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Prefatory

The length of this paper makes it desirable to
state at this point that pages 1 to 47 deal with the gemeral
subject of steric hindrance 1n ‘varions organic reactions;
that pages 48 to 57 treat of the acylation of the amino
group in primary bases; and that pages 58 to 73 contain
the results and eonclusions of the work in hand, together

with a description of the exporiments as oarried out in
the laboratory.



Steric Hindrance and Steric Acceleration in the
4cylation of Aromatic Amines, Vith Special Regard

to Acid=forming Substituents in the Para Position.
m Ao Floyd '\?hipple.

It has long been known that the progress of certain
typical reactions is more or less interfered with by the
presence of neighboring groups, Thus, it has been foundl
that acetone readily reacts with hydroxylamine to give an
oxime, as may be illustrated by the equation:

CHy CH;
cnango -+ ngm "é GHS‘O‘N.OH <+ H20|

but that the reaction takes place with less ease if one Or
more of the methyl hydrogen atoms have been replaced by atoms
or radicals of greater weigat (and presumably occupying more
space); and that if all have been substituted, the normal

reaction may be entirely prevented, A4 study of these and

1, V, lMeyer, Ber., 15, 1524, 2778 (1882); 16, 823, 1784
(1883); etc,



many Similar cases has shown that the interference is Gue
to the spatial disposition of the substituents, and the phe—
nomena are now usuzlly described under the general head of
steric hindrance. The hindrance referred to has been noted
in several typical reactions, and the study of the effect
hes involved the behavior of many different substituents.

For the purposes of this paper these reactions will be grouped
under the following heads:

I. Formation of Quaternmary Ammonium Compounds.
1I, Hydrolysis,
A, Conversion of Cyanides into Acids.

B, Conversion of Acid Amides and Acid Chlorides
into their Corresponding Acids.

C. Action of Alcohol on Acid Chlorides,

D. Conversion of Esters into Acids and Alcohols,
I1I, Formation of Imino Ethers.,

IV. Reastions of the Carbonyl Group.
A. Formation of Oximes,
B, Formation of Hydrazones.

C. Benzaeldehyds .on Aromatic Amines. Rosanilines.



V. Esterification,
A, Aromatic Acids,.
B. Fatty Acids,
VI, Acylation of Secondary Bases,
VII, Nitrous and Nitric Acid and Diazo Salts on Aromatic
Amines, ;
VIII. Phosphorus Pentachloride on Hydroxy-acids.
IX. Reduction of Nitro Compounds,
X. Bischoff's Reactions,

XI, Acylation of Primory Amines,

I. The Formation of Quaternary Ammonium Salts

from Tertiary Amines.

In his classical work on the substituted ammonias,
Hofmamm found that the hydrogen atoms of ammonia could be

successively replaced by aliyl to form what is kmown as &

tortiary amine, in agcordance with the following scheme:

NH, -~ NELR -~ NHR, ~~> IR,. He also observed that

the fertiary amine could react once more with alkyl halide
to give a compound of the type IR,X (X = halogen)., He made,

perhaps, the first observation in steric hindrance when he



notedl that dimethylxylidine, dimethylmesidine, and penia=-
methylaminobenzene gave little or no quaternary ammonium
compounds when heated with methyl iodide to 150°, and concluded
that fthis inability to unite with methyl iodide must depend
upon some Ikind of molecular arrangement!, Hofmamm gave no
further explanation of the inability of these compounds to
undergo the usual reaction, but it is clear from the structures

of the compounds that this is a2 well defined case of steric

hindrance,
N(CHz) 2 (CHgz) NHy
Ho Hy HSOO%- Hy Hs
nsc
| iy 2,
‘Dimethylxylidine, Dimethylmesidine . Pentamethylamino=-

benzene,

This question was reinvestigated later by Fischer
and \‘Iindausz who have shown that the presence of ortho-

substituents in & tertiary aromatic amine of the type

X
< >mae2 completely inhibit the formation of
b4

1, Ber., 5, 713, 718 (1872}; 8, 61 (1875).
2, Bor,, 33, 345, 1967 (1900).



quaternary axmonium compounds, Though all six of the isomeric
xylidines can be converted into tertiary bases by Woelting's

method (using methyl iodide and sodium carbonate), the 2, 6=

2 JHy N
Cil H5C 5
e QL
By

adj.~o=Xylidine, unsym.~o~Xylidine. adj.~mrZylidine,

L AT

sym,-m~Xylidine,  unsym.-m-Xylidine. p~¥ylidine,

compound, which has the structure given above, gives no
quaternary ammonium iodide, The same is true with the
different isomeric bromotoluidines and bromoxylidines.

Moreover, Friedlandert found that 2, 6-~xylidine®

1, Monatsh,, 19, 645 (1898},
2. Formla above for adj.~m-xylidine,



can, with difficulty, be converted into the tertiary diethyl

1

compound, wailst Effront” could only obtain traces of the

dimethyl tertiary base with 2-methyl-6=~isobutyl toluidine,

Ll A

I
CH; E

and methyl iodide at 150°, Decker noticed the same phenomenon

in o~ or a~substituted quinolines,

which will not combine with alkyl iodides.

1I, Hydrolysis,
A. Conversion of Cyanides or Nitriles into Acids.

When an alkyl or aryl cyanide or nitrile is boiled

1, Ber., 17, 2317 (1884).



with water to which a little acid or allk=li has becn added it
is decomposed into ammonia and the corresponding acid, in

accordance with the following equation:

RN + 2HOH --p» R,CO0H + Nﬂs. If the cyanide radical
is ortho to some group other than hydrogen this reaction is
resisted to a noticesable extent; and when it is surrounded by
such substituents the reaction may £fail entirely. Well kmown
examples are to be had in the work of Merz and Weith,l who
found that perchloro- and perbromo-benzonitrile and hexzachloro-
a-naphthonitrile caunot be hydrolysed by the usual reagents,
and in the work of Hofmsnn, who found, in the following year,

that tetramethyl- and pentamethyl-benzonitrile behave in a

similar manner,

N N N
c 1 c 1
Cl 1 clL 1
1 1 1
Perchloro= Perbromo= Hexachloro-a=
benzonitrile, benzonitrile, naphthonitrile,

1. mryg 16. 2886. 2892 (1883).
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B0 s
HyC CH,

Tetramthyl-bengzonitrile, Pentametuyl-benzonitrile,

Seven years later, in a more extended .investigation, Claus

and his pupils showed that resistance to hydrolysis is greatly
enhanced if one, and still more if both ortho positions to

the cyanogen group are substituted by halogen, alkyl or

nitro groups .1 The influence of the nitro group in this reaction
is quite significaent, for the presence of one, still more of two
nitre groups greatly facilitates hydrolysis. Whilst great
difficulty is experienced in hydrolysing s-trimethylbenzonitrile
the mono- and dinitroderivatives may be completely, though
slowly, converted into a.cids.z This special role of the nitro
group in modifying steric hindrance is also evident in the rate

of reduction of nitro compounds, as will be showm later.

B, Hydrolysis of Acid Amides and Acid Chlorides.

It was mentioned in the previous section that the

1, Ann,, 265, 376 (1891); 266, 225 (1891); 269, 212 et seq (1892) .
2, Kuster and Stallberg, Amn,, 278, 207 (1894).



nitriles may be hydrolysed to give ammonia and the corresponding
acids, The acid amides undergo a similar reaction, and since

we may ramove water from an acid amide and obtain a nitrile,

the acid amide may be regarded as an intermediate n»roduct in

the passage from the cyanide to the acid., Careful regulation

of the experiment sometimes makes it possible to isolate the

amide in the hydrolysis, The following equations indicate

the relationships:

NE 0
#
RON + HOE. =-) RG] 2 + HE --) RG  + M5
Yo Nog

When the position adjacent to the reacting group has been
substituted the hydrolysis is retarded, Thus, in 1889,
Jecobson® noticed that pentamethylbenzamide> completely resists
hydrolysis, and Claus® found that, like the nitriles, many
diorthosubstituted derivatives of p~toluylamide exhibit umusual
stability. These relationships are clearly indicated by the

formulas for the compounds,

1. Ber., 22, 1219 (1889},

2. Obtained by the action of aluminium chloride on a mixture
of chloroformemide and pentamethylbenzene,

3, Am,, 265, 364 (1891); 266, 223 (1891); 269, 208 (1892).
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0.1Hy co.imz
HSC I{3 ozn Br
H,_:,_c 0!{3
Hy CH5
Pentame thylbenzamide, o=INitro=o~bromo=-p~toluylamide,
co.imz co.mz
0z N0, Br
Hy Hs
o-Dinitro-p~toluylamide, o=Dibromo-p-toluylamide.

Remsen and Reidl studied the relative rates of
hydrolysis of ortho-, meta~, and para-substituted benéaxnides.,
and obtained results which showed that ortho substituents
exerted a retarding influence on the reaction, which was much
more than that caused by meta and para substituents.

