Meta Para
compound. compound., compound.

¥ = 0.1276 gm. 0.1267 gm. 0.1275 gnm.
t X 1 X
I 23.3 Q0.9 40.0
{1 43.7 38.7 82.1
2 661 80.0 84.6
4 86.8 82.2 9B.2
8 98.8 9447 98.1
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TABLE XII.

Ortho Meta Para

compound. compound. compound.
w X w b4 w X

0.1287 Bl 0.1278 39 0.124% 489
0.1272 87 0.1272 87 0.1264 172

B 50 s o

0.1320 91 0.1278 79 0.1273 89
8 ‘0.1266 100 0.1284 97 0.1303 97
Infin. 0.1270 104 0.12688 100 0.1280 101

The isomeric bromo'benz‘vl' bromides were subjected |

to the action of hydrogen iodide in glacial acetic |

ia.c:td at & temperature of 5'70. The order of re- !

a;ctivity was again Oondp > m. After 12 days, re- |

duction had taken place to the following extents

0= 31 per cent, p = 290 per cent and m = 16 per 081‘;11:..

From these experiments O-bromobenzyl iodide m.p. 47-8();

and p-bromobenzyl iodide m.p. 72-3° were isolated, |

the 0il from the reduction of the meta compound show-

ing no tendency to crystallise after some weeks. !
Reduction of the isomeric m and p-—'bromobenzyl%

lodides was carried out at 110° in the usual way

and the results are summarised in table XIII.

The reduction of the ortho compound was not carried

out when it was seen that the reduction curves were

those obtained by the reduction of the bromides,
within ‘the limits of experimental error (abtx 1%)

TABLE XIII./
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TABLE XIII.
Meta Para
compound. compound.
s W X w X
1 0.1684 41 0.1514 51
2 0.1534 59 0.1609 89
4 0.1518 81 0.1868 89

szrolxeia of m and p-fluOrobenzzl bromides.

These were hydrolysed under the usual condition
at the boiling point of carbon tetrachloride, the

results are summarised in Table XIV.

TABLE  XIV.
Meta Para
compound. compound.
t w x w X
% 0.0968 21.2 0.0970 6641
1 0.0984 40.5 0.1020 86.5
2 0.0984 81.3 0.0980 94.7
4 0.0969 82.9 0.0980 96.5
8 0.1047 94.0 0.0994 97.0

Reduction /




74

Reduction of m- and p=-fluorobenzyl bromides.

The reduction of these compounds was carried out
at a temperature of 1100, the b.p. of toluene and in

table XV the slight difference of ease of reduction

ig shown.
|
TABLE XV. g
|
Meta Para !
comEound. compound. '
t w X w X

1_ 0.1028 34.0 0.10286 32.2

2 0.1042 490.3 0.1040 48.1

4 0.1107 82.3 0.1036 79.0

In table XVI the results from the hydrolysis of
p~fluorobenzyl bromide and p-chlorobenzyl bromide at
600 are summarised. These experiments were underteken
with a view to discovering the manner in which the
reactivity of the fluorobenzyl bromides is govermed

by general polar influences.

TABLE XVI.

p~Fluorobenzyl p-Chlorobenzyl

bromide bromide.

w X w X
0.1088 20.9 0.1148 10
0.1024 38.8 0.1120 19.7
0.1089 59.1 0.1148 38.4
8.1060 80.9 0.1122 87 47 |

. . |
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Reduction of the halogenated phenols at 28°.

Approximately 0.6 grem of the phenol wes dis-
golved in sufficient glacial acetic acid to make
the volume- 2.6 cc. in a small 5 cc. ground glass
stoppered measuring cylinder, Glacial acetic acid
(2.5 cc.) containing 0.40 gm. of H I per cc. was
added, the whole well mixed and placed in a thermostet
at 28°C. One cc. portions of this were withdrawn a.-t.:
definite intervals and the liberated lodine estimated
with standard sodium thiosulphate solution. In this
way reduction curves of p-iodophenol, o-iodophenol
and p-bromophenol were obtained and the results are
sunmarised in Table XVII (see also Table IV, publica-
tion IV, pp. 1319).

Table XVII

o-Todo- p-Todo- -B -
phenol. w= phenol. w— p?l.‘wnzc‘)c;?i;:
0:6104 gm, 0:6394 gm. 0-6070 gm.

15 5 = e

28-2 69-0 :
45 56-2 88-8 3% '
10'3 756 95-4 15-9 |
225 90:0 100-0 28.7

A satisfactory reduction curve of o~bromophenol
could not be obtained in this way so the isomeric
ortho and para bromophenols were then reduced at

78° (temperature of vapour of boiling alcohol) in

a/
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a mixture of acetic acid and congtant boiling aqueous

hydriodic acid. The results are summarised in Table

]XVIII (see also Table V, publication IV, pp. 1319 ).

Tablef\/_@

o-Bromo-  p-Bromo-
phenol. w= phenol. w=
0-1730 gm. 0:1719gm.

t. . @,

60 18:7 40-7
120 31-7 68-4
180 39-6 §3-9
240 47-6 94.2
300 53:0 100-0

p~-Chlorophenol was the only chloro isomeride

‘which was reduced. A solution of hydrogen iodide in

glacial acetic acid (0.37 gm. of H I péer cc.) reduced
l|’r.he phenol to 10 per cent of the theoretical after
four hours but reduction then stopped.

The meta halogenated phenols did not lose their
helogen atoms under any circumstances.

4-Todoresorcinol was completely reduced in half
an hour at 28° in a solution of glacial acetic acid
Which contained 0.40 gram of H I per cc. The position
\0f the iodine atom in this compound has not been
ascertained but its behaviour with hydrogen iodide
éstablishes it as in position 2 or 4 and thus the
|ompound is regarded es containing the iodine atom

in position 4.
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Reduction of the isomeric iodotoluenes at 08°.
—

The results of these exXperiments carried out in
the same way as the reduction of the halogenated
phenols are summarised in Table XIX. (see algso Table

V, publication V, pp. 2283).

Table)_(_—lj

Ortho- Meta- Para-
compound. compound. compound.  Ortho- Meta- Para-
w=1-2150 gm. 1-1934 gm. 1-2051 gm. compound. compound. compound.
t. x. . x. t. . . .
1 484 4:1 32-1 6 881 13:3 79:2
2 67-9 79 50-5 8 92-0 17-4 85-9
4 82-8 10-9 69-9

From the ortho and pare isomerides toluene was
| isolated by the method employed for the separation of
‘m-xylene from the reduction of W ~-bromo-m-xylene.

It was quite free from halogen and its trinitro

derivative (m.p. 820) did not depress the melting

point of an authentic specimen of trinitro-toluene.

Iodobenzene liberated iodine from hydrogen
‘dodide in glacial acetic acid in quantities which

represented 10 per cent reduction in 8 days.

g -
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GENERAL, i

The results obtained during these investigations
| have substantiated the principle of induced alternate |
polarities in many ways. The systems investigated |
were simple ones and whilst many of the compounds ha.vefa
been known for a long period the notable differences |
k in the manner in which they would react towards hydro-:

lysing and reducing agents, especially the latter,

have not been suspected, since these differences
could only have been foreseen by an application of
such a principle as that enunciated by Lapworth.

In gome cases, data did exist as to the reactivity
|of the isomerides but the same reagents had not been
used throughout, and the series here recorded is

comparative in that the reactivities have all been

carried out in solution and with reagents of definite

and standard concentration.

In addition to induced effects of an alternating‘
i

character, the influence which an atom or group of
Ia.i-.t:nma exerts on a molecule as a whole, and also the
(meémner in which the course of a reaction may be
determined by steric or spatial influence have all
been investigated. The "general influence" is

épparent in the order of eage of hydrolysis of the

Various isomerides in solution in aqueous alcohol
when /
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when a series of isomerides were found to be either

mbre readily or less readily hydrolysed than the

' oxybenzyl bromides and fluorobenzyl bromides did not

unsubstituted compound in such a solution. The meth-

follow this general rule however, and here the un~
gubstituted compound was intermediate between the p
and m iéo_merides- The complete series of hydrolyses

therefore reads as follows

"p-OOH3> 0-0CHg> p-CH> 0-CHzD> m-CH3,> p~-F > unsubs>
n-0CH;> p~Cl > p-Br > m~CO0H >0~C1l and o-Br >m-~F
n~01 and m~-Br> p~COOH > m~NO > 0~-NO,> and p-NO,.

This order hag been arrived at from a considera-
tion of the times taken for 50 per cent hydrolysis
of the bromide ,the -OCH, snd -CHy at 60", and the
‘remainder at 76°.  Velocity constants were only
‘obtained in the case of the nitro compounds where the
reaction is very slow and hence are not recorded.
A gimilar series to the above, for the corrasppnding |
‘benzyl chlorides, has been obtained by Olivier (loc.
cit) but the methoxybenzyl chlorides and the fluoro-
benzyl chlorides were not examined by that investi-
lga.tor-, and therefore the above series is the most
: 'complete on record for this type of reaction.
The ease with which it was possible to trace the
géneral effect in this way is no doubt due to the

simplicity of the course of this reaction which is
‘mérely /
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‘ merely

| R.06H4 OHgBr + HOX —— R.CgH,. CHy OX t H Br

in which R is a substituent in the benzene nuclsus

and X is either H o:*-OzHS.

General remarks on the reductions.

When the different compounds were subjected to
the action of hydrogen iodide, several reactions took
]pla.c.s at the same time. These are due to (a) the ;

| effects dotailed above and in addition, to (b) a mass |

|action effect which results in the production of the

corresponding iodide on account of the concentration
of hydrogen iodide in the reducing agent, thus
Such an iodide formation may be followed by a reaction
due to polar influences when iodine is liberated
according to the equation

- 3 -
24 R.06H40H21 +HI —5R 06H4 CHy ¢ I,.
The reactions due to polar influences however may

take place concomitantly with iodide formation and

then iodine will also be liberated in the following

:. manner,

T R (R
5' - . ° .
R.CgH, CH Br ¢ HT — 3 R. OgH,CH, +1I Br

48T Br ¢ H I > HBr-}Ig

The reactions which are governed by purely induced

al
temating polar influences are 2 and 3.
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In genéral it may be said that the inducing polar
influence of the substituent group R determines the
course of the reaction. If the inducing influence iaf
marked, as in the cese of the methoxybenzyl bromides i
then reactions 3 and 4 are the main resctions, and if |
this influence is weak, e.g. the halogenated benzyl
bromides then reactions 1 and 2 represent the course
of the reduction. In all cases however reéctions L
'and 2 take place to some extent.

In addition to these reactions there is a fifth
which probably takes place during the reduction of a
benzyl bromide when in solution in acetic acid and
aqueous hydriodic acid, namely hydrolysis of the

iodide to alcohol. Such a change however is a

reversgible one.

| Lol
R.OgH ,CHy I 4 HOH

R.C H,CH,0H + H I.

and hence does not affect the completeness of the
reduction. Reductions were carried out in this re-
ﬁgent when it was found impogsible to obtain reduction
duwealat o8°, because of either the insolubility of

the compounds,or the slowness of the reaction at that |

temperature. !

The influence of the oxygen atom.

The series investigated in this connection werse
| the isomeric methoxybenzyl bromides, the halogenated
!phenola, the isomeric w ~-bromotoluic acids and various

nitrobenzyl /
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nitrobenzyl bromides. On the investigation of the
properties of the isomerides of the first geries the |
marked altermating influence of the oxygen atom of thEEt
methoxyl group became apparent. The remarkable ease |
with which the para isomeride lost its bromine atom

as bromidion in aqueous alcohol wag almost paralleled
by the ease with which the meta isomeride liberated
jodine from hydrogen iodide at 25 . The order of

ease of hydrolysis wa.s,' p) 0 yunsubs ym and hence the
general enhancing or inhibiting influence of the
methoxyl group on the reaction must be small compared

with its alternating influence. The order of ease of

reduction however is my»o»p and unsubs., whereas

it would be expected to be at least m»o’ and »p

!and unsubs. The reducibility of the ortho compound
s probably governed by the same factors which deter-
mine the occurrence of ortho derivative in the di-
substitution products from a monosubstituted benzene,
which, in virtue of its directing group would be ;
| eXpected to yield only meta derivative. Thus the '

unexpected rate of hydrolysis of the ortho compound

would then be due to the same cause as that governing |
the reduction and not to a steric effect.

| The differences observed in the halogenated
phenols are no doubt due in some measure to structural
changes which take place during the reaction. The
mors rapid reduction of the para isomerides as com-

Pared with the ortho suggests that reduction is here

®88lsted/
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assisted by the formation of molecules of a quinonoid

:type. L T H

0,

|
l The complete mechanism of reduction is then re-
:preaented by one of the two following schemes,

i(i) Robinson's (Men. Manchester Phil. Soc., 1920, 84,
‘Ko.t;) which involves partial dissociation of the re-

‘actants or (ii) Holleman's (Die direkte Einflihrung ).
|

OH

HI+ = =2l t

0 L” 'OH OH

- The/
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The formation of the type of compound quoted in the

latter scheme is agsumed to be the preliminary to
| pubstitution in the benzene nucleus by Holleman, and
hence the following is probably the reversable re-

action involved.

L

HI-

@___.._._-

I a5k
0H oH

The suggestion that the formation of molecules of

‘quinonoid type is & great factor in the ease with

which para lodo phenol loses its iodine, is borme out
in two ways, firstly by the extraordinary facility with
|which the iodine is eliminated from 4-iodoresorcinol |
[the formation of mols of quinonoid type in simple
resorcinol derivatives is well known and has been

described by many investigators including Baeyer,

(Ber., 1888, 19, 163) Perkin, (J., 1895, 87, 993)
‘Kostanecki,(Ber., 1899, 28, 1348) Fuch and Elzner,
(ipid, 1020, B3, 886;)-and Herzig and Zeisel,(ibid,

' 161g] and the reduction of the isomeric iodotoluenes

[
in which case, the tendency to form quinonoid mole-

Cules probably does not assist reduction and therefora
‘the i0dine nearest to the key atom, 1.e. that in the
ortho derivative is eliminated most readily.

| The reduction of the various halogenated phenols

18 therefore an example of the manner in which a

Feaction/
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reaction may be affected by structural changes, the

remarks on such a reaction being summarised by saying

that the halogen atoms in the ortho and pare compounds
ball exhibit "positive polarity".

i Whilst it is correct to say that the iodine in
‘4-1odoresorcinol is more "pogitive" than that in

| p-iodophenol owing to the presence of the second
hydroxyl group, it is incorrect to say that the in-
‘craased reactivity is due solely to the inducing in-
éfluance of the second hydroxyl group, because in-
Ivestig&tion has shown the necegsity for comparing the
‘reaotivity of isomerides when discussing purely
talternating polar influences.

| A second point of importance arises from this

|
‘research. The iodophenols are more rapidly reduced

then the corresponding bromophenols. Gotts and Hunter,
| (3., 1924, 198, 442) who pointed out that the relative
' 8tability of various dihalogeno-dinitromethanes in

presence of reagents such as K I, KCN, NB‘QS O conforms
, _

to the general order CIY Br>I in virtue of the more
‘electro positive nature of the iodine in iodo deriva-
tives, were criticised by Mrs Ingold (J., 1928, 126,
1832) for generalising on an isolated case of such
\stability, since it is the case that halogenated
acetylenes do not conform to this order. The relative
Btability of the halogenated phenols in presence of

‘hydrogen iodide however again conforms to the order

CI>Br> I and the results here recorded are another
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lta:f:ea.nl}ale of the point stressed by Gotts and Hunter.

| It was not found possible to obtain any data on
!the difference of Baae—of hydrolysis of the halogenated
phenols, and it was seen that in such compounds the
halogen is far more resistant to the action of hydro-
lyeing than reducing agents. Thus an influence which
'ia transmitted from an atom to a substituent in meta
position is in some manner weakened and is not suf-
ficient to overcome the usual tightening of the bond
Ibetween the halogen and benzene nucleus.