Acid chlorides rezct with water in accordance with

the equation:

R.COCl + HOH ~--) R,COGH + HCl, In this, as in the

hydrolysis referred to above, it may be assumed that the

1, An, Chem, Jes 2l, 340 (1899).
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progress of the reaction involves the addition of a molecule

of water, and the subsequent splitting off of a molecule of

hydrochloric acid, as indicated below:

R.efz + HOE =--) n.cfg -3 R.c\fm + HOL,

1 Cl (]

In such a case it is conceivable that the formation of the
additive compound might taks place less readily, or not at all,
if the space adjacent to the reacting group is occupied
largely by active radicals, These possibilities have been
studied by Smlboroughl working with V. leyer, and £from his
results he concludes that those compounds in which substitution
does not occur in either of the ortho positioms are readily
decomposed by dilute alkalis, whereas those which have a
bromine atom in one ortho position are relatively more stable,
but where both brtho positions are occupied by bromine atoms
the compounds are remarkably stable and are only converted

into the corresponding sodium salts of the acids by long

continued boiling with an 2lkali solution,

1, J. Chem, Soc,, 67, 601 (1895).
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Previous to this time Claus® had made some experiments
with the hydrolysis of amides and acid chlorides, and had
recorded certain facts which indiceted differences in the
rates of reaction for the different positions of substituents.
Lisanwhile Victor Meyer's festerification law! (which will be
referred to later) had been formlated, and this genmeralization
stimulated new interest in €laus! results. To decide the
question Sudborough, in conjunction with Jackson and I.:l.o;,rd.,2
showed conclusively that in the hydrolysis of benzamides
ortho substituents strongly retard the process, so that under
conditions which effected almost complete hydrolysis of
2, 5= and 2, 4~dibromobenzamide only 11 per cent Of 2, 6=

dibromo= and 4.5 per cent of 2, 4, 6~tribromobenzamide were

converted,

QO.NH, CO.NH,
Br

2, 5-Dibromobenzamide 2, 4=Dibromobenzamide.

1, Loc, cit, (See page 8 of this paper,)
2, Jo Chem, Soc,, 67, 601 (1895); 71, 229 (189%).
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CO.TH, CO.NHp

2, 6=Dibromobenzamide., 2, 4, 6-Tribromobenzamide.

C. Hydrolysis of Acid Chlorides,

Another reaction which should be mentioned here is
the action of alcohols on acid chlorides, Steric influences
determine the rapidity of the action, for among the series of
menthyl esters of disubstituted benzogl chlorides Cohen and
his collaboratorsl found thot the diortho compound invariably
required a much higher temperature and more prolonged heating

than the other acid chlorides to effect reaction with menthol,
D, The Hydrolysis of LEsters.
Under the head of hydrolysis must be mentioned the

behavior of esters, With water, and much more rapidly with

1. Jo chm. 300.. 89, 1482 (1906).
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alkali, they are coaverted into alcohols and acids, The esters
of the acids of the aromztic series are specially suited for
study in this connection, since they give rise to isomers
whose substituents are in different positions, Such studies
nave been made by V. Meyor, - and later by Kellas,> who found
that substitution in the ortho position hinders the hydrolysis
of mono~substituted benzoic esters more than in the meta or
para position; yet the effect of halogens end still more of
the nitro group in the latter positions is so great as to
increase the hydrolysis as compered with that of benzoic

ester itself, This would seem to indicate that the chemical
character of the group, as well as its position, influences

the reaction, Othser cases have been noted and will be referred

to later,

III, Formation of Imino Efhers.

In addition to the hydrolysis of cyanides referred
to above, these compounds underge another important reaction

discovered by Pinner many years ago .5 In the presence of

1, Ber,, 28, 188 (1895},
2, %, physix, Chem,, 24, 243 (1897].
3, About 1880,
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dry hydrogen chloride they absorb alcohol to give a class of
substances known as imino ethers, as indicated by the following

equation:

A

R N + R.E + HCL === R.c;.rééncl. Pimner foundl

that certain ortho~substituted nitriles failed to undergo this
reaction, Neither o=-toluonitrile, 2, 4-dimethylbenzonitrile,
nor a-naphthoic nitrile (which may be regarded as an ortho-
substituted compound) give imino ethers, whereas b-naphthoic

nitrile enters readily into the reaction,

0 )

Ciig 53

i

o=Tolunitrile, 2, 4~Dimethylbenzonitrile.
N
N
a~Naphthoic nitrile, b=Naphthoic nitrile.

~

1, Ber,, 23, 2917 (1890},
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Lgain, both cyanogen groups in isophthalic and terepathalic
nitrile readily react, whereas in homophthalic nitrile only

one cyanmogen group forms an imino ether,

I CN
330 CN
CN CH
N
Isophthalic Homophthalic
nitrile, Terephthalic nitrile,
nitrile,

IV. Reactions of the Carbonyl Group.

A, The Formation of Oximes,

One of the most important reactions of the carbonyl
group is that with hydroxylamine, by which oximes are formed,
Since these substances are not soluble in water and are
usually easily crystallized, their proparation forms a favorite
method of identifying a carbonyl compound, The reaction

tekes place in accordance with the eguation:

A R
R.G\\o + NHZOH =-- 13‘..(3\\N - + Hzo. This change is

often interpreted as an additive reaction, in which the compound
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R.c:-:(}in is momentarily present, and which gives the oxime
‘ol
through the loss of water. As might be expected, the reaction
is hindered by the presence of substituents of high molecular
weight, provided they are near the reacting group, CO,
| Kehrmnnl studied a large' mumber of cases, and
found that ortho substitution in the quinones retards or

inhibits the formation of oximes, Quinone gives a dioxime,

m-dichloroguinone yields a monoxime, and chloranil.gives none,

:NOH

| 0 co
c1 1 cly 1
‘ c c1
| CsNOH s O ¢o

Quinonedioxime. Dichloroguinoneoxime, Chloranil,

In monochloroquinone and tolugquinone, and other mono-substituted
quinones, the oxime group first attacks the oxygen which has

no ortho substituent, then the second oxygen reactss

0 0
Cl CHg
C:NOH sNOH

1’. mr., 21, 3315 (1888); 239 2557 (1890); Jo pl‘ak‘t.
Chem,, (2) 40, 257 (1889); (2) 42, 134 (1890); see also
Nietzki and Schneider, Ber., 27, 1431 (1894).
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With para-substituted quinones containing a halogen and a
methyl group, the oxysgen in the ortho position to the alkyl
only is replaced by the oxime group; if two alkyls are present,

the oxygen in the ortho position to the smaller group reacts,

Co Co
Cl HoyCg

o3

sOH s NCH

This behavior led Kehrmann to believe that it is less the
nature of the substituents (halogen or alkyl) than their
presence in the particular (ortho) position to the quinone
oxygen which interferes with the reaction, The formation of
oximes from aromatic ketones is of the same nature, Neither
phenylmesitylketone, xylyl-o~tolylketone nor benzpinacoline
react with hydroxylamine (configuratinos next page) g llany
similar examples have beon mentioned by Baum and V. I.Ieyer.z
It should be pointed out, however, that the nature of the

second radical attached to the ketone group also influences

1, Hantzsch, Ber., 23, 2773 (1890); Smith, Ber,, 24,
4050 (1891); Beckmanmn and Wegerhoff, Amn,, 252, 14 (1889);
Harries and Hubner, Ann,, 296, 301 (1897).

2, Ber., 28, 3207 (1895); 29, 836, 2564 (1896).
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CHs g,
HyC CHy H,
0 0 0
s <

Phenylmesitylketone, Aylyl=o=tolylketone. Benzpinacoline,

the result, Both mesityl aldehyde and mesitylglyoxylic ester

readily form oximes,

HgzC GHS HzC 0113
HO 0 .cooczns
liesityl aldehyde, Liesitylglyoxylic ester,

From this it appears that when there is but 1little "crowding"

of the carbonyl group the usual rezction takes place,



B, The Formation of Hydrazones,

Vnen carbonyl compounds, such as aldehydes, ketones,

quinones, etc., are allowed to react with phenylhydrazine a

class of compounds known =S hydrazones is formed. This reaction

involves the same principle as that mentioned under oximes,
and may be thought of as taking place in two steps, viz,,
the addition of the hydrazine to the carbonyl group, forming
an unstable product which easily loses waters

B B
/
CelgeC=0 + HpN.NH.CgHy == cﬁs.cfgﬁt.cexs -~

Gsﬂs.cjﬂf.m.(}sﬂg; + Hg0.
Meny examples of steric retardstion of this reaction are
kmown where carbonyl groups are surrownded by ortho substit-
uents, Thus, an ori:ho substituted quinone will not react
with phenylhydrazine, The interference may occur even in
those cases where the ortho substituent is in the hydrazine

molecule, rather than in the carbonyl compound, <hus,

o~hydrazine benzoic acid,

NH,

COCH
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will not react with benzaldehyde, but if carboxyl is in the
meta position, the reaction takes the usual course, This
could hardly have been anticipa.ed since the substituent is

so far from the reacting group.

C. The Interaction of Aromatic Aldehydes

and Aromatic Amines,

It is well imown that benzzldehyde will react with
aromnatic amines in such & way that the amino hydrogen and the
carbonyl oxygen are eliminated as water to form the prodmcts
Jmovmn as benzalanilines, &s indicated by the eguations:

H P
Ol 0 + HaW.Cglls == CgHg.CAI.CeHg. + Hg0,
To test the effect of steric hindrance in such cases, Hantzschl

studied the reaction with substituted amines, He found that

it does not take place in the case of s~tribromo~ anéd s—
trinitroaniline,

&

Br Br

1. Ber,, 23' 2776 (1890,.



There is, however, another type of reaction waich
; . 15
aldehydes and amines may underge, and this,indicaved by the
preparation of the leuco~-base of malachite green, which takes

place in accordonce with the following equations
; {
éff Q (033)3 (CHy)
' '. + Hy0,
' (033)2
(CHz) 5

But it has been found that this reaction is prevented if the
tertiary bases have ortho substituents, and this bhas been interpreted
to mean that the reaction involves an intermediate additive
compound in which the nitrogen takes & part., This view, though,
is in striking contrast to that which appears t0 bDe necessary

in the case of primary amines, where it is the meta substituents
that cause the hindrance, In view of the fact that in the final
product the aldehyde carbon is attached to the other nuclei by
means of the carbon atoms para to the amino groups, the nindrance
caused by meta substituentsmakes it necessaxry to assume that

in these cases, at least, the reaction is diredt, and does not
involve the nitrogen., This difference caused by the difference
in the positions of substituents is well shown by the fact that

0=t0luidine readily reacts with p-nitrobenzaldehyde, wirile



o~ toluidine does so wiiha difficulty.l

& reaction of very great commercial iaportance is that
involved ia the preparation of rosaniline and its derivatives,
The reaction is carried out by oxidizing a mixture of p-toluidine
and other aromstic amines, and gives a triphenylmethane derivative,
Tho cincange may be asswmsd t0 proceed in two steps; the first one
involving the oxidation of p-toluidine to the corresponding
aldehyde, eud the second the reactioa of this aldehyde with the

beses present as indicated by the equations given below:

NHgOGHsCHg + Og ==Y IHp.CgHg.CHO + Hg0;

lmz.CGM.CHO + 206H5.HH2 + 0 -—% 1&.{2.0@[{4. (0=} + Hg0,

&

Now Noelting has observed that if, in plece of aniline, metz~aminecs
like m~toluidine and s-m~xylidine are substituted, the reaction
does not occur. Irom the stereochemical standpoint the methyl
group in the meta position to the amino group stands in the

ortho position to the para carbon with which the aldshyde

always interactis,

1, This would hold only when it is shown that the effect of
the nitro group, which seems to cause irregularities in some
cases, has been eliminated.
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V. Estorification,

B3, Aromatic Acids,

The most extended researches made in attemptiag
t0 find out the causes for abnormzlities in certain choracter-
istic type reactions are those of V, Lieyer and his pupils
upon the interference in the formation of esters, from waich
hes arisean the testerification law',

In 1894, V, lieyer found that & mixture of nesitylene
carboxylic acid and alcohol in the presence of hydrochloric
acid did not unite in the cold to foim an ester, whilst the
same process gave amnearly theoretical yield in the case of
benzoic acid and its monomethyl (toluic acid), 3, S=dimethyl

(mesitylenic acid), and 3, 4, 6-~trimethyl (durylic zcid)

derivatives !
COCH COCOH COCH
N Qna O QHS
liesitylene Benzoic acid. Toluic acid.

carboxylic acid,

1, Ber,, 27, 510, 1560 (1894); 28, 1255, 2774, 3197
(1895); see also Gattermann, Ber., 32, 1117 (1899),



COH QOH
Hsc
Cilg
Liesitylenic acid. Durylic acid,

He then pointed out that the following acids, 2ll containing
methyl groups in both ortho positions to carboxyl, like mesitylenic

acid, yielded no ester with hydrochloric acid in the .colds

GOOH 00H 00

HaC CHy HC CH CHg

HC CHy B0 Hy CHz
Hy - TCHg

Durene carboxylic acid. Isodurene Pentamethyl

Carboxylic acid., benzoic acid,

The evidence just given was strengthened by a study of the

diortho-substituted chloro~, bromo-, and nitro-benzoic acids

which formed no ester, whilst similar compounds with at least

one free ortho position readily yielded the ester, .

V. illoyer next undertook to decide between the chemical
character of the substituent and its position. To do this he

studied the esterification of acids whose ortho substituents
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varied widely in their chemical character, The o-me thyl-,
o~chloro-, o-bromo, o-iodo-, and o-nitro-benzoic acids were
subjected to the reaction under identical conditions of timse,
temperature, and concentration., In this and subsequent worik,
V, ileyer adopted the method of Fischer and Speier ,1 and
Getermined the relative rate of esterification in cases
where the process was not prevented, but merely retarded,
Kellas2 found the relative amount of ester of ortho-,
meta~, and para-isomers of mono-substituted benzoic zcids
formed at different temperatures, At any definite temperature,

the ortho compound always yielded the smallest amount of

ester and, curiously, the para slightly less than the meta,

CHg c1 Br I NOo
o. 48.3 50.9 43.4 20.5 806
m, 77,1 72,0 66,6 57.6 57.1
D, 75.6 70.5 60.1 52,9 567.1

Benzoic acid = 82.5

From these observations it is gpparent that the ortho

substituents affect the reaction to a very marked extent,

1, Consists in heating the acid with methyl alcohol
containing 2 or 3 per cent of hydrogen chloride for a definite
time at a definite temperature.

2, Z, physik, Chem,, 24, 221 (1897).
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Dat if the hindrance is due entirely to space relations, it
might be expected that the substituent hoving the highest
molecular weight, and presumably occupying the greatest space,
16 couse the most noticeable retardation. It is interesting,

wol

tnerefore, to consider the figures below, which indicate tae
order of increase in molecular weight, and in retardation,

respectively, when ortho compounds were employeds

CHg cl Noz 2r I Order of incrossing
15 35.5 46 80 127 molecular weight,
L

Order of increasing
Ccl C.:!I3 Br I 1\102 hindrance,
Po decide finally whether this irregulority was
due to the chemical character of the substituents or to space
relations, V, lleyer subjected the following named acids to

the esterification experiment above described:

O0H 00H GOCH gO0H
Hg0 O“’z 0z GOWZ By 10,

(1) o-lethyl- (2) o=Fluoro- (3) o-Chloro- (4} o=-Eromo-
o-nitro~ o-nitro- o=nitro~ o-nitroe-
benzoic acid, benzoic acid, Dbenzoic acid. benzoic acid,

Undexr the same conditions (1) and (2) gave esters, while



(3) and (4) failed to react, from which it was concluded
that the chemical sharacter of the group is o secondary
consideration, and is outweighed by the spatial relatiomns,
That the ianterference of the artho substituents
arises from their position rather than from their chemical
nature is further shown by the similor effect produced by
both positive allkyyl and negative hologen end nitro groups.,
Furthermore, the bshavior of both mesityl acetic and mesityl
glyozylic acid (in which the carboxyl is removed from the
proximity of the two wmethyl groups), which, unlike mesityl
carboxylic ecid, readily yleld esters, clearly points
toward the fact that it is steric conditions which cause

the interference with ester formation.

TOOH COOH
CH

B |
H,C CHy H,C CH
H Hy

lesityl acetic acid, lesityl glyoxylic acid.
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The velocity constants (K} of esterification determined by
Goldschnidt .1 upon the basis that in large excess of alcohol
and only & per cent of catalyst the reaction between alcohol

and acid is practically unimolecular, are of a similar nature,

CHx B N0,
0. 0,0111 0.0203 0,0028
m, 0,0470 0,0553 0.0296
P 0,0241 0,0450 0.,0261

Benzoic acid = 0,0428

Again, the effects of mata and para substitution are not
equivalent, and the greater values in the case of the meta
compounds indicate the existence of other factors in the
phenomena of interference which cannot be disregarded.