It may here be stated that in an analogous manner,

although the bromine in m-methoxybenzyl bromide is

|very reactive towards hydrogen iodide, it is not so
‘reactive as that of the para isomeride is 1n aqueous
alcohol, and hence it may be concluded that an effect
trangmitted thrﬁugh to a para position is more

' offective than one transmitted to a meta position.

As a direct example of this the hydrolysis of

Io(- 33 4 - methylene—dioxyphenyl—gg/& -dibromoethane
in cold agueous acetone solution to o -3:4-methylene
dioxyphenyl- /3 -bromo-4 ~hydroxyethene (Barger and

Jowett, J., 1905, 87, 970) may be quoted.

= +
HC’- O-¥- i~ B-f'

2 .
. \Q"’C;’.H ; CH_IBP

The /
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The retarding influence of the oxygen in meta

position is not sufficient to overcoms the enhancing

!influenoe of that in para position, which is in keepir:;tg
‘with the remarks made above. |
| In the third series of isomerides examined in
order to substantiate the inducing influence of the
oxygen atom, the oxygen atoms were presgent in the
carboxyl group, and here the first marked influence
of a general character was met with. All the iso-

merides are more difficult to hydrolyse than benzyl

bromide but the rates of hydrolysis of the meta and

\para isomerides are in an order the opposite of that
ifc:und. in the case of the methoxybenzyl bromides.

Here the ortho isomeride certainly behaves in an

| abnormal mamner since the figures recorded in table
IV (pp. b3 ) represent the excess titration over
the figure required for neutralisation of the carboxyl
' group. The sudden fall after rising to a maximum is

due to the cycle of changesshown here.

CH “c,ooH“‘“‘“"C Hu\(:OOH

Rl

CHS 5 °

>

The /
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The hydrolysis of @@=-bromo-o-~toluic acid to

w-hydroxy-o-~toluic acid is accompenied by the forma-

ition of_hydrobromic acid and phthalide. The titration
[follows its abnormal course until equilibrium is
:reachad in the production of phthalide. Thus the
tendency to form phthalide is the predominant factor
in the hydrolysis of W=bromo~o-toluic acid.

The insolubility of these compounds in glacisal
acetic acid necessitated the use of a mixture of the
congtant boiling point mixture of water and hydriodic
|acid and acetic acid as reducing agent. Once more
the tendency of w=~bromo~o-toluic acid to form

phthalide became apparent in the fact that iodine

representing only 50 per cent reduction was liberated.
=The removal of part of the bromine as hydrogen bromide
fia the obvious cause of this abnormality. The order

' 0of ease of reduction of the other isomerides was
p>unsubs>m. It is quite conceivable that reduction

of the para isomeride is somewhat assisted by the

 formation of molecules of the following type,

CH,

| and/
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the
s tendency towards complete conjugation being one
of the recognised phenomena of organic chemistry.

The course of the reduction is then again repreaented'

ags follows

.
S +1I Br
L
Y B--Br-1 -
G cOOH
“OH

Owing to the low concentration in which these

reductions were carried out it was not found possible

' to isolate any reduction products, but there was no
| regson to suppose the reductions had taken place in
an abnormal manner as the carboxyl group was not

affected by the reagent employed.

The next series investigated, namely the nitro-

benzyl bromides, showed that the general inhibiting

influence of this group is very large whilst the
‘alternating influence is surprisingly small although

' the order of ease of hydrolysis was as expected,

inemely m>o and p. Even the steric effect due

to the proximity of the nitro group in ortho position
| %0 the -CHoBr group wes masked by the huge inhibiting

influence,end it was possible to demonstrate how the

géneral influence of such a group could be employed

to/
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‘to stabilise a very reactive compound such as
p-méthoxybenzyl bromide or the corresponding p-hydroxy-
Ibenzyl bromide.

| 3~Nitro-4-methoxybenzyl bromide, unlike p-meéthoxy-
benzyl bromide, is & stable crystalline compound which
is hydrolysed moderately slowly and 5—nitro-4-hydroxyf
benzyl bromide is a similar compound which hydrolyses;
more rapidly than the corresponding methoxy derivativé.
This difference may be due to the ease with which the |

\latter might lose H Br in accordance with the scheme.
GHg_ BI‘" C;H:

Ionisation of the hydrogen of the hydroxyl group |

would also assist such a hydrolysis since the oxygen |
would then function as a stronger "key-atom" than |

l
' When present in' a methoxyl group.

Ihe influence of the hydrogen atom.

|

% The methyl group is analogous to the hydroxyl
| group in the way in which it directs substituents
into the benzene nucleus. Carbon in such a group

18 merely a transmitter of induced polar effects
| a
| nd/
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'and hence any directive influence exerted by the
methyl group is due to the hydrogen atoms which it

. contains. The difference of the acidity of the threeé
! :crasols is a coﬁcrate example of this and particular i
interest attaches itself to the results obtained in
the present investigation. That hydrogen does act |
as & positive "key-atom" is shown by the fact that th%
differences of reactivity observed in the ()=bromo- i
xylenes were the parsllel of those observed in the i
cage of the methoxybenzyl bromides save in one ?
particular, The alternating influence of the methyl |
| group is moderately large but is not sufficient in |

this cagse to mask the general polar effect, It was

géen that the reductions follow the course represented

by equations 1 and 2, pp. 80 . The ortho
isomeride once more behaved in an unexpected manner

and was reduced more rapidly than the unsubstituted |
compound. It was also possible to show that a benzyl
icdide (in virtue of the more electro~positive naturef
of the iodine) is more difficult to hydrolyse than |
the corresponding bromide. This substantiates the
correctness of the principle and emphasizes the remarks
imade on pp. B9 concerning Mrs Ingold's criticism

of Gotts and BHunter.

The order of ease of reduction of the isomeric

iodotoluenes bears out the suggestion advanced in
‘ﬁﬁa thesis that the reduction of the halogenated

' Phenols is assisted by an isomeric change of the

i phenol, /
|
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phenol, since in the case of the iodo-toluenes, in
which the tendency to form molecules of & quinonoid
type must not be in any way marked, the order of

easé of reduction is o> p>m, that is the iodine atom
nearest to the "key~atom" ig the one which is most
readily removed. In this seriesg also the properties
of the iodine of the meta isomeride approaches more
nearly to that of the iodine in the other two iso-
merides than is the caseé in the halogenated phenols,
and the importent bearing this has on the question I
a8 to how far the "polarity" of the hydrogen atoms in
the nucleus of phenol and toluene is regponsible for
the production of substituents of definite orientation
iIB seen from the following table in which x and xt
are the quantities of the various isomerides produced:
in the ni;bration of phenol and toluene respectively
and y and y' the extent to which reduction of the
corresponding iodo derivatives had taken place after
80 per cent of the halogen had been eliminated from

the para igomeride.

x y

Phenol o 524 Todophenols o 17%
m - m i3
p 48% D 5O%

|(i-9. no reduction of the mete isoméride and no
|

| substitution in meta position).

Toluene /
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x! y! ;
. Toluene o 56% Iodotoluenes o  68% |
' m 3% m 8% |
| p 417 P BO% |

The figures tabulated under x and x' are
those quoted in Holleman.

It is convenient to summarise at this stage,

certain of the resulis obtained in the series consist-!-
 ing of':~

(1) the methoxybenzyl bromides

(2) the halogenated phenols

. (3) the (-bromoxylenes and

(4) the iodotoluenes

| in order to show the parallel which exists between

the hydroxyl group and the methyl group.

Hydrolysis Methoxybenzyl bromides p > o Hyunsubs> m
Reduction Halogenated phenols P> 0> unsubs>m
Hydrolysis () ~Bromoxylenes P > 0> m)> unsubs.

Reduction Todotoluenes 0 > p> m>unsubs.

The directive influence of the halogen atoms.

Lapworth (loc. cit.) has pointed out that the
halogen atoms are probably the most weakly directing
atoms, and the production of 2:4:6~-tribromophenol
| in the brominetion of phenol certainly bears out such

& suggestion. The present investigationshave shown
that, /
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that as compared with methoxyl the influence of

' chlorine and bromine on the 1 ability of the bromine
:atom of the -CHgBr in the respective benzyl bromides,;
ig very small indeed. The isomeric fluorobenzyl
bromides differ from the chloro and bromo compounds
in that there is a greater difference between the
rates of hydrolysis of m and p fluorobenzyl
bromides than between those of the corresponding
chloro and bromo compounds. Fluorine is a more
strongly directing atoﬁ than either chlorine or

| bromine and this point is stressed much better by
examples quoted in this thesis than by those which

| involve substitution of a nuclear type where solvent
action plays such an important role and often masks.
the true cause of differences of reactivit&.

The importence of the fluorobenzyl bromide experiments
lies in the comparison of influencing atoms or groups
with the same electronic shell which is now pOBSiblB,i

i.0,

5 ’ Nr o ". Neooe
G:C:.H /C"Q'H /7c.[:

The inducing power rises to a maximum at the oxygen
iatom and is lowest in the case of the fluorine atom,
énd in this latter case the power of reversing the
order of reactivity when the reagent is changed from
8/ '

|
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a hydrolysing to a reducing agent has almost disappeaned.
This reversal of reactivity has proved to be a valuable
criterion of the truth of the principle and whilst it

wae discovered to take place in four cages there were
{two in which reversal did not take place, namely the
chlorobenzyl bromides and the bromobenzyl brémides.

The explanation of this is not easy to find, although

it appears as if the magnitude of the differences of

the reactivity of isomerides varies with the reagants:
employed. The unexpected rate of reduction may be

due to the association of the reacting molecules with |

molecules of solvent, but whatever is the cause the
‘halogens are sharply differentiated from oxygen and
'the methyl group in this respect.

Ingold in the Annual Reports (1924, pp. 110)
régards the reducibility of the (y~-bromotoluic acids |
| |

and (-bromoxylenes as explicable from other points

of view since he says "experiments have been preaente@
‘Un 1924 ) with reference to the polarity theory .....;
‘Which are capable of more than one interpretation."

In publication III, pp. 2820 this reversal of re-
8ctivity has been pointed out as one that "could not
have been foreseen with the aid of any general prin-
¢iples enunciated prior to the principle of induced

‘8lternate polarities."
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0Other Theories.

Of the many theories which have been
gdvanced in order to explain phenomene such as those
recorded in this thesis, three may be discussed in
particular. These are the tautomeric hydrogen hypo- |
thesis of Thorpe [vide Thole and Thorpe (J., 1911, 99,
2185, ) Norris and Thorpe (J., 1921, 119, 1203) and |
Gupts and Thorpe (J., 1922, 121, '18965,, the variable
distribution of affinity as postulated by Flurscheim
(refs. already given together with numerous articles
to Chemistry and Industry) and the polarity of double
bonds (Lowry J., 1923, 123, 822 et seq.)

The teutomeric hydrogen hypbthéais suggests

that the greater the tendency of a compound to acquiré

|
in its enolic form the more readily it will be reduce@,

the hydrogen atom necessary to enable it to react

and it has been employed to explain differences in
ease of reducibility showm by compounds which are
knowyn to be capable of existing in tautomeric modi-
fications. Allsop and Kemner (J., 1923, 123, 2204)
regard these suggestions as more widely applicable
than the principle of induced alternate polarities,
Whilst Macbeth (J., 1922, 121, 1126) has pointed out
that the bromine atom in bromodiethyl malonate is

more reedily removed by a reducing agent than that in

bromoacetyl acetone, and whilst Macbeth suggests
that / -
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that an explanation is forthcoming on account of the
piling up of "key-atoms" in the former as compared with
| the latter, no explanation can be found on the basis |

|
of Thorpe's hypothesis

170 t -0 |
++ ~G=~0GHs el C’{GH
Ik R~ £ Ay 3 |
Bf’_&ﬁ_//o BFGH 5 -
— -
GC~05e,H e

Although no explanation can be found on Thorpe's |
guggestion, Macbeth 1s incorrect also since it has |
been shown in these investigations that the mere piling
‘up of "key-atoms" is not always accompanied by an

increased reactivity in the molecule. Here the

general polar influence is more probably responsible
for the increased reactivity.

| The hypothesis of Thorpe has reference for the
most part to variations of reactivity within a very
restricted range of the field covered by polarity
brinciples, It obviously cannot be extended to ex-
pla.in'the ready reducibility of the chloroamines or
;alkyl hypochlorites which are compounds of the
slmplest naturé in which the reactivity of the halogens

1s due to the negative nature of the element to which |

iha10gen is attached.
RIS ; A
i.e, >N’. Hal and - 0 « Hal
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(The reactivity of the halogen in the former of
| these is different from that in compounds of the type
R. NHzH.Gl. end the causge is at once apparent from thé
plectronic formulae of the two types.
H e
R:N:Cl: ReNtH| |Gl
r o B {

e

.’..

——

In the former the halogen is attached by two electrons
a

'to the nitrogen whilst in the latter the halogen is
jonised. )

! " Since the tautomeric hydrogen hy‘pothasis was

put forward in order to explain differences in ease

of reducibility, it cannot be used in the cases of

‘l hydrolysis of the various benzyl bromides, a series

iof differencesg which are exactly what would have been
expected from the application of polarity principles |
(that is, if the peculiar position of the ortho
compounds be excepted). When the ease of reducibility

of the isomeric iodotoluenes, isomeric ¢J=bromo-xyleénes,

and also the methoxybenzyl bromides are considered in
the 1ight of this hypothesis, no information is forth-
Itmming as to the differences observed. It would be
hécessary in the first place to establish the exist-

énce of tautomeric forms of these compounds and then

to/
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to show that one isomeride more easily reverts to its |
tautomeric modification than the others. Thus in ths |
case of the (w-bromoxylenes such systems as the follow-

ing would have to be shown to exist,

H
C’H% Splieia Iy GH3
SR
i GHa G Ha Eaiy
, "
| —_— H ov
e

| GH, GHy e,
‘ CH'.B CH:J.

E
|
<>

CHB GH‘{,H

and it would also be necessary to show that the

W ~bromoxylenes had a constitution corresponding to

' the ketonic form during reduction. There is nothing
| o substantiate the assumption as to the existence of

& system in the literature beyond compounds of type A

bolow (Anwers and Zeigler Ann., 1921, 425, 217) which
‘owever are very readily transformed into compounds

of type B,
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CH.‘Z CH:-J
Ry
H
CH43 Clﬂ%) >
A B

These arguments obviously hold in the other i
pxemples cited, and hence the hypothesis is to be ‘
rogerded as unsatisfactory.

Flliorscheim (loc. cit. ) is of the opinion

that differences in the acidity of substituted and us%
' saturated carboxylic acids may be explained by asaumiﬁg
!an abnormal affinity demand of the substituting or |
\unsaturated atom present in the chain or nucleus '
‘attaohed to the carboxyl groups. This results in a
redistribution of the valency forces in the whole
molecule, with an increase or decrease in the strength
with which the ionisable hydrogen 1s attached to the
‘molecule, according to the nature of the substituentj'
or the position of the double bond. He has also

eémployed such views to explain the phenomena of

aromatic substitution. Hence it follows that such

‘Euggegtiona ought to be capable of explaining the

‘results recorded in these investigations. They fail

'to do so in many instances the most important being
the reductions of the isomeric methoxybenzyl bromides,

the w-bromotoluic acids, and all the differences met
with /




|
|
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with in the halogenated hydrocarbons in publication ?;
It might be possible to explain the differences met |
with in the halogenated phenols but the difficulty i
attached to a correct application of the views of ?
Flﬁrsdheim is shown by the fact that even Cohen, Vol.i,
1923, pp. 177, says that according to Flﬁrscheim's_
hypothesis the halogens in meta halogenated phenols
ghould be loosened. As these investigations have
ghown, this is not so.