V. leyer alsoe studieda the relative amount of
estorification of different diortho-substituted acids. Io
esterification took place in twelve hours at 0°, or by
Fischer and Speier's method in the case of thymotic, o=

phenylsalicylic, mesitylene carboxylic, and other diortho-

acids in which both orthno hydrogen atoms are replaced by

1. Ber,, 28, 3218 (1895).
2. Ber., 28, 1254 (1895).
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gooi GoH 00K
HC ot HC HyC H,
CH(Cliz)

Thymotic acid. o-Phenylsalicylic ilesitylene
acid. carboxylic acid,
QO0H COOR
HaC CH, H,C CHy
Bl B B0 CH;

Pentanethyl benzoic acid, Durene carboxylic acid,

hydroxyl or methyl groups; but whoen hydrochloric acid gas
was passed iuto the boiling alcoholic solution for several
hours, the following percentages of ester were formed:
Thymotic aecid 33,3
o~Phenylsalicylic acid 76,5
Ljesitylene carboxylic * 64,5

Pontamethyl benzoic * 70,0
Durene carboxylic " 60,0

vhereas s-trichloro~, s=tribromo~, s-trinitro-, and
2, 6=-dibromo-benzoic acid under similar conditions remained

unchanged .
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COOH COMH
CIQGJ. m@
i1

s-Iricnloro~benzoic acid, &, 6=Dibromo~benzoic acid,

Murthermore, Van Loon and V, I.Zeyerl found that a-fluoro-G~
nitro benzoic acid gives 2 per cent of ester in twelve hours

at.0°, while under the same conditions benzoic acid yields

002 SCH
0,0 F

2~Fluoro=-6-nitrobenzoic acid, Benzoic acid,

97 per cont of ester, 4nd V, lieyer has shown that even the
ortho hydrogen atoms in benzoic acid diminish the amount of ester

formed: phenyl acetic acid is more rapidly esterified than benzoic

acid,
COVH
I
Hs
Phenylacectic
acid,

1, Ber,, 29, 839 (1896),



It would seem that whilst hydrogen, fluorine, hydroxyl,
and nethyl retard esterification it is only completely arrested
by chlorine, bromine, iodine and nitro groups. V. lLeyer con-
cludes that the atounic weights or sizes of the substituents
which prevent esterification in the hot ligquid are much lorger

1
than those which produce this effect only in the cold,

Retard, Prevent,
H= 1 Cl = 35,4

CH: = 15 10, = 46

%%I = 17 Bl‘z = 80
F=19 I=127

The objection to this view is the fact that there is little
difference effected by substitﬁting a larger alkyl radical

for methyl; and that the nitro group has a much greater effcct
than the larger bromine and iodine .:1.1:<>ms.a It would scem
that the letter objection, as well as the usual remariably
greater influence of the nitro group in retardation and
acceleration, might be met by the argument that the nitro
group, being a combination of atoms, will naturally occupy
more room, due to intramolecular space, than would a single

atom of the same or even greater molecular weight.

1, Bor., 28, 1260 (1895} .
2, Kellas, Loc, cit, (8ce page 26 of this paper.)
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An interesting case in steric hindraace is the effect
produced by an adjoining nucleus, b=Chloro and b-hydroxy=a~

nzphthoic acid carnot be esterified in the cold, whilst

COH coud
’ @ ]

b=Chloro~-a-napnthoic acid, b~Hydrozy-a-naphthoic acid,

b-chloro- and b-hydroxy-b-naphthoic acid yield & high

percentage of ester under the same conditions. The CH group

OGH 00H
‘ 1 .

b~Chloro-bnaphthoic acid. b~Hydroxy-b=-naphthoic acid.

l of the adjoining nucleus behaves like an ortho substituent .l
Ortho carboxyl groups produce a similar effedt to
that of an adjoining nucleus .2 Trimesic and pyromellitic

acid give a nearly quantitative yield of ester in the cold,

.

1, V. leyer, Loa. cit, (See page 22 of this paper,)
2, V. lieyer and Sudborough, Bor.s £7, 1680 (1894),
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, Co0H
HOGC QOH
KO0C 1HO0C HOOC 300K

Trimesic acid, Pyromellitic acid,

whilst hemimellitic and premitic ccid give a dimethyl ester only,

COocC Of.l)H:5
Ccoui COOH
COUCH,, COE

OOCH3

Homimellitic ester. Prehnitic ester,

3-Nitro and 4, 6~-dinitrophthalic acid yield chiefly monoalkyl

00CH, COCH
00K 08 COOCH,
02
02

d-Nitrophthalic ester, 4, 6-Dinitrophthalic ester,

esters, but 3, 6~dinitrophthalic acid, the tetrahalogen
derivatives of terephthalic and isophthelic acid, and also

1
mellitic acid form no ester at all,

1, V. Ueyer., Ber., 27, 3146 (1894),



GoUH 00H 001 CO0H
021'1 codd X & X HGOOG (HeOe
\702 X X COOH  HOGC O0H
6ol X 00H
3, 6=Dinitro- Tetrahalogen (X) derivatives of Mellit'ic

phthalic acid, terepnthalic and isophthalic acid, acid,

On the other hand, tue tetralwnlogen derivatives of

phthalic acid, 3, 6~dichlorophthalic acid, ond 3, 6~dichloro=2-

benzoylbenzoic acid and tetrachloro~2-benzoylbenzoic acid,

O0H
cood
X
X

Tetrehalogen (X) derivat~
ive of phthalic acid,
OCH
Cl 0.06115

1

3, 6~Dichloro=2-
benzoylbénzoic acid,

CO0H
Cl cood
Cl

3, 6~Dichlorophthalic acid,

COCH
C1 C0.C4H;
Cl Cl

cl
Tetrachloro~2-

benzoylbenzoic acid.

do not follow the'esterification law' (see below), as they
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1l
form monoclkyl esters, Also, S-aitrophthalic acidz forms with

anyl glcohol some a-monomethyl estexr besides the b-compound.

CCOH OCH_
<
COCH OCE
ds
I~Ioz 00H
COOCHS
3-Nitrophthalic acid. Hemipinic acid ester.

Futhermore, hemipinic acid, which forst forms en acid ester, cen,

by long esterification, be converted into the neutral co:npomd.a

Since the effect of the carboxyl or carbalkoxyl group is to retard

rather than prevent esterification, it must, in spite of its atomic

weight, be classed with the members of tls alkyl and hydroxyl series,
These investigations led V, lleyer to forrmlate the

following laws 'When the hydrogen atoms in the two ortho positions

to the carboxyl group in & substituted beunzoic acid are replaced

by radicals, such as, Cl, Br, NGa, GHS, COO0H, an 2¢id results

which can only be esterified with difficulty or not at all.t

1, Grebe, Ber., 33, 2026 (1900},

2, liarckwald and licKenzie, Ber., 94, 486 (1S01).

3. It should be noted at this point that the diortho-substituted
benzoic acids which V, lLeyer and his co-workers failed to esterify
by the methods described mgy be esterified in other wWays, Viz,., by
the action of alcohol on the acid chloride, and the action of alkyl
iodide on the silver salt of the acid, or of methyl sulphide on the
alknli salt of the secid, This is important beczuse it shows thot
the failures cannot be due to any inherent inability of the acid
group to react in the usual way.
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B, asterification of Fatty Acids,

The interesting results with aromatic acids suggested
the possibility of similar interference in the esterification
of substituted fatty acids possessing o structure anzlogous

to the diorthe compounds of the aromatic series,

COoH cOoK COOH
or, G
pee X pe \cx x/,\ :
HC H
cu

In 1879 menschutkinl observed that upon heating mono-,

di-, and trimethyl acetic acids with alcohol ir {he absencc

of hydrogen chloride (outocatalysis) the rate of esterification
rapidly decreased in the order given.z 4 mach more extended
investigation by Budborough and his colleagues ,3 in which

the esterification constants of a long series of substituted

acetic 2cids in the presence of hydrochloric acid were

1, Ann,, &95, 534 (1879); 197, 193 (1879).

2, Lichty" rcported that the increase in the number of
chlorine atoms facilitated esterification,

3+ J. Chem, Soc., 756, 467 (1899}.

4. 4Am,. Chem, J.g 1?9 a7 (1895); 189 5920 (1896)0



deterained, shows clecrly that tie rate of esterification is
retorded in proportion to the muaber aud size of the substitueuts
introduced into the molecule and is independent of the stirengths
of the acids as determined by the dissociation comnstants, Iiore
recently Bone, Sudborough, and Spraukling® hove snovm thot in

the esterification of the mono esters of the methyl succinic

acids the successive introduction of methyl groups causes

additional interforence,

CH(C‘HS) +CO0H CH(CHs) .C001 CHZ.COGH

CH,, COOH cit(CH,) Jcoam C(Ci,) , JCOOH
liethyl succinic or  s-Dimethylsuccinic as-Dimethylsuccinic
pyrotartaric acid. acid, acid.

Also, in as-dimethylsuccinic acid the tertiory corboxzyl is
moxye dAifficult to esterify than the primary group.

It can hardly be assumed that the process of ester
formation depends upon the presence of free ions, inasmuch
as thers is no ‘relation between the rate of esterification and the
dissociation constants found in determining the strengths of
acids used., The more generally accepted view is that of

3 . .
Wegschelider who assumes that an additive compound of the acid

1 L) J. chem. Soc .9 87 [ 534 (1904) [ ]
2’ Blaise ° Compt « YTend, 9 126, 753 (1.898) .
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and alcohol,

0 _OH 0

. 4 oA

OCH “*ocn3

is first formed, and thzt water is then eliminated giving the
ester; and thot the spatial arrangements in the compound are
such that ortho-substituents are so close to the carboxylic
group that they interfere withithe formation of the additive
compound, thus retuarding or preventing esterification. This
view is confirmed by the fact that ortho substituents do not
exert the same influence when the carboxylic group is removed

{0 some distaonce, as in s—-tribromo-hydrocinnamic acid,

0CH
CH,

which is readily esterified under tthe usual conditions.
Also, whilst benzoic ester foims an additive compound with

sodium methoxide, which can be isolated, mewityleanic ester




P 0 ,0(211:5
~0R OR
QN
+ NQ.OCHS = °
does not.l
2
(m:5 CHZ

Uesitylonic ester,

VI, Acetylation of Secondeyry Amines,

Paal and KromschrBder® nave observed tuwo interesting
cases of steric hindrance wiich may be noted briefly here.
First, it was found that the reaction between o-nitrobenzyl

chloride and o-nitroaniline took place with difficulty, as

indicated in the following equation:

1, V. Peckmen, Ber,, 31, 501 (1898),
2. J. prakt, Chem,, 54, 265 (1896} .
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QQBZCJ- + H.mv 4 Qﬁzom + HCl;
0, oz 0 021:

but when tie meta and para-compounds were employed the reaction
took place readily, Second, the o-nitiobensyl—o-nitroaniline
obtained could not be acetylated, This hindrance was showm to
be dependent on the nitro group of the base becsuse, of the

three compounds obtained by the action of p-nitrobenzyl chloride
on the three isomeric nitroanilines, only the ortho-derivative

resists the action of agetylating egents, Furthermore, since

: : : /
OZNDCHz JHI OZNDHZ.@
R 70,

p~Witrobenzyl-o~nitraniline, p-llitrobenzyl-n~nitraniline,
NG, GHSO
p-Witrobenzyl-p~nitroaniline, o-Nitrobenzyl-o-anisidine,

o-nitrobenzyl-o-gnisidine can be acylated, it follows that the
hindrance in the case of the corresponding nitro compound must

be dependent on the negative cheracter of the substituent,



42

VII, fLction of Hifrous and Hitric Acid cnd

Diazo=-salts on Arouatic Auines,

Waen an aromctic omine is treated with nitrous acid
a nitroso-deriva.;ive is formed in accordasuce witn the following

typical equations

HO\ /l‘I:O
C CH. H.C CH
\I}’/ 3 3 \N/ ]

H"’c\n i H,
O + N:Q.,00 ~=m Q - O + HgC.
3: 0

It hos been noted that, although the vara position is frce,

dimethyl~o-toluidine snd dimethyl-o-methoxyaniline,

(N W(CHz) 5
% 5

give 10 nitroso derivatives, whilst dimethylaniline does.

When nitric acid is allowed to act upon an aniline

a nitroﬁcompound is formed, as may be illustrated by the

equations: 1

1. In this reaction the amino group mmst be ‘protectedf by
being previously acylated.



——

T

+ HONO, ~=3

+ Hz@o

0,

~

But it is well imown thot ortho-substituted aliyl ar acetaligyl
anilines such as dimetiyl-o-bromosniline or acetylumethyl-o-

bromanilire, for instance,

CH
I(CHS} 5 H@gﬁsg
(x)” é () ’O?g

give meda~ (X) and not para-nitro derivatives,

Diazo~salts readily react with arom tic anines to

form aminoazo compounds, thus:

While dimethyl aniline readily follows this reaction,
ortho-substituted dialkylaonilines react with difficulty. It is
supposed that ortho substitution interferes with the initial
formation of an additive compound which is asswmed to occur
between the anitrogen of the tertiary base and the reagent

previous to substitution in the aucleus.

+ HC1.,



VIii, Phospnorus Pentachloride on Hydroxy-zcids.

Anschutzl and his pupils hgove shown that the ordinary
course of the reaction between phosphorus pentachloride and hydroxy-

azids is usually presented by the following two equatious:

+ PClg ~-) Qﬂﬂ + POl + HC1;
o1
C}g

L0011, + HC1,

a

< pn + POCly ~-3
1

If, however the two ortho positions to the hydroxyl are occupied,

i

as in o-methylsalicylic acid, the phosphorus oxychloride produces

no chonge in the hydroxyl group, and only the first reaction taies

place:

3 Hy
H o+ .’P(:15 --) + PClg + ncl.
oQH COCl

1, Berss 30, 821 (1897).
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IX. Reduction of Witro-compounds,

Cohsn and I.:chd.lishl studied the action of armonium
sulphide on a variety of substituted nitro derivatives of benzene,
They found that while acidic groups inveriebly facilitated reduction,
the presence of oxrtho substituents‘al\vays coused the reduction to

proceed more slowly than did the some group in the meta or para

position,

X, Bischoff's *Verkettungen'.

The subjedt of stéric hindrance cannot be dismissed
without brief reference to ithe work of Bischoff and his collaborators,®
in which the steric influences in chain foimmations were studied.
Sodium malonic ester readily reacts with halogens, aligyl halogens,
and halogen esters, and the process nay often be repeated by

introducing 2 second sodium atom and halogen group:

1o H.(C00C.H5)
1., 2CHNa o+ 12 --.} + 2Nalsg
5’0‘"’?}‘5 H. (C00CH5)

1.J. Chem, 50G., 87, 1257 (1905). RN
2.,0ohen, "Organic Chemistry,® Vol, I, p. 241 et seg, {\"¥ ' |




{ 30CC, Ik
9905 ‘,"30“295

2, Cilia + ICH; --) cn"s.fzi + .Jal;
CGOC oH5 C00C g
?000235 CO0C 5lig

3. Cilia + BNHg.CWGaﬂs --) CLE.CHQ.GOOCZHS + LaBr,
C30C 1
2% 600 1
Hos, & and 3 may be coubined by introducing an acetic ester group

into methyl nalonic ester:

GO0k G0GC
CHlg oGl + Br0l.C0d0qHy —Y ciis,f,cﬁz.COOCE"s 4 Liadr.
C00C 5, 002 5l

Steric influences begin to assort themselves in the last recciion oo
soou as larger alkyl groups are imtroduced into the malonic ester
molecule on the one hand, or the a~bromine atom in the azlogen estor
is replaced by one forming a tertiary group on the .other, Tor
oxample, if sodium methyl mslonic ester and c-~bromcisobutyric ester
are boiled together in algoholic solution, the resction procecds
abnormally in the following momner, in waich, instead of the

a~carbon, *C becomes linked to the malonic ester molecules



4%

f:i'owzns L clzcoczns
Ciig.Ciia TG00y —mm Ol OLCHp R 800y + el
2

(e ]

C0%f5 Cily 00C St

In xyleae solution, however, the reaction taikes its norazl course,
4150, in such a case os tie linmking of sodium phenates

and hzlogen esters, steric influences moy modify the resultis,

Whilst sodium o—~nitropnenate e..xé. a~bromopropionic ester combine

in a normel fashion,

WO,

no reaction occurs with a-bromoisobutyric ester.

{s
Br G ,CO0C i,

Hy

a~Dromoisobutyric ester.




LI, 4cylation of Primary Anines,

Reference has beea made above to the hiindronce
in the acetylation of secoudary bases thot contaianed ortho
substituents, Bischofsl found that with primary aamines
(cniline} this retardation was evident, and that it increased
with the increase of the mass of the acid radical and was
more noticeable with iso acids than with nornal ones, e
also noticed that ortho substituenis interfered tc.a greater
extent than those in the meto and pora positions. Sabstantially
the same conclusions were reached by Lusselius ,2 Eenschutl:in,s
and potozki o while Cybulsky?found the same relationships
for certaoin quinoline and naphthalene derivatives.

Although Remmers® prepared a single diacetyl
derivative of aniline, it was perhaps first shmm by Bistrzcki
and Ulffer57 that an ortho substituent migat not interfere
with the acylation of the amino g:'coup, and that the reaction

might proceed to the extent of displacing both auino hydrogen

1, Ber., 30, 2321, 2467, 2475 (1897}.

2, J. Russ, Phys, Chem, Soc,, 32, 29 (1900},
3, Ibid., 32, 46 (1900),

4, Ibid,, 35, 339 (1903),

5, Ibid., 35, 219 (1903} .

6. Bor., T, 350 (1874},

7. Ber., 23, 1876 (1890),
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atoms witn tne foramation of a dizcetyl compound, Thaey
preperced a diccotyl derivative by heating o-toluenediamine
with acetvic annydride, and asswmed that both amino groups
were acylated, not considering that possibly bota acyl

radicals might have ontered tine same amino group. In 1893

Ka.yl

obtained diacetyl derivatives by tihe action of acetyl
chloride ou phenyl isothiocyanate, acetanilide, and acetyl—-o-
and acetyl;-p-toluidine at 170-1800. The followiag year,
Bistrzyki and Ulfforsz obtained a 90 per cent yield of
diacetanilide by heating one molecule of acetanilide with

two molecules of acetic unhydride in o sealed tube for eight

40 ten hours at 200-2050.' Ulfers and J‘a.n.:;:oxf'is investigated

a nuaber of substituted snilines, employing six to seven
molecules of onhydride to one of base under the conditions
mentioned above, and found that acid (or negative) substituents
(C1, Br, l0y) in the ortho position tend to retard the
formation of & monoé.cetyl compound., but that aficr the eantrance
of the first acetyl group the same,ortho substituents facilitate

in the introduction of a second to form a diacetyl derivative,

Thus, s—tribromoaniline is practically unacted on by acetic

1, Ber., 26, 2853 (1893),
2. Ber., 27, 91 (1894),
3. Bor,, 2, 93 (1694).
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cnhydride in the cold, whilst if it isc boiled with an excess
0f cahydride for an hour a good yield of the diacetyl
derivetive is obtained.