Again if Flurscheim's views were correct there |
ghould be no difference in the order of reactivity |
whatever reagent is employed, a fallacy which was |
noted four timesg. That the "kind" of affinity must |
be considered as opposed to the postulation of a'mereé
loosening of the bond is shown by comparing the '
differences of ease of hydrolysis of benzyl bromidse,

W =bromo~-m=-xylene and m-methoxybenzyl bromide with |
the differences of ease of reduction. These three
compounds do not vary greatly in the time during
which 50 per cent of the compound is hydrolysed at

80° under equivalent conditions. The figures read
benzyl bromide, 1 hr. 30 mins.; W -bromo-m-xylense,

1l hr., 20 mins. and m-methoxybenzyl bromide, 2 hrs.

The same quantity of reduction takes place at 28° in
the case of benzyl bromide not at all, () -bromoxylense,
7 hrs., and m-methoxybenzyl bromide, 5 mina.

It is also difficult to see in what manner the
methyl group makes an increased or decreased affinity

demand /
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-
!demana on the carbon atom to which it is attached and

\actually the hydrogens ought to be regarded as being

Iof the recognition of compounds of the type

g
I _[F SH - 5] (vide Sidwick, J., 1923, 123, 725;

cepable of making increased affinity demands in virtue

Lowry and Burgess, J., 1923, 123, 2111; Lowry .J. Soc. |

:Oham. Ind., 1923, 42, 1048). This however would 1eadl

lto thé representation of the methyl and hydroxyl
H

| groups as follows -—CemH and ==0 —H, and the

| N

formulation of the respective benzyl bromides thus:-

HG&Br "~ HC—Br
OCH, | CoHy |

That is m-methoxybenzyl bromide should be stable |

‘when () =bromo-m~-xylene is unstable.

Thus Fllrscheim's views, which have been go
fruitful in many fields of organic chemistry are
| incapable of application in several casés here re-
corded, since in such views no cognisance is taken of |
the possible polarities of any of the atoms in an |

Organic molecule.

Lowry (loc. cit.) suggests that a double bond
'in organic chemistry usually reacts as if it con-

' 8igted of the ordinary co-valency and one polar valengy,

that /
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that is there is a definite migration of an electron

from one atom to the other, represented as follows:-

(AR ’ G e :...
/C-—X -A/:)ALGL,U-B‘ /_(E ?ﬁ /+C ?_h('-

__Lh‘ﬁﬂénjpmrja :,2 Qecimna .

Several of the difficulties attending this suggestion!

have been pointed out by Sugden (J., 1923, 123, 1881).
gidgwick (Faraday Soc. discussion 1923, 471), Lapworth
and Robinson (ibid, 1923, 503), Flurscheim (ibid 554),'
Aucken (Chem. and Ind. 1925, pp. 72). |
If Lowry's assumption were correct, then alternaée
polarity effects could only be transmitted along a |

completely conjugated chain of carbon atoms. The '

experiments on the w-bromo-xylenes and the methoXy-
benzyl bromides however show that perfect conjugation

is not a vital necessity for the transference of such

effects,although it is probable that the examples
quoted contain the limiting number of singly bound |
carbon atoms over which the effect will be transmitted,
and also that the "amplifying" influence of the

benzene nucleus compensates the damping effect of the

single bonds. Whilst it appears logical to assume that

the more the electrons are ‘shared the more they tend

to be definitely orientated under the influence of

| the key~atom with the appearance of enhanced positive

‘and negative characteristics on the atoms in the

Chain, still it appears illogical to say at present
that /
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that such an influence will stop at once when the

| atoms are singly bound, that is according to Lewis,
when they mutually share two electrona. It is howe%eﬁ
a matter for further experiment to see how far such |
'anlinfluenoe,when passed through a benzene nucleus

will extend over single bonds.  Recent work by

Oonent and Kinner, (J.A.C.S. 1924, 48, 232) appears to
‘support the view that the influence is not transmitted
|over single bonds in an aliphatic chain, and that

1 .
general and steric influences are the predominating

;factors governing reactivity in such compounds.

| In order to explain the reactivity of ethyl
|

|crotonate Lowry assumes the formation of an enolic
!modification and hence the reactive form of the ester |
has the composition

OH - +
< o HG—GC—

[
I+

+ _OHR
| H,C=G-C =¢C —CL

I-OI

The extension of such a view to the w-bromoxylenes |
Ietc. leads to the aaadmptgon of compounds necessary |
' for the explanation of the reactivity of these com-
pounds by means of the tautomeric hydrogen hypothesis,
and hence to the conclusion that Lowry's view cannot
'be harmonised with the experimental data.

Lowry is of the opinion that a system in which

|

the polarities are concordant is more stable than

one in which they are crossed (such states correspond

to/
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to homogenity and heterogenity of polarity respectiveﬂy
as defined by Lapworth some years before Lowry's |

| suggestion was put forward). When the isomeric ?
;jb-bromoxylenes (or methoxybenzyl bromides) are con- |
sidered from the point of view of such a suggestion,
it will be seen that the polarities are crossed in |
| the meta isomeride but are concordant in the ortho and
para isomeride. The meta is the least stable iso-

meride in the presence of hydrogen iodide but most

gtable in the presence of a hydrolysing agent. The
édiffarenoe in the two reactions lies in the fact that:
Ithe former case a "concordantly polarised moleculs"

is produced whereas in the latter the molecules pro-

|
| duced still contain 'crossed polaritiesq Hence this

lhypothesis is only applicable in part and reciprocal |
iattraction of the reactive atoms of the molscules, !
such as that of the bromine of the benzyl bromide fori
the hydrogen of the hydrolysing agent must always be i
taken into account. In addition to this it must bse

remembersd that the reversibility of the reaction

iplaya a large part in determining the course of a re- |

action and thus we find that & series of reactions

|
such as the following takes place according to the

conditions*

* In a series of reactions not quoted in the thesis it
Wwas hoped to show that the hydrogen of the CHz group
Of m-tolylmethyl ether the molecule of which is
"concordantly polarised" is mors reactive towards
amyl nitrite than the corresponding hydrogen atom in
the ortho and para isomerides, but this expectation

Was not realised owing to tarring durin
. Condensation. 5 s
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+0 -0 =0
1 H—'C<C -;%CJH!; Hott /G-_()OCJ-H$ gp,HC/C\OGQHS‘
I- ~ S~ No 2 \ = = a7 =
| l\llcx GROGQHS GH"OC::H.\’”I é‘ <'OC.LH$-
|
! Homogeneous Heferogeneous
‘ Goncor*domf Gros-ed

Lowry's suggestions hold good for the examples quoted
‘1n the original paper, but they must always be depend~
Iant on the type of rsaction studied as is seen from

|
' the behaviour of the benzyl bromides recorded here.

Suggested causes of the property of induced alternats

polarities.

Lapworth (J., 1922, 121, 418), Robinson and
' Kermack (ibid, 427), Thomson (Phil. Mag. 1923 (VI)

48, 497-514) end Bfiendahl (J., 1924, 126, 1381) have
5in turn been able to arrive at theoretical explanatioﬁs
of the property of induced aslternate polarities of |
!atoms,and all agree that in some way or other it is
.the configuration off the electrons in the moleculs,
which is regponsible for the setting up of the

alternation, and also for its maintenance along a

| chain.

Thomson's suggestions have been adversely

criticised by Lapworth and Robinson (Nature, 1923,

1112, 722) since whilst the existence of an electro-

static doublet between a carbon atom and an atom such

ag/
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ag chlorine or oxXygen would cause an electronic shiftJ
as Thomson says, the electrons would be expected to |
move in a continuous manner under such circumstances |
and hence the effect would be, not an alternation of
properties along a chain of carbon atoms but a gradua#
change such as is to be regarded as the cause of the i
general effect. é
Eﬁjendahl bases his explanation on the Bohr theoﬁy
of the atom and on SidgwicK's suggestion (Trans. i
Faraday Soc., 1923, 19, 459) that shared electrons f
pursue looped or figure-of-eight orbits round the E
nuclei of two atoms joined by a non-polar link. |
| The positive or negative nature of the atom depends
on the shorter or longer period an electron spends ing
the neighbourhood of the nucleus of the atom, a perioq
determined by the size of the loop round the inducing
atom. The value of this suggestion lies in the |
attempt to correlate the well known phenomena of
alternation and the most modern mathematical con-
coptions of the structure of the atom. It is opéen i
to objections however and one that has arisen from
these researches, is that an effect transmitted from
para position is greater than from mseta position,
whilst qﬁendahl arrives at figures - 0.3680 and
+ 0,408 for the magnitude of such effects. This
6nce more emphagiges the peculiar amplifying influence
of the benzene ring aboub which so little can be |
said with certainty.

Robinson/
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Robinson and Kermack (loc. cit.) point out that

whilst all the carbon atoms in an organic compound

must be surrounded with an octet of electrons (accord-

ling to the.Lewia Langmuir theory) thése octets cannot |
Iall be of equal stebility unless the substance is
gynmetrically constituted. The stability or in- i
stability of these octets determines the negative or |
positive nature of the atoms. Thus in a hydrocarbon
chain, & strain is set up by reason of the great
gtability or instability of the octet surrounding the |
substituent atom, thatis the "key-atom". From this

it mighf at once be said that if the reaction which

is taking place is one which is not assigted or re-
tarded by steric or structural changes in the molecule,
then the more stable the octet round the "key-atom"
the greater the strain set up along the chain, and
thersefore the greater the effectiveness of the
“key-afom”. The order of effectiveness of the

different octets as demonstrated in these investi-

gations is oxygen > methyl group > fluorine) chlorine
and bromine. Octet stability certainly must be re-

garded as the reason why the influence of the methyl

. group is so marked. The tendendy of the hydrogen

atoms to surrender their electrons to the octet round

the carbon atom would produce a very stable octet
| Which would then cause the marked variations of re-

activity observed in the -bromoxylenes and iodo~

octet /

|
pPhenols. Again the greater stability of the fluorine
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octet would account for the greater inducing influence

of fluorine as compared with bromine and chlorine.

'As little can be sald as regards the respective

stability of the other halogen octets except that they
ought to be more unstable than that of fluorine,
correspondingly little can be said about expectations
as regards their inducing power. The position of i
oxygen is however quite unique. It 1s still difficul%
to say why this atom should be so powerful in its |
inducing influence. A different mechanism of re-
action or transmission of the effect,such as con-

I
jugation of the oxygen atom with the nuclear carbon !

| atoms must be postulated. The influence would then

be transmitted along three elsesctrons, a configuration |
through which induced effects are most effectively
transmitted.

The difference between the influence of oxygen

'and fluorine however emphasises an important point,

naemely that the electro-negative nature of an atom
does not determine the strength with which it acts as
a key atom, and therefore Ingold's assumption that
when nitrogen and oxygen are combined,the oxygen is
the "key~-atom" (J. 1924, 128, 93) receives no
confirmation whatever from these investigations.

Lapworth suggests (loc. cit) that if, in an

| organic molecule, one of the atoms (the "key-atom")

riges or falls in co~valency, then & "constraint"

is/
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|is readily set up in the molecule with a resulting

' redistribution of the velency forces, and appearance
|of increased and decrsased partial valencles on
‘alternate atoms. The most effective "key-atoms" are
ithoae which readily rise or fall in co-valency such

|
'ag nitrogen and oxygen, and this has been subetantiatéd

in the case of the oxygen stom. The halogens are |
;admittadly much weaker, a fact which also receives a |
full explanation from Lapworth's suggestions with |
;perhaps the exceptional position of fluorine once
:more, the tendency of which to rise in covalency is
lalmost nil. Compounds of the type H - [F gy 1ﬂ

may be regarded as cases where F exerts a covalency

| .
greater than one, but it is doubtful if this type of

!aaaociation takes place during the reactions investi-
gated here. The marked influence of the hydrogen of |
the methyl group is due to the tendency of the hydrogen
atoms to contribute their electrons to the octet i
surrounding the carbon atom. This results in the |
sotting up of the "constreint" and a redistribution

of the valency forces in the molecule, a view which

is quite in keeping with the experimental results and

the views of Robinson and Kermack.
The theoretical derivation of the principle is a

‘matter of difficulty, since the cause of valency is
inot yet finally agreed upon. In conclusion a recent
'Buégestion of Robinson (Chemistry and Industry 1928,
PP. 113) may be considered. He points out that in

the /
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[

}the course of activation of a reacting molecule the |

electronic changes involved are equivalent to the ;

passage of a small electric current from the key atomi

to the reacting atom or vice versa, which may howeverg

' be side tracked by systems of high capacity.' This |

suggestion receives support in many instances in thesé

investigations and as an example the case of p—methoxﬁ—
benzyl bromide may be quoted. Here the current is |

 very effectively transmitted to the bromine atom

[this probably means the appearance of an electron

(Kermack and Robinson) or of a partial valency

%(Lapworth) on the reacting atom] unless a system of

| - |
‘high capacity (e nitro group) is present to side track

l
influence is apperently most effectively transmitted

| it, as in 3-nitro-4-methoxybenzyl bromide. Such an
through a benzene nucleus which as these investig&tioés
have shown appears to act as an "amplifier", and the |
fact that in benzene the carbon atoms are to be re- i
gerded as joined together by three electrons (Thomsoni
Phil. Mag., 1921, (VI), 41, 535, Robinson and Kerma.ck:i
loc. cit.) again suggests that this arrangement is the

one which most efficiently transmits polarity effects}

along a series of carbon atoms.
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The condensation which takes place between di-
' phenylformemidine and compounds containing an active
émethylene group has been extended to various phenols,;
and in this way a new synthesis of aromatic ortho- %
jhydroxyaldehydea brought about. The reaction which |

:takes place was found to be ag follows

NGBH5

(HO), R.H 4 cn\ —> (HO)_ R.CH = NCgHg
| NHO gHp

4 0655NH2

in which R is a benzene or nephthalene nucleus

end x 1is 1 to 3.

The intermediate compounds isolated were _
I4:B-dihydroxygggphthalylidenebisaniline from resorcin#l
‘and diphenylformemidine and 2-hydroxy-l-nephthylidene-
ianiline from /3naphthol and diphenylformemidine.

:Intermediate compounds were not isolated from re-
isorcinol monomethyl ether, guaiacol, pyrogallol,
phenol, the isomeric cresols and o naphthol, although
' the reaction products in all these cases and also
I;reaorcinol and /Bnaphthol gave the corresponding

hydroxy aldehydes on hydrolysis

(BO), R.CH = NCgH, + H0 — (HO ), R.CHO 4

| OgHg NH,
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A long series of exXperiments were undertaken
and the best conditions for isolating aldehydes in all

these cases determined. The preparation of f-resorcyl-
1
' eldehyde received special attention as the formation

| of resin and isophthalaldehyde can be avoided when
gpecial precautions are taken.

; The condensation of diphenylformemidine and
|
;reaorcinol might conceivably take place between two

jmolacules of resorcinol and one of the formamidine.

This would result in a reaction as follows

C,H, (OH)
| ~ WO Hp {67 S
(I) 2 CH, (OH)_ + COH —> CH. NH.CgH

CBH'E, (OH )2
i
' This on hydrolysis would give 2:4:2':4' tetrahydroxy-
' diphenylcarbinol which might then go over into the

| corresponding 3:6-xenthhydrol as follows

/
(11) Oﬁ okt O o8 oy 0 O

!
' This suggestion is borne out by the deep red-green

 fluorescence noticable in all the alkaline solutions

‘Of the condensation products from diphenylformamidine
 and /

|




3e

;and resorcinol. In order to see if this is so,
the cémpound was synthesised by the reduction of
is:s-dihydroxyxanthone prepared from 2:4:2':4'~tetra-
ihydroxybenzophenamawhioh was in turn synthesised as
lin publication VIII. The resulting compound dis-
Esolved in alkali with a very deep red green fluores-
Ecence showing that the xanthhydrol is actually pro-

| duced during this condensation.