S\zdboroughl noticed that when a~naphthylomine tri-
nitrobenzene is warmed & few minutes with an excess of acetic
anhydride & monoacetyl derivative, CgHz(li0z)z 0108y .1?5(03H30).
results; but upon heating for an nowr decomposition eunsued,
the products being trinitrobenzene and diacetyl-a-naphthylamine.
The ease with wiich this took place, in a mach shorter time
and at a lover temperature then previous investigators had
emnployed, also without the use of sealcd tubes, caused nim to
attempt the acylotion of alpha and veta nophthylamine,
psoudo cuwaidine, ortho and pars toluidine, and the single
2, 6=dibronooniline to study tihe effect of positive ortho
substituents in the acylation of aryl aanines.z He boiled one
molaecule of the base with four iolecules of acetic auhydride
for one hour under & reflux condenser protected by & calcium
chloride tube, fron which reaction mixture the productis
formed were xjecovered and separnted by fractiomal crystalli-

ization or distillation under reduced yressure. e found

1, J. Chem, Soc,, 79, 528 (1901).
2, Ibid., 79, 533 (1901},
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thot o positive methyl groun (or & neigaboring nuclecus in
the case of the nophthylamines) in an ortho position favors
the acylation of an amino group, dxperiments with the monoacetyl
derivatives and two molecules of annydride gave similar results,
though slightly larger yields of the diacetyl compounds,

In explanation of these facts, Sudborough assumed
that the following equation nmight indicate the course of the
reacction, in which an additive compound is formed waich
subsoguently decouposes to give tie mcnozcetyl derivative

and one wolecule of acetic acid:
: i
R.ﬂﬂz - Aczo ....3' R'kcz ..-} R.8HAc <+ HEOic.,

The formetion of a diacetyl compound moy also be assumed to

proceed in 2 similar menmer:

RolAcH + Lep0 ~-) R,{;ﬁg ~~3 R.KAoz + HQ4Ac,
ac
If this actually represents the course of the reaction,
then by auslogy vith other additive reactions the oxtho-
substituents would be expected .to exert an inhibiting ianfluence,
whereas, although they do seem to retord it to & ¢ertain oxtent

in the first stage, thoy accelerate it in the second.



The results of Sudborough led Raiford end iciridet
to mawe 2 study of the effects of substituents other than those
in the ortho position; and of acid~forming ortho substituents,
as compared with Sudborougiuts "positive™ substituents, upon the
acylation of the aamino group. Their results with m-toluidine
show that the metiyl group in the meta position accelerates the
acylation of the cnino group. The behavior of wonobromo-m-

toluidine and o-bromoaniline,
s 4,

mz

jndicate that & siugle negative substituent in either the para
or the meta positidn .accelerates the reaction., With one .ortho and

the pare position oceupied by bromine, os in 4, 6-dibromo-n=
s

I. 11,
HIIa

Br

toluidine (formula 1), no diacetyl derivative resulted, but au 86 3
per cent yiold of the mono compound; but when both ortho and the pora

positions were occupied, as in 2, 4-Giribromo-m-toluidine (formmle II}s

1, Uapublished work, University of Chicago, 1915,




there was foraed an 80,5 per cont yield of the diacetyl
derivative, 4lso, other ortno~ortho-parc-suvstituted bases,

as 3, O-dibrono-p~toluidine and s~tribromoaniline,

&

Q

gave larger diacetyl products than the wasubstituted compounds,
Similar coses o thot of the failure of 4, G-dibromo-m-
toluidine to react ©0 form the diacetyl derivative hiave been reportcd,

Claus and Jacl:sonl observed that 2-methyl-I~browmopnenol,

H

Oty

could not be oxidized by chromic acid to the corresponding guinone
with loss of .the para bromine atom, whilst if the para and both ortiwm
positions (relative to hydroxyl) were substituted oxidation by chrouic
acid proceeded in the usual way, Thus, 4, 6-dibromo-2-methylphenol,

A=~chloro=6=bromo=2-nethylphonol , ond 4~brono~C-cihloro= 2=methylyhenol ,

1., J. prakt, Chom,, (2) 38, 524 (1888).



O
1{3 Fivd CHS
or ol

were readily oxidized by chronic acid, The behovior of

4-bromo-G=cnlero-3-methylphonol , which is isoweric with
4a-bromo~G~chloro-S~methylphenol, suggests that the difference
in reactivity depgeads upon the fzet that in the oue set of
compounds bethh positions ortho to the nydro:yl groun had.
been substituted, whilst in the first only oune had been

. . 1 ..
substituted, It was showm by Baiford and Boird that
4-bromo=6=~chloro-s=methylphenol was not owidized by chromic

acid to a gquinone; then Rwiford and :.,cmyenz found that wuc:

OH

CIl

ar

4~Browo~6=chloro-3-methylphenol, 2, 6~-Diculoro-L=broio-

J~metiylphenol,

1, Unpublished work, University of Chiccgo, 1913,
2, J. &n, Chem, Soc,, 86, 1510 (1914},
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converting iils coipound into 2, é-dichloro-4-vromo-S-iietiyl—

- 1 P - - '3 - - ' - 'Y Ty
phenol,” both ortho positiouns (to Iydroiyl) being substituted by
nzlogen, & gainoune could ve Tomaed ab ouce, Uther

- IR . - . 2
trihologeaated phendls show the sgae reactions,
S
Reiford fownd thot when 2, 6-dibromo-4-zaino-m-

cresol (forumla I below) was subjected to the action of

acylating cgents, only N-acyl derivatives werc obtained,

Sr Sr Houl 3r
I, II.

of
Q
3

Under the same conditions 2, 4-dibromo-G-amino-m-cresol
(formula II) gove diacylated compounds, in waich both hydrosyl
and amino groups reacted,

The belief that this difference in behavior was

due to storic hindrance caused by ortho substituents scemed

1, See last configuration on preceeding page.
2, 4m, Chea, J., 46, 425 (1911); J. praikt. Chou,, (2)
3, A, vaen, J., 46, 429 (1911).
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to be supported by the rcsults of lleldola and IIollel:,r,l

wvno found thot 2, 6=dinitro-4-aminophenol (foruuwlas III)

gave only li-acyl derivatives, and thet 5, S-dinitro-4-znino-
phenol (formmla IV) gave only an O-acyl derivative, 2ut

tnc behavior of 2, 4=dibromo~6-anino-m-cresol® (forumla II),

2, &, G-trichlorophenols (forzmla V), 2, 4, 6-tribroumopie:ol ,4
2, 4, 6-triiodophenol .5 Ry 4y 6~t1‘ichloro~m-cresols (forzrala VI),

and 2, 4, G~tribromo~-m-cresol ,7 a1l of vaich are readily acylated

H v .
0, 10,
11I. v,
0% 50,
T, )

: CH
¢ 1 [vy? C1
V. VI,
. Hs
1 1

1, J. Chein, Soc,, 105, 410 (1914).

2, Reiford, Loc, cit,

3, Fischer, Ann,, spl,, 7, 184,

4, Schunkand Marchlewsky, Am., 278, 347 (1893) .

5, Roiford and Heyl, Am, Chem, J., 44, 212 (1910).

7. Claus and Hirsch, J, prakt, Chem., (2) 39, 59 (1689).
6. Crowther and McCambie, J, Chem, Soc,, 103,542 (1913).
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in the usuzl wvay, showed that the hydroxyl group is not

clweys protected by two ortho sabstitvents. That the failure
%0 give an O-2cyl dorivative could not be due to the relative
positions of the hydroxyl snd amino groups seems to be showm
by the behavior of p—amino;phenoll, (formla VII), 2=-chloro=3=-
meth;,rl-é—-mninophenolz (formmla VIII), 2-chloro=4=aminophenol
(formula IX), and G-c.hloro-S-meth;,rl-tl:-eminolmenols (formmula X},

all of which gave O~ and N-acyl derivatives without difficulty.

c1
VII. VIIL.
‘ H
2 HH,
o
. 1 T
IX.
CHy

1, Ladenburg, Ber,., 9, 1528 (1876).
2, Raiford, Am. Chem, J,, 46, 449 (1911).
5, Kehrmamm, fun,, 303, 8 and 26 (1898).
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Few experiments with the acylation of aroauiatic
aaines coutaiaing pare substituents had been described; aud

as the work wadertaken with ortho and mete-substituted anilines

and toluidinesl showed that increased yields of the diacetyl

compounds over those produced by the primary bases were obtained,
it seemed advisable t0 conduct experiments with other bases
in order to determine:

(1) The accelerating or retording effect of acid-
forning substituents in the pare position upon acylation in
experiments conducted under the same conditions employcd by
Sudboroughai.n studying the effect of "positive® ortho substituents;

(2) Uhether the behavior noted by Raiford? in
the cese of the two isomeric dibromo-scnmino-n~cresols is gemeral,

The bases selected for the first considerstion
were p-bromozniline, p-chlorocniline, and p-nitrocmilinc,
and for the second comsiderction 4, 6-dibromo=-2-zminophcnol
and its isomer, 2, 6-dibromo-4~aminophenol; and the action
of ecetic amhydride upon these, and of benzoyl chloride

upon the last two named, has been studied.