- - - e g S B e -
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' —Reciprocal Induced Polarity Effects in Cresols
ul their  Derivatives.  Properties of the Isomeric
lithozybenzyl Bromides.

Artaur LapworTH and JouyN BALDWIN SHOESMITH.

nfluence which one atom or group exerts on the pro-
of another elsewhere in the same molecule is doubtless
tmplex and probably the resultant of several simultaneous
There appear to be, for example, (@) general polar effects,
dtoms tending to raise or lower the affinity of the molecule
e for an electric charge (Fliirscheim, T., 1909, 49, 1627 ;
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4, atural polarities ; this is in agreement with the measure-
= f Dawson and Mountford (T., , 113, 937), who found
Seeresol has a higher ionisation tant than either o- or
% It was further suggested that s the o-hydroxyl group
ated from the methyl group by fewer intervening atoms
e phydroxyl group, the lower ionisation of o-cresol as
dnd with p-cresol is explained; the authors now. think,
- offccl® that much value must not be attached to this point, since

i cases, including those dealt with in the present paper,
Y which di-derivatives of benzene showing induced polar
suually take is para-ortho-meta, whilst an induced polar
.ime would be expected to give rise to the order, ortho-para-
| The frequent displacement of the ortho-compounds from
makefuild appear to be their natural positions may be due, either
iecial force of steric effects in the ortho-positions or to a
4y of activated forms to assume p-quinonoid rather than

tiraeement, between the requirements of the principle of
jislternate polarities and the observed properties of the three
gieing so striking, the authors decided to direct their attention

Jipolar character in virtue of the position of the strongly
proper nly polar oxygen. Definite polar character in hydrogen
)0, 641 attached to carbon is, however, not easy to detect except
wition with certain complexes, and it appeared likely that
ateould be demonstrated more readily by studying the pro-
‘i halogen in a similar position. Great practical difficulties
Ul with the properties of hydroxybenzyl haloids also made
touse their methyl ethers, the methoxybenzyl bromides.

¢H2-Br (FHz-'ﬁr EHB'Br
| (oo ) . ®
e 7 O0CH, Ny
o> X Ontho Meta O-CH
jolar s iegest
n the @ Para.

¥ three compounds the oxygen atoms, acting as negative
abbus, were expected to give rise to the induced polarities
¥4 in the formule. The o- and p-isomerides thus contain
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srinciple of induced alternate polarities when sources of con-
.un be to a considerable extent eliminated.

egative

mposigond with one series of measurements made on the hydrolysis

» three isomerides under comparable conditions, and three

L ininterrupted lines, corresponding with a series of measure-

. on their reduction by hydrogen iodide. The inversion

T I ——O+— T

=i L)
-
e

Time (minutes).

has int ;
Methozybenzyl bromides.

aroma Full lines—Curves of hydrolysis.

nds. Interrupted lines—Curves of reduction.

atomy
vity ” rer of reactivity in passing from one reaction to the other,
uction 1" eparation of the m-derivative from its isomerides, which

< featly differ from one another in both reactions, is clearly

ten te8

‘med 1

| and ¢ EXPERIMENTAL

,was S Preparation of the Methoxybenzyl Bromides.
the ofl

a¢series of experiments which were made by one of us with
St of preparing the three isomeric methoxybenzyl alcohols
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110 per cent. of the theoretical) by reducing the aldehyde,
ided in water, with sodium amalgam. The methylation
3 _Fh-oxybenzyl aleohol (1 mol.) by the action of methyl sulphate
.a'nyd”h'} and potassium hydroxide dissolved in methyl alcohol
pertiagh™e yields approximating to 50 per cent. of the theoretical ;
*ilarger proportion of alkylating agent, a product contaminated
factord nuch dialkyl derivative is formed.
orams) lithoxybenzyl bromide was prepared in much the same way
:r cenfitabove described for the preparation of the ortho-compound.
Joplid at 127°/16 mm.* :
pilkthoxybenzyl alcohol (anisyl alcohol) was made from anis-
soolingie by the Cannizzaro reaction. The product, after one such
“ent, was not pure (compare Spiath, Monatsh., 1913, 34, 1995
#)and did not yield a satisfactory bromide; it was therefore
dlccessary to treat it a second time with 25 per cent. alcoholic
s hydroxide, when the recovered p-methoxybenzyl alcohol
b 255—257°—or decidedly higher and within a narrower
o than after the single treatment considered necessary by
e, eit.).
“lthoxybenzyl bromide, prepared by the same method as
(eed for the isomerides, had to be distilled under a pressure
Woltdaeeding 16 mm., otherwise decomposition took place. It
16128—129°/16 mm.

reactiol »
conver ] Hydrolysis of the Emulsified M ethoxybenzyl Bromides.

i intervals of time. The emulsions were agitated during
flsis by a mechanical stirrer of constant efficiency. As the
0% were not homogeneous, the results cannot be utilised for
idition of true relative velocity constants, but the numbers
wéite very clearly the great differences in reactivity of the three
files and cannot be explained by differences in solubility
per celit.
e following tables, the numbers under ¢ are the intervals
ig orth&in minutes which had elapsed since the initial mixing and
ildrawal of the samples for analysis, whilst those under x
d by ®e percentage quantities of the compound hydrolysed during
-“-f itervals, caleulated on the assumption that one molecular
lon belfion of sodium hydroxide is neutralised by the hydrolysis
wecule of the bromide—an assumption justified by the results
J & worthy of note that of the three methoxybenzyl bromides, the
“*upound has the most marked lachrymatory properties, r
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romidis ytes, but being less rapid with the o- than with the p-com-
| A regular curve of hydrolysis was obtained in this as in
ywing instance and all previous ones, with the m-isomeride,
4 ud 59 per cent. being hydrolysed in thirty-five, one hundred
4rfive, and three hundred and fifteen minutes, respectively.

| ame remarks apply to the observations made with N/10-

OB jydroxide in 95 per cent. alcohol; but all the changes took
qre rapidly ; with the m- 1somer1dt, 37, 80, and 96 per cent.
dolysed in thirty-five, one hundred and fifty-five, and three

and fifteen minutes, respectively.

wuction of the Methoxybenzyl Bromides by Means of Hydrogen
lodide.

Hitzidency of these bromides, especially the para-compound,
sify in presence of moist hydrogen iodide led to the use of
rasalmotos acetic acid as solvent. Hydrogen iodide was prepared
it modification of the method recommended by Norris and.
" H{dmer. Chem. J., 1896, 18, 97), freed from iodine by passing
ath a U-tube containing moist red phosphorus distributed
so0l, and dried by means of phosphoric oxide. The

o.Naot employed in the reductions contained 0-4464 gram of
o,

;4 ractions were carried out as follows in a thermostat main-

40 b 25°,

b antity of the methoxybenzyl bromide was weighed in a small
il vessel, 5 c.c. of the hydrogen iodide solution were added,
duction was allowed to proceed. Aliquot portions of the

wawere removed at intervals, diluted with a large bulk of
't o0 & q titrated with N /10-sodium thiosulphate.
WU/ following tables are given, under ¢, the time, in minutes,
Zhad elapsed between the initial mixing and the withdrawal
:th“ia ample of solution, and, under x, the percentage quantity

reduced, calculated on the assumption that the iodine

[;Zrt '_ “lwas produced in accordance with the equation.

3{31‘ 1} k ; .

he prd . Weight taken in [ (i) 0-772;
hra :. vlethoxybenzyl bromide. gram. \ i) 0-395.
ed tofl (i) (ii)

peati 5 2. i z.

b 1-0 b 0

*.lwhol 15 27 15 32

ides :_i{g 105 35 70

| 1€ 16-3 76 . 10-9

ik 195 26-8 276" ‘235
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Wm.wThe Preparation of the Isomeric Methoxy-
benzyl Bromides.

By Jorx BALDWIN SHOESMITH.

Jimeric methoxybenzyl bromides were first obtained by
Wonatsh., 1913, 34, 1995), who employed in their Prepa.:[‘a.tlon
fions summarised in the following scheme :

AH  Meso,
OMe HEBr OMe
CeH,< 2 s CGH4<CH2:BI'

Mllt communication gives details of methods which were
i order to obtain the intermediate compounds in better




hydroxgy compound had taken place. Slight hydrolysis of the

Wute occurred in all cases, and an odour of carbonyl chloride
Jueptible. To prevent unnecessary tarring at this stage, the
i.ifes had been freed from chloroformate by recrystallisation
ixture §uohol. The chlorinated compounds show a tendency to
iokjise when kept at room temperature for some time, but
ili.fs to separate pure compounds have met with little or no

Witoxybenzyl Bromide. Hydrolysis of Dichlorinated o-Tolyl
fy,—This product was found to contain 36-6 per cent. of
& hydrolysable with alcoholic potash (C;;H;,05Cl, requires
113 per cent.).

Hydrolysis with formic acid. Twenty-five grams of the
16 8 chlorinated carbonate were boiled with 200 c.c. of 80 per
ictions8ymic acid for two hours, hydrogen chloride being evolved.
. Mepred solution was diluted with 500 c.c. of water, and the
OxIdsliehyde * distilled in steam and purified by extraction with
%d conversion into the bisulphite compound. A yield of
"eent. of the theoretical was thus obtained.

S Hiydrolysis with formic and oxalic acids. Twenty-five grams
1913, & g were boiled with a mixture of 75 c.c. of 80 per cent. formie
ud 35 grams of anhydrous oxalic acid. The aldehyde was
Beprated and purified as before. The yield was slightly

“lydrolysis with sodium acetate. Twenty-five grams of the
zbailed with 75 c.c. of aleohol, 15 grams of anhydrous sodium
% and 25 grams of sodium acetate crystals for two hours,
achloride being precipitated. The alcohol, now contaminated
Ayl acetate, was as far as possible distilled off, the residue

giirozybenzyl Alcohol —Twelve grams of redistilled salicyl-
e were emulsified by shaking with 100 c.c. of water, and
s of 1-5 per cent. sodium amalgam added in smeall quantities.
dimb amalgam was continuously removed and excessive
42Uy was avoided by the gradual addition of 25 grams of
Sbicarbonate. When the yellow colour due to the presence

v g this aldehyde and related aldehydes derived from resoreinol are
visolat Tih §chifi’s reagent, the normal reaction appears to be the precipita-
of atiljellow hydrated Schiff’s bases, and not the formation of the usual
|, moltf®d dye (Wieland and Scheuing, Ber., 1021, 54, [B], 2527). This
Windergoing further investigation.
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quilic acids gave in each case a yield of 40 per cent. of the
oabiien],  Sodium acetate and alcohol gave a yield of 50 per cent.
k ldhowybenzaldehyde  (Amnisaldehyde). — Nitric  acid  alone
s, Annalen, 1845, 58, 307) or diluted with acetic acid
o Bull. Soc. chim., 1899, [iii], 24, 1076) oxidised anethole too
il fo produce anisaldehyde in good yield.

rth angans (more than 4 mols.) of chromic acid in 80 c.c. of water so
atr that the temperature did not rise above 28°. A faint odour
sgildehyde was perceptible. The mixture having been stirred
S an hour, when the temperature was once more normal, a

#iras added during one and a half hours. The temperature-
tails sgemixture gradually rose to 27° and the colour changed to green.
yield @a the temperature had fallen to 16—18° the kieselguhr was.
Joff and washed twice with ether. The main solution was.
op four times with ether, the mixed ethereal extracts were
4l free from anisic acid with 5 per cent. caustic soda solution,
enjiof the ether was evaporated, and the residual impure anis-

ididehyde, liberated from a warm, aqueous solution of the-
titite compound by concentrated sodium carbonate solution,
aporat@lisiracted with ether, dried, and distilled. Half the expected
‘@jle was obtained in a pure condition.

18 semi-oxidised mixture which was extracted by aleohol from
glsilphite compound gave a further 5 per cent. of aldehyde:
j@ acid (8 per cent.) was liberated by acid from the alkali
tagsabove.

itidation of Anethole by Sodium Chlorate—A solution of 4-5 grams
thole (3 mols.) in a mixture of 80 c.c. of acetone, 40 c.c. of
Beent, sodium chlorate solution (2 mols.), and 4 c.c. of 2 per:
S ismic acid solution was boiled at 65° for ten hours, 2 c.c. of the
i being titrated at regular intervals with silver nitrate
/. At the end of the time stated, the quantity of chloride:
#dark solution was constant, that is, the reaction

§CH CH:CHMe - 2NaClO; —> -
30Me-C;yH,"COH - 3CH,:CHO - 2NaCl

@mplete. The acetone was then evaporated off and the
#te solated from the residue as in the previous case, 2:2 grams
mplofpure aldehyde being obtained along with a trace of anisic acid.
d foreriments carried out since the last communication (Lapworth.
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YIXIX.— Reduction of m-Methoxybenzyl Bromaude
by Hydrogen Iodide.

By JorN BALDWIN SHOESMITH.

iwent paper (Lapworth and Shoesmith, T., 1922, 121, 1391),
2 of replacement of bromine in the three isomeric methoxy-
i bromides was considered from the point of view of the
e of induced alternate polarities. It was shown that whilst
dbgen in m-methoxybenzyl bromide was less readily removed
uli than was the halogen in the o- and p-isomerides, yet the
weride was the most readily attacked by hydrogen iodide,
i being especially rapidly liberated when m-methoxybenzyl
i was dissolved in glacial acetic acid containing hydrogen
it25°, The liberation of free iodine was interpreted as due to
i of the methoxybenzyl bromide in accordance with the

Br H,
ﬂ-.'l D ] - /K IB
S0, O > K ocH, St

o IBr 4+ HI — HBr -+,
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{-liced with solid sodium carbonate (during this operation the
Lf methyl iodide was very marked), and then extracted with
i The ethereal solution was extracted thrice with 10 per cent.
e potash. solution, dried over anhydrous sodium sulphate, the
capremoved, and the residual oil fractionated. The main fraction,
iop [80—200°, weighed 0-90 gram. On refractionating, 0-50 gram
wedbetween 175° and 185°.  This alkali-insoluble oil was m-tolyl
yilether (b. p. 177°) and was further identified by oxidising a
ol portion. with alkaline permanganate to m-methoxybenzoic
et ad by demethylating to m-cresol as described below.

Giand a small trace of the ether was still unchanged; 0-17
ki m-cresol was isolated and identified as previously described.
0dilfiteration of iodine took place when a mixture of 0-50 gram of

p ®diodide with 5 c.c. of the acetic acid-hydriodic acid solution
T allGet for four hours.

yu

r—pathor wishes to thank Prof. A. Lapworth for valuable
1 withtions 7e the communication of this note, and also the Earl of

SResearch Fund Committee for a grant which defrayed the
{ume of the chemicals and apparatus used.
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F]H.—Pola?'ity Effects im Aromatic Halogen
Compounds.

By Joux BALDWIN SHOESMITH, ARTHUR CLEMENT
HerHERINGTON, and ROBERT HENRY SLATER.

ivestigations of Lapworth and Shoesmith (J., 1922, 121,
Jind Shoesmith (J., 1923, 123, 2828) have been continued and
“Yibeen found possible to predict differences in reactivity as
ishydrolysis and reduction by hydrogen iodide of the position
fides of a number of halogen-substituted benzenoid compounds
iimple application of the principle of induced alternate

fit]

udition to the induced alternate polarity influences in a
ile two other factors must be considered : (a) general polar
aes, which are due to substituent atoms or groups and affect
wleenle as a whole (Fliirscheim, J., 1909, 95, 718; Lapworth,
Yanchester Phil. Soc., 1920, 64, No. 3; Kermack and Robin-
I, 1922, 121, 428; Lapworth and Shoesmith, loc. cit.;
“n, Ann. Reports, 1922, 99), and (b) spatial and steric factors
' operate generally in the aromatic series in the ortho-iso-
5. When discussing differences in reactivity, it is therefore
4y to consider closely related compounds such as isomerides
4 {0 eliminate (@) and meta- and para-isomerides to elimi-

U
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ihass also been possible to show that 3-nitro-4-hydroxybenzyl
ile is more easily hydrolysed by aqueous alcohol than
‘p4-methoxybenzyl bromide (Table III). Hydriodic acid
4 the nitro-group and therefore the change of order of
ity with change of reagent could not be investigated.