1. Raiford and lieBride, Loc, cit,
3. Raiford, Loc. cit. (See page 55 of this paper, Ref, 3.)
a, Loe, cit, (Ref, 2, page 50, this puper.)
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The results with the substituted aniliues clecrly
indicate thet acid-foruing substituents in the pera position
hinder the acylation of the auino group. The lorgest yield
of the diccetyl derivative was in the case of p—bromoaniline,
which gave 48,4 per ceant, as compored witn 53 per cent® for
the unsubstituted base, aniline, under the same conditions.
34,6 ror cent of the bromcaniline was recovered in the farm
of the monoccetyl derivative, making o total yield of 83.0
per cent, p~Chloroaniline gove similar results, though the
retordation was greater. Only 39,2 per cent of the diacetyl
derivative was obtained, with 45,1 per cent of the menoacetyl
compound, which together show that 84.3 per cent of tie base
wderwent acylation, The results with p-nitroeniline are
yory interesting as they aroe in perfect accord with the geacrzl
abnormal reactivity of the nitro group.z The greatest retardation

was observed in this case, only 13.0 of the diacetyl compound

1, Sudborough, Loc. cit, (p, 50, this paper); Raiford and
licBride, Loc, cit. (p. 52, this paper).
2, Cf, Clams, Loc, cit, (p. 8, this paper);
Kellas, Loc, cit, (pp. 14, 26 and 32, this paper);
Galdsclmidt, Loc, ¢it, (p. 29, this papewr);
Cohen and llcCandlish, Loc. cit, (p. 45, this paper).
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being formed. 4& lorge amount of the base, 85,5 per cent,

was obtained as the monoacetyl derivative, giving the highest

total yield, 98,5 per cent,

Zol, Wt, of
Substituent. Lionoacetyl Diacetyl Total
Per cent, rer cent, Per cent,

Aniline 385 83 91,5
p~Bromoaniline 80 34,6 48 4 85.C
p-Chloroaniline 6.5 45,1 59.2 84.3
p-llitroaniline 46 85.5 13.0 98,5

Reference to the above table shows that chlorine
in the para position has a greater retording effect upon the
acylation of the amino group than bromine in the same position,
which is not in accord with o similar camporison of the
results of Kellas, lisyer and others concering the effects
of these substituents upon esteriﬁcation.l It is also
noticeable that the ordei of increase in the total amounts
of acetyl compounds formed in each case is in the opposite
order to that of the increase in the percentages of the diacetyl

compounds formed; which suggests thot those para substituents

1. See page 26 of this paper,
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waich exert the greatest retordation toward the formation
of the diacetyl derivatives show the least hindrance toward

the formotion of the momoacetyl derivatives, This is inter-
. : cer 1
esting in comnection with the wori of Ulffers and Janson

in which it was showm that these same substituents (Cl, B,

i02) in the ortho position seemed to hinder the formation of
the monoacetyl compound, but to favor the subseguent foimetion
of the diacetyl compound from the mono derivative.

The results with the dibromo-~ominophenols scem
to indicate thet the observation of Re.iford.a is a genercl
one. o, 6-Dibromo-4~zninophenol, which correspouds to the
2, 6—-dibromo=4~amino-m~cresol woried with by Raiford ’5 gave
H-acyl derivatives oaly, whilst its isowcr, 2, 4=Gibroio-0-
aninophenol , corresponding to 2, 4-dibromo~G-amino-m~cresol,
gove both a diacetyl and o dibenzoyl derivotives, in waicile
in each case, the hydroxyl and the omino group reacted.

Tho experimental evideuce upon which the iznediately

foregoing conclusions are based will now be given,

l. See page 49 of this paper.
2. See page 55 of this poper.
3, Compare with forimlas on page 55 of this paper.
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Leylotion of p-Chlorocniline,

the matericl used inm {hils eiperiment was Kalboum's

yarest product, wiich :elted ot 70%, in cecordanee with the
record given in Seilstein,t 10 G, (one molecule) were mized
with 81 g (four molecules) of acetic cumydride, and the
mixture vigorously boiled for ome lwour wnder a reflux condenser
protected by & caleiun chloride tube, Upon ceoling a brittle,

colorless, crystalline solid separated out, This was rezoved

by filtration, and the filtrate (see below) was reserved.
ghe crystels melted sherply at 178°, and dissolved readily
jn alcohol, ether, carbon disulphide, dilute acetic zcid,

and 10 o less extent ia ligroine, which accord with Zeilstein
qurbatow's deseription® ' : 114
and Xurbatow escription™ of acetyl-p-chloroanilide,

~

. 0 . . .
Analysis  f£or chlorine and nitrogen are im accord with the

forrmle for the monoacdtyl derivative, The compound wos

. 4
analysed for chlorine by the method of Robertsons:

1, Hondbuch der Orgenischen Chemio, Vol, I,

2, Aniles 182, 98,

3, The reason for analysing the monoacetly compounds
obtained in each case was the fact that in soue instances it
had been observed that the melting points, as well as general
solubilities, of the dlacetyl and monozcetyl derivatives weie
jdentical, Cf, Raiford and Mesride, Loc, cit,

4, J. Chem, Soc., 107, 902 (1915},
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0.,1817 3. subs, required 10,59 cc. 0,1 N 4Agli0gz, Calc,
for csneoz:cz.: Cl, 20,94; found: 20,30.

Anglysis for nitrogen (Xjeldahl):

040006 go subs, required 25,5 cc, 0.1 N 113304. Calc.
for CSESOEICI: U, 8,2; found, 8.2,

The filtrate mentioned above was poured into four

volumes of water, whereupon & heavy colorless cil separated

out, which solidified in two hours to = brittle mass of

colorless crystals, almost identical in appearamnce with

the first product obtained. These crystals melted at 650.

and dissolved freely in alcohol and in 10 per cont acetic
acid, ond very readily in cold acetone, bui were best purified
by recrystallization from ligroine, Repeated fractions

melted sharply at 64.50, and were regorded as pwre .l Anolysis

for chlorine conforms to the formmla for diacetyl-p-chloranilide,

1. In treating 6.6 g, of the second product with hot
ligreine in oxrdexr to purify same by recrystallization, &
residue of some 1,5 g, was obtained which would not dissolve
readily in ligroine, and wes found to have & melting point of
175-176°, .These facts may mean that a.portiocn of the diacetyl-

p-chloranilid.e was hydrolysed to the mono-compound during
solution for recrystallization,



waicl, so for as we are aware, nas not been described in

the literature. inslysis for chlorine:

0.2017 g, subs, required 9.46 cc, 0,1 I Aglios. Calc,

for cloﬂloozNCl: Cl, 16,78; found, 16,65,

The yields, based upon the amounts theoretically

possible, were:

Gronms , 1, Per cent,
Lionoacetyl .+ + . 6.0 175° 45,1
Diacetyl + + . . 6,5 64.,5° 39,2

Acylation of p-Iromooniline.