“shalogen atoms in the halogenated phenols are to be regarded
«oleing situated one place nearer the *“ key-atom *’ than are those
olysist corresponding methoxybenzyl bromides. Thus the order of
\ the #reduction of such phenols should be, and actua.lly is, p and

theset the reverse of that already found in the latter series.
+
Hal Hal Ha.l
ou (. (3
e L 7 | Fom s
i\ B\ *‘/IfI

%% arder in which halogen atoms are removed from such com-
{VeIfl is p-iodo > 0-iodo > p-bromo=o-bromo > p-chloro (Tables IV

). Themeta-isomerides show no tendency to reduce.* 4-Todo-
il reduces far more rapidly than the iodophenols. It is, of
% recognised that in this series a quinonoid change could
tor addition of reducing agent might precede reduction, but
liimate result is that which would be expected on the theory
diced alternate polarities.

EXPERIMENTAL.

[With A. C. HETHERINGTON.]

Swololuic Acids—The w-bromotoluoyl bromides from which
Suresponding -hromotoluic acids were obtained were prepared
MWities and Perkin’s method (J., 1922, 124, 2202). The reactions

Ch . 43 aﬁsed as fﬁ].lO'WS
omid8
ed toleCO,H 0% ¢ H,Me-COCI 2% CH,BrCyH,:COBr ZO0

CH,Br+CgH,-CO,H.

.rl',.":'“' -m-toluoyl bromide has b. p. 160—165°/14 mm. and

$1-25°. w-Bromo-p-toluoyl bromide has b. p. 165—170°/12
W m, p. 39—40° (Found : Br = 54-55. C3H,OBr, requires
55 per cent. The low rosult is due to hydrolysis by
fheric moisture).

fen and Stiuble (J. pr. Chem., 1921, [ii], 103, 352) have prepared
‘"2naphthol from 2 :3:4-trichloro-a-naphthol by reduction with

J¢aid. The resulting monochloro-compound is quite stable to the
Sagent.
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0 ¢of-Approximately 0-10 gram of the acid, dissolved in 15 c.c. of
ho aeetic acid, was heated with 10 c.c. of constant-boiling
i Slieacid in the vapour of boiling toluene. After a definite
‘J4gekalthe liberated iodine was titrated with thiosulphate. A blank

“f',.. to ascertain the amount of air oxidation was carried
“ech occasion.
ankmsults are summarised in Table I1; ¢, w, and 2 have the same

Tasre IL
% rfompound. m-Compound. p-Compound.  Benzyl bromide.
- z w. x w, z. w. x

11 0-1010 24 0-1044 49 0:1518 34
24 0-1003 43 0-1033 73 0-1549 55
42 0-1001 68 0-1001 91 0-0900 78
51 0-1066 . 86 0-0001 99 0:1103 92

g behaviour of the o-compound is again abnormal owing to
pplide formation.

Yiwtion of the isomeric toluic acids for 6 hours under the same
ifins as those in the previous experiment takes place to the
Jmgextents : o- 0-16, m- 0-49, p- 0-43 per cent.

587 iobenzyl Bromide.—o-Nitrobenzyl chloride (Haeussermann
galikek, Ber., 1892, 25, 2445) (1 part) was boiled with concentrated
0683 sodium acetate (2 parts) and the o-nitrobenzyl acetate
' ted into o-nitrobenzyl alcohol by boiling 50 per cent. sulphuric
4 This alcohol was erystallised from hot water and, when mixed
e caleulated quantity of phosphorus pentabromide, readily
Aonitrobenzyl bromide, light yellow plates, m. p. 45:5° from
& petroleum (Found :  Br = 36-82. C,H ;O,NBr requires
#1700 per cent.).
lifrobenzyl bromide was prepared from m-nitrobenzyl alcohol
irogen bromide in dry benzene, two layers forming. The
WHthat separated from the lower layer and the further quantity
el by evaporating the benzene were recrystallised from light
Jem; the produet had m. p. 57°.
Yliobenzyl bromide, prepared by Lyons and Reid’s method
Waer, Chem. Soc., 1917, 39, 1729) and recrystallised several
%k fom light petroleum to remove benzal bromide, melted at:

ke Wo-4-hydroxybenzyl bromide was obtained from the corre-
84¢ aleohol, which was prepared by Stoermer and Behn's
b, (Ber., 1901, 84, 2459). The alcohol crystallised from water
it yellow needles, m. p. 97°. A solution of these in the
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Lnand obtained in 50 per cent. yield from the dried, ethereal
omidg i+ of the distillate. Its solution was diazotised (Varnholt,
U light (em., 1887, 36, 27), heated, filtered, and the chlorophenol
Wd with ether and purified by distillation.

Bljgmophenol, prepared in a similar manner from m-bromo-
fazene [bromination of nitrobenzene (Wheeler and McFarland,
ited Ghem. J., 1897, 19, 366) is much more satisfactory than
Assiuik: 'ion}, distils at 125—127°/12 mm. (Diels and Bunzl, Ber.,
etk 1495, give b. p. 135—140°/12 mm.).

igliophenol was obtained from m-nitroaniline (Nélting and
‘881 Ber., 1887, 20, 3020), the intermediate m-iodonitrobenzene
duced with iron and hydrochloric acid.

ons &jresorcinol was prepared by Stenhouse’s method (Annalen,
d walypy, 311). The compulsory use of 220 grams of litharge
A3t Bimte 20 grams of resorcinol prevents reduction of the iodo-
e by the hydriodic acid produced in the reaction.

Wtion of the Halogenated Phenols.—Approximately 0-6 gram
Fphenol was made up to 2:5 c.c. with glacial acetic acid in a
dfoppered measuring cylinder, 25 c.c. of glacial acetic acid
tiing 0410 gram of hydrogen iodide per c.c. (Lapworth and
sith, loc. cit.) were added, and the whole was well mixed and
dina thermostat at 25°. One c.c. portions were withdrawn
jmidegaite infervals and the liberated iodine was estimated with
phate. A comparison of the ease of reduction of o-iodo-
! p-iodophenol and p-bromophenol was thus obtained. The

grlmethod did not furnish a sat;.sfactm y reduction curve for
Saphenol, but the above results having been obtained for the
iels and p-bromophenol at 25° a series of experiments at 78°
tl the comparison : 10 c.c. of a standard solution of the
suted phenol in glacial acetic acid and 10 c.c. of constant-
tiydriodic acid were heated together in the vapour of boiling
i the liberated iodine was estimated as before. The results
narised in Table V.

les IV and V, 2 has the same significance as before, and ¢
dime in minutes from the commencement of the experiment.
g:1V, wis the total weight of the phenol used, whilst in Table
tients the weight used in each reduction.

§0phenol was the only one of the chloro-isomerides to show
o tion under the different conditions described, and this was
gt A solution of the phenol in glacial acetic acid con-
it 03T gram of hydrogen iodide per c.c. showed a reduction
ifl 0 per cent. after 4 hours. Complete reduction was never
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FW..-Polarity Effects in the Isomeric w-Bromoxylenes
and Isomeric Iodotoluenes.

Jonx BaLpwin SuoesmiTH and RoBERT HENRY SLATER.

ivestigations of this series (Lapworth and Shoesmith, J.,
121, 1392; Shoesmith, J., 1923, 123, 2838; Shoesmith,
ington, and Slater, this vol., p. 1312), which have so far
wnfined to the influence which oxygen exerts as a “ key-
" on halogen atoms in various benzenoid compounds, have
atended and the influence of the hydrogen atoms in a methyl
insuch compounds ascertained.

the same methods as were employed in the first investigations,
10w been possible to show that the isomeric w-bromoxylenes
nananticipated order. The order of ease of hydrolysis should
id 0>m and of reduction by hydrogen iodide m>o0 and p.

4= i el
H,(Br H,CBr H,CBr
- GO
J=trs ok
\/CHs N
CH,'

0hlora-5-benzoyl-5 : 10-dihydrophenarsazine, — CzHyCON(CH,),AsCl,
been previously described. It is prepared from 10-chloro-5: 10-di-
: ine in an excess of boiling benzoyl chloride, diluted with dry
o 10 hours.  After removal of excess xylene the dark coloured
0ilis allowed to stand for 2 days and the solid material filtered off.
e is obtained in colourless, hard crystals, m. p. 180—181° on

1!'84.011 from benzene (Found: As = 19-7. C,;H;;ONCIAs requires
P90),
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\ fact, Jhorpe (J., 1911, 99, 2185, and onwards) cannot be extended to
enei; ince the observations on the differences of ease of reducibility
e gemethoxybenzyl bromides (Lapworth and Shoesmith, loc. cit.)
" i the halogen compounds described in the present communic?

EXPERIMENTAL.

S0, NEH, —> CHy-CiH,CN —— CH,C,H,CH,NH,

(L) (IL) i (IIL)
HNO,
5 G
CH,-C;H,-CH, Br f;f:en CH,C;H,-CH,OH
(V.) (IV.)

Y5 (IT) in the usual manner, and the latter purified by dis-
tion in steam. They had b. p., o- 202—204°, m- 210—212°,

@ of sodium and alcohol (compare Krober, Ber., 1890, 23,
¥, Sommer, 1bid., 1900, 33, 1073). Sodium (100 gms.) was
4, throngh an npright condenser, to a boiling solution of the
% (30 gms.) in perfectly dry alcohol (1 litre). When all the
iment@im had dissolved, the reduction mixture was diluted with
it acidified with hydrochloric acid, and the alcohol distilled in
ed®. The tolylmethylamine liberated from the residual acid

It the distillate with ether; dried over sodium sulphate, and
el by distillation.
eyields of the o-, m-, and p-tolylmethylamines obtained by
beneral method were, o- 509, m- 30%,, and p- 609, of the
Hel quantity. They distilled at 200—202°, 198—200°, and
th106°, respectively.

b8 by the addition of twice the necessary quantity of sodium
ev8200 a solution of the base in an excess of dilute hydrochloric
all Nitrogen was evolved at once. After 12 hours, the reaction

“tion mixture with ether, was distilled in steam, and obtained
Bium the ethereal extract of the distillate. The yields were
#ym- 109%, and p- 409,. o-Tolylecarbinol, m. p. 33° b. p.

€0 mm.; sm-tolylearbinol, b. p. 108—111°/10 mm,;
poth@arbinol, m. p. 60°. The poor yields of the ortho- and para-
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took: Tasre II.
Ortho- Meta-
*0rre- compound. compound.
& dry w=0:5862 gm. w=0-5537 gm.
Th&': il T .
] == 17-9 The para-isomeride did not reduce
mm. i3, 2:5 256 under these conditions, and iodine
4 4.2 36-5 corresponding to 2 per cent. reduc-
i 82 50-8 tion was liberated from benzyl
bl 12:1 83-9 bromide.

¢l to be the corresponding iodo-derivatives; w-iodo-o-xylene,
_33-—34 o-iodo-p-xylene, m. p. 46—47° (compare Pavlovsky,
Wi, Phys. Chem. Soc., 1911, 43, 214), and benzyl iodide, m. p.
| Estimations of the hydrolysable iodine confirmed this.
Saddition to the solid which was obtained from the reduction
it of the ortho-compound a small drop of oil was observed,
8 was not possible to identify it owing to the very small
ity which separated out.

Iylene was isolated from the reduced meta-isomeride in the
ing way. The reduction mixture was poured into excess of
7 decolorised by the addition of sodium thiosulphate, and the
uatralised with sodium hydroxide. The whole was extracted
dler and from the ethereal extract an oil (1-5 gm.) was
%l which distilled between 135—150°. When redistilled, it
116 135—143°. It was identified by its density (0-857 at 16°)
g\t trinitro-derivative, m. p. 181—182°, which did not depress
Jlting point of an authentic specimen of trinitro-m-xylene.

=f_| Thepurem nitrotoluene (m. p. 16°, b. p. 231° )was reduced
%0 filings and a small quantity of acetic acid (see also

graffuith, Hetherington, and Slater, loc. cit.). The toluidine,
» Wl distilled at 203°, was converted into m-iodotoluene, b. p.
pour8 i the usual way. The explosions which took place during
B ¥

#44 preparation, especially when it was carried out on a
“Butely large scale, are noteworthy, and small-scale experiments
. of m-toluidine) are to be recommended.

s bdotoluenes were reduced under the same conditions as
e w-bromoxylenes, and in Table III, ¢ is the time in days
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(IX.—Condensation of Diphenylformamidine with
Phenols. Part I. A New Synithesis of B-Resorcyl-
dldehyde.

By JorN BALDWIN SHOESMITH and JoEN HALDANE.

s wndensation which takes place when diphenylformamidine is
4 with compounds containing an active methylene group
% fist pointed out by Dains (Ber., 1902, 35, 2504). As an
Saple of this may be quoted the condensatmn of the amidine
sith acetylacetone, which probably takes place in two stages.
mtermediate compound (II) is never isolated, aniline being
sted ab once.

%(:NPh)NHPh +CH,(COMe), — CH(NHPh), CH(COMe), (IL.)
| — CH(NHPh):C(COMe), (11L.) -+ NH,Ph.

somethyleneacetylacetone (III) is isolated in almost quanti-
e vield.

'ﬁt;pa of reaction appears to be a very general one and has
sextended by Dains and his co-workers (J. Amer. Chem. Soc.,
Lonwards) to a large number of similar compounds.

¥ present investigation has shown that condensation also takes
i between diphenylformamidine and resorcinol. Aniline is
i adand a solid compound results. The course of the reaction

ﬁm(OH), OH
+ e [ IOH = ( |0H—NH,,P11
{NPh)-NHPh CH(\HP11)2 N

av.)

trude condensation product, which consists essentially of the
55 base (IV) of B-resorcylaldehyde, unchanged resorcinol, and
aylformamidine, is hydrolysed by boiling caustic soda and
urcylaldehyde can thus be obtained in a very simple manner.

5 however, necessary to say that the structure to be assigned
fupound (IV) is not yet decided. Its physical and chemical
pities show that it is slightly different from the Schiff’s base of
liehyde which was prepared by Dimroth and Zoeppritz (Ber.,
235, 995) by another method.

¥ present communication details the method of preparing
ftylaldehyde in appreciable yield; the extension of the
i to other phenols and the constitution of the intermediate
oind are reserved for further investigation.
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fie method of purification adopted is very much better than any
qving the use of sodium bisulphite solution.

ndensation under other Conditions.—The same quantities of
einol and diphenylformamidine were heated at 130° for one
g half hours, and the hydrolysis was carried out as before.
1, however, precipitated a considerable quantity of red needles,

origing

lednf“?a i were characterised as the dialdehyde of resorcinol,
a5 fittedil0H),(CHO)y, m. p. 126° (Tiemann and Lewy, Ber., 1877, 10,
the topill. They represented 25 per cent. of the resorcinol; a smaller

1t autity (25—30 per cent.) of monaldehyde was isolated from the
‘ormamisisolution, whilst the resin present represented 30—40 per cent.

Jealdehyde was difficult to purify.

flen the condensation was effected at 100° for nine hours, 40 per
o of the expected monaldehyde, a trace of dialdehyde, and
-0 per cent. of the resinous compound were produced.