This substance was prepared as follows: p=bromo-
acetonilide wes made in accordance with the method of Remersl
and hydrolysed by boiling the compound with two and one~half
times its own weight of concentrated hydrochloric acid under

a reflux condenser for two hours, The hydrochloride vhich

1, Jer., 7, 346 (1874),
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separcted out upon cooling was removed by filtration, dissolved
in woter, and the free base precipitated by the addition of

a slight oxzcess of aamonium corbonate solution, 10 G. (one
molecule] of the &y substance, meltiag at 65°, were treated
with 23,7 g. (four molecules) of acetic anhydride. Interaction
begon ot once with the evolution of comsiderable neat, and

o dork, reddisb~brown solution was formed, The mixture

was then vigorously boiled for one hour under a reflux condenser

as cbove, Upon cooling a mass of fine groyish-brown crystals

separated out, which was removed by filtration, These crystals
soon dried when exposed 1o the cir, end were found to have

a melting point of 165°, ey dissolved very readily in
alconol, but were practically insoluble in cold water, The
melting point given by Korner® for acetyl-p~bromoanilide is
165,49, and the solubilities found for the product in question
are the samo as those given in Beilstein's description for

that substance. JLnalysis for bromine gave the following figuress

0,2255 g, subs. required 10,64 cc, 0,1 W AgiOz. Cale,
for GSHSUIIBra ﬁ', 37.39; fomld: 37'740

1, Jahresber,, 342 (1875),
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Anzlysis for nitrogen (ijeldanl):

0.6192 g, subs, reguircd 25,0 cc. 0,1 Il H?_SOQ. Cale,

for CBHSOIBI': Wy 6,6%4; founds 6,56,

The mother liguor from the zbove was ncured into
four voluames of water, whersupon 2 heavy slightly reddish-
brovn 0il settled out, and solidified in two hours to groyish-—
brown crystals, identical in gppearonce to the first product
obtained, They dried at ouce in the 2ir, ond nelted sharply
at 68%, dnalysis for bromine is in accord with the formula

for diccetyl-p-bromoanilide:

0,2671 g. subs, required 10,49 cc, 0.1 Il AgROz, Calc,

for CloliloOzHBr: Br, 31,25; found: 31.42,

The yields were;

Grams . Lo Per ceat.
Lonoacetyl o« o o o &3 165° 54,6

Diacetyl . + . . . 7.2 66° 484
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Acylation of p=-Witroaniline,

“his base was prepared in accordance with the
method of Bender and Erdmalm,l being purified by recrystal-
i1ization from boiling woter. 10 G, (one molecule) of the
substonce, melting et 147°, were mixed with 29 g. (four mole-
cules) of acetic anhydride and boiled for one howr uader
o refluz condenser fitted with 2 calciuwn chloride tube,
Upon cooling veryfine, light, colorless crystals separsted
out which soon dried in the zir and melted sharply at 3070.
manewz gives the melting point for acetyl~p-nitroznilide
as 207°, Andlysis for nitrogen is in accordance with the
formle for the monoacetyl derivative of p-nitroaniline,
Znolysis for aitrogen (Wjeldanl):

0.2987 g. subs, reguired 32,9 cc, 0,1 Il Ez§04. Ca.l;.

for CglgOgly: My 16,5; found: 15.4,

The mother liguor was poured intc four volwnes

1, Chemische Prapapotenkunde, II, 438,
2. Zeitschrift fur Chemie, 7, 202 {1871},
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of cold water, whereupon & heavy, light-yellow-colored o0il
separated out wiich solidified in less than an hour to 2
nass of fine, claost colorless crystals, These crystals dried
guicily in the a2ir and hod ¢ melting point of 12 °. In keeping

with the results obtained in the two former cases it is

nighly probeble that this matericl is discetyl-p-nitroanilide.t

he weights were:

Grams Uspe Fer ceant,
Lonozeetyl o« o o o 11,15 207° 85.5
Diacetyl + + o o« o 2.1 120° 15.0

Reactions of 2, &6~-Dibromo-4~azminophenol,

The starting point for obtaining this base was
K.ahlbamn"s purest p-nitrophenol, 10 g, (one molecule} of
0 .
cmich, melting at 114, were dissolved by e mechanical stirrer

jn 3 liters of water and slowly trested, with constont stirring,

1, Scarcity of materiel and leeck of time prevented furihor
study of this substance,
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with 26 g. (two molecules) of bremine dissolved in a liter
of water. 15 G, of the dried precipitate, 2, G-Gibromo=4-
nitropnenol, melting shorply at 141° ana decomposing a few
degrees above this temperature, in agreement with the results
of Braacic and Korner .1 were dissolved in 65 cc, of clcohol
and to the boiling liquid was graduclly added o solution

of 90 g. of stomnous chloride in 90 ce. of concentrated
nydrochloric acid, When reduction was complete one voluume

of concentrated acid was added and the mixture wallowed to
como to the room temperature, The anino hidrochioride which
geporated out was removed by filtration, washed with a little
concentrated nydrochloric acid, droined as well as possible,
and then dissolved in water and decomposed by adding a slight

oxcess of axmoniwm carbomte solution, The free amine was

promptly precipitated, and after o few ninutes it was collected
upon o filter, washed several times with cold water, pressed
out on filter paper, and dried in vacuum over sulphuric zcid.

It had a melting point of 190%, in agreement with Lellmomm

2 R . .
and Grothnonn, end readily dissolved in dilute alkalies,

1. Zeitschrift fur Chemie, 323 (1868).
5. Ber., 17, 2751 (1684).
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Zonoacetyl Derivative ,~~The monoacetyl derivative
s forzed as folicws: a nixture of 8 ge of the free base,
1 g. of sodiun ccetate, and 8 ce, of acetic e,;\.‘n;;rdria‘.é was
senvly boiled for a few ninutes in o test tuve, Upon ccoling

no product separated ocut, but upon addition €0 six volumes

of wotor o mass of colorless crystals was obtained, These

crystals were found to be slightly soluble in 50 per cent
alcohol, ligroine, chloroform, and acctone, but were best
recrystallized §ronm benzene, giving fiae, colorless leaves
aelting at 174°, 110151 gives the melting point as 175-172°,
one substence vias readily soluble in dilute 2lknlis, showing
it to be the -compound, HOWC4H,0r o ili(C,H50) o Lo further
product could be obtained from the reaction mixture.z

Benzoyl Derivative ,~-ittempts to benzoylote this
pbase according to the Schottea—~Baumonn reaction, were not
all satisfactory. Severazl trials scemed to show thet o single

penzoyl derivative, meltiag at 116°, can be formed,

1. J. prokte Chem., (2) 32, 68,
2, The amount worked with was suall,
%o study this polat further, working with lorger quentities.

It would seem desiravle
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Reactions of &, G6-Dibromo-2-ominophenol,

This bose was vrepared in an oxnalogous manaer €O
that for its isomer just described. 5.5 G, of e-nitrophenol,
melting at 4-50, were dissolved in 50 ec, of glociel acetic zeid,
and 12,6 g+ (twe molecules) of bromine dissolved in 20 cc. of
glecial acetic acid slowly added with shoiring. After stoudiag
over aigat the mixture was pourcd into five times its volume of
watter with stirring., After settling the liquid was decanted
off and the 4, 6-dibromo-i-nitrophencl purified by recrystalliz-
ation from alconol, 5 G, of the gold-yellow crystals, melting
at 117° ,1 were dissolved in 25~30 cc, of alcchol and to the
poiling liguid was added o solution of 30 g, of stomnous chloride
jn 30 cc. Of concentrated hydrochloric acid, fhe amino hydrochlor-—
jd0 was purified by treatuent of its dilute (1~20) alcoholic
solution with excess of concdntrated hydrochloric acid. The
crystals of hydrochloride separated prompily upon allowing the
1iquid to c0ol, and were free from tin compounds. The free

pase was obtained by mixing amaoniwn carboncte solution with an

aqueous solution of the hydrochloride and filtering off the precip-

1, in agreement with the literature.
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itate, The latter was recrystallized from water, ond hod & meliing
point of about 940. Eiolzl Sives the melting point as 91-920.

Lionozcetyl Derivative .,--%To o mixture of 0.5 g. of
base cnd a fow cerystals of sodium acetate were added about
6 cc., Of acetic anhydride and the mixture gently warmed for
o few minutes. Upon cooling 2 moass of colorless crystals
senorated out, CThese melted ot 196°. I‘;olzl gives the melting
point of the monoacetyl derivative os 186%, and states that
the compound is soluble in alcchol, ether and benzene, and
recdily disolves in alialies, the latter shovwing it to be the
liscompound, The product in question is probably identical
with thet of Holz,

Diacetyl Derivative ,~~Dhe mother liguor from the
above was poured into foih volumes of water amd vigorously
shoicen, whereupon an 0il separated out which soon gave & wuass
of fine groyish~brown crystels, These had o melting point
of 143°, and, in keeping with results noted elsewhere in
this paper, were believed to be diacetyl-4, d~dibrono-Z-
gminophenol , which, as far as we lmow, has not been described

in the literature. Anclysis for bromiane confirmed this view:

1. Loec, eit. (Sec page 20 of this paper.)
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0,1809 g. subs, required 2,85 cc. 0,1 i .4;1203. Calc,
Lor 01011903“31'2‘ 3r, £D.6; founds 43,6, (Cale, for
G gH 0o o8 Sr, 5L.8.)

Beazoyl Derivetives.——Zencoylation was attempted
by the Schotten—ioumonn recetion, & small caount of the
aninophenol was dissolved ia 10 cc, of water to which had been
added o drop of sodium hydroxide solution in & test tule, 4
few drops of benzoyl chloride were added, the mixturce cde
2lkeline with sodium nydroxide solution, aad theu geatly waimed
£o tne boiling temperzture. Upon cocling uader the tap, with
shakingG, & pinidish-browm 12ss of crystals separated cut, which
hod o meltiag point of about 1129, The product was partly
soluble in dilute sodiwn hydroxide solution, and from this
solution ceids precipitated a coloxrless product provably
1dentical with the original moterial, It was believed that
both en - and an g-benzoyl derivciive were thus obtained,

put further study was impossible at the time,

1, Althougn the analysis is not close, it distinguisnes
at once between the mono and the diacetyl derivatives

e