\ethod, [tincrease in the quantity of resorcinol used caused a corre-
lly driedting increase in the amount of aldehyde produced.
s heated effect of moisture on this condensation is remarkable. The

apour _h{drﬂ.ted Schiff’s base which is probably formed in the con-
stition in presence of moisture was found to decompose at 100°
g% impure condition into aniline and a resin. This caused the
tiof monaldehyde to be very poor whenever precautions were
Jiken to dry the resorcinol before use. Under these conditions,
(cid with mterestmg to point out the as yet inexplicable formation of

o grams of resorcinol (which had not been dried in any way),
aturated™idensing with 9 grams of diphenylformamidine, gave 25 per
resorcylstof the monaldehyde, 27 per cent. of the dialdehyde, and resin
’s basgyeeiting 20 per cent. of resorcinol.

cipita ‘...I ticable method of removing the aniline from the Schlﬁ s base
sgiced in the condensation. This is due to the decomposition of
divdrated Schiff’s base by moisture at 100°, as already stated.

.dent-iﬁ Summary.

vl Diphenylformamidine and resorcinol condense together on

v'-':' Ut with liberation of aniline. The condensation product,
23uysed by caustic alkali, yields aniline and B-resorcylaldehyde.

. Schiff$The method by which the best yields of B-resorcylaldehyde

% obtained is described and the deleterious effect of moisture,

]"“S heating, and condensation at too high a temperature
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XVIII.—Condensation of Diphenylformamidine
wilth Phenols. Part I1. The General Nature of the
Reaction.

By JoEN BALDWIN SHOEsMITH and JoHN HALDAXNE.

Wt T (7., 1923, 123, 2704), it was shown that the products
4 by condensing resorcinol with diphenylformamidine yield,
lydrolysis, (-resorcylaldehyde and 4 : 6-dihydroxyisophthal-
jjde. The reaction has now been extended to resorcinol
anethyl ether, guaiacol, pyrogallol, phenol, the isomeric cresols,
.and B-naphthols. The aldehydo-group enters in the ortho-
i to a hydroxyl group, and the yield of hydroxyaldehyde
s from 609, in the case of B-maphthol to 109}, from phenol,
mgh, in general, the primary condensation appears to be
lte, The chief by-products are resins of a  bakelite ”
By this means 1-hydroxy-2-naphthaldehyde is more readily
mable than by Friedliinder’s process (Ber., 1908, &1, 1037).
dher, it is shown that the reaction takes place as assumed
j (Ioc cit.), the intermediate products, 2-hydroxy-1-naphthyl-
aniline, OH-C; HgCHINPh, and 4: 6- dihydroxyssophthalyl-
thisaniline, CgH,(OH),(CH:NPh),, having been isolated in
wndensation of diphenylformamidine with p-naphthol and
anol, respectively.

EXPERIMENTAL

1 insure constancy of temperature, the condensation flasks
timmersed in vapour from a boiling liquid. To obtain a tem-
ire between 80° and 140°, a mixture of benzene, toluene,
Ajlene was distilled until the temperature was reached and
Athe condenser was tilted back and used as a reflux. This
Hudis especially useful when the condensation is very susceptible
ght temperature changes, as the diphenylformamidine con-
ions have proved to be.

densations with (-Naphthol—A mixture of diphenylformamid-
’lg) and B-naphthol (5 g.) was heated at 130° for 6 hours,
it excess (16. c.c.) of 109, aqueous sodium hydroxide added,
Allerated aniline distilled in steam, the solution cooled, the
iged diphenylformamidine (0-6 g.) filtered off, and the filtrate
“l, The precipitate of g-naphthol and 2-hydroxy-1-naphth-
e was boiled with alcoholic aniline, the Schiff’s base of the
i, which separated from the cooled solution, was hydrolysed
iqueous sodium hydroxide as before, the aniline removed
seam, and the aldehyde (2:9 g.), precipitated as a yellow-

I)-I‘cl
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| from b y]formamidine and B-naphthol was dissolved in warm
ol containing a small quantity of aniline (diphenylformamidine
(7 2) msoluble in such a mixture). The yellow needles of 2-hydroxy-
. Thetuphthylideneaniline that separated from the cooled solution
s almost identical with a sample prepared from 2- hydrO\y 1-

hod (Annalen, 1912, 388, 112) melted at 92—93°.
mposed}]) 4 : 6-Dihydroxyisophthalylidenebisaniline. It has not been
ghlle to isolate the intermediate compound from pure dry

eithalaldehyde prepared from the aldehyde as described by
unn and Lewy (Ber., 1877, 10, 2212; they give m. p. 199°).
silshydes could not be isolated from the products of reaction
éswen diphenylformamidine and catechol, quinol, phloroglucinol,
dpnitrophenol. The very marked odour of phenylearbylamine
St1yas observed in the reaction product suggests that the reaction
isulphisentially a deeomp031t10n of the dlphenylfommnudmc 1nto

aperaturi§ decomposition also takes place when the formamidine is
the infers,

1d extragi authors desire to acknowledge a grant from the Earl of
¥ Research Fund and also a maintenance grant to one of them
%) from the Department of Scientific and Industrial Research.
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rr.-—Prepamtion of 2:4:2":4'-Tetrahydroxybenzo-
phenomne.

By Joux Barpwin SHOESMITH and JOoHN HALDANE.

12" : ¢'-“TETRAHYDROXYBENZOPHENONE was first prepared by
w and Conzetti (Ber., 1897, 30, 971), who fused fluorescein
ile with caustic soda at 270—280°. The present investigation
down that the method used first by Hoesch (Ber., 1915, 48,
o prepare aromatic hydroxyketones is also applicable to the
esis of this ketone.
14 Diacetoxybenzonitrile, C;Hg(OAc),'CN, and resorcinol con-
¢ in presence of hydrochloric acid. 2 :4-Diacetoxy-2’:4'-
Hroxybenzophenoneimine hydrochloride,
(0Ac),CeHy C(INH,HCI1)-C4Hy(OH),,

formed, is moderately easily hydrolysed in acid solution to
ipected benzophenone. TFrom the reaction product, resaceto-
e, C;H,(OH),*CO-CH,, and pB-resorcylamide may also be
«d. The former is produced by the condensation of acetyl
_Jie (from diacetoxybenzonitrile and hydrochloric acid) with
¥iol, and the latter by the hydrolysis of unchanged diacetoxy-
witrile.
“ compound described by Marcus (Ber., 1891, 2%, 3652) as
ylonitrile will not condense with resorcinol.

EXPERIMENTAL.

tDiacetoxyhenzonitrile (7 grams), prepared as described by
%é!(loc. cit.), and carefully dried resorcinol (2-5 grams).were
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different concentrations for varying periods of time. The
aiolysed mixtures were extracted with ether and the solid frac-
wully precipitated by the addition of ligroin. Analysis showed
stalgst the nitrogen content varied with the conditions of hydrolysis
andd pure g-resorcylonitrile could not be isolated. The white needles
:5_ .; ed would not condense with resorclnol under the same

iz} for Sclentlﬁc and lndustrlal Reseamh for a grant to one of
g (J. H.) which enabled this investigation to be carried out.

om thi§ fyvsurer UniversITY. [Received, November 23rd, 1923.]

Prixren 15 Grear Buraix ey Ricuanp Ceay & Soxs, Lnarsp,
BUNGAY, SUFFOLE.



1392 LAPWORTH AND SHOESMITH : RECIPROCAL INDUGED

compare also Mem. Manchester Phil. Soc., 1920, 64, ii, 1 ¢ g jl g
and Kermack and Robinson, this vol., p. 428 et seq.), (b) inducg
polar effects, and (c) steric effects. It is as yet scarcely possihf
to define precisely the proportion attributable to each of fhe
in any single instance, but there is some reason to suppose that {*
range and periodicity peculiar to each type of effect may fumif
a means of doing so. Thus a property which is found to rise ag
fall alternately in proceeding from one atom to another in grdi®
may be suspected to be one influenced by induced polarity eﬁeeﬂm"
Steric effects are likely to recur at longer intervals, probably "
five or six atoms in saturated, open-chain compounds ; whilst genep™”

polar effects are likely to be periodic only when associated wif “Uall)
steric effects, with which, therefore, they would probably agres 'ﬁ”’ﬁ‘
e

periodicity.

Systematic measurements, therefore, may ultimately make
possible to foretell the total result of the combined general a
induced polar effects produced on replacement of one atom or grof

pound. Even as it is, general polar and steric influences cangf*Il8
wholly be eliminated in studying the operations of induced alterng 155ibi
polarities, but some assistance may be derived from the ciroumstag® tha

atoms concerned occupy certain relative positions—for examj um“i?-'
¢!l the

chain carbonyl compounds.
Attention was recently directed by one of us to the properf
of the isomeric cresols (Mem. Manchester Phil. Soc., 1920, 64

10). Using the generalised diagram 2
= 1t cou
éﬁs if halc
+ Wi
N\ i
—OH
N Gk
OH A
2l +
and assuming that the hydrogen atoms of a methyl group ﬂtf: H\ J
to an aromatic nucleus can act as ° positive key atoms 5=,
assumption conveyed by the dots attached to their polar el
the induced polarities to be expected are indicated. In the:_' 5

of the m-hydroxyl group, the natural relative polarities of thea il
(with which the capacity for ionisation is associated) are, as thea §
diagram shows, enhanced by the induced ones, whilst in the odd.
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halogen with their natural negative polarity enhanced, whilggrincip
in the m-isomeride the oppgsite is the case. L an be

The test on which the 10rs relied for comparing the negatiygiefollo
polarity of the bromine atoms was based on the double decompogjgand wi
tion of the halogen compdunds with alkalis

X—Br -+ Na—OH — X-OH + Na—Br,

In accordance with this polar reaction, the compounds with mop

““ negative *’ halogen, namely, the o- and p-compounds were expectef
to react most readily with alkalis, and the experiment confirme
this expectation in full, for the m-compound reacted very |
more slowly than did the other two, which, except as emulsior
(in which case relative solubilities are confusing factors), lost theft|
bromine as bromidion so rapidly that the velocity of reaction co I
not be measured. There was evidence that the o-compound wi
slightly less reactive than the p-compound either when emulsifi
or when in solution. i
Halogen, as one of us has previously shown, may exhibit reactioj
in which it appears to behave as with a positive polar charact
(Mem. Manchester Phil. Soc., 1920, 64, ii, 8). Thus, when situatg
in the «-position in ketones, and even more markedly in that positie
in 1 : 3-diketones, 1 : 3-ketonic esters, and malonic esters, it is knoy
to be very readily replaced by hydrogen. This sometimes happen||
when hydrogen bromide is present, as in the case of a-brom
acetoacetic ester, !

- * - o+

X—Br + Br—H — X‘H + BrBr
and more frequently with hydrogen iodide, in which case the py
ceding equation may, of course, be modified thus :

X—Br + I—H—> X—H + Br—I
Br—I + I—H — HBr + 1,
More recently Nicolet (Amer. Chem. J., 1921, 43, 2081) has inﬁ.
preted replacement of iodine by hydrogen in certain arom
compounds as due to *“ positive halogen  on similar grounds.
The induced positive polar character of the bromine atom
m-methoxybenzyl bromide suggested that the * reactivity 3
the three isomerides when tested as to their case of reduction
hydrogen iodide should be the inverse of that observed when tes
by the ease of hydrolysis. Experiment entirely confirmed
surmise. Whilst the contrast between the m-compound and

other two isomerides was not so very great as before, it was & r
very decided ; and this fact provides, in combination with t.he 0y seri
data given in this paper, a striking example of the applicabiliist of
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and the corresponding bromides in quantity from the cresols wifll
be dealt with in another communication. In the present paper”
will be described only the more important observations made 'i jroxy
connexion with the conversion of the isomeric hydroxyhenzaldehyd nols,)
into the corresponding methoxybenzyl bromides, and the properﬁ uie yie
of the latter. Ailarger

yield (70 per cent.) by the reduction of salicylaldehyde (12 gramg lethoxy
emulsified in 100 c.c. of water, with carefully washed, 1:5 per cenitabove
sodium amalgam (300 grams) in presence of sodium ;.,':;.-.. at 1
carbonate (about 25 grams). Addition of the amalgam and ik
carbonate was made gradually, with constant shaking and coolingfie

loss (compare Manasse, Ber., 1894, 27, 2411 ; Lederer, J. pr. Chem
1894, [ii], 50, 225).

o-methoxybenzaldehyde by reduction or by the Cannizzaro reactiol
gave poor yields or impure products. The product used for conver ) Hyo

o-Methoxybenzyl bromide was made by passing gaseous hydrogéides wit
bromide into a solution of o-methoxybenzyl alcohol in twice ifermin
volume of cold dry benzene. The solution gradually became turbis i
and green, and after two hours was separated from the water;
deposit, dried over caleium chloride, filtered through glass-woss
and fractionated under reduced pressure. The bulk of the bromig
boiled at 118°/18 mm., and analysis for ionisable bromine show
it to be pure.
m-Hydroxybenzyl alcohol was readily obtained in 80 per el
yield by reduction of the corresponding aldehyde with sodi
amalgam, as described in the case of the corresponding © it in
derivative. ibdray
m-Methoxybenzaldehyde was made in 86 per cent. yield by 88 perc
interaction of m-hydroxybenzaldehyde, aqueous sodium hydrox@iferys
and methyl sulphate in molecular proportions, the reaction bellioy o
completed by boiling for several hours. ' i
~ m-Methoxybenzyl alcohol was obtained by the action Qf Zbi ;¥
. . m f e

cent. aqueous potassium hydroxide on the aldehyde, or .
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obtained by following the hydrolysis of samples of the three hromiga: fes, 1
to completion. Bntes,

(@) o-Methoxybenzyl bromide. '
(i) i i
Temperature ...,........... 55° {20]n dr-five,
Wt. of bromide ............ 0-8824 gram 0'6785 gram  ame'D
Alkali used ........coeeoee 250 cic. of N/40-NaOH 100 c.c. of N /I10-Na0B, hydro:
t. . L. x. t 7, uore raj
2:5 37:0 775 90-0 15 S
75 62:0 1575 99:0 30 lgg-gi s g
175 70-0 2375 99-0 45 1000
376 87 15 64-7
(b) p-Methoxybenzyl bromide., Weciion
Temperature ............ 556° 20°
Wt. of bromide ......... 0'831 gram 07850 gram
Alkali used ............ 250 e.c. of N /40-NaOH 100 c.c. of N/10-NaOH: fnden:
t 2. t. . ify in
26 754 375 97-9 The substance was almafs act
75 90'8 776 99-4 completely hydrolys:.
176 948 after. 25 minutes. A0 ¢
- el (Amer
(¢) m-Methoxybenzyl bromide. Sive
Temperature ............ 55° 20° 45.00)
Wt. of bromide ......... : 0:934 gram 0°8988 gram ]
Alkali used ............ 250 c.c. of N /40-NaOH 100 c.c. of N/10-NaOH® e1P!
t . . . L o b
75 16 775 43-0 45 2.4 gmactio
175 13-3 1575 66-7 105 +0 Hat 25°,
375 24-0 15 1:0 185 5 Lty

(b) Hydrolysis of Dissolved Methoxybenzyl Bromides.

Owing to the extremely high speed at which alkalis act on
o0- and p-bromides, it has not been found possible to measure @, ¢
speed of the reaction in dilute alcohol at 25°. had ol

cent., was almost completely hydrolysed in five minutes after bellg .
dissolved, even in absence of alkali; the o-isomeride was not
pletely hydrolysed in the same time, but no satisfactory determi
tions of the small quantity of unchanged bromide could be Pr¢ifeih,
ticable. Under the same conditions, m-methoxybenzyl hro
(0-1824 gram per 100 c.c. of dilute alcohol) was hydrolysed t_ﬂ '1
extent of 10, 20, and 33 per cent. in 24, 48, and 72 hours, respectivel

With excess of N/50-sodium hydroxide (solvent = alcohol
‘about 90 per cent.), the results with the o- and p-isomerides We
much as in absence of alkali, hydrolysis being almost complet@
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)

- Weight taken i
b) p-Methoxybenzyl bromide. g enin [ (i) 0:902;
() p TYoenzy gram. \ (i) 0415,
(i) (ii)

ey A — I
5 07 5 15
15 14 15 2:3
7 k- T 30
195 58 195 3:9
- (¢) m-Methoxybenzyl bromide. Weight taken in { (@) 0811;
gram. (ii) 0:50.
(i) (ii) ;
Sy e
b 498 5 370
15 806 15 795
35 89-7 35 93
75 974 72 gg-g i
175 99'8 175 980

" The authors’ thanks are due to the Department of Scientif
and Industrial Research for a grant to one of us (J. B. 8)) whi
enabled the work to be done.
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yields and with greater certainty than was formerly possihig,
Improved methods are given for the preparation of the ¢
benzaldehydes, o-hydroxybenzyl aleohol (saligenin), and P‘methu ¥
benzaldehyde (anisaldehyde).

dichlorinated tolyl carbonates with formic acid, with a mixture 'l:
formic and oxalic acids, or with sodium acetate in aleoholic solutiokjis
The ortho-compound hydrolyses directly to salicylaldehyde, whill
the meta- and para-compounds yield the aldehyde carhonate .
CO(0-CgH,“CHO),. Boiling sodium bisulphite solution compleg
the hydrolysis. These reagents are much more convenient than
calcium carbonate and water at 5 atmospheres pressure Tecommendas,
by Raschig (D.R.-P. 233631).

Salicylaldehyde is best converted into o-methoxybenzyl aleol
by reduction to saligenin and subsequent methylation. In the oS
of the meta- and para-compounds the order of the reactions; ‘
reversed.

p-Methoxybenzaldehyde (anisaldehyde) is prepared by oxidisillyje}
anethole with chromic and sulphuric acids. Anethole is oxidised'- ‘
sodium chlorate directly to anisaldehyde, the intermediate glydl . ¢
not being produced. This is in agreement with the results of simi Eydn
oxidations carried out by Hofmann (Ber., 1912, 45, 3320; 1913, 4
1657).

Direct halogenation of the tolyl methyl ethers results in the form|
tion of a mixture of nuclear and side-chain substituted halog,
compounds from which methoxybenzyl halides cannot be isolated

EXPERIMENTAL
Chlorination of the Tolyl Carbonates.

The tolyl carbonates were prepared by the general methodds
Holleman and Hoeflake (Rec. trav. chim., 1916, 36, 261). Carbo,
chloride was passed into a 10 per cent. solution of the sodium tol§
oxidé until precipitation of the carbonate was complete. Theortlk,
and para-compounds gave the carbonates at once. m-Cresol gavetly,
intermediate tolyl chloroformate, CgH,Me-0-COCI, which was o
verted into the carbonate by heating it with the equivalent amo

of m-cresol dissolved in rather more than the theoretical quantil

of caustic soda. The carbonates were all carefully crystallised it '.ﬁ(;
alcohol.

When the w-chlorotolyl carbonates, CO(0-CeHy CHCly Wi
hydrolysed, the resulting hydroxybenzyl alcohols were never Isula tih §
owing to their remarkable tendency to resinify in presence of 8 l ,ﬁw
Chlorine was therefore passed into the vigorously stirred, molt .mdg-
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of aldehyde had disappeared and the evolution of hydrogen wa
marked, the solution was cooled in ice and the saligenin, whighstie
crystallised in almost the theoretical yield, was filtered off and P
fied by shaking it in water solution with animal charcoal fop thyss
hours. ' After filtration, extraction with ether, and recrystallisatiogh
from ligroin, the sample melted at 86°. The method of purificatioply
was that adopted by Hart and Hirschfelder (J. Amer. Chem. Sooliy o
1920, 42, 2680). The saligenin was methylated and convertegll

Shoesmith (T., 1922, 424, 1392). The bromide thus prepareg
crystallised from light petroleum in colourless, six-sided plategets
m. p. 46°.
m-Methoxybenzyl Bromide. Hydrolysis of Chlorinated m-Toli
Carbonate—m-Tolyl carbonate after chlorination was found fi
contain 35:5 per cent. of hydrolysable halogen. The details s
out below must be followed carefully to ensure a good yield{ 1
m-hydroxybenzaldehyde.
() Hydrolysis with formic acid. Twenty-five grams of the o
were hydrolysed with 100 c.c. of 80 per cent. formic acid as in i
case of the o-tolyl compound. The impure m-aldehydopheng

prepared, boiling aqueous sodium bisulphite. The filtered solutigh
was acidified and steam-distilled to remove sulphur dioxide, thi

melted at 104°. Hgs:
() Hydrolysis with formic and oxalic acids. The same quantiifiiafi
were used as in the case of the ortho-compound ; hydrolysis, yieldifi
the aldehyde carbonate, was complete in one and a half houtk eent,
Subsequent hydrolysis with bisulphite solution gave the hydrosfomi
aldehyde in slightly better yield than that obtained in (a). i b
(¢) Hydrolysis with sodium acetate. The same quantities Weix
used as in the preparation of salicylaldehyde, but the improvemérk
in the yield was not so marked in this case. : g
There are no further details to add to those already commu
cated on the conversion of this aldehyde into m-methoxybers
bromide.
p-Methoxybenzyl Bromide. Hydrolysis of Chlorinated P-1%
Carbonate.—A summary of the yields given by methods emplojep
is all that is necessary in this case. Formic acid alone and fortie;
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and Shoesmith, loc. cit.) on the conversion of this aldehyde intg
p-methoxybenzyl bromide * bear out the necessity for a second
reduction with alcoholic potash of the anisyl aleohol produced frop
this aldehyde by Cannizzaro’s method. A solid anisyl aleoho] was
thus obtained. The bromide itself, which resulted on passing dry
hydrogen bromide into the benzene solution of anisyl aleohol, wae
found to be very pure and crystallised in long needles. These needles
.are extremely sensitive to the action of moist air, and the bromide
only existed as such for a few moments after removing into ti
.atmosphere.
Chlorination of the Tolyl Methyl Ethers —Chlorine was passed in g
slow stream into the tolyl methyl ethers for half an hour. The
introduction of cold air with the chlorine maintained the temper
ature at 40°. The quantity of hydrogen chloride not carried away
mechanically was found in no case to exceed 0-10 per cent,
total halogen was estimated by the method of Carius, the hydrolys
-able halogen by boiling for half an hour with 10 per cent. alcohol
potash and estimating volumetrically the potassinm chloride s§
produced. '
The results are summarised. .
Chlorine hydrolysable com.

Compound Free Total 4 paved iid 3
chlorinated. HCI. chlorine. Total Cl.  Total compound.:
Per cent. Per cent. Per cent. Per cent,
ortho. Nil 314 9- 5:98
meta. 0-01 22-3 8-8 1-96
para. 0:10 29-2 24-8 7-20

When the ethers were exposed to the glare of a mercury va.pogﬁ
lamp the results were unaltered.

The author wishes to express his gratitude to Prof. A. Lapwortk
F.R.S., who supervised his work in the Manchester University, af
to the Advisory Council of the Department of Scientific and Industri
Research for a grant which enabled him to undertake the investi
gation. - '

#* The marked difference in lachrymatory properties betyween #i-meth
benzyl bromide and the very easily hydrolysed, non-lachrymatory pef
isomeride finds a parallel in the vesicant properties of BB'-dichlom‘dle 3
sulphide and its non-vesicant, easily hydrolysed isomeride, aa’-dichl
.diethy] sulphide (Bales and Nickelson, T., 1922, 121, 2137).

CHEMISTRY DEPARTMENT,
EDINBURGH UNIVERSITY. [Received, July 31st 1923.]*

PRINTED 18 GREAT BRITAIN BY Ricrann Cray & Soxs LiIMITED,
BUNGAY, SUFFOLK.
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The quantity of iodine liberated corresponded with that expectedalised 1
from such a reduction.

The result, namely, that the lability of the halogen atoms The
m-methoxybenzyl bromide is least when alkali but greatest wheg potas
hydrogen iodide is the reagent, is one that could not have beagmmove
foreseen with the aid of any general principles enunciated priog [§0—2(
to the principle of induced alternate polarities, and therefomgdbetwe:
had considered all other explanations of the course of the reac -".porﬁm
and were satisfied that the preceding equations were the only ongd by
which could account for the liberation of iodine in the experimenby the
with hydrogen iodide. Since the publication of the original pape
however, the conclusions were privately criticised on the ground thai
it had not been established that the equations given represented thi
true course of the reaction; the assumed reduction product, namelys;
m-tolyl methyl ether, had not been isolated. In view of this, thkgg.c;
experiments described in the present paper were made and Bbsihylati
results are now communicated, as they remove any serious douli
which might otherwise be entertained of the course of the reactio
in question e

—CH,. From such a reduction mixture m-tolyl methyl ether anf
m-cresol may be isolated. The ether, which is obviously tli
intermediate compound in the scheme OMG'CGH;CHQBrm
OMe-CgH,Me Lt OH:C H,Me, is demethylated in the solution witkions re
no liberation of iodine.

EXPERIMENTAL i :
STRY T

A solution of 6:08 grams of m-methoxybenzyl bromide in glacify =~
acetic acid, containing 0-46 gram of HI per c.c. (compare Lapwort
and Shoesmith, loc. cit.), the total volume being 50 c.c., was mail
tained at 25°. After the reaction had proceeded for twenty minutéh
1 c.c. of the mixture was withdrawn and the iodine which had beg
liberated titrated in about 100 c.c. of water with standard sodiu
thiosulphate solution; 935 per cent. of the bromide had bef
reduced. Samples withdrawn after the reaction had proceeded &8
an hour and an hour and a half were identical and indicatetli th
reduction was complete (97-5 per cent.) and the liberation of jodi
had ceased.

Separation of the Reaction Products—The solution was POt
into 200 c.c. of water containing 17 grams of sodium thiosulphat
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HLAR
In the three isomeric w-bromotoluic acids,
=g s = 't has al
HchI' HgCBI‘ HQCBI' ..|.ri is
= b

(htom o S o

| =0y +i HES
N/ N0 s
CO-0H e halog

the bromine which has acquired an induced negative character jsiiig sif
present in the meta-isomerides; thus the order of ease of hydrolysigh cor
should be m>p, and of reduction by hydrogen iodide, p>m, thekefred
reverse of that found in the methoxybenzyl bromides. Both thesel the
predictions were borne out by experiment (see Tables Tand IT), |

Reduction of the carboxyl group under the conditions of the
experiment is so small that it may be ignored.

Unsubstituted benzyl bromide is more easily hydrolysed (Table I)
than any of the w-bromotoluic acids. The introduction of the
carboxyl group therefore stabilises the benzyl bromide moleculef
as a whole, a condition even more pronounced in the case of the orde:
nitrobenzyl bromides, where the general polar influence (a) is verg.
marked. The ease of hydrolysis of the latter compounds stillly

follows the same rule, and the meta is the most readily hydrolysedl i 1,
isomeride (Table ITI). % reco
= 4 — — y
H,CBr H,CBr H,CBr or ad
/N5 N PN limate
! =t 2 s {rb il hinced )
\ xe, A0, "/
NO,
The introduction of the nitro-group into a very reactive moleculg
such as p-methoxybenzyl bromide diminishes the reactivity of theser,:

latter to the order of that of the unsubstituted compound. It B
thus seen that the restriction that differences in reactivity calirssy,
be predicted only for very closely related compounds such a8y,
isomerides is necessary, otherwise 3-nitro-4-methoxybenzyl bromidé
(A) (which was the compound investigated) might be expected (0,1
be more reactive than the very reactive p-methoxybenzyl bromide[. B}
in virtue of the enhanced induced negative character of the bromg
atom in the former. This induced effect is more than balanced 0o

i 4 - 65
H,CBr H,CBr theric 1
1/=\\+ / "'\ 3
(A) st [EEeaB) 1L ar
\¢/NO, N7 Sk
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A mixture of 25 grams of the w-bromotoluoyl bromide and 300 c.c.
of 80 per cent. formic acid (d 1-2) was warmed at 30—35° for ] hoyg
and poured into water, and the precipitated acid was dried andid

m- 150°, and p- 223° (compare Zalkind, J. Russ. Phys. Chem, S &
1914, 46, 508 ; Zalkind and Semenov, ibid., p. 512). 3

Hydrolysis of the o-Bromotoluic Acids.—Approximately (1%
gram of the acid was dissolved in 20 c.c. of absolute alcohol, 5 o g
of water were added, and the volume was made up to 25 c.c. with

extra time being that necessary for equilibration of tempera "&;:]'26
and the total acidity (hydrogen bromide - organic acid) determined 1223
by titration with N/10-alkali and methyl-red. A correction ﬁ;g%

applied for the organic acid.

The results are summarised in Table I. ¢ = time from commence:.
ment of experiment in hours. w = weight of compound used iide for
grams. « = percentage changed. it

ghons as
TapLE L. g exti
o-Compound. m-Compound. ~ p-Compound.,  Benzyl bromidegmictions

t. W, . w. T 1w. €. w, AT

} 01068 50 01019 27 01076 13 0080  Sillimbenz
1 01158 70 01010 42  0-1049 30 sl

2 (1031 49 01207 70 01126 54 i ik, Bey
4 01089 47 01001 87 01110 74 g % sodi
8§ 01126 - 48 01149 90  0-1032 83 ¥ Iy
16 == — 01154 94 01207 90 00975 gagredint
32 = == 01199 98 0-0998 04 — -4 This al

The fall from the maximum is due to the following changes : Wohor
iroger
. CH,B CH / OF fuate
I e T z 3 .
cﬂH,,{CO:-H = CH,<p2>0 = 03H4<€H0:H

(1) (11.) (IIL)

The hydrolysis of w-bromo-o-toluic acid (I) to -hydroxy-o-toilliner, Cf
acid (III) is accompanied by the formation of hydrobromic adk i
and phthalide (IT). In the titrations, which estimate both .
halogen acid and the carboxylic acid, the values fall until equiy
brium is reached in the production of phthalide. Thisisdue to @iy
spatial influences classified under heading (b).

Reduction of the Isomeric o-Bromotoluic Acids at 110°by Hydriotks



1317 SHOESMITH, HETHERINGTON, AND SLATER :

minimum of dry benzene was saturated with dry hydrogen bromigas
the benzene evaporated, and the residue crystallised from lishi
petroleum, 3-nitro-4-hydroxybenzyl bromide being obtained in Fen :
prismatic needles, m. p. 82° (Found: Br = 3446, C;H,0,NB}s
requires Br = 34-44 per cent.). [ §

3-Nitro-4-methoxybenzyl bromide, prepared by methylating 3-nitrg
4-hydroxybenzyl alcohol with methyl iodide and potassi I
hydroxide, recrystallising the product from hot water, and convey
ing it (m. p. 69°) into the bromide as above, crystallised from ligki;.
petroleum in pale yellow needles, m. p. 108° (Found : Br = ':j_'i !
C¢H,0,NBr requires Br = 32-49 per cent.). i

These bromides were hydrolysed under the same conditions g
the w-bromotoluic acids. The hydrobromic acid liberated wa;
titrated with N/10-caustic alkali as before, except in the case g,

3-nitro-4-hydroxybenzyl bromide, where N /20-ammonium hydg. by 1
oxide was used and any hydrolysis of the unchanged bromide durity,. ,
the titration avoided. 4 jhenol

The results are summarised in Table ITT. opper

Tapre III.
Nitrobenzyl bromides

~ 3-Nitro 4 moth e P10k
Ortho. Meta. Para. benzyl bromide it int
1. w, . w. 2. w. T w, e
+  0-1267 10-8 0-1226 12-0 0-1168 11-0  0-1067 2, podc
1 0-1190 19-2 0-1037 23-0 0-1045 19-5  0-1008 4 hize 51
2 0-1022 324 0-1083 384 0-1147 32:.8  0-1023 i T
4  0-1010 54-7 0-1171 59-3 0-1015 54-6 0-1116 I methoc
8 0:1081 789 0-1196 85-1 0-1146 789 01037 jphenol
16 0-1040 93:9 0-1194 96-2 0-1068 95-3  0-1038
32 0-0998 99-1 0:1176 99-8 0-1041 99-5  0-1039 10ls any
3-Nitro-4-hydroxybenzyl bromide. e the
ek 1 ] 1 2 tfed pl
W oree  0:1008 041024  0-1031  0-1028 hydrioc
e s S B0 96 0o 100 ' the I
i the ]i

[With RoperT HENRY SLATER.]

sponding aminophenols by the usnal methods. _

m-Chlorophenol was most conveniently obtained from m-chol®
nitrobenzene, 100 grams of which at 50° were dropped into
mechanically stirred mixture of 200 grams of iron filings, 400 o,
of water, and 15 c.c. of concentrated hydrochloric acid "’.5' b
Morgan, J., 1900, 77, 1204), the heat of reaction, after s-iolght.':
liminary warming, maintaining the temperature at 9:)_. Ay
an hour’s heating at 90°, the whole was cooled, neutr&hsefl ' &
30 grams of sodium bicarbonate, and the chloroaniline distille
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TasLe IV. Tapir V.,

o-Todo- p-Todo- p-Bromo- o-Bromo- p-Bromp

phenol. w= phenol. w= phenol. w= phenol. = phenol, s
0:6104 gm. 0-6384gm. 0-6070 gm. 01730 gra. 01719

i . R 7 t. 3 s |

15 28-2 69-0 4.4 60 187 407
45 56-2 88-8 87 120 31-7 684
105 756 95-4 15-9 180 39:6 83.0
225 90-0 100-0 287 240 47:6 94.9

300 53:0 1000

The meta-halogenated phenols did not reduce in any circun
stances.

4-Todoresorcinol was completely reduced in 1 hour af 25""4
glacial acetic acid solution containing 0-40 gram of hydrogen mdsi
per c.c. :

The authors desire to acknowledge a grant from the Earl of Mora)
Research Fund and also their indebtedness to Prof. Sir Jam§
Walker, F.R.S., Prof. A. Lapworth, F.R.S., and Mr. W. 0. Ke
for their interest in these investigations.

EpmwBURGH UNIVERSITY, [Received, November 23rd, 1023
Rewvised, March 3rd, 1024
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Experiment has fully borne out this prediction. It has, in fact H0IPe
been found that under conditions by which w-bromo-m-xylene '1; ince th
almost quantitatively reduced by hydrogen iodide to m-xylene, the iemet!
isomeric w-bromo-p-xylene is converted into w-iodo-p-xylene, if the [

The complete order of hydrolysis is p>o0>m, and of reduction?
m>0>7p.

The general polar influence exerted by the methyl group isliarat
quite marked and all the »-bromoxylenes are more easily hydrolysedieral n

the unsubstituted compound to both reagents. As expec | " (1)
w-bromo-p-xylene is more easily hydrolysed than w-iodo-p-xylene,

The order of ease of reduction of the iodotoluenes, in which the ¢
halogens are one place néarer to the ““key-atom ™ than thosg
present in the w-bromoxylenes, was again as expected, namely,
and p>m, the reverse of the previous order, except that the orthos folui
isomeride is the isomeride most easily reduced to toluene. s (IT)

Jn i]]_

i i i 215
yaL /AN 7\ it
(P Sl v (e S
N 7 Es % -
CH’ e

3 . [30 g

The meta-isomeride is reduced very slowly under the experimentas
conditions, and therefore this series differs slightly from that of thi, acidif

The possibility of the formation of reactive molecules of quinonoifin by
type in any of the compounds here investigated is remote and ti the di
two series of experiments are of importance by reason of thell by ¢
simplicity. « |

It must be pointed out that the suggestion put forward B
Lowry (J., 1923, 123, 824) that the induced alternate influencedtied qu,
only capable of being transmitted when the series is pel‘f H-196°, 1
conjugated is definitely negatived by the different orders of reactivits
displayed by the w-bromoxylenes under the conditions describgs
in the present communication, It must be emphasised, hovevé
that the benzene ring is certainly a very efficient transmitter af Xitrop
possibly even an amplifier of induced polarity effects. llﬂ- iimplet
probability, however, similar effects will not be observed in alipha®iction
compounds which contain a series of consecutive single bo_.
This has recently been stressed by Lapworth (Far. Sov. U

1923, p. 505).

In addition, it is obvious that the tautomeric hydrogen hypothes
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isomerides are due to the fact that appreciable resinification fook
place during steam distillation of the tolylearbinols.

The isomeric w-bromoxylenes (V) were obtained from the corre.
sponding tolylcarbinols by the usual method of saturating the dry | w=
benzene solution of the latter with dry hydrogen bromide. The 't
o-isomeride, b. p. 102°/11 mm., m. p. 20°; m-, b. p. 97—99°8 mm, ;
p-; b. p. 100°/9 mm., m. p. 35:5°. i

i
b

Hydrolysis of the w-Bromoxylenes at 60°,

factory temperature at which a series of results could be obtained . Phy
The method was that used in a previous communication (Shoesmith,} Estim:
Hetherington, and Slater, loc. cit.). The results are summarised in

Table I,* where ¢, w, and x represent time in hours from com-
mencement of experiment, weight of compound used, and percentagaly

changed, respectively.
TasrLE I. Tilene
Ortho- - Meta- Para- Benzyl a-Todo-  Siing wa
compound. compound. compound.  bromide. D-xylene. & decolc

t. . . w. . w. € . e w. R 3
3 01060 55 00980 25 0:0983 66 0-1093 22 0-1335 3zgNrutrali
1° 01064 77 0-0996 42 0-1074 87 0-1056 37 0146 @%@eher s
2 /01030 89 01037 64 0019 96 0-1100 59 0-1280 7588,

3 01022 94 01011 77 00997 100 0-1078 71 01201 SETE

Quantitative Reduction of the w-Bromoxylenes by Hydrogen Todid "“l'l'imt
at 25°.

which contained 0:70 gm. of HI per c.c. Approximately 0-5 u:
of the bromoxylene was dissolved in sufficient glacial acetic acid_ o

cylinder. The reducing agent (4 c.c.) was then added and thé
cylinder immersed in the thermostat. The rate at which

(Lapworth and Shoesmith, loc. cit.). The results are summarised
in Table II, where ¢, w, and 2 have the same significance as beforein g};

The mixture was maintained at 25° for 40 hours and then po 3 i
into water. The solids which separated in the experiments Wikl
the ortho- and para-isomerides and also with benzyl bromide Welate
filtered off, dried, and recrystallised from light petroleum. Thefes

* For convenience, the results for w-iodo-p-xylene (for preparation,
p: 2282) are included. :
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from the commencement of the experiment, whilst w and ¢ haye!
the same significance as before,

Tapre IIT.
Ortho- Meta- Para-

compound. compound. compound.  Ortho- Meta- Para-
w=1-2150 gm. 1:1934 gm. 1-2051 gm. compound. compound. compound.
& [l 2 (o {75 %! T, 7
b 484 4-1 32:1 6 881 13-3 799
2 67-9 7-9 50-5 8 920 174 8540
4 82-8 10-9 69-9

From the o- and p- isomerides toluene was isolated by the metho
employed for the separation of m-xylene. It distilled at 105—118°
had density 0:876 at 16°, was quite free from halogen, and i
trinitro-derivative (m. p. 81—82°) did not depress the melting
point of an authentic specimen of trinitrotoluene.

Under the above conditions iodobenzene liberated iodine in g
quantity which represented 109, reduction in 8 days.

The authors desire to acknowledge a grant from the Earl
Moray Research Fund which has defrayed the expenses of th?
investigation.
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EXPERIMENTAL,

Diphenylformamidine—This was prepared by boiling togethl’dﬁa'ﬁ?ﬂ
aniline and formic acid (Weith, Ber., 1876, 9, 454). Forty grams® inol
(I mol.) of 80 per cent. formic acid were mixed with 160
(24 mols.) of aniline. The water which was present in the origina

acid together with that produced in the reaction was distilled aygy il Wel
through a fractionating column. The head of the column was fitteg H0H):!
| Th

with a device for trapping the water so soon as it reached the top,lk
After four hours’ gentle boiling, the temperature was raised untjiity (2
60 c.c. of aniline had distilled over. The residual diphenylformamistolutio
dine solidified on cooling and after recrystallisation from alcoho,ﬂdEhY'
melted at 137° (yield 63 grams).

Condensation of Diphenylformamidine with Resorcinol—A long'
series of experiments has shown the following to be the hest con-
ditions for the preparation of g-resorcylaldehyde by this method, .im'.ef

in a small, thin-walled flask,* totally immersed in the vapour of
boiling water to ensure a temperature of 100°. The mixture firgfHi
liquefied; solid appeared after five hours’ heating. At the end of*
six hours, the condensation product was dissolved in 50 c.c. of hof’

dilute hydrochloric acid. The small quantity of resin here precis®
pitated was separated and extracted with 20 c.c. of boiling water

by adding a saturated solution of sodium acetate. The frec basgiced in
was filtered off, mixed with the hydrochloride, and the whol hql‘&tec
hydrolysed with caustic soda solution. The liberated aniline wa§tm ob
removed with steam, the bright red solution acidified, and the
aldehyde, extracted with ether (yield 45—50 per cent. of th
theoretical), was recrystallised from hot water. It was identified
by mixed melting-point determinations (135—136°), the deep brovl
colour given by ferric chloride to its aqueous solution, the feather $5 witk
needles of its phenylhydrazone, the oxime of melting point 192§iysed
and the peculiar yellow precipitate which it gives with Schif§
reagent.

* Tt is hoped to publish details of this simple thermostat shortly. ¥ out,
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The authors wish to state that the suggestion that such a cop.
densation might take place was due to Prof. A. Lapworth, FRS,
‘They also wish to thank the Advisory Council of the Department g
Scientific and Industrial Research for grants which enabled each ua
them in turn to undertake these investigations.
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brown solid on addition of hydrochloric acid, crystallised from senylfor
alcohol, separating in yellow prisms, m. p. 81°. ; '

Condensation wilh «-Naphthol—Diphenylformamidine (7 g) ey solu
and «-naphthol (5 g.) were heated together at 95° for 6 hours, The laphthyl
reaction product was hydrolysed as before. The dark green resin: almos
that appeared during the steam distillation was removed, a saturatedshthalde
solution of sodium chloride added to the green filtrate, the sodium
salt of the aldehyde, which separated in yellow-green, leafy crystals,kod (4
was washed with a saturated solution of common salt, decomposed$) ¢: 6-
with hydrochloric acid, and the 1-hydroxy-2-naphthaldehydekiile to

; 'm'd’
tilylide
product with sodium hydroxide and distillation of the aniline in sashec
steam, 2-hydroxy-4-methoxybenzaldehyde was extracted from thebwous t
cooled, acidified solution with ether, separated from the extract j
with sodium bisulphite solution, and recrystallised from diluteiths
alcohol (m. p. 41°; yield 20%). b a1

Condensation with Guaiacol.—Temperature 210°; time 6 hoursis

9-Hydroxy-3-methoxybenzaldehyde was isolated as in the pressen di
ceding case (yield ca. 10%,). _ 4 pnitro
Condensation with Pyrogallol.—Temperature 110°; time 4 hourshyas ¢
2 : 3 : 4. Trihydroxybenzaldehyde was separated by the bisulphit@entia]
method (yield 20%,). e and
Condensations with the Isomeric Cresols.—o-Cresol : temperatui@is doc
183°; time 6 hours. The aniline was distilled in steam, the inteddq alon
mediate product hydrolysed as before, the liberated aniline distillebgheny]
in steam, unchanged diphenylformamidine removed, the filtratfy] ¢
acidified with hydrochloric acid, and 2-hydroxy-3-methylbenz
aldehyde isolated therefrom by distillation with steam and extrag autl
tion of the distillate with ether (yield 25%,). i Rest
m-Cregol : temperature 210°; time 6 hours. The yield of %) fron

B

hydroxy-4-methylbenzaldehyde, m. p. 59°, was ca. 20%:

p-Cresol : temperature 193°; time 6 hours. Under the best comio
ditions, the yield of 9-hydroxy-5-methylbenzaldehyde, m. p. 663
was only 15%,. k-

Salicylaldehyde (yield 109%,) was obtained from phenol in a simiid
manner. The condensation was carried out at 183° for 6 ho
Sodium bisulphite was used in order to extract the aldehyde frof
the ethereal solution; otherwise it was found to be contaminatet
with phenol. The method cannot be recommended in this case.

Isolation of the Pure Intermediate Compounds—(1) 2-Hydroxy-4
naphthylideneaniline. The crude condensation product 08
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(1 gram) was added, and a slow stream of hydrogen chloride uuil 0
passed into the reaction mixture. Turbidity was apparent aftenlftempt
four hours, and a crystalline precipitate formed almost immediate] oxyher
afterwards. The hydrogen chloride gas was passed for eight houss
and after that the mixture allowed to stand for another twelye

it, after standing some days, an additional quantity of the erystals
separated out. The crystals were dissolved in cold water andipure 8
precipitated with concentrated hydrochloric acid. The solid was
purified by the repetition of this process at least twice, and aftemitions
having been dried decomposed at 195° and proved to be 2:45y
diacetory-2' : 4'-dihydroxybenzophenoneimine hydrochloride (Found'
€l =97. 0;;H;40,NClI requires Cl = 9-5 per cent.). The hydrodfie aut!
chloride was hydrolysed by boiling 25 per cent. aqueous sulphurigst for §
acid, the operation being complete in about fifteen minutes. Theém (J. E
cooled solution deposited a syrup which was then boiled witlh
dilute sodium carbonate solution for half an hour. From .j:‘
solution yellow crystals separated (2 grams) which were recrystalt
lised from boiling water and animal charcoal and possessed all the
properties of the 2:4:2": 4-tetrahydroxybenzophenone obtained
by the method of Meyer and Conzetti (loc. cit.).

8-Resorcylamide.—The acid solution from the hydrolysis of the
imine hydrochloride was extracted with ether several times and thg
combined extracts were mixed with the ether from which the
imine hydrochloride had separated. When the ether was distilleg
away from the extract, a syrup remained from which white, needl@
shaped crystals were at once precipitated on the addition of water
This solid was recrystallised from water, when it melted af 221
999°, Tts aqueous solution gave a reddish-brown coloration wif
ferric chloride. Ammonia was evolved (a) slowly from a boilin
caustic soda solution of the solid, (b) more rapidly if the solid wal
first hydrolysed with 50 per cent. sulphuric acid and then boild
with caustic soda, (¢) immediately when the solid was heated alon€
The compound was classified as p-resorcylamide (Found: C=
55-14; H — 502; N = 9-03. Cale. for C;H;O;N, C = 54%0; H
4-58: N = 9-15 per cent.). After the hydrolysis of the amide
small quantity of p-resorcylic acid was isolated from the solution

Resacelophenone.—The aqueous solution from which the p-restl
cylamide had been precipitated was extracted with ether and tf
syrup remaining after the ether had been distilled off boiled Wi§
dilute hydrochloric acid and animal charcoal. From this solutioé
white needles crystallised out which when purified melted b 14}
142° and easily gave a phenylhydrazone with melting point 199



